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Notice

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

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

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

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

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

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

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

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

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

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

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

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

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

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al 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
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of 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 part number, confirm that the

change will not lead to problems.

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




How to Use This Manual

1.  Purpose and Target Readers

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

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

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

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

The following documents apply to the SH72A2 Group, SH72A0 Group. Make sure to refer to the latest versions of
these documents. The newest versions of the documents listed may be obtained from the Renesas Technology Web
site.

Document Type Description Document Title | Document No.
Shortsheet Hardware overview
Hardware manual | Hardware specifications (pin assignments, SH72A2 Group, This hardware
memory maps, peripheral function SH72A0 Group manual

specifications, electrical characteristics, timing Hardware Manual
charts) and operation description

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

Software manual |Description of CPU instruction set SH-2A, SH2A-FPU | REJ09B0051
Software Manual

Application note |Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update |etc.




2. Notation of Numbers and Symbols

The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word “register,”
“bit,” or “pin” to distinguish the three categories.
Examples the DEF bit in the ABC register
PAO01 pin, VCC pin

(2) Notation of Numbers
Binary numbers are notated as B'nnnn (However, the “B” may be omitted when it is clear that the number is
binary), hexadecimal numbers are notated as H'nnnn, and decimal numbers are notated as nnnn.
Examples Binary: B'11 or 11
Hexadecimal: H'EFAO
Decimal: 1234

(3) Notation for Low Active Signals
A sharp sign (#) is appended to the names of signals and pins which are Low active.
Example the ABC# pin




3. Register Configuration

Each section in this manual provides a table listing all the registers used by the corresponding module before the
register descriptions in the section. The symbols and terms used in these tables are described below.

[Register Table]
Register Name Symbol After Reset Address Access Size
Interrupt priority level register 1 IPR1 H'0000 H'FFFD 941A 16, 32
Interrupt priority level register 2 IPR2 H'0000 H'FFFD 941C 16, 32
Interrupt priority level register 3 IPR3 H'0000 H'FFFD 941E 16, 32
Interrupt priority level register 4 ) ( IPR4 ) ( H'0000 ) ( H'FFFD 9420 ) ( 16, 32 )
J.nte{upt request register 102 IR102 H'Q0 H'FFFID 9800 8
agj__J_(B/ ! | 1
—— ster 108 ————" =" ] S
(1) 2) (3) 4) (5)

Note. * The bit names and text in the figure above are examples that are unrelated to the content of this manual.

(1) Register Name
The name and abbreviation are shown for each register.

(2) Symbol
Gives the name of the register.

(3) After Reset
Indicates the values of each bit after a hardware reset in hexadecimal.

(4) Register Address
Indicates the location (address) of each register.

(5) Access Size

8-bit access is indicated as “8”, 16-bit access as “16”, and 32-bit access as “32”, respectively.

For registers that allow multiple accesses, each access size is indicated with a comma “,”.

If an access size is indicated without a comma “,”, only the indicated size is allowed.

» For 32-bit registers that can be accessed using 32-bit and 16-bit accesses
The access size is indicated as “16/32".

« For 8-bit registers that can be accessed using 8-bit access, and also using 16-bit access at the same time with the next aligned
8-bit register
The access size is indicated as “8/16”.




4. Register Notation

Each register description includes both a bit figure that shows the bit sequence and a bit table that describes the
content set with each bit. The symbols and terms used are described below.

(XXX  PLL Status Register (PLSR) —— (1)

[Bit Figure]
Addresg H'FF46 E830 }——— (2)
5) ( b15 b14 b13 b12 3 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — (|PLDFO} ) — — — — — — [ULIFO| — — |ULIEO
( AfterReset ) 0 0 0 0 0 T X X 0 0 0 0 0 0 0 0
[Bit Table] (3) (4) (6) @)
| | |
Bit Symbol Bit Name Descrjiption R;{W
b15tob11 | — Reserved This bit is read as 0. The write value should be 0. ( R )
b10 PLDFO0) PLL Lock Detect Flag 0: Not locked state R
1: Locked state
910 b4 — Reserved These bits are read as 0. The write value shouldbe 0 — R

— le——— ——talye is undefined. The——— ==

Note. + The bit names and text in the figure above are examples that are unrelated to the content of this manual.

(1) Register Name
The name and abbreviation are shown for each register.

(2) Register Address
Indicates the location (address) of each register.

(3) Bit
Indicates the bit number.
The bits are shown in the order 31 to 0 for 32-bit registers and in the order 15 to 0 for 16-bit registers.

(4) Symbol
Indicates the name of the bit or field.
Reserved bits are indicated with a dash (“—") and are shaded in the bit figure.
Note that there are also cases, such as time counters, were the bit names are not given and the field is left blank.

(5) After Reset

Indicates the value of each bit after a hardware reset, power-on reset, voltage monitor reset, software reset, watchdog timer reset,
or power-down mode wake-up reset, unless noted otherwise.

0 :0

1 1

X : Undefined

— : Can not read

(6) Description
Describes the function of the bit or field.

(7) R/W
Indicates whether the bit(s) can be read, can be written, or can be neither read nor written. The following notations are used.
R/W': A bit or field that can be read or written.
R : Abit or field that can only be read.

Reserved bits are always notated as “R”. If it is necessary to write to a reserved bit, the value specified in the bit table must
be written.

W : Abit or field that can only be written.




4. List of Abbreviations and Acronyms

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

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



Table of Contents

1. OVEIVIEW .ttt ettt oo e oo h bttt e e ook bttt e e e e a b et e e e e aa bttt e e e e aabbe e e e e e nbee e e e e anaeeeeenbeeeeeeannnees 1
1.1 FEALUIES ...cneiiiiieiet ettt ettt sttt et st e s b et b e eae e sae et e bt eaeenaeean b s 1
1.1.1 ADPPLICALIONS ...evieieiieeiiiieie e ettet et et e et et e et ebeeteesbeeseesesseessessaesseessessaessessenssessesseessesseessesseessensenseansens 1
1.1.2 SPECTIICATIONS ..vveivieiieeiieitie et ete ettt e et e st eete e s teeesaeeteessbeesseessseenseeaseeesseessseasseesseensnessseenseensseenseenn 2
1.2 PrOQUCT LIS ..ttt ettt et ettt e b e et b e sa e ettt ebe e bt ebeebesbe e et et entens 6
1.3 BIOCK DIAZIAIM .....viiieiiiiieiieieeteeteeieste et e e st et e steebesseeseeseessesseessesssassesssessesssensesssensesseessesseessessesssesens 9
1.4 PN DIESCIIPTION oiuviieiieiiieiieitie et estte ettt st e ete e st e sabeestaessbeeseessbeenseesseeessaenseessseeseenseesssaenseesssesnsaesseennss 10
1.4.1 SH72A2 Group Pin ASSIZNMENL ........ccueriieiieiieienieeiesteeteeeeeesteeteseeaesseeesesseeseesseensesseesesseeneensensanns 10
1.4.2 List of SH72A2 Group Pin FUNCLIONS .....c.ccuiiiiriiiiiiiiiieiiecei ettt ste e sse e naesenes 14
1.4.3 SH72A0 Group Pin ASSIZNIMENT .....eeeruieriiieiierieeieesieeeteesteesteeseesteesseesseesseesseessseesssesssesssessssenssesnses 17
1.4.4 List of SH72A0 Group Pin FUNCLIONS ......cccuiiieiiiiiieiieieieeieie ettt 21
1.4.5 Handling of UnUSEA PINS ......ccvieiiiiieieiicieiiciesie ettt ettt et se b et esseesaensessnesesnnas 23

2 L7 PSR PRPSP 24
2.1 Data FOTMAL ...ouiiieieieieeee ettt ettt et et st h e et b e e st e bt eat e e bt et e sbeeseesbe et e teebeenteae 24
2.2 REZIStEr DESCIIPLIONS ...o.eeiniieiiiiieiieeie ettt ettt ettt et e s et e ee s bt et e e bt et e eseenteeneeeeeneeseeseeneeteeneanseens 25
2.2.1 GENEIAL REZISLEIS ...eoviiiieiiiiieieett ettt sttt ettt et et e et e st e seesseenae st esaesseessenseeseensesseensesseensensens 25
2.2.2 CONTOL REZISTETS ...eeviieiieiiiieiieitieeieeite et et e etteeteeseteeteesteeesbeesseessbaeseessseessaesssesnseessaesseessseensaensennne 25
223 N 1S 10 R A o4 1] 1<) ¢TSRS 27
2.2.4 Floating-Point REGISEIS ........ccciiieiieiieiieieie ettt ettt st aessessaesseenaesseeseenseeneenseens 28
2.2.5 Floating-Point System REGISTETS .....ccuiiciieriieitieiiieeiiesieeste ettt etee st ete e steesaesereeseaeenseesseeseaesnseenneens 29
2.2.6 REGISEr BANK ..ottt ettt et s aeneas 30
2.2.7 Initial Values Of REZISIEIS .....c.eiiiiiiiiieiieieit ettt sttt ene e seenaesneennesseennenseas 30
23 Data FOIMALS .....eiuiiiieiiiiiee ettt ettt b e et b e eb et e st et e et e bt e bt sbeenbesbeentesbeeneenee 31
2.3.1 Data Format in REGISTEIS ......ceouiiiiiiiieieiiiee ettt sttt st st ettt e e e e ene 31
2.3.2 Data FOrmats il MEIMOTY .......ccevviiieiiiierieitieteeteteeteeseeteetesreesaesseessesseessesseessesseessesseessesseessesssesesses 31
233 Immediate Data FOIMAt .........ccooiiiiiiiiiii ettt s s 31
2.4 INSEIUCHION FEATUIES ....cuviiiieiiiiiiiectie ettt ettt et et e et e s b e eabeesteeesbeesbeesebeeseesseeesseesseesseessseensaensnas 32
2.4.1 RISC-TYPE INSIUCTON SOt ...eovvievieiiiiiieieiiieieeitete et ettt ete st et e teesaesreesaessessaesseessessenssessesseessesseessensens 32
2.4.2 AAAIESSING MOAES ..eouvviiiiiiieeiieiie ettt ettt et e e ae et e staeebeestae e be e saesnseesseesseesseessseesseenssesnseenseens 35
2.4.3 INSEIUCHION FOTMAL ..ocviiiiiiiiiciicce ettt et e st e et aeete e e beessbeesse e sbeesaesssessseensaesssaenns 39
2.5 INSEIUCTION ST ..niiieiietiie ettt ettt bttt b et b e bt s b s bbb et et e bt ebeebesbesaeebesbeseenen 42
2.5.1 Instruction Set by ClasSifICAtION ......c.cecveiiueerieiiieiiesiecitereeeie et e steereeseeebeesseessbeesseesssesaesssesseenns 42
2.5.2 Data Transfer INStIUCTIONS ....cccviiiieeiieiiieitieeie et ettt e et et e et e e b e e sebeebe e teeesbeesseessbeessseesseessessseeseens 46
2.5.3 Arithmetic Operation INSIUCHIONS .......ccveviiiiirieriieiiriieieeeeteeteete st et e e estesaesbessaesseessesseessesseeseenseeses 49
2.54 Logic Operation INSIUCHIONS .....cccveeviieriierieeitierieeteesteseteesteesteebeeseseesreesseessseeseessseesseesssessessssessseee 52
2.5.5 SHift INSEIUCTIONS ..vievviieiiieiieiie ettt et et e st e e bt eeaae e beesabeesbeestbeesseesseesssaesseeseessseenseensnas 53
2.5.6 Branch INSIIUCLIONS ....c.cc.eiuiiiiiiiieitisteetee ettt sttt s b e sttt ettt ebesbe e nen 54
2.5.7 System Control INSEIUCHIONS ....ccviiriieiieiiiieiieetierte et eeeste et esteesteesteesbe e seessaessseessaessseesseanseenssesnses 55
2.5.8 Floating-Point INSTIUCTIONS .....o.eiiuiiieiiiitieeee ettt st s ee et ene e e e e ene 57
2.5.9 FPU-Related CPU INSIUCLIONS ......ouviutiuiitirierienieieiieiieitettetest sttt et ettt ettt st sneseeneen 59
2.5.10  Bit Manipulation INSTIUCHONS ......cceeccuieiiierieeiiieiiieeiieesitesteeieeseesteesseessaeebeessaeesseesseesssessseessaesssessseens 59
2.6 PrOCESSING SEALES .....iiuiiieieiieiieit ettt ettt et e sttt esee et e st e es e e bt e st et e en e e bt e e e eaeeneeeneeeesbeenneneeene 60
3. F Yo [0 =TT I o= Lo S PRSP 62
4. @] o1=Tx= 111 aTo 1Y [oTe [=T- T PP PUUURRT 68
4.1 Types and Selection of Operating MOAES .........cccveecuierieeiieiieiie et eree et e see e eeesaesbeesseesnseebeeseenaee s 68



5. (03 [o Yo7 < TR 69

5.1 INETOUCTION .iiiiiiiiitiet ettt ettt e b e bt b e st b e b st e bbbt ebe et e s b et et enee 69
5.2 REZISEEIS .ovviviiiieiieieettete ettt et et et et et e e st e seesaesseessesseessesseesseeseesseeseenseeseensesaeensesssessenseesseesaensenns 76
5.2.1 System Protect Register 0 (SPRO) ....cc.ecciiiiiieiieie ettt ettt ettt e e e beesnae s 78
522 System Protect Register 2 (SPR2) ....oouiiiieieieeieesee ettt st nneens 78
523 Low-Speed On-Chip Oscillator Control Register (LOCR) ......ccevviviiniieiiiieienie e 79
5.2.4 Main Clock Monitor Function Control Register (MCMOCR) .......cccooouieviiiiiiiiicieciiecieeeeve e 80
5.2.5 Clock Protect ReISter (CPR) .....ooviiiiiieieiieee ettt et s nnees 81
5.2.6 CPU Clock Divide Re@ister (CCDR) ....cc.coveiiriieieiieieieete st eteieeve st aeteessesseessesseessesseessesssessessnas 82
5.2.7 Peripheral Bus Clock Divide Register (PBCDR) .....ccccoocviiiiieiieiiicieeiie ettt 83
5.2.8 Peripheral Bus Clock Control Register (PBCCR) .......ccooovieiiriieieieeeee et e 85
5.2.9 LIN Clock Control Register (LINCCR) ......cccuivieciieiieiiieeieeteie et seeesteeteeseeseessesseesseeseessessnessessnas 86
5.2.10  CMT Clock Control Register (CMTCCR) ....cccueecuieiiieiieeiienieeieesieesteesiee e eseesevesvaessaesseessaesnseenes 87
5.2.11  INT Input Digital Filter Control Register 0 (INTDFCRO) .....cccceceririinirininenencieieeeceieeeseeeene 88
5.2.12  INT Input Digital Filter Control Register 1 (INTDFCRI1) .....cccccoocviriiieiieieieeieieeiee e 89
5.2.13  Sleep Mode Control Register 0 (SLCRO) ...ccueeeiiiiieieeiiecie ettt ettt save e e seaeevee e 90
5.2.14  Clock Output Function Control Register (COCR) ......c.ccceeriirieriiiieiesieieeiee et 91
5.2.15  Sleep Mode Control Register 1 (SLCRL) ...coovieiiiiieiiiieiesie ettt ese s esaesaeenees 92
5.2.16  Power-Down Mode Wake-Up Source Select Register i (PDWSSLi) (1=0,2t05) .cccceevvvveeveennnnne 93
5.2.17  Power-Down Mode Wake-Up Source Status Register i (PDWSSRi) (i=0,21t05) .cceeevevevvveceerennen. 96
5.2.18  Power-Down Mode Wake-Up Source Edge Select Register j (PDWSESL))
(JF 010 2) ettt ettt ettt a e h e bbbt bbb ettt ae bt ebe st neeneen 99
5.2.19  Reset Status Register 0 (RSTSRO) ..c..oiiiiiiiiieiieeeee et st 101
5.2.20  Backup Register m (BURM) (IN = 0£0 31) .eoeririiniiniiniiicieieieter sttt 102
5.3 CLOCK GENETALOTS .....eveeiiieiietiateste ettt eat ettt et ettt e b e sttt e et e s e st eatebteb e e bt s bt ebeabesbe st et e st eneeaeeneebesbeseens 103
5.3.1 Main CIOCK OSCIIALOT .....iicuiieiiieieieeiieiie ettt ettt ettt e et e e teeesbeeabeesabeessaessseesseesssasssesnsaeseensss 103
532 Low-Speed On-Chip OSCILALOr .......cceiieieiieieriieietieie e eee ettt et e sseeeessesseensenseens 103
533 PLL Frequency SYNTRESIZET .......c.cccvevieriiiieiieiesieeiestiete st eeeessestestesssessesssesseessassesssessesnsessessasssensenns 103
5.4 SYSIEM ClOCK (FS Y S)) wnterititiiie ettt ettt ettt ettt e et et e et e st e naeeneesneentenbeeneenneens 104
5.4.1 CPU ClIOCK (f(CPU)) ettt ettt ettt st sa s b st st ebe b b e 104
542 BUs CLOCK (fBUS)) .ttt eb ettt sttt ebe et sbe e 104
543 Peripheral Bus CLOCKS .....c.iiuiiiiiiieiieiee ettt ettt ettt ee et et e st eae e e sneeneeenean 104
544 Peripheral FUNCHION CIOCKS ......couiiiieiiiieiert ettt ettt st e se e eneenaesneensesnean 105
5.4.5 Clock Divide Register Setting ProCEAUIE .........cccveveriieieriieieniieierie ettt sre e saeeenens 106
5.5 POWET CONLIOL ..oeiiiiiieiieceieete ettt ettt et et e e v e e tae st e e teeesseesbeaesaeesseessbeasseesseassessseenseessseenseees 107
5.5.1 IMIOGES ettt ettt h bbbt h bbbt bbbttt et he bbbt be b e 108
5.6 Main Clock Monitor FUNCHON ......ccceiiiiiiiiiiiienieieee sttt ettt st ebe e seea 111
5.7 Clock OULPUL FUNCHON ..eiutiiiiiiieiiitieie ettt ettt et e s et et esaeestesbe et e nteeneenaeeneeseeennes 111
5.8 USAEZE INOTES ..teeitieiiieiie ettt sttt ettt ettt e ettt e bt e sab e e bt e s bt e et e e bee s bt enbeesabe e bt enate s beesabeenbeesaseenneenas 112
5.8.1 B0ard DeSiZN INOLES ....c.cocviiieiiiieiiiierie st eteete e et este et e st sseessessaesseessessesssesseessasseessesseessessesssessenseens 112
6. =5 CeT=T o (o] o I F= o T |1 o TP TS UUURPUT 114
6.1 TIETOAUCLION ..ottt e st et et eeae e tteesbeesseeesseesseeesaeenseensseenseensaesssaenseesssensseesaenns 114
6.1.1 Types of Exception Handling and Priority .........cccoooieoiiioiinieiieeeeiecee e 114
6.1.2 Exception Handling OpPErations ............ccccuervieieriieiieniieiesieeeestestestessessessseseessessesssessesssessessesssessenns 115
6.1.3 Exception Handling Vector TabIE ..........cccveeiiiiiiiiieeieeiieceeieeree ettt et seve e e ssve v enseennne s 117
6.2 TS £ USSP 119
6.2.1 TYPES OF RESCE 1.ttt ettt ettt et e s e e s e be e s e s taesbassaesseeseassesseessessnessesssessessnans 119
6.2.2 HAardWare RESEL .......c.ooiuiiiii ittt sttt ettt e et e bbb enn 119
6.2.3 Watchdog Timer Reset, SOftware RESEt ........cccoeiiiieiiiieieeeee e 119



6.2.4 Power-Down Mode WaKe-Up RESEL .......ccoouiriiiieiiiieiecieeeeseeee ettt ae s sae e ennens 119

6.3 AAIESS EITOTS ...ttt ettt sttt e a e bt s bt et e eb e et e e bt et e saeeteseeeaeeneen 120
6.3.1 AdAress EITOT SOUICES ..c..eviuiiiiiieiiiiiiiiriintestestetetet ettt sttt et ettt st sae st st st et sae st b naens 120
6.3.2 Address Error Exception Handling ..........cccocceeviiiieieiiieiiiicieceeeeee ettt 120

6.4 CPU Operand-Access MPU EITOTS .....cccveiiieiiieiiieiiieieesieeieeste et e teeaeeseeesbeesseesteessaessseesssesnseeseesns 121
6.4.1 CPU Operand-Access MPU EITOT SOUICES .....cecverieciiriieieriieieeieiesieetessieeesseeseseessesnessesssessessnens 121
6.4.2 CPU Operand-Access MPU Error Exception Handling ...........cccocveviieieniiiieniiieiciece e 121

6.5 REGISTEr BANK EITOTS ..ouviiiiiiiiiiiiieiie ittt ettt ettt e et e st e esaeeteessbeeseessneensaenseessseanseensaenns 122
6.5.1 Register Bank ErrOr SOUICES .......ccveviiiiieiiiiiieie sttt ettt sttt ee e enesnessaensesnnens 122
6.5.2 Register Bank Error Exception Handling ...........ccccccecieiiiiiiniiniieniciescciee et 122

6.6 TIECTTUPES weovvieiiiieiieeie ettt ettt e et et e st e ebe e teeesbeesbeessaeesseeaseeassaanseaasseasaeasseanseesssansseenseeassesnssennseenseenns 123
6.6.1 TNEETTUPE SOUICES «..eeneiiiiietieee ettt ettt ettt et e bt e et e bt e st e eabeesbteeabesbeenbaesnbeebeens 123
6.6.2 INterrupt Priority LEVEL ..oc.ocoiieiiiiiiieiececie ettt sttt estessaessessaensensnens 124
6.6.3 Interrupt EXception Handling .........cceeciieiiiieiieiiesieeie ettt sve e e s esae e enee s 125

6.7 INSTIUCLIONS ..ttt ettt sttt et ea et e bt ebe bt s b e st et et et et ebeebesbesaea 126
6.7.1 Types of Exceptions Triggered by INStrUCHIONS .......cccevvivieriieiiriieieiiieieniiete e e e eie e saesne e senens 126
6.7.2 TTAP INSIIUCTIONS ..vviiiieiiieiiieeieeiteete et ettt ete et e st esttesebe e teeeseeesbeessaaesseensaeasseesseessseassesseenssesssesseens 126
6.7.3 S10t Tlle@al INSLIUCLIONS ....eevireieiesiietieiieieeteeteee et et et et estesteentesseestesseensesseesseeseensesseseensesseensensennes 127
6.7.4 General [lle@al INSLIUCLIONS .....ccviiieriieieiieetieteee et ete st etesteebeeseesbesteesseessessesseesseessesseensesanssensenns 127
6.7.5 Integer DiviSion EXCEPLIONS ....cccviiivieiieriieiieeieesteeteesteeeie et e sete e teeeaeseteesnaeesbeessaesnseesseesnseenseensnean 127
6.7.6 FPU EXCEPLIONS ....viiuieuiieiieieeienieeitesieeitesteeetesteestes st eseesseessesseessessesssesseassanseensesseansesnsensesasensesseensessenns 128

6.8 When Exception Handling iS N0t ACCEPLEA ....ccvevvieiirieiieieieeeeieetete st esie ettt see s e sae e seseees 129

6.9 Stack Status after Exception Handling ENds ..........ccoeviiiiiiiienieniceece e 130

6.10 Notes on Exceptional Handling ..........ccoooieoiiiiiiiiioiieec et 131
6.10.1  Value of Stack POINLET (SP) ....iciiiiieiiiieieeiee ettt sttt ettt ese e seessesseessesaessenseens 131
6.10.2  Value of Vector Base Register (VBR) ......oooiiiiiiiiii et 131
6.10.3  Address Errors Caused by Stacking of Address Error Exception Handling ..........ccccocevevcvencncnnns 131
6.10.4  Interrupt Control by Modifying Interrupt Mask Bits ..........ccceciriiriiieniinieieierceeece e 131

7 RGBS ittt e e e e e s a e e e e e e e e aan 132

7.1 TIELOQUCTION ..ttt ettt s b et sb et e s bt et sb e es e bt eat et e e st e naeeaeeaesuean 132

7.2 LS4 1) RS SURRS 134
7.2.1 System Protect Register 2 (SPR2) .....oovivieiiciicieie ettt sttt 134
7.2.2 Software Reset RegiSter (SWRR) ...cocuiiiiiiiiiiecieeecee ettt et ae et saeesvee e 134
7.2.3 Reset Source Determine Register (RSDR) ...ooouiiuiiiiiiiiiieeee e 135

7.3 RESEE SOUICTES ..ottt ettt et sttt sttt st sa e sht et s bttt sb et sae et e sbeeaesbeenaesueen 136
7.3.1 HArdwWare RESEL ......cc.ooiuiiiiii ittt ettt et st et ete b e 136
7.3.2 SOTEWATE RESET ..uvviiiiiectiiiii ettt ettt ettt e et e s b e e beesteeesbeessaesaseessaessseesseesssassseesseesssensseenes 136
733 Watchdog TImMEr RESEL ......oeuiiiieieiiieieceeie ettt ettt e et e e s e teessesseesaesseensenseas 136
7.3.4 Power-Down Mode Wake-Up RESEL .......cccveeiiiriiiiiiiiiecieeieete ettt sae e ssae v enes 136

7.4 RESEE SEQUEIICE ...ttt ettt ea ettt e st e bt e st e e bt e sbteeabeenbeesaneeeeenne 137

7.5 Reset Determination FUNCLION .......cc.ciiiiiiiiiiiiceeeee ettt ebe b b 138

7.6 Cold Start-Up/Warm Start-Up Determination FUNCHON ........cccceeviiiiiieeiiieiie e 138

8. Interrupt Controller (INTC) .. 139

8.1 TIETOAUCTION ..iitiiiieeiieiie ettt ettt e et e e e v e et e e tbeesbe e taeesbe e saaesseesseaessaesseesssaasseesseesssaasseesssessseensannes 139
8.1.1 SPECITICATIONS ....evieiieieieieciiete e tete et te ettt e et ete st e tesseense st ense st eenseeseensesseansesseensesseesaenseensanseaneenseenes 139

8.2 INPUL/OULPUL PINS woviiiiiiiiiieiecieet ettt sttt ettt e e st e b e sseesbessaesbeessesbeeseensesseensessnensesseas 141

8.3 S 4 1) USRS 142



8.3.1 Interrupt Priority Level Register i (IPR1) (1= 110 4) .iovieviiieeeeieieceeieeieieeeete et 150
8.3.2 Interrupt Control Register 0 (ICRO) ....c.cooiieriieiiieieecie ettt s e et eesaae s beessaeeneeenees 151
833 Interrupt Control Register 1 (ICR1) ...occviiiiiieiieieciieieeeeeseee ettt sneeneas 151
8.3.4 Interrupt Control Re@ister 2 (ICR2) ...c.ooiviieiiiiieieeieciieee ettt sbessa b senens 152
8.3.5 INT Interrupt Request Register (INTR) ....ooviiiiiiiiieieeciieeee ettt s n 153
8.3.6 Bank Control Register (BCR) ......cciiviiiiiieiieieeeeeeet ettt se e aesneas 154
8.3.7 Bank Number Register (BINR) .......occiiiiiiiiiiiieieeetieesie ettt sre e sbenneens 155
8.3.8 Software Interrupt Register i (SINTI) (1 =110 8) coveevriiriieiieiecie ettt 155
8.3.9 Interrupt Request Register i (IR1)
(1=102to 109, 134 to 136, 142 to 156, 165 to 166, 173 to 180, 191 to 196,
214 t0 215, 221 to 240, 297 to 300, 312 to 339, 366 to 367, 378 to 379,
403 10 418, 427 10 404, ATT) ettt ettt 156
8.3.10  Interrupt Control Register i (ICRi)
(1=102to 109, 134 to 136, 142 to 156, 165 to 166, 173 to 180, 191 to 196,
214 to 215, 221 to 240, 297 to 300, 312 to 339, 366 to 367, 378 to 379,
403 10 418, 427 10 404, ATT) ettt bttt ae et b ettt tene 157
8.4 INEETTUPE SOUICES ..eevvieeieetieeiieeitesteeteest et estte et e teesaeesteessbeesseessseassaesseessseenssessseesseessseessesnseesssesnseenes 158
8.4.1 Voltage MONItOr INTEITUPE .....ocvveiieeieiieieie ettt ettt et e se e aesseenseeseeneensesneensesneas 158
8.4.2 INMI INEETTUPE o.evieeieeiiieitteete ettt sttt et ettt et e st e e bt e sabeenbeesebeenseensaesnseenssesnseensaenseesnseensaesnsesnses 158
8.4.3 USETr Break INTEITUPE ...ooocvieiieeiieiieeieesiee st ette st et eete e steeebeestaessbeensaesssaenseessseensaesseanssesnseenseessses 158
8.4.4 DMAC Access MPU Error INTEITUPES ...ccveeeuieeiiieiieiiie ittt sttt et s 158
8.4.5 RAM EITOT INEEITUPLS oevieiieeiiieiieeieeiee sttt et sttt set e st e st eete e baessbeenbeesebeenseesseesanesnseeseens 158
8.4.6 FIFE INEETTUPLS ..vieveeeiieiieriieeiiesite et et e siteetee st e esteesteeseteessaessseesaessseensaesssaenseenssesnsaenseanssesnseenseessses 158
8.4.7 SOFEWATe INTEITUPLS ...eovveeieiieieiieeieet ettt ettt et ettt e st e et e st es b et e eas et e ensesseenaesseseensenseensenseenes 159
8.4.8 IINT TIEEITUDES .eveeieeeiiieiieeie et ettt et e rtee sttt etee sttt e bt essbesateesaaeenbe e seeenbeenseesaseensaeseesnsaenseenseesnsesnseennnens 159
8.4.9 Peripheral FUnction INTETTUPLS ......oooveiuiiiiiiieieiee ettt see s 160
8.4.10  Interrupt Exception Handling Vector Table and Priority .........ccccccceorienieninineneninenenccecceeenens 161
8.4.11  Interrupt OPEration SCQUETICE .......ceervirierieerietieriesiesteetesseetesseessesseessesseessesseessessesssessesssessessesssessenses 167
8.4.12  Stack after Interrupt Exception Handling ...........ccocoooiiiiiiiiiiiiieeeee e 168
8.4.13  Detection Control Of INtEITUPt SOUICES ......eevvirierierieriieieeeiente et et eeeste et eaesreensesseessesseensenseenes 169
8.5 Interrupt RESPONSE TIME ....cccveivieiiiieieeiieiiciieie sttt ettt ett et esseesaesseessesseessesssesseassensesseessesseensessens 170
8.6 REZISLEI BANKS .....eitieiiiiieet ettt ettt st sae et e e bt n et e e e teeneeeeeeneenaeenean 174
8.6.1 Register Banks and Bank Control REZISLEIS .......c.ccceeiriririniinienienieieieeecetene sttt 175
8.6.2 Bank Saving and Restoring OPErations ...........c.cceveecverieecierieeriesieereessessessessessessessesssessesssessessessnens 175
8.63 Saving and Restoring Operations after Saving Registers to All Banks ...........ccocoooeviniiiineiinenne. 177
8.6.4 Register Bank EXCEPLION ......cceeciiriiiieiieieiiieie sttt ettt sttt st e b et esesseesensessnensesnnens 177
8.6.5 Register Bank Error Exception Handling ...........ccccceevieiiiiiiniiiiieniciescceee et 178
8.7 INOLES OIN INTIC .ttt ettt et e s bt sttt st et esbt e e beesbeesate e bt enbee s 179
8.7.1 Timing to Clear INtEITUPt SOUICE ......coveoveiiiiiiiiiiieri ettt sttt vt s 179
8.7.2 Notes on INT Interrupt Request REZISTET .....c.ccieieriirieiiieieiiieiesie ettt sreenees 179
8.73 Points for Caution Regarding Interrupt Control Registers 1 and 2 (ICR1 and ICR2) and
INT Input Digital Filter Control Registers 0 and 1 (INTDFCRO and INTDFCR1) .......ccccccceeuenneee 179
9. Voltage MOoNitor FUNCHON .......ooiii e e e 180
9.1 INEEOAUCTION ...ttt et ettt h et e st e st e es e e sbe et e sbeeseeteeneaneeeneeeeeneeneesnean 180
9.2 REZISEEIS ..vvitieiiieiieieeit ettt ettt et et ei et e e b e et ess e e st e s sesseessesseessesseessesseensesseesseassessenseensesssensesseensessens 182
9.2.1 System Protect Register 0 (SPRO) ....ccoeecuiiiiieiieiie ettt et s ae et sve e e e ssaeeseensee e 182
9.2.2 Vdetl Level Select Register (VD ITLSL) .o..eoiiiiiieiieiee ettt 183
923 Voltage Monitor Status Register (VIMSR) .....ccuiviiiiiiiiicieitcese ettt e ae s 184
9.2.4 Voltage Monitor Control Register (VIMCR) .....cc.ooiiiiiiiiieiiieeneseeetee e e 185
9.2.5 Voltage Monitor Circuit 1 Control Register (VMICR) ......cccooiiiiiiiiiiieeeee e 186

A-4



9.2.6 Digital Filter Clock Select Register for Voltage Monitor Circuits (VMDFCSL) .....cccoovevveierieennnne 187

9.3 OPETALIONS ..eevieeiiieiiieeieestteeteestee et estteeteessaeasseesseesssaeseeasseesseesssesnseessseenseesssanseenseesssesnsesnssessesassessseenns 188
9.3.1 Voltage Monitor FUNCHON 1 ......ccoviiiiiiiiieiereeiesese sttt ettt st e st eneensesneensesnean 188
9.4 TIEETTUPLS 1.eveeeieetieete ettt ettt ettt et e et e et e stt e e bt e sat e e s bt e saesas e e sbeanseenseesaseenseensaesnbeessesnseesnsesnseenns 189
94.1 Voltage Monitor INTETTUPL 1 ...ccvieiiiiiiieiieeie ettt ettt et ae e steesaaeenbeessaeensaesesnseenseesnsas 189
9.4.2 Digital FIilter FUNCHON ......occiiiiiiiiiiiiecie ettt et e e e esseeseenseseensenseens 190
9.5 Notes on Voltage Monitor FUNCLION .......cc.ocieiiriiiiiniicieiicieie ettt ere e sressaessessaesseeseessesseens 191
10, WALCNAOG TIMEE ...ttt e et e e e et e e e s aab e e e e e s ann e e e enbreeeeeaans 192
10.1 TNELOQUCLION ..ttt ettt h et sttt b et s bt e et e bt e s et eae et e esee et ebeeneesaeas 192
10.2 LS4 1) PRSP 194
10.2.1  WDT Refresh Register (WDTRR) ...ccooouiiiiiieiiiee ettt eee e 194
10.2.2  WDT Control Register 0 (WDTCRO) ....cccciiiiiiiiieieeiiecieeieerte ettt et sae st sire v e e saeeseenes 195
10.2.3  WDT Re@iSter (WDTR) ..ocuiiiiiiieieieieietee ettt ettt ettt ettt te s e s esseneeneeseesesseesensn 196
10.2.4  WDT Control Register I (WDTCRI) ..c.cooiiiiiiiieie ettt ettt seeeneas 196
10.3 OPETALIONS ..eeuvieeirieiieeieesteeeteesteesteestteeteeteesssaesseessseasseessseasseeasseanseesssesseesssasssesssesssesseenssesnsessssessseenns 197
10.4 Usage Notes 0n WatChdOg TIMET .......ceeouiiuieieiieeiee ettt et ee e seeeneas 198
(P =10 1V o] a1 (o T4 4T P UPTPPPPRRPNE 199
11.1 INETOAUCTION ..ottt sttt ettt et b ettt et e bt et ebeebesbeneen 199
11.2 REGISEEIS .oviitieiiiitieieeit ettt ettt ettt et ettt et e et e e bt esb e e st esseeseessesseessesseessesssenseaseesseassessesseensesssensessnensessens 200
11.2.1  Task Monitor Timer Protect Register (TMTPR) ....c.ccccviriieiiiiiiciieiece et 200
11.2.2  Task Monitor Timer Load Enable Register (TMTLEN) .....cccccciviirieiirieeceeeeeeeeeee e 201
11.2.3  Task Monitor Timer Count Source Select Register (TMTCSSL) ..c.ocovevieiiviieieiieieeeree e 201
11.2.4  Task Monitor Timer Register (TMTR) .....c.coiiiiiiiiiieeee e 202
11.2.5  Task Monitor Timer Enable Register (TMTEN) .......ccocciiiiiiiiiiiiee et 202
11.3 OPCIALION ....viiivieeieiieeteste et eetteteete et e et ebeeteesessaessesssessaessenseessenssassesseessesssensesseessesssassaseansesseensesseensesses 203
11.4 Notes on Task MONItOr TIMET .......c.oeiiuiiiiiie ettt e et e e et e e et e e eeae e eeaaeeeenteeeeereeeeneas 204
P22 I 11 USSP 205
12.1 TNEFOAUCLION ..iuitieieieeiieeiee ettt ettt e et e e te et e e be e taeesbe e saaesseesseaesseesseessseesseessaesssaasseessaessaeessaenes 205
12.2 REEISEEIS .ovtitieiiiitieieeie ettt ettt et e st et e bt et e e teese e e st esbesseessesseessesseessesseessenseesseassensesseensesssensesssensessens 207
12.2.1 DMAIi Mode Register (DMIMD) (1 = 0 10 7) .eecvevviieieeiiieiieenieeteesveeieesreeveeseeesveeseeeseseensnesnneenens 209
12.2.2  DMAI Control Register 0 (DMiCRO) (1 =0 t0 7) wecueeeeriieieeiieeeeere et 211
12.2.3  DMAI Control Register 1 (DMIiCR1) (1=101t0 7) veccveceeriecieriieieieerieseeieceesreseeie e sseeseesseeeesseennas 215
12.2.4  DMAI Source Address Register (DMiSA) (1 =010 7) wovcvievierieeiienieeiieceeeieesieeeie e eve e sve s 217
12.2.5 DMAI Destination Address Register (DMIiDA) (1 =10 1t0 7) .eeoieeenieieieeiereeeeeeeeie e 218
12.2.6  DMAI Transfer Byte Counter (DMiCNT) (1 =010 7) .eoceeeeerririeriieiesieeiesie et se e sveeae e sae e 219
12.2.7 DMAI Source Address Reload Register (DMiSAR) (1= 010 7) coeevveeviieiieeieenieecieeieesie e seee e 220
12.2.8  DMAI Destination Address Reload Register (DMiDAR) (i =010 7) ..coceevirierenieienieieeeeeeeeeenen 220
12.2.9  DMAI Transfer Byte Counter Reload Register (DMiCNTR) (i=01t0 7) .ceocvevverievieneerenreeeereeennn 221
12.2.10 DMA Interrupt Control Register (DMICR) ......ccceeviiiiiiiiiiie ittt 222
12.2.11 DMA Start Register (DIMSTR) ....cc.iiiiieieieieietet ettt ettt ettt et eneeneesesseeseneas 223
12.2.12 DMA Transfer Status Register (DIMSR) .....cooiiiiiiiiieiieieiieeere ettt sre e sre s saeeseeeees 224
12.2.13 DMA Transfer Completion Status Register (DMCSR) .....cceeviiiiiiinieniieiecieeeerte e 225
12.3 (03 T<3 215 o) 1 1SRRI 226
12.3.1  TTANSTET MOAES ....otiiiiiiiieieteeteeee ettt sttt ettt b e sb e et ebe bt et be b eenees 226
12.3.2 Transfer MEthOAS ...cc.eoiuiiiiiiiieiee ettt ettt st ettt sbeeneesbeeeesbeas 227
12.3.3  DIMAQC ACHVALION ..iiitiiiiieiiieiiieitieeteesteesteesteesteeteesteassbeesseassseesssasssessseessseasseessasssseesssessseesseessesssses 229



12.3.4  Starting DIMA TIANSTET ...cvocvveiieieiicieiieese ettt ettt et ve e sbe et e sbeesaesbeessesseessessesseessesseas 230
12.3.5  Completing DMA TIaNSTET ....c..oouiiiiiiiiieiee ettt et neeeeeas 230
12.3.6  Suspending, Restarting, and Stopping DMA Transfer ..........ccccocvevirieieniienenieeeere e 230
12377  DMA REQUESE SOUITES .uvveeuviiiiieiiiiiieiiieeiteeiteeteeritesteettessteeteesetessseensaesnseenseessseesseesssesnseenssessesnses 230
12.3.8  Channel ATDITIAION ........coeeiirtiiiiniieienteete ettt ettt e e et e e bt et e e bt e besatenteseeeaeeeesaeeneeenean 231
12.3.9  Rel0Ad FUNCHION ...ouiiiiiiiiiiiiiiitiiest ettt ettt b e s a ettt sae b nes 232
12.3.10  Data RELOCALION ....cveuieuieiieiiriiitiiteitete ettt ettt sttt et eae et be ettt s bbb enbes s e st eneebeebesaeseebes 233
T2.3 11 ROEALION ittt h et e et et e bt e a e bt et e s bt bt e bt ea e et e et e ebe et e ebeenbesaeeneeenean 233
12.4 TIEETTUPLS ittt ettt et e st e bt e sb e e s e bt e s bt e eab e eabtesabesate e beessbesabeesabeennee e 234
12.5 NOES 0N DIMAC ..ottt ettt ettt bt et st e e she bbb et et e b enee 235
12.5.1  REZISTET SEINE ..veevieieiieiieiieetieriee et et e ste et esteebeesteeesteesseessseesssaasseensaesssaenseessseansesnseenssesnseenseesnses 235
G TR 1 I = o -SSP 236
13.1 TNEFOAUCTION ..oiiviieiieeiieeiie ettt ettt et e ettt e et e b e e beestaeesbeessaaasseessaaesseesseessseessaesseesssaesseesssessaenssennes 236
13.2 REISEEIS .o.ueeiieiieiieie ettt ettt ettt e e et eae et e e s te s st e sesseessesseensesseenseaseenseeseensesneansesseensesseensenrean 246
13.2.1  Port Protect ReZiSter (PPR) ......oooiiiiiiiiieiiee ettt ettt beeaeessbeenseenanesenas 249
13.2.2  PortiRegister (PIR) (i=At0 G, Jt0 L, N) 1ooiirieiieiee et 250
13.2.3  Port i Direction Register (PIDR) (i=Ato Gand JtoO L) ..ccoocveiiriinieieeceeeeeeee e 253
13.2.4  Pull-Up Control Register 0 (PUROD) ....c.cccciieiiieiieeiieie ettt et sre et et sbe e e sebeeaeeenneenes 256
13.2.5  Pull-Up Control Register 1 (PURL) ....ccooiiiiiiiieee et s 257
13.2.6  Input Threshold Value Select Register 0 (PVSRO) ...c.ooovieiiiiiiiiee e 258
13.2.7  Input Threshold Value Select Register 1 (PVSRI) ..ccceiiiiiiieiieiieciecieecte et 259
13.2.8  Input Threshold Value Select Register 2 (PVSR2) .....oooiiiiiiiiiee e 260
13.2.9  Input Threshold Value Select Register 3 (PVSR3) ..ocviiiieciioiieiiceee et 261
13.2.10 Port Function Select Register 0 (PEFSO) .....cooiieiiieiiieieeciieieee ettt sve e 261
13.2.11 Port Function Select Register 1 (PEFST) .....ooiiiiiiiieeeee e 262
13.2.12 Port Function Select Register 2 (PES2) .....cciiiiiiiiiieieieeeee ettt et sre e sre e 263
13.2.13  Port Function Select RegiSter 3 (PEFS3) ..uioiiiiieiieeeecteeee ettt ste e s s 263
13.2.14 Port Ai Function Select Register (PAiS) (i =00 t0 05) ..ocoioieiirieieeiee e 264
13.2.15 Port Bi Function Select Register (PBiS) (1 = 1210 15) ..oooivieoiiiieiciee et 265
13.2.16 Port Ci Function Select Register (PCiS) (1 =08 10 12) ccvivvieriiiiieeieeiiecieeieeee e 266
13.2.17 Port Di Function Select Register (PDiS) (1 = 00 t0 10) ....cecirieiirieiieiereeeeeee e 267
13.2.18 Port Ei Function Select Register (PEiS) (1 =00 t0 07) ....cccevierierieieiieie ettt sve s 268
13.2.19 Port Fi Function Select Register (PFiS) (i =00 t0 02, 07) cceeeoverieeirieiiieeieeeecee e 269
13.2.20 Port Gi Function Select Register (PGiS) (i =00 to 03, 10 t0 13) ..cocerieiiriiiiiieieeeeee e 270
13.2.21 Port Ji Function Select Register (PJiS) (1 =00 10 11) ..cccccerirrierieieriieieseeie et seesee e 271
13.2.22 Port Ki Function Select Register (PKiS) (i =00, 01, and 08 t0 15) ....cccvvevrverieeiieeeeieeieerveeie e 272
13.2.23  Port Li Function Select Register (PLiS) (1= 1010 15) .c.eeoiiiriiiiee et 273
13.2.24 Port Ni Function Select Register (PNiS) (1 = 00 t0 05) ...cccoovvreieriiiieiieiecieeeceeieee e se e 274
13.2.25 Port Function Enable Register 0 (PFENO) .......cccieiiiiiiiieie ettt 275
13.2.26 POEO Control Register (POEOCR) .......cccoiiiiiiiiieieeiiee ettt s naesneas 276
13.2.27 POEI Control Register (POETCR) .......ccoiiieiieiieiieiieiieeeie et eee et sieeve st esse e eaesseessesseensesseas 277
13.2.28 POE2 Control Register (POE2CR) .....ccccoiiiiiiiiieieiiee ettt sttt s e 278
13.2.29 POE Monitor Register (POEM) .......ccoiiiiiiieiiiieee ettt ettt s ene et eseeeneas 279
13.3 POET INTEITUPE ..vevveiieiiitieeieeie ettt ettt ettt e st e e e seessesaeesaesseessesssessasseesseessessenseensesseensesseensenseas 280
13.4 Selection of I/O Port FUNCHON ....cocuiitiiiiiiiiiie ittt ettt eae 280
13.4.1  INPUL POTES ettt ettt ettt et sh et e bt st e e bt e sate s abe e bt e sabeenbeenneesaees 280
13.4.2  OULPUL POTES ittt ettt ettt ettt et et b e eb e e bt s bt se et e b e st enteneebeebenbeeeenten 280
13.5 Selection of Peripheral FUNCLIONS .......cccuiiiiiiiiiiiieiiecie ettt st e e seaesebe e e neeesenas 281
13.5.1  Selection of Input Pins Multiplexed at Multiple Sites ..........cecoeriieririeieriereeeeee e 281

A-6



13.5.2  Selection of Output Pins Multiplexed at Multiple Sites .........cccevvveririierierienieeieieeienre e 281

13.5.3  Selection of Interrupt and A/D Converter Input FUNCHONS .......cocvevveeiiieiiieiieniecieeeeecie e 281
13.5.4  Selection of CLKOUT FUNCHONS ......couerierieiiiiieiiniineniertintestestest ettt ettt et 281
13.6 Oher FUNCLIONS ....eutiiteieiieieie ettt ettt b bbb bbb e et et et ebeebe s bt saeebesbesaens 281
13.7 NOtE 0N the I/ POITS ..ottt ettt ettt et sttt e e e enee 282
13.7.1  Setting the Port Pni Function Select Register (PniS)
(n=A,B,C,D,E, F, G J,K, L, N; i=number of an applicable 1O port pin) ...........cceccerevrruerrernnene 282
14.  Compare Match TIMer (CIMT) .....ooiiiiiiiiie et ne e 283
14.1 INETOUCTION ..ottt sttt ettt ebe bt bt e b et ettt ebesbenaen 283
14.2 REZISTETS .oevvieiieieiieiieeie ettt et e st e ettt et e stte e beessbeesbeeseessbaesseessseanseensseansaeseesssaeseensseenseeassesnseensneensennns 284
14.2.1  CMTO1 Start Register (CMOTSTR) ..ocuiiieieieieiet ettt ettt st eneesees 285
14.2.2  CMT23 Start Register (CM23STR) ..ueiiiiieiieieieeieie ettt ettt ettt enae st ensesseeneensesneas 285
14.2.3  CMT45 Start Register (CMAS5STR) ...ooiuiieiieeiiiiieie ettt ste et eae s teesaee st aeessae s baessaesnnesenas 285
14.2.4  CMTi Control Register (CMICR) (1 =010 5) «oueeieiteeiiiieeiee ettt 286
14.2.5 CMTi Counter (CMICNT) (1 =010 5) .eoeriririirientenienieietetetet ettt sttt 287
14.2.6 CMTi Compare Match Set Register (CMiCMSE) (1 =0t0 5) ..oooievieeiiieieeieeeesie e 287
143 L0 3 TC3 21 o) 1 USRS 288
14.3.1  Interval Count OPETAtiON .........cccccvecveruieieriieierteetesteetessesstetesseeseeseessesseessesseesesseessessssssessessessessees 288
14.3.2  CMICNT Counter Count TIMING .....c..cccveereeriiiiiiesieereeritesteeeteesteeesseesseesseeseesssesseesseessseesseeseessses 288
14.4 TIEETTUPLES .ottt ettt et e eb e st e s bt e sat e e b e e satesate e beeeatesabeesaneenee e 289
T4.4.1  INETTUPE SOUTCES ouveentiiiniieiieniieeiee ettt et e et e bt e st e ebeesht e e bt e btesateestesaeeeabeesabeenbeesbeeenbeenstesnseenaeesares 289
14.4.2  CMTi Interrupt Generation TIMING .........ccceevvierieeriieriiienieesieereesteesreessaeesseesseessseesseesssessseesssesseesnses 290
14.5 Notes on Compare Match Timer (CMT) ...oo.ooiiiiiiiiiiie et 291
14.5.1  Conflict between Write to CMiCNT Counter and Compare Match ...........ccoccvvvveviiiecienieienieennn, 291
14.5.2  Conflict between Write to CMiCNT Counter and COUN-UP ......cccveerrrerieeriierienieeieeneesveeieesnesenes 291
14.5.3  Notes on Write Operation for CMICR ..........ccooiiiiiiiiiiie s 292
14.5.4  Notes on Count Clearance and Interrupt Generation when Counting is Stopped .........ccceevveevenenen. 292
15, Timer PUISE UNit (TPU) ..oeiiiiiiiiiiiie ettt e e sttt e e e e sat e e e e e snteeeeesennteeeeeesnneeeeeanne 293
15.1 INEEOAUCTION ...eiiiiiieie ettt ettt b et b e e bt ebe st et et e st e st e st ebeebesbeneens 293
15.2 T4 1) PRSP S 297
15.2.1  TPUi Control Register (TPICR) (1 =010 15) .eoiieiieierieieieieee ettt 306
15.2.2  TPUi Mode Register (TPIMD) (1 =0 t0 15) .icciiieciieieiiieieiieiese ettt sre e se v senes 307
15.2.3  TPUi Status Register (TPiSR) (1 =010 15) .ioirieiiiiee et 308
15.2.4  TPUi Counter (TPICNT) (1 =010 15) .ioieiieeierieiee ettt st sae s ennas 308
15.2.5  TPUi General Register k (TPIGRK) (1=01t0 15; K=01t03) ..iecerierieriirieieeieie e 309
15.2.6  TPUi Count Start Register (TPICSTR) (1 =010 15) .eioiiiiiieieiee e 310
15.2.7  TPUi /O Control Register (TPIIOCR) (1 =010 15) tueoiuiriieiieiereeie ettt 311
15.2.8  TPUi Digital Filter Register (TPIDF) (1 = 010 15) .vooioiieiiieieieeiere ettt 312
15.2.9  TPUi AD Conversion/One-Shot Output Control Register (TPIADCR) (i=01t0 15) ..ccccovvvevenernnee. 313
15.2.10 TPUi AD Conversion/One-Shot Output Timing Set Register k (TPIADOTSEk)
(I= 010 155 K =010 3) weoueeiiriiriieienterert ettt ettt st b ettt et sa st be e 314
15.2.11 TPUi Counter Reset Register (TPICNTRSE) .....ccooiiiiiiiiiiieteeeee e 315
15.2.12 TPUi Phase Shift Control Register 0 (TPIPSCRO) (1 =010 15) .ocovieiiiiiiiiieeeeeeeee e, 315
15.2.13 TPUi Phase Shift Control Register 1 (TPIPSCR1) (1 =010 15) .ccceoieoieiieieieeeeeeeeee e 316
15.2.14 TPUi Phase Shift Clock Divide Register (TPIPSCDV) (1 =010 15) cceviecierieierieeeeeeee e 316
15.2.15 TPUi Phase Shift Counter (TPIPSCNT) (1 = 0t0 15) coeecieoieirieiieiieeeeeeeeeeee s 317
15.2.16 TPUi Phase Shift Period Set Register (TPIPSPSE) (1 =010 15) ..ccccecerinininininiiicicccccencncneen 317
15.2.17 TPUi Phase Shift Counter Control Register (TPIPSCNTCR) (i=010 15) ..ccccovvievievierieeeeeereenen. 318

A-7



15.3 TPICNT COUNLET ..oevveiiieeieeeeiee ettt et e e et e e et e et e e e aeeeeenseeeenaaeeenseeesnneeennseeesnseeeeneesesanneesneeeens 319

15.3.1  Free-Running Operation and Cycle Count OPeration ...........cccceevveereerieerieeneesreeneeeseeeseesvesnseennns 320
15.3.2  TPiCNT Counter Count TIMING .......ccceeverierierierieiteriesiesieieeteeeeseesesseessesseessesseessesssensesseeseessessees 322
15.4 CaSCAAE COMMECTION ...euviiiiititeitesteiete ettt ettt ettt et ettt et e e s e st eaeebeebeebe s b e st e besb e st eneeseebeebesaeebeaneneens 323
15.5 INPUL CaPure FUNCLION ...cviiiiiiiiieiieiie ettt ettt et e et e e teeesaeesbeessaeesseesseesssaessesnseessnesnsennes 324
15.5.1  BUTer FUNCION ...oouiiiiiiiiiiiiiiiti ettt st sttt 327
15.5.2  Digital Filter FUNCHON .....cceocviiiieiiiieiiciieieeeeie ettt ettt et ste s saeesaesaeesessaensesaeensesseas 329
15.6 Output ComMPATe FUNCHOMN ..ouviiiiiiiieiieiiecie ettt ettt e ste et e esaeebeesteeesbeesseessseessaeesseesssesnseenseens 330
15.6.1  Single-Phase Waveform Output MOdE ........ccoeciiieiieiieieiieieeteeeet ettt sneas 330
15.6.2  BUTEr FUNCIOMN ...oiuiiiiiiiiiitiiti ettt st b et be et b e ees 333
15.6.3  PWIM MOME ...ouiiiiiiitieie ettt ettt sttt ettt et e et e st e bt ea e et e ebesbe s ens e s eneeneeseeneaaeesennan 335
15.6.4  Phase Shift Mode (Channel Shift MOde) ......c.cccoeeierieiieiieieieeseeeee et 340
15.7 A/D Conversion Timing Generate FUNCHON ........ccccveieriieiieriiieniiiiesieeiese et sie e e eeesseessesseeseesseennes 344
15.8 ONE-Shot OULPUL FUNCHON ...viiiiiiiiiiiicie ettt ettt e et aeeteeste e esbeesseessbeessaeesseessaesnseenseenes 345
15.9 TNEETTUPE SOUTCES ..eoivieniieeiieetteite ettt ettt ettt ettt st e b e e sa bt e bt e s abeeabeebbesabeeabeesabeenbeenbeesabeeneenne 347
I5.10  NOLES ON TPU oottt ettt et st s b et sttt eb et s bt et saeentesbeennesuees 348
15.10.1 Collision of Write Signal to TPiCNT Counter and Various Signals ..........cccecceevverrieeneenceeneesneenne 348
15.10.2 Collision of Write Signal to TPiGRk register and Various Signals ...........ccccceevverieiieniecieneeceeneennnnn 349
15.10.3 Collision of Read Signal of TPiGRk Register and Input Capture Signal ..........ccccevvvvveciieeeniennennn. 350
15.10.4 Collision of Write Signal to Buffer Register and Various Signals .........cccccevveeriiiiieeniencieeneeeieenne, 351
15.10.5 Collision of Overflow Signal and Reset Signal of TPICNT Counter ..........ccccoeeveeeveencneniencnnenes 352
16.  Multi-Function Timer Pulse Unit (MTU-I) ..o 353
16.1 FRALUIES ...ttt ettt ettt eb e bt st b e ea e bt ettt bt e e saeenaenaeen 353
16.1.1  INPUL/OULPUL PINS 1etiiiiiiiiecie ittt ettt e et esaeeebeestaessbeestaesssaenseessaeansaenseenssesnseenseensss 358
16.2 REGIStEr DESCIIPLIONS ...outieuiieeieiiietiee ettt ettt e te st et ete et e s et et e see e ee s bt eneeeseenteeseeneeneeeseeneesneeneesaean 359

16.2.1  MTi Control Register (MTiCR) (i=0to 4, 6, and 7),
MTS5 Control Register U (MTSCRU), MTS Control Register V (MTSCRV),

MTS5 Control Register W (MTSCRW)  .oooiiieiiiiciiee ettt e sre e ene s 365
16.2.2  MTi Mode Register 0 (MTiMDO) (i=01t0 4, 6, aNd 7) ..cceeeveeeriieiieiecie et 369
16.2.3  MT3 Mode Register | (MT3MD1), MT6 Mode Register | (MTOMDI1) ......ccooveiieiiinieiiieeeenee, 370

16.2.4  MTi I/O Control Register 0 (MTiIOCRO) (i=0 to 4, 6, and 7)
MT] I/O Control Register 1 (MTjIOCR1) (j =0 ,3, 4, 6, and 7)
MTS5 1/0 Control Register U (MTSIOCRU), MT5 I/O Control Register V (MTSIOCRYV),

MTS5 1/0 Control Register W (MTSIOCRW) ....ooiiiiiiiiiieiecieieetete ettt ens 371
16.2.5 MT5 Compare Match Clear Register (MTSCMOC) ...ccoivvierieriieriieeieeiie e eieeseee e ebe e seve s 388
16.2.6  MTi Interrupt Enable Register 0 (MTiIENO) (i=0to 4, 6, 7),

MTO Interrupt Enable Register 1 (MTOIEN1), MTS5 Interrupt Enable Register 0 (MTSIENO) ....... 389
16.2.7  MTi Status Register 0 (MTiSRO) (i= 0 to 4, 6, and 7),

MTO Status Register 1 (MTOSR1), MTS5 Status Register 0 (MTS5SRO) .c.ooevieneneneiiiiiiiiicnce 391
16.2.8  MT]j Buffer Operation Transfer Mode Register (MTiBTM) (j =0, 3,4, 6, and 7) .....ccccccvevuveenrnnnee. 395
16.2.9  MT1 Input Capture Control Register (MTIICCR) ......ccieiiiiiriiiieeeee e 396
16.2.10 MT6 Synchronization Clear Register (MTOSYC) ...ocuviiiiieriiiieiieciesieeiese ettt se v e 397
16.2.11 MTi Counter (MTiCNT) (i=0to 4, 6, and 7),

MTS5 Counters U, V, and W (MTSCNTU, MTS5CNTV, MTS5CNTW) ..ccoiiiiiiiiiieeeeeeieeeae 398

16.2.12 MTi General Registers A, B (MTiGRA, MTiGRB) (i=0 to 4, 6, and 7),
MTj General Registers C, D, and E (MTjGRC, MTjGRD, and MTjGRE)
(G=0,3,4, 6,and 7), MTk General Register F (MTkGRF) (k =0, 4, and 7),

MTS5 General Registers U, V, and W (MT5GRU, MT5GRV, MT5GRW) .....ccccooiiiiiiniiiiieeeee 399
16.2.13 MTO01234 Start Register (MT01234STR),
MT67 Start Register (MT67STR), MTS Start Register (MTSSTR) ...ocvvvveviieieiieiereeieeeeieeie s 400

A-8



16.2.14

16.2.15
16.2.16

16.2.17

16.2.18

16.2.19

16.2.20

16.2.21
16.2.22
16.2.23
16.2.24

16.2.25

16.2.26

16.2.27

16.2.28

16.2.29

16.2.30

16.2.31

16.2.32

16.2.33

16.2.34

16.2.35

16.2.36

16.2.37
16.2.38

16.2.39

16.2.40

MTO01234 Synchronous Register (MT01234SY),

MT67 Synchronous Register (MTOTSY) .ocvveiieiiriieieiiiiesieeeeieet ettt see e sae e ess e saessesseens
MT Counter Synchronization Start Register (MTCSYSTR) .ccooovvvieiieiiiiiieeeceeeeeeeee e
MT34 Read/Write Enable Register (MT34RWEN),

MT67 Read/Write Enable Register (MTOTRWEN) .....c.oociiiiiiieiiieeceeeeeeee e
MT34 Output Enable Register (MT340EN),

MT67 Output Enable Register (MTOTOEN) .......coviiiiiiiieieeieieeieie ettt seeens
MT34 Output Control Register 0 (MT340CRO),

MT67 Output Control Register 0 (MTOTOCRO) .....ooveiiiieiiieeieeiieeie et
MT?34 Output Control Register 1 (MT340CR1),

MT67 Output Control Register I (MTOTOCRI) ..c.ovuiriiriinienieieieieeenesesceese ettt
MT34 Output Level Buffer Register (MT340LB),

MT67 Output Level Buffer Register (MTOTOLB) .....ccoocieiiieiiiieieciecieiiere et see e
MT34 Gate Control Register (MT34GCR) ....occviiiiieiieiiecieeiecee ettt n
MT34 Subcounter (MT34SCNT), MT67 Subcounter (MTO7SCNT) ...ccooirininininiciiiccciccecns
MT34 Cycle Data Register (MT34CD), MT67 Cycle Data Register (MT67CD) ....cccccevveuivenncnene
MT34 Cycle Buffer Register (MT34CB),

MT67 Cycle Buffer Register (MTOTCB) ..c.oovuiiiiiiiiiiiieieeeeseee ettt
MT34 Dead Time Data Register (MT34DTD),

MT67 Dead Time Data Register (MTOTDTD) .....ocvieieiieieiiciere ettt
MT3 Dead Time Enable Register (MT3DTEN),

MT6 Dead Time Enable Register (MTODTEN) ......ccocciiiiiiieriiiieniecieieeiete et
MT34 Buffer Transfer Setting Register (MT34BTSE),

MT67 Buffer Transfer Setting Register (MTOTBTSE) ...ccoooiiiiiniiiiiiieeeeeeeeeeee e
MT34 Waveform Control Register (MT34WCR),

MT67 Waveform Control Register (MTOTWCR) ...couoviiiiiiiiiiiincrcseeeeeeceeeeee e
MT4 A/D Converter Start Request Control Register (MT4ADSRCR),

MT7 A/D Converter Start Request Control Register (MT7ADSRCR) .....cccvvvveievienieieiieiecieeenens
MT4 A/D Converter Start Request Cycle Setting Register A (MT4ADSRCSEA),

MT7 A/D Converter Start Request Cycle Setting Register A (MT7ADSRCSEA),

MT4 A/D Converter Start Request Cycle Setting Register B (MT4ADSRCSEB),

MT7 A/D Converter Start Request Cycle Setting Register B(MT7ADSRCSEB) ......cccceovvveennee.
MT4 A/D Converter Start Request Cycle Setting Buffer Register A (MT4ADSRCSEBA),

MT7 A/D Converter Start Request Cycle Setting Buffer Register A (MT7ADSRCSEBA),

MT4 A/D Converter Start Request Cycle Setting Buffer Register B (MT4ADSRCSEBB),

MT7 A/D Converter Start Request Cycle Setting Buffer Register B(MT7ADSRCSEBB) ............
MT34 Interrupt Skipping Mode Register (MT34ISMD),

MT67 Interrupt Skipping Mode Register (MTO7ISMD) .....ccveiviiiieiiieiieiieienie e
MT34 Interrupt Skipping Setting Register 0 (MT34ISSEOQ),

MT67 Interrupt Skipping Setting Register 0 (MTO7ISSEQ) ....eooiiiiiiiieeiieeeee e
MT34 Interrupt Skipping Count Counter 0 (MT34ISCNTO),

MT67 Interrupt Skipping Count Counter 0 (MTO7ISCNTO) ....c.oeuvvivineneniiniiienieeceeeeeeeereseneene
MT4 Interrupt Skipping Setting Register 1 (MT4ISSE1),

MT7 Interrupt Skipping Setting Register 1 (MT7ISSEL) ....covoiiiviiiieieieee e
MT4 Interrupt Skipping Count Counter 1 (MT4ISCNT1),

MT7 Interrupt Skipping Count Counter 1 (MT7ISCNTI) ..c.ooiiiiiiiiee e
MT3467 Waveform Switchover Register (MT3467WSW) ..cccoiiiiiiinirninenenentceeeceeeeeeaens
MT1 Waveform Input Capture/Output Compare Switchover Enable

Register A (MTIWIOSWENA) ..ottt sttt ene
MT1 Waveform Input Capture/Output Compare Switchover Enable

Register B (MTTIWIOSWENDB) ..ottt ettt sttt est e eseetessesneas
MT?2 Waveform Input Capture/Output Compare Switchover Enable

Register A (MT2WIOSWENA) ....ooiiiiiiiicicinent sttt sttt sttt et ebe b e



16.2.41 MT2 Waveform Input Capture/Output Compare Switchover Enable
Register B (MT2WIOSWENDB) .....ooouiiiiiieiiiieeee ettt ettt e ae e s ae s e saessenseens 438
16.3 OPETALION ...vieuvieeiiieiieeieeieeete et e st esteeesteebeeastaesseessseasseessseasseeasseasseessseenseesseanseenssensseanseenssesnseesssessseens 440
16.3.1  BaSIC FUINCLIONS ..ottt sttt ettt ebe bbbt bbb e ees 440
16.3.2  Synchronous OPEIAtION .........cccccereeriereerueriieriesreeteseesseeeessesssesseessessesssessesssessesssessesssessssssesseessessees 445
16.3.3  BUTTET OPETALION .uviiiiiiiiieiie ettt etee st e ettt ete et e sttt e steeesbeesbeesssesaseesssaenseessaeansaenseenssesnseenseensses 447
16.3.4  Cascaded OPCIAtION ......c.ccueeieriieierieeiertieiesteetesstetesseesesseessesseessesseassesseensesseensesseesessesssensesnsessesnees 452
16.3.5  PWM MOME ...ttt ettt ettt eb e e bt s bt sttt et se bt bt sbenaeneen 457
16.3.6  Phase Counting MOGE .......ccceecuierieiiiieiiiieieeette ettt et eetee et e e teestaeesveesbaessbaesseessseanseesssenssesnseenseessses 462
16.3.7  Reset-Synchronized PWIM MOAE .......c.ccviieriiiieriieiecteie sttt ettt see s sse e naesnean 468
16.3.8  Complementary PWM MOME ........ccoeiiiiiiiiiiiieiisieieeeest ettt sttt sre et sseesaesseessesseeneesseennas 471
16.3.9  A/D Converter Start Request Delaying FUNCHON ........ccccoevieriiiniienieciiecieceee e 513
16.3.10 Synchronous Operation between Channels 0 to 4 and Channels 6 and 7 ..........c.cccevevecerincncnenne. 520
16.3.11 External Pulse Width MEasurement ...........ccccoererieiriiiiiineseseeereecettee ettt 524
16.3.12 Dead Time COMPENSALION .....ccuvercvereiieriieeiieenieiteesteeseeettesteeseessaesseeseesssessseesssessseessessssesssessseessses 525
16.3.13 MTCNT Counter Capture at Crest and/or Trough in Complementary PWM Operation ................. 527
16.3.14 Switch between PWM and Square Wave OULPUL ........ccveeveriieieiienieiieieceeie e eee e eseesee e sveennas 528
16.4 TNECTTUPE SOUICES ..vevviiiieeeiieieeiieesteetie et esteeste e e etaeeseessaessseesseessseesseessseenseessseensesnseessseessessssesnsesnseene 531
16.4.1  Interrupt SOUrces and PriOTITIES ......c.ccvirieriirierieiieite sttt siteie ettt ae st et e sreesae st enseseeessensesneensesneas 531
16.4.2  DIMAQC ACHVALON ..ouiitiitiitirtirtintetetentet et ettt sttt besbe st et et et et eueebesbesbe et eabesbeneessessenteneebeabesbensensen 533
16.4.3  A/D CONVEIter ACHIVATION ..c..iitiiiiiieiirtieieettete ettt ettt sttt s bt estesbe et e sbeestesbeeneesbeententesaeeneesneas 533
16.5 OPEIAtION TIMINE .o.veeveivieiiieiieieetieteeterte et et ete st eeaeseesae st eessesseessesseeseeseensesseesseassensennsansesseensesseensessenn 535
16.5.1  INPUL/OULPUL TIHMING ..oevveiiivieiieiieieeieteete e etesteetesteeesesseessesseeseesseessesseeseessesssessesssessesseessesseesessens 535
16.5.2  Interrupt Signal TIMING .....ccoeiiiiiiiieieee ettt ettt ettt e bt e e s ee et e eeeeseeeesaeeeesnean 541
16.6 IMTU-TIL USAZE NNOLES ...eeeueientieiieeieeitieeiteesiteeitee st estte e bt esttesbeesbtesute e beeesbesabeesstesnbeebeesaseenbeesbeesseenseesas 548
16.6.1  INput ClOCK RESIIICTIONS ...veevviriieieiiieiiitieieeieetesiteteseetesteesbeeteesseeseesaesseessesseessesssensessaeseensesseensesses 548
16.6.2  Caution 0n Period SEtHNE .........coouiiieiiiieet ettt ettt ettt eae e e eeenean 549
16.6.3  Contention between MTCNT Counter Write and Clear Operations ............cccecevveeveereeeveneesseeneennns 549
16.6.4  Contention between MTCNT Counter Write and Increment Operations ............cceeveeeecveereereeneeennn. 550
16.6.5  Contention between MTGR Write and Compare Match ..........ccoooeeiiiieiinieiinieeeeeeee e 550
16.6.6  Contention between Buffer Register Write and Compare Match ..........c.ccoeveveiiiiiiiinininincncnene. 551
16.6.7  Contention between Buffer Register Write and MTCNT Counter Clear .........c.cccevvvviecvinvereennenen. 552
16.6.8  Contention between MTGR Read and Input Capture ..........ccoocevieieiinieneiieeccee e 553
16.6.9  Contention between MTGR Write and Input Capture ............ccceveeeieriirieneecienieiese e 554
16.6.10 Contention between Buffer Register Write and Input Capture ...........ccoceveevieriecienienieneeieeeeie e 555
16.6.11 MT2CNT Counter Write and Overflow/Underflow Contention in Cascade Connection ................ 556
16.6.12 Counter Value during Complementary PWM Mode Stop .......cccocererinenenienienieeeiiinenceeneneneene 557
16.6.13 Buffer Operation Setting in Complementary PWM Mode .........ccoovvvieieiiinienieieeeee e 557
16.6.14 Reset-Synchronized PWM Mode Buffer Operation and Compare Match Flag ...........c.ccoocooeene. 558
16.6.15 Overflow Flags in Reset-synchronized PWM Mode .........ccccceoiriiriniinininincneniicicceccencsceeees 559
16.6.16 Contention between Overflow/Underflow and Counter Clearing ..........c.cccoeeevvevvereeneecveeeereenneennns 560
16.6.17 Contention between MTCNT Counter Write and Overflow/Underflow ...........coccoeeeeviniiniinennnnn. 560
16.6.18 Cautions on Transition from Normal Operation or PWM Mode 1 to Reset-Synchronized PWM
IMIOAE .ttt ettt a e bt bbbt et ettt eb et et naen 561
16.6.19 Output Level in Complementary PWM Mode and Reset-Synchronized
PWIM MOGE .ttt ettt b ekt b e bbbt et e e et et et ebeebeabenaens 561
16.6.20 Simultaneous Capture of Counters MTICNT and MT2CNT in Cascade Connection .................... 561
16.6.21 Control of Output Waveform at Synchronous Counter Clearing in Complementary PWM
IMIOAE .ttt bbbttt h e bbbt sttt et s b et st nae 562
16.6.22 Square Wave Output SWitching FUNCHION ........ccoccviiiieiiiiieieieieceeeee et eee e 563



16.6.23  Interrupt SKIpping FUNCLION 2 .......c.oooiiiiieiiiiiieieeiieieeiceie ettt ettt esae st eesesseesaesseensesseensesseas 563
16.7 MTU-IIT Output Pin INitialiZAtION ...cccvieiieeieeiiiieieciie ettt ettt e teebeetaeebeebeessseesseeseessaeenseenes 564
16.7.1  OPerating MOGAES .....cceevvieieeiieiiriieiesteteeteeste st e te st ete s st esesseesseeseensesseessesseessesseenseeseesesseensesseensessen 564
16.7.2  RESCt StArt OPETALION ..eveeviivieiieiieiieiestietesteetesteetesteesesseessesseessesseessesseessesssessesssessessesssessesssessessees 564
16.7.3  Operation in Case of Re-Setting Due to Error During Operation ...........cccceeceeeeiereeecveeneenveesneennes 565
16.7.4  Overview of Initialization Procedures and Mode Transitions in Case of Error during Operation ... 565
17.  Serial Communication Interface (SCI) .......coociiiiiiii s 595
17.1 INETOAUCTION ..ottt sttt ettt et ebe et be st et e b et et ebeetesbenaens 595
17.2 REZISTETS .evvieiieieiieitieeie ettt et e st e ettt et e e tte e teessbeesseeseeasbaesseessseenseensseansaeseesssaeseensseenseeassesnsaensseensennes 597
17.2.1  SCIi Transmit Buffer Register (SCiTB) (1 =10 t0 3) .eceeoeiieierieeee et 598
17.2.2  SCIi Control Register (SCICR) (1 =010 3) .eeoieieriieieieieiee ettt e e e seeeneas 599
17.2.3  SCIi Mode Register (SCIMD) (1 = 010 3) uveiiieiiieiieiiieieeriie ettt ettt e e e ebeessnesreesaessaeeneeenas 601
17.2.4  SCIi Bit Rate Register (SCIBR) (1 =10 t0 3) eeoieiiiieieeeeeseee et 602
17.2.5  SCIi Receive Buffer Register (SCIRB) (1 =010 3) ..ocieoieiieieiieierie et 603
17.2.6  SClIi Status Register (SCISR) (1= 010 3) ..eoiriiiierieieieeeeete ettt 604
17.2.7  SCIi Extension Mode Register (SCIEMD) (1 =0 t0 3) ..eeoieiieiieieeeeesieeeeee e e 607
17.3 OPEIALIONS .. eieuvieiieiieiesteeeteetteteeteesteesteae et eenseesaessesssenseessenseessanseensesseansesseensesseensesssensenseensesseensesnsensennnn 608
17.3.1  ASYNCHIONOUS MOME ....cevieiiiiiiiiiieciie ettt ettt et te et ee s e eteesaa e e beessbeesseensaesnseesssesnseenseesnsas 608
17.3.2  Clock Synchronous MOGE .........ccueoiiiirieient ettt sttt sttt et e neeseesaeeeesnean 615
17.4 TIOECTTUPLS .ttt ettt et sat e e bt e sb e e s bt e s bt e sab e en bt e sabesate e bt esabesabeesaneenbeeas 623
17.4.1  TNEETTUPE SOUICES ovvievieeiieiieeeeiiesieeeieeteesteeseesteeesseesseessseeseesssesnseesssessseesseessseeseesssesnsessssesssesnseessses 623
17.5 INOLES OTL SCI ettt ettt sb e st e bt st e bt e sb et e bt esbtesa bt e e abe e bt e saneeneebee s 624
17.5.1  Receive Error Flags and Transmit Operations (Clock Synchronous Mode Only) .........cccccvevenneneen. 624
17.5.2  Relation between Writing into SCiTB Register and TBEF Flag .........ccccocvvvieniiiiiienieeeeeeeeeee, 624
17.5.3  Restrictions in Clock Synchronous TranSmiSSION ...........cccceceereerieeieneerieneeieneeienieeeeesieeneeseeeeeeeas 624
17.5.4  External Clock Input in Clock Synchronous Mode ...........cccceeviiviieciinierieniieienie e 624
18.  Serial Bus INterface (SBI) ......ooiiiiiiiiiiii e e 625
18.1 INEEOAUCTION ...ttt bbbt ettt b et et eb e bt s b et et et e st eaeebeebesbeneens 625
18.1.1  Internal BIOCK DIQ@Iam .........cceeoiiiiiiiiiiiieit ettt sttt sttt st ene e e e eeeeeean 626
18.1.2  Pin CONTIGUIALIONS ...cuviitieieiiieiiieiieieeiteteeteste st ete et e e et e teestesteeseesseeseesseeneessesssenseensensesseansesseensessenn 627
18.2 REEISEEIS .oviitiiiiitieieett ettt sttt et e sttt e bt et e e teess e e st essesseessesseessesseessesseensesseesseassensenseensesseensesseensessens 628
18.2.1  SBIi Control Register 0 (SBICRO) (1 =00 3) .oouieiiiiieiieieeeiere et 630
18.2.2  SBIi Slave Select Polarity Register (SBISSLP) (1 =010 3) .cccoeveriiriiiirininenenciceceeeceeeeceee 632
18.2.3  SBIi Pin Control Register (SBIPCR) (1 =010 3) ..ccceecierieiieiieieceerie ettt sae e 633
18.2.4  SBIi Status Register (SBiSR) (1 =010 3) ..eoiiiiiieiieiee ettt e 634
18.2.5  SBIi Data Register (SBIDR) (1 =010 3) ..oeiirtiriinienieieieiceeeetee ettt 637
18.2.6  SBIi Sequence Control Register (SBIiSCR) (1 =010 3) ..ieceviiverieieiieieceeteceeie et 638
18.2.7  SBIi Sequence Status Register (SBiSSR) (1 =010 3) ..eceeoieiiieiiee e 639
18.2.8  SBIi Bit Rate Register (SBiBR) (1 =10 t0 3) ..eocieieeieieeieiereeteseeee ettt 640
18.2.9  SBIi Data Control Register (SBIDCR) (1 =010 3) ..cceecieriieieiieienie ettt 641
18.2.10 SBIi Clock Delay Register (SBICKD) (1 =010 3) ..eooiiiieiirieeeiere e 645
18.2.11 SBIi Slave Select Negate Delay Register (SBiISSLND) (1 =010 3) ..ccceocvevierierieiieieieeieee e 646
18.2.12 SBIi Next-Access Delay Register (SBIND) (1 =101t0 3) ..cceviecierieieiieieseeeeeeeee e 647
18.2.13 SBIi Control Register 1 (SBICR1) (1 = 010 3) .iouieiiiiieieieeeere e 648
18.2.14 SBIi Control Register k (SBICMDK) (i =010 3; K=010 7) .eeecveeeeriererieieereeienieeie e 649
18.3 OPCIALION ....vieivieiieiieieiteeteette e eteeteeteeaeeteesseesaesseessesseessenseessasseessesseessesseessesseessesssessanseansesseensesseessesses 652
18.3.1  Overview Of SBI OPEIatiOns ........cccecieieiieierierierieeteseeettete et eseeetee e st eseesseeeesseesesseenseeseeneeneeenean 652



18.3.2  Controlling SBI PINS ....ccccuiiieiiiiieiicietiitesie sttt ete et et ettebesteesaessaebesseebessaesseessensesseensesseensesses 653

18.3.3  SBI System Configuration EXample ..........ccccooiiiiiiiiiiiiiiiee e 654
18.3.4  Transfer FOTMAL .......cccociiiiiiiitiieiecete ettt ettt sttt st e ebe e aenes 660
18.3.5  Data FOIMAL ..c..eiiiiiiiiiiiiieeet ettt ettt st et e b et st sttt sttt bt et st enaesuees 662
18.3.6  Communication Operating MOAE .........ccceccueeiiieriieeieeitierieeieeree e et e steesteesaeebeessressbeessneensenseesnss 670
18.3.7  Transmit Buffer Empty/Receive Buffer Full Flags ..........ccocoooiiiiiiiieieiceeeeeeee e 672
18.3.8  EITOT DEECTION ....euiiiiiitiitiiit ettt ettt ettt ettt et b e bt ettt be s bt e st eb e ebeebe et e b sbeneenees 673
18.3.9  INtialiZING SBI ..eeiieiiiiee ettt ettt sttt et st e st e et e st ne st b e b st e neeneebe b eneeaetas 677
18.3.10  SBI OPEIALIONS ....ecveeuieiieuiestieiiniietesteetesseesteseeessesseensesseasesseensesseessesseesesssessesssensesssensesssansesseensessees 678
18.3.11 Clock Synchronous OPEIatiON ..........ccceecuerviereerrierieriieriesseesseseessesseesesseesesseessesseessesseessesssesesseessessees 688
18.3.12  Error HANAIING ...oooovieiiiiiieie ettt ettt ettt ettt e s e et e s e snse e saeesaaesseessseenseenssesnseensnesesas 695
L T I 90107 o) o 2 T LY (o T LTSS 697
18.3.14  Self-diagnosis by Parity FUNCHON ........ccceeriiiiieriiiieie ettt ste e sre s esse e enaeseeas 699
18.3.15  TNLCITUPE SOUICES .eeveererieiieriieetieriteeteestteateesseessteeseesseeessaesseessseesssesssesnseesssasnseessssansesssessssesnsessseessses 700

LS R T | SO 701
19.1 REISEEIS ...ttt ettt et ettt et s et et e s bt e ee s et et e sseemteese et e eseenteeneeneeeneenteeaeeneeenean 703
19.1.1  LIN Wake-up Baud Rate Select Register (LWBR) ......ccoccoiiiiiiiiieiieeeeeeee e 710
19.1.2  LIN Baud Rate Prescaler 0 Register (LBRPO) ......cccccocvieiiieiieiiieieeie ettt 710
19.1.3  LIN Baud Rate Prescaler 1 Register (LBRP1) .....cccooiiiiiiiieeee e 710
19.1.4  LIN Self-test Control Register (LSTC) ....c.cocvioieieriieieeieierieee sttt sttt esse e sseeneas 711
19.1.5  LINi Mode Register (LIMD) .....ccciiiiiiiiieeieeiiesiieeieesteeeie et e seeeveeseeesebeestaessaesnseesssessseessnessesnsesnses 712
19.1.6  LINi Break Field Setting Register (LIBRK) .........coeiiiiiiiiiiei e 713
19.1.7  LINi Space Setting Register (LISPC) ......cccoiieeiiriieiieieiieeeie ettt ettt e e v e s seeas 714
19.1.8  LINi Wake-up Setting Register (LIWUP) .....c.cooviiiiiiieiicieeie ettt 715
19.1.9  LINi Interrupt Enable Register (LilE) .......coooiiiiiiiiee e 716
19.1.10 LINi Error Detection Enable Register (LIEDE) .......cccooiiviiiiiiiiiiiiececieececeeeee e 717
19.1.11  LINi Control Re@IStEr (LiC) ...ccviivuiiiiieiieiieeiiesiieeieesiee e eieesreeteeseesteeseaessaeessaesssesnseenseenssesnsesnses 718
19.1.12 LINi Transmission Control Register (LiTC) .....coecuirieiiiieiiiiee et 719
19.1.13 LINi Mode Status Register (LIMST) ....cc.coiieciiiieieiieie sttt ettt et ae e s sea e ese e enseseeas 720
19.1.14  LINi Status Re@IStEr (LIST) ..eiicvieiiieieiiieiieeiiesiteeieeteesteeteeseesveeseeessbeeteessaessseesseesssesssesnseenseesnses 720
19.1.15 LINi Error Status Register (LIEST) ..cc.eoiiiieiiieee ettt s 722
19.1.16 LINi Response Field Setting Register (LIRFC) .....cccoiiiiiiiiiiiiiieieeeeeetee e 723
19.1.17 LINi ID Buffer Register (LiIIDB) .....c.cccieriieiiieiierie ettt sete e eiaesveesaee e steeseae e enseessnesenes 725
19.1.18 LINi Check Sum Buffer Register (LICBR) ......ccooiiiiiiieiieeeee s 726
19.1.19 LINi Data n Buffer Register (LIDBN) (1 =1 £0 8) ..eccvevieiiiriieiiiieie ettt 727
19.2 OPETAtIONA] IMOMAE ....oooviieiiieiiieiieeie ettt ettt ettt et stt e et e s taeebeestaeesseeseessseesseessseenseanssesnseensnesnsennes 728
19.2.1  LIN RESEE IMOGE ...oeiiieiiitieieeiieie et ettt ettt et ettt et e s et e et seeebe s st emteebeenteeneeeeeaeeneesaeeneeanean 729
19.2.2  LIN OpPeration MOGE ......cceceeiiieieriieieiieiesieetesieete st esesteessesteesseeseessesseessesssessesssessesssessansesseessessees 729
19.2.3  LIN WaKE-UDP IMOGE ....ooouiieiieiiiieiieeieesite et eett et e et e siteeteesteeeteestvessseensaesssaensaessseenseesssessseenssenssesnses 729
19.2.4  LIN SeIf-1ESt IMOAE ....eetieiiiiieiiieiieie ettt ettt ettt et e s et et esae et e s beeseesbe et e seeeneeeeeneeneeenean 729
19.3 OPETAtiONAl OVEIVIEW ....ecvvivieiiieiieeiiitieiesteetesttestesteeseesseseesseseessesseessesseessesseessesssessesssessesssessesseessessees 730
19.3.1  Header TIranSIMISSION ......ccueeiertirienieeieteeite st ettt ete st e e st ee e st e et e sbees e sbeeeesbeestesbeetesbeeneeneesaeeneeenean 730
19.3.2  ReSPONSE TTANSIISSION ...ouvitieiiieiieiieeieteeie st ete sttt et et esteesee bt et e seeeseesseeneesaeeseeseeneenseeneenseeneeneeenean 731
19.3.3  ReSPONSE RECEPLION ...oovvieiiiiieiiiiieiiecieeteeitete sttt ettt et e etaebesseesaeesaessesseesbesssessesssensesssensesseesenses 732
19.4 Baud Rate GENETALOT ........oouiiuieiiiiieie ettt ettt ettt se e te s bt e aesb e es e e bt et e nteesee et eneenaeenean 733
19.5 Data Transmission and RECEPLION ........ovuiruiiriiriiiriieieiiee ettt ettt s see e eesaeas 734
19.5.1  Data TranSIMISSION ...c.ce.eeirtirtirtirtirteteietei et ettt sttt sbe st et et et et eueebeebesbesbesbesae st enbenseneebeebeabenbensensen 734
19.5.2  Datd RECEPLION ..eecuvieiieiiiieiieitieiieestteettesiteeteeteessteeteesteeeseessaessseessessseesseeasseenseesssesnseenssesnseenseennses 735
19.6 Buffer Processing of Data to be Transmitted and Received Data ............ccccoeoeiiiiiiiiiiiiieceeee 736

A-12



19.6.1  Transmission Of LIN FTAME ........coooviiiiiiiiiieieiie et eeenae s eeavaeeenaeeeas 736

19.6.2  Reception Of LIN FIAME ......cccuiiiiiiiieiii ettt ettt et e s e ebeessaeenseessseenseennnesnnas 737
19.7 Wake-up Transmission and RECEPLION .......c.cceeierieiiirieiierieie ettt ettt ee e see e enaeseeas 738
19.7.1  Operation of Wake-up TranSmISSION ........c.ccceevuiriieruereerierieieeeesseeeessesseessesseessesssessesssessesseessessessees 738
19.7.2  Operation of WaKe-up RECEPLION ......eovuiiiiiiiiiiiiieiiecit ettt seve e e seve e e e e e saneeenas 738
19.7.3  Low-Power Consumption Mode Control Using Input Signal Low Detection ............ccecvvveveeeenen. 740
19.7.4  WaKe-UP COLIISION ..ivviiiieiieiieiieiieiesieetesteetesie et eteeetesteeseeseessesteesaesseessesseessessaessenseessesseessesseensessens 741
19.8 OPETALIONAL STATUS ...vievvieiiieiieiieeie et eeie et eete et e stteestee sttt e teessseeseessseeseessseenseenseessseeseenssesnseesssesssennes 741
19.9 EITOT STATUS ..ottt ettt et et st st e sh ettt et ea e eaeeaesaeenneeunen 742
19.9.1  EITOT StAtUS TYPES eveevrieiieriieeiiieriteeiteeittesiteeteesiteebeesteeseteesseessseeseesssesaseesseesnseenseesnseenseesnseenseenssesnses 742
19.9.2  LIN Error DeteCtion TAIZELS ......ccceeviieiierieeiieriienieesieesteeteesteesevasseessseeseessaessseesseesssesssessssesssesnses 743
19.10  LIN INEEITUPE ©ouveueiuieiieiietietieteit sttt ettt ettt ettt sttt et et et eb et e bt bt et e s bt e et esteseeseebeebeebenaeneennen 744
19.11  LIN SeIf-1eSt MOGE ..cuviiuiiiieieienieiieiieitet ettt ettt bbbt sttt s e st eb e e bt ebeebe b esbeneennen 745
19.11.1  Entry into LIN Self-teSt MOAE ......ccccuiiriieiiieieeiie ettt este et e seve st aeeveesteesbeesaeeenseessaesnneenees 746
19.11.2  Transmission in LIN Self-teSt MOde .......ccccceviiriiiiiiriiinirinenee ettt 746
19.11.3  Reception in LIN Self-teSt MOAE ......c.coeeiiiiieiiriieiieiieiieteie ettt eae e ssaesse e enaesneas 747
19.11.4  Exit from LIN Self-teSt IMOAE ......oouiiiiiiiiiinieieiiete ettt s 747
24 TR 07 N VN /T Yo L1 ][O 748
20.1 OVEIVIEW ..ttt ettt e e et e ettt e e et e e e e e e e eaaeeeeteeeeeaeeeeeseeeeeseeeeeaseeeenseeeeseeeeesseeeenseeeeseeeenns 748
20.2 INPUL/OULPUL PINS ..oeeiiieiiieiet ettt ettt e e st e nt e te e st e st e essesneensesseensesneensesnean 750
20.3 REGISTET DIESCTIPLIONS ..vveeviieiiieiiieeiteeiieeteeite e sttt eteeteesveeteesseessbeesseessseesaesseessseesssassseanseesssesseesssessseenes 751
20.3.1  CANIi Control Register (CICTLR) (1 =01t05) .eoieoiieieieeeeeere e 757
20.3.2  CANI Bit Configuration Register (CIBCR) (1=010 5) ..ccceovirvierierieiieieceeieeteereee e s 761
20.3.3  CANi Mask Register k (CIMKRK) (1=01t0 5; Kk =01t09) cceeevirrriieieeiieeeeeete et 763
20.3.4  CANi FIFO Received ID Compare Registers n (CiFIDCRO and CiFIDCRI1)
(=010 55110, 1) coiieiieeie ettt ettt e ettt e et e e teeesbeebe e sbeeseesseeesseesseassseensaensaensses 764
20.3.5 CANi Mask Invalid Registers n (CiMKIVLRO, CiIMKIVLR1) (i=0to 5;n=0,1) ..cccceerrrvenrnnen. 765
20.3.6 CANi Mailbox Register j (CIMB]) (1=01t0 5;] =010 63) ..cceeoiriririierieeiereeeeeeeeeeeeeeee e 766
20.3.7  CANi Mailbox Interrupt Enable Registers n (CiMIERO and CiMIER1)
(=010 551 =0, 1) tooieii ettt ettt et e et e e s te e st e e s tbeesae e taesabeesseesesaenseesseeenseenseenesean 770
20.3.8  CANi Message Control Register j (CIMCTLj) (i=01t05;J=01t063) ccceecevrrcrerieiereeiere e 772
20.3.9  CANi Receive FIFO Control Register (CIRFCR) (1= 010 5) ccveovvveevieeiieiieeeeeie e 775
20.3.10 CANi Receive FIFO Pointer Control Register (CIRFPCR) (1=01t05) .occceiieieiieieieeneeeeeee, 777
20.3.11 CANIi Transmit FIFO Control Register (CITFCR) (1 =010 5) .occovvievierieieieeiereeieereeeeie e 778
20.3.12 CANIi Transmit FIFO Pointer Control Register (CiTFPCR) (i =010 5) ..ccceooevienirienieieneeceeeee 780
20.3.13 CAN:I Status Register (CISTR) (1 = 010 5) tueeiieieiieiee ettt s 781
20.3.14 CANIi Mailbox Search Mode Register (CIMSMR) (1=01t05) ..cceecveviecieriieienieieeeereeeeie e 783
20.3.15 CANi Mailbox Search Status Register (CIMSSR) (1 =010 5) ..cccvvevvreeciiiiieeiieie e 784
20.3.16 CANIi Channel Search Support Register (CiCSSR) (1 =010 5) .oceovirieiirieieieeeeeeeee e 785
20.3.17 CANIi Acceptance Filter Support Register (CIAFSR) (1= 010 5) cocevvievirieiieieeeieeeeeeee e 786
20.3.18 CANIi Error Interrupt Enable Register (CiEIER) (1 =0 t0 5) ocvevieeiieiieiieeiecec et 787
20.3.19 CAN.Ii Error Interrupt Factor Judge Register (CIEIFR) (i=01t05) ..oooeierieiinieieeeeeeee e 789
20.3.20 CANIi Receive Error Count Register (CIRECR) (1 =010 5) .iooivvieiiiieriieieiecieneeeeie e 791
20.3.21 CANIi Transmit Error Count Register (CiTECR) (1 =0t0 5) coovveovieiieeiieiieieeee e 791
20.3.22 CAN.I Error Code Store Register (CIECSR) (1 =010 5) woooiiiuieiieiieiecieeseeeeie e 792
20.3.23 CANi Time Stamp Register (CITSR) (1 =010 5) .ioeeceriieriirieieseeie ettt ettt 793
20.3.24 CANI Test Control Register (CITCR) (1 =010 5) oveevcieeiiieriieeieeieenieeieeseeereestee e e saeesbeesveessneennas 794
20.4 OPEIAtING IMOAE ...ttt ettt ettt ettt e s bt et e st e e ae e bt eaee et e enteeneeneeeneeneesneeneeenean 796
20.4.1  CAN RESEEIMOME ..ottt ettt ettt b bt sttt b e sttt et ebe et bt e ennen 797



20.4.2  CAN Halt MOME ....oviuiiiiiiiiicieiceeneereece ettt sttt s 798

20.4.3  CAN SIEED MOGE ...ooouvieieiieiieeiiieeeete ettt ettt e et eseee s beesteeesbe e baeesbeesseessbeenseessseansaesseanssesnseenseennses 799
20.4.4  CAN Operation Mode (Excluding Bus-Off State) .........cccceeviereriieriiieieciese e 799
20.4.5  CAN Operation Mode (Bus-Off State) ........cccooiiviereiiieriiiieieeeete ettt se et es e e eseesreseees 800
20.5 CAN Communication Speed COnfiguIation ...........cccoeceeeiieriieeieeniieieeniesteesreereeseeeeeeseeesseesseessnenns 801
20.5.1  CAN CloCk CONTIGUIALION ....eouviriieiieiieiieierie ettt eee e et ete et esseesaessessaessesssensesseenseensansesseensessen 801
20.5.2  Bit Timing CONIGUIALION ......ccveecieiiieiiitieieieetestiete st etesteetesteessesseesaesseessesseessessesssessesseessesseessessees 801
20.5.3  BIERAEE oottt bttt a e bttt et e ehe b e et e st eneeneebeebeeneeneeeeaen 802
20.6 Mailbox and Mask RegISter StIUCLUIE .......c.eeverierieiiriieie ettt sttt ettt te e eaeseeense e esesnees 803
20.7 Acceptance Filtering and Masking FUNCHON .........ccoovieriiiiiriiiieiiieeie ettt eeees 805
20.8 Reception and TranSMISSION .......ccceeeiierieriieritieireeteesteeeteesteesteesseessseaseesssessseesssesssesssessssesssesssseesseenes 808
20.8.1  RECEPHION .ovviiieuiieiieiieiieteete st et et etesteetesteesteestesseeseesseeseansesaeesseenseseansesseensanseensanseensesseansesseensesnen 809
20.8.2  TTANSITISSION ..euteuitiitirtintiteutet ettt et ettt et et e st et et e st e st et es e ebesbe ek e e besbe b et en s et eseebeebeebeebeebeebe et ebenseneennan 811
20.9 CAN TILETTUPE ettt ettt ettt ettt te bt ea et e st e s bt et sb e e atesbe et e sbeen b e bt eneesbeeneesbeemeeeneen 812
21, 12-Bit A/D Converter (ADOD) ...coiiiioiiiiiii ettt e e e e e e e e e e e e e e e ereeeaaeaeeaeeaannnne 813
21.1 TNEFOAUCTION ..iiiviiiieeiieeiie ettt ettt e et et e et e e bt e b e e be e taeesbe e seaesseesssaesseesseassseenseessaesssaasseesaessaesnsannes 813
21.2 REISEEIS ..ueitieeieiieie ettt ettt ettt et e st e e et et e esae s st esaesseensesseenseeseenseaseanseeseensenneensesseensesneensensean 819
21.2.1  ADO Data Register n (ADODRn) (n = 0 to 5),
ADO Data Register DIAG (ADODRD) ....cuooiiiiiiiiiciietecteeee ettt seeseve e seae v eees 820
21.2.2  ADO Control Register (ADOCR) .....ooiiiiiiiiieiieteee ettt sttt e ee e 823
21.2.3  ADO Control Extended Register (ADOCEX) ....ccooieiierieiiieie ettt 825
21.2.4  ADO Channel Select Register (ADOCSL) ..ccceeoiiiiiieiieriieiieeie ettt ebeessneeenas 827
21.2.5 ADO Conversion Status Register (ADOCSR) ...cc.ooiuiiiiiieiiee e e 828
21.2.6  ADO Start Trigger Select Register (ADOSTRSL) ....cooviviiriieieiieiecie e 829
21.2.7  ADO Bus Interface Check Register (ADOBIFCK) ....c.cocoiiiiiieiiiiiieeieeiecee et 830
21.2.8  ADO Parity Register (ADOPR) .....cc.oiiiiiiiet ettt 830
21.2.9  ADO Analog Port Pull-Down Register (ADOAPPD) ......cccooviiiiiiiieiicieeeeeteee st 831
21.2.10 ADO Parity Error Status Register (ADOPESR) .....ccoooiiiiiiiiieiieieee ettt 832
21.2.11  Interface With CPU ......ccciiioiiiiiiciieeeee ettt ettt et e st e et esaae et e e s tbeesbe e saeesbaesssaesseensaansneenres 832
21.3 OPCIALIONS ...vvevviieieiieeieiteeteeteeteeteestestteteeteessesstessesssesseessesseessessaassesseessesssessesssessesssessanseensesseessesseesesses 833
21.3.1  SCAN COMVEISION ..utiiuiiiiiiietieitittete et eit et tete bt ee et es e ebe et e bt eatesbeeeesbeestesbeemeeebeentenbeeneesbeeneesaeeneesnean 833
21.3.2  Single-Cycle Scan Conversion MO ...........ccceiieiiirieiieiee ettt eeeas 833
21.3.3  Continuous Scan Conversion MOAE ..........ccocerirerieriirieiieieene ettt eaes 835
21.3.4  Analog Input Sampling and Scan Conversion TiME .........ccceeveeriieriieeiierieeiienieeiee e seve e 836
21.3.5  Access to Data Register (ADODRn and ADODRD) .......occoiiiiiiiiiieeeeeeeeeeee e 838
21.3.6  Usage Example of ADO Data Register Automatic Clearing Function .............ccccceeveevvevieneeceennenen. 838
21.3.7  Identifier Addition FUNCLION ......c.cooiiiiiiiiiiiiiiiiieee ettt s 838
21.3.8  Starting Scan Conversion with External TIig@er .........cccoeririeiiiieneiiee et 839
21.3.9  Starting Scan Conversion with Trigger from Peripheral Modules ............ccooveverincienievienenieniennn 839
21.4 Interrupt Sources and DMA Transfer REQUESE ........c.ocoiiriiiiienieeiiecieeeesee ettt e 839
21.4.1  Interrupt Request on Completion of Each Scan Conversion ...........cccccecoeveerenienieieneeeneeee e 839
21.5 Definition of A/D CONVEISION ACCUIACY ....cccverieeriirrieireriieteereesesseessesseessessessesseessesseessessesssesssessessessees 840
21.6 Pull-Down Function of ANalog POTLS ........ccceiiiiiiiiiieiiieiiecie ettt st sseeebe e saaesaeeneae e 841
21.7 Notes on 12-Bit A/D Converter (ADO) ......ccvieciieiieiiieieeeie ettt ettt e e eveesaeebeestaeeaeessaeesseesssesssees 842
21.7.1  Analog Input VOItage RANZE .......cccceeviieiieiiiieiiiieie ettt ettt se e saeesbe e e s e eseensesesseesseennas 842
21.7.2  Relationship among AVCCO0, AVSS0, VCC, and VSS ......cooiriiiieieeit ettt 842
21.7.3  Allowable Settings for Pins VREFHO and VREFLO ........cccccoiiiiiiiiiiieeeeeeeee e 842
21.7.4  Precautions on Board DESIZN .......ccccciiieiiiiieriiiieiieieie ettt sttt ste s sre b e steessesaeensesseensesreas 842
21.7.5  Precautions 0N NOISE MEASUIES .......cceiuieieriieiiniieieetietteitetesite e et st eite st eee st ente bt eseesbeenaesaeeneesaeas 842



21.7.6  Precautions on Transitions to Low POWer Mode .........ccccoeoeiiiiiniiiniiiieeeeeeeeee e 844
21.7.7  Precautions on USING POTt PINS .......ccccciiiiiiiiiieiieiieeieesie ettt eve et sae e esteenseeeenas 844
22, 10-Bit A/D ConVerter (AD 1) oottt e et e e e e e e e e e e e e e e e e e e e e e aaeaeeaaaaannnnes 845
22.1 TNEFOAUCTION ..ieitiiiieeiieiee ettt ettt et et e e e e bt e et e e be e taeesbe e ssaesseesseaesseesseessseenseessaesssaasseessessaeansannes 845
222 REEISEEIS ..ueiiieiieiieie ettt ettt ettt et e et eae e e st e s te s st essesseensesseesse st eenseaseenseeseensenneansesseensesneensensean 852
22.2.1  ADI1 Data Register n (ADIDRN) (1 =0 £0 47) weoveerieeiieieecie ettt ettt et sve e eve e e 854
22.2.2  ADI Control Register (ADITCR) ..cuooiiiiiiiiieeeiee ettt 856
22.2.3  ADI Control Extended Register (ADICEX) ...ccciiiieiiieieiiriee sttt 858
22.2.4  ADI1 Channel Select Register j (ADICSL)) (j = 0£0 2) cvvevieeieeiieeieeiecie et 859
22.2.5 ADI Conversion Status Register (ADITCSR) ...ooiiiiiiiiieeeee e 862
22.2.6  ADI-Converted Value Addition Mode Select Register (ADTADSL) ..ccoocveviiriereeieieiee e 863
22.2.7  ADI1-Converted Value Addition Count Select Register (ADIADCSL) ....ceeevveviienieeiieiierieeieene 864
22.2.8  ADI Scan Conversion Enable Register k (ADISCENK) (K =10, 1) ..cccevoiriinirinieenieereeeeeen 865
22.2.9  ADI Interrupt Conversion Enable Register j (ADIICEN]) =01t02) cceoovreiererieieeieieeeeeeeeeneen 867
22.2.10 ADI Interrupt Conversion Source Select Register j (ADIICSSL)) G=0102) cceevververcrrerreerenne 870
22.2.11 ADI Interrupt Conversion Software Start Register j (ADIICSST)) =0102) «occevrrieiieierreenen. 873
22.2.12 ADI Interrupt Conversion End Status Register j (ADIICESR)) =01t02) .eooeeeevveveieieeeenee. 876
22.2.13 ADI Interrupt Conversion End Interrupt Enable Register j (AD1ICIEN)) j=01t02) ..ccceeveenennee. 879
22.2.14 ADI Analog Port Pull-Down Register j (ADIAPPD]) (=0 t0 2) «eoeeoeeiieeieeieeeeeeee e 882
22.2.15 ADI1 Self-Test Register (ADIDIAG) ..cc.ooiiiiiiiriiieieereneeesteseeteeeeee ettt 884
22.2.16  Interface With CPU ..ottt ettt e e eaees 885
223 (03 T<3 21 5 o) 1 1 USRS 886
22.3.1  SCAN CONVETSION ..ouiiiiietiitititeteiet ettt ettete sttt este e te st estes e e st ebeebeebesae st e b et enteseebeebeebeebeabensensennen 886
22.3.2  Single-Cycle Scan Conversion MOE .........ccceevieriiieiiieniieiieeiiesreesieeereeeesreeseesaeesaeesssessseessnesnnes 886
22.3.3  Continuous Scan Conversion MOAE .........cccoecieiiieiiieiiiiieecieeee ettt se e e e ebeesaeereesseessseesseennes 888
22.3.4  INLErTUPL CONVETSION ..vovierieiieeiiriieiesieeteetesteesteeseesseestesseesaessesssessesssessesssessesssessesssensesssesseessesseessessens 890
22.3.5 Example Operation of INterrupt CONVETSION ....c.cccvievueereiiirieeriiestierresteesieeeseesseesseesseesssesseesseesnnes 891
22.3.6  Interrupt Conversion during SCan CONVETSION .........ceeruieierueriereeieseeeenteeeesteeeesseeeesneeeesneeseesneas 892
22.3.7  Analog Input Sampling and Scan Conversion TiMe ..........cccceeervveriiiiererienieeiene e eeesee e sre e 894
22.3.8  Starting Scan Conversion with EXternal TIIZEET ......cccevvvieriieriieiriierieciie et 896
22.3.9  Starting Scan Conversion with TPU (PWM) Timer Trigger, TPCNT Reset, or
A O 00 1301 TS5 5 (< SO 897
22.4 Interrupt Sources and DMA Transfer REqUEST ........c.ccuevueieieiiiiiiiir e 898
22.4.1  Interrupt Requests on Completion of Scan CONVEISION ........cccccvververirienieiienieeieneenieecee e 898
22.42  Interrupt Requests on Completion of Interrupt CONVErSION ........ceveeiererrierinieneeie e eeeeeeenes 898
22.5 Definition of A/D CONVEISION ACCUIACY ....eveureuieuieuietirtertententestenteieteteseeseestastatesbessessessesseneeseesessessens 899
22.6 Analog Port PUull-DOWn FUNCLION ......oc.iiiiiiiiiiiiiieiieiee ettt e 900
22.7 SEIf-TESt OF A/D CONVETLET ..eeuvieeiieieieeiieitieeteeiteesiteeteesteeeeveesseessaeeseessseesseesseeasseessesssseasseesssessseessesssses 901
22.8 Notes on 10-Bit A/D Converter (AD1) ...c.occveviiiieieieiiesieeiee ettt ettt sreeae st sreessesseessesseessesseenes 902
22.8.1  Analog Input Voltage RANGZE .......cceeeiiiiiiiiieeiieiieeie ettt ete et sete e teeseae st e e saaeeaseesseesaessaeennes 902
22.8.2  Relationship among AVCC1, AVSS1, VCC, and VSS ..ot 902
22.8.3  Precautions on Board DESIZN .......ccecciiieiiiieiiiiieiieieie ettt ettt et aeste st sbesteesaesaeensesreensesreas 902
22.8.4  Precautions 0N NOISE IMEASUIES ......cccueiuieieitiiiiniieieetieieeitetesite st ettt este st ete bt et e sbeestesbeeneesaeeneesneas 903
22.8.5  Precaution on Using Analog Input Pins as Digital Inputs/Output Pins ..........ccccecoveiiiiniininiennne. 903
22.8.6  Precautions on Transitions to Low POWer Mode .........ccccoeoieiiiiiiiiiniiinineeeeeee e 903
P T O 5 (O 071 (o0 =1 (o PO RTSP 904
23.1 INEEOAUCLION ...iviiiieiieitcieieete ettt ettt ettt et e st e b e s te e e e st e seesaesseeseesseeseesseaseesseessansessaensenseessesseensessens 904
23.2 REISEEIS ..ttt ettt ettt et e e et et e e bt e tesh e et e sbeemteeseene e et e enteeneeneeeneeneesneeneeenean 905



23.2.1  CRC Control Register (CRCCR) .....cceoieiiiiieiieiieiieieieeeeie et ste e eaestaesesseessesseessesseessesssessesseas 905

23.2.2  CRC Data Input RegiSter (CRCIN) ....coiiciieriieiieiiieieesiie et ette et eseeeeteeteeeveeteessaeesaeessaesnseensnesenas 906
23.2.3  CRC-CCITT Data Register (CRCDO0) .......ccceririiririinienieieieieteteieetesie sttt 907
23.2.4  CRC-32 Data RegiSter (CRCDI1) ...ocoiiiieiiciieieeieiceteie ettt ettt esbeesseeneesaesaeeseseeas 908
23.3 OPETALIONS ..eeuvieeirieiieeteerteeeteesteesteesteeasteeteesssaesseessseaseessseasseensseanseessseanseesssanseenseessseansesnssessessssessseenns 909
23.3.1  Calculation Example in CRC-CCITT MO .....ccccuiruieriieiiiirieneeie ettt eeaes 909
23.3.2  Calculation Example in CRC-32 MOE .......ccoviiieriieieiieeiesieeeesieee ettt esve e eneas 910
2 {1 SRR 911
24.1 TNELOQUCLION ..ottt ettt e h et s h et b e e s bt e e e sb e es et eaeenteeseenaeeaeenaesaean 911
242 INPUL/OULPUL PINS ..ttt ettt sttt et e st et e es et e eneeeeeneenaesneenaesnean 914
243 REISEEIS ..uvitieiieiieie ettt ettt e sttt e et e e e e st e s ee s st enaeeseessesseensesseenseeseenseeseensesneansesseensesneensensean 915
24.3.1  Flash Mode Register (FIMODR) ......c.coiiiiiiieiieiie ittt eeie et ste et ve e e saaesbaesaeesbeessaesnneennes 916
24.3.2  Flash Access Status Register (FASTAT) .....ooiooiiieie ettt 917
24.3.3  Flash Access Error Interrupt Enable Register (FAEINT) ...ccoocveviiiieiieierieeeceeeee e 918
24.3.4  ROM Mat Select Register (ROMMAT) ....ocviiiiiiiieieecie ettt ee et e sae e esbeesnaeennas 919
243.5 FCU RAM Enable Register (FCURAME) ......oooiiiiiiieee ettt 919
24.3.6  Flash Status Register 0 (FSTATRO) .....ocveiieieiieiee ettt ettt eneeeesnean 920
24.3.7  Flash Status Register 1 (FSTATRI) ...oooouiiiiieiieiieeeeie ettt et s e et e s eenas 922
24.3.8  Flash P/E Mode Entry Register (FENTRYR) ....ccoiiiiiiiiiiee e 923
24.3.9  Flash Protect Register (FPROTR) ......ccoiiiiiiiiiieiieee ettt et s 924
24.3.10 Flash Reset Register (FRESETR) ......coioiiiiiiiiiiiiieeece ettt sve e a e s enee 925
24.3.11 FCU Command Register (FCMDR) ........ccieiiiiiiiieeiesieee ettt 926
24.3.12 FCU RAM ECC Error Control Register (FRAMECCR) .......cccooiviiiieieiieiecieeeeeeeeeeeee e 927
24.3.13 FCU Processing Switch Register (FCPSR) ......ccccooiieiiiiiieieecie ettt 927
24.3.14 Flash P/E Status Register (FPESTAT) ...ccooiiiiiiieieee ettt 928
24.3.15 Peripheral Clock A Notification Register (PBAN) .....ccccoieriiiiieiiiiecieeseeeeseee e e 928
24.4 Overview of ROM-Related MOAES ......cc.eeiiriiiiiiiiieiieiieie ettt et 929
24.5 BOOt IMOAE ...ttt ettt e et et e e ab e e teesabe e beestbeesbe e sbe e baeseeesbe e seansseesaeesbeenseearaeensaens 931
24.5.1  SyStem CONTIGUIATION .....ccueeiiriieieiiieiietieteseestesteeseseebesseessesseesseeseessesseessesseessesseessessesseessesseessesses 931
24.5.2  State Transition in BoOOt MOAE .......ccoiuiiiiiiiiiiieece ettt e 932
2453  Automatic Adjustment of Bit RAte ........occcoiiiiiiiiiie e 934
24.5.4  Inquiry/Selection Host Command Wait State ..........ccceevievuirierieiieniiiieie et nre e esee e s 935
24.5.5  Programming/Erasing Host Command Wait State ...........cccoceviriiiniiiiininieneneeeeeeeeee e 945
24.6 USEr Program MOGE ........oo.eeiuiiieiiiieie ettt ettt e e st et e et es et e et e eaeeeeeaesneeeesnean 951
24.6.1  FCU COMMANG LIST ...eeuveuieiiiiiitiitiniiititesie ettt ettt sttt ettt et ettt be bt eseebeebe b e enes 951
24.6.2  Conditions for FCU Command ACCEPLANCE .....c..ccveevveerrireiiieriieeiieneeereesieeeseesseessseesseessseesseessseennes 953
24.6.3  FCU COMMANA USAZE ...eeouervieuiiriieiieiieieeiieiestetestte et eteeseenteeseesteeseensesseensesseenseeseeseeneensesneensesnean 956
24.6.4  SUSPENAING OPEIALION ....eeviivieerieiietieiettetesteetestestesteestesseessesseessesseessesseessesseessessesssessessesssesseessessens 972
24.7 USEI BOOT IMOAE ...ttt sttt st ettt eh et bt e et saeeeesaeeaesaeen 974
24.7.1  User Boot Mode INTHALION .....cc.eeiiiiiiiiiiiiiiiesiecie et eteestteete e steeeveeteesveeseessaeeaeesseessseesseenseessss 974
24.7.2  USer MAT PrOZIramMIMING .......ccceecueruieierrieierteeiestessesseesesseesesseessesseessessesssessesssessesssessesssessesssessessees 975
24.8 PIOTECLION ...ttt ettt ettt et e h et s bt et sh e e be s bt et e sbees e bt eaeenaeebeentesbeenaenbeas 976
24.8.1  SOFtWAIE PIOECTION ....veiiiieiiiitieiiieciie et et e et et et e et et eetaeeteesebeebeesbeesseesaeesseessesssassseenssansneenses 976
24.8.2  EITOT PTOTECLION .o.viutiuiiiieiieiietiet ettt ettt sttt sttt ettt et b e eb et b st et e st eb e ebe bt e enes 977
24.9 NOES 0N ROM .ttt ettt e at ettt sb e bt e bt et e s bt e st e bt e tenteeneeneeeae 979
249.1  Switching Between User MAT and User Boot MAT .......cooiiiiiiieieceee e 979
24.9.2  OthET NOLES ..ueeuieuiitiitietietiet ettt ettt ettt b e b sttt et es e e st e st e bt eb e eb e s et st et e st et eseebeebeebe et eabenbesaeanes 980



25, EEPROM .ot e e s 982

25.1 INETOUCTION ..ottt sttt ettt et b e bt b s e e et et et ebesbesbenaens 982
25.2 INPUL/OULPUL PINS 1oueiiniiiiieiiieiieieeteeeetete ettt ettt ettt e b e st e be st e sbeesaesbessaesseessesseensesseensesssensessens 986
253 REZISTETS woevvieiieieiieitieiie et ete et e st e ettt et e stae e teessbeesbeeseeassaesseessseensaensseansaeseesssaessansseenseeassesnseensaeensennes 987
25.3.1  Flash Mode Register (FIMODRY) .......cccooiiiiiiiieieiieieee ettt ettt st e s eneeseeneesseennas 988
25.3.2  Flash Access Status RegiSter (FASTAT) ..c.occieviiiieeieeie ettt ettt ettt sve e seesseeseennas 989
25.3.3  Flash Access Error Interrupt Enable Register (FAEINT) .....cocveveiierieeiiieiiecieeee e 991
25.3.4 EEPROM Read Enable Register 0 (EEPREQ) ......coccieiiieiiiiiieeee e 992
25.3.5 EEPROM Read Enable Register 1 (EEPREL) .....ccocoieiiiiiiiiiieece et 992
25.3.6  EEPROM Program/Erase Enable Register 0 (EEPWEQ) .......cccooviieiiiiiiieniecieciteeeeeeee e 993
25.3.7 EEPROM Program/Erase Enable Register 1 (EEPWEL) .....cccccooiiiiiiiiiiiiceeeeee e 993
25.3.8  FCU RAM Enable Register (FCURAME) .....ccccooiiieiieieiiiee ettt 994
25.3.9  Flash Status Register 0 (FSTATRO) .....ccviiiieiiieiiieeeie ettt ettt et saeeeaveebeesaeessaesenas 995
25.3.10 Flash Status Register I (FSTATRIL) ..cc.ooieiiieieiicieie ettt sttt sne e sneas 997
25.3.11 Flash P/E Mode Entry Register (FENTRYR) ....ccooiiiiiiiiiiiieiiciece e 998
25.3.12 Flash Reset Register (FRESETR) ....c.ooioiiiiiiiieiiieiece ettt 999
25.3.13 FCU Command Register (FCMDR) ........cccooieiiiriieierieiesesese ettt 1000
25.3.14 FCU Processing Switch Register (FCPSR) ......cccoeoiiiiiiiiieiieieiecteee et 1001
25.3.15 EEPROM Blank Check Control Register (EEPBCCNT) .....cociiiiiiiiiieniieiecie et 1001
25.3.16 EEPROM Blank Check Status Register (EEPBCSTAT) .....cccccvvviirieriieiee e 1002
25.3.17 Peripheral Clock A Notification Register (PBAN) .....cccooiieiirieienieiecee et 1002
25.3.18 EEPROM Mat Select Register (EEPMAT) ....cccvieoiiiiiieieeseecie ettt ettt ees 1003
25.4 Overview of EEPROM-Related MOdES ........ccooeriiiiiiiiiiiiiininicnieneneseese ettt e 1004
25.5 BOOt IMOAE ...ttt et b ettt ettt et ebeebe e 1006
25.5.1 Inquiry/Selection Host COMMANAS ........ccciiuieiierieriieiieiere ettt 1006
25.5.2  Programming/Erasing Host COMMANAS .........cceoeeiiriieiieriieiinieieei et eeeenes 1008
25.6 User Mode, User Program Mode, and User Boot MOde ..........cccooveiiiiieiinieiieieiccceie e 1009
25.6.1  FCU COmMMANA LISt ....vieiuiieiiiitieeieciieiiieiieeetieesteesite st esteestaeeteeseseesseesssessseesseesssaesseesssessseasseesseeans 1009
25.6.2  Conditions for FCU Command ACCEPLANCE ........cccuevueeieriieieniieieneieseenreeeeseeesesseessesseensesseensesseenes 1011
25.6.3  FCU COMMANA USALE ....ccvevvirereiieeieiieiiesiietesteeteessesstessesssessessaessesssessesssessesssessesssessessesssessesssessesnns 1014
25.7 g (01 (Te1 (o) | OSSPSR 1018
25.7.1  SOftWAre PTOTECLION ....cveuiiiiiiiriiiiiitirtietest ettt ettt ettt b sttt b ettt et nae e 1018
25.7.2  EITOT PTOTECLION ..viuiiuiiiieiieiieiietieteit sttt ettt sttt sttt et eb bbbt bt b et e e et ens et eneenea 1019
25.8 Product INformation MAT .........c.eeoiieiiieiie ettt ettt e e ae e taeebeesseeesbeessaaesseesseessseenseesens 1020
25.9 Notes 0n EEPROM .....couiiiiiiiiiiiiete ettt ettt st sttt ettt ettt nae 1021
25.9.1  Protection of Data MAT Immediately after @ RESEt .........cccevevieriiiieiieieiecece e 1021
25.9.2  State in which AUD Operation Is Disabled and Interrupts Are Ignored ..........ccccoeovvieiineeinnnenne. 1021
25.9.3  Programming-/Erasure-Suspended ATCa .........cccciecerieiieriiieriieierie ettt 1021
25.9.4  Compatibility with Programming/Erasing Program of
Conventional F-ZTAT SH MiCroCONtrOLIETS. ......ccceceruiririiriiriinienierieietetee ettt 1021
25.9.5  Reset during Programming or Erasure ..........ccooceeoiiieiiiieiiniee et 1021
25.9.6  Prohibition of Additional Programming ............cccecerieiieriieiiinieienienee et e e see e 1021
25.9.7  SLEEP instruction in on-board programming mode ...........c.cceevueeierierienesieenieneesieseesseeeeeseeeeens 1022
25.9.8  Programming or Erasing Product Information MAT ..........cccooiiiiiiininiet e 1022
25.9.9  Suspend by a Programming or Erasure Command .............cccoeieriirienienienesienesiee e 1022
26. ROM Cache (ROMUOC) ....coiiiiiiiiiie ettt ettt e e ettt e e e e sttt e e e e e nbae e e e e e nbeeeeeeannteeeeenneee 1023
26.1 OVETVIEW ..ttt sttt ettt et ettt et e bt ettt bt st et e s et e st es e ea e bt e bt eb e e bt e bt e b e b e b e sb et et et et entene e st eaeebeaneene 1023
B T O S < 131 (< OO SO ST U PRSP 1023
26.2 (O 1o] s TS O0) 11 o481 15 o) 1 LSS 1024



26.3 REZIStET DESCIIPLIONS ...icvvevieiieiiieieiiieiesteetesteeeesteettes st estesseestesseeseesseessesseessasseessaseessessesssessesssessessanns 1025

26.3.1 ROM Cache Control Register (RCCR) .....c.ooiiiiiiiiiiiieiieiecee et 1026
26.3.2 ROM Cache Control Register 2 (RCCR2) ....cccoeiiriieieiieieieiee ettt 1027
26.4 OPCIALION ...ovvieeiieiietieitecte et et et e b e ett et estesseeseesseesaesseesse st essessaessassaesseassansesssensesssensanseessasseensenseessenseanns 1029
26.4.1  Data Cache LOOKUD ....ooovviieieiiieiieeieeiteste et te ettt e st esteeseteesteestaesntaessneesseessaessseenseesnseenseensnenns 1029
26.4.2  Instruction Cache LOOKUP ....ccoocieiiiiiiriiiieiiteieste ettt st st sne e e eneenes 1030
26.4.3  Hardware PrefetChing .........ccooiiieiiiiieiieieece ettt st e ss e e ssa e s e eseenes 1031
27, RAM CONMIOL ...ttt a e ea e st e e s be e e e bt e e e bt e e snbe e e enneas 1032
27.1 TNELOQUCTION ..ttt ettt ettt et s bt e st b e et e s b e esteeb e e st e naeeaeesbeeseenbeennens 1032
g T B o<1 U To7: 15 o) oSSR 1033
27.2 REZISEEIS ..viitieiiitieie ettt et et et et e st et e s seentessesnsenseesse s e essenseansesseansesneensesaeensesseensensaens 1034
27.2.1  System Protect Register 0 (SPRO) .....ooiiiiiiieiieiieeieeie ettt et be e e snae e 1034
27.2.2  RAM Enable Control Register 0 (RAMENO) ......ccoiiiiiiiieieiee et 1035
27.2.3  RAM Write Enable Control Register 0 (RAMWENO) ......cocvvieiirieiieiee e 1036
27.24 RAM ECC Enable Control Register (RAMECC) ....ccooviiiiiiiiieiiiecie ettt eve e e 1037
27.2.5 RAM Error Status Register (RAMERR) ....c.oooiiiiiieee e 1038
27.2.6  RAM Error Interrupt Control Register (RAMINT) ...occooiiieiiiiiieieeteeeeeee e 1039
27.2.7  RAM Access Cycle Set Register (RAMACYC) ..uvieiieiiiieiiecie ettt eve et e e eveesvesveessae e 1040
27.2.8  NOES 0N REGISIET ACCESS ..vieueieuieiieiieiiiiesieetesteette st e ettt e et te st e et e ste e e saeeneesseeneesteeneeeseeneeeseenes 1041
27.3 OPCIALIONS ...vieuviieieieiiierteetteieete et ett e et este st estesseensesseessesseessesseansansaensesssansesseensesntensesseensenseensenseensensennes 1042
27.4 RAM Data REENTION ....cveeuiiiiieiiiiiieie ittt et ettt st ebt et st e bt ebe et et e saeeaeenbeemeesbeennens 1042
27.4.1  Data Retention at RESET .........ccceiiiiiiieiieiieieee ettt ettt et ene e e e eneenes 1042
27.5 NOtes 0N RAM CONLIOL .....oouiiiiiiiiiiiiterteeee ettt ettt eb e bbbttt et ebt et eneebeebenaen 1043
27.5.1 PG CONTIICE ..ovviiiieiii ettt ettt e et e et e st e e steesabeesteessaeenseesssesssaessaeensessseessseasseenseenns 1043
27.5.2  State After TUrning 0N POWET ........coooiiiiiiiiiiiiei ettt s 1043
28. Advanced User Debugger-1l (AUD-II) ... 1044
28.1 OVEIVIEW ..eueienieieieteeitesteetteste e st e et ettesteestesesstessessse st e esaenseessesseassanseensenssansenseensesseansanseensenseensenseansenseanes 1044
28.2 REZIStEr DESCIIPLIONS ...ecvieiieiieiiiiierieiieiteetesteete st eettesteeseesseestesseeseesseessesseessasseesseseeseessesssessesssessessenns 1045
28.2.1  System Protect Register 0 (SPRO) ......ooiiiiiiiei e 1045
28.2.2  AUD Pin Enable Register (AUDEN) .....ccccoiieiiiriiiiee ettt 1046
28.3 RAM MoONitoring FUNCLION ......c.cccuiiiiieiiiiiesiietestieieste et e steeste e eeesbeessesteesaesseessesseeseesseessessesssessesssens 1047
28.3.1  Communication PrOtOCOL ........c.ooiiiiiiiieiieee ettt st 1047
T T O 1<) 15 1o 1 LSRR 1047
28.3.3  Notes on the RAM Monitoring FUNCLION ........cccccveriieieniieieie ettt ssn e 1050
29.  Memory Protection Unit (MPU) .........ooiiiiiiieiiiiie ettt e e e et e e e e e snree e e e e 1051
29.1 OVEIVIBW ..ttt ittt ettt ettt et ettt e a et et et e et e s bt e bt e bt e st e bt eb e et e e e e bt eat e bt emeesbe et e bt embenbeentenbeenteebeenes 1051
29.2 SPECITICALIONS ...ttt ettt ettt ettt et e et e e ee et e et e eneess e et e sbeessebeensenseeneenseeneenneeneenneenean 1051
29.3 REZIStET DIESCIIPLION ...vvivieniieiieiieeieie e steete e et et e et esteeseesseeseessesseessesssesseessesseesseseessessesssessesssessessanns 1052
29.3.1  MPUC Enable Register (MPCMPEN) .....c.cooiiiiiieiieiie ettt ettt aeeaee st snveensee e 1055
29.3.2  MPUC Read Access Control Register (MPCRACR) .....ccoooiiiiiiiiiieeeeeeeeee e 1056
29.3.3  MPUC Write Access Control Register (MPCWACR) .......ccoovieiiiiieniieiene e 1057
29.3.4  MPUC Instruction Access Control Register (MPCIACR) .....cc.cooievieriieniecieeieeieeiee e 1058
29.3.5 MPUC Area Setting Validity Register (MPCVLD) ......cccciiiiiiiiiiieeceeeeeeeee e 1059
29.3.6 MPUC Background Area Access Control Register (MPCACBCR) .......cccoovevinieeiecieieieeeeeeee 1060
29.3.7  MPUC Error Status Clear Register (MPCECLR) .....c.cociiiiiiiieiiieiiec et 1060
29.3.8  MPUC Error Status Register (MPCESR) ......oouiiiiiiiie e 1061



29.3.9  MPUC Instruction Access Error Address Register (MPCERADRI) .......ccccooevviviiecieniieiicieieee, 1062
29.3.10 MPUC Operand Access Error Address Register (MPCERADRO) ......cccocoioiniiiininieniieene 1062
29.3.11 MPUC Instruction Access Hit Area Register (MPCHITI) .......cccoooieviiriiniiieeeeceeeeen 1063
29.3.12 MPUC Operand Access Hit Area Register (MPCHITO) ......cccoevveviieiiiieiececiececeeeee e 1065
29.3.13 MPUC Area Search Address Register (MPCRSADRY) .....cccoooiiiiiiiieiiiciiece e 1067
29.3.14 MPUC Area Search Operation Register (MPCRSOP) .......cccooiiiiiriiniiieieere e 1067
29.3.15 MPUC Area n Start Address Register (MPCSADRN) (N =010 15) .ccoocvevviviecieiieiecieieeieeeeee 1068
29.3.16 MPUC Area n End Address Register (MPCEADRN) (N =010 15) .ccccvivviieciiiiieeieeieeieeieeeeene 1068
29.3.17 MPUC Area n Access Control Register MPCACRN) (n =010 15) ceovveoiivieiiieiecieeeeeee 1069
29.3.18 MPUD Enable Register (MPDMPEN) .......cccoooiiiiriiiieiecieiieeie ettt 1070
29.3.19 MPUD Read Access Control Register (MPDRACR) ......ccccoeviiiiiiiiiniicieecee e 1071
29.3.20 MPUD Write Access Control Register (MPDWACR) ......oociiiiiiirieiieiet e 1072
29.3.21 MPUD Area Setting Validity Register (MPDVLD) .....cccccveviiiiiiiieieece et 1073
29.3.22 MPUD Background Area Access Control Register (MPDACBCR) .......ccoevviiviienieeiieieeieeeee 1074
29.3.23 MPUD Error Status Clear Register (MPDECLR) ......cccooiriiriiiieiieiecceeeeeee e 1074
29.3.24 MPUD Error Status Register (MPDESR) ......cccooviiiiiiiiiiiiecieeceeeeee et 1075
29.3.25 MPUD Error Address Register (MPDERADR) ......coccuiiiiiiiiiiiiecieeie ettt e 1075
29.3.26 MPUD Access Hit Area Register (MPDHIT) ....c.cccoooieiiiiiiiieieieeeeee e 1076
29.3.27 MPUD Area n Start Address Register (MPDSADRN) (N =010 15) wceoveeiiiierieieieceeeceeeee 1077
29.3.28 MPUD Area n End Address Register (MPDEADRN) (N =0 t0 15) .ooocviiviieiiiiiieeieeiecieeieeeene 1078
29.3.29 MPUD Area n Access Control Register (MPDACRN) (n =010 15) .oocveviiieienieeceeeeeene 1079
29.4 OPCIALION ...evvieuiiieietieiteste et et et et e et e bt esteeteestesseessesseessesseessessaessasaesseeseanseessessesssensanseessenseensensennsensennns 1080
20.4.1  ENADING MPUS ..oooiiiiiiiiieeie ettt ettt et e st esaeesateeteessaesaseessaeensaessaeensesnseessseanseenseees 1080
29.4.2  Setting MPU REZISLEIS ....ceeciiriieiieriieieiieiesteeteteete e ee st sae e sste e esaesteeseaseeseensesseensessesseensenssenes 1080
29.4.3  Setting Area INfOrMAtioN .........ccccieiiiiiieiiieieiiciec ettt te e ste e s aeessesbeesaenseesnenes 1080
N (<t W O A7) 4 ) o SRS 1081
e T 5 T 16) €3 (01114 Ua BN - SRR 1081
20.4.6  MPU EITOTS ..eotiiiiiiiiitiienitet ettt sttt ettt sttt et sb et b et st e st st et esb et e sbeeaeenaeenee 1081
2047 ATCA SCATCH ...oiiiiiiieie ettt ettt e e be e tbe e beesraeeabeeabaeetaeeabe e taeasaeereeans 1082
29.5 NOtes 0N the MPU ..ottt ettt ettt sttt ettt et et sae 1083
29.5.1  MPU Setting CRANZES .....cceevirierriiierieieesteetestesseesteessesteessesseessesseessessesssessesssesseessessessssssesssesseenns 1083
29.5.2  Changing DMAC MPU SEtHINES .....coieiireieieeiieierteee sttt eeee st eeseeeeeseesseessesseenteeseeneeeneenes 1083
20.5.3  NOLES ON USAZE ..eeeveeiiieiieniieeitiesite ettt et e sttt et et e st e e sttesate e bt e satesateesatesabeebeesabesnseenbeesnseeseenes 1083
30.  Electrical CharaCteriStiCs .........cccuiiiiiriieiiiii ittt nr e 1085
30.1 Absolute Maximum RatINGS ........ccccciicieriiiiieriiiiertieieste ettt ete e eee e essesteessesseessesseessesseessessssseessesseens 1085
30.2 DC ChAraCteIiSTICS ...eeuvirtieuiieiieiiitieieete ettt ettt ettt et eate s bt et esbees b e bt et e st e en b esbeeneesaesseenbeeneesaessnens 1086
30.3 AC CRATACLETISTICS 1uvieviieiieeiieitiesiteeteestteeteeeteesbeesteeetre e seessseeseessseasseessseessaessesasseesssansseanseesssensseesns 1090
30.3.1  Power-On and ReSet TIMING ........ccoevuirieriiiieriieiesteeiesieeeesteesteseesaesseessessesssessesssesesssesseessessesseenss 1090
30.3.2  Power-Down and ReSEt TIMING ......ccccieiieeiieeiieiiieitiesteeieesteesieesteeseesbeesseessbeesseessaesnseesssesnseenses 1091
30.3.3  CLOCK TIMNE ..ouvieiiieiieiietieie ettt ettt et a et e et e e ss e e teseeemteeseenteeseenseseeneenneeneeaneenees 1092
30.3.4  Operating Mode and Oscillation TIMING ........cccccvevvereeriereeiieriieienieeeeteseesseseesesseesesseessesseessenees 1093
30.3.5  Reset Signal TIMING ....occvieeiieiieiieeriieeie et eree sttt e eteeteeseessaeesteeesaeebeessseesseeseessseenseenseessseenseenses 1095
30.3.6  NMI and External INT TIMING ......coouiiieiiiieeieeeeere ettt ne e e esee e saeenees 1096
30.3.7  TPU TIMING c.viovieieeiieieeiieie et este st ete st etesteessee e esbeeseesseeseessesseessesssessesssessasssessasseessansesssesseessessensens 1097
30.3.8  MTU-IIT TIHMINE -eoueeuieuieiieie ettt ettt ettt ettt este st este et et es e eseeseeseeseeaesaesbesesae e eneeneeneeseeseesenes 1098
30.3.9  Port Output Enable (POE) TIMING ......coeeriirieieitieiienieeiesie ettt see e eee et st eeeeeneeees 1099
30.3.10  A/D CONVEItEr TIMINE ....ecvevieeieriieieiteetesteetesteeteeteessesseessesseessesseessesssessesseessessesssesssessessesssesseenses 1100
303,11 SCI TIMING wneeuieiieieett ettt ettt ettt et et e et e ettt et et e s e e enseneeneeseeseeseeseebeebesee s enseaeeneeneeneeneeseeseaneens 1101
30.3.12  SBITIMNG .eiteieieiieiieteit ettt sttt ettt ett ettt ettt e te s essessesseseeseeseese st e et esessensensensasensenseneaneesensees 1102



30.3.13  CAN TIIMNG c.eoviieiirieiiieiirieirt ettt ettt ettt ettt b e bt b e st b b en e nenennens 1106

30.3.14  AUD-II (Monitor Mode) TIMING ...c.erueriieriieiieieeieenie ettt sttt sttt ettt ee e eseesaesaees 1107
30.3.15 AC Characteristics Measurement CONAItIONS .........ceecveruerrieruerierierienieeieeeeeesseeeesseeeesseeseensesnnes 1108
30.4 ROM CRAACLETISTICS ...vievvevieeieriieiesteetesteetesteetesteessesseestesseessesseassesseessesseessessesssesseessessesssessesssessesssnns 1109
30.5 EEPROM CRATACIETISTICS ..veevveiuveeriieriieerieeniesttenteessteesseesssesseesseessseessessssesssessssesssesssessssesssesssessssessseens 1111
30.6 12-Bit A/D Converter CharaCteriStICS ........uecverierieriirierieriierierteseetesteetesseeeesseesesssessesseessesseessesseens 1112
30.7 10-Bit A/D Converter CharaCteriStICS ........cuecverierieriiriierieiiterieiteseetesseesesseessesseessesseessesseessesseessessenns 1113
30.8 Other CRATACTETISTICS 1uvveivieriieeiieiieeteeitteste et estaeebeesteesebeesseessseeseessseeseessseenseenseessseesseesssesseenseesnsens 1114
30.8.1  Voltage Monitor Circuit CharaCteriStiCS .........ccvevveriiriiererierieeiesieeeieeesteeee e eee e saesseseeesessesneenees 1114
30.8.2  External Oscillation Stop Detection CONditions ...........ccecceecverrieierrierieriinienieseeieseesesseesesseesnennes 1115
30.8.3  External Oscillation Stop Detection TimMiNg ........cccueecuierieeiieeiieiieeritesee e esiee e esreeseeesereesseesssenes 1116
30.8.4  Low-Speed On-Chip Oscillator Clock FIEQUENCY .......ccvevvieiiriieiiiieieeieie et 1116
Appendix 1. Package DIMENSIONS ........ccooiiiiiiiiiiiiiceee e e e e e ettt s e s e eeeeeeaaaaaeeeeeeeeseeanes 1117



LENESAS

SH72A2 GI’OUp, SH72A0 Group RO1UHO0164EJ0100

RENESAS MCU Rev.1.00
Apr 20, 2012

1. Overview

1.1 Features

The SH72Ax Series incorporates the RISC SH2A-FPC core, which combines superscalar and Harvard architectures.
With a multiplier and a floating point unit (FPU), the core achieves maximum code efficiency and high-speed
processing. The SH72Ax Series integrates large-capacity ROM and RAM, and its various peripheral functions include
a memory protection unit (MPU), an interrupt controller (INTC), DMAC, several types of timers, a serial
communication interface (SCI), a serial bus interface (SBI), CAN, LIN, a 12-bit A/D converter and a 10-bit A/D
converter, a CRC calculator, and I/O ports.

The SH72A2 group operates at frequencies up to 100 MHz. A 100-pin LQFP is available.

The SH72A0 group operates at frequencies up to 80 MHz. A 64-pin LQFP is available.

111 Applications

Automotive
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SH72A2 Group, SH72A0 Group 1. Overview

1.1.2 Specifications

Tables 1.1 to 1.3 outline the specifications.

Table 1.1 Specifications Overview (1)

Type | Module/function Description
CPU SH2A-FPU core

Central processing unit | ¢« Maximum operating frequency: 100MHz
» Minimum instruction execution time: 10 ns (One instruction in one cycle)
» Number of instructions: 197
» Registers:General-purpose 32 bits x 16 registers
Control 32 bits x 4 registers
System 32 bits x 4 registers
* Register banks: 15
» Operating mode: Single-chip mode
Superscala: Simultaneous execution of two instructions

FPU Conforms to IEEE-754

(Optional) « Single-precision and double-precision supported

* Number of instructions: 56

Registers: 32 bits x 16 registers or 64 bits x 8 registers

Data formats: Single-precision floating point (32 bits)
Double-precision floating point (64 bits)

Memory ROM Up to 512 Kbytes
RAM Up to 64 Kbytes
Data flash Up to 32 Kbytes
Memory protection unit (MPU) « Allows setting of 16 areas in the entire address space (H’0000 0000 to H'FFFF FFFF)
(Optional) for each of the bus masters (CPU and DMAC) and specifies the protection attributes for
each area.

« The protection attributes supported for the areas are as follows: Read enabled or
disabled, write enabled or disabled, and instruction execution enabled or disabled (for
CPU only)

Clock Clock pulse generator | 3 circuits: Main clock, PLL frequency synthesizer, and low-speed on-chip oscillator
 Oscillation stop detection: Available (main clock monitor function)
« Low-power consumption modes: CPU sleep mode, standby mode, and power-down

mode
Reset Hardware reset, software reset, watchdog timer reset, and power-down mode wake-up
reset
Voltage monitor function (LVD) « Cold start-up/warm start-up function
(Optional) » Voltage moritor circuit 1

An interrupt can be generated when the VCC falls or rises (monitor voltage: Vdet1).
Monitor voltage Vdet1 can be set in three levels.

Interrupts * Number of interrupt vectors: Up to 512
« External interrupt input: NMI, INT x 14 (SH72A2 Group), and INT x 10 (SH72A0 Group)
* Interrupt priority : 15 levels (levels 1 to 15)

Watchdog timer (WDT) 14 bits x 1
Task monitor timer 1 channel
Data transfer DMAC 8 channels

» DMA activation sources: software trigger, interrupt request from peripheral functions
(CMT, MTU-IIl, TPU, SCI, SBI, or A/D converter)

R0O1UH0164EJ0100 Rev.1.00 RENESAS Page 2 of 1118
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SH72A2 Group, SH72A0 Group

1. Overview

Table 1.2 Specifications Overview (2)

(CMT)

Type Module/function Description
1/O ports Programmable 1/O ports * Number of ports: 80 (SH72A2 Group)
: 46 (SH72A0 Group)
* CMOS 1/O: Pull-up resistor selectable
 Port output enable (POE)
Timer Compare match timer 16-bit timer x 6 (2 channels x 3 units)

16-bit timer pulse unit
(TPU)

16-bit timer x 16 channels (4 channels x 4 units)
» Compare match
* PWM waveform output
* Input capture

The above functions can be assigned to:

Up to 16 pins (SH72A2 Group)

Up to 11 pins (SH72A0 Group)

Multifunction timer pulse
unit (MTU-IIT)

16-bit timer x 8 channels
Output compare: 24 channels (SH72A2 Group), 18 channels (SH72A0 Group)
Input capture: 27 channels (SH72A2 Group), 18 channels (SH72A0 Group)

» 3-phase motor control function x 2

Communication
functions

Serial communication
interface (SCI)

Clock synchronous/asynchronous x 4 channels (SH72A2 Group)
Clock synchronous/asynchronous x 3 channels, clock asynchronous x 1 channel
(SH72A0 Group)

Serial bus interface (SBI)

4-wire clock synchronous x 4 channels (SH72A2 Group), 4-wire clock synchronous x 3
channels (SH72A0 Group)
» Transfer bit length: Up to 32 bits
» Transmit/receive buffers: Up to 128 bits
The number of available CS pins is limited according to the channel in products of the
SH72A0 group.

LIN

2 channels (SH72A2 Group)
1 channel (SH72A0 Group)
For single-channel products (products of the SH72A0 Group), the functions and the
number of pins depend on the product. For details, see SH72A0 Group Pin Functions.
» LIN protocol revisions 1.3, 2.0, and 2.1 supported
+ Dedicated for LIN master

CAN

2 channels*
The functions and the number of pins depend on the product. For details, see SH72A2
Group Pin Functions and SH72A0 Group Pin Functions.

» Conforms to ISO 11898-1 Specification

* 64 mailboxes

A/D converter

12-bit A/D converter

6 channels
» Dedicated sample and hold function for each channel + common sample and hold
function for all channels included

10-bit A/D converter

24 channels (SH72A2 Group)
8 channels (SH72A0 Group)
» Common sample and hold function for all channels included

CRC calculator

CRC-CCITT (X6 + X12 + X5 + 1)
CRC-32
(X32+X26+X23+x22+x16+x12+x11 + X100+ X8+ X7+ X5 +X4+X2+X1 +1)

Debugging
interface

Advanced user debugger
(AUD-II)

RAM monitor mode
AUDCK input clock: 10 MHz or less
Module connected to internal bus is readable/writable.

User break controller
(UBC)

An address, a data value, an access type, and a data size can be set as break
conditions.

Sequential break function supported

4 break channels

User debugging interface
(ubI)

On-chip emulator interface supported

Operating frequency

80 to 100 MHz (SH72A2 Group)
64 to 80 MHz (SH72A0 Group)

Supply voltage VCC = AVCCO = VREFHO0 = AVCC1 = 3.3 to 5.5V
Note: VCC = AVCCO = VREFHO = AVCC1 = 3.3 to 4.5V (with some restrictions on
characteristics)
R0O1UHO0164EJ0100 Rev.1.00 RENESAS Page 3 of 1118
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SH72A2 Group, SH72A0 Group

1. Overview

Note: * The functions and number of pins depend on the product. For details, see List of SH72A2 Group Pin Functions and List of

SH72A0 Group Pin Functions.

Table 1.3 Specifications Overview (3)

Type Module/function

Description

Operating ambient temperature (°C)

-40 to 85°C (J version)
-40 to 125°C (K version)

Package

SH72A2 Group : 100-pin LQFP (PLQP0100KB-A (Size: 14 x 14 mm, pitch: 0.5mm))
SH72A0 Group : 64-pin LQFP (PLQP0064KB-A (Size: 10 x 10 mm, pitch: 0.5 mm))

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012
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SH72A2 Group, SH72A0 Group

1. Overview

Table 1.4 Comparison of SH72Ax Series Functions

Group name

SH72A2 Group

SH72A0 Group

Number of pins

100 pins

64 pins

Voltage monitor function

Available

Available

The functions and the number of pins
depend on the product. For details,
see List of SH72A0 Group Pin
Functions.

Interrupt

NMI pin input

Available (1 pin)

INT pin input

Available (14 pins)

Available (10 pins)

Watchdog timer (WDT)

Available (14 bits x 1 channel)

Task monitor timer

Available (1 channel)

Data transfer

DMAC

Available (8 channels)

Timer

Compare match timer (CMT)

Available (6 channels)

16-bit timer pulse unit (TPU)

Available
(16 bits x 16 channels, 16 pins)

Available
(16 bits x 16 channels, 11 pins)

Multifunction timer pulse unit (MTU-III)

Available

(16 bits x 8 channels)

Compare match/PWM: 24 channels
Input capture: 27 channels

Available

(16 bits x 8 channels)

Compare match/PWM: 18 channels
Input capture: 18 channels

Communication
functions

Serial communication interface (SCI)

Available (4 channels) The functions and the number of pins depend on the
product. For details, see List of SH72A2 Group Pin Functions and List of

SH72A0 Group Pin Functions.

Serial communiucation bus (SBI)

Available (4 channels)

Available (3 channels)

LIN module (LIN)

Available (2 channels)

Available (1 channel)

The functions and the number of pins
depend on the product. For details,
see List of SH72A0 Group Pin
Functions.

CAN module (CAN)

Available (2 channels)

Available (2 channels)

The functions and the number of pins
depend on the product. For details,
see List of SH72A0 Group Pin
Functions.

12-bit A/D converter (ADO)

6 channels

10-bit A/D converter (AD1)

Available (24 channels)

Available (8 channels)

CRC calculator (CRC) Available
1/O ports Input/Output 74 ports 40 ports
Input 6 ports 6 ports

Advanced user debugger (AUD-II) Available

Maximum operating frequency 100 MHz 80 MHz

Package 100-pin LQFP 64-pin LQFP

(Size: 14 x 14 mm, pitch: 0.5 mm) (Size: 10 x 10 mm, pitch: 0.5 mm)

[Legend]

Available: Supported
Not available: Not supported

Note:

Pin Functions.

The functions and the number of pins depend on the product. For details, see SH72A2 Group Pin Functions and SH72A0 Group

RO1UH0164EJ0100 Rev.1.00

Apr 20, 2012
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SH72A2 Group, SH72A0 Group

1. Overview

1.2

shows the correspondence of the part number, memory size, and package.

Product List
Table 1.5 is the product list for the SH72A2 group. Table 1.7 is the product list for the SH72A0 group. Figure 1.1

Table 1.5 SH72A2 Group Product List
O\;/)elzating
; ; oltage
cow | pate | ROM | Raw | pate | SRS | G e MEY | P | Chamdon
(max) Temperature AVCCO/ CANI/LIN
AVCC1
SH72A2 | R5F72A28JADFP 512 64 32 100 MHz -40 to +85°C 3.3t05.5V | Unavailable Available | 2 channels/
R5F72A28KADEP Kbytes Kbytes | Kbytes 2010 +125°C * 2 channels
R5F72A28JACFP 80 MHz -40 to +85°C
R5F72A28KACFP -40 to +125°C
R5F72A28JADFFP 100 MHz -40 to +85°C Available
R5F72A28KADFFP -40 to +125°C
R5F72A28JACFFP 80 MHz -40 to +85°C
R5F72A28KACFFP -40 to +125°C
R5F72A26J3DFP 256 32 16 100 MHz -40 to +85°C Unavailable Available | 2 channels/
REF72A26K3DFP Kbytes Kbytes | Kbytes 4010 +125°C 2 channels
R5F72A26J3CFP 80 MHz -40 to +85°C
R5F72A26K3CFP -40 to +125°C
R5F72A26J3DFFP 100 MHz -40 to +85°C Available
R5F72A26K3DFFP -40 to +125°C
R5F72A26J3CFFP 80 MHz -40 to +85°C
R5F72A26K3CFFP -40 to +125°C
R5F72A26J2DFP — 100 MHz -40 to +85°C Unavailable | Available | 2 channels/
R5F72A26K2DFP 40 to +125°C 2 channels
R5F72A26J2CFP 80 MHz -40 to +85°C
R5F72A26K2CFP -40 to +125°C
R5F72A26J2DFFP 100 MHz -40 to +85°C Available
R5F72A26K2DFFP -40 to +125°C
R5F72A26J2CFFP 80 MHz -40 to +85°C
R5F72A26K2CFFP -40 to +125°C
Note: *VCC =AVCCO = VREFHO = AVCC1 = 3.3 to 4.5V (with some restrictions on characteristics)
RO1UH0164EJ0100 Rev.1.00 RENESAS Page 6 of 1118
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SH72A2 Group, SH72A0 Group 1. Overview
Table 1.6 SH72A0 Group Product List
Operating
Voltage
oo | patno. | ROM | Ram | pma | GBRRS | SRR [Tuee | MEY | WD | Crameiei
(max) Temperature AVCCO/ CAN/LIN
AVCC1
SH72A0 | R5F72A08JACFM 512 64 32 80 MHz -40 to +85°C 3.3to Unavailable | Available | 2 channels/
REF72A08KACEM Kbytes Kbytes | Kbytes 2010 +125°C 5_2 Y, 1 channel
R5F72A08JABFM 64 MHz -40 to +85°C
R5F72A08KABFM -40 to +125°C
R5F72A08JACFFM 80 MHz -40 to +85°C Available
R5F72A08KACFFM -40 to +125°C
R5F72A08JABFFM 64 MHz -40 to +85°C
R5F72A08KABFFM -40 to +125°C
R5F72A06J3CFM 256 32 16 80 MHz -40 to +85°C Unavailable | Available | 2 channels/
REF72A06K3CFM Kbytes Kbytes | Kbytes 2010 +125°C 1 channel
R5F72A06J3BFM 64 MHz -40 to +85°C
R5F72A06K3BFM -40 to +125°C
R5F72A06J3CFFM 80 MHz -40 to +85°C Available
R5F72A06K3CFFM -40 to +125°C
R5F72A06J3BFFM 64 MHz -40 to +85°C
R5F72A06K3BFFM -40 to +125°C
R5F72A06J2CFM — 80 MHz -40 to +85°C Unavailable | Available | 2 channels/
1 channel
R5F72A06K2CFM -40 to +125°C
R5F72A06J2BFM 64 MHz -40 to +85°C
R5F72A06K2BFM -40 to +125°C
R5F72A06J2CFFM 80 MHz -40 to +85°C Available
R5F72A06K2CFFM -40 to +125°C
R5F72A06J2BFFM 64 MHz -40 to +85°C
R5F72A06K2BFFM -40 to +125°C
R5F72A06KOBAFM 256 16 — 64 MHz -40to +125°C | 4.5t05.5 | Unavailable | Unavailable | 1 channel/
Kbytes Kbytes \% unavailable

Note: *VCC = AVCCO = VREFHO = AVCC1 = 3.3 to 4.5V (with some restrictions on characteristics)
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1. Overview

F

Note: * The SH72A0 group has a LIN channel.

FP: 100-pin LQFP package (0.50-pitch)

FM: 64-pin LQFP package (0.50-pitch)

Option

Omitted: MPU/FPU unavailable, LVD available, CAN x 2 channels, LIN x 2 channels*
A: MPU/FPU unavailable, LVD unavailable, CAN x 1 channel, LIN unavailable

F: MPU available, FPU available, LVD available, CAN x 2 channels, LIN x 2 channels*

Operating frequency
B: 64 MHz

C:80 MHz

D: 100 MHz

RAM/data flash capacity
0: 16 Kbytes/-
2: 32 Kbytes/-
3: 32 Kbytes/16 Kbytes
A: 64 Kbytes/32 Kbytes

Operating ambient temperature
J:-40°C to 85°C
K:-40°C to 125°C

ROM capacity
6: 256 Kbytes
8: 512 Kbytes

Group names
0: SH72A0 Group 64 pins
2: SH72A2 Group 100 pins

Series name
SH72Ax Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1

Part Number, Memory Size, and Package

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012
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1.3 Block Diagram
Figure 1.2 is a block diagram.

SH2A-FPU core

CPU
F bus A A M bus
(instruction fetch) (data access)
v
ROM fmef ROM MPU RAM DMAC
cache

HPBIU | PBIUO

i

INTC WDT

MTU-II 1/0 ports

CMT Task monitor timer

ADO

CRC calculator

AD1 LVD

C

—
T (%2}
c P4

EEPROM

[Legend]

MPU: Memory protection unit

HPBIU: High-speed peripheral bus interface unit
PBIUO-1: Peripheral bus interface units 0 and 1
INTC: Interrupt controller

MTU-III: Multi-function timer pulse unit

CMT: Compare match timer

ADO and AD1: A/D converters 0 and 1

LIN: LIN communication controller

PBIU1
L

i

WDT: Watchdog timer

CAN: Controller area network

SCI: Serial communication interface
SBI: Serial bus interface

TPU: 16-bit timer pulse unit

AUD-II: Advanced user debugger-II
LVD: Voltage monitor function

Figure 1.2 Block Diagram
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SH72A2 Group, SH72A0 Group

1. Overview

14 Pin Description

1.4.1

SH72A2 Group Pin Assignment

Figure 1.3 shows the SH72A2 group pin assignment (top view).

assignment.

Tables 1.7 to 1.9 list the SH72A2 group pin

75[] ¢ PK13/AD1IN29

NOO
NO1
NO2
NO3
NO4

74 «— PK14/AD1IN30
73[] «—» PK15/AD1IN31

72[7 «—MD1
71[3 «—MDO

AVSS1 —[] 76
PK12/AD1IN28 «— []
AvCC1—[] 78
PK11/INT12/AD1IN27 «— []
PK10/INT13/AD1IN26 «— []
PKO9/AD1IN25 «— ]
PKOS/AD1IN24 «— []
PKO1/AD1IN17 «— ]
PKOO/POE2#/AD1IN16 +— []
PL15/TP04D/AD1IN47 +— []
PL14/TP04C/AD1IN46 +— []
PL13/TP04B/AD1IN45 «— [
PL12/TPO4A/AD1IN44 «— [] 88
PL11/AD1IN43 «— ]
PL10/AD1IN42 «— ]
Avcco —v [
PNO5/ADOINO5 — []
AVSsS0O — [
PNO04/ADOIN04 — [
PNO03/ADOINO3 — [
PNO02/ADOINO2 — ]
PNO1/ADOINO1— ]
VREFLO — [
PNOO/ADOINO0 — []
VREFHO — [}

70 «—» PJOO/TP0O2A/AD1
697 «— PJO1/TPO2B/AD1
68[] = PJ02/TP02C/AD1
67[] 4 PJ03/TP02D/AD1
66[] 4— PJ04/TPO3A/AD1

63 ¢ PJO7/INT11/TCLKD/SSLO3/AD1INO7

65 ¢ PJO5/POE1#/TPO3B/AD1INO5
62[] «—VSS

64[7] «— PJ06/TCLKC/AD1INO6
61[] = pJo8/TIOCEB/MOSIO
59]] 4—» PJO9/TIOC6D/RSPCKO
58| ] - PG00/TIOC7A/MISOO0
57| = PGO1/TIOC7C/SSLOO

60 ] «—VCC

R5F72A2 Group
(100-pin LQFP)

(Top view)

1
2
3
4
5
6
7
8
9

56 ] — PG02/INT10/TIOC7B/SSL01

55[] «— PGO3/TIOC7D/SSL02
54| ] +—»PJ10/TPO3C/TIOC6A
53] ¢ PJ11/TP0O3D/TIOC6C

52[7] «»PG10/TPO1A/TIOCOA/RSPCK1
51 «»PG11/TP01B/TIOCOB/MOSI1

49|

27|
6|

N

[ «—»PG12/TPO1C/TIOCOC/MISO1

[ «—» PG13/TP01D/TIOCOD/SSL10

[ € PFO0/SCK1/SSL13

[1 > PFO1/LRX3/SSL12

(1« PF02/TPO2A/RXD1/LTX3/SSL11

[« PFO7/INT9/TP02B/TXD1

[1 ¢ PEOO/INT8/TPO2C/AUDATAO/TMS*

[ < PE01/RXDO/AUDATA1

[ < PE02/TXDO/AUDATA2

[ ¢ PE03/TP02D/SCKO/AUDATA3

[1 € PE04/AUDRST#/TRST#*

[ « PE05/SCK1/AUDCK/TCK*

[ > PE06/RXD1/AUDMD//TDI*

[ € PE07/TXD1/AUDSYNC#/TDO*
[1+—Vvss

[] ¢ PDOO/CLKOUT/INT7/TPO3A/TIOC3B/SSL21
[1+—VvCC

[ «— PDO1/INT6/TPO3B/TIOC3D/TXD2/SSL20
[1 €PD02/INT5/TPO3C/TIOC4A/RXD2/MOSI2
[] ¢ PD03/TPO3D/TIOC4C/SCK2/RSPCK2

[1 < PD04/TIOC4B/LTX2/MISO2

[ «— PDO5/TIOC4D/LRX2/SSL22

[ «—» PDO8/TIOC2A/SSL31

[ «—» PD09/TIOC2B/SSL32

[« PDO6/INT4/TIOC3A/TXD2/SSL23

ASEMD — [ 1

PB15/TP04D/TXD3/LTX2/ADTRG# ¢ [] 2

Note:

Note:

PB14/TP04C/RXD3/LRX2 =[] 3

PB13/SCK3 +*[]4

PB12 ¢ []5
RESET#—[]6

xout+—}7

PA02 +—

PAO1/INT1/CRX0 +— ]
PAOO/INT2/CTX0 +— ]
PC12/TIC5U/MISO3 ¢ [
PC11/TIC5V/RSPCK3 ¢ ]

PA03/CTX1 4[]
PC10/TIC5W/SCK3/MOSI3 +— ]

PAO5/NMI/POEO# +— ]
PA04/INTO/CRX1 ¢ []

PCO09/TP04B/TCLKB/TXD3 +— ] 20

veL — Qg2

PCO08/TPO4A/TIOC1B/TCLKA/RXD3 +— [ 22

vsL —[23

PD10/TIOC1A/SSL33 4> ] 24

PDO7/INT3/TIOC3C/RXD2/SSL30/UBCTRGH# +— [] 25

When the ASEMD pin is at the high level, the TDO, TD1, TCK, TMS, and TRST pins become pins exclusively for
use with the on-chip emulator and the other functions of the pins are not available .

When using digital 1/0 functions that are multiplexed with the analog input pins, see the notes on the A/D
converter in table 1.11 List of SH72A2 Group Pin Functions (2).

Figure 1.3

SH72A2 Group Pin Assignment (Top View) (Two-Channel CAN, Two-Channel LIN)

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS

Page 10 of 1118




SH72A2 Group, SH72A0 Group 1. Overview
Table 1.7 SH72A2 Group Pin Assignment List (1)
Power Timer Communication function
Ei(: sculgsll(y 1/0 Port Interrupt ConA/vErter Debugging
system TPU | MTU-II scl CAN LIN SB
control
1 | ASEMD
2 PB15 TP04D TXD3 LTX2 ADTRG#
3 PB14 TP0O4C RXD3 LRX2
4 PB13 SCK3
5 PB12
6 | RESET#
7 | XOUT
8 |VSS
9 | XIN
10 |vCC
1" PAO5 NMI/POEO#
12 PAO4 INTO CRX1
13 PAO3 CTX1
14 PA02
15 PAO1 INT1 CRX0
16 PAOO INT2 CTXO0
17 PC12 TIC5U MISO3
18 PC11 TIC5V RSPCK3
19 PC10 TIC5W | SCK3 MOSI3
20 PC09 TP04B TCLKB | TXD3
21 | VCL
22 PCO08 TPO4A TIOC1B | RXD3
/TCLKA
23 | VSL
24 PD10 TIOC1A SSL33
25 PDO7 INT3 TIOC3C | RXD2 SSL30 UBCTRG#
26 PDO06 INT4 TIOC3A | TXD2 SSL23
27 PD09 TIOC2B SSL32
28 PD08 TIOC2A SSL31
29 PDO5 TIOC4D LRX2 SSL22
30 PDO04 TIOC4B LTX2 MISO2
31 PDO3 TPO3D TIOC4C | SCK2 RSPCK2
32 PDO02 INTS TPO3C TIOC4A | RXD2 MOSI2
33 PDO1 INT6 TPO3B TIOC3D | TXD2 SSL20
34 |VCC
35 | CLKOUT PDO0O INT7 TPO3A TIOC3B SSL21
36 | VSS
37 PEO7 TXD1 TDO/
AUDSYNC#
38 PEO6 RXD1 TDI/
AUDMD
39 PE05 SCK1 TCK/
AUDCK
40 PE04 TRST#/
AUDRST#
41 PEO3 TP02D SCKoO AUDATA3
42 PEO2 TXDO AUDATA2
43 PEO1 RXDO AUDATA1
RO1UHO0164EJ0100 Rev.1.00 RENESAS Page 11 of 1118
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SH72A2 Group, SH72A0 Group 1. Overview
Table 1.8 SH72A2 Group Pin Assignment List (2)
Power Timer Communication function
Eic: S:Igg:(y 1/0 Port Interrupt Cor?\igrter Debugging
system TPU MTU-III scl CAN LIN SBI
control
44 PEOO INT8 TP0O2C TMS/
AUDATAO
45 PFO7 INT9 TP02B TXD1
46 PF02 TP02A RXD1 LTX3 SSL11
47 PFO1 LRX3 SSL12
48 PF00 SCK1 SSL13
49 PG13 TPO1D TIOCOD SSL10
50 PG12 TPO1C TIOCOC MISO1
51 PG11 TPO1B TIOCOB MOSI1
52 PG10 TPO1A TIOCOA RSPCK1
53 PJ11 TPO3D TIOC6C
54 PJ10 TPO3C TIOC6A
55 PG03 TIOC7D SSL02
56 PG02 INT10 TIOC7B SSLO1
57 PGO1 TIOC7C SSL00
58 PG00 TIOC7A MISO0
59 PJ09 TIOC6D RSPCKO
60 |VCC
61 PJO8 TIOC6B MOsSI0
62 | VSS
63 PJO7 INT11 TCLKD SSL03 AD1INO7
64 PJO6 TCLKC AD1INO6
65 PJ05 POE1# TPO3B AD1INO5
66 PJO4 TPO3A AD1INO4
67 PJO3 TP02D AD1INO3
68 PJ02 TPO2C AD1INO2
69 PJO1 TP02B AD1INO1
70 PJOO TP02A AD1INOO
71 | MDO
72 | MD1
73 PK15 AD1IN31
74 PK14 AD1IN30
75 PK13 AD1IN29
76 | AVSS1
77 PK12 AD1IN28
78 | AvCC1
79 PK11 INT12 AD1IN27
80 PK10 INT13 AD1IN26
81 PK09 AD1IN25
82 PKO08 AD1IN24
83 PKO1 AD1IN17
84 PKOO POE2# AD1IN16
85 PL15 TP04D AD1IN47
86 PL14 TP04C AD1IN46
87 PL13 TP04B AD1IN45
88 PL12 TPO4A AD1IN44
89 PL11 AD1IN43
90 PL10 AD1IN42
RO1UH0164EJ0100 Rev.1.00 RENESAS Page 12 of 1118
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SH72A2 Group, SH72A0 Group 1. Overview
Table 1.9 SH72A2 Group Pin Assignment List (3)
Power Timer Communication function
. supply,
Em clock, 1/0 Port Interrupt c A/Dn Debugging
0. system TPU MTU-II SClI CAN LIN SBI onverter
control
91 | AVCCO
92 PNO5 ADOINOS
93 | AVSS0
94 PNO4 ADOINO04
95 PNO3 ADOINO03
96 PNO2 ADOINO02
97 PNO1 ADOINO1
98 | VREFLO
99 PNOO ADOINOO
100 | VREFHO
R0O1UHO0164EJ0100 Rev.1.00 -zENESAS Page 13 of 1118
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SH72A2 Group, SH72A0 Group

1. Overview

1.4.2

List of SH72A2 Group Pin Functions

Tables 1.10 to 1.12 list the SH72A2 group pin functions.

Table 1.10 List of SH72A2 Group Pin Functions (1)

Type Pin Name 1/0 Description
Power supply VCC Input | Power supply pin. Connect to the system power supply.

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

VCL Input | External capacitor pin for internal high-voltage power supply. To stabilize
this power supply, connect this pin to VSL via a capacitor (0.1 uF). Place
the capacitor close to pin.

VSL Input | Dedicated ground Pin for VCL. To stabilize this power supply, connect this
pin to VCL via a capacitor (0.1 uF). Place the capacitor close to pin.

Clock XIN Input | I/O pins for the main clock oscillation circuit. Connect a crystal oscillator
XOUT Output between XIN and XOUT. To use an external clock, input it to XIN and leave
XOUT open.
CLKOUT Output | Clock output pin.
System control ASEMD Input | This pin is provided to enable the on-chip emulator function. In normal
operation other than debugging mode, input a low-level signal to this pin
(connect this pin to VSS via a resistor). In debugging mode, input a high-
level signal to it on the user system board.
MDO, MD1 Input | These pins are provided to set MCU operating mode. Input a low-level
signal to these pins (connect these pins to VSS via a resistor).
RESET# Input | Reset pin. This LSI enters a reset state when this pin goes low.
Interrupt NMI Input | Non-maskable interrupt reqgiest pin.

INT13 to INTO Input | Maskable interrupt reqgiest pins.
16-bit timer pulse unit | TPO1A to TPO4A Input/ | TPO1A to TPO4A input capture input/output compare output/PWM output
(TPU) output | pins.

TPO1B to TP04B Input/ | TPO1B to TP04B input capture input/output compare output/PWM output

output | pins.

TPO1C to TP04C Input/ | TPO1C to TP04C input capture input/output compare output/PWM output

output | pins.

TPO1D to TP04D Input/ | TPO1D to TP04D input capture input/output compare output/PWM output

output | pins.
Multi-function timer TCLKA, TCLKB, Input | Timer external clock input pins.
pulse unit (MTU-III) TCLKC, TCLKD

TIOCOA, TIOCO0B, Input/ | TIOCOA to TIOCOD input capture input/output compare output/PWM

TIOCOC, TIOCOD output | output pins.

TIOC1A, TIOC1B Input/ | TIOC1A and TIOC1B input capture input/output compare output/PWM

output | output pins.

TIOC2A, TIOC2B Input/ | TIOC2A and TIOC2B input capture input/output compare output/PWM

output | output pins.

TIOC3A, TIOC3B, Input/ | TIOC3A to TIOC3D input capture input/output compare output/PWM

TIOC3C, TIOC3D output | output pins.

TIOC4A, TIOC4B, Input/ | TIOC4A to TIOCA4D input capture input/output compare output/PWM

TIOCA4C,TIOC4D output | output pins.

TIC5U, TIC5V, TICSW | Input | TIC5U, TIC5V, and TIC5W input capture input pins.

R0O1UHO0164EJ0100 Rev.1.00 -zENESAS Page 14 of 1118
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SH72A2 Group, SH72A0 Group

1. Overview

Table 1.11 List of SH72A2 Group Pin Functions (2)

(POE)

Type Pin Name 1/0 Description
Multi-function timer TIOC6A, TIOC6B, Input/ | TIOC6A to TIOC6D input capture input/output compare output/PWM output
pulse unit (MTU-III) TIOC6C, TIOC6D output | pins.
TIOC7A, TIOC7B, Input/ | TIOC7A to TIOC7D input capture input/output compare output/PWM output
TIOC7C, TIOC7D output | pins.
Serial communication RXDO0 to RXD3 Input | SCI receive data input pins.
interface (SCI) SCKO to SCK3 Input/ | SCI clock /0 pins.
output
TXDO to TXD3 Output | SCI transmit data input pins.
Serial bus interface MISOO0 to MISO3 Input/ | SBI slave transmit data 1/O pins.
(SBI) output
MOSIO0 to MOSI3 Input/ | SBI master transmit data 1/O pins.
output
RSPCKO0 to RSPCK3 Input/ | SBI clock I/O pins.
output
SSL00, SSL10, Input/ | SBI slave select I/O pins.
SSL20, SSL30 output
SSLO1 to SSLO3, Output | SBI slave select output pins.
SSL11 to SSL13,
SSL21 to SSL23,
SSL31 to SSL33
LIN LRX2, LRX3 Input | Input pins for the LIN communication function.
LTX2, LTX3 Output | Output pins for the LIN communication function.
CAN CRX0, CRX1 Input | Receive data input pins for the CAN communication function.
CTXO0, CTX1 Output | Transmit data output pins for the CAN communication function.
A/D converter ADOINOO to ADOINO5 Input | Analog input pins for the 12-bit A/D converter.
AD1IN0OO to AD1INO7 Input | Analog input pins for the 10-bit A/D converter. (Analog pin group A)
AD1IN16 and Input | Analog input pins for the 10-bit A/D converter. (Analog pin group B)
AD1IN17, AD1IN24 to
AD1IN31, AD1IN42 to
AD1IN47
ADTRG# Input | External trigger input pin for starting A/D conversion.
Analog power supply AVCCO Input | Analog power supply pin for the 12-bit A/D converter. Connect to the
system power supply when the 12-bit A/D converter is not used.
AVSS0 Input | Ground pin for the 12-bit A/D converter. Connect to the system power
supply (0 V).
VREFHO Input | Reference power supply pin for the 12-bit A/D converter. Connect to the
system power supply when the 12-bit A/D converter is not used.
VREFLO Input | Ground pin of the reference power supply pin for the 12-bit A/D converter.
Connect to the system power supply (0 V).
AVCC1 Input | Analog power supply pin for the 10-bit A/D converter. Connect to the
system power supply when the 10-bit A/D converter is not used.
AVSS1 Input | Ground pin for the 10-bit A/D converter. Connect to the system power
supply (0 V).
Port output enable POEO# to POE2# Input | Request signal input pins for driving the MTU-IIl waveform output pin to the

high-impedance state.

Notes: 1. When the ADO1NOO to ADO1NO05 analog input pins are in use as digital inputs, the input values must be fixed.

2. Do not use the pins in analog pin group A (AD1INOO to AD1INO7) as digital I/O pins. Only use pins in analog pin group A as
analog input pins when this is required on top of pins in analog pin group B that are being used as analog input pins. When the
pins in analog pin group B are used as digital I/0 pins, the pins in analog pin group A must not be used as analog input pins.

3. Do not use the pins in analog pin group B (AD1IN16, AD1IN17, AD1IN24 to AD1IN31, AD1IN42 to AD1IN47) as digital I/O pins.
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SH72A2 Group, SH72A0 Group 1. Overview

Table 1.12 List of SH72A2 Group Pin Functions (3)

Type Pin Name 1/0 Description
1/O port PAOQ5 to PAOO Input/ | 6-bit general-purpose 1/O pins.
output
PB15 to PB12 Input/ | 4-bit general-purpose /O pins.
output
PC12 to PC08 Input/ | 5-bit general-purpose /O pins.
output
PD10 to PDO0O Input/ | 11-bit general-purpose 1/O pins.
output
PEOQ7 to PEOO Input/ | 8-bit general-purpose 1/O pins.
output
PF07, PF02 to PFOO Input/ | 4-bit general-purpose /O pins.
output
PG13 to PG10, Input/ | 8-bit general-purpose /O pins.
PGO03 to PG00 output
PJ11 to PJOO Input/ | 12-bit general-purpose 1/O pins.
output
PK15 to PKO08, Input/ | 10-bit general-purpose 1/O pins.
PKO01 to PKOO output
PL15 to PL10 Input/ | 6-bit general-purpose /O pins.
output
PNO5 to PNOO Input | 6-bit general-purpose I/O pins. (Only a fixed value can be input)
Advanced user AUDATAS to Input/ | RAM monitor mode: Monitor address input/data output pins.
debugger (AUD-II) AUDATAOQ output
AUDRST# Input | AUD reset input pin.
AUDMD Input | AUD mode selection pin. When it is set to a high level, RAM monitor mode
is selected.
AUDCK Input/ | RAM monitor mode: Sync clock input pin.
output
AUDSYNC# Input/ | RAM monitor mode: Input pin for data start position identification signal.
output
User break controller UBCTRG# Output | Trigger output pin for UBC condition match.
(UBC)
Debugging TCK Input | Dedicated pins for the on-chip emulator. When the ASEMD pin is set to a
™S Input high level, these pins become dedicated pins for the on-chip emulator.
TDI Input
TDO Output
TRST Input
R0O1UHO0164EJ0100 Rev.1.00 -zENESAS Page 16 of 1118
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SH72A2 Group, SH72A0 Group

1. Overview

1.4.3

SH72A0 Group Pin Assignment

Figure 1.4 shows the SH72A0 group pin assignment (top view) (excluding RSF72A06K0BAF). Figure 1.5 shows the
pin assignment (top view). Tables 1.13 and 1.14 list the SH72A0 group pin assignment.

[ 1> PG12/TP01C/TIOCOC/MISO1

| ] <> PEOO/INT8/TPO2C/AUDATAQ/TMS*

| 1> PEO1/RXDO/AUDATA1

| ] <> PE02/TXDO/AUDATA2

| 1> PE03/TP02D/SCKO/AUDATA3

| ] <> PE04/AUDRST#/TRST#*

| ]« PE05/SCK1/AUDCK/TCK*

| ] PE06/RXD1/AUDMD/TDI*

| ] PEO7/TXD1/AUDSYNCH#TDO*

| 1> PDOO/INT7/TPO3A/TIOC3B/SSL21

| ] PDO1/INT6/TP0O3B/TIOC3D/TXD2/SSL20
[ ] <> PD02/INT5/TPO3C/TIOC4A/RXD2/MOSI2
| ]+ PD03/TPO3D/TIOC4C/SCK2/RSPCK2

[ ] > PDO4/TIOC4B/LTX2/MISO2

[ 1+ PDO5/TIOCA4D/LRX2/SSL22

| ]+ PDO6/INT4/TIOC3A/TXD2/SSL23
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Note: When the ASEMD pin is at the high level, the TDO, TD1, TCK, TMS, and TRST pins become pins
exclusively for use with the on-chip emulator and the other functions of the pins are not available.

Note: When using digital I/O functions that are multiplexed with the analog input pins, see the notes on the A/D
converter in table 1.16 List of SH72A0 Group Pin Functions (2).

Figure 1.4

SH72A0 Group Pin Assignment (Top View) (Two-Channel CAN, One-Channel LIN)
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SH72A2 Group, SH72A0 Group 1. Overview
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Note: When the ASEMD pin is at the high level, the TDO, TD1, TCK, TMS, and TRST pins become pins
exclusively for use with the on-chip emulator and the other functions of the pins are not available.
Note: When using digital I/O functions that are multiplexed with the analog input pins, see the notes on the A/D
converter in table 1.16 List of SH72A0 Group Pin Functions (2).

Figure 1.5 SH72A0 Group Pin Assignment (Top View) (One-Channel CAN, LIN Unavailable)
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Table 1.13 SH72A0 Group Pin Assignment List (1)
Power supply, Timer Communication function
Pin No. clock, system 1/0 Port Interrupt A/D Converter Debugging
control TPU MTU-III SCI CAN LIN SBI
1 ASEMD
2 RESET#
3 XOuT
4 VSS
5 XIN
6 vcc
7 PAO5 NMI/POEO#
8 PAO4 INTO CRX1*
9 PAO3 CTX1*
10 PAO1 INT1 CRX0
11 PA0O INT2 CTX0
12 PCO09 TP04B TCLKB TXD3
13 VCL
14 PCO08 TPO4A TIOC1B/ | RXD3
TCLKA
15 VSL
16 PDO7 INT3 TIOC3C | RXD2 UBCTRG#
17 PD06 INT4 TIOC3A | TXD2 SSL23
18 PD05 TIOC4D LRX2* SSL22
19 PD04 TIOC4B LTX2* MISO2
20 PDO3 TPO3D TIOC4C | SCK2 RSPCK2
21 PD02 INTS TPO3C TIOC4A | RXD2 MOSI2
22 PDO1 INT6 TPO3B TIOC3D | TXD2 SSL20
23 PD00 INT7 TPO3A TIOC3B SSL21
24 PEO7 TXD1 TDO/
AUDSYNC#
25 PEO06 RXD1 TDI/
AUDMD
26 PEO5 SCK1 TCK/
AUDCK
27 PEO4 TRST#/
AUDRST#
28 PEO3 TP02D SCKO AUDATA3
29 PE02 TXDO AUDATA2
30 PEO1 RXDO AUDATA1
31 PE0O INT8 TP02C TMS/
AUDATAO
32 PG12 TPO1C TIOCOC MISO1
33 PG11 TPO1B TIOCOB MOSI1
34 PG10 TPO1A TIOCOA RSPCK1
35 PG03 TIOC7D SSL02
36 PG02 INT10 TIOC7B SSLO1
37 PGO1 TIOC7C SSL00
38 PG00 TIOC7A MISO0
39 PJ09 TIOC6D RSPCKO
40 vcc
Note: *Optional
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Table 1.14 SH72A0 Group Pin Assignment List (2)
Timer Communication function
Pin Power supply, AD )
No. cloilz),nst)r/zltem 1/0 Port Interrupt PU MU sci CAN LN s8I Converter Debugging
41 PJ08 TIOCéB MOSI0
42 | VsSs
43 PJO5 POE1# TPO3B AD1INO5
44 PJO4 TPO3A AD1INO4
45 | MDO
46 | MD1
47 PK15 AD1IN31
48 PK14 AD1IN30
49 | AVSSt
50 PK12 AD1IN28
51 [ AvCC1
52 PK08 AD1IN24
53 PKO1 AD1IN17
54 PK0O POE2# AD1IN16
55 | AVCCO
56 PNO5 ADOINOS
57 | AVSSO
58 PNO4 ADOINO4
59 PNO3 ADOINO3
60 PNO02 ADOINO2
61 PNO1 ADOINO1
62 | VREFLO
63 PNOO ADOINOO
64 | VREFHO
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144

List of SH72A0 Group Pin Functions

Tables 1.15 to 1.17 list the SH72A0 group pin functions.

Table 1.15 List of SH72A0 Group Pin Functions (1)

Type Pin Name 1/0 Description
Power supply VCC Input | Power supply pin. Connect to the system power supply.

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

VCL Input | External capacitor pin for internal high-voltage power supply. To stabilize
this power supply, connect this pin to VSL via a capacitor (0.1 uF). Place
the capacitor close to pin.

VSL Input | Ground Pin for VCL. To stabilize this power supply, connect this pin to VCL
via a capacitor (0.1 uF). Place the capacitor close to pin.

Clock XIN Input | I/O pins for the main clock oscillation circuit. Connect a crystal oscillator
XOUT Output between XIN and XOUT. To use an external clock, input it to XIN and leave
XOUT open.
System control ASEMD Input | This pin is provided to enable the on-chip emulator function. In normal
operation other than debugging mode, input a low-level signal to this pin
(connect this pin to VSS via a resistor). In debugging mode, input a high-
level signal to it on the user system board.
MDO, MD1 Input | These pins are provided to set MCU operating mode. Input a low-level
signal to these pins (connect these pins to VSS via a resistor).
RESET# Input | Reset pin. This LS| enters a reset state when this pin goes low.
Interrupt NMI Input | Non-maskable interrupt reqiest pin.

INT10, INT8 to INTO Input | Maskable interrupt reqgiest pins.
16-bit timer pulse unit | TPO1A, TPO3A, Input/ | TPO1A, TPO3A, TPO4A input capture input/output compare output/PWM
(TPU) TPO4A output | output pins.

TPO1B, TPO3B, Input/ | TPO1B, TBO3B, TP04B input capture input/output compare output/PWM

TP04B output | output pins.

TPO1C, TPO2C, Input/ | TPO1C, TP02C, TP0O3C input capture input/output compare output/PWM

TPO3C output | output pins.

TPO2D, TPO3D Input/ | TPO2D and TPO3D input capture input/output compare output/PWM output

output | pins.
Multi-function timer TCLKA, TCLKB Input | Timer external clock input pins.
pulse unit (MTU-1I) TIOCOA, TIOCOB, Input/ | TIOCOA to TIOCOC input capture input/output compare output/PWM output

TIOCOC output | pins.

TIOC1B Input/ | TIOC1B input capture input/output compare output/PWM output pin.

output

TIOC3A, TIOC3B, Input/ | TIOC3A to TIOC3D input capture input/output compare output/PWM output

TIOC3C, TIOC3D output | pins.

TIOC4A, TIOC4B Input/ | TIOC4A to TIOCA4D input capture input/output compare output/PWM output

TIOC4C, TIOC4D output | pins.

R0O1UHO0164EJ0100 Rev.1.00 -zENESAS Page 21 of 1118

Apr 20, 2012



SH72A2 Group, SH72A0 Group 1. Overview

Table 1.16 List of SH72A0 Group Pin Functions (2)

Type Pin Name 1/0 Description
Multi-function timer TIOC6B, Input/ | TIOC6B and TIOC6D input capture input/output compare output/PWM
pulse unit (MTU-III) TIOC6D output | output pins.
TIOC7A, TIOC7B, Input/ | TIOC7A to TIOC7D input capture input/output compare output/PWM output
TIOC7C, TIOC7D output | pins.
Serial communication RXDO0 to RXD3 Input | SCl receive data input pins.
interface (SCI) SCKO to SCK2 Input/ | SCI clock 1/O pins.
output
TXDO to TXD3 Output | SCI transmit data input pins.
Serial bus interface MISOO0 to MISO2 Input/ | SBI slave transmit data 1/O pins.
(SBI) output
MOSIO to MOSI2 Input/ | SBI master transmit data 1/O pins.
output
RSPCKO0 to RSPCK2 Input/ | SBI clock I/O pins.
output
SSL00, SSL20 Input/ | SBI slave select I/O pins.
output
SSLO01 to SSLO02, Output | SBI slave select output pins.
SSL21 to SSL23
LIN option*1 LRX2 Input | Input pins for the LIN communication function.
LTX2 Output | Output pins for the LIN communication function.
CAN CRX0, CRX1*1 Input | Receive data input pins for the CAN communication function.
CTX0, CTX1*1 Output | Transmit data output pins for the CAN communication function.
A/D converter ADOINOO to ADOINO5 | Input | Analog input pins for the 12-bit A/D converter.*2
AD1IN0O4, AD1INO5 Input | Analog input pins for the 10-bit A/D converter. (Analog pin group A)*3
AD1IN16, AD1IN17, Input | Analog input pins for the 10-bit A/D converter. (Analog pin group B)*4
AD1IN24, AD1IN28,
AD1IN30, AD1IN31
Analog power supply AVCCO Input | Analog power supply pin for the 12-bit A/D converter. Connect to the
system power supply when the 12-bit A/D converter is not used.
AVSS0 Input | Ground pin for the 12-bit A/D converter. Connect to the system power
supply (0 V).
VREFHO Input | Reference power supply pin for the 12-bit A/D converter. Connect to the
system power supply when the 12-bit A/D converter is not used.
VREFLO Input | Ground pin of the reference power supply pin for the 12-bit A/D converter.
Connect to the system power supply (0 V).
AVCC1 Input | Analog power supply pin for the 10-bit A/D converter. Connect to the
system power supply when the 10-bit A/D converter is not used.
AVSS1 Input | Ground pin for the 10-bit A/D converter. Connect to the system power
supply (0 V).
Port output enable POEO# to POE2# Input | Request signal input pins for driving the MTU-11I waveform output pin to the
(POE) high-impedance state.

Notes: 1. Optional

2. When the ADO1N0O to ADO1NO5 analog input pins are in use as digital inputs, the input values must be fixed.

3. Do not use the pins in analog pin group A (AD1IN04 and AD1INO5) as digital I/O pins. Only use pins in analog pin group A as
analog input pins when this is required on top of pins in analog pin group B that are being used as analog input pins. When the
pins in analog pin group B are used as digital I/0 pins, the pins in analog pin group A must not be used as analog input pins.

4. Do not use the pins in analog pin group B (AD1IN16, AD1IN17, AD1IN24, AD1IN28, AD1IN30, and AD1IN31 to AD1IN47) as
digital I/O pins.
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Table 1.17 List of SH72A0 Group Pin Functions (3)

Type Pin Name 1/0 Description
1/O port PAOQS5 to PAO3, Input/ | 5-bit general-purpose 1/O pins.
PAO1 to PAOO output
PCO09 to PC08 Input/ | 2-bit general-purpose I/O pins.
output
PDO07 to PD0O0 Input/ | 8-bit general-purpose 1/O pins.
output
PEOQ7 to PEOO Input/ | 8-bit general-purpose 1/O pins.
output
PG12 to PG10, Input/ | 7-bit general-purpose 1/O pins.
PGO03 to PG00 output
PJ09 to PJO8, Input/ | 4-bit general-purpose I/O pins.
PJO5 to PJ0O4 output
PK15 to PK14, Input/ | 6-bit general-purpose I/O pins.
PK12, PK08, output
PKO01 to PKOO
PNO5 to PNOO Input | 6-bit general-purpose 1/O pins. (Only a fixed value can be input)
Advanced user AUDATAS to Input/ | RAM monitor mode: Monitor address input/data output pins.
debugger (AUD-II) AUDATAO output
AUDRST# Input | AUD reset input pin.
AUDMD Input | AUD mode selection pin. When it is set to a high level, RAM monitor mode
is selected.
AUDCK Input/ | RAM monitor mode: Sync clock input pin.
output
AUDSYNC# Input/ | RAM monitor mode: Input pin for data start position identification signal.
output
User break controller UBCTRG# Output | Trigger output pin for UBC condition match.
(UBC)
Debugging TCK Input | Dedicated pins for the on-chip emulator. When the ASEMD pin is set to a
™Ss Input high level, these pins become dedicated pins for the on-chip emulator.
TDI Input
TDO Output
TRST Input
1.4.5 Handling of Unused Pins

Unused input pins should be fixed high or low.
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2. CPU

21 Data Format
Figure 2.1 shows the data format supported by the SH2A-FPU.

7 0
Byte (8 bits) |:|
15 0
Word (16 bits) |:|
31 0
Longword (32 bits) | |
130 22 0
Single-precision floating-point (32 bits) | s | e | f |
63 62 51 0
Double-precision floating-point (64 bits) [s| e | f |
[Legend]
s: Sign bit
e: Exponent field
f : Fraction field
Figure 2.1 Data Format
R0O1UHO0164EJ0100 Rev.1.00 -IENESAS Page 24 of 1118

Apr 20, 2012



SH72A2 Group, SH72A0 Group 2.CPU

2.2 Register Descriptions

2.2.1 General Registers

The general registers consist of sixteen 32-bit registers, numbered RO to R15, and are used for data processing and
address calculation. RO is also used as an index register. Several instructions have RO fixed as their only usable
register. R15 is used as the hardware stack pointer (SP). Saving and restoring the status register (SR) and program
counter (PC) in exception handling is accomplished by referencing the stack using R15. Figure 2.2 shows the general
registers.

31 0
RO *1

R1

R2

R3

R4

R5

Notes: 1. RO functions as an index register in the indexed

R6 register indirect and indexed GBR indirect addressing
R7 modes. Several instructions have RO fixed as their
RS source or destination register.
2. R15is used as a hardware stack pointer (SP) in
R9 exception handling.
R10
R11
R12
R13
R14

R15, SP (hardware stack pointer)™?

Figure 2.2 General Registers

222 Control Registers

The control registers consist of four 32-bit registers: the status register (SR), the global base register (GBR), the vector
base register (VBR), and the jump table base register (TBR).

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to transfer data to the
registers of on-chip peripheral modules.

The vector base register functions as the base address of the exception handling vector area (including interrupts).
The jump table base register functions as the base address of the function table area.

Figure 2.3 shows the control registers.

31 1413 987 6543210

|---------- BOCS---M Q  IMASK -- S T| Status register (SR)

31 0

| GBR | Global base register (GBR)

31 0

[ VBR | Vector base register (VBR)

31 0

| TBR | Jump table base register (TBR)

Figure 2.3 Control Registers
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(1) Status Register (SR)

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— BO Cs — — — M Q IMASK [3:0] — — S T

After Reset 0 0 0 0 0 0 X X 1 1 1 1 0 0 X X
Bit Symbol Bit Name Description R/W

b31tob15 | — Reserved These bits are always read as 0. The write value should always be 0. R
b14 BO BO Bit Indicates the register bank has overflowed. R/W
b13 Cs CS Bit Indicates, in CLIP instruction execution, the value has exceeded the R/W

saturation upper-limit value or fallen below the saturation lower-limit
value.

b12to b10 | — Reserved These bits are always read as 0. The write value should always be 0. R
b9 M M Bit Used by the DIVOS, DIVOU, and DIV1 instructions. R/W
b8 Q Q Bit Used by the DIVOS, DIVOU, and DIV1 instructions. R/W
b7 to b4 IMASK IMASK Bits These bits are 4-bit data and indicate the interrupt mask level. R/W

[3:0]

b3, b2 — Reserved These bits are always read as 0. The write value should always be 0. R
b1 S S Bit Specifies a saturation operation for a MAC instruction. R/W
b0 T T Bit True/false condition or carry/borrow bit R/W

(2) Global Base Register (GBR)
GBR is referenced as the base address in a GBR-referencing MOV instruction.

The value is undefined after a reset.

(3) Vector Base Register (VBR)
VBR is referenced as the branch destination base address when an exception or an interrupt occurs.
The value is H'0000 0000 after a reset.

(4) Jump Table Base Register (TBR)
TBR is referenced as the start address of a function table located in memory in a JSR/N@@(disp8,TBR) table-
referencing subroutine call instruction. The value is undefined after a reset.
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223 System Registers

The system registers consist of four 32-bit registers: the high and low multiply and accumulate registers (MACH and
MACL), the procedure register (PR), and the program counter (PC). MACH and MACL store the results of multiply
or multiply-and-accumulate operations. PR stores the return address from a subroutine procedure. PC indicates the
program address being executed and controls the flow of the processing. Figure 2.4 shows the system registers.

31 0 Multiply and accumulate register high (MACH) and multiply
MACH and accumulate register low (MACL):
MACL Store the results of multiply or multiply-and-accumulate operations.
|31 PR (i Procedure register (PR):
Stores the return address from a subroutinie procedure.
31 0 )
| BC | Program counter (PC):

Indicates the four bytes ahead of the current instruction.

Figure 2.4 System Registers

(1) Multiply and Accumulate Register High (MACH) and Multiply and Accumulate Register Low (MACL)
MACH and MACL are used as the addition value in a MAC instruction, and store the result of a MAC or MUL
instruction. The value is undefined after a reset.

(2) Procedure Register (PR)
PR stores the return address of a subroutine call using a BSR, BSRF, or JSR instruction, and is referenced by a
subroutine return instruction (RTS). The value is undefined after a reset.

(3) Program Counter (PC)
PC indicates the address of the instruction being executed. The value after a reset is that of PC in the vector table.
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224 Floating-Point Registers

There are sixteen 32-bit floating-point registers, FPRO to FPR15. These sixteen registers are referenced as FRO to
FR15, DRO, DR2, DR4, DR6, DRS, DR10, DR12, and DR14. The correspondence between FPRn and the referenced
name is determined by the PR and SZ bits in FPSCR. Figure 2.5 shows the floating-point registers.

Referenced Name Register Name

Transfer instruction: FPSCR.SZ=0 FPSCR.SZ=1

Arithmetic/logical instruction: FPSCR.PR=0 FPSCR.PR =1
FRO FPRO
FR1 DRO { FPR1
FR2 FPR2
FR3 bR2 { FPR3
FR4 FPR4
FR5 DR4 { FPR5
FR6 FPR6
FR7 DR6 { FPR7
FR8 FPR8
FR9 DR8 { FPR9
FR10 FPR10
FR11 DR1O { FPR1T
FR12 FPR12
FR13 PRtz { FPRI3
FR14 FPR14
FR15 DR14 { FPR15

Figure 2.5 Floating-Point Registers

(1) Floating-Point Registers (FPRn: 16 registers)
FPRO, FPR1, FPR2, FPR3, FPR4, FPR5, FPR6, FPR7,
FPRS&, FPRY, FPR10, FPR11, FPR12, FPR13, FPR14, and FPR15

(2) Single-Precision Floating-Point Registers (FRi: 16 registers)
FRO to FR15 are allocated to FPRO to FPR15.

(3) Double-Precision Floating-Point Registers or Single-Precision Floating-Point Register Pairs (DRi: 8 registers)
A DR register is composed of two FR registers.

DRO = {FPRO, FPR1}, DR2 = {FPR2, FPR3},

DR4 = {FPR4, FPR5}, DR6 = {FPR6, FPR7},

DRS8 = {FPRS&, FPR9}, DR10 = {FPR10, FPR11},

DR12 = {FPR12, FPR13}, DR14 = {FPR14, FPR15}

Note:  Programming Note
The values of FPRO to FPR15 are undefined after a reset.
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2.2.5 Floating-Point System Registers
(1) Floating-Point Communication Register (FPUL)
Data is transferred between an FPU register and a CPU register via FPUL.
The value is undefined after a reset.
(2) Floating-Point Status/Control Register (FPSCR)
The value is H'0004 0001 after a reset.
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — — — — — — — Qls — Sz PR DN Cause [5:4]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
Cause [3:0] Enable [4:0] Flag [4:0] RM [1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b31 to b23 | — Reserved These bits are always read as 0. The write value should always be 0. R
b22 Qls QIS Bit sNaN is treated as gNaN or teo. R/W
Valid only when the V bit in the FPU exception enable field (Enable) is
setto 1.
0: Processed as qNaN or oo
1: Exception generated (processed same as sNaN)
b21 — Reserved This bit is always read as 0. The write value should always be 0. R
b20 Sz SZ Bit Transfer Size Mode R/W
0: Sets the size of an FMOV instruction to 32 bits.
1: Sets the size of an FMOV instruction to 32-bit pair (64 bits).
b19 PR PR Bit Precision Mode R/W
0: Executes floating-point instructions in single precision.
1: Executes floating-point instructions in double precision (the result
of an instruction with no support for double-precision is undefined).
b18 DN DN Bit Denormalization Mode R/W
This bit is always set to 1.
1: A denormalized number is treated as zero.
b17 to b12 | Cause [5:0] | FPU exception cause field When an FPU operation instruction is first executed, the FPU R/W
b11to b7 | Enable [4:0] | FPU exception enable field exception cause fieI(_:i i_s set to 0; when an FPU excgption next occurs, RIW
the corresponding bit in the FPU exception cause field and FPU
b6 to b2 Flag [4:0] FPU exception flag field exception flag field is set to 1. R/wW
The FPU exception flag field retains the status of an exception
generated after that field was last cleared.
For bit allocation for each field, see table 2.1.
b1, b0 RM [1:0] RM Bit Round Mode R/W
b1 b0
0 0 : Round to nearest
0 1 :Round to zero
1 0 :Reserved
1 1 :Reserved
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Table 2.1  Bit Allocation for FPU Exception Handling
Invalid L
FPU Error Operation Division by 0 Overflow (O) | Underflow (U) | Incorrect (l)
(E) V) @)
Cause FPU exception cause field Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
Enable FPU exception enable field | None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
Flag FPU exception flag field None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
2.2.6 Register Bank

Using a register bank, high-speed register saving and restoration can be achieved for the 19 32-bit registers: general

registers RO to R14, control register GBR, and system registers MACH, MACL, and PR. The register contents are

automatically saved in the bank after the CPU accepts an interrupt that uses the bank. Restoration from the bank is

executed by a RESBANK instruction issued in an interrupt processing routine.
For details, refer to the SH-2A, SH2A-FPU Software Manual.

2.2.7

Initial Values of Registers

Table 2.2 lists the initial values of the registers (values after a reset).

Table 2.2 Initial Values of Registers (Values after a Reset)
Classification Register Value after a Reset
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector table
Control registers SR Bits IMASK are 1111 (H'F), BO and CS are 0, reserved bits
are 0, and others are undefined
GBR, TBR Undefined
VBR H'0000 0000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector table
Floating-point registers FPRO to FPR15 Undefined
Floating-point system registers | FPUL Undefined
FPSCR H'0004 0001
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2.3 Data Formats

2.31 Data Format in Registers

Register operands are always longwords (32 bits). If the size of a memory operand is a byte (8 bits) or a word (16 bits),
it is changed into a longword through sign extension or zero extension when loaded into a register. Figure 2.6 shows
the data format in registers.

31 0

Longword

Figure 2.6 Data Format in Registers

23.2 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in 8-bit bytes, 16-bit
words, or 32-bit longwords. A memory operand of fewer than 32 bits is stored in a register in sign-extended or zero-
extended form.

A word operand should be accessed at a word boundary (an even address of multiple of two bytes: address 2n), and a
longword operand at a longword boundary (an even address of multiple of four bytes: address 4n). Otherwise, an
address error will occur. A byte operand can be accessed at any address.

Only big-endian byte order can be selected for the data format.

Data formats in memory are shown in figure 2.7

Address m + 1 Address m + 3
Address m Address m + 2
31 l 23 15 l 7 v O
Byte | Byte Byte | Byte
Address 2n —» Word Word

1

Address 4n —» Longword

Big endian

Figure 2.7 Data Formats in Memory

2.3.3 Immediate Data Format

Byte (8-bit) immediate data is located in an instruction code.

Immediate data accessed by the MOV, ADD, and CMP/EQ instructions is sign-extended and handled in registers as
longword data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and handled
as longword data. Consequently, AND instructions with immediate data always clear the upper 24 bits of the
destination register.

20-bit immediate data is located in the code of a MOVI20 or MOVI20S 32-bit transfer instruction. The MOVI20
instruction stores immediate data in the destination register in sign-extended form. The MOVI20S instruction shifts
immediate data by eight bits in the upper direction, and stores it in the destination register in sign-extended form.
Word or longword immediate data is not located in the instruction code, but rather is stored in a memory table. The
memory table is accessed by an immediate data transfer instruction (MOV) using the PC relative addressing mode
with displacement.

See examples given in section section 2.4.1, RISC-Type Instruction Set, (10) Immediate Data.
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2.4
2.4.1

Instruction Features

RISC-Type Instruction Set

The CPU has a RISC-type instruction set, which features following functions.

(1) 16-Bit Fixed-Length Instructions
Basic instructions have a fixed length of 16 bits, improving program code efficiency.

(2) 32-Bit Fixed-Length Instructions
The SH2A-FPU additionally features 32-bit fixed-length instructions, improving performance and ease of use.

(3) One Instruction per Cycle

Each basic instruction can be executed in one cycle using the pipeline system.

(4) Data Length

The standard data length for all operations is a longword. Memory can be accessed in bytes, words, or longwords. Byte

or word data in memory is sign-extended and handled as longword data. Immediate data is sign-extended for

arithmetic operations or zero-extended for logic operations. It is also handled as longword data.

Table 2.3 shows sign extension of word data.

Table 2.3 Sign Extension of Word Data

SH2A-FPU CPU

Description

Example of Other CPU

MOV.W @(disp, PC), R1
ADD R1, RO

.DATAW H'1234

Data is sign-extended to 32 bits, and R1 becomes H'0000 1234. | ADD.W #H'1234,R0

It is next operated upon by an ADD instruction.

Note: @(disp, PC) accesses the immediate data.

(5) Load-Store Architecture

Basic operations are executed between registers. For operations that involve memory access, data is loaded to the

registers and executed (load-store architecture). Instructions such as AND that manipulate bits, however, are executed
directly in memory.

(6) Delayed Branch Instructions

With the exception of some instructions, unconditional branch instructions, etc., are executed as delayed branch
instructions. With a delayed branch instruction, the branch is taken after execution of the instruction immediately
following the delayed branch instruction. This reduces disturbance of the pipeline control when a branch is taken.

In a delayed branch, the actual branch operation occurs after execution of the slot instruction. However, instruction
execution such as register updating excluding the actual branch operation, is performed in the order of delayed branch
instruction — delay slot instruction. For example, even though the contents of the register holding the branch

destination address are changed in the delay slot, the branch destination address remains as the register contents prior
to the change.

Table 2.4 shows delayed branch instructions.

Table 2.4 Delayed Branch Instructions

SH2A-FPU CPU Description Example of Other CPU
BRA TRGET Executes the ADD before branching to TRGET. ADD.W R1,R0
ADD R1, RO BRA TRGET
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(7) Addition of Unconditional Branch Instructions with No Delay Slot
The SH2A-FPU additionally features unconditional branch instructions in which a delay slot instruction is not
executed. This eliminates unnecessary NOP instructions, and so reduces the code size.

(8) Multiply/Multiply-and-Accumulate Operations

16-bit X 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit X 16-bit + 64-bit — 64-bit
multiply-and-accumulate operations are executed in two to three cycles. 32-bit X 32-bit — 64-bit multiply and 32-bit X
32-bit + 64-bit — 64-bit multiply-and-accumulate operations are executed in two to four cycles.

9) TBit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a conditional branch is
taken or not taken depends upon the T bit condition (true/false). The number of instructions that change the T bit is
kept to a minimum to improve the processing speed.

Table 2.5 shows the description of the T bit.

Table 2.5 T Bit

SH2A-FPU CPU Description Example of Other CPU
CMP/GE R1, RO T bit is set when RO > R1. CMP.W R1,R0
BT TRGETO The program branches to TRGETO when RO > R1 andto |BGE TRGETO
BF TRGET1 TRGET1 when RO < R1. BLT TRGET1
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ #0, RO T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate data is located in an instruction code. Word or longword immediate data is not located in instruction
codes but in a memory table. The memory table is accessed by an immediate data transfer instruction (MOV) using the
PC relative addressing mode with displacement.

With the SH2A-FPU, 17- to 28-bit immediate data can be located in an instruction code. However, for 21- to 28-bit
immediate data, an OR instruction must be executed after the data is transferred to a register.

Table 2.6 shows immediate data accessing.

Table 2.6 Immediate Data Accessing

Classification SH2A-FPU CPU Example of Other CPU

8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0

16-bit immediate MOVI20 #H'1234,R0 MOV.W #H'1234, RO

20-bit immediate MOVI20 #H'12345,R0 MOV.L #H'12345, RO

28-bit immediate MOVI20S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,RO

32-bit immediate MOV.L @(disp,PC),R0 MOV.L #H'12345678,R0
DATAL  H'1234 5678

Note: @(disp, PC) accesses the immediate data.
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(11) Absolute Address

When data is accessed by an absolute address, the absolute address value should be placed in the memory table in

advance. That value is transferred to the register by loading the immediate data during the execution of the instruction,

and the data is accessed in register indirect addressing mode.

With the SH2A-FPU, when data is referenced using an absolute address not exceeding 28 bits, it is also possible to

transfer immediate data located in the instruction code to a register and to reference the data in register indirect

addressing mode. However, when referencing data using an absolute address of 21 to 28 bits, an OR instruction must

be used after the data is transferred to a register.

Table 2.7 shows absolute address accessing.

Table 2.7 Absolute Address Accessing

Classification

SH2A-FPU CPU

Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV.B @R1,R0

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV.B @R1,R0

29 bits or more MOV.L @(disp,PC), R1 MOV.B @H'12345678,R0
MOV.B @R1,R0
DATA.L H'1234 5678

(12) 16-Bit/32-Bit Displacement

When data is accessed by 16-bit or 32-bit displacement, the displacement value should be placed in the memory table

in advance. That value is transferred to the register by loading the immediate data during the execution of the

instruction, and the data is accessed in the indexed register indirect addressing mode.

Table 2.8 shows displacement accessing.

Table 2.8 Displacement Accessing

Classification

SH2A-FPU CPU

Example of Other CPU

16-bit displacement MOV.W @(disp,PC),R0 MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2
DATAW  H1234
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24.2 Addressing Modes

The addressing modes and effective address calculation methods are listed in tables 2.9 to 2.12.

Table 2.9 Addressing Modes and Effective Addresses (1)

Addressing Mode Instruction Format Effective Address Calculation Equation

Register direct Rn The effective address is register Rn. —
(The operand is the contents of register Rn.)

Register indirect @Rn The effective address is the contents of register Rn. | Rn

Register indirect with @Rn+ The effective address is the contents of register Rn

post-increment Rn.A constant is added to the contents of Rn after | (After instruction execution)
the instruction is executed. 1 is added for a byte Byte: Rn+1—Rn
operation, 2 for a word operation, and 4 for a Word: Rn+2 > Rn
longword operation. Longword: Rn +4 — Rn

Register indirect with pre- | @-Rn The effective address is the value obtained by Byte: Rn-1—-Rn

decrement subtracting a constant from register Rn. 1 is Word: Rn-2 —>Rn
subtracted for a byte operation, 2 for a word Longword: Rn-4 — Rn
operation, and 4 for a longword operation. (Instruction is executed with Rn

after this calculation)
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Table 2.10 Addressing Modes and Effective Addresses (2)

zero-extended, and remains unchanged for a byte
operation, is doubled for a word operation, and is
quadrupled for a longword operation.

disp
(zero-extended)

Rn + disp x 1/2/4

Addressing Mode Instruction Format Effective Address Calculation Equation
Register indirect with @(disp:4,Rn) The effective address is the sum of register Rn and | Byte: Rn + disp
displacement a 4-bit displacement (disp). The value of disp is Word: Rn + disp x 2

Longword: Rn + disp x 4

@(disp:12,Rn)

The effective address is the sum of register Rn and
a 12-bit displacement (disp). The value of disp is
zero-extended.

(> nsaw

disp
(zero-extended)

Byte: Rn + disp
Word: Rn + disp
Longword: Rn + disp

value and RO.

Indexed register indirect | @(R0O,Rn) The effective address is the sum of register Rn and | Rn + RO
RO.
©
GBR indirect with @(disp:8,GBR) The effective address is the sum of register GBR Byte: GBR + disp
displacement value and an 8-bit displacement (disp). The value of | Word: GBR + disp x 2
disp is zero-extended, and remains unchanged for | Longword: GBR + disp x 4
a byte operation, is doubled for a word operation,
and is quadrupled for a longword operation.
disp ) GBR
(zero-extended) + disp x 1/2/4
Indexed GBR indirect @(R0,GBR) The effective address is the sum of register GBR GBR + RO
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Table 2.11 Addressing Modes and Effective Addresses (3)

Addressing Mode

Instruction Format

Effective Address Calculation

Equation

displacement

value and an 8-bit displacement (disp). The value of
disp is zero-extended, and is doubled for a word
operation, and quadrupled for a longword
operation. For a longword operation, the lowest two
bits of the PC value are masked.

(for longword)

PC +disp x 2
or
PC & H'FFFF FFFC
+ disp x 4

disp
(zero-extended)

TBR duplicate indirect @@(disp:8,TBR) The effective address is the sum of register TBR Contents of address (TBR +
with displacement value and an 8-bit displacement (disp). The value of | disp x 4)
disp is zero-extended, and is multiplied by 4.
disp TBR
(zero-extended) +disp x 4 —‘
L (TBR
+ disp x 4)

PC relative with @(disp:8,PC) The effective address is the sum of register PC Word: PC + disp x 2

Longword: PC&H'FFFF FFFC +

disp x 4
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Table 2.12 Addressing Modes and Effective Addresses (4)

Addressing Mode

Instruction Format

Effective Address Calculation

Equation

PC relative

disp:8

The effective address is the sum of register PC
value and the value that is obtained by doubling the
sign-extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

disp:12

The effective address is the sum of register PC
value and the value that is obtained by doubling the
sign-extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

Rn

The effective address is the sum of register PC
value and Rn.

PC + Rn

Immediate

#imm:20

The 20-bit immediate data (imm) for the MOVI20
instruction is sign-extended.

31 19 0

on- | -
imm (20 bits)

The 20-bit immediate data (imm) for the MOVI20S
instruction is shifted by eight bits to the left, the
upper bits are sign-extended, and the lower bits are
padded with zero.

3127 8 0

[ [ o]

Sign-extended

#imm:8

The 8-bit immediate data (imm) for the TST, AND,
OR, and XOR instructions is zero-extended.

#imm:8

The 8-bit immediate data (imm) for the MOV, ADD,
and CMP/EQ instructions is sign-extended.

#imm:8

The 8-bit immediate data (imm) for the TRAPA
instruction is zero-extended and then quadrupled.

#imm:3

The 3-bit immediate data (imm) for the BAND,
BOR, BXOR, BST, BLD, BSET, and BCLR
instructions indicates the target bit location.
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243

Instruction Format

The instruction formats and the meaning of source and destination operands are described below. The meaning of the

operand depends on the instruction code.

The symbols used are as follows:

XXXX
mmmm
nnnn
il

dddd

: Instruction code

: Source register

: Destination register
: Immediate data

: Displacement

Tables 2.13 to 2.15 show the instruction formats.

Table 2.13 Instruction Formats (1)

Instruction Formats Source Operand Destination Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX |
n format — nnnn: Register direct MOV T Rn
15 0 Control register or system | nnnn: Register direct STS MACH,Rn
| XXXX |nnnn| XXXX  XXXX | register
RO (Register direct) nnnn: Register direct DIVURO, Rn
Control register or system | nnnn: Register indirect with | STC.L SR,@-Rn
register pre-decrement
mmmm: Register direct R15 (Register indirect with | MOVMU.L Rm,@-R15
pre-decrement)
R15 (Register indirect with | nnnn: Register direct MOVMU.L @R15+,Rn
post-increment)
RO (Register direct) nnnn: Register indirect with | MOV.L RO,@Rn+
post-increment
m format mmmm: Register direct Control register or system |LDC Rm,SR
15 0 register
| XXXX |nmmi XXXX  XXXX | mmmm: Register indirect | Control register or system |LDC.L @Rm+,SR
with post-increment register
mmmm: Register indirect | — JMP @Rm
mmmm: Register indirect | RO (Register direct) MOV.L @-Rm,R0
with pre-decrement
mmmm: PC relative using | — BRAF Rm
Rm
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Table 2.14 Instruction Formats (2)

Instruction Formats Source Operand Destination Operand Example
nm format mmmm: Register direct nnnn: Register direct ADD Rm,Rn
15 0 mmmm: Register direct nnnn: Register indirect MOV.L Rm,@Rn
[ooox [ nnnn [ xoo | mmmm: Register indirect | MACH , MACL MAC.W  @Rm+,@Rn+
with post-increment
(multiply-and-accumulate)
nnnn*: Register indirect
with post-increment
(multiply-and-accumulate)
mmmm: Register indirect | nnnn: Register direct MOV.L @Rm+,Rn
with post-increment
mmmm: Register direct nnnn: Register indirect with | MOV.L Rm,@-Rn
pre-decrement
mmmm: Register direct nnnn: Indexed register MOV.L Rm,@(RO,Rn)
indirect
md format mmmmdddd: Register RO (Register direct) MOV.B @(disp, Rm),R0
15 0 indirect with displacement
| XXXX  XXXX |rrmm1 dddd |
nd4 format RO (Register direct) nnnndddd: Register indirect | MOV.B RO,@(disp,Rn)
with displacement
15 0
xxxx_ xxxx [nnnn|dddd |
nmd mmmm: Register direct nnnndddd: Register indirect | MOV.L Rm,@(disp,Rn)
format 15 0 with displacement
[ xxxx | nnnn [ dddd
mmmmdddd: Register nnnn: Register direct MOV.L @(disp,Rm),Rn
indirect with displacement
nmd12 mmmm: Register direct nnnndddd: Register indirect | MOV.L Rm ,@(disp12,Rn)
format 31 16 with displacement
| XXXX | nnnn |rrmm1 XXXX | mmmmdddd: Register nnnn: Register direct MOV.L @(disp12,Rm),Rn
indirect with displacement
15 0
[ xxxx | dddd dddd dddd |
d format dddddddd: GBR indirect RO (Register direct) MOV.L @(disp,GBR),R0
15 0 with displacement
XXXX  XXXX | dddd dddd | RO (Register direct) dddddddd: GBR indirect MOV.L RO,@(disp,GBR)
with displacement
dddddddd: PC relative with | RO (Register direct) MOVA @(disp,PC),R0
displacement
dddddddd: TBR duplicate | — JSR/N @@(disp8,TBR)
indirect with displacement
dddddddd: PC relative — BF label
Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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Table 2.15 Instruction Formats (3)

Instruction Formats Source Operand Destination Operand Example
d12 format dddddddddddd: — BRA label
15 0 PC relative (label = disp + PC)
[ xxxx | dddd dddd dddd |
nd8 format dddddddd: nnnn: Register direct MOV.L @(disp,PC),Rn
PC relative with
15 0 .
displacement
[ xxxx [nnnn|dddd dddd |
i format iiiiiiii: Immediate Indexed GBR indirect AND.B #imm,@(R0,GBR)
15 0 iiiiiiii: Immediate RO (Register direct) AND #mm,RO
[xoocx _sooxx | i iiiiiii: Immediate — TRAPA  #imm
ni format iiiiiiii: Immediate nnnn: Register direct ADD #imm,Rn
15 0
[ xxxx [nnnn] i diii |
ni3 format nnnn: Register direct — BLD #imm3,Rn
ii: Immediate
15 0
o xox | nnnn [x[ i | — nnnn: Register direct BST #imm3,Rn
iii: Immediate
ni20 format iiiiiiiiiiiiiiiiiiii: Immediate nnnn: Register direct MOVI20  #imm20,Rn
31 16
[ xxoc [nnnn ] i ] xoox |
15 0
[ i i i i |
nid format nnnndddddddddddd: — BLD.B #imm3,@(disp12,Rn)
31 16 Register indirect with
| displacement
xxxx xxx [nnnn] xoox || X
i Immediate
L o = nnnndddddddddddd: BST.B #imm3,@ (disp12,Rn)
| xiii [dddd dddd dddd | Register indirect with
displacement
ii: Immediate
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251 Instruction Set by Classification
Tables 2.16 to 2.19 list classification of instructions.
Table 2.16 Classification of Instructions (1)
Classification Types Operation Code Description Ins’t\:(lj;:t(i)(f)ns
Data transfer 13 MOV Data transfer 62
Immediate data transfer
Peripheral module data transfer
Structure data transfer
Reverse stack transfer
MOVA Effective address transfer
MOVI20 20-bit immediate data transfer
MOVI20S 20-bit immediate data transfer
8-bit left-shift
MOVML RO-Rn register save/restore
MOVMU Rn-R14 and PR register save/restore
MOVRT T bit inversion and transfer to Rn
MOVT T bit transfer
MOVU Unsigned data transfer
NOTT T bit inversion
PREF Prefetch to operand cache
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers
connected
Arithmetic operations 26 ADD Binary addition 40
ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond Comparison
CLIPS Signed saturation value comparison
CLIPU Unsigned saturation value comparison
DIVS Signed division (32 + 32)
DIVU Unsigned division (32 + 32)
DIV1 One-step division
DIV0OS Initialization of signed one-step division
DIVOU Initialization of unsigned one-step division
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 operation
MUL Double-precision multiply operation
MULR Signed multiplication with result storage in
Rn
MULS Signed multiplication
MULU Unsigned multiplication
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Table 2.17 Classification of Instructions (2)

Classification Types Operation Code Description Ins’t\lr(lj;:t?cf)ns
Arithmetic operations 26 NEG Negation 40
NEGC Negation with borrow
SuUB Binary subtraction
SUBC Binary subtraction with borrow
SUBV Binary subtraction with underflow
Logic operations 6 AND Logical AND 14
NOT Bit inversion
OR Logical OR
TAS Memory test and bit set
TST Logical AND and T bit set
XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16
ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit
SHAD Dynamic arithmetic shift
SHAL One-bit arithmetic left shift
SHAR One-bit arithmetic right shift
SHLD Dynamic logical shift
SHLL One-bit logical left shift
SHLLn n-bit logical left shift
SHLR One-bit logical right shift
SHLRn n-bit logical right shift
Branch 10 BF Conditional branch, conditional delayed branch 15
(branch when T = 0)
BT Conditional branch, conditional delayed branch
(branch when T = 1)
BRA Unconditional delayed branch
BRAF Unconditional delayed branch
BSR Delayed branch to subroutine procedure
BSRF Delayed branch to subroutine procedure
JMP Unconditional delayed branch
JSR Branch to subroutine procedure
Delayed branch to subroutine procedure
RTS Return from subroutine procedure
Delayed return from subroutine procedure
RTVIN Return from subroutine procedure with Rm — RO
transfer
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Table 2.18 Classification of Instructions (3)

Classification Types Opceéz'ion Description Ins't\lr(:.ctci);ns
System control 14 CLRT T bit clear 36
CLRMAC MAC register clear
LDBANK Register restoration from specified register bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK Register save to specified register bank entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
Floating-point instructions 19 FABS Floating-point absolute value 48
FADD Floating-point addition
FCMP Floating-point comparison
FCNVDS Conversion from double-precision to single-precision
FCNVSD Conversion from single-precision to double-precision
FDIV Floating-point division
FLDIO Floating-point load immediate 0
FLDI1 Floating-point load immediate 1
FLDS Floating-point load into system register FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply-and-accumulate operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion
FSCHG SZ bit inversion
FSQRT Floating-point square root
FSTS Floating-point store from system register FPUL
FSUB Floating-point subtraction
FTRC Floating-point conversion with rounding to integer
FPU-related CPU 2 LDS Load into floating-point system register 8
instructions STS Store from floating-point system register
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Table 2.19 Classification of Instructions (4)

Classification Types Opggzteion Description Ins’t\:ﬁ;:tci);ns
Bit manipulation 10 BAND Bit AND 14
BCLR Bit clear
BLD Bit load
BOR Bit OR
BSET Bit set
BST Bit store
BXOR Bit exclusive OR
BANDNOT Bit NOT AND
BORNOT Bit NOT OR
BLDNOT Bit NOT load
Total: 112 253

The table below shows the format of instruction codes, operation, and execution states. They are described by using

this format according to their classification.

Instruction Instruction Code Operation Execution T Bit
Cycles
Indicated by mnemonic. Indicated in MSB < LSB Indicates summary of operation. Value when no | Value of T bit
order. wait states are | after instruction
[Legend] inserted.*1 is executed.
OP.Sz SRC, DEST [Legend]
OP  : Operation code [Legend] —, « : Transfer direction [Legend]
Sz  :Size mmmm : Source register (xx)  : Memory operand — : No change
SRC : Source nnnn : Destination register | M/Q/T : Flag bits in SR
DEST : Destination 0000 : RO & : Logical AND of each bit
Rm  : Source register 0001 : R1 | : Logical OR of each bit
Rn : Destination register | ... A : Exclusive logical OR of
imm  : Immediate data 1111 : R15 each bit
disp : Displacement*2 ~ : Logical NOT of each bit
iiii : Immediate data <<n :n-bit left shift
dddd : Displacement >>n  :n-bit right shift

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In practice, the number of instruction
execution states will be increased in cases such as the following:
a.When there is a conflict between an instruction fetch and a data access
b.When the destination register of a load instruction (memory — register) is the same as the register used by the next

instruction.

2. Depending on the operand size, displacement is scaled by 1, 2, or 4. For details, refer to the SH-2A, SH2A-FPU Software

Manual.
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2.5.2

Data Transfer Instructions

Tables 2.20 to 2.22 show data transfer instructions.

Table 2.20 Data Transfer Instructions (1)

Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cval SH2E | SH4 | SH2A-
ycles
FPU

MOV #imm, Rn 1110nnnniiiiiiii imm — sign extension — Rn 1 — Yes | Yes
MOV.W @(disp, PC), Rn 1001nnnndddddddd (dispx 2+ PC) —» 1 — Yes | Yes

sign extension — Rn
MOV.L @(disp, PC), Rn 1101nnnndddddddd (dispx 4 + PC) - Rn 1 — Yes | Yes
MOV Rm, Rn 0110nnnnmmmmO011 | Rm — Rn 1 — Yes | Yes
MOV.B Rm, @Rn 0010nnNnnmmmmO000 | Rm — (Rn) 1 — Yes | Yes
MOV.W Rm, @Rn 0010nnnnmmmmO001 | Rm — (Rn) 1 — Yes | Yes
MOV.L Rm, @Rn 0010nnnnmmmmO010 | Rm — (Rn) 1 — Yes | Yes
MOV.B @Rm, Rn 0110nnnnmmmmO000 | (Rm) — sign extension — Rn 1 — Yes | Yes
MOV.W @Rm, Rn 0110nnnnmmmmO001 | (Rm) — sign extension — Rn 1 — Yes | Yes
MOV.L @Rm, Rn 0110nnnnmmmmO010 | (Rm) — Rn 1 — Yes | Yes
MOV.B Rm, @-Rn 0010nnnnmmmmO0100 |Rn -1 — Rn, Rm — (Rn) 1 — Yes | Yes
MOV.W Rm, @-Rn 0010nnnnmmmmO0101 |Rn -2 — Rn, Rm — (Rn) 1 — Yes | Yes
MOV.L Rm, @-Rn 0010nnnnmmmmO0110 |Rn -4 — Rn, Rm — (Rn) 1 — Yes | Yes
MOV.B @Rm+, Rn 0110nnnnmmmmO0100 | (Rm) — sign extension — Rn, 1 — Yes | Yes

Rm+1—Rm
MOV.W @Rm+, Rn 0110nnnnmmmmO0101 | (Rm) — sign extension — Rn, 1 — Yes | Yes

Rm+2 —- Rm
MOV.L @Rm+, Rn 0110nnnnmmmmO0110 | (Rm) - Rn, Rm +4 — Rm 1 — Yes | Yes
MOV.B RO, @(disp, Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes | Yes
MOV.W RO, @(disp, Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes | Yes
MOV.L Rm, @(disp, Rn) 0001nnnnmmmmdddd | Rm — (disp x 4 + Rn) 1 — Yes | Yes
MOV.B @(disp, Rm), RO 10000100mmmmdddd | (disp + Rm) — sign extension 1 — Yes | Yes

— RO
MOV.W @(disp, Rm), RO 10000101mmmmdddd | (disp x 2 + Rm) — sign 1 — Yes | Yes

extension — RO
MOV.L @(disp, Rm), Rn 0101nnnnmmmmdddd | (disp x 4 + Rm) — Rn 1 — Yes | Yes
MOV.B Rm, @(RO, Rn) 0000nnnnmmmmO100 | Rm — (RO + Rn) 1 — Yes | Yes
MOV.W Rm, @(RO, Rn) 0000nnnnmmmmO101 | Rm — (RO + Rn) 1 — Yes | Yes
MOV.L Rm, @(RO, Rn) 0000nnnnmmmmO0110 | Rm — (RO + Rn) 1 — Yes | Yes
MOV.B @(RO, Rm), Rn 0000nnnnmmmm1100 | (RO + Rm) — sign extension — 1 — Yes | Yes

Rn
MOV.W @(RO, Rm), Rn 0000nnnnmmmm1101 | (RO + Rm) — sign extension — 1 — Yes | Yes

Rn
MOV.L @(RO, Rm), Rn 0000nnnnmmmm1110 | (RO + Rm) — Rn 1 — Yes | Yes
MOV.B RO, @(disp, GBR) | 11000000dddddddd RO — (disp + GBR) 1 — Yes | Yes
MOV.W RO, @(disp, GBR) | 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes | Yes
MOV.L RO, @(disp, GBR) | 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes | Yes
MOV.B @(disp, GBR), RO | 11000100dddddddd (disp + GBR) — sign extension 1 — Yes | Yes

— RO
MOV.W @(disp, GBR), RO | 11000101dddddddd (disp x 2 + GBR) — sign 1 — Yes | Yes

extension — RO
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Table 2.21 Data Transfer Instructions (2)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
MOV.L @(disp, GBR), RO | 11000110dddddddd (disp x 4 + GBR) — RO 1 — Yes | Yes
MOV.B RO, @Rn+ 0100nnnn10001011 RO — (Rn), Rn+1 —Rn 1 — Yes
MOV.W RO, @Rn+ 0100nnnn10011011 RO — (Rn), Rn+2 - Rn 1 — Yes
MOV.L RO, @Rn+ 0100nnnn10101011 RO — (Rn), Rn+4 - Rn 1 — Yes
MOV.B @-Rm, RO 0100mmmm11001011 |Rm -1 — Rm, (Rm) — sign 1 — Yes
extension — RO
MOV.W @-Rm, RO 0100mmmm11011011 | Rm - 2 — Rm, (Rm) — sign 1 — Yes
extension — RO
MOV.L @-Rm, RO 0100mmmm11101011 | Rm -4 — Rm, (Rm) - RO 1 — Yes
MOV.B Rm, disp12, Rn) 0011nnNnnmmmmO001 | Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W Rm, @(disp12, 0011nnNnnmmmmO001 | Rm — (disp x 2 + Rn) 1 — Yes
Rn) 0001dddddddddddd
MOV.L Rm, @(disp12, 0011nnNnnmmmmO001 | Rm — (disp x 4 + Rn) 1 — Yes
Rn) 0010dddddddddddd
MOV.B @(disp12, Rm), 0011nnnnmmmmO001 | (disp + Rm) — sign extension 1 — Yes
Rn 0100dddddddddddd — Rn
MOV.W @(disp12, Rm), 0011nnNnnmmmmO001 | (disp x 2 + Rm) — sign 1 — Yes
Rn 0101dddddddddddd extension — Rn
MOV.L @(disp12, Rm), 0011nnNnnmmmmO001 | (disp x4 + Rm) — Rn 1 — Yes
Rn 0110dddddddddddd
MOVA @(disp, PC), RO 11000111dddddddd disp x4 + PC - RO 1 — Yes | Yes
MOVI20 #imm20, Rn 0000nnnniiiil0000 imm — sign extension — Rn 1 — Yes
iiiiiiiiiiiii
MOVI20S #imm20, Rn 0000nNNniiii0001 imm << 8 — sign extension — 1 — Yes
iiiiiiiiiiiii Rn
MOVML.L Rm, @-R15 0100mmmm11110001 | R15 -4 — R15, Rm — (R15) 1t0 16 — Yes
R15-4 - R15,Rm-1 -
(R15)
R15-4 — R15, R0 — (R15)
Note: When Rm = R15, read
Rmas PR
MOVML.L @R15+, Rn 0100nnnn11110101 (R15) - RO, R15 +4 —» R15 1t0 16 — Yes
(R15) > R1,R15+4 - R15
(R15) - Rn
Note: When Rn = R15, read Rm
as PR
MOVMU.L Rm, @-R15 0100mmmm11110000 |R15-4 — R15, PR — (R15) 1t0 16 — Yes
R15 -4 —» R15, R14 — (R15)
R15 -4 — R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
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Table 2.22 Data Transfer Instructions (3)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
MOVMU.L @R15+, Rn 0100nnnn11110100 (R15) > Rn,R15+4 - R15 1t0 16 — Yes
(R15) > Rn+1,R15+4 —» R15
(R15) > R14,R15+4 - R15
(R15) - PR
Note: When Rn = R15, read Rm
as PR
MOVRT Rn 0000nnnNn00111001 ~T—>Rn 1 — Yes
MOVT Rn 0000nnnNn00101001 T—Rn 1 — Yes | Yes
MOVU.B  @(disp12, Rm), |0011nnnnmmmmO0001 | (disp + Rm) — zero extension — 1 — Yes
Rn 1000dddddddddddd Rn
MOVU.W  @(disp12, Rm), |0011nnnnmmmmO0001 | (disp x 2 + Rm) — zero extension 1 — Yes
Rn 1001dddddddddddd — Rn
NOTT 0000000001101000 ~T->T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnNn10000011 (Rn) — operand cache 1 — Yes
SWAP.B Rm, Rn 0110nnnnmmmm1000 | Rm — swap lower 2 bytes — Rn 1 — Yes | Yes
SWAP.W  Rm, Rn 0110nnnnmmmm1001 | Rm — swap upper and lower 1 — Yes | Yes
words — Rn
XTRCT Rm, Rn 0010nnnnmmmm1101 | Middle 32 bits of Rm: Rn — Rn 1 — Yes | Yes
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2.5.3 Arithmetic Operation Instructions

Tables 2.23 to 2.25 show arithmetic operation instructions.

Table 2.23 Arithmetic Operation Instructions (1)

Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
SH2E | SH4 | SH2A-
Cycles
FPU
ADD Rm, Rn 0011Tnnnnmmmm1100 | Rn + Rm — Rn 1 — Yes | Yes
ADD #mm, Rn 0111 nnnniiiiiiii Rn +imm — Rn 1 — Yes | Yes
ADDC Rm, Rn 0011Tnnnnmmmm1110 |Rn+Rm + T — Rn, 1 Carry Yes Yes
carry -»T
ADDV Rm, Rn 0011Tnnnnmmmm1111 | Rn + Rm — Rn, 1 Over- Yes Yes
overflow—T flow
CMP/EQ  #imm, RO 10001000iiiiiii When RO =imm, 1 > T 1 Com- Yes | Yes
Otherwise, 0 - T parison
result
CMP/EQ Rm,Rn 0011TnnNnnmmmmO000 |WhenRn=Rm,1—>T 1 Com- Yes | Yes
Otherwise, 0 - T parison
result
CMP/HS  Rm, Rn 0011nnnnmmmmO010 | When Rn = Rm (unsigned), 1 Com- Yes | Yes
15T parison
Otherwise, 0 > T result
CMP/GE  Rm, Rn 0011nnnnmmmmO011 | When Rn = Rm (signed), 1 Com- Yes | Yes
1T parison
Otherwise, 0 > T result
CMP/HI Rm, Rn 0011nnnnmmmmO0110 | When Rn > Rm (unsigned), 1 Com- Yes | Yes
1T parison
Otherwise, 0 - T result
CMP/GT  Rm,Rn 0011nnnnmmmmO0111 | When Rn > Rm (signed), 1 Com- Yes | Yes
15T parison
Otherwise, 0 > T result
CMP/PL Rn 0100nnnn00010101 WhenRn>0,1->T 1 Com- Yes | Yes
Otherwise, 0 - T parison
result
CMP/PZ  Rn 0100nnnNn00010001 WhenRn20,1—->T 1 Com- | Yes | Yes
Otherwise, 0 - T parison
result
CMP/STR Rm, Rn 0010nnnnmmmm1100 | When any bytes are equal, 1 Com- Yes | Yes
15T parison
Otherwise, 0 > T result
CLIPS.B Rn 0100nnnn10010001 When Rn > (H'0000 007F), 1 — Yes
(H'0000 007F) - Rn, 1 —» CS
When Rn < (H'FFFF FF80),
(H'FFFF FF80) - Rn, 1 —» CS
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Table 2.24 Arithmetic Operation Instructions (2)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
CLIPSW Rn 0100nnnn10010101 When Rn > (H'0000 7FFF), 1 — Yes
(H'0000 7FFF) - Rn, 1 —» CS
When Rn < (H'FFFF 8000),
(H'FFFF 8000) - Rn, 1 —» CS
CLIPUB Rn 0100nnnn10000001 When Rn > (H'0000 00FF), 1 — Yes
(H'0000 00FF) - Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101 When Rn > (H'0000 FFFF), 1 — Yes
(H'0000 FFFF) -» Rn, 1 - CS
DIV1 Rm, Rn 0011nnnnmmmmO0100 | 1-step division (Rn + Rm) 1 Calcu- | Yes | Yes
lation
result
DIVOS Rm, Rn 0010nnnnmmmmO0111 | MSB of Rn — Q, 1 Calcu- | Yes | Yes
MSBofRm ->M,M*Q—>T lation
result
DIVOU 0000000000011001 0 - M/Q/T 1 0 Yes | Yes
DIVS RO, Rn 0100nnnn10010100 S|gned operation of Rn+ RO — Rn 36 — Yes
32 + 32 — 32 bits
DIVU RO, Rn 0100nnnn10000100 Unsigned operation of Rn + RO — 34 — Yes
Rn
32 + 32 — 32 bits
DMULS.L Rm, Rn 0011nnnnmmmm1101 | Signed operation of Rn x Rm — 2 — Yes | Yes
MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm, Rn 0011TnnnnmmmmO101 | Unsigned operation of Rn x Rm — 2 — Yes | Yes
MACH, MACL
32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn-1—-Rn 1 Com- Yes | Yes
WhenRnis 0,1 > T parison
When Rnisnot0,0 - T result
EXTS.B Rm, Rn 0110nnnnmmmm1110 | Byte in Rm is sign-extended — Rn 1 — Yes | Yes
EXTS.W Rm,Rn 0110nnnnmmmm1111 | Word in Rm is sign-extended — Rn 1 — Yes | Yes
EXTU.B Rm,Rn 0110nnnnmmmm1100 | Byte in Rm is zero-extended — Rn 1 — Yes | Yes
EXTUW Rm, Rn 0110nnnnmmmm1101 | Word in Rm is zero-extended — Rn 1 — Yes Yes
MAC.L @Rm+, @Rn+ | 0000nnnnmmmm1111 | Signed operation of (Rn) x (Rm) + 4 — Yes | Yes
MAC — MAC
32 x 32 + 64 — 64 bits
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Table 2.25 Arithmetic Operation Instructions (3)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
MAC.W @Rm+, @Rn+ | 0100nnnnmmmm1111 | Signed operation of (Rn) x (Rm) + 3 — Yes | Yes
MAC — MAC
16 x 16 + 64 — 64 bits
MUL.L Rm, Rn 0000nnnnmmmmO111 | Rn x Rm — MACL 2 — Yes | Yes
32 x 32 — 32 bits
MULR RO, Rn 0100nnnn10000000 RO x Rn - Rn 2 — Yes
32 x 32 — 32 bits
MULS.W  Rm, Rn 0010nnnnmmmm1111 | Signed operation of Rn x Rm — 1 — Yes | Yes
MACL
16 x 16 — 32 bits
MULUW  Rm, Rn 0010nnnnmmmm1110 | Unsigned operation of Rn x Rm — 1 — Yes | Yes
MACL
16 x 16 — 32 bits
NEG Rm, Rn 0110nnnnmmmm1011 |0 - Rm — Rn 1 — Yes | Yes
NEGC Rm, Rn 0110nnnnmmmm1010 |0 -Rm-T — Rn, borrow —» T 1 Borrow | Yes | Yes
SUB Rm, Rn 0011nNnnnmmmm1000 |Rn-Rm — Rn 1 — Yes | Yes
SUBC Rm, Rn 001Mnnnnmmmm1010 |Rn-Rm-T — Rn, borrow —» T 1 Borrow | Yes | Yes
SuBv Rm, Rn 0011Tnnnnmmmm1011 | Rn - Rm — Rn, underflow —» T 1 Under- | Yes | Yes
flow
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2.54

Logic Operation Instructions

Table 2.26 shows logic operation instructions.

Table 2.26 Logic Operation Instructions

Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
AND Rm, Rn 0010nnnnmmmm1001 | Rn & Rm — Rn 1 — Yes Yes
AND #imm, RO 1100100 1iiiiiiii RO & imm — RO 1 — Yes | Yes
AND.B #imm, @(RO, GBR) | 1100110 iiiiiiii (RO + GBR) & imm — 3 — Yes | Yes
(RO + GBR)
NOT Rm, Rn 0110nnnnmmmmO0111 | ~Rm — Rn 1 — Yes Yes
OR Rm, Rn 0010nnnnmmmm1011 | Rn | Rm — Rn 1 — Yes Yes
OR #imm, RO 110010 1iiiiiiii RO |imm — RO 1 — Yes | Yes
OR.B #imm, @(RO, GBR) | 1100111 1iiiiiiii (RO + GBR) [imm — 3 — Yes | Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is 0,1 —>T 3 Test Yes | Yes
Otherwise, 0 — T, result
1 — MSB of (Rn)
TST Rm, Rn 0010nnnnmmmm1000 | Rn & Rm 1 Test Yes | Yes
When the resultis 0,1 > T result
Otherwise, 0 —» T
TST #imm, RO 11001000iiiiiiii RO & imm 1 Test Yes | Yes
When the resultis 0,1 > T result
Otherwise, 0 - T
TSTB #imm, @(RO, GBR) | 11001100iiiiiiii (RO + GBR) & imm 3 Test Yes | Yes
When the resultis 0,1 > T result
Otherwise, 0 - T
XOR Rm, Rn 0010nnnnmmmm1010 |Rn* Rm — Rn 1 — Yes | Yes
XOR #imm, RO 1100101 Qiiiiiiii RO * imm — RO 1 — Yes | Yes
XOR.B #imm, @(R0O, GBR) | 1100111Qiiiiiiii (RO + GBR) »imm — 3 — Yes | Yes
(RO + GBR)
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2.5.5 Shift Instructions
Table 2.27 shows shift instructions.
Table 2.27 Shift Instructions
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
ROTL Rn 0100nnnn00000100 T < Rn « MSB 1 MSB Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes
ROTCL Rn 0100nnnn00100100 T« Rn«T 1 MSB Yes | Yes
ROTCR Rn 0100nnnn00100101 ToRn>T 1 LSB Yes Yes
SHAD Rm, Rn 0100nnnnmmmm1100 | When Rm > 0, Rn << Rm — Rn 1 — Yes
When Rm < 0, Rn >> |Rm| —
[MSB — Rn]
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB Yes Yes
SHAR Rn 0100nnnn00100001 MSB - Rn —> T 1 LSB Yes Yes
SHLD Rm, Rn 0100nnnnmmmm1101 | When Rm > 0, Rn << Rm — Rn 1 — Yes
When Rm < 0, Rn >> |Rm| —
[0 - Rn]
SHLL Rn 0100nnnNn00000000 T« Rn«0 1 MSB Yes Yes
SHLR Rn 0100nnNn00000001 0—>Rn—>T 1 LSB Yes | Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn 1 — Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn <<8 - Rn 1 — Yes | Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 — Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 - Rn 1 — Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 — Rn 1 — Yes | Yes
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2.5.6 Branch Instructions

Table 2.28 shows branch instructions.

Table 2.28 Branch Instructions

Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
BF label 10001011dddddddd When T =0, disp x2 + PC — PC, 3/1* — Yes | Yes
When T =1, nop
BF/S label 10001111dddddddd Delayed branch 2/1* — Yes | Yes
When T =0, disp x 2 + PC — PC,
When T =1, nop
BT label 10001001dddddddd When T =1, dispx 2 + PC - PC, 3/1* — Yes | Yes
When T =0, nop
BT/S label 10001101dddddddd Delayed branch 2/1* — Yes | Yes
When T =1, disp x2 + PC — PC,
When T =0, nop
BRA label 1010dddddddddddd Delayed branch, 2 — Yes Yes
dispx 2+ PC - PC
BRAF Rm 0000mmmmO00100011 | Delayed branch, 2 — Yes Yes
Rm+PC — PC
BSR label 1011dddddddddddd Delayed branch, 2 — Yes Yes
PC — PR, dispx 2+ PC - PC
BSRF Rm 0000mmmmO0O0000011 | Delayed branch, 2 — Yes Yes
PC - PR,Rm+PC - PC
JMP @Rm 0100mmmmO00101011 | Delayed branch, Rm — PC 2 — Yes Yes
JSR @Rm 0100mmmmO00001011 | Delayed branch, 2 — Yes Yes
PC - PR,Rm — PC
JSR/N @Rm 0100mmmm01001011 |PC -2 —» PR, Rm — PC 3 — Yes
JSR/N  @@(disp8, TBR) | 10000011dddddddd PC-2-5PR, 5 — Yes
(disp x4 + TBR) —» PC
RTS 0000000000001011 Delayed branch, PR — PC 2 — Yes Yes
RTS/N 0000000001101011 PR —» PC 3 — Yes
RTV/N Rm 0000mmmmO01111011 |Rm — R0, PR —» PC 3 — Yes
Note: * One cycle when the program does not branch.
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2.5.7

System Control Instructions

Tables 2.29 and 2.30 show system control instructions.

Table 2.29 System Control Instructions (1)

Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU

CLRT 0000000000001000 0T 1 0 Yes | Yes

CLRMAC 0000000000101000 0 - MACH , MACL 1 — Yes | Yes

LDBANK  @Rm, RO 0100mmmm11100101 | (Specified register bank entry) — 6 — Yes
RO

LDC Rm, SR 0100mmmmO00001110 | Rm — SR 3 LSB Yes | Yes

LDC Rm, TBR 0100mmmmO01001010 | Rm — TBR 1 — Yes

LDC Rm, GBR 0100mmmmO00011110 | Rm — GBR 1 — Yes | Yes

LDC Rm, VBR 0100mmmmO00101110 | Rm — VBR 1 — Yes | Yes

LDC.L @Rm+, SR 0100mmmmO00000111 | (Rm) —» SR, Rm + 4 — Rm 5 LSB Yes | Yes

LDC.L @Rm+, GBR | 0100mmmmO00010111 | (Rm) - GBR, Rm + 4 — Rm 1 — Yes | Yes

LDC.L @Rm+, VBR 0100mmmmO00100111 | (Rm) —» VBR, Rm +4 — Rm 1 — Yes | Yes

LDS Rm, MACH 0100mmmmO00001010 | Rm — MACH 1 — Yes | Yes

LDS Rm, MACL 0100mmmmO00011010 | Rm — MACL 1 — Yes | Yes

LDS Rm, PR 0100mmmmO00101010 | Rm — PR 1 — Yes | Yes

LDS.L @Rm+, MACH | 0100mmmm00000110 |(Rm) — MACH, Rm +4 — Rm 1 — Yes | Yes

LDS.L @Rm+, MACL |[0100mmmmO00010110 |(Rm) — MACL, Rm +4 — Rm 1 — Yes | Yes

LDS.L @Rm+, PR 0100mmmmO00100110 | (Rm) - PR, Rm +4 — Rm 1 — Yes | Yes

NOP 0000000000001001 No operation 1 — Yes | Yes

RESBANK 0000000001011011 Bank — RO to R14, GBR, MACH, 9* — Yes
MACL, PR

RTE 0000000000101011 Delayed branch, stack area — 6 — Yes | Yes
PC/SR

SETT 0000000000011000 15T 1 1 Yes | Yes

SLEEP 0000000000011011 Sleep — Yes | Yes

STBANK RO, @Rn 0100nnnn11100001 RO — 7 — Yes
(specified register bank entry)

STC SR, Rn 0000nnNN00000010 SR - Rn 2 — Yes | Yes

STC TBR, Rn 0000nnnNn01001010 TBR — Rn 1 — Yes

STC GBR, Rn 0000nnnn00010010 GBR — Rn 1 — Yes | Yes

STC VBR, Rn 0000nnNn00100010 VBR — Rn — Yes | Yes

STC.L SR, @-Rn 0100nnnn00000011 Rn -4 — Rn, SR — (Rn) 2 — Yes | Yes

STC.L GBR, @-Rn 0100nnnn00010011 Rn -4 —-Rn, GBR — (Rn) — Yes | Yes

STC.L VBR, @-Rn 0100nnnn00100011 Rn -4 — Rn, VBR — (Rn) 1 — Yes | Yes

STS MACH, Rn 0000nnnNn00001010 MACH — Rn 1 — Yes | Yes

STS MACL, Rn 0000nnnNn00011010 MACL — Rn 1 — Yes | Yes

STS PR, Rn 0000nnnNn00101010 PR — Rn 1 — Yes | Yes

Note: * Instruction execution cycles: The execution cycles shown in the table are minimums. In practice, the number of instruction
execution cycles increases in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same as the register used by the next

instruction.

Note that, in the event of bank overflow, the number of cycles is 19.
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Table 2.30 System Control Instructions (2)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
STS.L MACH, @-Rn 0100nnnn00000010 | Rn -4 — Rn, MACH — (Rn) 1 — Yes | Yes
STS.L MACL, @-Rn 0100nnnn00010010 |Rn -4 — Rn, MACL — (Rn) 1 — Yes | Yes
STS.L PR, @-Rn 0100nnnn00100010 Rn -4 — Rn, PR — (Rn) 1 — Yes Yes
TRAPA #imm 1100001 1iiiiiiii PC/SR — stack area, 5 — Yes | Yes
(imm x 4 + VBR) — PC
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2.5.8 Floating-Point Instructions
Tables 2.31 and 2.32 show floating-point instructions.
Table 2.31 Floating-Point Instructions (1)
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cval SH2E | SH4 | SH2A-
ycles
FPU
FABS FRn 1111nnnn01011101 |FRn] — FRn 1 — Yes | Yes
FABS DRn 1111nnn001011101 IDRn| — DRn 1 — Yes
FADD FRm, FRn 1111nNnnnmmmmO000 | FRn + FRm — FRn 1 — Yes | Yes
FADD DRm, DRn 1111nnnOMmMmO0000 | DRn + DRm — DRn 6 — Yes
FCMP/EQ FRm, FRn 1111nnnnmmmmO0100 | (FRn=FRm)?1:0->T 1 Compa-| Yes | Yes
rison
result
FCMP/EQ DRm, DRn 1111nnnOmMmmO0100 |(DRn=DRm)?1:0—>T 2 Compa- Yes
rison
result
FCMP/GT FRm, FRn 1111nnnnmmmmO0101 [ (FRn>FRm)?1:0—>T 1 Compa-| Yes | Yes
rison
result
FCMP/GT DRm, DRn 1111nnn0mMmmO00101 | (DRn>DRmM)? 1:0 > T 2 Compa- Yes
rison
result
FCNVDS DRm, FPUL 1111mmmo010111101 | (float) DRm — FPUL 2 — Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL — DRn 2 — Yes
FDIV FRm, FRn 1111nnnnmmmmO0011 | FRn/FRm — FRn 10 — Yes Yes
FDIV DRm, DRn 1111nnnOmMmmO0011 | DRn/DRm — DRn 23 — Yes
FLDIO FRn 1111nnnn10001101 0 x 00000000 — FRn 1 — Yes | Yes
FLDI1 FRn 1111nnnn10011101 0 x 3F800000 — FRn 1 — Yes | Yes
FLDS FRm, FPUL 1111mmmmO00011101 | FRm — FPUL 1 — Yes | Yes
FLOAT FPUL, FRn 1111nnnn00101101 (float) FPUL — FRn 1 — Yes | Yes
FLOAT FPUL, DRn 1111nnn000101101 (double) FPUL — DRn 2 — Yes
FMAC FRO, FRm, FRn 1111nnnnmmmm1110 | FRO x FRm + FRn — FRn 1 — Yes | Yes
FMOV FRm, FRn 1111nnnnmmmm1100 | FRm — FRn 1 — Yes | Yes
FMQOV DRm, DRn 1111nnn0OMmmO01100 | DRm — DRn 2 — Yes
FMOV.S @(RO, Rm), FRn 1111nnnnmmmmO0110 | (RO + Rm) — FRn 1 — Yes | Yes
FMOV.D @(RO, Rm), DRn 1111nnnOmMmmmO0110 | (RO + Rm) — DRn 2 — Yes
FMOV.S @Rm+, FRn 1111nnnnmmmm1001 | (Rm) — FRn, Rm+ =4 1 — Yes | Yes
FMOV.D @Rm+, DRn 1111nnn0mMmmm1001 | (Rm) — DRn, Rm+ =8 2 — Yes
FMOV.S @Rm, FRn 1111nnnnmmmm1000 | (Rm) — FRn 1 — Yes | Yes
FMOV.D @Rm, DRn 1111nNnnOMmmm1000 | (Rm) — DRn 2 — Yes
FMOV.S @(disp12, Rm), FRn | 0011nnnnmmmmO001 | (disp x 4 + Rm) — FRn 1 — Yes
0111dddddddddddd
FMOV.D @(disp12, Rm), DRn | 0011nnnOMmmmO001 | (disp x 8 + Rm) — DRn 2 — Yes
0111dddddddddddd
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Table 2.32 Floating-Point Instructions (2)

Execu. Compatibility
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
FMOV.S FRm, @(RO, Rn) 1111nnnnmmmmO0111 | FRm — (RO + Rn) 1 — Yes | Yes
FMOV.D DRm, @(RO, Rn) 1111nnnnmmmO00111 DRm — (RO + Rn) 2 — Yes
FMOV.S FRm, @-Rn 1111nnnnmmmm1011 | Rn- =4, FRm — (Rn) 1 — Yes | Yes
FMOV.D DRm, @-Rn 1111nnnnmmmO01011 | Rn- =8, DRm — (Rn) 2 — Yes
FMOV.S FRm, @Rn 1111nnnnmmmm1010 | FRm — (Rn) 1 — Yes | Yes
FMOV.D DRm, @Rn 1111nnnnmmmO01010 | DRm — (Rn) 2 — Yes
FMOV.S FRm, @(disp12, Rn) | 0011nnnnmmmmO0001 | FRm — (disp x 4 + Rn) 1 — Yes
0011dddddddddddd
FMOV.D DRm, @(disp12, Rn) | 0011nnnnmmmO00001 | DRm — (disp x 8 + Rn) 2 — Yes
0011dddddddddddd
FMUL FRm, FRn 1111nnnnmmmmO010 | FRn x FRm — FRn 1 — Yes | Yes
FMUL DRm, DRn 1111nnn0OmMmmO0010 | DRn x DRm — DRn 6 — Yes
FNEG FRn 1111nnnn01001101 -FRn — FRn 1 — Yes | Yes
FNEG DRn 1111nnn001001101 -DRn — DRn 1 — Yes
FSCHG 1111001111111101 FPSCR.SZ = ~ FPSCR.SZ 1 — Yes
FSQRT FRn 1111nnnn01101101 vJFRn — FRN 9 — Yes
FSQRT DRn 1111nnn001101101 \VDRn — DRn 22 — Yes
FSTS FPUL, FRn 1111nnnn00001101 FPUL — FRn 1 — Yes | Yes
FSUB FRm, FRn 1111nnnnmmmmO0001 | FRn - FRm — FRn 1 — Yes Yes
FSUB DRm, DRn 1111nNnOmMmmO0001 DRn — DRm — DRn 6 — Yes
FTRC FRm, FPUL 1111mmmmO00111101 | (long) FRm — FPUL 1 — Yes | Yes
FTRC DRm, FPUL 1111mmmO000111101 (long) DRm — FPUL 2 — Yes
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259 FPU-Related CPU Instructions
Table 2.33 shows FPU-related CPU instructions.
Table 2.33 FPU-Related CPU Instructions
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
LDS Rm,FPSCR 0100mmmmO01101010 | Rm — FPSCR 1 — Yes Yes
LDS Rm,FPUL 0100mmmmO01011010 | Rm — FPUL 1 — Yes | Yes
LDS.L @Rm+,FPSCR 0100mmmmO01100110 | (Rm) — FPSCR, Rm+ =4 1 — Yes | Yes
LDS.L @Rm+,FPUL 0100mmmmO01010110 | (Rm) — FPUL, Rm+ =4 1 — Yes | Yes
STS FPSCR,Rn 0000nnnn01101010 FPSCR — Rn 1 — Yes Yes
STS FPUL,Rn 0000nnnn01011010 FPUL — Rn 1 — Yes | Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn- =4, FPCSR — (Rn) 1 — Yes Yes
STS.L FPUL,@-Rn 0100nnnn01010010 Rn- =4, FPUL — (Rn) 1 — Yes | Yes
2,510 Bit Manipulation Instructions
Table 2.34 shows bit manipulation instructions.
Table 2.34 Bit Manipulation Instructions
Compatibility
Execu-
Instruction Instruction Code Operation tion T Bit SH-2A/
Cycles SH2E | SH4 | SH2A-
FPU
BAND.B #imm3,@(disp12,Rn) | 0011nnnnQiii1001 (imm of (disp+Rn)) & T — 3 Operation Yes
0100dddddddddddd | T result
BANDNOT.B #imm3,@(disp12,Rn) | 0011nnnnQiii1001 ~ (imm of (disp + Rn)) & T 3 Operation Yes
1100dddddddddddd | —» T result
BCLR.B #imm3,@(disp12,Rn) | 0011nnnnQiii1001 0— 3 — Yes
0000dddddddddddd | (imm of (disp + Rn))
BCLR #imm3,Rn 10000110nnnnQiii 0 — imm of Rn 1 — Yes
BLD.B #imm3,@(disp12,Rn) | 0011nnnn0iii1001 (imm of (disp + Rn)) > T 3 Operation Yes
0011dddddddddddd result
BLD #imm3,Rn 10000111 nnnn1iii immofRn > T 1 Operation Yes
result
BLDNOT.B  #imm3,@(disp12,Rn) [ 0011nnnn0iii1001 ~ (imm of (disp + Rn)) — 3 Operation Yes
1011dddddddddddd | T result
BOR.B #imm3,@(disp12,Rn) | 0011nnnn0iii1001 (imm of (disp+Rn)) | T 3 Operation Yes
0101dddddddddddd | -» T result
BORNOT.B #mm3,@(disp12,Rn) | 0011nnnnQiii1001 ~ (imm of (disp + Rn)) | T 3 Operation Yes
1101dddddddddddd | —»> T result
BSET.B #imm3,@(disp12,Rn) | 0011nnnn0iii1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnn1iii 1 — imm of Rn 1 — Yes
BST.B #imm3,@(disp12,Rn) | 0011nnnnQiii1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnQiii T — imm of Rn 1 — Yes
BXOR.B #imm3, @(disp12,Rn) | 0011nnnnQiii1001 (imm of (disp + Rn)) A T 3 Operation Yes
0110dddddddddddd | »> T result
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2.6 Processing States

The CPU has four processing states: reset, exception handling, program execution, and power-down. Figure 2.8 shows

the CPU state transitions.

Interrupt source or
DMA address error occurs

Reset from any state

Reset state

Reset canceled

A

/
Exception
handling state

Exception
handling
source occurs

Yy
Program ex@

SLEEP
instruction

Exception
handling ends

Reset state

Power-down state

Figure 2.8 CPU State Transitions
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(1) Reset State
In this state, the CPU is reset by a hardware reset, a software reset, a watchdog timer reset, and power-down mode
wake-up reset.

(2) Exception Handling State

The exception handling state is a transient state that occurs when exception handling sources such as resets or
interrupts alters the CPU's processing state flow.

For a reset, the initial values of the program counter (PC) (execution start address) and stack pointer (SP) are fetched
from the exception handling vector table and stored; the CPU then branches to the execution start address and
execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status register (SR) are saved to
the stack area. The exception service routine start address is fetched from the exception handling vector table; the CPU
then branches to that address and the program starts executing, thereby entering the program execution state.

(3) Program Execution State
In the program execution state, the CPU sequentially executes the program.

(4) Power-Down State
In the power-down state, the CPU stops operating to conserve power. Sleep mode is entered by executing a SLEEP
instruction.
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3. Address Space

Figures 3.1 to 3.5 show the address space of this LSI. Addresses are allocated to each area as follows:

« H'0000 0000 to H'0007 FFFF: On-chip ROM (read from user MAT) [512 Kbytes]
(H'0000 0000 to H'0000 7FFF) *

« H'0040 2000 to H'0040 3FFF: FCU firmware area
« H'8010 0000 to H'8010 7FFF: EEPROM [32 Kbytes]

* H'8080 0000 to H'8087 FFFF: On-chip ROM (write to user MAT) [512 Kbytes]
(H'8080 0000 to H'8080 7FFF) *

+ H'S80FF 8000 to H'SOFF 9FFF: FCU RAM area
» H'FF40 0000 to H'FF7F FFFF: Peripheral function register
» H'FFF8 0000 to H'FFF8 FFFF: On-chip RAM [64 Kbytes]

« H'FFFC 0000 to H'FFFF FFFF: Peripheral function register
Note: * When the user boot MAT of the on-chip ROM is selected. For details, refer to section 24, ROM.

Do not access reserved areas; otherwise, operation cannot be guaranteed.
The ROM has two types of memory areas for reading and programming/erasing (hereafter referred to as memory
MATSs) in the same address space. For details, refer to section 24, ROM.
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H'0000 0000

H'0007 FFFF

H'0040 2000
H'0040 3FFF

H'8010 0000

H'8010 7FFF

H'8080 0000

H'8087 FFFF

H'80FF 8000
H'80FF 9FFF

H'FF40 0000

HFF7F FFFF

H'FFF8 0000

H'FFF8 FFFF

H'FFFC 0000

H'FFFF FFFF

On-chip ROM
(read from user MAT)
[512 Kbytes]

Reserved

FCU firmware area

Reserved

EEPROM
[32 Kbytes]

Reserved

H'0000 0000
H'0000 7FFF

User boot MAT

On-chip ROM
(write from user MAT)
[512 Kbytes]

Reserved

FCU RAM area

Reserved

Peripheral function
register

Reserved

On-chip RAM
[64 Kbytes]

Reserved

Peripheral function
register

H'8080 0000
H'8080 7FFF

User boot MAT

Figure 3.1

Address Space (1) (ROM: 512 KB, EERPROM: 32 KB, and RAM: 64 KB)
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H'0000 0000

H'0003 FFFF

H'0040 2000
H'0040 3FFF

H'8010 0000

H'8010 3FFF

H'8080 0000

H'8083 FFFF

H'8OFF 8000
H'8OFF 9FFF

H'FF40 0000

H'FF7F FFFF

H'FFF8 0000

H'FFF8 7FFF

H'FFFC 0000

HFFFF FFFF

On-chip ROM
(read from user MAT)
[256 Kbytes]

Reserved

FCU firmware area

Reserved

EEPROM
[16 Kbytes]

Reserved

H'0000 0000
H'0000 7FFF

User boot MAT

On-chip ROM

(write from user MAT)
[256 Kbytes]

Reserved

FCU RAM area

Reserved

Peripheral function
register

Reserved

On-chip RAM
[32 Kbytes]

Reserved

Peripheral function
register

H'8080 0000
H'8080 7FFF.

User boot MAT

Figure 3.2

Address Space (2) (ROM: 256 KB, EERPROM: 16 KB, and RAM: 32 KB)
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H'0000 0000

H'0003 FFFF

H'0040 2000
H'0040 3FFF

H'8080 0000

H'8083 FFFF

H'80FF 8000
H'80FF 9FFF

H'FF40 0000

H'FF7F FFFF

H'FFF8 0000

HFFF8 7FFF

H'FFFC 0000

H'FFFF FFFF

On-chip ROM
(read from user MAT)
[256 Kbytes]

Reserved

FCU firmware area

Reserved

H'0000 0000
H'0000 7FFF

User boot MAT

On-chip ROM
(write from user MAT)
[256 Kbytes]

Reserved

FCU RAM area

Reserved

Peripheral function
register

Reserved

On-chip RAM
[32 Kbytes]

Reserved

Peripheral function
register

H'8080 0000
H'8080 7FFF.

User boot MAT

Figure 3.3

Address Space (3) (ROM: 256 KB and RAM: 32 KB)
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H'0000 0000

H'0003 FFFF

H'0040 2000
H'0040 3FFF

H'8080 0000

H'8083 FFFF

H'80FF 8000
H'80FF 9FFF

H'FF40 0000

H'FF7F FFFF

H'FFF8 0000

H'FFF8 3FFF

H'FFFC 0000

H'FFFF FFFF

On-chip ROM
(read from user MAT)
[256 Kbytes]

Reserved

FCU firmware area

Reserved

H'0000 0000
H'0000 7FFF

User boot MAT

On-chip ROM
(write from user MAT)
[256 Kbytes]

Reserved

FCU RAM area

Reserved

Peripheral function
register

Reserved

On-chip RAM
[16 Kbytes]

Reserved

Peripheral function
register

H'8080 0000
H'8080 7FFF.

User boot MAT

Figure 3.4

Address Space (4) (ROM: 256 KB and RAM: 16 KB)
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H'FF40 0000 / H'FF46 0000 DMAC
! H'FF46 4000 /0 port
{  HFF465000 CRC calculator
! H'FF46 6000 Reserved
__________ ! H'FF46 8000 WDT
Reserved
H'FF46 C000 Task monitor timer
Reserved
\ HFF46 E000 Voltage monitor function, clock,
RAM control, reset
Peripheral function |
register
H'FF60 0000 CAN
H'FF61 0000 LIN
H'FF62 0000 SBI
H'FFF7 8000 MPU
HFF7F FFFF
H'FFFC 0000
___________ - HFFFC 1400 ROMC
/I H'FFFD 9400 INTC
"/ HFFFE 0400 Reserved
/ Reserved
Peripheral function | /” HFFFE 4000 TPU
register Reserved
H'FFFE 7800 ADO
H'FFFE 8000 AD1
Reserved
H'FFFE C000 CMT
Reserved
H'FFFE EO00 Reserved
Reserved
H'FFFF 6000 SCI
H'FFFF 8000 MTU-III
HFFFF AOOO ROM/EEPROM control
H'FFFF FFFF

Note: For details of the peripheral function registers, refer to the respective chapters.

Figure 3.5

Address Space (5)
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4. Operating Modes

4.1 Types and Selection of Operating Modes

MCU operating modes include single-chip mode, user boot mode, and boot mode.

(1) Single-Chip Mode

After a reset, the program is executed from the address indicated by the reset vector in the user program area.

Programs usually run in this mode.

(2) User Boot Mode

After a reset, the program is executed from the address indicated by the reset vector in the user boot area, and then the

user's flash reprogrammer runs. For details, see section 24, ROM.

(3) Boot Mode

After a reset, the program is executed from the address indicated by the reset vector in the boot area, and then the

Renesas flash reprogrammer runs. The general flash programmer can be used to write to or erase the user area and user

boot area. SCI channel 1 is used for serial communication between the general flash programmer and the MCU. For

details, see section 24, ROM.

Table 4.1 lists the pin settings for operating modes.

Table 4.1  Pin Settings for Operating Modes

Pin Settings*1

Mode Name
MDO MD1 ASEMD*2
Single-chip mode Low Low Low
User boot mode Low High Low
Boot mode High Low Low

Notes: 1. Each pin must be pulled up (connected to VCC via a resistor) or pulled down (connected to VSS via a resistor) on the board.
Do not specify a combination of input levels that are not shown in the table.

As safety measures in case when the pull-down resistor is detached from the board, these mode pins are pulled down within

the chip. For details of resistor values, see section 30, Electrical Characteristics.

2. The ASEMD pin is used only for the debugging function. In single-chip and user boot modes, when the ASEMD pin is set high,

the emulator can be connected. If the ASEMD pin is set high without connecting an emulator, the operation is not guaranteed.
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5. Clocks

5.1 Introduction

This LSI integrates the following three clock generators: a main clock oscillator, PLL frequency synthesizer, and low-

speed on-chip oscillator. The clocks listed in Table 5.2 are generated from these clock generators. Other functions are

a main clock monitor function that detects when the main clock stops oscillating, and a clock output function for the

CLKOUT pin.

Table 5.1 lists the Clock Generators and Table 5.2 lists the Clock Specifications.
Figure 5.1 shows the Clock Block Diagram (1) and Figure 5.2 shows the Clock Block Diagram (2).

Table 5.1 Clock Generators

Clock Generator

Description

Main clock oscillator

.

.

f(XIN): 8 or 10 MHz

Additional circuit: Connect a crystal oscillator between XIN and XOUT, or input an external
clock from the XIN pin

Oscillation control: Oscillation “starts/stops” can be switched

After reset: Oscillates

PLL frequency synthesizer

.

f(PLL): Maximum 100 MHz
Oscillation control: Oscillation
After reset: Oscillates

Low-speed on-chip oscillator

.

f(LOCO): 125 kHz
Oscillation control: Oscillation
After reset: Oscillates
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Table 5.2 Clock Specifications

Clock Name
[Legend Indicating Frequency]

Description

System clock

* Clock source: f(PLL)

[f(SYS)] + After reset: f(PLL) clock divided by 1

CPU clock + Division ratio: System clock divided by 1, 2, 4, or 8 selectable
[f(CPU)]  After reset: System clock divided by 4

Bus clock + Division ratio: System clock divided by 1, 2, 4, or 8 selectable
[f(BUS)] + After reset: System clock divided by 4

Peripheral bus

Peripheral bus clock A

Division ratio: System clock divided by 2, 4, or 8 selectable

function clocks

[f(CMT)]

clocks [f(PBA)] + After reset: System clock divided by 8
Peripheral bus clock B + Division ratio: System clock divided by 2, 4, or 8 selectable
[f(PBB)] + After reset: System clock divided by 8
Peripheral bus clock C + Division ratio: System clock divided by 2, 4, or 8 selectable
[f(PBC)] + After reset: System clock divided by 8
SCI operating clock + Division ratio: System clock divided by 2, 4, or 8 selectable
[f(SCI)] + After reset: System clock divided by 8
MTU operating clock + Division ratio: System clock divided by 1, 2, 4, or 8 selectable
[f((MTU)] + After reset: System clock divided by 4
Peripheral CMT count source origin + Division ratio:f(LOCO) clock divided by 2n or 16n selectable (n = 0 to 15)

Oscillation control: Oscillation “starts/stops” can be switched
After reset: Stops

LIN communication clock
source [f(LIN)]

+ Clock source: System clock

Division ratio:Clock source divided by 2n or 16n selectable
(n=1to015)

Oscillation control: Oscillation “starts/stops” can be switched

After reset: Stops

WDT count source
[f(WDT)]

+ Clock source: f(LOCO)
Oscillation control: Oscillation starts
After reset: Oscillates

Clock output*
[f(CLKOUT)]

Clock output from the CLKOUT pin
Division ratio: Bus clock divided by 1, 2, 4, or 8 selectable
Output control: Clock “output/not output” can be switched

[f(LDVF)]

Digital filter clock for voltage monitor

« Division ratio: Peripheral bus clock A divided by 8, 16, 32, or 64 selectable
» Function control: Enabled/disabled can be controlled

[f(INTF)]

Digital filter clock for INT pin

« Division ratio: Peripheral bus clock A divided by 8, 16, 32, or 64 selectable
» Function control: Enabled/disabled can be controlled

Note:

* This function is not available in the SH72A0 Group.
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1 in standby mode or
power-down mode 0/1

XIN O Main clock o
X + X 1 in power-down mode 1 —
xout O— oscillator /Q‘ | CPU
Divi =0t in sleep
0 in standby mode or_f , f(XIN) ivider (n =0 to 3) mode. CPU clock
1: Oscillates 1/2" L f(CPU
power-down mode 0/1 0" Stops (CPU)
’ CPUD bits
SH72A0: Multiplication by 8 Divider (n =0 to 3) ) Bus dlock
SH72A2: Multiplication by 10| | PLL frequency | f(PLL) 1/2 )7 f(BUS)
synthesizer BUSD bits Bus clock is supplied to
internal bus and DMAC
0 in standby mode or j
power-down mode 0/1  1: Oscillates Divider (n = 1to 3) < Peripheral bus clock A
0: Stops on ] "Di i u
112 f(PBA)
Other than standby mode PBAD bits
and power-down mode 0/1 p' Peripheral bus clock A is
. ’ supplied to peripheral
functions*
; . )
System clock ———d Peripheral bus clock A is
supplied to A/D converter
Low-speed f(LOCO) o STPADb%_d—/ (ADO and AD1)
lon-chip oscillator Standby mode or —ddj Peripheral bus clock A is
LSOON bit power-down mode STPCMT supplied to CMT
1 in power-down 0n bit
mode 1

Divider (n =1 to 3)

Peripheral bus clock B
C ) "O——
1/2 f(PBB)
PBBD bits
< Peripheral bus clock B is
supplied to CAN and SBI

Peripheral bus clock B is

STPLIN——/ supplied to LIN
bit

Divider (n =1 to 3) Peripheral b lock C
. < eripheral bus cloc
127 | 9 — f(PBC)
PBCD bits
L SClI operating clock
) f(SCI)
Divider (n =0to 3) .
MTU operating clock
a0 |
73 )— f(MTU)

MTUD bits

Notes: « f( ) is used as a legend for indicating the frequency of a clock.

* CPU sleep mode is the mode to be transited when the SLEEP instruction is executed while the SLCR0.SSBY bit is 0.

« Standby mode is the mode to be transited when the SLEEP instruction is executed while the SLCR0.SSBY bit is 1 and
the SLCR1.DPSBY bit is 0.

» Power-down 0 is the mode to be transited when the SLEEP instruction is executed while the SLCR0.SSBY bit is 1, the
SLCR1.DPSBY bitis 1, and the SLCR1.CMTCUT bit is 0.

« Power-down 1 is the mode to be transited when the SLEEP instruction is executed while the SLCR0.SSBY bit is 1, the
SLCR1.DPSBY bitis 1, and the SLCR1.CMTCUT bit is 1.

* Peripheral functions: INTC, WDT, task monitor timer, I/O ports, TPU, and CRC calculator.

Figure 5.1 Clock Block Diagram (1)
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System clock Divider (m =0 to 15)*
_1 0
X
) . 2xm - CMTCKON
Low-speed on-chip ?(ngégg CMTCKD bits bit —_id ) CMT count source
Divider (m =0 to 15)* origin
_1 1
16xm CNTTCKPD
CMTCKD bits bit
Divider (m = 1 to 15)*'
1 0
2xm
- LINCKON
LINCKD bits bit LIN communication
Divider (m = 1 to 15)*' clock source
1 1
16xm ° 1 in standby mode o;
ower-down mode 0/1
LNCKDbits ~ -INCKFPD | Power-cow

1 in power-down mode 1

Divider (n = 0 to 3) COE bit

Bus clock 127 1 —_id ) Clock output *2
f(BUS) | | f(CLKOUT)

COD bits
Divider (n =3 t0 6) INTRFLTON Digital filter clock for
Peripheral bus INTECKD bits f(INTF)
clock A ivi = VM1CR1
f(PBA) Divider (n =3 t0 6) 3 Digital filter clock for
—E r }— voltage monitor
VMDFCSL bit f(LDVF)
1 in standby mode or
power-down mode 0/1
Low-speed on-chip oscillator
f(LOCO) WDT count source

1 in standby mode or
power-down mode 0/1

Notes: 1. Dividedby 1ifm=20
2. This function is not available in the SH72A0 Group.

Figure 5.2 Clock Block Diagram (2)
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Figure 5.3 shows the Mode Transitions by CPU State. Table 5.3 lists the Power Control Specifications, Table 5.4 lists
the Clock Oscillation States by CPU State.

Reset state

[CPU run mode: CPU is operating

[Sleep mode: CPU is stopped]

PLL clock mode

Figure 5.3 Mode Transitions by CPU State
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Table 5.3 Power Control Specifications

Item Description

CPU run mode The CPU clock, bus clock, peripheral bus clock, and peripheral function clock are supplied and
the peripheral functions operate.

The frequency is decided by dividing the system clock.

When the SLEEP instruction is executed while the SLCR0.SSBY bit is 0, the CPU clock stops.
All interrupts except software interrupt can be used for wake-up to the CPU run mode.

When the SLEEP instruction is executed while the SLCR0.SSBY bit is 1 and the
SLCR1.DPSBY bit in is 0, the CPU clock, bus clock, and peripheral bus clock stop, and the
power supply for the PLL is shut off.

A wake-up interrupt source* can be used for wake-up to the CPU run mode.

When the SLEEP instruction is executed while the SLCR0.SSBY bit is 1, the SLCR1.DPSBY
bit is 1, and the SLCR1.CMTCUT bit is 0, the main clock and PLL clock stop, and the power
supply for the functions other than the CMT and WDT is shut off.

A wake-up interrupt source* can be used to generate a power-down mode wake-up reset and
wake up using a PLL clock divided by 4.

When the SLEEP instruction is executed while the SLCR0.SSBY bit is 1, the SLCR1.DPSBY
bit is 1, and the SLCR1.CMTCUT bit is 1, all the clocks stop and the power supply for the
functions other than the CMT and WDT is shut off.

A wake-up interrupt source* can be used to generate a power-down mode wake-up reset and
wake up using a PLL clock divided by 4.

.

Sleep CPU sleep mode
modes

.

Standby mode

.

Power-down mode 0

Power-down mode 1

Man clock monitor function The system clock is switched to f(free-running PLL) by detecting the stop of the main clock.
Function control: “Function used/not used” can be controlled.
Interrupt: Main clock oscillation stop detection interrupt (disabled after reset)

After reset: Monitor function not used

Note: * For details on wake-up interrupt sources, refer to section 5.5, Power Control.
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Table 5.4 Clock Oscillation States by CPU State
CPU Run
Reset State Sleep Mode Mode
Reset Asserted s Reset PLL Clock
*1 (VquIZl)Je:gi CPU Sleep Standby Power-Down | Power-Down Mode
VDD =On RESET# = Mode Mode Mode 0 *2 Mode 1 *2 f (CPU) =
RESET# = Low ; f (PLL)/n
High)
Main clock oscillator Oscillating Oscillating Oscillating Stopped Stopped Stopped Oscillating
Low-speed on-chip Oscillating Oscillating Stopped/ Stopped/ Oscillating Stopped Stopped/
oscillator Oscillating Oscillating Oscillating
PLL frequency Oscillating Oscillating Oscillating Power Power Power Oscillating
synthesizer supply shut | supply shut | supply shut
off off off
System clock f(PLL) f(PLL) f(PLL) f(LOCO) f(LOCO) Stopped f(PLL)
Notes: 1. When RESET# = Low, the port goes to Hi-Z state.
2. The mode transits to power-down mode through standby mode.
Table 5.5 lists the Clock I/O Pin.
Table 5.5 Clock I/O Pin
Pin Name I/O Description
CLKOUT Output Clock output
Note: This function is not available in the SH72A0 Group.
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5.2 Registers
Table 5.6 and Table 5.7 list the Clock Registers.
Table 5.6 Clock Registers (1)
Register Name Symbol After Reset Address Access Size
System protect register 0 SPRO H'00 H'FF46 E063 8
System protect register 2 SPR2 H'00 H'FF46 E263 8
Low-speed on-chip oscillator control register LOCR H'01 H'FF46 E826 8
Main clock monitor function control register MCMCR H'00 H'FF46 E838 8
Clock protect register CPR H'00 H'FF46 E860 8
CPU clock divide register CCDR H'22 H'FF46 E804 8
Peripheral bus clock divide register PBCDR H'3333 0002 H'FF46 E808 8, 16, 32
Peripheral bus clock control register PBCCR H'0000 H'FF46 E81C 8,16
LIN clock control register LINCCR H'02 H'FF46 E811
CMT clock control register CMTCCR H'00 H'FF46 E812
INT input digital filter control register 0 INTDFCRO H'0000 H'FF46 E890 8,16
INT input digital filter control register 1 INTDFCR1 H'0300 H'FF46 E892 8, 16
Sleep mode control register 0 SLCRO H'0OF00 H'FF46 E840 8, 16
Clock output function control register* COCR H'00 H'FF46 E800 8
Sleep mode control register 1 SLCR1 H'00 H'FF46 EC03 8
Power-down mode wake-up source select register 0 PDWSSLO H'00 H'FF46 ECOB 8
Power-down mode wake-up source select register 2 PDWSSL2 H'00 H'FF46 EC13 8
Power-down mode wake-up source select register 3 PDWSSL3 H'00 H'FF46 EC17 8
Power-down mode wake-up source select register 4 PDWSSL4 H'00 H'FF46 EC1B 8
Power-down mode wake-up source select register 5 PDWSSL5 H'00 H'FF46 EC1F 8
Power-down mode wake-up source status register 0 PDWSSRO H'00 H'FF46 EC23 8
Power-down mode wake-up source status register 2 PDWSSR2 H'00 H'FF46 EC2B 8
Power-down mode wake-up source status register 3 PDWSSR3 H'00 H'FF46 EC2F 8
Power-down mode wake-up source status register 4 PDWSSR4 H'00 H'FF46 EC33 8
Power-down mode wake-up source status register 5 PDWSSR5 H'00 H'FF46 EC37 8
Power-down mode wake-up source edge select PDWSESLO H'0A H'FF46 EC3B 8
register 0
Power-down mode wake-up source edge select PDWSESLA1 H'00 H'FF46 EC3F 8
register 1
Note: * This function is not available in the SH72A0 Group.
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Table 5.7 Clock Registers (2)
Register Name Symbol After Reset Address Access Size

Power-down mode wake-up source edge select PDWSESL2 H'00 H'FF46 EC43 8
register 2

Reset status register 0 RSTSRO H'00 H'FF46 EC47 8
Backup register 0 BURO Undefined H'FF46 EDO3 8
Backup register 1 BUR1 Undefined H'FF46 EDO7 8
Backup register 2 BUR2 Undefined H'FF46 EDOB 8
Backup register 3 BUR3 Undefined H'FF46 EDOF 8
Backup register 4 BUR4 Undefined H'FF46 ED13 8
Backup register 5 BURS Undefined H'FF46 ED17 8
Backup register 6 BURG Undefined H'FF46 ED1B 8
Backup register 7 BUR7 Undefined H'FF46 ED1F 8
Backup register 8 BURS Undefined H'FF46 ED23 8
Backup register 9 BUR9 Undefined H'FF46 ED27 8
Backup register 10 BUR10 Undefined H'FF46 ED2B 8
Backup register 11 BUR11 Undefined H'FF46 ED2F 8
Backup register 12 BUR12 Undefined H'FF46 ED33 8
Backup register 13 BUR13 Undefined H'FF46 ED37 8
Backup register 14 BUR14 Undefined H'FF46 ED3B 8
Backup register 15 BUR15 Undefined H'FF46 ED3F 8
Backup register 16 BUR16 Undefined H'FF46 ED43 8
Backup register 17 BUR17 Undefined H'FF46 ED47 8
Backup register 18 BUR18 Undefined H'FF46 ED4B 8
Backup register 19 BUR19 Undefined H'FF46 ED4F 8
Backup register 20 BUR20 Undefined H'FF46 ED53 8
Backup register 21 BUR21 Undefined H'FF46 ED57 8
Backup register 22 BUR22 Undefined H'FF46 ED5B 8
Backup register 23 BUR23 Undefined H'FF46 ED5F 8
Backup register 24 BUR24 Undefined H'FF46 ED63 8
Backup register 25 BUR25 Undefined H'FF46 ED67 8
Backup register 26 BUR26 Undefined H'FF46 ED6B 8
Backup register 27 BUR27 Undefined H'FF46 ED6F 8
Backup register 28 BUR28 Undefined H'FF46 ED73 8
Backup register 29 BUR29 Undefined H'FF46 ED77 8
Backup register 30 BUR30 Undefined H'FF46 ED7B 8
Backup register 31 BURS31 Undefined H'FF46 ED7F 8
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5.21 System Protect Register 0 (SPRO)
Address H'FF46 E063
b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0
Bit Description R/W
b7 to b0 When written R/W

B'1111 0001: Protection unlocked
Other than B'1111 0001: Protection locked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked
Bit 7 to bit 1 (b7 to b1) are always read as 0.

The SPRO register is used to set the protect function that protects registers LOCR, SLCR0O, VMCR, VDILSL,
RAMECC, RAMACYC, and AUDEN from being rewritten easily. To change the values of these registers, perform

the following procedure:

(1) Write H'F1 to the SPRO register (writing to the registers enabled).
(2) Change the values of registers LOCR, SLCR0O, VMCR, VDI1LSL, RAMECC, RAMACYC, and AUDEN.
(3) Write a value other than H'F1 to the SPRO register (writing to the registers disabled).

5.2.2 System Protect Register 2 (SPR2)
Address H'FF46 E263

b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0

Bit Description R/W

b7 to b0 When written R/W

B'1111 0001: Protection unlocked
Other than B'1111 0001: Protection locked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked
Bit 7 to bit 1 (b7 to b1) are always read as 0.

The SPR2 register is used to set the protect function that protects registers SWRR, RSDR, SLCR1, PDWSSLi (i=0, 2
to 5), PDWSSRi, PDWSESL; (j = 0 to 2), RSTSRO0, and BURm (m = 0 to 31) from being rewritten easily. To change

the values of these registers, perform the following procedure:

(1) Write H'F1 to the SPR2 register (writing to the registers enabled).

(2) Change the values of registers SWRR, RSDR, SLCR1, PDWSSLi, PDWSSRi, PDWSESLj, RSTSRO, and

BURm.

(3) Write a value other than H'F1 to the SPR2 register (writing to the registers disabled).
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5.2.3 Low-Speed On-Chip Oscillator Control Register (LOCR)
Address H'FF46 E826
b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — |LSOON
After Reset 0 0 0 0 0 0 0 1
Bit Symbol Bit Name Description R/W
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R
b0 LSOON Low-Speed On-Chip Oscillator | 0: Stops R/W
Start Bit 1: Oscillation starts

This register is used to control the low-speed on-chip oscillator. To change the value of the LOCR register, set the

SPRO register to unlock the protection beforehand.

LSOON Bit

When the LSOON bit is set to 1, the low-speed on-chip oscillator starts oscillating. After reset, this bit is set to 1 (low-

speed on-chip oscillator starts oscillating).
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5.24 Main Clock Monitor Function Control Register (MCMCR)
Address H'FF46 E838

b7 b6 b5 b4 b3 b2 b1 b0
— — — — — | LXDF | LXIE | XME
After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R
b2 LXDF Main Clock Oscillation Stop 0: Not detected R/W
Detect Flag 1: Detected
b1 LXIE Main Clock Oscillation Stop 0: Main clock stop detection interrupt disabled R/W
Detection Interrupt Enable Bit 1: Main clock stop detection interrupt enabled
b0 XME Main Clock Monitor Function 0: Main clock monitor function not used R/W
Enable Bit 1: Main clock monitor function used

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode 0, this register retains the value in
power-down mode 0.

This register is used to control the main clock monitor function.

LXDF Bit

The LXDF flag becomes 1 when the stop of the main clock oscillation is detected. This flag can be set to 0 by a
program, but cannot be set to 1. If the RESET# signal goes to the high level while oscillation of the main clock is not
stable, this bit will have the value 1 after reset.

LXIE Bit

If the XME bit is 1 and the LXIE bit is 1, a main clock oscillation stop detection interrupt is generated when the stop of
the main clock oscillation is detected. At this time, the system clock is automatically switched to the free-running PLL
clock.

XME Bit

The XME bit is used to control the main clock monitor function. After reset, this bit is set to 0 (monitor function not
used).
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5.2.5 Clock Protect Register (CPR)
Address H'FF46 E860
b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0
Bit Description R/W
b7 to b0 When written R/W

B'1111 0001: Protection unlocked
Other than B'1111 0001: Protection locked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked
Bit 7 to bit 1 (b7 to b1) are always read as 0.

The CPR register is used to set the protect function that protects registers CCDR, PBCCR, COCR, PBCDR, LINCCR,
and CMTCCR from being rewritten easily. To change the values of registers CCDR, PBCCR, COCR, PBCDR,

LINCCR, and CMTCCR, perform the following procedure:

(1) Write H'F1 to the CPR register (writing to the registers enabled).
(2) Change the values of registers CCDR, PBCCR, COCR, PBCDR, LINCCR, and CMTCCR.
(3) Write a value other than H'F1 to the CPR register (writing to the registers disabled).
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5.2.6 CPU Clock Divide Register (CCDR)
Address H'FF46 E804
b7 b6 b5 b4 b3 b2 b1 b0
— — BUSD[1:0] — — CPUDI[1:0]
After Reset 0 0 1 0 0 0 1 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5, b4 BUSD[1:0] |Bus Clock Division Ratio Select | b5 b4 R/W
Bits 0 O : Divided by 1
0 1 :Divided by 2
1 0 : Divided by 4
1 1 :Divided by 8
Do not set other than the above.
b3, b2 — Reserved These bits are read as 0. The write value should be 0. R
b1, b0 CPUD[1:0] |CPU Clock Division Ratio b1 b0 R/W
Select Bits 0 O : Divided by 1
0 1 :Divided by 2
1 0 :Divided by 4
1 1 :Divided by 8
Do not set other than the above.

This register is used to set the CPU clock and the bus clock. To change the value of the CCDR register, set the CPR
register to unlock the protection beforehand.

When setting the CCDR register, execute a CCDR register read instruction immediately after a CCDR register write
instruction.

BUSD Bits

These bits are used to set a division ratio of the bus clock. The system clock divided by the BUSD bits is used as the
bus clock. After reset, the BUSD bits are set to B'10 (divided by 4). Set the BUSD bits to set the bus clock to the same
frequency as the CPU clock or the CPU clock divided by 2. Also set the frequency of the bus clock to 100 MHz or

below.

CPUD Bits

These bits are used to set a division ratio of the CPU clock. The system clock divided by the CPUD bits is used as the
CPU clock. After reset, the CPUD bits are set to B'10 (divided by 4).
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5.2.7 Peripheral Bus Clock Divide Register (PBCDR)
Address H'FF46 E808
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— PBBDI[1:0] — — PBADI[1:0] — — PBCD[1:0] — — — —
After Reset 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
b15 b14 b13 b12 b1 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — MTUD[1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Description R/W
b31, b30 — Reserved These bits are read as 0. The write value should be 0. R
b29, b28 | PBBD[1:0] | Peripheral Bus Clock B b29b28 R/W
Division Ratio Select Bits 0 1 :Divided by 2
1 0 : Divided by 4
1 1 :Divided by 8
Do not set other than the above.
b27, b26 — Reserved These bits are read as 0. The write value should be 0. R
b25, b24 PBADI[1:0] | Peripheral Bus Clock A b25b24 R/W
Division Ratio Select Bits 0 1 :Divided by 2
1 0 : Divided by 4
1 1 :Divided by 8
Do not set other than the above.
b23, b22 — Reserved These bits are read as 0. The write value should be 0. R
b21, b20 PBCD[1:0] | Peripheral Bus Clock C b21b20 R/W
Division Ratio Select Bits 0 1 :Divided by 2
(SCI operating clock division 1.0: D!v!ded by 4
ratio select bits) 1 1 : Divided by 8
Do not set other than the above.
b19, b18 — Reserved These bits are read as 0. The write value should be 0. R
b17, b16 — Reserved These bits are read as 1. The write value should be 1. R
b15tob2 |— Reserved These bits are read as 0. The write value should be 0. R
b1, b0 MTUD[1:0] | MTU Operating Clock btbo R/W
Division Ratio Select Bits 0 0 :Divided by 1
0 1 :Divided by 2
1 O :Divided by 4
1 1 :Divided by 8
Do not set other than the above.

This register is used to set a division ratio of the peripheral function bus clock. This register can be accessed in

longword, word, or byte units. To change the value of the PBCDR register, set the CPR register to unlock the

protection beforehand.

When setting the PBCDR register, execute a PBCDR register read instruction immediately after a PBCDR register

write instruction.

PBBD Bits

These bits are used to set a division ratio of peripheral bus clock B (f(PBB)). The system clock divided by the PBBD
bits is used as peripheral bus clock B. Set the PBBD bits to set peripheral bus clock B to the bus clock divided by 2.
Also set the frequency of peripheral bus clock B to 50 MHz or below.
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PBAD Bits

These bits are used to set a division ratio of peripheral bus clock A (f(PBA)). The system clock divided by the PBAD
bits is used as peripheral bus clock A. Set the PBAD bits to set peripheral bus clock A to the bus clock divided by 2,
and the same frequency as the MTU operating clock (f{MTU)) or the MTU operating clock divided by 2. Also set the
frequency of peripheral bus clock A to 50 MHz or below.

PBCD Bits

These bits are used to set a division ratio of peripheral bus clock C (f(PBC)). The system clock divided by the PBCD
bits is used as peripheral bus clock C. Set the PBCD bits to set peripheral bus clock C to the bus clock divided by 2.
Also set the frequency of peripheral bus clock C to 50 MHz or below.

To access the SCI peripheral function register, set peripheral clock A and the peripheral bus clock C to the same
frequency.

MTUD Bits

These bits are used to set a division ratio of the MTU operating clock (f(MTU)). The system clock divided by the
MTUD bits is used as the MTU operating clock. Set the frequency of the MTU operating clock to 100 MHz or below.
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5.2.8 Peripheral Bus Clock Control Register (PBCCR)
Address H'FF46 E81C

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— [STPADC(STPCMT| — |STPLIN| — — — — — — — — — — —
After Reset* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 — Reserved This bit is read as 0. The write value should be 0. R
b14 STPADC ADC Bus Clock Stop Bit Controls the supply or stop of the ADC bus clock R/W

0: Clock supplied
1: Clock stopped

b13 STPCMT CMT Bus Clock Stop Bit Controls the supply or stop of the CMT bus clock R/W
0: Clock supplied
1: Clock stopped

b12 — Reserved This bit is read as 0. The write value should be 0. R

b11 STPLIN LIN Bus Clock Stop Bit Controls the supply or stop of the LIN bus clock R/W
0: Clock supplied
1: Clock stopped

b10to b0 |— Reserved These bits are read as 0. The write value should be 0. R

Note: * If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.

This register is used to control the supply or stop of the peripheral bus clock. To change the value of the PBCCR
register, set the CPR register to unlock the protection beforehand.

When setting the PBCCR register, execute a PBCCR register read instruction immediately after a PBCCR register
write instruction.

STPADC Bit

This bit is used to control the supply or stop of the peripheral bus clock for the A/D converter. When the A/D converter
function is not used, setting the STPADC bit to 1 stops the clock supply, decreasing the power consumption.
When the STPADC bit is set to 1, do not access the peripheral function registers of the A/D converter.

STPCMT Bit

This bit is used to control the supply or stop of the peripheral bus clock for the CMT. When the CMT function is not
used, setting the STPCMT bit to 1 stops the clock supply, decreasing the power consumption.
When the STPCMT bit is set to 1, do not access the peripheral function registers of the CMT.

STPLIN Bit

This bit is used to control the supply or stop of the peripheral bus clock for the LIN. When the LIN function is not
used, setting the STPLIN bit to 1 stops the clock supply, decreasing the power consumption.
When the STPLIN bit is set to 1, do not access the peripheral function registers of the LIN.
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5.29 LIN Clock Control Register (LINCCR)

Address H'FF46 E811

b7 b6 b5 b4 b3 b2 b1 b0
LINCK|LINCK| _ LINCKD [3:0]
ON PD
After Reset* 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Description R/W
b7 LINCKON | LIN Communication Clock 0: Stops R/W
Source Oscillation Start Bit 1: Oscillation starts
b6 LINCKPD | LIN Communication Clock Selects divided by 2n or 16n for the LIN clock. R/W
Source Division Ratio
Control Bit
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 to b0 LINCKD LIN Communication Clock [LINCKPD bit is 0] [LINCKPD bit is 1] R/W
[3:0] Source Division Ratio b3 b2 b1 b0 b3 b2 b1 b0
Select Bits 0 0 0 O :Setting prohibited 0 0 0 O : Setting prohibited
0 0O O 1 :Divided by 2 0 0O O 1 :Dividedby 16
0 0 1 O :Divided by 4 0 0 1 O :Divided by 32
0 0 1 1 :Divided by 6 0 0 1 1 :Divided by 48
1 1 1 0 :Divided by 28 1 1 1 0 :Divided by 224
1 1 1 1 :Divided by 30 1 1 1 1 :Divided by 240

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode 0, this register retains the value in
power-down mode 0.

This register is used to control the LIN clock. The LIN communication clock source (f(LIN)) is used as the operating
clock for the LIN. To change the value of the LINCCR register, set the CPR register to unlock the protection
beforehand.

When setting the LINCCR register, execute a LINCCR register read instruction immediately after a LINCCR register

write instruction.

LINCKON Bit

When the LINCKON bit is set to 1, the LIN communication clock source starts oscillating. To oscillate the LIN
communication clock source, set bits LINCKD and LINCKPD and then set the LINCKON bit to 1. After reset, the
LIN communication clock source is stopped.

LINCKPD Bit

This bit is used to select either divided by 2n or 16n as the setting value of the LINCKD bits. When this bit is set to 0,
divided by 2n is selected. When this bit is set to 1, divided by 16n is selected.

LINCKD Bits

These bits are used to set a division ratio of the LIN communication clock source (f(LIN)). The system clock divided
by the LINCKD bits is used as the LIN communication clock source. Set the frequency of the LIN communication

clock source to 50 MHz or below.
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5.210 CMT Clock Control Register (CMTCCR)

Address H'FF46 E812

b7 b6 b5 b4 b3 b2 b1 b0
CMTCICMTCEE CMTCKD [3:0]
KON | KPD
After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 CMTCKON | CMT Count Source Origin 0: Stops R/W
Oscillation Start Bit 1: Oscillation starts
b6 CMTCKPD | CMT Count Source Origin Selects divided by 2n or 16n for the CMT count source origin. R/W
Division Ratio Control Bit
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 to b0 CMTCKD | CMT Count Source Origin [CMTCKPD bit is 0] [CMTCKPD bit is 1] R/W
[3:0] Division Ratio Select Bits b3 b2 b1 b0 b3 b2 b1 b0
0 0 0 O :Divided by 1 0 0 0 O :Divided by 1
0 0 O 1 :Divided by 2 0 0 0 1 :Divided by 16
0 0 1 O :Divided by 4 0 0 1 O :Divided by 32
0 0 1 1 :Dividedby®6 0 0 1 1 :Divided by 48
1 1 1 0 :Divided by 28 1 1 1 0 :Divided by 224
1 1 1 1 :Divided by 30 1 1 1 1 :Divided by 240

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode O, this register retains the value in

power-down mode 0.

This register is used to control the CMT clock source origin. The CMT count source origin is used as the count source
for compare match timer CMTO0. To change the value of the CMTCCR register, set the CPR register to unlock the

protection beforehand.

When setting the CMTCCR register, execute a CMTCCR register read instruction immediately after a CMTCCR

register write instruction.

CMTCKON Bit

When the CMTCKON bit is set to 1, f(CMT) starts oscillating. To oscillate f(CMT), set bits CMTCKD, CMTCKPD,

and CMTCKS, and then set the CMTCKON bit to 1. After reset, f(CMT) is stopped.

CMTCKPD Bit

This bit is used to select either divided by 2n or 16n as the setting value of the CMTCKD bits. When this bit is set to 0,

divided by 2n is selected. When this bit is set to 1, divided by 16n is selected.

CMTCKD Bits

These bits are used to set a division ratio of the CMT clock. The low-speed on-chip oscillator clock divided by these

CMTCKD bits is used as the CMT count source origin. Set the frequency of the CMT clock source origin to be slower
than the peripheral function bus clock A frequency divided by 3. Also set the frequency of f(CMT) to 50 MHz or

below.
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5.2.11

INT Input Digital Filter Control Register 0 (INTDFCRO)
Address H'FF46 E890

b15 b13 b12 b11 b10 b9 b8 b7 b6 b5 [ b3 b2 b1 b0
INT13 | INT12 | INT11 [ INT10 | INT9 | INT8 | INT7 | INT6 | INT5 | INT4 | INT3 | INT2 | INT1 INTO
. FLTON | FLTON | FLTON | FLTON | FLTON [ FLTON | FLTON | FLTON | FLTON | FLTON | FLTON | FLTON | FLTON | FLTON
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 INT13 INT13 Pin Digital Filter 0: Digital filter disabled R/W
FLTON* Enable Bit 1: Digital filter enabled
b12 INT12 INT12 Pin Digital Filter 0: Digital filter disabled R/W
FLTON* Enable Bit 1: Digital filter enabled
b11 INT11 INT11 Pin Digital Filter 0: Digital filter disabled R/W
FLTON* Enable Bit 1: Digital filter enabled
b10 INT10 INT10 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b9 INT9 INT9 Pin Digital Filter 0: Digital filter disabled R/W
FLTON* Enable Bit 1: Digital filter enabled
b8 INT8 INT8 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b7 INT7 INT7 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b6 INT6 INT6 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b5 INTS INT5 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b4 INT4 INT4 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b3 INT3 INT3 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b2 INT2 INT2 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b1 INT1 INT1 Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled
b0 INTO INTO Pin Digital Filter 0: Digital filter disabled R/W
FLTON Enable Bit 1: Digital filter enabled

Note: *INT13, INT12, INT11, and INT9 pins are not usable on the SH72A0.

This register is used to switch the digital filter enabled or disabled for the INTn pin. Enabled or disabled can be set
individually for pins INTO to INT13.
When any of the INTn pins is used to enable the digital filter (the INTDFCRO register is set to a value other than
H'0000), the supply of a clock with its division ratio set by the INTDFCRI1 register is started.
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5.2.12 INT Input Digital Filter Control Register 1 (INTDFCR1)
Address H'FF46 E892
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — INTFCKD [2:0] — — — — — — — —
After Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15to b11 | — Reserved These bits are read as 0. The write value should be 0. R
b10to b8 |[INTFCKD |INTn Pin Digital Filter Clock b10b9 b8 R/W
[2:0] Division Ratio Select Bits 0 1 1 :Divided by 8
1 0 O :Divided by 16
1 0 1 :Divided by 32
1 1 0 :Divided by 64
Do not set other than the above.
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R

This register is used to control the digital filter clock (f(INTF)) for the INTn pin.

INTFCKD Bits

These bits are used to set a division ratio of the digital filter clock for the INTn pin. Peripheral bus clock A divided by
the INTFCKD bits is used as the digital filter clock for the INTn pin.
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5.2.13 Sleep Mode Control Register 0 (SLCRO0)
Address H'FF46 E840
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 [ b3 b2 b1 b0
SSBY| — — STS[4:0] — — — — — — — —
After Reset* 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 SSBY Standby Mode Bit 0: Transition to CPU sleep mode when the SLEEP instruction is R/W
executed
1: Transition to standby mode or power-down mode when the
SLEEP instruction is executed
b14,b13 |— Reserved These bits are read as 0. The write value should be 0. R
b12 to b8 | STS[4:0] Standby Timer Select Bits b12b11b10b9b8
0 01 01:Waiting time = 64 states
0 01 10: Waiting time = 512 states
0 01 11:Waiting time = 1024 states
0 1 0 00 : Waiting time = 2048 states
0 10 01 :Waiting time = 4096 states
0 10 10: Waiting time = 16384 states
0 10 11:Waiting time = 32768 states
0 11 00 : Waiting time = 65536 states
0 11 01:Waiting time = 131072 states
0 11 10 : Waiting time = 262144 states
0 11 11 :Waiting time = 524288 states
Do not set other than the above.
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode O, this register retains the value in

power-down mode 0.

To change the value of the SLCRO register, set the SPRO register to unlock the protection beforehand.

SSBY Bit

This bit is used to set a mode to be transited after the SLEEP instruction is executed. When the SLEEP instruction is
executed with the SSBY bit set to 0, the mode transits to CPU sleep mode. When the SLEEP instruction is executed
with the SSBY bit set to 1, the mode transits to standby mode or power-down mode.
Each mode of sleep modes is set according to the combination of the SSBY bit and bits DPSBY and CMTCUT in the
SLCRI1 register. For details, see Table 5.3 “Power Control Specifications”.

STS[4:0] (Standby Timer Select) Bits

These bits are used to select a period of waiting for the clock signal to become stable when an external interrupt

initiates release from standby mode. In the case of a crystal oscillator, select a value for waiting time according to the

operating frequency that is at least as long as the entry for oscillation stabilization time in Table 5.10. In the case of an

external clock, time for the PLL circuit to become stable is required. Set the waiting time with reference to Table 5.10.
Counting during the oscillation stabilization time is at the frequency of peripheral bus clock A (f(PBA)).
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5.214 Clock Output Function Control Register (COCR)
Address H'FF46 E800

b7 b6 b5 b4 b3 b2 b1 b0
— — COD[1:0] — — — | COE
After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5, b4 CODI1:0] Clock Output Division Ratio b5 b4 R/W
Select Bits 0 O :Divided by 1

0 1 :Divided by 2
1 0 : Divided by 4
1 1 :Divided by 8
b3 to b1 — Reserved These bits are read as 0. The write value should be 0. R

b0 COE Clock Output Enable Bit 0: Clock not output R/W
1: Clock output

Note: This function is not available in the SH72A0 Group.
* If a power-down mode wake-up reset is used for reset operation from power-down mode 0, this register retains the value in
power-down mode 0.

To change the value of the COCR register, set the CPR register to unlock the protection beforehand.
When setting the COCR register, execute a COCR register read instruction immediately after a COCR register write
instruction.

COD Bits

The selected clock source is divided by the COD bits to output from the CLKOUT pin. Set the frequency of the clock
signal output from the CLKOUT pin to 25 MHz or below.

COE Bit
When the COE bit is set to 1, the bus clock (f(BUS)) divided by the COD bits is output from the CLKOUT pin.
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5.2.15
Address H'FF46 ECO3

Sleep Mode Control Register 1 (SLCR1)

b7 b6 b5 b4 b3 b2 b1 b0
DPSBY (IOKEEP| — — [CMTCUT| — — —
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DPSBY Power-Down Bit Selects standby mode or power-down mode when the SLEEP R/W
instruction is executed.
0: Standby mode
1: Power-down mode*2
b6 IOKEEP 1/0 Port Keep Bit 0: The retained state of I/O ports is released at the same time as R/W
power-down mode is released
1: The retained state of I/O ports is released when 0 is written to
this bit after power-down mode is released
b5, b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 CMTCUT | CMT Cut Bit 0: Clock is supplied to CMT on transition to power-down mode 0 R/W
1: Clock is stopped to CMT on transition to power-down mode 1
Refer to the DPSBY bit for mode transitions.
b2 to b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.

2. Check the value of the CMTCUT bit to see whether the mode is power-down mode 0 or 1.

To change the value of the SLCR1 register, set the SPR2 register to unlock the protection beforehand.

DPSBY Bit

When the SLEEP instruction is executed while the SSBY bit in the SLCRO register is set to 1, the mode transits to
standby mode. At this time, if the DPSBY bit is set to 1 and there is no source for releasing standby mode, the mode

transits to power-down mode. When a power-down mode wake-up reset is triggered by an interrupt request, the
DPSBY bit remains set to 1. Write 0 to clear this bit.

IOKEEP Bit

In power-down mode, I/O ports retain the same state as in standby mode. This bit is used to set the port state that

retained in power-down mode to be kept retained or released.

Table 5.8 Settings to Place the CPU in CPU Sleep Mode, Standby Mode, Power-down Mode 0, and

Power-down Mode 1

SSBY DPSBY

CMTCUT

Mode

CPU sleep mode

CPU sleep mode

CPU sleep mode

CPU sleep mode

Standby mode

Standby mode

Power-down mode 0

= | O|=_|O|=2|O|—~|OC

Power-down mode 1
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5.2.16
d)

Power-Down Mode Wake-Up Source Select Register i (PDWSSLi) (i=0, 2 to

The PDWSSLi register is used to enable or disable an interrupt request for reset operation with a power-down mode

wake-up reset. The setting of this register is not affected by enabling or disabling normal interrupt requests.
To change the value of the PDWSSLi register, set the SPR2 register to unlock the protection beforehand.
Follow the procedure below when making the setting of the PDWSSLIi register to enable resetting as the source for

wake-up from power-down modes. Deviating from this procedure creates the possibility of unintended edges of

interrupt signals.

1. Enable input on one of the pins on which the reset to act as the trigger for wake-up from power-down mode is

multiplexed by writing a value other than B'00 to the corresponding bits in registers PVSRO0 to PVSR3.

2. Enable the reset to act as the trigger for wake-up from power-down mode by setting the corresponding bit in the

PDWSSLi registers to 1.

For details on registers PVSRO to PVSR3, see section 13.2.6, Input Threshold Value Select Register 0 (PVSRO) to
section 13.2.9, Input Threshold Value Select Register 3 (PVSR3), in section 13, I/O Ports.

Address PDWSSLO0: H'FF46 ECOB

b7 b6 b5 b4 b3 b2 b1 b0
. . . . . __ |DCAN|DCAN
11E 0lE
After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1 DCAN1IE | CAN1 Wake-Up Interrupt 0: Disabled as power-down mode wake-up reset source R/W
Enable Bit 1: Enabled as power-down mode wake-up reset source
b0 DCANOIE | CANO Wake-Up Interrupt R/W
Enable Bit
Note: * If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.
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Address PDWSSL2: H'FF46 EC13
b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ __ [DLIN3IE DLIN2E| — .
*2
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 DLIN3IE*2 | LIN3 Low Detection Interrupt 0: Disabled as power-down mode wake-up reset source R/W
Enable Bit 1: Enabled as power-down mode wake-up reset source
b2 DLIN2IE LIN2 Low Detection Interrupt R/W
Enable Bit
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.
2. LIN3 is not usable on the SH72A0.

Address PDWSSL3: H'FF46 EC17

b7 b6 b5 b4 b3 b2 b1 b0
DNMIE| — |poMmg{PLVDL
11E
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DNMIIE NMI Interrupt Enable Bit 0: Disabled as power-down mode wake-up reset source R/W
1: Enabled as power-down mode wake-up reset source *2
b6 — Reserved This bit is read as 0. The write value should be 0. R
b5 DCMTIE CMTO Interrupt Enable Bit 0: Disabled as power-down mode wake-up reset source R/W
ba DLVDA1IE Voltage Monitor Interrupt 1 1: Enabled as power-down mode wake-up reset source R/W
Enable Bit
b3 to b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.

2. The value 1 is only writable once. Subsequent write access is ineffective.
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Address PDWSSL4: H'FF46 EC1B

b7 b6 b5 b4 b3 b2 b1 b0

DINT13|DINT12|DINT11|DINT10|DINT9 [DINT8
IE*2 | IE*2 | |E*2 IE IE*2 IE

After Reset *1 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5 DINT13IE*2 | INT13 Pin Interrupt Enable Bit | 0: Disabled as power-down mode wake-up reset source R/W
b4 DINT12IE*2 | INT12 Pin Interrupt Enable Bit 1: Enabled as power-down mode wake-up reset source RIW
b3 DINT111E*2 | INT11 Pin Interrupt Enable Bit R/W
b2 DINT10IE | INT10 Pin Interrupt Enable Bit R/W
b1 DINTOIE*2 | INT9 Pin Interrupt Enable Bit R/W
b0 DINTSIE INT8 Pin Interrupt Enable Bit R/W

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. INT13, INT12, INT11, and INT9 pins are not usable on the SH72A0.

Address PDWSSL5: H'FF46 EC1F

b7 b6 b5 b4 b3 b2 b1 b0
DINT7|DINT6|DINT5|DINT4|DINT3|[DINT2 |DINT1|DINTO

IE IE IE IE IE IE IE IE

After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DINT7IE INT7 Pin Interrupt Enable Bit 0: Disabled as power-down mode wake-up reset source R/W
b6 DINT6IE INT6 Pin Interrupt Enable Bit 1: Enabled as power-down mode wake-up reset source R/W
b5 DINTSIE INT5S Pin Interrupt Enable Bit R/W
b4 DINT4IE INT4 Pin Interrupt Enable Bit R/W
b3 DINT3IE INT3 Pin Interrupt Enable Bit R/W
b2 DINT2IE INT2 Pin Interrupt Enable Bit R/W
b1 DINT1IE INT1 Pin Interrupt Enable Bit R/W
b0 DINTOIE INTO Pin Interrupt Enable Bit R/W

Note: * If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.

The PDWSSLi register is used to enable or disable an interrupt for releasing power-down mode.
This register is not initialized by an internal reset signal applied when releasing power-down mode.
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5.2.17 Power-Down Mode Wake-Up Source Status Register i (PDWSSRI) (i=0, 2 to
5)

The PDWSSRI register is used to identify the source used for wake-up with a power-down mode wake-up reset. The
corresponding bit in the PDWSSRI register becomes 1 when a source enabled in the PDWSSLI register is generated.
As the PDWSSRI register is enabled even not in power-down mode, clear the bits in this register before the transition
to power-down mode.

To change the value of the PDWSSRIi register, set the SPR2 register to unlock the protection beforehand.

Address PDWSSRO: H'FF46 EC23

b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ _ _ __ |DCAN|DCAN
11F 0IF
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1 DCAN1IF | CAN1 Wake-Up Interrupt Flag | [Condition to become 1] R/W
When an interrupt request is generated while the corresponding bit *2
b0 DCANOIF | CANO Wake-Up Interrupt Flag in the .FTDWSSLI register is 1 R/W
[Condition to become 0] 2
When 0 is written to after reading as 1

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing O to it after reading it as 1.

Address PDWSSR2: H'FF46 EC2B

b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ __ [DLIN3IF DLIN2IFl — _
*3
After Reset*1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 DLIN3IF*3 | LIN3 Low Detection [Condition to become 1] R/W
Interrupt Flag When an interrupt request is generated while the corresponding bit *2
b2 DLIN2IF | LIN2 Low Detection in the PDWSSLiregister is 1 RIW
Interrupt Flag [Condition to become 0] 2
When 0 is written to after reading as 1
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing O to it after reading it as 1.
3. LIN3 is not usable on the SH72A0.
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Address PDWSSR3: H'FF46 EC2F

b7 b6 b5 b4 b3 b2 b1 b0
DNMIF| — [pommiF|PVD
11F
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DNMIIF NMI Interrupt Flag [Condition to become 1] R/W

When an interrupt request is generated while the corresponding bit *2
in the PDWSSLi register is 1
[Condition to become 0]

When 0 is written to after reading as 1

b6 — Reserved This bit is read as 0. The write value should be 0. R

b5 DCMTIF CMTO Interrupt Flag [Condition to become 1] R/W
When an interrupt request is generated while the corresponding bit *2
in the PDWSSLi register is 1

b4 DLVD1IF Voltage Monitor Interrupt 1 Flag [Condition to become 0] R:\2N
When 0 is written to after reading as 1
b3 to b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing O to it after reading it as 1.
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Address PDWSSR4: H'FF46 EC33

b7

b6

b5 b4 b3

b2

b1 b0

_ __ |DINT13|DINT12[DINT11|DINT10|DINT9|DINT8
IE*3 | IF*3 | IF*3 IF IF *3 IF
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5 DINT13IF | INT13 Pin Interrupt Flag [Condition to become 1] R/W
*3 When an interrupt request is generated while the corresponding bit *2
b4 DINT12IF | INT12 Pin Interrupt Flag in the PDWSSLi register is 1 RIW
3 [Condition to become 0] 2
When 0 is written to after reading as 1
b3 DINT1MIF INT11 Pin Interrupt Flag R/W
*3 *2
b2 DINT10IF | INT10 Pin Interrupt Flag R/W
*2
b1 DINTOIF INT9 Pin Interrupt Flag R/W
*3 *2
b0 DINT8IF INT8 Pin Interrupt Flag R/W
%2

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing O to it after reading it as 1.

3. INT13, INT12, INT11, and INT9 pins are not usable on the SH72A0.

Address PDWSSRS5: H'FF46 EC37

b7

b6

b5 b4 b3

b2

b1 b0

DINT7|DINT6|DINT5|DINT4|DINT3|[DINT2 |DINT1|DINTO
IF IF IF IF IF IF IF IF
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DINT7IF INT7 Pin Interrupt Flag [Condition to become 1] R/W
When an interrupt request is generated while the corresponding bit *2
b6 DINT6IF | INTS Pin Interrupt Flag in the PDWSSLi register is 1 RIW
[Condition to become 0] 2
When 0 is written after reading as 1
b5 DINTS5IF INTS Pin Interrupt Flag R/W
%2
b4 DINT4IF INT4 Pin Interrupt Flag R/W
*2
b3 DINT3IF INT3 Pin Interrupt Flag R/W
*2
b2 DINT2IF INT2 Pin Interrupt Flag R/W
*2
b1 DINT1IF INT1 Pin Interrupt Flag R/W
*2
b0 DINTOIF INTO Pin Interrupt Flag R/W
*2

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing 0 to it after reading it as 1.

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS

Page 98 of 1118



SH72A2 Group, SH72A0 Group 5. Clocks

5.2.18 Power-Down Mode Wake-Up Source Edge Select Register j (PDWSESL]))
(j=0to 2)

The PDWSESLI register is used to select an edge of an interrupt used for a power-down mode wake-up reset.
To change the value of the PDWSESL}j register, set the SPR2 register to unlock the protection beforehand.

Address PDWSESLO: H'FF46 EC3B

b7 b6 b5 b4 b3 b2 b1 b0
DNMEEG| — — — — — — —
After Reset* 0 0 0 0 1 0 1 0
Bit Symbol Bit Name Description R/W
b7 DNMIEG NMI Interrupt Edge Select Bit 0: An interrupt request is generated at the falling edge of the NMI R/W
1: pAIrrl‘ interrupt request is generated at the rising edge of the NMI
pin
b6 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 — Reserved This bit is read as 1. The write value should be 1. R
b2 — Reserved This bit is read as 0. The write value should be 0. R
b1 — Reserved This bit is read as 1. The write value should be 1. R
b0 — Reserved This bit is read as 0. The write value should be 0. R

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
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Address PDWSESL1: H'FF46 EC3F
b7 b6 b5 b4 b3 b2 b1 b0
_ __ |DINT13|DINT12|DINT11|DINT10|DINT9|DINT8
EG*2 |EG*2 |EG*2| EG |EG*?2| EG
After Reset *1 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5 DINT13EG |INT13 Pin Edge Select Bit 0: An interrupt request is generated at the falling edge of the INTi R/W
*2 pin
ba DINT12EG | INT12 Pin Edge Select Bit 1: pAIr:] interrupt request is generated at the rising edge of the INTi RIW
%2
b3 DINT11EG |INT11 Pin Edge Select Bit R/W
*2
b2 DINT10EG |INT10 Pin Edge Select Bit R/W
b1 DINTO9EG | INT9 Pin Edge Select Bit R/W
*2
b0 DINT8EG | INT8 Pin Edge Select Bit R/W

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.

2. INT13, INT12, INT11, and INT9 pins are not usable on the SH72A0.

Address PDWSESL2: H'FF46 EC43

b7

b6

b5

b4

b3

b2

b1

b0

DINT7 [DINT6 [DINT5 [ DINT4 [DINT3 | DINT2|DINT1|[DINTO
EG EG EG EG EG EG EG EG
After Reset* 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 DINT7EG | INT7 Pin Edge Select Bit 0: An interrupt request is generated at the falling edge of the INTi R/W
b6 DINT6EG | INT6 Pin Edge Select Bit pin. , . | RW
1: An interrupt request is generated at the rising edge of the INTi
b5 DINTSEG | INT5 Pin Edge Select Bit pin R/W
b4 DINT4EG |INT4 Pin Edge Select Bit R/W
b3 DINT3EG |INT3 Pin Edge Select Bit R/W
b2 DINT2EG | INT2 Pin Edge Select Bit R/W
b1 DINT1EG |INT1 Pin Edge Select Bit R/W
b0 DINTOEG |INTO Pin Edge Select Bit R/W

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in

power-down mode 0 or 1.
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5.2.19 Reset Status Register 0 (RSTSRO0)

The RSTSRO register indicates the reset source for a power-down mode wake-up reset, and the voltage monitor (VCC
falls: voltages to be monitored are Vdetl). To make a transition to power-down mode, clear each bit in this register

beforehand.
To change the value of the RSTSRO register, set the SPR2 register to unlock the protection beforehand.

Address RSTSRO: H'FF46 EC47

b7 b6 b5 b4 b3 b2 b1 b0
DPEBY — | — | = | = | — |woiF| —

After Reset *1 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 DPSBYF Power-Down Reset Flag [Condition to become 1] R/W
When a power-down mode wake-up reset is generated by an *2

interrupt request
[Condition to become 0]
When 0 is written to after reading as 1

b6 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1 LVD1F LVD1 Flag [Condition to become 1] R/W
When Vcc of Vdet1 or lower level is detected *2

[Condition to become 0]
When 0 is written to after reading as 1

b0 — Reserved This bit is read as 0. The write value should be 0. R

Notes: 1. If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.
2. The flag can be cleared only by writing 0 to it after reading it as 1.

DPSBYF Bit

The DPSBYF bit indicates that a power-down mode wake-up reset has been generated.

LVD1F Bit
This bit indicates that a low voltage (VCC has reached Vdetl or below) has been detected in the voltage monitor
circuit.
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5.2.20 Backup Register m (BURm) (m =0 to 31)

BURO: H'FF46 ED03, BUR1: H'FF46 ED07, BUR2: H'FF46 EDOB, BUR3: H'FF46 EDOF,
BUR4: H'FF46 ED13, BURS: H'FF46 ED17, BURG: H'FF46 ED1B, BUR7: H'FF46 ED1F,
BURS: H'FF46 ED23, BUR9: H'FF46 ED27, BUR10: H'FF46 ED2B, BUR11: H'FF46 ED2F,
BUR12: H'FF46 ED33, BUR13: H'FF46 ED37, BUR14: H'FF46 ED3B, BUR15: H'FF46 EDSF,
BUR16: H'FF46 ED43, BUR17: H'FF46 ED47, BUR18: H'FF46 ED4B, BUR19: H'FF46 EDA4F,
BUR20: H'FF46 ED53, BUR21: H'FF46 ED57, BUR22: H'FF46 ED5SB, BUR23: H'FF46 EDSF,
BUR?24: H'FF46 ED63, BUR25: H'FF46 ED67, BUR26: H'FF46 ED6B, BUR27: H'FF46 EDGF,
BUR28: H'FF46 ED73, BUR29: H'FF46 ED77, BUR30: H'FF46 ED7B, BUR31: H'FF46 ED7F

Address

b7 b6 b5 b4 b3 b2 b1 b0

After Reset * X X X X X X X X
Bit Description R/W
b7 to b0 This register is used to save data during power-down mode. R/W

Note: *If a power-down mode wake-up reset is used for reset operation from power-down mode 0 or 1, this register retains the value in
power-down mode 0 or 1.

The BURm register is a 1-byte writable/readable register that used to save data during power-down mode.
The value of this register is retained even in power mode where data in the internal RAM is not retained.
To change the value of the BURm register, set the SPR2 register to unlock the protection beforehand.
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5.3 Clock Generators

5.31 Main Clock Oscillator

The main clock can be supplied by connecting an oscillator or inputting a clock to the XIN pin. Figure 5.4 shows an

Example of Main Clock Connection Circuit.

The main clock oscillator integrates a feedback resistor. This resistor is disconnected from the oscillator in standby

mode, power-down mode 0, or power-down mode 1 to decrease the power consumption. As the circuit constants will

vary depending on the oscillator, set the values recommended by the oscillator manufacturer.

MCU

XIN

XOouT

VSS

CCIN

MCU

Oscillator ]

RCd*

|_

CCouT

I

XIN

XOouT

Oscillator

Open

Note: * Insert a damping resister if required. As the resistance will vary depending on the oscillator, set the values recommended
by the oscillator manufacturer.
If the oscillator manufacturer specifies that a feedback resistor should be added externally, insert a feedback resistor
between XIN and XOUT following the instructions.

Figure 5.4 Example of Main Clock Connection Circuit

5.3.2 Low-Speed On-Chip Oscillator

The low-speed on-chip oscillator clock (f(LOCO)) at 125 kHz is supplied. After reset, this clock is oscillating.

5.3.3 PLL Frequency Synthesizer

The PLL clock (f(PLL)) is generated from the main clock.
The PLL clock is oscillating after reset.

The frequency of the PLL clock is calculated using the following formula:

PLL clock frequency (f(PLL)) = PLL multiplication ratio x f(XIN)

The PLL multiplication ratio is 8 in the SH72A0 group and 10 in the SH72A2 group.

RO1UH0164EJ0100 Rev.1.00

Apr 20, 2012

RENESAS

Page 103 of 1118



SH72A2 Group, SH72A0 Group 5. Clocks

5.4 System Clock (f(SYS))

The system clock is used as the clock source for the CPU clock, bus clock, peripheral bus clock, and peripheral
function clock. The clock (f(PLL)) is used as the system clock.

541  CPU Clock (f(CPU))

The CPU clock is an operating clock for the CPU. The system clock divided by 1, 2, 4, or 8 is used as the CPU clock.
After reset, the clock is set to the system clock divided by 4.

54.2  Bus Clock (f(BUS))

The system clock divided by 1, 2, 4, or 8 is used as the bus clock. Set the frequency of the bus clock to the same
frequency as the CPU clock or divided by 2, and 80 MHz or below in the SH72A0 Group and 100 MHz or below in
the SH72A2 Group. After reset, the bus clock is set to the system clock divided by 4.

543 Peripheral Bus Clocks

Peripheral clock A (f(PBA)), peripheral clock B (f(PBB)), peripheral clock C (f(PBC)), and MTU operating clock
(f(MTU)) are peripheral bus clocks. These clocks are used for the peripheral functions. The system clock divided by 1,
2,4, or 8 is used as a peripheral bus clock.

Set the frequency of f(PBA), f(PBB), and f(PBC) to the bus clock divided by 2 and 40 MHz or below in the SH72A0
Group and 50 MHz or below in the SH72A2 Group. After reset, the bus clock is set to divided by 2.

Set the frequency of f{MTU) to the same frequency as peripheral clock A or peripheral clock A multiplied by 2, and 80
MHz or below in the SH72A0 Group and 100 MHz or below in the SH72A2 Group. After reset, the f{(MTU) is set to
the same frequency as the bus clock.

The peripheral bus clock can be supplied or stopped to the peripheral functions through the setting of the PBCCR
register. For details, refer to section 5.2.8, Peripheral Bus Clock Control Register (PBCCR).
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544 Peripheral Function Clocks

The CMT count source origin (f(CMT)), LIN communication clock source (f(LIN)), WDT count source (f(LOCO))
are available as peripheral function clocks.

The CMT count source origin is used as the CMTO count source. f(LOCO) divided by 2n or 16n is used as the CMT
count source origin (n = 0 to 15; divided by 1 if n = 0). Set the frequency of the CMT count source origin to 40 MHz
or below in the SH72A0 Group and 50 MHz or below in the SH72A2 Group. After reset, it is set to the same
frequency as f(LOCO).

The LIN communication clock source (f(LIN)) is used as the operating clock for the LIN. The system clock divided by
2n or 16n is used as the LIN communication clock source (n = 1 to 15). Set the frequency of the LIN communication
clock source to 40 MHz or below in the SH72A0 Group and 50 MHz or below in the SH72A2 Group. After reset, it is
set to the system clock divided by 4.

The WDT count source (f(LOCO)) is used as the operating clock for the WDT.
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5.4.5

Clock Divide Register Setting Procedure

The clock divide registers should be set according to the following procedure.

Write to the CPR register.

A

4

Write to/read from

the CCDR register.

A

y

Write to/read from t|

he PBCDR register.

A

y

Write to/read from th

e PBCCR register.

A

y

Write to/read from the LINCCR register.

A

y

Write to/read from th

e CMTCCR register.

A

y

Write to/read from the COCR register.

A

y

Write to the CPR register.

CCDR: CPU clock divide register

LINCCR: LIN clock control register
CMTCCR: CMT clock control register

PBCDR: Peripheral bus clock divide register
PBCCR: Peripheral bus clock control register

COCR: Clock output function control register

When rewriting the CCDR, PBCDR, PBCCR, LINCCR, CMTCCR,
and COCR registers, cancel the protect function with the CPR

register.

When setting the CCDR, PBCDR, PBCCR, LINCCR, CMTCCR,
and COCR registers, execute the respective register read
instructions immediately after the applicable register write

instructions.

Figure 5.5 Clock Divide Register Setting Procedure
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5.5

Power consumption control is achieved by controlling the CPU clock frequency. The higher the frequency, the more

Power Control

the processing power increases. The lower the frequency, the more the power consumption decreases. Depending on
the CPU operation, CPU run mode and sleep modes (CPU sleep mode, standby mode, power-down mode 0, and
power-down mode 1) are available to control power consumption.

In CPU run mode, the CPU clock, bus clock, peripheral bus clock, and peripheral function clock are supplied.
In sleep mode, the supply of the CPU clock is stopped.

For details on specifications of the power control, see Table 5.3. Table 5.9 lists the Operating States for Each Mode.

For details on mode transitions by CPU state, see Figure 5.3.

Table 5.9

Operating States for Each Mode

Operating State

CPU Sleep Mode

Standby Mode

Power-Down Mode 0

Power-Down Mode 1

(CMT operation) (No CMT operation)
Main clock oscillator Oscillating Stopped Stopped Stopped
Low-speed on-chip Stopped/Oscillating Stopped/Oscillating Oscillating Stopped
oscillator
PLL frequency synthesizer Oscillating Power supply shut off Power supply shut off Power supply shut off
System clock f (PLL)/n f(LOCO) f(LOCO) Stopped
ROM Operating Stopped Power supply shut off Power supply shut off
RAM Operating Stopped Power supply shut off Power supply shut off
EEPROM Operating Stopped Power supply shut off Power supply shut off
(data retained) (data retained)
CPU Stopped Stopped Power supply shut off Power supply shut off
DMAC, task monitor timer, Operating Stopped Power supply shut off Power supply shut off
CRC calculator, SBI, SCI,
A/D converter, TPU,
MTU-III, debug-related
CMT Operating Operating Stopped Stopped
(only CMTO is operating)
WDT Operating Stopped Stopped Stopped
Interrupt controller Operating Operating Power supply shut off Power supply shut off
(only NMI and INT interrupts (only NMI and INT interrupts
acceptable) acceptable)

CAN, LIN Operating Stopped Power supply shut off Power supply shut off

(only wake-up interrupt (only wake-up interrupt

acceptable) acceptable)

1/0 ports Operating Retained Retained Retained

Wake-up sources from
mode (reset sources)

o Hardware reset
o Watchdog timer reset

e Hardware reset

o Hardware reset

e Hardware reset

Wake-up sources from
mode (interrupt sources) *

o All interrupts except
software interrupt

o CANi wake-up interrupt

o LINi Low detection
interrupt

o NMI interrupt

o INTi interrupt

* \oltage monitor interrupt 1

o CMTi interrupt

o CANi wake-up interrupt
request

o LINi Low detection interrupt

request

* NMI interrupt request

o INTi interrupt request

* Voltage monitor interrupt 1
request

e CMTO interrupt request

o CANi wake-up interrupt
request

o LINi Low detection interrupt
request

* NMI interrupt request

o INTi interrupt request

* Voltage monitor interrupt 1
request

Note:

* For wake-up from power-down mode 0 or power-down mode 1, an automatic reset (power-down wake-up reset) is used.
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5.51 Modes

5.5.1.1 CPU Sleep Mode

(1) Transition to CPU Sleep Mode

When the SLEEP instruction is executed while the SSBY bit in the SLCRO register is 0, the CPU enters CPU sleep
mode. In CPU sleep mode, the CPU operation stops but the contents of the CPU internal registers are retained. The
peripheral functions other than the CPU do not stop.

(2) CPU Sleep Mode State and Wake-UP from CPU Sleep Mode

For details on the CPU sleep mode operation state and wake-up sources, see Table 5.9.

[For wake-up using an interrupt source]

When an interrupt is generated, CPU sleep mode is released and interrupt exception handling starts. At this time, the
CPU wakes up in the CPU run mode before the transition. If interrupts are disabled or interrupts other than NMI are
masked in the CPU, the CPU does not wake up from the CPU sleep mode.

[For wake-up using a reset source]

The LSI enters the reset state and the CPU starts reset exception handling.

5.5.1.2 Standby Mode

(1) Transition to Standby Mode

To make a transition to standby mode, set beforehand the CPU, bus, and MTU operating clocks to the system clock
divided by 4, and the peripheral bus clocks other than the MTU operating clock to the system clock divided by 8.
When the SLEEP instruction is executed while the SSBY bit in the SLCRO register is 1 and the DPSBY bit in the
SLCRI register is 0, the mode transits to standby mode. Make the following settings for the watchdog timer before the
transition to standby mode.

1. Set the CSS bits in the WDTCRO register to B'11.

2. Set the TOPS bits in the WDTCRO register to B'11.

3. Refresh the watchdog timer.

Restore the previous values to the watchdog timer after wake-up from standby mode.

(2) Standby Mode State and Wake-Up from Standby Mode

For details on the standby mode state and wake-up sources, see Table 5.9.

[For wake-up using an interrupt source]

When an interrupt is generated, standby mode is released and interrupt exception handling starts. At this time, the CPU
wakes up in the CPU run mode before the transition. If interrupts are disabled or interrupts other than NMI are masked
in the CPU, the CPU does not wake up from the standby mode.

[For wake-up using a reset source]

The LSI enters the reset state and the CPU starts reset exception handling.

RO1UH0164EJ0100 Rev.1.00 RENESAS Page 108 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group

5. Clocks

(8) Setting the time for oscillation to become stable after release from standby mode
Set the STS[4:0] bits in the SLCRO register as follows.

1. For a crystal oscillator

Set the STS[4:0] bits for a waiting time that is at least as long as the oscillation stabilization time.
Waiting times for the settings of the STS[4:0] bits and operating frequency are listed in Table 5.10.

2. For an external clock

Time for the PLL circuit to become stable is required. Set the waiting time with reference to Table 5.10.

Table 5.10 Setting of Oscillation Stabilization Time
iting Ti f (PBA)*! [MHZ
sTs4 | sTs3 | sTs2 | sTs1 | sTso | Vaiting Time (PBAY™ [MHz] Unit
(State) 50 32 25 16 13 10 8
0 0 0 0 0 (Reserved) |— — — — — — — us
1 (Reserved) |— — — — — — —
1 0 (Reserved) |— — — — — — —
1 (Reserved) |— — — — — — —
1 0 0 (Reserved) |— — — — — — —
1 64 130 [2.00 |260 [4.00 [4.90 |6.40 |8.00
1 0 512 10.25 [16.00 |20.50 |32.00 [39.40 |51.20 |64.00
1 1024 20.50 [32.00 |41.00 |64.00 | 78.80 |102.40 |128.00
1 0 0 0 2048 40.95 [64.00 |81.90 |128.00 |157.50 |204.80 | 256.00
1 4096 0.08 |0.13 |0.16 |0.26 |0.32 |041 [051 |ms
1 0 16384 0.33 0.51 0.66 1.02 1.26 1.64 2.05
*2 %2 #*2
1 32768 0.66 |[1.02 |131 [205 |252 [3.28 [4.10
*2 *2
1 0 0 65536 131 |205 |262 |410 |504 |6.55 |8.19
*2 *2
1 131072 262 |410 |524 |819 [10.08 |13.11 |16.38
*3 *3 *3
1 0 262144 525 |[8.19 |10.49 |16.38 [20.16 |26.21 |32.77
*3 *3
1 524288 10.49 [16.38 |20.97 |40.33 [40.33 |52.43 |65.54
*3 *3
1 X X X X (Reserved) |— — — — — — —

Notes: 1. f(PBA) is the frequency of the output from the frequency divider for the peripheral-module clock. The oscillation stabilization
waiting time includes a period over which oscillation by the oscillator will not be stable, and this is affected by the characteristics
of the oscillator. The values given above are for reference.

2. This interval is recommended if the external clock is in use.
3. This interval is recommended if a crystal oscillator is in use.
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5.51.3 Power-Down Mode 0

(1) Transition to Power-Down Mode 0
To make a transition to power-down mode 0, set beforehand the CPU, bus, and MTU operating clocks to the system
clock divided by 4, and the peripheral bus clocks other than the MTU operating clock to the system clock divided by 8.
When the SLEEP instruction is executed while the SSBY bit in the SLCRO register is 1, the DPSBY bit in the SLCR1
register is 1, and the CMTCUT bit in the SLCR1 register is 0, the mode transits to power-down mode 0.

Clear the PDWSSRI register before entering power-down mode 0. If a power-down wake-up reset is used for reset
operation from power-down mode 0, the PDWSSRI register retains its value.

When transiting to power-down mode 0, the mode passes through standby mode internally. If there is an interrupt
source for wake-up from standby mode during the transition, standby mode is released halfway and interrupt handling
is started.

(2) Power-Down Mode 0 State and Wake-Up from Power-Down Mode 0

For details on the power-down mode 0 state and wake-up sources, see Table 5.9.

[For wake-up using an interrupt source (wake-up using a power-down mode wake-up reset)]

When an interrupt source for wake-up set in the PDWSSLi register is accepted, the corresponding bit in this register is
set to 1, and the LSI automatically enters the reset state while the supply of the internal power is started. At this time,
the DPSBYT flag in the RSTSRO register becomes 1. The state of the I/O ports depends on the setting of the IOKEEP
bit in the SLCR1 register. When the IOKEEP bit is set to 0, the retained state of the I/O ports is released at the same
time as power-down mode is released. When the IOKEEP bit is set to 0, the state of the I/O ports is retained until 0 is
written to this bit. The functions that have been running or stopped are not initialized. The other functions will be the

same state as in reset handling.

[For wake-up using a reset source]

The LSI enters the reset state and the CPU starts reset exception handling.

5514 Power-Down Mode 1

(1) Transition to Power-Down Mode 1

To make a transition to power-down mode 1, set beforehand the CPU, bus, and MTU operating clocks to the system
clock divided by 4, and the peripheral bus clocks other than the MTU operating clock to the system clock divided by 8.
When the SLEEP instruction is executed while the SSBY bit in the SLCRO register is 1, the DPSBY bit in the SLCR1
register is 1, and the CMTCUT bit in the SLCR1 register is 1, the mode transits to power-down mode 1.

Clear the PDWSSRI register before entering power-down mode 1. If a power-down wake-up reset is used for reset
operation from power-down mode 1, the PDWSSRI register retains its value.

When transiting to power-down mode 1, the mode passes through standby mode internally. If there is an interrupt
source for wake-up from standby mode during the transition, standby mode is released halfway and interrupt handling
is started.
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(2) Power-Down Mode 1 State and Wake-Up from Power-Down Mode 1

For details on the power-down mode 1 state and wake-up sources, see Table 5.9.

[For wake-up using an interrupt source (wake-up using a power-down mode wake-up reset)]

When an interrupt source for wake-up set in the PDWSSLI register is accepted, the corresponding bit in this register is
set to 1, and the LSI automatically enters the reset state while the supply of the internal power is started. At this time,
the DPSBYT flag in the RSTSRO register becomes 1. The state of the I/O ports depends on the setting of the [IOKEEP
bit in the SLCR1 register. When the IOKEEP bit is set to 0, the retained state of the I/O ports is released at the same
time as power-down mode is released. When the IOKEEP bit is set to 1, the state of the I/O ports is retained until 0 is
written to this bit. The functions that have been running or stopped are not initialized. The other functions will be the
same state as in reset handling.

[For wake-up using a reset source]

The LSI enters the reset state and the CPU starts reset exception handling.

5.6 Main Clock Monitor Function

If the main clock is stopped due to external sources when the XME bit in the MCMCR register is 1, the system clock
source is automatically switched to the free-running PLL clock.
When the main clock stops, the bits in the corresponding registers are set as follows:

» The LXDF flag in the MCMCR register = 1 (main clock oscillation stop detected)

The LXDF flag does not automatically become 0 once it has become 1. To set the LXDF flag to 0, set this flag to 0 by
a program.

When the main clock stops while the LXIE bit is 1 (main clock oscillation stop detection interrupt enabled), a main
clock oscillation stop detection interrupt request is generated. The main clock oscillation stop detection interrupt
shares a vector with voltage monitor interrupt 1. When using the main clock oscillation stop detection interrupt and
this interrupt at the same time, read the LXDF flag in the interrupt routine to confirm the main clock oscillation stop
detection interrupt request has been generated.

This function is provided for cases when the main clock is stopped due to external sources.

5.7 Clock Output Function

When the COE bit in the COCR register is set to 1, a clock can be output from the CLKOUT pin. The clock to be
output will be the bus clock (f(BUS)) divided by 1, 2, 4, or 8.
This function is not avaiable in the SH72A0 Group.
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5.8 Usage Notes
5.8.1 Board Design Notes

Locate the crystal resonator and the load capacitors as close as possible to the XIN and XOUT pins. To assure that the

circuit is not influenced by noise and operates correctly, do not allow the XIN pin and XOUT pin lines to cross any

other signal lines as shown in figure 5.6.

- Signal Signal
Prohibited ——> A B
- : : This LS
T |
| I S E— XIN
= ! l
| |
1 1 XouT
| |
Cu1 | |
| |

Figure 5.6 Notes on Oscillation Circuit Block Board Design

Figure 5.7 shows a connection example of the bypass capacitors. The Vcc and Vss pins must be isolated from the

board power supply source. Also, the bypass capacitors CB must be inserted as close as possible to the pins. The

capacitance of the bypass capacitors must be fully considered in user's system board design.

VCL

I e
T

VsL
(23)

c1

This LSI

vce
(10)

Vss
®)

vce
(34)

Vss
(36)

vce
(60)

Vss
(62)

CB *2

e oo

I CB *2

lc:B*2 l
-

117

Notes: 1. Connect a 0.1-pyF capacitor as C1.
2. CB is a laminated ceramic capacitor.

Numerical values enclosed
with parenthesis represent the
pin numbers.

Figure 5.7 Connection Example of Bypass Capacitors (SH72A2 Group)

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS

Page 112 of 1118



SH72A2 Group, SH72A0 Group 5. Clocks

This LSI
VCL VCC
C1* CB *
VSL VSS —'r
(15) @)
VCC
(40) l *
CB *2
VSS #.
(42)

Numerical values enclosed

with parenthesis represent the
pin numbers.

Notes: 1. Connect a 0.1-pF capacitor as C1.
2. CB is a laminated ceramic capacitor.

Figure 5.8 Connection Example of Bypass Capacitors (SH72A0 Group)
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6. Exception Handling
6.1 Introduction

6.1.1 Types of Exception Handling and Priority

Exception handling is started by sources, such as a reset, address errors, register bank errors, interrupts, and
instructions. When several exception sources occur at once, they are processed according to the priority shown below.
Table 6.1 lists the Types of Exception Sources and Priority.

Table 6.1 Types of Exception Sources and Priority

Exception Source Priority

Reset Hardware reset, watchdog timer reset, software reset, power-down mode wake- High
up reset A

Address error CPU address error

CPU operand-access MPU CPU operand-access MPU error
error

Instruction FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register bank error Bank underflow

Bank overflow

Interrupt Voltage monitor 1, main clock oscillation stop
NMI

User break

INT

Memory error (RAM error/ROM error)
Software interrupt (SINT)

Peripheral functions I Refer to section 8, Interrupt Controller (INTC).

Instruction Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed branch
instruction * (including FPU instructions and FPU-related CPU instructions in
FPU module standby status), instructions that rewrite the PC *2, 32-bit

instructions *3, RESBANK instruction, DIVS instruction, DIVU instruction, and
instructions that lead to CPU instruction-access MPU errors) Low

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and BRAF.
2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA, BF/S, BT/S, BSRF, BRAF, JSR/N, and
RTVIN.
3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B, BORNOT.B, BSET.B, BST.B,

BXOR.B, EMOV.S@disp12, FMOV.D@disp12, MOV.B@disp12, MOV.W@disp12, MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, and MOVU.W.
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6.1.2 Exception Handling Operations

The exception handling sources are detected and exception handling starts according to the timing shown in Table 6.2.

Table 6.2 lists the Exception Source Detection and Exception Handling Start Timing

Table 6.2 Exception Source Detection and Exception Handling Start Timing
Exception Source Source Detection and Handling Start Timing
Resets Hardware reset Starts when the RESET# pin changes from low to high.

Watchdog timer reset

+ Starts when the watchdog timer underflows.
« Starts when a write is performed to the WDTRR register during a
non-refresh period.

Software reset

Starts when H'FF is written to the SWRR register.

Power-down mode wake-up reset

Starts with an interrupt request source in power-down mode

Address error CPU address error

CPU operand-access MPU errors

Interrupts

Detected when an instruction is decoded and starts when the
previous executing instruction finishes executing.

Register bank errors Bank underflow

Starts upon attempted execution of a RESBANK instruction when
saving has not been performed to register banks.

Bank overflow

In the state where saving has been performed to all register bank
areas, starts when acceptance of register bank overflow exception
has been set by the interrupt controller (the BOVE bit in the BNR
register of the INTC is 1) and an interrupt that uses a register bank
has occurred and been accepted by the CPU.

Instructions Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal instructions

Starts from the decoding of undefined code anytime except
immediately after a delayed branch instruction (delay slot) .

Slot illegal instructions

Starts from the decoding of undefined code placed directly after a
delayed branch instruction (delay slot) (including FPU instructions and
FPU-related CPU instructions in FPU module standby status), of
instructions that rewrite the PC, of 32-bit instructions, of the
RESBANK instruction, of the DIVS instruction, or of the DIVU
instruction.

Integer division exception

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'8000 0000) by -1.

FPU exception

Starts when detecting invalid operation exception defined by IEEE
standard 754, division-by-zero exception, overflow, underflow, or
inexact exception.

Also starts when gNaN or +< is input to the source for a floating point
operation instruction when the QIS bit in the FPSCR register is set.

When exception handling starts, the CPU operates as follows.

(1) 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 and SP are respectively the H'0000 0000 and H'0000 0004 addresses at a reset). Refer to section 6.1.3,
Exception Handling Vector Table, for the exception handling vector table. The vector base register (VBR) is then
initialized to H'0000 0000, the IMASK bits in the status register (SR) are initialized to H'F (B'1111), and the BO and
CS bits are initialized to 0. The the BNR register of the interrupt controller (INTC) is also initialized to 0. The FPSCR
register is also initialized to H'0004 0001 by a reset. The program starts running from the PC address fetched from the

exception handling vector table.
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(2) Exception Handling Triggered by Address Errors, CPU Operand-Access MPU Errors, Register Bank Errors,
Interrupts, and Instructions

The program counter (PC) and status register (SR) are saved to the stack indicated by general register R15.

In the case of interrupt exception handling other than voltage monitor 1, main clock oscillation stop, NMI, or user

break with usage of the register banks enabled, general registers RO to R14, control register GBR, system registers

MACH, MACL, and PR, and the vector number of the interrupt exception handling to be executed are saved to the

register banks.

In the case of exception handling due to an address error, CPU operand-access MPU error, register bank error, voltage

monitor interrupt 1, main clock oscillation stop detection interrupt, NMI interrupt, user break interrupt, or instruction,

saving to a register bank is not performed.

When saving is performed to all register banks, automatic saving to the stack is performed instead of register bank

saving. In this case, an interrupt controller setting must have been made so that a register bank overflow exception is

not accepted (the BOVE bit in the BNR register is 0).

If a setting to accept a register bank overflow exception has been made (the BOVE bit in the BNR register is 1), the

register bank overflow exception will be generated.

In the case of interrupt exception handling, the interrupt priority level is written to the IMASK bits in the SR register.

In the case of exception handling due to an address error, CPU operand-access MPU error, register bank error, or

instruction, the IMASK bits are not affected.

The start address is then fetched from the exception service routine corresponding to the exception handling vector

table and the program starts running from that address.

R0O1UH0164EJ0100 Rev.1.00 RENESAS Page 116 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group

6. Exception Handling

6.1.3 Exception Handling Vector Table

Before exception handling starts running, the exception handling vector table must be set in memory. The exception

handling vector table stores the start addresses of exception service routines. (The reset exception handling table holds

the initial values of the program counter (PC) and stack pointer (SP).)

All exception sources are given different vector numbers and vector table address offsets, from which the vector table

addresses are calculated. During exception handling, the start addresses of the exception service routines are fetched

from the exception handling vector table, which is indicated by this vector table address.

Table 6.3 lists the Vector Numbers and Vector Table Address Offsets. Table 6.4 lists the Calculation of Exception

Handling Vector Table Addresses.

Table 6.3 Vector Numbers and Vector Table Address Offsets

Exception Source Vector No. Vector Table Address Offset
Resets Hardware reset, power-on reset, voltage PC 0 H'0000 0000 to H'0000 0003
monitor reset, watchdog timer reset,
software reset, power-down mode wake-up SP 1 H'0000 0004 to H'0000 0007
reset
(Reserved for system use) 2 H'0000 0008 to H'0000 000B
3 H'0000 000C to H'0000 000F
Instruction General illegal instruction *1 4 H'0000 0010 to H'0000 0013
(Reserved for system use) 5 H'0000 0014 to H'0000 0017
Instruction Slot illegal instruction 6 H'0000 0018 to H'0000 001B
Interrupts Voltage monitor 1, main clock oscillation stop *2 7 H'0000 001C to H'0000 001F
(Reserved for system use) 8 H'0000 0020 to H'0000 0023
Address error ‘ CPU address error 9 H'0000 0024 to H'0000 0027
(Reserved for system use) 10 H'0000 0028 to H'0000 002B
Interrupts NMI 11 H'0000 002C to H'0000 002F
User break 12 H'0000 0030 to H'0000 0033
Instruction FPU exception 13 H'0000 0034 to H'0000 0037
(Reserved for system use) 14 H'0000 0038 to H'0000 003B
Register bank errors Bank overflow 15 H'0000 003C to H'0000 003F
Bank underflow 16 H'0000 0040 to H'0000 0043
Instructions Integer division exception 17 H'0000 0044 to H'0000 0047
(division by zero)
Integer division exception (overflow) 18 H'0000 0048 to H'0000 004B
CPU operand-access MPU errors 19 H'0000 004C to H'0000 004F
(Reserved for system use) 20 H'0000 0050 to H'0000 0053
3-1 H'0000 007C t6 H'0000 007F
Instruction Trap instruction (user vector) 32 H'0000 0080 to H'0000 0083
6.3 H'0000 00FC t.o H'0000 00FF
Instructions INT, peripheral functions *3 64 H'0000 0100 to H'0000 0103
51'1 H'0000 07FC t;) H'0000 07FF

Notes: 1. General illegal instructions and slot illegal instructions include instructions that lead to CPU instruction-access MPU errors. To
determine the source of an exception of either type, do so from within the given exception service routine.

2. Voltage monitor interrupt 1, main clock oscillation stop detection interrupt share a vector. To use these interrupts, determine

which interrupt source is used to request the interrupt in the interrupt routine.

3. Refer to Table 8.11 to Table 8.16 “Interrupt Sources and Vectors” in section 8, Interrupt Controller (INTC), for more information

on the vector numbers and vector table offsets of peripheral function interrupts.
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Table 6.4 Calculation of Exception Handling Vector Table Addresses

Exception Source

Vector Table Address Calculation

Resets

Vector table address = (vector table address offset)
= (vector number) x 4

instructions

Address errors, register bank errors, interrupts,

Vector table address= VBR + (vector table address offset)
= VBR + (vector number) x 4

Note: < VBR: Vector base register

» Vector table address offset: See Table 6.3.
* Vector number: See Table 6.3.
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6.2 Resets

6.2.1 Types of Reset

A reset is the highest-priority exception handling source.
Table 6.5 lists the exception source detection and exception handling start timing.

Table 6.5 Exception Source Detection and Exception Handling Start Timing

Internal State
Type , ,
CPU, FPU Peripheral Functions
Hardware reset Initialized Initialized
Watchdog timer reset Initialized Initialized
Software reset Initialized Initialized
Power-down mode wake-up reset Initialized Peripheral functions that their power has been shut off are
initialized

6.2.2 Hardware Reset

When the RESET# pin is driven low, this LSI enters the hardware reset state. To ensure that this LSI is reset, keep the
RESETH# pin low at least during oscillation stabilization time at power-on.
In the hardware reset state, the internal state of the CPU and all the peripheral function registers are initialized.

In the hardware reset state, hardware reset exception handling starts when the RESET# pin is first driven low for a
fixed period and then returned to high. 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.

. 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'0000 0000, the IMASK bits in the status register (SR) are initialized
to H'F (B'1111), and the BO and CS bits are initialized to 0. The BN bit in the BNR register of the INTC is also
initialized to 0.

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

Be sure to always perform hardware reset processing when turning the system power on.

6.2.3 Watchdog Timer Reset, Software Reset

Reset processing is performed the same as hardware reset. Refer to section 7, Resets for details.

6.2.4 Power-Down Mode Wake-Up Reset

Reset processing is performed in the same as hardware reset. Refer to section 7, Resets for details.
As for the initialization of peripheral functions, only the peripheral functions that their power has been shut off are
initialized. Refer to section 5, Clocks for details.
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6.3 Address Errors

6.3.1

Address Error Sources

Address errors occur when instructions are fetched or data is read or written to.
Table 6.6 lists Bus Cycles and Address Errors.

Table 6.6 Bus Cycles and Address Errors
Bus Cycle
Y Bus Cycle Description Address Error
Type Bus Master Occurrence

Instruction fetch *2 CPU Instruction fetched from even address None (normal)
Instruction fetched from odd address Address error occurs
Instruction fetched from other than addresses None (normal)
(H'0200 0000 to H'1FFF FFFF, H'2200 0000 to H'7FFF FFFF, and
H'FO00 0000 to H'F5FF FFFF) of peripheral function register
space *! and reserved areas *1
Instruction fetched from addresses Address error occurs
(H'0200 0000 to H'1FFF FFFF, H'2200 0000 to H'7FFF FFFF, and
H'FO00 0000 to H'F5FF FFFF) of peripheral function register
space *1 and reserved areas *1
Instruction fetched from external memory space in single-chip Address error occurs
mode

Data read/write CPU or DMAC | Word data accessed from even address None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword boundary

None (normal)

Longword data accessed from other than a longword boundary

Address error occurs

Word or byte data accessed in peripheral function register space
*1

None (normal)

Longword data accessed in 16-bit peripheral function register
space *1

None (normal)

Longword data accessed in 8-bit peripheral function register space
*1

None (normal)

External memory space accessed in single-chip mode

Address error occurs

Notes: 1. Refer to section 3, Address Space for details on the peripheral function register space and the on-chip RAM space.

2. If an instruction is placed within 10 bytes from the last address of the on-chip RAM space, the CPU accesses beyond the

boundary to fetch the instruction, causing an address error.

6.3.2

When an address error occurs, the bus cycle in which the address error occurred ends. On completion of the instruction

Address Error Exception Handling

in progress, address error exception handling starts. The CPU operates as follows:

1. The start address of exception service routine which corresponds to the address error that occurred is fetched from

the exception handling vector table.
2. The status register (SR) is saved to the stack.

3. 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 last executed instruction.

4. After jumping to the start address of exception service routine fetched from the exception handling vector table,

program execution starts. This jump is not a delayed branch.
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6.4 CPU Operand-Access MPU Errors
6.4.1 CPU Operand-Access MPU Error Sources

A CPU operand-access MPU error occurs when operand access by the CPU violates the protection attributes which
have been set for the area being accessed. For details, see section 29, Memory Protection Unit (MPU).

6.4.2 CPU Operand-Access MPU Error Exception Handling

When a CPU operand-access MPU error occurs, the bus cycle in which the CPU operand-access MPU error occurred
ends. On completion of the instruction for which execution was in progress, CPU operand-access MPU error
exception handling starts. The CPU operates as follows:

1. The start address of the exception service routine which corresponds to the CPU operand-access MPU error that
occurred is fetched from the exception handling vector table.
The status register (SR) is saved to the stack.

3. 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 last executed instruction.

4. After jumping to the address fetched from the exception handling vector table, program execution starts. This jump
is not a delayed branch.
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6.5 Register Bank Errors

6.5.1 Register Bank Error Sources

(1) Bank Overflow

In the state where saving has already been performed to all register bank areas, bank overflow occurs when acceptance
of register bank overflow exception has been set by the interrupt controller (the BOVE bit in the BNR register is set to
1) and an interrupt that uses a register bank has occurred and been accepted by the CPU.

(2) Bank Underflow
Bank underflow occurs when an attempt is made to execute a RESBANK instruction while saving has not been
performed to register banks.

6.5.2 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts.
The CPU operates as follows:

1. The start address of exception service routine which corresponds to the register bank error that occurred is fetched
from the exception handling vector table.
The status register (SR) is saved to the stack.

3. 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 last executed instruction for a bank overflow, and the start address of the executed RESBANK
instruction for a bank underflow. To prevent multiple interrupts from occurring at a bank overflow, the interrupt
priority level that caused the bank overflow is written to the interrupt mask level bits (IMASK) in the status register
(SR).

4. After jumping to the start address fetched from the exception handling vector table, program execution starts.

This jump is not a delayed branch.
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6.6 Interrupts

6.6.1 Interrupt Sources

Table 6.7 lists the Interrupt Sources to start interrupt exception handling.

Table 6.7 Interrupt Sources

Type

Request Source

Number of Sources

Voltage monitor 1

Voltage monitor circuit 1

1

Main clock oscillation stop

Main clock oscillator

NMI

NMI pin (external input)

1
1
1

User break User break controller

INT SH72A2 group: INTO to INT13 pins (external input) SH72A2 group: 14
SH72A0 group: INTO to INT8 and INT10 pins (external input) SH72A0 group: 10

Memory error RAM/ROM 4

DMAC access MPU error | MPU 1

SINT Software interrupt 8

Peripheral function

Refer to section 8, Interrupt Controller (INTC).

SH72A2 group: 155
SH72A0 group: 134

Each interrupt source has a different vector number and vector table offset.

Refer to Table 8.11 to Table 8.16 Interrupt Sources and Vectors in section 8, Interrupt Controller (INTC), for more

information on vector numbers and vector table address offsets.
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6.6.2

Interrupt Priority Level

The priority of interrupt sources is predetermined. When multiple interrupts occur simultaneously, the interrupt

controller (INTC) determines their relative priorities and starts processing according to the results.

Table 6.8 lists the Interrupt Priority.

Table 6.8 Interrupt Priority
Type Priority Level Comment

Voltage monitor 1 16 Fixed priority level. Cannot be masked.

Main clock oscillation stop 16 Fixed priority level. Cannot be masked.

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

INT Oto 15 Set using registers IPR1 to IPR4 of the INTC.
Memory error 15 Fixed priority level.

DMAC access MPU error 15 Fixed priority level.

SINT8 to 1 8to1 Fixed priority level.

Peripheral function 0to 15 Set using the IPR bits in registers ICR102 to ICR511 of the

INTC.

The priority of interrupt sources is expressed as priority levels 0 to 16, with priority 0 the lowest and priority 16 the

highest. Voltage monitor 1, main clock oscillation stop, and NMI interrupts have priority 16 and cannot be masked,

thus they are always accepted. The priority levels of the user break interrupt, the memory error interrupt, and the

DMAC access MPU error interrupt are 15. The priority levels of software interrupts (SINT) are fixed to priority 8 to 1
for each source of SINT8 to SINT]I.
The priority levels of INT interrupts, registers IPR1 to IPR4 of the INTC, and on-chip peripheral function interrupts
can be set freely using the IPR bits in registers ICR102 to ICR511 of the INTC as shown in Table 6.8. The priority

levels that can be set are 0 to 15. Level 16 cannot be set.

Refer to section 8.3.1, Interrupt Priority Level Register i (IPRi) (i = 1 to 4), for more information on registers IPR1 to
IPR4. Refer to section 8.3.10, Interrupt Control Register i (ICRi) (i = 102 to 109, 134 to 136, 142 to 156, 165 to 166,
173 to 180, 191 to 196, 214 to 215, 221 to 240, 297 to 300, 312 to 339, 366 to 367, 378 to 379, 403 to 418, 427 to 464,

477), for more information on registers ICR102 to ICR511.
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6.6.3 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). Voltage monitor, main
clock oscillation stop, and NMI interrupt exception handling is always accepted, but other interrupts are only accepted
if they have a priority level higher than the priority level set in the IMASK bits in the status register (SR).

When an interrupt is accepted, interrupt exception handling starts. In interrupt exception handling, the CPU fetches the
exception service routine start address which corresponds to the accepted interrupt from the exception handling vector
table, and saves the status register (SR) and the program counter (PC) to the stack.

In the case of interrupt exception handling other than voltage monitor 1, main clock oscillation stop, NMI, or user
break with usage of the register banks enabled, general registers RO to R14, control register GBR, system registers
MACH, MACL, and PR, and the vector number of the interrupt exception handling to be executed are saved in the
register banks.

In the case of exception handling due to an address error, CPU operand-access MPU error, voltage monitor 1 interrupt,
main clock oscillation stop detection interrupt, NMI interrupt, user break interrupt, or instruction, saving is not
performed to the register banks.

When saving has been performed to all register banks (0 to 14), automatic saving to the stack is performed instead of
register bank saving. In this case, an interrupt controller setting must have been made so that a register bank overflow
exception is not accepted (the BOVE bit in the BNR register of the INTC is 0).

If a setting to accept a register bank overflow exception has been made (the BOVE bit in the BNR register of the INTC
is 1), the register bank overflow exception occurs. Next, the priority level value of the accepted interrupt is written to
the IMASK bits in the status register (SR). For voltage monitor, main clock oscillation stop, and NMI interrupt
exception handling, however, the priority level is 16, but the value set in the IMASK bits is H'F (level 15).

Then, after jumping to the start address fetched from the exception handling vector table, program execution starts.
The jump that occurs is not a delayed branch.

Refer to section 8.4.11, Interrupt Operation Sequence for more details on interrupt exception handling.
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6.7 Instructions

6.7.1

Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, slot illegal instructions, general illegal instructions, integer

division exceptions, and FPU exception.

Table 6.9 lists the Types of Exceptions Triggered by Instructions.

Table 6.9 Types of Exceptions Triggered by Instructions

Type

Source Instruction

Comment

Trap instruction

TRAPA

Slot illegal
instruction

Undefined code placed immediately after a
delayed branch instruction (delay slot)
(including FPU instructions and FPU-related
CPU instructions in FPU module standby
state), instructions that rewrite the PC, 32-bit
instructions, RESBANK instruction, DIVS
instruction, and DIVU instruction, or
instructions that lead to CPU instruction-
access MPU errors

Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE,
BF/S, BT/S, BSRF, and BRAF

Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE,
BT, BF, TRAPA, BF/S, BT/S, BSRF, BRAF, JSR/N, and RTV/N
32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B,
BLDNOT.B, BOR.B, BORNOT.B, BSET.B, BST.B, BXOR.B,
EMOV.S@disp12, FEMOV.D@disp12, MOV.B@disp12,

MOV.W@disp12, MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal
instruction

Undefined code anywhere besides in a delay
slot (including FPU instructions and FPU-
related CPU instructions in FPU module
standby status) or instructions that lead to
CPU instruction-access MPU errors

Integer division
exception

Division by zero

DIVU, DIVS

Negative maximum value + (-1)

DIVS

FPU exception

Starts when detecting invalid operation
exception defined by IEEE754, division-by-
zero exception, overflow, underflow, or
inexact exception.

FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ,
FCMP/GT, FNEG, FABS, FLOAT, FTRC, FCNVDS,
FCNVSD, FSQRT

6.7.2

Trap Instructions

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

1. The start address of exception service routine which corresponds to the vector number specified in the TRAPA

instruction is fetched from the exception handling vector table.
The status register (SR) is saved to the stack.
3. 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.
4. After jumping to the start address fetched from the exception handling vector table, program execution starts.

This jump is not a delayed branch.
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6.7.3 Slot lllegal Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in a delay slot. When the
instruction placed in the delay slot is undefined code (including FPU instructions and FPU-related CPU instructions in
FPU module standby state), an instruction that rewrites the PC, a 32-bit instruction, an RESBANK instruction, a DIVS
instruction, a DIVU instruction, or a instruction that leads to CPU instruction-access MPU errors, slot illegal
instruction exception handling starts when such kind of instruction is decoded. The CPU operates as follows:

1. The start address of the exception service routine corresponding to the slot illegal instruction that occurred is
fetched from the exception handling vector table.
The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the delayed branch
instruction immediately before the undefined code, the instruction that rewrites the PC, the 32-bit instruction, the
RESBANK instruction, the DIVS instruction, the DIVU instruction, or the instruction that leads to CPU instruction-
access MPU errors.

4. After jumping to the address fetched from the exception handling vector table, program execution starts. This jump
is not a delayed branch.

6.7.4 General lllegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction (i.e., in a delay slot)
(including FPU instructions and FPU-related CPU instructions in FPU module standby state) or the instruction that
leads to CPU instruction-access MPU errors is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructions in the same way as slot illegal instructions. Unlike processing of slot illegal
instructions, however, the program counter (PC) value stored is the start address of the undefined code or the
instruction that leads to CPU instruction-access MPU errors.

6.7.5 Integer Division Exceptions

When an integer division instruction performs division by zero or the result of integer division overflows, integer
division instruction exception occurs. The instructions that may become the source of division-by-zero exception are
DIVU and DIVS. The only source instruction of overflow exception is DIVS, and overflow exception occurs only
when the negative maximum value is divided by.-1. The CPU operates as follows:

1. The start address of exception service routine which corresponds to the integer division instruction exception that
occurred is fetched from the exception handling vector table.
The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the integer division
instruction at which the exception occurred.

4. After jumping to the start address of exception service routine fetched from the exception handling vector table,
program execution starts. This jump is not a delayed branch.
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6.7.6 FPU Exceptions

An FPU exception handling occurs when the V, Z, O, U or I bit in the FPU enable field (Enable) of the floating point
status/control register (FPSCR) is set to 1. This indicates the occurrence of an invalid operation exception defined by
the IEEE standard 754, a division-by-zero exception, overflow (in the case of an instruction for which this is possible),
underflow (in the case of an instruction for which this is possible), or inexact exception (in the case of an instruction
for which this is possible).

The instructions that may cause FPU exception handling are FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/
GT, FLOAT, FTRC, FCNVDS, FCNVSD, and FSQRT.

An FPU exception handling occurs only when the corresponding enable bit (Enable) is set. When the FPU detects an
exception source resulting from floating-point operations, FPU operation is suspended and occurrence of an FPU
exception handling is reported to the CPU. When exception handling is started, the CPU operations are as follows.

1. The start address of the exception service routine corresponding to the FPU exception handling that occurred is
fetched from the exception handling vector table.
The status register (SR) is saved to the stack.

3. 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 last executed instruction.

4. After jumping to the address fetched from the exception handling vector table, program execution starts.
This jump is not a delayed branch.

The FPU exception flag field (Flag) of the FPSCR register is always updated regardless of whether or not an FPU
exception handling has been accepted, and remains set until explicitly cleared by the user through an instruction. The
FPU exception source field (Cause) of the FPSCR register changes each time a floating-point operation instruction is
executed.

When the V bit in the FPU exception enable field (Enable) of the FPSCR register is set and the QIS bit in the FPSCR
register is also set to 1, inputting qNaN or +eo to a floating point operation instruction source occurs FPU exception
handling.
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6.8 When Exception Handling is not Accepted

When an address error, FPU exception, CPU operand-access MPU error, register bank error (overflow), or interrupt
occurs immediately after a delayed branch instruction, it is sometimes not accepted immediately but stored instead.
When this happens, it will be accepted when an instruction that can accept the exception is decoded.

Table 6.10 shows the Exception Source Generation Immediately after Delayed Branch Instruction.

Table 6.10 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Point of Occurrence

Address Error

FPU Exception or
CPU Operand-Access
MPU Errors

Register Bank Error
(Overflow)

Interrupt

Immediately after a delayed
branch instruction *

Not accepted

Not accepted

Not accepted

Not accepted

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and BRAF.
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6.9 Stack Status after Exception Handling Ends

Table 6.11 shows the stack status after exception handling ends.

Table 6.11 Stack Status after Exception Handling Ends
Type Type Stack Status
Address error Interrupt
Address of instruction . A fi i .
SR~ after executed instruction 32 Pits SR — 1 agg:%izgutlggtir#gttmgtion 32 bits
SR 32 bits SR 32 bits
Register bank Register bank
error error
(overflow) (underflow)
Address of instruction .
SR — 1 : oy 32 bits SR __| | Start address of relevant .
after executed instruction —> RESBANK instruction 32 bits
SR 32 bits SR 32 bits
FPU exception CPU operand-
access MPU
error
SR Start address of relevant ; Address of instruction :
1 integer division instruction 32 bits SR~ after executed instruction 32 Pits
SR 32 bits SR 32 bits
Trap instruction Slot illegal
instruction
SR i i .
— Qgg:(%ss:gx]ﬁzgﬁg%n 32 bits SR—— Jump destination address 32 bits
of delayed branch instruction
SR 32 bits SR 32 bits
General illegal Integer division
instruction exception
SR Start add f | . Address of instruction .
] illgga&i inrsetiagtigﬁnera 32 bits SR~ after executed instruction 32 Pits
SR 32 bits SR 32 bits
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6.10 Notes on Exceptional Handling

6.10.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. Otherwise, an address error will occur when the stack
is accessed during exception handling.

6.10.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. Otherwise, an address error will occur when
the stack is accessed during exception handling.

6.10.3 Address Errors Caused by Stacking of Address Error Exception Handling

When the stack pointer is not a multiple of four, an address error will occur during stacking of the exception handling
(interrupts, etc.) and address error exception handling will start up as soon as the first exception handling is ended.
Address errors will then 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 shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is executed. During
stacking of the status register (SR) and program counter (PC), the SP is decremented by 4 for both, so the value of SP
will not be a multiple of four after the stacking either. The address value output during stacking is the SP value, so the
address where the error occurred is itself output. This means the write data stacked will be undefined.

6.10.4 Interrupt Control by Modifying Interrupt Mask Bits

Ensure that at least five instructions are placed between an interrupt-enabling instruction and interrupt-disabling
instruction when an LDC or LDC.L instruction is used to enable or disable interrupts by manipulating the values of the
interrupt mask bits (IMASK3 to IMASKO) of the status register (SR).
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7. Resets

71 Introduction

The following four resets are implemented in the MCU: hardware, software, watchdog timer, and power-down mode

wake-up.
Table 7.1 lists

the Reset Specifications.

Figure 7.1 shows the Reset Circuit Block Diagram.

Table 7.1 Reset Specifications

ltem

Function

Reset sources

Hardware reset

» Aresetis performed when the RESET# pin changes from low to high.
» Noise reduction via the analog noise filter

Software reset

A reset is performed by writing H'FF to the SWRR register.

Watchdog timer reset

A reset is performed in either of the following:
* When the watchdog timer underflows
* When a write is performed to the WDTRR register during a non-refresh period

Power-down mode wake-
up reset

An automatic reset is performed with the interrupt request source in power-down mode.

Reset source determination function

Check the type of the generated reset using the RSDR register.

Cold Start-Up/Warm Start-Up Function

By setting the CWSF bit in the RSDR register, this function is used to determinate cold
start-up (reset process) when the power is turned on or warm start-up (reset process)
when a reset signal is applied during operation.

Only the functions that their power has been shut off are initialized by a power-down mode wake-up reset. The

functions that have been running or stopped are not initialized.

For the operation, stop, and power cut-off of each function, refer to section 5.5, Power Control.

Reset % The pins, CPU, resource,

RESET#O—

Analog noise
filter

Watchdog timer reset signal

P and peripheral function
é}"_ ?:?Pt:ta(i)tl p registers are initialized

Internal reset signal

Watchdog timer

Software

Software reset signal

reset circuit

Power-down mode wake-up
reset generator

Power-down mode
wake-up reset signal

Figure 7.1  Reset Circuit Block Diagram
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Table 7.2 lists the Reset I/O Pin.

Table 7.2 Reset I/O Pin

Pin Name

110

Description

RESET#

Input

Reset pin. When this pin is driven low, the MCU is reset.
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7.2 Registers
Table 7.3 lists the Reset Circuit Registers.
Table 7.3 Reset Circuit Registers
Register Name Symbol After Reset Address Access Size
System protect register 2 SPR2 H'00 H'FF46 E263 8
Software reset register SWRR H'00 H'FF46 E203 8
Reset source determine register RSDR H'00 H'FF46 E20B 8
7.21 System Protect Register 2 (SPR2)
Address H'FF46 E263
b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0

Bit Description R/W
b7 to b0 When written R/W

B'1111 0001: Protection unlocked
Other than B'1111 0001: Protection locked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked
Bit 7 to bit 1 (b7 to b1) are always read as 0.

The SPR2 register is used to set the protect function that protects registers SWRR, RSDR, SLCR1, PDWSSLi (i=0, 2
to 5), PDWSSRi, PDWSESL;j (j = 0 to 2), RSTSRO0, and BURm (m = 0 to 31) from being rewritten easily. To change

the values of these registers, perform the following procedure:

(1) Write H'F1 to the SPR2 register (writing to the registers enabled).
(2) Change the values of registers SWRR, RSDR, SLCRI1, PDWSSLi, PDWSSRi, PDWSESLj, RSTSRO, and

BURm.

(3) Write a value other than H'F1 to the SPR2 register (writing to the registers disabled).

7.2.2 Software Reset Register (SWRR)
Address H'FF46 E203

b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0
Bit Description R/W
b7 to b0 The MCU is reset by writing H'FF. R/W

The read value is H'00.

This register is used to control the software reset. To set the SWPR register, use the SPR2 register to unlock the

protection before writing.

Immediately after writing H'FF to SWRR, execute an instruction to read from SWRR and at least five NOP

instructions.
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7.2.3 Reset Source Determine Register (RSDR)
Address H'FF46 E20B

b7 b6 b5 b4 b3 b2 b1 b0
— — — — [WDTRF|SWRF|HWRF|CWSF
After Reset 0 0 0 0 (Note 1) (Note 1) (Note 1) (Note 1)
Bit Symbol Bit Name Description R/W
b7 to b4 — Reserved These bits are read as 0. The write value should always be 0. R
b3 WDTRF Watchdog Timer Reset Detect | 0: Not detected R/W
Flag 1: Detected
b2 SWRF Software Reset Detect Flag 0: Not detected R/W
1: Detected
b1 HWRF Hardware Reset Detect Flag 0: Not detected R/W
1: Detected
b0 CWSF Cold Start-Up/Warm Start-Up 0: Cold start-up R/W
Determine Flag 1: Warm start-up

Note 1. The reset value varies with the reset source.

This register is used to determine the reset source when the MCU performs a reset. This register is also used to
determine whether cold start-up or warm start-up. To set the RSDR register, use the SPR2 register to unlock the
protection before writing.

WDTREF Bit

The WDTRF flag becomes 1 (detected) when a watchdog timer reset is performed. This flag becomes 0 (not detected)
when any other reset is performed. This flag can be set to 0 by a program. Writing a 1 has no effect.

SWREF Bit

The SWREF flag becomes | (detected) when a software reset is performed. This flag becomes 0 (not detected) when
any other reset is performed. This flag can be set to 0 by a program. Writing a 1 have no effect.

HWREF Bit

The HWRF flag becomes 1 (detected) when a hardware reset is performed. This flag becomes 0 (not detected) when
any other reset is performed. This flag can be set to 0 by a program. Writing a 1 has no effect.

CWSF Bit

The CWSF flag becomes 0 when power is supplied to the LSI (cold start-up). This flag remains unchanged at any
other reset. This flag is set to 1 (warm start-up) by writing a 1 with a program. Writing a 0 has no effect.
To determine whether power is supplied, set this bit to 1.
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7.3 Reset Sources

7.31 Hardware Reset

A reset is triggered by the RESET# pin. If the supply voltage meets the recommended operating conditions, the MCU
is reset by applying a low-level signal to the RESET# pin.

7.3.11 When Power Supply is Stable

(1) Apply a low-level signal to the RESET# pin.
(2) Wait for 100 ps or more with the RESET# signal held low.
(3) Apply a high-level signal to the RESET# pin.

7.3.1.2 At Power-On

(1) Apply a low-level signal to the RESET# pin.
(2) Wait for 10 ms or more from VCCmin to reset cancellation as the hold time.
(3) Apply a high-level signal to the RESET# pin.

7.3.2 Software Reset

A reset is triggered by the software reset circuit. By writing H'FF to the SWRR register, the MCU is reset.

7.3.3 Watchdog Timer Reset

A reset is triggered by the watchdog timer. When the watchdog timer underflows or when a write to the WDTRR
register is performed during a non-refresh period the MCU is reset.

7.3.4 Power-Down Mode Wake-Up Reset

An automatic reset is performed with the interrupt request source to wake up from power-down mode 0 or power-
down mode 1. The functions that their power has been shut off are initialized, and the clocks that their oscillation has
been stopped are started. The functions that have been running or stopped are not initialized. For details on power-
down mode wake-up reset, refer to section 5.5, Power Control.
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7.4

Reset Sequence

When an internal reset signal goes to high level, the MCU is reset and the pins, peripheral function registers, and the
CPU are initialized. When the internal reset signal changes from high to low, the CPU executes a program beginning
with the address indicated by the reset vector. When a reset is performed while writing to the internal RAM, the
written value is undefined. Figure 7.2 shows a timing of the reset sequence, and table 7.4 shows the CPU Register
States after Reset.

» When the RESET# pin is deasserted after the supply voltage is stabilized

Input to High |
RESET# pin
Low
Internal reset High
signal Low "_’|

e [ U
Low

CPU clock High
Low |

Progam SN\ /T
fetch

Stopped 00000000 N N

Content of reset vector

Figure 7.2 Reset Sequence

Table 7.4 CPU Register States after Reset

Classification Register Initial Value
CPU General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer (SP) in the vector address table
Control registers SR Bits IMASK are 1111 (H'F), BO and CS are 0, reserved bits are 0,
and others are undefined
GBR, TBR Undefined
VBR H'0000 0000
System registers MACH, MACL, PR Undefined
PC Value of the program counter (PC) in the vector address table
RAM — Undefined after power-on
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7.5 Reset Determination Function

This function is used to detect which reset source is used to reset the MCU. Whether a hardware reset, software reset,
or watchdog timer reset has been performed can be checked by reading the RSDR register.

When a hardware reset is performed, the HWRF bit becomes 1 (detected). When a software reset is performed, the
SWR bit becomes 1 (detected). When a watchdog timer occurs, the WDTRF bit becomes 1 (detected). These bits are
individually set to 0 (not detected) when a reset other than the corresponding reset occurs. They can be set to 0 by a
program.

7.6 Cold Start-Up/Warm Start-Up Determination Function

By setting the CWSF bit in the RSDR register, this function is used to determine whether cold start-up (reset process)
when the power is turned on or warm start-up (reset process) when a reset signal is applied during operation.

The CWSF bit becomes 0 (cold start-up) when power is supplied to the LSI. This bit does not become 0 at a hardware
reset, a software reset, watchdog timer reset, or power-down mode wake-up reset. This bit is set to 1 (warm start-up)
by writing a 1 with a program. Writing 0 has no effect.

Figure 7.3 shows an Operation Example of Cold Start-Up/Warm Start-Up Determination Function.

[V PP

VCC

Input to High
The CWSF bit is not
set to 0 by applying a
low-level signal to the
RESET# pin.

, 1 &
CWSF bit : |
\ Set to 1 by a program /

CWSF: Bit in the RSDR register

Figure 7.3  Operation Example of Cold Start-Up/Warm Start-Up Determination Function
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8. Interrupt Controller (INTC)

8.1 Introduction

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt requests to the CPU.
The priority of each interrupt can be set in the INTC registers, and thus interrupts can be processed according to the set
priority.

8.1.1 Specifications

The following shows the INTC Specifications.

Table 8.1 INTC Specifications

ltem Description

Interrupt priority By setting the four interrupt priority level registers and the interrupt control registers
for peripheral functions, the priorities of INT interrupts and peripheral function
interrupts can be selected from 16 levels for request sources.

NMI detection Falling edge or rising edge selectable
INT detection Low level, falling edge, rising edge, or both edges selectable
Register banks This LS| has register banks that enable register saving and restoring required in the

interrupt processing to be performed at high speed.

Software interrupt (SINT) By setting the software interrupt register, an interrupt with a given priority (8 to 1)
can be generated from a program.
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Figure 8.1 shows the INTC Block Diagram.

Interrupt request)
Interrupt request)
Interrupt request)

Voltage monitor interrupt 1 E
(
(Interrupt request)
(
(

Main clock oscillation stop
detection interrupt

DMAC access MPU error interrupt
RAM error interrupt

FIFE interrupt

User break interrupt

A J

y

Yyvy

Interrupt request)

Interrupt request)

y

(Interrupt request

NMI o S contol > 22 com- | ||
SH72A2: INTO to INT13 Digital (Interrupt request) | "PUt CONtrO > S parator Interrupt
SH72A0: INTO to INTS, filter Qs request
INT10 t
~ [ wAsK |
I||§ CPU
= [*] II ICR —
= >,
DMAC (Interrupt rdquest) | 5 ICR102 to 511 (maximum) ‘§ :
Peripheral ol S &
functions* (Interrupt request}> 2 ’
g I_ l—»
B III » DMA request
—J IR102 to 511 (maximum)

Af

Completion of DMA transfer
I_ DMAC

=

SINT1 to SINT8
2]
] :
Bus a g
Module bus interface \__| 5—
5]
a

INTC
Note: * The peripheral functions that can generate an interrupt request are:
POE, CMT, ADO and AD1, TPU, SCI, CAN, LIN, SBI, MTU-III, and task monitor timer.
Figure 8.1 INTC Block Diagram
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8.2 Input/Output Pins

Table 8.2 lists the INTC Pins.

Table 8.2 INTC Pins

SH72A0 group: INTO to INTS,
INT10

Pin Name I/0 Description
NMI Input Input pin for non-maskable interrupt requests
SH72A2 group: INTO to INT13 Input Input pins for maskable interrupt requests

RO1UHO0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS

Page 141 of 1118



SH72A2 Group, SH72A0 Group 8. Interrupt Controller (INTC)

8.3 Registers
Table 8.3 to Table 8.10 list the INTC Registers.

Table 8.3 INTC Registers (1)

Register Name Symbol After Reset Address Access Size
Interrupt control register 0 ICRO *1 H'FFFD 9400 16, 32
Interrupt control register 1 ICR1 H'0000 H'FFFD 9402 16, 32
Interrupt control register 2 ICR2 H'0000 H'FFFD 9404 16
INT Interrupt request register INTR H'0000 H'FFFD 9408 16
Bank control register BCR H'0000 H'FFFD 940E 16
Bank number register BNR H'0000 H'FFFD 9410 16
Software interrupt register 1 SINT1 H'00 H'FFFD 9412 8
Software interrupt register 2 SINT2 H'00 H'FFFD 9413 8
Software interrupt register 3 SINT3 H'00 H'FFFD 9414 8
Software interrupt register 4 SINT4 H'00 H'FFFD 9415 8
Software interrupt register 5 SINT5 H'00 H'FFFD 9416 8
Software interrupt register 6 SINT6 H'00 H'FFFD 9417 8
Software interrupt register 7 SINT7 H'00 H'FFFD 9418 8
Software interrupt register 8 SINT8 H'00 H'FFFD 9419 8
Interrupt priority level register 1 IPR1 H'0000 H'FFFD 941A 16
Interrupt priority level register 2 IPR2 H'0000 H'FFFD 941C 16, 32
Interrupt priority level register 3 IPR3 H'0000 H'FFFD 941E 16, 32
Interrupt priority level register 4 IPR4 H'0000 H'FFFD 9420 16
Interrupt request register 102 IR102 H'00 H'FFFD 9800 8
Interrupt request register 103 IR103 H'00 H'FFFD 9801 8
Interrupt request register 104 IR104 H'00 H'FFFD 9802 8
Interrupt request register 105 IR105 H'00 H'FFFD 9803 8
Interrupt request register 106 IR106 H'00 H'FFFD 9804 8
Interrupt request register 107 IR107 H'00 H'FFFD 9805 8
Interrupt request register 108 IR108 H'00 H'FFFD 9806 8
Interrupt request register 109 IR109 H'00 H'FFFD 9807 8
Interrupt request register 134 IR134 H'00 H'FFFD 9820 8
Interrupt request register 135 IR135 H'00 H'FFFD 9821 8
Interrupt request register 136 IR136 H'00 H'FFFD 9822 8
Interrupt request register 142 IR142 H'00 H'FFFD 9828 8
Interrupt request register 143 IR143 H'00 H'FFFD 9829 8
Interrupt request register 144 IR144 H'00 H'FFFD 982A 8
Interrupt request register 145 IR145 H'00 H'FFFD 982B 8
Interrupt request register 146 IR146 H'00 H'FFFD 982C 8
Interrupt request register 147 IR147 H'00 H'FFFD 982D 8
Interrupt request register 148 IR148 H'00 H'FFFD 982E 8
Interrupt request register 149+*2 IR149 H'00 H'FFFD 982F 8
Interrupt request register 150%2 IR150 H'00 H'FFFD 9830 8

Notes: The access cycle is two cycles in word access and four cycles in longword access.
1. H'8000 when the NMI pin is high and H'0000 when low.
2. Not used in the SH72A0 group.
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Table 8.4 INTC Registers (2)
Register Name Symbol After Reset Address Access Size
Interrupt request register 151* IR151 H'00 H'FFFD 9831 8
Interrupt request register 152* IR152 H'00 H'FFFD 9832 8
Interrupt request register 153 IR153 H'00 H'FFFD 9833 8
Interrupt request register 154 IR154 H'00 H'FFFD 9834 8
Interrupt request register 155* IR155 H'00 H'FFFD 9835 8
Interrupt request register 156* IR156 H'00 H'FFFD 9836 8
Interrupt request register 165 IR165 H'00 H'FFFD 983F 8
Interrupt request register 166 IR166 H'00 H'FFFD 9840 8
Interrupt request register 173 IR173 H'00 H'FFFD 9847 8
Interrupt request register 174* IR174 H'00 H'FFFD 9848 8
Interrupt request register 175* IR175 H'00 H'FFFD 9849 8
Interrupt request register 176* IR176 H'00 H'FFFD 984A 8
Interrupt request register 177 IR177 H'00 H'FFFD 984B 8
Interrupt request register 178* IR178 H'00 H'FFFD 984C 8
Interrupt request register 179 IR179 H'00 H'FFFD 984D 8
Interrupt request register 180 IR180 H'00 H'FFFD 984E 8
Interrupt request register 191* IR191 H'00 H'FFFD 9859 8
Interrupt request register 192* IR192 H'00 H'FFFD 985A 8
Interrupt request register 193* IR193 H'00 H'FFFD 985B 8
Interrupt request register 194* IR194 H'00 H'FFFD 985C 8
Interrupt request register 195* IR195 H'00 H'FFFD 985D 8
Interrupt request register 196* IR196 H'00 H'FFFD 985E 8
Interrupt request register 214 IR214 H'00 H'FFFD 9870 8
Interrupt request register 215 IR215 H'00 H'FFFD 9871 8
Interrupt request register 221 IR221 H'00 H'FFFD 9877 8
Interrupt request register 222 IR222 H'00 H'FFFD 9878 8
Interrupt request register 223 IR223 H'00 H'FFFD 9879 8
Interrupt request register 224 IR224 H'00 H'FFFD 987A 8
Interrupt request register 225 IR225 H'00 H'FFFD 987B 8
Interrupt request register 226 IR226 H'00 H'FFFD 987C 8
Interrupt request register 227 IR227 H'00 H'FFFD 987D 8
Interrupt request register 228 IR228 H'00 H'FFFD 987E 8
Interrupt request register 229 IR229 H'00 H'FFFD 987F 8
Interrupt request register 230 IR230 H'00 H'FFFD 9880 8
Interrupt request register 231 IR231 H'00 H'FFFD 9881 8
Interrupt request register 232 IR232 H'00 H'FFFD 9882 8
Interrupt request register 233 IR233 H'00 H'FFFD 9883 8
Interrupt request register 234 IR234 H'00 H'FFFD 9884 8
Interrupt request register 235 IR235 H'00 H'FFFD 9885 8
Interrupt request register 236 IR236 H'00 H'FFFD 9886 8
Interrupt request register 237 IR237 H'00 H'FFFD 9887 8
Interrupt request register 238 IR238 H'00 H'FFFD 9888 8

Notes: The access cycle is two cycles in word access and four cycles in longword access.

* Not used in the SH72A0 group.
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Table 8.5 INTC Registers (3)

Register Name Symbol After Reset Address Access Size
Interrupt request register 239 IR239 H'00 H'FFFD 9889 8
Interrupt request register 240 IR240 H'00 H'FFFD 988A 8
Interrupt request register 297 IR297 H'00 H'FFFD 98C3 8
Interrupt request register 298 IR298 H'00 H'FFFD 98C4 8
Interrupt request register 299 IR299 H'00 H'FFFD 98C5 8
Interrupt request register 300 IR300 H'00 H'FFFD 98C6 8
Interrupt request register 312 IR312 H'00 H'FFFD 98D2 8
Interrupt request register 313 IR313 H'00 H'FFFD 98D3 8
Interrupt request register 314 IR314 H'00 H'FFFD 98D4 8
Interrupt request register 315 IR315 H'00 H'FFFD 98D5 8
Interrupt request register 316 IR316 H'00 H'FFFD 98D6 8
Interrupt request register 317 IR317 H'00 H'FFFD 98D7 8
Interrupt request register 318 IR318 H'00 H'FFFD 98D8 8
Interrupt request register 319 IR319 H'00 H'FFFD 98D9 8
Interrupt request register 320 IR320 H'00 H'FFFD 98DA 8
Interrupt request register 321 IR321 H'00 H'FFFD 98DB 8
Interrupt request register 322 IR322 H'00 H'FFFD 98DC 8
Interrupt request register 323 IR323 H'00 H'FFFD 98DD 8
Interrupt request register 324 IR324 H'00 H'FFFD 98DE 8
Interrupt request register 325 IR325 H'00 H'FFFD 98DF 8
Interrupt request register 326 IR326 H'00 H'FFFD 98E0 8
Interrupt request register 327 IR327 H'00 H'FFFD 98E1 8
Interrupt request register 328 IR328 H'00 H'FFFD 98E2 8
Interrupt request register 329 IR329 H'00 H'FFFD 98E3 8
Interrupt request register 330 IR330 H'00 H'FFFD 98E4 8
Interrupt request register 331 IR331 H'00 H'FFFD 98E5 8
Interrupt request register 332 IR332 H'00 H'FFFD 98E6 8
Interrupt request register 333 IR333 H'00 H'FFFD 98E7 8
Interrupt request register 334 IR334 H'00 H'FFFD 98E8 8
Interrupt request register 335 IR335 H'00 H'FFFD 98E9 8
Interrupt request register 336 IR336 H'00 H'FFFD 98EA 8
Interrupt request register 337 IR337 H'00 H'FFFD 98EB 8
Interrupt request register 338 IR338 H'00 H'FFFD 98EC 8
Interrupt request register 339 IR339 H'00 H'FFFD 98ED 8
Interrupt request register 366 IR366 H'00 H'FFFD 9908 8
Interrupt request register 367* IR367 H'00 H'FFFD 9909 8
Interrupt request register 378 IR378 H'00 H'FFFD 9914 8
Interrupt request register 379* IR379 H'00 H'FFFD 9915 8
Interrupt request register 403 IR403 H'00 H'FFFD 992D 8
Interrupt request register 404 IR404 H'00 H'FFFD 992E 8
Interrupt request register 405 IR405 H'00 H'FFFD 992F 8
Interrupt request register 406 IR406 H'00 H'FFFD 9930 8

Notes: The access cycle is two cycles in word access and four cycles in longword access.
* Not used in the SH72A0 group.
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Table 8.6 INTC Registers (4)

Register Name Symbol After Reset Address Access Size
Interrupt request register 407 IR407 H'00 H'FFFD 9931 8
Interrupt request register 408 IR408 H'00 H'FFFD 9932 8
Interrupt request register 409 IR409 H'00 H'FFFD 9933 8
Interrupt request register 410 IR410 H'00 H'FFFD 9934 8
Interrupt request register 411 IR411 H'00 H'FFFD 9935 8
Interrupt request register 412 IR412 H'00 H'FFFD 9936 8
Interrupt request register 413 IR413 H'00 H'FFFD 9937 8
Interrupt request register 414 IR414 H'00 H'FFFD 9938 8
Interrupt request register 415 IR415 H'00 H'FFFD 9939 8
Interrupt request register 416 IR416 H'00 H'FFFD 993A 8
Interrupt request register 417 IR417 H'00 H'FFFD 993B 8
Interrupt request register 418 IR418 H'00 H'FFFD 993C 8
Interrupt request register 427 IR427 H'00 H'FFFD 9945 8
Interrupt request register 428 IR428 H'00 H'FFFD 9946 8
Interrupt request register 429 IR429 H'00 H'FFFD 9947 8
Interrupt request register 430 IR430 H'00 H'FFFD 9948 8
Interrupt request register 431 IR431 H'00 H'FFFD 9949 8
Interrupt request register 432 IR432 H'00 H'FFFD 994A 8
Interrupt request register 433 IR433 H'00 H'FFFD 994B 8
Interrupt request register 434 IR434 H'00 H'FFFD 994C 8
Interrupt request register 435 IR435 H'00 H'FFFD 994D 8
Interrupt request register 436 IR436 H'00 H'FFFD 994E 8
Interrupt request register 437 IR437 H'00 H'FFFD 994F 8
Interrupt request register 438 IR438 H'00 H'FFFD 9950 8
Interrupt request register 439 IR439 H'00 H'FFFD 9951 8
Interrupt request register 440 IR440 H'00 H'FFFD 9952 8
Interrupt request register 441 IR441 H'00 H'FFFD 9953 8
Interrupt request register 442 IR442 H'00 H'FFFD 9954 8
Interrupt request register 443 IR443 H'00 H'FFFD 9955 8
Interrupt request register 444 IR444 H'00 H'FFFD 9956 8
Interrupt request register 445 IR445 H'00 H'FFFD 9957 8
Interrupt request register 446 IR446 H'00 H'FFFD 9958 8
Interrupt request register 447 IR447 H'00 H'FFFD 9959 8
Interrupt request register 448 IR448 H'00 H'FFFD 995A 8
Interrupt request register 449 IR449 H'00 H'FFFD 995B 8
Interrupt request register 450 IR450 H'00 H'FFFD 995C 8
Interrupt request register 451 IR451 H'00 H'FFFD 995D 8
Interrupt request register 452 IR452 H'00 H'FFFD 995E 8
Interrupt request register 453 IR453 H'00 H'FFFD 995F 8
Interrupt request register 454 IR454 H'00 H'FFFD 9960 8
Interrupt request register 455 IR455 H'00 H'FFFD 9961 8
Interrupt request register 456 IR456 H'00 H'FFFD 9962 8
Interrupt request register 457 IR457 H'00 H'FFFD 9963 8

Note: The access cycle is two cycles in word access and four cycles in longword access.
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8. Interrupt Controller (INTC)

Table 8.7 INTC Registers (5)

Register Name Symbol After Reset Address Access Size
Interrupt request register 458 IR458 H'00 H'FFFD 9964 8
Interrupt request register 459 IR459 H'00 H'FFFD 9965 8
Interrupt request register 460 IR460 H'00 H'FFFD 9966 8
Interrupt request register 461 IR461 H'00 H'FFFD 9967 8
Interrupt request register 462 IR462 H'00 H'FFFD 9968 8
Interrupt request register 463 IR463 H'00 H'FFFD 9969 8
Interrupt request register 464 IR464 H'00 H'FFFD 996A 8
Interrupt request register 477 IR477 H'00 H'FFFD 9977 8
Interrupt control register 102 ICR102 Undefined H'FFFD 999A 16
Interrupt control register 103 ICR103 Undefined H'FFFD 999C 16
Interrupt control register 104 ICR104 Undefined H'FFFD 999E 16
Interrupt control register 105 ICR105 Undefined H'FFFD 99A0 16
Interrupt control register 106 ICR106 Undefined H'FFFD 99A2 16
Interrupt control register 107 ICR107 Undefined H'FFFD 99A4 16
Interrupt control register 108 ICR108 Undefined H'FFFD 99A6 16
Interrupt control register 109 ICR109 Undefined H'FFFD 99A8 16
Interrupt control register 134 ICR134 Undefined H'FFFD 99DA 16
Interrupt control register 135 ICR135 Undefined H'FFFD 99DC 16
Interrupt control register 136 ICR136 Undefined H'FFFD 99DE 16
Interrupt control register 142 ICR142 Undefined H'FFFD 99EA 16
Interrupt control register 143 ICR143 Undefined H'FFFD 99EC 16
Interrupt control register 144 ICR144 Undefined H'FFFD 99EE 16
Interrupt control register 145 ICR145 Undefined H'FFFD 99F0 16
Interrupt control register 146 ICR146 Undefined H'FFFD 99F2 16
Interrupt control register 147 ICR147 Undefined H'FFFD 99F4 16
Interrupt control register 148 ICR148 Undefined H'FFFD 99F6 16
Interrupt control register 149* ICR149 Undefined H'FFFD 99F8 16
Interrupt control register 150* ICR150 Undefined H'FFFD 99FA 16
Interrupt control register 151* ICR151 Undefined H'FFFD 99FC 16
Interrupt control register 152* ICR152 Undefined H'FFFD 99FE 16
Interrupt control register 153 ICR153 Undefined H'FFFD 9A00 16
Interrupt control register 154 ICR154 Undefined H'FFFD 9A02 16
Interrupt control register 155* ICR155 Undefined H'FFFD 9A04 16
Interrupt control register 156* ICR156 Undefined H'FFFD 9A06 16
Interrupt control register 165 ICR165 Undefined H'FFFD 9A18 16
Interrupt control register 166 ICR166 Undefined H'FFFD 9A1A 16
Interrupt control register 173 ICR173 Undefined H'FFFD 9A28 16
Interrupt control register 174* ICR174 Undefined H'FFFD 9A2A 16
Interrupt control register 175* ICR175 Undefined H'FFFD 9A2C 16
Interrupt control register 176* ICR176 Undefined H'FFFD 9A2E 16
Interrupt control register 177 ICR177 Undefined H'FFFD 9A30 16
Interrupt control register 178* ICR178 Undefined H'FFFD 9A32 16

Notes: The access cycle is two cycles in word access and four cycles in longword access.
* Not used in the SH72A0 group.
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SH72A2 Group, SH72A0 Group

8. Interrupt Controller (INTC)

Table 8.8 INTC Registers (6)
Register Name Symbol After Reset Address Access Size
Interrupt control register 179 ICR179 Undefined H'FFFD 9A34 16
Interrupt control register 180 ICR180 Undefined H'FFFD 9A36 16
Interrupt control register 191* ICR191 Undefined H'FFFD 9A4C 16
Interrupt control register 192* ICR192 Undefined H'FFFD 9A4E 16
Interrupt control register 193* ICR193 Undefined H'FFFD 9A50 16
Interrupt control register 194* ICR194 Undefined H'FFFD 9A52 16
Interrupt control register 195* ICR195 Undefined H'FFFD 9A54 16
Interrupt control register 196* ICR196 Undefined H'FFFD 9A56 16
Interrupt control register 214 ICR214 Undefined H'FFFD 9A7A 16
Interrupt control register 215 ICR215 Undefined H'FFFD 9A7C 16
Interrupt control register 221 ICR221 Undefined H'FFFD 9A88 16
Interrupt control register 222 ICR222 Undefined H'FFFD 9A8A 16
Interrupt control register 223 ICR223 Undefined H'FFFD 9A8C 16
Interrupt control register 224 ICR224 Undefined H'FFFD 9A8E 16
Interrupt control register 225 ICR225 Undefined H'FFFD 9A90 16
Interrupt control register 226 ICR226 Undefined H'FFFD 9A92 16
Interrupt control register 227 ICR227 Undefined H'FFFD 9A94 16
Interrupt control register 228 ICR228 Undefined H'FFFD 9A96 16
Interrupt control register 229 ICR229 Undefined H'FFFD 9A98 16
Interrupt control register 230 ICR230 Undefined H'FFFD 9A9A 16
Interrupt control register 231 ICR231 Undefined H'FFFD 9A9C 16
Interrupt control register 232 ICR232 Undefined H'FFFD 9A9E 16
Interrupt control register 233 ICR233 Undefined H'FFFD 9AAOQ 16
Interrupt control register 234 ICR234 Undefined H'FFFD 9AA2 16
Interrupt control register 235 ICR235 Undefined H'FFFD 9AA4 16
Interrupt control register 236 ICR236 Undefined H'FFFD 9AAG6 16
Interrupt control register 237 ICR237 Undefined H'FFFD 9AA8 16
Interrupt control register 238 ICR238 Undefined H'FFFD 9AAA 16
Interrupt control register 239 ICR239 Undefined H'FFFD 9AAC 16
Interrupt control register 240 ICR240 Undefined H'FFFD 9AAE 16
Interrupt control register 297 ICR297 Undefined H'FFFD 9B20 16
Interrupt control register 298 ICR298 Undefined H'FFFD 9B22 16
Interrupt control register 299 ICR299 Undefined H'FFFD 9B24 16
Interrupt control register 300 ICR300 Undefined H'FFFD 9B26 16
Interrupt control register 312 ICR312 Undefined H'FFFD 9B3E 16
Interrupt control register 313 ICR313 Undefined H'FFFD 9B40 16
Interrupt control register 314 ICR314 Undefined H'FFFD 9B42 16
Interrupt control register 315 ICR315 Undefined H'FFFD 9B44 16
Interrupt control register 316 ICR316 Undefined H'FFFD 9B46 16
Interrupt control register 317 ICR317 Undefined H'FFFD 9B48 16
Interrupt control register 318 ICR318 Undefined H'FFFD 9B4A 16
Interrupt control register 319 ICR319 Undefined H'FFFD 9B4C 16

Notes: The access cycle is two cycles in word access and four cycles in longword access.

* Not used in the SH72A0 group.

RO1UHO0164EJ0100 Rev.1.00

Apr 20, 2012

RENESAS

Page 147 of 1118



SH72A2 Group, SH72A0 Group

8. Interrupt Controller (INTC)

Table 8.9 INTC Registers (7)
Register Name Symbol After Reset Address Access Size
Interrupt control register 320 ICR320 Undefined H'FFFD 9B4E 16
Interrupt control register 321 ICR321 Undefined H'FFFD 9B50 16
Interrupt control register 322 ICR322 Undefined H'FFFD 9B52 16
Interrupt control register 323 ICR323 Undefined H'FFFD 9B54 16
Interrupt control register 324 ICR324 Undefined H'FFFD 9B56 16
Interrupt control register 325 ICR325 Undefined H'FFFD 9B58 16
Interrupt control register 326 ICR326 Undefined H'FFFD 9B5A 16
Interrupt control register 327 ICR327 Undefined H'FFFD 9B5C 16
Interrupt control register 328 ICR328 Undefined H'FFFD 9B5E 16
Interrupt control register 329 ICR329 Undefined H'FFFD 9B60 16
Interrupt control register 330 ICR330 Undefined H'FFFD 9B62 16
Interrupt control register 331 ICR331 Undefined H'FFFD 9B64 16
Interrupt control register 332 ICR332 Undefined H'FFFD 9B66 16
Interrupt control register 333 ICR333 Undefined H'FFFD 9B68 16
Interrupt control register 334 ICR334 Undefined H'FFFD 9B6A 16
Interrupt control register 335 ICR335 Undefined H'FFFD 9B6C 16
Interrupt control register 336 ICR336 Undefined H'FFFD 9B6E 16
Interrupt control register 337 ICR337 Undefined H'FFFD 9B70 16
Interrupt control register 338 ICR338 Undefined H'FFFD 9B72 16
Interrupt control register 339 ICR339 Undefined H'FFFD 9B74 16
Interrupt control register 366 ICR366 Undefined H'FFFD 9BAA 16
Interrupt control register 367* ICR367 Undefined H'FFFD 9BAC 16
Interrupt control register 378 ICR378 Undefined H'FFFD 9BC2 16
Interrupt control register 379* ICR379 Undefined H'FFFD 9BC4 16
Interrupt control register 403 ICR403 Undefined H'FFFD 9BF4 16
Interrupt control register 404 ICR404 Undefined H'FFFD 9BF6 16
Interrupt control register 405 ICR405 Undefined H'FFFD 9BF8 16
Interrupt control register 406 ICR406 Undefined H'FFFD 9BFA 16
Interrupt control register 407 ICR407 Undefined H'FFFD 9BFC 16
Interrupt control register 408 ICR408 Undefined H'FFFD 9BFE 16
Interrupt control register 409 ICR409 Undefined H'FFFD 9C00 16
Interrupt control register 410 ICR410 Undefined H'FFFD 9C02 16
Interrupt control register 411 ICR411 Undefined H'FFFD 9C04 16
Interrupt control register 412 ICR412 Undefined H'FFFD 9C06 16
Interrupt control register 413 ICR413 Undefined H'FFFD 9C08 16
Interrupt control register 414 ICR414 Undefined H'FFFD 9COA 16
Interrupt control register 415 ICR415 Undefined H'FFFD 9C0C 16
Interrupt control register 416 ICR416 Undefined H'FFFD 9COE 16
Interrupt control register 417 ICR417 Undefined H'FFFD 9C10 16
Interrupt control register 418 ICR418 Undefined H'FFFD 9C12 16
Interrupt control register 427 ICR427 Undefined H'FFFD 9C24 16
Interrupt control register 428 ICR428 Undefined H'FFFD 9C26 16

Notes: The access cycle is two cycles in word access and four cycles in longword access.

* Not used in the SH72A0 group.
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8. Interrupt Controller (INTC)

Table 8.10 INTC Registers (8)
Register Name Symbol After Reset Address Access Size
Interrupt control register 429 ICR429 Undefined H'FFFD 9C28 16
Interrupt control register 430 ICR430 Undefined H'FFFD 9C2A 16
Interrupt control register 431 ICR431 Undefined H'FFFD 9C2C 16
Interrupt control register 432 ICR432 Undefined H'FFFD 9C2E 16
Interrupt control register 433 ICR433 Undefined H'FFFD 9C30 16
Interrupt control register 434 ICR434 Undefined H'FFFD 9C32 16
Interrupt control register 435 ICR435 Undefined H'FFFD 9C34 16
Interrupt control register 436 ICR436 Undefined H'FFFD 9C36 16
Interrupt control register 437 ICR437 Undefined H'FFFD 9C38 16
Interrupt control register 438 ICR438 Undefined H'FFFD 9C3A 16
Interrupt control register 439 ICR439 Undefined H'FFFD 9C3C 16
Interrupt control register 440 ICR440 Undefined H'FFFD 9C3E 16
Interrupt control register 441 ICR441 Undefined H'FFFD 9C40 16
Interrupt control register 442 ICR442 Undefined H'FFFD 9C42 16
Interrupt control register 443 ICR443 Undefined H'FFFD 9C44 16
Interrupt control register 444 ICR444 Undefined H'FFFD 9C46 16
Interrupt control register 445 ICR445 Undefined H'FFFD 9C48 16
Interrupt control register 446 ICR446 Undefined H'FFFD 9C4A 16
Interrupt control register 447 ICR447 Undefined H'FFFD 9C4C 16
Interrupt control register 448 ICR448 Undefined H'FFFD 9C4E 16
Interrupt control register 449 ICR449 Undefined H'FFFD 9C50 16
Interrupt control register 450 ICR450 Undefined H'FFFD 9C52 16
Interrupt control register 451 ICR451 Undefined H'FFFD 9C54 16
Interrupt control register 452 ICR452 Undefined H'FFFD 9C56 16
Interrupt control register 453 ICR453 Undefined H'FFFD 9C58 16
Interrupt control register 454 ICR454 Undefined H'FFFD 9C5A 16
Interrupt control register 455 ICR455 Undefined H'FFFD 9C5C 16
Interrupt control register 456 ICR456 Undefined H'FFFD 9C5E 16
Interrupt control register 457 ICR457 Undefined H'FFFD 9C60 16
Interrupt control register 458 ICR458 Undefined H'FFFD 9C62 16
Interrupt control register 459 ICR459 Undefined H'FFFD 9C64 16
Interrupt control register 460 ICR460 Undefined H'FFFD 9C66 16
Interrupt control register 461 ICR461 Undefined H'FFFD 9C68 16
Interrupt control register 462 ICR462 Undefined H'FFFD 9C6A 16
Interrupt control register 463 ICR463 Undefined H'FFFD 9C6C 16
Interrupt control register 464 ICR464 Undefined H'FFFD 9C6E 16
Interrupt control register 477 ICR477 Undefined H'FFFD 9C88 16

Note: The access cycle is two cycles in word access and four cycles in longword access.
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8. Interrupt Controller (INTC)

8.3.1 Interrupt Priority Level Register i (IPRi) (i =1 to 4)

Address IPR1: HFFFD 941A

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
INTO[3:0] INTA[3:0] INT2[3:0] INT3[3:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Address IPR2: HFFFD 941C
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
INTA4[3:0] INT5[3:0] INT6[3:0] INT7[3:0]
After Reset 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Address IPR3: H'FFFD 941E
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
INT8[3:0] INTO[3:0]* INT10[3:0] INT11[3:0]*
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Address IPR4: HFFFD 9420
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
INT12[3:0]* INT13[3:0]* Reserved
After Reset 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: * These bits are reserved in the SH72A0 group.

Registers IPR1 to IPR4 are 16-bit readable/writable registers in which priority levels from 0 to 15 are set for INT

interrupts.

The priority corresponding to each interrupt can be set by setting a value from H'0 (0000) to H'F (1111) to each 4 bit,
bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0. If the value is set to H'0, a level of the interrupt priority is set to 0
(lowest). If the value is set to H'F, a level of the interrupt priority is set to 15 (highest). When the priority level is set to

0, the corresponding interrupt is in the same state as disabled.

The reserved bits are read as 0. The write value should be 0.
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8.3.2 Interrupt Control Register 0 (ICR0)
Address H'FFFD 9400

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
NMIL | — — — — — — [NMIE| — — — — — — — —
After Reset* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 NMIL NMI Input Level Bit This bit sets the level of the signal input at the NMI pin. The NMI R
pin level can be obtained by reading this bit. This bit cannot be
modified.

0: Low level is input to NMI pin
1: High level is input to NMI pin

b14tob9 |— Reserved These bits are read as 0. The write value should be 0. R

b8 NMIE NMI Edge Select Bit This bits selects whether the falling or rising edge of the interrupt R/W
request signal on the NMI pin is detected.

0: Interrupt request is detected on falling edge of NMI input
1: Interrupt request is detected on rising edge of NMI input

b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.

Interrupt control register 0 (ICRO) is a 16-bit register that sets the input signal detection mode for the external interrupt
input pin NMI, and indicates the input level at the NMI pin.

8.3.3 Interrupt Control Register 1 (ICR1)
Address H'FFFD 9402

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
INT7S[1:0] INT6S[1:0] INT5S[1:0] INT4S[1:0] INT3S[1:0] INT2S[1:0] INT1S[1:0] INTOS[1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 INT7S[1:0] |INT7 Sense Select Bits These bits select whether interrupt signals corresponding to pins R/W
b13, b12 INT6S[1:0] |INT6 Sense Select Bits INT7 to INTO are detected on a low level, falling edge, rising edge, R/W
or both edges.
b11, b10 INT5S[1:0] | INT5 Sense Select Bits b15b14: R/W
b9, b8  |INT4S[1:0] |INT4 Sense Select Bits pisbiZ RIW
b7, b6 INT3S[1:0] |INT3 Sense Select Bits gg Eg : RIW
b5, b4 INT2S[1:0] |INT2 Sense Select Bits b5 b4 : R/W
b3 b2 :
b3, b2 INT1S[1:0] |INT1 Sense Select Bits b1 b0: R/W
b1, b0 INTOS[1:0] |INTO Sense Select Bits 0 O : Interrupt request !s detected on |OV\{ level of INTn |nppt R/W
0 1 :Interrupt request is detected on falling edge of INTn input
1 0 : Interrupt request is detected on rising edge of INTn input
1 1 :Interrupt request is detected on both edges of INTn input

Note: n=7t00

Interrupt control register 1 (ICR1) is a 16-bit register that specifies the detection mode for external interrupt input pins
INT7 to INTO individually: low level, falling edge, rising edge, or both edges.
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8.34 Interrupt Control Register 2 (ICR2)
Address H'FFFD 9404

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — |INT13S [1:0]* | INT12S [1:0]* | INT11S [1:0]* | INT10S [1:0] | INT9S [1:0]* | INT8S [1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob12 | — Reserved These bits are read as 0. The write value should be 0. R
b11, b10 INT13S INT13 Sense Select Bits These bits select whether interrupt signals corresponding to pins R/W
[1:01* INT13 to INT8 are detected on a low level, falling edge, rising
b9, b8 INT12S | INT12 Sense Select Bits edge, or both edges. RIW
1-07 b11b10:
[1:0] b9 b8 :
b7, b6 INT11S INT11 Sense Select Bits b7 b6: R/W
[1:0)* b5 b4 :
) b3 b2 :
b5, b4 INT10S INT10 Sense Select Bits b1 b0 , . RIW
[1:0] 0 O : Interrupt request is detected on low level of INTn input
i . 0 1 :Interrupt request is detected on falling edge of INTn input
b3, b2 INT9S INT9 Sense Select Bits 1 0 : Interrupt request is detected on rising edge of INTn input RW
[1:0]* 1 1 : Interrupt request is detected on both edges of INTn input
b1, b0 INT8S INT8 Sense Select Bits R/W
[1:0]

Notes:n=13t0 8
* These bits are reserved in the SH72A0 group.

Interrupt control register 2 (ICR2) is a 16-bit register that specifies the detection mode for external interrupt input pins
INT13 to INTS individually: low level, falling edge, rising edge, or both edges.
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8. Interrupt Controller (INTC)

8.3.5

INT Interrupt Request Register (INTR)
Address H'FFFD 9408

b15 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— INTISF|INT12F|INTTIF N 10F | INTSF | INTSF | INT7F | INT6F | INTSF | INT4F | INT3F | INT2F | INT1F | INTOF
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 INT13F* INT13 Interrupt Request Bit Edge detection R/W
b12 INT12F* INT12 Interrupt Request Bit (INTnS bits in the ICR1 or ICR2 register = 01, 10, 11) R/W
0: INTn interrupt request not detected
b11 INT11F* INT11 Interrupt Request Bit 1: INTn interrupt detected R/W
b10 INT10F INT10 Interrupt Request Bit [Conditions to become 0] R/W
b9 INTOF ™ INTO | R Bi * When writing a 0 after reading as 1 RIW
nterrupt Request Bit * When the INTn interrupt is accepted
b8 INT8F INT8 Interrupt Request Bit [Condition to become 1] R/W
b7 INT7F INT7 Interrupt Request Bit * When an edge corresponding to the INTn pin is input R/W
b6 INTGF INT6 Interrupt Request Bit Level detection R/W
b5 INT5F INT5 Interrupt Request Bit (INTnS bits in the ICR1 or ICR2 register = 00) R/W
- 0: INTn interrupt request not detected ;
b4 INT4F INT4 Interrupt Request Bit 1: INTn interrupt detected R/W
b3 INT3F INT3 Interrupt Request Bit [Condition to become 0] R/W
b2 INT2F INT2 Interrupt Request Bit * INTninput s high RIW
[Condition to become 1]
b1 INT1F INT1 Interrupt Request Bit « INTn input is low R/W
[ INTOF INTO Interrupt Request Bit Writing is invalid R/W
Notes: When a pin corresponding to INTn is assigned to any function other than the INTn interrupt function, the corresponding bit may

be setto 1.
When reading this register, use a program to perform masking or other processing to any bit which not used for the INTn
interrupt so that the bit will be ignored.
n=13t0 0
* This bit is reserved in the SH72A0 group.

The interrupt request register (INTR) is a 16-bit register that indicates interrupt requests from the INT pins.
If edge detection is set for the INT15 to INTO interrupts, writing 0 to the INT13 to INTO bits after reading them as 1
cancels the retained interrupts.
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8.3.6 Bank Control Register (BCR)
Address H'FFFD 940E

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
E15 | E14 | E13 | E12 | E11 | E10 E9 E8 E7 E6 E5 E4 E3 E2 E1 —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 E15 Interrupt Priority Level 15 0: Use of register banks is disabled R/W
Register Bank Use Enable Bit | 1: Use of register banks is enabled
b14 E14 Interrupt Priority Level 14 R/W
Register Bank Use Enable Bit
b13 E13 Interrupt Priority Level 13 R/W
Register Bank Use Enable Bit
b12 E12 Interrupt Priority Level 12 R/W
Register Bank Use Enable Bit
b11 EN Interrupt Priority Level 11 R/W
Register Bank Use Enable Bit
b10 E10 Interrupt Priority Level 10 R/W
Register Bank Use Enable Bit
b9 E9 Interrupt Priority Level 9 R/W
Register Bank Use Enable Bit
b8 E8 Interrupt Priority Level 8 R/W
Register Bank Use Enable Bit
b7 E7 Interrupt Priority Level 7 R/W
Register Bank Use Enable Bit
b6 E6 Interrupt Priority Level 6 R/W
Register Bank Use Enable Bit
b5 E5 Interrupt Priority Level 5 R/W
Register Bank Use Enable Bit
b4 E4 Interrupt Priority Level 4 R/W
Register Bank Use Enable Bit
b3 E3 Interrupt Priority Level 3 R/W
Register Bank Use Enable Bit
b2 E2 Interrupt Priority Level 2 R/W
Register Bank Use Enable Bit
b1 E1 Interrupt Priority Level 1 R/W
Register Bank Use Enable Bit
b0 — Reserved This bit is read as 0. The write value should be 0. R

The bank control register (BCR) is a 16-bit register that enables or disables use of register banks for each interrupt
priority level. The BCR is register is enabled when the BE bits in the BNR register are set to 11.
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8.3.7 Bank Number Register (BNR)
Address H'FFFD 9410

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
BE[1:0] BOVE| — — — — — — — — — BN[3:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 BE[1:0] Register Bank Enable Bits b15b14 R/W

0 0 : Use of register banks is disabled for all interrupts.
The setting of the BCR register is ignored.

0 1 : Use of register banks is enabled for all interrupts except
NMI and user break. The setting of the BCR register is
ignored.

1 0 :Do not set.

1 : Use of register banks is controlled by the setting of the
BCR register.

b13 BOVE Register Bank Overflow Enable | 0: Generation of register bank overflow exception is disabled R/W
Bit 1: Generation of register bank overflow exception is enabled

b12tob4 |— Reserved These bits are read as 0. The write value should be 0. R

b3 to b0 BN[3:0] Bank Number Bits These bits indicate the bank number to which saving is performed R

next. When an interrupt using register banks is received, saving is
performed to the register bank indicated by these bits, and BN is
incremented by 1. After BN is decremented by 1 due to execution
of a RESBANK (restore from register bank) instruction, restoring
from the register bank is performed.

The bank number register (BNR) is a 16-bit register that enables or disables use of register banks and register bank
overflow exception. The BNR register also indicates the bank number to which saving is performed next through the
BN bits.

8.3.8 Software Interrupt Register i (SINTi) (i =1 to 8)

SINT1: HFFFD 9412, SINT2: H'FFFD 9413, SINT3: H'FFFD 9414, SINT4: H'FFFD 9415,

Address SINTS: H'FFFD 9416, SINT6: H'FFFD 9417, SINT7: H'FFFD 9418, SINT8: H'FFFD 9419

b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0

Bit Description R/W

b7 to b0 [Read operation] R/W

The counter value of SINTi is read.

[Write operation]

Writing H'01: The counter is incremented by 1. *1
Writing H'00: The counter is decremented by 1. *2

Notes: 1. When the counter is incremented by 1 while its value is H'FF, the counter is not incremented and the value remains as H'FF.
2. When the counter is decremented by 1 while its value is H'00, the counter is not incremented and the value remains as H'00.

Software interrupt registers (SINT8 to SINT1) are 8-bit registers that control software interrupts 8 to 1 (SINTS to
SINT1) and count the number of requests. The counter value is incremented by 1 by writing H'01 to these registers.
The counter value is decremented by 1 by writing H'00 to these registers. When the counter value of these registers is
1 or greater, software interrupts 8 to 1 (SINTS8 to SINT1) are generated. When these registers are read, the current
counter value is read. Do not write a value other than H'00 and H'O1 to these registers.
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8.3.9 Interrupt Request Register i (IRi)
(i=102 to 109, 134 to 136, 142 to 156, 165 to 166, 173 to 180, 191 to 196,
214 to 215, 221 to 240, 297 to 300, 312 to 339, 366 to 367, 378 to 379,
403 to 418, 427 to 464, 477)
IR102 to IR109: H'FFFD 9800 to H'FFFD 9807 IR134 to IR136: H'FFFD 9820 to H'FFFD 9822
IR142 to IR156: H'FFFD 9828 to H'FFFD 9836 IR165 to IR166: H'FFFD 983F to H'FFFD 9840
IR173 to IR180: H'FFFD 9847 to H'FFFD 984E IR191 to IR196: H'FFFD 9859 to H'FFFD 985E
Address IR214 to IR215: H'FFFD 9870 to H'FFFD 9871 IR221 to IR240: H'FFFD 9877 to H'FFFD 988A
IR297 to IR300: H'FFFD 98C3 to H'FFFD 98C6 IR312 to IR339: H'FFFD 98D2 to H'FFFD 98ED
IR366 to IR367: H'FFFD 9908 to H'FFFD 9909 IR378 to IR379: H'FFFD 9914 to H'FFFD 9915
IR403 to IR418: H'FFFD 992D to H'FFFD 993C IR427 to IR464: H'FFFD 9945 to H'FFFD 996A
IR477: H'FFFD 9977
b7 b6 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — IR
After Reset 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R
b0 IR Interrupt Request Bit For edge type* R/W
0: Interrupt request not detected
1: Interrupt request detected
[Conditions to become 0]
* When writing 0
* When the interrupt is accepted
[Condition to become 1]
* Interrupt request is generated
For level type*
0: Interrupt request not detected
1: Interrupt request detected
[Condition to become 0]
 Cleared to 0 automatically when the interrupt request from the
peripheral function of interrupt request source is cleard.
[Condition to become 1]
* When an interrupt request is generated
Writing is invalid
Note:

* Edge type and level type are available as the ICU input source types. For the level type, the IR bit cannot be cleared to 0 by

software. Refer to Table 8.11 to Table 8.16 Interrupt Sources and Interrupt Vectors, for details on the ICU input source type for

each interrupt source.

Interrupt request registers 102 to 511 (IR102 to IR511) are 8-bit registers that indicate the status of interrupt requests

generated from the peripheral functions.
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8.3.10

Interrupt Control Register i (ICRi)

(i=102 to 109, 134 to 136, 142 to 156, 165 to 166, 173 to 180, 191 to 196,
214 to 215, 221 to 240, 297 to 300, 312 to 339, 366 to 367, 378 to 379,
403 to 418, 427 to 464, 477)

ICR102 to ICR109:
ICR142 to ICR156:
ICR173 to ICR180:
ICR214 to ICR215:

Address

ICR297 to ICR300:
ICR366 to ICR367:
ICR403 to ICR418:

H'FFFD 999A to H'FFFD 99A8
H'FFFD 99EA to H'FFFD 9A06
H'FFFD 9A28 to H'FFFD 9A36
H'FFFD 9A7A to H'FFFD 9A7C
H'FFFD 9B20 to H'FFFD 9B26
H'FFFD 9BAA to H'FFFD 9BAC
H'FFFD 9BF4 to H'FFFD 9C12

ICR477: HFFFD 9C88

b15 b14 b13

b12 b11 b10 b9

ICR134 to ICR136: H'FFFD 99DA to H'FFFD 99DE
ICR165 to ICR166: H'FFFD 9A18 to H'FFFD 9A1A
ICR191 to ICR196: H'FFFD 9A4C to H'FFFD 9A56
ICR221 to ICR240: H'FFFD 9A88 to H'FFFD 9AAE
ICR312 to ICR339: H'FFFD 9B3E to H'FFFD 9B74
ICR378 to ICR379: H'FFFD 9BC2 to H'FFFD 9BC4
ICR427 to ICR464: H'FFFD 9C24 to H'FFFD 9C6E

b8 b7 b6 b5

b4 b3 b2 b1 b0

INTEN| — =

= IPR[3:0]

After Reset 1 0 0

0 0 0 0 0

Bit

Symbol

Bit Name

Description

R/W

b15

INTEN Interrupt Enable Bit

This bit enables or disables the interrupt request input. R/W
0: Interrupt disabled
1: Interrupt enabled

b14 to b12

— Reserved

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

b11 to b9

— Reserved

The read value is undefined. The write value should be 0. R

b8 to b4

— Reserved

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

b3 to b0

IPR[3:0] Interrupt Priority Level Bits

These bits set the interrupt priority (levels 0 to 15) for the R/W
peripheral function interrupts.

The priority corresponding to each interrupt can be set by setting a
value from H'0 (0000) to H'F (1111). If the value is set to H'O, a
level of the interrupt priority is set to 0 (lowest). If the value is set to
H'F, a level of the interrupt priority is set to 15 (highest).

The ICRi register is a 16-bit register that enables or disables the interrupt request input and sets interrupt priority

levels.
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8.4 Interrupt Sources

There are nine types of interrupt sources: voltage monitor, NMI, user break, DMAC access MPU error, RAM error,
FIF error, software, INT, and peripheral function interrupts. Each interrupt has a priority level (0 to 16). A level of 0
corresponds to the lowest and a level of 16 corresponds to the highest. When the level is set to 0, the interrupt is
masked at all times.

8.4.1 Voltage Monitor Interrupt

The voltage monitor interrupt has a priority level of 16 with two sources of voltage monitor interrupt 1 and main clock
oscillation stop detection interrupt. This is received at all times.

Although the priority level of the voltage monitor interrupt is set to 16, the mask bits (I3 to 10) in the status register
(SR) is set to 15 in the voltage monitor interrupt exception handler.

(1) Voltage monitor interrupt 1
One of these interrupts occurs when the voltage monitor function detects changes in the voltage input to the VCC
pin. For details on the voltage monitor function, refer to section 9, Voltage Monitor Function.

(2) Main clock oscillation stop detection interrupt
Occurs when main clock stop detection function detects the oscillation stop of the main clock. For details on the
main clock oscillation stop detection function, refer to section 5, Clocks.

8.4.2 NMI Interrupt

The NMI interrupt has a priority level of 16 and is received at all times. The edge of the NMI signal is detected as an
NMI interrupt and the NMI edge select bit (NMIE) in interrupt control register 0 (ICRO) selects whether the rising
edge or falling edge is detected.

Although the priority level of the NMI interrupt is 16, the interrupt mask level bits (I3 to 10) in the status register (SR)
are set to level 15 in the NMI interrupt exception handler.

8.4.3 User Break Interrupt

A user break interrupt occurs when a break condition set in the user break controller (UBC) is satisfied and has a
priority level of 15. A user break interrupt request is detected on the edge and held until the interrupt is received. Bits
I3 to I0 in SR is set to level 15 in the user break interrupt exception handler.

8.44 DMAC Access MPU Error Interrupts

An interrupt request is generated when DMAC access violates areas set up for protection by the MPU. For details, see
section 29, Memory Protection Unit (MPU).

8.4.5 RAM Error Interrupts

For details on RAM error interrupt sources, see section 27, RAM Control.

8.4.6 FIFE Interrupts

For details on FIFE interrupt sources, see section 24, ROM.
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8.4.7 Software Interrupts

A software interrupt request can be generated by writing to a software interrupt register (SINT8 to SINT1).

8.4.8 INT Interrupts

An INT interrupt is generated by inputting to pins INT13 to INTO. For INT7 to INTO, the low level, falling edges,
rising edge, or both edge of the INT signals is detected and the edge to be detected can be selected individually for
each pin via the setting of the INT sense select bits (INTn0S to INTn1S) (n = 7 to 0) in interrupt control register 1
(ICR1). For INT13 to INTS, the low level, falling edge, rising edge, or both edges of the INT signals is detected and
the edge to be detected can be selected individually for each pin via the setting of the INT sense select bits (INTnOS to
INTn1S) (n = 13 to 8) in interrupt control register 2 (ICR2).

Each input circuit from INTO to INT13 incorporates a digital filter. The INTFCKD bits in the INTDFCRI register
select the sampling clock. Levels being input on INTO to INT13 are sampled on each cycle of the sampling clock, and
anew level is conveyed internally when a sequence of three sampled levels matches.

Figure 8.2 shows the Configuration of the Digital Filters for INTO to INT13.

Digital filter

INTC

Peripheral
bus

clock A Sampling clock

Digital filter (same|
INT13 to INTOO-

N
1> 00

alling edge
01| INTnF bit in the
10 INTR register

|'
detected
detected
11

S

FLTON bit in the

INTDFCRO register

INTRS bits in the ICR1
or ICR2 register

Figure 8.2 Configuration of the Digital Filters for INTO to INT13

The priority level can be set individually in a range from 0 to 15 for each pin via interrupt priority registers 1 and 4
(IPR1 to IPR4).

When using the low-level sensing for INT13 to INTO, an interrupt is requested to the INTC while the INT pins are
driven low. When the INT pins are driven high, the interrupt stops to be requested. Whether or not an INT interrupt has
occurred can be checked by reading the INT interrupt request bits (INT13F to INTOF) in the INT interrupt request
register (INTR).

When using an edge sensing for INT13 to INTO, an interrupt is requested to the INTC when an interrupt request is
detected due to changes in pins INT13 to INTO.

The interrupt request is held until the interrupt is received. Whether or not an interrupt has requested can be checked
by reading bits INT13F to INTOF in the INTR register. The request can be cleared by writing 0 to these bits after

reading them as 1.

In the INT interrupt exception handler, bits I3 to 10 in SR are set to the priority level of the received INT interrupt.
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8.4.9 Peripheral Function Interrupts
The following on-chip peripheral modules can generate on-chip peripheral module interrupts.

+ DMAC interrupt

» Peripheral function interrupt

Since each source is assigned to a unique interrupt vector, the source does not need to be identified in the interrupt
exception handler. A priority level in a range from 0 to 15 can be set for each module via the IPR bits in interrupt
priority registers 102 to 511 (ICR102 to ICR511). In the exception handler for the on-chip peripheral module interrupt,
bits I3 to 10 in SR is set to the priority level of the received on-chip peripheral module interrupt.

For details on the assignment of interrupt sources, refer to section 8.4.10, Interrupt Exception Handling Vector Table

and Priority.
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8.4.10 Interrupt Exception Handling Vector Table and Priority

Table 8.11 to Table 8.16 lists interrupt sources, their vector numbers, vector table address offsets, and priority levels.
Each interrupt source is assigned to a unique vector number and a unique vector table address offset. Vector table
addresses are calculated from the vector numbers and vector table address offsets. In the interrupt exception handler,
the start address is fetched from the vector table pointed to by the vector table address. For details on calculation of the
vector table address, refer to Table 6.4 Calculation of Exception Handling Vector Table Addresses in section 6,
Exception Handling.

The priorities of INT interrupts and peripheral function interrupts can be set freely between 0 and 15 for each pin or
peripheral function via interrupt priority registers 1 to 4 (IPR1 to IPR4) and the IPR bits in interrupt control registers
102 to 511 (ICR102 to ICR511). The priorities of INT interrupts and peripheral function interrupts are set to priority
level 0 by a reset.

If the same priority level is assigned to two or more interrupt sources and interrupts from those sources occur
simultaneously, they are processed according to the default priority levels shown in “Default Priority” in Table 8.11 to
Table 8.16.

Table 8.11 Interrupt Sources and Vectors (1)

Interrupt Vector Interrupt ICU
Interrupt Source Vector Vector Table l?lrrllcl)tcg Corlgan{p(oBri]t(;ing ;:Fg;z: Slgg:::te Ieﬁfoa:'ililt
No. Address Offset Value) ing IR Type Y
Excep- | Voltage monitor interrupt 1 or main 7 H'0000 001C to H'0000 001F 16 — — Edge High
tionsand | clock oscillation stop detection
reserved | interrupt (vector 7 shared) A
NMI interrupt 11 H'0000 002C to H'0000 002F 16 — —
User break interrupt 12 H'0000 0030 to H'0000 0033 15 — — Level
INT INTO pin interrupt 64 H'0000 0100 to H'0000 0103 | 0to 15(0) | IPR1 | (15t012) | — Edge/
INT1 pin interrupt 65 H'0000 0104 to H'0000 0107 | 0to 15 (0) (11 to 8) — Level
INT2 pin interrupt 66 H'0000 0108 to H'0000 010B | 0to 15 (0) (7 to 4) —
INT3 pin interrupt 67 H'0000 010C to H'0000 010F | 0to 15 (0) (3t0 0) —
INT4 pin interrupt 68 H'0000 0110 to H'0000 0113 | 0to 15(0) | IPR2 | (15t0 12) | —
INT5 pin interrupt 69 H'0000 0114 to H'0000 0117 | 0to 15 (0) (11to 8) —
INT6 pin interrupt 70 H'0000 0118 to H'0000 011B | 0to 15 (0) (7to 4) —
INT7 pin interrupt 71 H'0000 011C to H'0000 011F | 0to 15 (0) (3t0 0) —
INT8 pin interrupt 72 H'0000 0120 to H'0000 0123 | 0to 15(0) | IPR3 | (15t0 12) | —
INT9 pin interrupt* 73 H'0000 0124 to H'0000 0127 | 0to 15 (0) (11 to 8) —
INT10 pin interrupt 74 H'0000 0128 to H'0000 012B | 0to 15 (0) (7to4) —
INT11 pin interrupt* 75 H'0000 012C to H'0000 012F | 0to 15 (0) (3to 0) —
INT12 pin interrupt* 76 H'0000 0130 to H'0000 0133 | 0to 15(0) | IPR4 | (15t0 12) | —
INT13 pin interrupt* 77 H'0000 0134 to H'0000 0137 | 0to 15 (0) (11 to 8) —
RAM RAM error interrupt 88 H'0000 0160 to H'0000 0163 15 — — Level
(Reserved) 89 to — —
90
ROM FIF error interrupt 91 H'0000 016C to H'0000 016F 15 — — Level
MPU DMAC access MPU error interrupt 92 H'0000 0170 to H'0000 0173 15 — — Level
(Reserved) 93 — —
SINT SINT8 interrupt 94 H'0000 0178 to H'0000 017B 8 — — —
SINT7 interrupt 95 H'0000 017C to H'0000 017F 7 — —
SINT®S interrupt 96 H'0000 0180 to H'0000 0183 6 — —
SINTS5 interrupt 97 H'0000 0184 to H'0000 0187 5 — —
SINT4 interrupt 98 H'0000 0188 to H'0000 018B 4 — — — v
SINT3 interrupt 99 H'0000 018C to H'0000 018F 3 — — Low
Note: * Not used in the SH72A0 group.
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Table 8.12 Interrupt Sources and Vectors (2)

Interrupt Vector Interrupt ICU
Interrupt Source Priority Corresponding sC%rrr]?j_- Input Default
P Vector Vector Table (Initial IPR (Bit) PR | source | Priority
No. Address Offset Value) 9 Type
SINT | SINT2 interrupt 100 H'0000 0190 to H'0000 0193 2 — — — High
SINT1 interrupt 101 H'0000 0194 to H'0000 0197 1 — — A
DMAC | DMAQO transfer complete interrupt 102 H'0000 0198 to H'0000 019B | Oto 15 (0) | ICR102 | (3to 0) | IR102 | Edge
DMAT1 transfer complete interrupt 103 H'0000 019C to H'0000 019F | Oto 15 (0) | ICR103 | (3to 0) | IR103
DMAZ2 transfer complete interrupt 104 H'0000 01A0 to H'0000 01A3 | 0to 15 (0) | ICR104 | (3to 0) | IR104
DMAZ3 transfer complete interrupt 105 H'0000 01A4 to H'0000 01A7 | Oto 15(0) | ICR105 | (3to 0) | IR105
DMA4 transfer complete interrupt 106 H'0000 01A8 to H'0000 01AB | 0to 15 (0) | ICR106 | (3to 0) | IR106
DMAS transfer complete interrupt 107 H'0000 01AC to H'0000 01AF | 0to 15 (0) | ICR107 | (3to 0) | IR107
DMAG transfer complete interrupt 108 H'0000 01B0 to H'0000 01B3 | Oto 15 (0) | ICR108 | (3to 0) | IR108
DMA?7 transfer complete interrupt 109 H'0000 01B4 to H'0000 01B7 | 0to 15 (0) | ICR109 | (3 to 0) | IR109
(Reserved) 110 to — —
133
POE POEDO interrupt 134 H'0000 0218 to H'0000 021B | Oto 15 (0) | ICR134 | (3to 0) | IR134 | Edge
POE1 interrupt 135 H'0000 021C to H'0000 021F | Oto 15(0) | ICR135 | (3to 0) | IR135
POE2 interrupt 136 H'0000 0220 to H'0000 0223 | Oto 15(0) | ICR136 | (3to 0) | IR136
(Reserved) 137 to — —
141
CMT | CMTO interrupt (CMIO) 142 H'0000 0238 to H'0000 023B | Oto 15 (0) | ICR142 | (3to 0) | IR142 | Edge
CMT1 interrupt (CMI1) 143 H'0000 023C to H'0000 023F | 0to 15(0) | ICR143 | (3to 0) | IR143
CMT2 interrupt (CMI2) 144 H'0000 0240 to H'0000 0243 | 0to 15 (0) | ICR144 | (3to 0) | IR144
CMT3 interrupt (CMI3) 145 H'0000 0244 to H'0000 0247 | 0to 15 (0) | ICR145 | (3to 0) | IR145
CMT4 interrupt (CMI4) 146 H'0000 0248 to H'0000 024B | 0to 15 (0) | ICR146 | (3to 0) | IR146
CMTS5 interrupt (CMI5) 147 H'0000 024C to H'0000 024F | 0to 15(0) | ICR147 | (3to 0) | IR147
AD1 AD1 scan conversion end interrupt 148 H'0000 0250 to H'0000 0253 | 0to 15 (0) | ICR148 | (3to 0) | IR148 Edge
AD1INO interrupt conversion end 149 H'0000 0254 to H'0000 0257 | O0to 15 (0) | ICR149 | (3to 0) | IR149
interrupt*
AD1IN1 interrupt conversion end 150 H'0000 0258 to H'0000 025B | 0 to 15 (0) | ICR150 | (3 to 0) | IR150
interrupt*
AD1IN2 interrupt conversion end 151 H'0000 025C to H'0000 025F | O0to 15 (0) | ICR151 | (3to 0) | IR151
interrupt*
AD1IN3 interrupt conversion end 152 H'0000 0260 to H'0000 0263 | Oto 15(0) | ICR152 | (3to 0) | IR152
interrupt*
AD1IN4 interrupt conversion end 153 H'0000 0264 to H'0000 0267 | 0to 15(0) | ICR153 | (3to 0) | IR153
interrupt
AD1INS5 interrupt conversion end 154 H'0000 0268 to H'0000 026B | 0to 15 (0) | ICR154 | (3to 0) | IR154
interrupt
AD1ING interrupt conversion end 155 H'0000 026C to H'0000 026F | 0to 15 (0) | ICR155 | (3to 0) | IR155
interrupt*
AD1IN7 interrupt conversion end 156 H'0000 0270 to H'0000 0273 | 0to 15 (0) | ICR156 | (3to 0) | IR156
interrupt*
(Reserved) 157 to — —
164
AD1 AD1IN16 interrupt conversion end 165 H'0000 0294 to H'0000 0297 | 0to 15 (0) | ICR165 | (3to 0) | IR165 Edge
interrupt
AD1IN17 interrupt conversion end 166 H'0000 0298 to H'0000 029B | 0to 15 (0) | ICR166 | (3to 0) | IR166
interrupt
(Reserved) 167 to — —
172
AD1 AD1IN24 interrupt conversion end 173 H'0000 02B4 to H'0000 02B7 | Oto 15(0) | ICR173 [ (3to 0) | IR173 | Edge
interrupt
AD1IN25 interrupt conversion end 174 H'0000 02B8 to H'0000 02BB | 0to 15 (0) | ICR174 | (3to 0) | IR174
interrupt* v
AD1IN26 interrupt conversion end 175 H'0000 02BC to H'0000 02BF | 0to 15 (0) | ICR175 | (3to 0) | IR175
interrupt* Low
Note: * Not used in the SH72A0 group.
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Table 8.13 Interrupt Sources and Vectors (3)

Interrupt Vector Interrupt ICU
Interrunt Source Priority Corresponding ;:cz:r:z: Input Default
P Vector Vector Table (Initial IPR (Bit) Porz | Source | Priority
No. Address Offset Value) 9 Type
AD1 | AD1IN27 interrupt conversion end 176 | H'0000 02CO0 to H'0000 02C3 | 0to 15(0) | ICR176 | (3to0) | IR176 | Edge High
interrupt*
AD1IN28 interrupt conversion end 177 H'0000 02C4 to H'0000 02C7 | 0to 15(0) | ICR177 | (3to 0) | IR177 A
interrupt
AD1IN29 interrupt conversion end 178 | H'0000 02C8 to H'0000 02CB | 0to 15(0) | ICR178 | (3to 0) | IR178
interrupt*
AD1IN30 interrupt conversion end 179 | H'0000 02CC to H'0000 02CF | Oto 15(0) | ICR179 | (3to 0) [ IR179
interrupt
AD1IN31 interrupt conversion end 180 | H'0000 02DO to H'0000 02D3 | 0to 15 (0) | ICR180 | (3to 0) | IR180
interrupt
(Reserved) 181 to — —
190
AD1 | AD1IN42 interrupt conversion end 191 H'0000 02FC to H'0000 02FF | 0to 15(0) | ICR191 | (3to 0) | IR191 Edge
interrupt*
AD1IN43 interrupt conversion end 192 H'0000 0300 to H'0000 0303 | Oto 15(0) | ICR192 | (3to 0) [ IR192
interrupt*
AD1IN44 interrupt conversion end 193 H'0000 0304 to H'0000 0307 | Oto 15(0) | ICR193 | (3to 0) [ IR193
interrupt*
AD1IN45 interrupt conversion end 194 H'0000 0308 to H'0000 030B | 0to 15 (0) | ICR194 | (3to0) | IR194
interrupt*
AD1IN46 interrupt conversion end 195 H'0000 030C to H'0000 030F | Oto 15(0) | ICR195 | (3to 0) [ IR195
interrupt*
AD1IN47 interrupt conversion end 196 H'0000 0310 to H'0000 0313 | Oto 15(0) | ICR196 | (3to 0) [ IR196
interrupt*
(Reserved) 197 to — —
213
ADO | ADO scan conversion end interrupt 214 H'0000 0358 to H'0000 035B | O0to 15(0) | ICR214 | (3to0) [ IR214 | Edge
ADO parity error interrupt 215 | H'0000 035C to H'0000 035F | 0to 15 (0) | ICR215 | (3to 0) | IR215
(Reserved) 216 to — —
220
TPU | TP1GRO interrupt 221 H'0000 0374 to H'0000 0377 | 0to 15 (0) | ICR221 | (3to 0) | IR221 Edge
TP1GR1 interrupt 222 H'0000 0378 to H'0000 037B | 0to 15 (0) | ICR222 | (3 to 0) | IR222
TP1GR2 interrupt 223 H'0000 037C to H'0000 037F | Oto 15 (0) | ICR223 | (3to 0) | IR223
TP1GR3 interrupt 224 H'0000 0380 to H'0000 0383 | Oto 15 (0) | ICR224 | (3to 0) | IR224
TPU1 counter overflow interrupt 225 H'0000 0384 to H'0000 0387 | 0to 15 (0) | ICR225 | (3to 0) [ IR225
TP2GRO interrupt 226 H'0000 0388 to H'0000 038B | 0to 15 (0) | ICR226 | (3 to 0) | IR226
TP2GR1 interrupt 227 H'0000 038C to H'0000 038F | 0to 15(0) | ICR227 | (3to 0) | IR227
TP2GR2 interrupt 228 H'0000 0390 to H'0000 0393 | 0to 15(0) | ICR228 | (3to 0) [ IR228
TP2GR3 interrupt 229 H'0000 0394 to H'0000 0397 | Oto 15 (0) | ICR229 | (3to 0) [ IR229
TPU2 counter overflow interrupt 230 H'0000 0398 to H'0000 039B | 0to 15 (0) | ICR230 | (3to 0) | IR230
TP3GRO interrupt 231 H'0000 039C to H'0000 039F | Oto 15(0) | ICR231 | (3to 0) | IR231
TP3GR1 interrupt 232 H'0000 03A0 to H'0000 03A3 | 0to 15 (0) | ICR232 | (3to 0) | IR232
TP3GR2 interrupt 233 H'0000 03A4 to H'0000 03A7 | Oto 15(0) | ICR233 | (3to 0) [ IR233
TP3GR3 interrupt 234 | H'0000 03A8 to H'0000 03AB | 0to 15 (0) | ICR234 | (3to0) | IR234
TPU3 counter overflow interrupt 235 | H'0000 03AC to H'0000 03AF | 0to 15 (0) | ICR235 | (3to 0) | IR235
TP4GRO interrupt 236 H'0000 03B0 to H'0000 03B3 | Oto 15 (0) | ICR236 | (3to 0) [ IR236
TP4GR1 interrupt 237 H'0000 03B4 to H'0000 03B7 | Oto 15 (0) | ICR237 | (3to 0) | IR237
TP4GR2 interrupt 238 | H'0000 03B8 to H'0000 03BB | 0to 15 (0) | ICR238 | (3 to0) | IR238
TP4GR3 interrupt 239 | H'0000 03BC to H'0000 03BF | 0to 15 (0) | ICR239 | (3 to 0) | IR239
TPU4 counter overflow interrupt 240 H'0000 03CO0 to H'0000 03C3 | 0to 15(0) | ICR240 | (3to 0) | IR240
(Reserved) 241 to — —
296 V
TPU [ TPU1 counter reset interrupt 297 | H'0000 04A4 to H'0000 04A7 | 0to 15 (0) | ICR297 | (3t00) | IR297 | Edge Low

Note: * Not used in the SH72A0 group.
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Table 8.14 Interrupt Sources and Vectors (4)

Interrupt Vector Interrupt ICU
Interrupt Source Vector Vector Table F(’Irrifi)t::?/ Corlgesp(%?ging ;:p(grr‘z: SISLFJ)IEJCte Ilgg;a;;lt
No. Address Offset Value) ing IR Type Y
TPU TPU2 counter reset interrupt 298 | H'0000 04A8 to H'0000 04AB | 0to 15(0) | ICR298 | (3to 0) | IR298 | Edge High
TPU3 counter reset interrupt 299 | H'0000 04AC to H'0000 04AF | 0to 15 (0) | ICR299 | (3 to 0) | IR299 A
TPUA4 counter reset interrupt 300 | H'0000 04B0 to H'0000 04B3 | 0to 15(0) | ICR300 | (3 to 0) | IR300
(Reserved) 301 to — —
311
SCI SCIO receive error interrupt 312 H'0000 04EOQ to H'0000 04E3 | 0to 15(0) [ ICR312 | (3to0) [ IR312 | Level
SCIO receive buffer full interrupt 313 | H'0000 04E4 to H'0000 04E7 | Oto 15(0) | ICR313 [ (3t0o0) | IR313 | Edge
SCI0 transmit buffer empty interrupt 314 | H'0000 04E8 to H'0000 04EB | 0to 15(0) | ICR314 | (3to 0) | IR314
SCI0 transmit end interrupt 315 | H'0000 04EC to H'0000 04EF | 0to 15(0) | ICR315 | (3to 0) | IR315 | Level
SCI1 receive error interrupt 316 H'0000 04F0 to H'0000 04F3 | 0to 15(0) | ICR316 | (3to 0) | IR316
SCI1 receive buffer full interrupt 317 H'0000 04F4 to H'0000 04F7 | Oto 15(0) | ICR317 | (3to 0) | IR317 | Edge
SCI1 transmit buffer empty interrupt 318 H'0000 04F8 to H'0000 04FB | 0to 15 (0) | ICR318 | (3to 0) | IR318
SCI1 transmit end interrupt 319 | H'0000 04FC to H'0000 04FF | Oto 15(0) | ICR319 | (3t0o 0) | IR319 | Level
SCI2 receive error interrupt 320 H'0000 0500 to H'0000 0503 | 0to 15 (0) | ICR320 | (3 to 0) | IR320
SCI2 receive buffer full interrupt 321 H'0000 0504 to H'0000 0507 | Oto 15 (0) | ICR321 | (3to0) | IR321 Edge
SCI2 transmit buffer empty interrupt 322 H'0000 0508 to H'0000 050B | 0to 15 (0) | ICR322 | (3to 0) | IR322
SCI2 transmit end interrupt 323 | H'0000 050C to H'0000 050F | Oto 15 (0) | ICR323 | (3to0)|IR323 | Level
SCI3 receive error interrupt 324 H'0000 0510 to H'0000 0513 | 0to 15(0) | ICR324 | (3to0) | IR324
SCI3 receive buffer full interrupt 325 H'0000 0514 to H'0000 0517 | 0to 15(0) | ICR325 | (3to 0) | IR325 | Edge
SCI3 transmit buffer empty interrupt 326 H'0000 0518 to H'0000 051B | Oto 15(0) | ICR326 | (3to 0) | IR326
SCI3 transmit end interrupt 327 H'0000 051C to H'0000 051F | Oto 15(0) | ICR327 | (3to0) | IR327 | Level
CAN CANO reception interrupt 328 H'0000 0520 to H'0000 0523 | Oto 15(0) | ICR328 | (3to 0) | IR328 | Edge
CANO transmission interrupt 329 H'0000 0524 to H'0000 0527 | 0to 15 (0) | ICR329 | (3 to 0) | IR329
CANO reception FIFO interrupt 330 H'0000 0528 to H'0000 052B | 0to 15 (0) | ICR330 | (3to 0) | IR330
CANO transmission FIFO interrupt 331 H'0000 052C to H'0000 052F | 0to 15 (0) | ICR331 | (3to 0) | IR331
CANO error interrupt 332 H'0000 0530 to H'0000 0533 | 0to 15 (0) | ICR332 | (3to 0) | IR332
CANO wake-up interrupt 333 H'0000 0534 to H'0000 0537 | 0to 15(0) | ICR333 | (3to 0) | IR333
CAN1 reception interrupt 334 H'0000 0538 to H'0000 053B | Oto 15 (0) | ICR334 | (3to 0) | IR334
CAN1 transmission interrupt 335 | H'0000 053C to H'0000 053F | Oto 15 (0) | ICR335 | (3to0) | IR335
CAN1 reception FIFO interrupt 336 H'0000 0540 to H'0000 0543 | 0to 15 (0) | ICR336 | (3to 0) | IR336
CAN?1 transmission FIFO interrupt 337 H'0000 0544 to H'0000 0547 | 0to 15 (0) | ICR337 | (3to 0) | IR337
CANT1 error interrupt 338 H'0000 0548 to H'0000 054B | Oto 15(0) | ICR338 | (3to 0) | IR338
CAN1 wake-up interrupt 339 | H'0000 054C to H'0000 054F | Oto 15 (0) | ICR339 | (3to0) | IR339
(Reserved) 340 to — —
365
LIN LIN2 interrupt 366 | H'0000 05B8 to H'0000 05BB | Oto 15 (0) | ICR366 | (3to0)|IR366 | Level
LIN3 interrupt* 367 | H'0000 05BC to H'0000 05BF | 0to 15(0) | ICR367 | (3to 0) | IR367
(Reserved) 368 to — —
377
LIN LIN2 Low detection interrupt 378 | H'0000 05E8 to H'0000 05EB | Oto 15 (0) | ICR378 | (3to 0) | IR378 | Edge
LIN3 Low detection interrupt* 379 | H'0000 O5EC to H'0000 O5EF | Oto 15(0) | ICR379 | (3to 0) | IR379
(Reserved) 380 to — — V
402 Low
Note: * Not used in the SH72A0 group.
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8. Interrupt Controller (INTC)

Table 8.15 Interrupt Sources and Vectors (5)
Interrupt Vector Interrupt ICU
Interrupt Source Vector Vector Table F()IrrI:l)t:g Corlge':Fg;tt;ing ;:pc;rr:f{_ SISS:JCte Ilgfi;?'ililt
No. Address Offset Value) ing IR Type Y
SBI SBIO receive interrupt 403 | H'0000 064C to H'0000 064F | 0to 15 (0) | ICR403 | (3to 0) | IR403 | Edge High
SBI1 receive interrupt 404 H'0000 0650 to H'0000 0653 | 0 to 15 (0) | ICR404 | (3 to 0) | IR404 A
SBI2 receive interrupt 405 H'0000 0654 to H'0000 0657 | 0 to 15 (0) | ICR405 | (3 to 0) | IR405
SBI3 receive interrupt* 406 H'0000 0658 to H'0000 065B | 0 to 15 (0) | ICR406 | (3 to 0) | IR406
SBIO transmit interrupt 407 | H'0000 065C to H'0000 065F | 0to 15 (0) | ICR407 | (3to 0) | IR407
SBI1 transmit interrupt 408 H'0000 0660 to H'0000 0663 | 0to 15 (0) | ICR408 | (3 to 0) | IR408
SBI2 transmit interrupt 409 H'0000 0664 to H'0000 0667 | 0to 15 (0) | ICR409 | (3 to 0) | IR409
SBI3 transmit interrupt* 410 H'0000 0668 to H'0000 066B | 0to 15 (0) | ICR410 | (3to 0) | IR410
SBIO idle interrupt 411 H'0000 066C to H'0000 066F | 0to 15 (0) | ICR411 | (3to 0) | IR411 | Level
SBI1 idle interrupt 412 H'0000 0670 to H'0000 0673 | 0to 15 (0) | ICR412 | (3to 0) | IR412
SBI2 idle interrupt 413 H'0000 0674 to H'0000 0677 | Oto 15 (0) | ICR413 | (3to 0) | IR413
SBI3 idle interrupt* 414 H'0000 0678 to H'0000 067B | 0to 15 (0) | ICR414 | (3to 0) | IR414
SBIO error interrupt 415 | H'0000 067C to H'0000 067F | 0to 15 (0) | ICR415 | (3to 0) | IR415 | Edge
SBI1 error interrupt 416 H'0000 0680 to H'0000 0683 | 0to 15 (0) | ICR416 | (3to 0) | IR416
SBI2 error interrupt 417 H'0000 0684 to H'0000 0687 | 0to 15 (0) | ICR417 | (3to 0) | IR417
SBI3 error interrupt* 418 H'0000 0688 to H'0000 068B | 0to 15 (0) | ICR418 | (3to 0) | IR418
(Reserved) 419 to — —
426
MTU-IIl | MTOGRA interrupt 427 | H'0000 06AC to H'0000 06AF | 0to 15 (0) | ICR427 | (3to 0) | IR427 | Level
MTOGRB interrupt 428 | H'0000 06BO to H'0000 06B3 | 0to 15 (0) | ICR428 | (3to 0) | IR428
MTOGRC interrupt 429 | H'0000 06B4 to H'0000 06B7 | 0to 15 (0) | ICR429 | (3to 0) | IR429
MTOGRD interrupt 430 | H'0000 06B8 to H'0000 06BB | 0to 15 (0) | ICR430 | (3to 0) | IR430
MTO counter overflow interrupt 431 H'0000 06BC to H'0000 06BF | 0to 15 (0) | ICR431 | (3to 0) | IR431
MTOGRE interrupt 432 | H'0000 06CO to H'0000 06C3 | 0to 15 (0) | ICR432 | (3to 0) | IR432
MTOGREF interrupt 433 | H'0000 06C4 to H'0000 06C7 | 0to 15 (0) | ICR433 | (3to 0) | IR433
MT1GRA interrupt 434 | H'0000 06C8 to H'0000 06CB | 0to 15 (0) | ICR434 | (3to 0) | IR434
MT1GRB interrupt 435 | H'0000 06CC to H'0000 06CF | 0to 15 (0) | ICR435 | (3to 0) | IR435
MT1 counter overflow interrupt 436 | H'0000 06DO to H'0000 06D3 | 0to 15 (0) | ICR436 | (3to 0) | IR436
MT1 counter underflow interrupt 437 | H'0000 06D4 to H'0000 06D7 | 0to 15 (0) | ICR437 | (3to 0) | IR437
MT2GRA interrupt 438 | H'0000 06D8 to H'0000 06DB | 0to 15 (0) | ICR438 | (3to 0) | IR438
MT2GRB interrupt 439 | H'0000 06DC to H'0000 06DF | 0to 15 (0) | ICR439 | (3to 0) | IR439
MT2 counter overflow interrupt 440 H'0000 06EO to H'0000 06E3 | 0to 15 (0) | ICR440 | (3to 0) | IR440
MT2 counter underflow interrupt 441 H'0000 06E4 to H'0000 06E7 | 0to 15 (0) | ICR441 | (3to 0) | IR441
MT3GRA interrupt 442 | H'0000 06E8 to H'0000 06EB | 0to 15 (0) | ICR442 | (3to 0) | IR442
MT3GRB interrupt 443 | H'0000 06EC to H'0000 06EF | 0to 15 (0) | ICR443 | (3to 0) | IR443
MT3GRC interrupt 444 H'0000 06FO0 to H'0000 06F3 | 0to 15 (0) | ICR444 | (3to 0) | IR444
MT3GRD interrupt 445 H'0000 06F4 to H'0000 06F7 | Oto 15 (0) | ICR445 | (3to 0) | IR445
MT3 counter overflow interrupt 446 H'0000 06F8 to H'0000 06FB | 0to 15 (0) | ICR446 | (3to 0) | IR446
MT4GRA interrupt 447 | H'0000 06FC to H'0000 06FF | 0to 15 (0) | ICR447 | (3to 0) | IR447
MT4GRB interrupt 448 H'0000 0700 to H'0000 0703 | Oto 15 (0) | ICR448 | (3 to 0) | IR448
MT4GRC interrupt 449 H'0000 0704 to H'0000 0707 | Oto 15 (0) | ICR449 | (3 to 0) | IR449
MT4GRD interrupt 450 H'0000 0708 to H'0000 070B | 0to 15 (0) | ICR450 | (3 to 0) | IR450
MT4 counter overflow/underflow 451 H'0000 070C to H'0000 070F | 0to 15 (0) | ICR451 | (3to 0) | IR451
interrupt
MT5GRU interrupt 452 H'0000 0710 to H'0000 0713 | O to 15(0) | ICR452 | (3 to 0) | IR452 v
MT5GRYV interrupt 453 H'0000 0714 to H'0000 0717 | Oto 15(0) | ICR453 | (3to 0) | IR453 Low

Note: * Not used in the SH72A0 group.
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Table 8.16 Interrupt Sources and Vectors (6)

Interrupt Vector Interrupt ICU
Interrunt Source Priority Corresponding ;:%rr:z'_ Input Default
P Vector Vector Table (Initial IPR (Bit) bz | Source | Priority
No. Address Offset Value) 9 Type
MTU-III | MT5GRW interrupt 454 H'0000 0718 to H'0000 071B | Oto 15 (0) | ICR454 | (3to 0) | IR454 | Level High
MT6GRA interrupt 455 H'0000 071C to H'0000 071F | Oto 15(0) | ICR455 | (3to 0) | IR455 A
MT6GRB interrupt 456 H'0000 0720 to H'0000 0723 | 0to 15 (0) | ICR456 | (3 to 0) | IR456
MT6GRC interrupt 457 H'0000 0724 to H'0000 0727 | Oto 15 (0) | ICR457 | (3to 0) | IR457
MT6GRD interrupt 458 H'0000 0728 to H'0000 072B | O to 15 (0) | ICR458 | (3 to 0) | IR458
MT6 counter overflow interrupt 459 H'0000 072C to H'0000 072F | 0to 15 (0) | ICR459 | (3to 0) | IR459
MT7GRA interrupt 460 H'0000 0730 to H'0000 0733 | 0to 15(0) | ICR460 | (3 to 0) | IR460
MT7GRB interrupt 461 H'0000 0734 to H'0000 0737 | 0to 15(0) | ICR461 | (3to 0) | IR461
MT7GRC interrupt 462 H'0000 0738 to H'0000 073B | Oto 15 (0) | ICR462 | (3to 0) | IR462
MT7GRD interrupt 463 H'0000 073C to H'0000 073F | 0to 15(0) | ICR463 | (3to 0) | IR463
MT7 counter overflow/underflow 464 H'0000 0740 to H'0000 0743 | Oto 15 (0) | ICR464 | (3to 0) | IR464
interrupt
(Reserved) 465 to — —
476
Task Task monitor timer interrupt 477 H'0000 0774 to H'0000 0777 | 0to 15(0) | ICR477 | (3to 0) | IR477 | Edge
monitor
timer v
(Reserved) 478 to — —
511 Low
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8.4.11 Interrupt Operation Sequence

The sequence of interrupt operations is described below. Figure 8.3 shows the Interrupt Operation Flow.

(1) The interrupt request sources requests an interrupt to the interrupt controller.

(2) The interrupt controller selects the highest-priority interrupt from the received interrupts according to the priority
levels set in interrupt priority registers 1 to 4 (IPR1 to IPR4) and the IPR bits in the interrupt control registers 102
to 511 (ICR102 to ICR511). Remaining interrupts are ignored *. If multiple interrupts with the same IPR priority
level occur, the interrupt with the highest priority is selected according to “Default Priority” shown in Table 8.11
to Table 8.16.

(3) The priority level of the interrupt selected in the interrupt controller is compared with the interrupt level mask bits
(I3 to 10) in the status register (SR) of the CPU. If the interrupt request priority level is equal to or less than the
level set in bits I3 to 10, the interrupt request is ignored. If the interrupt request priority level is higher than the
level in bits 13 to 10, the interrupt controller receives the interrupt and requests an interrupt to the CPU.

(4) The CPU detects the interrupt requested from the interrupt controller when the CPU decodes the instruction to be
executed. Instead of executing the decoded instruction, the CPU starts interrupt exception handling (Figure 8.5).

(5) The start address of the interrupt exception handler corresponding to the received interrupt is fetched from the
exception handling vector table.

(6) The contents of the status register (SR) are saved to the stack, and the priority level of the received interrupt is
copied to bits 13 to 10 in SR.

(7) The contents of the program counter (PC) are saved to the stack.

(8) The CPU branches to the fetched start address of the interrupt exception handler and starts executing the program.
This branch is not a delayed branch.

Note: * Interrupt requests that are designated as edge-sensing are held pending until the interrupt requests are
received. INT interrupts, however, can be cancelled by accessing the INT interrupt request register (INTR). For
details, section 8.4.8, INT Interrupts. Interrupts held pending due to edge-sensing are cleared by a reset.
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f

Program
execution state

No
Level 15
interrupt?
Yes Level 14 No .
interrupt? .
13to 10 <
level 147 Yes Level 1
interrupt?
1I3to 10 <

level 137

13to 10 =
level 0?

Read exception No
handling vector table

'
| Save SR to stack |

)

Copy received interrupt
level to 13 to 10

| Save PC to stack |

Branch to interrupt
exception handler

Figure 8.3 Interrupt Operation Flow

8.4.12 Stack after Interrupt Exception Handling

Figure 8.4 shows the Stack after Interrupt Exception Handling.

Addres?v [~
2
ang | pcx 2obits | <J SP*
4n-4 | SR 32 bits
4n
T T

Notes: 1. PC: Start address of the next instruction (instruction at return address) after the executed instruction
2. Always make sure that SP is a multiple of 4.

Figure 8.4  Stack after Interrupt Exception Handling
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8.4.13 Detection Control of Interrupt Sources

The INTC has interrupt control registers 102 to 511 (ICR102 to ICR511) to control detection of peripheral function
interrupts. The following shows the setting procedure:

(1) Clear the IPR bits in the interrupt control register (ICR) corresponding to the interrupt source.

(2) Clear the INTEN bit in the interrupt control register (ICR) corresponding to the interrupt source.

(3) Check that the corresponding interrupt control request register (IR) has been cleared.

(4) Set the IPR bits in the interrupt control register (ICR) corresponding to the interrupt source.

(5) Set the INTEN bit in the interrupt control register (ICR) corresponding to the interrupt source.

(6) Read access: Since the CPU is performing pipeline operations, read the interrupt control register (ICR) to ensure
that the above settings have been completed.
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8.5

Table 8.17 lists the Interrupt Response Time, which is the time from the occurrence of an interrupt request until the

Interrupt Response Time

interrupt exception handling starts and fetching of the first instruction in the exception handler begins. The interrupt
processing operations differ in the cases when banking is disabled, when banking is enabled without register bank
overflow, and when banking is enabled with register bank overflow.

Figure 8.5 and Figure 8.6 show examples of pipeline operation when banking is disabled. Figure 8.7 and Figure 8.8
show examples of pipeline operation when banking is enabled without register bank overflow. Figure 8.9 and Figure
8.10 show examples of pipeline operation when banking is enabled with register bank overflow.

Table 8.17 Interrupt Response Time
Number of Cycles
Item Peripheral Remarks
NMI User Break INT Module
Time from occurrence of interrupt request until | 2 Icyc + 3 Pcyc | 3 Icyc 2 lcyc + 1 Bcyc |2 Icyc + 3 Beyc | For INT interrupts, the
interrupt controller identifies priority, compares + 2 Pcyc time delayed by setting a
it with mask bits in SR, and sends interrupt digital filter is not
request signal to CPU included.
Time from input | No register bank | Min. 3lcyc + m1+m2 Min. is when the interrupt
of interrupt wait time is zero.
request signal to Max. 4lcyc +2(m1 + m2) + m3 Max. is when a higher-
CPU until priority interrupt request
sequence has occurred during
currently being interrupt exception
executed is handling.
ﬁigﬂ?ﬁd’ Register bank Min. — 3lcyc+ m1+m2 Min. is when the interrupt
- without register wait time is zero.
exception bank overflow | Max. | — 12 leyc + m1 + m2 Max. is when an interrupt
handling starts,
and first request has occurred
: A during execution of the
:Qtsé:t‘lf;f nin RESBANK instruction.
exceptio.n Register bank Min. — 3lcyc+m1+m2 Min. is when the interrupt
handler is with register M 3 1ove - ml +m2 + 19(md wait time is zero.
fetched bank overflow ax. - cyc+mi+m (m4) Max. is when an interrupt
request has occurred
during execution of the
RESBANK instruction.
Interrupt No register Min. 5Ilcyc +3Pcyc |6Icyc+m1+ 5lcyc +1Bcyc+ | 51cyc + 3 Beyc
response time banking +m1+m2 m2 2Pcyc+m1+ [+m1+m2
m2
Max. 6lcyc+3Pcyc |7 Ilcyc+2(m1+ |6lcyc+ 1Bcyc |6Icyc+ 3 Bcyc
+2(m1+m2) + |m2)+m3 +2 Pcyc + +2(m1+m2) +
m3 2(m1+m2) + m3 | m3
Register banking | Min. — — 5lcyc + 1 Bcyc |5lcyc+ 3 Beyc
without register +2Pcyc+m1+ [+m1+m2
bank overflow m2
Max. — — 14 Icyc+1Bcyc |14 Icyc + 3
+2Pcyc+m1+ |Bcyc+m1+
m2 m2
Register banking | Min. — — 5lcyc+ 1Bcyc |5lcyc+ 3 Bceyc
with register +2Pcyc+m1+ |+m1+m2
bank overflow m2
Max. — — 51lcyc + 1 Bcyc |5lcyc+ 3 Beyc
+2Pcyc+ml+ |+m1+m2+
m2 + 19(m4) 19(m4)

Notes: * m1 to m4 denotes the number of states needed for the following memory accesses.
m1: Vector address read (longword read)
m2: SR saving (longword write)
m3: PC saving (longword write)
m4: Restoring banked registers (RO to R14, GBR, MACH, MACL, and PR) from the stack.

* Icyc, Beyc, and Pcyc indicate one cycle of the following clocks.

Icyc: CPU clock f(CPU)
Bcyc: Bus clock f(BUS)
Pcyc: Peripheral bus clock A f(PBA)
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Interrupt received

3lcyc + ml+m2

2 Icyc + 1 Beyc + 2 Peyc m3

INT |

Instruction (instruction replaced
with interrupt exception handling)

3 lcyc ml m2

[Flo|lele[m]m]wm

First instruction in
interrupt exception handler

n
H

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

F: Instruction fetch. Instruction is fetched from memory in which program is stored.

D: Instruction decoding. Fetched instruction is decoded.

E: Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
M: Memory access. Memory data is accessed

Figure 8.5 Example of Pipeline Operation when IRQ Interrupt is Received (No Register Banking)

2 Icyc + 1 Beyc + 2 Peyg 2 lcyc +ml 1lcyc + ml +2(m2) + m3

INT | ;

[Flof[ele[m]m][wm

ml: m2 ' m3 ml ' m2

First instruction in
interrupt exception handler

H

First instruction in multiple
interrupt exception handler

I

Interrupt received I IMuItipIe interrupts received

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.6 Example of Pipeline Operation for Multiple Interrupts (No Register Banking)
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| Interrupt received |

3lcyc + ml+ m2

2lcyc + 1 Bcyc + 2 Pcyci 3lcyc ml m2 + m3

INT | E

Instruction (instruction replaced
with interrupt exception handling)

lr{olefe|[m|m|m]e]

First instruction in
interrupt exception handler

T
H

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.7 Example of Pipeline Operation when INT Interrupt is Received
(Register Banking without Register Bank Overflow)

exception handler

2lcyc+1Bcyc+2Pcyc, 8lcyc . 3lcyc+ml+m2 .
[, S E E
RESBANK instruction [FToJeEJEJEJEJEJEJEJE] E] C
' ' ' mlrm2,m3:
Instruction (instruction replaced E i D | E | E i M i M i M i E |
with interrupt exception handling) ! b 0 0 | T
First instruction in interrupt E E E E n

Interrupt received

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.8 Example of Pipeline Operation when Interrupt is Received during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)
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Interrupt received

3lcyc + ml + m2

interrupt exception handler

2Icyc+chyc+2Pcyc§ 3lcyc . ml | m2 m3
]
with ierrupt exception nandiing) olefelm|mfuf Ju]
First instruction in ; | F | | | D |

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.9 Example of Pipeline Operation when IRQ Interrupt is Received
(Register Banking with Register Bank Overflow)

2 lcyc + 1 Beyce + 2 Peyc 1 Icyc + 17(m4) , 3lcyc+ml+m2+ g(m4)
NT 1m4md 1
H ——, H :
RESBANK instruction [FToTeEmImMIM]. . IMIMIMTw] |
: Pl mim2img
Instruction (instruction replaced E E i D i E | E i M I M l M | . |
with interrupt exception handling ! | . | i | ' !
First instruction in interrupt E E E E ‘ E -n
exception handler ' ' ! ! ! b

| Interrupt acceptance |

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

m4: Restoring of banked registers

Figure 8.10 Example of Pipeline Operation when Interrupt is Received during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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8.6 Register Banks

This LSI has fifteen register banks used to save and restore registers for the interrupt processing at high speed.

Figure 8.11 is the Register Bank Configuration.

| Bank 0
Bank 1

Bank 14

Registers Register banks
General RO RO
registers R1 R1
Interrupt generated .
: (save) :
R14 R14
R15
GBR
Control SR
registers GBR MACH
VBR MACL
TBR RESBA.NK PR
instruction
restore
System MACH ( ) IVN
registers MACL
PR |
PC

Bank control registers (interrupt controller)

Bank control register BCR
Bank number register BNR
[Legend]

[]: Banked register

IVN: Interrupt vector number

Figure 8.11

Register Bank Configuration
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8.6.1 Register Banks and Bank Control Registers

(1) Contents to be Banked
The contents of the general registers (RO to R14), global base register (GBR), multiply and accumulate registers
(MACH and MACL), and procedure register (PR), and the vector table address number are banked.

(2) Register Banks
This LSI has fifteen register banks, bank 0 to bank 14. Register banks are stacked in first-in last-out (FILO)
sequence. Saving takes place in the order of the bank number from 0 to 14 and restoring takes place in the reverse
order from the last bank saved.

8.6.2 Bank Saving and Restoring Operations

(1) Saving to Bank
Figure 8.12 shows Bank Saving Operation. The following operations are performed when an interrupt for which
usage of the register banks is enabled via the BCR register is received by the CPU.
(a) Assume that the bank number bit (BN) in the bank number register (BNR) before the interrupt is generated is i.
(b) The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the vector table address offset (IVN) of
the received interrupt are saved in bank i.
(¢) The BN bit is incremented by 1.

Register banks Registers
(c) i E::Ei RO to R14
BN : GBR
: MACH
® 2 MACL
Bank i+ 1 PR
; IVN
Bank 14
Figure 8.12 Bank Saving Operation
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Figure 8.13 shows the timing for saving registers to a register bank. Saving registers to a register bank takes place
between the start of interrupt exception handling and the start of fetching the first instruction in the interrupt exception
handler.

! 3lcyc + ml + m2

2 Icyc + 1 Beyc + 2 Peyc

INT | E

Instruction (instruction replaced |
with interrupt exception handling)

3leyc mi m2 : m3

plele|m|[m|[m]eE

= (1) IVN, PR, GBR, MACL

= (2) R12, R13, R14, MACH

= (3) R8, RY, R10, R11

s (4) R4, R5, R6, R7
s (5) RO, R1, R2, R3

Saved to bank

Overrun fetch F

B

First instruction in interrupt
exception handler

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.13 Bank Save Timing

(2) Restoring from Bank
The RESBANK (restoring from register bank) instruction is used to restore data saved in a register bank. After
restoring data from the register banks with the RESBANK instruction at the end of the interrupt exception handler,
execute the RTE instruction to return from the interrupt exception handler.
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8.6.3 Saving and Restoring Operations after Saving Registers to All Banks

Assume that all register banks have been used for saving registers when an interrupt for which usage of the register
banks is enabled is received by the CPU. When the BOVE bit in the bank number register (BNR) is cleared to 0,
registers are automatically saved to the stack area instead of saving to a register bank. When the BOVE bit in the BNR
register is set to 1, a register bank overflow exception occurs and registers are not saved to the stack area.

Saving and restoring operations when using the stack are shown below.

(1) Saving to Stack
(a) The status register (SR) and program counter (PC) are saved to the stack during interrupt exception handling.
(b) The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to the stack. The
registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14, R13, ..., R1, and RO.
(¢) The BO (register bank overflow) bit in the SR register is set to 1.
(d) The bank number BN in the bank number register (BNR) remains set to a maximum value of 15.
(2) Restoring from Stack
Operations when the RESBANK (restoring from register bank) instruction is executed with the BO (register bank
overflow) bit in the SR register set to 1 are shown below.
(a) The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the stack. The
registers are restored from the stack in the order of RO, R1, ..., R13, R14, PR, GBR, MACH, and MACL.
(b) The bank number BN in the bank number register (BNR) remains set to a maximum value of 15.

8.6.4 Register Bank Exception

There are two register bank exceptions (register bank errors): a register bank overflow and a register bank underflow.

(1) Register Bank Overflow
Assume that all register banks have been used for saving registers when an interrupt for which usage of the
register banks is enabled is received by the CPU. When the BOVE bit in BNR s set to 1, a register bank overflow
exception occurs. In this case, the bank number BN in the bank number register (BNR) remains set to the bank
number of 15 and registers are not saved to the stack area.

(2) Register Bank Underflow
This exception occurs if the RESBANK (restoring from register bank) instruction is executed when no data has
been saved to the register banks. In this case, the contents of RO to R14, GBR, MACH, MACL, and PR do not
change. In addition, the bank number BN in the bank number register (BNR) remains set to 0.

RO1UH0164EJ0100 Rev.1.00 RENESAS Page 177 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group 8. Interrupt Controller (INTC)

8.6.5 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. When this happens, the CPU
operation is shown below.

(1) The start address of the exception handler for the register bank error is fetched from the exception handling vector
table.

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

(3) The program counter (PC) is saved to the stack. At this time, the start address of the instruction to be executed
after the last executed instruction is in PC and is saved when a register bank overflow occurs. The start address of
the executed RESBANK instruction is in PC and is saved when a register bank underflow occurs.

(4) Program execution starts from the exception handler start address.
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8.7 Notes on INTC

8.71 Timing to Clear Interrupt Source

Clear the interrupt source flag to 0 in the interrupt handler. As shown in Table 8.17 “Interrupt Response Time”, the
time described as “Time from occurrence of interrupt request until interrupt controller identifies priority, compares it
with mask bits in SR, and sends interrupt request signal to CPU” is required until the interrupt is cleared in the CPU
after clearing the interrupt source flag to 0. To ensure that the interrupt request that should have been cleared is not
received again erroneously, read the interrupt source flag after clearing it. After that, execute the RTE instruction.

8.7.2 Notes on INT Interrupt Request Register

To use a pin corresponding to INTn for any function other than the INTn interrupt function, set the corresponding
interrupt priority level to 0 (interrupt disabled).

A bit corresponding to any function other than the INTn function may be set to 1 in the INT interrupt request register.
When reading this register, use a program to perform masking or other processing to any bit which not used for the
INTn interrupt so that the bit will be ignored.

8.7.3 Points for Caution Regarding Interrupt Control Registers 1 and 2 (ICR1 and
ICR2) and INT Input Digital Filter Control Registers 0 and 1 (INTDFCRO0 and
INTDFCR1)

Disable the corresponding INTn interrupt (setting its priority level to 0) before changing the values of ICR1, ICR2,
INTDFCRO, or INTDFCRI.
Follow the procedure below before re-enabling the corresponding INTn interrupt after changing the values of ICR1,
ICR2, INTDFCRO, or INTDFCRI.
1. From among ICR1, ICR2, INTDFCRO, and INTDFCRI, read the last register to have been a destination for writing.
2. Ifthe INTnFLTON bit in INTDFCRO is 1 or the value of the INTFCKD bits in INTDFCR1 has been changed, wait
for three cycles of the clock selected for the digital filter.
3. If edge sensing has been selected by the given bit in ICR1 or ICR2, write 0 to the given bit to clear the flag after
reading the INT interrupt request register (INTR).

Note: n=131t00
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9. Voltage Monitor Function

9.1 Introduction

The voltage monitor function consists of voltage monitor function 1 which is used for generating an event by detecting

changes in the supply voltage (VCC). The event to be generated is voltage monitor interrupt 1.

Table 9.1 lists the Voltage Monitor Function Specifications.

Figure 9.1 shows a Block Diagram of Voltage Monitor Function.

Figure 9.2 shows a Block Diagram of Voltage Monitor Interrupt 1.

Table 9.1  Voltage Monitor Function Specifications

Function Voltage Monitor Circuit 1
VCC monitor Voltage to be monitored Vdet1:
3 levels among 3.9, 4.15, and 4.3 V
Voltage monitor Available
Reset Reset function Not available
Reset condition —
Operation at power-on —
Interrupt Interrupt function Available
Interrupt request generation conditions | When the VCC voltage passes through the Vdet1 voltage
Operation at power-on Stopped
(can be operated by software)
Others Digital filter Available
VMCR6
vee O Vdet1 detection signal * >
2> Vdet1 VMSR6
Level
selector
(3 levels)

VMSR6: Bit in the VMSR register
VMCRE®: Bit in the VMCR register
VD18S: Bits in the VD1LSL register

Note: * When the VMCRS bit is set to 0 (voltage monitor function 1 not used), the Vdet1 detection signal goes to high level.

Figure 9.1 Block Diagram of Voltage Monitor Function
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VMDFCSL
00
o %
Peripheral
bus clock A —oO
VM1CR1 Digital VM1CRO
; filter
vaett detectlciq_ ° 0 Edge VMICR2 Voltage monitor interrupt 1 signal
signal ®— selector [] %2

LY
VM1CR7

Main clock oscillation
stop detection interrupt
signal

Interrupt signal

VM1CRO, VM1CR1, VM1CR2, VM1CR?7: Bits in the VM1CR register
VMDFCSL: Bits in the VMDFCSL register

Notes: 1. When the VMCRE® bit in the VMCR register is set to 0 (voltage monitor function 1 not used), the Vdet1 detection
signal goes to high level.

2. When the VMCRE6 bit is set to 0, the VM1CR2 bit becomes 0.

Figure 9.2 Block Diagram of Voltage Monitor Interrupt 1
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9.2 Registers

Table 9.2 lists the Registers of Voltage Monitor Function.

Table 9.2 Registers of Voltage Monitor Function

Register Name Symbol After Reset Address Access Size
System protect register 0 SPRO H'00 H'FF46 E063 8
Vdet1 level select register VD1LSL H'07 H'FF46 E017 8
Voltage monitor status register VMSR H'CO H'FF46 E403 8
Voltage monitor control register VMCR H'20 H'FF46 EOOF 8
Voltage monitor circuit 1 control register VM1CR H'00 H'FF46 E407 8
Digital filter clock select register for voltage monitor VMDFCSL H'00 H'FF46 E40F 8
circuits
9.21 System Protect Register 0 (SPRO)
Address H'FF46 E063
b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0
Bit Description R/W
b7 to b0 When written R/W

B'1111 0001: Protection unlocked
Other than B'1111 0001: Protection locked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked
Bit 7 to bit 1 (b7 to b1) are always read as 0.

The SPRO register is used to set the protect function that protects registers LOCR, SLCR0O, VMCR, VDILSL,
RAMECC, RAMACYC, and AUDEN from being rewritten easily. To change the values of these registers, perform

the following procedure:

(1) Write H'F1 to the SPRO register (writing to the registers enabled).
(2) Change the values of registers LOCR, SLCR0, VMCR, VDI1LSL, RAMECC, RAMACYC, and AUDEN.
(3) Write a value other than H'F1 to the SPRO register (writing to the registers disabled).
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9.2.2 Vdet1 Level Select Register (VD1LSL)
Address H'FF46 E017

b7 b6 b5 b4 b3 b2 b1 b0
— — — — — VD1S[2:0]
After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Description R/W
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R
b2 to b0 VD1S[2:0] |Vdet1 Voltage Level Select Bits | b2 b1 b0 R/W
(typical voltage when the 1.0 1:415V (Vdet1_5)
V0|tage fa”s) 11 0:390V (Vdet1_6)
1 1 1:430V (Vdet1_7)
Others: Setting prohibited.

To set the VDILSL register, use system protect register 0 (SPRO) to unlock the protection function before writing to
the VDILSL register.

VD1S Bits

These bits are used to set a voltage level of Vdetl.
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9.2.3 Voltage Monitor Status Register (VMSR)
Address H'FF46 E403

b7 b6 b5 b4 b3 b2 b1 b0
— |VMSR6| — — — — — —
After Reset 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 — Reserved This bit is read as 1. The write value should be 1. R
b6 VMSR6 Voltage Change Monitor Flag 1 | 0: VCC < Vdet1 R
1: VCC > Vdet1
b5 to b0 — Reserved These bits are read as 0. The write value should be 0. R
VMSR6 Bit

This flag indicates the monitor result of the voltage monitored in voltage monitor function 1.

When the VMCRG bit in the VMCR register is set to 1 (voltage monitor function 1 used), if the monitored voltage
level goes below Vdetl, the VMSR6 bit becomes 0. If the monitored voltage level reaches Vdetl or above, or when
the VMCRG6 bit is set to 0 (voltage monitor function 1 not used), the VMSRG6 bit becomes 1.
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9.24
Address H'FF46 EOOF

Voltage Monitor Control Register (VMCR)

b7 b6 b5 b4 b3 b2 b1 b0
— |VMCR6| — — — — — —
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 — Reserved This bit is read as 0. The write value should be 0. R
b6 VMCR6 Voltage Monitor Function 1 0: Voltage monitor function 1 not used R/W
Enable Bit 1: Voltage monitor function 1 used
b5 — Reserved This bit is read as 1. The write value should be 1. R
b4 to b0 — Reserved These bits are read as 0. The write value should be 0. R

To set the VMCR register, use system protect register 0 (SPRO) to disable the protect function before writing to the

VMCR register.

VMCREG Bit

The VMCRGO bit is used to voltage monitor function 1. After the VMCRG6 bit is set to 1 from 0, allow td(E-A) to elapse

before voltage monitor circuit 1 starts operation.
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9.25 Voltage Monitor Circuit 1 Control Register (VM1CR)
Address H'FF46 E407

b7 b6 b5 b4 b3 b2 b1 b0
VM1C| _ . __ |VM1C|VM1C|VM1C
R7 R2 R1 RO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 VM1CR7 Voltage Monitor Interrupt 1 0: Voltage falls (VCC < Vdet1) R/W
Generation Condition Select Bit | 1: Voltage rises (VCC > Vdet1)
b6 to b3 — Reserved These bits are read as 0. The write value should be 0. R
b2 VM1CR2 Voltage Change Detect Flag 0: Not detected R/W
1: Detected
b1 VM1CR1 Digital Filter Use Bit 0: Digital filter not used R/W
1: Digital filter used
b0 VM1CRO Voltage Monitor Interrupt 1 0: Voltage monitor interrupt 1 not used R/W
Enable Bit 1: Voltage monitor interrupt 1 used

Rewriting the VMICR register may change the VM1CR2 bit to 1. Set the VMICR2 bit to 0 after rewriting this
register.

VM1CR?7 Bit

This bit is used to select a generation condition of voltage monitor interrupt 1.

VM1CR2 Bit

This flag indicates whether the voltage to be monitored has passed through Vdetl. This bit is enabled when the
VMCRG6 bit in the VMCR register is set to 1 and the VM 1CRO bit in the VM 1CR register is set to 1.

The VMICR2 bit becomes 1 when the voltage has passed through Vdetl under the condition selected with the
VMICRYT bit.

The VMI1CR2 bit is set to 0 by writing 0 by a program. Writing 1 does not have any effect.

VM1CR1 Bit

This bit is used to control the digital filter of voltage monitor circuit 1. To use a voltage monitor interrupt 1 request for
wake-up from standby mode, do no use the digital filter.

VM1CRO Bit

This bit is used to enable voltage monitor interrupt 1. When the VMCRG6 bit in the VMCR register is set to 0 (voltage
monitor function 1 not used), set the VM1CRO bit to 0.
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9.2.6 Digital Filter Clock Select Register for Voltage Monitor Circuits (VMDFCSL)
Address H'FF46 E40F

b7 b6 b5 b4 b3 b2 b1 b0
_ _ _ . . _ VMDFCSL
[1:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1, b0 VMDFCSL | Sampling Clock Select Bits b1 b0 R/W
[1:0] 0 0 : Peripheral bus clock A divided by 8
0 1 : Peripheral bus clock A divided by 16
1 0 : Peripheral bus clock A divided by 32
1 1 : Peripheral bus clock A divided by 64

When rewriting the VMDFCSL register, the VM1CR2 bit in the VM1CR register may change to 1. Set the VM1CR2
bit to 0 after rewriting the VMDFCSL register.

VMDFCSL Bits

These bits are used to select a sampling clock of the digital filter for voltage monitor circuit 1.

R0O1UH0164EJ0100 Rev.1.00 RENESAS Page 187 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group 9. Voltage Monitor Function

9.3 Operations
9.3.1 Voltage Monitor Function 1

A voltage monitor interrupt 1 request can be generated when the input voltage to the VCC pin passes through Vdetl
(V) by falling or rising. To use voltage monitor function 1, set the VMCRG6 bit in the VMCR register to 1. A voltage
level of Vdetl can be selected among three levels using the VDILSL register.

Figure 9.3 shows an Operation Example of Voltage Monitor Function 1.

<
I
e

VMSRS6 bit in VMSR register

i
t1 t1
[Case 1]
*« VM1CR1 = 0 (digital filter not used)
*VM1CR7 =0 (VCC < Vdet1) i t2
VM1CR2 bit
S~ Setto 0 by a program
Voltage monitor interrupt 1 |_|
request bit N~ Set to 0 when an interrupt request is accepted
[Case 2]
* VM1CR1 = 1 (digital filter used)
*VM1CR7 =1 (VCC > Vdet1)

VM1CR2 bit Set to 0 by a program

Voltage monitor interrupt 1

request bit

Set to 0 when an interrupt request
is accepted

VM1CR1, VM1CR2, VM1CRY: Bits in the VM1CR register
t1: Delay caused by passing through the analog noise canceller
t2: Delay caused by passing through the digital filter

The above cases apply under the following conditions:
* VMCRE® bit in the VMCR register = 1 (voltage monitor function 1 used)
* VM1CRO bit in the VM1CR register = 1 (voltage monitor interrupt 1 enabled)

Figure 9.3 Operation Example of Voltage Monitor Function 1
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94 Interrupts

9.4.1 Voltage Monitor Interrupt 1

Voltage monitor interrupt 1 can be used by setting the VM1CRO bit in the VMI1CR register to 1. A generation
condition of voltage monitor interrupt 1 can be selected by the VM1CR7 bit in the VM1CR register.

When the VMI1CR2 bit changes from 0 to 1, a voltage monitor interrupt 1 request is generated. This bit does not
automatically become 0 even if the interrupt is accepted. Set the bit to 0 by a program.

Whether the input voltage has passed through Vdetl by falling or rising can be checked by reading the VMSR®6 bit in
the VMSR register.

A voltage monitor interrupt 1 request can be used for wake-up from CPU sleep mode or standby mode using the
interrupt, and as a power-down mode wake-up reset from power-down mode. For power-down mode wake-up reset,
dedicated registers are used instead of registers VMSR, VMI1CR, and VMDFCSL, and the MCU will be in the reset
state after wake-up. For details, refer to section 5.5, Power Control in section 5, Clocks.

Voltage monitor interrupt 1 shares a vector with main clock oscillation stop detection interrupt. When using voltage
monitor interrupt 1 and this interrupt at the same time, read the VM 1CR2 bit in the interrupt routine to confirm voltage

monitor interrupt 1 has been generated.
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9.4.2 Digital Filter Function

A digital filer for noise reduction is available for voltage monitor interrupt 1. The digital filter is used to sample the

Vdetl detection signal and cancel pulses which do not meet three clocks of the sampling clock. To use the digital filter,
set the VMI1CR bit in the VMICR register to 1 (digital filter used). When changing the VMICR bit, make sure
interrupts are disabled. A sampling clock can be selected with the VMDFCSL bits in the VMDFCSL register. When
the sampling clock stops, the digital filter is disabled.

Figure 9.4 shows an Operation Example of Digital Filter.

[Case 1]

[Case 2]

- VMACR1 = 1 (digital filter used) Detection signal which does not match three

*VM1CR7 =1 (VCC < Vdet1)

VMSRS6 bit in VMSR register

* VM1CR1 = 0 (digital filter not used)
* VM1CR7 =1 (VCC < Vdet1)

VMSRS6 bit in VMSR register | LJ

Sampling clock

—

VM1CR2 bit

|-

Ll
Synchronization (for 2 clocks) + Set to 0 by a program
matches three times, output from
the filter after total 5 clocks

\

Uy yuyyudyuyyuye

Sampling clock

VM1CR2 bit | |
A4

\ A Set to 0 by a program
Set to 0 by a program

Figure 9.4 Operation Example of Digital Filter
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9.5 Notes on Voltage Monitor Function

The voltage change detect flag (the VM1CR2 bit) must be cleared in an interrupt handler.

If this flag is read immediately after clearing, it may not have been cleared. Reading the flag is not necessary to clear
it. However, execute an RTE instruction after waiting until the voltage change detect flag (the VM1CR2 bit) is set to 0
in loop or other processing to ensure it has been cleared.
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10. Watchdog Timer

10.1 Introduction

The watchdog timer is used to restore processing to normal if a program runs out of control. The watchdog timer
contains a 14-bit free-run counter, and the MCU is reset when this counter underflows. To prevent it from
underflowing, perform a refresh operation (a write to the WDTRR register) during a refresh period. A write during a

non-refresh period also resets the MCU.

Table 10.1 and Table 10.2 list the Watchdog Timer Specifications.
Figure 10.1 shows the Watchdog Timer Block Diagram.

Table 10.1 Watchdog Timer Specifications (1)

ltem Function

Count sources » Peripheral bus clock A divided by 16
» Peripheral bus clock A divided by 128
* WDT count source (approx. 125 kHz)

WDTR register.

Count operation Decrement using the 14-bit free-run counter
Count start condition Count is started by a refresh operation
Count stop Count cannot be stopped after it started

(except when count is stopped after a reset)
Reset generation conditions * When the watchdog timer underflows

* When a write to the WDTRR register is performed during a non-refresh
period

Timer value read The count value of the 14-bit free-run counter can be read by reading the

Table 10.2 Watchdog Timer Specifications (2)

ltem Setting Values of CSS Bits in WDTCRO Register
B'00 B'01 B'11
Count sources Peripheral bus clock A divided by 16 | Peripheral bus clock A divided by 128 | WDT count source (output from
the low-speed on-chip oscillator)
Underflow period *1
Number of Time *2 Number of Time *2 Number of Time *3
cycles cycles cycles

TOPS bits = B'00 16384 Approx. 0.4 ms 131072 Approx. 3.3 ms 1024 Approx. 8.2 ms

TOPS bits = B'01 65536 Approx. 1.6 ms 524288 Approx. 13.1 ms 4096 Approx. 32.8 ms

TOPS bits = B'10 131072 Approx. 3.3 ms 1048576 Approx. 26.2 ms 8192 Approx. 65.5 ms

TOPS bits = B'11 262144 Approx. 6.6 ms 2097152 Approx. 52.4 ms 16384 Approx. 131.1 ms
Operation at underflow The MCU is reset.

Notes: 1. An error of one cycle of the count source for the free-run counter will occur.
2. f(PBA) = at 40-MHz operation
3. f(WDT) = at 125-kHz operation
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116
_l

Peripheral bus clock A

1/128 J

WDT count source

Reset

CSS bits
O 14-bit free-run Underflow
g/o counter*
Q
Reset signal Reload signal

RPSO0 bits

RPS1 bits

Valid write to
WDTRR register

P

Reflesh operation during
refresh period

Refresh period
control circuit

e

Reflesh operation during non-refresh period

Note: * The value of the period set by the TOPS bits is reloaded upon reception of a reload signal.
The counter is cleared to 0 upon reception of a reset signal.

Internal reset
request

Figure 10.1 Watchdog Timer Block Diagram
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10.2 Registers
Table 10.3 lists the Watchdog Timer Registers.

Table 10.3 Watchdog Timer Registers

Register Name Symbol After Reset Address Access Size
WDT refresh register WDTRR — H'FF46 8003 8
WDT control register 0 WDTCRO H'DE H'FF46 8002 8
WDT register WDTR H'0000 H'FF46 8000 16
WDT control register 1 WDTCR1 H'03 H'FF46 8013 8
10.2.1 WDT Refresh Register (WDTRR)
Address H'FF46 8003
b7 b6 b5 b4 b3 b2 b1 b0
After Reset — —_ —_ —_ —_ —_ —_ —_
Bit Function R/W
b7 to b0 The watchdog timer is refreshed by writing H'00 and then H'FF to this register continuously. W
Writing a value other than the above is disabled.

The WDTRR register is a write-only register that is used to refresh the watchdog timer.
The value set by the TOPS bits in the WDTCRO register is reloaded to the 14-bit free-run counter by writing H'00 and

then H'FF to this register during a refresh period.

The MCU is reset when the free-run counter underflows or by performing a refresh operation in a non-refresh period.
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10.2.2 WDT Control Register 0 (WDTCRO0)
Address H'FF46 8002

b7 b6 b5 b4 b3 b2 b1 b0
CSS[1:0] — RPS0[1:0] TOPS[1:0] —
After Reset 1 1 0 1 1 1 1 0

Bit Symbol Bit Name Description R/W

b7, b6 CSS[1:0] Count Source Select Bits R/W

: Peripheral bus clock A divided by 16
: Peripheral bus clock A divided by 128
: Setting prohibited
: WDT count source

(output from the low-speed on-chip oscillator)
b5 — This bit is read as 0. The write value should be 0. R
b4, b3 RPSO0[1:0] |Refresh Period Select Bits b4 b3 R/W
1 25%
:50%
1 75%
:100%

-~ a00%
~o0o-=083

Reserved

b2, b1 TOPS[1:0] | Underflow Period Select Bits R/W

: 1024 cycles (initial value: H'03FF)
: 4096 cycles (initial value: H'OFFF)
: 8192 cycles (initial value: H'1FFF)
: 16384 cycles (initial value: H'3FFF)

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

_\_\oog A 00
~o0o-~0Z%|-~0-—~0

b0 — Reserved

The WDTCRO register can be written only once after a reset.

CSS Bits

These bits are used to select a count source for the watchdog timer.

RPSO0 Bits

These bits are used to set a refresh period for the watchdog timer.

Table 10.4

Watchdog Timer Refresh Period

Time-Out Period

100%

75%

50%

25%

H'3FFF (initial value)

H'3FFF or less

H'2FFF or less

H'1FFF or less

H'OFFF or less

H'1FFF (initial value)

H'1FFF or less

H'17FF or less

H'OFFF or less

H'O7FF or less

H'OFFF (initial value)

H'OFFF or less

H'OBFF or less

H'O7FF or less

H'O3FF or less

H'03FF (initial value)

H'O3FF or less

H'0O2FF or less

H'0O1FF or less

H'OO0FF or less

TOPS Bits

These bits are used to set an underflow period of the watchdog timer.
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10.2.3 WDT Register (WDTR)
Address H'FF46 8000

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved The read value is undefined. R
b13to b0 | The watchdog timer value is read. R
This register is used to read the counter value of the watchdog timer.
10.2.4 WDT Control Register 1 (WDTCR1)
Address H'FF46 8013
b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — RPS1[1:0]
After Reset 0 0 0 0 0 0 1 1
Bit Symbol Bit Name Description R/W
b7 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1, b0 RPS1[1:0] | Non-Refresh Period Select Bits | b1 b0 R/W
0 0:75%
0 1:50%
1 0:25%
1 1 : No non-refresh period

Write to the WDTCRI1 register after a reset, and then write to the WDTCRO register.

RPS1 Bits

These bits are used to select a non-refresh period. A non-refresh period is set after selected from the refresh periods set
by the PRSO bits.
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10.3 Operations

A period to accept a refresh operation for the watchdog timer is set by the combination the RPSO0 bits in the WDTCRO
register and the RPS1 bits in the WDTCRI register. Figure 10.2 shows the Period to Accept Refresh Operation for

Watchdog Timer.

Assuming that the time-out period is 100%, a refresh operation executed during an acceptable period is accepted.

A reset operation executed during a non-acceptable period is considered as an incorrect write, and the MCU is reset.

Period to accept a refresh operation set by the combination of bits RPS0 and RPS1

——) : Non-refresh period (The MCU is reset when writing)

RPS1 Bits
00 01 10 11
Setting Setting Setting 10
. 00 prohibited prohibited | prohibited (10)
RPS0 bits Setting Setting
01 prohibited prohibited ©) (8)
Setting
10 prohibited () ) ()
11 (4) (3) (2) (M
Count starts Underflow
Refresh period
MHNr————tF————-———- ————
r———m—+———- —— —— ) » 100 to 25% (75%)
B r———- ———— » 100 to 50% (50%)
4) ———— > » 100 to 75% (25%)
(5) P ————————— ———— 75t00% (75%)
(6) P ———— » 7510 25% (50%)
p— — — — P 14 (0] () ()
(7) ) » » 7510 50% (25%)
(8) p—————————— 50to 0% (50%)
_—— 14 to o (")
9) q > d 50 to 25% (25%)
(10) p————— 25t0 0% (25%)
100% 75% 50% 25% 0%
— — — » : Refresh period

Figure 10.2 Period to Accept Refresh Operation for Watchdog Timer
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10.4 Usage Notes on Watchdog Timer

Make the following settings for the watchdog timer before the transition to standby mode.
1. Set the CSS bits in the WDTCRO register to B'11.
2. Set the TOPS bits in the WDTCRO register to B'11.
3. Refresh the watchdog timer.

Restore the previous values to the watchdog timer after wake-up from standby mode.
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11. Task Monitor Timer

11.1 Introduction

The 16-bit task monitor timer decrements the value set in the timer, and generates an interrupt request when it
underflows. The timer automatically stops when it underflows.

Table 11.1 lists the Task Monitor Timer Specifications.
Figure 11.1 shows the Task Monitor Timer Block Diagram.

Table 11.1 Task Monitor Timer Specifications

Item Specification

Number of channels 1 channel

Count sources « Peripheral bus clock A divided by 2

* Peripheral bus clock A divided by 16
« Peripheral bus clock A divided by 64
« Peripheral bus clock A divided by 256

Count operations * Decrement
* When the timer underflows, count stops (by writing to the TMTLEN register, the contents
of the reload register are reloaded to the counter and count restarts).

Counter period (n + 1A
n: Value set in the TMTR register (H'0000 to H'FFFF)
fi: Frequency of the count source

Count start conditions When the following two conditions are met (order is random):
» The TEN bit in the TMTEN register is set to 1 (count enabled)
» The counter value is other than H'0000

Count stop conditions » The TEN bit in the TMTEN register is set to 0 (count stopped)
* When the timer underflows (the counter reaches H'0000)
Interrupt request generation timing When the timer underflows
Read from timer The counter value is read by reading the TMTR register.
Write to timer When a value is written to the TMTR register, the value is written to the reload register at the

same time. Then the value of the reload register is written to the counter by writing to the
TMTLEN register.

Data bus

U i)

| TMTR register |

re ter

12

- TCSS bits

0—-—‘1/1 6 00

Perlpheélaolc?(u; \ %i\o_iD—{ Counter Task monitor timer
s 1/64 o interrupt request

1/256

TEN bit

TCSS: Bits in the TMTCSSL register
TEN: Bit in the TMTEN register

Figure 11.1 Task Monitor Timer Block Diagram
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11.2 Registers

Table 11.2 lists the Task Monitor Timer Registers.

Table 11.2 Task Monitor Timer Registers
Register Name Symbol After Reset Address Access Size
Task monitor timer protect register TMTPR H'00 H'FF46 COOF 8
Task monitor timer load enable register TMTLEN — H'FF46 C007 8
Task monitor timer count source select register TMTCSSL H'00 H'FF46 C006 8
Task monitor timer register TMTR H'0000 H'FF46 C004 16
Task monitor timer enable register TMTEN H'00 H'FF46 CO0B 8
11.2.1 Task Monitor Timer Protect Register (TMTPR)
Address H'FF46 COOF
b7 b6 b5 b4 b3 b1
After Reset 0 0 0 0 0 0
Bit Description R/W
R/W

b7 to b0 When written
B'1111 0001: Protection unlocked

When read
Bit 0 (b0)
0: Protection locked
1: Protection unlocked

A value other than B'1111 0001: Protection locked

Bit 7 to bit 1 (b7 to b1) are always read as 0.

The TMTPR register is used to set the protect function that protects registers TMTLEN, TMTCSSL, TMTR, and
TMTEN from being rewritten easily. To change the values of registers TMTLEN, TMTCSSL, TMTR, and TMTEN,

perform the following procedure:

(1) Write HF1 to the TMTPR register (writing to the registers enabled).

(2) Change the values of registers TMTLEN, TMTCSSL, TMTR, and TMTEN.

(3) Write a value other than H'F1 to the TMTPR register (writing to the registers disabled).
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11.2.2 Task Monitor Timer Load Enable Register (TMTLEN)
Address H'FF46 C007

b7 b6 b5 b4 b3 b2 b1 b0
After Reset — —_ — — — —_ —_ —
Bit Description R/W
b7 to b0 The value written to the TMTR register (the value of the reload register) is written to the counter. w

TMTLEN is a write-only register.

When an arbitrary value (H'00 to H'FF) is written to the TMTLEN register, the value written to the TMTR register (the
value of the reload register) is written to the counter. To write to the TMTLEN register, use the TMTPR register to

unlock the protection beforehand.

11.2.3 Task Monitor Timer Count Source Select Register (TMTCSSL)

Address H'FF46 C006

b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — TCSS[1:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b2 — Reserved These bits are read as 0. The write value should always be 0. R
b1, b0 TCSS[1:0] | Task Monitor Timer Count b1 b0 R/W
Source Select Bits 0 O : Peripheral bus clock A divided by 2
0 1 : Peripheral bus clock A divided by 16
1 0 : Peripheral bus clock A divided by 64
1 1 : Peripheral bus clock A divided by 256

To change the value of the TMTCSSL register, use the TMTPR register to unlock the protection beforehand.

TCSS Bits

These bits are used to select a count source for the task monitor timer.
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11.2.4 Task Monitor Timer Register (TMTR)
Address H'FF46 C004

b15 b14 b13 b12 b11

b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Description R/W
b15 to b0 When written R/W
The value is written to the reload register without changes.
(Then the value of the reload register is written to the counter by writing to the TMTLEN register.)
If the setting value is n, the counter period is (n + 1)/fj.
fj: Frequency of the count source
Range of the setting value (n): H'0000 to H'FFFF
When read
The counter value can be read.

Set the TMTR register in 16-bit units.

To change the value of the TMTR register, use the TMTPR register to unlock the protection beforehand

11.2.5

Task Monitor Timer Enable Register (TMTEN)
Address H'FF46 C00B

b7 b6 b5 b4 b3 b2 b1 b0
TEN
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b1 — Reserved These bits are read as 0. The write value should always be 0. R
b0 TEN Task Monitor Timer Enable Bit | 0: Count stopped R/W
1: Count enabled

To change the value of the TMTEN register, use the TMTPR register to unlock the protection beforehand.
TEN Bit

This bit is used to enable or stop the task monitor timer.

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS Page 202 of 1118



SH72A2 Group, SH72A0 Group 11. Task Monitor Timer

11.3 Operation

Figure 11.2 shows an Operation Example of Task Monitor Timer.

| Count starts Count starts
Counter contents n/l? _________

Reload
Count stops

Write signal
(internal signal) to

TMTLEN register - [
TEN bitin %
TMTEN register

Interrupt request bit

-
N

Set to 0 by an interrupt request acceptance or by a program.

Note. « Operation example when the value of the TMTR register n = 4.

Figure 11.2 Operation Example of Task Monitor Timer
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11.4 Notes on Task Monitor Timer

The timer is stopped after a reset. After setting a count source by the TMTCSSL register, set the TEN bit in the
TMTEN register to 1 (count enabled).
To change the count source even after a reset, set the TEN bit to 0 (count stopped) before making the change.
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12. DMAC
12.1

The DMAC (direct memory access controller) is a module that handles data transfer without using the CPU, and
consists of 8 channels. When a transfer request is generated, the DMAC transfers data of the source address to the
destination address. The number of bytes of data set in the DMiCNT counter (i = 0 to 7) is transferred per DMA

Introduction

transfer.

Table 12.1 lists the DMAC Specifications. Figure 12.1 shows the DMAC Block Diagram.

Table 12.1 DMAC Specifications
Iltem Description
Number of channels 8 channels
Transfer memory space 4 Gbytes (areas other than reserved areas in addresses H'0000 0000 to H'FFFF FFFF)
Maximum number of transfers 64 Mbytes

DMA request sources

 Software trigger
« Interrupt requests from peripheral functions

Channel priority level

DMAO > DMA1 > ... DMAG > DMA7 (DMAO is the highest)

Transfer One data 8, 16, and 32 bits
data One operand 1,2, 4, 8,16, 32, 64, and 128 data units
Transfer Cycle-stealing transfer The bus mastership is returned between the read and write accesses of transferring one data.
modes mode
Pipelined transfer mode | Transfer is continuously performed until a single operand transfer is completed.
Transfer Operand transfer Unit » One operand is transferred per DMA request.
methods methods » Channel arbitration is performed after a single operand transfer is completed.

A DMA request is required for each completion of a single operand transfer
until DMA transfer is completed.

One operand is repeatedly transferred per DMA request until DMA transfer is
completed.

Channel arbitration is performed each time a single operand transfer is
completed.

Only the first DMA request is required.

Sequential

Non-stop transfer
method

» Transfer is continuously performed per DMA request until DMA transfer is completed.
» Channel arbitration is not performed until DMA transfer is completed.
* Only the first DMA request is required.

DMA transfer start conditions

DMA transfer starts when all of the following conditions are met:
» The DEN bit in the DMICR1 register (i = 0 to 7) is set to 1 (DMA transfer enabled)
* The DMST bit in the DMSTR register is set to 1 (DMAC operates)
« A DMA request for DMAI is generated and the execution right is obtained through channel
arbitration.

DMA transfer complete condition

When the DMICNT counter reaches H'0000 000 (DMA transfer completed)

Interrupt request generation timing

When the DMICNT counter reaches H'0000 000 (DMA transfer completed)

Single-data transfer time

» Cycle-stealing transfer mode: Minimum of 3 bus clocks
» Pipelined transfer mode: Minimum of 1 bus clock

Other function

* Reload function
When DMA transfer is completed, the values of the reload registers for the source address,
destination address, and transfer byte count are reloaded into the current registers.
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Internal main bus

)

DMA request DMA interrupt request DMQC z_atccess
read/write
DMAC -
DMAC core < 5
== . DMAC
DMA request signal »| control circuit

DMA request arbitration

i
l
A
X Working registers
N\
CPU > Memory > DMA
access | access Memory load/storage control data
\. control [% control buffer
Register access DMAI ¢ f Working source address register
from the CPU - 1 Working destination address register
Read/write || Mode register -
- Working transfer byte counter
|| Control register - -
- Working mode register
|| Source address register
"y : Registers that the DMAC references
 Destination address register (access from the CPU prohibited)
|| Transfer byte counter
|| Source address reload register
|| Destination address reload register
L| Transfer byte reload counter
On-chip registers
i=0to7
Figure 12.1 DMAC Block Diagram
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12.2 Registers

Table 12.2 and Table 12.3 list the DMAC Registers.

Table 12.2 DMAC Registers (1)

Register Name Symbol After Reset Address Access Size
DMAO mode register DMOMD Undefined H'FF46 000C 32
DMA1 mode register DM1MD Undefined H'FF46 001C 32
DMA2 mode register DM2MD Undefined H'FF46 002C 32
DMAS3 mode register DM3MD Undefined H'FF46 003C 32
DMA4 mode register DM4MD Undefined H'FF46 004C 32
DMAS mode register DM5MD Undefined H'FF46 005C 32
DMAG6 mode register DM6MD Undefined H'FF46 006C 32
DMA7 mode register DM7MD Undefined H'FF46 007C 32
DMAO control register 0 DMOCRO H'0000 0000 H'FF46 0400 32
DMA1 control register 0 DM1CRO H'0000 0000 H'FF46 0408 32
DMA2 control register 0 DM2CRO H'0000 0000 H'FF46 0410 32
DMAZ3 control register 0 DM3CRO H'0000 0000 H'FF46 0418 32
DMAA4 control register 0 DM4CRO H'0000 0000 H'FF46 0420 32
DMAS5 control register 0 DM5CRO H'0000 0000 H'FF46 0428 32
DMAG control register 0 DM6CRO H'0000 0000 H'FF46 0430 32
DMAZ7 control register 0 DM7CRO H'0000 0000 H'FF46 0438 32
DMAQO control register 1 DMOCR1 H'0000 0000 H'FF46 0404 32
DMA1 control register 1 DM1CR1 H'0000 0000 H'FF46 040C 32
DMAZ2 control register 1 DM2CR1 H'0000 0000 H'FF46 0414 32
DMAS control register 1 DM3CR1 H'0000 0000 H'FF46 041C 32
DMAA4 control register 1 DM4CR1 H'0000 0000 H'FF46 0424 32
DMAS5 control register 1 DM5CR1 H'0000 0000 H'FF46 042C 32
DMAG control register 1 DM6CR1 H'0000 0000 H'FF46 0434 32
DMAZ7 control register 1 DM7CR1 H'0000 0000 H'FF46 043C 32
DMAO source address register DMOSA Undefined H'FF46 0000 32
DMA1 source address register DM1SA Undefined H'FF46 0010 32
DMAZ2 source address register DM2SA Undefined H'FF46 0020 32
DMAS3 source address register DM3SA Undefined H'FF46 0030 32
DMA4 source address register DM4SA Undefined H'FF46 0040 32
DMADS source address register DM5SA Undefined H'FF46 0050 32
DMAG source address register DM6SA Undefined H'FF46 0060 32
DMA7 source address register DM7SA Undefined H'FF46 0070 32
DMAO destination address register DMODA Undefined H'FF46 0004 32
DMA1 destination address register DM1DA Undefined H'FF46 0014 32
DMAZ2 destination address register DM2DA Undefined H'FF46 0024 32
DMAS3 destination address register DM3DA Undefined H'FF46 0034 32
DMA4 destination address register DM4DA Undefined H'FF46 0044 32
DMADS5 destination address register DM5DA Undefined H'FF46 0054 32
DMAG destination address register DM6DA Undefined H'FF46 0064 32
DMAY destination address register DM7DA Undefined H'FF46 0074 32
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Table 123  DMAC Registers (2)

Register Name Symbol After Reset Address Access Size
DMAQO transfer byte counter DMOCNT Undefined H'FF46 0008 32
DMAA1 transfer byte counter DM1CNT Undefined H'FF46 0018 32
DMAZ2 transfer byte counter DM2CNT Undefined H'FF46 0028 32
DMAS transfer byte counter DM3CNT Undefined H'FF46 0038 32
DMA4 transfer byte counter DM4CNT Undefined H'FF46 0048 32
DMAS5 transfer byte counter DM5CNT Undefined H'FF46 0058 32
DMAG transfer byte counter DM6CNT Undefined H'FF46 0068 32
DMATY transfer byte counter DM7CNT Undefined H'FF46 0078 32
DMADO source address reload register DMOSAR Undefined H'FF46 0200 32
DMA1 source address reload register DM1SAR Undefined H'FF46 0210 32
DMAZ2 source address reload register DM2SAR Undefined H'FF46 0220 32
DMAS3 source address reload register DM3SAR Undefined H'FF46 0230 32
DMA4 source address reload register DM4SAR Undefined H'FF46 0240 32
DMAS5 source address reload register DM5SAR Undefined H'FF46 0250 32
DMAG source address reload register DM6SAR Undefined H'FF46 0260 32
DMAY7 source address reload register DM7SAR Undefined H'FF46 0270 32
DMAO destination address reload register DMODAR Undefined H'FF46 0204 32
DMA1 destination address reload register DM1DAR Undefined H'FF46 0214 32
DMA2 destination address reload register DM2DAR Undefined H'FF46 0224 32
DMAZ3 destination address reload register DM3DAR Undefined H'FF46 0234 32
DMA4 destination address reload register DM4DAR Undefined H'FF46 0244 32
DMADS destination address reload register DM5DAR Undefined H'FF46 0254 32
DMAG destination address reload register DM6DAR Undefined H'FF46 0264 32
DMAY destination address reload register DM7DAR Undefined H'FF46 0274 32
DMAO transfer byte counter reload register DMOCNTR Undefined H'FF46 0208 32
DMAT1 transfer byte counter reload register DM1CNTR Undefined H'FF46 0218 32
DMAZ2 transfer byte counter reload register DM2CNTR Undefined H'FF46 0228 32
DMAS transfer byte counter reload register DM3CNTR Undefined H'FF46 0238 32
DMAA4 transfer byte counter reload register DM4CNTR Undefined H'FF46 0248 32
DMAS5 transfer byte counter reload register DM5CNTR Undefined H'FF46 0258 32
DMAG transfer byte counter reload register DM6CNTR Undefined H'FF46 0268 32
DMAT7 transfer byte counter reload register DM7CNTR Undefined H'FF46 0278 32
DMA interrupt control register DMICR H'0000 H'FF46 0508 16
DMA start register DMSTR H'00 H'FF46 0501 8
DMA transfer status register DMSR H'0000 H'FF46 0518 16
DMA transfer completion status register DMCSR H'0000 H'FF46 0514 16
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12.2.1

Address

DMAIi Mode Register (DMiMD) (i =0 to 7)

DMOMD: H'FF46 000C, DM1MD: H'FF46 001C, DM2MD: H'FF46 002C, DM3MD: H'FF46 003C,
DM4MD: H'FF46 004C, DM5MD: H'FF46 005C, DM6MD: H'FF46 006C, DM7MD: H'FF46 007C

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — — — OPSEL [3:0] — — — — — SZSEL [2:0]
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— SAD [2:0] — DAD [2:0] — — — — _ — — _
After Reset X X X X X X X X X X X X X X X X
Bit Symbol Bit Name Description R/W
b31 to b28 | — Reserved The read value is undefined. The write value should be 0. R
b27 to b24 | OPSEL Operand Transfer Data Count | b27b26b25b24 _ R/W
[3:0] Select Bits 0 0 0 O :1dataunit
0 0 0 1 :2dataunits
0 0 1 O0:4dataunits
0 0 1 1 :8dataunits
0 1 0 O0:16dataunits
0 1 0 1 :32dataunits
0 1 1 0 :64 data units
0 1 1 1:128 data units
Do not set values other than the above.
b23to b19 | — Reserved The read value is undefined. The write value should be 0. R
b18 to b16 | SZSEL Transfer Data Size Select Bits | b18b17b16 R/W
[2:0] 0 0 0 :8bits
0 0 1:16bits
0 1 0:32bits
Do not set values other than the above.
b15 — Reserved The read value is undefined. The write value should be 0. R
b14 to b12 | SAD Source Address Direction b14b13b12 R/W
[2:0] Control Bits 0 0 0 :Fixed
0 0 1 :Increment
0 1 O :Decrement
0 1 1 :Rotation
Do not set values other than the above.
b11 — Reserved The read value is undefined. The write value should be 0. R
b10 to b8 | DAD Destination Address Direction b10b9 b8 ) R/W
[2:0] Control Bits 0 0 0 :Fixed
0 0 1 :Increment
0 1 0 :Decrement
0 1 1 :Rotation
Do not set values other than the above.
b7 to b0 — Reserved The read value is undefined. The write value should be 0. R

The DMiMD register is used to set the calculation content of a transfer source address or destination address and the
size of transfer data. Write data to the DMiMD register when the DMAC is stopped, or when DMA transfer is disabled
and data is not being transferred on the corresponding channel.
Access the DMiMD register in 32-bit units.
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OPSEL Bits

These bits are used to set the number of data units transferred in a single operand. When using the operand transfer
method, the number of data units set by the OPSEL bits is transferred continuously as one operand. When using the
non-stop transfer method, the setting of the OPSEL bits becomes invalid and the number of bytes of data set in the
DMICNT counter is transferred continuously.

SZSEL Bits

These bits are used to set the size of transfer data.

Bits SAD and DAD
These bits are used to set the calculation content of an address which is being DMA transferred.
When rotation is selected, the address is incremented. If a single operand transfer is completed, the address is set to the

value when DMA transfer is started.
The calculation content of the address will be as follows according to the transfer size.

Table 12.4 Address Calculation Content According to Transfer Size

Bits SAD and DAD
SZSEL Bits B'000 B'001 B'010 B'011
(Fixed) (Increment) (Decrement) (Rotation)
B'000 (8 bits) 10 +1 -1 +1
B'001 (16 bits) 10 +2 -2 +2
B'010 (32 bits) 10 +4 -4 +4
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12.2.2 DMAI Control Register 0 (DMiCRO) (i =0 to 7)
Address DMOCRO: H'FF46 0400, DM1CRO: H'FF46 0408, DM2CRO: H'FF46 0410, DM3CRO: H'FF46 0418,
DM4CRO: H'FF46 0420, DM5CRO: H'FF46 0428, DM6CRO: H'FF46 0430, DM7CRO: H'FF46 0438
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
— — | MDSEL [1:0] | — — DSEL [1:0] — — — — — — STRG [1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — |BRLOD|SRLOD|DRLOD DCTG [7:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b31,b30 |— Reserved These bits are read as 0. The write value should be 0. R
b29, b28 MDSEL Transfer Mode Select Bits b29b28 R/W
[1:0] 0 0 : Cycle-stealing transfer mode
0 1 : Pipelined transfer mode
Do not set values other than the above.
b27, b26 — Reserved These bits are read as 0. The write value should be 0. R
b25, b24 DSEL Transfer Method Select Bits b25b24 R/W
[1:0] 0 0 : Unit operand transfer
0 1 : Sequential operand transfer
1 0 : Do not set.
1 1 : Non-stop transfer
b23 to b18 | — Reserved These bits are read as 0. The write value should be 0. R
b17,b16 | STRG [1:0] | Input Sense Mode Select Bits b17b16 R/W
0 O : Software trigger
0 1 : Do not set.
1 O : Edge sense
1 1 :Level sense
b15to b11 | — Reserved These bits are read as 0. The write value should be 0. R
b10 BRLOD Transfer Byte Count Reload 0: Transfer byte count reload function not used R/W
Function Select Bit 1: Transfer byte count reload function used
b9 SRLOD Source Address Reload 0: Source address reload function not used R/W
Function Select Bit 1: Source address reload function used
b8 DRLOD Destination Address Reload 0: Destination address reload function not used R/W
Function Select Bit 1: Destination address reload function used
b7 to b0 DCTG DMA Request Source Select Used to set DMA request sources (see Table 12.6). R/W
[7:0] Bits
MDSEL Bits

These bits are used to set a transfer mode. To set the MDSEL bits, write a value when the DMAC is stopped, or when

DMA transfer is disabled and data is not being transferred on the corresponding channel.

DSEL Bits

These bits are used to set a transfer method. To set the DSEL bits, write a value when the DMAC is stopped, or when

DMA transfer is disabled and data is not being transferred on the corresponding channel.
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STRG Bits

These bits are used to set the input sense mode for the DMA request signals (internal signals) input from the request
source set by the DCTG bits to the DMAC. Table 12.5 shows the combinations of the STRG and DCTG bits. Set the
STRG bits in accord with the settings of the DCTG bits.

Table 12.5 Combinations of the STRG and DCTG Bits

DMA Request Source No. DCTG Bits DMA Request Source STRG Bits Input Sense Mode
0 0000 0000 Software trigger 00 Software trigger
1 0000 0001 CMTO interrupt request (CMIO) 10 Edge sense
: : : 10 Edge sense
169 1010 1001 SBI3 transmit interrupt request 10 Edge sense
172 1010 1100 MTOGRA interrupt request 11 Level sense
: H H 11 Level sense
198 1100 0110 MT7GRD interrupt request 11 Level sense

Bits DRLOD, SRLOD, and BRLOD

These bits are used to control the destination address, source address, and transfer byte count reload functions. If
setting these bits to 1, the contents of the respective reload registers are reloaded to the respective current registers
when the DMA transfer is completed. When not using the reload function, set the ECLR bit in the DMiCR1 register to

1 so that the DEN bit should be set to 0.

DCTG Bits

These bits are used to set DMA request sources. To set the DCTG bits, write a value when the DMAC is stopped, or
when DMA transfer is disabled and data is not being transferred on the corresponding channel. If the DCTG bits are
set, make sure DMAC operation and DMA transfer are enabled after setting the DREQ bit in the DMiCR1 register to

0.

Table 12.6 lists the DCTG Bit Setting.
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Table 12.6 DCTG Bit Setting
DMA DMA
Request D;ISG DMA Request Source Request D;;G DMA Request Source
Source No. Source No.
0 0000 0000 | Software trigger 85 0101 0101 TP2GR3 interrupt request
1 0000 0001 CMTO interrupt request (CMIO) 86 0101 0110 TP3GRO interrupt request
2 0000 0010 | CMT1 interrupt request (CMI1) 87 0101 0111 TP3GR1 interrupt request
3 0000 0011 CMT2 interrupt request (CMI2) 88 0101 1000 TP3GR?2 interrupt request
4 0000 0100 | CMT3 interrupt request (CMI3) 89 0101 1001 TP3GR3 interrupt request
5 0000 0101 CMT4 interrupt request (CMI14) 90 0101 1010 TP4GRO interrupt request
6 0000 0110 | CMTS5 interrupt request (CMI5) 91 0101 1011 TP4GR1 interrupt request
7 0000 0111 | AD1 scan conversion end interrupt request 92 0101 1100 | TP4GR2 interrupt request
8 0000 1000 | AD1INO interrupt conversion end interrupt request* 93 0101 1101 TP4GR3 interrupt request
9 0000 1001 | AD1IN1 interrupt conversion end interrupt request* 94 to 0101 1110 to | (Reserved) Do not set.
138 1000 1010
10 0000 1010 | AD1IN2 interrupt conversion end interrupt request*
- - - 139 1000 1011 TPU1 counter reset interrupt request
11 0000 1011 | AD1IN3 interrupt conversion end interrupt request*
- - - 140 1000 1100 TPU2 counter reset interrupt request
12 0000 1100 | AD1IN4 interrupt conversion end interrupt request
- - - 141 1000 1101 TPUS3 counter reset interrupt request
13 0000 1101 | AD1INS5 interrupt conversion end interrupt request
- - - 142 1000 1110 TPU4 counter reset interrupt request
14 0000 1110 | AD1IN6 interrupt conversion end interrupt request*
- - - 143 to 1000 1111 to | (Reserved) Do not set.
15 0000 1111 AD1IN7 interrupt conversion end interrupt request* 153 1001 1001
16t0 23 088;108(1)(1):0 (Reserved) Do not set. 154 1001 1010 | SCIO receive buffer full interrupt request
- - - 155 1001 1011 SCIO0 transmit buffer empty interrupt request
24 0001 1000 | AD1IN16 interrupt conversion end interrupt request
- - - 156 1001 1100 SCI1 receive buffer full interrupt request
25 0001 1001 | AD1IN17 interrupt conversion end interrupt request
157 1001 1101 SCI1 transmit buffer empty interrupt request
26 to 31 | 0001 1010to | (Reserved) Do not set.
0001 1111 158 1001 1110 SCI2 receive buffer full interrupt request
32 0010 0000 | AD1IN24 interrupt conversion end interrupt request 159 1001 1111 SCI2 transmit buffer empty interrupt request
33 0010 0001 AD1IN25 interrupt conversion end interrupt request* 160 1010 0000 SCI3 receive buffer full interrupt request
34 0010 0010 | AD1IN26 interrupt conversion end interrupt request* 161 1010 0001 SCI3 transmit buffer empty interrupt request
35 0010 0011 AD1IN27 interrupt conversion end interrupt request* 162 1010 0010 SBIO receive interrupt request
36 0010 0100 | AD1IN28 interrupt conversion end interrupt request 163 1010 0011 SBI1 receive interrupt request
37 0010 0101 AD1IN29 interrupt conversion end interrupt request* 164 1010 0100 SBI2 receive interrupt request
38 0010 0110 | AD1IN30 interrupt conversion end interrupt request 165 1010 0101 SBI3 receive interrupt request*
39 0010 0111 | AD1IN31 interrupt conversion end interrupt request 166 1010 0110 SBIO transmit interrupt request
40to49 | 00010 1000 | (Reserved) Do not set. 167 1010 0111 SBI1 transmit interrupt request
to 0011 0001 —
168 1010 1000 SBI2 transmit interrupt request
50 0011 0010 | AD1IN42 interrupt conversion end interrupt request* —
169 1010 1001 SBI3 transmit interrupt request*
51 0011 0011 AD1IN43 interrupt conversion end interrupt request*
170,171 1010 1010, | (Reserved) Do not set.
52 0011 0100 | AD1IN44 interrupt conversion end interrupt request* 1010 1011
53 0011 0101 | AD1IN45 interrupt conversion end interrupt request* 172 1010 1100 MTOGRA interrupt request
54 0011 0110 | AD1IN46 interrupt conversion end interrupt request* 173 1010 1101 MTOGRB interrupt request
55 0011 0111 | AD1IN47 interrupt conversion end interrupt request* 174 1010 1110 MTOGRC interrupt request
56to 72 | 0011 1000 to | (Reserved) Do not set. 175 1010 1111 MTOGRD interrupt request
0100 1000 -
176 1011 0000 MT1GRA interrupt request
73 0100 1001 | ADO scan conversion end interrupt request -
177 1011 0001 MT1GRB interrupt request
74to 77 | 0100 1010to | (Reserved) Do not set. -
0100 1101 178 1011 0010 MT2GRA interrupt request
78 0100 1110 | TP1GRO interrupt request 179 1011 0011 MT2GRB interrupt request
79 0100 1111 | TP1GR1 interrupt request 180 10110100 [ MT3GRA interrupt request
80 0101 0000 | TP1GR2 interrupt request 181 1011 0101 MT3GRB interrupt request
81 01010001 | TP1GRS3 interrupt request 182 1011 0110 MT3GRC interrupt request
82 01010010 | TP2GRO interrupt request 183 1011 0111 MT3GRD interrupt request
83 01010011 | TP2GR1 interrupt request 184 1011 1000 MT4GRA interrupt request
84 0101 0100 | TP2GR2 interrupt request
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ReD(:\{lJ/:st D;ISG DMA Request Source
Source No.

185 1011 1001 MT4GRB interrupt request
186 1011 1010 | MT4GRC interrupt request
187 1011 1011 MT4GRD interrupt request
188 1011 1100 | MT5GRU interrupt request
189 1011 1101 MT5GRYV interrupt request
190 1011 1110 | MT5GRW interrupt request
191 1011 1111 MT6GRA interrupt request
192 1100 0000 | MT6GRB interrupt request
193 1100 0001 MT6GRC interrupt request
194 1100 0010 | MT6GRD interrupt request
195 1100 0011 MT7GRA interrupt request
196 1100 0100 | MT7GRB interrupt request
197 1100 0101 MT7GRC interrupt request
198 1100 0110 | MT7GRD interrupt request

199to | 11000111 to | (Reserved) Do not set.
255 111111

Note: * Not used in the SH72A0 group.
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12.2.3 DMAI Control Register 1 (DMiCR1) (i=0 to 7)

DMOCR1: H'FF46 0404, DM1CR1: H'FF46 040C, DM2CR1: H'FF46 0414, DM3CR1: H'FF46 041C,

Address DM4CR1: H'FF46 0424, DM5CR1: H'FF46 042C, DM6CR1: H'FF46 0434, DM7CR1: H'FF46 043C

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

— | — | - | =] ==/ =|DEN| — | = | = | — | — | — [ — [DREQ

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— | - | - | -] == —=|eClRl — | — | — | — | — | — | — |DsCIR

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b31 to b25 | — Reserved These bits are read as 0. The write value should be 0. R
b24 DEN DMA Transfer Enable Bit 0: DMA transfer disabled R/W
1: DMA transfer enabled
b23 to b17 | — Reserved These bits are read as 0. The write value should be 0. R
b16 DREQ DMA Request Bit 0: DMA request is not present R/W
1: DMA request is present
b15tob9 |— Reserved These bits are read as 0. The write value should be 0. R
b8 ECLR DMA Transfer Enable Clear Bit | 0: The DEN bit is not set to 0 when DMA transfer is completed R/W
1: The DEN bit is set to 0 when DMA transfer is completed
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R
b0 DSCLR DMAC Internal State Initialize Writing 1 initializes the DMAC internal state. Writing 0 is invalid. R/W
Bit The read value is 0.
DEN Bit

This bit is used to enable DMA transfer. When the ECLR bit is 1, the DEN bit is automatically set to 0 when DMA
transfer is completed.
When the DEN bit is set to 0 during a transfer with the operand transfer method, the channel suspends DMA transfer
after the current single operand transfer is completed. If the DEN bit is then set to 1, DMA transfer is restarted. During
non-stop transfer, DMA transfer is not suspended even if the DEN bit is set to 0, and transfer continues until DMA
transfer is completed.

DREQ Bit

This bit indicates whether a DMA request is currently present. The DREQ bit varies with whether a DMA request is
currently present even while the DMAC is stopped or DMA transfer is disabled. When the software trigger is set as the
DMA request source, writing 1 to the DREQ bit by a program generates a DMA request. If the DMA request source is
other than the software trigger, do not write 1 to the DREQ bit by a program. When writing 0 to the DREQ bit, write
the value when the DMAC is stopped, or when the DMA transfer is disabled and data is not being transferred on the
corresponding channel. When writing 1 to the DREQ bit, the value can be written regardless of the DMA transfer
state.

The DREQ bit is set (DREQ = 1) or cleared (DREQ = 0) depending on the DMA request source as follows.
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(1) Ifthe DMA request source is a software trigger
(The DCTG bits are 0000 0000, and the STRG bits are 00.)
[Condition to become 1]
e The program writes 1.
[Conditions to become 0]
e The program writes 0.
e The DMA request is accepted, and data transfer starts.

(2) If the DMA request source is edge-type detection for a peripheral function
(The DCTG bits are 0000 0001 to 1010 1001, and the STRG bits are 10.)
[Condition to become 1]
¢ A DMA request is generated in a peripheral function.

[Conditions to become 0]
e The program writes 0.
e The DMA request is accepted, and data transfer starts.

(3) If the DMA request source is level-type detection for a peripheral function
(The DCTG bits are 1010 1100 to 1100 0110, and the STRG bits are 11.)
[Condition to become 1]

o A DMA request is generated in a peripheral function.
[Condition to become 0]
e A DMA request generated in a peripheral function disappears.

ECLR Bit

This bit is used to control the DEN bit when DMA transfer is completed. Setting the ECLR bit to 1 sets the DEN bit to
0 when DMA transfer is completed, and the subsequent DMA transfer on the channel is not performed. When not
using the reload function, set the ECLR bit to 1 so that the DEN bit should be set to 0. To set the ECLR bit, write a
value when the DMAC is stopped, or when DMA transfer is disabled and data is not being transferred on the
corresponding channel.

DSCLR Bit

This bit is used to initialize the DMAC internal state. By setting the DSCLR bit to 1 after suspending DMA transfer,
the remaining DMA transfer is aborted and the transfer status in the internal DMAC is initialized. Note that each
register is not initialized at this time. As the written value of 1 is not retained, the read value is always 0. Writing 0 is
invalid. To set the DSCLR bit, write data when the DMAC is stopped, or when DMA transfer is disabled and data is
not being transferred on the corresponding channel.
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12.2.4 DMAIi Source Address Register (DMiSA) (i = 0 to 7)
Address DMOSA: H'FF46 0000, DM1SA: H'FF46 0010, DM2SA: H'FF46 0020, DM3SA: H'FF46 0030,
DM4SA: H'FF46 0040, DM5SA: H'FF46 0050, DM6SA: H'FF46 0060, DM7SA: H'FF46 0070
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset X X X X X X X X X X X X X X X X
Bit Description R/W
b31to b0 | Sets the start address of the transfer source. R/W
H'0000 0000 to H'FFFF FFFF (4 Gbytes)

The DMIiSA register is used to set the start address of the transfer source. To set the DMiSA register, write data when

the DMAC is stopped, or when the DMA transfer is disabled and data is not being transferred on the corresponding
channel. Access the DMiSA register in 32-bit units.

Set the DMiSA register to an address of a multiple of 2 when the bit length is 16 bits, and an address of a multiple of 4

when the bit length is 32 bits, so b31 to b0 should be set to A31 to AO.

The value set in the DMiSA register is transferred to the working register in the DMAC core when DMA transfer is
started, and the value of the working register is returned when a single operand transfer or DMA transfer is completed.
However, if the SAD bits in the DMiMD register are set to B'011 (rotation), the DMiSA register value does not change
to the working register value, and remains the value set when DMA transfer is started. If the SRLOD bit in the
DMIiCRO register is set to 1 (source address reload function used), the value of the DMiSAR register is reloaded when

DMA transfer is completed.
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12.2.5 DMAI Destination Address Register (DMiDA) (i = 0 to 7)
Address DMODA: H'FF46 0004, DM1DA: H'FF46 0014, DM2DA: H'FF46 0024, DM3DA: H'FF46 0034,
DM4DA: H'FF46 0044, DM5DA: H'FF46 0054, DM6DA: H'FF46 0064, DM7DA: H'FF46 0074
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset X X X X X X X X X X X X X X X X
Bit Description R/W
b31to b0 | Sets the start address of the transfer destination. R/W
H'0000 0000 to H'FFFF FFFF (4 Gbytes)

The DMiDA register is used to set the start address of the transfer destination. To set the DMiDA register, write data
when the DMAC is stopped, or when the DMA transfer is disabled and data is not being transferred on the
corresponding channel. Access the DMiDA register in 32-bit units.

Set the DMiDA register to an address of a multiple of 2 when the bit length is 16 bits, and an address of a multiple of
4 when the bit length is 32 bits, so b31 to b0 should be set to A31 to AO.

The value set in the DMiDA register is transferred to the working register in the DMAC core when DMA transfer is
started, and the value of the working register is returned when a single operand transfer or DMA transfer is completed.
However, if the DAD bits in the DMiMD register are set to B'011 (rotation), the DMiDA register value does not
change to the working register value, and remains the value set when DMA transfer is started. If the DRLOD bit in the
DMIiCRO register is set to 1 (destination address reload function used), the value of DMiDAR register is reloaded
when DMA transfer is completed.
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12.2.6 DMAI Transfer Byte Counter (DMIiCNT) (i =0 to 7)
DMOCNT: H'FF46 0008, DM1CNT: H'FF46 0018, DM2CNT: H'FF46 0028, DM3CNT: H'FF46 0038,

Address DMA4CNT: H'FF46 0048, DM5CNT: H'FF46 0058, DMG6CNT: H'FF46 0068, DM7CNT: H'FF46 0078

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16

After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

After Reset X X X X X X X X X X X X X X X X
Bit Symbol Bit Name Description R/W

b31 to b26 | — Reserved These bits are read as 0. The write value should be 0. R
b25to b0 | Sets the number of DMA transfer bytes R/W
H'0000 000 to H'3FFF FFF

The DMiCNT counter is used to set the number of bytes for DMA transfer. To set the DMiCNT counter, write data
when the DMAC is stopped, or when the DMA transfer is disabled and data is not being transferred on the
corresponding channel. Access the DMiCNT counter in 32-bit units.

Set the DMiCNT counter to a multiple of 2 when the bit length is 16 bits, and a multiple of 4 when the bit length is 32
bits. If H'0000 000 is set, the number of transfer bytes will be set to 64 Mbytes.

The value set in the DMiCNT counter is transferred to the working register in the DMAC core when DMA transfer
starts. The value of the working register is decremented by the number of transferred bytes (by 1 when the data length
is 8 bits, 2 when 16 bits, and 4 when 32 bits) per single data transfer. When the value reaches H'0000 000, DMA
transfer is completed. The value of the working register is returned to the DMiCNT counter when the transfer channel
is switched or DMA transfer is completed. However, if the BRLOD bit in the DMiCRO register is set to 1 (transfer
byte count reload function used), the value of the DMiCNTR register is reloaded when DMA transfer is completed.
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12.2.7 DMAIi Source Address Reload Register (DMiSAR) (i = 0 to 7)
Address DMOSAR: H'FF46 0200, DM1SAR: H'FF46 0210, DM2SAR: H'FF46 0220, DM3SAR: H'FF46 0230,
DM4SAR: H'FF46 0240, DM5SAR: H'FF46 0250, DM6SAR: H'FF46 0260, DM7SAR: H'FF46 0270
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset X X X X X X X X X X X X X X X X
Bit Description R/W
b31to b0 | Sets an address to be reloaded to the DMiSA register. R/W
H'0000 0000 to H'FFFF FFFF (4 Gbytes)

The DMiSAR register is used to set an address to be reloaded to the DMiSA register. Access the DMiSAR register in

32-bit units.

When the SRLOD bit in the DMiCRO register is set to 1, the value of the DMiSAR register is reloaded to the DMiSA
register when DMA transfer is completed. Set the DMiSAR register to an address of a multiple of 2 when the bit
length is 16 bits, and an address of a multiple of 4 when the bit length is 32 bits, so b31 to b0 should be set to A31 to

AO0.
12.2.8 DMAI Destination Address Reload Register (DMiDAR) (i = 0 to 7)
Address DMODAR: H'FF46 0204, DM1DAR: H'FF46 0214, DM2DAR: H'FF46 0224, DM3DAR: H'FF46 0234,
DM4DAR: H'FF46 0244, DM5DAR: H'FF46 0254, DM6DAR: H'FF46 0264, DM7DAR: H'FF46 0274
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset X X X X X X X X X X X X X X X X
Bit Description R/W
b31to b0 | Sets an address to be reloaded to the DMIDA register. R/W
H'0000 0000 to H'FFFF FFFF (4 Gbytes)

The DMiDAR register is used to set an address to be reloaded to the DMiDA register. Access the DMiDAR register in

32-bit units.

When the DRLOD bit in the DMiCRO register is set to 1, the value of the DMiDAR register is reloaded to the DMiDA
register when DMA transfer is completed. Set the DMiDAR register to an address of a multiple of 2 when the bit
length is 16 bits, and an address of a multiple of 4 when the bit length is 32 bits, so b31 to b0 should be set to A31 to

A0.
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12.2.9 DMAI Transfer Byte Counter Reload Register (DMiCNTR) (i = 0 to 7)
Address DMOCNTR: H'FF46 0208, DM1CNTR: H'FF46 0218, DM2CNTR: H'FF46 0228, DM3CNTR: H'FF46 0238,
DM4CNTR: H'FF46 0248, DM5CNTR: H'FF46 0258, DM6CNTR: H'FF46 0268, DM7CNTR: H'FF46 0278
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16
After Reset X X X X X X X X X X X X X X X X
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset X X X X X X X X X X X X X X X X
Bit Symbol Bit Name Description R/W
b31 to b26 | — Reserved These bits are read as 0. The write value should be 0. R
b25to b0 | Sets the number of DMA transfer bytes to be reloaded to the DMiICNT counter. R/W
H'0000 000 to H'3FFF FFF

The DMiCNTR register is used to set the number of DMA transfer bytes to be reloaded to the DMiCNT counter.

Access the DMiCNTR register in 32-bit units.

When the BRLOD bit in the DMiCRO register is set to 1, the value of the DMiCNTR register is reloaded to the
DMIiCNT counter when DMA transfer is completed. Set the DMiCNTR register to a multiple of 2 when the bit length
is 16 bits, and a multiple of 4 when the bit length is 32 bits. If H'0000 000 is set, the number of transfer bytes will be

set to 64 Mbytes.
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12.2.10 DMA Interrupt Control Register (DMICR)
Address H'FF46 0508
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
DINTMO[DINTM1|DINTM2|DINTM3|DINTM4 | DINTM5|DINTM6 [DINTM7 | — — — — — — — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 DINTMO DMAQO Interrupt Enable Bit 0: Interrupt disabled R/W
b14 DINTM1 | DMA1 Interrupt Enable Bit 1: Interrupt enabled RIW
b13 DINTM2 DMAZ Interrupt Enable Bit R/W
b12 DINTM3 DMAZ3 Interrupt Enable Bit R/W
b11 DINTM4 DMA4 Interrupt Enable Bit R/W
b10 DINTM5 DMAS5 Interrupt Enable Bit R/W
b9 DINTM6 DMAG Interrupt Enable Bit R/W
b8 DINTM7 DMAY Interrupt Enable Bit R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R
DINTMi Bit

When the DINTMi bit is set to 1, a DMAI interrupt request is generated when the DMA transfer on DMALI is
completed. When this bit is set to 0, no interrupt request is generated.
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12.2.11 DMA Start Register (DMSTR)

Address H'FF46 0501

b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — |DMST
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R
b0 DMST DMAC Module Start Bit 0: DMAC stops R/W

1: DMAC operates

DMST Bit

When the DMST bit is set to 1, the DMAC module starts.
When the DMST bit is set to 0 during a transfer with the operand transfer method, all channels suspend DMA transfer

after the current single operand transfer is completed. If the DMST bit is then set to 1, DMA transfer is restarted.

During non-stop transfer, DMA transfer is not suspended even if the DMST bit is set to 0, and transfer continues until

DMA transfer is completed.
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12.2.12 DMA Transfer Status Register (DMSR)
Address H'FF46 0518
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
DASTSO0|DASTS1|DASTS2|DASTS3|DASTS4|DASTS5(DASTS6|DASTS7| — — — — — — — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 DASTSO0 DMAQO Arbitration Status Flag When read R/W
b14 DASTS1 | DMA1 Arbitration Status Flag 0: Data transfer is not in progress RIW
— 1: Data transfer is in progress
b13 DASTS2 | DMA2 Arbitration Status Flag (single operand transfer or non-stop transfer is in progress) | R/W
b12 DASTS3 DMAZ3 Arbitration Status Flag R/W
—— When written
b11 DASTS4 DMA4 Arbitration Status Flag 0: Invalid R/W
b10 DASTS5 DMAS Arbitration Status Flag 1: The DASTSi flag (i=0to 7) is set to 0. R/W
b9 DASTS6 DMAG Arbitration Status Flag R/W
b8 DASTS7 DMAZ7 Arbitration Status Flag R/W
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R
DASTSi Bit

When DMAI data transfer (single operand transfer or non-stop transfer) is started, the DASTSI flag becomes 1.

When data transfer is completed, this flag becomes 0.

The DASTSI flag is set to 0 by writing 1 by a program. The written value of 1 is not retained at this time. Writing 0 is

invalid.
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12.2.13 DMA Transfer Completion Status Register (DMCSR)
Address H'FF46 0514

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

DEDETO | DEDET1 | DEDET2 | DEDET3 | DEDET4 | DEDETS | DEDET6 | DEDET7 | — — — — — — — —

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 DEDETO DMAO When read R/W
DMA Transfer Completion Detect Flag | 0: Not detected
b14 DEDET1 | DMAT 1: Detected RIW

DMA Transfer Completion Detect Flag .
When written

b13 DEDET2 DMA2 0: Invalid R/W
DMA Transfer Completion Detect Flag | 1: The DEDETiflag (i = 0 to 7) is set to 0.
b12 DEDET3 DMA3 R/W
DMA Transfer Completion Detect Flag
b11 DEDET4 DMA4 R/W
DMA Transfer Completion Detect Flag
b10 DEDET5 DMA5 R/W
DMA Transfer Completion Detect Flag
b9 DEDET6 DMAG6 R/W
DMA Transfer Completion Detect Flag
b8 DEDET7 DMA7 R/W
DMA Transfer Completion Detect Flag
b7 to b0 — Reserved These bits are read as 0. The write value should be 0. R
DEDETI Bit

If DMA transfer on DMAI is completed, the DEDETi flag becomes 1. Once this flag has become 1, it does not
automatically become 0. To set the DEDETi flag to 0, write 1 by a program. The written value of 1 is not retained at
this time. Writing 0 is invalid.

To use a DMA interrupt, write 1 to the DEDETi flag of the channel where an interrupt request occurred in the interrupt
routine.
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12.3 Operations
12.3.1 Transfer Modes

Two transfer modes with different bus access methods are available. The internal main bus consists of the following.
If targets are different, the bus access from the master can be operated simultaneously in parallel.

Internal main bus master: CPU or DMAC source, or DMAC destination

Internal main bus targets: On-chip SRAM, on-chip flash ROM, and peripheral functions

12.3.1.1 Cycle-Stealing Transfer Mode

Transfer is performed leaving at least one cycle between the read and write accesses of one data. During this interval,
the CPU can access the target that the DMAC currently accesses.

12.3.1.2 Pipelined Transfer Mode

Bus accesses are consecutively performed. The CPU cannot access the target that the DMAC currently accesses until
the single operand transfer is completed. Pipelined transfer through the same target is not possible.

Figure 12.2 shows an Example of Bus Mastership Alternation between DMAC and CPU in Transfer Modes.

® Cycle-stealing transfer mode when the DMAC source and destination targets are different

Bus clock

) Single operand transfer i Single operand transfer:
DMAC source ] Read [ [ Read | ] Read I } Read [
DMAC destination Jwite] { write | [ write | i [write]
cPU o T e T T oT o]

® Cycle-stealing transfer mode when the DMAC source and destination targets are the same
Bus clock
H i i Single operand transfer : i i :  Single operand transfer i
DMAS source i Tread| " Jwrite|Read | |[Write|  [Read|  |Write|Read| | write|

0 N N I N

CPU |

G T

® Pipelined transfer mode

Bus clock

4 Single ope!’and trqnsfer P : §_Sing|e gperanq transf(_er L
DMAC source J Read I Readj Read [ Readj 1 Read] Read I Readj Read {
DMAC destination [ write | write [ write | write | [ write [ write | write [ write |
cPU I O

O G

(1) The CPU can access targets other than the DMAC reading target.
(2) The CPU can access targets other than the DMAC writing target.

(3) The CPU can access targets other than the DMAC reading and writing targets. I:l - Master with the bus mastership

Figure 12.2 Example of Bus Mastership Alternation between DMAC and CPU in Transfer Modes
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12.3.2 Transfer Methods

Operand transfer and non-stop transfer are available as transfer methods, and unit operand transfer and sequential
operand transfer are available as operand transfer methods. In unit operand transfer, only one operand is transferred
per DMA request. In sequential operand transfer, one operand is repeatedly transferred per DMA request until DMA
transfer is completed. In non-stop transfer, data is continuously transferred per DMA request until DMA transfer is
completed.

Regardless of transfer methods, a single DMA transfer is completed when the number of bytes of data set in the
DMIiCNT counter is transferred and the DMiCNT counter reaches H'0000 000.
Table 12.7 lists the Transfer Methods.

Table 12.7 Transfer Methods

DSEL Bits in DMiICRO Transfer Method Number of Transfer Bytes
Register (i=0to 7) per DMA Request
B'00 » Data of one operand is transferred after DMA transfer is started. The number of data units of
(Unit operand transfer) « One operand is transferred per DMA request until DMA transfer is one operand x the number of
completed. bytes corresponding to the bit
« Channel arbitration is performed after a single operand transfer is length
completed.

A DMA request is required for each completion of a single operand
transfer until DMA transfer is completed.

B'01 + Data of one operand is transferred after DMA transfer is started. The number of bytes of data
(Sequential operand « One operand is repeatedly transferred per DMA request until DMA set in the DMICNT counter
transfer) transfer is completed.
» Channel arbitration is performed each time a single operand transfer is
completed.
« Only the first DMA request is required.
B"11 « Data is continuously transferred after DMA transfer is started. The number of bytes of data
(Non-stop transfer) « Transfer is continuously performed per DMA request until DMA transfer | set in the DMICNT counter
is completed.

.

Channel arbitration is not performed until DMA transfer is completed.
Only the first DMA request is required.

When the operand transfer method is used, the request is executed if there is a DMA request from a higher-priority
channel through the channel arbitration when single operand transfer is completed. If there is no DMA request, the
next operand is transferred continuously. In unit operand transfer, however, the next operand is not transferred if there
is no DMA request.

When the non-stop transfer method is used, DMA requests from a higher-priority channel are not accepted during
DMA transfer because data is continuously transferred when DMA transfer is started until it is completed.
Figure 12.3 shows Transfer Examples According to Transfer Methods.

R0O1UH0164EJ0100 Rev.1.00 RENESAS Page 227 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group 12. DMAC

« Unit operand transfer o o o o o
Channel arbitration ~ Channel arbitration Channel arbitration Channel arbitration Channel arbitration

DREQ bitin 1
DMIiCR1 register
0

Single DMA transfer

i ¢ >
< " - - »:
: glngle operand transfei ﬁlngle operand transfei ﬁlngle operand transfei §|ng|e operand transfei :

DMA :R wlR| M Iﬁ[ wir| [w| [r] [w][Rr] M [rR] |w[r] W:

DMICNT counter H'0000 0008 X H'0000 0006 X H'0000 0004 X H'0000 0002 XH'OOOO 000

] i i i L
DEDETi flag in 1 : :
DMCSR register
0

» Sequential operand transfer

1

DASTS:i flag in
DMSR register

Channel arbitration Channel arbitration Channel arbitration Channel arbitration Channel arbitration
DREQbitin '
DMIiCR1 register o

Single DMA transfer

‘e »:
. . . . L]
: élngle operand transfei §|ngle operand transfei §|ng|e operand transfei ﬁlngle operand transfei :

DMAI R|_[wir] Iwl [rRl_[wlr] Il [r] [wlr] Iw] [R[ [w[r] [w]
i One data P P P
DMICNT counter H'0000 0008 X H'0000 0006 X H'0000 0004 X H'0000 0002 XH‘OOOOOOO
DASTSi flagin ' i i i
DMSR register 0

DEDETiflagin 1 ‘ :
DMCSR register
0

» Non-stop transfer e e
Channel arbitration Channel arbitration

DREQ bitin 1
DMIiCR1 register

Single DMA transfer

: Non-stop transfer :
ows e[ [e] W[R] [W[=] (]| PRl IRl TR o
EOnedata
DMICNT counter H'0000 0008 X H'0000 0000
DASTSiflagin '
DMSR register 0

DEDETi flagin 1 : :
DMCSR register
0
R: Read access W: Write access
i=0to7

The above applies under the following conditions:
* In the DMIMD register: The SZSEL bits = B'000 (8 bits) and the OPSEL bits = B'0001 (2 data units).
* In the DMICRO register:
The BRLOD bit = 0 (transfer byte count reload function not used)
The MDSEL bits = B'00 (cycle-stealing transfer mode)
* DMICNT counter = H'0000 0008 (8 bytes)
* No DMA request other than for one DMAI channel

Figure 12.3 Transfer Examples According to Transfer Methods
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12.3.3 DMAC Activation

Figure 12.4 shows the Register Setting Procedure.

( Start of Initial Setting )

<When the peripheral function interrupt is used as the DMA request source>
Set the peripheral function to be used The control registers of the peripheral function are set,
as the DMAI request source but not started
]

| DMIiCR1 register DEN bit < 0

| DMA transfer disabled

DMiMD register DAD bits
SAD bits
SZSEL bits
OPSEL bits

Destination address direction control bits
Source address direction control bits
Transfer data size select bits

Operand transfer data count select bits

DMICRO register DCTG bits
DRLOD bit
SRLOD bit
BRLOD bit
STRG bits
DSEL bits
MDSEL bits

DMA request source select bits

Destination address reload function select bit
Source address reload function select bit
Transfer byte count reload function select bit
Input sense mode select bits

Transfer method select bits

Transfer mode select bits

I
DMIiCR1 register DSCLR bit
ECLR bit
DREQ bit
DEN bit < 0

DMAC internal state initialize bit
DMA transfer enable clear bit
DMA request bit

DMA transfer disabled

| DMIiSA register

| Sets the start address of the transfer source

| DMIiDA register

| Sets the start address of the transfer destination

| DMICNT counter <« n

(The maximum number of transfer bytes, i.e., 64 Mbytes is transferred

Sets the number of bytes to be transferred if n = H'0000 0000 to H'3FFF FFF
| if n = H'0000 0000)

I
<When the reload function is used>

| DMiSAR register

| Sets the start address of the transfer source to be reloaded

| DMIDAR register

| Sets the start address of the transfer destination to be reloaded

| DMICNTR register

| Sets the number of transfer bytes to be reloaded

I
<When the DMA interrupt is used>
DMICR register DINTMi bit « 1

( .

| DMAi interrupt enabled )

| DMSTR register DMST bit « 1

| DMAC operates

| DMICR1 register  DEN bit « 1

| DMA transfer enabled

<When the peripheral function interrupt is used as the DMA request source>

Start the peripheral function to be used
as the DMAI request source

l )

C End of Initial Setting )

i=0to7

Figure 12.4 Register Setting Procedure
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12.3.4 Starting DMA Transfer

When the DEN bit in the DMiCR1 register (i = 0 to 7) is set to 1 (DMA transfer enabled) and the DMST bit in the
DMSTR register is set to 1 (DMAC operates), DMA transfer on DMAI is enabled. If multiple DMA transfer requests
are generated, channel arbitration is performed, the DMA request corresponding to the highest-priority channel is
accepted, and DMA transfer on the channel is started. When DMA transfer is started, the DASTSi flag in the DMSR
register becomes 1 (data transfer is in progress).

12.3.5 Completing DMA Transfer

When the DMiCNT counter reaches H'0000 0000, DMA transfer on DMAI is completed, and the following processes
are performed:

* The DEDETi flag in the DMCSR register becomes 1 (DMA transfer completion detected)

+ Ifthe DINTMi bit in the DMICR register is 1 (interrupt enabled), a DMAI interrupt request is generated.

+ Ifthe ECLR bit in the DMiCRI register is 1, the DEN bit is set to 0 (DMA transfer disabled), and DMA transfer on
DMAI is not subsequently performed.

*  When the reload function is used, the value of the reload register is reloaded to the current register.

12.3.6 Suspending, Restarting, and Stopping DMA Transfer

During a DMA transfer using the operand transfer method, DMA transfer on all channels is suspended when the
DMST bit is set to 0 (DMAC stops).

When the DEN bit is set to 0 (DMA transfer disabled), DMA transfer on the corresponding channel is suspended. If
data is being transferred at this time, DMA transfer is suspended after the current single operand transfer is completed.

During non-stop transfer, DMA transfer is not suspended even if the DMST or DEN bit is set to 0, and transfer
continues until DMA transfer is completed.

On the suspended channel, DMA transfer can be restarted by setting the DMST or DEN bit to 1.

By writing 1 to the DSCLR bit in the DMiCR1 register while each channel is suspended, DMA transfer is stopped and
the DMAC internal state is initialized. However, only the transfer status of the DMAC internal circuit is initialized;
each register is not initialized.

12.3.7 DMA Request Sources

DMA request sources are selected from software triggers and peripheral function interrupts.

12.3.71 Software Trigger

When a software trigger is selected as the DMA request source, a DMA request is generated by writing 1 (DMA
request is present) to the DREQ bit in the DMiCR1 register (i = 0 to 7) by a program. The DREQ bit can be set to 1
regardless of the DMA transfer state. When setting the DREQ bit to 0 (DMA request is not present), write the value
only when the DMAC is stopped, or when DMA transfer is disabled and data is not being transferred on the
corresponding channel.

12.3.7.2 Peripheral Function Interrupts

When an interrupt request from the peripheral function is selected as the DMA transfer source, a DMA request is
generated if an interrupt request is generated from the selected peripheral function. However, the DMAC is not
affected by the IMASK, IPR, or interrupt control register, so DMA transfer is performed even if acceptance of
interrupt requests is disabled. The IR bit in the interrupt request register is set to 1 if a DMA request is generated by an
interrupt request from the peripheral function, but the IR bit is not set to 0 even if DMA transfer is performed.
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12.3.8 Channel Arbitration

If there are multiple DMA requests, the DMAC determines the priorities of the channels where DMA requests
occurred. The priorities of channels are fixed in the following order:

DMAO > DMAI1 > ...> DMA6 > DMA7

If a DMA request occurs during data transfer, channel arbitration is started when write access to the last data is started.
If a DMA request with higher channel priority occurs during data transfer, therefore, transfer on the higher-priority
channel is started after the data transfer is completed.

Figure 12.5 shows an Example of Channel Arbitration for Multiple DMA Requests.

Mask period : :

SNV R+ S N N N

owA0) L o ]
DA . L L L H ; : % %
owan i P — ey

Masi( .period

DMA request : .. s

: ;. Mask period s : : s s ;1 Mask period
DMA request : L. .. .. . . L. .. L
(DMA3) : —:_: : — T T
DMA : i s . s : : L o L o :
execution [ bMA2 | | DMA3 | | DMAO | | DMA2 | | DMA3 | [ DMAO | [ DMA1 [ | DMAT | [ DMA3 || DMAS |
channel

(1) @) (©) (4) ®) (6) 7 8) 9)

: The state where the DREQ bit is 1
(DMA request is present)

(1) Transfer on DMAZ3 is started because DMA requests are assumed to be non-existent in DMA2 because
DMAZ2 is during the mask period.

(2) Transfer on DMAQO is started because this channel has the highest channel priority.

(3) Transfer on DMAZ2 is started because this channel has the highest channel priority at this point.

(4) Transfer on DMAS3 is started because there are no other requests at this point.

(5) If DMA requests for DMAO, DMA1, and DMA3 occur at the same time, transfer on DMAQO is started because
DMAO has the highest priority.

(6) When transfer on DMAO ends, transfer on DMA1 is started because DMA1 has the second highest priority.

(7) If another DMA request for DMA1 occurs during DMA transfer on DMA1, DMA transfer on DMA1 is started again
after the current DMA transfer on DMA1 ends. If an edge sense is set, no mask period exists.

(8) When DMA transfer on DMA1 ends, DMA transfer on DMAS3 is started because there is no other transfer request.

(9) When DMAS is during the mask period, DMA transfer is not started because there is no other transfer request.
DMA transfer on DMAZ3 is started after the mask period ends.

Figure 12.5 Example of Channel Arbitration for Multiple DMA Requests
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12.3.9

Reload Function

The reload function reloads the values of the reload registers (DMiSAR, DMiDAR, and DMiCNTR) (i =0 to 7) to the
current registers (DMiSA, DMiDA, and DMiCNT) when DMA transfer is completed. This function can be used for
the source address, destination address, or transfer byte count.

The reload function provides continuous transfer to dispersed areas. This enables to continuously transfer several

transfer blocks in different transfer areas and with a different number of bytes through the same channel. Writing

values to the reload registers before transfer is completed enables to prepare the next transfer without affecting the
current register during DMA transfer.

When using the reload function, set data both in the reload register and current register. The reload register must be set
before start of the last data transfer (completion of DMA transfer). If the reload register is set after start of the last
operand transfer, this setting may not been reflected when data is reloaded after DMA transfer is completed. When not
using the reload function, set the ECLR bit in the DMiCR1 register to 1 to clear the DEN bit.

Memory DMAC register state Software processing
Blocks allocated Destination address Transfer byte
to dispersed register counter
areas 9
\_/\
Address Undefined ][ Undefined  |Reload (- 1. Set block A
AAAA , Start
Number of
bytes (An)
of block A BBBB | | Bn Reload |- 2. Set block B
3. Reload function used
-------------------- ¢ DMA transfer start ) -esseennssnneeens 4. DMA transfer enabled
End i
> Int t due t
nterrupt due to
| BB,BB i Bn i | Reload block A transfer end
Automatic reloading of block B settings ¢
BBBB ! Bn i Current
P Start ................................................................. 3
BBBB Number of h
bytes (Bn)
of block B ccce || Cn Reload |-} O SetPlockC
............ 5 Eéé"'"'""': Bn Current
End . v
g Interrupt due to
ccec | | Cn | Reload
Automatic reloading of block C settings ¢ block B transfer end
ccce ! Cn i Current
P Start 0 | teeererererererrrirind B :
ccee ‘ 6. Reload function
Number of not used
bytes (Cn)
of block C
End
»(Transfer end of blocks A, B, and C)
\_/\
Figure 12.6 Example of Transfer by Using Reload Function
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12.3.10 Data Relocation

The bus width of the data bus is 32 bits. Access is thus performed in 4-byte units. If the bit length of transfer data is set

to 8 bits or 16 bits, data is relocated at the 4n boundary according to the physical data width and addresses.

Figure 12.7 shows an Example of Data Relocation.

» Example of 8-bit transfer

(4n+3) (4n+2) (4n+1) (4n)

DMAC on-chip 32-bit data buffer
(4n+3) (4n+2) (4n+1) (4n)

[H12[H34]H'56 [H78 | memp [H78] | | |

« Example of 16-bit transfer

Data ™ TH12[H34[H56]
relocation
Source T Destination
Start address —» H'FF00 4000 (4n) H'78 BT o T H'78 | H'0040 0203 (4n+3) « Start address
H'FF00 4001 (4n+1) H'56 CCCEw ] C [T mm H'56 H'0040 0204 (4n)
H'FF00 4002 (4n+2) H'34 e 11 T H'34 H'0040 0205 (4n+1)
H'FF00 4003 (4n+3) H'12 BT T CE T H'12 H'0040 0206 (4n+2)
H'FFO0 4004 (4n) H'0040 0207 (4n+3)

DMAC on-chip 32-bit data buffer

(4n+3) (4n+2) (4n+1) (4n)

(4n+3) (4n+2) (4n+1) (4n)

[H12][H34] | | ﬁ [H'56 [H78 | H12[H'34]
| | [H56[H78] Data
relocation L
Source l Destination
Start address —» H'0000 8002 (4n+2){  H'34 e H'34 H'FF40 0808 (4n) «— Start address
H'12 H'12
H'0000 8004 (4I"I) H'78 CI s e H'78 H'FF40 080A (4n+2)
H'56 H'56
H'0000 8006 (4n+2) H'FF40 080C (4n)

Figure 12.7 Example of Data Relocation

12.3.11 Rotation

When rotation is selected by the SAD or DAD bits in the DMiMD register (i = 0 to 7), the address is incremented
during data transfer. If data transfer is completed, the value set when DMA transfer is started is returned to the address

register. Figure 12.8 shows an Example of Transfer Using Rotation.

Source Destination
(rotation) (increment)
:"_~‘\‘~-__"| :r‘_~‘\ \__—".
1 | ] ]
Start address Start address 8 dat it A
. ata units
8(gzat€ l{'gslt)s » of block 1 One operand
Y ” | (32bytes)
' i
it Ny a 8 data units
T of block 2 One operand > Ng;?gsezgé g?tlssf?r
i=0to7 (32 bytes)
The above applies under the following conditions: )
« In the DMiMD register: DAD bits = B'001 (increment) 8 ?%‘la “k”gs o 4
SAD bits = B'011 (rotation) %2 boﬁ ne operan
SZSEL bits= B'010 (32 bits) (32 bytes)
OPSEL bits = B'0011 (8 data units) ] /
« DMICNT counter = H'0000 0060 (96 bytes) sl U
Figure 12.8 Example of Transfer Using Rotation
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12.4 Interrupts

When the DINTM i bit in the DMICR register (i = 0 to 7) is set to 1 (interrupt enabled), a DMAI interrupt request is
generated if DMA transfer on DMAI is completed. To use a DMA interrupt, write 1 to the DEDETi flag in the

DMCSR register of the channel where an interrupt request occurred in the interrupt routine. This sets the DEDETi flag
to 0.
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12.5 Notes on DMAC

12.5.1 Register Setting

To set the following bits or registers, make settings when DMAC is stopped (the DMST bit in the DMSTR register
is 0), or when DMA transfer is disabled (the DEN bit in the DMiCR1 register is 0) and data is not being transferred
(the DASTSI flag in the DMSR register is 0) on the corresponding channel.

e Registers DMiMD, DMiCR1, DMiSA, DMiDA, and DMiCNT
¢ Bits DCTG, STRG, DSEL, and MDSEL in the DMiCRO register
e The DSCLR bit in the DMiCR1 register
e Write 0 to the DREQ bit in the DMiCR1 register
(When writing 1 to the DREQ bit, note that the value can be written regardless of the DMA transfer state).

Access the following registers in 32-bit units.

Registers DMiMD, DMiSA, DMiDA, DMiCNT, DMiSAR, DMiDAR, and DMiCNTR

Write to the ECLR bit in the DMiCR1 register when the DASTSI flag is 0. When not using the reload function, set
the ECLR bit to 1 to clear the DEN bit.

When the DCTG or STRG bits are set, make sure bits DMST and DEN are set to 1 after setting the DREQ bit of the
specified channel to 0.

The DREQ bit varies with whether a DMA request is currently present regardless of the settings of bits DMST and
DEN. If the DMA request source is other than the software trigger, do not write 1 to the DREQ bit by a program.
For addresses and the number of bytes, set the aligned values to the registers according to the bit length.

Table 12.8 lists the Alignment and Setting Values of Lower 2 Bits According to Bit Length.

Table 12.8 Alignment and Setting Values of Lower 2 Bits According to Bit Length

SZSEL Bits in Address Register Byte Counter
- ; Alignment
DMiMD Register b1 b0 b1 b0

B'000 (8 bits)

Integral multiple — — — _

B'001 (16 bits) Multiple of 2 — —
B'010 (32 bits) Multiple of 4 0 0
[Legend] —: Can be setto 0 or 1
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13. 1/0 Ports

13.1 Introduction

I/O ports consist of 80 pins (SH72A2 Group) and 46 pins (SH72A0 Group) , designated as A to G, J to L, and N. Each
port can be used as input or output by setting the respective port direction registers (PNOO to PNO5 are input-only
ports). Each port also functions as a multiplexed pin shared with on-chip peripheral module signals. Each multiplexed
pin function is selected by setting the corresponding function select register in each port.

Other port functions including input threshold value switching function are also incorporated.

Table 13.1. lists the I/O Port Specifications. Figures 13.1 and 13.2 are circuit diagrams of I/O ports.

Table 13.1 1/0 Port Specifications

ltem Description

Number of ports SH72A2 Group (total 80 pins) SH72A0 Group (total 46 pins)
Port A : PAOO to PAQ5 (6 pins) Port A : PA0O, PAO1, PAO3 to PAO5 (5 pins)
Port B : PB12 to PB15 (4 pins) Port C : PC08, PCO09 (2 pins)
Port C : PC08 to PC12 (5 pins) Port D : PDOO to PDO7 (8 pins)
Port D : PDOO to PD10 (11 pins) Port E : PEOO to PEO7 (8 pins)
Port E : PEOO to PEOQ7 (8 pins) Port G : PG00 to PG03, PG10 to PG12 (7 pins)
Port F : PFOO to PF02, PFO7 (4 pins) PortJ : PJO4 to PJO5, PJO8 to PJO9 (4 pins)
Port G : PG00 to PG03, PG10 to PG13 (8 pins) Port K : PK0O, PK0O1, PK08, PK12,
Port J : PJOO to PJ11 (12 pins) PK14, PK15 (6 pins)
Port K : PK0O, PKO1, PK08 to PK15 (10 pins) Port N : PNOO to PNO5 (6 pins) (input only)
Port L : PL10 to PL15 (6 pins)
Port N : PNOO to PNO5 (6 pins) (input only)

Port function Input or output can be set in port units using the port direction register (other than port N).

Internal pull-up resistors Internal pull-up resistors can be set*2 in port-pin units.*"

Input threshold value The input threshold value can be specified to three voltage levels (0.5 VCC, 0.70 VCC, or TTL level) in
switching function port-pin units.*1

To use the pins as input pins for the peripheral functions, this function should also be set.
The voltage for ports K and L is AVCCA1.
The voltage for port N is AVCCO.

Notes: 1. This is for the applicable pins from among pins Pn00 to Pn07 and Pn08 to Pn15 (n: A, B, C, D, E, F, G, J, K, L, N)
2. Internal pull-up resistor settings are invalid for pins in use as analog inputs.
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I/0 Pins (on a digital-only port) <Pni = PA0OO to PG13, PJ08 to PJ11>

PnPUO or PnPU1 bit

in registers
PURO and PUR1

PnDi bit
in the PnDR register

Peripheral function
output enable

||
Qf\o .

Pni bit
in the PnR register

Peripheral function —O
output

||
Q:\o .

Data read from the Pni bit|
in the PnR register
Input of INTO to INT10, l >
POEO or POE1, or the ¢ ‘

NMI I

PnFEN bit Input of the AUD
in the PFENO register AUDCK, AUDSYNC, or

PniS[4:0] bits
in the PniS register

Peripheral function
input

i

Logend] P P
n:AtoG,JtoN PVSRO to PVSR3 {D_
i Number of an applicable pin from among 00 to 15 [0]
Figure 13.1 Circuit Diagram of 1/O Ports (1)
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13. 1/0 Ports

PnPUO or PnPU1 bit
in registers
PURO and PUR1

PniAS bit
in the PniS register

1/0 Pins (on a port with multiplexed digital and analog functions ) <Pni = PJ0O to PJ07, PKOO to PL15>

PnDi bit
in the PnDR register

Peripheral function
output enable

in the PnR register

Pni bit

=,

!Kol\o o

Peripheral function
output

PniS[4:0] bits
in the PniS register

Qoo\o )

PnFEN bit
in the PFENO register

PnPUO or PnPU1 bit
in registers
PURO and PUR1

Data read from the Pni bit
in the PnR register
Input of INT11 to INT13
or POE2

Peripheral funcfion
input

PnS0[1:0] or PnS1[1:0]
bits in registers
PVSRO to PVSR3

\ /

]
[0]

O Prion |

AJ/D converter circuit

PniAS bit
in the PniS register

[Legend]

N:Ato G,JtoN
i Number of an applicable pin from among 00 to 15

AJD converter circuit

Input-Only Pins (on a port with multiplexed digital and analog functions ) (Pni = PNOO to PNO5)

[ —

Data read from the Pni bit

in the PnR register

bits in registers
PVSRO to PVSR3

PnS0[1:0] or PnS1[1:0]

]

o]

Figure 13.2

Circuit Diagram of 1/0O Ports (2)
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SH72A2 Group, SH72A0 Group 13. 1/0O Ports

Table 13.2 to Table 13.12 list the multiplexed pin functions used for each port.

Table 13.2 Multiplexed Pin Functions for Port A

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PA0O INT2 — — — CTX0 — — — — — — —
(Port) (INTC) (CAN)

PAO1 INT1 — — — CRX0 — — — — — — —
(Port) (INTC) (CAN)
PA02 — — — — — — — — — — — —
*

(Port)
PA03 — — — — CTX1 — — — — — — —
(Port) (CAN)
PAO4 INTO — — — CRX1 — — — — — — —
(Port) (INTC) (CAN)
PAO05 NMI/ — — — — — — — — — — —
(Port) POEO#

(INTC)

Note: * The PA0O2 pin is not available in the SH72A0 Group.

Table 13.3 Multiplexed Pin Functions for Port B

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PB12 — — — — — — — — — — — —
*

(Port)

PB13 — — — SCK3 — — — — — — — —
* (SCl)

(Port)

PB14 — TP0O4C — RXD3 — LRX2 — — — — — —
* (TPU) (scn (LIN)

(Port)

PB15 — TP04D — TXD3 — LTX2 — — — — ADTRG# —
* (TPU) (SCl) (LIN)

(Port)

Note: * The port B pins are not available in the SH72A0 Group.
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Table 13.4 Multiplexed Pin Functions for Port C

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PC08 — TPO4A TIOC1B/ RXD3 — — — — — — — —
(Port) (TPU) TCLKA (scly

(MTU-II)

PCO09 — TP04B TCLKB TXD3 — — — — — — — —

(Port) (TPU) | (MTU-II) | (SCI)

PC10 — — TIC5W SCK3 — — — MOSI3 — — — —
* (MTU-I1I) (SCl) (SBI)

(Port)

PC11 — — TIC5V — — — — RSPCK3 — — — —
* (MTU-I) (SBI)

(Port)

PC12 — — TIC5U — — — — MISO3 — — — —
* (MTU-IIT) (SBI)

(Port)

Note: *Pins PC10, PC11, and PC12 are not available in the SH72A0 Group.

Table 13.5 Multiplexed Pin Functions for Port D

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PDO0 INT7 TPO3A TIOC3B — — — — SSL21 — — — —
#1 (INTC) (TPU) (MTU-IIT) (SBI)

(Port)

PDO1 INT6 TPO3B TIOC3D TXD2 — — — SSL20 — — — —

(Port) (INTC) (TPU) (MTU-IIT) (SCI) (SBI)

PD02 INTS TPO3C TIOC4A RXD2 — — — MOSI2 — — — —

(Port) (INTC) (TPU) (MTU-IIT) (SCl) (SBI)

PD03 — TPO3D TIOC4C SCK2 — — — RSPCK2 — — — —

(Port) (TPU) (MTU-IIT) (SCI) (SBI)

PDO04 — — TIOC4B — — LTX2 — MISO2 — — — —

(Port) (MTU-IIT) (LIN) (SBI)

PD05 — — TIOC4D — — LRX2 — SSL22 — — — —

(Port) (MTU-IIT) (LIN) (SBI)

PDO06 INT4 — TIOC3A TXD2 — — — SSL23 — — — —

(Port) (INTC) (MTU-IIT) (SCl) (SBI)

PDO7 INT3 — TIOC3C RXD2 — — — SSL30 — — — UBCTRG#

(Port) (INTC) (MTU-IIT) (SCI) (SBI) (Debug)

*3

PD08 — — TIOC2A — — — — SSL31 — — — —
*2 (MTU-IIT) (SBI)

(Port)

PD09 — — TIOC2B — — — — SSL32 — — — —
*2 (MTU-IIT) (SBI)

(Port)

PD10 — — TIOC1A — — — — SSL33 — — — —
*2 (MTU-IIT) (SBI)

(Port)

Notes: 1. PDO0O is shared with CLKOUT. Setting the COE bit in the COCR register to 1 enables this port pin to be used as the CLKOUT
function.
2. Pins PD08, PD09, and PD10 are not available in the SH72A0 Group.
3. The SSL30 (SBI) function is not available in the SH72A0 Group.
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Table 13.6 Multiplexed Pin Functions for Port E

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13

(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PEOO INT8 TPO2C —_ — —_ — —_ — — — — —
(Port) (INTC) (TPU)

PEO1 — — — RXDO — — — — — — — —
(Port) (scry

PEO2 — — —_ TXDO —_ — —_ — — — — —
(Port) (SCl)

PEO3 — TPO2D — SCKO0 — — — — — — — —
(Port) (TPU) (SCI)

PEO4 — — —_ — —_ — —_ — — — — —
(Port)

PEO5 — — — SCK1 — — — — — — — —
(Port) (scry

PEO6 — — —_ RXD1 —_ — —_ — — — — —
(Port) (SCl)

PEO7 — — — TXD1 — — — — — — — —
(Port) (scr

Table 13.7 Multiplexed Pin Functions for Port F

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13

(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PF00 — — —_ SCK1 —_ — — SSL13 — — — —_
* (SCl) (SBI)
(Port)
PFO1 — — —_ — —_ LRX3 — SSL12 — — — —_
* (LIN) (SBI)
(Port)
PF02 —_ TPO2A —_ RXD1 —_ LTX3 —_ SSL11 —_ —_ —_ —_
* (TPU) (scry (LIN) (SBI)
(Port)
PF0O7 INT9 TPO2B — TXD1 — — — —_ —_ — — —
* (INTC) (TPU) (scry
(Port)

Note: * The port F pins are not available in the SH72A0 Group.
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Table 13.8 Multiplexed Pin Functions for Port G

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PG00 — — TIOC7A — — — — MISOO0 — — — —
(Port) (MTU-I) (SBI)

PGO1 — — TIOC7C — — — — SSL00 — — — —

(Port) (MTU-II) (SBI)

PG02 INT10 — TIOC7B — — — — SSLO1 — — — —

(Port) (INTC) (MTU-II) (SBI)

PG03 — — TIOC7D — — — — SSL02 — — — —

(Port) (MTU-II) (SBI)

PG10 — TPO1A TIOCOA — — — — RSPCK1 — — — —

(Port) (TPU) | (MTU-III) (SBI)

PG11 — TPO1B TIOCOB — — — — MOSI1 — — — —

(Port) (TPU) | (MTU-III) (SBI)

PG12 — TPO1C TIOCOC — — — — MISO1 — — — —

(Port) (TPU) | (MTU-III) (SBI)

PG13 — TPO1D TIOCOD — — — — SSL10 — — — —
* (TPU) | (MTU-III) (SBI)

(Port)

Note: * The PG13 pin is not available in the SH72A0 Group.

RO1UH0164EJ0100 Rev.1.00 RENESAS Page 242 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group 13. 1/0O Ports

Table 13.9 Multiplexed Pin Functions for Port J

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)

PJOO — TPO2A — — — — — — — — AN1INOO —
* (TPU) (A/D)

(Port)

PJO1 — TP02B — — — — — — — — AN1INO1 —
* (TPU) (A/D)

(Port)

PJ02 — TP0O2C — — — — — — — — AN1INO2 —
* (TPU) (A/D)

(Port)

PJO3 — TPO2D — — — — — — — — AN1INO3 —
* (TPU) (A/D)

(Port)

PJ04 — TPO3A — — — — — — — — AN1INO4 —

(Port) (TPU) (A/D)

PJ05 POE1# TPO3B — — — — — — — — AN1INO5 —

(Port) (INTC) (TPU) (A/D)

PJO6 — — TCLKC — — — — — — — AN1INO6 —
* (MTU-I) (A/D)

(Port)

PJO7 INT11 — TCLKD — — — — SSL03 — — AN1INO7 —
* (INTC) (MTU-II) (SBI) (A/D)

(Port)

PJ08 — — TIOC6B — — — — MOSIO — — — —

(Port) (MTU-I) (SBI)

PJ0O9 — — TIOC6D — — — — RSPCKO0 — — — —

(Port) (MTU-I1) (SBI)

PJ10 — TPO3C | TIOC6A — — — — — — — — —
* (TPU) | (MTU-III)

(Port)

PJ11 — TPO3D | TIOC6C — — — — — — — — —
* (TPU) | (MTU-HII)

(Port)

Note: * Pins PJ0O, PJO1, PJ02, PJ0O3, PJ0O6, PJO7, PJ10, and PJ11 are not available in the SH72A0 Group.
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Table 13.10 Multiplexed Pin Functions for Port K

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PKOO POE2# — — — — — — — — — AN1IN16 —
(Port) | (INTC) (A/D)

PKO1 — — — — — — — — — — AN1IN17 —

(Port) (A/D)

PKO08 — — — — — — — — — — AN1IN24 —

(Port) (A/D)

PKO09 — — — — — — — — — — AN1IN25 —
* (A/D)

(Port)

PK10 | INT13 — — — — — — — — — |AN1IN26| —
* (INTC) (A/D)

(Port)

PK11 INT12 — — — — — — — — — AN1IN27 —
* (INTC) (A/D)

(Port)

PK12 — — — — — — — — — — AN1IN28 —

(Port) (A/D)

PK13 — — — — — — — — — — AN1IN29 —
* (A/D)

(Port)

PK14 — — — — — — — — — — AN1IN30 —

(Port) (A/D)

PK15 — — — — — — — — — — AN1IN31 —

(Port) (A/D)

Note:  *Pins PK09, PK10, PK11, and PK13 are not available in the SH72A0 Group.
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Table 13.11  Multiplexed Pin Functions for Port L

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PL10 — — — — — — — — — — AN1IN42 —
* (A/D)

(Port)

PL11 — — — — — — — — — — AN1IN43 —
* (A/D)

(Port)

PL12 — TPO4A — — — — — — — — AN1IN44 —
* (TPU) (A/D)

(Port)

PL13 — TPO4B — — — — — — — — AN1IN45 —
* (TPU) (A/D)

(Port)

PL14 — TPO4C — — — — — — — — AN1IN46 —
* (TPU) (A/D)

(Port)

PL15 — TP04D — — — — — — — — AN1IN47 —
* (TPU) (A/D)

(Port)

Note: * The port L pins are not available in the SH72A0 Group.

Table 13.12 Multiplexed Pin Functions for Port N

Function 1 | Function 2 | Function 3 | Function 4 | Function 5 | Function 6 | Function 7 | Function 8 | Function 9 | Function 10 | Function 11 | Function 12 | Function 13
(Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related (Related
Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module) Module)
PNOO — — — — — — — — — — ANOINOO —
(Port) (A/D)

PNO1 — — — — — — — — — — ANOINO1 —
(Port) (A/D)
PNO2 — — — — — — — — — — ANOINO2 —
(Port) (A/D)
PNO3 — — — — — — — — — — ANOINO3 —
(Port) (A/D)
PNO04 — — — — — — — — — — ANOINO4 —
(Port) (A/D)
PNO5 — — — — — — — — — — ANOINO5 —
(Port) (A/D)
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13. 1/0 Ports

13.2 Registers

Table 13.13 to table 13.15 list the I/O port registers.

Table 13.13  1/0 Port Registers (1)
Register Name Symbol After Reset Address Access Size

Port protect register PPR H'00 H'FF46 4180 8

Port A register PAR Undefined H'FF46 4000 8, 16, 32
Port B register* PBR Undefined H'FF46 4002 8, 16, 32
Port C register PCR Undefined H'FF46 4004 8, 16, 32
Port D register PDR Undefined H'FF46 4006 8, 16, 32
Port E register PER Undefined H'FF46 4008 8, 16, 32
Port F register* PFR Undefined H'FF46 400A 8, 16, 32
Port G register PGR Undefined H'FF46 400C 8, 16, 32
Port J register PJR Undefined H'FF46 4012 8, 16, 32
Port K register PKR Undefined H'FF46 4014 8, 16, 32
Port L register* PLR Undefined H'FF46 4016 8, 16, 32
Port N register PNR Undefined H'FF46 401A 8, 16, 32
Port A direction Register PADR H'0000 H'FF46 4020 8, 16, 32
Port B direction Register* PBDR H'0000 H'FF46 4022 8, 16, 32
Port C direction Register PCDR H'0000 H'FF46 4024 8, 16, 32
Port D direction Register PDDR H'0000 H'FF46 4026 8, 16, 32
Port E direction Register PEDR H'0000 H'FF46 4028 8, 16, 32
Port F direction Register* PFDR H'0000 H'FF46 402A 8, 16, 32
Port G direction Register PGDR H'0000 H'FF46 402C 8, 16, 32
Port J direction Register PJDR H'0000 H'FF46 4032 8, 16, 32
Port K direction Register PKDR H'0000 H'FF46 4034 8, 16, 32
Port L direction Register* PLDR H'0000 H'FF46 4036 8, 16, 32
Pull-up control register 0 PURO H'0000 H'FF46 4040 8, 16, 32
Pull-up control register 1 PUR1 H'0000 H'FF46 4042 8, 16, 32
Input threshold value select register 0 PVSRO H'0000 H'FF46 4160 8, 16, 32
Input threshold value select register 1 PVSR1 H'0000 H'FF46 4162 8, 16, 32
Input threshold value select register 2 PVSR2 H'0000 H'FF46 4164 8, 16, 32
Input threshold value select register 3 PVSR3 H'0000 H'FF46 4166 8, 16, 32
Port function select register 0 PFSO H'0000 H'FF46 4140 8, 16, 32
Port function select register 1 PFS1 H'0000 H'FF46 4142 8, 16, 32
Port function select register 2 PFS2 H'0000 H'FF46 4144 8, 16, 32
Port function select register 3 PFS3 H'0000 H'FF46 4146 8, 16, 32
Port AOO function select register PA00S H'00 H'FF46 4060 8, 16, 32
Port AO1 function select register PAO1S H'00 H'FF46 4061 8, 16, 32
Port AO2 function select register* PA02S H'00 H'FF46 4062 8, 16, 32
Port AO3 function select register PA03S H'00 H'FF46 4063 8, 16, 32
Port A04 function select register PA04S H'00 H'FF46 4064 8, 16, 32
Port AO5 function select register PAQO5S H'00 H'FF46 4065 8, 16, 32
Port B12 function select register* PB12S H'00 H'FF46 4074 8, 16, 32
Port B13 function select register* PB13S H'00 H'FF46 4075 8, 16, 32
Note: * This register is not usable in the SH72A0 Group.
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Table 13.14 1/O Port Registers (2)

Register Name Symbol After Reset Address Access Size
Port B14 function select register* PB14S H'00 H'FF46 4076 8, 16, 32
Port B15 function select register* PB15S H'00 H'FF46 4077 8, 16, 32
Port C08 function select register PC08S H'00 H'FF46 4080 8, 16, 32
Port C09 function select register PCO09S H'00 H'FF46 4081 8, 16, 32
Port C10 function select register* PC10S H'00 H'FF46 4082 8, 16, 32
Port C11 function select register* PC11S H'00 H'FF46 4083 8, 16, 32
Port C12 function select register* PC12S H'00 H'FF46 4084 8, 16, 32
Port DOO function select register PD00S H'00 H'FF46 4088 8, 16, 32
Port D01 function select register PDO1S H'00 H'FF46 4089 8, 16, 32
Port D02 function select register PDO02S H'00 H'FF46 408A 8, 16, 32
Port D03 function select register PDO03S H'00 H'FF46 408B 8, 16, 32
Port D04 function select register PD04S H'00 H'FF46 408C 8, 16, 32
Port D05 function select register PDO05S H'00 H'FF46 408D 8, 16, 32
Port D06 function select register PD06S H'00 H'FF46 408E 8, 16, 32
Port DO7 function select register PDO7S H'00 H'FF46 408F 8, 16, 32
Port D08 function select register* PDO08S H'00 H'FF46 4090 8, 16, 32
Port D09 function select register* PDO09S H'00 H'FF46 4091 8, 16, 32
Port D10 function select register* PD10S H'00 H'FF46 4092 8, 16, 32
Port EOO function select register PEOOS H'00 H'FF46 4098 8, 16, 32
Port EO1 function select register PEO1S H'00 H'FF46 4099 8, 16, 32
Port E02 function select register PE02S H'00 H'FF46 409A 8, 16, 32
Port EO3 function select register PEO3S H'00 H'FF46 409B 8, 16, 32
Port EO4 function select register PE04S H'00 H'FF46 409C 8, 16, 32
Port EO5 function select register PEO05S H'00 H'FF46 409D 8, 16, 32
Port EO6 function select register PEO6S H'00 H'FF46 409E 8, 16, 32
Port EO7 function select register PEO7S H'00 H'FF46 409F 8, 16, 32
Port FOO function select register* PF00S H'00 H'FF46 40A8 8, 16, 32
Port FO1 function select register* PF0O1S H'00 H'FF46 40A9 8, 16, 32
Port FO2 function select register* PF02S H'00 H'FF46 40AA 8, 16, 32
Port FO7 function select register* PFO7S H'00 H'FF46 40AF 8, 16, 32
Port GOO function select register PGO00S H'00 H'FF46 40B0 8, 16, 32
Port GO1 function select register PG01S H'00 H'FF46 40B1 8, 16, 32
Port G02 function select register PG02S H'00 H'FF46 40B2 8, 16, 32
Port GO3 function select register PG03S H'00 H'FF46 40B3 8, 16, 32
Port G10 function select register PG10S H'00 H'FF46 40BA 8, 16, 32
Port G11 function select register PG11S H'00 H'FF46 40BB 8, 16, 32
Port G12 function select register PG12S H'00 H'FF46 40BC 8, 16, 32
Port G13 function select register* PG13S H'00 H'FF46 40BD 8, 16, 32
Port JOO function select register* PJO0S H'00 H'FF46 40C8 8, 16, 32
Port JO1 function select register* PJO1S H'00 H'FF46 40C9 8, 16, 32
Port JO2 function select register* PJ02S H'00 H'FF46 40CA 8, 16, 32
Port JO3 function select register* PJO3S H'00 H'FF46 40CB 8, 16, 32
Port JO4 function select register PJ0O4S H'00 H'FF46 40CC 8, 16, 32

Note: * This register is not usable in the SH72A0 Group.
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Table 13.15 1/O Port Registers (3)

Register Name Symbol After Reset Address Access Size

Port JO5 function select register PJO5S H'00 H'FF46 40CD 8, 16, 32
Port JO6 function select register* PJ06S H'00 H'FF46 40CE 8, 16, 32
Port JO7 function select register* PJO7S H'00 H'FF46 40CF 8, 16, 32
Port JO8 function select register PJO8S H'00 H'FF46 40D0 8, 16, 32
Port JO9 function select register PJ09S H'00 H'FF46 40D1 8, 16, 32
Port J10 function select register* PJ10S H'00 H'FF46 40D2 8, 16, 32
Port J11 function select register* PJ11S H'00 H'FF46 40D3 8, 16, 32
Port KOO function select register PKO0S H'00 H'FF46 40D8 8, 16, 32
Port KO1 function select register PK01S H'00 H'FF46 40D9 8, 16, 32
Port KO8 function select register PKO08S H'00 H'FF46 40EQ0 8, 16, 32
Port K09 function select register* PK09S H'00 H'FF46 40E1 8, 16, 32
Port K10 function select register* PK10S H'00 H'FF46 40E2 8, 16, 32
Port K11 function select register* PK11S H'00 H'FF46 40E3 8, 16, 32
Port K12 function select register PK12S H'00 H'FF46 40E4 8, 16, 32
Port K13 function select register* PK13S H'00 H'FF46 40E5 8, 16, 32
Port K14 function select register PK14S H'00 H'FF46 40E6 8, 16, 32
Port K15 function select register PK15S H'00 H'FF46 40E7 8, 16, 32
Port L10 function select register* PL10S H'00 H'FF46 40F2 8, 16, 32
Port L11 function select register* PL11S H'00 H'FF46 40F3 8, 16, 32
Port L12 function select register* PL12S H'00 H'FF46 40F4 8, 16, 32
Port L13 function select register* PL13S H'00 H'FF46 40F5 8, 16, 32
Port L14 function select register* PL14S H'00 H'FF46 40F6 8, 16, 32
Port L15 function select register* PL15S H'00 H'FF46 40F7 8, 16, 32
Port NOO function select register PNOOS H'00 H'FF46 4108 8, 16, 32
Port NO1 function select register PNO1S H'00 H'FF46 4109 8, 16, 32
Port NO2 function select register PNO2S H'00 H'FF46 410A 8, 16, 32
Port NO3 function select register PNO3S H'00 H'FF46 410B 8, 16, 32
Port NO4 function select register PN04S H'00 H'FF46 410C 8, 16, 32
Port NO5 function select register PNO5S H'00 H'FF46 410D 8, 16, 32
Port function enable register 0 PFENO H'0000 H'FF46 4120 8, 16

POEO control register POEOCR H'0000 H'FF46 41A0 8, 16, 32
POE1 control register POE1CR H'0000 H'FF46 41A2 8, 16, 32
POE2 control register POE2CR H'0000 H'FF46 41A4 8, 16, 32
POE monitor register POEM H'00 H'FF46 41A6 8, 16, 32

Note: * This register is not usable in the SH72A0 Group.
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13.2.1  Port Protect Register (PPR)
Address H'FF46 4180

b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0

Bit Description R/W
b7 to 0 This register is used to control the protection for registers PADR to PGDR, PJDR to PLDR, PVSRO to PVSR3, R/W

PFSO0 to PFS3, PFENO, POEOCR to POE2CR, and POEM.
H'AA: Write enabled
Other than H'AA: Write disabled

The port protect register (PPR) is used to control whether to enable or disable writing to the port-related registers.
The registers protected by the PPR register are as follows:

* Port i direction register (i= A to Gand Jto L)
» Input threshold value select registers 0 to 3

* Port function select registers 0 to 3

» Port function enable register 0

* POEi control register (i= 0 to 2)

* POE monitor register

To change a value in these registers, perform the following:

(1) Write H'AA in the PPR register (to enable writing to each register).

(2) Change a value in registers PADR to PGDR, PJDR to PLDR, PVSRO to PVSR3, PFS0 to PFS3, PFENO, POEOCR
to POE2CR, or POEM.

(3) Write a value other than H'AA in the PPR register (to prohibit writing to each register).
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13.2.2 Porti Register (PiR) (i=Ato G,JtoL, N)
Address PAR: H'FF46 4000

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— | — | — | — | — |Pros5|Paoa|pPao3 | PAOZ | paot | PACD

After Reset X X X X X X X X X X X X X X X X

Address PBR: H'FF46 4002

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
PB15|PB14 | PB13 | PB12| __ _ _ _ _ _ _ _ _ _ _ _

* * * *
After Reset X X X X X X X X X X X X X X X X

Address PCR: H'FF46 4004

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
_ _ __ | PC12| PC11 | PC10 Pcog | pcos| — _ _ _ _ _ _ _
* * *
After Reset X X X X X X X X X X X X X X X X

Address PDR: H'FF46 4006

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— | =] =] == PTO F’D*OQ PE’kOS PDO07 | PDO6 | PDO5 | PD04 | PDO3 | PD02 | PDO1 | PDOO
After Reset X X X X X X X X X X X X X X X X

Address PER: H'FF46 4008

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

= = — | PEO7 | PEO6 | PEO5 | PEO4 | PEO3 | PEO2 | PEO1 | PEOO

After Reset X X X X X X X X X X X X X X X X

Address PFR: H'FF46 400A

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
_ _ _ _ _ _ _ __ |PFO7| __ _ _ __ | PFO2 | PFO1 | PFOO
* * * *
After Reset X X X X X X X X X X X X X X X X

Address PGR: H'FF46 400C

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— | — [PeBipgiz|pe1t|Peto| — | — | — | — | — | — |PG03|PG02|PGO1|PGO0
After Reset X X X X X X X X X X X X X X X X
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Address PJR: H'FF46 4012

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— [ — [ — [ — [PIT[PI0 ] pyoo | pyos | PIO7 | PIOB | pos | puoa | P03 | PJO2 [ PJOT | PJ0O

* * * * * * * *

After Reset X X X X X X X X X X X X X X X X

Address PKR: H'FF46 4014

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PK15 | PK14 P’S?’ PK12 P’i” P’SO P§°9 prkos| — | — | — | — | — | — |PKo1|PKoo
After Reset X X X X X X X X X X X X X X X X

Address PLR: H'FF46 4016

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PL15 | PL14 [PL13 | PL12 [PLIAJPLIO — T — | — T — | — T - T T _T_
* * * * * *

After Reset X X X X X X X X X X X X X X X X

Address PNR: H'FF46 401A

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — | PNO5 | PNO4 | PNO3 | PNO2 | PNO1 | PNOO
After Reset X X X X X X X X X X X X X X X X
Bit Symbol Bit Name Description R/W
b15 Pi15 Porti15 When the corresponding direction bit is set to 0 (input): R/W
b14 Pi14 Port i14 The written va.lue is written to the register,.but Qot output to the pin. R/W
When these bits are read, the corresponding pin state can be read.
b13 Pi13 Port i13 R/W
b12 Pi12 Port i12 0: The pin state is low R/W
1: The pin state is high
b11 Pi11 Port i11 epinsateishig RIW
b10 Pi10 Port i10 When the corresponding direction bit is set to 1 (output): R/W
b9 Pi09 Port i09 The wri.tten level is output to the pin. R/W
0: Low is output
b7 Pio7 Port i07 R/W
- - When these bits are read while the PRFS bit in the PFSO register
b6 Pi06 Port i06 is 0, the setting value of the port register is read. RW
b5 Pi05 Port i05 When these bits are read while the PRFS bit in the PFSO0 register | R/W
ba P04 Port i04 is 1, the input level of the pin is directly read. R/W
b3 Pi03 Port i03 R/W
b2 Pi02 Port i02 R/W
b1 PiO1 Port i01 R/W
b0 Pi00 Port i00 R/W

Notes: « The following port bits are reserved and nothing is assigned. The read value is undefined, and the write value should be 0.
Port A: b15 to b6
Port B: b11 to b0
Port C: b15 to b13, b7 to b0
Port D: b15 to b11
Port E: b15 to b8
Port F: b15 to b8, b6 to b3
Port G: b15, b14, b9 to b4
Port J: b15 to b12
Port K: b7 to b2
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Port L: b9 to b0
Port N: b15 to b6
» As PNOO to PNO5 are input-only ports, only the state of the pin is read when the port PNOO to PNO5 bits are read. The write value
should be 0.
« This register is for the reading of pins that have a fixed state. When variable signals are applied to the pins, employ processing
such as reading the register multiple times as required.
* The following port bits are reserved and nothing is assigned in the SH72A0 Group.
The read value is undefined, and the write value should be 0.
Port A: b2
Port B: b15 to b12
Port C: b12 to b10
Port D: b10 to b8
Port F: b7, b2 to b0
Port G: b13
Port J: b11, b10, b7, b6, b3 to b0
Port K: b13, b11 to b9
Port L: b15 to b10
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13.2.3 Porti Direction Register (PiDR) (i=AtoGandJtol)
Address PADR: H'FF46 4020

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PADO2

— — — — — — — — — — |PADO5|PAD04|PADO3 PADO1|PADOO

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PBDR: H'FF46 4022

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PBD15 | PBD14 | PBD13 | PBD12
* * * *

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PCDR: H'FF46 4024

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
. _ _ PCE12 PC*D11 PCE1O I PN = = - = - = -

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PDDR: H'FF46 4026

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PDD10|PDDO09 | PDD08
* * *

PDDO07 | PDDO06 | PDDO05 | PDD04 | PDD03 | PDD02 | PDD01 | PDDO0

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PEDR: H'FF46 4028

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

— — — — — — — — | PEDO7 | PEDO6 | PEDO5 | PEDO4 | PEDO3 | PEDO2 | PEDO1 | PEDOO

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PFDR: H'FF46 402A

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PFDO7 PFDO2 | PFDO1 | PFDOO
- - - - - - - - * - - - - * * *

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PGDR: H'FF46 402C

b15  bl4  b13  b12 b1 b10 b9 b8 b7 b6 b5 b4 b3 b2 b b0
— — PGE13 PGD12 |PGD11|PGD10| — — — — — — |PGDO03|{PGD02|PGDO01|PGDO00
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Address PJDR: H'FF46 4032

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PJD11 | PJD10 PJDO7 | PJD0O6 PJDO3 | PJDO2 | PJDO1 | PJDOO
* & * * sk * * &

PJDO9 | PJD0O8 PJDO5 | PJD04

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address PKDR: H'FF46 4034

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PKD15 | PKD14 PKE13 PKD12 PKE“ PKE10 PKEOQ PKDO8| — — — — — — PKDO1 | PKD0OO
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Address PLDR: H'FF46 4036
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PLD15|PLD14 | PLD13 | PLD12| PLD11 |PLD1O[ _ _ _ _ _ _ _ _ _
* * * * * *

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 PiD15 Port i15 Direction These bits select the input or output direction of the corresponding | R/W
b14 PiD14 Port i14 Direction pin. RIW
b13 PiD13 Port i13 Direction 0: Input R/W
b12 PiD12 Port i12 Direction 1: Output R/W
b11 PiD11 Port i11 Direction R/W
b10 PiD10 Port i10 Direction R/W
b9 PiD09 Port i09 Direction R/W
b8 PiD08 Port i08 Direction R/W
b7 PiD07 Port i07 Direction R/W
b6 PiD06 Port i06 Direction R/W
b5 PiD05 Port i05 Direction R/W
b4 PiD04 Port i04 Direction R/W
b3 PiD03 Port i03 Direction R/W
b2 PiD02 Port i02 Direction R/W
b1 PiDO1 Port i01 Direction R/W
b0 PiD00 Port i00 Direction R/W

Notes: « Set the PPR register to H'AA (write enabled) before rewriting this register.

* The following port bits are reserved and nothing is assigned. The read value is 0, and the write value should be 0.
Port A: b15 to b6
Port B: b11 to b0
Port C: b15 to b13, b7 to b0
Port D: b15 to b11
Port E: b15 to b8
Port F: b15 to b8, b6 to b3
Port G: b15, b14, b9 to b4
Port J: b15 to b12
Port K: b7 to b2
Port L: b9 to b0

» As PNOO to PNO5 are input-only ports, there is no direction register.

* The following port bits are reserved and nothing is assigned in the SH72A0 Group.
These bits are read as undefined, and the write value should be 0.
Port A: b2
Port B: b15 to b12
Port C: b12 to b10
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Port D: b10 to b8

Port F: b7, b2 to b0

Port G: b13

Port J: b11, b10, b7, b6, b3 to b0
Port K: b13, b11 to b9

Port L: b15 to b10

The port i direction register (PiDR) is used to select the input or output direction of the corresponding pin. This
register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.4 Pull-Up Control Register 0 (PURO0)
Address H'FF46 4040

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — |PGPU1|PGPUO| — |PFPUO| — |PEPUO|PDPU1|PDPUO(PCPU1| — |PBPU1 — — | PAPUO
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 PGPU1 PG10 to PG13 Pull-Up Control |0: PG10 to PG13 not pulled up R/W

1: PG10 to PG13 pulled up

1

b12 PGPUO PG00 to PGO03 Pull-Up Control | 0: PG00 to PGO03 not pulled up R/W
1: PG00 to PGO3 pulled up

b11 — Reserved This bit is read as 0. The write value should be 0. R

b10 PFPUO PF00 to PF02, PFO7 Pull-Up 0: PFOO to PF02, PFQ7 not pulled up R/W

Control 1: PFOO to PF02, PF07 pulled up

*2

b9 — Reserved This bit is read as 0. The write value should be 0. R

b8 PEPUO PEOO to PEQ7 Pull-Up Control | 0: PEOO to PEQ7 not pulled up R/W
1: PEOO to PEQ7 pulled up

b7 PDPU1 PDO08 to PD10 Pull-Up Control | 0: PD08 to PD10 not pulled up R/W

1: PD08 to PD10 pulled up
*3

b6 PDPUO PDO00 to PD07 Pull-Up Control | 0: PD00 to PD07 not pulled up R/W
1: PD0OO to PDO7 pulled up
b5 PCPU1 PCO08 to PC12 Pull-Up Control | 0: PC08 to PC12 not pulled up R/W

1: PC08 to PC12 pulled up
*4

b4 — Reserved This bit is read as 0. The write value should be 0. R

b3 PBPU1 PB12 to PB15 Pull-Up Control | 0: PB12 to PB15 not pulled up R/W
1: PB12 to PB15 pulled up
*5

b2, b1 — Reserved These bits are read as 0. The write value should be 0. R

b0 PAPUO PAOQO to PAO5 Pull-Up Control | 0: PAOO to PAO5 not pulled up R/W
1: PAOO to PAO5 pulled up
*6

Notes: 1. The PG13 pin is not available in the SH72A0 Group.

. Pins PFOO0 to PF02 and PFQ7 are not available in the SH72A0 Group.
. Pins PDO08 to PD10 are not available in the SH72A0 Group.

. Pins PC10 to PC12 are not available in the SH72A0 Group.

. Pins PB12 to PB15 are not available in the SH72A0 Group.

. The PAO2 pin is not available in the SH72A0 Group.

DO ON -

Pull-up control register 0 (PURO) is used to select whether or not to pull up ports A to G for the corresponding
applicable pins per port.
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13.2.5

Address H'FF46 4042

Pull-Up Control Register 1 (PUR1)

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — |PNPUO| — — |PLPU1| — |PKPU1|PKPUO|PJPU1|PJPUO| — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15to b11 | — Reserved These bits are read as 0. The write value should be 0. R
b10 PNPUO PNOO to PNO5 Pull-Up Control | 0: PNOO to PNO5 not pulled up R/W
1: PNOO to PNO5 pulled up
b9, b8 — Reserved These bits are read as 0. The write value should be 0. R
b7 PLPU1 PL10 to PL15 Pull-Up Control 0: PL10 to PL15 not pulled up R/W
1: PL10 to PL15 pulled up
*1
b6 — Reserved This bit is read as 0. The write value should be 0. R
b5 PKPU1 PKO08 to PK15 Pull-Up Control | 0: PKO8 to PK15 not pulled up R/W
1: PKO8 to PK15 pulled up
*2
b4 PKPUO PKO0O0 and PKO1 Pull-Up Control | 0: PKOO and PKO1 not pulled up R/W
1: PKOO and PKO1 pulled up
b3 PJPU1 PJ08 to PJ11 Pull-Up Control 0: PJO8 to PJ11 not pulled up R/W
1: PJO8 to PJ11 pulled up
*3
b2 PJPUO PJ00 to PJO7 Pull-Up Control 0: PJOO to PJO7 not pulled up R/W
1: PJOO to PJO7 pulled up
*4
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: « For pins on which A/D functions are multiplexed, if the corresponding port function select register is set to select operation as an
analog input pin, the pull-up settings for the pins become invalid. However, the values in the pull-up control register do not reflect

this.

* For pins on which A/D functions are multiplexed, if the corresponding pull-up and pull-down settings are made simultaneously,
this is not reflected in the pull-up settings.
Furthermore, the pull-down setting that is valid for a given pin while it is in use as an analog input pin becomes invalid if the pin
is used in another role. However, the values in the pull-up control register and analog-port pull-down registers do not reflect this.

1. Pins PL10 to PL15 are not available in the SH72A0 Group.

2. Pins PK09 to PK11 and PK13 are not available in the SH72A0 Group.

3. Pins PJ10 and PJ11 are not available in the SH72A0 Group.

4. Pins PJ0OO to PJ03, PJ06, and PJO7 are not available in the SH72A0 Group.

Pull-up control register 1 (PUR1) is used to select whether or not to pull up ports J to L, and N for the corresponding

applicable pins per port.
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13.2.6 Input Threshold Value Select Register 0 (PVSRO0)
Address H'FF46 4160
b15 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PDS1[1:0] PDSO0[1:0] PCS1[1:0] — — PBS1[1:0] — — — — PASO0[1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 PDS1[1:0] |PDO08 to PD10 Input Level Set | Input threshold value of pins PD08 to PD10 R/W
b15b14
0 O : Input prohibited state
0 1:05VCC
1 0:0.70VCC
1 1:TTL level
*1
b13, b12 PDSO0[1:0] |PDO0O0 to PDO7 Input Level Set | Input threshold values of pins PD00 to PD07 R/W
b13b12
0 O : Input prohibited state
0 1:05VCC
1 0:0.70VCC
1 1:TTL level
b11, b10 PCS1[1:0] |PCO08 to PC12 Input Level Set | Input threshold values of pins PC08 to PC12 R/W
b11b10
0 O : Input prohibited state
0 1:05VvCC
1 0:0.70VCC
1 1:TTL level
*2
b9, b8 — Reserved These bits are read as 0. The write value should be 0. R
b7, b6 PBS1[1:0] |PB12to PB15 Input Level Set | Input threshold values of pins PB12 to PB15 R/W
b7 b6
0 O : Input prohibited state
0 1:05VvCC
1 0:0.70VCC
1 1:TTL level
*3
b5 to b2 — Reserved These bits are read as 0. The write value should be 0. R
b1, b0 PASOQ[1:0] | PAOQO to PAO5 Input Level Set Input threshold values of pins PAOO to PA05 R/W
b1 b0
0 O : Input prohibited state
0 1:05VCC
1 0:0.70VCC
1 1:TTL level
*4

Notes: To use the pins as input pins for the peripheral functions, this function should also be set.
Set the PPR register to H'AA (write enabled) before rewriting this register.
1. Pins PD08 to PD10 are not available in the SH72A0 Group.
2. Pins PC10 to PC12 are not available in the SH72A0 Group.
3. Pins PB12 to PB15 are not available in the SH72A0 Group.
4. The PAO02 pin is not available in the SH72A0 Group.

Input threshold value select register 0 (PVSRO) is used to control the threshold values of ports A to D.
The input threshold value can be selected, for the corresponding applicable pins per port, from among 0.5 VCC, 0.70

VCC, and TTL level.
After a reset, the pins are in the input prohibited state (B'00), so it is necessary to set a value other than B'00 to use

them as input pins.

The PVSRO register is protected by the port protect register (PPR) from being written inadvertently.
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SH72A2 Group, SH72A0 Group

13. 1/0 Ports

13.2.7

Input Threshold Value Select Register 1 (PVSR1)
Address H'FF46 4162

b15

b13 b12 b11 b10

b9 b8 b7 b6 b5 b4 b3

b2 b1 b0

PGS1[1:0]

PGSO[1:0] | — | — | PFSO[1:0] | —

— | PESO[1:0]

After Reset 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0

Bit

Symbol

Bit Name

Description

R/W

b15 to b12

Reserved

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

b11, b10

PGS1[1:0]

PG10 to PG13 Input Level Set

Input threshold value of pins PG10 to PG13
b11b10

0 O : Input prohibited state

0 1:0.5VCC

1 0:0.70VCC

1 1:TTL level

1

*

R/W

b9, b8

PGSO[1:0]

PG00 to PGO03 Input Level Set

Input threshold value of pins PG00 to PG03
b9 b8

0 O : Input prohibited state

0 1:0.5VCC

1 0:0.70VCC

1 1:TTL level

R/W

b7, b6

Reserved

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

b5, b4

PFS0[1:0]

PF00 to PF02, PFO7 Input
Level Set

Input threshold value of pins PF00 to PF02, PFO7
b5 b4

0 O : Input prohibited state

0 1:05VvCC

1 0:0.70VCC

1 1:TTL level
*2

R/W

b3, b2

Reserved

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

b1, b0

PESO[1:0]

PEOO to PEQ7 Input Level Set

Input threshold value of pins PEOO to PEO7
b1 b0

0 O : Input prohibited state

0 1:05VCC

1 0:0.70VvCC

1 1:TTL level

R/W

Notes: To use the pins as input pins for the peripheral functions, this function should also be set.
Set the PPR register to H'AA (write enabled) before rewriting this register.
1. The PG13 pin is not available in the SH72A0 Group.
2. Pins PF0O0 to PF02 and PFQ7 are not available in the SH72A0 Group.

Input threshold value select register 1 (PVSR1) is used to control the threshold values of ports E to G.
The input threshold value can be selected, for the corresponding applicable pins per port, from among 0.5 VCC, 0.70

VCC, and TTL level.

After a reset, the pins are in the input prohibited state (B'00), so it is necessary to set a value other than B'00 to use

them as input pins.

The PVSRI1 register is protected by the port protect register (PPR) from being written inadvertently.
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SH72A2 Group, SH72A0 Group

13. 1/0 Ports

13.2.8
Address H'FF46 4164

b15 b14 b13 b12 b11 b10

Input Threshold Value Select Register 2 (PVSR2)

b9 b8 b7 b6 b5 b4 b3 b2

b1 b0

After Reset

PLS1[1:0]

PKSO[1:0]

PJS1[1:0]

PKS1[1:0]

PJSO[1:0]

0

0 0

0 0 0 0 0 0

0 0

Bit

Symbol

Bit Name

Description

R/W

b15 to b12

Reserved

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

b11, b10

PLS1[1:0]

PL10 to PL15 Input Level Set

Input threshold value of pins PL10 to PL15
b11b10

0 O : Input prohibited state

0 1:0.5AVCC1

1 0:0.70 AVCC1

1 1:TTL level

1

*

R/W

b9, b8

Reserved

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

b7, b6

PKS1[1:0]

PKO08 to PK15 Input Level Set

Input threshold value of pins PK08 to PK15
b7 b6
0 O : Input prohibited state

0 1:0.5AvVCC1
1 0:0.70 AVCC1
1 1:TTL level
*2

R/W

b5, b4

PKSO[1:0]

PKO0 and PKO1 Input Level Set

Input threshold value of pins PKOO and PK01
b5 b4
0 O : Input prohibited state

0 1:0.5AvVCC1
1 0:0.70 AVCC1
1 1:TTL level

R/W

b3, b2

PJS1[1:0]

PJ08 to PJ11 Input Level Set

Input threshold value of pins PJ08 to PJ11
b3 b2
0 O : Input prohibited state

0 1:05VCC
1 0:0.70VCC
1 1:TTL level
*3

R/W

b1, b0

PJSO[1:0]

PJ0O0 to PJO7 Input Level Set

Input threshold value of pins PJOO to PJO7
b1 b0
0 O : Input prohibited state

0 1:05VCC
1 0:0.70VCC
1 1:TTL level
*4

R/W

Notes: To use the pins as input pins for the peripheral functions, this function should also be set.
To use the pins as analog pins, there is no need to set this function.
Set the PPR register to H'AA (write enabled) before rewriting this register.
1. Pins PL10 to PL15 are not available in the SH72A0 Group.
2. Pins PKO09 to PK11 and PK13 are not available in the SH72A0 Group.
3. Pins PJ10 and PJ11 are not available in the SH72A0 Group.
4. Pins PJ0OO to PJ03, PJ06, and PJO7 are not available in the SH72A0 Group.

Input threshold value select register 2 (PVSR2) is used to control the threshold values of ports J to L.
The input threshold value can be selected, for the corresponding applicable pins per port, from among 0.5 VCC, 0.70
VCC, and TTL level (for ports K and L, 0.5 AVCC1, 0.70 AVCCI1, and TTL level).
After a reset, the pins are in the input prohibited state (B'00), so it is necessary to set a value other than B'00 to use

them as input pins.
The PVSR2 register is protected by the port protect register (PPR) from being written inadvertently.
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SH72A2 Group, SH72A0 Group 13. 1/0O Ports
13.2.9 Input Threshold Value Select Register 3 (PVSR3)
Address H'FF46 4166
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — — PNSO[1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob2 |— Reserved These bits are read as 0. The write value should be 0. R
b1, b0 PNSO0[1:0] | PNOO to PNO5 Input Level Set | Input threshold value of pins PNOO to PNO5 R/W
b1 b0
0 O : Input prohibited state
0 1:0.5AVCCO
1 0:0.70 AVCCO
1 1:TTL level

Notes: To use the pins as analog pins, there is no need to set this function.
Set the PPR register to H'AA (write enabled) before rewriting this register.

Input threshold value select register 3 (PVSR3) is used to control the threshold value of port N.
The input threshold value can be selected, for the corresponding applicable pins per port, from among 0.5 AVCCO,

0.70 AVCCO, and TTL level.

After a reset, the pins are in the input prohibited state (B'00), so it is necessary to set a value other than B'00 to use

them as input pins.

The PVSR3 register is protected by the port protect register (PPR) from being written inadvertently.

13.2.10 Port Function Select Register 0 (PFSO0)
Address H'FF46 4140

b15 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
PRFS — — — — — — — — — — — — — [ NMIS
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15 PRFS Port Register Read Function 0: When the port register is read while the corresponding port R/W
Select direction register is 1 (output), the value of the register is read.
1: When the port register is read while the corresponding port
direction register is 1 (output), the state of the pin is directly
read. *
b14tob1 |— Reserved These bits are read as 0. The write value should be 0. R
b0 NMIS NMI Valid 0: PA05 1/0 pin (NMI invalid) R/W
1: PAO5 input-only pin (NMI valid)

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
* When a pin state is to be read directly, make an input threshold setting other than “input prohibited” for the given pin.

Port function select register 0 (PFS0) is used to select the functions of pins PA0S5, NMI, and POEO#, and the function
of reading port registers set as outputs.

To use NMI, set the PASO bit in the PVSRO register to a value other than B'00 (input prohibited state) before setting
the NMIS bit to 1.

The PFSO register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.11 Port Function Select Register 1 (PFS1)
Address H'FF46 4142
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — |TP04S|TPO3S|TP02S| — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob5 |— Reserved These bits are read as 0. The write value should be 0. R
b4 TP04S TPO4 Input Pin Select 0: TPO4A to TP04D input is set to pins PC08, PC09, PB14, and R/W
PB15
1: TPO4A to TP0O4D input is set to pins PL12 to PL15
*1
b3 TPO3S TPO3 Input Pin Select 0: TPO3A to TPO3D input is set to pins PD00 to PD03 R/W
1: TPO3A to TPO3D input is set to pins PJ04, PJ05, PJ10, and
PJ11
*2
b2 TP02S TPO2 Input Pin Select 0: TPO2A to TP02D input is set to pins PF02, PF07, PEOQO, and R/W
PEO3
1: TPO2A to TP0O2D input is set to pins PJ0OO to PJO3
*3
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
1. Pins PB14, PB15, and PL12 to PL15 are not available in the SH72A0 Group.
2. Pins PJ10 and PJ11 are not available in the SH72A0 Group.
3. Pins PF02, PF07, and PJ0OO to PJO3 are not available in the SH72A0 Group.

Port function select register 1 (PFS1) is for selecting input pins for a peripheral function (the TPU) that is multiplexed

at multiple sites.

The PFS1 register is protected by the port protect register (PPR) from being written inadvertently.

RO1UH0164EJ0100 Rev.1.00
Apr 20, 2012

RENESAS

Page 262 of 1118



SH72A2 Group, SH72A0 Group 13. 1/0O Ports
13.2.12 Port Function Select Register 2 (PFS2)
Address H'FF46 4144
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — | SC3S| SC28[1:0] — |SC1S| — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob7 |— Reserved These bits are read as 0. The write value should be 0. R
b6 SC3S SCI3 Input Pin Select 0: RXD3 and SCK3 inputs are set to pins PC08 and PC10 R/W
1: RXD3 and SCK3 inputs are set to pins PB14 and PB13
1
b5, b4 SC28[1:0] |SCI2 Input Pin Select b5 b4 R/W
0 0 : RXD2 and SCK2 inputs are set to pins PD02 and PD03
0 1 : RXD2 and SCK2 inputs are set to pins PD07 and PD03
1 0 : Do not set
1 1 :Do not set
b3 — Reserved This bit is read as 0. The write value should be 0. R
b2 SC1S SCI1 Input Pin Select 0: RXD1 and SCK1 inputs are set to pins PE06 and PE05 R/W
1: RXD1 and SCK1 inputs are set to pins PF02 and PF00*2
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
1. Pins PC10, PB13, and PB14 are not available in the SH72A0 Group.
2. Pins PF00 and PF02 are not available in the SH72A0 Group.

Port function select register 2 (PFS2) is for selecting input pins for a peripheral function (the SCI) that is multiplexed

at multiple sites.

The PFS2 register is protected by the port protect register (PPR) from being written inadvertently.

13.2.13 Port Function Select Register 3 (PFS3)
Address HFF46 4146

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — |LN2S| — —
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob3 |— Reserved These bits are read as 0. The write value should be 0. R
b2 LN2S LRX2 Input Pin Select 0: LRX2 input is set to the PD05 pin R/W
1: LRX2 input is set to the PB14 pin*
b1, b0 — Reserved These bits are read as 0. The write value should be 0. R

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
* The PB14 pin is not available in the SH72A0 Group.

Port function select register 3 (PFS3) is for selecting an input pin for a peripheral function (the LIN) that is

multiplexed at multiple sites.

The PFS3 register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.14 Port Ai Function Select Register (PAiS) (i = 00 to 05)

PAOOS: H'FF46 4060, PAO1S: H'FF46 4061, PA02S: H'FF46 4062, PAO3S: H'FF46 4063, PA04S: H'FF46 4064,

Address PAO5S: H'FF46 4065

b7 b6 b5 b4 b3 b2 b1 b0

— | = | = PAiS[4:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PAiS[4:0] PA Function Select b4 b3 b2b1b0 R/W

0 0 0 0 0:1/O port, or interrupt function *1
0 0 1 0 O0:CAN function
Do not set other than above.

Notes: « These registers are enabled when the PAFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PAFEN bit
is set to 0, port A functions as an 1/O port.
» The PAO2S register is not available in the SH72A0 Group.
1. To use as an interrupt function, set the corresponding bit to “input” by the PADR register.

The port Ai function select register is used to select the functions of the multiplexed pins of port A.

PA Function Select Bits (PAIS)

Register
“00000” “00100”

PAOOS PAQO, INT2 CTX0
PAO1S PAO1, INT1 CRXO0
PA02S PA02 —
PA0O3S PAO3 CTX1
PA04S PAO4, INTO CRX1
PA05S PAO5, —

NMI/POEO#
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13. 1/0 Ports

13.2.15 Port Bi Function Select Register (PBiS) (i =12 to 15)
Address PB12S: H'FF46 4074, PB13S: H'FF46 4075, PB14S: H'FF46 4076, PB15S: H'FF46 4077

b7 b6 b5 b4 b3 b2 b1 b0
— — — PBiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PBiS[4:0] PB Function Select b4 b3 b2b1b0 R/W
0 0 0 0 O:1/0 port, or ADTRG function
0 0 0 0 1:TPU function
0 0 0 1 1:SClfunction
0 0 1 0 1 :LINfunction
Do not set other than above.

Notes: « These registers are enabled when the PBFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PBFEN bit

is set to 0, port B functions as an 1/O port.
* Registers PB12S to PB15S are not available in the SH72A0 Group.

The port Bi function select register is used to select the functions of the multiplexed pins of port B.

PB Function Select Bits (PBiS)

Register

“00000” “00001” “00011” “00101”
PB12S PB12 — — —
PB13S PB13 — SCK3 —
PB14S PB14 TP04C RXD3 LRX2
PB15S PB15, ADTRG# TP04D TXD3 LTX2

R0O1UHO0164EJ0100 Rev.1.00 -zENESAS Page 265 of 1118

Apr 20, 2012



SH72A2 Group, SH72A0 Group 13. 1/0O Ports

13.2.16 Port Ci Function Select Register (PCiS) (i = 08 to 12)
Address PCO08S: H'FF46 4080, PC09S: H'FF46 4081, PC10S: H'FF46 4082, PC11S: H'FF46 4083, PC12S: H'FF46 4084

b7 b6 b5 b4 b3 b2 b1 b0
— — — PCiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PCiS[4:0] PC Function Select b4 b3 b2b1b0 R/W
0 0 0 0 O:I/Oport
0 0 0 0 1:TPU function
0 0 0 1 0 :MTU-Ilfunction (input)
1 0 0 1 0 :MTU-II function (output)
0 0 0 1 1 :SClfunction
0 0 1 1 O0:SBIfunction
Do not set other than above.

Notes: « These registers are enabled when the PCFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PCFEN bit
is set to 0, port C functions as an 1/O port.
» Registers PC10S to PC12S are not available in the SH72A0 Group.
» The SBI function is disabled in the SH72A0 Group.

The port Ci function select register is used to select the functions of the multiplexed pins of port C.

PC Function Select Bits (PCiS)

Register

“00000” “00001” “00010” “10010” “00011” “00110”
PC08S PC08 TPO4A TIOC1B/ TIOC1B RXD3 —

TCLKA
PC09S PC09 TP04B TCLKB — TXD3 —
PC10S PC10 — TIC5W — SCK3 MOSI3
PC11S PC11 — TIC5V — — RSPCK3
PC12S PC12 — TIC5U — — MISO3
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13. 1/0 Ports

13.2.17 Port Di Function Select Register (PDiS) (i = 00 to 10)

PDO0S: H'FF46 4088, PD01S: H'FF46 4089, PD02S: H'FF46 408A, PD03S: H'FF46 408B, PD04S: H'FF46 408C,
Address PDO05S: H'FF46 408D, PD06S: H'FF46 408E, PD07S: H'FF46 408F, PD08S: H'FF46 4090, PD09S: H'FF46 4091,

PD10S: H'FF46 4092

b7 b6 b5 b4 b3 b2 b1 b0

PDIS[4:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description

R/W

b7 to b5 — Reserved

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

PD Function Select b4 b3 b2 b1b0
000

b4dtob0 |PDiS[4:0]

1 : TPU function

0 : MTU-III function (input)
0 : MTU-III function (output)
1 : SCI function

1 : LIN function

0 : SBI function

0 : Debug function

Do not set other than above.

- 2 0000

0
0
1
0
0
0
0

el eNoNoNelNo)

-
o

0 : 1/0 port, CLKOUT function*2, or interrupt function *1

R/W

Notes: * These registers are enabled when the PDFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PDFEN bit

is set to 0, port D functions as an 1/O port.

» PDOO is shared with CLKOUT. Setting the COE bit in the COCR register to 1 enables the CLKOUT function (the setting of the

COCR register has priority).
» Registers PD08S to PD10S are not available in the SH72A0 Group.
1. If the pin to be used is set as input, set this bit to 0.
2. This function is not available in the SH72A0 Group.

The port Di function select register is used to select the functions of the multiplexed pins of port D.

Register PD Function Select Bits (PDiS)

“00000” “00001” “00010” “10010” “00011” “00101” “00110” “01010”
PDO0S PDO0O, INT7, TPO3A TIOC3B TIOC3B — — SSL21 —

CLKOUT
PD01S PDO1, INT6 TPO3B TIOC3D TIOC3D TXD2 — SSL20 —
PD02S PDO02, INT5 TPO3C TIOC4A TIOC4A RXD2 — MOSI2 —
PD03S PDO03 TPO3D TIOC4C TIOC4C SCK2 — RSPCK2 —
PD04S PDO04 — TIOC4B TIOC4B — LTX2 MISO2 —
PD05S PD05 — TIOC4D TIOC4D — LRX2 SSL22 —
PD06S PDO06, INT4 — TIOC3A TIOC3A TXD2 — SSL23 —
PD0O7S PDO07, INT3 — TIOC3C TIOC3C RXD2 — SSL30 UBCTRG#
PD08S PD08 — TIOC2A TIOC2A — — SSL31 —
PD09S PD09 — TIOC2B TIOC2B — — SSL32 —
PD10S PD10 — TIOC1A TIOC1A — — SSL33 —
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13.2.18 Port Ei Function Select Register (PEiS) (i = 00 to 07)

PEOQOS: H'FF46 4098, PE01S: H'FF46 4099, PE02S: H'FF46 409A, PE03S: H'FF46 409B, PE04S: H'FF46 409C,

Address oeogs. HFF46 409D, PE0BS: H'FF46 409E, PEOS: H'FF46 409F

b7 b6 b5 b4 b3 b2 b1 b0

— | = | = PEIS[4:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PEiS[4:0] PE Function Select b4 b3 b2 b1b0 R/W

0 0 0 0 O :1/O portorinterrupt function *1
0 0 0 O 1:TPU function
0 0 0 1 1 :SClfunction
Do not set other than above.

Notes: These registers are enabled when the PEFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PEFEN bit is
set to 0, port E functions as an I/O port.
1. To use as an interrupt function, set the corresponding bit to “input” by the PEDR register.

The port Ei function select register is used to select the functions of the multiplexed pins of port E.

PE Function Select Bits (PEiS)

Register

“00000” “00001” “00011”
PEOOS PEOO, INT8 TPO2C —
PEO1S PEO1 — RXDO
PE02S PE02 — TXDO
PEO03S PEO3 TP02D SCKO
PEO04S PEO4 — —
PEO05S PEO5 — SCK1
PE06S PEO06 — RXD1
PEO7S PEO7 — TXD1

Pins of port E have a further function as pins for use with the advanced user debugger (AUD-II). Operation as an
input/output port is enabled when the AUDENO bit in the AUDEN register is 0 and operation as an AUD-II pin is
forcibly enabled when the AUDENO bit in the AUDEN register is 1. The setting in this register is invalid if the
AUDENO bit is 1.

For details on the AUD-II, refer to section 28, Advanced User Debugger-II (AUD-II).
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13.2.19 Port Fi Function Select Register (PFiS) (i = 00 to 02, 07)
Address PFO00S: H'FF46 40A8, PF01S: H'FF46 40A9, PF02S: H'FF46 40AA, PFO7S: H'FF46 40AF
b7 b6 b5 b4 b3 b2 b1 b0
— — — PFiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PFiS[4:0] PF Function Select b4 b3 b2 b1b0 R/W
0 0 0 0 O:1/Oport, orinterrupt function*1
0 0 0 0 1:TPU function
0 0 0 1 1:SClfunction
0 0 1 0 1 :LINfunction
0 0 1 1 0 :SBlfunction

Do not set other than above.

Notes: « These registers are enabled when the PFFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PFFEN bit

is set to 0, port F functions as an |/O port.
* Registers PFO0S to PF02S and PFO7S are not available in the SH72A0 Group.
1. To use as an interrupt function, set the corresponding bit to “input” by the PFDR register.

The port Fi function select register is used to select the functions of the multiplexed pins of port F.

PF Function Select Bits (PFiS)

Register

“00000” “00001” “00011” “00101” “00110”
PFO0S PFO0O — SCK1 — SSL13
PFO1S PFO1 — — LRX3 SSL12
PF02S PF02 TP02A RXD1 LTX3 SSL11
PFO7S PFO7, INT9 TP02B TXD1 — —
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13.2.20 Port Gi Function Select Register (PGiS) (i = 00 to 03, 10 to 13)
Address PGO00S: H'FF46 40B0, PG01S: H'FF46 40B1, PG02S: H'FF46 40B2, PG03S: H'FF46 40B3,
PG10S: H'FF46 40BA, PG11S: H'FF46 40BB, PG12S: H'FF46 40BC, PG13S: H'FF46 40BD
b7 b6 b5 b4 b3 b2 b1 b0
— — — PGiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PGiS[4:0] | PG Function Select b4 b3 b2 b1b0 R/W
0 0 0 0 O :1/O portor interrupt function*1
0 0 0 O 1:TPU function
0 0 0 1 O :MTU-Ilfunction (input)
1 0 0 1 0 :MTU-l function (output)
0 0 1 1 O0:SBIfunction
Do not set other than above.

Notes: « These registers are enabled when the PGFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PGFEN bit

is set to 0, port G functions as an 1/O port.
» The PG13S register is not available in the SH72A0 Group.
1. To use as an interrupt function, set the corresponding bit to “input” by the PGDR register.

The port Gi function select register is used to select the functions of the multiplexed pins of port G.

PG Function Select Bits (PGiS)

Register

“00000” “00001” “00010” “10010” “00110”
PG00S PG00 — TIOC7A TIOC7A MISO0
PGO1S PGO1 — TIOC7C TIOC7C SSL00
PG02S PGO02, INT10 — TIOC7B TIOC7B SSLO1
PG03S PG03 — TIOC7D TIOC7D SSL02
PG10S PG10 TPO1A TIOCOA TIOCOA RSPCK1
PG11S PG11 TPO1B TIOCOB TIOCOB MOSI1
PG12S PG12 TPO1C TIOCOC TIOCOC MISO1
PG13S PG13 TPO1D TIOCOD TIOCOD SSL10
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13.2.21 Port Ji Function Select Register (PJiS) (i = 00 to 11)

PJO0S: H'FF46 40C8, PJ01S: H'FF46 40C9, PJ02S: H'FF46 40CA, PJ03S: H'FF46 40CB, PJ04S: H'FF46 40CC,
Address PJ05S: H'FF46 40CD, PJ06S: H'FF46 40CE, PJ07S: H'FF46 40CF, PJ08S: H'FF46 40D0, PJ09S: H'FF46 40D1,
PJ10S: H'FF46 40D2, PJ11S: H'FF46 40D3

b7 b6 b5 b4 b3 b2 b1 b0
PJIAS| — — PJiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 PJIAS PJ Analog Input Pin Select*1 0: Not used as an analog input pin R/W
1: Used as an analog input pin*2
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PJiS[4:0] PJ Function Select b4 b3 b2 b1b0 R/W
0 0 0 0 O0:1/O port, interrupt function, or A/D function *3
0 0 0 0 1 :TPU function
0 0 0 1 O :MTU-llfunction (input)
1 0 0 1 0 :MTU-II function (output)
0 0 1 1 0 :SBlIfunction

Do not set other than above.

Notes: * These registers are enabled when the PJFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PJFEN bit
is set to 0, port J functions as an 1/0O port.
* Registers PJOOS to PJ03S, PJ06S, PJO7S, PJ10S, and PJ11S are not available in the SH72A0 Group.
1. To use the A/D function, set this bit to 1. Otherwise, set it to 0.
2. When the PJPUO bit in the pull-up control register 1 (PUR1) is set to “enabled” while pins are in use as analog input pins, the
pull-up settings for the pins set as analog inputs become invalid.
3. To use as an interrupt function or A/D function, set the corresponding bit to “input” by the PJDR register.

The port Ji function select register is used to select the functions of the multiplexed pins of port J.

Register PJ Function Select Bits (PJiS)

“00000” “00001” “00010” “10010” “00110”
PJO0S PJ00, AN1INOO TP0O2A — — —
PJO1S PJO1, AN1INO1 TP02B — — —
PJ02S PJ02, AN1INO2 TPO2C — — —
PJO3S PJ03, AN1INO3 TP02D — — —
PJ04S PJ04, AN1INO4 TPO3A — — —
PJO5S PJ05, POE1#, AN1INO5 TPO3B — — —
PJ06S PJ06, AN1INO6 — TCLKC — —
PJO7S PJO7, INT11, AN1INO7 — TCLKD — SSL03
PJ0O8S PJO8 — TIOC6B TIOC6B MOSI0
PJ09S PJ09 — TIOC6D TIOC6D RSPCKO
PJ10S PJ10 TPO3C TIOC6A TIOC6A —
PJ11S PJ11 TPO3D TIOC6C TIOC6C —
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13.2.22 Port Ki Function Select Register (PKiS) (i = 00, 01, and 08 to 15)
PKO0O0S: H'FF46 40D8, PK01S: H'FF46 40D9, PK08S: H'FF46 40E0, PK09S: H'FF46 40E1,
Address PK10S: H'FF46 40E2, PK11S: H'FF46 40E3, PK12S: H'FF46 40E4, PK13S: H'FF46 40E5,
PK14S: H'FF46 40E6, PK15S: H'FF46 40E7
b7 b6 b5 b4 b3 b2 b1 )
PKIAS| — — PKiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 PKiAS PK Analog Input Pin Select* 0: Not used as an analog input pin R/W
1: Used as an analog input pin*2
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PKiS[4:0] PK Function Select b4 b3 b2 b1b0 R/W
0 0 0 0 O0:1/O port, interrupt function, or A/D function*3
Do not set other than above.

Notes: « These registers are enabled when the PKFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PKFEN bit

is set to 0, port K functions as an 1/O port.
* Registers PK09S to PK11S, and PK13S are not available in the SH72A0 Group.
1. To use the A/D function, set this bit to 1. Otherwise, set it to 0.

2. When the PKPUO or PKPU1 bit in the pull-up control register 1 (PUR1) is set to “enabled” while pins are in use as analog input

pins, the pull-up settings for the pins set as analog inputs become invalid.
3. To use as an interrupt function or A/D function, set the corresponding bit to “input” by the PKDR register.

The port Ki function select register is used to select the functions of the multiplexed pins of port K.

PK Function Select Bits (PKiS)
Register
“00000”
PKO0S PKO0O, POE2#, AN1IN16
PKO1S PKO1, AN1IN17
PK08S PKO08, AN1IN24
PK09S PK09, AN1IN25
PK10S PK10, INT13, AN1IN26
PK11S PK11, INT12, AN1IN27
PK12S PK12, AN1IN28
PK13S PK13, AN1IN29
PK14S PK14, AN1IN30
PK15S PK15, AN1IN31
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13.2.23 Port Li Function Select Register (PLiS) (i = 10 to 15)

PL10S: H'FF46 40F2, PL11S: H'FF46 40F3, PL12S: H'FF46 40F4, PL13S: H'FF46 40F5, PL14S: H'FF46 40F6,

Address o) 155. HFF46 40F7

b7 b6 b5 b4 b3 b2 b1 b0
PLIAS| — — PLiS[4:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 PLIAS PL Analog Input Pin Select*" 0: Not used as an analog input pin R/W
1: Used as an analog input pin*2
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PLiS[4:0] PL Function Select b4 b3 b2b1b0 R/W
0 0 0 0 0:1/Oport, or A/D function*3
0 0 0 0 1:TPU function
Do not set other than above.

Notes: « These registers are enabled when the PLFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PLFEN bit
is set to 0, port L functions as an 1/O port.
* Registers PL10S to PL15S are not available in the SH72A0 Group.
1. To use the A/D function, set this bit to 1. Otherwise, set it to 0.
2. When the PLPU1 bit in the pull-up control register 1 (PUR1) is set to “enabled” while pins are in use as analog input pins, the
pull-up settings for the pins set as analog inputs become invalid.
3. To use as an A/D function, set the corresponding bit to “input” by the PLDR register.

The port Li function select register is used to select the functions of the multiplexed pins of port L.

Register PL Function Select Bits (PLiS)
“00000” “00001”
PL10S PL10, AN1IN42 —
PL11S PL11, AN1IN43 —
PL12S PL12, AN1IN44 TPO4A
PL13S PL13, AN1IN45 TP04B
PL14S PL14, AN1IN46 TP04C
PL15S PL15, AN1IN47 TP04D
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13.2.24 Port Ni Function Select Register (PNiS) (i = 00 to 05)

PNOOS: H'FF46 4108, PNO1S: H'FF46 4109, PN02S: H'FF46 410A,

Address o\ 03s: HFF46 4108, PNO4S: HFF46 410C, PNO5S: HFF46 410D

b7 b6 b5 b4 b3 b2 b1 b0

PNIAS| — — PNiS[4:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 PNiAS PN Analog Input Pin Select*1 0: Not used as an analog input pin R/W
1: Used as an analog input pin*2
b6, b5 — Reserved These bits are read as 0. The write value should be 0. R
b4 to b0 PNiS[4:0] | PN Function Select b4 b3 b2 b1b0 R/W

0 0 0 O O:I/O portorA/D function
Do not set other than above.

Notes: These registers are enabled when the PNFEN bit in the port function enable register 0 (PFENO) is set to 1. When the PNFEN bit
is set to 0, port N functions as an input port.
1. To use the A/D function, set this bit to 1. Otherwise, set it to 0.
2. When the PNPUO bit in the pull-up control register 1 (PUR1) is set to “enabled” while pins are in use as analog input pins, the
pull-up settings for the pins set as analog inputs become invalid.

The port Ni function select register is used to select the functions of the multiplexed pins of port N.

PN Function Select Bits (PNiS)
Register
“00000”

PNO0S PNO0O, ANOINOO

PNO1S PNO1, ANOINO1

PNO2S PNO02, ANOINO2

PNO3S PNO03, ANOINO3

PN04S PNO04, ANOINO4

PNO5S PNO5, ANOINO5
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13.2.25 Port Function Enable Register 0 (PFENO)
Address H'FF46 4120
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — |PNFEN| — PLFEN |PKFEN | PJFEN — — |PGFEN|PFFEN [PEFEN |PDFEN |PCFEN|PBFEN | PAFEN
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 PNFEN PN Function Enable 0: PNOO to PNO5 function as I/O ports R/W
1: PNOO to PNO5 functions selected by bits PNOOS to PNO5S are
enabled
b12 — Reserved This bit is read as 0. The write value should be 0. R
b11 PLFEN PL Function Enable 0: PL10 to PL15 function as I/O ports R/W
1: PL10 to PL15 functions selected by bits PL10S to PL15S are
enabled
*1
b10 PKFEN PK Function Enable 0: PK0O, PK01, and PKO08 to PK15 function as 1/O ports R/W
1: PK0O, PKO1, and PK08 to PK15 functions selected by bits
PKO0OS, PK01S, and PKO08S to PK15S are enabled
*2
b9 PJFEN PJ Function Enable 0: PJOO to PJ11 function as I/O ports R/W
1: PJOO to PJ11 functions selected by bits PJOOS to PJ11S are
enabled
*3
b8, b7 — Reserved These bits are read as 0. The write value should be 0. R
b6 PGFEN PG Function Enable 0: PG00 to PG03 and PG10 to PG13 function as I/O ports R/W
1: PG00 to PG03 and PG10 to PG13 functions selected by bits
PGO00S to PG03S and PG10S to PG13S are enabled
*4
b5 PFFEN PF Function Enable 0: PFOO0 to PF02 and PFO07 function as I/O ports R/W
1: PF0O0 to PF02 and PFQ7 functions selected by bits PFO0S to
PF02S and PFOQ7S are enabled
%5
b4 PEFEN PE Function Enable 0: PEOO to PEQ7 function as I/O ports R/W
1: PEOO to PEO7 functions selected by bits PEOOS to PEQ7S are
enabled
b3 PDFEN PD Function Enable 0: PDOO0 to PD10 function as I/O ports R/W
1: PD0O to PD10 functions selected by bits PDO0S to PD10S are
enabled
*6
b2 PCFEN PC Function Enable 0: PCO08 to PC12 function as I/O ports R/W
1: PCO8 to PC12 functions selected by bits PC08S to PC12S are
enabled
*7
b1 PBFEN PB Function Enable 0: PB12 to PB15 function as I/O ports R/W
1: PB12 to PB15 functions selected by bits PB12S to PB15S are
enabled
*8
b0 PAFEN PA Function Enable 0: PAOO to PAOS5 function as 1/O ports R/W
1: PAQOO to PAO5 functions selected by bits PAOOS to PAO5S are
enabled
*9

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
1. Pins PL10 to PL15 are not available in the SH72A0 Group.
2. Pins PK09 to PK11 and PK13 are not available in the SH72A0 Group.
3. Pins PJOO to PJ03, PJ06, PJO7, PJ10, and PJ11 are not available in the SH72A0 Group.
4. The PG13 pin is not available in the SH72A0 Group.
5. Pins PF00 to PF02 and PF07 are not available in the SH72A0 Group.
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6. Pins PD08 to PD10 are not available in the SH72A0 Group.
7. Pins PC10 to PC12 are not available in the SH72A0 Group.
8. Pins PB12 to PB15 are not available in the SH72A0 Group.

9. The PA02 pin is not available in the SH72A0 Group.

Port function enable register 0 (PFENO) is used to enable the functions selected by setting the port function select
registers (PAiS to PGiS, PJiS to PLiS, and PNiS) (i = number of an applicable register from among 00 to 15).
The PFENO register is protected by the port protect register (PPR) from being written inadvertently.

13.2.26 POEO Control Register (POEOCR)
Address H'FF46 41A0

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
TIOC4 | TIOC4 | TIOC4 | TIOC4 | TIOC3 | TIOC3 .
- DE | CE | BE | AE | DE | BE | — | — | — | — SMP[T:0] — |POECE
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 TIOC4DE | TIOC4D Pin Control 0: TIOCA4D pin is not changed by POEO input R/W
1: TIOCA4D pin is set to the high-impedance state by POEO input
b12 TIOC4CE | TIOC4C Pin Control 0: TIOCA4C pin is not changed by POEO input R/W
1: TIOCA4C pin is set to the high-impedance state by POEO input
b11 TIOC4BE | TIOC4B Pin Control 0: TIOC4B pin is not changed by POEO input R/W
1: TIOC4B pin is set to the high-impedance state by POEO input
b10 TIOC4AE | TIOC4A Pin Control 0: TIOCA4A pin is not changed by POEO input R/W
1: TIOC4A pin is set to the high-impedance state by POEO input
b9 TIOC3DE | TIOC3D Pin Control 0: TIOC3D pin is not changed by POEO input R/W
1: TIOC3D pin is set to the high-impedance state by POEO input
b8 TIOC3BE | TIOC3B Pin Control 0: TIOC3B pin is not changed by POEO input R/W
1: TIOC3B pin is set to the high-impedance state by POEO input
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3, b2 SMP[1:0] POEO Pin Sampling Period Set | b3 b2 R/W
0 O : No sampling period (falling edge)
0 1 :Low level is detected during 128 cycles of peripheral clock A
1 0 :Low level is detected during 256 cycles of peripheral clock A
1 1 :Low level is detected during 2048 cycles of peripheral clock A
b1 — Reserved This bit is read as 0. The write value should be 0. R
b0 POEOE POEO Function Enable 0: POEO function disabled R/W
1: POEO function enabled

Note: Set the PPR register to H'AA (write enabled) before rewriting this register.

The POEO control register (POEOCR) is used to set the MTU-III corresponding pin (TIOC3B, TIOC3D, TIOC4A,
TIOC4B, TIOC4C, or TIOC4D) to the high-impedance state.
The POEOCR register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.27 POE1 Control Register (POE1CR)
Address H'FF46 41A2

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
TIOC7 | TIOC7 | TIOC7 | TIOC7 | TIOC6 | TIOC6 .
— | = | pbE | ceE | B | A |DE|BE | | | | SMP[T:0] — |POEIE
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15, b14 — Reserved These bits are read as 0. The write value should be 0. R
b13 TIOC7DE | TIOC7D Pin Control 0: TIOC7D pin is not changed by POE1 input R/W
1: TIOC7D pin is set to the high-impedance state by POE1 input
b12 TIOC7CE | TIOC7C Pin Control 0: TIOC7C pin is not changed by POE1 input R/W
1: TIOC7C pin is set to the high-impedance state by POE1 input
b11 TIOC7BE | TIOC7B Pin Control 0: TIOC7B pin is not changed by POE1 input R/W
1: TIOC7B pin is set to the high-impedance state by POE1 input
b10 TIOC7AE | TIOC7A Pin Control 0: TIOCT7A pin is not changed by POE1 input R/W
1: TIOC7A pin is set to the high-impedance state by POE1 input
b9 TIOC6DE | TIOC6D Pin Control 0: TIOC6D pin is not changed by POE1 input R/W
1: TIOC6D pin is set to the high-impedance state by POE1 input
b8 TIOC6BE | TIOC6B Pin Control 0: TIOC6B pin is not changed by POE1 input R/W
1: TIOC6B pin is set to the high-impedance state by POE1 input
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3, b2 SMP[1:0] POE1 Pin Sampling Period Set | b3 b2 R/W
0 O : No sampling period (falling edge)
0 1 :Low level is detected during 128 cycles of peripheral clock A
1 0 :Low level is detected during 256 cycles of peripheral clock A
1 1 :Low level is detected during 2048 cycles of peripheral clock A
b1 — Reserved This bit is read as 0. The write value should be 0. R
b0 POE1E POE1 Function Enable 0: POE1 function disabled R/W
1: POE1 function enabled

Note: Set the PPR register to H'AA (write enabled) before rewriting this register.

The POE1 control register (POE1CR) is used to set the MTU-III corresponding pin (TIOC6B, TIOC6D, TIOC7A,
TIOC7B, TIOC7C, or TIOC7D) to the high-impedance state.

The POEICR register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.28 POE2 Control Register (POE2CR)
Address H'FF46 41A4

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
TIOCO | TIOCO | TIOCO | TIOCO .
— — — — DE CE BE AE — — — — SMP[1:0] — |POE2E
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob12 | — Reserved These bits are read as 0. The write value should be 0. R
b11 TIOCODE | TIOCOD Pin Function 0: TIOCOD pin is not changed by POE2 input R/W
1: TIOCOD pin is set to the high-impedance state by POE2 input
*
b10 TIOCOCE | TIOCOC Pin Function 0: TIOCOC pin is not changed by POEZ2 input R/W
1: TIOCOC pin is set to the high-impedance state by POE2 input
b9 TIOCOBE | TIOCOB Pin Function 0: TIOCOB pin is not changed by POE2 input R/W
1: TIOCOB pin is set to the high-impedance state by POE2 input
b8 TIOCOAE | TIOCOA Pin Function 0: TIOCOA pin is not changed by POEZ2 input R/W
1: TIOCOA pin is set to the high-impedance state by POE2 input
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3, b2 SMP[1:0] POE2 Pin Sampling Period Set | b3 b2 R/W
0 0 : No sampling period (falling edge)
0 1 :Low level is detected during 128 cycles of peripheral clock A
1 0 :Low level is detected during 256 cycles of peripheral clock A
1 1 :Low level is detected during 2048 cycles of peripheral clock A
b1 — Reserved This bit is read as 0. The write value should be 0. R
b0 POE2E POE2 Function Enable 0: POEZ2 function disabled R/W
1: POEZ2 function enabled

Notes: Set the PPR register to H'AA (write enabled) before rewriting this register.
* The TIOCODE bit is disabled in the SH72A0 Group.

The POE2 control register (POE2CR) is used to set the MTU-III corresponding pin (TIOCOA, TIOCOB, TIOCOC, or
TIOCOD) to the high-impedance state.

The POE2CR register is protected by the port protect register (PPR) from being written inadvertently.
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13.2.29 POE Monitor Register (POEM)
Address H'FF46 41A6
b7 b6 b5 b4 b3 b2 b1 b0
— — — — — |POE2M|POE1M{POEOM
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b3 — Reserved These bits are read as 0. The write value should be 0. R
b2 POE2M POE2 Monitor 0: No POEZ2 input R/W
1: POE2 input
b1 POE1M POE1 Monitor 0: No POE1 input R/W
1: POE1 input
b0 POEOM POEO Monitor 0: No POEQO input R/W
1: POEO input

Note: Set the PPR register to H'AA (write enabled) before rewriting this register.

The POE monitor register (POEM) is used to monitor a POEi input which meets the condition set by the SMP bits in

the POEICR register.

The POEM register is protected by the port protect register (PPR) from being written inadvertently.

POEIM Bit

This bit is enabled when the corresponding POEIE bit in the POEiCR register is set to 1 (POEi function enabled).
This bit is set to 1 when there is a POEi input which meets the condition set by the SMP bits in the POEiCR register.
At this time, the pin selected as high-impedance state by the POEiICR register goes to the high-impedance state.

To clear this bit to 0 from 1, write 0 to this bit or write 0 to the corresponding POEIE bit. After writing 0, read the
POEIM bit to check that the bit has been cleared to 0. If 1 is read from the bit, write 0 to it again.
When 1 is written to this bit while the bit is 0, the corresponding pin goes to high impedance. However, this bit does

not change (and the result of the POEi input is retained). No interrupt is generated.
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13.3 POEi Interrupt

A POEi interrupt is generated when a valid signal input to the POEi# pin is detected. This interrupt is used to release
the pin from the high-impedance state after the pin has become a high-impedance state through the POEi input.

[Interrupt Request Generation Conditions]

*  When the SMP bits in the POEiCR register is set to 00 (falling edge setting) and the POEIE bit is set to 1 (POEi
function enabled), if a falling edge is input to the POEi# pin while the POEiM bit in the POE monitor register is 0,
an interrupt request is generated and the corresponding IR bit in the interrupt request register for the INTC is set to
1. At this time, the POEiM bit is set to 1.

*  When the SMP bits in the POEICR register are set to a value other than 00 and the POEIE bit is set to 1 (POEi
function enabled), if a low-level signal is input to the POEi# pin during the period set by the SMP bits while the
POEiIM bit in the POE monitor register is 0, an interrupt request is generated and the corresponding IR bit in the
interrupt request register for the INTC is set to 1. At this time, the POEiM bit is also set to 1.

[Interrupt Request Clearing Conditions]
The IR bit in the interrupt request register for the INTC is automatically cleared when the interrupt is accepted.
However, the next interrupt request is not generated while the POEiM bit is 1, thus clear this bit to 0.
To clear the POEiM bit to 0 from 1, write O to this bit or write 0 to the POEIE bit. After writing 0, read the POEiM bit
to check that the bit has been cleared to 0. If 1 is read from the bit, write 0 to it again.
When the POEiM bit is cleared to 0, the high-impedance state of the corresponding pin is released.

13.4 Selection of /O Port Function

When the Pi function enable bit in the PFENO register is set to 0, the corresponding port functions as an I/O port.
If the function select bits (b4 to b0) in the port function select register for the corresponding port are set to 00000 when
the Pi function enable bit in the PFENO register is set to 1, the corresponding port functions as an I/O port.

13.4.1 Input Ports

When an I/O port is selected by setting the PFENO register and the corresponding port function select register, and
input is selected by the PiDR register, the corresponding port functions as an input port.

The level of the pin can be read by reading the port i register. When the port is used as a peripheral function, the level
of the pin can also be read by reading the port i register.

13.4.2 Output Ports

When an I/O port is selected by setting the PFENO register and the corresponding port function select register, and
output is selected by the PiDR register, the corresponding port functions as an output port.

The value written to the port i register is output. When the port i register is read while the PRFS bit in the PFSO register
is 0, the setting value of the port i register can be read. When the port i register is read while the PRFS bit in the PFSO
register is 1, the input level of the pin can be read.
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13.5 Selection of Peripheral Functions

When the Pi function enable bit in the PFENO register is set to 1, a peripheral function is selected by setting the
corresponding port function select register.

13.5.1  Selection of Input Pins Multiplexed at Multiple Sites

The input pins for the peripheral function that are multiplexed at multiple sites can be selected by setting registers
PFS1 to PFS3.

13.5.2 Selection of Output Pins Multiplexed at Multiple Sites

The output pins for the peripheral function that are multiplexed at multiple sites are set to the output of the peripheral
function, thus outputs from multiple pins are enabled.

13.5.3 Selection of Interrupt and A/D Converter Input Functions

To select the input function of NMI, INTO to INT13, POEO# to POE2#, ADTRG#, ANOINOO to ANOINOS, AN1INOO
to AN1INO7, AN1IN16, AN1IN17, AN1IN24 to AN1IN31, or AN1IN42 to AN1IN47*, set the corresponding bit in
the PiDR register to 0 (input). For ANOINOO to ANOINOS, ANTINOO to AN1INO7, AN1IN16, AN1TIN17, AN1IN24 to
ANIIN31, and AN1IN42 to AN1IN47%*, set the corresponding analog input pin select bit in the port function select
register to 1.

Analog input pin select bits are used to prevent the power consumption of the input buffer from increasing due to the

midpoint potential generated at analog input.
Note: * Pins INT9, INT11 to INT13, ADTRG#, AN1INOO to AN1INO3, AN1IN06, AN1INO7, AN1IN25 to AN1IN27,
AN1IN29, and AN1IN42 to AN1IN47 are not available in the SH72A0 Group.

13.5.4 Selection of CLKOUT Functions

To select the CLKOUT function, set the PD0O0S bits in the port D00 function select register (PD00S) to 00000, and set
the COE bit in the COCR register to 1.

13.6 Other Functions

Regardless of the settings of ports or peripheral functions, the setting of internal pull-up resistors (for applicable pins
per port), and the switching of input threshold values (for applicable pins per port).
Note: Internal pull-up resistor settings are invalid for pins in use as analog inputs.
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13.7 Note on the I/O Ports

13.7.1  Setting the Port Pni Function Select Register (PniS) (n=A,B,C,D, E, F, G,
J, K, L, N; i = number of an applicable 10 port pin)

Registers for setting the functions of Pni pins apply control over whether each of the pins has an input or output
function.

When a pin is set to operate as an input, the levels on the pin before and after the change not being the same may lead
to the generation of an edge in the signal and in turn to unintended operations. Accordingly, follow the procedure
below when setting up a pin to operate as an input pin.

1. Disable the input function (or operation) of the pin in the settings for the peripheral module handling the currently
selected pin function.
Set the input threshold value register for the given pin to a value other than “input disabled”.

3. Set the function select register for the corresponding Pni to select the input function for the pin.
Enable the input function (or operation) in the settings of the peripheral module that works with the current pin
function.

When an output function is to be set for the pin, the pin settings before and after the change being different may lead to
the internal generation of an edge and in turn to unintended operations. Accordingly, follow the procedure below when
setting up a pin to operate as an output pin.

1. Disable the output function (or operation) of the pin in the settings for the peripheral module handling the currently
selected pin function.
Set the function select register for the corresponding Pni to select the output function for the pin.

3. Enable the output function (or operation) in the settings of the peripheral module that works with the current pin
function.
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14. Compare Match Timer (CMT)

14.1 Introduction

This LSI has three units (the unit 0, the unit 1, and the unit 2) of the compare match timer (CMT) that comprise two

16-bit timer channels, which means that it has six channels in total. The CMT has a 16-bit counter, and can generate

interrupt requests at set intervals.
Table 14.1 lists CMT Specifications and Figure 14.1 shows CMT Block Diagram in Unit 0.

Table 14.1

CMT Specifications

Item

Description

Count source

The followings can be selected for each channel.
» Peripheral bus clock A divided by 8
« Peripheral bus clock A divided by 32
+ Peripheral bus clock A divided by 128
+ Peripheral bus clock A divided by 512
CMT count source origin (Only the CMTO can select this source origin.)

Interrupt request generation timing

Compare match: the value of the CMiCNT counter matches the value of the CMiCMSE register.

<Case of the unit 0>

Peripheral bus clock A

CcMI0 CMT count CcMI1 Peripheral bus clock A
A source origin® A
/
Control circuit | Clock selection [[| | controi circuit  [»{  Clock selection |

4

t A 4

T

CMO1STR

<
<

CMOCR

CMOCMSE
Comparator
CMOCNT

<
>

CM1CR
CM1CMSE
Comparator

CM1CNT

CMTO

CMT1 .
Bus interface

N2 N2 N2

N2 N2 N2

Module bus

CMli

[Legend] (i=0, 1)
CMO1STR:
CMIiCR
CMICMSE :
CMICNT

CMTO1 start register
: CMTi control register
CMTi compare match set register
: CMTi counter
: CMTi interrupt

For details, refer to section 5, Clocks.

Internal bus

Note 1. The clock made by a low-speed on-chip oscillator is used. This is enabled only in the CMTO.

Figure 14.1

CMT Block Diagram in Unit 0
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14.2 Registers
Table 14.2 lists Registers.

Table 14.2 Registers

Unit Module Register Name Symbol After Reset Address A;ci:;ess

Unit 0 Common CMTO1 start register CMO1STR H'0000 H'FFFE C000 16
CMTO CMTO control register CMOCR H'0000 H'FFFE C002 16

CMTO counter CMOCNT H'0000 H'FFFE C004 16

CMTO compare match set register CMOCMSE H'FFFF H'FFFE C006 16

CMT1 CMT1 control register CM1CR H'0000 H'FFFE C008 16

CMT1 counter CM1CNT H'0000 H'FFFE CO0A 16

CMT1 compare match set register CM1CMSE H'FFFF H'FFFE C00C 16

Unit 1 Common CMT23 start register CM23STR H'0000 H'FFFE C010 16
CMT2 CMT2 control register CM2CR H'0000 H'FFFE C012 16

CMT2 counter CM2CNT H'0000 H'FFFE C014 16

CMT2 compare match set register CM2CMSE H'FFFF H'FFFE C016 16

CMT3 CMT3 control register CM3CR H'0000 H'FFFE C018 16

CMT3 counter CM3CNT H'0000 H'FFFE CO1A 16

CMT3 compare match set register CM3CMSE H'FFFF H'FFFE C01C 16

Unit 2 Common CMT45 start register CM45STR H'0000 H'FFFE C020 16
CMT4 CMT4 control register CM4CR H'0000 H'FFFE C022 16

CMT4 counter CMA4CNT H'0000 H'FFFE C024 16

CMT4 compare match set register CM4CMSE H'FFFF H'FFFE C026 16

CMT5 CMTS5 control register CM5CR H'0000 H'FFFE C028 16

CMT5 counter CM5CNT H'0000 H'FFFE C02A 16

CMT5 compare match set register CM5CMSE H'FFFF H'FFFE C02C 16
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14.2.1

Address H'FFFE C000

CMTO01 Start Register (CM01STR)

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — — | STR1|STRO
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob2 |— Reserved These bits are read as 0. The write value should be 0. R
b1 STR1 Count Start 1 Bit 0: Stops count operation of CM1CNT counter R/W
1: Starts count operation of CM1CNT counter
b0 STRO Count Start 0 Bit 0: Stops count operation of CMOCNT counter R/W
1: Starts count operation of CMOCNT counter
14.2.2 CMT23 Start Register (CM23STR)
Address H'FFFE C010
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bo
— — — — — — — — — — — — — — | STR3|STR2
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob2 |— Reserved These bits are read as 0. The write value should be 0. R
b1 STR3 Count Start 3 Bit 0: Stops count operation of CM3CNT counter R/W
1: Starts count operation of CM3CNT counter
b0 STR2 Count Start 2 Bit 0: Stops count operation of CM2CNT counter R/W
1: Starts count operation of CM2CNT counter
14.2.3 CMT45 Start Register (CM45STR)
Address H'FFFE C020
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — — — — — — | STR5|STR4
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob2 |— Reserved These bits are read as 0. The write value should be 0. R
b1 STR5 Count Start 5 Bit 0: Stops count operation of CM5CNT counter R/W
1: Starts count operation of CM5CNT counter
b0 STR4 Count Start 4 Bit 0: Stops count operation of CM4CNT counter R/W
1: Starts count operation of CM4CNT counter
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14.2.4

Address

CMTi Control Register (CMiCR) (i = 0 to 5)

CM5CR: H'FFFE C028

CMOCR: H'FFFE C002, CM1CR: H'FFFE C008, CM2CR: H'FFFE C012, CM3CR: H'FFFE C018, CM4CR: H'FFFE C022,

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
— — — — — — — — — [CMIE| — — — |LOCO| CKSJ[1:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b15tob8 |— Reserved These bits are read as 0. The write value should be 0. R
b7 — Reserved This bit is read as an undefined value. The write value should be 1.| R
b6 CMIE CMTi Interrupt Enable Bit 0: CMTi interrupt (CMIi) is disabled. R/W
1: CMTi interrupt (CMIi) is enabled.
b5 to b3 — Reserved These bits are read as 0. The write value should be 0. R
b2 LOCO LOCO Select Bit* 0: Disabled R/W
1: CMT count source origin is selected.
b1, b0 CKSJ[1:0] Clock Select Bits b1 b0 R/W
0 0: Peripheral bus clock A divided by 8
0 1 : Peripheral bus clock A divided by 32
1 0: Peripheral bus clock A divided by 128
1 1 : Peripheral bus clock A divided by 512
Note: * This bit is enabled only in the CMTO. In the CMT1 to the CMT5, this bit is a reserved bit. (This bit is read as 0. The write value
should be 0.)
CMIE Bit

This bit selects whether to enable/disable generate the CMTi interrupts (CMIi) when the value in the CMiCNT
matches the value of the CMiCMSE.

LOCO Bit
This bit is enabled only in the CMTO.

When this bit is 1, the clock origin of the CMT count source made by a low-speed on-chip oscillator is selected as the
count source. On the setting for the clock origin of the CMT count source, refer to section 5, Clocks.
When this bit is 0, the count source set in the CKS bit is selected as the count source.

CKS Bit

This bit selects the count source.
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14.2.5 CMTi Counter (CMiCNT) (i = 0 to 5)

Address CMOCNT: H'FFFE C004, CM1CNT: H'FFFE C00A, CM2CNT: H'FFFE C014, CM3CNT: HFFFE CO1A,
CM4CNT: H'FFFE C024, CM5CNT: H'FFFE C02A

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Description R/W
R/W

b15to b0 | Up counter for generating interrupt requests

When the STRi bit in registers CMO1STR, CM23STR, or CM45STR is set to 1, the CMiCNT counter starts the count

up operation.
When the value in the CMiCNT counter matches the value of the CMiCMSE register, the CMiCNT counter is cleared

to H'0000 and then the CMTi interrupt request (CMIi) is generated. (i =0 to 5)

14.2.6 CMTi Compare Match Set Register (CMiCMSE) (i = 0 to 5)

Address CMOCMSE: H'FFFE C006, CM1CMSE: H'FFFE C00C, CM2CMSE: H'FFFE C016, CM3CMSE: H'FFFE C01C,
CM4CMSE: H'FFFE C026, CM5CMSE: H'FFFE C02C

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Description R/W
b15to b0 | Compare match interval with CMiCNT counter is set. (i= 0 to 5) R/W
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14.3 Operations

14.3.1 Interval Count Operation

When a count source is selected with the CKS bit in the CMiCR register and the STRi bit in registers CMO1STR,
CM23STR, and CM45STR is set to 1, the CMiCNT counter starts counting up. (Only the CMTO can select the CMT
count source origin with the LOSC bit.)

When the value in the CMiCNT counter matches the value of the CMiCMSE register, the CMiCNT counter is cleared

to H'0000 and then the CMTi interrupt request (CMIi) is generated. Then the CMiCNT counter starts counting up
again from H'0000.

Figure 14.2 shows the CMiCNT counter operation. (i =0 to 5)

CMICNT value Counter cleared by compare match with CMiCMSE register

CMICMSE registervalue |~~~ T AT AT

H'0000

» Time

Figure 14.2 Counter Operation

14.3.2 CMIiCNT Counter Count Timing

Four count sources obtained by dividing the peripheral bus clock A can be selected with the CKS bit in the CMiCR
register. (Only the CMTO can select the CMT count source origin with the LOSC bit.)
Figure 14.3 shows the CMiCNT counter count timing. (i =0 to 5)

Peripheral busclockA_I_l |_| |_| |_| |_| r"l I_l I_l I—I_
Count source _,_l ) |_|

AU
CMICNT counter value N-1 X N X N+1

Figure 14.3 Count Timing
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14.4 Interrupts

14.4.1 Interrupt Sources

The CMT has channels and each of them to which a different vector address is allocated has the CMTi interrupt
(CMIi). When the CMTi interrupt is generated, the corresponding interrupt request is output. When the interrupt
request is used to activate a CPU interrupt, the priority of channels can be changed by the interrupt controller settings.
For details, see section 8, Interrupt Controller (INTC).

Table 14.3 CMT Interrupt Sources

Name Interrupt Source Interrupt Flag DMAC Activation
CMTO interrupt (CMIO) | Compare match between CMOCNT and CMOCMSE IR142 Possible
CMT1 interrupt (CMI1) | Compare match between CM1CNT and CM1CMSE IR143 Possible
CMT2 interrupt (CMI2) | Compare match between CM2CNT and CM2CMSE IR144 Possible
CMT3 interrupt (CMI3) | Compare match between CM3CNT and CM3CMSE IR145 Possible
CMT4 interrupt (CMI4) | Compare match between CM4CNT and CM4CMSE IR146 Possible
CMTS5 interrupt (CMI5) | Compare match between CM5CNT and CM5CMSE IR147 Possible
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14.4.2 CMTi Interrupt Generation Timing

When the value in the CMiCNT counter matches the value of the CMiCMSE register, the CMTi interrupt (CMIi) is
generated. The compare match signal is generated in the last state in which the values are matched (at the time the
CMIiCNT counter is updated with the matched count value). That is, after the value in the CMiCNT counter matches
the value of the CMiCMSE register, the compare match signal (an internal signal) is not generated until the next count
source of the CMiCNT counter is input. Figure 14.4 shows Timing of CMTi Interrupt Request Output. (i = 0 to 5)

Peripheral bus clock A J

Count source

CMICNT counter value N X H’0000

CMiCMSE register value N

Compare match signal (internal signal)

Interrupt request output (internal signal)

Figure 14.4 Timing of CMTi Interrupt Request Output
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14.5 Notes on Compare Match Timer (CMT)

Take note of the following conflicts or operations to be generated when the CMT is activated.

14.5.1 Conflict between Write to CMiCNT Counter and Compare Match

When the compare match signal is generated while writing to the CMiCNT counter, clearing the CMiCNT counter has
priority over writing to it. Then the write to the CMiCNT counter is not performed. (i=0 to 5)
Figure 14.5 shows Conflict between Write to CMiCNT Counter and Compare Match.

Write to the CMICNT counter

Peripheral bus clock A I | I | I | I | I | | |

Internal write signal

Compare match signal (internal signal) | |

CMICNT counter value N

H'0000

Figure 14.5 Conflict between Write to CMiCNT Counter and Compare Match

14.5.2 Conflict between Write to CMiCNT Counter and Count-up

Even when a count-up occurs while writing to the CMiCNT counter, the write to the CMiCNT counter has priority
over the count-up and the count-up is not performed. (i= 0 to 5)
Figure 14.6 shows Conflict between Write to CMiCNT Counter and Count-up.

Write to the CMICNT counter

Peripheral bus clock A I | I | I | I | I | I |
Internal write signal | |

Count source | |
N X M

Data written into the CMICNT counter

CMICNT counter value

Figure 14.6 Conflict between Write to CMiCNT Counter and Count-up
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14.5.3 Notes on Write Operation for CMiCR

* Any write operation for the CMiCR register must be performed before the CMT is started (when the CMT has
stopped).

*  You can change the CKS1 and CKSO0 bits of the CMiCR register while the CMT is operating. For details, see Figure
14.7, Example of Procedure for Writing to CMiCR Register.

*  You can also change the CMIE bit of the CMiCR register while the CMT is operating. To do this, use the INTEN bit
of the ICRi register. For details about the INTEN bit, see section 8, Interrupt Controller (INTC).

Set the STRi bit of the CM01STR,
CM23STR, or CM45STR register to 0.
(The CMT counter stops.)

A

CMICNT = 0000h
(The CMTi counter value is cleared.)

A

CMiCMSE = desired-value*
(CMiCMSE is set again.)

A

Write to CMiCR

Note: * In the CMiCMSE register, set a value other than H'0000.

Figure 14.7 Example of Procedure for Writing to CMiCR Register

14.5.4 Notes on Count Clearance and Interrupt Generation when Counting is
Stopped

When counting is stopped by setting the STRi bit of the CMO1ISTR, CM23STR, or CM45STR register to 0, if the
value of the stopped CMiCNT and the value of the CMiCMSE register match, count clearance and an interrupt occur
the next time the count source is input.

If you do not want an interrupt to occur after stopping counting, disable generation of CMT interrupts by setting the
INTEN bit of the ICRIi register to 0 before setting the CMO1STR, CM23STR, or CM45STR register.

In addition, do not set the same value for both CMiCNT and the CMiCMSE register when the counting has stopped. If
such setting is attempted, count clearance and an interrupt occur the next time the count source is input.
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15. Timer Pulse Unit (TPU)

This LSI has four 16-bit timer pulse units (TPU1 to TPU4). Units 2 and 3 (TPU2 and TPU3) support cascade
connection. This chapter describes an LSI which has 16 timer pulse units.

15.1
Table 15.1 lists TPU Functions and Channels and Table 15.2 lists TPU Functions.

Introduction

Table 15.1 TPU Functions and Channels

Channel
4 channels/UNIT
4 channels/UNIT
4 channels/UNIT
4 channels/UNIT
2 channels/UNIT
4 channels/UNIT

Function

Input capture

Digital filter function

Output compare

Single-phase waveform output mode
PWM mode PWM mode 1
PWM mode 2

Table 15.2  TPU Functions
Description
ltem
Uniti(i=0,2,4,6,8,10, 12, or 14) Uniti(i=1,3,5,7,9,11, 13, or 15)
Count sources Selected by the CSS bit in the TPICR register Selected by the CSS bit in the TPICR register
b2 b1 b0 b2 b1 b0
0 O O :Peripheral bus clock A is not divided. 0 O O : Peripheral bus clock A is not divided.
0 O 1 :Peripheral bus clock A divided by 4 0 O 1 :Peripheral bus clock A divided by 4
0 1 O : Peripheral bus clock A divided by 16 0 1 0 : Peripheral bus clock A divided by 16
0 1 1 :Peripheral bus clock A divided by 64 0 1 1 :Peripheral bus clock A divided by 64
1 0 O : Peripheral bus clock A divided by 256 1 0 O : Peripheral bus clock A divided by 256
1 0 1 :Peripheral bus clock A divided by 1024 | 1 0 1 : Peripheral bus clock A divided by 1024
1 1 0 : Peripheral bus clock A divided by 4096 | 1 1 0 : Peripheral bus clock A divided by 4096
1 1 1 :Uniti+ 1 overflow 1 1 1 :Setting prohibited

TPiGRO, TPiGR1, TPiGR2, TPiGR3
TPjA, TPjB, TPiC, TPjD *

Low level, High level, Toggle
Duty 0% or 100% output is available

General registers

1/0O pins

Output level

TPIiCNT counter reset sources | Compare match, Input capture

Compare match Low level output, High level output, Toggle output

PWM mode Available
Phase shift mode Available
Input capture function Available
Buffer function Available
One-shot output mode 4 channels

A/D conversion timing 4 channels: TPiICNT counter reset of each unit

generator

6 sources/unit
» Compare match/input capture of each channel
TPiGRO, TPiGR1, TPiGR2, TPiGR3
* TPiCNT counter overflow
* TPICNT counter reset of each unit

Interrupt sources

5 sources/unit
» Compare match/input capture of each channel
TPIGRO, TPiGR1, TPiIGR2, TPIGR3
* TPICNT counter reset of each unit

DMA sources

Note: *j=00to 15
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Figure 15.1 and Figure 15.2 show the TPU block diagrams. For details on the internal unit, refer to Figure 15.2.

Peripheral bus clock A

TPU_TOP layer Count sources

f(PBA)/1, f(PBA)/4,
f(PBA)/16, f(PBA)/64,

f(PBA)/256, f(PBA)/1024,
f(PBA)/4096

f(PBA)

>

> Prescaler

[
-

Peripheral bus

<

Register read L |
] data control

Unit

» A/D conversion trigger

» |nterrupt request
(DMA transfer request)

\'7:

O /O pins

Units 0 to 15
Figure 15.1 TPU Block Diagram (1)
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I . :
Input pin Synchronization of —
O > input to the pin » Digital filter function for channels 0 to 3
(asynchronous) H-
> TPiCSTR
Peripheral -
D E— bus I/F TPIiPSCR1
TPICNT
Control logic Phase shift Output pin
TPIPSCNT - function O
TPICR
A/D conversion
TPiMD i
AID conversion trigger s
TPIIOCR trigger generation
TPiSR Interrupt request
Generation of (DMA transfer
TPiGRk interrupt request request ) _
(DMA transfer o
TPIPSPSE sources)
TPIPSCNTCR
A
TPiDF
TPIPSCRO
P Peripheral -
TPICNTRSE
TPIADCR
TPIADOTSEk
[Legend]i=0to 15, k=0to 3
TPICSTR : TPUi count start register TPIPSCR1: TPUi phase shift control register 1
TPRICNT : TPUi counter TPIPSCNT: TPUi phase shift counter
TPICR : TPUi control register TPIMD : TPUi mode register
TPIIOCR : TPUi /O control register TPiSR : TPUi status register
TPIGRk : TPUi general register k TPIPSPSE : TPUi phase shift period set register
TPiIPSCNTCR: TPUi phase shift counter control register TPiDF : TPUi digital filter register
TPIPSCRO : TPUi phase shift control register 0 TPIPSCDV: TPUi phase shift clock divide register
TPICNTRSE : TPUi counter reset register TPIADCR : TPUi AD conversion/one-shot output control register
TPIADOTSEk : TPUi AD conversion/one-shot output timing set register k

Figure 15.2 TPU Block Diagram (2)
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SH72A2 Group, SH72A0 Group 15. Timer Pulse Unit (TPU)

Table 15.3 lists TPU I/O Pins.

Table 15.3 TPU I/O Pins

Pin Name I/0 Description
TPOOA to TPOOD I/0 Pins in unit O for input capture input/output compare output/PWM output
TPO1A to TPO1D*1 I/0 Pins in unit 1 for input capture input/output compare output/PWM output
TPO2A to TP02D*2 I/O Pins in unit 2 for input capture input/output compare output/PWM output
TPO3A to TPO3D I/0 Pins in unit 3 for input capture input/output compare output/PWM output
TPO4A to TP04D*3 I/0 Pins in unit 4 for input capture input/output compare output/PWM output
TPO5A to TPO5D I/O Pins in unit 5 for input capture input/output compare output/PWM output
TPO6A to TPO6D I/0 Pins in unit 6 for input capture input/output compare output/PWM output
TPO7A to TPO7D I/0 Pins in unit 7 for input capture input/output compare output/PWM output
TPO8A to TP08D I/O Pins in unit 8 for input capture input/output compare output/PWM output
TPO9A to TP09D I/O Pins in unit 9 for input capture input/output compare output/PWM output
TP10A to TP10D I/0 Pins in unit 10 for input capture input/output compare output/PWM output
TP11A to TP11D 1/0 Pins in unit 11 for input capture input/output compare output/PWM output
TP12A to TP12D I/O Pins in unit 12 for input capture input/output compare output/PWM output
TP13A to TP13D I/0 Pins in unit 13 for input capture input/output compare output/PWM output
TP14A to TP14D I/0 Pins in unit 14 for input capture input/output compare output/PWM output
TP15A to TP15D I/O Pins in unit 15 for input capture input/output compare output/PWM output

Notes: 1. The TP01D pin cannot be used in the SH72A0 Group.
2. The TP0O2A and TP02B pins cannot be used in the SH72A0 Group.
3. The TP04C and TP04D pins cannot be used in the SH72A0 Group.

Note: < In this chapter the TPU 1/O pins in the unit i and the channel k are described below as TPjx.

Pin Name TPjx

Uniti k=0to3 Channel 0 Channel 1 Channel 2 Channel 3
(i=0to 15) X=_/_—\,B,C,orD ka kf1 kf2 kf3
j=00to 15 x=A x=B x=C x=D
i=0 j=00 TPOOA TPOOB TPOOC TPOOD
i=1 j=01 TPO1A TPO1B TPO1C TPO1D
i=2 j=02 TP02A TP02B TP02C TP02D
i=3 j=03 TPO3A TPO3B TPO3C TPO3D
i=4 j=04 TPO4A TP04B TP04C TP04D
i=5 j=05 TPO5A TP05B TP05C TPO5D
i=6 j=06 TPO6A TP06B TP06C TPO6D
i=7 j=07 TPO7A TPO7B TPO7C TPO7D
i=8 j=08 TPO8A TP08B TP08C TPO8D
i=9 j=09 TPO9A TPO9B TPO9C TPO9D
i=10 j=10 TP10A TP10B TP10C TP10D
i=11 ji=1 TP11A TP11B TP11C TP11D
i=12 j=12 TP12A TP12B TP12C TP12D
i=13 j=13 TP13A TP13B TP13C TP13D
i=14 j=14 TP14A TP14B TP14C TP14D
i=15 j=15 TP15A TP15B TP15C TP15D
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SH72A2 Group, SH72A0 Group 15. Timer Pulse Unit (TPU)

15.2 Registers
Table 15.4 to Table 15.12 list the TPU registers.

Table 15.4 TPU Registers (1)

Unit Register Name Symbol After Reset Address Ag(i:;:s

Unit 0 TPUO control register TPOCR H'00 H'FFFE 4000 8
TPUO mode register TPOMD H'CO H'FFFE 4001 8
TPUO status register TPOSR H'CO H'FFFE 4003 8
TPUO counter TPOCNT H'0000 H'FFFE 4004 16
TPUO general register 0 TPOGRO H'FFFF H'FFFE 4006 16
TPUO general register 1 TPOGR1 H'FFFF H'FFFE 4008 16
TPUO general register 2 TPOGR2 H'FFFF H'FFFE 400A 16
TPUO general register 3 TPOGR3 H'FFFF H'FFFE 400C 16
TPUO count start register TPOCSTR H'00 H'FFFE 4050 8
TPUO /O control register TPOIOCR H'0000 H'FFFE 400E 8,16
TPUO digital filter register TPODF H'00 H'FFFE 4032 8
TPUO AD conversion/one-shot output control register TPOADCR H'00 H'FFFE 4034 8

TPUO AD conversion/one-shot output timing set register 0 TPOADOTSEO H'0000 H'FFFE 4036 8, 16
TPUO AD conversion/one-shot output timing set register 1 TPOADOTSE1 H'0000 H'FFFE 4038 8, 16
TPUO AD conversion/one-shot output timing set register 2 TPOADOTSE2 H'0000 H'FFFE 403A 8, 16
TPUO AD conversion/one-shot output timing set register 3 TPOADOTSE3 H'0000 H'FFFE 403C 8,16

TPUO counter reset register TPOCNTRSE H'0000 H'FFFE 403E 8, 16
TPUO phase shift control register 0 TPOPSCRO H'00 H'FFFE 4030 8
TPUO phase shift control register 1 TPOPSCR1 H'00 H'FFFE 4051 8
TPUO phase shift clock divide register TPOPSCDV H'00 H'FFFE 4031 8
TPUO phase shift counter TPOPSCNT H'00 H'FFFE 4024 16
TPUO phase shift period set register TPOPSPSE H'FFFF H'FFFE 4028 16
TPUO phase shift counter control register TPOPSCNTCR H'00 H'FFFE 4020 8
Unit 1 TPU1 control register TP1CR H'00 H'FFFE 4100 8
TPU1 mode register TP1MD H'CO H'FFFE 4101 8
TPU1 status register TP1SR H'CO H'FFFE 4103 8
TPU1 counter TP1CNT H'0000 H'FFFE 4104 16
TPU1 general register 0 TP1GRO H'FFFF H'FFFE 4106 16
TPU1 general register 1 TP1GR1 H'FFFF H'FFFE 4108 16
TPU1 general register 2 TP1GR2 H'FFFF H'FFFE 410A 16
TPU1 general register 3 TP1GR3 H'FFFF H'FFFE 410C 16
TPU1 count start register TP1CSTR H'00 H'FFFE 4150 8
TPU1 1/O control register TP1I0OCR H'0000 H'FFFE 410E 8,16
TPU1 digital filter register TP1DF H'00 H'FFFE 4132 8
TPU1 AD conversion/one-shot output control register TP1ADCR H'00 H'FFFE 4134 8

TPU1 AD conversion/one-shot output timing set register 0 TP1ADOTSEO H'0000 H'FFFE 4136 8, 16
TPU1 AD conversion/one-shot output timing set register 1 TP1ADOTSE1 H'0000 H'FFFE 4138 8, 16
TPU1 AD conversion/one-shot output timing set register 2 TP1ADOTSE2 H'0000 H'FFFE 413A 8, 16
TPU1 AD conversion/one-shot output timing set register 3 TP1ADOTSE3 H'0000 H'FFFE 413C 8, 16
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Table 15.5 TPU Registers (2)

Unit Register Name Symbol After Reset Address Ag(izze:s
Unit 1 TPU1 counter reset register TP1CNTRSE H'0000 H'FFFE 413E 8, 16
TPU1 phase shift control register 0 TP1PSCRO H'00 H'FFFE 4130
TPU1 phase shift control register 1 TP1PSCR1 H'00 H'FFFE 4151
TPU1 phase shift clock divide register TP1PSCDV H'00 H'FFFE 4131

TPU1 phase shift counter TP1PSCNT H'00 H'FFFE 4124 16
TPU1 phase shift period set register TP1PSPSE H'FFFF H'FFFE 4128 16
TPU1 phase shift counter control register TP1PSCNTCR H'00 H'FFFE 4120 8

Unit 2 TPU2 control register TP2CR H'00 H'FFFE 4200 8
TPU2 mode register TP2MD H'CO H'FFFE 4201 8
TPU2 status register TP2SR H'CO H'FFFE 4203 8
TPU2 counter TP2CNT H'0000 H'FFFE 4204 16
TPU2 general register 0 TP2GRO H'FFFF H'FFFE 4206 16
TPU2 general register 1 TP2GR1 H'FFFF H'FFFE 4208 16
TPU2 general register 2 TP2GR2 H'FFFF H'FFFE 420A 16
TPU2 general register 3 TP2GR3 H'FFFF H'FFFE 420C 16
TPU2 count start register TP2CSTR H'00 H'FFFE 4250 8
TPU2 I/O control register TP2IOCR H'0000 H'FFFE 420E 8,16
TPU2 digital filter register TP2DF H'00 H'FFFE 4232 8
TPU2 AD conversion/one-shot output control register TP2ADCR H'00 H'FFFE 4234 8

TPU2 AD conversion/one-shot output timing set register 0 TP2ADOTSEO H'0000 H'FFFE 4236 8, 16
TPU2 AD conversion/one-shot output timing set register 1 TP2ADOTSE1 H'0000 H'FFFE 4238 8,16
TPU2 AD conversion/one-shot output timing set register 2 TP2ADOTSE2 H'0000 H'FFFE 423A 8, 16
TPU2 AD conversion/one-shot output timing set register 3 TP2ADOTSE3 H'0000 H'FFFE 423C 8, 16

TPU2 counter reset register TP2CNTRSE H'0000 H'FFFE 423E 8,16
TPU2 phase shift control register 0 TP2PSCRO H'00 H'FFFE 4230 8
TPU2 phase shift control register 1 TP2PSCR1 H'00 H'FFFE 4251 8
TPU2 phase shift clock divide register TP2PSCDV H'00 H'FFFE 4231 8
TPU2 phase shift counter TP2PSCNT H'00 H'FFFE 4224 16
TPU2 phase shift period set register TP2PSPSE H'FFFF H'FFFE 4228 16
TPU2 phase shift counter control register TP2PSCNTCR H'00 H'FFFE 4220 8
Unit 3 TPU3 control register TP3CR H'00 H'FFFE 4300 8
TPU3 mode register TP3MD H'CO H'FFFE 4301 8
TPU3 status register TP3SR H'CO H'FFFE 4303 8
TPU3 counter TP3CNT H'0000 H'FFFE 4304 16
TPU3 general register 0 TP3GRO H'FFFF H'FFFE 4306 16
TPU3 general register 1 TP3GR1 H'FFFF H'FFFE 4308 16
TPU3 general register 2 TP3GR2 H'FFFF H'FFFE 430A 16
TPU3 general register 3 TP3GR3 H'FFFF H'FFFE 430C 16
TPU3 count start register TP3CSTR H'00 H'FFFE 4350 8
TPU3 I/O control register TP3IOCR H'0000 H'FFFE 430E 8,16
TPU3 digital filter register TP3DF H'00 H'FFFE 4332 8
TPU3 AD conversion/one-shot output control register TP3ADCR H'00 H'FFFE 4334 8
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Table 15.6 TPU Registers (3)
Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 3 TPU3 AD conversion/one-shot output timing set register 0 TP3ADOTSEO H'0000 H'FFFE 4336 8, 16
TPU3 AD conversion/one-shot output timing set register 1 TP3ADOTSE1 H'0000 H'FFFE 4338 8, 16
TPU3 AD conversion/one-shot output timing set register 2 TP3ADOTSE2 H'0000 H'FFFE 433A 8,16
TPU3 AD conversion/one-shot output timing set register 3 TP3ADOTSE3 H'0000 H'FFFE 433C 8,16
TPUS3 counter reset register TP3CNTRSE H'0000 H'FFFE 433E 8, 16
TPUS3 phase shift control register 0 TP3PSCRO H'00 H'FFFE 4330 8
TPU3 phase shift control register 1 TP3PSCR1 H'00 H'FFFE 4351 8
TPU3 phase shift clock divide register TP3PSCDV H'00 H'FFFE 4331 8
TPU3 phase shift counter TP3PSCNT H'00 H'FFFE 4324 16
TPU3 phase shift period set register TP3PSPSE H'FFFF H'FFFE 4328 16
TPUS3 phase shift counter control register TP3PSCNTCR H'00 H'FFFE 4320 8

Unit 4 TPU4 control register TP4CR H'00 H'FFFE 4400 8
TPU4 mode register TP4MD H'CO H'FFFE 4401 8
TPU4 status register TP4SR H'CO H'FFFE 4403 8
TPU4 counter TP4CNT H'0000 H'FFFE 4404 16
TPU4 general register 0 TP4GRO H'FFFF H'FFFE 4406 16
TPU4 general register 1 TP4GR1 H'FFFF H'FFFE 4408 16
TPU4 general register 2 TP4GR2 H'FFFF H'FFFE 440A 16
TPU4 general register 3 TP4GR3 H'FFFF H'FFFE 440C 16
TPU4 count start register TP4CSTR H'00 H'FFFE 4450 8
TPU4 1/O control register TP4I0CR H'0000 H'FFFE 440E 8,16
TPU4 digital filter register TP4DF H'00 H'FFFE 4432 8
TPU4 AD conversion/one-shot output control register TP4ADCR H'00 H'FFFE 4434 8
TPU4 AD conversion/one-shot output timing set register 0 TP4ADOTSEO H'0000 H'FFFE 4436 8,16
TPU4 AD conversion/one-shot output timing set register 1 TP4ADOTSE1 H'0000 H'FFFE 4438 8, 16
TPU4 AD conversion/one-shot output timing set register 2 TP4ADOTSE2 H'0000 H'FFFE 443A 8, 16
TPU4 AD conversion/one-shot output timing set register 3 TP4ADOTSE3 H'0000 H'FFFE 443C 8,16
TPU4 counter reset register TP4CNTRSE H'0000 H'FFFE 443E 8, 16
TPU4 phase shift control register 0 TP4PSCRO H'00 H'FFFE 4430 8
TPU4 phase shift control register 1 TP4PSCR1 H'00 H'FFFE 4451 8
TPU4 phase shift clock divide register TP4PSCDV H'00 H'FFFE 4431 8
TPU4 phase shift counter TP4PSCNT H'00 H'FFFE 4424 16
TPU4 phase shift period set register TP4PSPSE H'FFFF H'FFFE 4428 16
TPU4 phase shift counter control register TP4PSCNTCR H'00 H'FFFE 4420 8

Unit 5 TPUS5 control register TP5CR H'00 H'FFFE 4500 8
TPUS5 mode register TP5MD H'CO H'FFFE 4501 8
TPUS5 status register TP5SR H'CO H'FFFE 4503 8
TPU5 counter TP5CNT H'0000 H'FFFE 4504 16
TPUS5 general register 0 TP5GRO H'FFFF H'FFFE 4506 16
TPUS5 general register 1 TP5GR1 H'FFFF H'FFFE 4508 16
TPU5 general register 2 TP5GR2 H'FFFF H'FFFE 450A 16
TPUS5 general register 3 TP5GR3 H'FFFF H'FFFE 450C 16
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15. Timer Pulse Unit (TPU)

Table 15.7 TPU Registers (4)
Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 5 TPUS5 count start register TP5CSTR H'00 H'FFFE 4550 8
TPUS5 1/0 control register TP5I0CR H'0000 H'FFFE 450E 8,16
TPUS digital filter register TP5DF H'00 H'FFFE 4532 8
TPU5 AD conversion/one-shot output control register TP5ADCR H'00 H'FFFE 4534 8
TPU5 AD conversion/one-shot output timing set register 0 TP5ADOTSEO H'0000 H'FFFE 4536 8, 16
TPU5 AD conversion/one-shot output timing set register 1 TP5ADOTSE1 H'0000 H'FFFE 4538 8, 16
TPU5 AD conversion/one-shot output timing set register 2 TP5ADOTSE2 H'0000 H'FFFE 453A 8, 16
TPU5 AD conversion/one-shot output timing set register 3 TP5ADOTSE3 H'0000 H'FFFE 453C 8, 16
TPUS5 counter reset register TP5CNTRSE H'0000 H'FFFE 453E 8,16
TPUS5 phase shift control register 0 TP5PSCRO H'00 H'FFFE 4530 8
TPUS5 phase shift control register 1 TP5PSCR1 H'00 H'FFFE 4551 8
TPUS5 phase shift clock divide register TP5PSCDV H'00 H'FFFE 4531 8
TPU5 phase shift counter TP5PSCNT H'00 H'FFFE 4524 16
TPUS5 phase shift period set register TP5PSPSE H'FFFF H'FFFE 4528 16
TPUS5 phase shift counter control register TP5PSCNTCR H'00 H'FFFE 4520 8

Unit 6 TPUG control register TP6CR H'00 H'FFFE 4600 8
TPU6 mode register TP6MD H'CO H'FFFE 4601 8
TPUBG status register TP6SR H'CO H'FFFE 4603 8
TPUG counter TP6CNT H'0000 H'FFFE 4604 16
TPUSG general register 0 TP6GRO H'FFFF H'FFFE 4606 16
TPUG general register 1 TP6GR1 H'FFFF H'FFFE 4608 16
TPUG general register 2 TP6GR2 H'FFFF H'FFFE 460A 16
TPUSG general register 3 TP6GR3 H'FFFF H'FFFE 460C 16
TPUG count start register TP6CSTR H'00 H'FFFE 4650 8
TPUS 1/0 control register TP6IOCR H'0000 H'FFFE 460E 8,16
TPUBS digital filter register TP6DF H'00 H'FFFE 4632 8
TPU6 AD conversion/one-shot output control register TP6ADCR H'00 H'FFFE 4634 8
TPU6 AD conversion/one-shot output timing set register 0 TP6ADOTSEO H'0000 H'FFFE 4636 8, 16
TPUB6 AD conversion/one-shot output timing set register 1 TP6ADOTSE1 H'0000 H'FFFE 4638 8, 16
TPU6 AD conversion/one-shot output timing set register 2 TP6ADOTSE2 H'0000 H'FFFE 463A 8,16
TPU6 AD conversion/one-shot output timing set register 3 TP6ADOTSE3 H'0000 H'FFFE 463C 8,16
TPUBG counter reset register TP6CNTRSE H'0000 H'FFFE 463E 8, 16
TPUG6 phase shift control register 0 TP6PSCRO H'00 H'FFFE 4630
TPUG phase shift control register 1 TP6PSCR1 H'00 H'FFFE 4651
TPUBG phase shift clock divide register TP6PSCDV H'00 H'FFFE 4631
TPUB6 phase shift counter TPEPSCNT H'00 H'FFFE 4624 16
TPUG6 phase shift period set register TP6PSPSE H'FFFF H'FFFE 4628 16
TPUBG phase shift counter control register TP6PSCNTCR H'00 H'FFFE 4620

Unit 7 TPUY control register TP7CR H'00 H'FFFE 4700
TPU7 mode register TP7MD H'CO H'FFFE 4701
TPUY status register TP7SR H'CO H'FFFE 4703
TPU7 counter TP7CNT H'0000 H'FFFE 4704 16
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Table 15.8 TPU Registers (5)

Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 7 TPU7 general register 0 TP7GRO H'FFFF H'FFFE 4706 16
TPU7 general register 1 TP7GR1 H'FFFF H'FFFE 4708 16
TPU7 general register 2 TP7GR2 H'FFFF H'FFFE 470A 16
TPU7 general register 3 TP7GR3 H'FFFF H'FFFE 470C 16
TPU7 count start register TP7CSTR H'00 H'FFFE 4750 8
TPUY 1/O control register TP7IOCR H'0000 H'FFFE 470E 8,16
TPU?7 digital filter register TP7DF H'00 H'FFFE 4732 8
TPU7 AD conversion/one-shot output control register TP7ADCR H'00 H'FFFE 4734 8

TPU7 AD conversion/one-shot output timing set register 0 TP7ADOTSEO H'0000 H'FFFE 4736 8,16
TPU7 AD conversion/one-shot output timing set register 1 TP7ADOTSE1 H'0000 H'FFFE 4738 8, 16
TPU7 AD conversion/one-shot output timing set register 2 TP7ADOTSE2 H'0000 H'FFFE 473A 8, 16
TPU7 AD conversion/one-shot output timing set register 3 TP7ADOTSE3 H'0000 H'FFFE 473C 8,16

TPU7 counter reset register TP7CNTRSE H'0000 H'FFFE 473E 8, 16
TPU7 phase shift control register 0 TP7PSCRO H'00 H'FFFE 4730
TPU7 phase shift control register 1 TP7PSCR1 H'00 H'FFFE 4751
TPU7 phase shift clock divide register TP7PSCDV H'00 H'FFFE 4731
TPU7 phase shift counter TP7PSCNT H'00 H'FFFE 4724 16
TPUY phase shift period set register TP7PSPSE H'FFFF H'FFFE 4728 16
TPU7 phase shift counter control register TP7PSCNTCR H'00 H'FFFE 4720 8
Unit 8 TPUB8 control register TP8CR H'00 H'FFFE 4800 8
TPU8 mode register TP8MD H'CO H'FFFE 4801 8
TPUS status register TP8SR H'CO H'FFFE 4803 8
TPU8 counter TP8CNT H'0000 H'FFFE 4804 16
TPUS8 general register 0 TP8GRO H'FFFF H'FFFE 4806 16
TPUB8 general register 1 TP8GR1 H'FFFF H'FFFE 4808 16
TPU8 general register 2 TP8GR2 H'FFFF H'FFFE 480A 16
TPUS8 general register 3 TP8GR3 H'FFFF H'FFFE 480C 16
TPU8 count start register TP8CSTR H'00 H'FFFE 4850 8
TPUS8 I/0 control register TP8IOCR H'0000 H'FFFE 480E 8,16
TPUS8 digital filter register TP8DF H'00 H'FFFE 4832 8
TPU8 AD conversion/one-shot output control register TP8ADCR H'00 H'FFFE 4834 8

TPUB8 AD conversion/one-shot output timing set register 0 TP8ADOTSEO H'0000 H'FFFE 4836 8, 16
TPU8 AD conversion/one-shot output timing set register 1 TPSADOTSE1 H'0000 H'FFFE 4838 8,16
TPU8 AD conversion/one-shot output timing set register 2 TPBADOTSE2 H'0000 H'FFFE 483A 8, 16
TPUB8 AD conversion/one-shot output timing set register 3 TP8ADOTSE3 H'0000 H'FFFE 483C 8, 16

TPUS counter reset register TP8CNTRSE H'0000 H'FFFE 483E 8,16
TPU8 phase shift control register 0 TP8PSCRO H'00 H'FFFE 4830 8
TPUB8 phase shift control register 1 TP8PSCR1 H'00 H'FFFE 4851 8
TPUS8 phase shift clock divide register TP8PSCDV H'00 H'FFFE 4831 8
TPU8 phase shift counter TP8PSCNT H'00 H'FFFE 4824 16
TPUB8 phase shift period set register TP8PSPSE H'FFFF H'FFFE 4828 16
TPU8 phase shift counter control register TP8PSCNTCR H'00 H'FFFE 4820 8
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Table 15.9 TPU Registers (6)

Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 9 TPU9 control register TPICR H'00 H'FFFE 4900 8
TPU9 mode register TPOMD H'CO H'FFFE 4901 8
TPU9 status register TP9SR H'CO H'FFFE 4903 8
TPU9 counter TPICNT H'0000 H'FFFE 4904 16
TPU9 general register 0 TP9GRO H'FFFF H'FFFE 4906 16
TPU9 general register 1 TP9GR1 H'FFFF H'FFFE 4908 16
TPU9 general register 2 TPI9GR2 H'FFFF H'FFFE 490A 16
TPU9 general register 3 TP9GR3 H'FFFF H'FFFE 490C 16
TPU9 count start register TPI9CSTR H'00 H'FFFE 4950 8
TPU9 I/O control register TP9IOCR H'0000 H'FFFE 490E 8,16
TPU9 digital filter register TPIODF H'00 H'FFFE 4932 8
TPU9 AD conversion/one-shot output control register TP9ADCR H'00 H'FFFE 4934 8

TPU9 AD conversion/one-shot output timing set register 0 TP9ADOTSEO H'0000 H'FFFE 4936 8, 16
TPU9 AD conversion/one-shot output timing set register 1 TPOADOTSE1 H'0000 H'FFFE 4938 8, 16
TPU9 AD conversion/one-shot output timing set register 2 TP9ADOTSE2 H'0000 H'FFFE 493A 8,16
TPU9 AD conversion/one-shot output timing set register 3 TP9ADOTSE3 H'0000 H'FFFE 493C 8,16

TPU9 counter reset register TPOCNTRSE H'0000 H'FFFE 493E 8, 16
TPU9 phase shift control register 0 TPI9PSCRO H'00 H'FFFE 4930 8
TPU9 phase shift control register 1 TP9PSCR1 H'00 H'FFFE 4951 8
TPU9 phase shift clock divide register TP9PSCDV H'00 H'FFFE 4931 8
TPU9 phase shift counter TPOPSCNT H'00 H'FFFE 4924 16
TPU9 phase shift period set register TPOPSPSE H'FFFF H'FFFE 4928 16
TPU9 phase shift counter control register TPOPSCNTCR H'00 H'FFFE 4920 8
Unit 10 TPU10 control register TP10CR H'00 H'FFFE 4A00 8
TPU10 mode register TP10MD H'CO H'FFFE 4A01 8
TPU10 status register TP10SR H'CO H'FFFE 4A03 8
TPU10 counter TP10CNT H'0000 H'FFFE 4A04 16
TPU10 general register 0 TP10GRO H'FFFF H'FFFE 4A06 16
TPU10 general register 1 TP10GR1 H'FFFF H'FFFE 4A08 16
TPU10 general register 2 TP10GR2 H'FFFF H'FFFE 4A0A 16
TPU10 general register 3 TP10GR3 H'FFFF H'FFFE 4A0C 16
TPU10 count start register TP10CSTR H'00 H'FFFE 4A50 8
TPU10 I/O control register TP10I0CR H'0000 H'FFFE 4A0E 8, 16
TPU10 digital filter register TP10DF H'00 H'FFFE 4A32
TPU10 AD conversion/one-shot output control register TP10ADCR H'00 H'FFFE 4A34

TPU10 AD conversion/one-shot output timing set register 0 | TP10ADOTSEO H'0000 H'FFFE 4A36 8,16
TPU10 AD conversion/one-shot output timing set register 1 TP10ADOTSE1 H'0000 H'FFFE 4A38 8, 16
TPU10 AD conversion/one-shot output timing set register 2 | TP10ADOTSE2 H'0000 H'FFFE 4A3A 8, 16
TPU10 AD conversion/one-shot output timing set register 3 | TP10ADOTSE3 H'0000 H'FFFE 4A3C 8,16

TPU10 counter reset register TP10CNTRSE H'0000 H'FFFE 4A3E 8, 16

TPU10 phase shift control register 0 TP10PSCRO H'00 H'FFFE 4A30

TPU10 phase shift control register 1 TP10PSCR1 H'00 H'FFFE 4A51
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Table 15.10 TPU Registers (7)

Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 10 TPU10 phase shift clock divide register TP10PSCDV H'00 H'FFFE 4A31 8
TPU10 phase shift counter TP10PSCNT H'00 H'FFFE 4A24 16
TPU10 phase shift period set register TP10PSPSE H'FFFF H'FFFE 4A28 16
TPU10 phase shift counter control register TP10PSCNTCR H'00 H'FFFE 4A20 8

Unit 11 TPU11 control register TP11CR H'00 H'FFFE 4B00 8
TPU11 mode register TP11MD H'CO H'FFFE 4B01 8
TPU11 status register TP11SR H'CO H'FFFE 4B03 8
TPU11 counter TP11CNT H'0000 H'FFFE 4B04 16
TPU11 general register 0 TP11GRO H'FFFF H'FFFE 4B06 16
TPU11 general register 1 TP11GR1 H'FFFF H'FFFE 4B08 16
TPU11 general register 2 TP11GR2 H'FFFF H'FFFE 4B0A 16
TPU11 general register 3 TP11GR3 H'FFFF H'FFFE 4B0C 16
TPU11 count start register TP11CSTR H'00 H'FFFE 4B50 8
TPU11 1/O control register TP1110CR H'0000 H'FFFE 4BOE 8,16
TPU11 digital filter register TP11DF H'00 H'FFFE 4B32 8
TPU11 AD conversion/one-shot output control register TP11ADCR H'00 H'FFFE 4B34

TPU11 AD conversion/one-shot output timing set register 0 | TP11ADOTSEO H'0000 H'FFFE 4B36 8, 16
TPU11 AD conversion/one-shot output timing set register 1 TP11ADOTSE1 H'0000 H'FFFE 4B38 8,16
TPU11 AD conversion/one-shot output timing set register 2 | TP11ADOTSE2 H'0000 H'FFFE 4B3A 8, 16
TPU11 AD conversion/one-shot output timing set register 3 | TP11ADOTSE3 H'0000 H'FFFE 4B3C 8, 16

TPU11 counter reset register TP11CNTRSE H'0000 H'FFFE 4B3E 8,16
TPU11 phase shift control register 0 TP11PSCRO H'00 H'FFFE 4B30
TPU11 phase shift control register 1 TP11PSCR1 H'00 H'FFFE 4B51
TPU11 phase shift clock divide register TP11PSCDV H'00 H'FFFE 4B31 8
TPU11 phase shift counter TP11PSCNT H'00 H'FFFE 4B24 16
TPU11 phase shift period set register TP11PSPSE H'FFFF H'FFFE 4B28 16
TPU11 phase shift counter control register TP11PSCNTCR H'00 H'FFFE 4B20 8
Unit 12 TPU12 control register TP12CR H'00 H'FFFE 4C00 8
TPU12 mode register TP12MD H'CO H'FFFE 4C01 8
TPU12 status register TP12SR H'CO H'FFFE 4C03 8
TPU12 counter TP12CNT H'0000 H'FFFE 4C04 16
TPU12 general register 0 TP12GRO H'FFFF H'FFFE 4C06 16
TPU12 general register 1 TP12GR1 H'FFFF H'FFFE 4C08 16
TPU12 general register 2 TP12GR2 H'FFFF H'FFFE 4COA 16
TPU12 general register 3 TP12GR3 H'FFFF H'FFFE 4C0C 16
TPU12 count start register TP12CSTR H'00 H'FFFE 4C50 8
TPU12 I/O control register TP12I0CR H'0000 H'FFFE 4COE 8,16
TPU12 digital filter register TP12DF H'00 H'FFFE 4C32
TPU12 AD conversion/one-shot output control register TP12ADCR H'00 H'FFFE 4C34 8

TPU12 AD conversion/one-shot output timing set register 0 | TP12ADOTSEO H'0000 H'FFFE 4C36 8,16
TPU12 AD conversion/one-shot output timing set register 1 TP12ADOTSEA1 H'0000 H'FFFE 4C38 8, 16
TPU12 AD conversion/one-shot output timing set register 2 | TP12ADOTSE2 H'0000 H'FFFE 4C3A 8,16
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Table 15.11 TPU Registers (8)
Unit Register Name Symbol After Reset Address Ag(izze:s

Unit 12 TPU12 AD conversion/one-shot output timing set register 3 | TP12ADOTSE3 H'0000 H'FFFE 4C3C 8,16
TPU12 counter reset register TP12CNTRSE H'0000 H'FFFE 4C3E 8,16
TPU12 phase shift control register 0 TP12PSCRO H'00 H'FFFE 4C30
TPU12 phase shift control register 1 TP12PSCR1 H'00 H'FFFE 4C51
TPU12 phase shift clock divide register TP12PSCDV H'00 H'FFFE 4C31
TPU12 phase shift counter TP12PSCNT H'00 H'FFFE 4C24 16
TPU12 phase shift period set register TP12PSPSE H'FFFF H'FFFE 4C28 16
TPU12 phase shift counter control register TP12PSCNTCR H'00 H'FFFE 4C20 8

Unit 13 TPU13 control register TP13CR H'00 H'FFFE 4D00 8
TPU13 mode register TP13MD H'CO H'FFFE 4D01 8
TPU13 status register TP13SR H'CO H'FFFE 4D03 8
TPU13 counter TP13CNT H'0000 H'FFFE 4D04 16
TPU13 general register 0 TP13GRO H'FFFF H'FFFE 4D06 16
TPU13 general register 1 TP13GR1 H'FFFF H'FFFE 4D08 16
TPU13 general register 2 TP13GR2 H'FFFF H'FFFE 4D0OA 16
TPU13 general register 3 TP13GR3 H'FFFF H'FFFE 4D0C 16
TPU13 count start register TP13CSTR H'00 H'FFFE 4D50 8
TPU13 I/O control register TP13I0CR H'0000 H'FFFE 4DOE 8,16
TPU13 digital filter register TP13DF H'00 H'FFFE 4D32
TPU13 AD conversion/one-shot output control register TP13ADCR H'00 H'FFFE 4D34
TPU13 AD conversion/one-shot output timing set register 0 | TP13ADOTSEO H'0000 H'FFFE 4D36 8,16
TPU13 AD conversion/one-shot output timing set register 1 TP13ADOTSE1 H'0000 H'FFFE 4D38 8, 16
TPU13 AD conversion/one-shot output timing set register 2 | TP13ADOTSE2 H'0000 H'FFFE 4D3A 8, 16
TPU13 AD conversion/one-shot output timing set register 3 | TP13ADOTSE3 H'0000 H'FFFE 4D3C 8,16
TPU13 counter reset register TP13CNTRSE H'0000 H'FFFE 4D3E 8, 16
TPU13 phase shift control register 0 TP13PSCRO H'00 H'FFFE 4D30
TPU13 phase shift control register 1 TP13PSCR1 H'00 H'FFFE 4D51
TPU13 phase shift clock divide register TP13PSCDV H'00 H'FFFE 4D31
TPU13 phase shift counter TP13PSCNT H'00 H'FFFE 4D24 16
TPU13 phase shift period set register TP13PSPSE H'FFFF H'FFFE 4D28 16
TPU13 phase shift counter control register TP13PSCNTCR H'00 H'FFFE 4D20 8

Unit 14 TPU14 control register TP14CR H'00 H'FFFE 4E00 8
TPU14 mode register TP14MD H'CO H'FFFE 4E01 8
TPU14 status register TP14SR H'CO H'FFFE 4E03 8
TPU14 counter TP14CNT H'0000 H'FFFE 4E04 16
TPU14 general register 0 TP14GRO H'FFFF H'FFFE 4E06 16
TPU14 general register 1 TP14GR1 H'FFFF H'FFFE 4E08 16
TPU14 general register 2 TP14GR2 H'FFFF H'FFFE 4E0A 16
TPU14 general register 3 TP14GR3 H'FFFF H'FFFE 4E0C 16
TPU14 count start register TP14CSTR H'00 H'FFFE 4E50 8
TPU14 I/O control register TP14I0CR H'0000 H'FFFE 4EOE 8,16
TPU14 digital filter register TP14DF H'00 H'FFFE 4E32 8
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Table 15.12 TPU Registers (9)

Unit Register Name Symbol After Reset Address Ag(izze:s
Unit 14 TPU14 AD conversion/one-shot output control register TP14ADCR H'00 H'FFFE 4E34 8

TPU14 AD conversion/one-shot output timing set register 0 | TP14ADOTSEO H'0000 H'FFFE 4E36 8, 16
TPU14 AD conversion/one-shot output timing set register 1 TP14ADOTSEA1 H'0000 H'FFFE 4E38 8,16
TPU14 AD conversion/one-shot output timing set register 2 | TP14ADOTSE2 H'0000 H'FFFE 4E3A 8, 16
TPU14 AD conversion/one-shot output timing set register 3 | TP14ADOTSE3 H'0000 H'FFFE 4E3C 8, 16

TPU14 counter reset register TP14CNTRSE H'0000 H'FFFE 4E3E 8, 16
TPU14 phase shift control register 0 TP14PSCRO H'00 H'FFFE 4E30
TPU14 phase shift control register 1 TP14PSCR1 H'00 H'FFFE 4E51
TPU14 phase shift clock divide register TP14PSCDV H'00 H'FFFE 4E31
TPU14 phase shift counter TP14PSCNT H'00 H'FFFE 4E24 16
TPU14 phase shift period set register TP14PSPSE H'FFFF H'FFFE 4E28 16
TPU14 phase shift counter control register TP14PSCNTCR H'00 H'FFFE 4E20 8
Unit 15 TPU15 control register TP15CR H'00 H'FFFE 4F00 8
TPU15 mode register TP15MD H'CO H'FFFE 4F01 8
TPU15 status register TP15SR H'CO H'FFFE 4F03 8
TPU15 counter TP15CNT H'0000 H'FFFE 4F04 16
TPU15 general register 0 TP15GRO H'FFFF H'FFFE 4F06 16
TPU15 general register 1 TP15GR1 H'FFFF H'FFFE 4F08 16
TPU15 general register 2 TP15GR2 H'FFFF H'FFFE 4FO0A 16
TPU15 general register 3 TP15GR3 H'FFFF H'FFFE 4F0C 16
TPU15 count start register TP15CSTR H'00 H'FFFE 4F50 8
TPU15 I/O control register TP1510CR H'0000 H'FFFE 4FOE 8,16
TPU15 digital filter register TP15DF H'00 H'FFFE 4F32
TPU15 AD conversion/one-shot output control register TP15ADCR H'00 H'FFFE 4F34

TPU15 AD conversion/one-shot output timing set register 0 | TP15ADOTSEO H'0000 H'FFFE 4F36 8, 16
TPU15 AD conversion/one-shot output timing set register 1 TP15ADOTSEA1 H'0000 H'FFFE 4F38 8, 16
TPU15 AD conversion/one-shot output timing set register 2 | TP15ADOTSE2 H'0000 H'FFFE 4F3A 8,16
TPU15 AD conversion/one-shot output timing set register 3 | TP15ADOTSE3 H'0000 H'FFFE 4F3C 8,16

TPU15 counter reset register TP15CNTRSE H'0000 H'FFFE 4F3E 8,16
TPU15 phase shift control register 0 TP15PSCRO H'00 H'FFFE 4F30 8
TPU15 phase shift control register 1 TP15PSCR1 H'00 H'FFFE 4F51 8
TPU15 phase shift clock divide register TP15PSCDV H'00 H'FFFE 4F31 8
TPU15 phase shift counter TP15PSCNT H'00 H'FFFE 4F24 16
TPU15 phase shift period set register TP15PSPSE H'FFFF H'FFFE 4F28 16
TPU15 phase shift counter control register TP15PSCNTCR H'00 H'FFFE 4F20 8
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15.2.1  TPUi Control Register (TPiCR) (i = 0 to 15)

TPOCR: H'FFFE 4000, TP1CR: H'FFFE 4100, TP2CR: H'FFFE 4200, TP3CR: H'FFFE 4300,
TP4CR: H'FFFE 4400, TP5CR: H'FFFE 4500, TP6CR: H'FFFE 4600, TP7CR: H'FFFE 4700,
TP8CR: H'FFFE 4800, TPO9CR: H'FFFE 4900, TP10CR: H'FFFE 4A00, TP11CR: H'FFFE 4B00,
TP12CR: HFFFE 4C00, TP13CR: H'FFFE 4D00, TP14CR: H'FFFE 4E00, TP15CR: H'FFFE 4F00

Address

b7 b6 b5 b4 b3 b2 b1 b0

TRS[2:0] CES[1:0] CSS[2:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b7 to b5 TRS[2:0] TPIiCNT Counter Reset Source R/W
Select Bits

: No reset source

: Compare match or input capture of channel 0

: Compare match or input capture of channel 1

: Compare match between the TPiPSCNT counter and
the TPIPSPSE register

: Reset triggered by the TPICNTRSE register setting

: Compare match or input capture of channel 2

: Compare match or input capture of channel 3

: Compare match between the TPiPSCNT counter and
the TPiIPSPSE register

o
cooof
- 2008
Ao_\og

A A A A
A a0 0
A0 a0

b4, b3 CES[1:0] Count Edge Select Bits R/W

: Rising edge
: Falling edge
: Both edges
: Both edges

—\—‘OOE

b2 to b0 CSS[2:0] Count Source Select Bits R/W

: Peripheral bus clock A is not divided.

: Peripheral bus clock A divided by 4

: Peripheral bus clock A divided by 16

: Peripheral bus clock A divided by 64

: Peripheral bus clock A divided by 256

: Peripheral bus clock A divided by 1024

: Peripheral bus clock A divided by 4096

:Uniti+ 1 overflow wheni=0, 2, 4,6, 8, 10, 12, or 14
Setting prohibited wheni=1,3,5,7,9, 11,13, or 15

—‘—\—\—‘OOOOS
0,020 -208g

Note: «i=0to 15

TRS Bit

The TPiCNT counter reset source is selected by the TRS bit. Set the GR2FS bit in the TPiMD register to 0 (the
TPiGR2 register is used for the input capture/output compare) when the TRS bit is B'101.

Set the GR3FS bit in the TPiMD register to 0 (the TPiGR3 register is used for the input capture/output compare) when
the TRS bit is B'110.

In phase shift mode, set the TRS bit to B'011 or B'111.

In PWM mode 2, set the TRS bit to B'100 and configure the TPiICNT counter cycle in the TPICNTRSE register.
When the TRS bit is B'001, B'010, B'101, or B'110, waveforms generated from the compare match are not output at
the corresponding output pin.

CES Bit

A counted edge is selected by the CES bit. The setting value is disabled and the rising edge is selected when the
peripheral bus clock A undivided is selected as a count source. The counted edge can be selected when an input clock
is the peripheral bus clock A divided by 4 or slower.

Set to 01 or 00 when an overflow in another unit is selected as a count source.
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CSS Bit
The TPiCNT counter count source is selected by the CSS bit.

15.2.2 TPUi Mode Register (TPiMD) (i = 0 to 15)

TPOMD: H'FFFE 4001, TP1MD: H'FFFE 4101, TP2MD: H'FFFE 4201, TP3MD: H'FFFE 4301,
TP4MD: H'FFFE 4401, TP5MD: H'FFFE 4501, TP6MD: H'FFFE 4601, TP7MD: H'FFFE 4701,
TP8MD: H'FFFE 4801, TPOMD: H'FFFE 4901, TP10MD: H'FFFE 4A01, TP11MD: H'FFFE 4B01,
TP12MD: H'FFFE 4C01, TP13MD: H'FFFE 4D01, TP14MD: H'FFFE 4E01, TP15MD: H'FFFE 4F01

Address

b7 b6 b5 b4 b3 b2 b1 b0
— — |GR3FS|GR2FS| — MDJ2:0]
After Reset 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 1. The write value should be 1. R
b5 GR3FS TPiGR3 Function Select Bit 0: TPiGR3 register is used for input capture/output compare. R/W
1: TPiGR3 register is used as buffer register.
b4 GR2FS TPiGR2 Function Select Bit 0: TPiGR2 register is used for input capture/output compare. R/W
1: TPiGR2 register is used as buffer register.
b3 — Reserved This bit is read as 0. The write value should be 0. R
b2 to b0 MD[2:0] Mode Select Bits b2 b1 b0 R/W
0 0 O :Timer mode
0 0 1 : Setting prohibited
0 1 0 :Pulse width modulation mode 1
0 1 1 :Pulse width modulation mode 2
1 0 O : Setting prohibited
1 0 1 : Setting prohibited
1 1 0 : Setting prohibited
1 1 1 : Setting prohibited

Note: «i=0to 15

GR3FS Bit

Whether the TPiGR3 register is used for the input capture/output compare or as the buffer register for the TPiGR1
register is selected by the GR3FS bit.

The TPiGR3 register cannot be used for the input capture/output compare when the TPiGR3 register is used as the
buffer register.

GR2FS Bit

Whether the TPiGR2 register is used for the input capture/output compare or as the buffer register for the TPiGRO
register is selected by using the GR2FS bit.

The TPiGR2 register cannot be used for the input capture/output compare when the TPiGR2 register is used as the
buffer register.

MD Bit
Operating mode is set by the MD bit.
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15.2.3 TPUi Status Register (TPiSR) (i = 0 to 15)

TPOSR: H'FFFE 4003, TP1SR: H'FFFE 4103, TP2SR: H'FFFE 4203, TP3SR: H'FFFE 4303,
TP4SR: H'FFFE 4403, TP5SR: H'FFFE 4503, TP6SR: H'FFFE 4603, TP7SR: H'FFFE 4703,
TP8SR: H'FFFE 4803, TPO9SR: H'FFFE 4903, TP10SR: H'FFFE 4A03, TP11SR: H'FFFE 4B03,
TP12SR: H'FFFE 4C03, TP13SR: H'FFFE 4D03, TP14SR: H'FFFE 4E03, TP15SR: H'FFFE 4F03

Address

b7 b6 b5 b4 b3 b2 b1 b0
— — — |TOVF| — — — —
After Reset 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 1. The write value should be 1. R
b5 — Reserved This bit is read as 0. The write value should be 0. R
b4 TOVF Overflow Flag 0: No overflow has occurred. R/W
1: Overflow has occurred.
b3 to b0 — Reserved These bits are read as undefined value. The write value should be 0. R

Note: «i=0to 15

TOVF Flag

The TOVF flag is a status flag indicating that the TPiICNT counter overflow has occurred.
Condition of being set to O:

*  When 0 is written to the TOVF flag after the TOVF flag is read while the flag is set to 1
Condition of being set to 1:

*  When the TPiCNT counter value is in the overflow (HFFFF — H'0000)

15.2.4 TPUi Counter (TPiCNT) (i = 0 to 15)

TPOCNT: H'FFFE 4004, TP1CNT: H'FFFE 4104, TP2CNT: H'FFFE 4204, TP3CNT: H'FFFE 4304,
TPACNT: H'FFFE 4404, TP5CNT: H'FFFE 4504, TP6CNT: H'FFFE 4604, TP7CNT: H'FFFE 4704,
TP8CNT: H'FFFE 4804, TPOCNT: H'FFFE 4904, TP10CNT: H'FFFE 4A04, TP11CNT: H'FFFE 4B04,
TP12CNT: H'FFFE 4C04, TP13CNT: H'FFFE 4D04, TP14CNT: H'FFFE 4E04, TP15CNT: H'FFFE 4F04

Address

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Description Setting Range R/W

b15to b0 | When the CST3 bit in the TPICSTR register is 1 to start counting: H'0000 to H'FFFF R/W
» Aread returns the counter value.
* When a value is written, the counter starts counting from this value.

When the CST3 bit in the TPICSTR register is 0 to stop counting and the MTUST bit in
the TPICSTR register is 0:

» Aread after a write is done returns the written value.
When the CST3 bit in the TPICSTR register is 0 to stop counting and the MTUST bit in
the TPICSTR register is 1:

« A read returns the counter value.

* When a value is written, the counter starts counting from this value.

Note: «i=0to 15
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15.2.5

TPUi General Register k (TPiGRk) (i=0to 15; k=0 to 3)

TPOGRO:
TP1GRO:
TP2GRO:
TP3GRO:
TP4GRO:

TP5GRO:

TP6GRO

Address

H'FFFE 4006, TPOGR1:
H'FFFE 4106, TP1GR1:
H'FFFE 4206, TP2GR1:
H'FFFE 4306, TP3GR1:
H'FFFE 4406, TP4GR1:

H'FFFE 4506, TP5GR1:

: H'FFFE 4606, TP6GR1:
TP7GRO:
TP8GRO:
TP9GRO:

H'FFFE 4706, TP7GR1:
H'FFFE 4806, TP8GR1:
H'FFFE 4906, TP9GR1:

H'FFFE 4008, TPOGR2:
H'FFFE 4108, TP1GR2:
H'FFFE 4208, TP2GR2:
H'FFFE 4308, TP3GR2:
H'FFFE 4408, TP4GR2:

H'FFFE 4508, TP5GR2:
H'FFFE 4608, TP6GR2:
H'FFFE 4708, TP7GR2:
H'FFFE 4808, TP8GR2:
H'FFFE 4908, TPOGR2:

H'FFFE 400A, TPOGRS:
H'FFFE 410A, TP1GR3:
H'FFFE 420A, TP2GR3:
H'FFFE 430A, TP3GR3:
H'FFFE 440A, TP4GR3:

H'FFFE 450A, TP5GR3:
H'FFFE 460A, TP6GR3:
H'FFFE 470A, TP7GR3:
H'FFFE 480A, TP8GR3:
H'FFFE 490A, TPO9GR3:

H'FFFE 400C,
H'FFFE 410C,
H'FFFE 420C,
H'FFFE 430C,
H'FFFE 440C,

H'FFFE 450C,
H'FFFE 460C,
H'FFFE 470C,
H'FFFE 480C,
H'FFFE 490C,

TP10GRO: H'FFFE 4A06, TP10GR1: H'FFFE 4A08, TP10GR2: H'FFFE 4A0A, TP10GR3: H'FFFE 4A0C,
TP11GRO: H'FFFE 4B06, TP11GR1: H'FFFE 4B08, TP11GR2: H'FFFE 4B0A, TP11GR3: H'FFFE 4B0C,
TP12GRO: H'FFFE 4C06, TP12GR1: H'FFFE 4C08, TP12GR2: H'FFFE 4COA, TP12GR3: H'FFFE 4COC,
TP13GRO: H'FFFE 4D06, TP13GR1: H'FFFE 4D08, TP13GR2: H'FFFE 4DO0A, TP13GR3: H'FFFE 4D0C,
TP14GRO: H'FFFE 4E06, TP14GR1: H'FFFE 4E08, TP14GR2: H'FFFE 4EO0A, TP14GR3: H'FFFE 4EQC,
TP15GRO0: H'FFFE 4F06, TP15GR1: H'FFFE 4F08, TP15GR2: H'FFFE 4F0A, TP15GR3: H'FFFE 4F0C

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Description Setting Range R/W
b15to b0 | When used for input capture: H'0000 to H'FFFF R/W
* When input capture occurs, the value in the TPICNT counter is stored.
When used for output compare:
» When matching the TPiCNT counter value, waveforms are output at the TPjx pin.
Note: «i=0t015,j=00t0 15;x=A,B,C,orD
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15.2.6 TPUi Count Start Register (TPiCSTR) (i = 0 to 15)
TPOCSTR: H'FFFE 4050, TP1CSTR: H'FFFE 4150, TP2CSTR: H'FFFE 4250, TP3CSTR: H'FFFE 4350,
Address TP4CSTR: H'FFFE 4450, TP5CSTR: H'FFFE 4550, TP6CSTR: H'FFFE 4650, TP7CSTR: H'FFFE 4750,

TP8CSTR: H'FFFE 4850, TPOCSTR: H'FFFE 4950, TP10CSTR: H'FFFE 4A50, TP11CSTR: H'FFFE 4B50,
TP12CSTR: H'FFFE 4C50, TP13CSTR: H'FFFE 4D50, TP14CSTR: H'FFFE 4E50, TP15CSTR: H'FFFE 4F50

b7 b6 b5 b4 b3 b2 b1 b0
— |MTUST|CST5| — |[CST3| — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 — Reserved This bit is read as 0. The write value should be 0. R
b6 MTUST MTU-III_TPU Synchronous 0: MTU-III_TPU synchronous start function is not used. R/W
Start Select Bit 1: MTU-III_TPU synchronous start function is used.
b5 CST5 TPIPSCNT Count Start Bit 0: Count stops. R/W
1: Count starts.
b4 — Reserved This bit is read as 0. The write value should be 0. R
b3 CST3 TPIiCNT Count Start Bit 0: Count stops. R/W
1: Count starts.
b2 to b0 — Reserved These bits are read as 0. The write value should be 0. R
Note: «i=0to 15
MTUST Bit

This bit selects whether or not to use the MTU-III_TPU synchronous start function. When the MTUST bitis 1 and 1 is
written to the CSTO bit in the MT01234STR register, the TPU starts counting. When the MTUST bit is 1 and 0 is
written to the CSTO bit in the MT01234STR register, the TPU stops counting.

CST5 Bit

This bit selects whether the TPUi phase shift counter (TPiPSCNT) starts or stops counting.

CST3 Bit

Whether the TPUi counter (TPiCNT) starts or stops counting is selected by the CST3 bit. The counter stops by setting
the CST3 bit to 0 when the TPjx pin is used in output mode, but the TPjx pin holds the output level. The pin output
level becomes the initial value by a write to the TPilOCR register when the CST3 bit is 0.
The counter does not start by setting the CST3 bit to 1 when the MTUST bit is 1. When the MTUST bit is 1 and then 1
is written to the CSTO bit in the MT01234 start register (MT01234STR) of the MTU-III, the CST3 bit is not set to 1

even if the TPU starts counting.
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15.2.7 TPUi I/O Control Register (TPilOCR) (i = 0 to 15)

TPOIOCR: H'FFFE 400E, TP1I0OCR: H'FFFE 410E, TP2IOCR: H'FFFE 420E, TP3IOCR: H'FFFE 430E,
TP4I0CR: H'FFFE 440E, TP5IOCR: H'FFFE 450E, TP6IOCR: H'FFFE 460E, TP7IOCR: H'FFFE 470E,
TP8IOCR: H'FFFE 480E, TPOIOCR: H'FFFE 490E, TP10I0CR: H'FFFE 4A0E, TP1110CR: H'FFFE 4BOE,
TP12I0CR: H'FFFE 4COE, TP13I0CR: H'FFFE 4DOE, TP14I0CR: H'FFFE 4EOE, TP15I0CR: H'FFFE 4FOE

Address

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
101[3:0] 100[3:0] 103[3:0] 102[3:0]
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

b15 to b12 | 101[3:0] Channel 1 Function Select Bits | Set output compare value/trigger for input capture. R/W
(Refer to Table 15.13 to Table 15.15)

b11to b8 |100[3:0] Channel 0 Function Select Bits | Set output compare value/trigger for input capture. R/W
(Refer to Table 15.13 to Table 15.15)

b7 to b4 103[3:0] Channel 3 Function Select Bits | Set output compare value/trigger for input capture. R/W
(Refer to Table 15.13 to Table 15.15)

b3 to b0 102[3:0] Channel 2 Function Select Bits | Set output compare value/trigger for input capture. R/W
(Refer to Table 15.13 to Table 15.15)

Table 15.13, Table 15.14, and Table 15.15 list Bit Settings to Use TPiGRk Register for Output Compare, Bit Settings
to Use TPiGRk Register for Input Capture, and Combinations of 10k Bit in TPilOCR Register and TPU 1/O Pin,
respectively.

Table 15.13  Bit Settings to Use TPiGRk Register for Output Compare

|10k Bit in TPIIOCR Register Output from TPjx Pin
0000 Output disabled
0001 Initial output value: low level, compare match: low level output
0010 Initial output value: low level, compare match: high level output
0011 Initial output value: low level, compare match: toggle output
0100 Output disabled
0101 Initial output value: high level, compare match: low level output
0110 Initial output value: high level, compare match: high level output
0111 Initial output value: high level, compare match: toggle output

Note: «i=0t0o15;k=0t03;j=00to 15;x=A,B,C,orD

Table 15.14  Bit Settings to Use TPiGRk Register for Input Capture

10k Bit in TPIIOCR Register Trigger for Input Capture
1000 Rising edge of the signal input to the TPjx pin
1001 Falling edge of the signal input to the TPjx pin
1010 Both edges of the signal input to the TPjx pin
1011 Both edges of the signal input to the TPjx pin
1100 to 1111 Setting prohibited

Note: «i=0t0o15;k=0t03;j=00t0 15;x=A,B,C,orD
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Table 15.15 Combinations of IOk Bit in TPilOCR Register and TPU I/O Pin

IOk Bit in TPIlOCR Register TPU I/O Pin
100 bit TPJA pin
101 bit TPB pin
102 bit TPjC pin
103 bit TPjD pin

Note: «i=0to15;k=01t03;j=00to 15

15.2.8 TPUi Digital Filter Register (TPiDF) (i = 0 to 15)

TPODF: H'FFFE 4032, TP1DF: H'FFFE 4132, TP2DF: H'FFFE 4232, TP3DF: H'FFFE 4332,
TPA4DF: H'FFFE 4432, TP5DF: H'FFFE 4532, TP6DF: H'FFFE 4632, TP7DF: H'FFFE 4732,
TP8DF: H'FFFE 4832, TPODF: H'FFFE 4932, TP10DF: H'FFFE 4A32, TP11DF: H'FFFE 4B32,
TP12DF: H'FFFE 4C32, TP13DF: H'FFFE 4D32, TP14DF: H'FFFE 4E32, TP15DF: H'FFFE 4F32

Address

b7 b6 b5 b4 b3 b2 b1 b0

= = = — | DFE3 | DFE2 | DFE1 | DFEO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b4 — Reserved These bits are read as 0. The write value should be 0. R
b3 DFE3 Channel 3 0: Digital filter function is not used. R/W
Digital Filter Function Enable Bit | 1: Digital filter function is used.
b2 DFE2 Channel 2 0: Digital filter function is not used. R/W
Digital Filter Function Enable Bit | 1: Digital filter function is used.
b1 DFE1 Channel 1 0: Digital filter function is not used. R/W
Digital Filter Function Enable Bit | 1: Digital filter function is used.
b0 DFEO Channel 0 0: Digital filter function is not used. R/W
Digital Filter Function Enable Bit | 1: Digital filter function is used.
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15.2.9 TPUi AD Conversion/One-Shot Output Control Register (TPiADCR) (i = 0 to 15)

TPOADCR: H'FFFE 4034, TP1ADCR: H'FFFE 4134, TP2ADCR: H'FFFE 4234, TP3ADCR: H'FFFE 4334,
TP4ADCR: H'FFFE 4434, TP5ADCR: HFFFE 4534, TP6ADCR: H'FFFE 4634, TP7ADCR: H'FFFE 4734,
TP8ADCR: H'FFFE 4834, TPOADCR: H'FFFE 4934, TP10ADCR: H'FFFE 4A34, TP11ADCR: H'FFFE 4B34,
TP12ADCR: H'FFFE 4C34, TP13ADCR: H'FFFE 4D34, TP14ADCR: H'FFFE 4E34, TP15ADCR: H'FFFE 4F34

Address

b7 b6 b5 b4 b3 b2 b1 b0
ADTE3[1:0] | ADTE2[1:0] | ADTE1[1:0] | ADTEO[1:0]
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 ADTE3[1:0] | Channel 3 b7 b6 R/W
AD Conversion Trigger/ 0 0 : A/D conversion trigger function and one-shot output
One-shot Output Select Bits function are not used.
1 : A/D conversion trigger function is used.
1 0 : One-shot output function is used.
1 1 : Setting prohibited
b5, b4 ADTEZ2[1:0] | Channel 2 b5 b4 R/W
AD Conversion Trigger/ 0 0 : A/D conversion trigger function and one-shot output
One-shot Output Select Bits function are not used.
0 1 : A/D conversion trigger function is used.
1 0 : One-shot output function is used.
1 1 : Setting prohibited
b3, b2 ADTE1[1:0] | Channel 1 b3 b2 R/W
AD Conversion Trigger/ 0 0 : A/D conversion trigger function and one-shot output
One-shot Output Select Bits function are not used.
0 1 : A/D conversion trigger function is used.
1 0 : One-shot output function is used.
1 1 : Setting prohibited
b1, b0 ADTEO[1:0] | Channel 0 b1 b0 R/W
AD Conversion Trigger/ 0 0 : A/D conversion trigger function and one-shot output
One-shot Output Select Bits function are not used.
0 1 : A/D conversion trigger function is used.
1 0 : One-shot output function is used.
1 1 : Setting prohibited
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15.2.10 TPUi AD Conversion/One-Shot Output Timing Set Register k (TPIADOTSEK)
(i=0to15; k=0 to 3)

TPOADOTSEOQ: H'FFFE 4036, TPOADOTSE1: H'FFFE 4038, TPOADOTSEZ2: H'FFFE 403A, TPOADOTSES3: H'FFFE 403C,
TP1ADOTSEO: H'FFFE 4136, TP1ADOTSE1: H'FFFE 4138, TP1ADOTSE2: H'FFFE 413A, TP1ADOTSE3: H'FFFE 413C,
TP2ADOTSEO: H'FFFE 4236, TP2ADOTSE1: H'FFFE 4238, TP2ADOTSE2: H'FFFE 423A, TP2ADOTSES3: HFFFE 423C,
TP3ADOTSEOQ: H'FFFE 4336, TP3ADOTSE1: H'FFFE 4338, TP3ADOTSE2: H'FFFE 433A, TP3ADOTSES3: HFFFE 433C,
TP4ADOTSEO: H'FFFE 4436, TP4ADOTSE1: H'FFFE 4438, TP4ADOTSE2: H'FFFE 443A, TP4ADOTSE3: H'FFFE 443C,

TP5ADOTSEOQ: H'FFFE 4536, TPSADOTSE1: H'FFFE 4538, TP5ADOTSE2: H'FFFE 453A, TP5ADOTSES: H'FFFE 453C,
TPGADOTSEO: H'FFFE 4636, TP6ADOTSE1: H'FFFE 4638, TP6ADOTSEZ2: H'FFFE 463A, TP6ADOTSES3: H'FFFE 463C,
TP7ADOTSEOQ: HFFFE 4736, TP7TADOTSE1: H'FFFE 4738, TP7TADOTSE2: H'FFFE 473A, TP7ADOTSES3: HFFFE 473C,
TP8ADOTSEOQ: H'FFFE 4836, TPBADOTSE1: H'FFFE 4838, TP8ADOTSE2: H'FFFE 483A, TPSBADOTSES3: H'FFFE 483C,
TPOADOTSEO: H'FFFE 4936, TPOADOTSE1: H'FFFE 4938, TPOADOTSE2: H'FFFE 493A, TPOADOTSES: H'FFFE 493C,

Address

TP10ADOTSEO: H'FFFE 4A36, TP10ADOTSE1: HFFFE 4A38, TP10ADOTSE2: H'FFFE 4A3A, TP10ADOTSE3: H'FFFE 4A3C,
TP11ADOTSEQ: H'FFFE 4B36, TP11ADOTSE1: HFFFE 4B38, TP11ADOTSE2: HFFFE 4B3A, TP11ADOTSE3: H'FFFE 4B3C,
TP12ADOTSEO: HFFFE 4C36, TP12ADOTSE1: HFFFE 4C38, TP12ADOTSE2: HFFFE 4C3A, TP12ADOTSES3: HFFFE 4C3C,
TP13ADOTSEO: HFFFE 4D36, TP13ADOTSE1: HFFFE 4D38, TP13ADOTSE2: HFFFE 4D3A, TP13ADOTSE3: HFFFE 4D3C,
TP14ADOTSEO: HFFFE 4E36, TP14ADOTSE1: H'FFFE 4E38, TP14ADOTSE2: HFFFE 4E3A, TP14ADOTSES: HFFFE 4E3C,
TP15ADOTSEQ: H'FFFE 4F36, TP15ADOTSE1: HFFFE 4F38, TP15ADOTSE2: HFFFE 4F3A, TP15ADOTSES3: HFFFE 4F3C

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Description Setting Range R/W
b15to b0 | A/D conversion timing/one-shot output timing is set. H'0001 to H'FFFF R/W

Note: < The value to be set is “H'0001” or above when the one-shot output timing function is selected.

When the A/D conversion trigger function is selected in the TPUi AD conversion/one-shot output control register
(TPiADCR), this register setting value indicates the A/D conversion timing. When the setting value matches the
TPiCNT counter value, the A/D conversion start trigger is generated.

When the one-shot output function is selected in the TPUi AD conversion/one-shot output control register
(TPiADCR), this register setting value indicates the one-shot output timing. Then the TPiGRk stores the value that the
setting value plus the TPICNT counter value at the time makes.
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15.2.11 TPUi Counter Reset Register (TPICNTRSE)

TPOCNTRSE: H'FFFE 403E, TP1CNTRSE: H'FFFE 413E, TP2CNTRSE: H'FFFE 423E,
TP3CNTRSE: H'FFFE 433E, TPACNTRSE: H'FFFE 443E, TP5CNTRSE: H'FFFE 453E,
TP6CNTRSE: H'FFFE 463E, TP7CNTRSE: H'FFFE 473E, TP8CNTRSE: H'FFFE 483E,
TPOCNTRSE: H'FFFE 493E, TP10CNTRSE: H'FFFE 4A3E, TP11CNTRSE: H'FFFE 4B3E,
TP12CNTRSE: H'FFFE 4C3E, TP13CNTRSE: H'FFFE 4D3E, TP14CNTRSE: HFFFE 4E3E,
TP15CNTRSE: H'FFFE 4F3E

Address

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Description Setting Range R/W
b15to b0 | TPICNT counter reset H'0000 to H'FFFF R/W

Note: «i=0to 15

When the TRS bit in the TPiCR register is B'100 and the setting value of this register matches the value of the TPiCNT
counter, the TPiCNT counter is reset. Then the A/D conversion trigger is output at the A/D converter regardless of the
type of the TPiIADCR register setting. At the register of the A/D converter, select whether or not to use the A/D
conversion caused by the TPiICNT counter reset of the TPU. Then an interrupt request is output at an interrupt
controller.

15.2.12 TPUi Phase Shift Control Register 0 (TPiPSCRO) (i = 0 to 15)

TPOPSCRO: H'FFFE 4030, TP1PSCRO: H'FFFE 4130, TP2PSCRO: H'FFFE 4230, TP3PSCRO: H'FFFE 4330,
TP4PSCRO: H'FFFE 4430, TPSPSCRO: H'FFFE 4530, TP6PSCRO: H'FFFE 4630, TP7PSCRO: H'FFFE 4730,
TP8PSCRO: H'FFFE 4830, TPO9PSCRO: H'FFFE 4930, TP10PSCRO: H'FFFE 4A30, TP11PSCRO: H'FFFE 4B30,
TP12PSCRO: H'FFFE 4C30, TP13PSCRO: H'FFFE 4D30, TP14PSCRO: H'FFFE 4E30, TP15PSCRO: H'FFFE 4F30

Address

b7 b6 b5 b4 b3 b2 b1 )
— — — — — — — | PSM
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7 to b1 — Reserved These bits are read as 0. The write value should be 0. R
b0 PSM Phase Shift Mode Select Bit 1 | 0: Phase shift mode (channel shift mode) is not used. R/W
1: Phase shift mode (channel shift mode) is used.
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15.2.13 TPUi Phase Shift Control Register 1 (TPiPSCR1) (i = 0 to 15)

TPOPSCR1: HFFFE 4051, TP1PSCR1: H'FFFE 4151, TP2PSCR1: H'FFFE 4251, TP3PSCR1: H'FFFE 4351,
TP4PSCR1: H'FFFE 4451, TP5PSCR1: H'FFFE 4551, TP6PSCR1: H'FFFE 4651, TP7TPSCR1: H'FFFE 4751,
TP8PSCR1: HFFFE 4851, TPOPSCR1: H'FFFE 4951, TP10PSCR1: H'FFFE 4A51, TP11PSCR1: H'FFFE 4B51,
TP12PSCR1: H'FFFE 4C51, TP13PSCR1: H'FFFE 4D51, TP14PSCR1: H'FFFE 4E51, TP15PSCR1: H'FFFE 4F51

Address

b7 b6 b5 b4 b3 b2 b1 b0
— — |TSRE5| — [TSRE3| — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
b7, b6 — Reserved These bits are read as 0. The write value should be 0. R
b5 TSRE5 Phase Shift Mode Select Bit 5 | 0: Phase shift mode (channel shift mode) is not used. R/W
1: Phase shift mode (channel shift mode) is used.
b4 — Reserved This bit is read as 0. The write value should be 0. R
b3 TSRE3 Phase Shift Mode Select Bit 3 | 0: Phase shift mode (channel shift mode) is not used. R/W

1: Phase shift mode (channel shift mode) is used.

b2 to b0 — Reserved These bits are read as 0. The write value should be 0. R

15.2.14 TPUi Phase Shift Clock Divide Register (TPiPSCDV) (i = 0 to 15)

TPOPSCDV: H'FFFE 4031, TP1PSCDV: H'FFFE 4131, TP2PSCDV: HFFFE 4231, TP3PSCDV: H'FFFE 4331,
TP4PSCDV: HFFFE 4431, TP5PSCDV: H'FFFE 4531, TP6PSCDV: H'FFFE 4631, TP7PSCDV: H'FFFE 4731,
TP8PSCDV: H'FFFE 4831, TPOPSCDV: H'FFFE 4931, TP10PSCDV: H'FFFE 4A31, TP11PSCDV: H'FFFE 4B31,
TP12PSCDV: H'FFFE 4C31, TP13PSCDV: HFFFE 4D31, TP14PSCDV: H'FFFE 4E31, TP15PSCDV: H'FFFE 4F31

Address

b7 b6 b5 b4 b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0
Bit Description Setting Range R/W
b7 to b0 If the setting value is n, the count source for the TPICNT counter is divided by n. H'00 to H'FF R/W
The cycle divided by n is a phase shift time.

Note: «i=0to 15
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15.2.15 TPUi Phase Shift Counter (TPiPSCNT) (i = 0 to 15)

TPOPSCNT: H'FFFE 4024, TP1PSCNT: H'FFFE 4124, TP2PSCNT: H'FFFE 4224, TP3PSCNT: H'FFFE 4324,
TP4PSCNT: HFFFE 4424, TP5PSCNT: H'FFFE 4524, TP6PSCNT: H'FFFE 4624, TP7TPSCNT: H'FFFE 4724,
TP8PSCNT: H'FFFE 4824, TPOPSCNT: H'FFFE 4924, TP10PSCNT: H'FFFE 4A24, TP11PSCNT: H'FFFE 4B24,
TP12PSCNT: H'FFFE 4C24, TP13PSCNT: H'FFFE 4D24, TP14PSCNT: H'FFFE 4E24, TP15PSCNT: H'FFFE 4F24

Address

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bd b3 b2 b1 b0
After Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit Description Setting Range R/W

b15to b0 | When the CST5 bit in the TPICSTR register is 1 to start counting: H'0000 to H'FFFF R/W

» Aread returns the counter value.

» When a value is written, the counter starts counting from this value.

When the CST5 bit is 0 to stop counting:
» Aread after a write is done returns the written value.

Note: «i=0to 15

15.2.16 TPUi Phase Shift Period Set Register (TPiPSPSE) (i = 0 to 15)

TPOPSPSE: H'FFFE 4028, TP1PSPSE: H'FFFE 4128, TP2PSPSE: H'FFFE 4228, TP3PSPSE: H'FFFE 4328,
TP4PSPSE: H'FFFE 4428, TPSPSPSE: H'FFFE 4528, TP6PSPSE: H'FFFE 4628, TP7PSPSE: H'FFFE 4728,
TP8PSPSE: H'FFFE 4828, TPOPSPSE: H'FFFE 4928, TP10PSPSE: H'FFFE 4A28, TP11PSPSE: H'FFFE 4B28,
TP12PSPSE: H'FFFE 4C28, TP13PSPSE: H'FFFE 4D28, TP14PSPSE: H'FFFE 4E28, TP15PSPSE: H'FFFE 4F28

Address

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
After Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit Description Setting Range R/W
b15to b0 | The setting value is equivalent to the cycle of PWM mode 2. H'0000 to H'FFFF R/W
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15.2.17 TPUi Phase Shift Counter Control Register (TPiPSCNTCR) (i = 0 to 15)

TPOPSCNTCR: H'FFFE 4020, TP1PSCNTCR: H'FFFE 4120, TP2PSCNTCR: H'FFFE 4220,
TP3PSCNTCR: H'FFFE 4320, TP4PSCNTCR: H'FFFE 4420, TP5PSCNTCR: H'FFFE 4520,
TP6PSCNTCR: H'FFFE 4620, TP7PSCNTCR: H'FFFE 4720, TP8PSCNTCR: H'FFFE 4820,
TPOPSCNTCR: H'FFFE 4920, TP10PSCNTCR: H'FFFE 4A20, TP11PSCNTCR: H'FFFE 4B20,
TP12PSCNTCR: H'FFFE 4C20, TP13PSCNTCR: H'FFFE 4D20, TP14PSCNTCR: H'FFFE 4E20,
TP15PSCNTCR: H'FFFE 4F20

Address

b7 b6 b5 b4 b3 b2 b1 b0

— | TRS[1:0] CES[1:0] CSS[2:0]

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W
b7 — Reserved This bit is read as 0. The write value should be 0. R
b6, b5 TRS[1:0] TPIiCNT Reset Source Select b6 b5 R/W
Bits 0 0 : No reset source
0 1 : Setting prohibited
1 0 : Compare match between the TPiPSPSE register and the

TPiPSCNT counter

: No reset source

-

b4, b3 CES[1:0] Count Edge Select Bits R/W

: Rising edge
: Falling edge
: Both edges
: Both edges

b2 to b0 CSS[2:0] Count Source Select Bits R/W

: Peripheral bus clock A is not divided.

: Peripheral bus clock A divided by 4

: Peripheral bus clock A divided by 16

: Peripheral bus clock A divided by 64

: Peripheral bus clock A divided by 256

: Peripheral bus clock A divided by 1024
: Peripheral bus clock A divided by 4096
: Setting prohibited

—‘OAO—\O—‘Og

Note: «i=0to 15

TRS Bit
The TPiCNT counter reset source is selected by the TRS bit. In phase shift mode, set the TRS bit to B'10.

CES Bit

A counted edge is selected by the CES bit. The setting value is disabled and a rising edge is selected when the
peripheral bus clock A undivided is selected as a count source. The counted edge can be selected when an input clock
is the peripheral bus clock A divided by 4 or slower.

CSS Bit
The TPiCNT counter count source is selected by the CSS bit.
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15.3 TPIiCNT Counter

The TPiCNT counter performs increment operations, free-running count operations and cycle count operations. Table
15.16 lists TPiCNT Counter Specifications and Figure 15.3 shows a TPiCNT Counter Block Diagram.

Table 15.16 TPiCNT Counter Specifications

it Description
em
Uniti(i=0,2,4,86,8, 10, 12, or 14) Uniti(i=1,3,5,7,9, 11, 13, or 15)
Count sources Selected by the CSS bit in the TPICR register Selected by the CSS bit in the TPICR register
b2 b1 b0 b2 b1 b0
0 O O :Peripheral bus clock A is not divided 0 O O : Peripheral bus clock A is not divided
0 O 1 :Peripheral bus clock A divided by 4 0 O 1 :Peripheral bus clock A divided by 4
0 1 O : Peripheral bus clock A divided by 16 0 1 0 : Peripheral bus clock A divided by 16
0 1 1 :Peripheral bus clock A divided by 64 0 1 1 : Peripheral bus clock A divided by 64
1 0 O : Peripheral bus clock A divided by 256 | 1 0 0 : Peripheral bus clock A divided by 256
1 0 1 :Peripheral bus clock A divided by 1024 | 1 0 1 : Peripheral bus clock A divided by 1024
1 1 0 :Peripheral bus clock A divided by 4096 | 1 1 0 : Peripheral bus clock A divided by 4096
1 1 1 :Uniti+ 1 overflow 1 1 1 : Setting prohibited
Counting operation Increment
Count start condition The CST3 bit in the TPICSTR register is set to 1 (count starts).
Count stop condition The CST3 bit in the TPICSTR register is set to 0 (count stops).

TPIiCNT counter reset condition | Reset under the condition set by the TRS bit in the TPiCR register.
Reset triggered by the TPICNTRSE register setting

Value when TPICNT counteris | H'0000

reset
Interrupt request generation TPIiCNT counter overflow
timing
Read from TPIiCNT counter A read returns the counter value when the TPICNT counter is counting.
A read returns the counter value while the TPICNT counter is halted.
Write to TRPICNT counter Refer to section 15.10.1, Collision of Write Signal to TPiCNT Counter and Various Signals
Peripheral bus clock A Division Edge . :
f(PBA) selection selection TPIiCNT counter |——- Overflow interrupt request
CSS bit CES bit
(O] )
Reset
source
selection
TRS bit

TPICNTRSE register @

Notes: 1. Bits CSS, CES, and TRS are bits in the TPiCR register.
For details, refer to section 15.2.1, TPUi Control Register (TPiCR) (i = 0 to 15).
2. For details, refer to section 15.2.11, TPUi Counter Reset Register (TPICNTRSE).
Note: < i=0to15

Figure 15.3 TPiCNT Counter Block Diagram
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Table 15.17 lists register settings associated with the count operation.

Table 15.17 Count Operation Settings
TPIiCNT Counter Operation Register Bit Setting
Free-running operation TPICR CSS Select the count source.
TPICSTR CST3 Set to 1 (count starts).
Cycle count operation TPIiCR CSS Select the count source.
TPICR TRS Select the reset source
TPICSTR CST3 Set to 1 (count starts).

Note: «i=0to 15

15.3.1

Free-Running Operation and Cycle Count Operation

All the TPiCNT counters in the TPU are set as free-running counters after reset. The TPiCNT counter is incremented
as the free-running counter by setting its corresponding bit in the TPiCSTR register to 1. The TOVF bit in the TPiSR
register is set to 1 when the TPiCNT counter overflows (H'FFFF — H'0000), and the TPiCNT counter overflow
interrupt request is generated.
The TPiCNT counter continues to be incremented from H'0000 after overflows. Figure 15.4 shows an Operation

Example of TPiICNT Counter as Free-Running Counter.

TPIiCNT counter value

A
HIFFFF ........................................................................................................
H'0000 . p|ime
CST3 bit
TOVF flag
Note. «i=0to 15
Figure 15.4 Operation Example of TPiCNT Counter as Free-Running Counter
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When a compare match is selected as the TPICNT counter reset source, the TPICNT counter in the corresponding unit
performs a cycle count operation. The TPiCNT counter reset by the compare match is selected by using the TRS bit in
the TPiCR register, and the CST3 bit in the TPiCSTR register is set to 1 to increment the corresponding TPiCNT
counter as a cycle counter.

The TPiCNT counter is reset to H'0000 and a compare match interrupt request in the TPiGRk register is generated
when the counter value corresponds to the TPiGRk register value. The TPiCNT counter continues to be incremented
from H'0000 after the compare match. Figure 15.5 shows an Operation Example of TPiCNT Counter as Cycle Counter

TPIiCNT counter value TPICNT counter reset by compare
4 /match with TPiGRK register
TP|GRk register Value ....................................................................................................

H'0000 . . | o iMe

CST3 bit : :
Interrupt request signal |_| |_|

Note. «i=0to15;k=0to 3

Figure 15.5 Operation Example of TPiCNT Counter as Cycle Counter

R0O1UH0164EJ0100 Rev.1.00 RENESAS Page 321 of 1118
Apr 20, 2012



SH72A2 Group, SH72A0 Group 15. Timer Pulse Unit (TPU)

15.3.2 TPiCNT Counter Count Timing

Figure 15.6 shows Count Timing of Internal Count Source.

Peripheral bus clock A
f(PBA)

Count source Falling edge Rising edge Falling edge
v v v
Input clock of
the TPICNT counter
TPiCNT counter value N-1 X N X N+ 1 X

Note. «i=0to 15

Figure 15.6 Count Timing of Internal Count Source

Figure 15.7 shows TPiCNT Counter Overflow Timing.

Peripheral bus clock A
f(PBA)

Input clock of

the TPiICNT counter

TPICNT counter value HFFFE X HFFFF X H'0000 X H'0001
Overflow signal
TOVF flag |

Interrupt request signal

Note. «i=0to15

Figure 15.7 TPiCNT Counter Overflow Timing
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15.4 Cascade Connection

The cascade connection is a function to connect the TPiICNT counters in two units to operate as a 32-bit counter. With
this function, the overflow of the TPiCNT (i + 1) counter can be counted as count source for the TPICNT counter by
setting the CSS bit in the TPiCR register (i =0, 2, 4, 6, 8, 10, 12, or 14) to B'111 (the overflow of the unit (i + 1)).
Table 15.18 lists Cascade Connection Settings.

Table 15.18 Cascade Connection Settings
- 16 Low-Order | 16 High-Order .
Combination Bits Bits Setting

TPOCNT and TP1CNT TP1CNT TPOCNT Set the CSS bit in the TPOCR register to B'111.

Set the MD bit in the TPOMD register to B'000 (timer mode).
TP2CNT and TP3CNT TP3CNT TP2CNT Set the CSS bit in the TP2CR register to B'111.

Set the MD bit in the TP2MD register to B'000 (timer mode).
TP4CNT and TP5CNT TP5CNT TP4CNT Set the CSS bit in the TP4CR register to B'111.

Set the MD bit in the TP4MD register to B'000 (timer mode).
TP6CNT and TP7CNT TP7CNT TP6CNT Set the CSS bit in the TPBCR register to B'111.

Set the MD bit in the TP6MD register to B'000 (timer mode).
TP8CNT and TPOCNT TPICNT TP8CNT Set the CSS bit in the TP8CR register to B'111.

Set the MD bit in the TP8MD register to B'000 (timer mode).
TP10CNT TP11CNT TP10CNT Set the CSS bit in the TP10CR register to B'111.
and TP11CNT Set the MD bit in the TP10MD register to B'000 (timer mode).
TP12CNT TP13CNT TP12CNT Set the CSS bit in the TP12CR register to B'111.
and TP13CNT Set the MD bit in the TP12MD register to B'000 (timer mode).
TP14CNT TP15CNT TP14CNT Set the CSS bit in the TP14CR register to B'111.
and TP15CNT Set the MD bit in the TP14MD register to B'000 (timer mode).

In Figure 15.8, the TPOCNT counter is counted by the TP1CNT counter overflows, registers TPOGR0O and TP1GRO
are set as the input capture registers, and rising edges of signals input to pins TPOOA and TPO1A are set as triggers for

the input capture.

The falling edges are simultaneously input to pins TPOOA and TPO1A to store 16 high-order bits (the value of the
TPOCNT counter) into the TPOGRO register and 16 low-order bits (the value of the TPICNT counter) into the

TP1GRO register.

Count source of
the TPOCNT counter

TPOCNT counter value

Count source of
the TP1CNT counter

[ ]

H'03A1

X

H'03A2

[ ]

TP1CNT counter value H'FFFF X H'0000 H'0001
Pins TPOOA and TPO1A |
TPOGRO register value X H'03A2
TP1GRO register value X H'0000
Figure 15.8 Cascade Connection Example
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15.5 Input Capture Function

The value of the TPiCNT counter can be transferred to the TPiGRk register by detecting edges of a signal input to the
TPU pin. The edges to be detected can be selected from rising edge/falling edge/both edges. Table 15.19 lists Input
Capture Specifications and Table 15.20 lists Register Settings Associated with Input Capture Function.

Table 15.19 Input Capture Specifications

Item

Description

Measurement channel

Channels 0, 1,2, and 3

Trigger input

Rising edge/falling edge/both edges of the TPjx pin

Measurement start condition

Set the 10k bit in the TPIIOCR register as the trigger source for the input capture.

Measurement stop condition

Set the 10k bit in the TPIIOCR register to the value except the trigger source for the input
capture.

Time measurement timing

Every time a trigger is input

Interrupt request generation timing

Trigger input timing

TPjx pin function

Trigger input

Selectable function

« Digital filter function

The input level of the TPjx pin is determined for every count source cycle of the TPICNT
counter and the signals holding the same level during three sequential cycles are passed as
the trigger input level.

Buffer function

The TPiGR2 register and the TPiGR3 register can be used as the buffer register for the
TPIGRO register and the TPiGR1 register, respectively. When the trigger is input, the value
of the TPICNT counter is transferred to the TPiGRO or TPiGR1 register, and at the same time
the value stored in the TPiGRO register and the TPiGR1 register are transferred to the
TPIGR2 register and the TPiGRS3 register, respectively.

.

Note: «i=0t015k=0t03;j=00t0 15;x=A,B,C,orD

Table 15.20 Register Settings Associated with Input Capture Function

Register Bit Setting

TPRIIOCR 10k Select the trigger.
TPIiDF — Select the digital function filter.
TPIMD GR2FS, GR3FS Buffer select function

Note: «i=0to15;k=0t03
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Figure 15.9 shows an Input Capture Operation Example set as below:
» Select the rising edge and falling edge of the TPjA pin.

» Select the falling edge of the TPjB pin.

» Reset the TPiCNT counter at the falling edge of the TPjB pin.

. TPIiCNT counter reset at falling edge
TPIiCNT counter value '/ of the TPJB pm
HOT80 o
HI0160 ................................................... A A AR
Hl0010 .‘................................................g ....................... : .......................
HIOOO5 .......... : ........................................ % ......................... E ......................
H'0000 \ f | Jime
TPA pin A l v J
TPiGRO register value X H'0005 X H'0160§ [
TPJB pin | v
TPiGR1 register value X X H'0180
Note. *+i=0to15;j=00to 15
Figure 15.9 Input Capture Operation Example
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Figure 15.10 shows Input Capture Timing.

Peripheral bus clock A
f(PBA)

Count source of the TPiICNT
counter (f(PBA)/4)

Input signal from the TPjx pin

Input capture signal
(rising edge is selected)

TPIiCNT counter value

TPiGRKkK register value

Reset signal of
the TPICNT counter

Interrupt request signal

TPIiCNT counter value

TPiGRO and TPiGR1
register values

TPiGR2 and TPiGR3
register values

N+1

N+1

Buffer
operation

Note. *+i=0t015;k=0103;j=00to 15;x=A, B, C,orD

Figure 15.10 Input Capture Timing
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15.5.1 Buffer Function

This function can be used in the input capture and output compare. In this section, the buffer function is used in the
input capture. Table 15.21 lists Register Combinations and Table 15.22 lists Buffer Associated Register Settings.

Table 15.21 Register Combinations

TPU General Register Buffer Register
TPIiGRO TPIGR2
TPiGR1 TPIiCR3

Note: «i=0to 15

Table 15.22 Buffer Associated Register Settings

Register Bit Description
TPRIIOCR 10k Select the trigger for the input capture.
TPIMD GR2FS, GR3FS Select the buffer register.

Note: «i=0to15;k=0to 3

In Figure 15.11, when a trigger is input from the TPjA pin, the value of the TPiCNT counter is transferred to the
TPiGRO register, and at the same time the value stored in the TPiGRO register is transferred to the TPiGR2 register.

Trigger input from the TPjA pin
(input capture signal)
I:éggf TPIGRO TPICNT
(buffer) register counter
Input signal from the TPjA pin |
TPIiCNT counter value n-1 X n: X n+1
\J’ransfer
. . : Buffer
TPiGRO register value m X n operation
\;I’ransfer
TPIGR2 register value (buffer) X m
Note. «+i=01t015;j=00to 15
Figure 15.11  Buffer Operation Example
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Figure 15.12 shows an application of the buffer function set as below:
Set both edges input to the TPjA pin as the input capture trigger.
Reset the TPiCNT counter by the input capture.

Use registers TPiGRO and TPiGR2 for the buffer function.

TPIiCNT counter value
A

H'OF07

H'09FB

H'0532

H'0000 |

TPjA pin T:

TPiGRO register value :

H'0532 H'OF07

TPIGR2 register value :

H'0532 H'OF07

Note. «i=0to15;j=00to 15

Figure 15.12  Buffer Function Application Example
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15.5.2 Digital Filter Function

This function determines the input level of the TPjx pin for every count source cycle of the TPiICNT counter and
passes the signals holding the same level during three sequential cycles as the trigger input level. Table 15.23 lists
Register Settings Associated with Digital Filter Function, and Figure 15.13 shows Trigger Signal When Using Digital
Filter.

Table 15.23 Register Settings Associated with Digital Filter Function

Register Bit Description
TPIiDF DFEk Select the digital filter function.

Note: «i=0to15;k=0to 3

Sampling source (M

Input to the TPjx pin

. . Signals which do not hold the same level :
Trigger signal after during three sequential cycles are filtered .
passing the digital filter . .
The trigger is delayed by
passing the digital filter

Note 1. The count source for the TPICNT counter is the sampling source.
Note. +i=0t015;j=00t0 15;x=A,B,C,orD

Figure 15.13  Trigger Signal When Using Digital Filter
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15.6 Output Compare Function
Waveforms are output from the TPjx pin by the compare match between the TPiCNT counter and the TPiGRk register.
The output compare has the following two modes:
* Single-phase waveform output mode
* PWM mode

15.6.1 Single-Phase Waveform Output Mode

The value set by the 10k bit in the TPiIOCR register is output from the TPjx pin when the value of the TPiCNT
counter matches that of the TPiGRk register. The output level can be selected from the low level output/high level
output/toggle output. Table 15.24 lists Specifications of Single-Phase Waveform Output Mode and Table 15.25 lists
Register Settings Associated with Output Compare Function.

Table 15.24 Specifications of Single-Phase Waveform Output Mode

Item Description

Output waveform  Free-running operation
Set the TSRE bit in the TPIPSCR1 register to 0.
When the TRS bit in the TPICR register is B'000 or B'100 (reset is not used)

. 65536
Cycle: -

Initial value level: n

T: The count source for the TPICNT counter
n: The setting value of the TPiGRk register (H'0000 to H'FFFF)

» The TRPIiCNT counter is reset when the value of the TPICNT counter matches that of the TPiGRk
register.

_n+1
T

T: The count source for the TPiCNT counter
n: The setting value of the TPiGRKk register (H'0000 to H'FFFF)

Waveform output start condition The 10k bit in the TPIIOCR register is set to the output compare value.

Cycle:

Waveform output stop condition The IOk bit in the TPIIOCR register is set to the value except the output compare

Interrupt request generation timing | When the compare match between the TPiCNT counter and the TPiGRKk register occurs

TPjx pin Pulse signal output

Selectable function + Buffer function

The TPiGR2 register and the TPiGR3 register can be used as the buffer register for the TPiGRO
register and the TPiGR1 register, respectively. When the compare match occurs, the values
stored in the TPiIGR2 register and the TPiGRS register are transferred to the TPiGRO register
and the TPiGR1 register, respectively.

Note: «i=0to15;k=0to 3

Table 15.25 Register Settings Associated with Output Compare Function

Register Bit Setting
TPIIOCR 10k Select the initial output value and the output level when the compare match occurs.
TPIMD GR2FS, GR3FS Buffer select function

Note: «i=0to15;k=0t03
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Figure 15.14 shows Operation Example of Low Level Output/High Level Output.

In figure 15.14, the TPiCNT counter operates as a free-running counter, 1 is output from the TPjA pin by the compare
match between the TPICNT counter and the TPiGRO register, and 0 is output from the TPjB pin by the compare match
between the TPiCNT counter and the TPiGR1 register. The pin level is fixed by matching the output level set by the

IOk bit in the TPiIOCR register with the pin output level.

TPIiCNT counter value
A

H'FFFF

TPiGRO register value

TPiGR1 register value

H'0000 : .
* No change * No change
TPA pin : High level output
TPjB pin : No change ‘. No change

Note. «i=0to015;j=00to 15

Low level output

Figure 15.14

Figure 15.15 shows a Toggle Output Operation Example.

Operation Example of Low Level Output/High Level Output

In Figure 15.15, the TPiCNT counter operates as a cycle counter (TPiCNT counter reset by the compare match with
the TPiGR1 register), and the output level is set to the toggle output by the compare match between the TPiGRO

register and the TPiGR1 register.

TPiCNT counter value
A

H'FFFF
TPiGRO register value

TPiGR1 register value

TPIiCNT counter reset by the compare match with the TPiGR1 register

Note. «i=0t015;j=00to 15

H'0000 . . » Time
TPjA pin | | : | Toggle output
TPjB pin | | | Toggle output

Figure 15.15 Toggle Output Operation Example
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Figure 15.16 shows Output Compare Timing.

Peripheral bus clock A
f(PBA)

TPICNT counter count
source (f(PBA)/4)

TPIiCNT counter value

TPiGRK register value

Compare match signal

Output from the TPjx pin
(initially low level and high
level by compare match)

Reset signal of
the TPiICNT counter

Interrupt request signal

TPIiGRO and TPiGR1
register values

TPiGR2 and TPiGR3
register values

pd

Y N

: m

: Buffer

: operation
m

Note. *+i=0t0o15;k=01t03;j=00to 15;x=A, B, C,orD

Figure 15.16  Output Compare Timing
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15.6.2 Buffer Function

This function can be used in the input capture and output compare. In this section, the buffer function is used in the
output compare.
Table 15.26 lists Register Combinations and Table 15.27 lists Buffer Associated Register Settings.

Table 15.26 Register Combinations

TPU General Register Buffer Register
TPiGRO TPiIGR2
TPiIGR1 TPIiCR3

Note: «i=0to 15

Table 15.27 Buffer Associated Register Settings

Register Bit Description
TPIIOCR 10k Select the initial output value and the output level when the compare match occurs.
TPIMD GR2FS, GR3FS Select the buffer function.

Note: «i=0to15;k=0t03

Figure 15.17 shows a Buffer Operation Example.
In Figure 15.17, the value of the TPiGR2 register is transferred to the TPiGRO register when the compare match
between the TPOCNT counter and the TPiGRO register occurs.

Compare match signal

TPiGR2 register

(buffer) TPiGRO register Comparator TPiCNT counter
TPIiCNT counter value m-1 X m X m+1
TPIGRO register value m

X n
: / Transfer
TPiGR2 register value :

(buffer) n:

Input signal from the TPjA pin

Note. - i=0to15;j=00to 15

Figure 15.17  Buffer Operation Example
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Figure 15.18 shows an application of the buffer function set as below:

e Set to PWM mode

I.

» The TPiCNT counter is reset by the compare match between the TPiCNT counter and the TPiGR1 register.

» The output level from the TPjA pin becomes high by the compare match between the TPICNT counter and the

TPiGRO register.

» Use registers TPiGRO and TPiGR?2 for the buffer function.

TPIiCNT counter value

TPiGRO register value

H'0450

TPjA pin

Note. «i=0to15;j=

00to 15

A
TPIGR1 register Ry 7= 111> T T .. H'0520
H'0450 _ o
. .
H0200 ~ I : Do
. : : : Do
TP1GRO register value |—— :