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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of theinformation contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atota system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1.

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.
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General Precautionson the Handling of Products

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are not connected to any of the internal circuitry; they are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined. The states of internal
circuits are undefined until full power is supplied throughout the chip and alow level is
input on the reset pin. During the period where the states are undefined, the register
settings and the output state of each pin are also undefined. Design your system so that it
does not malfunction because of processing whileit isin this undefined state. For those
products which have areset function, reset the LSI immediately after the power supply has
been turned on.

4. Prohibition of accessto undefined or reserved addresses

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.

Rev. 2.0, 09/02, page iii of xxxviii
RENESAS




Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

¢ CPU and System-Control Modules

e On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

o 0k~ wbdpE

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsisasummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The SH7144 Series single-chip RISC (Reduced Instruction Set Computer) microprocessor
includes a Hitachi-original RISC CPU asits core, and the peripheral functions required to
configure asystem.

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

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of this LSl to the above users.
Refer to the SH-1, SH-2, SH-DSP Programming Manual for a detailed description
of theinstruction set.

Notes on reading this manual:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification On-Chip ROM Classification Product Code
SH7144 (112-pin version) SH7144F Flash memory version HD64F7144
(ROM: 256 kbytes)
SH7144M Mask ROM version HD6437144*
(ROM: 256 kbytes)
SH7145 (144-pin version) SH7145F Flash memory version HD64F7145
(ROM: 256 kbytes)
SH7145M Mask ROM version HD6437145*

(ROM: 256 kbytes)

Note: * Under development

In this manual, the product abbreviations are used to distinguish products. For example, 112-
pin products are collectively referred to as the SH7144, an abbreviation of the basic type's
classification code, while 144-pin products are collectively referred to as the SH7145. There
are two versions of each: aflash memory version and amask ROM version. When a
description islimited to the flash memory version alone, the character F is added at the end of
the abbreviation, such as SH7144F. When adescription is limited to the mask ROM version
alone, an abbreviation that is determined by adding M at the end of the abbreviation.
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e Thetypical product
The HD64F7144 is taken as the typical product for the descriptionsin this manual.
Accordingly, when using an HD6437144, HD64F7145, or HD6437145, simply replace the
HD®64F7144 in those references where no differences between products are pointed out with
HD6437144, HD64F7145, or HD6437145. Where differences are indicated, be aware that each
specification apply to the products as indicated.

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

* Inorder to understand the details of the CPU's functions
Read the SH-1, SH-2, SH-DSP Programming Manual.

e Inorder to understand the details of aregister when the user knows its name
Read the index that isthefinal part of the manual to find the page number of the entry on the

register. The addresses, bit names, and initial values of the registers are summarized in section
25, List of Registers.

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

XXX_N (XXX istheregister nameand N is the channel

number)
Bit order: The MSB is on the left and the LSB is on the right.
Numerical expression: Binary is B'xxxx, Hexadecimal is H'xxxx, decimal is Xxxx.
Signal expression: Low active signals are expressed as xxxx.

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.hitachi semi conductor.com

SH7144 Series manuals:

Manual Title ADE No.
SH7144 Series Hardware Manual This manual
SH-1, SH-2, SH-DSP Programming Manual ADE-602-063
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Users manuals for development tools:

Manual Title ADE No.

C/C++ Compiler, Assembler, Optimized Linkage Editor Users Manual ADE-702-246
Simulator Debugger (for Windows) Users Manual ADE-702-186
Simulator Debugger (for UNIX) Users Manual ADE-702-203
Hitachi Embedded Workshop Users Manual ADE-702-201

Application Notes:

Manual Title ADE No.
C/C++ Compiler Edition ADE-702-179
F-ZTAT Technical Q & A ADE-502-046

Rev. 2.0, 09/02, page vii of xxxviii
RENESAS



Rev. 2.0, 09/02, page viii of xxxviii
RENESAS



S w10 I R @Y= V1= 1SS 1
O s (0 £ T PSP UR RPN 1
1.2 Internal BIOCK DiagraM......ccccciieiieeieiereesiesestesesessaesaeste e ssestessessee s essessessessessessesnsensenes 3
I B o 1 AN £ = a0 1= 111 o 5
IO S o T o U o 0] TR 7
= (0] 12 1 S 13
2.1 FEBIUIES ... ettt ettt h e h e b et b ettt esae e eRe e be e bt ea b e eaeeeReeehe e beebeereeaneeans 13
2.2 RegiSter CONfIQUIELION.....c.eiiiiiieieieteeeees e e sttt ee e e e te e snesresseeneeneens 13
221 General REGISLEIS (RN) ..ccuiiieeciecese ettt st st e e snesnenns 13
A2 O0 1o [ 2 (=0 K 1= £ 15
223 SYTOM REGISIEIS. ...eieiieiieeieeeeie ettt ettt e et b e b ne e b e eaeenes 16
224  Initial Values Of REQISIEIS.......cioiiirieeie et e 17
2.3 DA FOIMELS........eiiiiii ettt e a e bttt eh e b e bt ee e e s 17
231 DataFormat iN REQISIEIS......ccviieiieiiieeteeeeseese e e st aesne e 17
2.3.2  DataFormatSin MEMOIY .....ccccceiieieieeieeeereese e e e sree e sae e et ese e e senaesnenes 17
233  Immediate Data FOrMAEL .......cccviirieiriiieirie e e 18
2.4 INSITUCION FEBIUIES. ... ..oeiie ettt ettt et ae et eeeese et e beeaeene e e eneeseens 18
241  RISC-TYPE INSIIUCHION SEL ... .ot 18
242 AdAressiNg MOOES ........coiiiiiiiiiieiee ettt sa e e e e eas 22
243 INSLIUCHION FOMMBL.......cuiiiiieeiiiiieceiesie et 25
2.5 INSITUCLION SEL ...ttt sttt bt 28
25.1 Instruction Set by ClassifiCation ........cccceveviereiiserecerese e 28
2.6 PrOCESSING SEALES.......eeeeeeie ittt sttt ae et se e e e e be s ae st e se e e eeeseesbesaeeneeneeneaneeseens 41
2.6.1  StALE TrANSIIONS......iotiiieeeieeeiee ettt sttt se et ebe e e e e e eeseeeas 41
Section 3 MCU Operating MOES.........cocoeiierieriiineeeeee e 43
3.1 Selection of OpPerating MOUES.......c..coiviieerieeererese st sre st seenaeseesaesresneas 43
G072 1 01U 1@ 011 1 | = 1 PSS 44
3.3 Explanation of Operating MOGES........cccoiiiiiirieieeie et 45
331 ModeO (MCU extension MOAE 0) .......ccoererereereeriesieeieseeee e ee e see s 45
332 Model (MCU extension MOOE 1) ......ccoieruererierieie e 45
333 Mode2 (MCU extensioNn MOUE 2) ......ccceeereereeeereeniesreseseeeessesie e sresseesaeseeseesnes 45
334 Mode3(Singlechip MOE)........ccceveiieiiniie e 45
335 ClOCK MOTE.... ettt bbbt 45
I A Ao (0| 1= 1V - TSRS 46
35 Initia StAe N ThIS LS| ..ottt seen 46

Rev. 2.0, 09/02, page ix of xxxviii
RENESAS



Section 4 Clock PUISE GENEIELON .......oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 47

O R © = ol | = (o SO USSRRRSRRN 48
4.1.1 Connecting a Crystal OSCHIALO ........ccoiiiiiere e 48
4.1.2 Externa Clock INput Method.........cooiiiiirinieeee e 49
4.2 Function for Detecting the OsCillator Halt............ccoveieieieiie e 50
e N U 1=~ T N o) = PR 50
4.3.1 Noteon Crystal RESONGION .........ccueriireieesiereeeeseesesesreses e eeeseesae e sresreseesaessenees 50
4.3.2 NOteSON BOArI DESIQN ....ccvieeriieiieieie sttt et seesbe s sae e eneas 51
Section 5 EXCEPLION PrOCESSING......cceieeieeierieeieeseesreeseseesseesseseesseessesseessesnees 53
B.L OVEIVIBW. oottt r et n et e r et e n et r e ene s 53
5.1.1 Typesof Exception Processing and Priority ........ccoceovveeeeieerenennne e seseeieneens 53
5.1.2 EXception Processing OPErations.........cuieeereereereesesieseessesseeseessessessesssssessessesseens 54
5.1.3 Exception Processing Vector Table. ..o 55
B2 RESELS....ciete et bbb bbbt bbb bbb e b ne s 57
521 TYPESOF RESEL ...ttt ettt st ae e eee e 57
522  POWE-ONRESEL......ccoeeeiiitieeirereeere e s 57
5.2.3  MaANUBI RESEL ......ooviiieiiirieeeree e 58
5.3 AQArESS EITOIS ..ottt 59
5.3.1 The Cause of Address Error EXCEPtION.........ccoieierereieeieeee e 59
5.3.2 Address Error EXCEption PrOCESSING........cceereereerierierieneeeereeneseesieseseeseeseesee e 60
L 1110 £ (U] o] £ TP UR RPN 60
541 INEITUPL SOUICES......eciieeieeeeesteesteesieeeeseeseeseeeste e te e e sseesseesseesseesseeneesneesseessesnsenns 60
54.2  Interrupt Priority LEVEl ..ot 61
5.4.3 Interrupt EXCEPtioN PrOCESSING .....cciviiiieieieriesiesese s eeeseeeste e e sseeneeseeneeseens 61
5.5 Exceptions Triggered by INSIFUCHIONS .......ooviiiiiiieeee e 62
55.1 Typesof Exceptions Triggered by INStructions............coooeeeeeeeienenenenienee e 62
552 Trap INSITUCHIONS....c.eiieiitiieeeeeee ettt st e e see e 62
55.3  lllegal SIOt INSIIUCLIONS.......cceiieiiiiceieeeiese sttt see 63
55.4 General ll1egal INSITUCLIONS.......ccoiveuieeeiee e et snen 63
5.6  Caseswhen Exception Sources Are NOt ACCEPLED .........covvvieieeerieererere e 63
5.6.1 Immediately after a Delayed Branch INStruction ............cccoeeeieieninieicncnnnne 64
5.6.2 Immediately after an Interrupt-Disabled INStruction............cccvoeeeneniniencnnine 64
5.7  Stack Status after Exception Processing ENdS..........coooeiiiiieeienerese e 65
LR T U === o o N o] S 66
581 Value of StaCk POINTEr (SP) ......ccveveieiieiere e se e et e e enee e 66
5.8.2 Vaueof Vector Base REGISLEr (VBR) ...c.ecveviiieriiciseseeeree e 66
5.8.3 Address Errors Caused by Stacking of Address Error Exception Processing...... 66
Section 6 Interrupt Controller (INTC) ...cc.vceieeriee e 67
B.1  FEBIUIES. ... .ottt e e n s 67
I 1101174 @ 0 11010 B = 1 69
RGN 5o 1S = gl D 1= o 11 0] 110] 1 69

Rev. 2.0, 09/02, page x of xxxviii



6.3.1 Interrupt Control Register 1 (ICRL) .....coceiiieiierere et 70

6.3.2 Interrupt Control RegISter 2 (ICR2).......cccvveeeeeerere e e e 72
6.3.3  |RQ Status REGISLEr (ISR)....ccveieieieiiieceeeerese et sne s 74
6.3.4 Interrupt Priority Registers A t0 J(IPRA tO IPRJ).c.uccvveieeie e 75
6.4 INEITUPE SOUICES.....coiiiieieteeite ettt ettt ettt ettt st e sae e rbe et sab e eaeesbeesbe e b e e beeneesanesaeeeaes 77
6.4.1  EXIErNal INEEITUPDLS ..o.eeeeieeeeeeeeie et st s 77
6.4.2 On-Chip Peripheral Module INtErTUPLS ........cceieeieieiee e 78
6.4.3  USEr Break INEITUPRL .....ocveeiiceeceeiese et s sne s 78
6.4.4  H-UDI INTEITUPDL ...veeeeeieee ettt e e s e sre e seenneenaneneas 78
6.5 Interrupt Exception Processing Vectors Table........cccveeeievineie s 79
6.6 INLEITUPL OPEIELION. ...c.ueiieie ettt sttt ae e e e e e e be b saeeae e e eneeseens 82
6.6.1  INLEITUPL SEUENCE ...ttt et st st b et saeas 82
6.6.2 Stack after Interrupt EXCEption ProCESSING ......coeierereererieie e 84
6.7  INtErrupPt RESPONSE TIME...uiciiieeieiesie sttt e sees et se et sreese e e e aesreste s e aneeneeaeneeseens 85
6.8 Data Transfer with Interrupt Request SIgnalS.........ccoceeeveneneseseeeese e 87
6.8.1 Handling Interrupt Request Signals as Sources for DTC Activating
and CPU Interrupt, but Not DMAC ACHVALING.......cooerreeeerene e 88
6.8.2 Handling Interrupt Request Signals as Sources for Activating DMAC,
but Not CPU Interrupt and DTC ACtIVAING ....cceeveeieeieeiee e 88
6.8.3 Handling Interrupt Request Signals as Source for DTC Activating,
but Not CPU Interrupt and DMAC ACHVELNG.......ccoveeererereieseseseseseeeenaeens 88
6.8.4 Handling Interrupt Request Signals as Source for CPU Interrupt
but Not DMAC and DTC ACHVELING -..c.eeiververieieeeieeieee e 89
Section 7 User Break Controller (UBC) .......cocveceieeiieeceerie e 91
T 1 OVEIVIBW ittt bbbttt bbbt bt e bt b e e e bt e et 91
T2 = o 1= = gl D 1= o 1 0] 11 0] 1 93
7.21 User Break Address Register (UBAR)......oovceeverenn e 93
7.2.2 User Break Address Mask Register (UBAMR) ......ccooeieiieiieninene e 93
7.2.3 User Break Bus Cycle Register (UBBR) ......cccooiieiiiineeee e 94
7.24 User Break Control Register (UBCR).......cocoiiiiieieneeeeee e 95
48 T @ = - 1] VOSSR 96
7.3.1 Flow of the User Break Operation ..........ccceeeeeuereresiesesesieeeeseeseeseeseessessessesseenes 96
7.3.2 Break on On-Chip Memory Instruction Fetch Cycle........cccccovvvivvvcevcecciececee, 98
7.3.3  Program Counter (PC) Values SaVed.........cccoeirrerieieiieiee e 98
T4 EXAMPIES OF USE ...ttt sttt e e e e sbesaeeneeneen 99
7.5 USAOE NOLES ...ttt ettt st e a e bttt e st e eae e s beesbeenbeebesnesaneenes 101
7.5.1 Simultaneous Fetching of TWO INSITUCLIONS..........ccvecierenice e 101
7.5.2 Instruction Fetchesat BranChes ... 101
7.5.3 Contention between User Break and EXception Processing .......cccceevevverereeseene. 102
7.5.4 Break at Non-Delay Branch Instruction Jump Destination............ccccceeeieiereenne. 102
755 Module Standby MOde SEttiNG ......ccoeeereeiee e e 102

Rev. 2.0, 09/02, page xi of xxxviii
RENESAS



8.1 FEALUIES...... ettt ettt h e e bt bt st e eae e s he e b e e be e beer e e ane s 103
8.2 REQIStEr DESCIIPLIONS. ... eiitiitiiteiieetceiee ettt sttt bt sbe s e e et e besaesbesaeeaeennens 105
821 DTCModeReGIStEr (DTMR)....ccciriiieririirieisisieesiesieeee e ssenes 106
8.22 DTC Source Address Register (DTSAR) ....oovieveerireeeresese st sveseeee s e e e 108
8.2.3 DTC Destination Address Register (DTDAR)......ccccevvvevieeeeeerere e 108
8.24 DTC Initid Address RegIStEr (DTIAR) ....ccvieieeeeieieeeseses e sie e 108
8.25 DTC Transfer Count Register A (DTCRA) ..ot 108
8.26 DTC Transfer Count Register B (DTCRB) ......ccceoiiiiiieieeeeerese e 109
8.2.7 DTCEnable RegIStErS (DTER)......ccccviueiririeietiriiietesieieesteseesessessesessessesessessenes 109
8.2.8 DTC Control/Status Register (DTCSR).....ccccvierererereeiereseeseseesteseeesseeseeseeseens 110
8.29 DTC Information Base Register (DTBR) ....ccccovevivireie e eeeeenie e 111
LG T @ o= o) o OSSR 111
8.3.1  ACHVALION SOUICES.......eeueeeeieieestesieetceee ettt see e e e eesee st saesae e e eneeseeneesaesnens 111
8.3.2 Location of Register Information and DTC Vector Table.........ccocveeeceiiinnnnnene 112
8.3.3 DT C OPEIGLION ....eeeeeetieeeie ettt ettt ettt ae e se e beseesbesaeeneeneeneenseseens 115
oG I A 1 0 = 0o S 01U o U 120
8.3.5  Operation TiMING.....cccceeierieererereseseseeeeeese e e see e sesseeseesee e sresressesseeseensenseseens 121
8.3.6 DTC EXECULiON StAE COUNES.....c.civieeiertirieiiiesieeeieseeeeie st 121
8.4  ProcedureSTor USING DTC.....cooiiiiiiieeieeriesie et sae s sae et ene e esaesne e 122
8.4.1 Activation BY INtEITUPL.......ooi e e 122
8.4.2 Activation by SOftWare........coiiiiiiie s 123
8.4.3 DTC USEEXAMPIE...uiiiiitiieciesiesie sttt sttt s re e enaesaessesnesnens 123
8.5 CAULIONS ON USE....cuiiiiiiiiiiiie ettt sttt bbbttt ene st 124
8.5.1 Prohibition against DMAC/DTC Register Accessby DTC......ccccevvveveveresinnnns 124
8.5.2 Module Standby MOde SEttiNG .......coererieiieieie e 124
8.5.3  ON-ChIP RAM ...ttt st sessenennas 124
Section 9 Bus State Controller (BSC) .....cocvvveererieiieneeeseesesie e 125
.1 FEALUIES.....eceeeee ettt bbb bbbt e R bRt R e e e R Ee R ere e nenreas 125
Lo 022 = T @] q o T8 = o) o S 127
0.3 REQIStEr DESCIIPLIONS. ... eiitiieiiteiieeteeieeeeie ettt be et sbe e e e e e eesbesaesbesneeneennans 127
LS A Ao (0| 1= ] 1V o SRR 128
0.5  DesCription Of REGISLES. .....couiiiieieieteieee ettt e e e sbesneeneenean 130
9.5.1 BusControl RegiSter 1 (BCRL) .....ccoviieieieieeieieriesieseseereeseeseseesresesseeseessessesnens 130
9.5.2 BusControl ReGIStEr 2 (BCR2) ......cceiueieiiieeeeieiesese s eeeseeeseesresesseeseessessesnens 132
9.5.3 Wait Control REGISLEr 1L (WCRL).....cecvieeeeeeierestese st eteeeeesee e e sne e neeaesnens 136
954 Wait Control RegiSter 2 (WCR2).......ooiiieeeieeee et 137
955 RAM Emulation Register (RAMER).......ccciiiiiiiiieeee e 137
9.6  ACCESSING EXLErNAl SPECE......ccueiueieieeeieie ettt ettt e et e b e ne e e aesne e 138
9.6.1  BaSIC TIMING.cuiiiieiieieiesiesestesteseeteeeesee e steste e sra e e esaeseessestessesseeneensessessessensens 138
9.6.2  Walt State CONLIOl ...c.eiviieiiieieetireeeeree e 139
9.6.3  CS ASSErt POt EXIENSION .....ourvruririereeteesseesseesssessesssessssesssessssssssesesssssas 141

Rev. 2.0, 09/02, page xii of xxxviii



9.7  WaitsS DEtWeen ACCESS CYCIES....cuiiiiiiriiiieieie sttt sttt et se e s b e e e 142
9.7.1 Prevention of Data Bus CONFlICES........ccceiiinieirineriese e 142
9.7.2 Simplification of Bus Cycle Start DeteCtion..........ccccevcevevieresesieeieeieseesesee e 143
9.8 BUSATIDITIAHON. ...t s 144
9.9 Memory ConNECtion EXAMPIE ........cooiiiiiiie et 145
9.10 Accessto On-chip Peripheral 1/O REQISIENS.....cc.ooiiiieiiieee e 148
9.11 Cyclesof No-BusMastership REIEESE.........coceriiiiie e 148
9.12 CPU Operation When Program Is Located in External Memory .........ccoccocvveeceevereesenenns 148
Section 10 Direct Memory Access Controller (DMAQC) ....coccovvevvnceeneeiienenne 149
JO.1  FEAIUIES. ...ttt ettt ettt sttt be et ae e e ae e e bt e ke e b e e b e e mee s aeesaeesaeeabeenbeenseeanenbeesanesanas 149
10.2  INPUE/OULPUL PINS.....coiiiiiiiierieeteeieeee ettt sttt st b sbe s e e et e e be e sbesaeeneees 151
10.3 ReQiStEr DESCIIPLIONS .....ceiviteteeterieeieie sttt sttt e b it se e e s e beseesbesaesae e e e e et ses 151
10.3.1 DMA Source Address Registers 0t0 3 (SAR_0t0SAR 3) .covvvvvveievenesienene 152
10.3.2 DMA Destination Address Registers 0to 3 (DAR _0t0 DAR 3)....ccccevvvvrienene 152
10.3.3 DMA Transfer Count Registers 0to 3(DMATCR_0to DMATCR_3).............. 153
10.34 DMA Channel Control Registers 0to 3 (CHCR_0t0 CHCR_3)......ccceceeeeeieeene 153
10.3.5 DMAC Operation Register (DMAOR) .......ccceirrieinerieienerieienesieie e 159
L0 @ o 1< - 1 o o ST 161
10.4.1 DMA Transfer FIOW .....c.ooiiieiiirieninieecree e 161
10.4.2 DMA Transfer REQUESES .......ccceeiverieieistiieeeeseesestestesesseeaesees e srestesseessessessessesnens 163
10.4.3 Channel PriOrity ....cccceceeieieceereesesese s seeee e e te st e s e aesseste e snesnesneenaeneens 165
10.4.4 DMA Transfer TYPES. ....coeierieieeiie ettt eteeee ettt e e see st sneenee e aeeseens 168
10.4.5 Number of Bus Cycle States and DREQ Pin Sample Timing........cccccccevererennene 177
10.4.6 Source Address REIOad FUNCHION..........coeieiieieeseseeeeee e 182
10.4.7 DMA Transfer ENding Conditions..........cccveieevererisieneeieseeseseeseseseseeseesee e 184
10.4.8 DMAC ACCESSTIOM CPU ......c.coiiiiiiiieiirierieeeeeee e 185
105 EXAMPIES Of USE . .iciiieiceicieiee sttt st st ae st sneene e e enaenaenrennees 185
10.5.1 Example of DMA Transfer between On-Chip SCI and External Memory .......... 185
10.5.2 Example of DMA Transfer between External RAM and External Device
WITN DACK ettt bbbt bbbt b et 186
10.5.3 Example of DMA Transfer between A/D Converter and On-chip Memory
(Address RE0Ad ON) ......c.cceiieieierese e eeae e sr et seeae e snenns 186
10.5.4 Example of DMA Transfer between External Memory and SCI1 Transmit Side
(INAireCt AdAreSS ON)....ceeceieeeieee ettt st e e see e 188
10.6  CAULIONS ON USE .. .oiiiiieieiieeeie ettt ettt ea e e e b e b bt st ese et e e e seesbesbeeaeeneeneaneees 190
Section 11 Multi-Function Timer Pulse Unit (MTU) ....cocovriiiiniinieneeeeeee 191
I R = (0= TP RTTTR P TRR 191
I 0T o117 @ T o TU L S 195
11.3 RegiSter DESCIIPLIONS .....eeivieeieeteeieeeeie sttt ettt se et see et sae e e nee e e beseesbesaeeneeneeneeneeses 196
11.3.1 Timer Control REGISLEr (TCR) ....coiuiiieieiteieeeeie et st 198
11.3.2 Timer Mode Register (TMDR) .......ooiiiiiiieieere e 202

Rev. 2.0, 09/02, page xiii of xxxviii
RENESAS



114

115

116

117

11.3.3 Timer I/O Control REGISLEr (TIOR) ..c.uecueeeeererere e seese e seeee s 203

11.3.4 Timer Interrupt Enable Register (TIER) ....cooooiiiiie e 221
11.35 Timer Status REQISLEr (TSR)....ciuiierieieieriese ettt 223
11.3.6 Timer CoUNEr (TCONT) ..ciiiiiieieieeee ettt se e e e e e 226
11.3.7 Timer General ReGISLEr (TGR) ...ocvieeeeeereeie et se e e et 226
11.3.8 Timer Start REGISIEr (TSTR)....civcueieeiererese et eeeseesae e 227
11.3.9 Timer Synchronous REGISLEr (TSYR) ..ccvvveeieierire e 227
11.3.10 Timer Output Master Enable Register (TOER) ........ccoorieieiineieeceeeeeee e 229
11.3.11 Timer Output Control Register (TOCR) .....cceiiiireieeeeieee e 230
11.3.12 Timer Gate Control Register (TGCR)......oovie i 231
11.3.13 Timer SUBCOUNEr (TCNTS) ..uveiveieicieeeeiesiese et e et te s se e e et e eneeneens 233
11.3.14 Timer Dead Time Data Register (TDDR)......ccvevvveeiereere e 233
11.3.15 Timer Period Data Register (TCDR) .......ooveieveeeie e 234
11.3.16 Timer Period Buffer Register (TCBR)......ccciieirieeeeeeee e 234
11.3.17 BUS MASEr INEEITACE. ... ecueeeeeeie ettt et 234
(@707 = (o] o [PPSR 235
1141 BaSICFUNCHIONS. ...cecuiiieieiieie ettt sttt st sttt e 235
11.4.2 SynchronouSs OPEratioN..........ccueruererieseseeieeseesseseseesesseessessessessessessesssessessessenns 240
IR G 210 1= G @ o= = 1 o o S 242
11.4.4 Cascaded OPEratioN ........cccooieeriiereeieeereese sttt see st see b e e eseeseeeesaesresae e 245
1145 PWM MOOES.....ccociiirieeeetesieietesteeetesteseetesteseesessessesesseseesessessesessessesessessesessessenens 247
11.4.6 Phase Counting MOOE..........coiiiiriieie ettt e 252
11.4.7 Reset-Synchronized PWM MOGE.........cccceveeievierene e seesie e s 258
11.4.8 Complementary PWM MOGE........ccccveerieieresereceeeeseese e s 261
INEEITUPE SOUICES.... ettt ettt ee e e ae s ae e te et e sne e st e e te e teensenneesneesneennes 284
11.5.1 Interrupt SOUrces and PrioritiS........ccooiiirereeieee et 284
1152 DTC/IDMAC ACHVAION.....ciiiieetiierietistesiee st seete st seete e seeresseseesesteseesesseseesessenens 286
11.5.3 A/D ConVerter ACHVAION. .......ccciiiieie ettt 286
(@7 o7 (o 1 T 03T R RSROSN 287
11.6.1  INPUL/OULPUL TIMING ....ceeiereiserieereseeeeeeseese e srese e eaesaes e srestesaesreseenseseeseesseses 287
11.6.2 Interrupt SIgNal TIMING ..cceceeeieceeeciee e st sae e sre s 291
USBOE NOLES ...ttt ettt sttt ettt e b e et e ea e e eb e e s b e et e et e e abesaeesaeesaeesaeenbeennesnreans 294
11.7.1 Module Standby Mode SEtting ........coceeierinireeereee e 294
11.7.2 Input ClOCK RESIITCLIONS ......cueieieeeiesie ettt 294
11.7.3 Caution 0N Period SEHiNG .....cccviveeeeeererese sttt 295
11.7.4 Contention between TCNT Write and Clear Operations..........ccccveveeeevvereereeninns 295
11.7.5 Contention between TCNT Write and Increment Operations............cceevevereerennn. 295
11.7.6 Contention between TGR Write and Compare MatCh.........cccooovvviericnieeienienine 296
11.7.7 Contention between Buffer Register Write and Compare Match. ........................ 297
11.7.8 Contention between TGR Read and Input Capture...........cccooeeerererceieeneeneeneenn 298
11.7.9 Contention between TGR Write and Input Capture...........ccccceveverveveesesesennens 299
11.7.10 Contention between Buffer Register Write and Input Capture..........ccccceverveneee. 300
11.7.11 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection ..... 300

Rev. 2.0, 09/02, page xiv of xxxviii

RENESAS



11.7.12 Counter Value during Complementary PWM Mode Stop .......ccceverererieenennnnens 301

11.7.13 Buffer Operation Setting in Complementary PWM Mode ........cccceevevevennninnnens 302
11.7.14 Reset Sync PWM Mode Buffer Operation and Compare Match Flag.................. 302
11.7.15 Overflow Flags in Reset Synchronous PWM MOdE...........cccecvvvnereseeieereseneens 303
11.7.16 Contention between Overflow/Underflow and Counter Clearing...........c.ccccueue. 304
11.7.17 Contention between TCNT Write and Overflow/Underflow.........cccoooviveeennen. 305
11.7.18 Cautions on Transition from Normal Operation or PWM Mode 1
to Reset-Synchronous PWM MOGE..........coeeeeierere e 305
11.7.19 Output Level in Complementary PWM Mode
and Reset-Synchronous PWM MOGE......ccoovieieeieiee et 306
11.7.20 Interruptsin Module Standby MOde..........coooeiiiiiiiieeeee e 306
11.7.21 Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection........... 306
11.8 MTU Output Pin INitialiZaHON ........coeieeeeeeee e e 306
11.8.1 Operating MOES.........eciiiiieieieieereste st eee e e et s e e e sresre e neenaeneeneeseens 306
11.8.2 ReSet Start OPEratioN .......cceeeveeeieereeeeeeseseeseseesreseeeesaesses e ssessesseeseeseessenseseens 307
11.8.3 Operation in Case of Re-Setting Due to Error During Operation, Etc.................. 307
11.8.4 Overview of Initialization Procedures and Mode Transitions
in Case of Error during Operation, ELC.........ccocooeiiiirierieie e 308
11.9 Port Output ENADIE (POE)........coueiuieieiereesie ettt s 338
L1191 FEAIUIES...ceeeeeereeeeie ettt ettt ettt st et b et b b s b e b et ens 338
11.9.2 Pin CoNfigUIatioN. ........cceieeueeeesiestesiesteseeseeseesestestessesseeseesses e ssessessesseessessessesenns 340
11.9.3 REQIStEr DESCIIPLIONS. ...c.eeitiiieieeeteeiete e e se st see e ae et a e e tesresre e enaeeenes 340
1094 OPEIEHION ...ttt ettt ettt b b e e e eesee b e sbesaeeae e e anteseenbesaesneas 345
11.95 USAGE NOLE. ... ettt ettt be st st st e saeenbeebesabesaeenaee 347
Section 12 WatChdog TIMEN ......cooueiiiieee et e 349
L2 1 FEAIUIES.....cueieite ittt h bt bt a e e b h bbb et e s e b e se e eb e sbeeb e e e e s e e e ne e b e seeereenenre e 349
02 011U 7@ U o TU L o 350
12.3 RegiSter DESCIIPLIONS ... .eiuiiterieeteeieeeeie sttt se et sae e e e e e e beseesbesaeeneenee e eneeees 350
12.3.1 Timer CoUNEr (TCONT) ittt s be e ne e e nee e 351
12.3.2 Timer Control/Status Register (TCSR) ......ccoiiieriririeeieriesese s 351
12.3.3 Reset Control/Status Register (RSTCSR) ....ccvvvvieieeeieeeresesesiesreseseeseeseesee e 353
R @ o 1= - 1 o o O 354
12.4.1 Watchdog Timer MOE.......c.cceeeeierisie ettt e e st e e nneas 354
12.4.2 Interval TIMer MOOE.......coi ittt st see e 355
12.4.3 Clearing Software Standby MOdE...........coeiriiiiiinieeee e 356
12.4.4 Timing of Setting the Overflow Flag (OVF) ..o 356
12.45 Timing of Setting the Watchdog Timer Overflow Flag (WOVF).......cccceeveveeene 357
12,5  INEEITUPL SOUICES.....ccveeitieieeieeieseeseesteesteeteeseesseesseesseesteensesseesseesseesseenseensessesssensseensensses 357
A ST £ 1= N [ (=SS 357
12.6.1 NOLES ON REGISIEN ACCESS.....ueeieeiterieiteeteeeeee st este sttt st eee e et saesbe e eneeseeseesaesaeas 357
12.6.2 TCNT Write and Increment CONtENtioN ...........ccoeeereereenerese s 359
12.6.3 Changing CKS2 t0 CKSO Bit VAIUES........cociiiiirieeiieeee e 359

Rev. 2.0, 09/02, page xv of xxxviii
RENESAS



12.6.4 Changing between Watchdog Timer/Interval Timer MOdES.........cccovvvvveeererninnn 359

12.6.5 System Reset by WDTOVE Signal.........ccviiiiiiiniineieeee e 360
12.6.6 Internal Reset in Watchdog Timer MOde.........coceeiiireneiieeeee e 360
12.6.7 Manua Reset in Watchdog Timer MoOde.........ccoeieiinenenieree e 360
Section 13 Serial Communication Interface (SCI) ......ooveveveereninneereeeeneee, 361
131 FEBIUMES.....ceecteeeeeteseeee ettt se e r e et r e nr e e r e e e e r e e e e renrenrenea 361
13.2  INPUE/OULPUL PINS... .ttt sttt sb e se s e e e e e eeseesbesaesaeeneeneas 363
13.3  REQiStEr DESCIPLIONS ... .ccteteeeieieeeeiereeste sttt se ettt e e e e e eeseesbesaeebeeneeneenseneeneas 363
13.3.1 Receive Shift Register (RSR) .....cceiiriieieieie e 365
13.3.2 Receive Data ReQIStEr (RDR) .....ccviieieierieiesiestesesteeeesees e st e e s s 365
13.3.3 Transmit Shift REGISEr (TSR) ..uvceieeeeieriese et 365
13.34 Transmit Data ReEGISLEr (TDR)....ccvieeeeieriese e steseeeeeesie e s 365
13.35 Seriadl Mode RegIStEr (SMR).......ciiiririieirie ettt 366
13.3.6 Serial Control REGISEr (SCR).....coveiuereeieeieie et e 367
13.3.7 Seria Status RegiSter (SSR) .....cveoeririeeririererieiee ettt 369
13.3.8 Serial Direction Control Register (SDCR).....ccvevvveeeeeeerere e e 372
13.3.9 Bit Ratle RegiSter (BRR) .....corrveiierieererieeesie e 373
13.4 Operation in ASyNChronOUS MOTE .........cceeeeiereiicereeeses et 381
13.4.1 Data Transfer FOMMEL........cooooiieiiieieeeieeee et se e e 382
13.4.2 Receive Data Sampling Timing and Reception Margin
IN ASYNCHrONOUS MOTE..........oiuiiieieeeee e e 383
L3.4.3 ClOCK ...ttt resteere ettt r et r e n e 384
13.4.4 SCI initiaization (ASynchronous MOAE)..........cceveveererersreseeeeseeseeseseesreseeeeneens 385
13.4.5 Datatransmission (Asynchronous mode) ..........cccccevvveveeeereenesese s eeesee e 386
13.4.6 Serial datareception (AsynchronousS MOdE) ..........ccoeeeeeeieriineneeeeee e 388
13.5 Multiprocessor CommuniCation FUNCLION...........cooiiiiiiiiieee e 392
13.5.1 Multiprocessor Serial Data TranSmMiSSION .......ccceveererieiuereeeeeeee e 394
13.5.2 Multiprocessor Serial Data RECEPLION ........ccveeeeeeeeierere et 395
13.6 Operation in Clocked SynchronOUS MOdE...........ccceveieiereneseceeeee e 398
L3.6.1 ClOCK ....eteeeuiesreeiresteere ettt p e n et 398
13.6.2 SCl initialization (Clocked Synchronous mode)..........cccoeeevereneneeieesesenieeene 398
13.6.3 Serial datatransmission (Clocked Synchronous mode)...........cccoeeeeeeeiecneenienanne 400
13.6.4 Serial datareception (Clocked Synchronous Mmode) ..........ccooeverereeeieesieneesieneenn 402
13.6.,5 Simultaneous Serial Data Transmission and Reception
(Clocked SynchronouS MOE) .........coevveieeeeeerere e e sne e 404
13.7  INEEITUPL SOUICES. ... .eeieeeeeeeieeeesteesteesteestesseesseesseesseesseenseaseesseesseessessesssesseessesssnessnensesnsenns 406
13.7.1 Interruptsin Normal Serial Communication Interface Mode...........c.cccooererceeenne 406
13.8  USAGE NOLES ... .ottt et e et ae e eae e s b e et e e be s besaeesaeesaeesaeeeeanneans 408
13.8.1 TDRWrite and TDRE FIag ......ccoiiiiiiiririeeieiees e 408
13.8.2 Module Standby Mode SEttiNG ......ccceeceeieererie e 408
13.8.3 Break Detection and Processing (Asynchronous Made Only)........cccccveeevveveeenne 408
13.8.4 Sending aBreak Signal (Asynchronous Mode Only) ........cccceveveveeseneeeereeninns 408

Rev. 2.0, 09/02, page xvi of xxxviii

RENESAS



13.8.,5 Receive Error Flags and Transmit Operations

(Clocked Synchronous Mode ONlY).......ccvveeeererene e 409

13.8.6 Constraints on DMAC and DTC USE......cccoiiiririiieirieesiesieese e 409
13.8.7 Cautions on Clocked Synchronous External Clock Mode..........c.ccceevvvvcerennen. 409
13.8.8 Caution on Clocked Synchronous Internal Clock Mode...........ccccoeiiiiiiieennen. 409
Section 14 1°C Bus Interface (I11C) OPtioN .........ccocueveveveeeceereeseeseseeseesesseseseseens 411
O = (1= F SRS 411
14.2  INPUL/OULPUL PINS.....cceeieiiisiesie sttt ae e st stesne s eneesaenseseetesnesresnenneenes 413
14.3 DeCription Of REQISIEIS. ....cceieiiiciiieceereere ettt e e e e sae st re e e enee e eneenes 414
14.3.1 1°’C BusData ReGISIEr (ICDR) ......ocueeecteeeeectreeeieeteseeeetesseessesessesse s seseesessenens 414
14.3.2 Slave-Address REGISEr (SAR) .....oii i e 416
14.3.3 Second Slave-Address Register (SARX) ..o 417
14.3.4 1’CBusMode REGISLEr (ICMR) ......ovecueeieeceeieeeeteeeeeessesestesessssssasessesesessesssesssaneans 418
14.35 1°C Bus Control REGISLEr (ICCR) .......cvviveeveeereeesecreeesesessesessssssessssesssessessssssssansans 421
14.3.6 1°C BuS Status REGISLEr (ICSR) .....cvveeceeereeeseereeeeesssessetesessssssssesesssessessessssessans 429
14.3.7 Serial Control Register X (SCRX) .oueiieieieieenie et see e eeeeens 434

I @ o< - 1 o o TSP R 435
14.4.1 1°C BUS D@ FOIMELS.........cocvevereeeeeereeiessesseesseseseesseseseessesessessesestessesessessssnesnens 435
14.4.2 Operationsin Master TranSMiSSION .......cccecuevvererersesieeseesessesessessesseessessessessesnens 437
14.4.3 Operationsin Master RECEPLION. .......ccccuevereieseseeeesese e e e sseenes 440
14.4.4 Operationsin Slave RECEPLION.......c.coeiiiereeieeerere e 442
14.45 Operationsin Slave TranSMISSION......ccceieeierierereeeeieeee e sre e eeesee e seesaens 445
14.4.6 Timing for Setting IRIC and the Control of SCL ........ccceoeiiiiiinereeeeereee 447
14.4.7 NOISE CANCEIIEN ...ttt sn 448
14.4.8 DTC OPErBLION....cueieieierireeseeeestesteseesteseeseeseessessessessesseeseessessessessessesseesessssssessens 449
14.4.9 Using the Interface; SOMeE EXaMPIES.......ccveceeiiererisieseceeeee e ste e s eeeneens 450

T45  USAE NOLES....coiiii ettt sttt sttt st e b st e e abe e sabe e eabeesabeesaseesnbeesnnee s 453
SECtION 15 A/D CONVEITEN .....oiviriieiieieieriesie sttt 463
L5.1  FBAIUIES. ...tttk ettt b et ae e ae e e bt e b e e be e b e e e e s ae e sae e saeebe e bt emneeaeenbeesanesanas 463
15.2  INPUL/OULPUL PINS.....ooiiieiecese sttt ae sttt sra e e e enaeseeteseesrenneeneees 465
I = (= o TS (= D= o ] oo o 466
15.3.1 A/D DataRegisters0to 7 (ADDRO t0 ADDRYT) ..c..ccevirieereririnerieesesieeeeneenes 466
15.3.2 A/D Control/Status Register 0to 1 (ADCSR_0to ADCSR 1) ...ccceeeeieenieninanne 467
15.3.3 A/D Control Register 0t0 1 (ADCR_0t0 ADCR 1) .ccoovviveriririeivieeesienenes 468
15.3.4 A/D Trigger Select Register (ADTSR) ...vcuveivieieiirieisesieesie e 470

X @0 1= - 1 o T 471
15.4.1 SINGIEMOUE.....c.eeiiiieieietise ettt st e e e e srestesseeneeneesensennens 471

15.4.2 ContinUOUS SCBN MOOE........coueieuiriiieiisiisie ettt eens 471
15.4.3 SINgIe-Cycle SCAN MOE........cociiiieiieeiieeee et 472

15.4.4 Input Signal Sampling and A/D Conversion TiMe........ccoereeieererereneeieenie e 472
15.4.5 A/D Converter Activation By MTU ......coiiiiiiiiieeeee e 474

Rev. 2.0, 09/02, page xvii of xxxviii
RENESAS



15.4.6 Externa Trigger INPUL TiMING.....cccceriererereeeereereseeseseeseeseesie e sreseeeeseeseesseens 474

15.5 Interrupt Sourcesand DTC, DMAC Transfer REQUESES. ........coererieeienene e 475
15.6 Definitions of A/D CONVErSION ACCUIBCY ....ccoveruerueruerueaeareeateseessesseeeenesssessessesseseesessesees 475
15.7  USBGE NOLES ... .ottt sttt b e bt e ae e eae e sb e et e e beeabesaeesaeesaeesaeeseenbeans 477
15.7.1 Module Standby Mode SEttiNG ......ccceeeeeiererie e 477
15.7.2 Permissible Signal Source IMpedance..........ccovevveeeeieeieesie s a77
15.7.3 Influences on ADSOIULE ACCUIBEY ......ccvevvereeeierieeeeeeseste st sie s e see e see st sse e ennens 477
15.7.4 Range of Analog Power Supply and Other Pin Settings.........ccocooeverieninncneneens 478
15.7.5 NOtESON BOAIrd DESIGN ....eciueiiiieieieie ettt st e e e e sae e 478
15.7.6 Notes 0N NOiSe COUNLEIMEBSUIES........coveruerueeereeieseestesieeseeseesseseeseessesseesessesseses 478
Section 16 Compare Match TiImer (CMT) ...ooueeiiiiiieeeeeeee e 481
16.1  FEBIUMES.....coecteeeeeiereeeete ettt r e e r e e r e e e r e ne e e r e e e e renreneenea 481
16.2 ReQiStEr DESCITPLIONS ... .ccueiueeeieueeeeiereeste ettt st se e e e e seesbe e ebeene e e enseneeneas 482
16.2.1 Compare Match Timer Start Register (CMSTR) ....cceoiiiiiiieeeeeeeeee e 482
16.2.2 Compare Match Timer Control/Status Register 0 and 1(CMCSRQO, 1)................ 483
16.2.3 Compare Match Timer Counter 0 and L (CMCNT_0, 1).ccceovvvveeeerieresirsennnns 484
16.2.4 Compare Match Timer Constant Register 0 and 1 (CMCOR_0, 1).....c.cceeuneee. 484
G T @ o 1= - 1 o o IS 484
16.3.1 Compare Match Counter OPEratioN..........coeeeeereerereeeereeeereesie e see e see e 484
16.3.2 CMOCNT COUNE TIMING....ttittreeiereenierteeteeeeee e see e sseeeesee e seesbe e sseeseeeeseessesneans 485
R A 1 01 (= T o ST USRS RTRUURUROR 485
16.4.1 Interrupt Sources and DTC ACHIVAION ......ccvvecereeeesere e 485
16.4.2 Compare Match Flag Set TimiNg.......ccceveverienesieieeie e e e 485
16.4.3 Compare Match Flag Clear TIMiNg ......cccoeieveneseseeeeeee e 486
L16.5 USAGE NOLES ... .coiiiiieie ettt st a et e b e ae e eae e s b e et e e beeabesaeesaeesaeesaeenneanneans 487
16.5.1 Contention between CMCNT Write and Compare Match...........ccceeeiiiennnnne 487
16.5.2 Contention between CMCNT Word Write and Counter Incrementation............. 487
16.5.3 Contention between CMCNT Byte Write and Counter Incrementation............... 488
Section 17 Pin Function Controller (PFC) ......oooieriiiieeeeeeeeee e 4389
17.1 ReQiSter DESCIIPLIONS ... .ccteiteitieieeteie sttt sttt bttt e e et e et e beese e e e e e neeneas 515
17.1.1 Port A 1/O Register L, H (PAIORL, H) ....coiiiiiiiciree e 516
17.1.2 Port A Control RegistersL2, L1, and H (PACRL2, PACRL1, and PACRH) .....517
17.1.3 Port B 1/O Register (PBIOR) ......ccovrvireireiieineeeenrsreenee s 525
17.1.4 Port B Control Registers 1 and 2 (PBCR1 and PBCR2)........ccccceeveevervneneennnnns 526
17.1.5 Port C1/O Register (PCIOR) ......cviireiiririeiienreeresieeses et 529
17.1.6 Port C Control Register (PCCR) .....cciiriereeeeieeee st 529
17.1.7 Port D 1/O RegistersL, H (PDIORL, H).....cccooeirriiiririeererieeese e 531
17.1.8 Port D Control RegistersL1, L2, H1, and H2
(PDCRL1, PDCRL2, PDCRH1, and PDCRH2) .........cccoveirnicinneenneeseeeeens 532
17.1.9 Port E1/O Register L (PEIORL) .....coieirrreeienreinesieeesree e 542
17.1.10 Port E Control RegistersL1 and L2 (PECRL1 and PECRL2)........c..cccccevuvrurnnene. 543

Rev. 2.0, 09/02, page xviii of xxxviii

RENESAS



17.1.11 High-Current Port Control Register (PPCR).........ccccooeririierine e 550

17.2  PrecaltioNS fOr USE ... 550
SECHION 18 /O POITS....coeieieiee e 553
P81 POFE A ettt ettt et bbb b bR e bk e bR e bbbt e b e b ne s 553
18.1.1 ReQiSter DESCIIPLIONS. .....ceiieieieisterie ettt sttt sbe b e e e seesbe e 555
18.1.2 Port A DataRegistersH and L (PADRH and PADRL).......ccccoeenririnenicienerenee 555
18.2 PO B ..ot 557
18.2.1 REQIStEr DESCIIPLIONS. .....eeiveiereisteseeeteeeeeesteste s e seesreseeaeseesse s e sresreeseenaessessessesnens 557
18.2.2 Port B Data Register (PBDR) ......ccovivireeienrreneneeees e 557
18.3 PO C ettt et et et b Ak e b bRt b bbbt b e b ne s 559
18.3.1 ReQISter DESCIIPLIONS. ... .ceiiiie ettt eteeeeeeie sttt sre e e e e seeseeseesne 559
18.3.2 Port C Data RegiSter (PCDR) .....cccouiuireririicrieieneresiee sttt 559
18,4 POI D .ot ne s 561
18.4.1 REQIStEr DESCIIPLIONS. .....ceiieieieistesieereeeetesteste s e sre e s e eaeseesee e sresresseesaessessessennens 563
18.4.2 Port D DataRegistersH and L (PDDRH and PDDRL) ........ccccooevvreinenrereerenee 563
185 PO E ..ttt et bbb bbb e b et b e b ne s 566
18.5.1 RegiSter DESCIIPLIONS. .....coiiiiereerteiie ettt s be e e seeseesaesne 567
18.5.2 Port E DataRegister L (PEDRL) .....cccociuiiriririererieenerieie e 567
18.6 POt R e 569
18.6.1 REQIStEr DESCIIPLIONS. .....eeieeieriieteieeeteeeeeeseste s e e sres e e e seesee e sresreseenaeseessesresnens 569
18.6.2 Port F Data REQISLEr (PFDR) ....ocveiueceieieieie et re st sae s e et enae e 569
Section 19 Flash Memory (F-ZTAT VEISION) .....ccoeveeeereerieseeseee e sie e 571
TO.1  FEAIUIES. ..tttk ettt sttt a e b et ae e ae e e b e e e b e e b e e b e e aee s aeesae e saeebeembeeaneennenbeesanesanas 571
19.2 MOUE TraNSITIONS ...ttt nr e 572
S G =1 Voo QL @a ) 1T U1 1T o 576
19.4  INPUL/OULPUL PINS.....ooiiiesiiseie sttt e sttt sre e e e e e ss e tesnesrenneeneenes 577
195 RegiStEr DESCIIPLIONS ... eeiviiterieeteeieeeeie sttt ettt be it se e e e e e besaesbeeaesneenee e eneeees 577
19.5.1 Hash Memory Control Register 1 (FLMCRL)......cccoooiiiiiiieeieeeeeeeeeeie e 577
19.5.2 Fash Memory Control Register 2 (FLMCR2).........cccooioiiirieiereeceeeeeeeee e 579
19.5.3 Erase Block Register 1 (EBRL).......ccccciviieueieeiieriesiesieseeeenesseseesteseeneeseeseessesnens 579
19.5.4 Erase Block RegISter 2 (EBR2).......cccccviiieeeeeeriesese s eeesee e stesteseeseseesse e e 580
1955 RAM Emulation Register (RAMER)........ccoiiiiiiesisecereses e 580
19.6 On-Board Programming MOGES...........ceeeiiieiiniie et 581
19.6.1 BOOL MOE ......coueeeeie ittt ettt sttt s ebe e et e seesbesaeeneas 582
19.6.2 Programming/Erasing in User Program MOGE...........ccoceeerieeieieneneneneesene e 584
19.7 Flash Memory Emulation in RAM.........ooiiiiiieiececesee et e 585
19.8 Flash Memory Programming/EraSing .......cccceveeereareeieesseseessessessessesssessessessessessessesssessenes 587
19.8.1 Program/Program-V erify MOE.........ccvovreiieeieresi e eeeeee s sne 587
19.8.2 Erase/Erase-Verify MOE........ccooiiiiirieieie et 589
19.8.3 Interrupt Handling when Programming/Erasing Flash Memory...........ccccceveneee. 589
19.9 Program/Erase ProteCHION ...........coeeiieieiirieie et st e e 591



19.9.1 HardWare ProtECLION ......cueiiiveeieiei ettt et s e sbe s srae s sbee s sreeesnee s 591

19.9.2 SOftWEAIE PrOtECION. ... .cueiie ittt et 592
SRS ST g o g 011 x4 o] o SO SS 592
19.10 PROM Programmer MOOE.........coeiirieeeeiereenie et es et sbe e e e e e sbe e sneeneeneas 593
S I A 1o 1= [ = PR 593
19.12 Noteswhen Converting the F-ZTAT Versionsto the Mask-ROM Versions.................... 593
Section 20 MaSK ROM .......ocueeiiieieiiesie ettt 595
20.1  USBOE NOL... ..ottt ettt ettt a e bt e b e b e et e s e e s ae e sae e sae e bt eas e enneeneesbeenbeesanas 595
SECHION 21 RAM ettt bt 597
FZ I R U == o T Ao PR 597
Section 22 Hitachi User Debug Interface (H-UDI) .....ocoeveevecciecececeee e 599
P R @Y1 V1= T TSR 599
2211 FEAIUMES. ..ccueeeeeiteeetestesee s teste st e st et teste st s besaeseebestese et e st eseesesteneesessaneesessensenensensnnes 599
72 W =Y oo [ D 1o =0 S RSTRS 600
222 INPUL/OULPUL PiNS.....ecieieiiise ettt te ettt e te st stesnesre s e e e enaessesteseesresneeneenes 601
ARG T 3= o S (= gl 1= o 11 1o o 601
22.31 Instruction RegiSter (SDIR) ....c.coiiiiireeiee et 602
22.3.2 StatuS REQISLEr (SDSR)....ceiuirieriiririetiiririesestisiesesseseesessessesessessesessessesessessessssessenes 603
22.3.3 Data RegiSter (SDDR) .....ccoveeeiiriiietisieietesieeeeseees e ssese e ssesesessesessessessesessenseses 604
22.3.4 Bypass ReGIStEr (SDBPR) .....ccccoiviiiiiiiicereese e se e s e st sae e sne s 604
p A @< - 1] o 605
2241 H-UDI INEEITUPDL ...cueieiieeieeeesteese e see e seeeste e e ee e sseesneesneeseeneessennsenssenns 605
22.4.2 BYPASSIMOUE. .. .ottt sttt e b ettt benaenne s 608
22.4.3 H-UDI RESEL ......ooveuiiiiieiiitisieise sttt sttt ess e sse s s ssesessesseneesessenes 608
225 USAOE NOLES..... ittt ettt ettt b e b e bt e s be s e e sae e saeesbeenseeateeaeesbeenbeesaeas 608
Section 23 Advanced User Debugger (AUD) .....coveeiiieenenee e 611
P R @ 1 V1= SRS 611
2311 FEAIUMES. ..cveeeveiteeeteiteste sttt sttt aese st e st e s et e s eneesesseneesessaneesessensesensensenes 611
23.1.2 BlOCK DIGQIAIM....ceiitiieietieeeieeeiesie ettt ettt st st se e e e sbesaesaeeneeeaneeseens 612
23.2  INPUL/OULPUL PINS... .ottt s e e sbe e b et e e e ee e e besaesbesneeneees 612
PZ2C T8 R = T I T o ] oo 613
23.3 Branch TraCe MOUE.........cccoiriieiiiiere et eenes 615
P @ = 4T T SO 615
TSI ® o7 ¢ {[o] o ISR 615
234 RAM MONIOr MOOE..... ettt st sb e e se e e see e 616
2340 OVEIVIBW. ..ottt sttt st a et et e be et st e e st eae e ee e e besaeebeeneensenseneeseesnens 616
23.4.2 CommuNiCation ProtOCOI ..........ooveiririeiririeieereecse e 617
TG T © o - (o] o [OOSR 617
235 USAOE NOLES......c.eiieiieeiesieesieee ettt e e te et e st et e te e teeseesseesseesaeenseeneeeneennaenseenseenreas 619

Rev. 2.0, 09/02, page xx of xxxviii



SR T R L 0 TR E= (2= 1) TR 619

23.5.2 Operation in Software Standby MOde...........ccccoveeevieiicierecese e 619
23.5.3 Setting the PALS/CK PiN..ccicicceieciiiecieeeses et e e s se e saeaesee s nns 619
2354 PiN SEAIES.....ceeviiiieeiiitiiees ettt 619
23.55 AUD SEart-UP SEOUENCE. .......oeceieueieeeteeieeie ettt st sae s e saeesaeesbe e b s sbeseeeaeas 620
Section 24 POWEr-DOWN MOES ........ooueviiriirieniinieeeeee e 621
P22 R 1017 @0 11 o 10 11 S 623
24.2 REQISIEr DESCIIPLIONS.....c.eeieieesieiieeteeeereesesre s e se st s e e e e see s e e sreeseeeeeeseestesreeneeneennenseseens 623
24.2.1 Standby Control RegiSter (SBY CR) ...vecveieiesireeie e sveeseesee s eeesee e 623
24.2.2 System Control Register (SY SCR) .....couieirieiirire e 625
24.2.3 Module Standby Control Register 1 and 2 (MSTCR1 and MSTCR2).................. 626
P2 G I @1 - (] o USROS 628
e T RS 1= o 1Y oo 628
24.3.2 Software Standby MOGE.........ccceeeiieiieierese e ns 629
24.3.3 Module Standby MOGE.........ccoieeeeierere et nes 631
244 USBOE NOLES.....coeeieiiie ettt ettt ettt ettt et st s ae e sae e sae e bt eae e eaeeebeeebe e beenbeeneesanesaneeaes 632
24.4.1 1O POt SEALUS.....ccveueeeirierisiisieieiesieiesesteesse e e steae e be s seste s e stessesessessesessesens 632
24.4.2 Current Consumption during Oscillation Stabilization Wait Period.................... 632
24.4.3 On-Chip Peripheral Module INtErTUPL.......cceeveverere e 632
2444 Writingto MSTCRL and MSTCR2 .......ccveieie e eeeeeeee st ssee e 632
2445 DMAC, DTC, or AUD Operationin Sleep Mode.........ccccocvvevennieeenieeseseseeens 632
Section 25 List Of REQISIENS....c.ueceeieeeceeceeie et 633
25.1 Register Address Table (In the Order from Lower Addresses)........coeeveererenenieeieeieneens 633
25.2 REGISIEN Bit LISt .oiueiieeeiiie it ee sttt a e e e snesrenneenaennens 645
25.3 Register Statesin Each Operating MOE. .........cceveieierieieceie e se e 658
Section 26 Electrical CharaCteriStiCS .......uvvverirerieeriese s 665
26.1  Absolute MaXimum RELINGS .....coueiveruerieienierese e e e see st se e e b e ae e e sae e e 665
26.2 DC CharaCteriSHICS ... ceeeeeie sttt sttt sttt e e et et s b e bt s ae st e e e e seesbesbesaeeneans 666
26.3 AC CharalterfiSliCS ...oveueiiiieieriiieiesiese sttt sttt nbe e 669
26.3.1 Test conditionsfor the AC charaCteristiCs.......coouvevineininecne e 669
PTG 122 O o Tox (11111 [ S 670
26.3.3 Control Signal TiMINQ .....cceeoeieiiese e e ere e see e 672
26.3.4 BUS TIMINQ .eeuiiuiiieeiie ettt ettt ese e e e e be s eesbe st eae e e e eeseeseesbeeneeneeneeneas 675
26.3.5 Direct Memory Access Controller (DMAC) TimMiNg......ccccovevenenenieeneeneneeseeees 679
26.3.6 Multi-Function Timer Pulse Unit (MTU)TIMIiNG.....cccccevvrieienenineeeereereesee e 681
26.3.7 1/O POt TiMING....ccieiieeieieseseseseseeeesee s e sie e rese e seesaessesressesneesaessesseseessenses 682
26.3.8 Watchdog Timer (WDT)TimMIiNG....ccoierirereeeeriereseseseseeseesseseeseeeseseesseseeseesses 683
26.3.9 Serial Communication Interface (SCHTimMIiNgG......cccceeerreereiierinere e 684
26.3.10 1°C BUS INLEIfaCe TIMING .....o.evcveeeeeereeeceeeeeseeeesesessessesessessesessesessesss s ssnse s senans 686
26.3.11 Output Enable (POE) TiMiNG .....cccooriiuiiirieieriere e s 687

Rev. 2.0, 09/02, page xxi of xxxviii
RENESAS



26.3.12 A/D CONVEItEr TIMING....ccoviveerereeeereerieseesreseesseseessessessessesseessessessessesessesssessessens 688

26.3.13 H-UDI TIMING +..ocvorericeeeecieeeeeeieseeseeteseesesteseesestessesessessesssessesnsesensansesessesensensanens 689

26.3.14 AUD TiMING ...ucvrrieceeeeeeceeeeeeeeeeseteeteseseessesesessaesesssssssesssssseessesesesssessssnassansssaseans 691
26.4  A/D Converter CharaCteristiCS.......cooueiieiiciicecceeeee ettt e 693
26.5 Flash Memory CharaCteriStiCS.......cuiviiiiiiiieieieesese s et 694
APPENIX A PiN SEAES.....cceieeiecieeeeeee ettt 697
A. L LTS = (= SRS 697
Appendix B Pin States of Bus Related Signals........cccocveevveeveece e 707
B. Pin States of Bus Related SIgNalS.......ccccvvvirireienireceeeeseee s 707
Appendix C Product Code LINEUP........cureerierirnieriinie e seeeee e 710
Appendix D Package DIMENSIONS........ccccveierierieeeseeie et 711
Main Revisions and Additionsin thiSEAition...........cccccovvveeiie e, 713
170 [ OSSO 729

Rev. 2.0, 09/02, page xxii of xxxviii
RENESAS



Figures

Section 1 Overview

Figure 1.1 Internal Block Diagram of SHTL1A4.........ccocceieienieneeeeeesese s et enaeneens 3
Figure 1.2 Block Diagram Of SHT7L1A5 ..ottt snesnens 4
Figure 1.3 SH7144 Pin ArrangemeNt........cccoueieierieieeeieeeeesee et ssesees e eesseesbeseessesseeneeeeseessesaessens 5
Figure 1.4 SH7145 Pin ArrangemeNnt........cccoeieiereieeieeeeeseesie e sses e eesseesteseesaesseeseeeeseessesaesneas 6
Section 2 CPU

Figure 2.1 CPU INternal REJISIES.....cvoiiiiiierie ettt sae et sae e snesre e 14
Figure 2.2 DataFormat in REJISIErS......coviiiiiicieeee et na e e sre s ne e 17
Figure 2.3 Data FOrmatS in MEMOIY ........cccvieiueerereeeesiesiestessessesseeseessessessessessessessesssessensesesssessenns 18
Figure 2.4 Transitions between ProCessing SEAES........coeeerererieieeie e e e 41
Section 3 M CU Operating Modes

Figure 3.1 The Address Map for Each Operating Mode............cooieiineneninieeee e 46
Section 4 Clock Pulse Generator

Figure 4.1 Block Diagram of the Clock PulSe GENEIELOr ..........ccceceveeriiieeeeeesese e e 47
Figure 4.2 Connection of the Crystal Oscillator (EXample)........cuevvevuerererievenereseseseeeeseeseens 49
Figure 4.3 Crystal Resonator Equivalent CirCUIt..........cooeeeeiiiiiiiie e 49
Figure 4.4 Example of External Clock CONNECLION .........coceeiiiiiriiie e 50
Figure 4.5 Cautionsfor Oscillator Circuit System Board Design.........ccceceveeererieeiieneeseseseeene 51
Figure 4.6 Recommended External Circuitry around the PLL ..........cccovvcvevievenern s 51
Section 6 Interrupt Controller (INTC)

Figure 6.1 INTC BIOCK DIi@Qram ......cceeuevierieriesiesieseeieseeiestestessessessasassesssssessessessssssnsesssssessenns 68
Figure 6.2 Block Diagram of IRQ7 to IRQO Interrupts Control ...........ccoceerenereienicnieee e 78
Figure 6.3 Interrupt Sequence FIOWCHArt...........ccco i 83
Figure 6.4 Stack after Interrupt EXCeption PrOCESSING.......c.coeiirierererieieeie e 84
Figure 6.5 Example of the Pipeline Operation when an IRQ Interrupt is Accepted...................... 86
Figure 6.6 Interrupt Control BIOCK Diagram.......ccccceeveeeeieeriereseseseesteseeaeseesee e e sre e eseesesneeses 87
Section 7 User Break Controller (UBC)

Figure 7.1 User Break Controller BIOck Diagram ..........ccccoooeierenenienese e 92
Figure 7.2 Break Condition Determination Method ..............ccooeiiiiiiinene e 97
Section 8 Data Transfer Controller (DTC)

Figure 8.1 BIlock Diagram Of DTC ......cccueieieiisiseseeeeseese sttt snesre e 104
Figure 8.2 Activating Source Control BIOCK Diagram..........ccceeverereeesieesiesiesese e seseeeeeeneas 112
Figure 8.3 DTC Register Information Allocation in Memory SPace........ccccvveeveeeeeereeseeseenens 112
Figure 8.4 Correspondence between DTC Vector Address and Transfer Information............... 113
Figure 8.5 DTC Operation FIOWCHAIT ........c.ooiiiiiiiieieee et 116
Figure 8.6 Memory Mapping in NOrmal MO .........cooeeiirieierere e 117
Figure 8.7 Memory Mapping in REPEAt MOUE..........cocviuieieiee e 118

Rev. 2.0, 09/02, page xxiii of xxxviii
RENESAS



Figure 8.8 Memory Mapping in Block Transfer MOGE...........cceveeereniernseneeeeee e 119

Figure 8.9 Chain TranSFer . ... .ottt st b et et sbe b eaean 120
Figure 8.10 DTC Operation Timing Example (Normal Mode) ..........cccvererirnenenenenceieeee, 121
Section 9 Bus State Controller (BSC)
Figure 9.1 BSC BIOCK DiagraM.......cccueiieriereisieseseeeeseesieseesiessessesseeseessessessessessessesssessesssssessessens 126
Figure 9.2 AdOreSS FOMMEAL .....c..eceieeieeeeesiesesese e seestesee e resreese e e eseesrestesneeseeseeneenseseensesnnssens 128
Figure 9.3 Basic Timing of EXternal SPate ACCESS........ccccueiuereriereesereseeeeseeseseeseesseseeseeseenees 138
Figure 9.4 Wait State Timing of External Space Access (Software Wait Only) ........ccccceeevenee. 139
Figure 9.5 Wait State Timing of External Space Access
(Two Software Wait States + WAIT Signal Wait State).........cccoverevenenenenenieeene 140
Figure 9.6 CS Assert Period EXtENSION FUNCHON .........c.vvvececeeeseccesieseseeseeses s seses s seneees 141
Figure 9.7 Example of [dle Cycle INSErtiON.......c.cceierireie e 143
Figure 9.8 Example of Idle Cycle Insertion at Same Space Consecutive ACCESS.......cccovevereennns 144
Figure 9.9 BusMastership Rel@ase ProCEAUIE............ccooiiiieriieiee et 145
Figure 9.10 Example of 8-bit Data Bus Width ROM Connection...........cccceeeeereneneniceeenennn. 145
Figure 9.11 Example of 16-bit Data Bus Width ROM Connection............ccocoeeeerieienenesennns 146
Figure 9.12 Example of 32-bit Data Bus Width ROM Connection (only for SH7145).............. 146
Figure 9.13 Example of 8-bit Data Bus Width SRAM Connection..........ccccevevevenereeceeseesennnn, 146
Figure 9.14 Example of 16-bit Data Bus Width SRAM Connection..........ccccceeeveveresieeseenennen. 147
Figure 9.15 Example of 32-bit Data Bus Width SRAM Connection (only for SH7145) ........... 147
Figure 9.16 ONE BUS CYCIE.....c.uiiiiieeiieiee ettt et st a e se e et seesbesnesneas 148
Section 10 Direct Memory Access Controller (DMAC)
Figure 10.1 DMAC BIOCK DiagIamM.....cccciviueeuireeeesiesisiesestesseeaessestessesseesssssesesssssessessssssssssees 150
Figure 10.2 DMAC Transfer FIOWChart ...........cccoeviiinieii e 162
Figure 10.3 (1) Round RODIN IMOUE........cccciiiiireie ettt st enean 166
Figure 10.3 (2) Example of Changesin Priority in Round Robin Mode..........cccccooiviieiiennee. 167
Figure 10.4 DataFlow in Single AddressS MOE...........coeiieirieneieeeeeeee e 169
Figure 10.5 Example of DMA Transfer Timing in the Single Address Mode...........ccccccooeuenee. 169
Figure 10.6 Direct Address Operation during Dual Address Mode..........cccovvereeieerevenienennnns 170
Figure 10.7 Example of Direct Address Transfer Timing in Dual Address Mode...................... 171
Figure 10.8 Dua Address Mode and Indirect Address Operation
(When External Memory Spaceis 16 DitS) ......cccevereiiierireee e 172
Figure 10.9 Dua Address Mode and Indirect Address Transfer Timing Example
(External Memory Space to External Memory Space, 16-bit width)....................... 173
Figure 10.10 Dual Address Mode and Indirect Address Transfer Timing Example
(On-chip Memory Space to On-chip Memory SPace) .........coevererereresesieeseenenns 174
Figure 10.11 DMA Transfer Examplein the Cycle-Steal MOde.........cccovevvceeeerevvnese e 175
Figure 10.12 DMA Transfer Exampleinthe Burst MOde..........cooveiieiieiinene s 175
Figure 10.13 Bus Handling when Multiple Channels Are Operating .........cccoeeeverenenenenneenens 177
Figure 10.14 Cycle Steal, Dual Address and Level Detection (Fastest Operation) .................... 180
Figure 10.15 Cycle Steal, Dual Address and Level Detection (Normal Operation) ................... 180
Figure 10.16 Cycle Steal, Single Address and Level Detection (Fastest Operation).................. 180

Rev. 2.0, 09/02, page xxiv of xxxviii
RENESAS



Figure 10.17 Cycle Steal, Single Address and Level Detection (Normal Operation)................. 180
Figure 10.18 Burst Mode, Dual Address and Level Detection (Fastest Operation).................... 181
Figure 10.19 Burst Mode, Dual Address and Level Detection (Normal Operation)................... 181
Figure 10.20 Burst Mode, Single Address and Level Detection (Fastest Operation) ................. 181
Figure 10.21 Burst Mode, Single Address and Level Detection (Normal Operation) ................ 181
Figure 10.22 Burst Mode, Dual Address and Edge Detection...........ccevvveeeeerenevesnseceeeeenens 182
Figure 10.23 Burst Mode, Single Address and Edge Detection............ccocveveveevereveseesieeeerennen 182
Figure 10.24 Source Address RElOad FUNCHION. ..ot 182
Figure 10.25 Source Address Reload Function Timing Chart ...........coceveeeeienene e, 183
Section 11 Multi-Function Timer Pulse Unit (M TU)
Figure 11.1 Block Diagram Of MTU .....ccccocieiiiiiise et s sne s 194
Figure 11.2 Complementary PWM Mode Output Level Example ........ccoovevvvveececencnieseciee, 231
Figure 11.3 Example of Counter Operation Setting Procedure ..........cocevveveveriesesesesceeeerennen, 235
Figure 11.4 Free-Running CouNter OPEIration ..........ccoceeeereererienesieeeeee e e see e see e e e 236
Figure 11.5 Periodic Counter OPEration.........ccooeieeereeirieeiesie et se e see e ee e b eseeeeneas 237
Figure 11.6 Example of Setting Procedure for Waveform Output by Compare Match.............. 237
Figure 11.7 Example of 0 Output/1 OULPUt OPEIratioN.........cccevereriereeeeieeseses e e sreeseesae e 238
Figure 11.8 Example of Toggle OUtPUt OPEration .........cccceevverererereseseeeeseeseese e e seeresseenes 238
Figure 11.9 Example of Input Capture Operation Setting Procedure............ccccoovveveeeereerereenn, 239
Figure 11.10 Example of Input Capture OPeration............cecererererenerieere e e see e see e 240
Figure 11.11 Example of Synchronous Operation Setting Procedure............ccooevvvereeceeienennne. 241
Figure 11.12 Example of Synchronous OPEration.............ccccceceerererenienenieeieeseese e seeseeee e 242
Figure 11.13 Compare Match Buffer Operation..........ccceeceeeereresesesesieesesees e seesreeseese s 243
Figure 11.14 Input Capture Buffer OPEration.........cccccvveeeeeeieeresese e e sees e st eeees 243
Figure 11.15 Example of Buffer Operation Setting Procedure...........ccoovevvevevenesesesceesieseenen, 243
Figure 11.16 Example of Buffer Operation (1)........cccooeieeereeieerene e 244
Figure 11.17 Example of Buffer Operation (2).........ccooeieeeieeierene e 245
Figure 11.18 Cascaded Operation Setting ProCedure ............ccocooeeererieneene e 246
Figure 11.19 Example of Cascaded OPeration .........ccocveeeeeeeerieseniesesieseesee e e e e sseseeaeseees 246
Figure 11.20 Example of PWM Mode Setting Procedure ...........coveeeeevenievesieseseeeeseesie e 249
Figure 11.21 Example of PWM Mode Operation (1) .....ccceeeereerereseseseeeeseesseseseesseseeseeseenees 249
Figure 11.22 Example of PWM Mode Operation (2) ......c.ccooeeoeererereneneneeieereese e seeseeeas 250
Figure 11.23 Example of PWM Mode Operation (3) ......cocceeererererenieneeeeseeseese e eeeas 251
Figure 11.24 Example of Phase Counting Mode Setting Procedure...........cccooevvneieneniceienenne. 252
Figure 11.25 Example of Phase Counting Mode 1 Operation ...........ccocvvveveereereseseesresseeseesennens 253
Figure 11.26 Example of Phase Counting Mode 2 Operation ...........ccocuveeeveereereneseesresseeseesennens 254
Figure 11.27 Example of Phase Counting Mode 3 Operation ...........ccocvveeeveeveereseseesresseeseeseenens 255
Figure 11.28 Example of Phase Counting Mode 4 Operation ............occveeeeeienenesesenieeieeseenens 256
Figure 11.29 Phase Counting Mode Application EXample..........ccooiiririeienenene e 257
Figure 11.30 Procedure for Selecting the Reset-Synchronized PWM Mode...........ccooeveeeeennen. 259
Figure 11.31 Reset-Synchronized PWM Maode Operation Example

(Whenthe TOCR'SOLSN =1 and OLSP = 1) ....cccecevereie e 260

Rev. 2.0, 09/02, page xxv of xxxviii
RENESAS



Figure 11.32
Figure 11.33
Figure 11.34
Figure 11.35
Figure 11.36
Figure 11.37
Figure 11.38
Figure 11.39
Figure 11.40
Figure 11.41
Figure 11.42
Figure 11.43
Figure 11.44
Figure 11.45
Figure 11.46
Figure 11.47
Figure 11.48
Figure 11.49
Figure 11.50
Figure 11.51
Figure 11.52
Figure 11.53
Figure 11.54
Figure 11.55
Figure 11.56
Figure 11.57
Figure 11.58

Figure 11.59
Figure 11.60
Figure 11.61
Figure 11.62
Figure 11.63
Figure 11.64
Figure 11.65
Figure 11.66
Figure 11.67
Figure 11.68
Figure 11.69
Figure 11.70
Figure 11.71
Figure 11.72
Figure 11.73

Block Diagram of Channels 3 and 4 in Complementary PWM Mode................... 263

Example of Complementary PWM Mode Setting Procedure............coooeoeeeeeeeenne 264
Complementary PWM Mode Counter OpPeration.........ccccoerererereeneeseeseesieseenaens 266
Example of Complementary PWM Mode Operation ............coceeeeveneienenenieneens 267
Example of PWM Cycle Updating.........ccccooervverenenieseese e eeeseese s 269
Example of Data Update in Complementary PWM Mode........ccccocevevivrevveiennns 271
Example of Initial Output in Complementary PWM Maode (1) ....cccevvvvrvrerennne 272
Example of Initial Output in Complementary PWM Maode (2).....cccooevererenenenne 273
Example of Complementary PWM Mode Waveform Output (1).......cccooeeverennenne 274
Example of Complementary PWM Mode Waveform Output (2).........ccceeverenenne 275
Example of Complementary PWM Mode Waveform Output (3).....cccccevervrennnnne 275
Example of Complementary PWM M ode 0% and 100% Waveform Output (1) .. 276
Example of Complementary PWM M ode 0% and 100% Waveform Output (2) ..276
Example of Complementary PWM M ode 0% and 100% Waveform Output (3) ..277
Example of Complementary PWM M ode 0% and 100% Waveform Output (4) ..277
Example of Complementary PWM M ode 0% and 100% Waveform Output (5) ..278
Example of Toggle Output Waveform Synchronized with PWM Outpti............. 279
Counter Clearing Synchronized with Another Channel .........ccccccovovvvicecevcienns 280
Example of Output Phase Switching by External Input (1).......ccccooevevvvrenieeiiennnns 281
Example of Output Phase Switching by External Input (2)........cccocovvierenieienene 281
Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1) .. 282
Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2) .. 282
Count Timing in Internal Clock OPEration.........cccvvveereeiesesesesese e eeeseesaeseens 287
Count Timing in External Clock Operation...........cccvevieeeeieereseseseseseeseeseenaens 287
Count Timing in External Clock Operation (Phase Counting Mode)............c....... 287
Output Compare Output Timing (Normal Mode/PWM Mode).........cccceverennnene 288
Output Compare Output Timing

(Complementary PWM Mode/Reset Synchronous PWM Mode).........ccccceeeuenneee 288
Input Capture Input Signal TiMiNG......cccoeveeienieeeeerere e 289
Counter Clear Timing (Compare MatCh) .......cccccevieieriieeeeieere e 289
Counter Clear Timing (INPUt CaPLUE) .........eceeeerereeniesieseeeeeseeseeseesesresreeeesaeseens 290

Buffer Operation Timing (Compare MatCh).........cccoceieiererieierese e 290

Buffer Operation Timing (INPUt CaptUre) ..........cooeereeieieneneeieee e 290
TGI Interrupt Timing (Compare Match) ..........cooeoeiiiiii e 291
TGI Interrupt Timing (INPUE CAPLUIE) ......ecveeveeeeeeeie e 291
TCIV Interrupt SEting TIMING.....cccoovieeeeeeeererese e nes 292
TCIU Interrupt SEtting TIMING.....cccocvieeieeceereesese s e e 292
Timing for Status Flag Clearing by the CPU...........cccooiiiiiinine e 293
Timing for Status Flag Clearing by DTC/DMAC Activation ..........ccoceeeeeeneennnne 293
Phase Difference, Overlap, and Pulse Width in Phase Counting Mode................. 294
Contention between TCNT Write and Clear Operations..........ccocevevvevesereeiennnens 295
Contention between TCNT Write and Increment Operations..........cccccevvveereennene 296
Contention between TGR Write and Compare MatCh...........ccocveeeveeverevesennennns 296

Rev. 2.0, 09/02, page xxvi of xxxviii

RENESAS



Figure 11.74
Figure 11.75

Figure 11.76
Figure 11.77
Figure 11.78
Figure 11.79
Figure 11.80
Figure 11.81
Figure 11.82
Figure 11.83
Figure 11.84
Figure 11.85
Figure 11.86
Figure 11.87
Figure 11.88
Figure 11.89

Figure 11.90

Figure 11.91
Figure 11.92
Figure 11.93
Figure 11.94
Figure 11.95
Figure 11.96

Figure 11.97
Figure 11.98
Figure 11.99
Figure 11.100
Figure 11.101
Figure 11.102
Figure 11.103
Figure 11.104

Figure 11.105
Figure 11.106

Figure 11.107

Contention between Buffer Register Write and Compare Match (Channel 0) ...... 297
Contention between Buffer Register Write and Compare Match

(ChannNEIS 3 @NA 4) ... e bbb 298
Contention between TGR Read and Input Capture..........coceeeeeeeereneneneresenieenens 298
Contention between TGR Write and Input Capture .........cccceeveeeevereseseseseneenens 299
Contention between Buffer Register Write and Input Capture...........ccccvvveeennenn 300

TCNT_2 Write and Overflow/Underflow Contention with Cascade Connection.301

Counter Value during Complementary PWM Mode StOp.......cocevererenerienieenennn. 302
Buffer Operation and Compare-Match Flagsin Reset Sync PWM Mode............. 303
Reset Synchronous PWM Mode Overflow Flag .........ccoeeeeoeeieeieiine i 304
Contention between Overflow and Counter Clearing.........cccccevvvevvsesieereesesennn, 304
Contention between TCNT Write and OVErflow.........cocovvvivneernnicneceneneens 305
Error Occurrencein Normal Mode, Recovery in Normal Mode..........ccccevevevenenne 309
Error Occurrence in Normal Mode, Recovery in PWM Mode 1..........cooeveeeenene 310
Error Occurrence in Normal Mode, Recovery in PWM Mode 2..........ccccoceeeenene 311
Error Occurrencein Normal Mode, Recovery in Phase Counting Mode............... 312
Error Occurrence in Normal Mode,
Recovery in Complementary PWM MOGE..........ccouevevevenenn s 313
Error Occurrence in Normal Mode,
Recovery in Reset-Synchronous PWM MOGE .........cocoieviieninieeienee e 314
Error Occurrencein PWM Mode 1, Recovery in Normal Mode..........cccccoceeeenne 315
Error Occurrencein PWM Mode 1, Recovery in PWM Mode 1l .......cccooceienneee 316
Error Occurrencein PWM Mode 1, Recovery in PWM Mode2..........ccccceveveenene 317
Error Occurrencein PWM Mode 1, Recovery in Phase Counting Mode.............. 318
Error Occurrencein PWM Mode 1, Recovery in Complementary PWM Mode...319
Error Occurrencein PWM Mode 1,
Recovery in Reset-Synchronous PWM MOGE .........cooiiiiiinenieeienee e 320
Error Occurrencein PWM Mode 2, Recovery in Normal Mode..........cccccoceeeenene 321
Error Occurrencein PWM Mode 2, Recovery in PWM Model........cccocvveveeneene 322
Error Occurrencein PWM Mode 2, Recovery in PWM Mode2..........ccccceveveenene 323

Error Occurrencein PWM Mode 2, Recovery in Phase Counting Mode............ 324

Error Occurrence in Phase Counting Mode, Recovery in Normal Mode............ 325

Error Occurrence in Phase Counting Mode, Recovery in PWM Mode1............ 326

Error Occurrence in Phase Counting Mode, Recovery in PWM Mode?2............ 327

Error Occurrence in Phase Counting Mode,

Recovery in Phase Counting MOGE...........cccoevieeeerenise s 328

Error Occurrence in Complementary PWM Mode,

Recovery in NOrmal MOE..........ooiiiiieere e e 329

Error Occurrence in Complementary PWM Mode,

Recovery iN PWM MOOE L ......ooo et 330

Error Occurrence in Complementary PWM Mode,

Recovery in Complementary PWIM MOGE..........cccoveveverenieneseseeseeeseese e 331

Rev. 2.0, 09/02, page xxvii of xxxviii
RENESAS



Figure 11.108 Error Occurrence in Complementary PWM Mode,

Recovery in Complementary PWM MOde..........coceiiiininiieneneee e 332
Figure 11.109 Error Occurrence in Complementary PIWM Mode,
Recovery in Reset-Synchronous PWM MOde ..o 333
Figure 11.110 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery in Normal MO .........ccveieeererese st 334
Figure 11.111 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery iN PWM MOOE L ..ot 335
Figure 11.112 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery in Complementary PWM MOde..........cocevinininiieneneeee e 336
Figure 11.113 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery in Reset-Synchronous PWM MOdE .......cceeveveveveneneeeereene e 337
Figure 11.114 POE BIOCK DiagraM......ccccoviieireeeeriesesesesresseesaessestessesseeseessessesssssessesssensessenses 339
Figure 11.115 Low-Level Detection Operation...........ccoeeoeeierieriene e 346
Figure 11.116 Output-Level Detection OPeration ...........ccceoerererenereeiee e 346
Figure 11.117 Falling Edge Detection Operation ............ccceoereriereeeerieeieene e e 347
Section 12 Watchdog Timer
Figure 12.1 BIlock Diagram Of WDT ......ccceciiiiiiieeie e se st eeeesee st se e sae s e sneneas 350
Figure 12.2 Operation in Watchdog Timer MOGE.........ccccvvvveieeereriise e 355
Figure 12.3 Operation in Interval Timer MOGE.........ccocoieiieiiiee e 355
Figure 12.4 Timing Of SEING OV F...... .o e 356
Figure 12.5 Timing Of SEtiNg WOV F.......ooui it 357
Figure 12.6 Writingto TCNT and TCSR .....ociieeeie et 358
Figure 12.7 WIItINGTO RSTCSR......cciiiiie vt eeesee e st ae e sre e e e e saentesrennens 358
Figure 12.8 Contention between TCNT Write and INCrement..........ccoovveeeeveereseseseeseeeeseenens 359
Figure12.9 Example of System Reset Circuit USing WDTOVF Signal .........ccceevvevninieneennn 360
Section 13 Serial Communication I nterface (SCI)
Figure 13.1 BIock Diagram Of SCl ..ot sne 362
Figure 13.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, TWO StOp BitS) ......ccccvvvreeieiere e 381
Figure 13.3 Receive Data Sampling Timing in Asynchronous Mode..........cccccevveveveeeeieneennn, 383
Figure 13.4 Relation between Output Clock and Transmit Data Phase (Asynchronous Mode) . 384
Figure 13.5 Sample SCI Initialization FIOWChart ............coooo o 385
Figure 13.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)......cccccecvreeieererenese e 386
Figure 13.7 Sample Serial Transmission Flowchart ...........ccccocovvieveiicceccese e, 387
Figure 13.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit).........ceoereririeniiene e 388
Figure 13.9 Sample Serial Reception Data Flowchart (1) .......cceeoeeeeieeneeieneiese e 390
Figure 13.9 Sample Serial Reception Data Flowchart (2) ........ccooeeeeeeeieieienene e 391

Figure 13.10 Example of Communication Using Multiprocessor Format

(Transmission of Data H’ AA to Receiving Station A) .....ccevvveveveseeeeieereeseneens 393

Rev. 2.0, 09/02, page xxviii of xxxviii

RENESAS



Figure 13.11 Sample Multiprocessor Serial Transmission Flowchart ..........cceevveveeeevecrcrerennnn, 394
Figure 13.12 Example of SCI Operation in Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit) ........ccccveeeveeiienennen. 395
Figure 13.13 Sample Multiprocessor Serial Reception Flowchart (1) ......ccocovevevenenicenciennnn. 396
Figure 13.13 Sample Multiprocessor Serial Reception Flowchart (2)......cccccoevvvvveerceevveieneenn, 397
Figure 13.14 Data Format in Clocked Synchronous Communication (For LSB-First) .............. 398
Figure 13.15 Sample SCI Initialization FIOWChart...........cccovvereeierieceresese e 399
Figure 13.16 Sample SCI Transmission Operation in Clocked Synchronous Mode................... 400
Figure 13.17 Sample Serial Transmission FIOWChart ..o, 401
Figure 13.18 Example of SCI Operation in RECEPLION ........ccoieriririririeie e 402
Figure 13.19 Sample Serial Reception FIOWChart..........cccoovveieieneceerere s 403
Figure 13.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations.......405
Figure 13.21 Example of Clocked Synchronous Transmission with DMAC/DTC.........cccc....... 409
Section 14 1°C Bus Interface (11C) Option
Figure 14.1 A Block Diagram of the 12C BUS INtEIfaCe.........c.cowurveveieeereeseeieeseesreessesseeseesseseeons 412
Figure 14.2 Example of the Connection of 1°C Bus I nterfaces
(ThiSLSI iSthe MaSter DEVICE) ......ceceeveerieiieriesieseeseeeeeesees e sre e sse e eseesses e snesseses 413
Figure 14.3 12C Bus DataFormat 1 (12C BUS FOMMEL) ........c.vvveveireseeeeeseesseseeseessessessessessesseseenes 436
Figure 14.4 12C Bus DataFormat 2 (Serial FOrMAL) ..........cvviveeveeseeseeseesessssessssessessessessesnenns 436
FiQUre 14.5 12C BUS TIMING.....orvieveieeeeeeeseesseesseseessssssssssssesssssssnsssssssesssssssssssssssssnsssssssssnsssnsans 436
Figure 14.6 An Example of the Timing of Operationsin Master-Transmission Mode
(MLS = WAIT Z0)tiiieieieiieieie e ste e este st s es e ste et sae et sseseesesaeseesessesassessesens 438
Figure 14.7 An Example of the Continuous Transmission Timing
in Master-Transmission Mode (MLS = WAIT = 0)...ccceecevevrveseeeereere e 439
Figure 14.8 An Example of the Timing of Operations in Master-Reception Mode
(MLS=WAIT Z ACKB Z0) ..ocueeeiriieeisiiei st sns 441
Figure 14.9 An Example of the Timing of Operationsin Slave-Reception Mode (1)
(MLS = ACKB Z0) iitieeiiiieieiesiesiee sttt sttt st st sae et e stesaesestesaesensesens 443
Figure 14.10 An Example of the Timing of Operationsin Slave-Reception Mode (2)
(MLS = ACKB Z0) .ottt sttt sttt st st e 444
Figure 14.11 An Example of the Timing of Operationsin Slave-Transmission Mode
YRS ) TSRS 446
Figure 14.12 IRIC-Set Timing and the Control of SCL........ccoiiiiiiinereee e 447
Figure 14.13 A Block Diagram of the Noise Canceller ..o 448
Figure 14.14 Example: Flowchart of Operationsin the Master-Transmission Mode................. 450
Figure 14.15 Example: Flowchart of Operationsin the Master-Reception Mode...................... 451
Figure 14.16 Example: Flowchart of Operationsin the Slave-Reception Mode............ccccueueee. 452
Figure 14.17 Example: Flowchart of Operationsin the Slave-Transmission Mode.................... 453
Figure 14.18 Pointsfor Caution in Reading Data Received by Master Reception..................... 458
Figure 14.19 HFowchart and Timing of the Execution of the Instruction that
Sets the Start Condition for Re-TranSmiSSION.........ccvvveeireireneeneesese s 459
Figure 14.20 Timing for the Setting of the Stop Condition ..........cccccvevevevevecce s 460

Rev. 2.0, 09/02, page xxix of xxxviii
RENESAS



Figure 14.21 Scheme of Slave Transmit OPeration..........ccccccevvriereeerieeseeseses e e eee e 461

Figure 14.22 Scheme of TRS Bit Setting in Slave Mode .........oooeiirieieiieee e, 462
Section 15 A/D Converter

Figure 15.1 Block Diagram of A/D Converter (For One Modul€) ..........ccccerrnenenenenieeieneennn, 464
Figure 15.2 A/D CONVErSION TIMING .....cciveeririeerierieresesieneeesiesessesiesessestesessessessesessessenessessenens 473
Figure 15.3 Externa Trigger INPUL TIMING ..c.cooveirineineseneee et 474
Figure 15.4 Definitions of A/D CONVErSION ACCUIACY ......coveervereeerieriereriesienessesiesessesiesessesseneens 476
Figure 15.5 Definitions of A/D CONVErSION ACCUIBCY ....cueevereereereeriesieseeeeseaseeseeseesseeneeseeseesees 476
Figure 15.6 Example of Analog INPUL CirCUIL ........ccoiiieii et 477
Figure 15.7 Example of Analog Input Protection CirCuit...........ccooviiriieeienene e, 479
Section 16 Compare Match Timer (CMT)

Figure 16.1 CMT BIOCK DIGQram......c.cocvieiieiireeeeieseestesiesteseeaeeesteste e sresseessessessessesnessessennees 481
Figure 16.2 CoUNtEr OPEratiON .....ccueeueeeeieseesiesesieeeeseesaeseesteseesseesesaesaessessessessessesseessessessessessens 484
Figure 16.3  COUNE TIMINQ -.eoviitiieiieetieeeie et st e e seeseeseesaeese e e esseseeseesaesaesseeneenseseensesaesseas 485
Figure 16.4 CMF St TIMING.....eeoieieieerieriese ettt sttt eae e se e e seesbesaeesesse e e ensessenseseesneas 486
Figure 16.5 Timing of CMF Clear by the CPU ..ot 486
Figure 16.6 CMCNT Write and Compare Match Contention............ocooevveneeienenenesenesieneenns 487
Figure 16.7 CMCNT Word Write and Increment Contention ...........c.coeevevenerienenenieneneeesieens 487
Figure 16.8 CMCNT Byte Write and Increment Contention............ccoeeeeerenereneneneseneneseeneene 488
Section 18 1/O Ports

FIQUr@ 18.1 POt A (SHT7LAA) ..ottt ettt nn e nans 553
FIure 18.2 POt A (SHT7LAS) ....cui ittt na e e 554
[T 10 = T T o o B 557
[T 10 L= 1 R o o A 559
Figure 18.5 POIt D (SHT7LA4).....c.oo oottt e et e et sre st e enaenaenaesnenneas 561
Figure 18.6 POIt D (SHT7LAD)... . ettt se e s b sn e ee e sneas 562
Figure 18.7 POIt E (SHTLAA) ..ottt st be e b snenne s 566
Figure 18.8 POIt E (SH7LAD) ..ottt et sae b sneeae s 567
[T 10T T T o o B 569
Section 19 Flash Memory (F-ZTAT Version)

Figure 19.1 Block Diagram of FIash MEMOIY ........cccvviiieciiieere e e e 572
Figure 19.2 Flash Memory State TranSitioNS.........ccoceeerieeiiererene e 573
Figure 19.3 BOOt MOE.......coeieiieiie ittt ettt e et e e e besaeenesneenean 574
Figure 19.4 USer Program MOGE ........cooeoiiiiriieieieeie ettt e e b ene e e eneas 575
Figure 19.5 Flash Memory BIock Configuration............ccecveeeieereresesie e seeseeeseeseesie e 576
Figure 19.6 Programming/Erasing Flowchart Example in User Program Mode...........ccccveueee.. 584
Figure 19.7 Flowchart for Flash Memory Emulation in RAM ........ccceoveiveievenie v 585
Figure 19.8 Example of RAM Overlap Operation (RAM[2:0] = B'000).......cccceeeererrerereniennen. 586
Figure 19.9 Program/Program-Verify FIOWChart............cooiiiiiriiiiiiiee e 588
Figure 19.10 Erase/Erase-Verify FIOWChart ... 590

Section 20 Mask ROM

Rev. 2.0, 09/02, page xxx of xxxviii
RENESAS



Figure 20.1 Mask ROM BIOCK Diagram.........ccccceiereieserieeieesesesesiesseseeeeseeseessessessesseessesesnees 595
Section 22 Hitachi User Debug I nterface (H-UDI)

Figure 22.1 H-UDI BIOCK DI@Qram .......c.coiieiiiiieneeee ettt e 600
Figure 22.2 Data Input/Output Timing Chart (1) .......cccceoerieeierereneseeeeeee e e 606
Figure 22.3 Data Input/Output Timing Chart (2)......ccccceeeeieerererieneseeeeseesesees e seseeseeseeseeees 607
Figure 22.4 Data Input/Output Timing Chart (3)......ccceeeeereerererireseseeseeresees e seenee e 607
Figure 22.5 Serial Data INPUL/OULPUL.......ccvereeeeieresiesee e eeeeesee et esee e e snesre e sneeseenes 609
Section 23 Advanced User Debugger (AUD)

Figure 23.1 AUD BIOCK DiBgram .......ccoeiiieiieeieieeieee et sbe s se e e e enas 612
Figure 23.2 Example of Data Output (32-Bit OULPUL) .......ccoveiurririeieeireeee e 616
Figure 23.3 Example of Output in Case of Successive BranChes........ccovvvvvvveeecienesiesee s 616
Figure 23.4 AUDATA INPUL FOIMEL ......cceeieieiesiisie st seeeeeesae et e e et eneeneeneas 617
Figure 23.5 Example of Read Operation (Byte Read) .........cccovvveveeerieniese e 618
Figure 23.6 Example of Write Operation (Longword WIIte) .........cccoerereierenenieeeenese e 618
Figure 23.7 Example of Error Occurrence (Longword Read)..........ccocoeviereeienene e 618
Section 24 Power-Down M odes

Figure 24.1 NMI Timing in Software Standby Mode (Application Exampl€) ........ccccceevevernnee. 631
Section 26 Electrical Characteristics

Figure 26.1 OUtpUt LOAOd CirCUIT.......ccceeeereeriesiesiseseeee e e see e s e ee e seestesre s s e e e eaesaeseesnesrennas 669
Figure 26.2  System ClOCK TIMING .....c.coeiiiiieieieseee et 670
Figure 26.3 EXTAL ClOCK INPUE TIMUINQ .eveiteeieeieieniesee e sre e seeeas 671
Figure 26.4 OsCillation Settling Time.......coiiiiiieeeee e 671
Figure 26.5 ReESEt INPUL TIMING ..eviiieiieieieesie s sieseeee e e et e e ae e tesaesre e e enaeseeneesnesrennas 673
Figure 26.6 Interrupt Signal INPUE TIMING.....cccoiiiiiieieeeiee e 673
Figure 26.7 Interrupt Signal OULPUL TIMING ...c.ecveieeeeeeeieiece e eeeee et e e e e nes 674
Figure 26.8 BUSREEESE TIMING.....cciiiiiieierieee ettt sr e e e be e e enas 674
Figure 26.9 BasiC CyCle (NO WIS ....cc.eiuererieiereere ettt s 676
Figure 26.10 Basic Cycle (One Software Wait)........ccoceeeeiereieiene e 677
Figure 26.11 Basic Cycle (Two Software Waits + Waits by WAIT Signal) ......ccccceeevvvivvennenee. 678
Figure 26.12 DREQO, DREQI INPUE TIMING (L) ...ecoereieeieieeieeeiesesiesieseeeeeeeeseessessessesseenes 679
Figure 26.13 DREQO, DREQI INPUE TIMING (2)....cceieiiriereeieieeresiesiesieseseeseeesee e e sreeseenes 680
Figure 26.14 DRAK OUtPUt DEl@Y TIME.....ceiieuirieieieriesie et e 680
Figure 26.15 MTU INPU/OULPUL TIMING ....eiueeiiieieeeeie e seeeas 681
Figure 26.16 MTU Clock INPUL TIMING......ciieieiieie e s see s 681
Figure 26.17 1/0O Port INpUt/OULPUL tIMING ....ecveieeieeeeeeeieseee e s e e seeneas 682
Figure 26.18 WDT TiMiNG c.ecveiieieisiesieeieseesiesieseestesseeseeseesteseesresseeseesaessesesaessesseesssssessessessessenses 683
Figure 26.19 SCI INPUL TIMINQG...citiieiieeeiesesieseseseeeeseesteseesresesseesaesssssessessessessesssesssssessessenses 684
Figure 26.20 SCI INPU/OULPUL TIMING. ....eeeeieieirerieeteeeeie e e e e e e eae e e eeseeseeenes 685
Figure 26.21 1°C BUS INLErface TIMING.........covvevrveereieeseesreissesseeseesssessssessssssesssesssssssssssssensensens 687
Figure 26.22 POE INPUY/OULPUL TIMING w....cvuveeceeceeescieeseesseessessessees s ssesses s sssses s ssseesens 687
Figure 26.23 Externa Trigger INPUE TiMiNG......ccoooveeieeeeieesesesesesesreseeeeseeseeseeseesseseeseeseenes 688

Rev. 2.0, 09/02, page xxxi of xxxviii
RENESAS



Figure 26.24 H-UDI CIOCK TiMiNG ....ecoveeieieiiseieeieseese st seeeeee st ie e sses e e e seessessesseeseenennes 689

Figure 26.25 H-UDI TRST TiMING ....uvvuvuieeieeeecisseesseeseessessessssss st sessssssss e sses s ssses 689
Figure 26.26 H-UDI INpUt/OULPUL TIMING ...coveierieieienie et 690
Figure 26.27 AUD RESEL TIMING.....coeiiiiieiterierieseee et se e see b b saesse e e aeseeseeseesneas 692
Figure 26.28 Branch TraCe TiMING.......ccceueeueruerereseseeeeseeseeseseessesseeseessessessessessessessessssssessessens 692
Figure 26.29 RAM MONITOr TIMING ....cccoiieiirireeeeseseesesesresseeeeseeseesresseeseessesessessessessseseeseenses 692
Appendix D Package Dimensions

o I R o o ] SRS 711
o o o SRS 712

Rev. 2.0, 09/02, page xxxii of xxxviii
RENESAS



Section 2 CPU

Table2.1 Initial Values Of REQISIEIS.......cicviieiieeceerere st sre e 17
Table2.2 Sign EXtension of WOrd Datal.......c.ccevieeeereereneseseseeeesees e see e e e sseseesse s e eneenes 19
Table2.3 Delayed Branch INStrUCHIONS.........ccooiieiirieierere e 19
TADIE 2.4 T Blit.iiiiiciieiee ettt et bbb e bbbt bbb e 20
Table2.5 Immediate Data ACCESSING -....coveiuerterieeeeeriantereeste e eseeeeseeseeseestesaesbesseeneeneessensessesseses 20
Table2.6 AbSOIUte AAArESS ACCESSING......coiiiiiiiieeeeeeeeeree e e et e e st snesreeseeeeaesneeas 21
Table2.7 DisplaCement ACCESSING ....c.cierererereereereertestessesteseeeessessessessessessessesssessessessessessessesses 21
Table2.8 Addressing Modes and Effective AddreSseS.......covvvvveeeeeesie s 22
Table2.9 INSITUCLION FOMMELS.......cccciiiiiiie ettt et ebe et se et e e enas 25
Table2.10 Classification of INSITUCLIONS .........couiiirieiee e 28
Section 3 M CU Operating Modes
Table3.1 Selection of Operating MOUES .......cviveeeeeriere et sre e 43
Table3.2 ClOCK MOUE SEHING ..e.veeueeeereeesieses ettt ettt sa e ae e sre b e sneesa e e enaeneennennn 44
Table3.3 Operating Mode Pin Configuration............cccceviriereseseeseeseseese et seese s enes 44
Section 4 Clock Pulse Generator
Table4.1 Operating clock for each Mmodule............cccoiiiiiiiiiie e 48
Table4.2 Damping RESISIANCE VAIUES ......couiiiiieeeeeeee ettt 49
Table4.3 Crystal Resonator CharaCteristiCS........covuriiiiiiisiereeeseeseese s 49
Section 5 Exception Processing
Table5.1 Typesof Exception Processing and Priority Order..........ccovevrneennrcoinneennneenennns 53
Table5.2 Timing for Exception Source Detection and Start of Exception Processing................. 54
Table5.3 Exception Processing VeCtor Table........ccoiiiiiiiieieeeeee e 55
Table5.4 Calculating Exception Processing Vector Table AddreSses.........cooveeevereneienicnceene 56
TahE 5.5 RESEL SEBLUS.......cvireriereiiesre et 57
Table5.6 BusCyclesand AdAreSS EITOrS........coviviiereeieeierisesesteseeeesestes e sseesaeae e sre e eneenes 59
Tabhle 5.7 INLEITUPL SOUICES.....ccueiveieeeieeieiestes et st ete et e e e et esre s e e esaesa e tesresreeseeseenaeneenseseesrennen 60
Table5.8 Interrupt Priority OFQEr ........coooe it 61
Table5.9 Typesof Exceptions Triggered by INSIrUCLIONS ........covieiriiieieeeeeeee e 62
Table5.10 Generation of Exception Sources Immediately after a Delayed Branch Instruction

or Interrupt-Disabled INSITUCHION.........ccvevieie i 63
Table5.11 Stack Status after Exception Processing ENAS........ccocvvveeveeceeievese v 65
Section 6 Interrupt Controller (INTC)
Table 6.1 Pin CONfigUIaiON.......ccoiiieeieee ettt e b e sae e e e e e enas 69
Table 6.2 Interrupt Exception Processing Vectors and Priorities.......c.ccooeoereneienenenenceeene 79
Table 6.3 Interrupt RESPONSE TIME.....cueiiiiiiie ettt s b e ne e e e enas 85

Section 8 Data Transfer Controller (DTC)
Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTES..........ccccveueee.. 113

Rev. 2.0, 09/02, page xxxiii of xxxviii
RENESAS



Table8.2 Norma Mode Register FUNCLIONS. .........cceieiirieriecireceeeeseese et e e s 117
Table8.3 Repeat Mode Register FUNCHIONS..........coiiiiiirieeeieeeee e e 118
Table8.4 Block Transfer Mode Register FUNCLIONS..........cooiiiiriiie e 119
Table 8.5 EXecution State Of DT C......cciiiriieeieeeieee sttt s s 121
Table 8.6 State Counts Needed for EXECULION SEALE........cccoeeverieirieiree e 122
Section 9 Bus State Controller (BSC)
Table 9.1 Pin CONfigUIatioN........cccueiieiierisese s eeese e e ste e se e e sresre e ese e e e e sresresneens 127
Tabhle 9.2 AdArESS M@ ... ittt h ettt e s ae s e e e teseesbesaeeneennans 128
Table9.3 Accessto On-chip Peripheral /O ReQISLEIS ......cooveieierieieneeeeeeie e 148
Section 10 Direct Memory Access Controller (DMAC)
Table10.1 DMAC Pin CoNfigUIatiON.........cccveiierierisesiestiseeeeseesees e sresreseeaeseessessesnessessessaesenns 151
Table10.2 Selecting External Request Modes with the RS BitS.......ccccecevevievenviececcceciens 163
Table10.3 Selecting On-Chip Peripheral Module Request Modes with the RS Bits................. 164
Table10.4 Supported DMA TranSFerS... ..ot et eens 168
Table10.5 Relationship of Request Modes and Bus Modes by DMA Transfer Category ......... 176
Table10.6 Transfer Conditions and Register Set VValues for Transfer between On-chip SCI

aNd EXTErNGl MEIMOTY .....ocveiieciieeeeeie s sttt st a e e e seesre e sneennenen 185
Table10.7 Transfer Conditions and Register Set VValues for Transfer between Externa RAM

and External Device With DACK ..ottt 186
Table10.8 Transfer Conditions and Register Set VValues for Transfer

between A/D Converter (A/D1) and On-chip Memory.........ccoceoeieneniencnenieciene 187
Table10.9 DMAC INLErNaAl SEBEUS......cc.ereeeieeeieriesteeie st eeee et e e e eeseeseesbesaesae s e eneeneans 188
Table 10.10 Transfer Conditions and Register Set Values for Transfer

between External Memory and SCI1 Transmit Side........ccccooeverveneineneicneneenn 189

Section 11 Multi-Function Timer Pulse Unit (MTU)
Table11.1 MTU FUNCHONS.......eiuiiiiiiie sttt se e e b s ae e e e e e aneeseeseesae e 192
TADIE 112 MTU PINS ..ottt ettt sttt et s b e s se s e s esesseaenessenes 195
Table11.3 CCLROto CCLR2 (channels0, 3, and 4) ....cccccvievieeriiieisisieese e 199
Table11.4 CCLROto CCLR2 (channelS1and 2) .......ccccccvveiieiereenie e seseesie e se e see e sen e 199
Table11.5 TPSCOto TPSC2 (Channel 0) ......cccveeeieerieiiesiiseseeeesees e e e se e e et seenaennens 200
Table11.6 TPSCOto TPSC2 (ChanNEl 1) .....cccceeeeieeiesie e eeeeesees e e st seenaennens 200
Table 11.7 TPSCO to TPSC2 (ChanNEl 2) .......coveiiieieiiiiieisiee et 201
Table11.8 TPSCOto TPSC2 (ChannelS 3 and 4) ........ccoeeieeiieieirieie e 201
Table 11.9 MDOTOMDS ..ottt s e s b se s ssese s e s senessensenes 203
Table11.10 TIORH_O (ChanNEl 0) ....cceeeeieeiesiesiesesieeeeee e see et se e eee et sre e eneenee e seenns 205
Table11.11 TIORL_O (Chann@l 0).......ccceiririeiriinieiirienieesesie sttt 206
Table 11.12 TIOR_1 (ChANNEL 1) ...coiriiiiiiriiieierieeet ettt s es 207
Table 11.13 TIOR_2 (ChANNEl 2) ...ccevveieeiriiieiesiiietisieie sttt ss e e s aesessenes 208
Table 11.14 TIORH_3 (ChaNNEl 3) ....ccccveiiiiieiiriiieii ettt saens 209
Table11.15 TIORL_3 (ChanNEl 3).....cccueiiirieiriiieiiisie sttt 210
Table11.16 TIORH_4 (ChaNNEl 4) ......oeiuiiiiieierieeieree et 211

Rev. 2.0, 09/02, page xxxiv of xxxviii

RENESAS



Table11.17
Table11.18
Table11.19
Table 11.20
Table11.21
Table11.22
Table11.23
Table11.24
Table 11.25
Table 11.26
Table11.27
Table11.28
Table11.29
Table 11.30
Table11.31
Table 11.32
Table11.33
Table11.34
Table11.35
Table 11.36
Table 11.37
Table 11.38
Table11.39
Table11.40
Table11.41
Table 11.42
Table 11.43
Table11.44
Table11.45

Section 12
Table12.1
Table 12.2

Section 13
Table13.1
Table13.2
Table 13.3
Table 13.3
Table 13.3
Table 13.3
Table 13.4

Table13.5

IO I (o= 1 I S 212
TIORH_0 (ChannEl 0) ....ccveveeiiiiiiieece ettt st 213
TIORL_O (Chann€l 0).....cceiueeeeririeeeiesieieesiesesteste sttt e st s tesaesessesaenensens 214
QLT (o= T I ) LSS 215
IO R A (v = 2 PRSP 216
IO R TR (7= 110= ) SRS 217
IO R I (o= 0 1 ) S 218
TIORH_4 (ChaNNEl 4) ....ccooieeeeiieee ettt st 219
TIORL_4 (ChaNNEl 4).....ccveieeiieieiieeee ettt st e ene s 220
Output Level SEleCt FUNCLION ..o 230
Output Level SElECt FUNCLION ......ccoiviiiececeec et 231
Output level SElECt FUNCLION........ccoiieie e 233
Register Combinationsin Buffer Operation ..........ccocvevvivveseeieeresiesese e seee e 242
Cascaded COMDINGLIONS..........c.ccueiieiieieeseete ettt sre e sreenreeanas 245
PWM Output Registers and OULPUL PiNS .........coocoreiirineie e 248
Phase Counting Mode Clock INPUL PINS..........coeiiiiiineieeeee e 252
Up/Down-Count Conditions in Phase Counting Mode 1........ccccccevvvvvveeceecienienienn 253
Up/Down-Count Conditions in Phase Counting Mode 2...........cccccevvvveeceeciereenienn 254
Up/Down-Count Conditionsin Phase Counting Mode 3.........cccceeevevvnnneceneenen, 255
Up/Down-Count Conditions in Phase Counting Mode 4..........ccccoovevinineieniceenne 256
Output Pins for Reset-Synchronized PWM Mode.........cccooiieiiiiniie e 258
Register Settings for Reset-Synchronized PWM Mode..........ccooevviiiinciicceeenee. 258
Output Pinsfor Complementary PWM MOGE .........cceoeverenieneneeieese e e 261
Register Settings for Complementary PWM MoOdE........cccevevevvneveseeeesese e, 262
Registers and Counters Requiring Initialization ..........ccccovvevevvvesesieesesese e 268
MTU INEEITUPDES ...ttt ettt ettt e et s e e s e b e b e e b e 285
Mode Transition COMDINGLIONS ..........ccveiieiieiieie e seees 307
Pin CONfIQUIALION. ... ettt ettt sne e 340
Pin COMDINGLIONS........ciiiieiirierieee et sb e enes 340
Watchdog Timer
Pin CONfiQUIALION. ....c.ccuiiiiieiiiee ettt 350
WDT Interrupt Source (in Interval Timer Mode) ........cccooeiererieeieneseseeeeee e 357
Serial Communication Interface (SCI)
PiN CONfIQUIALION. ......eeuieeiiiee ettt se e e b e 363
Relationships between N Setting in BRR and Effective Bit Rate Bg..........ccceueeee. 373
BRR Settings for Various Bit Rates (Asynchronous Mode) (1) ......cccccveeveeerenienenn 374
BRR Settings for Various Bit Rates (Asynchronous Mode) (2) ........ccceeeveerenienenn 374
BRR Settings for Various Bit Rates (Asynchronous Mode) (3) ......cocoeevererieeiinnenns 375
BRR Settings for Various Bit Rates (Asynchronous Mode) (4) ......cccooeveeerieeienenns 375
Maximum Bit Rate for Each Frequency when Using Baud Rate Generator
(ASYNCHIONOUS IMOTE) ......eeueeiiieieecteeeeie e ste sttt s te e ese e e e e sresre e eneeneenes 376
Maximum Bit Rate with External Clock Input (Asynchronous Mode) .................... 377

Rev. 2.0, 09/02, page xxxv of xxxviii
RENESAS



Table13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (1) ........cccvenuee 378

Table13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (2) ........cccceeu.e. 378
Table13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (3) ......c.cceeeeneee 379
Table13.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode) (4) ........ccccueuee 379
Table13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode) ........ 380
Table13.8 Seria Transfer Formats (ASynchronous MOdE).........ccveveeeeeeereereseeseseseeeeseeneeneens 382
Table13.9 SSR Status Flags and Receive Data Handling ........ccceeveveerevenenesesenieceeseeseesie e 389
Table 13.10 SCI INtEITUPE SOUICES......ccueruirteriereerierieeieseeste sttt sieseeseeseesbeseesbesaesseeaeeseeseseeseesaens 407
Section 14 1°C Bus Interface (11C) Option

Table14.1 Pin CONfiQUIaLION. ......cciiiiiiieriere ettt st sb et se et e b e 413
Table14.2 Transfer FOMEL ........ccvvriereereiisrereesre e 417
Table14.3 Setting of the Transfer CIOCK .........cceviiiiie e 420
Table14.4 Setting Of the Bit COUNLEN .......cceeeeieriese ettt 420
Table14.5 DesCription Of IRIC .......ooiiiieie e e 426
Table14.6 The Relationship between Flags and Transfer StateS ........cooevvieienenieneniereene 428
Table 14.7 1°C Bus Data Format: Description of SYymbOIS.............c.vuieeeenreieesseisiensesssessesnenes 437
Table14.8 Examples of Operationsin whichthe DTCisUSed .......ccceevveeecevenenn e 449
Table14.9 1°C Bus Timing (output of SCL @nd SDA) ........ceieieiierieseeieeseeseessessessessessessessessesees 454
Table14.10 Tolerance of the SCL RiSE TIME (L) «ververerrrrrererrerrerresrrsesesesseeseessessessessessesseens 455
Table 14.11 1°C Bus Timing (when the effect of tg/ts iSat itS MaXimum) ...........co.oeeevereeeeene. 456
Section 15 A/D Converter

Table15.1 Pin CONfiQUIaLiON. .......c.eiieieieriese ettt se e e b e 465
Table15.2 Channel SEIECE LiSt.......coeiriiereirieeireeeses e 468
Table15.3 A/D Conversion Time (SiNgIe€ MOE)........cccevvrerieerieee e eeeseee s 473
Table15.4 A/D Conversion Time (SCaN MOTE) .......cceierirereeeeeee e sese s seeseee et sesneennens 474
Table15.5 A/D Converter INEEITUPL SOUICE........ccueiueiereeereeiereeste e ereeeeseeseeseesbe e eseeneeseeseeseens 475
Table15.6 Analog Pin SPeCIfiCationS.........cooeiiieriie e e 479
Section 17 Pin Function Controller (PFC)

Table17.1 SH7144 Multiplexed PiNS (POIt A) ......oovie e cieeeiese e eeie st sae e e 489
Table17.2 SH7144 Multiplexed PinS (POIt B) ......cccvcivieiiieciesese s eesie e eeseenae e 490
Table17.3 SH7144 Multiplexed PinS (POrt C) ......cccvceieeiereeiesese e eeie et seenae e 490
Table17.4 SH7144 Multiplexed PinS (POIt D) ......coooeiirieieee et 491
Table17.5 SH7144 Multiplexed PinS (POI E) ......ccooi ittt 492
Table17.6 SH7144 Multiplexed PinS (POI F) ..o 492
Table17.7 SH7145 Multiplexed PiNS (POIt A) ......oovie e ciceeiesese e sae e e 493
Table17.8 SH7145 Multiplexed Pins (POIt B) ......cccvcviiiiieeiesese s eesie e eeseenae e 494
Table17.9 SH7145 Multiplexed PinS (POrt C) ......cocvcvierieeeierese s eeeeesie et seenae e 494
Table17.10 SH7145 Multiplexed PinS (POrt D) .......coeieeirieeieiene e 495
Table17.11 SH7145 Multiplexed PinS (POIt E) .......cco it 496
Table17.12 SH7145 Multiplexed PiNS (POrt F) .......ooe i 496
Table17.13 SH7144 Pin Functionsin EaCh MOde (1) ......ccevvvviereeiesese e 497

Rev. 2.0, 09/02, page xxxvi of xxxviii
RENESAS



Table17.13 SH7144 Pin Functionsin EaCh Mode (2) .......cccevvvvivveecere e 501

Table17.14 SH7145 Pin Functionsin EaCh Mode (1) ......coooiiiiieiieiee e 505
Table17.14 SH7145 Pin Functionsin EaCh Mode (2) .......cccooiiiiiiieieienseee e 510
Section 18 1/0O Ports
Table18.1 Port A Data Register (PADR) Read/Write Operations..........cccceverieresesesieeseenennens 556
Table18.2 Port B Data Register (PBDR) Read/Write Operations..........ccccveveriereseseseeseeseenens 558
Table 18.3 Port C Data Register (PCDR) Read/Write Operations...........cccceveriereseesesieeseesennens 560
Table18.4 Port D Data Register (PDDR) Read/Write Operations..........ccccevereresesenieneenennens 565
Table18.5 Port E Data Register L (PEDRL) Read/Write Operations...........cccoveverererieeieeneennn 568
Table18.6 Port F Data Register (PFDR) Read/Write Operations...........cccceverereseesenieneeneenens 570
Section 19 Flash Memory (F-ZTAT Version)
Table19.1 Differences between Boot Mode and User Program Mode..........ccveeevvneieceeeeennn, 573
Table19.2 Pin CoONfigUIralion.......cc.eceeieerereresesesteeieeaeseeseeste e sseeseeeeseessessessesseeseenseseessessessens 577
Table19.3 Setting On-Board Programming MOES.........cceeireeieeieiinereeeeee e 581
Table19.4 BoOt MOOE OPEIELION .......coeieeierieeieeeeie ettt st s eae e e et e sbe e eneeneeneas 583
Table19.5 Peripheral Clock (Pg) Frequencies for which Automatic Adjustment

Of LS| Bit Rt ISPOSSIDIE........coeiriiiieiercrerc e 583
Section 22 Hitachi User Debug Interface (H-UDI)
Tahl@22.1 H-UDI PINS...oiiiiiiciiiieenrie sttt 601
Table22.2 Serial Transfer Characteristics of H-UDI RegiSters........oovrieienenenene e 602
Section 23 Advanced User Debugger (AUD)
Table23.1 AUD Pin CoNfigUIation .......cccccoiiireiieeeieeie e see e e sneas 612
Table23.2 Ready Flag FOIMEL..........cccoiiieiesiseeeeiesee et e e s e e saesresnenne s 618
Section 24 Power-Down M odes
Table24.1 Internal Operation Statesin EaCh MOGE..........ccoeeirrirenerciirseesee e 622
Table24.2 Pin CONfigUIaLION. .......ciuiiiieeieie ettt st ae e e e e seesbesaesneas 623
Section 26 Electrical Characteristics
Table26.1 Absolute Maximum REEINGS .......coeeereeriereenerie et nee e e 665
Tahle26.2 DC CharaCteriSliCS......cirrrerierieriireereereseese st 666
Table26.3 Permitted OUtpUt CUITENt VaIUES.......c..oieieeeieie ettt 668
Tabhle26.4 ClOCK TIMING ..cuveiieiiiieieeteseeeese st ae e st te e s s e esaeseestestesresseeneenaeseensesaennens 670
Table26.5 Control SigNal TIMING .......coiieierereeeeeere et st see e se e e eeseeseesaesaeas 672
TaDIE26.6 BUS TIMING ...eeueeiiieiiteite ettt ettt see st st e e e e e besbesaesse e e eneeseesbesaesaeeseennan 675
Table26.7 Direct Memory Access Controller TIMiNG ......ccoceoerereieneneee e 679
Table26.8 Multi-Function Timer Pulse Unit TiMiNG.......cccovievivieieeeseeeese e 681
Table26.9 1/O POIt TIMING.....civieeieeeieereseseseseeeesee e stestese e eseesaetesressesneeseeseessesseseessessnssens 682
Table26.10 Watchdog Timer TimMiNG......cccceverereiieeeeesieseesteseereeseeseeseesresreseesaessessessessesseenees 683
Table26.11 Serial Communication Interface TIMiNG........ccooeiiiiiinienereee e 684
Table26.12 12C BUS INtErface TIMING........ocovveeeeeeeeeeeeeeseesesssssssssssssssesssessesssssssssssessssssenees 686
Table26.13 Output ENaDIE TIMING.......ccoiiiiiiiieieeeieeee et s saeas 687

Rev. 2.0, 09/02, page xxxvii of xxxviii



Table26.14 A/D CoNVErter TiMIMNQG.....cccouererererrerereeseesseseseessesseesesseessessessessessessesssessessessessenes 688

Table26.15 H-UDI TiMING .c.ciiiirieiriiieiiinieesesieesesse st saesessessesassessesessessesessessessssessensesessenes 689
Tabhle26.16 AUD TiMING..iiiieiiirieiriisieesisieeseseesesesteassesaeses e ssesessesseessessesessessessssessensesessenes 691
Table26.17 A/D Converter CharaCteriStiCS. .. ..ouuririreririreeierie et 693
Table26.18 Flash Memory CharaCteriStiCS.....couuiiririeirrireeeereeseseste s s e s eeee s e e e seereeneens 694
Appendix A Pin States

Table Al Pin StAES (SHTLAA) ..ottt sttt saenes 697
Table A2 Pin StAES (SHTLAD) ....cueciiieieie ettt sttt s e snenes 701
TADIE A3 PIN SEAES ....ccvieeeieiiieee ettt b ettt e e b et e e tente e eneee 705
TADIE A4 PiN SEEES ....ccvieeeieeiieeese ettt ettt b et ne b e be e b et e e s teste e eneee 705
TADIE AL PIN SIS ....ccviiieiee et bbbttt sttt 706
Appendix B Pin States of Bus Related Signals

TableB.1 Pin States of Bus Related SigNalS (1) ....ccvieeeerererieieseseeeeseeseesiesee s seeeeeeseesee e 707
TableB.1 Pin States of Bus Related SigNalS (2) .....ceoeeeererere et 708
TableB.1 Pin States of Bus Related SigNalS (3) ....cceeeeeeererere et 709

Rev. 2.0, 09/02, page xxxviii of xxxviii
RENESAS



Section 1 Overview

The SH7144 Series single-chip RISC (Reduced Instruction Set Computer) microcomputers
integrate a Hitachi-original RISC CPU core with peripheral functions required for system
configuration.

The SH7144 series CPU has a RISC-type instruction set. Most instructions can be executed in one
state (one system clock cycle), which greatly improves instruction execution speed. In addition,
the 32-bit internal-bus architecture enhances data processing power. With this CPU, it has become
possible to assemble low cost, high performance/high-functioning systems, even for applications
that were previously impossible with microcomputers, such as real-time control, which demands
high speeds.

In addition, the SH7144 series includes on-chip peripheral functions necessary for system
configuration, such as a direct memory access controller (DMAC), large-capacity ROM and
RAM, timers, a serial communication interface (SCI), an A/D converter, an interrupt controller
(INTC), and 1/O ports. As an option, an I°C bus interface can also be incorporated.

ROM and SRAM can be directly connected to the SH7144 MCU by means of an external memory
access support function. This greatly reduces system cost.

There are two versions of on-chip ROM: F-ZTAT™* (Flexible Zero Turn Around Time) that
includes flash memory, and mask ROM. The flash memory can be programmed with a
programmer that supports SH7144 series programming, and can a so be programmed and erased
by software. This enables LS| chip to be re-programmed at a user-site while mounted on a board.

Note: * F-ZTAT ™ is aregistered trademark of Hitachi, Ltd.

1.1 Features

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

O Instruction length: 16-hit fixed length for improved code efficiency
L oad-store architecture (basic operations are executed between registers)
Sixteen 32-bit general registers
Five-stage pipeline
On-chip multiplier: multiplication operations (32 bits x 32 bits — 64 bits) executed in two
to four cycles
O Clanguage-oriented 62 basic instructions
e Various peripheral functions
O Direct memory access controller (DMAC)
O Datatransfer controller (DTC)

O Ooogoo
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Multifunction timer/pulse unit (MTU)
Compare match timer (CMT)
Watchdog timer (WDT)

I°C bus interface (11C)**
10-bit A/D converter
Clock pulse generator
User break controller (UBC)
Hitachi user debug interface (H-UDI)*?
0 Advanced user debugger (AUD)*?
Notes: 1. Option
2. Supported only for flash memory version.

Oo0oOoooogoogoo

e On-chip memory

Asynchronous or clocked synchronous serial communication interface (SCI)

ROM Model ROM RAM Remarks
Flash memory HD64F7144F50 256 kbytes 8 kbytes
Version HD64F7145F50 256 kbytes 8 kbytes
Mask ROM HD6437144F50* 256 kbytes 8 kbytes
Version HD6437145F50% 256 kbytes 8 kbytes

Note: * Under development

e 1/Oports

Model No. of I/O Pins No. of Input-only Pins
HD64F7144F50/ 74 8

HD6437144F50*

HD64F7145F50/ 98 8

HD6437145F50*

Note: * Under development

» Supports various power-down states

e Compact package

Model Package (Code) Body Size Pin Pitch
HD64F7144F50/ QFP-112 FP-112B 20.0 X 20.0 mm 0.65 mm
HD6437144F50*

HD64F7145F50/ LQFP-144 FP-144F 20.0 X20.0 mm 0.5 mm
HD6437145F50*

Note: * Under development
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Ves —» &) D) > o114
Vss ——p +— PD13/D13
Vss — @ I°C bus interface k) H-UDI* @ +—> PD12/D12
Vss —» «—> PD11/D11
Vss 3 [«—> PD10/D10
Vss —» «—> PD9/DY
Vss ——p «—>» PD8/D8
Vss —p —LJ +«—> PD7/D7
Vss — 3 | | | | +«—>» PD6/D6
AVce —»p +—» PD5/D5
e > TITTTTTT IIIIIIIIIIIIIIII MG
AVss —» «— PD3/D3
~NoOoWwSTONodO = S| X BEONO dN®|= X
osowo —» 2222225 IR > poue
LLLLLLLg = E o
ASEBRKAK «—— g c3=g20ks:83888822 «—» PDLD1
acaoaaoaaaa ES5aR2xXT52535353z<3
SRR R EE RS «—» PDO/DO
g0 EcR285553S52C
$80<am2<209083¢Q @ —
IOCESmOOAmESRRIEala
EEO0oB8mOR T ala
Q\moogoommtgmo\z
a3g EEEQEQ < q< 25283 DPenpheral address bus (12bits)
Juaog59Es 0838898 )
o ] ao @ w 00683 8 [o}e} @Penpheral data bus (16bits)
E af®a® EEEQ £ 5 g (D Internal address bus (32bits)
o) ﬁ m E Eqoo Internal upper data bus (16bits)
w aocaopyaen Internal lower data bus (16bits)
o

Note: Modules for the F-ZTAT reision only

Figurel.2
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13

Pin Arrangement

-
%%
1y 22
15
< [apya)
3o 2 2
E 55% <
¥ a < <3 d
o < <
O g% 8 = o o o o o < 0 © N~ DX B AN
52886 yEg2,385882 888 8857
B<33380338%x82433083s88b488333
C aaoon=232>Z22W=X>000003>0002>0000
0000 0000000000000 00000000000
84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57
PEO/TIOCOA/DREQO/TMS** [] 85 56 |1 PD12/D12/AUDRST**
PE1/TIOCOB/DRAKO/TRST** [} 86 551 Vss
PE2/TIOCOC/DREQ1/TDI** [} 87 54 1 PD13/D13/AUDMD**
PE3/TIOCOD/DRAKL/TDO* [ 88 53 [0 PD14/D14/AUDCK**
PE4/TIOCIA/RXD3/TCK** [] 89 52 3 PD15/D15/AUDSYNC**
Vss [ 90 51 |1 PAO/RXDO
PFO/ANO [ 91 50 [J PAL/TXDO
PF1/AN1 O} 92 49 B PA2/SCKO/DREQO/IRQO
PF2/AN2 O} 93 48 3 PA3/RXD1
PF3/AN3 ] 94 47 B PA4ITXD1
PF4/AN4 [} 95 46 7 PA5/SCK1/DREQT/IRQT
PF5/ANS [ 96 45 3 PAB/TCLKA/CS2
Avss O} 97 443 PA7/TCLKB/CS3
PF6/ANG [} 98 QFP-112 433 PA8/TCLKC/IRQ2
PF7/AN7 [} 99 (Top view) 42 3 PA9ITCLKD/IRQ3
Avce 100 413 PA10/CSO
Vss 101 40 A PA11/CST
PES5/TIOC1B/TXD3 [J102 393 vss
Vee 0103 38 |3 PA12/WRL
PE6/TIOC2A/SCK3 []104 37 vee
PE7/TIOC2B/RXD2 [}105 36 |3 PAL3/WRH
PES/TIOC3A/SCK2 []106 35 [ WDTOVF
PE9/TIOC3B/SCK3 107 343 PA14/RD
PE10/TIOC3C/TXD2 []108 333 Vss(DBGMD*?)

Vss [J109 32 |3 PBY/IRQ7/A21/ADTRG
PE11/TIOC3D/RXD3 [J110 31 3 PBS/IRQ6/A20/WAIT
PE12/TIOC4A/TXD3 OJ111 30 @ PB7/IRQ5/A19/BREQ
PE13/TIOC4B/MRES J112 29 7 PB6/IRQ4/A18/BACK

N\ !l 2 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
8 R
2E 822323 28£3229033338885822@e @
B> 5S3mImommasgxg>>00pE0
< |G OO0 O0OO0UO0OO0OO0OLOO0OO0OSdd® I |’ oS b D DR e Ia
[ap caaaaaaacadcdgggogoool Q S |- |4 | B
Q3 iadadaadaa S 4o @ |o
I g O 0| W T
e SESRE
oz Slg @ @
58 Tz o

[a) ==
i3 o a3
a 3 o

IS

wn

4

w

a

Notes :

1. Fixed as Vcc in the Mask version, and Used as an FWP pin in the F-ZTAT version (Used as an FWE in write made).

2. Used for E10A debugging mode. Used as an ASEBRKAK pin in the F-ZTAT version. Refer to the table below for

processing the ASEBRKAK pin.

3. Used for E10A debugging mode. Fixed to Vss in the mask version, or used as a DBGMD pin in the F-ZTAT version.

4. Valid only in the F-ZTAT version (invalid only in the mask version).

ASEBRKAK Processing

Product type Processing

Fixed to Vcc Fixed to Vss Pull-up Pull-down NC
Mask version Yes Yes Yes Yes No
F-ZTAT version (when using E10A) No No Yes No No
F-ZTAT version (Not when using E10A) Yes Yes Yes Yes No

Figure 1.3 SH7144 Pin Arrangement
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PEO/TIOCOA/DREQO/AUDCK**
PEL/TIOCOB/DRAKO/AUDMD**
PE2/TIOCOC/DREQT/AUDRST**
Vee
PE3/TIOCOD/DRAK1/AUDATAZ*
PE4/TIOC1A/RXD3/AUDATA2**
PES/TIOC1B/TXD3/AUDATAL**
PE6/TIOC2A/SCK3/AUDATAO**
Vss

PFO/ANO

PFL/ANL

PF2/AN2

PF3/AN3

PF4/AN4

PF5/ANS

Avss

PFG/ANG

PF7/ANT

AVref

Avee

Vss

PAO/RXDO

PAL/TXDO
PA2/SCKO/DREQO/IRQO
PA3/RXD1

PA4/TXDL

Vee

PAS/SCK1/DREQT/IRQT
PE7/TIOC2B/RXD2
PES/TIOC3A/SCK2/TMS**
PE9/TIOC3B/TRST**/SCK3
PE10/TIOC3C/TXD2/TDI*

Vss
PE11/TIOC3D/TDO**/RXD3
PE12/TIOCAAITCK*//TXD3
PE13/TIOC4B/MRES

b

2

% ~

E e i

<
fers_  E5%
w8d239222538 %=
K77z 8888¢82
HiNiniN HiNIRIN

PE15/TIOC4D/DACKLIRQOUT [_| &

12 3 4 6 7 8 9 1011
H|N|R|N|N|R]N]R]N]E]N
FeEadk 482223
ESESB SSS5S
=3k 2eRER
£9%
499
E‘gu
£
5
o
g

[ ] pDO/DO
[] PD3/D3
[ ] PDa/D4

[] vss

[ ] PDs/DS

Q
B

89 88 87 86

LQFP-144
(Top view)

1213 14 15 16 17 18 19

N

23

vee [

PC5/A5 []
vss []
PceiAs []
Pcaias [
pcoir [
PC10/A10 [}
pc1u/aLl []
pc12/A12 []
pc13/a13 []
pc1a/a14 []

2728

PC15/A15 [}
PBUAL7 []

[ ] ppio/D10

29 30

PA19/BACK/IDRAK1 []

[ ] pD11/D11

31

PB2/IRQO/POEOD/SCLO

[ ] pp12/D12

33

PB4/IRQ2/POE2 []

PA18/BREQ/DRAKO

[] Pp13/D13
[] pD14/D14

75 74

34 35

ASEBRKAK-* []

[ ] pD15/D15S

PBS5/IRQ3/POE3

FFEN
&8 3

N O O O O

PD16/D16/RQ0/AUDATA0*
Vss
PD17/D17/IRQT/AUDATAL*
PD18/D18/IRQ2/AUDATA2**
PD19/D19/IRQ3/AUDATA3*
PD20/D20/IRQ4/AUDRST**
PD21/D21/IRQ5/AUDMD**
PD22/D22/RQB/AUDCK**
PD23/D23/IRQ7/AUDSYNC**
Vee

PD24/D24/DERQ0

Vss

PD25/D25/DREQT
PD26/D26/DACKO
PD27/D27/DACK1
PD28/D28/CS2
PD29/D29/CS3

Vss

PAG/TCLKAICS2
PA7/TCLKB/CS3
PABITCLKC/IRQ2
PA9/TCLKD/IRQ3
PA10/CS0

PA11/CST

PA12/WRL

PA13/WRH
PD30/D30/RQOUT
PD31/D31/ADTRG
WDTOVF

PA14/RD

Vss(DBGMD*?)
PB9/IRQ7/A21/ADTRG

Vee

PB8/IRQB/A20/WAIT
PB7/IRQ5/A19/BREQ
PB6/IRQ4/A18/BACK

Notes : 1. Fixed as Vcc in the Mask version, and Used as an FWP pin in the F-ZTAT version (Used as an FWE in write made).
2. Used for E10A debugging mode. Used as an ASEBRKAK pin in the F-ZTAT version. Refer to the table below for
processing the ASEBRKAK pin.
3. Used for E10A debugging mode. Fixed to Vss in the mask version, or as a DBGMD pin in the F-ZTAT version.
4. Valid only in the F-ZTAT version (invalid only in the mask version).
ASEBRKAK Processing
Product type Processing
Fixed to Vcc Fixed to Vss Pull-up Pull-down NC
Mask version Yes Yes Yes Yes No
F-ZTAT version (when using E10A) No No Yes No No
F-ZTAT version (Not when using E10A) Yes Yes Yes Yes No

Figure1.4 SH7145 Pin Arrangement
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14 Pin Functions

Type Symbol I/O Name Function

Power Ve Input Power supply  Power supply pins. Connect all these pins

Supply to the system power supply. The chip does
not operate when some of these pins are
opened.

Vo Input Ground Ground pins. Connect all these pins to the
system power supply (0 V). The chip does
not operate when some of these pins are
opened.

Clock PLLV Input Power supply  Power supply pin for supplying power to
for PLL on-chip PLL.

PLLV Input Ground for On-chip PLL oscillator ground pin.

PLL

PLLCAP Input Capacitance  External capacitance pin for an on-chip

for PLL PLL oscillator.

EXTAL Input External clock For connection to a crystal resonator. (An
external clock can be supplied from the
EXTAL pin.) For examples of crystal
resonator connection and external clock
input, see section 4, Clock Pulse
Generator.

XTAL Input Crystal For connection to a crystal resonator. For
examples of crystal resonator connection
and external clock input, see section 4,
Clock Pulse Generator.

CK Output  System clock  Supplies the system clock to external

output devices.
Operating MD3 Input Set the mode Set the operating mode. Inputs at these
mode control MD2 pins should not be changed during

MD1 operation.

MDO

FWP Input Protection Pin for the flash memory. This pin is only

against write
operation into
Flash memory

used in the F-ZTAT version. Programming
or erasing of flash memory can be
protected. This pin is used as Vcc in the
mask ROM version.
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Type Symbol I/O Name Function
System RES Input Power on When this pin is driven low, the chip
control reset becomes to power on reset state.
MRES Input Manual reset ~ When this pin is driven low, the chip
becomes to manual reset state.
WDTOVF*  Output  Watchdog Output signal for the watchdog timer
timer overflow overflow.
If this pin needs to be pulled-down, the
resistance value must be 1 MQ or higher.
BREQ Input Bus request External device can request the release of
the bus mastership by setting this pin low.
BACK Output  Bus Shows that the bus mastership has been
acknowledge released for the external device. The
device that had issued the BREQ signal
can know that bus mastership has been
released for itself by receiving the BACK
signal.
Interrupts NMI Input Non-maskable Non-maskable interrupt pin. If this pin is
interrupt not used, it should be fixed high.
IRQ7 IRQ3  Input Interrupt These pins request a maskable interrupt.
IRQ6 IRQ2 request 7to 0 One of the level input or edge input can be
IRQ5 IRQ1 selected In case of the edge input, one of
IRQ4 IRQO the rising edge, falling edge, or both can
be selected.
IRQOUT Output  Interrupt Shows that an interrupt cause has
request output occurred. The interrupt cause can be
recognized even in the bus release state.
Address bus A21to AO Output  Address bus  Output the address.
Data bus SH7144: Input/ Data bus SH7144: Bi-directional 16-bit bus
D15to DO Output SH7145: Bi-directional 32-bit bus
SH7145:
D31 to DO
Bus control CS3 CS1 Output  Chip select Chip select signal for external memory or
CS5C3so 3t00 devices.
RD Output Read Shows reading from external devices.
WRHH Output  Write HH Shows writing into the HH 8 bits (bits 31 to
(SH7145 24) of the external data.
only)
WRHL Output  Write HL Shows writing into the HL 8 bits (bits 23 to
(SH7145 16) of the external data.
only)
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Type Symbol I/O Name Function
Bus control RH Output  Write Shows writing into the upper 8 bits (bits 15
upper half to 8) of the external data.
RL Output  Write lower Shows writing into the lower 8 bits (bit7 to
half bit0) of the external data.
WAIT Input Wait Inserts the wait cycles into the bus cycle
when accessing the external spaces.
Direct DREQO Input DMA transfer DMA request input pins from an external
memory DREQ1 request device.
aCCEST‘l DRAKO Output DREQ request Outputs an acknowledge signal to the
controller DRAK1 acknowledge external device that has input a DMA
(DMAC) transfer request signal.
DACKO Output DMA transfer Outputs a strobe to the 1/O of the external
DACK1 strobe device that has input a DMA transfer
request signal.
Multi function TCLKA Input External clock These pins input an external clock.
timer-pulse  TCLKB input for MTU
unit (MTU) TCLKC timer
TCLKD
TIOCOA Input/ MTU input The TGRA_0 to TGRD_0 input capture
TIOCOB Output  capture/output input/output compare output/PWM output
TIOCOC compare pins.
TIOCOD (channel 0)
TIOC1A Input/ MTU input The TGRA_1 to TGRB_1 input capture
TIOC1B Output  capture/output input/output compare output/PWM output
compare pins.
(channel 1)
TIOC2A Input/ MTU input The TGRA_2 to TGRB_2 input capture
TIOC2B Output  capture/output input/output compare output/PWM output
compare pins.
(channel 2)
TIOC3A Input/ MTU input The TGRA_3 to TGRD_3 input capture
TIOC3B Output  capture/output input/output compare output/PWM output
TIOC3C compare pins.
TIOC3D (channel 3)
TIOC4A Input/ MTU input The TGRA_4 to TGRB_4 input capture
TIOC4B Output  capture/output input/output compare output/PWM output
TIOC4C compare pins.
TIOC4D (channel 4)
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Type Symbol I/O Name Function
Serial TXD3 to Output  Transmitted Data output pins.
communication TXDO data
interface (SCI) RXD3 to Input Received data Data input pins.
RXDO
SCK3to Input/ Serial clock Clock input/output pins.
SCKO Output
I°C bus SCLO Input/  I°C clock I°C bus clock input/output pins, which drive
interface Output  input/ output  a bus.
(option) Output a clock in the NMOS open-drain
method.
SDAO Input/  I°C data I°C bus data input/output pins, which drive
Output input/ output  a bus.
Output data in the NMOS open-drain
method.
Output control POES3 to Input Port output Input pins for the signal to request the
for MTU POEO control output pins of MTU waveforms to become
high impedance state.
A/D AN7 to ANO Input Analog input  Analog input pins.
converter pins
ADTRG Input Input of trigger Pin for input of an external trigger to start
for A/ID A/D conversion
conversion
AVref Input Analog Analog reference power supply pin, (In
(SH7145 reference SH7144, this pin is internally connected to
only) power supply the AVcc pin).
AV . Input Analog power Power supply pin for the A/D converter.
supply When the A/D converter is not used,
connect this pin to the system power
supply (+3.3 V).
AV Input Analog ground The ground pin for the A/D converter.
Connect this pin to the system power
supply (0 V).
1/0O port SH7144 Input/ General SH7144: 16-bit general purpose
PA15 to PAO Output  purpose port input/output pins.
SH7145 SH7145: 24-bit general purpose
PA23 to PAO input/output pins.
PB9 to PBO Input/ General 10-bit general purpose input/output pins.
Output  purpose port
PCi15to Input/ General 16-hit general purpose input/output pins.
PCO Output  purpose port
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Type Symbol I/O Name Function
1/0O port SH7144: Input/ General SH7144: 16-bit general purpose
PD15 to Output  purpose port input/output pins.
PDO SH7145: 32-bit general purpose
SH7145: input/output pins.
PD31 to
PDO
PE15 to PEO Input/ General 16-bit general purpose input/output pins.
Output  purpose port
PF7 to PFO Input General 8-bit general purpose input pins.
purpose port
Hitachi user TCK Input Test clock Test clock input pin.
erug TMS Input Test mode Test mode select signal input pin.
interface
select
(H-uDI)
(flash version ~ TDI Input Test data Instruction/data serial input pin.
only) input
TDO Output  Test data Instruction/data serial output pin.
output
TRST Input Test reset Initialization signal input pin.
Advanced user AUDATA3 to Input/ AUD data Branch trace mode: Branch destination
debugger AUDATAO  Output address output pins.
(AUD) . RAM monitor mode: Monitor address
gﬁs)h version input/data input/output pins.
Y. —_—-..
AUDRST Input AUD reset Reset signal input pin.
AUDMD Input AUD mode Mode select signal input pin.
Branch trace mode: Low
RAM monitor mode: High
AUDCK Input/ AUD clock Branch trace mode: Synchronous clock
Output output pin.
RAM monitor mode: Synchronous clock
input pin.
AUDSYNC Input/  AUD Branch trace mode: Data start position
Output  synchroniza- identification signal output pin.
tion signal

RAM monitor mode: Data start position
identification signal input pin.
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Type Symbol I/O Name Function
E10 interface  ASEBRKAK Output Break mode Shows that E10A has entered to the break
(flash version acknowledge mode. Refer to “E10A emulator user’'s
only) manual for SH7144 (provisional name)” for
the detall of the connection to E10A.
DBGMD Input Debug mode Enables the functions of EL0A emulator.

Input low to the pin in normal operation
(other than the debug mode). In debug
mode, input high to the pin on the user
board. Refer to “E10A emulator user’s
manual for SH7144 (provisional name)” for
the detail of the connection to E10A.

Note: * Do not pull-down the WDTOVF pin. If this pin needs to be pulled-down, however, the
resistance value must be 1 MQ or higher.
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Section2 CPU

2.1 Features

e General-register architecture

0 Sixteen 32-bit general registers
e Sixty-two basic instructions
» Eleven addressing modes
Register direct [Rn]
Register indirect [ @Rn]
Register indirect with post-increment [ @Rn+]
Register indirect with pre-decrement [@-Rn]
Register indirect with displacement [ @disp:4,Rn]
Register indirect with index [ @RO0, Rn]
GBR indirect with displacement [ @disp:8,GBR]
GBR indirect with index [ @R0,GBR]
Program-counter relative with displacement [ @disp:8,PC]
Program-counter relative [disp:8/disp:12/Rn]
Immediate [#mm:8]

Oo0ooDogoooogao

2.2 Register Configuration

The register set consists of sixteen 32-bit general registers, three 32-bit control registers, and four
32-hit system registers.

221 General Registers (Rn)

The sixteen 32-bit general registers (Rn) are numbered RO to R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed astheir only usable register. R15 isused as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15.
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General registers (Rn)
31 0

RO™1

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15, SP (hardware stack pointer)*2

Status register (SR)
31 9876543210

[---moeeee M Q3121110 -~ S T|

Global base register (GBR)
31 0
| GBR [

Vector base register (VBR)
31 0

| VBR [

Multiply-accumulate register (MAC)
31 0

MACH
MACL

Procedure register
31 0

I PR |

Program counter (PC)
31 0

I PC |

Notes: 1. RO functions as an index register in the indirect indexed register addressing mode and indirect indexed GBR
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 CPU Internal Registers
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222

Control Registers

The control registers consist of three 32-bit registers: status register (SR), global base register
(GBR), and vector base register (VBR). The status register indicates processing states. The global
base register functions as a base address for the indirect GBR addressing mode to transfer datato
the registers of on-chip peripheral modules. The vector base register functions as the base address
of the exception processing vector area (including interrupts).

Status Register (SR):

Bit Bit Name Initial Value R/W Description

31 — 0 R/W Reserved bits.

30 — 0 R/W This bit is always read as 0. The write value should

29 _ 0 R/W always be 0.

28 — 0 R/W

27 — 0 R/W

26 — 0 R/W

25 — 0 R/W

24 — 0 R/W

23 — 0 R/W

22 — 0 R/W

21 — 0 R/W

20 — 0 R/W

19 — 0 R/W

18 — 0 R/W

17 — 0 R/W

16 — 0 R/W

15 — 0 R/W

14 — 0 R/W

13 — 0 R/W

12 — 0 R/W

11 — 0 R/W

10 — 0 R/W
M Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
Q Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
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Bit Bit Name Initial Value R/W Description

7 13 1 R/W Interrupt mask bits.
6 12 1 R/W
5 11 1 R/W
4 10 1 R/W
3 — 0 R/W Reserved bits. This bit is always read as 0.
2 — 0 R/W The write value should always be 0.
1 S Undefined R/W S bit
Used by the MAC instruction.
0 T Undefined R/W T bit

The MOVT, CMP/cond, TAS, TST, BT (BT/S), BF
(BF/S), SETT, and CLRT instructions use the T bit to
indicate true (1) or false (0).

The ADDV, ADDC, SUBV, SUBC, DIVOU, DIVOS,
DIV1, NEGC, SHAR, SHAL, SHLR, SHLL, ROTR,
ROTL, ROTCR, and ROTCL instructions also use the
T bit to indicate carry/borrow or overflow/underflow.

Global Base Register (GBR): Indicates the base address of the indirect GBR addressing mode.
The indirect GBR addressing mode is used in data transfer for on-chip peripheral modules register
areas and in logic operations.

Vector Base Register (VBR): Indicates the base address of the exception processing vector area.

2.2.3 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC).

Multiply-and-Accumulate Registers (MAC): Registersto store the results of multiply-and-
accumul ate operations.

Procedure Register (PR): Registersto store the return address from a subroutine procedure.

Program Counter (PC): Registers to indicate the sum of current instruction addresses and four,
that is, the address of the second instruction after the current instruction.
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224 Initial Values of Registers
Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Values of Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits I3 to 10 are 1111 (H'F), reserved bits
are 0, and other bits are undefined
GBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table

2.3 Data Formats

231 Data Format in Registers

Register operands are always longwords (32 hits). If the size of memory operand is a byte (8 bits)
or aword (16 bits), it is changed into alongword by expanding the sign-part when loaded into a
register.

31 0

Longword

Figure2.2 DataFormat in Registers

2.3.2 Data Formatsin Memory

Memory dataformats are classified into bytes, words, and longwords. Byte data can be accessed
from any address. L ocate, however, word data at an address 2n, longword data at 4n. Otherwise,
an address error will occur if an attempt is made to access word data starting from an address other
than 2n or longword data starting from an address other than 4n. In such cases, the data accessed
cannot be guaranteed. The hardware stack area, pointed by the hardware stack pointer (SP, R15),
uses only longword data starting from address 4n because this area holds the program counter and
status register.
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Address m + 1 Address m + 3
Address m Address m + 2
31 l 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —»; Word Word

Address 4n —» Longword

Figure2.3 Data Formatsin Memory

2.3.3 Immediate Data For mat

Byte (8 hit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructionsis 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 hits of the destination register.

Word or longword immediate datais not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MOV) accesses the memory table using the
PC relative addressing mode with displacement.

24 Instruction Features

24.1 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bitslong, increasing program code efficiency.

Onelnstruction per State: The microcomputer can execute basic instructionsin one state using
the pipeline system. One stateis 25 ns at 40 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled aslongword data.
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Table2.2 Sign Extension of Word Data

CPU of This LSI Description Example of Conventional CPU
MOV. W @di sp, PC), Rl Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
------- operated upon by an ADD
.DATA. W H 1234 instruction.

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

L oad-Stor e Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions.
With adelayed branch instruction, the branch is taken after execution of the instruction following
the delayed branch instruction. This reduces the disturbance of the pipeline control in case of
branch instructions. There are two types of conditional branch instructions. delayed branch
instructions and ordinary branch instructions.

Table 2.3 Delayed Branch Instructions

CPU of This LSI Description Example of Conventional CPU
BRA TRGET Executes the ADD before ADD. W R1, RO
ADD Rl RO branching to TRGET. BRA TRGET

Multiply/Multiply-and-Accumulate Operations: 16-bit x 16-bit — 32-bit multiply operations
are executed in one to two states. 16-hit x 16-bit + 64-bit - 64-bit multiply-and-accumulate
operations are executed in two to three states. 32-bit x 32-bit - 64-bit multiply and 32-bit x 32-hit
+ 64-bit - 64-bit multiply-and-accumul ate operations are executed in two to four states.

T Bit: The T bit in the status register changes according to the result of the comparison. Whether a
conditional branch istaken 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.
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Table2.4 T Bit

CPU of This LSI Description Example of Conventional CPU
CWP/ GE R1, RO T bit is set when RO = R1. The CVWP.W R1, RO
BT TRCGETO program branches to TRGETO BGE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRGET1
ADD #-1, RO T bit is not changed by ADD. SUB. W #1, RO
CVWP/EQ  #0, RO T bitis set when RO = 0. The BEQ TRGET

program branches if RO = 0.
BT TRGET

Immediate Data: Byte (8-bit) immediate dataislocated in an instruction code. Word or longword
immediate datais not located in instruction codes but in a memory table. An immediate data
transfer instruction (MOV) accesses the memory table using the PC relative addressing mode with
displacement.

Table2.5 Immediate Data Accessing

Classification CPU of This LSI Example of Conventional CPU
8-bit immediate MoV #H 12, RO MOV.B #H 12, RO
16-bit immediate  MOV. W @ disp, PO, RO MOV. W #H 1234, RO

. DATA. W H 1234

32-bitimmediate  MOV. L @disp, PC), RO MOV. L #H 12345678, RO

.DATA L H 12345678

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

Absolute Address: When datais accessed by absolute address, the value in the absolute addressis
placed in the memory table in advance. That valueistransferred to the register by loading the
immediate data during the execution of the instruction, and the datais accessed in the indirect
register addressing mode.
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Table2.6 Absolute Address Accessing

Classification CPU of This LSI Example of Conventional CPU
Absolute address MOV. L @disp, PO, R1 MOV.B @+ 12345678, RO
MOV. B @r1, RO

. DATA. L H 12345678

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

16-Bit/32-Bit Displacement: When data is accessed by 16-bit or 32-bit displacement, the
displacement value is placed in the memory table in advance. That value istransferred to the
register by loading the immediate data during the execution of the instruction, and the datais
accessed in the indirect indexed register addressing mode.

Table2.7 Displacement Accessing

Classification CPU of This LSI Example of Conventional CPU

16-bit displacement  MV. W @ disp, PO, RO MV. W @H 1234,R1),R2
MOV. W @RO,R1), R2

.DATA. W H 1234

Note: @(disp,PC) accesses the immediate data.
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242

Addressing Modes

Table 2.8 describes addressing modes and effective address calculation.

Table2.8 Addressing Modes and Effective Addr esses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Direct register  Rn The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @Rrn The effective address is the contents of register Rn. Rn
addressing
Post-increment  @Rn+ The effective address is the contents of register Rn. Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte:
“ “ Rn+1 - Rn
O Word:
Rn+2 - Rn
Longword:
Rn+4 - Rn
Pre-decrement @ Rn The effective address is the value obtained by Byte:
indirect register subtracting a constant from Rn. 1 is subtracted for Rn-1 - Rn
addressing a byte operation, 2 for a word operation, and 4 for Word:
a longword operation. Rn—2 - Rn
Longword:
R4 - Rn
(Instruction is
executed with
Rn after this
calculation)
Indirect register @ di sp: 4, The effective address is the sum of Rn and a 4-bit  Byte:
addressing with  Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn Rn + disp x 4
disp + Rn + disp x 1/2/4

(zero-extended)

1/2/14
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indirect indexed @ RO, Rn) The effective address is the sum of Rn and RO. Rn + RO
register
addressing
©
Indirect GBR @ di sp: 8, The effective address is the sum of GBR value and Byte:
addressing with GBR) an 8-bit displacement (disp). The value of disp is GBR + disp
displacement zero-extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is GBR + disp x
quadrupled for a longword operation. 2
GBR Longword:
disp GBR GBR + disp x
(zero-extended) + disp x 1/2/4 4
1/2/4
Indirect indexed @ RO, The effective address is the sum of GBR value and GBR + RO
GBR addressing GBR) RO.
Indirect PC @ di sp: 8, The effective address is the sum of PC value and Word:
addressing with  PC) an 8-bit displacement (disp). The value of disp is PC + disp x 2
displacement zero-extended, and is doubled for a word operation, Longword:
and quadrupled for a longword operation. For a PC &
longword operation, the lowest two bits of the PC H'EFEEFEEC
value are masked. + disp x 4

PC

HFFFFFFFC

disp
(zero-extended)

2/4

for | d
) (for longword)

PC + disp x 2
or
PC & H'FFFFFFFC

+ disp x4
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Addressing Instruction
Mode Format

Effective Address Calculation Equation

PC relative disp: 8
addressing

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

disp
(sign-extended)

PC +disp x 2

disp: 12

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

and Rn.

Immediate #i mm 8
addressing

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

#i nm 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.
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243 Instruction For mat

The instruction formats and the meaning of source and destination operand are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e xxxx: Instruction code

* mmmm: Source register

e nnnn; Destination register
e iiii: Immediate data

e dddd: Displacement

Table2.9 Instruction Formats
Source Destination

Instruction Formats Operand Operand Example

0 format — — NOP

15 0

| XXXX  XXXX XXXX  XXXX |

n format — nnnn: Direct MVT Rn

15 0 register

EXENI e Control register or  nnnn: Direct STS MACH, Rn
system register register

Control register or
system register

nnnn: Indirect pre-
decrement register

STC.L SR @Rn

m format mmmm: Direct
15 0 register

Control register or
system register

LDC Rm SR

| XXXX |mmmm| XXX XXX mmmm: Indirect

post-increment

Control register or
system register

LDC. L @mt, SR

register

mmmm: Indirect — JWVP @m
register

mmmm: PC relative — BRAF Rm

using Rm

RENESAS
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Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 0 register register
| XXXX | nnnn |mmmm| XXXX | mmmm: Direct nnnn: Indirect MOV. L Rm @Rn
register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register (multiply-
and-accumulate)
nnnn*: Indirect
post-increment
register (multiply-
and-accumulate)
mmmm: Indirect nnnn: Direct MOV.L @Rm+, Rn
post-increment register
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm @ Rn
register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 Indirect register with register) @ di sp, Rn), RO
| XXXX  XXXX |mmmm| dddd | displacement
nd4 format RO (Direct register) nnnndddd: MOV. B
15 Indirect register with RO, @ di sp, Rn)
| XXXX  XXXX | nnnnl dddd| displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
15 0 register register with Rm @ di sp, Rn)
[ 300 | nnnn [mmmm| ddad | displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register with register @di sp, R, Rn

displacement
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Source Destination
Instruction Formats Operand Operand Example
d format dddddddd: Indirect RO (Direct register) MOV. L
0 GBR with @di sp, GBR), RO

15
|xxxx XXxx | dddd dddd

displacement

RO (Direct register)

dddddddd: Indirect MOV. L
GBR with RO, @ di sp, GBR)
displacement

dddddddd: PC
relative with
displacement

RO (Direct register) MVA

@di sp, PO, RO

— dddddddd: PC BF | abel
relative
d12 format — dddddddddddd: PC BRA | abel
15 0 relative (1 abel = disp
[ 0o | dddd  dddd  dddd | + PO)
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 relative with register @disp, PO, Rn

0
| %0 | nnnn [ dddd  dddd |

displacement

i format iiiiiiii: Immediate Indirect indexed AND. B

15 0 GBR #i nm @ RO, GBR)

Loooox ooex [ i iiii | iiiiiiii: Immediate RO (Direct register) AND #i mm RO
iiiiiiii: Immediate — TRAPA #i mm

ni format iiiiiiii: Immediate nnnn: Direct ADD #i mMm Rn

|xxxx|nnnn| P i |

register

Note: In multiply-and-accumulate instructions, nnnn is the source register.

RENESAS

Rev. 2.0, 09/02, page 27 of 732



25 I nstruction Set

251 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39

peripheral module data transfer, structure data
transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected

Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIVl Division

DIVOS Initialization of signed division

DIvouU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length
multiply-and-accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction
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Operation No. of
Classification Types Code Function Instructions
Arithmetic SUBC Binary subtraction with borrow 33
operations SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right 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 9 BF Conditional branch, conditional branch with 11

delay (Branch when T = 0)
BT Conditional branch, conditional branch with
delay (Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Operation No. of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
Total: 62 142
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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 Code For mat

Item Format Explanation
Instruction Described in OP: Operation code
mnemonic. Sz: Size

OP. Sz SRC, DEST SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*2

Instruction Described in MSB - mmmm: Source register
code LSB order nnnn: Destination register
0000: RO
0001: R1
O
d
d
1111: R15
iiii: Immediate data
dddd: Displacement

Outline of the -, « Direction of transfer
Operation (xx) Memory operand
M/IQIT Flag bits in the SR
& Logical AND of each hit
| Logical OR of each bit
n Exclusive OR of each bit
~ Logical NOT of each hit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted*1
states
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: 1. Instruction execution states: The execution states shown in the table are minimums.
The actual number of states may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) equals to the register used by the next instruction.

2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For detalils,
refer the SH-1/SH-2/SH-DSP Programming Manual.
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Data Transfer Instructions

Execution T

Instruction Instruction Code Operation States Bit

MOV #i mm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 —
Rn

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

MV.L @disp, PC),Rn 1101nnnndddddddd (dispx4+PC) - Rn 1 —

MoV Rm Rn 0110nnnnmmmmD011 Rm - Rn 1 —

MOV. B Rm @rn 0010nnnnnmmm0000 Rm - (Rn) 1 —

MOV. W Rm @rn 0010nnnnnmmm0001 Rm - (Rn) 1 —

MOV.L Rm @Rn 0010nnnnmMmmD010 Rm - (Rn) 1 —

MOV. B @m Rn 0110nnnnnmmmD000 (Rm) - Sign extension —» 1 —
Rn

MOV. W @Rm Rn 0110nnnnmmmD001 (Rm) - Sign extension - 1 —
Rn

MOV.L @Rm Rn 0110nnnnnmmmD010 (Rm) - Rn 1 —

MV. B Rm @Rn 0010nnnnmMmmD100 Rn-1 -~ Rn,Rm - (Rn) 1 —

MOV. W Rm @-Rn 0010nnnnnmm0101 Rn-2 -~ Rn,Rm - (Rn) 1 —

MWV.L Rm @Rn 0010nnnnmMmmD110 Rn—4 -~ Rn,Rm - (Rn) 1 —

MOV. B @mt, Rn 0110nnnnnmmmD100 (Rm) - Sign extension —» 1 —
Rn,Rm+1 - Rm

MV. W @Rmt, Rn 0110nnnnmmmD101 (Rm) - Sign extension —» 1 —
Rn,Rm +2 - Rm

MOV.L @Rmt+, Rn 0110nnnnnmmm0110 (Rm) - Rn,Rm+4 - Rm 1 —

MV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —

MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —

MWV.L Rm @disp, Rn) 0001lnnnnmmmdddd Rm - (disp x4 + Rn) 1 —

MWV.B @disp, Ry, RO 10000100mmmdddd (disp + Rm) - Sign 1 —
extension - RO

MV. W @disp, Ry, RO 10000101nmmmdddd (disp x2 + Rm) - Sign 1 —
extension - RO

MV.L @disp, R, Rn 0101lnnnnmmmdddd (disp x4 + Rm) - Rn 1 —

MV. B Rm @ RO, Rn) 0000nNNNMMMD100 Rm - (RO + Rn) 1 —

MV. W Rm @ RO, Rn) 0000nnnnmMMMD101 Rm - (RO + Rn) 1 —

MOV.L Rm @ RO, Rn) 0000nnNNMmMM0110 Rm - (RO + Rn) 1 —
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Execution T

Instruction Instruction Code Operation States Bit

MWV.B @RO, Rm, Rn 0000nNnNMMMT100 (RO + Rm) - Sign 1 —
extension - Rn

MV. W @ RO, Rm, Rn 0000nnnnnMMM1101 (RO + Rm) - Sign 1 —
extension —» Rn

MWV.L @RO, Rm, Rn 0000nnnnnMMM1110 (RO +Rm) -~ Rn 1 —

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

MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —

MOV.L RO, @di sp, GBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —

MWV.B @disp, GBR), R0O 11000100dddddddd (disp + GBR) - Sign 1 —
extension —» RO

MOV. W @di sp, GBR), RO 11000101dddddddd (dispx2 +GBR) - Sign 1 —
extension —» RO

MOV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1 —

MOVA  @disp, PC,R0O 11000111dddddddd disp x4 + PC - RO 1 —

MOVT Rn 0000nnnn00101001 T > Rn 1 —

SWAP. B Rm Rn 0110nnnnmmmL 000 Rm - Swap bottom two 1 —
bytes — Rn

SWAP. WRmM Rn 0110nnnnmmm 001 Rm - Swap two 1 —
consecutive words — Rn

XTRCT Rm Rn 0010nnnnnmmm101 Rm: Middle 32 bitsof Rn 1 —
- Rn
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Arithmetic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm Rn 0011lnnnnmmmi1100 Rn+Rm - Rn 1 —
ADD #i mm Rn Olllnnnniiiiiiii Rn +imm - Rn 1 —
ADDC Rm Rn 0011nnnnmmmml110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011nnnnnmm1l111 Rn+Rm - Rn, 1 Overflow
Overflow - T
CWP/ EQ #i mm RO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
CWP/EQ Rm Rn 0011nnnnmmmmD000 IfRNn=Rm,1 T 1 Comparison
result
CWP/HS Rm Rn 0011nnnnmmmm0010  If Rn=Rm with unsigned 1 Comparison
data,1 - T result
CWP/ CGE Rm Rn 0011nnnnmmm0011 If Rn = Rm with signed 1 Comparison
data,1 - T result
CW/H RmRn 0011nnnnnmm©0110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn 0011nnnnmmm0111 If Rn > Rm with signed 1 Comparison
data,1 - T result
CWP/PL Rn 0100nnnn00010101 IfRN>0,1-T 1 Comparison
result
CWP/ PZ Rn 0100nnnn00010001 IfRN=0,1 - T 1 Comparison
result
CWP/ STR Rm Rn 0010nnnnmmm1100 IfRnand Rmhavean 1 Comparison
equivalentbyte, 1 - T result
Dl Vi1 Rm Rn 0011nnnnmmmm0100  Single-step division 1 Calculation
(Rn + Rm) result
DIVOS RmRn 0010nnnnmmm0111 MSBofRn - Q,MSB 1 Calculation
of Rm - M,M*"Q - T result
DI VOU 0000000000011001 O - M/QIT 1 0
DMULS. L Rm Rn 001lnnnnmmmi101 Signed operation of Rn 2 to 4* —
x Rm - MACH, MACL
32 x32 - 64 bits
DMULU. L Rm Rn 0011nnnnmmmD101 Unsigned operation of 2 to 4* —

Rn xRm - MACH,
MACL 32 x32 - 64
bits
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Execution

Instruction Instruction Code Operation States T Bit

DT Rn 0100nnnn00010000 Rn-1 - Rn,whenRn 1 Comparison
is0,1 - T.When Rnis result
nonzero,0 - T

EXTS.B Rm Rn 0110nnnnmmmi110 Byte in Rm is sign- 1 —
extended - Rn

EXTS. W Rm Rn 0110nnnnnmmmmil111  Word in Rm is sign- 1 —
extended - Rn

EXTU. B Rm Rn 0110nnnnnmmmm100 Byte in Rm is zero- 1 —
extended - Rn

EXTU. W Rm Rn 0110nnnnnmmm1101 Word in Rm is zero- 1 —
extended - Rn

MAC.L  @Rm+, @n+ 0000nnnnmmmmil11l1l  Signed operation of 3/(2to 4)* —
(Rn) x (Rm) + MAC -
MAC 32 x32 + 64 -
64 bits

MAC. W @Rm+, @n+ 0100nnnnmmmmil11l1l  Signed operation of 3/(2)* —
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 —
64 bits

MJL. L Rm Rn 0000nnNnnnmmMD111 Rn xRm - MACL, 2 to 4* —
32 x32 - 32 hits

MULS. W Rm Rn 0010nnnnnmmmm111  Signed operation of 1to 3* —
Rn xRm - MACL 16 x
16 - 32 bits

MULU. W Rm Rn 0010nnnnnmmmml110 Unsigned operation of 1 to 3* —
Rn xRm - MACL 16 x
16 - 32 bits

NEG Rm Rn 0110nnnnnmmml011 O0—-Rm - Rn —

NEGC Rm Rn 0110nnnnmmmml010 O-Rm-T - Rn, 1 Borrow
Borrow - T

SUB Rm Rn 0011nnnnmmml000 Rn—-Rm - Rn 1 —

SUBC Rm Rn 0011nnnnnmm1010 Rn-Rm-T - Rn, 1 Borrow
Borrow - T

SUBV Rm Rn 0011lnnnnmmml011 Rn-Rm - Rn, 1 Overflow

Underflow - T

Note: * The normal number of execution states is shown. (The number in parentheses is the
number of states when there is contention with the preceding or following instructions.)
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Logic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
AND Rm Rn 0010nnnnmMmmM1001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #imm @RO, GBR) 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnmmD111 ~Rm - Rn 1 —
OoR Rm Rn 0010nnnnmmmi011 Rn|Rm - Rn 1 —
R #i mm RO 1100102%iiiiiiii RO | imm - RO 1 —
OR B #imm @RO, GBR) 1100111%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS. B @Rn 0100nnnn00011011 If(Rn)is0,1 - T;1 -~ 4 Test
MSB of (Rn) result
TST Rm Rn 0010nnnnnmmmi.000 Rn & Rm; if the resultis 1 Test
0,1-T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the result 1 Test
is0,1 T result
TST.B #imm @RO, GBR) 11001100iiiiiiii (RO + GBR) & imm; if 3 Test
theresultis0,1 - T result
XOR Rm Rn 0010nnnnmMmMmM1.010 Rn~"Rm - Rn 1 —
XOR #i mm RO 11001010iiiiiiii RO~ imm - RO 1 —
XOR B #imm @RO, GBR) 11001110iiiiiiii (RO +GBR)"imm - 3 —
(RO + GBR)
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Shift Instructions

Execution
Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T «Rn - MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn-T 1 LSB
SHAL Rn 0100nnnn00100000 T~Rn<0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL  Rn 0100nnnn00000000 T~Rn<0 1 MSB
SHLR Rn 0100nnnn00000001 0-Rn-T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 -, Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 -, Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —

RENESAS
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Branch Instructions

Execution
Instruction Instruction Code Operation States T Bit
BF | abel 10001011dddddddd fT=0,dispx2+PC - PC;ifT= 3/1* —

1, nop

BF/ S | abel 10001111dddddddd Delayed branch, if T=0, dispx2 + 2/1* —
PC - PC;ifT=1, nop

BT | abel 10001001dddddddd IfT=1,dispx2+PC - PC;ifT=  3/1* —
0, nop

BT/ S | abel 10001101dddddddd Delayed branch, if T =1, disp x2 + 2/1* —
PC - PC;ifT=0, nop

BRA | abel 1010dddddddddddd Delayed branch, disp x2 + PC - 2 —

PC

BRAF Rm 0000mMMD0100011 Delayed branch, Rm + PC - PC 2 —

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x2 2 —
+PC - PC

BSRF Rm 0000mmMMDO0000011 Delayed branch, PC - PR, 2 —
Rm + PC - PC

JMP  @Rm 0100mmMMD0101011 Delayed branch, Rm - PC 2 —

JSR @Rm 0100mmMmD0001011 Delayed branch, PC - PR, Rm - 2 —
PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when the program does not branch.
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System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRT 0000000000001000 0 - T 1 0
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
LDC Rm SR 0100mMmMmMD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100nMmmMmD0011110 Rm - GBR 1 —
LDC Rm VBR 0100mMmmMmD0101110 Rm - VBR 1 —
LDC. L @ mt, SR 0100nMmMmD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC. L @+, GBR 0100mmD0010111 (Rm) - GBR,Rm+4 - Rm 3 —
LDC. L @m+, VBR 0100mmm©00100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS Rm MACH 0100mMmMmD0001010 Rm - MACH 1 —
LDS Rm MACL 0100nMmmMmD0011010 Rm - MACL 1 —
LDS Rm PR 0100mMmMmD0101010 Rm - PR 1 —
LDS.L @m+, MACH 0100mmm©00000110 (Rm) - MACH,Rm+4 - Rm 1 —
LDS. L @m+, MACL 0100mmm©00010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS.L @+, PR 0100mMmMmMD0100110 (Rm) - PR,Rm+4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PC/SR

SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR, Rn 0000nnNNn00000010 SR - Rn 1 —
STC GBR, Rn 0000nNnNn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnNnNn00100010 VBR - Rn 1 —
STC.L SR @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 —
STC.L GBR, @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2 —
STC.L VBR @Rn 0100nnnn00100011 Rn-4 - Rn,BR - (Rn) 2 —
STS MACH, Rn 0000nnNnNn00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnNnNn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnNnNn00101010 PR - Rn 1 —
STS.L MACH, @-Rn 0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 —
STS.L MACL, @Rn 0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 —

RENESAS
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Execution

Instruction Instruction Code Operation States T Bit

STS.L PR @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (Rn) 1 —

TRAPA #i mm 11000011iiiiiiii PC/SR - stack area, (imm x4+ 8 —
VBR) - PC

Note: * The number of execution states before the chip enters sleep mode: The execution states
shown in the table are minimums. The actual number of states may be increased when (1)
contention occurs between instruction fetches and data access, or (2) when the destination
register of the load instruction (memory - register) equals to the register used by the next
instruction.
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2.6 Processing States

2.6.1 State Transitions

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

From any state From any state when
when RES =0 RES =1, MRES =0,

o
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®

When an internal power-on

reset by WDT or internal Exception
manual reset by processing state
WDT occur yy
Bls request NMI or IRQ interrupt
Bus request fenerated source occurs
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source ends
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generated Program execution state
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Figure2.4 Transitionsbetween Processing States

Rev. 2.0, 09/02, page 41 of 732
RENESAS




Reset State: The CPU resets in the reset state. When the RES pin level goes low, the power-on
reset state is entered. When the RES pin is high and the MRES pin islow, the manual reset stateis
entered.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU'’ s processing state flow.

For areset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception processing 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 addressis fetched
from the exception processing vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the deep mode or the software standby mode.

Bus Release State: In the bus release state, the CPU rel eases bus mastership to the device that has
regquested them.
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Section 3 MCU Operating Modes

31 Selection of Operating M odes

This LSl has four operating modes and four clock modes. The operating mode is determined by
the setting of MD3 to MDO, and FWP pins. Do not change these pins during LS| operation (while
power ison). Do not set these pins in the other way than the combination shown in table 3.1.
When power is applied to the system, be sure to conduct power-on reset.

Table3.1 Selection of Operating Modes

Bus Width of
Mode Pin Setting CSO Area
No. FWP MD3*' MD2*' MD1 MDO Mode Name On-Chip ROM SH7144 SH7145
Mode 0 1 X X 0 0 MCU Not Active 8 bits 16 bits
extension
mode 0
Mode 1 1 X X 0 1 MCU Not Active 16 bits 32 bits
extension
mode 1
Mode 2 1 X X 1 0 MCU Active Set by BCR1 of
extension BSC
mode 2
Mode 3 1 X X 1 1 Single chip Active ad
mode
*2 0 X X 0 0 Boot mode*>  Active Set by BCR1 of
BSC
*2 0 X X 0 1 O
*2 0 X X 1 0 User Active Set by BCR1 of
programming BSC
*? 0 X X 1 1 mode** —

Notes: The symbol x means “Don’t care.”
1. MD3 and MD2 pins are used to select clock mode.
2. User programming mode for flash memory. Supported in only F-ZTAT version.

There are two modes as the MCU operating modes: MCU extension mode and single chip mode.
There are two modes to program the flash memory (on-board programming mode): boot mode and
user programming mode.
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The clock mode is selected by the input of MD2 and MD3 pins.

Table3.2 Clock Mode Setting

Pin Setting Clock Ratio (when an input clock is 1)
MD3 MD2 System clock (¢)  Peripheral System clock
Clock Mode No. clock (P output (CK)
0 0 0 x1 x1 x1
1 0 1 x2 x2 x2
2 1 0 x4 x4* x4
3 1 1 x4 x2 x4
Note: * The maximum clock input frequency is 10MHz because the p@is specified as 40MHz or

less.

3.2 I nput/Output Pin
Table 3.3 describes the configuration of operating mode related pin.

Table 3.3 Operating Mode Pin Configuration

Pin Name Input/Output  Function

MDO Input Designates operating mode through the level applied to this pin
MD1 Input Designates operating mode through the level applied to this pin
MD2 Input Designates clock mode through the level applied to this pin

MD3 Input Designates clock mode through the level applied to this pin

FWP Input Pin for the hardware protection against programming/erasing the

on-chip flash memory
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3.3 Explanation of Operating M odes

331 Mode 0 (M CU extension mode Q)

CS0 area becomes an external memory space with 8-bit bus width in SH7144 or 16-bit bus width
in SH7145.

332 Mode 1 (MCU extension mode 1)

CS0 area becomes an external memory space with 16-bit bus width in SH7144 or 32-bit bus width
in SH7145.

333 Mode 2 (MCU extension mode 2)

The on-chip ROM is active and CS0 area can be used in this mode.

334 Mode 3 (Single chip mode)

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

335 Clock mode

The input waveform frequency can be used asis, doubled or quadrupled as system clock
frequency in mode 0 to mode 3.
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34

The address map for the operating modes are shown in figure 3.1.

AddressMap

On-chip ROM disabled mode

Modes 0 and 1

Modes 2

On-chip ROM enabled mode

Modes 3
Single-chip mode

H'00000000 H'00000000 i H'00000000 )
H'0003FFFF On-chip ROM (256kB) H'0003FFFF On-chip ROM (256kB)
€SO0 area H'00040000 Reserved area H'00040000
H'00200000 €S0 area

H'003FFFFF H'003FFFFF
H'00400000 H'00400000

CS1 area CS1 area
H'007FFFFF H'007FFFFF
H'00800000 H'00800000

CS2 area CS2 area
H'00BFFFFF H'00BFFFFF
H'00C00000 H'00C00000

Reserved area

CS3 area CS3 area
H'00FFFFFF H'00FFFFFF
H'01000000 H'01000000

Reserved area Reserved area
H'FFFF7FFF H'FFFF7FFF H'FFFF7FFF
H'FFFF8000 X . H'FFFF8000 . . H'FFFF8000 . .
On-chip peripheral On-chip peripheral On-chip peripheral
H'FEFEBFEA 1/0 registers H'FEFEBFEF 1/0 registers H'EEFEBFEE 1/0 registers
H'FFFFC000 H'FFFFC000 H'FFFFC000
Reserved area Reserved area Reserved area
H'FFFFDFFF H'FFFFDFFH H'FFFFDFFF
HFFFFE0CO On-chip RAM(8kB) HFFFFE0CO On-chip RAM(8kB) HFFFFE0CO On-chip RAM(8kB)
H'FFFFFFFF H'FFFFFFFF H'FFFFFFFF
Figure3.1 TheAddressMap for Each Operating Mode

35 Initial Statein ThisLSI

Intheinitial state of thisLSI, some of on-chip modules are set in module standby state for saving

power.

When operating these modules, clear module standby state according to the procedure in section

24, Power-Down Modes.
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Section 4 Clock Pulse Generator

This LSl has an on-chip clock pulse generator (CPG) that generates the system clock (@)and the
peripheral clock(Pg), and then makesinternal clock (¢/2 to ¢/8192 and Pq/2 to Pg/1024) out of
this generated clock. The CPG consists of an oscillator, PLL circuit, and pre-scaler. A block
diagram of the clock pulse generator is shown in figure 4.1. The frequency from the oscillator can
be modified by the PLL circuit.

PLLCAP
CK
EXTAL — —
Oscillator |—| PLL circuit Clock divider
XTAL — (x1/2)
A
‘ '
Pre-scal £
MD2 . re-scaler
Clock mode Pre-scaler
control circuitry g
MD3 — »
v v v i
[0] @2 to P@2 to Po
©8192 P@1024
\ J

Y
for internal circuit

Figure4.1 Block Diagram of the Clock Pulse Generator
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Table 4.1 shows the operating clock for each module.

Table 4.1 Operating clock for each module

Operating clock Operating Module

System clock (¢) CPU
UBC
DTC
BSC
DMAC
WDT
AUD
ROM
RAM

Peripheral clock (Pg) MTU
POE
SCI
I’c
A/D
CMT
H-UDI

4.1 Oscillator

Clock pulses can be supplied from a connected crystal resonator or an external clock.

411 Connecting a Crystal Oscillator

Circuit Configuration: A crystal oscillator can be connected as shown in figure 4.2. Use the
damping resistance (Rd) listed in table 4.2. Use an AT-cut parallel-resonance type crystal
oscillator that has a resonance frequency of 4 to 12.5 MHz. It is recommended to consult crystal
dealer concerning the compatibility of the crystal oscillator and the LS.
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L
EXTAL I
_L 11

| | T'T

XTAL |—MW—T—]

Ry Co C_1 = C|, = 18-22 pF (Recommended value)

Figure4.2 Connection of the Crystal Oscillator (Example)

Table4.2 Damping Resistance Values

Frequency (MHz) 4 8 10 125

Rd (Q) 500 200 0 0

Crystal Resonator: Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal
resonator with the characteristicslisted in table 4.3.

CL

L gs
XTAL — EXTAL
11
1

Co

Figure4.3 Crystal Resonator Equivalent Circuit

Table4.3 Crystal Resonator Characteristics

Frequency (MHz) 4 8 10 125
Rs max (Q) 120 80 60 50
Co max (pF) 7 7 7 7

412 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. In this case, make the external
clock high level to stop it when in software standby mode. During operation, make the external
input clock frequency 4 to 12.5 MHz.

When leaving the X TAL pin open, make sure the parasitic capacitanceis less than 10 pF.

Even when inputting an external clock, be sure to wait at |east the oscillation stabilization timein
power-on sequence or in releasing software standby mode, in order to ensure the PLL stabilization
time.
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EXTAL J-I_n_l-l_ External clock input

XTAL Open state

Figure 4.4 Example of External Clock Connection

4.2 Function for Detecting the Oscillator Halt

This CPG can detect a clock halt and automatically cause the timer pins to become high-
impedance when any system abnormality causes the oscillator to halt. That is, when a change of
EXTAL has not been detected, the high-current 6 pins (PE9/TIOC3B/SCK3/TRST*,
PE11/TIOC3D/RXD3/TDO*, PE12/TIOCAA/TXD3/TCK*, PE13/TIOCAB/MRES,
PE14/TIOCAC/DACKO, PE1S/TIOCAD/DACK L/IRQOUT) can be set to high-impedance
regardless of PFC setting. Refer to section 17.1.11, High-Current Port Control Register (PPCR),
for more details.

Even in software standby mode, these 6 pins can be set to high-impedance regardless of PFC
setting. Refer to section 17.1.11, High-Current Port Control Register (PPCR), for more details.
These pins enter the normal state after software standby mode is released. When abnormalities that
halt the oscillator occur except in software standby mode, other LS| operations become undefined.
In this case, LS| operations, including these 6 pins, become undefined even when the oscillator
operation starts again.

In the case of using E10A, the high-impedance function is disabled when an oscillation stop is
detected, or when in software standby state for the three pins of PE9/TIOC3B/SCK3/TRST,
PE1U/TIOC3D/RXD3/TDO, and PE12/TIOC4A/TXD3/TCK of the SH7145.

Note: * Only in the SH7145.
4.3 Usage Notes

431 Note on Crystal Resonator

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

M easures against radiation noise are taken in this L Sl. If further reduction in radiation noise is
needed, it is recommended to use amultiple layer board and provide alayer exclusive to the
system ground.

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

Avoid —  Signal A Signal B

C E E This LSI
i | T XTAL
= |
| B EXTAL
cw L

Figure4.5 Cautionsfor Oscillator Circuit System Board Design

A circuitry shown in figure 4.6 is recommended as an external circuitry around the PLL. Place
oscillation stabilization capacitor C1 close to the PLLCAP pin, and ensure that no other signal
lines cross this line. Separate the PLL power lines (PLLVcc, PLLV ss) and the system power lines
(Vee, Vss) at the board power supply source, and be sure to insert bypass capacitors CB and CPB
closeto the pins.

R1=3kQ  C1:470 pF
PLLCAP AW /|
Rp=200Q
PLLVcc T M
CPB =0.1 uF*
PLLVss I
Vee
% CB=0.1pF" Jr-
VSS 777

(Values are preliminary recommended values.)

Note: * CB and CPB are laminated ceramic type.

Figure4.6 Recommended External Circuitry around the PLL

In principle, electromagnetic waves are emitted from an LS| in operation. This LSI regards the
lower of the system clock (¢) and the peripheral clock (Pg) as fundamental (for example, if ¢ =40
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MHz and P = 40 MHz, then 40 MHz), and the peak of electromagnetic wavesisin the high
frequency band. When this LSl is used adjacent to apparatuses sensible to electromagnetic waves
such as FM/VHF band receivers, it is recommended to use a board with at least four layers and

provide alayer exclusive to the system ground.
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Section 5 Exception Processing

51 Overview

511 Types of Exception Processing and Priority

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

Table5.1 Typesof Exception Processing and Priority Order

Exception Source Priority
Reset Power-on reset High
Manual reset A

Address CPU address error or AUD address error**
error DMAC/DTC address error

Interrupt ~ NMI

User break

H-UDI

IRQ

On-chip « Direct memory access controller (DMAC)

peripheral ¢ Multifunction timer unit (MTU)

modules: « Serial communication interface 0 and 1(SCI0 and SCI1)

e A/D converter 0 and 1 (A/DO, A/D1)

« Data transfer controller (DTC)

¢ Compare match timer 0 and 1 (CMTO, CMT1)

¢ Watchdog timer (WDT)

« Input/output port (1/0) (MTU)

¢ Serial communication interface 2 and 3 (SCI2 and SCI3)
¢ 1IC bus interface (IIC)

Instructions Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

lllegal slot instructions (undefined code placed directly after a delay Low
branch instruction*? or instructions that rewrite the PC*®)

Notes: 1. Only in the F-ZTAT version.
2. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF.
3. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, and BRAF.
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51.2 Exception Processing Operations

The exception processing sources are detected and begin processing according to the timing

shown in table 5.2.

Table5.2 Timing for Exception Source Detection and Start of Exception Processing

Exception  Source

Timing of Source Detection and Start of Processing

Reset Power-on reset

Starts when the RES pin changes from low to high or when
WDT overflows.

Manual reset

Starts when the MRES pin changes from low to high.

Address error

Interrupts

Detected when instruction is decoded and starts when the
execution of the previous instruction is completed.

Instructions  Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal
instructions

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

lllegal slot
instructions

Starts from the decoding of undefined code placed in a delayed
branch instruction (delay slot) or of instructions that rewrite the
PC.

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 5.1.3, Exception Processing Vector Table, for more information.
H'00000000 is then written to the vector base register (VBR) , and H'F (B'1111) iswritten to
the interrupt mask bits (13 to 10) of the status register (SR). The program begins running from
the PC address fetched from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:
SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ s interrupt mask bits (13 to 10). For address error
and instruction exception processing, the 13 to 10 bits are not affected. The start addressisthen
fetched from the exception processing vector table and the program begins running from that

address.

Rev. 2.0, 09/02, page 54 of 732

RENESAS



513 Exception Processing Vector Table

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

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

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are cal cul ated.

Table5.3 Exception Processing Vector Table

Exception Sources Vector Numbers Vector Table Address Offset

Power-on reset PC H'00000000 to H'00000003

SP H'00000004 to H'00000007

Manual reset PC H'00000008 to H'0000000B

SP H'0000000C to H'0000000F

(Reserved by system) H'00000014 to H'00000017

Slot illegal instruction H'00000018 to H'0000001B

(Reserved by system) H'0000001C to H'0000001F

H'00000020 to H'00000023

0
1
2
3
General illegal instruction 4 H'00000010 to H'00000013
5
6
7
8
9

CPU address error or AUD address error** H'00000024 to H'00000027

DMAC/DTC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033

(Reserved by system) 13 H'00000034 to H'00000037
H-UDI 14 H'00000038 to H'0000003B
(Reserved by system) 15 H'0000003C to H'0000003F
31 H'0000007C to H'0000007F

Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
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Exception Sources Vector Numbers Vector Table Address Offset

Interrupts IRQO 64 H'00000100 to H'00000103
IRQ1 65 H'00000104 to H'00000107

IRQ2 66 H'00000108 to H'0000010B

IRQ3 67 H'0000010C to H'0000010F

IRQ4 68 H'00000110 to H'00000113

IRQ5 69 H'00000114 to H'00000117

IRQ6 70 H'00000118 to H'0000011B

IRQ7 71 H'0000011C to H'0000011F

On-chip peripheral module** 72 H'00000120 to H'00000124
255 H'000003FC to H'0O00003FF

Note: 1. Onlyinthe F-ZTAT version.

2. The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given in section 6, Interrupt Controller (INTC), and table 6.2,
Interrupt Exception Processing Vectors and Priorities.

Table5.4 Calculating Exception Processing Vector Table Addresses

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

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

521 Types of Reset

Resets have the highest priority of any exception source. There are two types of resets: manual
resets and power-on resets. Astable 5.5 shows, both types of resetsinitialize the internal status of

the CPU. In power-on resets, all registers of the on-chip peripheral modules are initialized; in
manual resets, they are not.

Table5.5 Reset Status

Conditions for Transition

to Reset Status Internal Status
On-Chip
WDT Peripheral
Type RES Overflow MRES CPU/INTC Module PFC, 10 Port
Power-on reset Low — — Initialized Initialized Initialized
High Overflow High Initialized Initialized Not initialized
Manual reset High — Low Initialized Not initialized Not initialized

522 Power-On Reset

Power -On Reset by RES Pin: When the RES pin is driven low, the LS| becomes to be a power-
on reset state. To reliably reset the LS|, the RES pin should be kept at low for at |east the duration
of the oscillation settling time when applying power or when in software standby mode (when the
clock circuit is halted) or at least 20 toye when the clock circuit is running. During power-on reset,
CPU internal status and all registers of on-chip peripheral modules areinitialized. See Appendix
A, Pin States, for the status of individual pins during the power-on reset status.

In the power-on reset status, power-on reset exception processing starts when the RES pin isfirst
driven low for a set period of time and then returned to high. The CPU will then operate as
follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13 to 10)
of the status register (SR) are set to H'F (B'1111).

4. The values fetched from the exception processing vector table are set in PC and SP, then the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
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Power-On Reset by WDT: When a setting is made for a power-on reset to be generated in the
WDT'swatchdog timer mode, and the WDT’s TCNT overflows, the LSl becomes to be a power-
on reset state.

The pin function controller (PFC) registers and /O port registers are not initialized by the reset
signal generated by the WDT (these registers are only initialized by a power-on reset from outside
of the chip).

If reset caused by the input signal at the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to 0.
When WDT-initiated power-on reset processing is started, the CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (B'1111).

4. The values fetched from the exception processing vector table are set in the PC and SP, then
the program begins executing.

523 Manual Reset

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

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

531 The Cause of Address Error Exception

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

Table5.6 BusCyclesand AddressErrors

Bus Cycle

Type

Bus Master

Bus Cycle Description

Address Errors

Instruction CPU
fetch

Instruction fetched from even address

None (normal)

Instruction fetched from odd address

Address error occurs

Instruction fetched from other than on-chip
peripheral module space*

None (normal)

Instruction fetched from on-chip peripheral
module space*

Address error occurs

Instruction fetched from external memory
space when in single chip mode

Address error occurs

Data CPU or
read/write DMAC or
AUD or DTC

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
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space*

None (normal)

Longword data accessed in 8-bit on-chip
peripheral module space*

Address error occurs

External memory space accessed when in
single chip mode

Address error occurs

Note: * See section 9, Bus State Controller (BSC), for more information on the on-chip peripheral

module space.
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532 AddressError Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends, the current
instruction finishes, and then address error exception processing starts. The CPU operates as

follows:

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

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

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the occurred address error, and the program starts executing

from that address. The jump in this case is not a delayed branch.

5.4 Interrupts

54.1 Interrupt Sources

Table 5.7 shows the sources that start the interrupt exception processing. They are NMI, user
breaks, H-UDI, IRQ and on-chip peripheral modules.

Table5.7 Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI Hitachi user debug interface (H-UDI) 1
IRQ TRQO to IRQ?7 pins (external input) 8
On-chip peripheral module Direct Memory Access Controller 4

(DMAC)

Multifunction timer unit (MTU) 23

Data transfer controller (DTC)

Compare match timer (CMT)

A/D converter (A/DO and A/D1) 2

Serial communication interface 16

(SCI0-SCI3)

Watchdog timer (WDT) 1

Input/output Port

IIC bus interface (IIC) 1
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Each interrupt source is allocated a different vector number and vector table offset. See section 6,
Interrupt Controller (INTC), and table 6.2, Interrupt Exception Processing Vectors and Priorities,
for more information on vector numbers and vector table address offsets.

54.2 Interrupt Priority Level

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

The priority order of interruptsis expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, soitis
always accepted. The priority level of user break interrupt and H-UDI is 15. IRQ interrupts and
on-chip peripheral module interrupt priority levels can be set freely using the INTC' sinterrupt
priority level setting registers A through J (IPRA to IPRJ) as shown in table 5.8. The priority
levelsthat can be set are 0 to 15. Level 16 cannot be set. See section 6.3.4, Interrupt Priority
Registers A to J (IPRA to IPRJ), for more information on IPRA to IPRJ.

Table5.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ 0to 15 Set with interrupt priority level setting registers

On-chip peripheral module A through J (IPRA to IPRJ).

54.3 Interrupt Exception Processing

When an interrupt occurs, the interrupt controller (INTC) ascertainsits priority level. NMI is
always accepted, but other interrupts are only accepted if they have a priority level higher than the
priority level set in the interrupt mask bits (13 to 10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits 13 to 10. For NMI, however, the priority level is 16, but the value set
in13to10isH'F (level 15). Next, the start address of the exception service routine is fetched from
the exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins. See section 6.6, Interrupt Operation, for more information on the interrupt
exception processing.
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55 Exceptions Triggered by Instructions

55.1 Types of Exceptions Triggered by Instructions

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

Table5.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) or BRAF

instructions that rewrite the PC | <41\ ctions that rewrite the PC: JMP, JSR,
BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

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

55.2 Trap Instructions

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

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

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

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the vector number specified in the TRAPA instruction. That
addressis jumped to and the program starts executing. The jump in this case is not a delayed
branch.
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55.3 [llegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is called “instruction placed
in adelay slot”. When the instruction placed in the delay slot is an undefined code, illegal slot
exception processing starts after the undefined code is decoded. 1llegal slot exception processing
also starts when an instruction that rewrites the program counter (PC) is placed in adelay dot and
the instruction is decoded. The CPU handles an illegal slot instruction as follows:

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

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

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the exception that occurred. That addressis jumped to and the
program starts executing. The jump in this case is not a delayed branch.

554 General lllegal Instructions

When undefined code placed anywhere other than immediately after adelayed branch instruction
(i.e., inadelay dot) is decoded, general illegal instruction exception processing starts. The CPU
handles the general illegal instructionsin the same procedures asin theillegal slot instructions.
Unlike processing of illegal dot instructions, however, the program counter value that is stacked is
the start address of the undefined code.

5.6 Cases when Exception Sources Are Not Accepted

When an address error or interrupt is generated directly after a delayed branch instruction or
interrupt-disabled instruction, it is sometimes not accepted immediately but stored instead, as
shown in table 5.10. In this casg, it will be accepted when an instruction that can accept the
exception is decoded.

Table5.10 Generation of Exception Sources | mmediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt

Immediately after a delayed branch instruction** Not accepted Not accepted

Immediately after an interrupt-disabled instruction*? Accepted Not accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, and STS.L
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5.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction placed immediately after it (delay slot) are always executed consecutively, so no
exception processing occurs during this period.

5.6.2 Immediately after an Interrupt-Disabled I nstruction

When an instruction placed immediately after an interrupt-disabled instruction is decoded,
interrupts are not accepted. Address errors can be accepted.
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5.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing ends is shown in table 5.11.

Table5.11 Stack Statusafter Exception Processing Ends

Types Stack Status
Address error T I
Address of instruction .
SP after executed instruction 32 bits
SR 32 hits
Trap instruction F Iy
Address of instruction .
SP > after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction F Iy
Address of instruction after .
SP ! general illegal instruction 32 Pits
SR 32 hits
Interrupt F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
lllegal slot instruction F m— g
sp Jump destination address 32 bit
™ of delay branch instruction 1ts
SR 32 bits
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5.8 Usage Notes

581 Value of Stack Pointer (SP)

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

5.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception processing.

5.8.3 AddressErrors Caused by Stacking of AddressError Exception Processing

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

When an address error occurs during exception processing stacking, the stacking bus cycle (write)
is executed. During stacking of the status register (SR) and program counter (PC), the value of SP
isreduced by 4 for both of SR and PC, therefore the value of SPis still not a multiple of four after
the stacking. The address value output during stacking is the SP value, so the address itself where
the error occurred is output. This means that the write data stacked is undefined.

Rev. 2.0, 09/02, page 66 of 732
RENESAS



Section 6 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
reguests to the CPU.

6.1 Features

e 16 levelsof interrupt priority
« NMI noise canceler function
e Occurrence of interrupt can be reported externally (IRQOUT pin)
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Figure 6.1 shows a block diagram of the INTC.
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Figure6.1 INTC Block Diagram
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6.2 I nput/Output Pins
Table 6.1 showsthe INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation 1/0O  Function

Non-maskable interrupt input pin ~~ NMI I Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO to IRQ7 | Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT (0] Output of notification signal when an

interrupt has occurred

6.3 Register Descriptions

The interrupt controller has the following registers. For details on register addresses and register
states during each processing, refer to section 25, List of Registers.

e Interrupt control register 1 (ICR1)
e Interrupt control register 2 (ICR2)
* IRQ statusregister (ISR)

e Interrupt priority register A (IPRA)
e Interrupt priority register B (IPRB)
e Interrupt priority register C (IPRC)
e Interrupt priority register D (IPRD)
e Interrupt priority register E (IPRE)
e Interrupt priority register F (IPRF)
e Interrupt priority register G (IPRG)
e Interrupt priority register H (IPRH)
e Interrupt priority register | (IPRI)

e Interrupt priority register J(IPRJ)
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6.3.1 Interrupt Control Register 1 (ICR1)

ICR1 isa16-bit register that setsthe input signal detection mode of the external interrupt input
pins NMI and IRQO to IRQ7 and indicates the input signal level at the NMI pin.

Bit Bit Name Initial Value R/W Description
15 NMIL 1/0 R NMI Input Level
Sets the level of the signal input to the NMI pin. This
bit can be read to determine the NMI pin level. This
bit cannot be modified.
0: NMl input level is low
1: NMl input level is high
14t09 — All 0 R Reserved bits
These bits are always read as 0. The write value
should always be 0.
8 NMIE 0 R/W NMI Edge Select
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7 IRQOS 0 R/W IRQO Sense Select
This bit sets the IRQO interrupt request detection
mode.
0: Interrupt request is detected on low level of IRQO
input
1: Interrupt request is detected on edge of IRQO input
(edge direction is selected by ICR2)
6 IRQ1S 0 R/W IRQ1 Sense Select
This bit sets the IRQ1 interrupt request detection
mode.
0: Interrupt request is detected on low level of IRQ1
input
1: Interrupt request is detected on edge of IRQ1 input
(edge direction is selected by ICR2)
5 IRQ2S 0 R/W IRQ2 Sense Select

This bit sets the IRQ2 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ2
input

1: Interrupt request is detected on edge of IRQ2 input
(edge direction is selected by ICR2)
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Bit

Bit Name Initial Value

R/W

Description

IRQ3S 0

R/W

IRQ3 Sense Select

This bit sets the IRQ3 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ3
input

1: Interrupt request is detected on edge of IRQ3 input
(edge direction is selected by ICR2)

IRQ4S 0O

R/W

IRQ4 Sense Select

This bit sets the IRQ4 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ4
input

1: Interrupt request is detected on edge of IRQ4 input
(edge direction is selected by ICR2)

IRQ5S 0

R/W

IRQ5 Sense Select

This bit sets the IRQ5 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ5
input

1: Interrupt request is detected on edge of IRQ5 input
(edge direction is selected by ICR2)

IRQ6S 0

R/W

IRQ6 Sense Select

This bit sets the IRQ6 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ6
input

1: Interrupt request is detected on edge of IRQ6 input
(edge direction is selected by ICR2)

IRQ7S 0O

R/W

IRQ7 Sense Select

This bit sets the IRQ7 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ7
input

1: Interrupt request is detected on edge of IRQ7 input
(edge direction is selected by ICR2)
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6.3.2 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-bit register that sets the edge detection mode of the external interrupt input pins IRQO
to IRQ7. ICR2 is, however, valid only when IRQ interrupt request detection mode is set to the
edge detection mode by the sense select bits of IRQO to IRQ 7 in Interrupt control register 1
(ICR1). If the IRQ interrupt request detection mode has been set to low level detection mode, the
setting of ICR2 isignored.

Bit Bit Name Initial Value R/W Description

15 IRQOES1 O R/W This bit sets the IRQO interrupt request edge

14 IRQOESO 0 R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQO input

01: Interrupt request is detected on rising edge of
IRQO input

10: Interrupt request is detected on both of falling
and rising edge of IRQO input

11: Cannot be set

13 IRQ1IES1 O R/W This bit sets the IRQ1 interrupt request edge

12 IRQIESO 0 R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQ1 input

01: Interrupt request is detected on rising edge of
IRQ1 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ1 input

11: Cannot be set

11 IRQ2ES1 O R/W This bit sets the IRQ2 interrupt request edge

10 IRQ2ESO 0 R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQ2 input

01: Interrupt request is detected on rising edge of
IRQ2 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ2 input

11: Cannot be set
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Bit Bit Name Initial Value R/W Description
9 IRQ3ES1 O R/W This bit sets the IRQ3 interrupt request edge
8 IRQ3ESO 0 RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQS input
01: Interrupt request is detected on rising edge of
IRQ3 input
10: Interrupt request is detected on both of falling
and rising edge of IRQS input
11: Cannot be set
7 IRQ4ES1 R/W This bit sets the IRQ4 interrupt request edge
6 IRQ4ESO RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQ4 input
01: Interrupt request is detected on rising edge of
IRQ4 input
10: Interrupt request is detected on both of falling
and rising edge of IRQ4 input
11: Cannot be set
5 IRQ5ES1 R/W This bit sets the IRQ5 interrupt request edge
4 IRQ5ESO RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQ5 input
01: Interrupt request is detected on rising edge of
IRQ5 input
10: Interrupt request is detected on both of falling
and rising edge of IRQ5 input
11: Cannot be set
3 IRQ6ES1 R/W This bit sets the IRQ6 interrupt request edge
2 IRQBESO RIW detection mode.

00: Interrupt request is detected on falling edge of
IRQ6 input

01: Interrupt request is detected on rising edge of
IRQ6 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ6 input

11: Cannot be set

Rev. 2.0, 09/02, page 73 of 732
RENESAS



Bit Bit Name Initial Value R/W Description
1 IRQ7ES1 O R/W This bit sets the IRQ7 interrupt request edge
0 IRQ7ESO 0 RIW detection mode.

00: Interrupt request is detected on falling edge of
IRQ7 input

01: Interrupt request is detected on rising edge of
IRQ7 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ7 input

11: Cannot be set

6.3.3 IRQ Status Register (ISR)

ISR isa 16-bit register that indicates the interrupt request status of the external interrupt input pins
IRQO to IRQ7. When IRQ interrupts are set to edge detection, held interrupt requests can be
cleared by writing O to IRQnNF after reading IRQnF = 1.

Bit Bit Name Initial Value R/W Description
15t08 — All0 R Reserved bits
These bits are always read as 0. The write value
should always be 0.
7 IRQOF 0 RW  IRQO to IRQ7 Flags
6 IRQ1F 0 R/W These bits display the IRQO to IRQ7 interrupt request
5 IRQ2F 0 Rw  Status.
4 IRQ3F 0 RIW [Setting condition]
3 IRQ4F 0 R/W e When interrupt source that is selected by ICR 1
2 IRQ5F 0 RIW and ICR2 has occurred.
1 IRQ6F 0 R/W  [Clearing conditions]
0 IRQ7F 0 RW  + When 0is written after reading IRQNF = 1

* When interrupt exception processing has been
executed at high level of IRQn input under the low
level detection mode.

¢ When IRQn interrupt exception processing has
been executed under the edge detection mode of
falling edge, rising edge or both of falling and
rising edge.

* When the DISEL bit of DTMR of DTC is 0, after
DTC has been started by IRQn interrupt.
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6.3.4

Interrupt Priority RegistersA to J (IPRA to IPRJ)

Interrupt priority registers are ten 16-bit readable/writable registers that set priority levels from O
to 15 for interrupts except NMI. For the correspondence between interrupt request sources and
IPR, refer to table 6.2, Interrupt Exception Processing Vectors and Priorities. Each of the
corresponding interrupt priority ranks are established by setting a value from H'0 to H'F in each of
the four-bit groups 15to 12, 11 t0 8, 7to 4 and 3 to 0. Reserved bits that are not assigned should

be set H'0 (B’ 0000.)

Bit

Bit Name Initial Value

R/W

Description

15
14
13
12

IPR15
IPR14
IPR13
IPR12

0

0
0
0

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding

interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)

11
10

IPR11
IPR10
IPR9
IPR8

o O O O

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding

interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

1111: Priority level 15 (highest)
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Bit Bit Name Initial Value R/W Description

IPR7 0 R/W These bits set priority levels for the corresponding
IPR6 R/W  interrupt source.

IPR5
IPR4

RIW 0000: Priority level O (lowest)
0001: Priority level 1

RIW 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

~ 00O N
o O o

IPR3
IPR2
IPR1
IPRO

R/W These bits set priority levels for the corresponding
RIW interrupt source.

RIW 0000: Priority level O (lowest)
0001: Priority level 1

Riw 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

o B N W
o O O O

Note: Name in the tables above is represented by a general name. Name in the list of register is,
on the other hand, represented by a module name.
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6.4 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRQ, and on-chip peripheral
modules. Each interrupt has a priority expressed as a priority level (0 to 16, with O the lowest and
16 the highest). Giving an interrupt a priority level of 0 masksit.

6.4.1 External Interrupts

NMI Interrupts: The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin
is detected by edge. Use the NMI edge select bit (NMIE) in the interrupt control register 1 (ICR1)
to select either therising or falling edge. NMI interrupt exception processing sets the interrupt
mask level bits (13 to 10) in the status register (SR) to level 15.

IRQ Interrupts: IRQ interrupts are requested by input from pins IRQO to IRQ7. Set the IRQ
sense select bits (IRQOS to IRQ7S) of the interrupt control register 1 (ICR1) and IRQ edge select
bit (IRQOES[1:0] to IRQ7ES[1:0]) of the interrupt control register 2 (ICR2) to select low level
detection, falling edge detection, or rising edge detection for each pin. The priority level can be set
from 0 to 15 for each pin using the interrupt priority registers A and B (IPRA and | PRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pin islow level. Interrupt request signals are not sent to the INTC when
the IRQ pin becomes high level. Interrupt request levels can be confirmed by reading the IRQ
flags (IRQOF to IRQ7F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. The results of detection for
IRQ interrupt request are maintained until the interrupt request is accepted. It is possible to
confirm that |RQ interrupt requests have been detected by reading the IRQ flags (IRQOF to
IRQ7F) of the IRQ status register (ISR), and by writing a0 after reading a 1, IRQ interrupt request
detection results can be cleared

In IRQ interrupt exception processing, the interrupt mask bits (13 to 10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt. Figure 6.2 shows the block
diagram of this IRQ7 to IRQO interrupts.
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Figure6.2 Block Diagram of IRQ7 to IRQO Interrupts Control

6.4.2 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral
modules.

Asadifferent interrupt vector is assigned to each interrupt source, the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers A to J (IPRA to
IPRJ). On-chip peripheral module interrupt exception processing sets the interrupt mask level bits
(13to 10) in the status register (SR) to the priority level value of the on-chip peripheral module
interrupt that was accepted.

6.4.3 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits (13
to 10) in the status register (SR) to level 15. For more details about the user break interrupt, see
section 7, User Break Controller.

6.4.4 H-UDI Interrupt

Hitachi user debug interface (H-UDI) interrupt has a priority level of 15, and occurs when an H-
UDI interrupt instruction is serialy input. H-UDI interrupt requests are detected by edge and are
held until accepted. H-UDI exception processing sets the interrupt mask level bits (13-10) in the
status register (SR) to level 15. For more details about the H-UDI interrupt, see section 22, Hitachi
User Debug Interface.
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6.5 I nterrupt Exception Processing Vectors Table

Table 6.2 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from the vector numbers and address offsets. In interrupt exception
processing, the exception service routine start address is fetched from the vector table indicated by
the vector table address. For the details of calculation of vector table address, see table 5.4,
Calculating Exception Processing Vector Table Addresses in the section 5, Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A to J (IPRA to IPRJ). However,
the smaller vector number has interrupt source, the higher priority ranking is assigned among two
or more interrupt sources specified by the same IPR, and the priority ranking cannot be changed.

A power-on reset assigns priority level 0 to IRQ interrupts and on-chip peripheral module

interrupts. If the same priority level is assigned to two or more interrupt sources and interrupts
from those sources occur simultaneoudly, they are processed by the default priority order indicated

intable 6.2.

Table6.2 Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
External pin NMI 11 H'0000002C — High
User break 12 H'00000030 — A
H-UDI 14 H'00000038 —
— Reserved by system 15 H'0000003C —
Interrupts IRQO 64 H'00000100 IPRA15 to IPRA12

IRQ1 65 H'00000104 IPRA11 to IPRAS

IRQ2 66 H'00000108 IPRA7 to IPRA4

IRQ3 67 H'0000010C IPRA3 to IPRAO

IRQ4 68 H'00000110 IPRB15 to IPRB12

IRQ5 69 H'00000114 IPRB11 to IPRBS8

IRQ6 70 H'00000118 IPRB7 to IPRB4

IRQ7 71 H'0000011C IPRB3 to IPRBO
DMAC DEIO 72 H'00000120 IPRC15 to IPRC12

DEI1 76 H'00000130 IPRC11 to IPRC8

DEI2 80 H'00000140 IPRC7 to IPRC4

DEI3 84 H'00000150 IPRC3 to IPRCO Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
MTU channel 0 TGIA_O 88 H'00000160 IPRD15 to IPRD12 High
TGIB_O 89 H'00000164 A
TGIC_O 90 H'00000168
TGID_O 91 H'0000016C
TCIV_O 92 H'00000170 IPRD11 to IPRD8
MTU channel 1 TGIA_1 96 H'00000180 IPRD7 to IPRD4
TGIB_1 97 H'00000184
TCIV_1 100 H'00000190 IPRD3 to IPRDO
TCIU_1 101 H'00000194
MTU channel 2 TGIA_2 104 H'000001A0 IPRE15 to IPRE12
TGIB_2 105 H'000001A4
TCIV_2 108 H'000001B0 IPRE11 to IPRES
TCIU_2 109 H'000001B4
MTU channel 3 TGIA_3 112 H'000001CO0 IPRE7 to IPRE4
TGIB_3 113 H'000001C4
TGIC_3 114 H'000001C8
TGID_3 115 H'000001CC
TCIV_3 116 H'000001D0 IPRE3 to IPREO
MTU channel 4 TGIA_4 120 H'000001EO IPRF15 to IPRF12
TGIB_4 121 H'000001E4
TGIC_4 122 H'000001ES8
TGID_4 123 H'000001EC
TCIV_4 124 H'000001F0 IPRF11 to IPRF8
SClchannel0 ERI_O 128 H'00000200 IPRF7 to IPRF4
RXI_O 129 H'00000204
TXI_0 130 H'00000208
TEI_O 131 H'0000020C
SClchannell ERI_1 132 H'00000210 IPRF3 to IPRFO
RXI_1 133 H'00000214
TXI_1 134 H'00000218
TEL_1 135 H'0000021C
A/D ADIO 136 H'00000220 IPRG15 to IPRG12
ADI1 137 H'00000224 Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
DTC SWDTEND 140 H'00000230 IPRG11to IPRG8 High
CMT CMIO 144 H'00000240 IPRGY to IPRG4 A
CMI1 148 H'00000250 IPRG3 to IPRGO
Watchdog ITI 152 H'00000260 IPRH15 to IPRH12
timer
ad Reserved by system 153 H'00000264 ad
I/0 (MTU) MTUOEI 156 H'00000270 IPRH11 to IPRH8
ad Reserved by system 160to  H'00000290 to ad
167 H'0000029C
SCl channel2 ERI_2 168 H'000002A0 IPRI15 to IPRI12
RXI_2 169 H'000002A4
TXI_2 170 H'000002A8
TEI_2 171 H'000002AC
SCl channel 3 ERI_3 172 H'000002B0 IPRI11 to IPRI8
RXI_3 173 H'000002B4
TXI_3 174 H'000002B8
TEI_3 175 H'000002BC
ad Reserved by system 176to  H'000002CO to ad
188 H'000002FC
Ic ICI 192 H'00000300 IPRJ7 to IPRJ4
ad Reserved by system 196to  H'00000304 to
247 H'000003DC Low
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6.6 Interrupt Operation

6.6.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1
2.

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

The interrupt controller selects the highest priority interrupt in the interrupt requests sent,
according to the priority levels set in interrupt priority level setting registers A to J (IPRA to
IPRJ). Interrupts that have lower-priority than that of the selected interrupt are ignored.* 1f
interrupts that have the same priority level or interrupts within a same module occur
simultaneoudly, the interrupt with the highest priority is selected according to the default
priority order indicated in table 6.2.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13 to 10) in the CPU’ s status register (SR). If the request priority level is
equal to or less than the level setin I3 to 10, the request isignored. If the request priority level
is higher than the level in bits I3 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.

The CPU detects the interrupt request sent from the interrupt controller when CPU decodes the
instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 6.5).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3to 10) in
the status register (SR).

When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, ahigh
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, ahigh
level is output from the IRQOUT pin at the moment when the CPU starts interrupt exception
processing instead of instruction execution as noted in (5) above. However, if the interrupt
controller accepts an interrupt with a higher priority than the interrupt just to be accepting, the
IRQOUT pin holds low level.

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program. This
jump is not adelay branch.

Note: * Interrupt requests that are designated as edge-detect type are held pending until the

interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing the
IRQ status register (ISR). Interrupts held pending due to edge detection are cleared by a
power-on reset or amanual reset.
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Notes: 13 to 10 are Interrupt mask bits of status register (SR) in the CPU
1. IRQOUT is the same signal as interrupt request signal to the CPU (see figure 6.1).
Therefore, IRQOUT is output when the request priority level is higher than the level in bits 1310 of SR.
2. When the accepted interrupt is sensed by edge, a high level is output from the IRQOUT pin at the moment when
the CPU starts interrupt exception processing instead of instruction execution (namely, before saving SR to stack).
However, if the interrupt controller accepts an interrupt with a higher priority than the interrupt just to be accepted
and has output an interrupt request to the CPU, the IRQOUT pin holds low level.

*2

Figure6.3 Interrupt Sequence Flowchart
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6.6.2 Stack after Interrupt Exception Processing

Figure 6.4 shows the stack after interrupt exception processing.

Address
4n-8 pct 32 bits | <] gp*2
An—4 SR 32 bits
4n

Notes: 1. PC: Start address of the next instruction (return destination instruction) after the executing

instruction

2. Always make sure that SP is a multiple of 4

Figure6.4 Stack after Interrupt Exception Processing
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6.7 Interrupt Response Time

Table 6.3 lists the interrupt response time, which is the time from the occurrence of an interrupt
reguest until the interrupt exception processing starts and fetching of the first instruction of the
interrupt service routine begins. Figure 6.5 shows an example of the pipeline operation when an

IRQ interrupt is accepted.

Table 6.3 Interrupt Response Time

Number of States

NMI, Peripheral

Item Module IRQ Remarks

DMAC/DTC active Oor1l 1 1 state required for interrupt

judgment signals for which
DMAC/DTC activation is
possible

Interrupt priority judgment 2 3

and comparison with SR

mask bits

Wait for completion of X (=0) X (=0) The longest sequence is for

sequence currently being
executed by CPU

interrupt or address-error
exception processing (X = 4
+ml+m2+m3+m4).lfan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ m1 + m2 + m3
exception processing until
fetch of first instruction of
exception service routine

5+ml+m2+m3

Performs the saving PC and
SR, and vector address
fetch.

starts
Interrupt Total: (7 or8)+ml+ 9+ml+m2+
response m2 + m3+X m3 + X
time Minimum: 10 12 0.20 to 0.24 ps at 50 MHz
Maximum: 12 +2 (m1 + m2 13+2 (M1 +m2 0.38 to 0.40 ps at 50 MHz*
+m3) + m4 + m3) + m4
Note: m1 to m4 are the number of states needed for the following memory accesses.

ml: SR save (longword write)
m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
* 0.38 t0 0.40 ps at 50 MHz is the value in the case thatml=m2=m3=m4 = 1.
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F: Instruction fetch (instruction fetched from memory where program is stored).
D: Instruction decoding (fetched instruction is decoded).

E: Instruction execution (data operation and address calculation is performed according to the results

of decoding).
M: Memory access (data in memory is accessed).

Figure 6.5 Example of the Pipeline Operation when an IRQ Interrupt is Accepted
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6.8 Data Transfer with Interrupt Request Signals
The following data transfers can be done using interrupt request signals:
e Activate DMAC only, CPU interrupts do not occur

« Activate DTC only, CPU interrupts according to DTC settings

Interrupt sources that are activated by DMAC are masked without being input to INTC. Mask
condition isas follows:

Mask condition = DME ¢ (DEO  interrupt source selectO + DEL « interrupt source selectl + DE2
« interrupt source select2 + DE3 « interrupt source select3)

The INTC masks CPU interrupts when the corresponding DTE bit is 1. The conditions for clearing
DTE and interrupt source flag are listed below.

DTE clear condition = DTC transfer end « DTECLR
Interrupt source flag clear condition = DTC transfer end « DTECLR+DMAC transfer end
Where: DTECLR = DISEL + counter O.

Figure 6.6 shows a control block diagram.

Interrupt source ——»
DMAC

Interrupt source <4—|
Flag clear (by DMAC)

Interrupt source
(not designated as DMAC activation source)

» CPU interrupt request

DTC activation
request

DTECLR

Transfer end
Interrupt source

flag clear (by DTC) %

Figure6.6 Interrupt Control Block Diagram
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6.8.1 Handling Interrupt Request Signals as Sourcesfor DTC Activating and CPU

A wDN P

o

Interrupt, but Not DMAC Activating

Do not select DMAC activating sources or clear the DTE bit to O.
For DTC, set the corresponding DTE bits and DISEL bitsto 1.
Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the DTE bit to 0 and sends an interrupt
reguest to the CPU. The activating sourceis not cleared.
The CPU clearsinterrupt sourcesin the interrupt processing routine then confirms the transfer
counter value. When the transfer counter value is not 0, the CPU setsthe DTE bit to 1 and
allows the next datatransfer. If the transfer counter value = 0, the CPU performs the
necessary end processing in the interrupt processing routine.

6.8.2 Handling Interrupt Request Signals as Sourcesfor Activating DMAC, but Not

CPU Interrupt and DTC Activating

Select DMAC activating sources and set the DME hit to 1. Then, CPU interrupt and DTC
activating sources are masked regardless of the settings of the interrupt priority register and the
DTC register.

Activating sources are applied to the DMAC when interrupts occur.
The DMAC clearsthe interrupt sources when starting transfer.

6.8.3 Handling Interrupt Request Signalsas Sourcefor DTC Activating, but Not CPU

A w DN

Interrupt and DMAC Activating

Do not select DMAC activating sources or clear the DME bit to O.
For DTC, set the corresponding DTE bitsto 1 and clear the DISEL bitsto 0.
Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the activating source. An interrupt request is
not sent to the CPU, because the DTE bit ishold to 1.

However, when the transfer counter value = 0 the DTE bit is cleared to 0 and an interrupt
reguest is sent to the CPU.

The CPU performs the necessary end processing in the interrupt processing routine.
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6.8.4 Handling Interrupt Request Signals as Sourcefor CPU Interrupt but Not DMAC
and DTC Activating

Do not select DMAC activating sources or clear the DME bit to O.

For DTC, clear the corresponding DTE bitsto 0.

When interrupts occur, interrupt requests are sent to the CPU.

The CPU clearsthe interrupt source and performs the necessary processing in the interrupt
processing routine.

A wDN e
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that make program debugging easier. By
setting break conditionsin the UBC, auser break interrupt is generated according to the contents
of the bus cycle generated by the CPU or DMAC/DTC. This function makes it easy to design an
effective self-monitoring debugger, and customers of the chip can easily debug their programs
without using alarge in-circuit emulator.

7.1 Overview

» Thereare5 types of break compare conditions as follows:
Address

CPU cycle or DMAC/DTC cycle

Instruction fetch or data access

Read or write

Operand size: longword/word/byte

» User break interrupt generated upon satisfying break conditions

» User break interrupt generated before an instruction is executed by selecting break in the CPU
instruction fetch.

* Module standby mode can be set

OooOooogodg
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Figure 7.1 shows a block diagram of the UBC.

|

|

|

|

| Bus —T

: Module bus interface [\

| |

0000 .

| | o

! | UBCR | | UBBR | UBAMRH| [ UBARH | =
| £

l UBAMRL| | UBARL ! g

I I -

' |

' |

' |

' [

: Break condition T

| comparator :

' |

' |

' |

' |

|

| User break :

: interrupt I

| »| generating ; »| Interrupt request

: circuit |

| : Interrupt controller

b — - wBC-———————

UBARH, UBARL: User break address registers H, L

UBAMRH, UBAMRL: User break address mask registers H, L

UBBR: User break bus cycle register

UBCR: User break control register

Figure7.1 User Break Controller Block Diagram
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7.2 Register Descriptions

The UBC has the following registers. For details on register addresses and register states during
each processing, refer to section 25, List of Registers.

e User break addressregister H (UBARH)

o User break addressregister L (UBARL)

e User break address mask register H (UBAMRH)
»  User break address mask register L (UBAMRL)
e User break bus cycle register (UBBR)

» User break control register (UBCR)

721 User Break Address Register (UBAR)

The user break address register (UBAR) consists of two registers: user break address register H
(UBARH) and user break addressregister L (UBARL). Both are 16-bit readable/writable registers.
UBARH specifies the upper bits (bits 31 to 16) of the address for the break condition, while
UBARL specifies the lower bits (bits 15 to 0).

Theinitial value of UBAR is H'00000000.

» UBARH Bits 15 to 0: specifies user break address 31 to 16 (UBA31 to UBA16)
» UBARL Bits 15 to O: specifies user break address 15 to 0 (UBA15 to UBAO)
722 User Break Address Mask Register (UBAMR)

The user break address mask register (UBAMR) consists of two registers: user break address mask
register H (UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readabl e/writable registers. UBAMRH specifies whether to mask any of the break address bits set
in UBARH, and UBAMRL specifies whether to mask any of the break address bits set in UBARL.

» UBAMRH Bits 15 to 0: specifies user break address mask 31 to 16 (UBM 31 to UBM 16)
 UBAMRL Bits 15 to 0: specifies user break address mask 15 to 0 (UBM 15 to UBMO)
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Bit Bit Name Initial Value R/W Description

UBAMRH UBM31to AllO R/W User Break Address Mask 31 to 16

Bit15t0 0 UBM16 0: Corresponding UBA bit is included in the

break conditions

1: Corresponding UBA bit is not included in
the break conditions

UBAMRL UBM15to AllO R/W User Break Address Mask 15 to O

Bit15t0 0 UBMO 0: Corresponding UBA bit is included in the

break conditions

1: Corresponding UBA bit is not included in
the break conditions

7.2.3 User Break Bus Cycle Register (UBBR)

The user break bus cycle register (UBBR) is a 16-hit readable/writable register that sets the four
break conditions.

Bit Bit Name Initial Value R/W Description

15t08 — AllO R Reserved bits

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

CP1 0 R/W CPU Cycle/DMAC, DTC Cycle Select 1 and 0

CPO 0 R/W These bits specify break conditions for CPU cycles or
DMAC/DTC cycles.

00: No user break interrupt occurs

01: Break on CPU cycles

10: Break on DTC or DMAC cycles

11: Break on both CPU and DMAC or DTC cycles

5 ID1 0 R/W Instruction Fetch/Data Access Selectl and O

IDO 0 R/W These bits select whether to break on instruction fetch
and/or data access cycles.

00: No user break interrupt occurs
01: Break on instruction fetch cycles
10: Break on data access cycles

11: Break on both instruction fetch and data access
cycles
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Bit Bit Name Initial Value R/W

Description

3 Rw1 0 R/W
2 RWO 0 R/W

Read/Write Select 1 and 0

These bits select whether to break on read and/or
write cycles

00:
01:
10:
11:

No user break interrupt occurs
Break on read cycles

Break on write cycles

Break on both read and write cycles

SZ1 0 R/W
0 SZ0 0 R/W

Operand Size Select 1 and 0*

These bits select operand size as a break condition.

00
01
10
11

Operand size is not a break condition
Break on byte access
Break on word access

Break on longword access

Note: * When breaking on an instruction fetch, clear the SZ0 bit to 0. All instructions are considered
to be accessed in word-size (even when there are instructions in on-chip memory and two
instruction fetches are performed simultaneously in one bus cycle).

Operand size is word for instructions or determined by the operand size specified for the
CPU/DTC, DMAC data access. It is not determined by the bus width of the space being

accessed.

724 User Break Control Register (UBCR)

The user break control register (UBCR) is a 16-bit readable/writable register that enables or

disables user break interrupts.

Bit Bit Name Initial Value R/W

Description

15t0 — All 0 R Reserved bits

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

0 UBID 0 R/W User Break Disable

Enables or disables user break interrupt request
generation in the event of a user break condition
match.

0: User break interrupt request is enabled

1: User break interrupt request is disabled
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7.3 Operation

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception processing is described
below:

1

The user break addresses are set in the user break address register (UBAR), the desired masked
bits in the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycle typeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/DMAC, DTC cycle select bits (CP1, CP0), instruction
fetch/data access select bits (ID1, 1DO0), and read/write select bits (RW1, RWO0) is set to 00 (no
user break generated), no user break interrupt will be generated even if all other conditions are
satisfied. When using user break interrupts, always be certain to establish bit conditions for all
of these three groups.

The UBC uses the method shown in figure 7.2 to determine whether set conditions have been
satisfied or not. When the set conditions are satisfied, the UBC sends a user break interrupt
request signal to the interrupt controller (INTC).

Theinterrupt controller checks the accepted user break interrupt request signal’s priority level.
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits 13 to 10 in the status register (SR) is 14 or lower. When the 13 to 10 bit level is 15, the
user break interrupt cannot be accepted but it is held pending until user break interrupt
exception processing can be carried out. Conseguently, user break interrupts within NM|
exception service routines cannot be accepted, sincethe I3 to 10 bit level is 15. However, if the
I13to 10 bit level ischanged to 14 or lower at the start of the NMI exception service routine,
user break interrupts become acceptable thereafter. See section 6, Interrupt Controller, for the
details on the handling of priority levels.

The INTC sends the user break interrupt request signal to the CPU, which begins user break

interrupt exception processing upon receipt. See section 6.6, Interrupt Operation, for the details
on interrupt exception processing.
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[ UBARH/UBARL | [UBAMRH/UBAMRL

2
Internal address 32 D@W
bits 31-0 32

[cr1[cro |
L

32

CPU cycle

DMAC/DTC cycle

Instruction fetch

User
break

interrupt
Data access S
RW1
Read cycle
Write cycle
SZ1 | SZ0
—O
O
Byte size )
Word size )
Longword size )

| UBIDI

Figure7.2 Break Condition Determination Method
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732 Break on On-Chip Memory Instruction Fetch Cycle

Datain on-chip memory (on-chip ROM and/or RAM) is always accessed as 32-bits datain one
bus cycle. Therefore, two instructions can be retrieved in one bus cycle when fetching instructions
from on-chip memory. At such times, only one bus cycleis generated, but it is possible to cause
independent breaks by setting the start addresses of both instructionsin the user break address
register (UBAR). In other words, when wanting to effect a break using the latter of two addresses
retrieved in one bus cycle, set the start address of that instruction in UBAR. The break will occur
after execution of the former instruction.

7.3.3 Program Counter (PC) Values Saved

Break on Instruction Fetch: The program counter (PC) value saved to the stack in user break
interrupt exception processing is the address that matches the break condition. The user break
interrupt is generated before the fetched instruction is executed. If a break condition issetin an
instruction fetch cycle placed immediately after adelayed branch instruction (delay slot), or on an
instruction that follows an interrupt-disabled instruction, however, the user break interrupt is not
accepted immediately, but the break condition establishing instruction is executed. The user break
interrupt is accepted after execution of the instruction that has accepted the interrupt. In this case,
the PC value saved is the start address of the instruction that will be executed after the instruction
that has accepted the interrupt.

Break on Data Access (CPU/DTC, DMAC): The program counter (PC) value is the top address
of the next instruction after the last instruction executed before the user break exception
processing started. When data access (CPU/DTC, DMAC) is set as a break condition, the place
where the break will occur cannot be specified exactly. The break will occur at the instruction
fetched close to where the data access that isto receive the break occurs.
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7.4 Examples of Use

Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000

Conditions set:

UBARL = H'0404

UBBR = H'0054

UBCR = H'0000

Address; H'00000404

Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt will occur before the instruction at address H'00000404. If it is possible
for the instruction at H'00000402 to accept an interrupt, the user break exception processing
will be executed after execution of that instruction. The instruction at H'00000404 is not
executed. The PC value saved is H'00000404.

2. Register settings: UBARH = H'0015

Conditions set:

UBARL = H'389C

UBBR = H'0058

UBCR = H'0000

Address: H'0015389C

Bus cycle: CPU, instruction fetch, write
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch cycle is not awrite cycle.

3. Register settings: UBARH = H'0003

Conditions set:

UBARL = H'0147

UBBR = H'0054

UBCR = H'0000

Address: H'00030147

Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be carried out after address
error exception processing.
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Break on CPU Data Access Cycle

1. Register settings:. UBARH = H'0012

UBARL = H'3456
UBBR = H'006A
UBCR = H'0000

Conditionsset:  Address: H'00123456
Bus cycle: CPU, data access, write, word
Interrupt requests enabled

A user break interrupt occurs when word data is written into address H'00123456.

2. Register settings: UBARH = H'00A8
UBARL = H'0391
UBBR = H'0066
UBCR = H'0000
Conditionsset:  Address. H'00A80391
Bus cycle: CPU, data access, read, word
Interrupt requests enabled

A user break interrupt does not occur because the word access was performed on an even
address.

Break on DMAC/DTC Cycle

1. Register settings: UBARH = H'0076
UBARL = H'BCDC
UBBR = H'00A7
UBCR = H'0000
Conditionsset:  Address: H'0076BCDC
Bus cycle: DMAC/DTC, data access, read, longword
Interrupt requests enabled

A user break interrupt occurs when longword datais read from address H'0076BCDC.

2. Register settings: UBARH = H'0023
UBARL = H'45C8
UBBR = H'0094
UBCR = H'0000
Conditionsset:  Address: H'002345C8
Bus cycle: DMAC/DTC, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled
A user break interrupt does not occur because no instruction fetch is performed in the
DMAC/DTC cycle.
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7.5 Usage Notes

751 Simultaneous Fetching of Two I nstructions

Two instructions may be simultaneously fetched in instruction fetch operation. Once a break
condition is set on the latter of these two instructions, a user break interrupt will occur before the
latter instruction, even though the contents of the UBC registers are modified to change the break
conditions immediately after the fetching of the former instruction.

75.2 Instruction Fetches at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, the order of
instruction fetching and execution is as follows:

1. When branching with a conditional branch instruction: BT and BF instructions
When branching with a TRAPA instruction: TRAPA instruction
a Ingtruction fetch order

Branch instruction fetch — next instruction overrun fetch — overrun fetch of instruction
after the next — branch destination instruction fetch

b. Instruction execution order
Branch instruction execution — branch destination instruction execution
2. When branching with adelayed conditional branch instruction: BT/S and BF/S instructions
a. Instruction fetch order

Branch instruction fetch — next instruction fetch (delay slot) - overrun fetch of
instruction after the next — branch destination instruction fetch

b. Instruction execution order

Branch instruction execution — delay ot instruction execution — branch destination
instruction execution

Thus, when a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination instruction will be fetched after an overrun fetch of the next instruction or the
instruction after the next. However, as the instruction that is the object of the break does not break
until fetching and execution of the instruction have been confirmed, the overrun fetches described
above do not become objects of a break.

If data accesses are also included in break conditions besides instruction fetch, a break will occur
because the instruction overrun fetch is also regarded as satisfying the data break condition.
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753 Contention between User Break and Exception Processing

If auser break is set for the fetch of a particular instruction, and exception processing with higher
priority than auser break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception processing may not be performed after completion
of the higher-priority exception service routine (on return by RTE).

Thus, if auser break condition is specified to the branch destination instruction fetch after a
branch (BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, IMP, JSR, RTS, RTE, exception
processing), and that branch instruction accepts an exception processing with higher priority than
auser break interrupt, user break exception processing is not performed after completion of the
exception service routine.

Therefore, a user break condition should not be set for the fetch of the branch destination
instruction after a branch.

754 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction without delay dot (including exception processing) jumps to the
destination instruction by executing the branch, a user break will not be generated even if auser
break condition has been set for the first jump destination instruction fetch.

755 Module Standby M ode Setting

The UBC can set the modul e disable/enable by using the module standby control register 2
(MSTCR2). By releasing the module standby mode, register access becomes to be enabled.

By setting the MSTPO bit of MSTCR2 to 1, the UBC is in the module standby mode in which the
clock supply is halted. See section 24, Power-Down State, for further details.
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Section 8 Data Transfer Controller (DTC)

This LSl includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 8.1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM. When the DTC is used, the RAME
bit in SYSCR must be set to 1.

8.1 Features

» Transfer possible over any number of channels
* Threetransfer modes
Normal, repeat, and block transfer modes available
» One activation source can trigger a number of data transfers (chain transfer)
» Direct specification of 32-bit address space possible
» Activation by softwareis possible
» Transfer can be set in byte, word, or longword units
e Theinterrupt that activated the DTC can be requested to the CPU
* Module standby mode can be set
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DTDAR: DTC destination address register
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DTC initial address register
DTC enable register

DTC control/status register
DTC information base register

Figure8.1 Block Diagram of DTC
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8.2 Register Descriptions

DTC hasthe following registers.

DTC mode register (DTMR)

DTC source address register (DTSAR)
DTC destination address register (DTDAR)
DTC initial addressregister (DTIAR)

DTC transfer count register A (DTCRA)
DTC transfer count register B (DTCRB)

These six registers cannot be directly accessed from the CPU.

When activated, the DTC transfer desired set of register information that is stored in an on-chip
RAM to the corresponding DTC registers. After the data transfer, it writes a set of updated register
information back to the RAM.

DTC enable register A (DTEA)

DTC enable register B (DTEB)

DTC enable register C (DTEC)

DTC enable register D (DTED)

DTC enable register E (DTEE)

DTC enable register G (DTEG)

DTC control/status register (DTCSR)
DTC information base register (DTBR)

For details on register addresses and register states during each processing, refer to section 25, List
of Registers.
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821

DTC Mode Register (DTMR)

DTMR isa16-hit register that selects the DTC operating mode.

Bit

Bit Name

Initial Value

R/W

Description

15
14

SM1
SMO

Undefined
Undefined

Source Address Mode 1 and 0

These bits specify a DTSAR operation after a data
transfer.

Ox: DTSAR is fixed

10: DTSAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 =01; by +4 when Sz 1 and 0 = 10)

11: DTSAR is decremented after a transfer
(by =1 when Sz 1 and 0 = 00; by -2 when Sz 1
and 0 = 01; by -4 when Sz 1 and 0 = 10)

13
12

DM1
DMO

Undefined
Undefined

Destination Address Mode 1 and 0

These bits specify a DTDAR operation after a data
transfer.

Ox: DTDAR is fixed

10: DTDAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 =01; by +4 when Sz 1 and 0 = 10)

11: DTDAR is decremented after a transfer
(by =1 when Sz 1 and 0 = 00; by -2 when Sz 1
and 0 = 01; by -4 when Sz 1 and 0 = 10)

11
10

MD1
MDO

Undefined
Undefined

DTC Mode 1 and 0

These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

Sz1
Sz0

Undefined
Undefined

DTC Data Transfer Size 1 and 0

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

01: Word-size transfer

10: longword-size transfer

11: Setting prohibited
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B

it Bit Name

Initial Value

R/W

Description

7

DTS

Undefined

DTC Transfer Mode Select

Specifies whether the source or the destination is set
to be a repeat area or block area, in repeat mode or
block transfer mode.

0: Destination is repeat area or block area
1: Source is repeat area or block area

6

CHNE

Undefined

DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed.

0: Chain transfer is canceled
1. Chain transfer is set

In data transfer with CHNE set to 1, determination of
the end of the specified humber of transfers, clearing
of the activation source flag, and clearing of DTER is
not performed.

DISEL

Undefined

DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time a data transfer ends. When this
bit is set to 0, a CPU interrupt request is generated at
the time when the specified number of data transfer
ends.

NMIM

Undefined

DTC NMI Mode

This bit designates whether to terminate transfers
when an NMI is input during DTC transfers.

0: Terminate DTC transfer upon an NMI

1: Continue DTC transfer until end of transfer being
executed

Undefined
Undefined
Undefined
Undefined

Reserved

These bits have no effect on DTC operation and
should always be written with 0.

x|lo r v ow

: Don’t care
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8.22 DTC Source Address Register (DTSAR)

The DTC source address register (DTSAR) is a 32-bit register that specifiesthe DTC transfer
source address. For the word size transfer, specify an even source address. For the longword size
transfer, specify amultiple-of-four address.

Theinitia value of DTSAR is undefined.

8.2.3 DTC Destination Address Register (DTDAR)

The DTC destination address register (DTDAR) is a 32-bit register that specifiesthe DTC transfer
destination address. For the word size transfer, specify an even source address. For the longword
size transfer, specify a multiple-of-four address.

Theinitial value of DTDAR is undefined.

8.24 DTC Initial Address Register (DTIAR)

The DTC initial addressregister (DTIAR) isa 32-bit register that specifies the initial transfer
source/transfer destination address in repeat mode. In repeat mode, when the DTS hitisset to 1,
specify theinitial transfer source address in the repeat area, and when the DTS hit is cleared to O,
specify theinitial transfer destination address in the repeat area.

Theinitial value of DTIAR is undefined.

8.25 DTC Transfer Count Register A (DTCRA)

DTCRA isa 16-hit register that designates the number of times datais to be transferred by the
DTC.

In normal mode, the DTCRA functions as a 16-bit transfer counter (1 to 65536). It is decremented
by 1 every time datais transferred, and transfer ends when the count reaches H'0000. The number
of transfersis 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is
H'0000.

In repeat mode, upper 8-bit DTCRAH maintains the transfer count value and lower 8-bit
DTCRAL functions as an 8-bit transfer counter. The number of transfersis 1 when the set valueis
DTCRAH =DTCRAL = H'01, 255 when they are H'FF, and 256 when it is H'00.

In block transfer mode, the DTCRA functions as a 16-bit transfer counter. The number of transfers
is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

Theinitial value of DTCRA is undefined.
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8.2.6 DTC Transfer Count Register B (DTCRB)

The DTCRB is a 16-bit register that designates the block length in block transfer mode. The block
length is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

Theinitia value of DTCRB is undefined.

8.2.7 DTC Enable Registers (DTER)

DTER which is comprised of six registers, DTEA to DTEE, DTEG, is aregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTE bitsis
shown in table 8.1.

Bit Bit Name Initial Value R/W Description

7 DTE*7 0 R/W DTC Activation Enable

6 DTE*6 0 R/W Setting this bit to 1 specifies the corresponding

5 DTE*5 0 RIW interrupt source to a DTC activation source.

4 DTE*4 0 R/W [Clearing conditions]

3 DTE*3 0 R/W e When the DISEL bit is 1 and the data transfer has

2 DTE*2 0 RIW ended -

1 DTE*1 0 rRW When the specified number of transfers have
ended

0 DTE*0 0 R/W

* 0 is written to the bit to be cleared after 1 has been
read from the bit

These bits are not cleared when the DISEL bit is 0 and
the specified number of transfers have not ended.

[Setting condition]

1 is written to the bit to be set after a 0 has been read
from the bit

Note: * The last character of the DTC enable register's name comes here.
Example: DTEB3 in DTEB, etc.
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8.2.8 DTC Control/Status Register (DTCSR)

The DTCSR is a 16-bit readable/writable register that is used to disable/enable DTC activation by
software and to set the DTC vector addresses for software activation. It also indicatesthe DTC
transfer status.

Bit Bit Name Initial Value R/W Description

15 — 0 R Reserved

14 — 0 R These bits have no effect on DTC operation and
13 _ 0 R should always be written with O.

12 — 0 R

11 — 0 R

10 NMIF 0 R/(W)*' NMI Flag Bit

This bit indicates that an NMI interrupt has occurred.
0: No NMl interrupts

[Clearing condition]

« Write O after reading the NMIF bit

1: NMl interrupt has been generated

When the NMIF bit is set, DTC transfers are not
allowed even if the DTER bit is set to 1. If, however,
a transfer has already started with the NMIM bit of
the DTMR set to 1, execution will continue until that
transfer ends.

9 AE 0 R/(W)** Address Error Flag

This bit indicates that an address error by the DTC
has occurred.

0: No address error by the DTC
[Clearing condition]
« Write O after reading the AE bit

1: An address error by the DTC occurred

When the AE bit is set, DTC transfers are not
allowed even if the DTER bit is set to 1.

8 SWDTE 0 R/W*?  DTC Software Activation Enable
Setting this bit to 1 activates DTC.
0: DTC activation by software disabled
1: DTC activation by software enabled
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Bit Bit Name Initial Value R/W Description

7 DTVEC7 0 R/W DTC Software Activation Vectors 7 to 0

6 DTVEC6 0 R/W These bits specify the lower eight bits of the vector

5 DTVECS 0 RIW addresses for DTC activation by software.

4 DTVEC4 0 R/W A vector address i; calculated as H'0400 + DTVEC
(7:0). Always specify 0 for DTVECO. For example,

3 DTVEC3 0 RW " \when DTVEC? to DTVECO = H'10, the vector

2 DTVEC2 0 R/W address is H'0410. When the bit SWDTE is 0, these

1 DTVECI 0 RIW bits can be written to.

0 DTVECO 0 R/W

Notes: 1. For the NMIF and AE bits, only a 0 write after a 1 read is possible.

2. For the SWDTE bit, a 1 write is always possible, but a 0 write is possible only after a 1
is read.

8.2.9 DTC Information Base Register (DTBR)

The DTBR is a 16-hit readable/writable register that specifies the upper 16 bits of the memory
address containing DTC transfer information. Always access the DTBR in word or longword
units. If it is accessed in byte units the register contents will become undefined at the time of a
write, and undefined values will be read out upon reads.

Theinitial value of DTBR is undefined.
8.3 Operation

8.3.1 Activation Sour ces

The DTC operates when activated by an interrupt or by awriteto DTCSR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTER
bit. At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source interrupt flag or corresponding DTER hit iscleared. The activation source flag,
in the case of RXI_2, for example, isthe RDRF flag of SCI2.

When aDTC is activated by an interrupt, existing CPU mask level and interrupt controller
priorities have no effect. If there is more than one activation source at the sasme time, the DTC
operates in accordance with the default priorities.

Figure 8.2 shows a block diagram of activation source control. For details see section 6, Interrupt
Controller (INTC).
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Figure8.2 Activating Source Control Block Diagram

8.3.2 L ocation of Register Information and DTC Vector Table

Figure 8.3 shows the allocation of register information in memory space. The register information
start addresses are designated by DTBR for the upper 16 bits, and the DTC vector table for the
lower 16 bits.

The alocation in order from the register information start address in normal modeis DTMR,
DTCRA, 4 bytes empty (no effect on DTC operation), DTSAR, then DTDAR. In repeat modeit is
DTMR, DTCRA, DTIAR, DTSAR, and DTDAR. In block transfer mode, itis DTMR, DTCRA, 2
bytes empty (no effect on DTC operation), DTCRB, DTSAR, then DTDAR.

Fundamentally, certain RAM areas are designated for addresses storing register information.

Memory space Memory space Memory space

Register " ) \/\ﬂ

information DTMR - DTMR__ - DTMR -

start address - DTCRA - DTCRA - - DTCRA -
2 . F DTIAR - DTCRB Register
F DTSAR 1 E DTSAR 1 [ DTSAR - information
- DTDAR 1 - DTDAR 1 - DTDAR 1
Normal mode Repeat mode Block transfer mode

Figure8.3 DTC Register Information Allocation in Memory Space

Figure 8.4 shows the correspondence between DTC vector addresses and register information
allocation. For each DTC activating source there are 2 bytes in the DTC vector table, which
contain the register information start address.

Table 8.1 shows the correspondence between activating sources and vector addresses. When
activating with software, the vector address is calculated as H'0400 + DTVEC[7:0].
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Through DTC activation, aregister information start address is read from the vector table, then
register information placed in memory space is read from that register information start address.
Always designate register information start addresses in multiples of four.

DTC vector address

DTBR

Transfer information
start address |

Memory space

|

(upper 16 bits)

DTC vector table

| Register information |
start address

(lower 16 bits)

Register
information

\_/-\

|

Figure8.4 Correspondence between DTC Vector Addressand Transfer Information

Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTEs

Activating
Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination  Priority
MTU (CH4) TGIA 4 H'00000400 DTEA7  Arbitrary*  Arbitrary* High
TGIB_4 H'00000402 DTEA6 Arbitrary*  Arbitrary* A
TGIC_4 H'00000404 DTEAS Arbitrary*  Arbitrary*
TGID_4 H'00000406 DTEA4 Arbitrary* Arbitrary*
TCIV_4 H'00000408 DTEAS Arbitrary*  Arbitrary*
MTU (CH3) TGIA 3 H'0000040A DTEA2  Arbitrary*  Arbitrary*
TGIB_3 H'0000040C DTEA1l Arbitrary*  Arbitrary*
TGIC_3 H'0000040E DTEAO Arbitrary* Arbitrary*
TGID_3 H'00000410 DTEB7 Arbitrary* Arbitrary*
MTU (CH2) TGIA 2 H'00000412 DTEB6 Arbitrary*  Arbitrary*
TGIB_2 H'00000414 DTEBS Arbitrary* Arbitrary*
MTU (CH1) TGIA_1 H'00000416 DTEB4  Arbitrary*  Arbitrary* v
TGIB_1 H'00000418 DTEBS3 Arbitrary*  Arbitrary* Low

RENESAS
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Activating

Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination  Priority
MTU (CHO) TGIA_ O H'0000041A  DTEB2 Arbitrary*  Arbitrary* High
TGIB_O H'0000041C DTEB1 Arbitrary*  Arbitrary* A
TGIC_O H'0000041E  DTEBO Arbitrary*  Arbitrary*
TGID_0 H'00000420 DTEC7 Arbitrary*  Arbitrary*
A/D converter  ADIO H'00000422 DTEC6 ADDRO Arbitrary*
(CHO)
External pin IRQO H'00000424 DTEC5 Arbitrary*  Arbitrary*
IRQ1 H'00000426 DTEC4 Arbitrary*  Arbitrary*
IRQ2 H'00000428 DTEC3 Arbitrary*  Arbitrary*
IRQ3 H'0000042A  DTEC2 Arbitrary*  Arbitrary*
IRQ4 H'0000042C DTEC1 Arbitrary*  Arbitrary*
IRQ5 H'0000042E  DTECO Arbitrary*  Arbitrary*
IRQ6 H'00000430 DTED7 Arbitrary*  Arbitrary*
IRQ7 H'00000432 DTED6 Arbitrary*  Arbitrary*
CMT (CHO0) CMIO H'00000434 DTED5 Arbitrary*  Arbitrary*
CMT (CH1) CMI1 H'00000436 DTED4 Arbitrary*  Arbitrary*
SCIo RXI_0 H'00000438 DTED3 RDR_0 Arbitrary*
TXI_O0 H'0000043A  DTED2 Arbitrary*  TDR_O
SCiI1 RXI_1 H'0000043C  DTED1 RDR_1 Arbitrary*
TXI_1 H'0000043E  DTEDO Arbitrary*  TDR_1
Reserved — H'00000440 to — — —
H'00000443
A/D converter  ADI1 H'00000444 DTEES ADDR1 Arbitrary*
(CH1)
Reserved — H'00000446 — — —
SCI2 RXI_2 H'00000448 DTEE3 RDR_2 Arbitrary*
TXI_2 H'0000044A  DTEE2 Arbitrary*  TDR_2
SCI3 RXI_3 H'0000044C DTEE1l RDR_3 Arbitrary*
TXI_3 H'0000044E  DTEEO Arbitrary*  TDR_3  J
Reserved — H'00000450 to — — — Low
H'0000045F
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Activating

Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination Priority
Ic ICI H'00000460 DTEG7 ICDR Arbitrary* High

(receive) (receive)

Arbitrary* ICDR
(transmit) (transmit)

Reserved — H'00000462 to — — —
H'0000049F
Software Write to H'0400+ — Arbitrary*  Arbitrary* Low
DTCSR DTVEC[7:0]

Note: * External memory, memory-mapped external devices, on-chip memory, on-chip peripheral
modules (excluding DMAC and DTC)

8.3.3 DTC Operation

Register information is stored in an on-chip RAM. When activated, the DTC reads register
information in an on-chip RAM and transfers data. After the data transfer, it writes updated
register information back to the RAM.

Pre-storage of register information in the RAM makes it possible to transfer data over any required
number of channels. The transfer mode can be specified as normal, repeat, and block transfer
mode. Setting the CHNE bit to 1 makes it possible to perform a number of transfers with asingle
activation source (chain transfer).

The 32-bit DTSAR designates the DTC transfer source address and the 32-bit DTDAR designates
the transfer destination address. After each transfer, DTSAR and DTDAR are independently
incremented, decremented, or left fixed depending on its register information.
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DTMR, DTCR, DTIAR, DTSAR, DTDAR
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Transfer request
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I DTC vector read I

<
<

I Transfer information read I

DTCRA = DTCRA -1 (normal/block transfer mode)
DTCRAL = DTCRAL - 1 (repeat mode)

[«
y
Transfer (1 transfer unit)
DTSAR, DTDAR update
DTCRB = DTCRB -1 (block transfer mode)

Block
transfer mode and
DTCRB #02

I Transfer information write I I Transfer information write

I NMI or address error I No

\ Yes

CPU interrupt request
When DISEL = 1 or DTCRA = 0 (normal/block transfer mode)
When DISEL = 1 (repeat transfer mode)

End

Figure8.5 DTC Operation Flowchart
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Normal Mode: Performs the transfer of one byte, one word, or one longword for each activation.
Thetotal transfer count is 1 to 65536. Once the specified number of transfers have ended, a CPU
interrupt can be requested.

Table8.2 Normal Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is other than1 When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRA Transfer count DTCRA -1 DTCRA - 1 (= H'0000)
DTSAR Transfer source Increment/decrement/fixed Increment/decrement/fixed
address
DTDAR Transfer destination Increment/decrement/fixed Increment/decrement/fixed
address
N— N—
DTSAR —= — ~— DTDAR
Transfer
S~ S~

Figure8.6 Memory Mappingin Normal Mode

Repeat Mode: Performs the transfer of one byte, one word, or one longword for each activation.
Either the transfer source or transfer destination is designated as the repeat area. Table 8.3 liststhe
register information in repeat mode.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.
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Table 8.3 Repeat Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is otherthan1  When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRAH Transfer count save DTCRAH DTCRAH
DTCRAL Transfer count DTCRAL -1 DTCRAH
DTIAR Initial address (Not written back) (Not written back)
DTSAR Transfer source Increment/decrement/fixed (DTS = 0) Increment/
address decrement/fixed
(DTS =1) DTIAR
DTDAR Transfer destination Increment/decrement/fixed (DTS =0) DTIAR
address (DTS =1) Increment/
decrement/fixed
N— — N— — N
DTSAR DTDAR
or — Repeat area < > ~-— or
DTDAR DTSAR
Transfer
N~ N~ N

Figure8.7 Memory Mapping in Repeat Mode

Block Transfer Mode: Performsthe transfer of one block for each one activation. Either the
transfer source or transfer destination is designated as the block area.

The block length is specified between 1 and 65536. When the transfer of one block ends, the
initial state of the block size counter and the address register specified asthe block areais
restored. The other address register is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.
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Table8.4 Block Transfer Mode Register Functions

Register Function Values Written Back upon a Transfer Information Write
DTMR Operation mode DTMR
control
DTCRA Transfer count DTCRA-1
DTCRB Block length (Not written back)
DTSAR Transfer source (DTS = 0) Increment/ decrement/ fixed
address (DTS = 1) DTSAR initial value
DTDAR Transfer destination (DTS = 0) DTDAR initial value
address

(DTS =1) Increment/ decrement/ fixed

First block
1 N—
DTSAR - . 1 - 1 DTDAR
or —- . <:> Block area ~--— or
DTDAR L . 1 Transter . DTSAR
B T N~ —
Nth block
\
\_/_\

Figure8.8 Memory Mappingin Block Transfer Mode

Chain Transfer: Setting the CHNE bit to 1 enables a number of data transfersto be performed
consecutively in asingle activation source. DTSAR, DTDAR, DTMR, DTCRA, and DTCRB can
be set independently.

Figure 8.9 shows the chain transfer.

When activated, the DTC reads the register information start address stored at the vector address,
and then reads the first register information at that start address. After the data transfer, the CHNE
bit will be tested. When it has been set to 1, DTC reads next register information located in a
consecutive area and performs the data transfer. These sequences are repeated until the CHNE bit
iscleared to 0.
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In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.

T S——
Source
/\_/ /\_/
. ) Destination
Register information
CHNE=1
DTC vector Register information I;
address start address Register information
CHNE =0
— Source
T~  ~——_
L) Destination
T ~—

Figure8.9 Chain Transfer

8.34 Interrupt Source

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interrupts to the CPU are
subject to CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL hit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bitissetto 1.
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Note: When the DTCR contains avalue equal to or greater than 2, the SWDTE bit is
automatically cleared to 0. When the DTCRis set to 1, the SWDTE bit is again set to 1.

8.35 Operation Timing

When register information islocated in on-chip RAM, each mode requires 4 cycles for transfer
information reads, and 3 cycles for writes.

o _NNANNNNNNNS ST

Activating
source — / \
DTC
request E— \
Address O ORI XD
Vector Transfer information Data Transfer
read read transfer information write

Figure8.10 DTC Operation Timing Example (Normal Mode)

8.3.6 DTC Execution State Counts

Table 8.5 shows the execution state for one DTC data transfer. Furthermore, table 8.6 shows the
state counts needed for execution state.

Table 8.5 Execution State of DTC

Register

Information Internal
Mode Vector Read | Read/WriteJ Data Read K Data WriteL Operation M
Normal 1 7 1 1 1
Repeat 1 7 1 1 1
Block transfer 1 7 N N 1

N: block size (default set values of DTCRB)
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Table 8.6 State Counts Needed for Execution State

On-chip On-chip Internal I/O

Access Objective RAM ROM Register External Device

Bus width 32 32 8 or 16 8 16 32

Access state 1 1 2t 32 2

Execution Vector read S, — 1 — — 4

state Register information S, 1 1 — — 8 4 2
read/write
Byte data read S, 1 1 2 3 2 2 2
Word data read S, 1 1 2 3 4 2 2
Long word data read S, 1 1 4 6 8 4 2
Byte data write S, 1 1 2 3 2 2 2
Word data write S, 1 1 2 3 4 2 2
Longword data write S, 1 1 4 6 8 4 2
Internal operation S, 1

Notes: 1. Two state access module : port, INT, CMT, SCI, etc.
2. Three state access module : WDT, UBC, etc.

The execution state count is calculated using the following formula. X indicates the number of
transfers by one activating source (count + 1 when CHNE bit isset to 1).

Execution state count=1-S+>(J-S,+K-S,+L-S)+M-S§,
8.4 Proceduresfor Using DTC

84.1 Activation by Interrupt
The procedure for using the DTC with interrupt activationis as follows:

1. Setthe DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Specify the register information start address with DTBR and the DTC vector table.
Set the corresponding DTER hit to 1.
The DTC is activated when an interrupt source occurs.

S SR

When interrupt requests are not made to the CPU, the interrupt source is cleared, but the DTER
isnot. When interrupts are requested, the interrupt source is not cleared, but the DTER is.

6. Interrupt sources are cleared within the CPU interrupt routine. When doing continuous DTC
datatransfers, set the DTER to 1.
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8.4.2 Activation by Software

The procedure for using the DTC with software activation is as follows:

1

S e

Set the DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Set the start address of the register information in the DTBR register and the DTC vector
address.

Check that the SWDTE hit is 0.

Write 1 to SWDTE bit and the vector number to DTVEC.

Check the vector number written to DTVEC.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC isto continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.

The SWDTE bit is cleared to O within the CPU interrupt routine. For continuous DTC data
transfer, set the SWDTE bit to 1 after confirming that its current valueis 0. Then write the
vector number to DTVEC for continuous DTC transfer.

8.4.3 DTC Use Example

Thefollowing isa DTC use example of a 128-byte data reception by the SCI:

1

The settings are: DTMR source address fixed (SM1 = SMO0 = 0), destination address
incremented (DM1 =1, DMO = 0), normal mode (MD1 = MDO = 0), byte size (SZ1 = SZ0 =
0), one transfer per activating source (CHNE = 0), and a CPU interrupt request after the
designated number of datatransfers (DISEL = 0). DTS bit can be set to any value. 128
(H'0080) issetin DTCRA, the RDR address of the SCI isset in DTSAR, and the start address
of the RAM storing the receive datais set in DTDAR. DTCRB can be set to any value.

Set the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER bit to 1.

Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
reception complete (RX1) interrupt. Since the generation of areceive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRis set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DTDAR isincremented and DTCRA is decremented. The RDRF flag is
automatically cleared to O.

When DTCRA is 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
corresponding bitin DTER is cleared to 0, and an RX| interrupt request is sent to the CPU.
Theinterrupt handling routine should perform completion processing.
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8.5 Cautionson Use

85.1 Prohibition against DMAC/DTC Register Accessby DTC

DMAC and DTC register access by the DMAC is prohibited.

8.5.2 Module Standby M ode Setting

DTC operation can be disabled or enabled using the module standby control register. The initial
setting isfor DTC operation to be halted. Register accessis enabled by clearing module standby
mode.

When the MSTP24 and MSTP25 bitsin MSTCR1 are set to 1, the DTC clock is halted and the
DTC enters module standby mode. The MSTP24 and M STP25 bit cannot be set to 1 during
activation of the DTC.

In addition, when the module standby mode is entered, clear all the DTER bhitsto O.

For details, refer to section 24, Power-Down Modes.

8.5.3 On-Chip RAM

The DTMR, DTSAR, DTDAR, DTCRA,DTCRB and DTIAR registers are all located in on-chip
RAM. When the DTC isused, the RAME bit in SY SCR must not be cleared to 0.
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Section 9 Bus State Controller (BSC)

The bus state controller (BSC) divides up the address spaces and outputs control signals for
various types of memory. This enables memories like SRAM and ROM to be connected directly
to the chip without external circuitry.

9.1 Features
The BSC has the following features:

e Address space is divided into four spaces

O A maximum linear 2 Mbytes for on-chip ROM enabled mode, and a maximum 4-Mbyte for
on-chip ROM disabled mode, for address space CSO

A maximum linear 4-Mbyte for address space CS1, CS2, CS3
Bus width (8, 16, or 32 bits) can be selected for each space
Wait states can be inserted by software for each space
Wait state insertion with WAIT pin in external memory space access
Outputs control signals for each space according to the type of memory connected
* On-chip ROM and RAM interfaces
0 On-chip ROM and RAM access of 32 bitsin 1 state

OooOooogodg
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Figure 9.1 shows the BSC block diagram.

Bus interface

Internal bus

|
[
[
: : On-chip memory | ! RAMER
[ control unit |
[ |
[ |
[ |
[ |
(. WCR1
WA ] wait control ! %
[ unit | o
(. WCR2 =)
. g
[ | =
[ |
[ |
[ |
[ - I BCR1 k
e
CS0to C3S3 Areaucr::i:;ntrol :
Vo : I BCR2 k
[ |
[ | ~
[ |
[ |
[ |
m<:_| 1
| : Memory control :
WRHH, WRHL _! ! unit |
RH, WRL "1 | |
[ |
[ |
[ |
b __ [
|
b BSC-——————————————=
WCR1: Wait control register 1
WCR2: Wait control register 2
BCR1: Bus control register 1
BCR2:  Bus control register 2

RAMER: RAM emulation register

Note: Refer to section 19, Flash Memory (F-ZTAT Version), for RAMER.

Figure9.1 BSC Block Diagram
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9.2 Pin Configuration

Table 9.1 shows the bus state controller pin configuration.

Table9.1 Pin Configuration

Name Abbr. 1/0 Description

Address bus A21 to AO Output Address output (Address bus A21 to A18 pins are
disabled and I/O port function is enabled after

power-on-reset.)

Data bus D31 to DO I/O 32-bit data bus

Chip select CS0to CS3 Output Chip select signal indicating the area being
accessed

Read RD Output  Strobe that indicates the read cycle

Write WRHH Output Strobe that indicates a write cycle to the first byte
(D31 to D24)
WRHL Output Strobe that indicates a write cycle to the second byte
(D23 to D16)
RH Output Strobe that indicates a write cycle to the third byte
(D15 to D8)
RL Output Strobe that indicates a write cycle to the fourth byte
(D7 to DO)
Wait WAIT Input  Wait state request signal
Bus request BREQ Input  Bus request input
Bus acknowledge BACK Output Bus use enable output

9.3 Register Descriptions

The BSC hasfive registers. For details on these register addresses and register statesin each
processing states, refer to section 25, List of Registers.

These registers are used to control wait states, bus width, and interfaces with memories like ROM
and SRAM. All registers are 16 bits.

Bus control register 1 (BCR1)

Bus control register 2 (BCR2)
Wait control register 1 (WCR1)
Wait control register 2 (WCR2)
RAM emulation register (RAMER)

RENESAS
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94 AddressMap

Figure 9.2 shows the address format used by thisLSI.

A31to A24 | A23, A22 | A21

A0

|— Output address:

Output from the address pins

CS space selection:

Decoded, outputs CS0 to CS3 when A31 to A24 = 00000000

Space selection:
Not output externally; used to select the type of space
On-chip ROM space or CS space when 00000000 (H'00)

Reserved (do not access) when 00000001 to 11111110 (H'01 to H'FE)

On-chip peripheral module space or on-chip RAM space when 11111111 (H'FF)

Figure9.2 AddressFormat

This chip uses 32-hit addresses:

» BitsA31to A24 are used to select the type of space and are not output externally.
+ BitsA23 and A22 are decoded and output as chip select signals (CS3 to CS0) for the

corresponding areas when bits A31 to A24 are 00000000.
* A21to A0 are output externally.

Table 9.2 shows the address map.

Table9.2 AddressMap
On-chip ROM enabled mode

Address Space Memory Size Bus Width

H'00000000 to H'0003FFFF On-chip ROM On-chip ROM 256 kbytes 32 bits

H'00040000 to H'001FFFFF Reserved Reserved

H'00200000 to H'003FFFFF CSO0 space External space 2 Mbytes 8/16/32 bits**

H'00400000 to H'007FFFFF CS1 space External space 4 Mbytes 8/16/32 bits**

H'00800000 to H'00BFFFFF CS2 space External space 4 Mbytes 8/16/32 bits**

H'00C00000 to H'00FFFFFF CS3 space External space 4 Mbytes 8/16/32 bits**

H'01000000 to H'FFFF7FFF Reserved Reserved

H'FFFF8000 to H'FFFFBFFF On-chip peripheral  On-chip peripheral 16 kbytes 8/16 bits
module module

H'FFFFCO000 to H'FFFFDFFF  Reserved Reserved

H'FFFFEO000 to H'FFFFFFFF On-chip RAM On-chip RAM 8 kbytes 32 bits
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On-chip ROM disabled mode

Address Space Memory Size Bus Width

H'00000000 to H'003FFFFF CSO0 space External space 4 Mbytes 8/16/32 bits**

H'00400000 to H'007FFFFF CS1 space External space 4 Mbytes 8/16/32 bits**

H'00800000 to H'00BFFFFF CS2 space External space 4 Mbytes 8/16/32 bits**

H'00C00000 to H'00FFFFFF CS3 space External space 4 Mbytes 8/16/32 bits**

H'01000000 to H'FFFF7FFF Reserved Reserved

H'FFFF8000 to H'FFFFBFFF On-chip peripheral  On-chip peripheral 16 kbytes 8/16 bits
module module

H'FFFFCO000 to H'FFFFDFFF  Reserved Reserved

H'FFFFEO00O0 to H'FFFFFFFF On-chip RAM On-chip RAM 8 kbytes 32 hits

Notes: Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
Spaces other than on-chip ROM, on-chip RAM, and on-chip peripheral modules cannot be
used in single-chip mode.

1. Selected by setting the on-chip register.
2. Selected by the mode pin: 8 or 16 bits in SH7144 (112 pins)
16 or 32 bits in SH7145 (144 pins)
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9.5 Description of Registers

951 Bus Control Register 1 (BCR1)

BCR1 isa 16-hit readable/writable register that enables access to the MTU control registers and
specifies the bus size of each CS space. When using the SH7144, specify the bus size asword (16-
bit) or smaller size.

Write bits 7 to 0 of BCR1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM enabled mode, do not access any of each CS space until
completion of register initialization. In on-chip ROM disabled mode, do not access CS spaces
other than CS0 until completion of register initialization.

Bit Bit Name Initial Value R/W Description

15 O 0 R Reserved

This bit is always read as 0 and should always be
written with 0.

14 O 1 R Reserved

This bit is always read as 1 and should always be
written with 1.

13 MTURWE 1 R/W MTU Read/Write Enable

This bit enables MTU control register access. For
details, refer to section 11, Multi-Function Timer
Pulse Unit (MTU).

0: MTU control register access is disabled
1: MTU control register access is enabled

12to8 [ AllO R Reserved

These bits are always read as 0 and should always
be written with 0.

7 A3LG 0 R/W CS3 space longword

This bit specifies the CS3 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A3SZ bit in this
register.

1: Longword (32 bits)
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Bit

Bit Name

Initial Value

R/W

Description

6

A2LG

0

R/W

CS2 space longword

This bit specifies the CS2 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A2SZ bit in this
register.

1: Longword (32 bits)

5

AlLG

0

R/W

CS1 space longword

This bit specifies the CS1 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A1SZ bit in this
register.

1: Longword (32 bits)

4

AOLG

0

R/W

CSO0 space longword

This bit specifies the CS0 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the AOSZ bit in this
register.

1: Longword (32 bits)

Note: AOLG is valid only in on-chip ROM enabled
mode. The CSO0 space bus size is specified
with the mode pin in on-chip ROM disabled
mode.

3

A3SZ

1

R/W

CS3 space size

This bit specifies the CS3 space bus size in A3LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A3LG= 1, This bitis ignored and the CS3
bus size is longword (32bits).
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Bit Bit Name Initial Value R/W

Description

2 A2SZ 1 R/W

CS2 space size

This bit specifies the CS2 space bus size in A2LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A2LG= 1, This bitis ignored and the CS2
bus size is longword (32bits).

1 Al1SZ 1 R/W

CS1 space size

This bit specifies the CS1 space bus size in A1LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A1LG= 1, This bitis ignored and the CS1
bus size is longword (32bits).

0 AO0SZ 1 R/W

CSO0 space size

This bit specifies the CS0 space bus size in AOLG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: This bit is valid only in on-chip ROM enabled
mode. The CSO0 space bus size is specified
with the mode pin in on-chip ROM disabled
mode. Even in on-chip ROM enabled mode,
this bit is ignored in AOLG= 1, and the CS0
space bus size is longword (32 bits).

95.2 Bus Control Register 2 (BCR2)

BCR2 is a 16-bit readable/writable register that specifies the number of idle cycles and CS signal

assert extension of each CS space.

Bit Bit Name |Initial Value R/W  Description

15 IW31 1 R/W Idle cycles in CS3 space cycles

14 IW30 1 R/W

These bits insert idle cycles when the write cycle to the

CS3 space comes after read access to the CS3 space, or
when continuous access is made to different CS spaces
after read access to the CS3 space.

00: No idle cycle inserted after access to the CS3 space

01: One idle cycle inserted after access to the CS3 space

10: Two idle cycles inserted after access to the CS3 space

11: Three idle cycles inserted after access to the CS3

space
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Bit

Bit Name Initial Value R/W

Description

13
12

w21
W20

R/W
R/W

Idle cycles in CS2 space cycles

These bits insert idle cycles when the write cycle to the
CS2 space comes after read access to the CS2 space, or
when continuous access is made to different CS spaces
after read access to the CS2 space.

00: No idle cycle inserted after access to the CS2 space
01: One idle cycle inserted after access to the CS2 space
10: Two idle cycles inserted after access to the CS2 space

11: Three idle cycles inserted after access to the CS2
space

11
10

W11
IW10

R/W
R/W

Idle cycles in CS1 space cycles

These bits insert idle cycles when the write cycle to the
CS1 space comes after read access to the CS1 space, or
when continuous access is made to different CS spaces
after read access to the CS1 space.

00: No idle cycle inserted after access to the CS1 space
01: One idle cycle inserted after access to the CS1 space
10: Two idle cycles inserted after access to the CS1 space

11: Three idle cycles inserted after access to the CS1
space

9
8

W01
IWO00

R/W
R/W

Idle cycles in CSO space cycles

These bits insert idle cycles when the write cycle to the
CSO0 space comes after read access to the CSO0 space, or
when continuous access is made to different CS spaces
after read access to the CSO space.

00: No idle cycle inserted after access to the CSO space
01: One idle cycle inserted after access to the CS0 space
10: Two idle cycles inserted after access to the CSO space

11: Three idle cycles inserted after access to the CS0O
space
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Bit Bit Name Initial Value R/W

Description

7 Cw3 1 R/W

Idle cycles at continuous access to CS3 space

This bit inserts an idle cycle and negates the CS3 signal to
make the bus cycle end obvious when accessing the CS3
space continuously.

0: No idle cycle inserted at continuous access to the CS3
space.

1: One idle cycle inserted at continuous access to the CS3
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

6 Ccw2 1 R/W

Idle cycles at continuous access to CS2 space

This bit inserts an idle cycle and negates the CS2 signal to
make the bus cycle end obvious when accessing the CS2
space continuously.

0: No idle cycle inserted at continuous access to the CS2
space.

1: One idle cycle inserted at continuous access to the CS2
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

5 Ccwi 1 R/W

Idle cycles at continuous access to CS1 space

This bit inserts an idle cycle and negates the CS1 signal to
make the bus cycle end obvious when accessing the CS1
space continuously.

0: No idle cycle inserted at continuous access to the CS1
space.

1: One idle cycle inserted at continuous access to the CS1
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.
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Bit

Bit Name Initial Value R/W

Description

4

CWo

1

R/W

Idle cycles at continuous access to CS0 space

This bit inserts an idle cycle and negates the CSO0 signal to
make the bus cycle end obvious when accessing the CS0
space continuously.

0: No idle cycle inserted at continuous access to the CS0
space.

1: One idle cycle inserted at continuous access to the CS0
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

SW3

R/W

CS assert period extension for CS3 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS3.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

SW2

R/W

CS assert period extension for CS2 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS2.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

Swi

R/W

CS assert period extension for CS1 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS1.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

SWo

R/W

CS assert period extension for CS0 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CSO0.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).
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953 Wait Control Register 1 (WCR1)

WCRL is a 16-hit readable/writable register that specifies the number of wait cyclesfor each CS
space.

Bit Bit Name Initial Value R/W Description

15 w33 1 R/W CS3 Space Wait Specification
14 W32 1 RIW These bits specify the number of waits for CS3 space
13 w31 1 R/W I
12 W30 1 RIW ' , o ,
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
11 w23 1 R/W CS2 Space Wait Specification
10 W22 1 RIW These bits specify the number of waits for CS2 space
9 w21 1 R/W access
8 W20 1 R/W ' _ . _
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
7 w13 1 R/W CS1 Space Wait Specification
6 W12 1 RIW These bits specify the number of waits for CS1 space
5 w11l 1 R/W D
4 W10 1 RIW ' , o ,
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
3 W03 1 R/W CSO0 Space Wait Specification
2 W02 1 RIW These bits specify the number of waits for CS0 space
1 w01 1 R/W
access.
0 W00 1 R/W

0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)

1111: 15 waits (external wait input enabled)
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954 Wait Control Register 2 (WCR2)

WCR2 is a 16-hit readabl e/writable register that specifies the number of access cyclesto the CS

space in DMA single address mode transfer.

Do not perform DMA single address transfer before setting WCR2.

Bit Bit Name Initial Value R/W Description

15t04 O All 0 R Reserved
These bits are always read as 0 and should always
be written with 0.

3 DSW3 1 R/W Number of wait cycles for access to CS space in

2 DSwW2 1 R/W DMA single address mode

1 DSW1 1 RIW These bits specify the number of wait cycles (0 to 15)

0 DSWO0 1 R/W

for access to the CS space in DMA single address
mode. These bits are independent of the W bit in
WCR1.

0000: No wait (external wait insertion disabled)
0001: One wait (external wait insertion enabled)

1111: 15 waits (external waits insertion enabled)

955 RAM Emulation Register (RAMER)

The RAM emulation register (RAMER) is a 16-hit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory. For details, refer to
section 19.5.5, RAM Emulation Register (RAMER).

Rev. 2.0, 09/02, page 137 of 732

RENESAS



9.6 Accessing External Space

A strobe signal is output in external space accesses to provide primarily for SRAM or ROM direct
connections.

9.6.1 Basic Timing

External access bus cycles are performed in 2 states. Figure 9.3 shows the basic timing of external
Space access.

Figure9.3 Basic Timing of External Space Access

During aread, irrespective of operand size, all bitsin the data bus width for the access space
(address) accessed by RD signal are fetched by the LS.

During awrite, the WRHH (bits 31 to 24) , the WRHL (bits 23 to 16) , the WRH (bits 15 to 8),
and the WRL (bits 7 to 0) signal indicate the byte location to be written.
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9.6.2 Wait State Control

The number of wait states inserted into external space access states can be controlled using the
WCR settings. The specified number of Tw cycles are inserted as software cycles at the timing
shown in figure 9.4.

' L
|
Data : { ') :
| |
WRxx | \ [/ |
Write : | :
pata ——t—{ | ! ——
| t t T
| | |
DACK 1 X X
T +

Figure9.4 Wait State Timing of External Space Access (Software Wait Only)
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When the wait is specified by software using WCR, the wait input WAIT signal from outside is

sampled. Figure 9.5 shows the WAIT signal sampling. The WAIT signal is sampled at the clock

rise one cycle before the clock rise when the Tw state shifts to the T2 state.

o et __ 1l __ 1l - > _ __J-4_J1_-L_1_d_4_
T
o
S| —p—-4-4-—F}-—F-—F-——-J-J-4-F-3-4-4-
T
=3 S U N A N AR I O O e O O B
=
~
=3 - U I N I BN [ N N N S A
T
—
o =t -F— - -} -1~
>< _P\ ><
x %] c o) © % © = Y
O m 7% _R © & IS, T O
< _ ——
© []
g £
o =

Figure9.5 Wait State Timing of External Space Access

(Two Software Wait States + WAIT Signal Wait State)
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06.3  CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD or WRxx signal assert period beyond
the length of the CSn signal assert period by setting the SW3 to SWO bits of BCR2. This allows
for flexible interfaces with external circuitry. The timing is shown in figure 9.6. Th and Tf cycles
are added respectively before and after the normal cycle. Only CSn is asserted in these cycles; RD
and WRxx signals are not. Further, datais extended up to the Tf cycle, which is effective for gate
arrays and the like, which have slower write operations.

bTth ) TL ) T2 L TE
I T T 1
| | | |

L S N Y
{F‘D::::\___,/” !
Read [ R T R T [
Pata et
{Wﬂxxi|i|::i:i:
wite P M o S N
e —— (T [ D
o i

Figure9.6 CS Assert Period Extension Function
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9.7 Waits between Access Cycles

When aread from a slow device is completed, data buffers may not go off in time, causing
conflict with the next access data. If there is a data conflict during memory access, the problem
can be solved by inserting await in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access cycles during
continuous accesses of the same CS space by negating the CSn signal once.

9.7.1 Prevention of Data Bus Conflicts

Wait cycles are inserted in the following cases so that the number of idle cycles specified with the
IW31 to IWOQO bits are inserted:

» Thewrite cycle to the same CS space continues after the cycle read
» The continuous access is made to the different CS space after the read access

If there are idle cycles between the access cycles, the number of wait cyclesisinserted that is
obtained by subtracting the existing idle cycles from the number of idle cycles specified.

Figure 9.7 shows the example of idle cycle insertion. In this example, when oneidle cycle
insertion is specified between CSn space cycles, the specified oneidle cycle is inserted when the
write access is performed to the CSm space immediately after the read cycle of the CSn space.
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| T1 | T2 ! Tidle | T1 | T2 |
I 1 1 1 1 1
| I | I | I | I | I |
'/ \l l/ \. |/ \ |/_\ I\ I
cK | ! | | | | | | | I /_\_
| i i i i i i i i i |
N G R D G A A )
! 1 I 1 I 1 I 1 I i [l
I | | | | | I I I I I
I 1 1 I T T T
AN T S S 2 A R AN
i | i | i | i | i | i
L L L L 1 I 1 I
Csm L\ Y/
I T T s N
| I I I I ! 1 ! ! !
RD i ANy A o
! 1 1 1 1 1 1 1
| I | I | I | I | I I
| ! ! ! ! ! ! | 1 1 |
T T T T T T T T I 1
WRxx i ! | \ | \ | :\_f
I 1 I 1 I 1 I 1 I 1 1
1 1 1 1 ! 1
pata ——t——t——t——_| :>————: —G 1)
1 1 1 1 ! 1
CSn space read Idle cycles CSm space write

Figure9.7 Exampleof Idle CycleInsertion

Bits IW31 and IW30 in BCR2 specify the number of idle cyclesinserted in the case of awrite
cycle to CS3 space or an access to different space after CS3 space read.

Bits IW21 and IW20 specify the number of idle cyclesinserted for a CS2 space, bits IW11 and
IW10 specify for a CS1 space, and bits W01 and IWO0O0 specify for a CS0 space, respectively.

9.7.2 Simplification of Bus Cycle Start Detection

For consecutive accesses to the same CS space, waits are inserted to provide the number of idle
cycles designated by bits CW3 to CWO0 in BCR2. However, in the case of awrite cycle after a
read, the number of idle cyclesinserted will be the larger of the two values designated by the IW
and CW bits. When idle cycles already exist between access cycles, waits are not inserted.

Figure 9.8 shows an example. A continuous accessidle is specified for CSn space, and CSn space
is consecutively write-accessed.
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|
: CSn space access : Idle cycle: CSn space access :
1 1 1 1

Figure9.8 Exampleof Idle CycleInsertion at Same Space Consecutive Access

9.8 Bus Arbitration

This LSl has a bus arbitration function that, when a bus release request is received from an
external device, releases the busto that device. It also has four internal bus masters, the CPU,
DMAC, DTC, and AUD. The priority for arbitrate the bus mastership between these bus masters
is.

Bus request from external device > AUD > DTC > DMAC > CPU

AUD does not acquire the bus mastership during DTC or DMAC burst transfer; it acquires the bus
mastership after DTC or DMAC burst transfer. AUD has the priority for the bus mastership to
DTC and DMAC if the CPU has the bus mastership. DMAC, continues operating even if DTC
reguests the bus mastership during the read or the write period in DMAC dual address mode,
during burst transfer, or during operation in indirect address transfer mode.

A busrequest by an external device should be input to the BREQ pin. When the BREQ pinis
asserted, this LS| releases the busimmediately after executing the current bus cycle. The signal
indicating that the bus has been released is output from the BACK pin.

However, the bus arbitration is not performed at the timing between the read cycle and the write
cycle of TASinstruction. In addition, bus arbitration is not performed during bus cycle if the
access size is greater than the data-bus size, for example, when along-word access is made for an
8-bit size memory.

When an interrupt is generated and the CPU must process this interrupt, the LSI must take back
the bus mastership. For this purpose, this LS| has the IRQOUT pin used for the bus mastership
request signal. Before the LS takes back the bus mastership, the IRQOUT signal is asserted.
When the IRQOUT signal is asserted, the device that asserted the external bus rel ease request
negates the BREQ signal to release the bus mastership. This allows the bus mastership to return to
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the CPU, and the L SI processes the interrupt. The IRQOUT pin is asserted when a cause of
interrupt is generated and the interrupt request level is higher than the interrupt mask bits (13 to 10)
of the status register (SR).

Figure 9.9 shows a bus mastership rel ease procedure.

( This LSI ) ( External device )

|
BREQ = Low |

Bus mastership request |

| BREQ accepted

Strobe pin:
high-level output

Address, data, strobe pin: BACK confirmation
high impedance

Bus mastership release response

|

Bus mastership release status Bus mastership acquisition

BACK = Low

Figure9.9 BusMastership Release Procedure

9.9 Memory Connection Example

Since A21 to A18 function as input ports at power-on reset, take the procedure such as pulling
down as required.

This LSI 32k x 8-bit ROM
CSn CE
RD OE
A0 to Al4 A0 to A14
DO to D7 1/00 to I/07

Figure9.10 Example of 8-bit Data Bus Width ROM Connection
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256k x 16-bit

This LSI ROM
CSn CE
RD OE
A0
Alto 18 AOto 17
DO to 15 1/00 to 15

Figure9.11 Example of 16-bit Data Bus Width ROM Connection

256k x 16-bit
This LSI ROM
CSn CE
RD OE
A0 |—
Al |—
A2 tol19 AO to 17
D16 to 31 1/00 to 15
DO to 15 |—
CE
OE
— A0 to 17
1/00 to 15

Figure9.12 Example of 32-bit Data Bus Width ROM Connection (only for SH7145)

128k x 8-bit
This LS| SRAM
Csn CE
RD OE
AOto 16 AOto 16
WRL WE
DOto7 /00 to 7

Figure9.13 Example of 8-bit Data Bus Width SRAM Connection
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128k x 8-bit

This LSI SRAM
CSn CS
RD OE
AO —
Alto 17 A0 to16
WRH WE
D8 to 15 /100 to 7
WRL
DOto 7 _
CS
L+ OE
— A0 to 16
WE
1/100to 7

Figure9.14 Example of 16-bit Data Bus Width SRAM Connection

128k x 8-hit
This LSI SRAM
CSn CS
RD OE
A0 —
Al —
A2t0 18 A0 to 16
WRHH WE
D24 to 31 /00 to 7
WRHL
D16 to 23
WRH cs
D8to 15 | | | OE
WRL |— - A0 to 16
DOto 7 |+ WE
1/00to 7
Cs
1 OE
+ A0 to 16
WE
1/00 to 7
CS
L+ OE
L AOto 16
WE
1/00 to 7

Figure9.15 Example of 32-bit Data Bus Width SRAM Connection (only for SH7145)
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9.10  Accessto On-chip Peripheral I/O Registers

On-chip peripheral /O registers are accessed from the bus state controller as shown in table 9.3.
Refer to section 25, List of Registers, for more details.

Table 9.3 Accessto On-chip Peripheral 1/0 Registers

On-chip SCI MTU, INTC PFC, CMT A/D UBC WDT DMAC DTC 1c H-UDI
peripheral POE PORT

module

Connection 8 16 16 16 16 8 16 16 16 16 8 16
bus width bits  bits bits bits bits bits  bits bits bits bits bits  bits
Number of 2 2 2 2 2 3 3 3 3 3 2 2
access cyc  cyc cyc cyc cyc cyc cyc cyc cyc cyc cyc cyc
cycles

9.11 Cyclesof No-Bus Mastership Release

The bus mastership is not released during one bus cycle. For example, when the longword read (or
write) accessis performed to the 8-bit normal space, four memory accesses to the 8-bit normal
space are regarded as one bus cycle. In this bus cycle, the bus mastership is not released. In this
case, assuming that one memory access takes two states, the bus mastership is not released in eight
states.

>< 8 bits >< 8 bits >< 8 bits >< 8 bits ><

‘ Cycle in which the bus ‘
mastership is not released

Figure9.16 OneBusCycle

9.12 CPU Operation When Program IsL ocated in External Memory

In this LSI, two words (two instructions) are fetched in one instruction fetch. Thisaso appliesto
the cases where program is located in external memory or the bus width of that external memory is
8 or 16 hits.

Also, if the program counter value is the odd word (2n+1) address or the program counter value
before branch is the even word (2n) address, 32 bits (two instructions) including each word
instruction are always fetched.
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Section 10 Direct Memory Access Controller (DMAC)

This LSl includes an on-chip four-channel direct memory access controller (DMAC). The DMAC
can be used in place of the CPU to perform high-speed data transfers among external devices
equipped with DACK (transfer request acknowledge signal), external memories, memory-mapped
external devices, and on-chip peripheral modules (except for the DMAC, DTC, BSC, and UBC).
Using the DMAC reduces the burden on the CPU and increases operating efficiency of the LS| as
awhole.

10.1 Features

* Four channels

» Four Ghytes of address space in the architecture

* Byte, word, or longword selectable data transfer unit

o 16,777,216 transfers, maximum

e Address mode
0 Dua address mode or single address mode can be selected.
0 Direct access or indirect access can be selected in dual address mode.

» Channel function: Transfer modes that can be set are different for each channel.
O Channel 0: Single or dual address mode. External requests are accepted.
O Channel 1: Single or dual address mode. External requests are accepted.
0 Channel 2: Dual address mode only. Source address reload function is available.
O

Channel 3: Dual address mode only. Direct address transfer mode and indirect address
transfer mode selectable.

» Transfer requests: There are three DMAC transfer activation requests, asindicated below.

O External request: From two DREQ pins. DREQ can be detected either by falling edge or by
low level.

O Requests from on-chip peripheral modules: Transfer requests from on-chip modules such
as SCI (request madeto SCI_0 and SCI_1) or A/D (request madeto A/D 1).

O Auto-request: The transfer request is generated automatically within the DMAC.
« Selectable bus modes: Cycle-steal mode or burst mode
* Two types of DMAC channel priority ranking: Fixed priority mode or round robin mode
e CPU can be interrupted when the specified number of data transfers are complete.
e Module standby mode can be set.
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Figure 10.1 isablock diagram of the DMAC.

|
N DMAC module N :
|
|
! Transfer []

On-chip ROM ! count | SARN i
1 control |
|

|
:I:I: : Register ™ DARn K ) :
On-chip RAM : control !
|
I
- ! >
onchip |———[g| | |1 T DMATCRnf ) l
p(;]ng)dhjgal % 3 : Activation [*T7] | !
[ = |
@ S| control || |
£ =l >
= g, Y t+—— CHCRn [ ) !
[ = | > !
o | !
|
| Lp] |
: \ DMAOR [ ) i
DREQO, DREQT ™ :
oo 1 e '
) 1 priority |
AD1 +—»{ control :
DEIn < : |
|
DACKO, DACK1 + : |
DRAKO, DRAK1 = ; 3 ] :
N |
External D ! :
N_1 /]
ROM D I | Bus interface :
T
|
External ! |
RAM D : JI
External /0 D SARn: DMAC source address register
(memo(rjy DARn: DMAC destination address register
mapped) DMATCRnN: DMAC transfer count register
Bus state CHCRn: DMAC channel control register
External /0 controller DMAOR: DMAC operation register
(with D n: 0,123
acknowledge)

~~

Figure10.1 DMAC Block Diagram

Rev. 2.0, 09/02, page 150 of 732

RENESAS




10.2  Input/Output Pins

Table 10.1 shows the DMAC pins.

Table10.1 DMAC Pin Configuration

Channel Name Symbol /O

Function

0

DMA transfer request DREQO |

DMA transfer request input from
external device to channel O

DMA transfer request DACKO O

DMA transfer strobe output from

acknowledge channel 0 to external device
DREQO acceptance DRAKO O Sampling receive acknowledge output
confirmation for DMA transfer request input from

external source

DMA transfer request DREQ1 |

DMA transfer request input from
external device to channel 1

DMA transfer request DACK1 O

DMA transfer strobe output from

acknowledge channel 1 to external device
DREQT1 acceptance DRAK1 O Sampling receive acknowledge output
confirmation for DMA transfer request input from

external source

10.3  Register Descriptions

DMAC has atota of 17 registers. Each channel has four control registers. One other control
register is shared by all channels. For register address and their states in each operating mode,
refer to section25, List of Registers.

DMA source address register 0 (SAR_0)
DMA destination address register 0 (DAR_0)
DMA transfer count register_0 (DMATCR_0)
DMA channel control register 0 (CHCR_0)
DMA source addressregister 1 (SAR_1)
DMA destination address register 1 (DAR_1)
DMA transfer count register_1 (DMATCR_1)
DMA channel control register_1 (CHCR_1)
DMA source addressregister 2 (SAR_2)
DMA destination address register 2 (DAR_2)
DMA transfer count register_2 (DMATCR_2)
DMA channel control register_2 (CHCR_2)
DMA source address register 3 (SAR_3)

RENESAS
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* DMA destination address register 3 (DAR_3)
+ DMA transfer count register 3 (DMATCR_3)
e DMA channel control register_3 (CHCR_3)

* DMA operation register (DMAOR)

10.3.1 DMA Source Address Registers 0to 3 (SAR_0to SAR_3)

DMA source address registers 0to 3 (SAR_0to SAR_3) are 32-bit readable/writable registers
that specify the source address of a DMA transfer. These registers have a count function, and
during aDMA transfer, they indicate the next source address. In single-address mode, SAR values
are ignored when a device with DACK has been specified as the transfer source.

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data transfers. Operation
cannot be guaranteed on any other addresses.

When thisregister is accessed in 16 bits, the value of another 16 bits that are not accessed is
retained.

Theinitial value of SAR is undefined.

10.3.2 DMA Destination Address Registers 0to 3 (DAR_0Oto DAR_3)

DMA destination address registers 0to 3 (DAR_0to DAR_3) are 32-bit readable/writable
registers that specify the destination address of aDMA transfer. These registers have a count
function, and during a DMA transfer, they indicate the next destination address. In single-address
mode, DAR values are ignored when a device with DACK has been specified as the transfer
destination.

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data transfers. Operation
cannot be guaranteed on any other address. When this register is accessed in 16 bits, the value of
another 16 bitsthat are not accessed is retained.

Theinitial value of DAR is undefined.
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10.3.3 DMA Transfer Count Registers 0to 3 (DMATCR_0to DMATCR_3)

DMA transfer count registers 0to 3 (DMATCR_0to DMATCR_3) are 32-hit readable/writable
registers that specify the transfer count for each channel (byte count, word count, or longword
count) with lower 24 bits. Specifying a H'000001 gives atransfer count of 1, while H'000000
gives the maximum setting, 16,777,216 transfers. While DMAC isin operation, the number of
transfersto be performed is indicated. Upper eight bits of this register are read as Os and should
always be written with 0s.When this register is accessed in 16 bits, the value of another 16 bits
that are not accessed is retained.

Theinitial value of DMATCR is undefined.

10.34 DMA Channel Control Registers 0to 3(CHCR_0to CHCR_3)

DMA channel control registers 0to 3 (CHCR_0to CHCR_3) isa 32-bit readable/writable register
where the operation and transmission of each channel is designated.

Bit Bit Name Initial Value R/W Description

31
30
29
28
27
26
25
24
23
22
21

Reserved

These bits are read as 0s and should always be
written with Os.

Oooooooooooao
VOV OVDODOVDIOVDIOOADOAD

elNoNeoNoNolNoNoNoNoNoNolNo)

20

g

(R/W)*?  Direct/Indirect

Specifies either direct address mode operation or
indirect address mode operation for channel 3
source address. This bit is valid only in CHCR_3.
For CHCRO to CHCRZ2, this bit is always read as 0
and should always be written with 0.

0: Direct access mode operation for channel 3
1: Indirect access mode operation for channel 3

19 RO 0 (RIW)*?  Source Address Reload

Selects whether to reload the source address initial
value during channel 2 transfer. This bit is valid only
for channel 2. For CHCR_O, 1 ,3, this bit is always
read as 0 and should always be written with 0.

0: Does not reload source address
1: Reloads source address

Rev. 2.0, 09/02, page 153 of 732
RENESAS



Bit

Bit Name

Initial Value

R/W

Description

18

RL

0

(RIW)*?

Request Check Level

Selects whether to output DRAK notifying external
device of DREQ received, with active high or active
low. This bit is valid only for CHCR_0 and CHCR_1.
For CHCR_2 and CHCR_3, this bit is always read
as 0 and should always be written with 0.

0: Output DRAK with active high
1: Output DRAK with active low

17

AM

(RIW)*?

Acknowledge Mode

In dual address mode, selects whether to output
DACK in the data write cycle or data read cycle. In
single address mode, DACK is always output
irrespective of the setting of this bit. This bit is valid
only for CHCR_0 and CHCR_1. For CHCR_2 and
CHCR_3, this bit is always read as 0 and should
always be written with 0.

0: Outputs DACK during read cycle
1: Outputs DACK during write cycle

16

AL

(RIW)*?

Acknowledge Level

Specifies whether to set DACK (acknowledge)
signal output to active high or active low. This bit is
valid only with CHCR_0 and CHCR_1. For
CHCR_2 and CHCR_3, this bit is always read as 0
and should always be written with O.

0: Active high output
1: Active low output

15
14

DM1
DMO

R/W
R/W

Destination Address Mode 1, 0

These bits specify increment/decrement of the DMA
transfer destination address. These bit
specifications are ignored when transferring data
from an external device to address space in single
address mode.

00: Destination address fixed

01: Destination address incremented (+1 during 8-
bit transfer, +2 during 16-bit transfer, +4 during
32-bit transfer)

10: Destination address decremented (—1 during 8-
bit transfer, —2 during 16-bit transfer, —4 during
32-bit transfer)

11: Setting prohibited
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Bit Bit Name Initial Value R/W Description
13 SM1 0 R/W Source Address Mode 1, 0
12 SMO 0 R/W

These bits specify increment/decrement of the DMA
transfer source address. These bit specifications
are ignored when transferring data from an external
device to address space in single address mode.

00: Source address fixed

01: Source address incremented (+1 during 8-bit
transfer, +2 during 16-bit transfer, +4 during 32-
bit transfer)

10: Source address decremented (—1 during 8-hit
transfer, —2 during 16-bit transfer, —4 during 32-
bit transfer)

11: Setting prohibited

When the transfer source is specified at an indirect
address, specify in source address register 3
(SAR_3) the actual storage address of the data you
want to transfer as the data storage address
(indirect address).

During indirect address mode, SAR_3 obeys the
SM1/SMO setting for increment/decrement. In this
case, SAR_3's increment/decrement is fixed at +4/—
4 or 0, irrespective of the transfer data size
specified by TS1 and TSO.
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Bit

Bit Name

Initial Value

R/W

Description

11
10

RS3
RS2
RS1
RSO

eoNeoNe]

R/W
R/W
R/W
R/W

Resource Select 3,2, 1,0

These bits specify the transfer request source.

0000:
0001:
0010:

0011:

0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
:SCIO TXI_O
: SCI0O RXI_0O
1110:
1111:
Note:

1100
1101

External request, dual address mode
Prohibited

External request, single address mode.
External address space — external device.

External request, single address mode.
External device — external address space.

Auto-request
Prohibited

MTU TGIA_O
MTU TGIA_1
MTU TGIA_2
MTU TGIA_3
MTU TGIA_4
A/D1 ADI1

SCIL TXI_1
SCI1 RXI_1

External request designations are valid only
for channels 0 and 1. No transfer request
sources can be set for channels 2 or 3.

Reserved

This bit is always read as 0 and should always be
written with O
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Bit Bit Name Initial Value R/W Description

6 DS 0 (RIW)**  DREQ Select

Sets the sampling method for the DREQ pin in
external request mode to either low-level detection
or falling-edge detection. This bit is valid only with
CHCR_0 and CHCR_1. For CHCR_2 and
CHCR_3, this bit is always read as 0 and should
always be written with 0.

Even with channels 0 and 1, when specifying an on-
chip peripheral module or auto-request as the
transfer request source, this bit setting is ignored.
The sampling method is fixed at falling-edge
detection in cases other than auto-request.

0: Low-level detection
1: Falling-edge detection

5 ™ 0 R/W Transfer Mode
Specifies the bus mode for data transfer.
0: Cycle steal mode
1: Burst mode

4 TS1
3 TSO

o

R/W Transfer Size 1, 0
R/W

o

Specify size of data for transfer.

00: Specifies byte size (8 bits)

01: Specifies word size (16 bits)

10: Specifies longword size (32 hits)
11: Prohibited

2 IE 0 R/W Interrupt Enable

When this bit is set to 1, interrupt requests are
generated after the number of data transfers
specified in the DMATCR (when TE = 1).

0: Interrupt request not generated after DMATCR-
specified transfer count

1: Interrupt request enabled on completion of
DMATCR specified number of transfers
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Bit Bit Name Initial Value R/W Description

1 TE 0 R/(W)**  Transfer End Flag

This bit is set to 1 after the number of data transfers
specified by the DMATCR. At this time, if the IE bit
is set to 1, an interrupt request is generated.

If data transfer ends before TE is set to 1 (for
example, due to an NMI or address error, or
clearing of the DE bit or DME bit of the DMAOR)
the TE is not set to 1. With this bit set to 1, data
transfer is disabled even if the DE bit is set to 1.

0: DMATCR-specified transfer count not ended

Clear condition:
0 write after TE = 1 read, Power-on reset, software
standby mode

1: DMATCR specified number of transfers
completed

0 DE 0 R/W DMAC Enable
DE enables operation in the corresponding channel.
0: Operation of the corresponding channel disabled
1: Operation of the corresponding channel enabled

Transfer mode is entered if this bit is set to 1 when
auto-request is specified (RS3 to RSO settings).
With an external request or on-chip module request,
when a transfer request occurs after this bit is set to
1, transfer is enabled. If this bit is cleared during a
data transfer, transfer is suspended.

If the DE bit has been set, but TE = 1, then if the
DME bit of the DMAOR is 0, and the NMI or AE bit
of the DMAOR is 1, transfer enable mode is not
entered.

Notes: 1. TE bit: Allows only O write after reading 1.
2. The DI, RO, RL, AM, AL, or DS bit may be absent, depending on the channel.
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10.35 DMAC Operation Register (DMAOR)

The DMAOR is a 16-hit readable/writable register that specifies the transfer mode of the DMAC

Bit Bit Name Initial Value R/W Description
15to O All 0 R Reserved
10

These bits are always read as 0s and should
always be written with 0s.

©

PR1 0 R/W Priority Mode 1 and 0

8 PRO 0 RIW These bits determine the priority level of channels

for execution when transfer requests are made for
several channels simultaneously.

00: CHO >CH1 >CH2 >CH3
01: CHO >CH2 >CH3 >CH1
10: CH2 > CHO >CH1 >CH3
11: Round robin mode

7t03 0O AllO R Reserved

These bits are read as Os and should always be
written with Os.

2 AE 0 R/(W)*  Address Error Flag

Indicates that an address error has occurred during
DMA transfer. If this bit is set during a data
transfer, transfers on all channels are suspended.
The CPU cannot write a 1 to the AE bit. Clearing is
effected by 0 write after 1 read.

0: No address error, DMA transfer enabled

Clearing condition:
Write AE = 0 after reading AE =1

1: Address error, DMA transfer disabled

Setting condition:
Address error due to DMAC
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Bit Bit Name Initial Value R/W Description

1 NMIF 0 R/(W)*  NMI Flag
Indicates input of an NMI. This bit is set
irrespective of whether the DMAC is operating or
suspended. If this bit is set during a data transfer,
transfers on all channels are suspended. The CPU
is unable to write a 1 to the NMIF. Clearing is
effected by a 0 write after 1 read.
0: No NMl interrupt, DMA transfer enabled
Clearing condition:
Write NMIF = 0 after reading NMIF = 1
1: NMI has occurred, DMA transfer prohibited
Set condition:
NMI interrupt occurrence

0 DME 0 R/W DMAC Master Enable

This bit enables activation of the entire DMAC.
When the DME bit and DE bit of the CHCR for the
corresponding channel are set to 1, that channel is
transfer-enabled. If this bit is cleared during a data
transfer, transfers on all channels are suspended.

0: Disable operation on all channels
1: Enable operation on all channels

Even when the DME bit is set, when the TE bit of
the CHCR is 1, or its DE bit is 0, transfer is
disabled when NMI of the DMAOR = 1 or when AE
=1.

Note: * Only 0 can be written to clear the flag.
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104  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto-request, external request, and on-chip
peripheral module request. Transfer can be in either the single address mode or the dual address
mode, and dual address mode can be either direct or indirect address transfer mode. The bus mode
can be either burst or cycle steal.

10.4.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count register (DMATCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers data according
to the following procedure:

1. The DMAC checksto seeif transfer isenabled (DE =1, DME =1, TE =0, NMIF =0,
AE=0).

2. When atransfer request comes and transfer has been enabled, the DMAC transfers 1 transfer
unit of data (determined by TS0 and TS1 setting). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 upon each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the IE bit of the CHCR is set to 1 at thistime, a DEI interrupt is sent
to the CPU.

4. When an address error occursin the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfers are also aborted when the DE bit of the CHCR or the DME bit of the
DMAOR are changed to 0.
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Figure 10.2 is a flowchart of this procedure.

( Start )

|
Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

e
<

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
occurs?*1

Bus mode,
~ %3 transfer request mode,
v DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR -1 - DMATCR,
SAR and DAR updated

NMIF =1, AE =1,
DE =0, or DME

DMATCR = 0?

DEIl interrupt request (when IE = 1) I ( Transfer aborted )

NMIF =1, AE = 1,
DE =0, or DME

A
( Transfer ends ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE are all 0,
and the DE and DME bits are set to 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal
mode.
3. DREQ = edge detection in burst mode (external request), or auto-request
mode in burst mode.

Figure10.2 DMAC Transfer Flowchart
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1042 DMA Transfer Requests

DMA transfer requests are usually generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip peripheral modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip peripheral module request. The request mode is selected in the RS3 to RSO bits of the
DMA channel control registers 0 to 3 (CHCRO to CHCR3).

Auto-Request Mode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCRO to CHCR3 and the DME hit of the
DMAOR are set to 1, the transfer begins (so long as the TE bits of CHCRO to CHCR3 and the
NMIF and AE bits of DMAOR are all 0).

External Request Mode: In this mode atransfer is performed at the request signal (DREQ) of an
external device. Choose one of the modes shown in table 10.2 according to the application system.
When this mode is selected, if the DMA transfer isenabled (DE =1, DME =1, TE=0, NMIF =0,
AE =0), atransfer is performed upon arequest at the DREQ input. Choose to detect DREQ by
either the falling edge or low level of the signal input with the DS bit of CHCRO to CHCR3 (DS =
Oislevel detection, DS = 1 is edge detection). The source of the transfer request does not have to
be the data transfer source or destination.

Table10.2 Selecting External Request Modeswith the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination

0 0 0 0 Dual address Any* Any*
mode

0 0 1 0 Single address  External memory or  External device with
mode memory-mapped DACK

external device

0 0 1 1 Single address  External device with  External memory or

mode DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, DTC, BSC, UBC).

On-Chip Peripheral Module Request Mode: In this mode atransfer is performed at the transfer
request signal (interrupt request signal) of an on-chip peripheral module. Asindicated in table
10.3, there are ten transfer request signals: five from the multifunction timer pulse unit (MTU),
which are compare match or input capture interrupts; the receive data full interrupts (RX1) and
transmit data empty interrupts (TX1) of the two serial communication interfaces (SCI); and the
A/D conversion end interrupt (ADI1) of the A/D converter. When DMA transfers are enabled (DE

Rev. 2.0, 09/02, page 163 of 732
RENESAS



=1, DME=1, TE=0, NMIF =0, AE = 0), atransfer is performed upon the input of atransfer
request signal.

The transfer request source need not be the data transfer source or transfer destination. However,
when the transfer request is set by RXI (transfer request because SCI’ sreceive dataisfull), the
transfer source must be the SCI’ sreceive dataregister (RDR). When the transfer request is set by
TXI (transfer request because SCI’ s transmit data is empty), the transfer destination must be the
SCI’ stransmit dataregister (TDR). Also, if the transfer request is set to the A/D converter, the
data transfer destination must be the A/D converter register.

Table10.3 Selecting On-Chip Peripheral Module Request M odes with the RS Bits

DMAC Transfer DMA Transfer Desti-

RS3 RS2 RS1 RSO Request Source Request Signal Source nation Bus Mode

o 1 1 o0 MTU TGIA O Any* Any* Burst/cycle steal
o 1 1 1 MTU TGIA_1 Any* Any* Burst/cycle steal
1 0 0 O MTU TGIA 2 Any* Any* Burst/cycle steal
1 0 0 1 MTU TGIA_3 Any* Any* Burst/cycle steal
1 0 1 o0 MTU TGIA_4 Any* Any* Burst/cycle steal
1 0 1 1 A/D1 ADI1 ADDR1 Any* Burst/cycle steal
1 1 0 O SCIO transmit block  TXI_0 Any* TDRO  Burst/cycle steal
1 1 0 1 SCIO receiver block RXI_0 RDRO Any* Burst/cycle steal
1 1 1 o0 SCI1 transmit block  TXI_1 Any* TDR1  Burst/cycle steal
1 1 1 1 SCI1 receiver block  RXI_1 RDR1 Any* Burst/cycle steal

Notes: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, DTC, BSC, UBC).

MTU: Multifunction timer pulse unit.

SCI0, SCI1: Serial communications interface channels 0 and 1.
ADDRZ1: A/D converter's A/D register.

TDR_0, TDR_1: SCI_0 and SCI_1 transmit data registers.
RDR_0, RDR_1: SCI_0 and SCI_1 receive data registers.

In order to output a transfer request from an on-chip peripheral module, set the relevant interrupt
enable bit for each module, and output an interrupt signal.

When an on-chip peripheral modul€e' sinterrupt request signal is used asa DMA transfer request
signal, interrupts for the CPU are not generated.

When a DMA transfer is conducted corresponding with one of the transfer request signalsin table
10.3, it isautomatically discontinued. In cycle steal mode this occursin the first transfer, and in
burst mode in the last transfer.
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10.4.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order, either in afixed mode or in round robin
mode. These modes are selected by priority bits PR1 and PRO in the DMA operation register
(DMAOR).

Fixed Mode: In this mode, the priority levels among the channels remain fixed.
The following priority orders are available for fixed mode:

e CHO>CH1>CH2>CH3
e CHO>CH2>CH3>CH1
e CH2>CHO>CH1>CH3

These are selected by settings of the PR1 and PRO bits of the DMA operation register (DMAOR).

Round Robin Mode: In round robin mode, each time the transfer of one transfer unit (byte, word
or long word) ends on agiven channel, that channel receivesthe lowest priority level (figure 10.3
(1) )- The priority level in round robin mode immediately after areset is CHO > CH1 > CH2 >
CH3.
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Transfer on channel 0

Initial pl'iOI’ity Setting | CHO > CH1 > CH2 > CH3 |

Priority after transfer

Transfer on channel 1

| CH1 > CH2 > CH3 >CHO|

Initial priority setting | CHO > CH1 > CH2 > CH3 |

Priority after transfer

Transfer on channel 2

L___EZZZZZE___l

|CH2>CH3>CHO>CH1 |

Initial priority setting | CHO > CH1 >CH2 >CH3 |

Priority after transfer

Priority after transfer

due to issue of a transfer | CH2 > CH3 > CHO > CH1 |

request for channel 1
only.

Transfer on channel 3

- - =

L - —q
v ¥
|CH3>CHO>CH1>CH2|
I i
| L - - =
- - |
Y Y A,

Initial priority setting | CHO > CH1 > CH2 > CH3 |

Priority after transferl CHO > CH1 > CH2 > CH3 |

Channel 0 is given the lowest
priority.

When channel 1 is given the
lowest priority, the priority

of channel 0, which was

above channel 1, is also shifted
simultaneously.

When channel 2 receives the
lowest priority, the priorities

of channel 0 and 1, which

were above channel 2, are also
shifted simultaneously. Immedi-
ately thereafter, if there is a transfer
request for channel 1 only, channel
1 is given the lowest priority,

and the priorities of channels 3
and 0 are simultaneously

shifted down.

No change in priority.

Figure10.3 (1) Round Robin Mode
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Figure 10.3 (2) showsthe changesin priority levels when transfer requests are issued
simultaneoudly for channels 0 and 3, and channel 1 receives atransfer request during a transfer on
channel 0. The DMAC operatesin the following manner under these circumstances:

1
2.

Transfer requests are issued simultaneoudly for channels 0 and 3.

Since channel 0 has a higher priority level than channel 3, the channel 0 transfer is conducted
first (channel 3ison transfer standby).

A transfer request isissued for channel 1 during a transfer on channel 0 (channels 1 and 3 are
on transfer standby).

At the end of the channel O transfer, channel 0 shiftsto the lowest priority level.

At this point, channel 1 has a higher priority level than channel 3, so the channel 1 transfer
comesfirst (channel 3 ison transfer standby).

When the channel 1 transfer ends, channel 1 shiftsto the lowest priority level.
Channel 3 transfer begins.

When the channel 3 transfer ends, channel 3 and channel 2 priority levels are lowered, giving
channel 3 the lowest priority.

Transfer request Channel waiting DMAC operation Channel priority
Issued for
channels0and3 —, Channel 0 «— 0>1>2>3
Issued for channel 1 —» _i transfer begins
Change of
13 Channel 0 priority 1>2>3>0
transfer ends /
-1 Channel 1
transfer begins
Change of
3 Channel 1 priority 2>3>0>1
transfer ends /
-1 Channel 3
transfer begins
None Change of
priority
-1 Channel 3 —F» 0>1>2>3

transfer ends

Figure10.3 (2) Example of Changesin Priority in Round Robin Mode
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1044 DMA Transfer Types

The DMAC supports the transfers shown in table 10.4. It can operate in the single address mode,
in which either the transfer source or destination is accessed using an acknowledge signal, or dual
access mode, in which both the transfer source and destination addresses are output. The dual
access mode consists of a direct address mode, in which the output address value is the object of a
direct data transfer, and an indirect address mode, in which the output address value is not the
object of the data transfer, but the value stored at the output address becomes the transfer object
address. The actual transfer operation timing varies with the bus mode. The DMAC has two bus
modes: cycle-steal mode and burst mode.

Table10.4 Supported DMA Transfers

Destination

Memory-

Mapped On-Chip

External Device External External On-Chip Peripheral

Source with DACK Memory Device Memory Module
External device with DACK Not available Single Single  Not available Not available
External memory Single Dual Dual Dual Dual
Memory-mapped external  Single Dual Dual Dual Dual
device
On-chip memory Not available Dual Dual Dual Dual
On-chip peripheral module Not available Dual Dual Dual Dual

Note: Dual address mode includes both direct address mode and indirect address mode.

Address M odes

Single Address Mode: In the single address mode, both the transfer source and destination are
external; one is accessed by aDACK signal while the other is accessed by an address. In this
mode, the DMAC performsthe DMA transfer in 1 bus cycle by simultaneously outputting a
transfer request acknowledge DACK signal to one external device to accessit while outputting an
address to the other end of the transfer. Figure 10.4 shows an example of atransfer between an
external memory and an external device with DACK in which the external device outputs datato
the data bus while that data is written in external memory in the same bus cycle.
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External address bus External data bus

This LSI m

DMAC

- <. ..... N External
memory

| External device
-— with DACK

DACK T
DREQ

----» Data flow

Figure 10.4 DataFlow in Single Address Mode

Two types of transfers are possible in the single address mode: (a) transfers between external
devices with DACK and memory-mapped external devices, and (b) transfers between external
deviceswith DACK and external memory. The only transfer requests for either of these is the
external request (DREQ). Figure 10.5 shows the DMA transfer timing for the single address mode.

+— Address output to external memory space

| Data that is output from the external
p1s00 —C - device with DACK

WRH T : i =
WRL ' i ' «—— WR signal to external memory space
DACK h , y «— DACK signal to external devices with

! DACK (active low)

a. External device with DACK to external memory space

o« _[LILILIL

) < Address output to external memory space
cSn N\ /
D15-D0 :>-t—<::t>— «—— Data that is output from external memory space

<—— RD signal to external memory space

DACK \ /

DACK signal to external device with DACK
(active low)

b. External memory space to external device with DACK

Figure10.5 Example of DMA Transfer Timingin the Single Address Mode
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Dual Address Mode

Dual address mode is used for access of both the transfer source and destination by address.
Transfer source and destination can be accessed either internally or externally. Dual address mode
is subdivided into two other modes: direct address transfer mode and indirect address transfer
mode.

Direct Address Transfer Mode: Datais read from the transfer source during the data read cycle,
and written to the transfer destination during the write cycle, so transfer is conducted in two bus
cycles. At thistime, the transfer datais temporarily stored in the DMAC. With the kind of external
memory transfer shown in figure 10.6, datais read from one of the memories by the DMAC
during aread cycle, then written to the other external memory during the subsequent write cycle.
Figure 10.7 shows the timing for this operation.

1st bus cycle

r- DMAC -

! e N

1 1

1 SAR ™ Memory

1 1

1 1|3 0

1 DAR N K .

. . a < Transfer source
e T [ module

1 1 k] [a}

1 1 <

1 1 -

| o Transfer destination

X Data buffer |« | module

L. |~ N~

The SAR value is taken as the address, and data is read from the transfer source
module and stored temporarily in the DMAC.

2nd bus cycle

r- DMAC -
! I oA P
! 1
! SAR ! Memory
! 1
1 1| g
1 DAR ™ 3 @
2 Q Transfer source
: I 4 g module
1 1 = =
3 a
1 1 °
1 S
I | Data buff 1 - »  Transfer destination
X ata buffer | > > o
| N N

The DAR value is taken as the address, and data stored in the DMAC's data
buffer is written to the transfer destination module.

Figure10.6 Direct AddressOperation during Dual Address Mode
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. |

Transfer source Transfer destination
_ I I
A21-A0 >< address >< address ><

|
|
l
|
|
|
|
|

|
|
|
|
| |
WRH, WRL w —\ S
| |
| |
|
)
|
|
|
I

3
>

I
1
I
I
| Data read cycle Data write cycle :

I

(1st cycle) (2nd cycle)

Note:  Transfer between external memories with DACK are output during read cycle.

Figure10.7 Exampleof Direct Address Transfer Timing in Dual Address Mode

Indirect Address Transfer Mode: In this mode the memory address storing the data you actually
want to transfer is specified in DMAC internal transfer source address register (SAR3). Therefore,
in indirect address transfer mode, the DMAC internal transfer source address register valueis read
first. Thisvalueis stored oncein the DMAC. Next, the read value is output as the address, and the
value stored at that address is again stored in the DMAC. Finally, the subsequent read value is
written to the address specified by the transfer destination address register, ending one cycle of
DMA transfer.

In indirect address mode (figure 10.8), transfer destination, transfer source, and indirect address
storage destination are all 16-bit external memory locations, and transfer in this exampleis
conducted in 16-bit or 8-hit units. Timing for thistransfer example is shown in figure 10.9.

In indirect address mode, one NOP cycle (figure 10.9) is required until the dataread as the indirect
addressis output to the address bus. When transfer data is 32-bit, the third and fourth bus cycles
each need to be doubled, giving arequired total of six bus cycles and one NOP cycle for the whole
operation.
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1st, 2nd bus cycles

- DMAC -~
1 1 N A\

: SARS 1 < | Memory

1 1|

1 1 >

1 DAR3 I ”

! ! § a Transfer source

: Temporary : ‘g' % module

1 buffer 1| < [a)

: Data : Transfer destination
: buffer : module

1 N N

The SARS3 value is taken as the address, memory data is read, and the value is stored in the
temporary buffer. Since the value read at this time is used as the address, it must be 32 bits.
When external connection data bus is 16 bits, two bus cycles are required.

3rd bus cycle

r=  DMAC ==

: : AN N

: SAR3 : Memory

: E

| DAR3 i N

1 1 @ a Transfer source
! 'I o < T module

H Temporary = @

1 buffer | < g

1 1 L
1 Data L Transfer destination
! puffer | ! module

L S N~

L

The value in the temporary buffer is taken as the address, and data is read from the
transfer source module to the data buffer.

4th bus cycle

-- DMAC --
: 1 N AN
: SAR3 : Memory
! AE
1
DAR3 || ©
i 1 g 9 Transfer source
I [ Temporary : 5 = module
1 buffer ! 2 g
1 » .
1 Data : N > Transfer d;sltlnatlon
: buffer | module
L. ~~ N

The DARS3 value is taken as the address, and the value in the data buffer is written to the
transfer destination module.

Note: Memory, transfer source, and transfer destination modules are shown here. In
practice, connection can be made anywhere if there is address space.

Figure10.8 Dual Address Mode and Indirect Address Operation
(When External Memory Spaceis 16 bits)
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|
< »e

>

(1st) | (2nd)
I

CK
| |
| Transfer | Transfer | . I Transfer |
A21-A0 | source | source | Indirect | destination |
| address (H address (L) address address
[ | | 1 1
) | | | |
CS ! | | | | |
! | | |
! T | ] 1 {
|
Indlrect Indirect ! Transfer Transfer
D15-DO | ddress (H%address (Li> | </ data data I
| | | il
Internal ™ \ T / ] |
address | Transfe sourc NOP| ndirect | |
bus | s \ addr ss [} gdress L |
Internal | | \ Transfer Transfer
data bus : >< Ind|rs]-ctlad‘dress ot ! ><\ >< data data
DMAC | I y
indirect | ‘ X\ ,  Indirect \
address | | | ) address |
buffer 1 : [ | | J /
\ | . |
DI\QAC | I I | X | Transfer
ata | I I | data
buffer | T T : ]
J— | |
RD | \ /| \ / | \ /
__ I I
WRH, | ! w ‘ 1
wor 1
RL : : | N/
|
| Address read cycle | NOP ! Data : Data
| | cycle : read cycle | write cycle
L »l
; 'f : (3rd) T (4th)
\ I |

Notes: 1. The internal address bus is controlled by the port and does not change.
DMAC does not fetch value until 32-bit data is read from the internal data
bus.

N

Figure10.9 Dual AddressMode and Indirect Address Transfer Timing Example
(External Memory Space to External Memory Space, 16-bit width)
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Figure 10.10 shows an example of timing in indirect address mode when transfer source and
indirect address storage locations are in internal memory, the transfer destination is an on-chip
peripheral module with 2-cycle access space, and transfer datais 8-hit.

Since the indirect address storage destination and the transfer source are in internal memory, these
can be accessed in one cycle. The transfer destination is 2-cycle access space, so two data write
cycles are required. One NOP cycleis required until the data read as the indirect addressis output
to the address bus.

SO0 e R e 0 s TR e M

Internal i Transfer
NOP Indirect } destination |
address
address

address I
1
| |
I I

—

bus

i
|
\
Internal ) | \ 3
Indirect T f
data ‘ NOP | ransier | Transfer data ‘
address | | data | |
bus | |
) / |

L e B T A——

1 \ 1 1 I 1
| : | | | w |

DMAC ‘ ‘ f f } f
indirect | ! | Indirect ! ! } !
address | } I address | I | I
buffer | ‘ : | | ; |

| [ \ | | | \

! 1 ! ! y | // ! !

DMAC | | | | | ! |
data | ! | } | Transfer data }
buffer | ! | | | | |

[ ! I I I I 1

I I Address | NOP I Data I o I

} } read cycle } cycle } read cycle } Data write cycle (4th) }

| sy 1 @nd) @) | |

[ \ | | | |

| \ \ I \ \

Figure10.10 Dual Address Mode and Indirect Address Transfer Timing Example
(On-chip Memory Space to On-chip Memory Space)
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Bus Modes

Select the appropriate bus mode in the TM bits of CHCRO to CHCRS. There are two bus modes:
cycle steal and burst.

Cycle-Steal Mode: In the cycle steal mode, the bus mastership is given to another bus master after
each one-transfer-unit (byte, word, or longword) DMAC transfer. When the next transfer request
occurs, the bus mastership are obtained from the other bus master and a transfer is performed for
one transfer unit. When that transfer ends, the bus mastership is passed to the other bus master.
Thisisrepeated until the transfer end conditions are satisfied.

The cycle steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 10.11 shows an example of DMA transfer timing in the cycle steal mode.
Transfer conditions are dual address mode and DREQ level detection.

orea O\ /

Bus control returned to CPU

—
Bus cycle X CPU X CPUX CPU XDMACXDMACX CPU XDMACXDMACX CPU X CPU X

Read  Write Read Write

Figure10.11 DMA Transfer Examplein the Cycle-Steal Mode

Burst Mode: Once the bus mastership is obtained, the transfer is performed continuously until the
transfer end condition is satisfied. In the external request mode with low level detection of the
DREQ pin, however, when the DREQ pin is driven high, the bus passes to the other bus master
after the bus cycle of the DMAC that currently has an acknowledged request ends, even if the
transfer end conditions have not been satisfied.

Figure 10.12 shows an example of DMA transfer timing in the burst mode. Transfer conditions are
single address mode and DREQ level detection.

ores 1\ /

Bus cycle X CPU X cpu X cpu XDMACXDMACXDMACXDMACXDMACXDMACX CPU X

Figure10.12 DMA Transfer Examplein the Burst Mode
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Relationship between Request M odes and Bus Modesby DM A Transfer Category

Table 10.5 shows the relationship between request modes and bus modes by DMA transfer
category.

Table 10.5 Relationship of Request M odes and Bus Modes by DMA Transfer Category

Address Request Bus Transfer Usable
Mode  Transfer Category Mode Mode Size (Bits) Channels
Single  External device with DACK and External B/C 8/16/32 0,1
external memory
External device with DACK and External B/C 8/16/32 0,1
memory-mapped external device
Dual External memory and external memory Any** B/C 8/16/32 0to 3*°
External memory and memory-mapped Any** B/C 8/16/32 Oto 3*°
external device
Memory-mapped external device and ~ Any** B/C 8/16/32 Oto 3*°
memory-mapped external device
External memory and on-chip memory  Any** B/C 8/16/32 0to 3*°
External memory and on-chip Any*? B/C**  8/16/32** 0to 3*°
peripheral module
Memory-mapped external device and ~ Any** B/C 8/16/32 Oto 3*°
on-chip memory
Memory-mapped external device and ~ Any*? B/C*®  8/16/32** O0to 3*°
on-chip peripheral module
On-chip memory and on-chip memory  Any** B/C 8/16/32 Oto 3*°
On-chip memory and on-chip Any*? B/C*®  8/16/32** 0to 3*°
peripheral module
On-chip peripheral module and on- Any*? B/C**  8/16/32** 0to 3*°
chip peripheral module
B: Burst
C: Cycle steal

Notes: 1. External request, auto-request or on-chip peripheral module request enabled. However,
in the case of on-chip peripheral module request, it is not possible to specify the SCI or
A/D converter for the transfer request source.

2. External request, auto-request or on-chip peripheral module request possible. However,
if transfer request source is also the SCI or A/D converter, the transfer source or
transfer destination must be the SCI or A/D converter.

3. When the transfer request source is the SCI, only cycle steal mode is possible.

4. Access size permitted by register of on-chip peripheral module that is the transfer
source or transfer destination.

5. When the transfer request is an external request, channels 0 and 1 only can be used.
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Bus Mode and Channel Priority Order

When a given channel istransferring in burst mode, and a transfer request isissued to channel 0O,
which has a higher priority ranking, transfer on channel 0 begins immediately. If the priority level
setting is fixed mode (CHO > CH1), channel 1 transfer is continued after transfer on channel 0 are
completely ended, whether the channel 0 setting is cycle steal mode or burst mode.

When the priority level setting is for round robin mode, transfer on channel 1 begins after transfer
of onetransfer unit on channel 0, whether channel O is set to cycle steal mode or burst mode.
Thereafter, bus mastership aternates in the order: channel 1 > channel 0 > channel 1 > channel 0.
Whether the priority level setting isfor fixed mode or round robin mode, since channel 1 is set to
burst mode, the bus mastership is not given to the CPU. An example of round robin modeis
shown in figure 10.13.

X cPU DMACX DMAC DMAC DMAC DMAC DMACX DMAC cPU X

CH1 CH1 CHO CH1 CHO CH1 CH1
, CHO | CH1 | CHO |
< e »t »
DMAC CH1 DMAC CHO and CH1 DMAC CH1
CPU | burst mode | round-robin mode burst mode |, CPU

Priority: Round-robin mode
CHO: Cycle-steal mode
CHZ1: Burst mode

Figure 10.13 BusHandling when Multiple Channels Are Operating

10.45 Number of Bus Cycle States and DREQ Pin Sample Timing

Number of Statesin Bus Cycle: The number of statesin the bus cycle when the DMAC isthe
bus master is controlled by the bus state controller (BSC) just asit iswhen the CPU is the bus
master. For details, see section 9, Bus State Controller (BSC).

DREQ Pin Sampling Timing and DRAK Signal: In external request mode, the DREQ pinis
sampled by either falling edge or low-level detection. When aDREQ input is detected, a DMAC
bus cycleisissued and DMA transfer effected, at the earliest, after three states. However, in burst
mode when single address operation is specified, adummy cycleisinserted for the first bus cycle.
In this case, the actual data transfer starts from the second bus cycle. Datais transferred
continuoudly from the second bus cycle. The dummy cycle is not counted in the number of
transfer cycles, so there is no need to recognize the dummy cycle when setting the TCR.

DREQ sampling from the second time begins from the start of the transfer one bus cycle prior to
the DMAC transfer generated by the previous sampling.

DRAK isoutput once for the first DREQ sampling, irrespective of transfer mode or DREQ
detection method. In burst mode, using edge detection, DREQ is sampled for the first cycle only,
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so DRAK isalso output for the first cycle only. Therefore, the DREQ signal negate timing can be
ascertained, and this facilitates handshake operations of transfer requests with the DMAC.

Cycle Steal Mode Operations:. In cycle steal mode, DREQ sampling timing is the same
irrespective of dual or single address mode, or whether edge or low-level DREQ detection is used.

For example, DMAC transfer begins (figure 10.14), at the earliest, three cycles from the first
sampling timing. The second sampling begins at the start of the transfer one bus cycle prior to the
start of the DMAC transfer initiated by the first sampling (i.e., from the start of the CPU(3)
transfer). At this point, if DREQ detection has not occurred, sampling is executed every cycle
thereafter.

Asin figure 10.15, whatever cycle the CPU transfer cycleis, the next sampling begins from the
start of the transfer one bus cycle before the DMAC transfer begins.

Figure 10.14 shows an example of output during DACK read and figure 10.15 an example of
output during DACK write.

Figures 10.16 and 10.17 show cycle steal mode and single address mode. In this case, transfer
begins at earliest three cycles after the first DREQ sampling. The second sampling begins from the
start of the transfer one bus cycle before the start of the first DMAC transfer. In single address
mode, the DACK signal is output during the DMAC transfer period.

Burst Mode, Dual Address, and Level Detection: Figures 10.18 and 10.19 show the DREQ
sampling timing in burst mode with dual address and level detection. DREQ sampling timing in
this mode is virtually the same as that of cycle steal mode.

For example, DMAC transfer begins (figure 10.18), at the earliest, three cycles after the timing of
the first sampling. The second sampling also begins from the start of the transfer one bus cycle
before the start of the first DMAC transfer. In burst mode, aslong as transfer requests are issued,
DMAC transfer continues. Therefore, the “transfer one bus cycle before the start of the DMAC
transfer” may be aDMAC transfer.

In burst mode, the DACK output period is the same asthat of cycle steal mode.

Burst Mode, Single Address, and L evel Detection: DREQ sampling timing in burst mode with
single address and level detection is shown in figures 10.20 and 10.21.

In burst mode with single address and level detection, adummy cycle isinserted as one bus cycle,
at the earliest, three cycles after timing of the first sampling. Data during this period is undefined,
and the DACK signal is not output. Nor is the number of DMAC transfers counted. The actual
DMAC transfer begins after one dummy bus cycle output.
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The dummy cycle is not counted either at the start of the second sampling (transfer one bus cycle
before the start of the first DMAC transfer). Therefore, the second sampling is not conducted from
the bus cycle starting the dummy cycle, but from the start of the CPU(3) bus cycle.

Thereafter, aslong the DREQ is continuously sampled, no dummy cycle isinserted. DREQ
sampling timing during this period begins from the start of the transfer one bus cycle before the
start of DMAC transfer, in the same way as with cycle steal mode.

Aswith the fourth sampling in figure 10.20, once DMAC transfer isinterrupted, adummy cycleis
again inserted at the start as soon as DMAC transfer is resumed.

The DACK output period in burst mode is the same asin cycle steal mode.

Burst Mode, Dual Address, and Edge Detection: In burst mode with dual address and edge
detection, DREQ sampling is conducted only on the first cycle.

In figure 10.22, DMAC transfer begins, at the earliest, three cycles after the timing of the first
sampling. Thereafter, DMAC transfer continues until the end of the data transfer count set in the
DMATCR. DREQ sampling is not conducted during this period. Therefore, DRAK is output on
thefirst cycle only.

When DMAC transfer is resumed after being halted by an NMI or address error, be sure to reinput
an edge request. The remaining transfer restarts after the first DRAK output.

The DACK output period in burst mode is the same asin cycle steal mode.

Burst Mode, Single Address, and Edge Detection: In burst mode with single address and edge
detection, DREQ sampling is conducted only on the first cycle. In figure 10.23, adummy cycleis
inserted, at the earliest, three cycles after the timing for the first sampling. During this period, data
isundefined, and DACK is not output. Nor isthe number of DMAC transfers counted. Thereafter,
DMAC transfer continues until the data transfer count set in the DMATCR has ended. DREQ
sampling is not conducted during this period. Therefore, DRAK is output on the first cycle only.

When DMAC transfer is resumed after being halted by an NMI or address error, be sure to reinput
an edge request. DRAK is output once, and the remaining transfer restarts after output of one
dummy cycle.

The DACK output period in burst mode is the same asin cycle steal mode.
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Figure10.14 Cycle Steal, Dual Addressand Level Detection (Fastest Operation)

1st sampling 2nd sampling
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DREQ M\ n : . :
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Bus | V V ) ; ) y \V DMAC
o ( cPU X ¢PU X ocpu ! XDMAC(R)X DMAC(W) X CPU X oA
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Figure10.15 Cycle Steal, Dual Addressand Level Detection (Normal Operation)

Note:  With cycle-steal and dual address operation, sampling timing is the same regardless of
whether DREQ detection is by level or by edge.

DREQ

DRAK |

Bus
cycle

DACK ¢

DREQ |\ —t— - . ! ' L.

c%se ( CPU X CPU X CPU X ' : X CPU

DACK r

Figure10.17 Cycle Steal, Single Addressand L evel Detection (Normal Oper ation)

Note:  With cycle steal and single address operation, sampling timing is the same regardl ess of
whether DREQ detection is by level or by edge.
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Figure 10.18 Burst Mode, Dual Addressand L evel Detection (Fastest Oper ation)
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Figure10.19 Burst Mode, Dual Address and Level Detection (Normal Oper ation)
1st sampling 2nd sampling 3rd sampling 4th sampling
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Figure 10.20 Burst Mode, Single Address and L evel Detection (Fastest Operation)
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Figure10.21 Burst Mode, Single Address and L evel Detection (Normal Operation)
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Figure10.22 Burst Mode, Dual Addressand Edge Detection
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Figure 10.23 Burst Mode, Single Address and Edge Detection

10.4.6  Source Address Reload Function

Channel 2 has a source address reload function. Thisreturnsto the first value set in the source
addressregister (SAR_2) every four transfers by setting the RO bit of CHCR_2 to 1. Figure 10.24
illustrates this operation. Figure 10.25 is atiming chart for reload ON mode, with burst mode,
autorequest, 16-bit transfer data size, SAR_2 increment, and DAR_2 fixed mode.

F==-DMAC -~ - - - - - - - - - - - - - - - - - - - - PN
! |
| DMAC control block |
! RO bit=1 |
e ) CHCR2 |
| | |
| | |
Transfer ! ! Count signal |
request T M T - - - Hd- - - - - ---- > »( DMATCR 2| | |
1 | | | 2
: I 4 e
| Reload signal SAR 2 [
| L _ » _ S
| : Reload control > (initial value) : 2
|
| : T Reload I:j :
| | signal
| » SAR 2 !
| L — — — | 4th count |
|
|
|
|
L P

Figure 10.24 Source Address Reload Function
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XSARZ data
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| | | | | \
| | | | | |
\ \ \ \ \ \
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1st channel 2 3rd channel 2

transfer ! transfer ! transfer ! transfer ! ! transfer
! SARZ2output ! SAR2+2 output | SAR2+4 output | SAR2+6 output ! ! SAR2 output !
+ DAR2output + DAR2output '+ DAR2output : DAR2 output ,\ + DAR2 output

After SAR2+6 output, SAR2 is reloaded Bus mastership is returned one time in four

Figure 10.25 Source Address Reload Function Timing Chart
The reload function can be executed whether the transfer datasizeis 8, 16, or 32 bits.

DMATCR 2, which specifies the number of transfers, is decremented by 1 at the end of every
single-transfer-unit transfer, regardless of whether the reload function is on or off. Therefore,
when using the reload function in the on state, a multiple of 4 must be specifiedin DMATCR_2.
Operation will not be guaranteed if any other valueis set. Also, the counter which counts the
occurrence of four transfers for address reloading is reset by clearing of the DME bitin DMAOR
or the DE bit in CHCR _2, setting of the transfer end flag (the TE bit in CHCR_2), NMI input, and
setting of the AE flag (address error generation in DMAC transfer), aswell asby areset and in
software standby mode, but SAR 2, DAR_2, DMATCR _2, and other registers are not reset.
Consequently, when one of these sources occurs, there is a mixture of initialized counters and
uninitialized registersin the DMAC, and incorrect operation may result if arestart is executed in
this state. Therefore, when one of the above sources, other than TE setting, occurs during use of
the address reload function, SAR_2, DAR_2, and DMATCR_2 settings must be carried out before
re-execution.
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104.7 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for all channels
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (DMATCR) is 0, or when the DE bit of the
channel’s CHCR is cleared to O.

*  When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the |E (interrupt
enable) bit has been set, aDMAC interrupt (DEI) is requested of the CPU.

*  When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE bit in the
channel’s CHCR. The TE bit is not set when this happens.

Conditionsfor Ending All Channels Simultaneously: Transferson all channels end when the
NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or when the DME
bitin the DMAOR is cleared to 0.

e Whenthe NMIF or AE hitisset to 1 in DMAOR: When an NMI interrupt or DMAC address
error occurs, the NMIF or AE bit isset to 1 in the DMAOR and all channels stop their
transfers. The DMAC obtains the bus mastership, and if these flags are set to 1 during
execution of atransfer, DMAC halts operation when the transfer processing currently being
executed ends, and transfers the bus mastership to the other bus master. Consequently, even if
the NMIF or AE bitsare set to 1 during a transfer, the DMA source address register (SAR),
designation address register (DAR), and transfer count register (TCR) are all updated. The TE
bit is not set. To resume the transfers after NMI interrupt or address error processing, clear the
appropriate flag bit to 0. To avoid restarting atransfer on a particular channel, clear its DE bit
to 0.

Transfer is halted when the processing of aone unit transfer is complete. In a dual address
mode direct address transfer, even if an address error occurs or the NMI flag is set during read
processing, the transfer will not be halted until after completion of the following write
processing. In such acase, SAR, DAR, and TCR values are updated. In the same manner, the
transfer is not halted in dual address mode indirect address transfers until after the final write
processing has ended.

« When DME iscleared to 0 in DMAOR: Clearing the DME bit to 0 in the DMAOR aborts the
transferson all channels. The TE bit is not set.
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10.4.8 DMAC Accessfrom CPU

The space addressed by the DMAC is 3-cycle space. Therefore, when the CPU becomes the bus
master and accesses the DMAC, aminimum of three system clock (¢) cycles are required for one
bus cycle. Also, since the DMAC islocated in word space, while a word-size access to the DMAC
is completed in one bus cycle, alongword-size access is automatically divided into two word
accesses, requiring two bus cycles (six basic clock cycles). These two bus cycles are executed
consecutively; adifferent bus cycleis never inserted between the two word accesses. This applies
to both write accesses and read accesses.

105 Examplesof Use

105.1 Exampleof DMA Transfer between On-Chip SCI and External Memory

In this example, on-chip serial communication interface channel 0 (SCIO0) received datais
transferred to external memory using the DMAC channel 3.

Table 10.6 indicates the transfer conditions and the setting values of each of the registers.

Table10.6 Transfer Conditionsand Register Set Valuesfor Transfer between On-chip SCI
and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SAR_3 H'FFFF81A5
Transfer destination: external memory DAR_3 H'00400000
Transfer count: 64 times DMATCR_3 H'00000040
Transfer source address: fixed CHCR_3 H'00004D05

Transfer destination address: incremented
Transfer request source: SCI0 (RDRO)
Bus mode: cycle steal

Transfer unit: byte

Interrupt request generation at end of transfer
Channel priority ranking: 0 >1 >2 >3 DMAOR H'0001
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1052 Example of DMA Transfer between External RAM and External Device with
DACK

In this example, an external request, single address mode transfer with external memory asthe
transfer source and an external device with DACK as the transfer destination is executed using
DMAC channel 1.

Table 10.7 indicates the transfer conditions and the setting values of each of the registers.

Table10.7 Transfer Conditionsand Register Set Valuesfor Transfer between External
RAM and External Device with DACK

Transfer Conditions Register Value

Transfer source: external RAM SAR_1 H'00400000
Transfer destination: external device with DACK DAR_1 (access by DACK)
Transfer count: 32 times DMATCR_1 H'00000020
Transfer source address: decremented CHCR_1 H'00002269

Transfer destination address: (setting ineffective)

Transfer request source: external pin (DREQ1) edge
detection

Bus mode: burst

Transfer unit: word

No interrupt request generation at end of transfer
Channel priority ranking: 2>0>1>3 DMAOR H'0201

1053 Exampleof DMA Transfer between A/D Converter and On-chip Memory (Address
Reload On)

In this example, the on-chip A/D converter channel 0 isthe transfer source and on-chip memory is
the transfer destination, and the address reload function is on.

Table 10.8 indicates the transfer conditions and the setting values of each of the registers.
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Table10.8 Transfer Conditionsand Register Set Valuesfor Transfer between A/D
Converter (A/D1) and On-chip Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter (A/D1) SAR_2 H'FFFF8428
Transfer destination: on-chip memory DAR_2 H'FFFFFO00
Transfer count: 128 times (reload count 32 times) DMATCR_2 H'00000080
Transfer source address: incremented CHCR_2 H'00085B25

Transfer destination address: incremented

Transfer request source: A/D converter (A/D 1)

Bus mode: burst

Transfer unit: byte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >2>3>1 DMAOR H'0101

When address reload is on, the SAR valuereturnsto itsinitially established value every four
transfers. In the above example, when atransfer request is input from the A/D converter (A/D1),
the byte size dataisfirst read from the H'FFFF8482 register of the A/D converter (AD1) and that
dataiswritten to the on-chip memory address H'FFFFFO00. Because a byte size transfer was
performed, the SAR and DAR values at this point are H'FFFF8429 and H'FFFFFO01, respectively.
Also, because thisis a burst transfer, the bus mastership remain secured, so continuous data
transfer is possible.

When four transfers are completed, if the address reload is off, execution continues with the fifth
and sixth transfers and the SAR value continues to increment from H'FFFF842B to H'FFFF842C
to H'FFFF842D and so on. However, when the address reload is on, the DMAC transfer is halted
upon completion of the fourth one and the bus mastership request signal to the CPU is cleared. At
thistime, the value stored in SAR is not H'FFFF842B to H'FFFF842C, but H'FFFF842B to
H'FFFF8428, areturn to the initially established address. The DAR value aways continues to be
incremented regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is
indicated in table 10.9 for both address reload on and off.
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Table10.9 DMAC Internal Status

Item Address Reload On Address Reload Off
SAR H'FFFF8428 H'FFFF842C

DAR H'FFFFF004 H'FFFFF004
DMATCR H'0000007C H'0000007C

Bus mastership Released Maintained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed

Not executed

Notes: 1. Interrupts are executed until the DMATCR value becomes 0, and if the IE bit of the

CHCR is set to 1, are issued regardless of whether the address reload is on or off.

2. If transfer request source flag clears are executed until the DMATCR value becomes 0,
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the DMATCR value when using the address reload
function. There are cases where abnormal operation will result if anything else is

designated.

To execute transfers after the fifth one when the address rel oad is on, make the transfer request

source issue another transfer request signal.

1054 Exampleof DMA Transfer between External Memory and SCI1 Transmit Side

(Indirect Address On)

In this example, DMAC channel 3 isused, an indirect address designated external memory isthe
transfer source and the SCI1 transmit side is the transfer destination.

Table 10.10 indicates the transfer conditions and the setting values of each of the registers.
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Table10.10 Transfer Conditions and Register Set Valuesfor Transfer between External
Memory and SCI1 Transmit Side

Transfer Conditions Register Value
Transfer source: external memory SAR_3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'00450000 — H'55
Transfer destination: on-chip SCI1 (TDR1) DAR_3 H'FFFF81B3
Transfer count: 10 times DMATCR_3 H'0000000A
Transfer source address: incremented CHCR_3 H'00011E01

Transfer destination address: fixed

Transfer request source: SCI1 (TDR1)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request not generated at end of transfer
Channel priority ranking: 0 >1>2 >3 DMAOR H'0001

When indirect address mode is on, the data stored in the address established in SAR is not used as
the transfer source data. In the case of indirect addressing, the value stored in the SAR addressis
read, then that value is used as the address and the data read from that address is used as the
transfer source data, then that data is stored in the address designated by the DAR.

In the table 10.10 example, when a transfer request from the TDR_1 of SCI_1 is generated, aread
of the address |ocated at H'00400000, which isthe value set in SAR_3, is performed first. The data
H'00450000 is stored at this H'00400000 address, and the DMAC first reads this H'00450000
value. It then uses this read value of H'00450000 as an address and reads the value of H'55 that is
stored in the H'00450000 address. It then writes the value H'55 to the address H'FFFF81B3
designated by DAR_3 to complete one indirect address transfer.

With indirect addressing, the first executed data read from the address established in SAR_3
always resultsin alongword size transfer regardless of the TS0, TS1 bit designations for transfer
data size. However, the transfer source address fixed and increment or decrement designations are
as according to the SM0O, SM1 bits. Consequently, despite the fact that the transfer data size
designation is byte in this example, the SAR_3 value at the end of one transfer is H'00400004. The
write operation is exactly the same as an ordinary dual address transfer write operation.
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10.6 Cautionson Use

1

The DMA operation register (DMAOR) can be accessed only in word (16-bit) units. The other
registers can be accessed in word (16-bit) or longword (32-bit) units.

When rewriting the RS0 to RS3 hits of CHCRO to CHCR3, first clear the DE bit to O (set the
DE hit to 0 before doing rewrites with CHCR).

When an NMI interrupt isinput, the NMIF bit of the DMAOR is set even when the DMAC is
not operating.

Set the DME hit of the DMAOR to 0 and make certain that any DMAC received transfer
reguest processing has been completed before entering standby mode.

Do not accessthe DMAC, DTC, BSC, or UBC on-chip peripheral modules from the DMAC.
When activating the DMAC, do the CHCR or DMAOR setting as the final step. There are
instances where abnormal operation will result if any other registers are established last.

After the DMATCR count becomes 0 and the DMA transfer ends normally, alwayswrite a0 to
the DMATCR, even when executing the maximum number of transfers on the same channel.
There are instances where abnormal operation will result if thisis not done.

Designate burst mode as the transfer mode when using the address reload function. There are
instances where abnormal operation will result in cycle steal mode.

Designate a multiple of four for the DMATCR value when using the address reload function.
There are instances where abnormal operation will result if anything else is designated.

10. When detecting external requests by falling edge, maintain the external request pin at high

level when performing the DMAC establishment.

11. When operating in single address mode, establish an external address as the address. There are

instances where abnormal operation will result if an internal addressis established.

12. Do not access DMAC register empty addresses (H'FFFF86B2 to H'FFFF86BF). Operation

cannot be guaranteed when empty addresses are accessed.
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Section 11 Multi-Function Timer Pulse Unit (MTU)

This LSl has an on-chip multi-function timer pulse unit (MTU) that comprises five 16-bit timer
channels.

The block diagram is shown in figure 11.1.

11.1 Features

*  Maximum 16-pulse input/output

e Sdlection of 8 counter input clocks for each channel

» Thefollowing operations can be set for each channel:

Waveform output at compare match

Input capture function

Counter clear operation

Multiple timer counters (TCNT) can be written to simultaneously

Simultaneous clearing by compare match and input captureis possible

Register simultaneous input/output is possible by synchronous counter operation
A maximum 12-phase PWM output is possible in combination with synchronous operation
» Buffer operation settable for channels 0, 3, and 4

» Phase counting mode settable independently for each of channels 1 and 2

» Cascade connection operation

» Fast accessviainterna 16-bit bus

» 23interrupt sources

» Automatic transfer of register data

» A/D converter conversion start trigger can be generated

* Module standby mode can be settable

» A total of six-phase waveform output, which includes complementary PWM output, and
positive and negative phases of reset PIWM output by interlocking operation of channels 3 and
4, ispossible.

» AC synchronous motor (brushless DC motor) drive mode using complementary PWM output
and reset PWM output is settable by interlocking operation of channels 0, 3, and 4, and the
selection of two types of waveform outputs (chopping and level) is possible.

OoOooogoo
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Table11.1 MTU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Count clock P@1l P@1 P@1 P@1l P@1l
Pq4 Pq4 Pq4 Pq4 Pg4a
P16 P@16 P@16 P16 P16
P@64 Pq@64 Pq@64 P@64 Pq64
TCLKA P@256 P@1024 P@256 P@256
TCLKB TCLKA TCLKA P@1024 P@1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB
General registers TGRA_0 TGRA 1 TGRA 2 TGRA_3 TGRA_4
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4
General registers/ TGRC_0 — — TGRC_3 TGRC_4
buffer registers TGRD_O TGRD_3 TGRD_4
1/0O pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D
Counter clear TGR compare TGR compare TGR TGR compare TGR
function match or input match or input compare match or input compare
capture capture match or capture match or
input capture input capture
Compare O O O O O O
match output
output 7y 0 0 0 0 0
output
Toggle O @) O O @)
output
Input capture O O O O O
function
Synchronous O O O O @)
operation
PWM mode 1 O O O O O
PWM mode 2 O O O — -
Complementary — — — O O
PWM mode
Reset PMW mode — — — O O
AC synchronous @) — — @) @)
motor drive mode
Phase counting — O O — —
mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Buffer operation @) — — @) @)
DMAC activation TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4
compare match  compare compare compare compare
or input capture  match or match or match or match or
input capture input input capture input
capture capture
DTC activation TGR compare TGR TGR TGR TGR
match or input ~ compare compare compare compare
capture match or match or match or match or
input capture input input capture input
capture capture and
TCNT
overflow or
underflow
A/D converter start TGRA 0 TGRA 1 TGRA 2 TGRA_3 TGRA 4
trigger compare match compare compare compare compare
or input capture  match or match or match or match or
input capture input input capture  input
capture capture
Interrupt sources 5 sources 4 sources 4 sources 5 sources 5 sources
¢ Compare * Compare e Compare + Compare ¢ Compare
match or input match or match or match or match or
capture OA input input input input
« Compare capture 1A capture 2A  capture 3A capture 4A
match or input ¢« Compare e Compare + Compare e Compare
capture 0B match or match or match or match or
» Compare input input input input
match or input capture 1B capture 2B capture 3B capture 4B
capture 0C ¢ Overflow ¢ Overflow + Compare « Compare
« Compare e Underflow < Underflow match or match or
match or input input input
capture 0D capture 3C capture 4C
« Overflow e Compare « Compare
match or match or
input input
capture 3D capture 4D
¢ Overflow » Overflow or
underflow

Legend:
O :Possible
— : Not possible
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Legend:
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchro register TSR: Timer status register
TCR: Timer control register TCNT: Timer counter
TMDR: Timer mode register TGR (A, B, C,D):  Timer general registers (A, B, C, D)

TIOR (H, L): Timer I/O control registers (H, L)

Figure11.1 Block Diagram of MTU

Rev. 2.0, 09/02, page 194 of 732
RENESAS




11.2  Input/Output Pins

Table11.2 MTU Pins

Channel Symbol 1/0 Function
Common TCLKA Input External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD  Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCOA 1/O TGRA_O input capture input/output compare output/PWM output pin
TIOCOB 1/O TGRB_0 input capture input/output compare output/PWM output pin
TIOCOC /O TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A /O TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B 1/O TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/O TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B /O TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1/O TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B /O TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C 1/O TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D /O TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/O TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/O TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C 1/O TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D 1/O TGRD_4 input capture input/output compare output/PWM output pin
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11.3 Register Descriptions

The MTU has the following registers. For details on register addresses and register states during
each process, refer to section 25, List of Registers. To distinguish registersin each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 0
isexpressed as TCR_O.

» Timer control register_0 (TCR_0)

e Timer moderegister 0 (TMDR_0)

» Timer 1/O control register H_O (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)

» Timer interrupt enableregister_0 (TIER_0)
e Timer statusregister 0 (TSR_0)

* Timer counter O (TCNT_0)

e Timer general register A_0 (TGRA_0)

» Timer general register B_0 (TGRB_0)

e Timer general register C_ 0 (TGRC_0)

» Timer general register D_0 (TGRD_0)

e Timer control register 1 (TCR_1)

» Timer moderegister 1 (TMDR_1)

e Timer I/O control register 1 (TIOR_1)

» Timer interrupt enableregister_1 (TIER_1)
e Timer statusregister 1 (TSR _1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

» Timer general register B_1 (TGRB_1)

e Timer control register 2 (TCR_2)

* Timer moderegister 2 (TMDR_2)

e Timer I/O control register 2 (TIOR_2)

» Timer interrupt enableregister 2 (TIER_2)
e Timer statusregister 2 (TSR _2)

e Timer counter 2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

» Timer general register B_2 (TGRB_2)

e Timer control register 3 (TCR_3)

» Timer moderegister 3 (TMDR_3)

e Timer I/O control register H_3 (TIORH_3)
o Timer /O control register L_3 (TIORL_3)
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e Timer interrupt enableregister 3 (TIER_3)
» Timer status register_3 (TSR_3)

e Timer counter 3 (TCNT_3)

» Timer general register A_3 (TGRA_3)

e Timer general register B_3 (TGRB_3)

» Timer general register C_3 (TGRC_3)

e Timer general register D_3 (TGRD_3)

» Timer control register_4 (TCR_4)

e Timer moderegister 4 (TMDR_4)

» Timer 1/O control register H_4 (TIORH_4)
e Timer /O control register L_4 (TIORL_4)
» Timer interrupt enableregister_4 (TIER_4)
e Timer statusregister 4 (TSR _4)

» Timer counter_4 (TCNT_4)

e Timer general register A_4 (TGRA_4)

» Timer general register B_4 (TGRB_4)

e Timer general register C_4 (TGRC_4)

» Timer general register D_4 (TGRD_4)

Common Registers

e Timer start register (TSTR)
» Timer synchronous register (TSYR)

Common Registersfor timers 3 and 4

» Timer output master enable register (TOER)
» Timer output control enable register (TOCR)
» Timer gate control register (TGCR)

» Timer cycle dataregister (TCDR)

» Timer dead time dataregister (TDDR)

e Timer subcounter (TCNTS)

» Timer cycle buffer register (TCBR)

RENESAS
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11.3.1 Timer Control Register (TCR)

The TCR registers are 8-bit readabl e/writable registers that control the TCNT operation for each
channel. The MTU has atotal of five TCR registers, one for each channel (channel 0to 4). TCR
register settings should be conducted only when TCNT operation is stopped.

Bit Bit Name Initial value R/W Description

CCLR2 0 R/W Counter Clear 0 to 2
CCLR1
CCLRO

R/W These bits select the TCNT counter clearing source.
R/W See tables 11.3 and 11.4 for details.

CKEG1
CKEGO

R/W Clock Edge 0 and 1

R/W These bits select the input clock edge. When the
input clock is counted using both edges, the input
clock period is halved (e.g. P@4 both edges = P@/2
rising edge). If phase counting mode is used on
channels 1 and 2, this setting is ignored and the
phase counting mode setting has priority. Internal
clock edge selection is valid when the input clock is
P@4 or slower. When P@1, or the overflow/underflow
of another channel is selected for the input clock,
although values can be written, counter operation
compiles with the initial value.

W MO O N
o oo o

00: Count at rising edge
01: Count at falling edge
1X: Count at both edges

Legend
X: Don'’t care

2 TPSC2 0 R/W Time Prescaler 0 to 2

1 TPSC1 0 R/W These bits select the TCNT counter clock. The clock
0 TPSCO 0 RIW source can be selected independently for each
channel. See tables 11.5 to 11.8 for details.
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Table11.3 CCLROto CCLR2 (channels0, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,34 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture*’
1 0 TCNT cleared by TGRD compare match/input
capture*?
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is set by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table11.4 CCLROto CCLR2 (channels1and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*’ CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is selected by setting the SYNC bitin TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table11.5 TPSCOto TPSC2 (channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table11.6 TPSCOto TPSC2 (channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P@/256
1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table11.7 TPSCOto TPSC2 (channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P@/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table11.8 TPSCOto TPSC2 (channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on P@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 Internal clock: counts on P@/256
1 Internal clock: counts on P@/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
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11.32 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of
each channel. The MTU has five TMDR registers, one for each channel. TMDR register settings
should be changed only when TCNT operation is stopped.

Bit Bit Name Initial value R/W Description

7 — 1 — Reserved

6 — 1 — These bits are always read as 1 and should be
written with 1.

5 BFB 0 R/W Buffer Operation B

Specifies whether TGRB is to operate in the normal
way, or TGRB and TGRD are to be used together for
buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not
generated.

In channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be
modified.

0: TGRB and TGRD operate normally

1: TGRB and TGRD used together for buffer
operation

4 BFA 0 R/W Buffer Operation A

Specifies whether TGRA is to operate in the normal
way, or TGRA and TGRC are to be used together for
buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not
generated.

In channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be
modified.

0: TGRA and TGRC operate normally

1: TGRA and TGRC used together for buffer
operation

3 MD3 0 R/W Modes O to 3

2 MD2 0 R/W These bits are used to set the timer operating mode.
1 MD1 0 R/W See table 11.9 for details.

0 MDO 0 R/W
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Table11.9 MDOtoMD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description
0 0 0 0 Normal operation
1 Setting prohibited
1 0 PWM mode 1
1 PWM mode 2**
1 0 0 Phase counting mode 1**
1 Phase counting mode 2**
1 0 Phase counting mode 3*?
1 Phase counting mode 4**
1 0 0 0 Reset synchronous PWM mode*®
1 Setting prohibited
X Setting prohibited
1 0 Setting prohibited
1 Complementary PWM mode 1 (transmit at peak)**
1 0 Complementary PWM mode 2 (transmit at valley)*®
1 Complementary PWM mode 2 (transmit at peak and valley)**
Legend:
X: Don't care

Notes: 1. PWM mode 2 can not be set for channels 3, 4.
2. Phase counting mode can not be set for channels 0, 3, 4.

3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode can not be set for channels 0, 1, 2.

11.3.3 Timer |I/O Control Register (TIOR)

The TIOR registers are 8-bit readabl e/writable registers that control the TGR registers. The MTU
haseight TIOR registers, two each for channels 0, 3, and 4, and one each for channels 1 and 2.

Careisrequired as TIOR is affected by the TMDR setting. The initial output specified by TIOR is
valid when the counter is stopped (the CST hit in TSTRis cleared to 0). Note al so that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register

operates as a buffer register.
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TIORH_0, TIOR_1, TIOR_2, TIORH_3, TIORH_4

Bit Bit Name Initial value R/W Description

7 10B3 0 R/W 1/O Control BO to B3

6 10B2 0 R/W Specify the function of TGRB.

5 10B1 0 R/W See the following tables.

4 10B0 0 R/W TIORH_O: Table 11.10
TIOR_1: Table 11.12
TIOR_2: Table 11.13
TIORH_3: Table 11.14
TIORH_4: Table 11.16

3 I0A3 0 R/W 1/0 Control AO to A3

2 I0A2 0 R/W Specify the function of TGRA.

1 I0A1 0 R/W See the following tables.

0 I0A0 0 R/W TIORH_O: Table 11.18
TIOR_1: Table 11.20
TIOR_2: Table 11.21
TIORH_3: Table 11.22
TIORH_4: Table 11.24

TIORL_O, TIORL_3, TIORL_4

Bit Bit Name Initial value R/W Description

7 10D3 0 R/W 1/0 Control DO to D3

6 10D2 0 R/W Specify the function of TGRD.

5 10D1 0 R/W See the following tables.

4 10D0 0 R/W TIORL_O: Table 11.11
TIORL_3: Table 11.15
TIORL_4: Table 11.17

3 10C3 0 R/W 1/0 Control CO to C3

2 10C2 0 R/W Specify the function of TGRC.

1 10C1 0 R/W See the following tables.

0 10CO0 0 R/W TIORL_O: Table 11.19

TIORL_3: Table 11.23
TIORL_4: Table 11.25

Rev. 2.0, 09/02, page 204 of 732

RENESAS



Table11.10 TIORH_O0 (channel 0)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_0
IOB3 10B2 IOB1 IOBO Function TIOCOB Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input Input capture at rising edge
1 ?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count- up/count-down
Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.11 TIORL_0(channel 0)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_O0
IOD3 10D2 I0D1 10DO0 Function TIOCOD Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is 0
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input Input capture at rising edge

capture

register*? Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Notes: 1. After power-on reset, O is output until TIOR is set.
2. When the BFB bitin TMDR_O is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table11.12 TIOR_1 (channel 1)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_1
I0B3 10B2 I0B1 10BO Function TIOC1B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture

. Input capture at falling edge
register P P geda

0
1

1 X Input capture at both edges
X

Input capture at generation of TGRC_0 compare
match/input capture

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.13 TIOR_2 (channel 2)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_2
IOB3 10B2 IOB1 IOBO Function TIOC2B Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
f:(;tsutreer Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * After power-on reset, O is output until TIOR is set.
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Table11.14 TIORH_3(channel 3)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_3

I0B3 10B2 I0B1 10BO Function TIOC3B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.15 TIORL_3(channel 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_3
IOD3 10D2 I0D1 10DO0 Function TIOC3D Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bitin TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table11.16 TIORH_4 (channel 4)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_4

I0B3 10B2 I0B1 10BO Function TIOC4B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.17 TIORL_4 (channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_4
IOD3 10D2 I0D1 10DO0 Function TIOC4D Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bitin TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 11.18 TIORH_O0 (channel 0)

Description

Bit3 Bit2 Bit 1 Bit0O TGRA_O

IOA3 I0A2 I0A1 I0A0 Function TIOCOA Pin Function

0 0 0 0 Output Output retained*

1 compare
register

Initial output is O

0 output at compare match

1 0 Initial output is O

1 output at compare match

1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1

1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.19 TIORL_0 (channel 0)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_0
I0C3 10C2 I0C1 10CO Function TIOCOC Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input Input capture at rising edge

capture

register*? Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_O is set to 1 and TGRC_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table11.20 TIOR_1 (channel 1)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRA_1
IOA3 I0A2 I0A1 I0A0 Function TIOC1A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture

. Input capture at falling edge
register P P geda

0
1

1 X Input capture at both edges
X

Input capture at generation of channel 0/TGRA_0O
compare match/input capture

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.21 TIOR_2 (channel 2)

Description
Bit3 Bit2 Bitl Bit0 TGRA_2
IOA3 10A2 IOA1 IOA0 Function TIOC2A Pin Function
0 0 0 0 Output Output retained*
1 Sggng;::e Initial output is O
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:gitsut:aer Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don'’t care
Note: * After power-on reset, O is output until TIOR is set.

Rev. 2.0, 09/02, page 216 of 732

RENESAS



Table11.22 TIORH_3(channel 3)

Description

Bit3 Bit2 Bit 1 Bit0O TGRA_3

IOA3 I0A2 I0A1 I0A0 Function TIOC3A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.23 TIORL_3(channel 3)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_3
I0C3 10C2 I0C1 10CO Function TIOC3C Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table11.24 TIORH_4 (channel 4)

Description

Bit3 Bit2 Bit 1 Bit0 TGRA_4

IOA3 I0A2 I0A1 I0A0 Function TIOC4A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.25 TIORL_4 (channel 4)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_4
I0C3 10C2 I0C1 10CO Function TIOC4C Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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11.34 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. The MTU has five TIER registers, one for each channel.

Bit Bit Name

Initial value R/W

Description

7 TTGE

0 RIW

A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion
start requests by TGRA input capture/compare
match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

Reserved

This bit is always read as 1 and should be written with
1.

5 TCIEU

Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1 and 2.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and should be written with 0.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV

Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED

TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always
read as 0 and should be written with 0.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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Bit Bit Name Initial value

R/W

Description

2 TGIEC 0

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always
read as 0 and should be written with 0.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1 TGIEB 0

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0 TGIEA 0

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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11.35

Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel. The
MTU hasfive TSR registers, one for each channel.

Bit Bit Name Initial value R/W Description
7 TCFD 1 R Count Direction Flag
Status flag that shows the direction in which TCNT
counts in channels 1, 2, 3, and 4.
In channel 0, bit 7 is reserved. It is always read as 1 and
should be written with 1.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This bit is always read as 1 and should be written with 1.
5 TCFU 0 R/(W)*  Underflow Flag
Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only 0 can be written, for flag clearing.
In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and should be written with 0.
[Setting condition]
e When the TCNT value underflows (changes from
H'0000 to H'FFFF)
[Clearing condition]
e When 0 is written to TCFU after reading TCFU =1
4 TCFV 0 R/(W)*  Overflow Flag

Status flag that indicates that TCNT overflow has
occurred. Only 0 can be written, for flag clearing.
[Setting condition]

e When the TCNT value overflows (changes from
H'FFFF to H'0000 )

In channel 4, when the TCNT_4 value underflows
(changes from H'0001 to H'0000) in complementary
PWM mode, this flag is also set.

[Clearing condition]

e When 0 is written to TCFV after reading TCFV =1
In cannel 4, when DTC is activated by TCIV interrupt
and the DISEL bit of DTMR in DTC is 0, this flag is
also cleared.
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Bit

Bit Name

Initial value R/W

Description

3

TGFD

0

RI(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0, 3, and 4. Only
0 can be written, for flag clearing. In channels 1 and 2, bit
3is reserved. It is always read as 0 and should be written
with 0.

[Setting conditions]

*  When TCNT = TGRD and TGRD is functioning as
output compare register

«  When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register

[Clearing conditions]

*  When DTC is activated by TGID interrupt and the
DISEL bit of DTMR in DTC is 0

e When 0 is written to TGFD after reading TGFD =1

2

TGFC

0

RI(W)*

Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0, 3, and 4. Only
0 can be written, for flag clearing. In channels 1 and 2, bit
2 is reserved. It is always read as 0 and should be written
with 0.

[Setting conditions]

e When TCNT = TGRC and TGRC is functioning as
output compare register

¢ When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register

[Clearing conditions]

«  When DTC is activated by TGIC interrupt and the
DISEL bit of DTMR in DTCis O

e When 0 is written to TGFC after reading TGFC =1
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Bit

Bit Name

Initial value R/W

Description

1

TGFB

0

RI(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match. Only O can be written, for flag
clearing.

[Setting conditions]
e When TCNT = TGRB and TGRB is functioning as
output compare register

*  When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register

[Clearing conditions]

«  When DTC is activated by TGIB interrupt and the
DISEL bit of DTMR in DTC is O

e When 0 is written to TGFB after reading TGFB = 1

0

TGFA

0

RI(W)*

Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only 0 can be written, for flag
clearing.

[Setting conditions]
«  When TCNT = TGRA and TGRA is functioning as
output compare register

*  When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

[Clearing conditions]

*  When DTC is activated by TGIA interrupt and the
DISEL bit of DTMR in DTC is 0

«  When 0 is written to TGFA after reading TGFA =1

Note: * Only 0 can be written to clear the flag.
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11.36 Timer Counter (TCNT)

The TCNT registers are 16-hit readable/writable counters. The MTU has five TCNT counters, one
for each channel.

The TCNT counters areinitialized to H'0000 by a reset.

The TCNT counters cannot be accessed in 8-hit units; they must always be accessed as a 16-bit
unit.

11.3.7 Timer General Register (TGR)

The TGR registers are dual function 16-bit readabl e/writable registers, functioning as either output
compare or input capture registers. The MTU has 16 TGR registers, four each for channels 0, 3,
and 4 and two each for channels 1 and 2. TGRC and TGRD for channels 0, 3, and 4 can also be
designated for operation as buffer registers. The TGR registers cannot be accessed in 8-bit units;
they must always be accessed as a 16-bit unit. TGR buffer register combinations are TGRA and
TGRC and TGRB and TGRD.

Theinitial value of TGR is H'FFFF.
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11.3.8 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 4.
When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

Bit Bit Name Initial value R/W Description

7 CST4 0 R/W Counter Start 4 and 3
6 CST3 0 R/W These bits select operation or stoppage for TCNT.

If O is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained.
If TIOR is written to when the CST bit is cleared to O,
the pin output level will be changed to the set initial
output value.

0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation

5 — 0 R Reserved
— 0 R These bits are always read as 0s and should be
3 . 0 R written with 0s.
2 CST2 0 R/W Counter Start 2to 0
CST1 0 R/W These bits select operation or stoppage for TCNT.
0 CSTO 0 R/W If O is written to the CST bit during operation with the

TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained.
If TIOR is written to when the CST bit is cleared to O,
the pin output level will be changed to the set initial
output value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O performs count operation

11.3.9 Timer Synchronous Register (TSYR)

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.
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Bit Bit Name

Initial value

R/W

Description

7 SYNC4
6 SYNC3

0
0

R/W
R/W

Timer Synchronous operation 4 and 3

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit ,
the TCNT clearing source must also be set by means
of bits CCLRO to CCLR2 in TCR.

0: TCNT_4 and TCNT_3 operate independently
(TCNT presetting/clearing is unrelated to other
channels)

1: TCNT_4 and TCNT_3 performs synchronous
operation

TCNT synchronous presetting/synchronous clearing
is possible

Reserved

These bits are always read as 0s and should be
written with Os.

SYNC2
SYNC1
SYNCO

O P N W b O1

O O Oolo o o

R/W
R/W
R/W

Timer Synchronous operation 2 to 0

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit ,
the TCNT clearing source must also be set by means
of bits CCLRO to CCLR2 in TCR.

0: TCNT_2 to TCNT_O operates independently
(TCNT presetting /clearing is unrelated to other
channels)

1: TCNT_2 to TCNT_O performs synchronous
operation

TCNT synchronous presetting/synchronous clearing
is possible

Rev. 2.0, 09/02, page 228 of 732

RENESAS



11.3.10 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables/disables output settings for output pins
TIOCAD, TIOCAC, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output
correctly if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of

CH3 and CH4.

Bit Bit Name

Initial value

R/W

Description

7 —
6 —

1
1

R
R

Reserved

These bits are always read as 1s and should be
written with 1s.

5 OE4D

0

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

3 OE3D

R/W

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

1 OE4A

R/W

Master Enable TIOC4A

This bit enables/disables the TIOC4A pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

0 OE3B

R/W

Master Enable TIOC3B

This bit enables/disables the TIOC3B pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled
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11.3.11 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level
inversion of PWM output.

Bit Bit Name Initial value R/W Description

7 — 0 R Reserved
This bit is always read as 0 and should be written with
0.

6 PSYE 0 R/W PWM Synchronous Output Enable

This bit selects the enable/disable of toggle output
synchronized with the PWM period.

0: Toggle output is disabled
1: Toggle output is enabled

5 — 0 R Reserved

4 - 0 R These bits are always read as 0s and should be
3 o 0 R written with Os.

2 — 0 R

1 OLSN 0 R/W Output Level Select N

This bit selects the reverse phase output level in
reset-synchronized PWM mode/complementary PWM
mode. See table 11.26

0 OLSP 0 R/W Output Level Select P

This bit selects the positive phase output level in
reset-synchronized PWM mode/complementary PWM
mode. See table 11.26

Table 11.26 Output Level Select Function

Bit 1 Function

Compare Match Output

OLSN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.
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Table 11.27 Output Level Select Function

Bit 0 Function

Compare Match Output
OLSP Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 11.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,

OLSP=1.
TCNT_3, and
TCNT_4 values
A
TGRA_3
TCNT_3
TCNT_4
TGRA_4
TDDR f . . : —
H'0000 K- - - AV - Time
v b Compare match po v
N output (up count) Vo [
Positive ' Initial - ! Compare match H
phase output | ! output | , Active level ' output (down count) |
' Initial ) . Compare match .
1o, output || N \ ' output (down count) | |
Reverse ! Active 1 Compare matc ! - :
phase output + level : output (up count) Active level |

Figure11.2 Complementary PWM Mode Output L evel Example

11.3.12 Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode.
These register settings are ineffective for anything other than complementary PWM mode/reset-

synchronized PWM mode.

RENESAS

Rev. 2.0, 09/02, page 231 of 732




Bit Bit Name Initial value

Description

7 — 1

Reserved

This bit is always read as 1 and should be written with
1.

6 BDC 0

R/W

Brushless DC Motor

This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.

0: Ordinary output
1: Functions of this register are made effective

R/W

Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output
while the reverse pins (TIOC3D, TIOC4C, and
TIOC4D) are output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output
while the positive pin (TIOC3B, TIOC4A, and
TIOC4B) are output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

External Feedback Signal Enable

This bit selects whether the switching of the output of
the positive/reverse phase is carried out automatically
with the MTU/channel 0 TGRA, TGRB, TGRC input
capture signals or by writing 0 or 1 to bits 2to 0 in
TGCR.

0: Output switching is external input (Input sources
are channel 0 TGRA, TGRB, TGRC input capture
signal)

1: Output switching is carried out by software
(TGCR's UF, VF, WF settings).

VF

R/W
R/W
R/W

Output Phase Switch 2 to 0

These bits set the positive phase/negative phase
output phase on or off state. The setting of these bits
is valid only when the FB bit in this register is set to 1.
In this case, the setting of bits 2 to 0 is a substitute for
external input. See table 11.28.
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Table 11.28 Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

11.3.13 Timer Subcounter (TCNTYS)
TCNTSisa 16-hit read-only counter that is used only in complementary PWM mode.
Theinitia value of TCNTS is H'0000.

Note: Accessing the TCNTS in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.14 Timer Dead Time Data Register (TDDR)

TDDR is a 16-hit register, used only in complementary PWM mode, that specifiesthe TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT _4 counters are cleared and then restarted, the TDDR register value isloaded into the
TCNT _3 counter and the count operation starts.

Theinitia value of TDDR is H'FFFF.

Note: Accessing the TDDR in 8-bit unitsis prohibited. Always accessin 16-bit units.
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11.3.15 Timer Period Data Register (TCDR)

TCDR isa 16-bit register used only in complementary PWM mode. Set half the PWM carrier
sync value asthe TCDR register value. Thisregister is constantly compared with the TCNTS
counter in complementary PWM mode, and when a match occurs, the TCNTS counter switches
direction (decrement to increment).

Theinitial value of TCDR is H'FFFF.

Note: Accessing the TCDR in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.16 Timer Period Buffer Register (TCBR)

The timer period buffer register (TCBR) is a 16-bit register used only in complementary PWM
mode. It functions as a buffer register for the TCDR register. The TCBR register values are
transferred to the TCDR register with the transfer timing set in the TMDR register.

Note: Accessing the TCBR in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.17 BusMaster Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer period
buffer register (TCBR), and timer dead time data register (TDDR), and timer period data register
(TCDR) are 16-hit registers. A 16-bit data bus to the bus master enables 16-hit read/writes. 8-hit
read/writeis not possible. Always accessin 16-bit units.

All registers other than the above registers are 8-hit registers. These are connected to the CPU by
a 16-bit data bus, so 16-bit read/writes and 8-hit read/writes are both possible.
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114  Operation

1141 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always select MTU external pins set function using the pin function controller (PFC).
Counter Operation

When one of bits CSTOto CST4 issetto 1in TSTR, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example.

Example of Count Operation Setting Procedure: Figure 11.3 shows an example of the count
operation setting procedure.

( Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO
| in TCR. At the same time,
| Select counter clock | [ select the input clock edge
with bits CKEG1 and
CKEGO in TCR.

| [2] For periodic counter
C Periodic counter ) C Free-running counter) operation, select the TGR
| to be used as the TCNT
clearing source with bits

Select counter clearing 2] CCLR2 to CCLRO in TCR.
source

| [3] Designate the TGR
selected in [2] as an output

Select output compare 3] compare register by means
register of TIOR.
| [4] Set the periodic counter
| Set period | [4] cycle in the TGR selected
T in [2].
Start count operation |[5 frn
| Start count operation |[5] | . p Bl 5] fet the CST bit in TSTR to
— <Free-running counter> to start the counter
<Periodic counter> operation.

Figure 11.3 Example of Counter Operation Setting Procedure
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Free-Running Count Operation and Periodic Count Operation: Immediately after areset, the
MTU’s TCNT counters are al designated as free-running counters. When the relevant bit in TSTR
isset to 1 the corresponding TCNT counter starts up-count operation as a free-running counter.
When TCNT overflows (from H'FFFF to H'0000), the TCFV bit in TSR is set to 1. If the value of
the corresponding TCIEV bitin TIER is 1 at this point, the TPU requests an interrupt. After
overflow, TCNT starts counting up again from H'0000.

Figure 11.4 illustrates free-running counter operation.

TCNT value

H'0000 Time

CST bit | h i

TCFV

Figure11.4 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLROto CCLR2 in TCR. After the settings have been made, TCNT starts up-count operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
thevaluein TGR, the TGF bitin TSR isset to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an interrupt.
After acompare match, TCNT starts counting up again from H'0000.
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Figure 11.5 illustrates periodic counter operation.

TCNT value
TGR

H'0000

Counter cleared by TGR
compare match

-

Time

CST bit |

TGF

Flag cleared by software or
.~ DTC/DMAC activation

Figure11.5 Periodic Counter Operation

Waveform Output by Compare Match

The MTU can perform 0, 1, or toggle output from the corresponding output pin using compare

match.

Example of Setting Procedure for Waveform Output by Compare Match: Figure 11.6 shows
an exampl e of the setting procedure for waveform output by compare match

( Output selection )

Select waveform output
mode

Set output timing

Start count operation

<Waveform output>

[1] Select initial value 0 output or 1 output,
and compare match output value 0
output, 1 output, or toggle output, by
means of TIOR. The set initial value is
output at the TIOC pin until the first
compare match occurs.

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the
count operation.

Figure11.6 Example of Setting Procedure for Waveform Output by Compare Match
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Examples of Waveform Output Operation: Figure 11.7 shows an example of 0 output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and 0 is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value

H'0000 T T T T T T Time
! ! ! ~No change | _~ No change

TIOCA ! I ! ! 1 output

TIOCB  No change  No change 0 output

Figure11.7 Example of 0 Output/1 Output Operation
Figure 11.8 shows an example of toggle output.

In thisexample, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
H'FFFF
TGRB
TGRA
H'0000 T t T t T t T t Time
TIOCB 'ﬂ' I E | Toggle output

TIOCA ‘ I ‘ I Toggle output

Figure 11.8 Example of Toggle Output Operation
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Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0 and 1,
it is also possible to specify another channel's counter input clock or compare match signal asthe
input capture source.

Note: When another channel's counter input clock is used as the input capture input for channels
0 and 1, Pg/1 should not be selected as the counter input clock used for input capture
input. Input capture will not be generated if P@/1 is selected.

Example of Input Capture Operation Setting Procedur e: Figure 11.9 shows an example of the
input capture operation setting procedure.

) [1] Designate TGR as an input capture
register by means of TIOR, and select

rising edge, falling edge, or both edges

as the input capture source and input

( Input selection

- - signal edge.
Select input capture input [1]
[2] Setthe CST bitin TSTR to 1 to start
the count operation.
Start count [2]

<Input capture operation>

Figure11.9 Example of Input Capture Operation Setting Procedure

Example of Input Capture Operation: Figure 11.10 shows an example of input capture
operation.

In this example both rising and falling edges have been selected as the TIOCA pin input capture
input edge, the falling edge has been selected as the TIOCB pin input capture input edge, and
counter clearing by TGRB input capture has been designated for TCNT.
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Counter cleared by TIOCB
TCNT value / input (falling edge)
H'OL80 |- == = = oo o oo m e e ) e

H'O160 | ----mmmmm e e e

H0010 | eemmmmom T I D

H'0005 |- @7 o I e ,\ _________
H0000 A\ : Time

TGRB X X H'0180

Figure11.10 Example of Input Capture Operation

11.4.2  Synchronous Operation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedure: Figure 11.11 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous

operation (1
(Synchronous presetting) ( Synchronous cIearing)
Set TCNT [2] .
Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count [5] Start count [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,
the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure11.11 Example of Synchronous Operation Setting Procedure
Example of Synchronous Operation: Figure 11.12 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel 0 counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM
cycle.

For details of PWM modes, see section 11.4.5, PWM Modes.
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Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2
values / \
TGRB_ 0 | - - - - << e T g
TGRB_ 1 fr-mmmmmmmmmmens T T
TGRA_Q f------n-nn- AR REE ERRERRERRS S 2O
TGRB_2 [--------, : r B el .'"’"" ............ r .
TGRA L [----- T o e Aot
TGRA_2 ,,1 1r N

Ho000 ¥+7—77—"77—"F¥F—FT—FFF ¥ T Time

TIOCOA

TIOC1A

TIOC2A IE i i_i i_i

Figure 11.12 Example of Synchronous Operation

11.4.3 Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 11.29 shows the register combinations used in buffer operation.

Table11.29 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_O
TGRB_0 TGRD_0

3 TGRA 3 TGRC_3
TGRB_3 TGRD_3

4 TGRA_4 TGRC_4
TGRB_4 TGRD_4
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* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

Thisoperation isillustrated in figure 11.13.

Compare match signal

l

Buffer Timer general [\ |, —
register ~l> register )| Comparator K TCNT

Figure 11.13 Compare Match Buffer Operation

*  When TGRisan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

Thisoperation isillustrated in figure 11.14.

signal

Bu_ffer Timer general TCNT
register register

Input capture j \

Figure11.14 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 11.15 shows an example of the buffer
operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or
P output compare register by means of TIOR.

| [2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 start the count
operation.
Set buffer operation [2
Start count [3]

<Buffer operation>

Figure11.15 Example of Buffer Operation Setting Procedure

Rev. 2.0, 09/02, page 243 of 732
RENESAS




Examples of Buffer Operation:

*  When TGR is an output compare register
Figure 11.16 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
Asbuffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneoudly transferred to timer general register TGRA.
This operation is repeated each time that compare match A occurs.

For details of PWM modes, see section 11.4.5, PWM Modes.

TCNT value

TGRB_0 - H'0520
TGRA_O

H'0000 Time

TGRC_O H0200! X ' HO0450 X H'0520

Transferi\ \ \ \
X

TGRA_0 X | HO0200!

H'0450

Figure11.16 Example of Buffer Operation (1)

*  When TGRisan input capture register
Figure 11.17 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT valueis stored in TGRA upon the
occurrence of input capture A, the value previously stored in TGRA is simultaneously
transferred to TGRC.
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TCNT value

H'OF07

H'09FB

H'0532

H'0000 Time

ToRA | X H0532 X HOF07 :XH'09FB
: \ \ N
TGRC | X X Ho532 X HoFo7

Figure11.17 Example of Buffer Operation (2)

11.44 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 counter clock upon overflow/underflow of
TCNT_2 asset in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 11.30 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting isinvalid and the
counters operates independently in phase counting mode.

Table11.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2

Rev. 2.0, 09/02, page 245 of 732
RENESAS




Example of Cascaded Operation Setting Procedure: Figure 11.18 shows an example of the
setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
TCR to B'1111 to select TCNT_2 overflow/
| underflow counting.
Set cascading [1] [2] Setthe CST bitin TSTR for the upper and
lower channel to 1 to start the count
| operation.
Start count 2]

<Cascaded operation>

Figure11.18 Cascaded Operation Setting Procedure

Examples of Cascaded Operation: Figure 11.19 illustrates the operation when TCNT_2
overflow/underflow counting has been set for TCNT_1 and phase counting mode has been
designated for channel 2.

TCNT_1isincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKC _,—|—| I—,_
o> — [ [ L[

TCNT_2 YFFFDX_FFFE XFFFFX_ 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure 11.19 Example of Cascaded Operation
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1145 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as0, 1, or toggle output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOAQ0 to IOA3 and IOC0to IOC3in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits I0OB0 to IOB3 and IODO0 to IOD3 in TIOR is output at compare matches B
and D. Theinitial output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 11.31.
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Table11.31 PWM Output Registersand Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0 TIOCOB
TGRC_O TIOCOC TIOCOC
TGRD_0 TIOCOD

1 TGRA 1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_3 TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA_4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting Procedure: Figure 11.20 shows an example of the PWM mode
setting procedure.

( ) [1] Select the counter clock with bits TPSC2 to
PWM mode TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and
CKEGO in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select
| the TGR to be used as the TCNT clearing
source.

Select counter clock [1]

Select counter clearing [2]
source [3] Use TIOR to designate the TGR as an output
| compare register, and select the initial value
and output value.

Select waveform (Bl [4] Setthe cycle in the TGR selected in [2], and
output level set the duty in the other TGR.
| [5] Select the PWM mode with bits MD3 to MDO
Set TGR [4] in TMDR.

| [6] Setthe CST bitin TSTR to 1 to start the
count operation.

Set PWM mode [5]
Start count [6]
<PWM mode>

Figure 11.20 Example of PWM M ode Setting Procedure

Examples of PWM Mode Operation: Figure 11.21 shows an example of PWM mode 1

operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in the TGRB registers
are used asthe duty levels.

TCNT value Counter cleared by
/ TGRA compare match
TGRA |- o e e e e e -
TGRB |- @ e e e T e e a1 - -
H'0000 Time

Figure11.21 Example of PWM Mode Operation (1)
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Figure 11.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set asthe TCNT clearing source, and O is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0to TGRD_0, TGRA _1), outputting a 5-phase
PWM waveform.

In this case, the value set in TGRB_1 is used asthe cycle, and the values set in the other TGRs are

used asthe duty levels.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O |--
H'0000

Counter cleared by
/ TGRB_1 compare match

________

...............

TIOCOA |

TIOCOB |

Tiococ |
TIOCOD | |
TIOC1A | | | |

Figure11.22 Example of PWM Mode Operation (2)
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Figure 11.23 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value
TGRB rewritten
TORA |ommmmoe el I S S
|
6__ " TGRB
TGRB TGRB rewritten E (53"."”&3'_1_ o
H0000 = | Time
| o ' |
TIOCA 0% duty '

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten
TGRA |------mo-- oO—

Time

100% duty |_|

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >-o———
TGRA L }
1
|

o
o
0
>

TGRB rewritten

Time

100% duty 0% duty

TGRIIB rewritten

TIOCA 4

Figure 11.23 Example of PWM Mode Operation (3)
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11.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1 and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSCO to TPSC2 and bits
CKEGO and CKEGL1 in TCR. However, the functions of bits CCLRO and CCLR1 in TCR, and of
TIOR, TIER, and TGR, are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

If overflow occurswhen TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs
when TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 11.32 shows the correspondence between external clock pins and channels.

Table 11.32 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 11.24 shows an example of the
phase counting mode setting procedure.

Phase counting mode [1] Select phase counting mode with bits
9 MD3 to MDO in TMDR.
| [2] Setthe CST bitin TSTR to 1 to start
Select phase counting [1] the count operation.
mode
Start count [2]

<Phase counting mode>

Figure11.24 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting Mode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,

according to the count conditions.

» Phase counting mode 1

Figure 11.25 shows an example of phase counting mode 1 operation, and table 11.33
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) —! I—! I—!

TCLKB (channel 1) -I
TCLKD (channel 2)

TCNT value

'
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
n

.
i Down-count
1 ' .

Time
Figure11.25 Example of Phase Counting Mode 1 Operation

Table 11.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

High level ) Up-count

Low level KA

EY Low level

KA High level

High level KX Down-count

Low level EY

EY High level

KA Low level

Legend:

b :Rising edge

Y _: Falling edge

RENESAS
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» Phase counting mode 2

Figure 11.26 shows an example of phase counting mode 2 operation, and table 11.34
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) |

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

Up—cti)y E
/

Time
Figure11.26 Example of Phase Counting Mode 2 Operation

Table 11.34 Up/Down-Count Conditionsin Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Don't care
Low level KA Don't care
EY Low level Don't care
KX High level Up-count
High level KA Don't care
Low level EY Don't care
EY High level Don't care
KA Low level Down-count
Legend:
b :Rising edge

Y _: Falling edge

Rev. 2.0, 09/02, page 254 of 732

RENESAS




» Phase counting mode 3

Figure 11.27 shows an example of phase counting mode 3 operation, and table 11.35
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1) : :
TCLKD (channel 2) 5 5 ; 1 1 L

TCNT value ' !

oo,

Time
Figure 11.27 Example of Phase Counting M ode 3 Operation
Table 11.35 Up/Down-Count Conditionsin Phase Counting Mode 3
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Don't care
Low level KA Don't care
EY Low level Don't care
KX High level Up-count
High level KA Down-count
Low level EY Don't care
EY High level Don't care
KA Low level Don't care
Legend:
I :Rising edge

{_: Falling edge
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e Phase counting mode 4

Figure 11.28 shows an example of phase counting mode 4 operation, and table 11.36

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (chamel2) | | L[+ LT 71 ] [

TCLKB (channel 1) | | | |
TCLKD (channel 2)

TCNT value

Time

Figure 11.28 Example of Phase Counting M ode 4 Operation
Table 11.36 Up/Down-Count Conditionsin Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Up-count
Low level KA
EY Low level Don't care
KA High level
High level KX Down-count
Low level EY
EY High level Don't care
KA Low level
Legend:
b :Rising edge

Y _: Falling edge
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Phase Counting M ode Application Example: Figure 11.29 shows an example in which channel
1isin phase counting mode, and channel 1 is coupled with channel O to input servo motor 2-phase
encoder pulsesin order to detect position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_0 are used for the compare match function and are set with the speed control period and
position control period. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input capture
source, and the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA_1and TGRB_1 for channel 1 are designated for input capture, and channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source and store the up/down-counter
values for the control periods.

This procedure enabl es the accurate detection of position and speed.

Channel 1

TCLKA Edge
detection TCNT_1
TCLKB circuit

TGRA_1
(speed period capture)

TGRB_1
(position period capture)

I— TCNT_O

TGRA_O
(speed control period)

(Y ()
IS

TGRC_O
(position control period)

O V+
|

Y. L
TGRB_O (pulse width capture) C<]—

—[>—> TGRD_O0 (buffer operation)

Channel 0

Figure11.29 Phase Counting Mode Application Example
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1147 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM
waveforms that share acommon wave transition point can be obtained by combining channels 3
and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOCAC,
TIOC4B, and TIOCA4D pins function as PWM output pins and TCNT3 functions as an upcounter.

Table 11.37 shows the PWM output pins used. Table 11.38 shows the settings of the registers.

Table 11.37 Output Pinsfor Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 11.38 Register Settingsfor Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins

TGRA_4 Sets the turning point for PWM waveform output by the TIOC4A and TIOCAC pins

TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins
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Procedurefor Selecting the Reset-Synchronized PWM Mode: Figure 11.30 shows an example
of procedure for selecting the reset synchronized PWM mode.

Reset-synchronized [1] Clear the CST3 and CST4 bits in the TSTR
( PWM mode ) to 0 to halt the counting of TCNT. The
| reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.
| Stop counting |[1]
| [2] Set bits TPSC2-TPSCO and CKEG1 and
CKEGO in the TCR_3 to select the counter
Select counter clock and clock and clock edge for channel 3. Set bits
counter clear source (2] CCLR2-CCLRO in the TCR_3 to select TGRA
| compare-match as a counter clear source.
Brushless DC motor [3] When performing brushless DC motor control,
control setting [3] set bit BDC in the timer gate control register

(TGCR) and set the feedback signal input source
| and output chopping or gate signal direct output.

| Set TCNT |[4]
| [4] Reset TCNT_3 and TCNT_4 to H'0000.
| Set TGR |[5] [5] TGRA_3is the period register. Set the waveform
| period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
PWM cyc|e output enab”ngY TGRA_4, and TGRB_4. Set times within the
PWM output level setting 6] compare-match range of TCNT_3.
| X < TGRA_3 (X: set value).
Set reset-synchronized 7 [6] Select enabling/disabling of toggle output
PWM mode synchronized with the PMW cycle using bit PSYE
| in the timer output control register (TOCR), and set
the PWM output level with bits OLSP and OLSN.
| Enable waveform output |[8]
| [7] Set bits MD3-MDO in TMDR_3 to B'1000 to select
the reset-synchronized PWM mode. Do not set to TMDR_4.
| PFC setting |[9]
| [8] Set the enabling/disabling of the PWM waveform output
pin in TOER.
| Start count operation |[10]
[9] Set the port control register and the port I/O register.
Reset-synchronized PWM mode [10] Setthe CST3 bitin the TSTR to 1 to start the count

operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 11.30 Procedurefor Selecting the Reset-Synchronized PWM Mode
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Reset-Synchronized PWM M ode Operation: Figure 11.31 shows an example of operationin the
reset-synchronized PWM mode. TCNT_3 and TCNT_4 operate as upcounters. The counter is
cleared when a TCNT_3 and TGRA _3 compare-match occurs, and then begins incrementing from
H'0000. The PWM output pin output toggles with each occurrence of aTGRB_3, TGRA _4,
TGRB_4 compare-match, and upon counter clears.

TCNT_3 and TCNT_4
values

TGRA_3
TGRB_3
TGRA_4

TGRB_4
H'0000

TIOC3B

TIOC3D

TIOC4A | I | | I ‘4|| |—
TIOC4B _i
]

TIOC4D

Figure11.31 Reset-Synchronized PWM M ode Operation Example
(Whenthe TOCR’SOLSN =1 and OLSP =1)
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1148 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative
PWM waveforms can be obtained by combining channels 3 and 4.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D
pins function as PWM output pins, the TIOC3A pin can be set for toggle output synchronized with
the PWM period. TCNT_3 and TCNT_4 function as up/down counters.

Table 11.39 shows the PWM output pins used. Table 11.40 shows the settings of the registers

used.

A function to directly cut off the PWM output by using an external signal is supported as a port

function.

Table 11.39 Output Pinsfor Complementary PWM Mode

Channel Output Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or I/O port)
TIOC3B PWM output pin 1
TIOC3C I/0O port*
TIOC3D PWM output pin 1
(non-overlapping negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2
(non-overlapping negative-phase waveform of PWM output 2)
TIOC4D PWM output pin 3

(non-overlapping negative-phase waveform of PWM output 3)

Note: * Avoid setting the TIOC3C pin as a timer 1/O pin in the complementary PWM mode.
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Table 11.40 Register Settingsfor Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU
3 TCNT_3 Start of up-count from value set Maskable by BSC/BCR1
in dead time register setting*
TGRA_3 Set TCNT_3 upper limit value Maskable by BSC/BCR1
(1/2 carrier cycle + dead time) setting*
TGRB_3 PWM output 1 compare register Maskable by BSC/BCR1
setting*
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer Always readable/writable
register
4 TCNT_4 Up-count start, initialized to Maskable by BSC/BCR1
H'0000 setting*
TGRA 4 PWM output 2 compare register Maskable by BSC/BCR1
setting*
TGRB_4 PWM output 3 compare register Maskable by BSC/BCR1
setting*
TGRC_4 PWM output 2/TGRA_4 buffer Always readable/writable
register
TGRD_4 PWM output 3/TGRB_4 buffer Always readable/writable

register

Timer dead time data register
(TDDR)

Set TCNT_4 and TCNT_3 offset
value (dead time value)

Maskable by BSC/BCR1
setting*

Timer cycle data register
(TCDR)

Set TCNT_4 upper limit value
(1/2 carrier cycle)

Maskable by BSC/BCR1
setting*

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable/writable

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGRB_3
temporary register

Not readable/writable

Temporary register 2 (TEMP2)

PWM output 2/TGRA_4
temporary register

Not readable/writable

Temporary register 3 (TEMP3)

PWM output 3/TGRB_4
temporary register

Not readable/writable

Note: * Access can be enabled or disabled according to the setting of bit 13 (MTURWE) in
BSC/BCR1 (bus controller/bus control register 1).
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e PWM cycle
Comparator Match output
signal

8
] S M —(O PWM output 1
c
3 I —(O PWM output 2
ETCNT SH TCNTS kTCNT 43 ; || g ) PWM output 3
! ! | £ © —O PWM output 4
© I+ 8 F—~OPwMoutput5
Comparator L~ 3
P :D7 Match 2 —(O PWM output 6
signal s External cutoff
5 input
N & ——OFoEo
™ [
< o m O |————O POET1
5 5 & (O POE2
R TS (O POE3
| TGRD_3 | | TGRC_4 | | TGRD_4 |
External cutoff
interrupt

[C—"1: Registers that can always be read or written from the CPU
DN\ : Registers that can be read or written from the CPU

(but for which access disabling can be set by the bus controller)

1 : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure11.32 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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Example of Complementary PWM M ode Setting Procedure; An example of the
complementary PWM maode setting procedureis shown in figure 11.33.

[1] Clear bits CST3 and CST4 in the timer start register
(Complementary PWM mode) (TSTR) to 0, and halt timer counter (TCNT) operation.
Perform complementary PWM mode setting when
| TCNT_3 and TCNT_4 are stopped.

Stop count operation [1] [2] Set the same counter clock and clock edge for channels
3 and 4 with bits TPSC2-TPSCO0 and bits CKEG1 and
| CKEGO in the timer control register (TCR). Use bits
Counter clock, counter clear CCLR2-CCLRO to set synchronous clearing only when
source selection 2] restarting by a synchronous clear from another channel

| during complementary PWM mode operation.

Brushless DC motor control 3] [3] When performing brushless DC motor control, set bit BDC
setting in the timer gate control register (TGCR) and set the
| feedback signal input source and output chopping or gate
signal direct output.

TCNT setting [4]
| [4] Set the dead time in TCNT_3. Set TCNT_4 to H'0000.
Inter-channel synchronization [5] Set only when restarting by a synchronous clear from
setting (5] another channel during complementary PWM mode
operation. In this case, synchronize the channel generating
| the synchronous clear with channels 3 and 4 using the timer
TGR setting [6] synchro register (TSYR).
| [6] Set the output PWM duty in the duty registers (TGRB_3,
- - TGRA_4, TGRB_4) and buffer registers (TGRD_3, TGRC_4,
Dead time, carrier cycle 7] TGRD_4). Set the same initial value in each corresponding
setting TGR.

PWM cycle output enabling,
PWM output level setting

[7] Setthe dead time in the dead time register (TDDR), 1/2 the
8] carrier cycle in the carrier cycle data register (TCDR) and
carrier cycle buffer register (TCBR), and 1/2 the carrier cycle
| plus the dead time in TGRA_3 and TGRC_3.
Complementary PWM mode
setting (] [8] Select enabling/disabling of toggle output synchronized with
| the PWM cycle using bit PSYE in the timer output control
register (TOCR), and set the PWM output level with bits OLSP

Enable waveform output | [10] and OLSN.

| [9] Select complementary PWM mode in timer mode register 3
(TMDR_3). Do not set in TMDR_4.

PFC setting [11]
[10] Set enabling/disabling of PWM waveform output pin output in
| the timer output master enable register (TOER).
Start count operation [12] [11] Set the port control register and the port I/O register.
[12] Set bits CST3 and CST4 in TSTR to 1 simultaneously to start
Y the count operation.

<Complementary PWM mode>

Figure 11.33 Example of Complementary PWM Mode Setting Procedure
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Outline of Complementary PWM M ode Oper ation

In complementary PWM mode, 6-phase PWM output is possible. Figure 11.34 illustrates counter
operation in complementary PWM mode, and figure 11.35 shows an example of complementary
PWM mode operation.

Counter Operation: In complementary PWM mode, three counters—TCNT_3, TCNT_4, and
TCNTS—perform up/down-count operations.

TCNT_3isautomatically initialized to the value set in TDDR when complementary PWM mode
is selected and the CST bitin TSTRisO.

When the CST hitissetto 1, TCNT_3 counts up to the value set in TGRA _3, then switchesto
down-counting when it matches TGRA _3,. When the TCNT3 value matches TDDR, the counter
switches to up-counting, and the operation is repeated in this way.

TCNT _4isinitialized to H'0000.

When the CST hit isset to 1, TCNT4 counts up in synchronization with TCNT _3, and switchesto
down-counting when it matches TCDR . On reaching H'0000, TCNT4 switches to up-counting,
and the operation is repeated in this way.

TCNTSisaread-only counter. It need not be initialized.

When TCNT_3 matches TCDR during TCNT_3 and TCNT_4 up/down-counting, down-counting
is started, and when TCNTS matches TCDR, the operation switches to up-counting. When
TCNTS matches TGRA _3, it is cleared to H'0000.

When TCNT_4 matches TDDR during TCNT_3 and TCNT_4 down-counting, up-counting is
started, and when TCNTS matches TDDR, the operation switches to down-counting. When
TCNTS reaches H'0000, it is set with the valuein TGRA _3.

TCNTS is compared with the compare register and temporary register in which the PWM duty is
set during the count operation only.
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Counter value

TGRA_3
TCDR

TDDR
H'0000

Time

Figure11.34 Complementary PWM Mode Counter Operation

Register Operation: In complementary PWM mode, nine registers are used, comprising compare
registers, buffer registers, and temporary registers. Figure 11.35 shows an example of
complementary PWM mode operation.

The registers which are constantly compared with the counters to perform PWM output are
TGRB_3, TGRA_4, and TGRB_4. When these registers match the counter, the value set in bits
OL SN and OL SP in the timer output control register (TOCR) is output.

The buffer registers for these compare registersare TGRD_3, TGRC 4, and TGRD_4.

Between a buffer register and compare register there is atemporary register. The temporary
registers cannot be accessed by the CPU.

Datain a compare register is changed by writing the new data to the corresponding buffer register.
The buffer registers can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register in the Ta
interval. Datais not transferred to the temporary register in the Th interval. Data written to a
buffer register in thisinterval is transferred to the temporary register at the end of the Tb interval.

The value transferred to atemporary register is transferred to the compare register when TCNTS
for which the Tb interval ends matches TGRA _3 when counting up, or H'0000 when counting
down. The timing for transfer from the temporary register to the compare register can be selected
with bits MD3 to MDO in the timer mode register (TMDR). Figure 11.35 shows an examplein
which the mode is selected in which the change is made in the trough.

Inthetb interval (tbl in figure 11.35) in which data transfer to the temporary register is not
performed, the temporary register has the same function as the compare register, and is compared
with the counter. In thisinterval, therefore, there are two compare match registers for one-phase
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output, with the compare register containing the pre-change data, and the temporary register
containing the new data. In thisinterval, the three counters—TCNT_3, TCNT_4, and TCNTS—
and two registers—compare register and temporary register—are compared, and PWM output

controlled accordingly.

Transfer from temporary
register to compare register

TGRA_3

TCDR

TGRA_4

TGRC_4

TDDR

H'0000

Buffer register
TGRC_4

Temporary register
TEMP2

Compare register
TGRA_4

Transfer from temporary
register to compare register

Output waveform |

L

Th2 Ta Thl Ta Th2 Ta
TCNTS
TCNT_?/
TCNT 4

o b IN
' H'6400 X '\ Ho080 !
: ! H'6400 X : ' HoosD !
H'6400 X H'0080

Output waveform I

L |

(Output waveform is active-low)

Figure 11.35 Example of Complementary PWM M ode Operation
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Initialization: In complementary PWM mode, there are six registers that must be initialized.

Before setting complementary PWM mode with bits MD3 to MDO in the timer mode register
(TMDR), the following initial register values must be set.

TGRC_3 operates as the buffer register for TGRA _3, and should be set with 1/2 the PWM carrier
cycle + dead time Td. Thetimer cycle buffer register (TCBR) operates as the buffer register for
the timer cycle dataregister (TCDR), and should be set with 1/2 the PWM carrier cycle. Set dead
time Td in the timer dead time dataregister (TDDR).

Set the respective initial PWM duty valuesin buffer registers TGRD_3, TGRC 4, and TGRD_4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the
corresponding compare registers when complementary PWM mode is set.

Set TCNT_4 to H'0000 before setting complementary PWM mode.

Table 11.41 Registersand Counters Requiring I nitialization

Register/Counter Set Value

TGRC_3 1/2 PWM carrier cycle + dead time Td
TDDR Dead time Td

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase
TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle set in TCBR and
dead time Td set in TDDR.

PWM Output Level Setting: In complementary PWM mode, the PWM pulse output level is set
with bits OLSN and OL SP in the timer output control register (TOCR).

The output level can be set for each of the three positive phases and three negative phases of 6-
phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

Dead Time Setting: In complementary PWM mode, PWM pulses are output with a non-
overlapping relationship between the positive and negative phases. This non-overlap timeis called
the dead time.

The non-overlap timeis set in the timer dead time data register (TDDR). Thevaue setin TDDR is
used asthe TCNT _3 counter start value, and creates non-overlap between TCNT_3 and TCNT_4.
Complementary PWM mode should be cleared before changing the contents of TDDR.
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PWM Cycle Setting: In complementary PWM mode, the PWM pulse cycle is set in two
registers—TGRA_3, in which the TCNT_3 upper limit value is set, and TCDR, in which the
TCNT_4 upper limit value is set. The settings should be made so as to achieve the following
relationship between these two registers:

TGRA_3 set value = TCDR set value + TDDR set value

The TGRA_3 and TCDR settings are made by setting the valuesin buffer registers TGRC_3 and
TCBR. The values set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and
TCDR in accordance with the transfer timing selected with bits MD3 to MDO in the timer mode
register (TMDR).

The updated PWM cycle isreflected from the next cycle when the data update is performed at the
crest, and from the current cycle when performed in the trough. Figure 11.36 illustrates the
operation when the PWM cycleis updated at the crest.

See the following section, Register Data Updating, for the method of updating the datain each
buffer register.

TGRC_3  TGRA 3

Counter value
update update

Q )

TCNT_3

TGRA_3 : 3 TCNT_4

Time

Figure 11.36 Example of PWM Cycle Updating
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Register Data Updating: In complementary PWM mode, the buffer register is used to update the
datain a compare register. The update data can be written to the buffer register at any time. There
are five PWM duty and carrier cycle registers that have buffer registers and can be updated during
operation.

There isatemporary register between each of these registers and its buffer register. When
subcounter TCNTS s not counting, if buffer register datais updated, the temporary register value
isalso rewritten. Transfer is not performed from buffer registersto temporary registers when
TCNTS s counting; in this case, the value written to a buffer register istransferred after TCNTS
halts.

The temporary register value is transferred to the compare register at the data update timing set
with bits MD3 to MDO in the timer mode register (TMDR). Figure 11.37 shows an example of
data updating in complementary PWM mode. This example shows the mode in which data
updating is performed at both the counter crest and trough.

When rewriting buffer register data, awrite to TGRD_4 must be performed at the end of the
update. Data transfer from the buffer registersto the temporary registersis performed
simultaneoudly for al five registers after the writeto TGRD_4.

A writeto TGRD_4 must be performed after writing data to the registers to be updated, even when
not updating all five registers, or when updating the TGRD_4 data. In this case, the data written to
TGRD_4 should be the same as the data prior to the write operation.
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Figure 11.37 Example of Data Update in Complementary PWM Mode
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Initial Output in Complementary PWM Mode: In complementary PWM mode, the initial
output is determined by the setting of bits OL SN and OL SP in the timer output control register
(TOCR).

Thisinitial output isthe PWM pulse non-active level, and is output from when complementary
PWM mode is set with the timer mode register (TMDR) until TCNT_4 exceeds the value set in
the dead time register (TDDR). Figure 11.38 shows an example of the initial output in
complementary PWM mode.

An example of the waveform when the initial PWM duty value is smaller than the TDDR valueis
shown in figure 11.39.

Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNTS3, 4 value

TCNT_3
TCNT 4
TGR4_A .\?
TDDR KA
O ; — —
' L ! 11 Time
i Initial output 1 | Dead time Vo
Positive phase : — — . .
output —:/ Vo ' I Active level | :
Negative phase U T i . ' i
output ./ : I Active level I I_
Y Y
Complementary ~ TCNT3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure11.38 Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: O (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4
TDDR
W4
TGRA 46X
I Time
i Initial output 1 .
Positive phase : — .
output Y/ ! Active level
Negative phase T —
output / ,
y y
Complementary TCNT_3, 4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure11.39 Example of Initial Output in Complementary PWM Mode (2)

Complementary PWM Mode PWM Output Generation Method: In complementary PWM
mode, 3-phase output is performed of PWM waveforms with a non-overlap time between the
positive and negative phases. This non-overlap timeis called the dead time.

A PWM waveform is generated by output of the output level selected in the timer output control
register in the event of a compare-match between a counter and dataregister. While TCNTSis
counting, data register and temporary register values are simultaneously compared to create
consecutive PWM pulses from 0 to 100%. The relative timing of on and off compare-match
occurrence may vary, but the compare-match that turns off each phase takes precedence to secure
the dead time and ensure that the positive phase and negative phase on times do not overlap.
Figures 11.40 to 11.42 show examples of waveform generation in complementary PWM mode.

The positive phase/negative phase off timing is generated by a compare-match with the solid-line
counter, and the on timing by a compare-match with the dotted-line counter operating with a delay
of the dead time behind the solid-line counter. In the T1 period, compare-match a that turns off the
negative phase has the highest priority, and compare-matches occurring prior to a are ignored. In
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the T2 period, compare-match c that turns off the positive phase has the highest priority, and
compare-matches occurring prior to ¢ are ignored.

In normal cases, compare-matches occur intheordera - b -~ ¢ - d(orc - d - a - b'),as
shown in figure 11.40.

If compare-matches deviate fromthea - b - ¢ - d order, since the time for which the negative
phaseis off is less than twice the dead time, the figure shows the positive phaseis not being turned
on. If compare-matches deviate fromthec - d - &' - b’ order, since the time for which the
positive phase is off is less than twice the dead time, the figure shows the negative phase is not
being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in figure 11.41, compare-
match b isignored, and the negative phase is turned off by compare-match d. Thisis because
turning off of the positive phase has priority due to the occurrence of compare-match c (positive
phase off timing) before compare-match b (positive phase on timing) (consequently, the waveform
does not change since the positive phase goes from off to off).

Similarly, in the examplein figure 11.42, compare-match a' with the new datain the temporary
register occurs before compare-match c, but other compare-matches occurring up to ¢, which turns
off the positive phase, areignored. As aresult, the positive phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and
turn-on timing compare-matches that occur before a turn-off timing compare-match are ignored.

54— T1 period : T2 period : T1 period —

TGR3A 3+

H'0000

Positive phase

Negative phase | | |

Figure11.40 Example of Complementary PWM Mode Waveform Output (1)
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<———————— T1 period ' T2 period : T1 period —
TGRA_3 !

H'0000 *

Positive phase

Negative phase

Figure11.41 Example of Complementary PWM Mode Waveform Output (2)

T1 period f T2 period f T1 period——

TGRA_3 |

TCDR :

TDDR ¢

H'0000 ><

Positive phase . :I

Negative phase

Figure11.42 Example of Complementary PWM Mode Waveform Output (3)
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l«—T1 period - . T2 period T1 period —
\c d
TGRA_3 &
TCDR
TDDR
H'0000

Positive phase

Negative phase I | |

Figure 11.43 Example of Complementary PWM Mode 0% and 100% Waveform Output (1)

T1 period T2 period T1 period—
TGRA_3
TCDR P4
a
TDDR
H'0000

Positive phase

]

Negative phase

Figure 11.44 Example of Complementary PWM Mode 0% and 100% Waveform Output (2)
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T1 period

T2 period

T1 period —

TGRA_3

TCDR

TDDR

H'0000

O

Positive phase

Negative phase _,—l

Figure 11.45 Example of Complementary PWM Mode 0% and 100% Waveform Output (3)

T1 period: T2 period T1 period——
TGRA 3
y 2
4
TCDR a b
TDDR E
H'0000 : . .
H c,b d,a
Positive phase i ; ;
Negative phase i

Figure 11.46 Example of Complementary PWM Mode 0% and 100% Waveform Output (4)
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T1 period : T2 period T1 period—

c a§ d b
TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 11.47 Example of Complementary PWM Mode 0% and 100% Waveform Output (5)

Complementary PWM Mode 0% and 100% Duty Output: In complementary PWM mode, 0%
and 100% duty cycles can be output as required. Figures 11.43 to 11.47 show output examples.

100% duty output is performed when the data register valueis set to H'0000. The waveform in this
case has a positive phase with a 100% on-state. 0% duty output is performed when the data
register value is set to the same value as TGRA _3. The waveform in this case has a positive phase
with a 100% off-state.

On and off compare-matches occur simultaneoudly, but if a turn-on compare-match and turn-off
compare-match for the same phase occur simultaneously, both compare-matches are ignored and
the waveform does not change.

Toggle Output Synchronized with PWM Cycle: In complementary PWM mode, toggle output
can be performed in synchronization with the PWM carrier cycle by setting the PSYE bitto 1 in
the timer output control register (TOCR). An example of atoggle output waveform is shownin
figure 11.48.

This output is toggled by a compare-match between TCNT_3 and TGRA _3 and a compare-match
between TCNT4 and H'0000.

The output pin for thistoggle output isthe TIOC3A pin. Theinitial output is 1.
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TGRA_3

H'0000

Toggle output
TIOC3A pin

Figure11.48 Example of Toggle Output Waveform Synchronized with PWM Output

Counter Clearing by another Channel: In complementary PWM mode, by setting a mode for
synchronization with another channel by means of the timer synchronous register (TSYR), and
selecting synchronous clearing with bits CCLR2 to CCLRO in the timer control register (TCR), it
ispossibleto have TCNT_3, TCNT_4, and TCNTS cleared by another channel.

Figure 11.49 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an

external signal.

RENESAS
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TGRA_B [rreseereesssssssssees g A

TCDR [ gy
TCNT_3
TCNT_4
TDDR &/
H'0000 ’
Channel 1

Input capture A

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure11.49 Counter Clearing Synchronized with Another Channel

Example of AC Synchronous Motor (Brushless DC Motor) Drive Waveform Output: In
complementary PWM maode, a brushless DC motor can easily be controlled using the timer gate
control register (TGCR). Figures 11.50 to 11.53 show examples of brushless DC motor drive
waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of external
signals detected with a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external
signalsindicating the polarity position are input to channel 0 timer input pins TIOCOA, TIOCOB,
and TIOCOC (set with PFC). When an edge is detected at pin TIOCOA, TIOCOB, or TIOCOC, the
output on/off state is switched automatically.

When the FB hit is 1, the output on/off state is switched when the UF, VF, or WF bitin TGCR is
clearedto O or set to 1.

The drive waveforms are output from the complementary PWM mode 6-phase output pins. With
this 6-phase output, in the case of on output, it is possible to use complementary PWM mode
output and perform chopping output by setting the N bit or P bit to 1. When the N bit or P bit is0,
level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OLSP hitsin the
timer output control register (TOCR) regardless of the setting of the N and P bits.
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TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

6-phase output TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin

TIOC4D pin

high

0, output active level =

0,FB =

0,P=

1I,N=

When BDC

Figure11.50 Example of Output Phase Switching by External Input (1)

TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

TIOC3B pin

6-phase output

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin

TIOCA4D pin

high

0, output active level =

1,FB=

1,P=

1I,N=

When BDC

Figure11.51 Example of Output Phase Switching by External Input (2)
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TGCR UF bit

6-phase output  TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin | | | | | | I 1 1 ‘ 1
1 1 ] 1 —

TIOC4D pin

When BDC =1,N=0, P =0, FB =1, output active level = high

Figure 11.52 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)

VF bit H H I I

6-phase output TIOC3B pin ”””””“ E E E ”””””” E E
Tiocappin | ! A |'|_|'|_|'|_|
TIOC4ApIn | ! Lo “ﬂﬂﬂ.ﬂ.ﬂ'

TIOCAC pin , , , : : :

TIOC4Bpin

.

When BDC =1,N=1,P =1, FB =1, output active level = high

Figure 11.53 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)
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A/D Conversion Start Request Setting: In complementary PWM mode, an A/D conversion start
request can beissued using a TGRA _3 compare-match or a compare-match on a channel other
than channels 3 and 4.

When start requests using a TGRA_3 compare-match are set, A/D conversion can be started at the
center of the PWM pulse.

A/D conversion start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable
register (TIER).

Complementary PWM M ode Output Protection Function
Complementary PWM mode output has the following protection functions.

* Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the CPU
can be enabled or disabled for the mode registers, control registers, compare registers, and
counters used in complementary PWM mode by means of the MTURWE bit in the bus
controller’s bus control register 1 (BCR1). The applicable registers are some (21 in total) of the
registersin channels 3 and 4 shown in the following:

TCR_3and TCR_4, TMDR_3 and TMDR_4, TIORH_3 and TIORH_4, TIORL_3 and
TIORL_4, TIER_3and TIER 4, TCNT_3and TCNT_4, TGRA_3 and TGRA_4, TGRB_3
and TGRB_4, TOER, TOCR, TGCR, TCDR, and TDDR.

This function enables miswriting due to CPU runaway to be prevented by disabling CPU access to
the mode registers, control registers, and counters. When the applicable registers are read in the
access-disabled state, undefined values are returned. Writing to these registersisignored.

« Halting of PWM output by external signal

The 6-phase PWM output pins can be set automatically to the high-impedance state by
inputting specified external signals. There are four external signal input pins.

See section 11.9, Port Output Enable (POE), for details.

» Halting of PWM output when oscillator is stopped

If it is detected that the clock input to this LS| has stopped, the 6-phase PWM output pins
automatically go to the high-impedance state. The pin states are not guaranteed when the clock
is restarted.

See section 4.2, Function for Detecting the Oscillator Halt.

Rev. 2.0, 09/02, page 283 of 732
RENESAS



11.5 Interrupt Sources

11.5.1 Interrupt Sourcesand Priorities

There are three kinds of MTU interrupt source; TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing the generation of interrupt request signalsto be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to O.

Relative channel priorities can be changed by the interrupt controller, however the priority order
within achannel isfixed. For details, see section 6, Interrupt Controller.

Table 11.42 liststhe MTU interrupt sources.
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Table11.42 MTU Interrupts

Interrupt DMAC DTC
Channel Name Interrupt Source Flag Activation  Activation  Priority
0 TGIA_O TGRA_O input capture/compare match TGFA_0 Possible Possible High
TGIB_O TGRB_0 input capture/compare match TGFB_0 Not possible Possible A

TGIC_O0 TGRC_O0 input capture/compare match TGFC_0 Not possible Possible

TGID_0 TGRD_O0 input capture/compare match TGFD_0 Not possible Possible

TCIV_O TCNT_O overflow TCFV_0 Not possible Not possible

1 TGIA_1 TGRA_1 input capture/compare match TGFA_1 Possible Possible

TGIB_1 TGRB_1 input capture/compare match TGFB_1 Not possible Possible

TCIV_1 TCNT_1 overflow TCFV_1 Not possible Not possible
TCIU_1 TCNT_1 underflow TCFU_1 Not possible Not possible
2 TGIA_2 TGRA_2 input capture/compare match TGFA_2 Possible Possible

TGIB_2 TGRB_2 input capture/compare match TGFB_2 Not possible Possible

TCIV_2 TCNT_2 overflow TCFV_2 Not possible Not possible
TCIU_2 TCNT_2 underflow TCFU_2 Not possible Not possible
3 TGIA_3 TGRA_3 input capture/compare match TGFA_3 Possible Possible

TGIB_3 TGRB_3 input capture/compare match TGFB_3 Not possible Possible

TGIC_3 TGRC_3 input capture/compare match TGFC_3 Not possible Possible

TGID_3 TGRD_3 input capture/compare match TGFD_3 Not possible Possible

TCIV_3 TCNT_3 overflow TCFV_3 Not possible Not possible

4 TGIA_4 TGRA_4 input capture/compare match TGFA_4 Possible Possible

TGIB_4 TGRB_4 input capture/compare match TGFB_4 Not possible Possible

TGIC_4 TGRC_4 input capture/compare match TGFC_4 Not possible Possible

TGID_4 TGRD_4 input capture/compare match TGFD_4 Not possible Possible \j

TCIV_4 TCNT_4 overflow/underflow TCFV_4 Not possible Possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt is requested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
MTU has 16 input capture/compare match interrupts, four each for channels 0, 3, and 4, and two
each for channels 1 and 2.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR isset to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The MTU hasfive overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The MTU has two underflow interrupts, one
each for channels 1 and 2.

11.5.2 DTC/DMAC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt in
each channel. For details, see section 8, Data Transfer Controller (DTC).

A total of 17 MTU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1 and 2, and five for channel 4.

DMAC Activation: The DMAC can be activated by the TGRA input capture/compare match
interrupt in each channel. For details, see section 10, Direct Memory Access Controller (DMAC).

A total of five MTU input capture/compare match interrupts can be used as DMAC activation
sources, one for each channel.

1153 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match in each channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
sent to the A/D converter. If the MTU conversion start trigger has been selected on the A/D
converter at thistime, A/D conversion starts.

Inthe MTU, atotal of five TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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11.6  Operation Timing

11.6.1 Input/Output Timing

TCNT Count Timing: Figure 11.54 shows TCNT count timing in internal clock operation, and
figure 11.55 shows TCNT count timing in external clock operation (normal mode), and figure
11.56 shows TCNT count timing in external clock operation (phase counting mode).

Po

Internal clock (l) Falling edge

Uy

(I) Rising edge

TCNT input

clock

TCNT

N
[ ]

\
[ ]

L

[ ]

N1 )

N A

N+1 )

N+2

Figure11.54 Count Timingin Internal Clock Operation

Po

UL

External clock j} Falling edge

(|5\Rjng edge El) Falling edge

TCNT input | | | | | |
clock
TCNT N1 X N ) N+1 X N2

Figure11.55 Count Timingin External Clock Operation

[ I S 0 O

Po

External 1) Falling edge q) Rising edge q) Falling edge

clock

TCNT input | | | |

clock

TCNT N-1 X X N+1

Figure11.56 Count Timingin External Clock Operation (Phase Counting M ode)
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Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 11.57 shows output compare output timing (normal mode and PWM mode) and figure
11.58 shows output compare output timing (complementary PWM mode and reset synchronous
PWM mode).

LTS 1 I O I I
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 11.57 Output Compare Output Timing (Normal Mode/PWM Mode)

- 4 L L L L L
TCNT input | |
clock

TCNT N X N+1

TGR N

Compare | |

match signal

TIOC pin X

Figure11.58 Output Compare Output Timing (Complementary PWM M ode/Reset
Synchronous PWM Mode)
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Input Capture Signal Timing: Figure 11.59 shows input capture signal timing.

Po

Input capture

Uy

input

_

Input capture
signal

TCNT X

TGR

Figure11.59 Input Capture Input Signal Timing

Timing for Counter Clearing by Compare Match/Input Capture: Figure 11.60 shows the
timing when counter clearing on compare match is specified, and figure 11.61 shows the timing
when counter clearing on input capture is specified.

Po

Compare

Iy

[ 1

match signal

Counter

clear signal

[ 1

TCNT

I

H'0000

TGR

Figure 11.60

Counter Clear Timing (Compare Match)
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A2 I U I I I
Input capture
signal | |

Counter clear

h

signal

TCNT N L X H'0000
\

TGR ) N

Figure11.61 Counter Clear Timing (Input Capture)

Buffer Operation Timing: Figures 11.62 and 11.63 show the timing in buffer operation.

SO [ I I I

TCNT n ) n+1
Compare

match buffer | |

signal 1

TGRA, |

TGRB n LA
TGRC, N |

TGRD .

Figure 11.62 Buffer Operation Timing (Compare Match)

o T LT LT L L
Input capture
signal | | | |

TCNT N X N+l

TGRA \ \

TGRB n i X N L\ N+l
TGRC s s

TGRD ) n X N

Figure11.63 Buffer Operation Timing (Input Capture)
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11.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 11.64 shows the timing for
setting of the TGF flag in TSR on compare match, and TGI interrupt request signal timing.

oo T LT LT LT L L L L
TCNT input | |
clock

TONT N ) N+1
TGR N

Compare I_l

match signal

TGF flag |

TGl interrupt |

Figure11.64 TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 11.65 shows the timing for setting
of the TGF flag in TSR on input capture, and TGI interrupt request signal timing.

o LT LT LT LT LT LI LT
Input capture
signal | |

TCNT N 5
TGR D
TGF flag |

TGl interrupt |

Figure11.65 TGI Interrupt Timing (Input Capture)
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TCFV Flag/ITCFU Flag Setting Timing: Figure 11.66 shows the timing for setting of the TCFV
flag in TSR on overflow, and TCIV interrupt request signal timing.

Figure 11.67 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

Po ST
TCNT input | |
clock

TCNT ) .
verfion) H'FEFF X Ho000
Overflow I_l
signal

TCFV flag |

TCIV interrupt |

Figure11.66 TCIV Interrupt Setting Timing

& ISy
TCNT | |
input clock

TCNT . ;
(nderfiow) H'0000 | HFFFE
Underflow | |
signal

TCFU flag |

TCIU interrupt |

Figure11.67 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
0toit. When the DTC/DMAC is activated, the flag is cleared automatically. Figure 11.68 shows
the timing for status flag clearing by the CPU, and figure 11.69 shows the timing for status flag
clearing by the DTC/DMAC.

TSR write cycle

T1 T2
A2 I I I O O A S
Address X TSR address X
Write signal | I
Status flag |

Interrupt |
request signal

Figure11.68 Timingfor StatusFlag Clearing by the CPU

DTC/DMAC DTC/DMAC
read cycle write cycle

1o, T2 . T1 T2
I T T T 1

- LT

Destination
Address X Source address address X
Status flag |
Interrupt |
request signal

Figure11.69 Timing for Status Flag Clearing by DTC/DMAC Activation
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11.7  Usage Notes

11.7.1  Module Standby M ode Setting

MTU operation can be disabled or enabled using the module standby register. Theinitial setting is
for MTU operation to be halted. Register accessis enabled by clearing module standby mode. For
details, refer to section 24, Power-Down Modes.

11.7.2  Input Clock Restrictions

Theinput clock pulse width must be at least 1.5 statesin the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The MTU will not operate properly at narrower
pulse widths.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 11.70 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
i Overlap . ence ,Overlap, ence . Pulse width | i Pulse width |
TCLKA :
(TCLKC) | : ! ! :
TCLKB ' ' ' ' | '
(TCLKD) . , . . :
Pulse width : : Pulse width :

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure11.70 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Rev. 2.0, 09/02, page 294 of 732
RENESAS




11.7.3  Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the final statein which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

fz_ PO
(N+1)
Where f @ Counter frequency
Po : Peripheral clock operating frequency
N : TGRsetvaue
11.7.4  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 11.71 shows the timing in this case.

TCNT write cycle

T1 T2
& ijEpEpERERERERERENE
Address XTCNT addressX

Write signal | I
Counter clear I_l
signal

TCNT N X Hoo00

Figure11.71 Contention between TCNT Write and Clear Operations

11.75 Contention between TCNT Write and I ncrement Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 11.72 shows the timing in this case.
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TCNT write cycle

T1 T2
oo T L L
Address XTCNT addressX

Write signal | I
TCNT input | |
clock

TCNT N ™

TCNT write data

Figure11.72 Contention between TCNT Write and I ncrement Operations

11.7.6  Contention between TGR Write and Compare Match

If a compare match occursin the T2 state of a TGR write cycle, the TGR write is executed and the
compare match signal is also generated.

Figure 11.73 shows the timing in this case.

TGR write cycle
T1 T2

e
o LTI LT LT LT LT L L
Address X TGR address X

Write signal | I
Compare I_l
match signal

TCNT N X N

TGR N X’ M

TGR write data

Figure11.73 Contention between TGR Write and Compare Match
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11.7.7

Contention between Buffer Register Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data that istransferred to TGR
by the buffer operation differs depending on channel 0 and channels 3 and 4: dataon channel O is
that after write, and on channels 3 and 4, before write.

Figures 11.74 and 11.75 show the timing in this case.

TGR write cycle
Tl T2

|
Z I I B I
Adress e )

Write signal

L

E(;T;Easriijnal I_l
[ ]

X

Compare match
buffer signal

Buffer register write data

. -~
Buffer register N

z4+1=

TGR )

Figure11.74 Contention between Buffer Register Write and Compare Match (Channel 0)
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TGR write cycle
T1 T2

D
Po ||||||||||||||||||

Address Buffer register
address

Write signal

Compare match
buffer signal

Buffer register write data
a 9

v

Buffer register N M

LI
(SZignmarl)are match I_l
B

~

TGR )( N

Figure11.75 Contention between Buffer Register Write and Compare Match
(Channeéls3 and 4)

11.7.8  Contention between TGR Read and | nput Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, the data that is read will
be that in the buffer after input capture transfer.

Figure 11.76 shows the timing in this case.

TGR read cycle

T1 T2
- ijEpERERERERERERENE
Address X TGR address X

Read signal | I
Input capture I_l
signal

TGR x X w

Internal data
bus X M

Figure11.76 Contention between TGR Read and I nput Capture
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11.7.9  Contention between TGR Write and Input Capture

If an input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 11.77 shows the timing in this case.

TGR write cycle

T1 T2
Po S
Address X TGR address X

Write signal

Input capture
signal

TCNT

Himls

TGR M

Figure11.77 Contention between TGR Writeand Input Capture

Rev. 2.0, 09/02, page 299 of 732
RENESAS




11.7.10 Contention between Buffer Register Write and Input Capture

If an input capture signal is generated in the T2 state of abuffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 11.78 shows the timing in this case.

Buffer register write cycle
T1 T2

e
Po T
Buffer register

Address X addregs X
Write signal | I
Input capture I_l
signal |
TCNT PN

~
TGR M L) N

\
Buffer register X M

Figure11.78 Contention between Buffer Register Writeand Input Capture

11.7.11 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection

With timer counters TCNT1 and TCNT2 in a cascade connection, when a contention occurs
during TCNT_1 count (during a TCNT_2 overflow/underflow) in the T, state of the TCNT_2
write cycle, thewriteto TCNT_2 is conducted, and the TCNT_1 count signal isdisabled. At this
point, if thereis match with TGRA_1 and the TCNT _1 value, a compare signal is issued.
Furthermore, when the TCNT_1 count clock is selected as the input capture source of channel 0,
TGRA_Oto D_O carry out the input capture operation. In addition, when the compare match/input
capture is selected as the input capture source of TGRB_1, TGRB_1 carries out input capture
operation. The timing is shown in figure 11.79.

For cascade connections, be sure to synchronize settings for channels 1 and 2 when setting TCNT
clearing.
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TCNT write cycle

T1 T2
Fe U
Address XTCNT_Z addressX

Write signal | |
TCNT_2 X H'FFFE X H'FFFF X‘N X N+1 x

TCNT_2 write data

TGRA_2to :

TGRB_2 HFFFF

Ch2 compare- | |

match signal A/B

TCNT_1 input 777777 Disabled
clock H :
TCNT_1 M

TGRA 1 M

Ch1 compare- | |

match signal A

TGRB_1 N X M
Chl input capture | |
signal B

TCNT_O P

TGRA_Oto

TGRD_0 Q P

ChO input capture | |
signal Ato D

Figure11.79 TCNT_2 Writeand Overflow/Underflow Contention with Cascade

Connection

11.7.12 Counter Value during Complementary PWM Mode Stop

When counting operation is suspended with TCNT_3 and TCNT_4 in complementary PWM
mode, TCNT_3 hasthe timer dead time register (TDDR) value, and TCNT_4 is held at H'0000.

When restarting complementary PWM mode, counting begins automatically from theinitialized

state. This explanatory diagram is shown in figure 11.80.

When counting begins in another operating mode, be surethat TCNT_3 and TCNT_4 are set to

theinitial values.

Rev. 2.0, 09/02, page 301 of 732

RENESAS



TGRA 3
TCDR

TDDR
H'0000
” Complementary PWM g N Complementary PWM
mode operation T mode operation
Counter Complementary

operation stop  PMW restart

Figure11.80 Counter Value during Complementary PWM Mode Stop

11.7.13 Buffer Operation Setting in Complementary PWM M ode

In complementary PWM mode, conduct rewrites by buffer operation for the PWM cycle setting
register (TGRA _3), timer cycle data register (TCDR), and duty setting registers (TGRB_3,
TGRA_4, and TGRB_4).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accordance with bit
settings BFA and BFB of TMDR_3. When TMDR_3's BFA hitissetto 1, TGRC_3functionsasa
buffer register for TGRA_3. At the sametime, TGRC_4 functions as the buffer register for
TGRA_4, while the TCBR functions as the TCDR' s buffer register.

11.7.14 Reset Sync PWM Mode Buffer Operation and Compare Match Flag

When setting buffer operation for reset sync PWM mode, set the BFA and BFB bits of TMDR_4
to 0. The TIOCAC pin will be unable to produce its waveform output if the BFA bit of TMDR_4 is
setto 1.

In reset sync PWM mode, the channel 3 and channel 4 buffers operate in accordance with the BFA
and BFB bit settings of TMDR_3. For example, if the BFA bit of TMDR_3issetto 1, TGRC_3
functions as the buffer register for TGRA_3. At the sametime, TGRC_4 functions as the buffer
register for TGRA_4.

The TGFC bit and TGFD bit of TSR_3 and TSR _4 are not set when TGRC_3 and TGRD_3 are
operating as buffer registers.
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Figure 11.81 shows an example of operationsfor TGR_3, TGR_4, TIOC3, and TIOC4, with
TMDR_3'sBFA and BFB hitsset to 1, and TMDR_4's BFA and BFB hits set to 0.

TGRA_3 Buffer transfer with

TCNT3 compare match A3
Point a
TGRC 3 —-————————— - TGRA_S,
TGRC_3

TGRB_3, TGRA 4,
TGRB_4

TGRD_4 TGRA_4, TGRC_4,
TGRB_4, TGRD_4

H'0000

|
|
|
|
TGRD_3,TGRC 4,| _ o~ ___|_ TGRB_3, TGRD_3,
|
|
|
]
|
|
|

TIOC3A
TIOC3B
TIOC3D
TIOC4A

Tlocac :=_|_"_,/___|_|- -1
Tiocas T T | I ] I

TIOC4D

oo 3
TGFC | 4 Not set |
TGFD |

Figure11.81 Buffer Operation and Compare-Match Flagsin Reset Sync PWM M ode

11.7.15 Overflow Flagsin Reset Synchronous PWM Mode

When set to reset synchronous PWM mode, TCNT_3 and TCNT_4 start counting when the CST3
bit of TSTRisset to 1. At this point, TCNT_4's count clock source and count edge obey the
TCR_3 setting.

In reset synchronous PWM mode, with cycle register TGRA _3's set value at H'FFFF, when
specifying TGR3A compare-match for the counter clear source, TCNT_3 and TCNT_4 count up
to H'FFFF, then a compare-match occurs with TGRA_3, and TCNT_3 and TCNT_4 are both
cleared. At this point, TSR’s overflow flag TCFV bit is not set.

Figure 11.82 shows a TCFV bit operation example in reset synchronous PWM mode with a set
valuefor cycleregister TGRA_3 of H'FFFF, when a TGRA _3 compare-match has been specified
without synchronous setting for the counter clear source.
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Counter cleared by compare match 3A
TGRA_3

(H'FFFF)

TCNT_3=TCNT_4

Fm------------ o - - - - - ----- T-- - - - 3
TCFV_ 4 | ) Not set ) |

Figure11.82 Reset Synchronous PWM M ode Overflow Flag

11.7.16 Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is
not set and TCNT clearing takes precedence.

Figure 11.83 shows the operation timing when a TGR compare match is specified as the clearing
source, and when H'FFFF is set in TGR.

o LTI LT LT LT LT L
TCNT input | |
clock

TCNT HFFFF ) H'0000
Counter clear

signal | |
TGF ;

TCFV Disabled —»!

Figure 11.83 Contention between Overflow and Counter Clearing
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11.7.17 Contention between TCNT Write and Over flow/Under flow

If thereis an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flagin TSR is
not set.

Figure 11.84 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T1 I T2 |

o T T T
Address X TCNT address X

Write signal I_I / TCNT write data
TCNT HFFFF X M

TCFV flag 1

Figure11.84 Contention between TCNT Write and Overflow

11.7.18 Cautionson Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronous PWM Mode

When making atransition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronous PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOCAC, TIOC4B, TIOC4D) in the high-impedance state, followed by the transition to
reset-synchronous PWM mode and operation in that mode, theinitia pin output will not be
correct.

When making atransition from normal operation to reset-synchronous PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pinsto low level
output, then set an initial register value of H'00 before making the mode transition.

When making atransition from PWM mode 1 to reset-synchronous PWM mode, first switch to
normal operation, then initialize the output pinsto low level output and set an initial register value
of H'00 before making the transition to reset-synchronous PWM mode.
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11.7.19 Output Level in Complementary PWM M ode and Reset-Synchronous PWM Mode

When channels 3 and 4 are in complementary PWM mode or reset-synchronous PWM mode, the
PWM waveform output level is set with the OLSP and OL SN bitsin the timer output control
register (TOCR). In the case of complementary PWM mode or reset-synchronous PWM maode,
TIOR should be set to H'00.

11.7.20 Interruptsin Module Standby Mode

If module standby mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC/DMAC activation source. Interrupts should therefore
be disabled before entering module standby mode.

11.7.21 Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection

When timer counters 1 and 2 (TCNT_1 and TCNT_2) are operated as a 32-bit counter in cascade
connection, the cascade counter value cannot be captured successfully even if input-capture input
is simultaneously done to TIOC1A and TIOC2A or to TIOC1B and TIOC2B. Thisis because the
input timing of TIOC1A and TIOC2A or of TIOC1B and TIOC2B may not be the same when
external input-capture signalsto beinput into TCNT_1 and TCNT_2 are taken in synchronization
with the internal clock. For example, TCNT _1 (the counter for upper 16 bits) does not capture the
count-up value by overflow from TCNT_2 (the counter for lower 16 bits) but captures the count
value before the count-up. In this case, the values of TCNT_1 = H'FFF1 and TCNT_2 = H'0000
should be transferred to TGRA_1 and TGRA_2 or to TGRB_1 and TGRB_ 2, but the values of
TCNT_1 =H'FFF0 and TCNT_2 = H'0000 are erroneoudly transferred.

11.8 MTU Output Pin Initialization

11.8.1 Operating Modes

The MTU has the following six operating modes. Waveform output is possible in al of these
modes.

* Norma mode (channels 0 to 4)

PWM mode 1 (channels 0 to 4)

*  PWM mode 2 (channels 0 to 2)

e Phase counting modes 1 to 4 (channels 1 and 2)

» Complementary PWM mode (channels 3 and 4)

* Reset-synchronous PWM mode (channels 3 and 4)

The MTU output pin initialization method for each of these modesis described in this section.
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11.82 Reset Start Operation

The MTU output pins (TIOC*) areinitialized low by areset and in standby mode. Since MTU pin
function selection is performed by the pin function controller (PFC), when the PFC is set, the
MTU pin states at that point are output to the ports. When MTU output is selected by the PFC
immediately after areset, the MTU output initial level, low, is output directly at the port. When
the active level islow, the system will operate at this point, and therefore the PFC setting should
be made after initialization of the MTU output pins is completed.

Note: Channel number and port notation are substituted for *.

11.8.3 Operation in Case of Re-Setting Dueto Error During Operation, Etc.

If an error occurs during MTU operation, MTU output should be cut by the system. Cutoff is
performed by switching the pin output to port output with the PFC and outputting the inverse of
the active level. For large-current pins, output can aso be cut by hardware, using port output
enable (POE). The pin initialization procedures for re-setting due to an error during operation, etc.,
and the procedures for restarting in a different mode after re-setting, are shown below.

The MTU has six operating modes, as stated above. There are thus 36 mode transition
combinations, but some transitions are not available with certain channel and mode combinations.
Possible mode transition combinations are shown in table 11.43.

Table 11.43 Mode Transition Combinations

After
Before Normal PWM1 PWM2 PCM CPWM RPWM
Normal @ @ ©) 4 ®) (6)
PWM1 (7) (8) (9) (10) (11) (12)
PWM2 (13) (14) (15) (16) None None
PCM a7) (18) (19) (20) None None
CPWM (22) (22) None None (23) (24) (25)
RPWM (26) 27) None None (28) (29)

Legend:

Normal: Normal mode

PWM1: PWM mode 1

PWM2: PWM mode 2

PCM: Phase counting modes 1 to 4
CPWM: Complementary PWM mode
RPWM: Reset-synchronous PWM mode

The above abbreviations are used in some placesin following descriptions.
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11.84 Overview of Initialization Procedures and Mode Transitionsin Case of Error
during Operation, Etc.

* When making atransition to a mode (Normal, PWM 1, PWM2, PCM) in which the pin output
level is selected by the timer 1/0O control register (TIOR) setting, initialize the pins by means of
aTIOR setting.

* In PWM mode 1, since awaveform is not output to the TIOC*B (TI1OC *D) pin, setting TIOR
will not initialize the pins. If initialization isrequired, carry it out in normal mode, then switch
to PWM mode 1.

* In PWM mode 2, since awaveform is not output to the cycle register pin, setting TIOR will
not initialize the pins. If initialization isrequired, carry it out in normal mode, then switch to
PWM mode 2.

* Innormal mode or PWM mode 2, if TGRC and TGRD operate as buffer registers, setting
TIOR will not initialize the buffer register pins. If initialization is required, clear buffer mode,
carry out initialization, then set buffer mode again.

e InPWM mode 1, if either TGRC or TGRD operates as a buffer register, setting TIOR will not
initialize the TGRC pin. To initialize the TGRC pin, clear buffer mode, carry out initialization,
then set buffer mode again.

» When making atransition to a mode (CPWM, RPWM) in which the pin output level is
selected by the timer output control register (TOCR) setting, switch to normal mode and
perform initialization with TIOR, then restore TIOR to itsinitial value, and temporarily disable
channel 3 and 4 output with the timer output master enable register (TOER). Then operate the
unit in accordance with the mode setting procedure (TOCR setting, TMDR setting, TOER
setting).

Note: Channel number is substituted for * indicated in this article.

Pininitialization procedures are described below for the numbered combinations in table 11.43.
The active level is assumed to be low.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Normal Mode: Figure 11.85 shows an explanatory diagram of the case where an error occurs
in normal mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT)  (0) (normal) (1init (MTU) (1)
0 out) 0 out)
MTU module output { { } { * + } { } i i
TIOC*B ! R
Portoutput | | | | | | | i | | | | | |
PEn — . High-Z | I R [ S I S
PEn —| | Highz IR A . I S
n=0to 15

Figure11.85 Error Occurrencein Normal Mode, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
After areset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Initialize the pins with TIOR. (The example showsinitia high output, with low output on
compare-match occurrence.)

5. Set MTU output with the PFC.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.
8

9

A w bR

An error occurs.
Set port output with the PFC and output the inverse of the active level.
10. Not necessary when restarting in normal mode.
11. The count operation is stopped by TSTR.
12. Initialize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.86 shows an explanatory diagram of the case where an error occurs
in normal mode and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM1) (1init (MTU) (1)
0 out) 0 out)
MTU module output { { } { * + } { } i i
. . . \ . . . I S [ S
TIOC*B : : : T T T CTV T @ Not initialized (TIOC*B)

Port output |

PEn — \ High-z | L o
pen— _ mWghz [ T [+ [T T L
n=0to 15

Figure11.86 Error Occurrencein Normal Mode, Recovery in PWM Mode 1
1to 10 arethe same asin figure 11.85.

11. Set PWM mode 1.

12. Initidize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 1.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.87 shows an explanatory diagram of the case where an error occurs
in normal mode and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)

0 out) 0 out)

MTUmoduIeoutput___{ _____ ?_____}' _____ + + _____ + _____ * _____ '{ ____} _____ { _____ { ____} __________

@ Not initialized (cycle register)

Port output

PEN - AR R N A I
PEn— . wWghz . [ i [+ [ v
n=0to 15

Figure11.87 Error Occurrencein Normal Mode, Recovery in PWM Mode 2
1to 10 arethe same asin figure 11.85.

11. Set PWM mode 2.

12. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 2.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0 to 2, and therefore TOER setting is not
necessary.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.88 shows an explanatory diagram of the case where an error
occursin normal mode and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
0 out) 0 out)

MTUmoduIeoutput___* _____ ‘{ _____* _____ + + _____ +_ ____* _____ ‘{ _____ + _____ + +

TiOC*B

Portoutput | i i i | i | | } i i i i i

PEn — . High-z - | L
PEN — L Mighz [ [ [
n=0 to 15

Figure11.88 Error Occurrencein Normal Mode, Recovery in Phase Counting Mode
1to 10 arethe same asin figure 11.85.

11. Set phase counting mode.

12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note:  Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Complementary PWM Mode: Figure 11.89 shows an explanatory diagram of the case where
an error occursin normal mode and operation is restarted in complementary PWM mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  (16) (17) (18)
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR

(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (O init (disabled) (0) (CPWM) (1) (MTU) (1)

0 out) 0 out)
MTU moduleoutput___{_"}_"_}_"_ " v ____{____{____{___}____}_____{"__*_"_{""{_"_L"}
TIOC3A_—'__' | i i | | | | | | | | | | [
RO S S - h RSN U AU S | L .
TIOC3B —— M M I T S M M M M . . ) ) [
S — [ [ 1 I PR Ty E R N T T B T S
TIOC3D | | ] ] 1 \ \ \ \ \ 1 , , ]
- T T TTTATTTTAT T T T T T TTTTrTTTom T
Portoutput | \ | | | | 1 | | | | | , , , , \ ,
P wgnz T | [ T
CII -i---

PE9 — ,High-z : I

- T : T i — h | | i i i h h |
PE11 - " High-Z . T H T I

Figure11.89 Error Occurrencein Normal Mode, Recovery in Complementary PWM Mode
1to 10 arethe same asin figure 11.85.

11. Initialize the norma mode waveform generation section with TIOR.
12. Disable operation of the norma mode waveform generation section with TIOR.
13. Disable channel 3 and 4 output with TOER.

14. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set complementary PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation isrestarted by TSTR.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Reset-Synchronous PWM Mode: Figure 11.90 shows an explanatory diagram of the case
where an error occurs in normal mode and operation is restarted in reset-synchronous PWM mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1) (1init (MTU) (1) occurs (PORT) (0)  (Oinit (disabled) (0) (CPWM) (1) (MTU) (1)
0 out) 0 out)
MTU module output | | | | { { } y } v | ' _w_
mocsA—— L B B R B B B
- - T ——t - L e T T T T T T L A L "~
-------------------------------------------------------------- -l—-—-—
TlOCBB 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e Y S S S S S T S SR U U -

Y O U U U [ U L N | F L.
Tiocsp =5 T - S S S S S o
- I i B T T T T T T T -!.I

Potouput | L ' 14 R
- T " T T i B T T T T T T T T T
pes— Highz [ o ||l

PE9 T Highz |+ |

PE1]l — i High-Z

Figure11.90 Error Occurrencein Normal Mode,
Recovery in Reset-Synchronous PWM Mode

1to 13 arethe same asin figure 11.89.

14. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronous PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Normal Mode: Figure 11.91 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out) 0 out)

MTUmoduIeoutput___{ _____ +_ ____} _____ + * ____* _____ ? _____ + _____ * L + +

mocA— | ; ; ; : i L.
B T R [ mle-e- oo - e [ . Te---
TIOC*B — ' ' @ Not initialized (TIOC*B): h ! ' | | k :
Port output ' ' ' ' ' ' ' ' ' ' ' ' ' '
PEn — . _Highz I I R .
--- T — T B - q----- T T T T T
PEn == . High-z . H H M R . R o I oo
n=0 to 15

> W DN

Figure11.91 Error Occurrencein PWM Mode 1, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Initialize the pinswith TIOR. (The example showsiinitial high output, with low output on
compare-match occurrence. In PWM mode 1, the TIOC*B sideis not initialized.)

Set MTU output with the PFC.

The count operation is started by TSTR.

Output goes low on compare-match occurrence.

An error occurs.

Set port output with the PFC and output the inverse of the active level.
The count operation is stopped by TSTR.

. Set normal mode.

Initialize the pins with TIOR.
Set MTU output with the PFC.
Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.92 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWML) (1) (Linit (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)

0 out) 0 out)

MTUmoduIeoutput___{ _____ {____} _____ ¢ { _____ + _____ } _____ { _____+ _____ { ;
TIOC*A__—_!% ______ I | | : N I Lo I

ToG'B = {1 eNotinitaized (TIOG'B) 1L 1 eNotiniiaized (TIOG'B)
Portoutput | L bbb
PEN — | Highz | [ A S N D O D
PEN = " highz | S S S S I A S A
n=0to 15

Figure11.92 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 1
1to 10 arethe same asin figure 11.91.

11. Not necessary when restarting in PWM mode 1.

12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.93 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT)  (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)
MTU module output * { } { * + } { } * + }
TIOC*A —i | | . \ . . . ! eNot initialized (cycle register)

TocB = T eNotiiaized (HOGE) 1 LT[
. . 020 onotnmfaleedVAn® L . L L b Secee.

Port output | i i 1 1 1 1 1 1 1
PEN — L Highz . S A S PR U IS AU A
PEN — . Highz B S S O O A T A

n=0to 15

Figure11.93 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 2
1to 10 arethe same asin figure 11.91.

11. Set PWM mode 2.

12. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0 to 2, and therefore TOER setting is not
necessary.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.94 shows an explanatory diagram of the case where an error
occursin PWM mode 1 and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
0 out) 0 out)
MTU module output { { } { { + } { } ¢ {
TOC*A—{ &+ &+ R T H H . R S [ S
Tioc*B — YT eNot initialized (TIOC*B) &~ VO VT | i )
Port output , , , , , , , , . , , , , |
PEn == ! High-Z ! T B T N R S
PENTT| ! HighZz ' i N A S N

n=0to 15

Figure11.94 Error Occurrencein PWM Mode 1, Recovery in Phase Counting M ode
1to 10 arethe same asin figure 11.91.

11. Set phase counting mode.

12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note:  Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Complementary PWM Mode: Figure 11.95 shows an explanatory diagram of the case where
an error occursin PWM mode 1 and operation is restarted in complementary PWM mode after re-

setting.
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (normal) (O init(disabled) (0) (CPWM) (1) (MTU) (1)
0 out) 0 out)
MTUmoduIeoutput__}____{___i_" | | ____{____L___{____;_____{____L___@____L__i___!_"i"_
moc3A— | i ; H H
TIOC3B —f 1T T o Not iniialized Zflb'c's'B') """ N e ' '
TIoCsD =TTV e Notinilized (I6CID) L {3 rT
Port output :____;____: _
PES._| High-Z I...J.-.-I—:—I_..-J..--L.--J..-.I. ........ A J....I—T
beo - T T T S S e S S R A S S R
e T ER R R we e

Figure11.95 Error Occurrencein PWM Mode 1,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.91.

11.
12.
13.
14.
15.

16.
17.
18.
19.

Set normal mode for initialization of the normal mode waveform generation section.
Initialize the PWM mode 1 waveform generation section with TIOR.

Disable operation of the PWM mode 1 waveform generation section with TIOR.
Disable channel 3 and 4 output with TOER.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.
Set MTU output with the PFC.

Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Reset-Synchronous PWM Mode: Figure 11.96 shows an explanatory diagram of the case
where an error occursin PWM mode 1 and operation is restarted in reset-synchronous PWM mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Erfor PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs(PORT)  (0) (normal) (0 init(disabled) (0) (RPWM) (1) (MTU) (1)

MTUmodule ouput | 4§ | P ;;;;V;;; _____ S

miocas = 1"~ eNotiniidized (OCSB) |t
TIOCID T [T e Notlniaiged (IOG8D) | Ly Ly [
S yer e S A A A A S N N T A A D O S
PES — " Hghz O e O S S O S
PO —f L Wghz L T 1
PEI1 A B R A B S S P R

Figure11.96 Error Occurrencein PWM Mode 1,
Recovery in Reset-Synchronous PWM Mode

1to 14 arethe same asin figure 11.95.

15. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set reset-synchronous PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU output with the PFC.

19. Operation isrestarted by TSTR.

Rev. 2.0, 09/02, page 320 of 732
RENESAS




Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in Normal Mode: Figure 11.97 shows an explanatory diagram of the case where an error occurs

in PWM mode 2 and operation isrestarted in normal mode after re-setting.

1 2 3 8 9 10

RESET TMDR TIOR
(PWM2) (Linit (MTU)

4 5 6 7
PFC TSTR Match Error
1) occurs (PORT)
0 out)

MTUmoduIeoutput___{ _____ +_ ____} _____ { _____ + _____ } _____ { _____+ _____ } _____ {____

11
PFC TSTR TMDR TIOR
(0) (normal) (1init (MTU)
0 out)

12
PFC TSTR

13

1)

TIOC*A — . ® Not initialized (cycle register) \ \ \
S —— ' ' ' U A— — | —
TIOC*B — - - |
Port output i i i 1 . . . i i i i
PEn - High-Z: : ' : : ' :
pen —  Highz [ I . [ .
n=0to 15

Figure11.97 Error Occurrencein PWM Mode 2, Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.

2. Set PWM mode 2.

3. Initidize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC *A isthe cycle register.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.

7. Anerror occurs.

8. Set port output with the PFC and output the inverse of the active level.

9. The count operation is stopped by TSTR.

10. Set normal mode.

11. Initiaize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.98 shows an explanatory diagram of the case where an error occurs
in PWM mode 2 and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (Linit (MTU) (1) occurs (PORT) (0) (PWM1) (Linit (MTU) (1)
0 out) 0 out)

MTU module output * { } { + } { + } { ¢ {

TIOC*A —| 1 eoNot initialized (cycle register) . . . L o
TIOC*B

Port output i i i | | | | | | ) ) ) )
PEn High-Z| . . . . R L S L
pen —| _ Hignzl [ . . . R S A S

n=0to 15

Figure11.98 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 1
1to 9 arethesameasin figure 11.97.

10. Set PWM mode 1.

11. Initiaize the pinswith TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.99 shows an explanatory diagram of the case where an error occurs
in PWM mode 2 and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13

RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (Linit (MTU) (1) occurs (PORT) (0) (PWM2) (1init (MTU) (1)
0 out) 0 out)
MTU module output { { } { + } { + } { } { +

TIOC*A — . ®Not initialized (cycle register) . . ®Not initialized (cycle register)

TIOC*B :::7 ----- N T C T E"---l ____:L _________________
Port output E E E E E E E E E E E E E
PEn : Highzr | E"-""-"":r"" b o N ' ------------
pen —|__wgnzl ] Y A S U S S S R
n=0 to 15

Figure11.99 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 2
1to 9 arethesameasin figure 11.97.

10. Not necessary when restarting in PWM mode 2.

11. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.100 shows an explanatory diagram of the case where an
error occursin PWM mode 2 and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (PCM) (linit (MTU) (1)
0 out) 0 out)
MTU module output { { } { + } { + } { { *
TIOC*A — H ® Not initialized (cycle register) H H H o L

TIOC*B

Port output i | | i i i i i | | | | |

PEN — Highz | R
PEN — High-z2 | LT o o L s
n=0to 15

Figure11.100 Error Occurrencein PWM Mode 2, Recovery in Phase Counting Mode
1to 9 arethesameasin figure 11.97.

10. Set phase counting mode.

11. Initiaize the pinswith TIOR.
12. Set MTU output with the PFC.
13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in Normal Mode: Figure 11.101 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in normal mode after re-setting.

1 2 3
RESET TMDR TIOR

4

PFC TSTR Match Error

5 6 7

(PCM) (1init (MTU) (1) occurs (PORT)
0 out)
MTU module output { { { *
TIOC*A — | R . | |
R - T '
TIOC*B — '

Port output H | 1

8

PFC TSTR TMDR TIOR

9 10 11 12 13

PFC TSTR
(€3]

(0) (normal) (1init (MTU)

0 out)

..........

PEn - High-z, | . [
PEn — High-z | .
n=0to 15

Figure11.101 Error Occurrencein Phase Counting Mode, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Set phase counting mode.

Initialize the pinswith TIOR. (The example showsiinitial high output, with low output on

compare-match occurrence.)
Set MTU output with the PFC.

The count operation is started by TSTR.
Output goes low on compare-match occurrence.

An error occurs.

Set port output with the PFC and output the inverse of the active level.
The count operation is stopped by TSTR.

Set in normal mode.

. Initialize the pinswith TIOR.

Set MTU output with the PFC.
Operation isrestarted by TSTR.

RENESAS
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in PWM Mode 1: Figure 11.102 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (Linit (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)

0 out) 0 out)

MTU module output ___{ _____ {____ { * { _____ + _____ } _____ { I ¢ *

TloctA — L L L

TIOC*B
Port output | 1 , , , , , i | | | | |
PEN — Highz I B S [ S N N
pen —__mignzz [ T ] ¢ [T T
n=0 to 15

Figure11.102 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 1
1to 9 arethesameasin figure 11.101.

10. Set PWM mode 1.

11. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in PWM Mode 2: Figure 11.103 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)
MTU module output & { { { & +_ } } { } {
TIOC*A — H o o ' ' ' ' ®Not initialized (cycle register)
PR o= T T R R B Tom--e T r
TIOC*B — - [ ! o] [ H
Port output : : : : : : ' : : : : : :
PEn — Highz, | S A S (N U D N N
pen—{ gz Tl [
n=0 to 15

Figure11.103 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 2
1to9arethesameasin figure 11.101.

10. Set PWM mode 2.

11. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.

Rev. 2.0, 09/02, page 327 of 732
RENESAS




Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in Phase Counting Mode: Figure 11.104 shows an explanatory diagram of the case
where an error occurs in phase counting mode and operation is restarted in phase counting mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (linit (MTU) (1)
0 out) 0 out)

MTU module output { { { * { + } { i i
TIoC*A : : : : : : : : :
TIOC*B | j j | h j | j j

Port output i i i 1 1 1 1 1 1 . . . .
PEn \High-Z, . . . . O T S I
PEN — High-z | I N R Lo L
n=0to 15

Figure11.104 Error Occurrencein Phase Counting Mode,
Recovery in Phase Counting Mode

1to9arethesameasin figure 11.101.

10. Not necessary when restarting in phase counting mode.
11. Initiaize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation isRestarted in Normal Mode: Figure 11.105 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPwWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out)
MTU module output ¢ ¢ ¢ ¢ * ¢ ¢ ¢ ¢ ¢ ¢
I CTTTTAT T T T TR T T T 1Tt TTTTATTTTTET T 1ITTT T T T T T T r T
TIOC3A — | | | | L | | | | R [
R [ —— | IR —— - - L
moese— | ool T
mocap — T T T T
I e — m— S L T =" 1= T T T T p—— B B r----
Portoutput . . . L L : : : . : :
e LMoz 1 [T [
PEO —| | Highz | SR SR N N AN S N IO A
PE11 — L_Highz IR AN N R I

Figure11.105 Error Occurrencein Complementary PWM Mode,
Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU output becomes the complementary PWM
output initial value.)

11. Set norma mode. (MTU output goes low.)
12. Initialize the pinswith TIOR.

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

© © Nk w
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation isRestarted in PWM Mode 1: Figure 11.106 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in PWM
mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (PWM1) (Linit (MTU) (1)
0 out)
MTU module output | | y ' ' ¢ y y | | |
TIOC3A — : . i ) R
[ [ - | I (A | IR — L
TIOC3B _I_._._l _____ L L ' |_[ L L L | eNot initialized (TIOC3B)
mocap T T T T T eiotnialized (T10C3D)
- r—-r—Tr """ 7 L T L T T L ¢ T T T
Portoutput | : : : . L ! ! ! ! ! !
PES 1 . High-z | | : | . . L
peo—  mghz [ T [ T T T T T 1
pent— v owgnz ¢ [ [ [ oo

Figure11.106 Error Occurrencein Complementary PWM Mode,
Recovery in PWM Mode 1

1to 10 arethe same asin figure 11.105.

11. Set PWM mode 1. (MTU output goes low.)

12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 11.107 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using the
cycle and duty settings at the time the counter was stopped).

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (MTU) (1)
MTU module output ¢ { ¢ * ¢ { ¢ * ¢
TIOC3A — o j

O [ [

TIOC3D —j ' ' |

Portoutput 1 . 1 1
PES 1 , High-z |

PE9 —| " High-Z

PE11 —] | High-Z

Figure11.107 Error Occurrencein Complementary PWM Mode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.105.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.
13. The complementary PWM waveform is output on compare-match occurrence.

Rev. 2.0, 09/02, page 331 of 732
RENESAS




Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 11.108 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using
completely new cycle and duty settings).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (0) (CPWM) (1) (MTU) (1)

MTU module output

..................

TIOC3B —
TIOC3D —

Port output _

pes ] hgnz | [ | T T

PEo— . Highz . | [ .
PEl—[ " mignz e T T

Figure11.108 Error Occurrencein Complementary PWM Mode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.105.

11. Set normal mode and make new settings. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the complementary PWM mode output level and cyclic output enabling/disabling with
TOCR.

14. Set complementary PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 11.109 shows an
explanatory diagram of the case where an error occurs in complementary PWM mode and
operation isrestarted in reset-synchronous PWM mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU) (1) occurs(PORT) (0) (normal) (0) (RPWM) (1) (MTU) (1)
MTUmoduleoutput___{____{____{_"_L_"}_"_ { v " | y | { { |
TIOC3A —
TIOC3B — : 3 J . " "
TIOC3D — : : | \ ; B ; ; ; \ )
- T T T hl T T T T T T 1 T T
Port output | | | | 1 1 1 | | | | | | | | | ,
- - T I s L T T T T T T T
pesTl o Highz ) L) .
peo—  wohz | i
PElL— T wgnz v | 1 T T T T

Figure11.109 Error Occurrencein Complementary PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin figure 11.105.

11. Set norma mode. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the reset-synchronous PWM mode output level and cyclic output enabling/disabling
with TOCR.

14. Set reset-synchronous PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation is Restarted in Normal Mode: Figure 11.110 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out)
MTU module output ¢ ¢ * ¢ | * v * ¢ ¢
T v T T T - T T T - - T T

Poowput_ 1L ¢ T
pee— L Honz | ] [ i
peo—  Honz | || [ T
PEL1—]_ . Hignz R 1N N (R O O N N A
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11.
12.
13.
14.

Figure11.110 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

Set reset-synchronous PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The reset-synchronous PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

The count operation is stopped by TSTR. (MTU output becomes the reset-synchronous PWM
output initial value.)

Set normal mode. (MTU positive phase output is low, and negative phase output is high.)
Initialize the pins with TIOR.

Set MTU output with the PFC.

Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation isRestarted in PWM Mode 1: Figure 11.111 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in PWM
mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)
0 out)
MTU module output ¢ ' ; ¢ ; * ¢ ¢ { ¢
mocsA—— [ i I S S T
o c e mm e cc o pe—"———. e p— e L — L —— [ [P | -
TIOC3B 3 ' ' ' ' ' ' ® Not initialized (TIOC3B)
N we— A S H— O . B
TIOC3D — ' ' : ' ! . ® Not initialized (TIOC3D
-7 T T n T T lr'l_l"l """ l'""J_I """ [ b B rg """ )
Portoutput . h h h h h L . h H H H H H
e Moz | oL L
ol ! : ey setette et ettt ity S [
PE9 —  High-z b I I D . P I .
PEL1 ~ L Highz _ ) N R U A SO U F N

Figure11.111 Error Occurrencein Reset-Synchronous PWM Mode,
Recovery in PWM Mode 1

1to 10 arethe same asin figure 11.110.

11. Set PWM mode 1. (MTU positive phase output is low, and negative phase output is high.)
12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 11.112 shows an explanatory
diagram of the case where an error occurs in reset-synchronous PWM mode and operation is
restarted in complementary PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TOER TOCR TMDR TOER PFC TSTR
RPWM) (1) (MTU) (1) occurs (PORT) () (0) CPWM) (1) (MTU) (1)
MTUmoduIeoutputu_} _____ ¢ _____ { { & {__ ; { { { } ____} _____ {""}
TIOC3A:{_:_______:_____:_____ _________ .
i R —— - PR - | S S W ——— [ | S —
TIOC3B —j 1 [ L I \ \ ' ____' 1 1 | R
Tocsp — T 1N R N
Portoutput | . : . | . L . . . . . |
pee—  mgnz | T
peo— ¢ mgnz | & T[T
pen—{ . wmenz .1 I

., A, O .

Figure11.112 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.110.

11. Disable channel 3 and 4 output with TOER.

12. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

13. Set complementary PWM. (The MTU cyclic output pin goes low.)
14. Enable channel 3 and 4 output with TOER.

15. Set MTU output with the PFC.

16. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 11.113 shows an
explanatory diagram of the case where an error occurs in reset-synchronous PWM mode and
operation isrestarted in reset-synchronous PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(RPWM) (1) (MTU) (1) occurs (PORT)  (0)  (MTU) (1)
MTU module output ¢ { ¢ ¢ * ' ¢ ¢ ¢ y
T v T T T - T T T T T

Port output i , , |

PES —1 , High-Z |
PE9 %' : High-Z :
PE1L —] ' Highz

Figure11.113 Error Occurrencein Reset-Synchronous PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin figure 11.110.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.
13. The reset-synchronous PWM waveform is output on compare-match occurrence.
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11.9 Port Output Enable (POE)

The port output enable (POE) can be used to establish a high-impedance state for high-current
pins, by changing the POEO to POE3 pin input, depending on the output status of the high-current
pins (PE9/TIOC3B/SCK3/TRST*, PE11/TIOC3D/RXD3/TDO*, PE12/TIOCAA/TXD3/TCK*,
PE13/TIOC4B/MRES, PE14/TIOCAC/DACKO, PE15/TIOC4D/DACKVIRQOUT). It can also
simultaneously generate interrupt requests.

The high-current pins can also be set to high-impedance regardless of whether these pin functions
are selected in cases such as when the oscillator stops or in software standby mode. For details,
refer to section 17.1.11, High-Current Port Control Register (PPCR).

However, when using the E10A, the high-impedance function is disabled when an oscillation stop
is detected, port output enable (POE), or in the software standby state for the three pins of
PE9/TIOC3B/SCK3/TRST, PELLU/TIOC3D/RXD3/TDO, and PE12/TIOC4A/TXD3/TCK of the
SH7145.

Note: * Only in the SH7145.

1191 Features

+ Each of the POEO to POE3 input pins can be set for falling edge, P¢/8 x 16, P@/16 x 16, or
P@/128 x 16 low-level sampling.

« High-current pins can be set to high-impedance state by POEO to POE3 pin falling-edge or
low-level sampling.

» High-current pins can be set to high-impedance state when the high-current pin output levels
are compared and simultaneous low-level output continues for one cycle or more.

 Interrupts can be generated by input-level sampling or output-level comparison results.
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The POE has input-level detection circuitry and output-level detection circuitry, as shown in the
block diagram of figure 11.114.

TIOC3B Output level
TIOC3D detection circuit
TIOC4A Output level ||
TIOC4C detection circuit
Tioc4B Output level
TIOC4D detection circuit |
OCSR High-
impedance
P request control
signal
i ) Interrupt request
ICSR1
Input level detection circuit
Falling-edge
POE3 > detection circuit |
POE2 > Low-level
POE1 »> detection circuit
POEO >
L
L 1 1 1
[ [ [
1 1 1
@8 @16 @128
Legend:

OCSR: Output level control/status register
ICSR1: Input level control/status register

Figure 11.114 POE Block Diagram
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11.9.2  Pin Configuration

Table 11.44 Pin Configuration

Name Abbreviation 1/0 Description

Port output enable input pins POEO to POE3 Input Input request signals to make high-
current pins high-impedance state

Table 11.45 shows output-level comparisons with pin combinations.

Table 11.45 Pin Combinations

Pin Combination 1/0 Description

PE9/TIOC3B and PE11/TIOC3D  Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE12/TIOC4A and PE14/TIOC4C Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE13/TIOC4B/MRES and Output  All high-current pins are made high-impedance
PE15/TIOC4D/IRQOUT state when the pins simultaneously output low-level
for longer than 1 cycle.

11.9.3 Register Descriptions

The POE has the two registers. The input level control/status register 1 (ICSR1) controls both
POEOQ to POE3 pin input signal detection and interrupts. The output level control/status register
(OCSR) contrals both the enable/disable of output comparison and interrupts.

Input Level Control/Status Register 1 (ICSR1): Theinput level control/status register (ICSR1)
is a 16-bit readable/writable register that selects the POEO to POE3 pin input modes, controls the
enable/disable of interrupts, and indicates status.
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Bit Bit Name Initial value

R/W

Description

15 POE3F

0

RI(W)*

POE3 Flag

This flag indicates that a high impedance request has
been input to the POES pin

Clear condition:
« By writing 0 to POE3F after reading a POE3F = 1

Set condition:

* When the input set by ICSR1 bits 7 and 6 occurs
at the POES3 pin

14 POE2F

RI(W)*

POE2 Flag

This flag indicates that a high impedance request has
been input to the POE2 pin

Clear condition:
« By writing 0 to POE2F after reading a POE2F = 1

Set condition:

« When the input set by ICSR1 bits 5 and 4 occurs
at the POE2 pin

13 POE1F

RI(W)*

POEL1 Flag

This flag indicates that a high impedance request has
been input to the POE1 pin

Clear condition:
« By writing 0 to POELF after reading a POE1F =1

Set condition:

« When the input set by ICSR1 bits 3 and 2 occurs
at the POE1 pin

12 POEOF

RI(W)*

POEO Flag

This flag indicates that a high impedance request has
been input to the POEO pin

Clear condition:
« By writing 0 to POEOF after reading a POEOF = 1

Set condition:

* When the input set by ICSR1 bits 1 and 0 occurs
at the POEO pin

11to9 O

All O

Reserved

These bits are always read as 0s and should always
be written with 0Os.
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Bit Bit Name Initial value

Description

8 PIE 0

R/W

Port Interrupt Enable

This bit enables/disables interrupt requests when any
of the POEOF to POE3F bits of the ICSR1 are setto 1

0: Interrupt requests disabled
1: Interrupt requests enabled

POE3M1 O
POE3MO O

R/W
R/W

POE3 mode 1, 0
These bits select the input mode of the POE3 pin
00: Accept request on falling edge of POES input

01: Accept request when POES input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POE3 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POES input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

5 POE2M1 O
4 POE2MO O

R/W
R/W

POE2 mode 1, 0
These bits select the input mode of the POE2 pin
00: Accept request on falling edge of POE2 input

01: Accept request when POE2 input has been
sampled for 16 P@8 clock pulses, and all are low
level.

10: Accept request when POEZ2 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POE2 input has been
sampled for 16 P@/128 clock pulses, and all are
low level.
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Bit Bit Name Initial value R/W

Description

3 POE1IM1 O R/W
2 POE1IMO O R/W

POE1 mode 1, 0
These bits select the input mode of the POE1 pin
00: Accept request on falling edge of POE1 input

01: Accept request when POE1 input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POE1 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POE1 input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

1 POEOM1 O R/W
0 POEOMO O R/W

POEO mode 1, 0
These bits select the input mode of the POEO pin
00: Accept request on falling edge of POEOQ input

01: Accept request when POEO input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POEO input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POEO input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

Note: * Only 0 can be written to clear the flag.

Rev. 2.0, 09/02, page 343 of 732

RENESAS



Output Level Control/Status Register (OCSR): The output level control/status register (OCSR)
isa 16-bit readable/writable register that controls the enable/disable of both output level
comparison and interrupts, and indicates status. |f the OSF bit is set to 1, the high current pins

become high impedance.

Bit Bit Name Initial value R/W Description

15 OSF 0 R/(W)*  Output Short Flag
This flag indicates that any one pair of the three
pairs of 2 phase outputs compared have
simultaneously become low level outputs.
Clear condition:
« By writing 0 to OSF after reading an OSF = 1
Set condition:
* When any one pair of the three 2-phase outputs

simultaneously become low level

14to O All 0O R Reserved

10 These bits are always read as 0s and should always
be written with 0Os.

9 OCE 0 R/W Output Level Compare Enable

This bit enables the start of output level
comparisons. When setting this bit to 1, pay
attention to the output pin combinations shown in
table 11.43, Mode Transition Combinations. When 0
is output, the OSF bit is set to 1 at the same time
when this bit is set, and output goes to high
impedance. Accordingly, bits 15 to 11 and bit 9 of
the port E data register (PEDR) are setto 1. For the
MTU output comparison, set the bit to 1 after setting
the MTU's output pins with the PFC. Set this bit only
when using pins as outputs.

When the OCE bit is set to 1, if OIE = 0 a high-
impedance request will not be issued even if OSF is
setto 1. Therefore, in order to have a high-
impedance request issued according to the result of
the output level comparison, the OIE bit must be set
to 1. When OCE =1 and OIE = 1, an interrupt
request will be generated at the same time as the
high-impedance request: however, this interrupt can
be masked by means of an interrupt controller
(INTC) setting.

0: Output level compare disabled

1: Output level compare enabled; makes an output
high impedance request when OSF = 1.
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Bit Bit Name Initial value R/W Description

8 OIE 0 R/W Output Short Interrupt Enable

This bit makes interrupt requests when the OSF bit
of the OCSR is set.

00: Interrupt requests disabled
01: Interrupt request enabled

7t00 O AllO R Reserved

These bits are always read as 0s and should always
be written with Os.

Note: * Only 0 can be written to write the flag.

11.94  Operation
Input Level Detection Operation

If the input conditions set by the ICSR1 occur on any of the POE pins, al high-current pins
become high-impedance state. Note however, that these high-current pins become high-impedance
state only when general input/output function or MTU function is selected in these pins.

Falling Edge Detection: When a change from high to low level isinput to the POE pins.

Low-L evel Detection: Figure 11.115 shows the low-level detection operation. Sixteen continuous
low levels are sampled with the sampling clock established by the ICSR1. If even one high level is
detected during thisinterval, the low level is not accepted.

Sampling starts when detecting the falling edge of the POE pin. Thereby, negate the POE pin
when using POE function after sampling.

Furthermore, the timing when the large-current pins enter the high-impedance state from the
sampling clock is the same in both falling-edge detection and in low-level detection.

Rev. 2.0, 09/02, page 345 of 732
RENESAS



8/16/128 clock

Po mmmnﬂflﬂﬂﬂﬂmwﬂm

Sampling

clock I 5 I 5 I G I T
POE input \ l B l « l B l/:

PE9/ h

TIOC3B 'High-impedance
| state*
—_—

When low level is :Flag set

sampled at all points @ @ @ e ® 1 (POE received)

When high level is @ O — ®  Flag not set

sampled at least once

Note: * Other large-current pins (PE11/TIOC3D, PE12/TIOC4A, PE13/TIOC4B/MRES, PE14/TIOCA4C,
PE15/TIOC4D/IRQOUT) also go to the high-impedance state at the same timing.

Figure11.115 Low-Level Detection Operation
Output-Level Compare Operation

Figure 11.116 shows an example of the output-level compare operation for the combination of
PE9/TIOC3B and PE11/TIOC3D. The operation is the same for the other pin combinations.

o JUTUUUTTUUUTTUIUTUTTUITTTUUTL

:<->: Low level overlapping detected
|
l

PE9/ _l i Pl
TIOC3B I I—o—'(
[
| |
PE11/ | '| ™
TIOC3D I : o

| High impedance state
—

Figure11.116 Output-Level Detection Operation
Release from High-Impedance State

High-current pins that have entered high-impedance state due to input-level detection can be
released either by returning them to their initial state with a power-on reset, or by clearing all of
the bit 12 to 15 (POEOF to POE3F) flags of the ICSR1. High-current pins that have become high-
impedance due to output-level detection can be released either by returning them to their initial
state with a power-on reset, or by first clearing bit 9 (OCE) of the OCSR to disable output-level
compares, then clearing the bit 15 (OSF) flag. However, when returning from high-impedance
state by clearing the OSF flag, always do so only after outputting a high level from the high-
current pins (TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOC4C, and TIOC4D). High-level outputs
can be achieved by setting the MTU internal registers.
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POE Timing

Figure 11.117 shows an example of timing from POE input to high impedance of pin.

« LSy Sy UL

CK falling

N Y
POE input /
Falling edge detected
PE9/ \
TIOC3B [/ High impedance state

Note: Other large-current pins (PE11/TIOC3D, PE12/TIOC4A, PE13/TIOC4B/MRES, PE14/TIOCA4C,
PE15/TIOC4D/IRQOUT) also goes to the high impedance state at the same timing

Figure11.117 Falling Edge Detection Operation

1195 Usage Note

Make sure to set the input to the POE pin high, before detecting the level of the POE pin.
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Section 12 Watchdog Timer

The watchdog timer (WDT) is an 8-hit timer that can generate an internal reset signal for thisL Sl
if a system crash prevents the CPU from writing to the timer counter, thusit causes the overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

The block diagram of the WDT is shown in figure 12.1.

12.1 Features

» Selectable from eight counter input clocks.
» Switchable between watchdog timer mode and interval timer mode
» Clears software standby mode

In watchdog timer mode

*  Output WDTOVF signa
e Selectable whether thisL Sl isinternally reset or not.

In interval timer mode

» If the counter overflows, the WDT generates an interval timer interrupt (IT1).
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Overflow l«——@/2 \
ITI (interrupt  ——| Intirtrru?t @64 :
request signal) | contro @128 :
: Clock |e——@256 !
' Clock select |e—— @512 :

: l«——— /1024

WDTOVF*1 -~ R A
! eset la—— /8192 H

Internal reset «——| control Internal clock
signal*2 E Y sources '

|RSTCSR |<—,TTCN'T |<—>| TSCR |
e ) 0 [e]

E Module bus interface @

Internal bus

Legend:

TCSR: Timer control/status register
TCNT: Timer counter

RSTCSR: Reset control/status register

Notes: 1. If this pin needs to be pulled-down,the resistance value must be 1MQ or higher.
2. The internal reset signal can be generated by register setting.
Power-on reset or manual reset can be selected.

Figure12.1 Block Diagram of WDT

12.2  Input/Output Pin
Table 12.1 shows the pin configuration.

Table12.1 Pin Configuration

Pin Abbreviation /O Function

Watchdog timer overflow  WDTOVF Output Outputs the counter overflow signal in
watchdog timer mode

12.3  Register Descriptions

The WDT has the following three registers. For details, refer to section 25, List of Registers. To
prevent accidental overwriting, TCSR, TCNT, and RSTCSR have to be written to in a method
different from normal registers. For details, refer to section 12.6.1, Notes on Register Access.

» Timer control/status register (TCSR)
» Timer counter (TCNT)
» Reset control/status register (RSTCSR)
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1231 Timer Counter (TCNT)

TCNT is an 8-hit readable/writable upcounter. When the timer enable bit (TME) in the timer
control/status register (TCSR) isset to 1, TCNT starts counting pulses of an internal clock selected
by clock select bits 2 to 0 (CKS2 to CKS0) in TCSR. When the value of TCNT overflows
(changes from H'FF to H'00), a watchdog timer overflow signal (WDTOVF) or interval timer
interrupt (1T1) is generated, depending on the mode selected in the WT/IT bit of TCSR.

Theinitial value of TCNT is H'00.

12.3.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable/writable register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

Bit Bit Name Initial Value R/W Description

7 OVF 0 R/I(W)** Overflow Flag

Indicates that TCNT has overflowed in interval timer
mode. Only a write of O is permitted, to clear the
flag. This flag is not set in watchdog timer mode.

[Setting condition]
¢ When TCNT overflows in interval timer mode.
[Clearing condition]

¢ When writing O to this bit after reading this bit or
when writing O to the TME bit in interval timer
mode.

6 WTAT 0 RIW Timer Mode Select

Selects whether the WDT is used as a watchdog
timer or interval timer. When TCNT overflows, the
WDT either generates an interval timer interrupt (ITI)
or generates a WDTOVF signal, depending on the
mode selected.

0: Interval timer mode
Interval timer interrupt (ITI) request to the CPU
when TCNT overflows

1: Watchdog timer mode
WDTOVF signal output externally when TCNT
overflows.
For details on the TCNT overflow in watchdog
timer mode, refer to section 12.3.3, Reset
Control/Status Register (RSTCSR).
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Bit Bit Name Initial Value

R/W

Description

5 TME 0 R/W Timer Enable
Enables or disables the timer.
0: Timer disabled
TCNT is initialized to H'00 and count-up stops
1: Timer enabled
TCNT starts counting. A WDTOVF signal or
interrupt is generated when TCNT overflows.
4 — 1 R Reserved
3 — 1 R This bit is always read as 1 and cannot be modified.
2 CKS2 0 R/W Clock Select2t0 0
1 CKs1 0 R/W Select one of eight internal clock sources for input to
0 CKSO 0 R/W TCNT. The clock signals are obtained by dividing the

frequency of the system clock (¢p). The overflow
frequency for @ = 40 MHz is enclosed in
parentheses*”.

000: Clock @2 (overflow interval: 12.8 pus)
001: Clock @64 (overflow interval: 409.6 ps)
010: Clock @128 (overflow interval: 0.8 ms)
011: Clock @256 (overflow interval: 1.6 ms)
100: Clock @512 (overflow interval: 3.3 ms)
101: Clock /1024 (overflow interval: 6.6 ms)
110: Clock @/4096 (overflow interval: 26.2 ms)
111: Clock /8192 (overflow interval: 52.4 ms)

Notes: 1. Only a 0 can be written after reading 1.
2. The overflow interval listed is the time from when the TCNT begins counting at H'00

until an overflow occurs.
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12.3.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable/writable register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.

Bit Bit Name Initial Value R/W

Description

7 WOVF 0 R/(W)*  Watchdog Timer Overflow Flag
This bit is set when TCNT overflows in watchdog
timer mode. This bit cannot be set in interval timer
mode.
[Setting condition]
« Setwhen TCNT overflows in watchdog timer
mode
[Clearing condition]
¢ Cleared by reading WOVF, and then writing 0 to
WOVF
6 RSTE 0 R/W Reset Enable
Specifies whether or not an internal reset signal is
generated in the chip if TCNT overflows in watchdog
timer mode.
0: Internal reset signal is not generated even if
TCNT overflows
(Though this LSl is not reset, TCNT and TCSR in
WDT are reset)
1: Internal reset signal is generated if TCNT
overflows
5 RSTS 0 R/W Reset Select
Selects the type of internal reset generated if TCNT
overflows in watchdog timer mode.
0: Power-on reset
1: Manual reset
4 — 1 R Reserved
3 — 1 R These bits are always read as 1 and cannot be
2 _ 1 R modified.
1 — 1 R
0 — 1 R

Note: * Only 0 can be written, for flag clearing.
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124  Operation

1241 Watchdog Timer Mode

To use the WDT as awatchdog timer, set the WT/IT and TME bits of TCSR to 1. Software must
prevent TCNT overflow by rewriting the TCNT value (normally by writing H'00) before overflow
occurs. No TCNT overflows will occur while the system is operating normally, but if TCNT fails
to be rewritten and overflows occur due to a system crash or the like, aWDTOVF signal is output
externally. The WDTOVF signal can be used to reset the system. The WDTOVF signal is output
for 128¢ clock cycles.

If the RSTE bitin RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual
reset can be selected by the RSTS bit in RSTCSR. The internal reset signal is output for 512 ¢
clock cycles.

When aWDT overflow reset is generated simultaneously with areset input at the RES pin, the
RES reset takes priority, and the WOVF bit in RSTCSR is cleared to 0.

Thefollowing are not initialized by aWDT reset signal:

» POE (port output enable) of MTU registers
» PFC (pin function controller) registers
e |/O port registers

These registers are initialized only by an external power-on reset.
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TCNT value
Overflow

/I/I/ » Time

Fox 47 y R
M=1 H00 written WOVF=1 WT/AT=1 HO00 written
1 in TCNT TME=1 inTCNT
WDTOVF and internal
reset generated

H'00

WDTOVF | I
signal fa—»]
128 @clocks

Internal reset I_I
signal*
f——»
512 @clocks

WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure12.2 Operation in Watchdog Timer Mode

12.4.2 Interval Timer Mode

To usethe WDT asan interval timer, clear WT/IT to 0 and set TME to 1in TCSR. Aninterval
timer interrupt (ITI) is generated each time the timer counter (TCNT) overflows. This function can
be used to generate interval timer interrupts at regular intervals.

TCNT value
Overflow Overflow Overflow Overflow

WT/IT =0 ITI ITI ITI ITI
TME =1

ITI: Interval timer interrupt request generation

Figure 12.3 Operation in Interval Timer Mode
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1243 Clearing Software Standby Mode

The watchdog timer has a special function to clear software standby mode with an NMI interrupt
or IRQO to IRQ?7 interrupts. When using software standby mode, set the WDT as described below.

Before Transition to Software Standby Mode: The TME bit in TCSR must be cleared to 0 to
stop the watchdog timer counter before entering software standby mode. The chip cannot enter
software standby mode while the TME bit is set to 1. Set bits CKS2 to CKS0 in TCSR so that the
counter overflow interval is equal to or longer than the oscillation settling time. See section 26.3,
AC Characterigtics, for the oscillation settling time.

Recovery from Softwar e Standby Mode: When an NMI signal or IRQO to IRQ7 signals are
received in software standby mode, the clock oscillator starts running and TCNT starts
incrementing at the rate selected by bits CKS2 to CK S0 before software standby mode was
entered. When TCNT overflows (changes from H'FF to H'00), the clock is presumed to be stable
and usable; clock signals are supplied to the entire chip and software standby mode ends.

For details on software standby mode, see section 24, Power-Down States.

1244  Timing of Setting the Overflow Flag (OVF)

Ininterval timer mode, when TCNT overflows, the OVF bit of TCSR is set to 1 and an interval
timer interrupt (ITI) is simultaneously requested. Figure 12.4 shows this timing.

q, e

TCNT \\ HFF X Hoo
Overflow signal
(internal signal) —
OVF
—_—

Figure12.4 Timing of Setting OVF
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1245 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When TCNT overflows in watchdog timer mode, the WOVF bit of RSTCSRissetto 1 and a
WDTOVF signal is output. When the RSTE bit in RSTCSR isset to 1, TCNT overflow enables an
internal reset signal to be generated for the entire chip. Figure 12.5 shows thistiming.

o ILILILrLrirLr

TCNT \\ HFF X H00 \\

Overflow signal
(internal signal) ——( £

((

)
WOVF [ I
_S

Figure12.5 Timing of Setting WOVF

125 Interrupt Sources

During interval timer mode operation, an overflow generates an interval timer interrupt (ITl). The
interval timer interrupt is requested whenever the OVF flagissetto 1 in TCSR. OVF must be
cleared to 0 in the interrupt handling routine.

Table12.2 WDT Interrupt Source (in Interval Timer Mode)

Name Interrupt Source Interrupt Flag DMAC/DTC Activation
ITI TCNT overflow OVF Impossible

12.6  Usage Notes

12.6.1 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte transfer instructions.

TCNT and TCSR both have the same write address. The write data must be contained in the lower
byte of the written word. The upper byte must be H'5A (for TCNT) or H'A5 (for TCSR) (figure
12.6). This transfers the write data from the lower byteto TCNT or TCSR.
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« Writing to TCNT

15 8 7 0
Address: H'FFFF8610 H'5A Write data
« Writing to TCSR
15 8 7 0
Address: HFFFF8610 [ HAS | Write data

Figure12.6 Writingto TCNT and TCSR

Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFF8612. It
cannot be written by byte transfer instructions.

Procedures for writing 0 to WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 12.7.

To write 0 to the WOVF bit, the write data must be H'A5 in the upper byte and H'00 in the lower
byte. This clearsthe WOVF bit to 0. The RSTE and RSTS hits are not affected. To write to the
RSTE and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS hits, respectively.
The WOVF hit is not affected.

« Writing O to the WOVF bit

15 8 7 0
Address: H'FFFF8612 HAS H00

« Writing to the RSTE and RSTS bits
15 8 7 0
Address: HFFFF8612 | H'5A | Write data

Figure12.7 Writingto RSTCSR

Reading from TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR are read like other
registers. Use byte transfer instructions. The read addresses are H'FFFF8610 for TCSR,
H'FFFF8611 for TCNT, and H'FFFF8613 for RSTCSR.
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12.6.2 TCNT Writeand Increment Contention

If atimer counter increment clock pulse is generated during the T3 state of awrite cycleto TCNT,
the write takes priority and the timer counter is not incremented. Figure 12.8 shows this operation.

TCNT write cycle
T1 T2 T3

e
0 L
Address X TCNT address X
Internal write | |

signal

TCNT input | |
clock

TCNT N X ¥ M
[

Counter write data

Figure 12.8 Contention between TCNT Write and Increment

12.6.3 Changing CKS2to CK S0 Bit Values

If the values of bits CKS2 to CKS0 in the timer control/status register (TCSR) are rewritten while
the WDT isrunning, the count may not increment correctly. Always stop the watchdog timer (by
clearing the TME bit to 0) before changing the values of bits CKS2 to CKS0.

12.6.4 Changing between Watchdog Timer/Interval Timer Modes

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0)
before switching between interval timer mode and watchdog timer mode.
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12.6.5 System Reset by WDTOVF Signal
If aWDTOVF output signal isinput to the RES pin, the chip cannot initialize correctly.

Avoid to connect the WDTOVF signal to the RES input pin directly. To reset the entire system
with the WDTOVF signal, use the circuit shown in figure 12.9.

This LSI

Reset input ’ RES

Reset signal to entire system
WDTOVF

Figure12.9 Example of System Reset Circuit Using WDTOVF Signal

12.6.6 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not be reset internally when a
TCNT overflow occurs, but TCNT and TCSR in the WDT will be reset.

12.6.7 Manual Reset in Watchdog Timer Mode

When an internal reset is effected by TCNT overflow in watchdog timer mode, the processor waits
until the end of the bus cycle at the time of manual reset generation before making the transition to
manual reset exception processing. Therefore, the bus cycle isretained in amanual reset, but if a
manual reset occurs while the busis released, manual reset exception processing will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycleis egual to or longer than the internal manual reset interval of 512 cycles,
the internal manual reset sourceisignored instead of being deferred, and manual reset exception
processing is not executed.
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Section 13 Serial Communication Interface (SCI)

This LSl has four independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. Serial data communication
can be carried out with standard asynchronous communication chips such asa Universal
Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter
(ACIA). A function is also provided for serial communication between processors (multiprocessor
communication function).

13.1 Features

» Choice of asynchronous or clocked synchronous serial communication mode
* Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator alows any hit rate to be selected
External clock can be selected as a transfer clock source.

e Choice of LSB-first or MSB-first transfer* (except in the case of asynchronous mode 7-bit
data)

Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

The transmit-data-empty interrupt and receive data full interrupts can activate the direct
memory access controller (DMAC) and the data transfer controller (DTC).

* Module standby mode can be set
Asynchronous mode

» Datalength: 7 or 8 bits

» Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

» Multiprocessor hit: 1 or none

» Receive error detection: Parity, overrun, and framing errors

» Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error
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Clocked Synchronous mode

e Datalength: 8

bits

* Receive error detection: Overrun errors detected

Note: * The description in this section are based on LSB-first transfer.

Figure 13.1 shows a block diagram of the SCI.

Internal

Module data bus

- data bus

Bus interface

J

| ror | | TDR | SSR [ BRR

SMR ¢

rRD —[T RsR | [T TsR Baudrate te—Pqig
SDCR generator P32
Transmission/
reception «—P@128
control
TxD
Parlty generation Clock

SCK

Parity check

External clock

Legend:

RSR:
RDR:
TSR:
TDR:
SMR:
SCR:
SSR:
BRR:
SDCR:

——————»TEl
TXI
» RXI
» ERI

Receive shift register

Receive data register
Transmit shift register
Transmit data register

Serial mode register

Serial control register

Serial status register

Bit rate register

Serial direction control register

Figure13.1 Block Diagram of SCI
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13.2  Input/Output Pins
Table 13.1 shows the pins for each SCI channel.

Table 13.1 Pin Configuration

Channel Pin Name* /0 Function

0 SCKO I/O SCIO clock input/output
RxDO Input SCIO receive data input
TxDO Output SCIO transmit data output

1 SCK1 I/O SCI1 clock input/output
RxD1 Input SCI1 receive data input
TxD1 Output SCI1 transmit data output

2 SCK2 le] SCI2 clock input/output
RxD2 Input SCI2 receive data input
TxD2 Output SCI2 transmit data output

3 SCK3 le] SCI3 clock input/output
RxD3 Input SCI3 receive data input
TxD3 Output SCI3 transmit data output

Notes: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel
1 designation.

13.3 Register Descriptions

The SCI has the following registers for each channel. For details on register addresses and register
states during each processing, refer to section 25, List of Registers.

Channel 0

e Serial mode register 0 (SMR_0)

» Bitrateregister_0 (BRR_0)

e Serial control register_0 (SCR_0)

» Transmit dataregister 0 (TDR_0)

e Seria statusregister_ 0 (SSR_0)

* Receive dataregister_0 (RDR_0)

e Serial direction control register 0 (SDCR_0)
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Channel 1

e Serial moderegister 1 (SMR_1)
» Bitrateregister_1 (BRR_1)

e Serial control register 1 (SCR_1)
» Transmit dataregister 1 (TDR_1)
e Seria statusregister_ 1 (SSR_1)

* Receivedataregister_1 (RDR_1)

e Serial direction control register 1 (SDCR_1)

Channel 2

e Serial mode register 2 (SMR_2)
» Bitrateregister_2 (BRR_2)

e Serial control register_2 (SCR_2)
» Transmit dataregister 2 (TDR_2)
e Seria statusregister_2 (SSR_2)

* Receivedataregister_2 (RDR_2)

e Serial direction control register 2 (SDCR_2)

Channdl 3

» Serial mode register 3 (SMR_3)
e Bitrateregister_3 (BRR_3)

» Serial control register_3 (SCR_3)
e Transmit dataregister 3 (TDR_3)
» Serial statusregister_3 (SSR_3)

* Receive dataregister 3 (RDR_3)

» Serial direction control register 3 (SDCR_3)
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13.3.1 Receive Shift Register (RSR)

RSR is a shift register used to receive serial datathat isinput to the RxD pin and convert it into
parallel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly read or written to by the CPU.

13.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one byte of serial
data, it transfers the received serial datafrom RSR to RDR where it is stored. After this, RSRis
receive-enabled. Since RSR and RDR function as a double buffer in this way, enables continuous
receive operations to be performed. After confirming that the RDRF bit in SSRis set to 1, read
RDR for only once. RDR cannot be written to by the CPU.

Theinitia value of RDR is H'00.

13.3.3  Transmit Shift Register (TSR)

TSR isashift register that transmits serial data. To perform seria data transmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin starting. TSR cannot
be directly accessed by the CPU.

13.34 Transmit Data Register (TDR)

TDR isan 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR during seria transmission, the SCI transfers the written datato TSR
to continue transmission. Although TDR can be read or written to by the CPU at al times, to
achieve reliable serial transmission, write transmit data to TDR for only once after confirming that
the TDRE bit in SSRis set to 1.

Theinitia value of TDR isH'FF.
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13.35 Serial Mode Register (SMR)

SMR isused to set the SCI’s serial transfer format and select the baud rate generator clock source.

Bit Bit Name Initial Value R/W Description

7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous
mode)

0: Selects 8 hits as the data length.

1: Selects 7 bits as the data length. LSB-first is fixed
and the MSB (bit 7) of TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data length of

8 bits is used.

5 PE 0 R/W Parity Enable (enabled only in asynchronous mode)
When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception. For a multiprocessor format,
parity bit addition and checking are not performed
regardless of the PE bit setting.

4 OE 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.

1: Selects odd parity.

3 STOP 0 R/W Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

In reception, only the first stop bit is checked. If the

second stop bit is 0, it is treated as the start bit of the

next transmit character.

2 MP 0 R/W Multiprocessor Mode (enabled only in asynchronous

mode)

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit and
OI/E bit settings are invalid in multiprocessor mode.
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Bit

Bit Name

Initial Value

R/W

Description

1
0

CKS1
CKSO

0
0

R/W
R/W

Clock Select 1 and 0

These bits select the clock source for the baud rate
generator.

00: Pgclock (n =0)

01: P@'8 clock (n =1)
10: P@32 clock (n=2)
11: P@128 clock (n = 3)

For the relation between the setting of CKS1 and
CKS2 and the baud rate, see section 13.3.9, Bit Rate
Register (BRR). n is the decimal display of the value
of nin BRR (see section 13.3.9, Bit Rate Register
(BRRY)).

13.3.6

Serial Control Register (SCR)

SCRisaregister that performs enabling or disabling of SCI transfer operations and interrupt
requests, and selection of the transfer clock source. For details on interrupt requests, refer to
section 13.7, Interrupt Sources.

Bit Bit Name Initial Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, TXI interrupt request is
enabled.
6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXIl and ERI interrupt
requests are enabled.
5 TE 0 R/W Transmit Enable
When this bit s set to 1, transmission is enabled.
4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.
3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only when

the MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is
prohibited. On receiving data in which the
multiprocessor bit is 1, this bit is automatically cleared
and normal reception is resumed. For details, refer to
section 13.5, Multiprocessor Communication
Function.
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Bit Bit Name Initial Value

R/W

Description

2 TEIE 0 R/W Transmit End Interrupt Enable
This bit is set to 1, TEI interrupt request is enabled.
CKE1 0 R/W Clock Enable 1 and 0
0 CKEO 0 R/W Selects the clock source and SCK pin function.

Asynchronous mode:

00: Internal clock, SCK pin used for input pin (input
signal is ignored) or output pin (output level is
undefined)

01: Internal clock, SCK pin used for clock output (The
output clock frequency is the same as the bit
rate)

10: External clock, SCK pin used for clock input (The
input clock frequency is 16 times the bit rate)

11: External clock, SCK pin used for clock input (The
input clock frequency is 16 times the bit rate)

Clocked synchronous mode:

00: Internal clock, SCK pin used for synchronous
clock output

01: Internal clock, SCK pin used for synchronous
clock output

10: External clock, SCK pin used for synchronous
clock input

11: External clock, SCK pin used for synchronous
clock input
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13.3.7

Serial Status Register (SSR)

SSR isaregister containing status flags of the SCI and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, ORER, PER, and FER; they can only be cleared.

Bit Bit Name Initial Value R/W Description
7 TDRE 1 R/(W)* Transmit Data Register Empty
Displays whether TDR contains transmit data.
[Setting conditions]
« Power-on reset or software standby mode
*  When the TE bitin SCRis 0
¢ When data is transferred from TDR to TSR and
data can be written to TDR
[Clearing conditions]
¢ When 0 is written to TDRE after reading TDRE =
1
« When the DMAC is activated by a TXI interrupt
request.
« When the DTC is activated by a TXI interrupt
request and transferred data to TDR while the
DISEL bitin DTMR of DTC is 0.
6 RDRF 0 R/(W)* Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

* When serial reception ends normally and receive
data is transferred from RSR to RDR

[Clearing conditions]

« Power-on reset or software standby mode

¢ When 0 is written to RDRF after reading RDRF =
1

¢ When the DMAC is activated by a RXI interrupt
request.

¢ When the DTC is activated by an RXI interrupt
and transferred data from RDR while the DISEL
bitin DTMR of DTC is 0.

The RDRF flag is not affected and retains their

previous values when the RE bit in SCR is cleared to
0.
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Bit Bit Name Initial Value R/W Description

5 ORER 0 R/(W)* QOverrun Error
[Setting condition]
* When the next serial reception is completed while

RDRF =1
[Clearing conditions]
« Power-on reset or software standby mode
¢ When 0 is written to ORER after reading ORER =
1

The ORER flag is not affected and retains their
previous values when the RE bit in SCR is cleared to
0.

4 FER 0 R/(W)* Framing Error
[Setting condition]
¢ When the stop bitis 0
[Clearing conditions]
« Power-on reset or software standby mode
* When 0 is written to FER after reading FER =1
In 2-stop-bit mode, only the first stop bit is checked.
The FER flag is not affected and retains their
previous values when the RE bit in SCR is cleared to
0.

3 PER 0 R/(W)* Parity Error

[Setting condition]

* When a parity error is detected during reception
[Clearing condition]

« Power-on reset or software standby mode

¢ When 0 is written to PER after reading PER = 1

The PER flag is not affected and retains their
previous values when the RE bit in SCR is cleared to
0.
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Bit Bit Name Initial Value R/W Description

2 TEND 1 R Transmit End

[Setting conditions]

« Power-on reset or software standby mode

e When the TE bitin SCR is 0

¢ When TDRE = 1 at transmission of the last bit of a
1-byte serial transmit character

[Clearing conditions]

¢ When 0 is written to TDRE after reading TDRE =
1

* When the DMAC is activated by a TXI interrupt
request.

«  When the DTC is activated by a TXI interrupt and
writes data to TDR while the DISEL bit in DTMR
of DTC is 0.

1 MPB 0 R Multiprocessor Bit

MPB stores the multiprocessor bit in the receive data.
When the RE bit in SCR is cleared to 0 its previous
state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT sets the multiprocessor bit value to be added
to the transmit data.

Note: * Only 0 can be written, for flag clearing.
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13.3.8  Serial Direction Control Register (SDCR)

The DIR bit in the serial direction control register (SDCR) selects L SB-first or MSB-first transfer.
With an 8-bit data length, L SB-first/M SB-first selection is available regardless of the
communication mode. With a 7-bit data length, L SB-first transfer must be selected. The
description in this section assumes L SB-first transfer.

Bit Bit Name Initial Value R/W Description
7 O 1 R Reserved
6 O 1 R The write value must always be 1. Operation cannot
5 0 1 R be guaranteed if O is written.
4 O 1 R
3 DIR 0 R/W Data Transfer Direction
Selects the serial/parallel conversion format. Valid for
an 8-bit transmit/receive format.
0: TDR contents are transmitted in LSB-first order
Receive data is stored in RDR in LSB-first
1: TDR contents are transmitted in MSB-first order
Receive data is stored in RDR in MSB-first
2 O 0 R Reserved
The write value must always be 0. Operation cannot
be guaranteed if 1 is written.
1 O 1 R Reserved
This bit is always read as 1, and cannot be modified.
0 O 0 R Reserved

The write value must always be 0. Operation cannot
be guaranteed if 1 is written.
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13.39 Bit Rate Register (BRR)

BRR is an 8-bit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 13.2 shows
the relationships between the N setting in BRR and the effective bit rate B, for asynchronous and
clocked synchronous modes. Theinitial value of BRR is H'FF, and it can be read or written to by
the CPU at all times.

Table13.2 Relationships between N Setting in BRR and Effective Bit Rate B,

Mode Bit Rate Error
Asynchronous mode 6
Pox 10 B
(n=0) By = e Error (%) = 2—% — 15 x 100
32 x 22" x (N + 1) OB,
Asynchronous mode 6 B
(n=1t03) Bg = __ Pox10? Error (%) =020 lg x 100
32 x 221 (N + 1) U B,
Clocked synchronous 6
Pox 1
mode (n =0) BO = L —
4x22"x (N +1)
Clocked synchronous Pgx 10°
mode (n =110 3) 80:2—
4 x 221 5 (N + 1)
Legend:
B, Effective bit rate (bit/s) Actual transfer speed according to the register settings
B, Logical bit rate (bit/s) Specified transfer speed of the target system

N: BRR setting for baud rate generator (0 < N < 255)
P Peripheral clock operating frequency (MHz)

n: Determined by the SMR settings shown in the following tables.
SMR Setting
CKS1 CKSO n
0 0 0
0 1 1
1 0 2
1 1 3

Table 13.3 shows sample N settingsin BRR in normal asynchronous mode. Table 13.4 shows the
maximum bit rate for each frequency in hormal asynchronous mode. Table 13.6 shows sample N
settingsin BRR in clocked synchronous mode. For details, refer to section 13.4.2, Receive Data
Sampling Timing and Reception Margin in Asynchronous Mode. Tables 13.5 and 13.7 show the
maximum bit rates with external clock input.
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Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency P@(MHz)

Logical 4 10 12
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 1 140 0.74 1 212 0.03 2 70 0.03 2 8 025 2 106 -0.44
150 1 103 0.16 1 155 0.16 2 51 0.16 2 64 0.16 2 77 0.16
300 1 51 0.16 1 77 0.16 2 25 0.16 1 129 0.16 2 38 0.16
600 1 25 016 1 38 016 2 12 0.16 1 64 016 1 77 016
1200 1 12 0.16 0 155 0.16 1 25 0.16 1 32 -1.36 1 38 0.16
2400 0 51 0.16 0 77 0.6 1 12 0.16 0 129 0.16 0 155 0.16
4800 0 25 0.16 0 38 0.16 0 51 0.16 0 64 0.16 o 77 0.16
9600 0 12 0.16 0 19 234 0 25 0.16 0 32 -13 0 38 016
14400 0 8 -355 0 12 0.16 0 16 212 0 21 -136 0 25 0.16
19200 0 6 —6.99 0 9 -2.34 0 12 0.16 0 15 1.73 0 19 —-2.34
28800 0 3 8.51 0 6 -699 0 8 -355 0 10 -136 0 12 0.16
31250 0 3 0.00 0 5 0.00 o 7 0.00 0 9 0.00 0 1 0.00
38400 0 2 8.51 0 4 -234 0 6 -699 0 7 1.73 0 9 -2.34
Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode) (2)

Operating Frequency P@(MHz)
Logical 14 16 18 20 22
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 123 0.23 2 141 0.03 2 159 -0.12 2 177 -0.25 2 194 0.16
150 2 90 016 2 103 0.16 2 116 0.16 2 129 0.16 2 142 0.16
300 2 45 -0.93 2 51 0.16 2 58 -0.69 2 64 0.16 2 71 —0.54
600 2 22 093 1 103 0.16 1 116 0.16 1 129 0.16 1 142 0.16
1200 1 45 093 1 51 0.16 1 58 -069 1 64 0.16 1 71 -054
2400 1 22 -0.93 0 207 0.16 0 233 0.16 1 32 -1.36 1 35 —0.54
4800 0 90 0.16 0 103 0.16 0 116 0.16 0 129 0.16 0 142 0.16
9600 0 45 -0.93 0 51 0.16 0 58 -0.69 0 64 0.16 0 7 —-0.54
14400 0 29 127 0 34 079 0 38 0.16 0 42 094 0 47 -054
19200 0 22 -093 0 25 0.16 0 28 1.02 0 32 -1.36 0 35 —0.54
28800 0 14 1.27 0 16 2.12 0 19 -2.34 0 21 -1.36 0 23 —0.54
31250 0 13 0.00 0 15 0.00 0 17 0.00 0 19 0.00 0 21 0.00
38400 0 10 3.57 0 12 0.16 0 14 -2.34 0 15 1.73 0 17 —-0.54
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Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Made) (3)

Operating Frequency P@(MHz)

Logical 24 25 26 28 30
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 2 212 0.03 2 221 -002 2 230 -008 2 248 -017 3 66 -0.62
150 2 155 0.16 2 162 -0.15 2 168 0.16 2 181 0.16 2 194 0.16
300 2 77 0.16 2 80 0.47 2 84 -0.43 2 90 0.16 2 97 -0.35
600 1 155 0.16 1 162 -015 1 168 0.16 1 181 0.16 2 48 -0.35
1200 1 77 0.16 1 80 0.47 1 84 -0.43 1 90 0.16 1 97 -0.35
2400 1 38 016 1 40 -076 1 41 0.76 1 45 -093 1 48 -035
4800 0 155 0.16 0 162 -0.15 0 168 0.16 0 181 0.16 0 194 0.16
9600 0 77 0.16 0 80 047 0O 8 043 0 9 0.16 0 97 -0.35
14400 0 51 0.16 0 53 047 0 55 0.76 0O 60 -039 0 64 016
19200 0 38 0.16 0 40 -0.76 0 41 0.76 0 45 -0.93 0 48 -0.35
28800 0 25 0.16 0 26 047 0 27 0.76 0 29 127 0 32 -136
31250 0 23 0.00 0 24 0.00 0 25 0.00 0o 27 0.00 0 29 0.00
38400 0 19 -234 0 19 173 0 20 0.76 0 22 093 0 23 173
Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode) (4)

Operating Frequency P@(MHz)
Logical 32 34 36 38 40
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 3 70 0.03 3 74 0.62 3 79 -0.12 3 83 0.40 3 88 -0.25
150 2 207 0.16 2 220 0.16 2 233 0.16 2 246 0.16 3 64 0.16
300 2 103 0.16 2 110 -0.29 2 116 0.16 2 123 -0.24 2 129 0.16
600 2 51 016 2 54 0.62 2 58 069 2 61 024 2 64 016
1200 1 103 0.16 1 110 -029 1 116 0.16 1 123 -024 1 129 0.16
2400 1 51 0.16 1 51 6.42 1 58 -0.69 1 61 -0.24 1 64 0.16
4800 0 207 0.16 0 220 0.16 0 234 027 O 246 0.16 1 32 -1.36
9600 0 103 0.16 0 110 -0.29 0 116 0.16 0 123 -0.24 0 129 0.16
14400 0 68 0.64 0 73 029 0 77 0.16 0 81 057 0 8 -0.22
19200 0 51 0.16 0 54 0.62 0 58 -0.69 0 61 -0.24 0 64 0.16
28800 0 34 -0.79 0 36 -0.29 0 38 0.16 0 40 0.57 0 42 0.94
31250 0 31 0.00 0 33 0.00 0 35 0.00 0 37 0.00 0 39 0.00
38400 0 25 0.16 0 27 -1.18 0 28 1.02 0 30 -0.24 0 32 -1.36

Note:

Settings with an error of 1% or less are recommended.
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Table 13.4 Maximum Bit Rate for Each Frequency when Using Baud Rate Generator

(Asynchronous M ode)

P@(MHz) n N Maximum Bit Rate (bit/s)
4 0 0 125000
8 0 0 250000
10 0 0 312500
12 0 0 375000
14 0 0 437500
16 0 0 500000
18 0 0 562500
20 0 0 625000
22 0 0 687500
24 0 0 750000
25 0 0 781250
26 0 0 812500
28 0 0 875000
30 0 0 937500
32 0 0 1000000
34 0 0 1062500
36 0 0 1125000
38 0 0 1187500
40 0 0 1250000
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Table 13.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

P@(MHz) External Clock (MHz) Maximum Bit Rate (bit/s)
4 1.0000 62500
6 1.5000 93750
8 2.0000 125000
10 2.5000 156250
12 3.0000 187500
14 3.5000 218750
16 4.0000 250000
18 4.5000 281250
20 5.0000 312500
22 5.5000 343750
24 6.0000 375000
25 6.2500 390625
26 6.5000 406250
28 7.0000 437500
30 7.5000 468750
32 8.0000 500000
34 8.5000 531250
36 9.0000 562500
38 9.5000 593750
40 10.0000 625000
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Table 13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (1)

Operating Frequency P@(MHz)

Logical Bit Rate 6 8 10 12
(bit/s) n N n N n N n N n N
250 2 124 2 187 2 249 3 77 3 93
500 1 249 2 93 2 124 2 155 2 187
1000 1 124 1 187 1 249 2 77 2 93
2500 1 49 1 74 1 99 1 124 1 149
5000 1 24 — — 1 49 1 61 1 74
10000 0 99 0 149 1 24 0 249 — —
25000 0 39 0 59 1 9 0 99 1 14
50000 0 19 0 29 1 4 0 49 0 59
100000 0 9 0 14 0 19 0 24 0 29
250000 0 3 0 0 7 0 9 0 11
500000 0 1 0 0 3 0 0 5
1000000 0 0 — — 0 1 — — 0 2
2500000 — — — — — — 0 0 — —
5000000 — — — — — — — — — —
Table 13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Maode) (2)
Operating Frequency P@(MHz)
Logical Bit 14 16 18 20 22
Rate (bit/s) n N n N n N n N n N
250 3 108 3 124 3 140 3 155 3 171
500 2 218 2 249 3 69 3 77 3 85
1000 2 108 2 124 2 140 2 155 3 42
2500 1 174 2 49 1 224 1 249 2 68
5000 1 86 2 24 1 112 1 124 1 137
10000 1 43 1 49 1 55 1 62 1 68
25000 0 139 1 19 0 179 1 24 0 219
50000 0 69 1 9 0 89 0 99 0 109
100000 0 34 1 4 0 44 0 49 0 54
250000 0 13 1 1 0 17 0 19 0 21
500000 0 6 1 0 0 8 0 9 0 10
1000000 — — 0 3 — 0 4 —
2500000 — — — — — — 0 1 — —
5000000 — — — — — — 0 0 — —
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Table 13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (3)

Operating Frequency P@(MHz)

Logical Bit Rate 24 25 26 28 30
(bit/s) n N n N n N n N n N
250 3 187 3 194 3 202 3 218 3 233
500 3 93 3 97 3 101 3 108 3 116
1000 2 187 2 194 2 202 2 218 2 233
2500 2 74 2 77 2 80 2 86 2 93
5000 1 149 1 155 1 162 1 174 1 187
10000 1 74 1 77 1 80 1 86 1 93
25000 1 29 0 249 — — 1 34 — —
50000 1 14 0 124 0 129 0 139 0 149
100000 0 59 0 62 0 64 0 69 0 74
250000 0 23 0 24 0 25 0 27 0 29
500000 0 11 — — 0 12 0 13 0 14
1000000 0 5 — — — — 0 6 — —
2500000 — — — — — — — — 0 2
5000000 — — — — — — — — — —

Table 13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode) (4)

Operating Frequency P@(MHz)

Logical Bit Rate 32 34 36 38 40
(bit/s) n N n N n N n N n N
250 3 249 — — — — — — — —
500 3 124 3 132 3 140 3 147 3 155
1000 2 249 3 65 3 69 3 73 3 77
2500 2 99 2 105 2 112 2 118 2 124
5000 2 49 1 212 1 224 1 237 1 249
10000 2 24 1 105 1 112 1 118 1 124
25000 2 9 — — 1 44 — — 1 49
50000 2 4 0 169 0 179 0 189 1 24
100000 1 9 0 84 0 89 0 94 0 99
250000 1 3 0 33 0 35 0 37 0 39
500000 1 1 0 16 0 17 0 18 0 19
1000000 1 0 — — 0 8 — — 0 9
2500000 — — — — — — — — 0 3
5000000 — — — — — — — — 0 1
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Table 13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

P@(MHz) External Clock (MHz) Maximum Bit Rate (bit/s)
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
22 3.6667 3666666.7
24 4.0000 4000000.0
25 4.1667 4166666.7
26 4.3333 4333333.3
28 4.6667 4666666.7
30 5.0000 5000000.0
32 5.3333 5333333.3
34 5.6667 5666666.7
36 6.0000 6000000.0
38 6.3333 6333333.3
40 6.6667 6666666.7
Legend:

— : Can be set, but there will be a degree of error.
* : Continuous transfer is not possible.
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13.4  Operation in Asynchronous M ode

Figure 13.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by data, a parity bit, and finally stop bits (high level). In
asynchronous serial communication, the transmission line isusually held in the mark state (high
level). The SCI monitors the communication line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication. Inside the SCI, the transmitter and receiver
are independent units, enabling full-duplex communication. Both the transmitter and the receiver
also have a double-buffered structure, so that data can be read or written during transmission or
reception, enabling continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1

Serial 0o |po|p1|Dp2|D3|Da|D5|D6| D7 0O | 1 1
data

Start Parity

bit | Transmit/receive data | bit | Stopbit |

bt 7 or 8 bits " 1bit  1or2bits

or
none

One unit of transfer data (character or frame)

oy

A

Figure 13.2 Data Format in Asynchronous Communication (Example with 8-Bit Data,
Parity, Two Stop Bits)

Rev. 2.0, 09/02, page 381 of 732
RENESAS




13.4.1 Data T Transfer Format

Table 13.8 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, refer to section 13.5, Multiprocessor Communication Function.

Table 13.8 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP STOP |1|2.3.4.5.6.7.8.9.10.11.12.
o o o o | s | 8-bit data |sTop
o 0 o L | s | 8-bit data |STOP|STOP
o . o o | s | 8-bit data | P [srop
o L o L | s | 8-bit data I |STOP|STOP
1 0 0 0 | S | 7-bit data |STOP
1 0 0 1 | S | 7-bit data |STOP|STOP
1 1 0 0 | S | 7-bit data | P |STOP
1 1 0 1 | S | 7-bit data | P |STOP|STOP
0 X 1 0 | S | 8-bit data |MPB|STOP
0 X 1 1 | S | 8-bit data |MPB |STOP|STOP
1 X 1 0 | S | 7-bit data |MPB|STOP
1 X 1 1 | S | 7-bit data |MPB|STOP|STOP
Legend:
S: Start bit
STOP: Stop bit
p: Parity bit
MPB: Multiprocessor bit
X: Don’t care
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13.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive dataislatched internally at the rising edge of the 8th pulse of the
basic clock as shown in figure 13.3. Thus the reception margin in asynchronous mode is given by
formula (1) below.

M = { (0.5- %) - ('3"\1—0'5) —(L-05) F} X 100% ooooeeeeeeeeeeee Formula (1)

Where M: Reception margin (%)

N: Ratio of bit rateto clock (N = 16)

D: Clock duty (D =0t01.0)

L: Framelength (L =9t012)

F:  Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5in formula (1), areception margin is given by formula
below.

M ={0.5—1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.

_ 16 clocks )
8 clocks -
0 7 15| 0 7 15 0
clock
Receivedata 11\ sparpit || [ DO v [p1

(RxD)

Synchronization !
sampling timing __

Data sampling
timing n n

Figure 13.3 Receive Data Sampling Timing in Asynchronous Mode
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13.4.3 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’ s serial clock, according to the setting of the C/A bitin
SMR and the CKE1 and CKEO bitsin SCR. When an external clock isinput at the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 13.4.

The clock must not be stopped during operation.

TxD |O|D0|D1|D2|D3|D4|D5|D6|D7|O/1|l 1
[t

1 frame

-

Figure13.4 Relation between Output Clock and Transmit Data Phase
(Asynchronous M ode)
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13.4.4  SCl initialization (Asynchronous mode)

Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0, then
initialize the SCI as described below. When the operating mode, transfer format, etc., is changed,
the TE and RE bits must be cleared to 0 before making the change using the following procedure.
When the TE hit is cleared to 0, the TDRE flag is set to 1. Note that clearing the RE bit to 0 does
not initialize the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When the external clock is used in asynchronous mode, the clock must be supplied even during
initialization.

( Start Initialization ) [1] Set the clock selection in SCR.
T [2] Set the data transfer format in SMR
and SDCR.
Clear RIE, TIE, TEIE, MPIE, TE
and RE bits in SCR to 0* [3] Write a value corresponding to the
| bit rate to BRR. Not necessary if an
Set CKEL and CKEObitsin SCR | ) external colck is used.
TE, RE bi
(TE, RE bits are 0) [4] Setthe RIE, TIE, TEIE, and MPIE

| bits in SCR.

Set data transfer format in SMR
| | 2] [5] The PFC bits corresponding to the

| external circuit to be used are
- specified, so that the pin is RxD
| Set value in BRR | [3] input at data receive, and TxD
output at data transmission. In
- addition, set the input/output to the
SCK according to the setting of
CKE1 and CKEO.
Not necessary to set the SCK pin
setting if CKE1 and CKEQ is set to
00 and asynchronous mode.
If the SCK pin setting is
synchronous clock output mode at
Set RIE, TIE, TEIE, and MPIE bits.| [4] this time, then a clock starts being
| output from the SCK pin.

1-bit interval elapsed?

f The TE and RE bits of SCR are set
Set PFFSE’I’(“‘&%”E%;E used | |5 to 1*. By doing this, the TxD, RxD,
. ! and SCK pins can be used. When
| transmitting, the TxD pin enters the
— mark condition. When reception,
Set TE and RE bitsin SCRto 1. | [6] the RxD pin enters the idle state
wating for the start bit.

6

< Initialization completion>
Note : * In simultaneous transmit/receive operation, the TE and RE bits must be cleared to 0 or set to 1
simultaneously.

Figure 13.5 Sample SCI Initialization Flowchart
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1345 Datatransmission (Asynchronous mode)

Figure 13.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1

The SCI monitorsthe TDRE flag in SSR, and if is cleared to 0, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, atransmit data empty interrupt request (TXI)
is generated. Because the TXI interrupt routine writes the next transmit datato TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.
Datais sent from the TxD pinin the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

The SCI checksthe TDRE flag at the timing for sending the stop bit.

If the TDRE flag is O, the datais transferred from TDR to TSR, the stop bit is sent, and then
seria transmission of the next frameis started.

If the TDRE flag is 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the “ mark
state” isentered in which 1 is output. If the TEIE bitin SCRisset to 1 at thistime, aTEI
interrupt request is generated.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit  bit bit ( bit  bit 1
)) ))
XD |O|D0|Dl| |D7|0/1|1|0|D0|D1| |D7|0/1|1'd'estf’lte

( ( (mark state)
1) 1)

' '
LI
)
'

TDRE ! « .
A A 7 -
TEND : « L
| )] )] A
TXl interrupt  Data written to TDR TXI inte.rrupt TEl interrupt
request and TDRE flag cleared request request
generated to 0 in TXI interrupt generated generated

processing routine
i i
' 1 frame 1

-t -

Figure13.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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Figure 13.7 shows a sample flowchart for transmission in asynchronous mode.

| Initialization |

( Start transmission )

[  ReadTDRE

flag in SSR |

e

Yes

Write transmit data to TDR
and clear TDRE flag in SSR to 0

All data transmitted?

No

Yes

| Read TEND

flagin SSR |

| Clear DRto O |

Clear TE bit in SCR to 0;
select the TxD pin
as an output port with the PFC

<End>

(1

[2]

[3]

[4]

(1

(2

[l

4

SCl initialization:

Set the TxD pin using the PFC.
After the TE bit is set to 1, a frame
period of 1s is output, and
transmission is enabled. This action
doesn't initiate immediate data
transmission.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear
the TDRE flag to 0. Checking and
clearing of the TDRE flag is
automatic when the DMAC or DTC
is activated by a transmit data
empty interrupt (TXI) request, and
data is written to TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, first clear the port
data register (DR) to 0, then clear
the TE bit to 0 in SCR and use the
PFC to select the TxD pin as an

Figure 13.7 Sample Serial Transmission Flowchart
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1346  Serial datareception (Asynchronous mode)

Figure 13.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1. The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, receives receive datain RSR, and checks the parity bit and stop bit.

2. If an overrun error (when reception of the next datais completed while the RDRF flag is still
set to 1) occurs, the OER bitin SSRisset to 1. If the RIE bitin SCRisset to 1 at thistime, an
ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF flag
remainsto be set to 1.

3. If aparity error is detected, the PER bit in SSR is set to 1 and receive datais transferred to
RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI interrupt request is generated.

4. If aframing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an ERI interrupt
request is generated.

5. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI interrupt request is
generated. Because the RX| interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Start Data Parity Stop Start Data Parity Stop
1 pit (“ bit __ bit__ bit [« bit _ bit 1
)] 1)
RxD |O|DO|D1| |D7|0/1|1|0|D0|D1| |D7|O/1|1 Idle state
. ( . « (mark state)

RDRF (¢ 1 {(
T )J A A T
FER : (¢ : {(
| 7 \ ? A
E RXI interrupt RDR data read and ERI interrupt
! request RDRF flag cleared request generated
. generated ! to 0 in RXI interrupt by framing error

processing routine
1 frame

't -
e L

Figure 13.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)

Rev. 2.0, 09/02, page 388 of 732
RENESAS




Table 13.9 shows the states of the SSR status flags and receive data handling when areceive error
is detected. If areceive error is detected, the RDRF flag retains its state before receiving data.
Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 13.9 shows a sample flow chart
for serial data reception.

Table 13.9 SSR StatusFlags and Receive Data Handling

SSR Status Flag

RDRF* OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains its state before data reception.

RENESAS
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[1] SCl initialization:

| Inltlalllzatlon | (1l Set the RxD pin using the PFC.
( Start reception ) [2] [3] Receive error processing and break
T detection:
] If a receive error occurs, read the
Read ORER, PER, and ORER, PER, and FER flags in SSR to
FER flags in SSR [2] identify the error. After performing the

appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

| Read RDRF flag in SSR | “ [4] SCI status check and receive data read:
Read SSR and check that RDRF =1,

No then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from O to 1 can also be

Yes identified by an RXI interrupt.

(Continued on next page)

Read receive data in RDR, and [5] Serial reception continuation procedure:
clear RDRF flag in SSR to 0 To continue serial reception, before the

stop bit for the current frame is
received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.

[5] The RDREF flag is cleared automatically
when DMAC or DTC is activated by an
RXI interrupt and the RDR value is
read.

[ crearrebitinscrio0 |

<End>

Figure13.9 Sample Serial Reception Data Flowchart (1)
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(3]

( Error processing )

-

Yes

Overrun error processing

No

| Framing error processing | | Clear RE bitin SCRto 0

No
PER=1

Yes

Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure13.9 Sample Serial Reception Data Flowchart (2)
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13,5 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by aunique ID code. The serial communication cycle consists of two component cycles:
an I1D transmission cycle which specifies the receiving station, and a data transmission cycle. The
multiprocessor bit is used to differentiate between the ID transmission cycle and the data
transmission cycle. If the multiprocessor bit is 1, the cycleisan ID transmission cycle, and if the
multiprocessor bit is 0, the cycle is a data transmission cycle. Figure 13.10 shows an example of
inter-processor communication using the multiprocessor format. The transmitting station first
sends the ID code of the receiving station with which it wants to perform serial communication as
datawith a 1 multiprocessor bit added. It then sends transmit data as data with a 0 multiprocessor
bit added. The receiving station skips data until data with a 1 multiprocessor bit is sent. When data
with a 1 multiprocessor bit is received, the receiving station compares that data with its own ID.
The station whose D matches then receives the data sent next. Stations whose 1D does not match
continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE hit in SCR to implement this function. When the MPIE bit isset to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and OER to 1 areinhibited until data with a 1 multiprocessor bit is received. On
reception of receive character with a 1 multiprocessor bit, the MPBR bit in SSR is set to 1 and the
MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCR is set to
1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting isinvalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
] Serial transmission line
! ' v v
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID =02) (ID =03) (ID = 04)
Serial . ;
s T\ [wo | \ [em\ [\ [
(MPB = 1) (MPB = 0)
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified
by ID
Legend:

MPB: Multiprocessor bit

Figure 13.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H’ AA to Receiving Station A)
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1351 Multiprocessor Serial Data Transmission

Figure 13.11 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same
as those in asynchronous mode.

| Initialization | [1] [1] SCl initialization:
T Set the TxD pin using the PFC.
( Start transmission ) After the TE bitis setto 1, a

frame period of 1s is output, and
transmission is enabled. This

| Read TDRE flag in SSR | [2] action doesn't initiate immediate

data transmission.
No [2] SCI status check and transmit
data write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write

Write transmit data to TDR and transmit data to TDR. Set the
set MPBT bit in SSR MPBT bitin SSR to 0 or 1.

| Finally, clear the TDRE flag to 0.

Clear TDRE flag to 0 | [3] Serial transmission continuation
procedure:
To continue serial transmission,
. No be sure to read 1 from the TDRE
2
All data transmitted [ flag to confirm that writing is

possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DMAC or DTC is activated by a
transmit data empty interrupt
(TXI) request, and data is written
to TDR.

Yes

| Read TEND flag in SSR |

[4] Break output at the end of serial
transmission:

[4] To output a break in serial
transmission, first clear the port
data register (DR) to 0, then
clear the TE bit to 0 in SCR and

| Clear DRto 0 |

Clear TE bit in SCR to 0;
select the TxD pin
as an output port with the PFC
|

[
<End>

Figure13.11 Sample Multiprocessor Serial Transmission Flowchart
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1352

Multiprocessor Serial Data Reception

Figure 13.13 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCRisset to 1, datais skipped until data with a1 multiprocessor bit is sent. On receiving data
with a1 multiprocessor bit, the receive datais transferred to RDR. An RXI interrupt request is
generated at thistime. All other SCI operations are the same as in asynchronous mode. Figure
13.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit « MPB bit  bit « MPB  bit 1
1) 1)
RxD 0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 Idle state
! 4 (mark state)
{C
)
MPIE
RDRF « / | | «
. ) / / > ]
ID1
value X
MPIE=0  RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit (« MPB bit  bit (« MPB bit 1
) )
RxD 0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 Idle state
4 4 (mark state)
MPIE | (e
/ )
RDRF ( /l | " | |
RDR ID1 X ID2 X | paw2
value
MPIE=0 RXI interrupt RDR data read and  Matches this station’s ID, MPIE bit is setto 1
request RDRF flag cleared  so reception continues, again
(multiprocessor to 0 in RXl interrupt  and data is received in RXI
interrupt) processing routine interrupt processing routine
generated

(b) Data matches station’s ID

Figure13.12 Example of SCI Operation in Reception
(Example with 8-Bit Data, M ultiprocessor Bit, One Stop Bit)
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[1] SCl initialization:

| Inltlalllzatlon | ( Set the RxD pin using the PFC.
( Start reception ) [2] 1D reception cycle:
>] Set the MPIE bit in SCR to 1.
| Set MPIE bitin SCR to 1 | [2] [3] SCI status check, ID reception and
I comparison:
Read ORER and FER flags Read SSR and check that the RDRF
in SSR flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID.

If the data is not this station’s ID, set the
MPIE bit to 1 again, and clear the RDRF
flag to 0.

Read RDREF flag in SSR [3] If the data is this station’s ID, clear the

RDREF flag to 0.

[4] SCI status check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in
RDR.

Read receive data in RDR

[5] Receive error processing and break
detection:
If a receive error occurs, read the ORER
and FER flags in SSR to identify the

This station’s ID?

Yes error. After performing the appropriate
- error processing, ensure that the ORER
Read ORER and FER flags and FER flags are all cleared to 0.
in SSR Reception cannot be resumed if either
of these flags is set to 1.
Yes In the case of a framing error, a break
FERVORER =1 can be detected by reading the RxD pin
value.
Read RDRF flag in SSR 4]

*

| Read receive data in RDR |

[5]

(' Error processing )

(Continued on
next page)

All data received?

| Clear RE bit in SCR to 0

<End>

Figure 13.13 Sample Multiprocessor Serial Reception Flowchart (1)
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[5] ( Error processing )

o
<
(0]
3
c
=]
)
=
3
o
=
=]
=
o
o
@D
12
Q.
>
«

No

| Framing error processing | | Clear RE bitin SCRto 0

Clear ORER and
FER flags in SSR to 0

<End>

Figure13.13 Sample Multiprocessor Serial Reception Flowchart (2)
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13.6  Operation in Clocked Synchronous M ode

Figure 13.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. Datais
transferred in 8-bit units. In clocked synchronous serial communication, data on the transmission
lineis output from one falling edge of the serial clock to the next. In clocked synchronous mode,
the SCI receives data in synchronization with the rising edge of the serial clock. After 8-bit datais
output, the transmission line holds the MSB state. In clocked synchronous mode, no parity or
multiprocessor bit is added. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication by use of acommon clock. Both the transmitter and the
receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transfer.

, One unit of transfer data (character or frame) ,

* *
' '

Synchronization I I I | I | I | I | I | I | I | I I I
clock ' j
' LSB MSB !

Serial data s XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4

[ ' Co

Don't care Don'’t care

Note: * High except in continuous transfer

Figure 13.14 Data Format in Clocked Synchronous Communication (For L SB-First)

13.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of CKE1 and
CKEQ bitsin SCR. When the SCI is operated on an internal clock, the serial clock is output from
the SCK pin. Eight serial clock pulses are output in the transfer of one character, and when no
transfer is performed, the clock isfixed high.

13.6.2  SCl initialization (Clocked Synchronous mode)

Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0, then
initialize the SCI as described in a sample flowchart in figure 13.15. When the operating mode,
transfer format, etc., is changed, the TE and RE bits must be cleared to 0 before making the
change using the following procedure. When the TE hit is cleared to O, the TDRE flag is set to 1.
Note that clearing the RE bit to 0 does not change the contents of the RDRF, PER, FER, and
ORER flags, or the contents of RDR.
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( Start initialization )
|

Clear RIE, TIE, TEIE, MPIE, TE
it I *
and RE bits Im SCR100. [1] Set the clock selection in SCR.
Set CKE1 and CKEO bits in (1
SCR to 0. ( TE and RE bits are 0) [2] Setthe data transfer format in SMR.
I
Set data transfer format in
SMR to 0 [2 [3] Write a value corresponding to the bit
. rate to BRR. Not necessary if an
| external clock is used.
Set value in BRR [3]
Wait [4] SetRIE, TIE, TEIE, and MPIE bits in

SCRto 1.

No

1-bit interval elapsed?

[5] Set PFC for the external pins to be
used. Set RXD input for reception and
TXD output for transmission. Set SCK
input/output according to the value set

SetRIE, TIE, TEIE, and MPIE |, by CKE1 and CKEO.

bits in SCR.
T [6] Set TE or RE bit in SCR to 1*. Then,
- TXD, RXD, and SCK pins can be used.
Set PFC to the external pins 5] The TXD pin is in the mark status at
(SCK, TXD, and RXD) to be used. transmission. If the setting is reception
T in clocked synchronous mode and
synchronous clock output (clock

Set TE or RE bits in SCR to 1. [6] master) at this time, then a clock starts

being output from the SCK pins.

<Transfer start>

Note: In simultaneous transmit and receive operation, the TE and RE bits should both be
cleared to O or set to 1 simultaneously.

Figure13.15 Sample SCI Initialization Flowchart
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13.6.3  Serial datatransmission (Clocked Synchronous mode)

Figure 13.16 shows an example of SCI operation for transmission in clocked synchronous mode.
In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at thistime, atransmit data empty (TXI) interrupt
request is generated. Because the TXI interrupt routine writes the next transmit datato TDR
before transmission of the current transmit data has finished, continuous transmission can be
enabled.

3. 8-hit datais sent from the TxD pin synchronized with the output clock when output clock
mode has been specified and synchronized with the input clock when use of an external clock
has been specified.

4. The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

5. If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

6. Ifthe TDREflagissetto 1, the TEND flagin SSRisset to 1, and the TXD pin maintains the
output state of thelast bit. If the TEIE bit in SCR is set to 1 at thistime, a TEI interrupt request
is generated. The SCK pin isfixed high.

Figure 13.17 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (ORER, FER, or PER) isset to 1.
Make sure to clear the receive error flags to 0 before starting transmission. Note that clearing the
RE bit to 0 does not clear the receive error flags.

Transfer
. direction .
. —— h

Synchroniza- l I | I | s| I | I
tion clock $—| I—I l—I I—I I—I

Serial data )( Bit0 X Bit 1 )CD( Bit 7 X Bito X Bit1 X ff X Bit 6 X Bit 7
1 1 )

I

T

TDRE i «
2 i 7 2 —
TEND
L I(d I(d
i L ) A
TXI interrupt E Data written to TDR TXI iriterrupt TEl interrupt
request ' and TDRE flag cleared request request
generated ! to O in TXI interrupt generated generated

| processing routine
|

_ 1 frame _

Figure13.16 Sample SCI Transmission Operation in Clocked Synchronous M ode
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Initialization | 1] [1] SClinitialization:
T Set the TxD pin using the PFC.

( Start transmission ) [2] SCI status check and transmit data
write:
Read SSR and check that the TDRE

| Read TDRE flag in SSR | [2] flag is set to 1, then write transmit data

to TDR and clear the TDRE flag to 0.

No [3] Serial transmission continuation
procedure:
To continue serial transmission, be

sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.
Checking and clearing of the TDRE
No flag is automatic when the DMAC or
[3] DTC is activated by a transmit data
empty interrupt (TXI) request and data
Yes is written to TDR.

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

Yes

[ clearTEbitinscrRo0 |

<End>

Figure13.17 Sample Serial Transmission Flowchart
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13.64  Serial datareception (Clocked Synchronous mode)

Figure 13.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performsinternal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the received datain RSR.

2. If an overrun error (when reception of the next datais completed while the RDRF flag is still
set to 1) occurs, the ORER hit in SSRis set to 1. If the RIE bit in SCRis set to 1 at thistime,
an ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF flag
remainsto be set to 1.

3. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive dataiis
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RXI interrupt request is
generated. Because the RX| interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Synchroniza- ||||||||||||||”||||
tion clock

Serial data XBit7XBitonf XBit?XBitOXBithE? X(site XBit7 X_
: ) » | )T

RDRF ! i
! /'y ' _—
ORER . :

4

RXlinterrupt . RDRdatareadand : RXI interrupt ERI interrupt
request E RDRF flag cleared ' request request generated
generated ' toOinRXlinterrupt ' generated by overrun error

1 processing routine

1 frame )

Figure 13.18 Example of SCI Operation in Reception
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Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 13.19 shows a sample flowchart
for serial data reception.

| [1] SCl initialization:

| Initialization [ Set the RxD pin using the PFC.
]
( Start recention ) [2] [3] Receive error processing:
p If a receive error occurs, read the
‘i ORER flag in SSR, and after
| Read ORER flag in SSR | 2] performing the appropriate error

processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is set to 1.

SClI status check and receive data

read:
Read SSR and check that the RDRF
(Continued below) flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
| Read RDRF flag in SSR | [ to 0.

Transition of the RDRF flag from 0 to 1

can also be identified by an RXI
No .
[5] Serial reception continuation

Yes procedure:
To continue serial reception, before
Read receive data in RDR, and the MSB (bit 7) of the current frame is
clear RDRF flag in SSR to 0 received, reading the RDRF flag,

reading RDR, and clearing the RDRF
flag to O should be finished. The

5] RDREF flag is cleared automatically
when the DMAC or DTC is activated
by a receive data full interrupt (RXI)
request and the RDR value is read.

| Clear RE bit in SCR to 0 |

<End>

[3] ( Error processing )
|

| Overrun error processing |

[ clear ORER flagin SSR 100 |

<End>

Figure13.19 Sample Serial Reception Flowchart
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13.6.5 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
mode)

Figure 13.20 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations after the SCI initialization. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flagsare set to 1, clear TE to 0. Then simultaneously set TE and RE to 1 with asingle instruction.
To switch from receive mode to simultaneous transmit and receive mode, after checking that the
SCI hasfinished reception, clear RE to 0. Then after checking that the RDRF and receive error
flags (ORER, FER, and PER) are cleared to 0, simultaneously set TE and RE to 1 with asingle
instruction.
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| Initialization | [
]
( Start transmission/reception )

Write transmit data to TDR and
clear TDRE flag in SSR to 0

| Read ORER flag in SSR |

Read receive data in RDR, and
clear RDRF flag in SSR to 0

5]

[ ciear TE and RE bits in SCR 10 0|

<End>

[2

SCl initialization:
Set the TxD and RxD pins using the PFC.

SCI status check and transmit data write:
Read SSR and check that the TDRE flag
is set to 1, then write transmit data to

| Read TDRE flag in SSR | [2] TDR and clear the TDRE flag to 0.
Transition of the TDRE flag from 0 to 1
No can also be identified by a TXI interrupt.
[3] Receive error processing:
Yes If a receive error occurs, read the ORER

flag in SSR, and after performing the
appropriate error processing, clear the
ORER flag to 0. Transmission/reception
cannot be resumed if the ORER flag is
setto 1.

SCI status check and receive data read:
Read SSR and check that the RDRF flag
is set to 1, then read the receive data in
RDR and clear the RDRF flag to 0.
Transition of the RDRF flag from 0 to 1
can also be identified by an RXI interrupt.

Serial transmission/reception continuation
procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of the
current frame is received, finish reading
the RDREF flag, reading RDR, and
clearing the RDRF flag to 0. Also, before
the MSB (bit 7) of the current frame is
transmitted, read 1 from the TDRE flag to
confirm that writing is possible. Then
write data to TDR and clear the TDRE
flag to 0.

Checking and clearing of the TDRE flag is
automatic when the DMAC or DTC is
activated by a transmit data empty
interrupt (TXI) request and data is written
to TDR. Also, the RDRF flag is cleared
automatically when the DMAC or DTC is
activated by a receive data full interrupt
(RXI) request and the RDR value is read.

Note: When switching from transmit or receive operation to simultaneous transmit and receive operations,
first clear the TE bit and RE bit to 0, then set both these bits to 1 simultaneously.

Figure13.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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13.7  Interrupt Sources

13.7.1 Interruptsin Normal Serial Communication Interface Mode

Table 13.10 shows the interrupt sourcesin normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bitsin SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, aTEI interrupt request is generated. A TXI interrupt request can activate the
DMAC or DTC to perform data transfer. The TDRE flag is cleared to 0 automatically when data
transfer is performed by the DMAC or DTC.

When the RDRF flag in SSRis set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RX| interrupt
request can activate the DMAC or DTC to perform data transfer. The RDRF flag is cleared to O
automatically when datatransfer is performed by the DMAC or DTC.

A TEI interrupt is generated when the TEND flag is set to 1 whilethe TEIE bitissetto 1. If aTEI
interrupt and a TX| interrupt are generated simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared simultaneoudly by the
TXI interrupt routine, the SCI cannot branch to the TEI interrupt routine later.
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Table 13.10 SCI Interrupt Sources

DMAC or DTC
Channel Name Interrupt Source Interrupt Flag Activation
0 ERI_O Receive Error ORER, FER, PER Not possible
RXI_0 Receive Data Full RDRF Possible
TXI_O0 Transmit Data Empty TDRE Possible
TEILO Transmission End TEND Not possible
1 ERI_1 Receive Error ORER, FER, PER Not possible
RXI_1 Receive Data Full RDRF Possible
TXI_ 1 Transmit Data Empty TDRE Possible
TEI_1 Transmission End TEND Not possible
2 ERI_2 Receive Error ORER, FER, PER Not possible
RXI_2 Receive Data Full RDRF Possible
TXI_ 2 Transmit Data Empty TDRE Possible
TEI_2 Transmission End TEND Not possible
3 ERI_3 Receive Error ORER, FER, PER Not possible
RXI_3 Receive Data Full RDRF Possible
TXI_3 Transmit Data Empty TDRE Possible
TEI_3 Transmission End TEND Not possible
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13.8 Usage Notes

1381 TDR Writeand TDRE Flag

The TDRE bit in the serial status register (SSR) is a status flag indicating transferring of transmit
datafrom TDR into TSR. The SCI setsthe TDRE bit to 1 when it transfers data from TDR to
TSR.

Data can be written to TDR regardless of the TDRE bit status.

If new dataiswritten in TDR when TDRE is 0, however, the old data stored in TDR will be lost
because the data has not yet been transferred to TSR. Before writing transmit datato TDR, be sure
to check that the TDRE hit is set to 1.

13.8.2 Module Standby M ode Setting

SCI operation can be disabled or enabled using the module standby control register. Theinitial
setting isfor SCI operation to be halted. Register access is enabled by clearing modul e standby
mode. For details, refer to section 24, Power-Down modes.

13.8.3 Break Detection and Processing (Asynchronous Mode Only)

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all 0s, and so the FER flag is set, and the
PER flag may also be set. Note that, since the SCI continues the receive operation after receiving a
break, even if the FER flag is cleared to O, it will be set to 1 again.

13.84 Sending a Break Signal (Asynchronous Mode Only)

The TxD pin becomes of the 1/O port general 1/0 pin with the I/O direction and level determined
by the port data register (DR) and the port 1/O register (I0OR) of the pin function controller (PFC).
These conditions allow break signals to be sent.

The DR vaue is substituted for the marking status until the PFC is set. Consequently, the output
port is set to initially output a 1.

To send abreak in serial transmission, first clear the DR to 0, then establish the TxD pin asan
output port using the PFC.

When the TE hit is cleared to 0, the transmission section isinitialized regardless of the present
transmission status.
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13.85 ReceiveError Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
to 0.

13.8.6 Constraintson DMAC and DTC Use

1. When using an external clock source for the serial clock, update TDR with the DMAC or the
DTC, and then after the elapse of five peripheral clocks (Pg) or more, input a transmit clock. If
atransmit clock isinput in the first four P clocks after TDR iswritten, an error may occur
(figure 13.21).

2. Beforereading the receive dataregister (RDR) with the DMAC or the DTC, select the receive-
data-full (RX1) interrupt of the SCI as a start-up source.

j(DOXDlXDZXD3XD4XD5XD6XD7)C

Note: During external clock operation, an error may occur if t is 4 P clocks or less.

Figure 13.21 Example of Clocked Synchronous Transmission with DMAC/DTC

13.8.7 Cautionson Clocked Synchronous External Clock Mode

1. Set TE = RE =1 only when external clock SCK is 1.

2. Donot set TE = RE = 1 until at least four Py clocks after external clock SCK has changed
fromOto 1.

3. When receiving, RDRF is 1 when RE is cleared to 0 after 2.5 to 3.5 Pg clocks from the rising
edge of the RxD D7 bit SCK input, but copying to RDR is not possible.

13.8.8 Caution on Clocked Synchronous Internal Clock Mode

When receiving, RDRF is 1 when RE is cleared to 0 after 1.5 P clocks from the rising edge of the
RxD D7 bit SCK output, but copying to RDR is not possible.
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Section 14 1°C Bus Interface (11C) Option

The I°C bus interface is an optional feature. When using this optional feature, pay attention to the
following points:
1. A“W”is added to the product-type name of a mask-ROM product which includes an
optional feature.
2 For the F-ZTAT version, the product-type code is the same regardless of whether or not

this feature is included. When you wish to use this optional feature, please contact
Hitachi's sales office.

This LSl incorporates a single-channel I°C bus interface. The I°C bus interface complies with the
I°C bus (Inter-1C Bus) communications protocol that is advocated by Philips Co. and implements a
subset of the specification of that protocol. Note, however, that the configuration of the registers
that control the 1°C bus differs on some points from that of Phillips .

Datatransfer is carried out by the dataline (SDAQ) and clock line (SCL0O). This makes the
interface efficient in terms of the use of areafor connectors and printed circuits.

14.1 Features

» Selection of addressing or non-addressing format
I”C bus format: addressing format with an acknowledge bit, master and slave operation
Serial format: non-addressing format without an acknowledge bit, and with master operation
only

 This|”C busformat complies with the I°C bus interface advocated by Phillips.

+ IntheI’C busformat, two slave addresses are specifiable for asingle device.

« Automatic creation of start and stop conditions in slave-mode of the 1°C bus format

+ Selectable acknowledge output level during reception in the 1°C bus format

+ Automatic loading of the acknowledge bit is available during transmission in the I°C bus
format.

+ A wait function is available in the I°C bus format in the master mode.
After al data other than the acknowledge bit has been transferred, the system can be placed in
the wait state by setting SCLO low.

+ A wait function for the slave mode is available in the I°C bus format.
After al data other than the acknowledge bit has been transferred, arequest to enter the wait
state can be issued by setting SCLO low.

» Threeinterrupt sources: (ICl) completion of datatransfer, address matching, or detection of the
stop condition

» 16 variants of theinternal clock are selectable in the master mode.

» Automatic transfer of the register datais enabled by activating the DTC.
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Figure 14.1 is ablock diagram of the I°C businterface. Figure 14.2 shows an example of the
connection of 1°C businterfaces. Since the 1/0 pins are driven only by the NMOS transistor, they
operate in the same way as pins driven by an open-drain NMOS transistor. The voltage that can be
applied to the /O pins depends on the supply voltage (V) of the LSI.

N
SCLO o< Clock
Noi control I
oise ICMR |
canceller
—| Bus-state
decision circuit | ICSR | :
—* Arbitration §
decision circuit| P
It
©
s Output-data [+ g
SDAO control circuit £
ICDRR |
Noise
canceller
’_|Address comparaterl
L : ]
egend _ | SAR, SARX |
ICCR : I2C control register N
ICMR : 12C mode register
ICSR : I2C status register :
ICDR : I2C data register Interrupt-generation Interrupt
SAR : Slave address register circuit request (ICI)

SARX : Second slave-address register

Figure14.1 A Block Diagram of the 1’C Bus Interface
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Figure14.2 Example of the Connection of I°C Bus Interfaces
(ThisLSl isthe Master Device)

14.2  Input/Output Pins
The I/O pins of the I°C bus interface are listed in table 14.1.

Table 14.1 Pin Configuration

Channel Pin Name* 1/0 Function
0 SCLO 110 Serial clock I/O pin
SDAO I/0 Serial data I/0 pin

Note: * In this manual, these pin names are abbreviated to SCL and SDA, respectively.
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14.3  Description of Registers

The I°C bus interface includes the following registers. For the addresses of these registers and the
states of the registersin each state of processing, refer to section 25, List of Registers.

 1°C bus control register (ICCR)

« 1°C bus status register (ICSR)

+ 1°C bus dataregister (ICDR)

+ 1°C bus mode register (ICMR)

e Slave-addressregister (SAR)

» Second dave-address register (SARX)
e Serial control register X (SCRX)

1431 I°C BusData Register (ICDR)

ICDR is an 8-bit readable/writable register that holds the data for transmission during
transmission, and holds the received data during reception. Internally, ICDR consists of a shift
register (ICDRYS), receive buffer (ICDRR), and transmission buffer (ICDRT).

ICDRS isthe shift register and is not accessible from the CPU.
ICDRR is aread-only register; it stores data being received.
ICDRT isawrite-only register; it stores data for transmission.

Datais automatically transferred between these three registers according to the bus state; this
affects the states of internal flags, such as TDRE and RDRF.

After one frame of data has been transmitted or received by ICDRS, and the next datum is present
in the ICDRT in the transmission mode (i.e., when the TDRE flag is 0), that datum is transferred
automatically from ICDRT to ICDRS. After ICDRS has received or transmitted one frame of data
in the receive mode, adatum in ICDRS is automatically transferred to ICDRR when the previous
datum is not present in ICDRR (i.e., when the RDRF flag is 0).

When, excluding the acknowledge hit, there are fewer than 8 bitsin one frame, the alignment of
the data for transmission and of received data varies according to the setting of the ML S bit in
ICMR. Datafor transmission should span the selected number of bits from the MSB when MLS =
0. When MLSis 1, the data should span the selected number of bits from the LSB. Received data
isread from the LSB when MLSis 0 and from the MSB when MLSis 1.

ICDR is assigned to the same address as SARX; it is only accessible when the ICE hit of ICCR is
setto 1.
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The TDRE and RDRF flags are set/cleared under the following conditions. The setting of these
flags affects the state of the interrupt flag.

TDRE Description

0 Transmission cannot be started or the next datum for transmission is present in the
ICDR (ICDRT). (Initial Condition)

[Clearing conditions]

(1) In the transmission mode (TRS = 1), writing of a datum for transmission to ICDR
(ICDRT).

(2) In the I°C bus format or the serial format, detection of the stop condition from the
bus line’s state after the issue of the stop-condition signal.

(3) Detection of the stop condition when the interface is in I°C bus format.

(4) In the receive mode (TRS = 0) (writing of O to TRS during transmission is enabled
after reception of a frame that includes the acknowledge bit).

1 The next datum for transmission can be written to ICDR (ICDRT).

[Setting conditions]

(1) Detection, by the I°C bus format or the serial format in the master mode
(TRS = 1), of the start condition from the bus line’s state after the issue of the
start-condition signal.

(2) Transfer of data from ICDRT to ICDRS (data is transferred from ICDRT to ICDRS
when TRS =1, TDRE =0, and ICDRS is empty).

(3) Changing of the mode from reception (TRS = 0) to transmission (TRS = 1) after
detection of the start condition.

RDRF Description

0 The datum in ICDR (ICDRR) is invalid. (Initial Condition)
[Clearing condition]
When, in the receive mode, data received in ICDR (ICDRR) is read.

1 The data received in ICDR (ICDRR) can be read.
[Setting condition]
When data is transferred from ICDRS to ICDRR.

When the correct reception of data is allowed by TRS and RDRF both being 0, any
received data is transferred from ICDRS to ICDRR.
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1432 Slave-Address Register (SAR)

SAR isan 8-bit readable/writable register that is used to set the format and store the slave address.
When the interface is set for operation in the addressing format, the dave addressin this register
has been enabled, and the upper 7 bits of the first frame to have been transmitted after satisfaction
of the start condition match the upper 7 bits of the value in SAR, this module has been designated,
by the master device, to act as alave device. SAR is assigned to the same address as ICMR.
Reading from and writing to SAR is only enabled when the ICE bit in ICCR is set to 0.

Bit Bit Name Initial Value R/W Description

7 SVA6 0 R/W Slave address

6 SVA5 0 R/W A unique address, which is different from the

5 SVA4 0 R/W slave address of any other device that is
connected to the I°C bus, is set in the SVA6 to

4 SVA3 0 RIW SVAQO bits.

3 SVA2 0 R/W

2 SVA1l 0 R/W

1 SVAO 0 R/W

0 FS 0 R/W Format select

In conjunction with the FSX bit in SARX, this bit
selects the transfer format. For the slave mode,
the FS bit determines whether or not the slave
address in SAR is enabled. Table 14.2 shows
the settings selected by the values of these bits.
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Table14.2 Transfer Format

SAR SARX Operating Mode

Bit 0 Bit 0
FS FSX
0 0 I’C bus format
» Enables the slave addresses in SAR and SARX
0 1 I’C bus format

* Enables the slave address in SAR
* Disables the slave address in SARX

1 0 I°C bus format
* Enables the slave address in SARX
* Disables the slave address in SAR

1 1 Clock- synchronous serial format
* Disables the slave addresses in SAR and SARX

14.3.3 Second Slave-Address Register (SARX)

SARX isan 8-hit readable/writable register that is used to set the format and store a second save
address for the interface. When the interface is set for operation in the addressing format, the dave
addressin this register has been enabled, and the upper 7 bits of the first frame to have been
transmitted after satisfaction of the start condition match the upper 7 bits of the valuein SARX,
the interface has been designated, by the master device, to act as a dave device. SARX is assigned
to the same address as | CDR. Reading from and writing to SARX is only enabled when the ICE
bitin ICCRisset to 0.

Bit Bit Name Initial Value R/W Description

7 SVAX6 0 R/W Second slave address

6 SVAXS 0 RIW A unique address, which is different from the

> SVAX4 0 RIW slave address of any other device that is

4 SVAX3 0 RIW connected to the I°C bus, is set in the SVAX6 to
3 SVAX2 0 RIW SVAXO bits.

2 SVAX1 0 R/W

1 SVAXO0 0 R/W

0 FSX 1 R/W Format select

In conjunction with the FS bit in SAR, this bit
selects the transfer format. For the slave mode,
the FSX bit determines whether or not the slave
address in SARX is enabled. Table 14.2, in the
above description of SAR, shows the settings
selected by the values of these bits.
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1434 I°’C BusMode Register (ICMR)

ICMR is an 8-bit readable/writable register that selects transfer as MSB or L SB first, controls
waiting when the device is in the master mode, selects the frequency of the transfer clock for
master-mode operation, and the number of bits for transfer. ICMR is assighed to the same address
as SAR. ICMR isonly accessible when the ICE bit in ICCR is set to 1.

Bit Bit Name Initial Value R/W Description

7 MLS 0 R/W Selects MSB/LSB first

Selects whether data is transferred with the MSB
first or the LSB first.

When, excluding the acknowledge bit, there are
fewer than 8 bits in one frame, the alignment of the
data for transmission and of received data varies
according to the setting of the MLS bit in ICMR.
Data for transmission should span the selected
number of bits from the MSB when MLS = 0. When
MLS is 1, the data should span the selected number
of bits from the LSB. Received data is read from the
LSB when MLS =0 and from the MSB when MLS =
1.

When this module is being used in the I°C bus
format, do not set this bit to 1.

0: MSB first
1: LSB first
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Bit

Bit Name

Initial Value

R/W

Description

6

WAIT

0

R/W

Wait-insertion bit

This bit determines whether or not, in the I°C bus
format in the master mode, the interface waits after
the data other than the acknowledge bit has been
transferred. When WAIT = 1 is set, the IRIC flag in
ICCR is set to 1 after the final bit of the data has
become low, and the interface enters the wait state
(SCL is low). Clearing the IRIC flag in ICCR to O
cancels the wait state. The acknowledge bit is t(en
transferred. When WAIT is set to 0, no wait state is
inserted and the data and acknowledge bits are
continuously transferred. The IRIC flag in ICCR is
set to 1, regardless of the setting of the WAIT bit,
when the transfer of the acknowledge bit has been
completed.

In slave mode, this bit is disabled.

0: Data and acknowledge bits are continuously
transferred.

1: A wait state is inserted between transfer of the
data bits and of the acknowledge bit.

w b

CKS2
CKSs1
CKSO0

o

R/W
R/W
R/W

Transfer clock select 2to 0

The CKS2 to CKSO0 bits, together with the 1ICX0 bit
in SCRX, select the frequency of the transfer clock.
This is used in the master mode. Set these bits to
obtain the required rate of transfer.

[EnY

BC2
BC1
BCO

o

R/W
R/W
R/W

Bit counter

The BC2 to BCO bits specify the number of bits to
be transferred in the next transfer. In transfer in the
I°C bus format (when the SAR FS bit or the SARX
FSX bit is 0), the data bits plus one acknowledge bit
are transferred. Set the BC2 to BCO bits in the
intervals between the transfer of frames. Do not set
the BC2 to BCO bits to 000 unless SCL is low.

The bit counter is initialized to 000 on a reset or on
detection of the start condition. In addition, this
counter returns to 000 on completion of the transfer
of all data bits and the acknowledge bit.
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Table 14.3 Setting of the Transfer Clock

SCRX  Bit5 Bit4 Bit3 Clock Transfer Rate
Bit5
lncx CKS2 CKS1 CKSO Pe= Pe= Pg= Pg= Pg= Po=
10MHz  16MHz  20MHz  25MHz  33MHz  40MHz
0 0 0 0 P@28 357kHz ~ 571kHz  714kHz  893kHz  1.18MH  1.43MH
z V4
1 P@40 250kHz ~ 400kHz  500kHz  625kHz  825kHz  1.00MH
z
1 0 P48 208kHz ~ 333kHz  417kHz  521kHz  688kHz  833kHz
1 P64 156kHz ~ 250kHz  313kHz  391kHz  516kHz  625kHz
1 0 0 P@80 125kHz ~ 200kHz  250kHz ~ 313kHz  413kHz  500kHz
1 P@100  100kHz  160kHz  200kHz = 250kHz  330kHz  400kHz
1 0 P@112  89.3kHz  143kHz  179kHz  223kHz  295kHz  357kHz
1 P@128  78.1kHz  125kHz  156kHz  195kHz  258kHz  313kHz
1 0 0 0 P@56 179kHz ~ 286kHz  357kHz  446kHz  589kHz  714kHz
1 P@80 125kHz ~ 200kHz  250kHz ~ 313kHz  413kHz  500kHz
1 0 P@96 104kHz  167kHz  208kHz  260kHz  344kHz  417kHz
1 P@128  78.1kHz  125kHz  156kHz  195kHz  258kHz  313kHz
1 0 0 P@160  62.5kHz  100kHz  125kHz  156kHz  206kHz  250kHz
1 P@200  50.0kHz  80.0kHz ~ 100kHz  125kHz  165kHz  200kHz
1 0 P@224  44.6kHz  71.4kHz  89.3kHz  112kHz  147kHz  177kHz
1 P@256  39.1kHz  62.5kHz  78.1kHz  97.7kHz  129kHz  156kHz
Table 14.4 Setting of the Bit Counter
Bit2 Bitl Bit0 Bits/frame

BC2 BC1 BCO

Serial Format

Clock- Synchronous

I°’C Bus Format

0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
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1435 I°C BusControl Register (ICCR)

ICCR is an 8-bit readable/writable register that selects operation or non-operation of the 1°C bus
interface, enables/disables generation of the I’C-bus-interface interrupt signal, selects master/ave
mode, transmission/reception, enables/disables use of the acknowledge bit, confirms the state of
the bus attached to the I°C bus interface, sets the start/stop condition, and includes the interrupt

flag.

Bit Initial
Bit Name Value R/W Description
7 ICE 0 R/W  I°C bus interface enable (ICE)

Determines whether or not the I°C bus interface is useable.
When this bit is set to 1, this module is set to the transfer-
enabled state. When this bit is cleared to 0, this module is
stopped, and its internal state is cleared.

0: This module is not operating.
The internal state of the I°C module is reinitialized.
Access to SAR and SARX is enabled.

1: This module is in its transfer-enabled state
Access to ICMR and ICDR is enabled.

6 IEIC 0 R/W I’C-bus-interface interrupt enable

Determines whether to enable or disable issuing of this
interrupt from the I°C bus interface to the CPU.

0: Disables the interrupt
1: Enables the interrupt
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Bit Initial R/W
Bit Name Value

Description

5 MST 0 R/W

Selects master or slave mode

This bit determines whether to use the 1°C bus interface in
master mode or in slave mode.

0: Slave mode
[Clearing conditions]
(1) Writing of 0 to this bit by software

(2) When the master device in the I°C bus format starts
transmission and then fails because of a bus conflict.

1: Master mode

[Setting conditions]

(1) Writing of 1 to this bit by software (except when the 0 was
set by clearing condition (2))

(2) Writing of 1 to this bit after reading MST = 0 (when the 0
was set by clearing condition (2)).
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Bit Initial
Bit Name Value R/W Description
4 TRS 0 R/W Selects transmission/reception

This bit determines whether the I°C bus interface is used in
receive mode or in transmit mode.

0: Receive mode

[Clearing conditions]

(1) Writing of 0 to this bit by software (except when the 1 was
set by setting condition (3))

(2) 0 is written after TRS = 1 is read (when the 1 was set by
setting condition (3))

(3) When the master device in the I°C bus format starts
transmission and then fails because of a bus conflict.

1: Transmit mode

[Setting conditions]

(1) Writing of 1 to this bit by software (except when the 1 was
set by clearing condition (3))

(2) Writing of 1 to this bit after reading TRS = 0 (when the 0
was set by clearing condition (3))

(3) When 1 is received as the R/W bit of the first frame in the
I°C bus format in slave mode.

When the addressing format (FS = 0 or FSX = 0) is used in the
slave-receive mode, transmission or reception is automatically
selected by the hardware, according to the setting of the R/W

bit of the first frame after the start condition has been satisfied.

Even if an attempt is made to change the TRS bit during the
transfer of data, the change is suspended until transmission of
the frame, including the acknowledge bit, has been completed,;
the bit is then changed.
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Bit Initial
Bit Name Value R/W

Description

3 ACKE O R/W

Enables/disables the acknowledge bit

This bit determines, for the I°C bus format, whether to ignore the
acknowledge bits returned from the receive device and thus
obtain continuous transfer or to perform error processing by
halting the transfer when the acknowledge bit is 1. When the
ACKE bit is 0, the value of the acknowledge bits that are
received do not affect the ACKB bit; the value in the ACKB bit
remains at 0.

The acknowledge bit is used in two different ways, depending
on the situation. One case is that the acknowledge bit is used
as a kind of flag to indicate whether or not processing for the
reception of data has been completed.

The other case is that acknowledge bit is fixed to 1.

0: The value of the acknowledge bit is ignored to allow the
continuous transfer of data.

1: Continuous data transfer is halted.

2 BBSY O R/W

Bus busy

The BBSY flag may be read to confirm whether or not the I°C
bus (SCL, SDA) has been released. In master mode, this bit is
used to set the start and stop conditions. When SDA changes
from high to low while SCL is high, the system regards the start
condition as having been set, and the BBSY flag is set to 1.
When SDA changes from low to high while SCL is high, the
system regards the stop condition as having been issued, and
the BBSY flag is cleared to 0.

When issuing the start condition, write 1 to BBSY and 0 to SCP.
When re-transmitting the start condition, follow the same
procedure. The stop condition is issued by writing 0 to BBSY
and SCP. Use the MOV instruction for these write operations.

Writing to the BBSY flag is disabled in slave mode. The I’C bus
interface must be set to master-transmission mode before the
start condition is issued. Before writing 1 to BBSY and 0 to
SCP, set MST and TRS to 1.

0: Bus-released state

[Clearing condition]

« Detection of the stop condition
1: Bus-occupied state

[Setting condition]

« Detection of the start condition
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Bit

Bit
Name

Initial
Value

R/W

Description

1

IRIC

0

RI(W)*

I’C-bus-interface interrupt-request flag

The IRIC flag indicates that the I°C bus interface has
generated an interrupt request for the CPU. When the slave
address or the general call address is detected in slave-
reception mode after the transfer of data has been
completed, when there is a failure because of bus conflict in
the master-transmission mode, and when the stop condition
is detected, the IRIC flag is set to 1. The timing with which
the IRIC flag is set changes according to the combination of
the values of the FS bit in SAR and the WAIT bitin ICMR.
Refer to section 14.4.6, Timing for Setting IRIC and the
Control of SCL. In addition, the condition on which the IRIC
flag is set changes according to the setting of the ACKE bit in
ICCR.

The IRIC flag is cleared by reading 1 from IRIC and then
writing 0.

When the DTC is used, the IRIC flag is automatically cleared;
this allows transfer to be continuous and without the
intervention of the CPU.

0: Transfer-wait state or during a transfer
1: An interrupt is generated.
For details, refer to table 14.5, Description of IRIC.

SCP

Start/stop condition issuance disabling bit

This bit controls issuing of the start/stop-condition signals in
master mode. When setting the start condition, write 1 to
BBSY and 0 to SCP. When re-transmitting the start condition,
follow the same procedure. The stop condition is set by
writing 0 to BBSY and SCP. When this bit is read, it always
returns 1. 1 written to this bit will not be stored.

0: In combination with the BBSY flag, issues the start/stop-
condition signals during writing.

1: When read, 1 is always returned. Writing to this bit is not a
valid operation.

Note: * It is only possible to write a 0 to this bit, to clear the flag.
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Table 14.5 Description of IRIC

Bitl

IRIC Description

0 While in transfer-wait state or during a transfer
[Clearing condition]
(1) Writing of 0 to this bit after reading IRIC = 1
(2) When reading from/writing to ICDR by DTC
(3) When the TDRE flag is cleared to 0

1 An interrupt is generated.

[Setting conditions]

+ I°C bus format in master mode

(1) When the start condition is detected from the bus line’s state after the start
condition has been set (i.e., when the TDRE flag has been set to 1 for
transmission of the first frame).

(2) When WAIT =1, a wait is inserted between the data bits and the acknowledge bit.

(3) When the transfer of data has been completed (i.e., when the TDRE or RDRF flag
has been set to 1).

(4) When transfer has failed because of a bus conflict.

(5) When the ACKE bit is 1 and WAIT =0, and 1 is received as an acknowledge bit
(i.e., when the ACKB hit is set to 1).

« I°C bus format in the slave mode

(1) When a slave address (SVA or SVAX) has been matched (i.e., when the AAS or
AASX flags have been set to 1), or when the re-transmission condition is satisfied
or the subsequent data transfer has been completed. (i.e., when the TDRE or
RDRF flag is set to 1)

(2) When the general call address has been detected (i.e., when the ADZ flag has
been set to 1) or when the re-transmission condition is satisfied or the subsequent
data transfer has been completed. (i.e., when the TDRE or RDRF flag is set to 1)

(3) When the ACKE bit is 1 and WAIT =0, and 1 is received as an acknowledge bit
(i.e., when the ACKB bit is set to 1)

(4) When the stop condition is detected while the STOPIM bit in SCRX is set to 0
(i.e., when the SCRX STOPIM bit is set to 0, and the STOP or the ESTP flag is
setto 1)

* Clock synchronized serial format

(1) When the transfer of data has been completed (i.e., when the TDRE or the RDRF
flag has been set to 1)

(2) When the start condition has been detected while the interface is set for serial
format

Cases other than the above in which TDRE or RDRF is set to 1.
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When the interface isin the 1°C bus format and an interrupt is generated so that |RIC becomes 1,
other flags must be checked to locate the cause of the IRIC bit becoming 1. Each possible cause
has a corresponding flag. Precautions must be taken when the data transfer has been compl eted.

When the TDRE or RDRF flag, both of which are internal flags, is set, the IRTR flag, whichisa
readable flag, may be set, but in some cases it will not be. In the I°C bus format in the slave mode,
the IRTR flag, which is the DTC-activation request flag, is not set during the period between the
completion of data transfer after a slave-address match or a general call address match and the
detection of the stop condition or transmission of the next start condition. Even when the IRIC or
IRTR flag has been set, the TDRE or RDRF flag, both of which are internal flags, may not be set
in some cases. When a continuous transfer is performed using the DTC, the IRIC or IRTR flag is
not cleared when the specified amount of data has been transferred. On the other hand, since the
specified number of read/write operations has been completed, the TDRE or the RDRF flag will
already have been cleared.

The relationship between the flags and the various states of transfer is shown in table 14.6.
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Table 14.6 The Relationship between Flagsand Transfer States

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB  State

1/0 1/0 0 0 0 0 0 0 0 0 0 Idle condition
(flag must be cleared.)

1 1 0 0 0 0 0 0 0 0 0 Start-condition issuance

1 1 1 0 0 1 0 0 0 0 0 Start-condition satisfaction
1 1/0 1 0 0 0 0 0 0 0 1/0 Master-mode wait

1 1/0 1 0 0 1 0 0 0 0 1/0 End of master-mode

transmission/reception

0 0 1 0 0 0 1/0 1 1/0 1/0 0 Avrbitration lost

0 0 1 0 0 0 0 0 1 0 0 SAR match in the first
frame of slave-mode
operation

0 0 1 0 0 0 0 0 1 1 0 General call address match

0 0 1 0 0 0 1 0 0 0 0 SARX match

0 1/0 1 0 0 0 0 0 0 0 1/0 End of slave-mode

transmission/reception
(other than for an SARX

match)

0 1/0 1 0 0 1 1 0 0 0 0 End of slave-mode

0 1 1 0 0 0 1 0 0 0 1 transmission/reception
(other than for an SARX
match)

0 1/0 0 1/0 1/0 0 0 0 0 0 1/0 Stop-condition detection
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1436 I°C Bus Status Register (ICSR)

ICSR is an 8-bit readable/writable register that includes flags that indicate bus states and a bit for
the checking and control of the acknowledge signal.

Bit Initial
Bit Name Value R/W Description
7 ESTP 0 R/(W)* Erroneous stop-condition detected

The ESTP flag indicates that the stop condition has been
detected during the transfer of a frame, in the I°C bus format
in the slave mode.

0: Erroneous-stop condition is not present
[Clearing condition]

(1) Writing of 0 to this bit after reading ESTP =1
(2) Clearing of the IRIC flag to O

1: An erroneous-stop condition has been detected in the I°C
bus format in the slave mode (this value has no meaning
when the interface is not in the I°C bus format in the slave
mode).

[Setting condition]

Detection of the stop condition during the transfer of a frame

6 STOP 0 R/(W)* Normal stop-condition detection flag

The STOP flag indicates that the stop condition has been
detected after the transfer of a frame in the I°C bus format in
the slave mode.

0: Normal stop-condition is not present.
[Clearing conditions]

(1) Writing of 0 to this bit after reading STOP = 1
(2) Clearing of the IRIC flag to O

1: The normal stop condition has been detected in the I°C
bus format in the slave mode (this value has no meaning
when the interface is not in the I°C bus format in the slave
mode).

[Setting condition]

Detection of the stop condition after the transfer of a frame
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Bit

Bit
Name

Initial
Value

R/W

Description

5

IRTR

0

RI(W)*

I’C-bus-interface continuous transfer interrupt-request flag
The IRTR flag indicates that the 1°C bus interface has
generated an interrupt for the CPU. The IRIC flag is set to
1 at the same time as the IRTR flag is set to 1.

The IRTR flag is set while the TDRE or RDRF flag is set to
1. The IRTR flag is cleared by reading an existing 1 from
and then writing a 0 to the flag. The IRTR flag is
automatically cleared when the IRIC flag is cleared.

0: Transfer-wait state or during transfer
[Clearing conditions]

(1) Writing of O to this bit after reading IRTR =1
(2) Clearing of the IRIC flag to O

1: Continuous-transfer state

[Setting conditions]

(1) Setting of the TDRE or RDRF flag to 1 while AASX is 1
in the I’C bus interface in the slave mode.

(2) Setting of the TDRE or RDRF flag to 1 when not in the
I°C bus interface in the slave mode.

4

AASX

0

RI(W)*

Second slave-address detection flag

For the I°C bus interface in the slave mode, the AASX flag
is set to 1 when the first frame after the start condition
matches bits SVAX6 to SVAXO0 of SARX.

To clear the AASX flag, read a 1 from and then write a 0 to
it. When the start condition is detected, the flag is
automatically cleared.

0: The second slave address of this device has not been
detected.

[Clearing conditions]

(1) Writing of O to this bit after reading AASX =1

(2) Detection of the start condition.

(3) Entering master mode

1: This device’s second slave address has been detected
[Setting condition]

(1) Detection of the second slave address in the slave
receive mode while FSX = 0.
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Bit Initial
Bit Name Value R/W Description
3 AL 0 R/(W)*  Arbitration-lost flag

The AL flag indicates that the device, in master mode, has
failed to acquire bus-master status. The I°C bus interface
monitors the SDA as part of the method of bus arbitration.
When multiple masters make simultaneous attempts to use
the bus, the data on the line will eventually differ, for some of
the masters, from the data issued by the SDA. For such
masters, the AL flag is set to 1 as an indication that the bus is
occupied by another master.

To clear the AL flag, read a 1 from and then write a O to it. This
flag is automatically reset when ICDR is written to (during
transmission) or read (during reception).

0: Gaining the bus ownership

[Clearing conditions]

(1) Writing of data to ICDR (during transmission) or reading of
data from ICDR (during reception).

(2) Writing a 0 to this bit after reading it as 1

1: Lost the bus ownership

[Setting conditions]

(1) When the interface is in master-transmission mode, the

SDA value it is generating internally and the value on the
SDA pin do not match on the rising edge of SCL.

(2) When the start condition of another I°C device is detected
(i.e., when the interface is in master-transmission mode
and SCL goes high , and when the internal SDA and the
SDA pin do not match).
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Bit Initial
Bit Name Value R/W

Description

2 AAS 0 R/(W)*  Slave-address detection flag
When the first frame after the start condition matches the
SVAG6 to SVAO bits of SAR or when the general-call address
(H'00) is detected in the I°C bus interface in the slave-
reception mode, the AAS flag is set to 1.
To clear the AAS flag, read a 1 from and then write a O to it.
When ICDR is written to (during transmission) or read from
(during reception), the flag is automatically reset.
0: Neither this device’s slave address nor the general call
address has been detected.
[Clearing conditions]
(1) Writing of data to ICDR (during transmission) or reading of
data from ICDR (during reception)
(2) Writing of 0 to this bit after reading it as 1
(3) Entering the master mode
1: The device's slave address or the general call address has
been detected.
[Setting condition]
Detection of the slave address or general call address while in
the slave-receive mode and FS = 0.
1 ADZ 0 R/(W)*  General call address detection flag

In the I°C bus format in the slave-reception mode, the ADZ flag
is set to 1 when the general-call address (H'00) is detected in
the first frame after the start condition.

To clear the ADZ flag, read a 1 from and then write a 0 to it.
This flag is automatically reset when ICDR is written to (during
transmission) or read from (during reception).

0: The general call address has not been detected.
[Clearing conditions]

(1) Writing of data to ICDR (during transmission) or reading of
data from ICDR (during reception).

(2) Writing a 0 to this bit after reading it as 1
(3) Entering the master mode

1: The general call address has been detected.
[Setting condition]

Detection of the general call address in the slave-receive
mode (FSX =0 or FS = 0).
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Bit  Bit Initial Value R/W Description
Name
0 ACKB 0 R/W Acknowledge bit

The ACKB bit stores the acknowledgements.

When a given device is in the transmission mode, the
receiving device returns acknowledgements after the
receiving device has received data, and these
acknowledgements are loaded to the ACKB bit. After
the receiving device has received the data, it sends
the acknowledge bit that has been set in ACKB to the
transmitting device.

When this bit is read, the value that was loaded here
(the value returned from the receiving device) during
transmission (TRS = 1) is read. During receive
operations (TRS = 0), the value that was set is read
during receive.

0: While receiving, a 0 value is output according to
the timing for the output of the acknowledge bit.
This is the acknowledgement which is returned (0)
from the receiving device during transmission.

1: While receiving, a 1 value is also output according
to the timing for the output of the acknowledge bit.
This indicates that no acknowledgement has been
returned (1) from the receiving device during
transmission.

Note: * It is only possible to write a 0 to this bit, to clear the flag.
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14.3.7  Serial Control Register X (SCRX)

SCRX is an 8-bit readable/writable register that controls register access and the 1°C operating
mode. When the modules that are controlled by SCRX are not in use, do not write 1 to these hits.

Bit
Bit Name Initial Value R/W Description
7 ad 0 R These bits are reserved and always return 0 when
6 ad 0 R read, and should only be written with 0.
IICX0 0 R/W I’C transfer-rate select 0
Along with bits CKS2 to CKSO0 of ICMR, this bit selects
the transfer rate in the master mode. For details on
setting the transfer rate, refer to section 14.3.4, I°C Bus
Mode Register (ICMR).
4 IICE 0 R/W  I°C master enable
This bit controls access by the CPU to the data register
and control registers (ICCR, ICSR, ICDR/SARX, and
ICMR/SAR) of the I°’C bus interface.
0: Disables CPU access to the data register and
control registers of the I°C bus interface.
1: Enables CPU access to the data register and control
registers of the I°C bus interface.
3 HNDS o* R/W Hand-shake receive bit

This bit enables/disables buffered operation in the
receive mode in the I°C bus format.

0: Enables buffered operation for reception*

Receiving of the next frame proceeds even when
ICDR contains valid received data.

1: Disables buffered operation for reception

When ICDR contains valid received data, SCL is set
to its low level and receiving of the next frame of
data is thus suspended until the received data is
read from ICDR.
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Bit  Bit Initial Value R/W Description

Name
2 ad 0 R This bit is reserved and always returns 0 when read,
and should only be written with 0.
1 ICDRFO 0 R This bit indicates whether or not ICDR contains valid

received data.

0: Indicates that ICDR does not contain valid received
data.

1: Indicates that ICDR contains valid received data.

0 STOPIM O R/W Stop-condition-detected-interrupt mask

This bit enables/disables the issuing of stop-condition-
detected interrupt requests in the 1°C bus format in the
slave mode.

0: This setting enables the stop-condition-detected
interrupt requests in the I°C bus format in the slave
mode.

1: This setting disables the stop-condition-detected
interrupt requests in the I°C bus format in the slave
mode.

Note: * Set this bit to 1.

144  Operation

14.4.1 1°C BusData Formats

The I°C bus interface is capable of transferring datain either the serial format or the I°C bus
format. The I°C bus format is referred to as an addressing format. The transfer of datain this
addressing format includes the transfer of acknowledge bits. Thisis shown in figures 14.3, (a) and
(b). Thefirst frame after the start condition always consists of 8 bits.

The serial format is referred to asa ‘ non-addressing format’. The transfer of datain this non-
addressing format does not include the transfer of an acknowledge bit. Thisis shownin figure
14.4. The I°C bustiming is shown in figure 14.5.

The symbolsused in figures 14.3 to 14.5 are described in table 14.7.
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(a) FS=0 or FSX=0

S 1

SLA

|R/W| A | DATA

|A/K| P

L1

1 n

Number of bits

1

|<——1 -——Il being transferred

(n=1to 8)

Number of frames
being transferred
(m=1 or above)

(b) When the start condition is re-transmitted, FS=0 or FSX=0

[ s | sia [rw|Aa] oata | [aA[ s | sa [rw| A | pata | [AA] P |
L1 7 | | nl_ | L1 7 L1, 1 2, L1, 1
l T T 1 I T T 1 T d
1 ml 1 m2
Upper: Number of bits being transferred (n=1, n2=1 to 8)
Lower: Number of frames being transferred (m=1, m2=1 or above)
. 2 2
Figure 14.3 1°C BusData Format 1 (I°C Bus Format)

FS=1 and FSX=1

S DATA DATA | P |
----- Number of bits
I 1 8 n | "L’I being transferred
(n=1to 8)
1 m Number of frames
being transferred
(m=1 or above)
Figure14.4 1°C BusData Format 2 (Serial Format)

Y GRS GED VA WD G NV WD G G N

scL - - -
\_/ 17 /s \/\_/ 7 s\ \_/ 17 e\ S\
L ] L JL JL ] L JL ] L JL ] L ]

S SLA

RIW A

DATA A DATA AIA P

Figure14.5 1°C BusTiming
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Table 14.7 1°C Bus Data Format: Description of Symbols

S This represents the start condition. The master device changes the level on SDA
from high to low while SCL is high.

SLA This represents the slave address. The master device sends this to select the slave
device.

R/W This represents the direction of transmission/reception. When the R/W bit is 1, data is

transferred from the slave to the master device. When the R/W bit is 0, data is
transferred from the master to the slave device.

A This represents an acknowledgement. The receiving device sends this acknowledge
bit by setting the level on SDA to low (during master transmission, the slave returns
the acknowledge bits; during master reception, the master returns the acknowledge
bits).

DATA This represents the transfer of data. The amount of bits to be transferred in each
such operation is set by the BC2 to BCO bits of ICMR. The ICMR MLS bit determines
whether the data is transferred MSB first or LSB first.

P This represents the stop condition. The master device changes the level on SDA from
low to high while SCL is high.

14.4.2 Operationsin Master Transmission

In I°C bus format in the master transmission mode, the master device outputs the transmission
clock and data for transmission, and the slave device acknowledges its reception of data. The
following description gives the procedures for and operations of transmission.

1. SetthelCE bitin ICCRto 1. In addition, set the MLS and WAIT bits and the CKS2 to CKS0
bits of ICMR, and the IICX bit of SCRX, according to the operating mode.

2. Confirm that the busis free by reading the BBSY flag in ICCR. Then set the MST and TRS
bits of ICCR to 1 to select the master-transmission mode. Then write 1 to BBSY and 0 to SCP.
This changes the level on SDA from high to low while SCL is high, and is thus the generation
of the start condition. The internal TDRE flag isthus set to 1, asare the IRIC and IRTR flags.
When the |EIC bit in ICCR has been set to 1, an interrupt request is generated for the CPU.

3. For atransfer in the 1°C bus format (when the FS bit in SAR or the FSX bit in SARX is0), the
first frame of data after the start condition includes the 7-bit slave address and the bit that
indicates the direction of the transfer operation as transmission or reception. The data for
transfer (lave address + R/W) iswritten to ICDR. In this case, theinternal TDRE flag is
cleared to 0. The address datais transferred from ICDR to ICDRS, and the internal TDRE flag
isagain set to 1. In this case, clear the IRIC flag to 0 so that the completion of this transfer can
be detected. The master device transmits the transmission clock signal and the data written in
the ICDR with the timing and in the order shown in figure 14.6. To acknowledge its selection,
the slave device that has been selected (that matches the slave address) sets the level on SDA
low in the 9th cycle of the transmission clock.
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4. When the transmission of one frame has been completed, the IRIC flag is set to 1 on therising
edge of the 9th cycle of the transmission clock. When the internal TDRE flag is set to 1 after
one frame has been transmitted, the level on SCL is automatically fixed low in synchronization
with the internal clock until the next datum for transmission has been written to ICDR.

5. When transmission is to be continued, the next datum for transmission iswritten to ICDR.
After that datum has been transferred to ICDRS and the internal TDRE flag has been set to 1,
clear the IRIC flag to 0. The next frame will be transmitted in synchronization with the internal
clock.

Data can be sequentially transmitted by repeatedly performing steps 4 and 5 above. When
terminating the transmission, clear the IRIC flag, write the H' FF to ICDR as a dummy after the
transmission of the final frame of data has been completed (when thereis no further data for
transmission in ICDRT), then write 0 to the BBSY and SCP bits of ICCR to O at the point after the
IRIC flag has been set. When SCL is high, the level on SDA is changed from low to high to create
the stop condition.

Start condition in place

scL
(Master output) 1 2 3 4 5 6 7 8 9 1 2
SDA Slaveaddress
(Master output) \  Asiz X sis X sis X si X 8iz X iz X giee ) Biwo \ siz X sits
[4]
A --¢—— — Slave address ——— » R/W -4— Datal—
SDA

(Slave output) A /
TDRE | | | |_|
— Y

IRIC Interrupt-request Interrupt-request
generalionl generation

AN A

ICDRT X Address+Rw X patat \
ICDRS X ddress+R/W X Datal \
User processing  [2] Write 1 to BBSY and [3] ICDR write [3] IRIC clear [5] ICDR write [5] IRIC clear

0 to SCP (put the
start condition in place)

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure14.6 An Example of the Timing of Operationsin Master-Transmission Mode
(MLS=WAIT =0)
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When continuously transmitting data,

6. Clear the IRIC flag to 0 before the rising edge of the 9th cycle of the transmission clock for the
data being transmitted, and write the next datum for transmission to ICDR.

7. When the transmission of one frame of data has been completed, the IRIC flag in ICCR is set
to 1 on the rising edge of the 9th cycle of the transmission clock. Concurrently, the next datum
for transmission istransferred from ICDR (ICDRT) to ICDRS, the internal TDRE flag is set to
1, and the next frame is transmitted in synchronization with the internal clock.

Steps 6 and 7 are repeated for the continuous transmission of data.

SCL
(Master output)

SDA
(Master output)

SDA
(Slave output)

TDRE

X siz X Bits X Bits X Bita X 8iz X Bit2 X Bitt X Bito \EDED Bit5X

-t Datal | [7] -4—— Data2——

A/

U | | |

\j

Interrupt-request
IRIC | | generation |

ICDRT

ICDRS

User processing

4

%
XDatal XDataZ / X Data3

» 4 AN \m [ 4

X\Datal X Data2 /
\ /

ICDR write [6] IRIC clear  [6] ICDR write [6] IRIC clear [6] ICDR write

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure 14.7 An Example of the Continuous Transmission Timingin

Master-Transmission Mode (MLS=WAIT =0)
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1443 Operationsin Master Reception

In master-reception mode, the master device outputs the reception clock, receives data, and returns
acknowledgements of reception. The slave device transmits the data. The following description
gives the procedures for and operations of reception in master mode.

1

4.

Clear the TRS bit in ICCR to 0 to change from the transmission mode to the reception mode.
In addition, clear the ACKB bit in ICSR to O (setting of the acknowledge bit).

When ICDR isread (a dummy read operation), the receiving of data starts; the receive clock is
output in synchronization with the internal clock, and the first datum isthen received. To
determine the completion of its reception, clear the IRIC flag in ICCR.

The master device sets SDA to low on the 9th cycle of the receive clock and returns the
acknowledge bit. When the reception of one frame of data has been completed, the IRIC flag
in ICCR isset to 1 on therising edge of the 9th cycle of the receive clock. When the |EIC bit
in ICCR has been set to 1, an interrupt request is generated for the CPU. In this caseg, if the
internal RDRF flag has been cleared to 0, the internal RDRF flag is set to 1 to continue with
reception. When the reception of the next frame is completed before the ICDR isread to clear
the IRIC flag asin step 4 below, SCL is automatically fixed to its low level in synchronization
with the internal clock.

Read ICDR to clear the IRIC flag in ICCR to 0. This clears the RDRF flag to 0.

Data can be continuously received by repeatedly performing steps 3 and 4 above. When receiving
is started by the change from master-transmission to master-reception mode, the internal RDRF
flagiscleared to O. Initiation of the receiving of the next frame of datais thus automatic. To stop
receiving, the TRS bit must be set to 1 before the reception clock has started up for the next frame.

When stopping a receive operation, set the TRS bit to 1, read ICDR, and then write O to the BBSY
and the SCP bits of ICCR. By doing so, the level on SDA is changed from low to high while SCL
ishigh, and thisis the stop condition.
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Master-transmission mode;  Master-reception mode

y
A

SCL i
(Master output) !
SDA :
(Slave output) / 1\ itz X is X Bits X Bita X Bit3 X Bitz X Bitr X Bito ) X Bi7 X Bit6X
SDA \ -t Datal - [3] -w— Data2—
(Master output) i A/
i Y
RDRF ; |
IRIC Interrupt-request | Interrupt-request
generation ! generation
| > A
ICDRS E \ Datal x
ICDRR X Datai
User processing [1] TRS is cleared to O [2] ICDR read [2] IRIC clear [4] ICDR read [4] IRIC clear

(dummy read)

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure14.8 An Example of the Timing of Operationsin Master-Reception Mode
(MLS=WAIT =ACKB =0)
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1444 Operationsin Slave Reception

In the dlave-reception mode, the master device transmits the transmission clock and data, and the
dave device returns acknowledgements of reception. The following description gives the
procedures for and operations of receiving in slave mode.

1.

Set the ICE bit of ICCR to 1. In addition, set the MLS bit of ICMR and the MST and TRS bits
of ICCR to the values required for the mode of operation.

When the output of a start condition by the master deviceis detected, the BBSY flag in ICCR
issetto 1.

When the slave address of the target device matches the address sent in the first frame after the
start condition, it has been designated to act as a slave device by the master device. When the
8th bit of data (R/W) is 0, the TRS hit in ICCR remains 0; the device receivesin slave mode.

To acknowledge its selection, the slave device setsthe level on SDA low on the 9th cycle of
the receive frame. The IRIC flag in ICCR is concurrently set to 1, which, when the IEIC bit in
ICCR isset to 1, generates an interrupt request for the CPU. When the internal RDRF flag has
been cleared to 0, the internal RDRF flag is set to 1, and receiving continues. While the
internal RDRF flag is set to 1, the slave device keeps the level on SCL to low from the falling
edge of the receive clock until the current datum has been read to ICDR.

ICDRisread and the IRIC flag in ICCR is cleared to 0. In this case, the RDRF flag is cleared
to 0.

Datais continuously received by repeatedly performing steps 4 and 5 above. When the stop
condition is detected, i.e., when the level on SDA goes from low to high while SCL is high, the
BBSY flagin ICCRiscleared to 0.

Rev. 2.0, 09/02, page 442 of 732

RENESAS



Start condition in place

SCL
(Master output)

SCL
(Slave output)

SDA JR—
(Master output) \ A X Bis X Bis X 8iu X Bit3 X sie X Bie X gio / \ itz X Bis X

SDA -¢——— Slave address ——— » R/W [4] -a— Datal—
(Slave output)

A/
RDRF _|
/

IRIC Interrupt-request
generation |
ICDRS X Addresstrw |
ICDRR XAdd‘ress+R/\N \
User processing [5] ICDR read [5] IRIC clear

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure 14.9 An Example of the Timing of Operationsin Slave-Reception Mode (1)
(MLS=ACKB =0)
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SCL
(Master output)

SCL
(Slave output) \ ( \
1
SDA
(Master output) x Bitl x Bit0 > ( Bit7 X BitGX Bit5 X Bit4X BitSX Bit2 X Bith Bit0
——Datal —p» [4] -t Data2 | [4]
SDA
(Slave output) \ A / A
RDRF
\j Y
Interrupt-reque§l I Interrupt-request
IRIC generation | generation
ICDRS Datal [X \ Data2
ICDRR X  Datal \ X Dpata2
\
User processing [5] ICDR read [5] IRIC clear

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure14.10 An Example of the Timing of Operationsin Slave-Reception Mode (2)
(MLS=ACKB =0)
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1445 Operationsin Slave Transmission

In the dave-transmission mode, the slave device transmits data while the master device outputs the
reception clock and returns acknowledgements of reception. The following description gives the
procedures for and operations of transmitting in slave mode.

1.

Set the ICE bit of ICCR to 1. In addition, set the MLS bit of ICMR and the MST and TRS bits
of ICCR to the values required for the mode of operation.

When the slave address of the target device matches the address sent in the first frame after the
start condition has been detected, the save device setsthe level on SDA low over the Sth cycle
of the clock to acknowledge its selection. The IRIC flag in ICCR is concurrently set to 1,
which, when the |EIC bit in ICCR is set to 1, generates an interrupt request for the CPU. When
the 8th bit of data (R/W) is 1, the TRS hit in ICCSis set to 1, and this automatically placesthe
devicein the slave-transmission mode. In this case, the TDRE flag is set to 1. The dave device
setsthe level on SCL low from the falling edge of the transmission clock until the first datum
for transmission is written to ICDR.

After 0 has been written to the IRIC flag, dataiswritten to ICDR. In this case, the internal
TDRE flag is cleared to 0. The written datais transferred to ICDRS, and the internal TDRE
flag, the ICIR and IRTR flags are again set to 1. After clearing the IRIC flag to O, the next
datum for transmission iswritten to ICDR. The slave device sequentially transmits the bits of
datawritten in ICDR, on the basis of the clock from the master device, and with the timing
shown in figure 14.11.

After the transmission of one frame has been completed, the IRIC flag in ICCR issetto 1 on
the rising edge of the 9th cycle of the transmission clock. When the internal TDRE flag is set
to 1, the dave device setsthe level on SCL low from the falling edge of the transmission clock
until the next datum for transmission is written to ICDR. The master device sets SDA low on
the 9th cycle and then returns the acknowledgement that it has received the current datum. The
acknowledge signal is stored in the ACKB bit in ICSR and this makes it possible to confirm
that the transfer was completed normally. When theinternal TDRE flag is O, the bitsin the
ICDR are transferred to ICDRS and transmission starts. The internal TDRE flag, and the IRIC
and the IRTR flags are then set to 1 again.

To continue with the transmission, clear the IRIC flag to 0 and write the next datum for
transmission to ICDR. In this case, the internal TDRE flag is cleared to 0.

Datais continuously transmitted by repeatedly performing steps 4 and 5 above. When completing
the transmission, write H' FF to ICDR. When the stop condition is detected, i.e., when the level on
SDA goes from low to high while SCL is high, the BBSY flagin ICCR iscleared to O.
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SCL
(Master output)

SCL
(Slave output)

(SlaviDo?Jtput) \ A /

SDA [2]
(Master output) R/WI,’

X iz X sis X Bis X eia X eizX sz X e sio)| X mir X BiI6X

Datal - q— Data2 —

A/
\)
TDRE |
: V3
IRIC hterrupt-request | Interrupt-request Interrupt-request
generation L generation| generation
A A

|CDRT i Datal X Data2 X:
A 74
ICDRS X Datal N Dawa2 /
' /
User processing  [3] IRIC clear [3] ICDR write [3] ICDR write [5] IRIC clear  [5] ICDR write

Note: The numbers in brackets [ ] represent step numbers in the above procedural description.

Figure14.11 An Example of the Timing of Operationsin Slave-Transmission Mode
(MLS=0)

Rev. 2.0, 09/02, page 446 of 732
RENESAS




1446 Timingfor Setting IRIC and the Control of SCL

The timing with which the interrupt-request flag (IRIC) is set varies according to the settings of
the WAIT bitin ICMR, FShit in SAR, and the FSX bit in SARX. When the TDRE and RDRF

internal flags are set to 1, the level on SCL is automatically set low in synchronization with the
internal clock after the transfer of one frame of data. Figure 14.12 shows the timing with which
IRIC is set and the control of SCL.

(a) When WAIT=0, and FS=0 or FSX=0 (12C bus format, no wait )

User processing IRIC clear ICDR write (during transmission) or
ICDR read (during reception)

(b) When WAIT=1, and FS=0 or FSX=0 (I12C bus format, wait inserted )

SCL

User processing IRIC clear IRIC clear ICDR write (during transmission) or
ICDR read (during reception)

(c) When FS=1 and FSX=1 (clock-synchronized serial format )

SCL _7\_(8_\ S S S
SDA 7 f \ 8 i’
IRIC
/
User processing IRIC clear ICDR write (during transmission) or
ICDR read (during reception)

INE

Figure14.12 IRIC-Set Timing and the Control of SCL
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14.47 Noise Canceller

The states on the SCL and SDA pins are fetched internally via the noise canceller. Figure 14.13 is
ablock diagram of the noise canceller.

The noise canceller consists of a 2-stage latch circuit and match-detection circuit, which are
connected in series. The input signal on the SCL pin (or on the SDA pin) is sampled at the interval
Pg; when the two latch outputs match, the given level isthen sent to the next stage. If the two
values don’t match, the existing value is maintained.

Sampling clock

C C
SCL input signal or
SDA input signal b Q b Q | Match-detection Internal SCL signal or
Latch Latch r circuit Internal SDA signal

P¢ period
Sampling clock | | |_| |_|

Figure 14.13 A Block Diagram of the Noise Canceller
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14.4.8

DTC Operation

In the I°C bus format, since the slave device or the direction of transfer is selected by the slave
address or the R/W bit, and the acknowledge bit may indicate the end of reception or reception of
the final frame, the continuous transfer of data by the DTC must be combined with interrupt-
driven processing by the CPU.

Table 14.8 shows examples of processesin which the DTC is used. For the dlave-mode processes,
it is assumed that the amount of datato be transferred is defined in advance.

Table 14.8 Examplesof Operationsin which the DTC is Used

Item

Master-
transmission
mode

Master-
reception mode

Slave-
transmission
mode

Slave-reception
mode

Transfer of slave DTC CPU CPU reception CPU reception
address + R/W transmission transmission (ICDR read) (ICDR read)
bit (ICDR write) (ICDR write)
Dummy-data O CPU processing O
read (ICDR read)
Main unit data DTC DTC reception DTC DTC reception
transfer transmission (ICDR read) transmission (ICDR read)
(ICDR write) (ICDR write)
Dummy-data O DTC processing 0O
(H'FF) write (ICDR write)
Final frame Unnecessary CPU reception Unnecessary CPU reception
processing (ICDR read) (ICDR read)
Transfer-request  First time: Unnecessary Dummy data: Unnecessary
processing after  Clearing by the H'FF is
processing of the CPU transmitted and
final frame Second time: detected as the
Generation of end condition
the end and is )
condition by the automatically
CPU cleared
Setting, in DTC, Transmission: Reception: Transmission: Reception:
the number of Number of Number of Number of Number of
frames of datato actual frames of  actual frames of  actual frames of  actual frames of
be transferred data + 1 (+1 data data + 1 (+1 data
represents the represents
frame for slave dummy data
address + R/W (H'FF))

bits)

RENESAS
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1449 Usingthelnterface: Some Examples

Figures 14.14 to 14.17 are flow charts that give examples of the use of the I°C businterfacein

each of its modes.

| Initial setting |

| Read the BBSY flag (ICCR) |

BBSY=07?

Set MST= 1 and
TRS=1 (ICCR)

1
Write BBSY=1 and
SCP=0 (ICCR)
I

Write the data for
transmission to ICDR

I
| Clear the IRIC flag (ICCR) |

| Read the IRIC flag (ICCR) |

oo >

Yes

| Read the ACKB bit (ICSR) |

Write the data for
transmlssmn to ICDR

| Clear the IRIC flag (ICCR) |
B——
I

| Read the IRIC flag (ICCR) |

| Read the ACKB bit (ICSR) |

ransmission
completed?

Write BBSY=0,
SCP=0 (ICCR)

End

[1] Determine the states of the SCL and SDA lines.
(1 [2] Set the device to the master-transmission mode.
[3] Generate the start condition.
(2] [4] Set the first byte of data for transmission (slave address+R/W).
3] [5] Wait for the end of the current byte’s transmission.

[6] Test for reception of the acknowledge bit from the specified slave device.
t [7] Setthe second and subsequent bytes of data for transmission.

[8] Wait for the end of the current byte’s transmission.

[9] Test for the end of transmission.

[5] [10] Generate the stop condition.

6]
| Master reception ||

[7]

(8l

[0l

[10]

Figure 14.14 Example: Flowchart of Operationsin the Master-Transmission Mode
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Master-reception mode

|  setTRS=0(CCR) |
I

| Clear the IRIC flag (ICCR)|

|
|  setAckB=0 (ICSR) |

Final receive ~
operation?

o
| Read ICDR |

1
| Clear the IRIC flag (ICCR)|

|Read the IRIC flag (ICCR) |

) Yes
:‘7

| setAckB=1(cCsR) |
|

| Read ICDR |
1
| Clear the IRIC flag (ICCR)|

| Read the IRIC flag (ICCR)|

Set TRS=1 (ICCR) |

|
| Read ICDR |
|

| Clear the IRIC flag (ICCR)|
I

Write 0 to BBSY
and SCP (ICCR)

End

:I 1] [1] Set the reception mode.
[2] Set the acknowledge bit.
:l 2] [3] Start of reception (dummy read as the first operation).

[4] Wait for the reception of one byte.
[5] Set the acknowledgement for the final receive operation.
[6] Start the final receive operation.

Jom

[8] Set the device to the transmission mode.

Wait for the reception of one byte.

[9] Read the data received in the final frame (When ICDR is read and the
device is not set to the transmission mode, a receive operation starts).

[4]

[10] Generate the stop condition.

] m
]

[7]

]
el

i| [10]

Figure 14.15 Example: Flowchart of Operationsin the Master-Reception Mode
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Initial setting

Set MST=0,
TRS=0 (ICCR) (1]
!

| Set ACKB=0 (ICSR) |
— _

| Read the IRIC flag (ICCR) |

Read the AAS and
ADZ flags (ICSR)

|General call address processing]|

* Explanation omission !

| Read the TRS hit (ICCR) |

|Slave-transmission mode|]

inal receive [1] Set the device to the slave-reception mode.
operation?
[2] Wait for one byte to be recieved (slave address).

No
| Read ICDR |

3] [3] Start of reception (dummy read as the first operation).

|
| Clear the IRIC flag (ICCR) |

[4] Wait for the completion of reception.

| Read the IRIC flag (ICCR)| [5] Setthe acknowledgement for the final receive operation.

[4] [6] Start the final receive operation.
| [7] Wait for the end of the receive operation.

[8] Read the last data to be received.

[ SetACKB=0 (ICSR) | 11
1

[ Read ICDR ] el
1

| Clear the IRIC flag (ICCR) |

| Read the IRIC flag (ICCR) |

(7]

Read ICDR :I [8]

| Clear the IRIC flag (ICCR) |

Figure 14.16 Example: Flowchart of Operationsin the Slave-Reception Mode
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|| Slave-transmission mode ||

1] Set the data for the second and subsequent transmissions.
[ Clear the IRIC flag (ICCR) | 1] q

[2] Wait for the end of the current byte’s transmission.

| ir \{\{rirtnei thie g?éalfQOBR | :I[l] [3] Test for the end of transmission.

I Clear the IRIC flag (ICCR) I [4] Set the device to the slave-reception mode.

[5] Dummy read (to release the SCL line).

| Read the IRIC flag (ICCR) |

| Read the ACKB bit (ICSR) |

Transmission
complated?
ACKB=1?

[3]

[setTRs=0(cCR) | ]l
|

[ Read ICDR | s

| Clear the IRIC flag (ICCR) |

End

Figure 14.17 Example: Flowchart of Operationsin the Slave-Transmission M ode

145 Usage Notes

1.

In master mode, when the instruction that generates the start condition isissued immediately

after the instruction that generates the stop condition, neither the start condition nor the stop

condition will be correctly output. For the consecutive output of the start condition and stop

condition, read the port after issuing the instruction that generates the start condition, and make

sure that the levels on both SCL and SDA are low. Then issue the instruction that generates the

stop condition. Note that SCL may not have completely reached its low level when BBSY

becomes 0.

The following two conditions apply to the start of the next transfer: take note when reading

from/writing to ICDR.

a. ICE=1, TRS=1, and datais written to ICDR (including automatic transfer from ICDRT
to ICDRYS)

b. ICE=1, TRS=0, and dataisread from ICDR (including automatic transfer from ICDRS
to ICDRR)

In synchronization with the internal clock, SCL and SDA are output with the timing shown in

table 14.9. The timing on the busis determined by the rise/fall times of the signals, and these

are affected by the bus-load’ s capacitance, series resistance, and parallel resistance.
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Table 14.9 1°C Bus Timing (output of SCL and SDA)

Item Symbol Output Timing Unit Remarks
SCL-output cycle time teco 28110256t ns
SCL-output high-pulse width tecto 0.5t ns
SCL-output low-pulse width teciio 0.5t ns
SDA-output bus-free time touro 05t,,-1t,, ns
Start-condition-output hold time terano 05t,,-1t,, ns
Output setup time for re-transmission of toraso 1t ns
start condition

Setup time for output of the stop condition teroso 05t,,+2¢t . ns
Setup time for the output of data (master) tepnso R < L ns
Setup time for the output of data (slave) 1t 3t ns
Data-output hold time t 3t ns

'SDAHO

pcyc

4. The SCL and SDA inputs are sampled in synchronization with Pg. Therefore, the AC timing
depends on the period of Pp cyclet . When the Py frequency does not reach 5 MHz, the AC
timing specifications of the I°C bus interface are not satisfied.

5. The SCL rising timet, is defined as being within 1,000 ns (300 nsin the high-speed mode).
The I°C bus interface monitors SCL in the master mode, and communication is synchronized
in abit-by-bit basis. When the rise time t_, (the time required to reach V ,, from an initially low
level) of SCL exceeds the time determined by the input clock of the I°C bus interface, the high-
level period of SCL is extended. The time SCL takesto rise is determined by the pull-up
resistance and the load capacitance. Therefore, to operate at the specified transfer rate, set the
pull-up resistance and load capacitance so that each time is within the corresponding value

givenin table 14.10.
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Table14.10 Toleranceof the SCL Rise Time (t,)

Time [ns]
I’C bus
specification Pg= Pe= Po= Pe= Pe= Po=
lnex — t, (max) 10MHz  16MHz 20MHz 25MHz 33MHz  40MHz
0 7.5 Standard 1000 750 468 375 300 227 188
[ mode
High- 300 - - - - 227 188
speed
mode
1 17,5  Standard 1000 - - 875 700 530 438
[ mode
High- 300 - - - - - -
speed
mode

6. Theriseand fall timesof SCL and SDA are respectively prescribed as being 1000 ns or less
and 300 ns or less by the I°C bus specification. The output timing of SCL and SDA for the I°’C
bus interface of this LS| are described by t, , and t as shown in table 14.9. However, due to
the effect of the rise and fall times, the 1°C bus interface specifications are not satisfied at the
maximum transfer rate. Table 14.11 shows the results of calculating the output timing for each
available operating frequency, by considering the worst-case rise and fall times. t ., does not
satisfy the specifications of the I°C bus interface specifications. As a countermeasure against
this problem, either (a) ensure that your program provides the required interval (approximately
1 us) between issuing of the stop condition and of the next start condition or (b) select aslave
device with an input timing that permits use with this output timing for connection to the I°C
bus.

For t, , in the high-speed mode and t;,., in the standard mode, the I°C bus interface specification
is not satisfied when the worst case for t./t is assumed. Take one of the following steps:

a. Adjust therise and fall times by changing the pull-up resistors and load capacitance.
b. Reducethe transfer rate until the specification is satisfied.

c. For connection to the I°C bus, select a slave device with an input timing that permits use
with this output timing.
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Table 14.11 1°C Bus Timing (when the effect of t_/t isat its maximum)
Time (at Maximum Transfer Rate) [ns]
Effect I’C bus
of t /t,  specification Pg@= P@= P@= P@= P@= Pe=
Item t . (max) (min) 10MHz 16MHz 20MHz  25MHz  33MHz  40MHz
tewo 05t Standard -1000 4000 4000 4000 4000 4000 4000 4000
(-tg) mode
High-speed -300 600 950 950 950 950 950 950
mode
too O05t,, Standard -250 4700 4750 4750 4750 4750 4750 4750
(-ty) mode
High-speed -250 1300 1000%*  1000*'  1000*'  1000*'  1000**  1000**
mode
two 05t Standard -1000 4700 3900*"  3938*'  3950*'  3960*'  3970*' 3975+
-1t mode
peyc.
) High-speed -300 1300 850*" 888! 900** 910** 920** 925**
mode
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Time (at Maximum Transfer Rate) [ns]

Effect I’C bus Pg= Po= Pg= Po= Po= Pg=
of t /t,  specification =~ 10MHz  16MHz 20MHz  25MHz  33MHz  40MHz
Item t . (max) (min)
| S, 05t ., Standard -250 4000 4650 4688 4700 4710 4720 4725
-1t mode
) High-speed = -250 600 900 938 950 960 970 975
mode
| S, Tt Standard -1000 4700 9000 9000 9000 9000 9000 9000
(-tg) mode
High-speed  -300 600 2200 2200 2200 2200 2200 2200
mode
toroso 05t Standard -1000 4000 4200 4125 4100 4080 4061 4050
2t mode
) High-speed  -300 600 1150 1075 1050 1030 1011 1000
mode
tonso 1t Standard -1000 250 3400 3513 3550 3580 3609 3625
As =31, mode
mast ) High-speed  -300 100 700 813 850 880 909 925
er mode
toso Lt Standard -1000 250 3400 3513 3550 3580 3609 3625
As -3t,**  mode
slave ) High-speed ~ -300 100 700 813 850 880 909 925
mode
tono t. Standard 0 0 300 188 150 120 91 75
mode
High-speed 0 0 300 188 150 120 91 75
mode

Notes: 1. Apply one or more of the following measures to satisfy the I°C bus interface
specification.
« Ensure that the interval between the setting of the start condition and of the stop

condition is sufficient.
« Adjust the rise and fall times by changing the values of the pull-up resistors and load
capacitance.
» Adjust the system by decreasing the transfer rate.
« Select a slave device with an input timing that permits the I/O timing.
The values in the above table are changed by the setting of the [ICX bit and the CKS2
to CKSO bits. Since the maximum transfer rate may not be achievable, depending on
the frequency, check whether or not the I°C bus interface specification is satisfied under
the actual conditions that are set.
Calculated from the I°C bus specifications (standard 4700 ns/min, high-speed: 1300
ns/min.)
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7. Pointsfor caution when reading ICDR at the end of master reception

To halt the reception of data after a receive operation in the master-reception mode has been
completed, set the TRS hit to 1 and write 0 to BBSY and SCP. By doing so, the level on SDA
will be changed from low to high while SCL is high, that is, the stop condition will be
generated. The received data can be read by reading ICDR. If there is datain the buffer,
however, the data received in ICDRS cannot be transferred to ICDR. Therefore, the second-
byte of data cannot be read.

When reading of the second-byte of datais required, set the stop condition in the master-
reception mode (with the TRS bit being 0). When reading the received data, confirm that the
BBSY bit in ICCRis 0, the stop condition has been generated, and the busis released. After
that, read the ICDR register while TRSisO.

In this case, if an attempt is made to read the received data (datain ICDR) during the period
from the execution of the instruction (write 0 to BBSY and SCP of ICCR) that sets the stop
condition and the actual generation of the stop condition, it is nhot possible to generate the clock
correctly for athe subsequent master transmission.

Rewriting of the I°C control bit to change the mode of operation or setting of
transmission/reception, such as clearing of the MST bit after the completion of
transmission/reception by the master, must not take place in any period other than period (a)
(after confirming that the BBSY bit in ICCR has been cleared to 0) in figure 14.18.

Stop condition i Start condition

» @ :
SDA Bit 0 | A | | T ¥ ,E

@

E = y =
scL | 8 | | 9 | : | E i
: (
Internal clock J | | | |

|7
BBSY bit
«
7

I_I_‘

Master-reception mode :

'ICDR read-disabled: :
+ period * +
Execution of the instruction Confirmation of stop-condition Start condition set

that sets the stop condition (reading O from BBSY)
(writing O to BBSY and SCP)

Figure14.18 Pointsfor Caution in Reading Data Received by Master Reception
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8. Pointsfor Caution in Setting the Start Condition for Re-transmission

Figure 14.19 shows the timing and flowchart of the setting of the start condition for re-
transmission, and the timing with which the data is continuously written to ICDR.

I Read the SCL pin I 2] [1] Wait for completion of one-byte transfer.

[2] Decide whether or not SCL is low.

No
@ [3] Execuse the instruction that sets the start

Yes condition for re-transmission.
Write 1 to BBSY and 3 [4] Decide whether or not SCL is high.
0to SCP of ICSR 3

[5] Set the data for transmission (slave address+R/W)

Read the SCL pin

Note: Program so that steps 3 to 5 above are
executed continuously.
[4]

Write the data for
transmission to ICDR 5]

b

SDA ACK / | | bit7 |
Start condltlon A
(re transmlsswn)

IRIC | |

[1] Tasting of IRIC  [2] Testing of saqﬁ Testing of SCL=high

[3] Instruction that puts the [5] Write to ICDR
start condition in place

Figure 14.19 Flowchart and Timing of the Execution of the Instruction that Setsthe Start
Condition for Re-Transmission
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9. Pointsfor Caution in the Execution of the Instruction that Sets the I°C Bus Interface Stop
Condition
If the risetime in the 9" cycle of SCL exceeds the specified value due to a high bus-load
capacitance, or if aslave device inserts await by setting the level on SCL low, read SCL in the
following way to confirm that the level islow, and then execute the instruction that sets the
stop condition.

Period for securing
ot cycle the high-level period

SCL is detected as low Y
since this waveform takes
a long time to rise.

SDA J |

|
E Stop condition
IRIC |
7 7

[1] Decision on whether  [2] Execution of the instruction
or not SCL is low that sets the Stop Condition

Figure14.20 Timing for the Setting of the Stop Condition

10. Set the HNDS bit in serial control register X (SCRX) to 1.

11. In slave transmit operation of the I°C bus interface module, when ICDR is read from or ICCR
isread from or written to at the moment address reception is switched to data transmission,
erroneous data may be transmitted.

In normal transmit operation, when afirst frame is received and the received address matches,
the TRS bit isautomatically set to 1 and transmit mode is entered if the R/W bit of the 8th
clock cycleis 1. The SCL pin isthen fixed to low from the fall of the 9th clock of the first
frame until the transmit datais written to the ICDR register.

However, when ICDR isread from or ICCR isread from or written to within 6 peripheral
clock cycles (half-tone dot-meshing area in figure 14.21) after the rising edge of the Sth
transmit/receive clock for address reception of the first frame, the SCL pinis not fixed low
after the fall of the 9th clock for the first frame. The master device starts sending clock signals
before the slave device has written transmit datato ICDR. As aresult, datain the ICDR shift
register is output to the SDA pin, and erroneous data is transmitted to the master device.
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Erroneous waveforms

i« Write to ICDR
SDA RIW [ 1 A : | Bit 7

TRS bit Address reception ' E \ Data transmission

Period in which read from ICDR and read from
+_or write to ICDR are prohibited

(6 peripheral clocks)

Detection of rise of 9th transmit/receive clock

Figure14.21 Scheme of Slave Transmit Operation

In slave transmit operation, do not read from ICDR or read from or write to ICCR during the
period indicated by half-tone dot-meshing in figure 14.21.

For the interrupt processing that normally occursin synchronization with the rising edge of the
9th transmit/receive clock, reading from ICDR or reading from or writing to ICCR causes no
problems because the prohibited period ends before transiting to the interrupt processing.

To ensure that thisinterrupt processing is carried out, satisfy either of the following conditions.

(1) Before the next slave address reception starts, complete the ICDR read operation and ICCR
read/write operation.

(2) Monitor the BC2 to BCO bits (bit counters 2 to 0) in ICMR, and when the BC2 to BCO bits
are al cleared to 0 (8th or 9th clock), wait for at least two transmit/receive clocks before
reading from ICDR or reading from or writing to ICCR to avoid the period in which these
operations will cause afailure.

12. To change, without transiting to the stop condition, from slave transmit operation (TRS = 1) to
next address receive operation (TRS = 0) by the input of resumption condition, clear TRSto 0
during time period (a) in figure 14.22, when the I°C bus interface is in slave mode.

In slave mode, the TRS hit setting in ICCR becomes valid as soon as the bit is set during the

period from when the rising edge of the 9th clock or a stop condition is detected to the next

rising edge at the SCL pin (period (a) in figure 14.22).

However, for any other period (i.e., period (b) in figure 14.22), the TRS hit setting is retained

until the next rising edge of the 9th clock or a stop condition is detected, so that the TRS bit

setting does not become valid immediately.

Accordingly, in the address reception following input of aresumption condition, the internally

effective TRS hit setting remains 1 (transmit mode), and the acknowledge bit that should be

transmitted at the end of address reception is not transmitted at the 9th transmit/receive clock.
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Resumption condition

(CY . l (b)

SDA | | |}A |
8 9 1 2 3 4 5 6 7 8 9

Address reception

SCL

(a) TRS bit Data :
transmission !

(b) TRS bit i ;

\ \ Period in which TRS bit setting is retained

TRS bit effective value

Detection of rise of 9th TRS bit setting value Detection of rise of 9th
transmit/receive clock transmit/receive clock

Figure 14.22 Scheme of TRSBit Setting in Slave Mode
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Section 15 A/D Converter

This LSl includes a successive approximation type 10-bit A/D converter. The block diagram of the
A/D converter is shown in figure 15.1.

15.1 Features

* 10-hit resolution
* Input channels
0 8 channels (two independent A/D conversion modules)

» Conversion time: 5.4 ps per channel (at P@ = 25 MHz operation), 6.7us per channel (at Po= 20
MHz operation)

e Three operating modes
0 Single mode: Single-channel A/D conversion
O Continuous scan mode: Continuous A/D conversion on 1 to 4 channels
0 Single-cycle scan mode: Single-cycle A/D conversion on 1 to 4 channels
» Dataregisters
0 Conversion results are held in a 16-bit data register for each channel
e Sample and hold function
» Three methods for conversion start
O Software
0 Conversion start trigger from multifunction timer pulse unit (MTU)
0 External trigger signal
* Interrupt request
O AnA/D conversion end interrupt request (ADI) can be generated
* Module standby mode can be set
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Module data bus

>
>
>

H
w '
& H
s '
= I MTU
g2 &l ¢ aoRG v
AVce —— e35| 3 : ADTRG trigger
: ) < 12388 Dlz=]|»] 2 = I 8 H
' 10-bit == Ol10|T |G 9195 '
Mot 71 Dia < gl1e(2]13] |2]2 :
' = @
(only for SH7145) 5 sle S| @ ~ @ : ADTSR
AVss T3 @ ° ,
H H
: 4 ‘ ’ :
' '
: | O :
' '
ANO —»| .
AN1 —->: g > | T " le— P/4 :
Jei L e |
AN2 —» © O H ' o P¢/8 H
' F ' ¥ i Comparator Control circuit '
AN3 —] 7 | ! -— P§/16 |
' 1 i '
v —y e o le— P¢/32
' + Sample-and-hold circuit .
' ! ADIO(DTC)
L + interrupt signal
DT e Y
' A/D1 Module data bus H
H W
' < T
= A00AA 00 |3
: g8 0 g i
AVee — 23S g = H
: ! O (R D S [P [P > | - &
' 10-bit T 3o 9l0 o o] 9 o '
AV, ] < Olo| O )} (9] '
ref 4 D/IA 28 J|lx|l=n| =D o |Q '
(only for SH7145): S Slals ]| S -~ ~ '
AVgs 1] o = R :
H H
: 4 ‘ ’ :
' '
: | O :
' '
AN4 —»] :
] 2 > * :
ANS —iml S 2 | 707075 «—Pp/4
15 A e o |
AN6 —i=l 2 8 , ! - «—P¢/8
H ) ' ; ! Comparator Control circuit '
AN7 — ] H ! -— P§/16
' 1 i '
: - P$/32 .
H + Sample-and-hold circuit -
. 1 ADI1
B e e e e e e me e e mmmmemmeemmmmemmemmmmmemm—m——————— . (DMAC/DTC)
interrupt signal
Legend
ADCR_0 : A/DO control register ADCR_1 : A/D1 control register
ADCSR_0 : A/DO control/status register ADCSR_1: A/D1 control/status register
ADDRO  : A/DO data register 0 ADDR4 : A/D1 data register 4
ADDR1 : A/DO data register 1 ADDR5 : A/D1 data register 5
ADDR2 : A/DO data register 2 ADDR6 : A/D1 data register 6
ADDR3  : A/DO data register 3 ADDR7 :A/D1 data register 7

Figure15.1 Block Diagram of A/D Converter (For One Module)

Rev. 2.0, 09/02, page 464 of 732

RENESAS




15.2  Input/Output Pins

Table 15.1 summarizes the input pins used by the A/D converter. ThisL Sl hastwo A/D
conversion modules, each of which can be operated independently. The input channels are divided
into four channel sets.

The analog input pins are as shown in table 15.1.

Table 15.1 Pin Configuration

Module Type Pin Name 110 Function
Common AV . Input Analog block power supply and reference
voltage
AV, Input A/D conversion reference voltage
(Only for SH7145)
AV Input Analog block ground and reference voltage
ADTRG Input A/D external trigger input pin
A/D module 0 (A/DO0) ANO Input Analog input pin 0
AN1 Input Analog input pin 1
AN2 Input Analog input pin 2
AN3 Input Analog input pin 3
A/D module 1 (A/D1) AN4 Input Analog input pin 4
AN5 Input Analog input pin 5
ANG6 Input Analog input pin 6
AN7 Input Analog input pin 7

Note: The connected A/D module differs for each pin. The control registers of each must be set
each module. The AV, pin is internally connected to the AV _ pin in the SH7144.

ref
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15.3 Register Description

The A/D converter has the following registers. For details on register addresses, refer to section
25, List of Registers.

« A/D dataregister 0 (ADDRO)

» A/D dataregister 1 (ADDR1)

e A/D dataregister 2 (ADDR2)

» A/D dataregister 3 (ADDRS3)

» A/D dataregister 4 (ADDR4)

» A/D dataregister 5 (ADDRS5)

» A/D dataregister 6 (ADDR6)

» A/D dataregister 7 (ADDRY7)

e A/D control/status register 0 (ADCSR_0)
» A/D control/status register 1 (ADCSR_1)
e A/D control register 0 (ADCR_0)

» A/D control register 1 (ADCR_1)

e A/D trigger select register (ADTSR)

153.1 A/D Data RegistersOto 7 (ADDRO to ADDRY7)

ADDRSs are 16-hit read-only registers. The conversion result for each analog input channel is
stored in ADDR with the corresponding humber. (For example, the conversion result of AN4 is
stored in ADDRA4.)

The converted 10-bit datais stored in bits 6 to 15. The lower 6 bits are always read as 0.

The data bus between the CPU and the A/D converter is 8 bits wide. The upper byte can be read
directly from the CPU, however the lower byte should be read via atemporary register. The
temporary register contents are transferred from the ADDR when the upper byte datais read.
When reading the ADDR, read the upper byte before the lower byte, or read in word unit.

Theinitial value of ADDR is H'0000.
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15.3.2 A/D Control/Status Register_0to 1 (ADCSR_0to ADCSR_1)
ADCSR for each module controls A/D conversion operations.

Bit Bit Name Initial Value R/W Description

7 ADF 0 R/(W)*  A/D End Flag
A status flag that indicates the end of A/D conversion.
[Setting conditions]
* When A/D conversion ends in single mode

* When A/D conversion ends on all specified
channels in scan mode

[Clearing conditions]
¢ When 0 is written after reading ADF =1

e When the DMAC or the DTC is activated by an
ADI interrupt and ADDR is read

6 ADIE 0 R/W A/D Interrupt Enable

The A/D conversion end interrupt (ADI) request is
enabled when 1 is set

When changing the operating mode, first clear the
ADST bit in the A/D control registers (ADCR) to 0.

5 O 0 R Reserved

This bit is always read as 0, and should only be
written with O.

4 ADM 0 R/W Select the A/D conversion mode.
0: Single mode
1: Scan mode

When changing the operating mode, first clear the
ADST bit in the A/D control registers (ADCR) to 0.

3 O 1 R Reserved

This bit is always read as 1, and should only be
written with 1.

2 O 0 R Reserved

This bit is always read as 0, and should only be
written with O.

CH1 0 R/W Channel select 1, 0
0 CHO 0 R/W Select analog input channels. See table 15.2.

When changing the operating mode, first clear the
ADST bit in the A/D control registers (ADCR) to 0.

Note: * Only 0 can be written to clear the flag.
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Table15.2 Channel Select List

Bit 1 Bit 0 Analog Input Channels
CH1 CHO Single Mode Scan Mode
A/DO A/D1 A/DO A/D1
0 0 ANO AN4 ANO AN4
1 AN1 AN5 ANO, AN1 AN4, AN5
1 0 AN2 ANG ANO to AN2 AN4 to AN6
1 AN3 AN7 ANO to AN3 AN4 to AN7

15.3.3 A/D Control Register 0to1 (ADCR_0to ADCR_1)

ADCR for each module controls A/D conversion started by an external trigger signal and selects

the operating clock.

Bit Bit Name |Initial Value R/W

Description

7 TRGE 0 R/W

Trigger Enable

Enables or disables triggering of A/D conversion by

ADTRG or an MTU trigger.

0: A/D conversion triggering is disabled

1: A/D conversion triggering is enabled

6 CKS1 0 R/W
5 CKSO 0 R/W

Clock Select0 and 1

Select the A/D conversion time.
00: P@/32

01: P16

10: P8

11: P@/4

When changing the operating mode, first clear the
ADST bit in the A/D control registers (ADCR) to 0.

CKS[1,0] = b'11 can be set while P@< 25 MHz.
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Bit

Bit Name

Initial Value

R/W

Description

ADST

0

R/W

A/D Start

Starts or stops A/D conversion. When this bit is set to
1, A/D conversion is started. When this bit is cleared
to 0, A/D conversion is stopped and the A/D converter
enters the idle state. In single or single-cycle scan
mode, this bit is automatically cleared to 0 when A/D
conversion ends on the selected single channel. In
continuous scan mode, A/D conversion is
continuously performed for the selected channels in
sequence until this bhit is cleared by a software, reset,
or in software standby mode, or module standby
mode.

ADCS

0

R/W

A/D Continuous Scan

Selects either single-cycle scan or continuous scan in
scan mode. This bit is valid only when scan mode is
selected.

0: Single-cycle scan
1: Continuous scan

When changing the operating mode, first clear the
ADST bit in the A/D control registers (ADCR) to 0.

Reserved

These bits are always read as 1, and should only be
written with 1.
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15.34 A/D Trigger Select Register (ADTSR)

The ADTSR enables an A/D conversion started by an external trigger signal.

Bit Bit Name Initial Value R/W Description
7t0o4 — All O R Reserved
These bits are always read as 0, and should only be
written with 0.
3 TRG1S1 R/W AD Trigger 1 Select 1 and 0
2 TRG1S0 R/W Enable the start of A/D conversion by A/D1 with a
trigger signal.
00: A/D conversion start by external trigger pin
(ADTRG) or MTU trigger is enabled
01: A/D conversion start by external trigger pin
(ADTRG) is enabled
10: A/D conversion start by MTU trigger is enabled
11: Setting prohibited
When changing the operating mode, first clear the
ADST and TRGE bit in the A/D control registers
(ADCR) to 0.
1 TRGOS1 R/W AD Trigger 0 Select 1 and O
0 TRGOSO0 R/W Enable the start of A/D conversion by A/DO with a

trigger signal.

00: A/D conversion start by external trigger pin
(ADTRG) or MTU trigger is enabled

01: A/D conversion start by external trigger pin
(ADTRG) is enabled

10: A/D conversion start by MTU trigger is enabled
11: Setting prohibited

When changing the operating mode, first clear the
ADST and TRGE bit in the A/D control registers
(ADCR) to 0.
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154  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes; single mode and scan mode. There are two kinds of scan mode: continuous
mode and single-cycle mode. When changing the operating mode or analog input channel, in order
to prevent incorrect operation, first clear the ADST bit to 0in ADCR. The ADST bit can be set at
the same time when the operating mode or analog input channel is changed.

1541 SingleMode

In single mode, A/D conversion is to be performed only once on the specified single channel. The
operations are as follows.

1. A/D conversion is started when the ADST hit in ADCR is set to 1, according to software,
MTU, or external trigger input.

2. When A/D conversion is completed, the result istransferred to the A/D data register
corresponding to the channel.

3. On completion of conversion, the ADF bitin ADCSRissetto 1. If the ADIE bitissetto 1 at
thistime, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion. When A/D conversion ends, the ADST
bit is automatically cleared to 0 and the A/D converter enterstheidle state.

15.4.2 Continuous Scan Mode

In continuous scan mode, A/D conversion is to be performed sequentially on the specified
channels. The operations are as follows.

1. Whenthe ADST hitin ADCR is set to 1 by software, MTU, or external trigger input, A/D
conversion starts on the channel with the lowest number in the group (ANO, AN1, ..., AN3).

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D data register corresponding to each channel.

3. When conversion of all the selected channels is completed, the ADF bit in ADCSR is set to 1.
If the ADIE bit isset to 1 at thistime, an ADI interrupt is requested after A/D conversion ends.
Conversion of the first channel in the group starts again.

4. Steps?2to 3 arerepeated aslong asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops and the A/D converter entersthe idle state.
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1543 Single-Cycle Scan Mode

In single-cycle scan mode , A/D conversion is to be performed once on the specified channels.
Operations are as follows.

1. Whenthe ADST bitin ADCRis set to 1 by a software, MTU, or external trigger input, A/D
conversion starts on the channel with the lowest number in the group (ANO, AN1, ..., AN3).

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D data register corresponding to each channel.

3. When conversion of all the selected channels is completed, the ADF bit in ADCSR is set to 1.
If the ADIE bit isset to 1 at thistime, an ADI interrupt is requested after A/D conversion ends.

4. After A/D conversion ends, the ADST bit is automatically cleared to 0 and the A/D converter
entersthe idle state. When the ADST bit is cleared to O during A/D conversion, A/D
conversion stops and the A/D converter entersthe idle state.

15.4.4 Input Signal Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit for each module. The A/D converter
samples the analog input when the A/D conversion start delay time (t,) has passed after the ADST
bitin ADCR is set to 1, then starts conversion. Figure 15.2 shows the A/D conversion timing.
Table 15.3 shows the A/D conversion time.

Asindicated in figure 15.2, the A/D conversion time (t..,,) includest, and the input sampling time
(ts)- Thelength of t, varies depending on the timing of the write access to ADCR. The total
conversion time therefore varies within the ranges indicated in table 15.3.

In scan mode, the values given in table 15.3 apply to the first conversion time. The values given in
table 15.4 apply to the second and subsequent conversions.
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A/D conversion time (tcony)

A/D conversion start Analog input
delay time(tp) sampling time(tspL

ADCSR
write
cycle

Po J
Internal write | T
signal

ADST write timing
Analog input
sampling time (
(
A/D converter Idle state Sample-and-hold |A/D conversion::
)7

ADF ((
""End of A/D conversion

Figure15.2 A/D Conversion Timing

Table 15.3 A/D Conversion Time (Single M ode)

CKS1=0 CKS1=1

CKS0=0 CKS0=1 CKS0=0 CKS0=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion  t, 31 — 62 15 — 30 7 — 14 3 — 6
start delay
Input sampling ter, — 256 — — 128 — — 64 — — 32 —
time
A/D conversion  t.,, 1024 — 1055 515 — 530 259 — 266 131 — 134
time

Note: All values represent the number of states for Pq.
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Table15.4 A/D Conversion Time (Scan Mode)

CKs1 CKSO0 Conversion Time (State)
0 0 1024 (Fixed)

1 512 (Fixed)
1 0 256 (Fixed)

1 128 (Fixed)

1545 A/D Converter Activation by MTU

The A/D converter can be independently activated by an A/D conversion request from the interval
timer of the MTU.

To activate the A/D converter by the MTU, set the A/D trigger select register (ADTSR). After this
register setting has been made, the ADST bit in ADCR is automatically set to 1 when an A/D
conversion request from the interval timer of the MTU occurs. The timing from setting of the
ADST bhit until the start of A/D conversion is the same as when 1 iswritten to the ADST bit by
software.

15.4.6 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO hits are set to 00 or 01
in ADTSR, external trigger input is enabled at the ADTRG pin. A falling edge of the ADTRG pin
setsthe ADST bit to 1 in ADCR, starting A/D conversion. Other operations, in both single and
scan modes, are the same as when the ADST bit has been set to 1 by software. Figure 15.3 shows
the timing.

cx L L L L]
ADTRG L

External trigger \ ﬁ
signal .

ADST G

v A/D conversion

Figure15.3 External Trigger Input Timing
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155 Interrupt Sourcesand DTC, DMAC Transfer Requests

The A/D converter generates an A/D conversion end interrupt (ADI) upon the completion of A/D
conversion. ADI interrupt requests are enabled when the ADIE bit is set to 1 while the ADF bit in
ADCSR is set to 1 after A/D conversion is completed. The datatransfer controller (DTC) or the
direct memory access controller (DMAC) can be activated by an ADI interrupt. Having the
converted data read by the DTC or the DMAC in response to an ADI interrupt enables continuous
conversion to be achieved without imposing aload on software.

When the DTC or the DMAC is activated by an ADI interrupt, the ADF bitin ADCSR is
automatically cleared when datais transferred by the DTC or the DMAC.

Table 15.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Source Flag DTC Activation DMAC Activation
ADIO  A/DO conversion completed ADF in ADCSR_O Possible Impossible
ADI1  A/D1 conversion completed ADF in ADCSR_1 Possible Possible

15.6  Definitionsof A/D Conversion Accuracy
ThisLSI's A/D conversion accuracy definitions are given below.

* Resolution
The number of A/D converter digital output codes

e Quantization error
The deviation inherent in the A/D converter, given by 1/2 L SB (see figure 15.4).

+ Offset error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'00) to
B'0000000001 (H'01) (see figure 15.5).

* Full-scaleerror
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 15.5).

* Nonlinearity error
The error with respect to theideal A/D conversion characteristic between zero voltage and full-
scale voltage. Does not include offset error, full-scale error, or quantization error (see figure
15.5).

e Absolute accuracy
The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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Figure 15.4 Definitions of A/D Conversion Accuracy
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Figure15.5 Definitionsof A/D Conversion Accuracy
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15.7  Usage Notes

15.7.1 Module Standby M ode Setting

Operation of the A/D converter can be disabled or enabled using the module standby control
register. The initial setting isfor operation of the A/D converter to be halted. Register accessis
enabled by clearing module standby mode. For details, refer to section 24, Power-Down Modes.

15.7.2 Permissible Signal Sour ce Impedance

This LSI'sanalog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedanceis 1 kQ or less. This specification is provided to enable the
A/D converter's sample-and-hold circuit input capacitance to be charged within the sampling time;
if the sensor output impedance exceeds 1 kQ, charging may be insufficient and it may not be
possible to guarantee A/D conversion accuracy. With alarge capacitance provided externally for
A/D conversion in single mode, the input impedance will essentially comprise only the internal
input resistance of 10 kQ, and the signal source impedanceis ignored. However, as alow-pass
filter effect is obtained in this case, it may not be possible to follow a high speed switching analog
signal (e.g., 5 mV/us or greater) (see figure 15.6). When converting a high-speed analog signal or
performing conversion in scan mode, a low-impedance buffer should be inserted.

15.7.3  Influences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVss.

Careisalso required to insure that filter circuits do not interfere in the accuracy by the digital
signals on the printed circuit board (i.e, acting as antennas).

This LSI A/D converter

Sensor output equivalent circuit
impedance of
up to 1 kQ 10 kQ

Sensor input —AAA J_ J_ W J_
o =y | G 20 pF
! filter l 20pF I I
1C=01yF :

Figure15.6 Example of Analog Input Circuit
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15.74 Rangeof Analog Power Supply and Other Pin Settings
If the conditions below are not met, the reliability of the device may be adversely affected.

« Anaog input voltage range
The voltage applied to analog input pin ANn (VANnR) during A/D conversion should bein the
range AVss< VANNn < AVcc.

» Relationship between AVcc, Avssand Vcc, Vss

The Relationship between AVce, AVssand Vec, Vss should be AVec = Vee + 0.3V and Avss
= Vss. If the A/D converter is not used, this relationship should be AVceec = Vec and Avss =
Vss.

» Setting range of AVref input voltage (only for SH7145)

Set the AVref pin input voltage as AVref < AVcc. If the A/D converter is not used, set the
AVref pinasAVref = AVcc.

15.75 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values. Also, digital
circuitry must be isolated from the analog input signals (ANO to AN7), and analog power supply
(AVcc) by the analog ground (AVss). Also, the analog ground (AV ss) should be connected at one
point to a stable digital ground (Vss) on the board.

15.7.6  Noteson Noise Counter measur es

A protection circuit should be connected in order to prevent damage due to abnormal voltage, such
as an excessive surge at the analog input pins (ANO to AN7), to AVcc and AVss, asshown in
figure 15.7. Also, the bypass capacitors connected to AV cc and the filter capacitor connected to
ANO to AN7 must be connected to AV ss.

If afilter capacitor is connected, the input currents at the analog input pins (ANO to AN7) are
averaged, and so an error may arise. Also, when A/D conversion is performed frequently, asin
scan mode, if the current charged and discharged by the capacitance of the sample-and-hold circuit
in the A/D converter exceeds the current input via the input impedance (R,), an error will arisein
the analog input pin voltage. Careful consideration is therefore required when deciding circuit
constants.
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*2 Rin: Input impedance

Figure 15.7 Example of Analog Input Protection Circuit

Table 15.6 Analog Pin Specifications

Iltem Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 1 kQ
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Section 16 Compare Match Timer (CMT)

This LSl has an on-chip compare match timer (CMT) comprising two 16-bit timer channels. The
CMT has 16-bit counters and can generate interrupts at specified intervals.

16.1  Features
The CMT has the following features:

» Four kinds of counter input clock can be selected

O One of four internal clocks (Pq/8, Pq/32, P@/128, P@/512) can be selected independently
for each channel.

* Interrupt sources
O A compare match interrupt can be requested independently for each channel.
* Module standby mode can be set

Figure 16.1 shows a block diagram of the CMT.

P@32 P@512 P@32 P@512
C?IO P8 quleS i C"f'l P@i8 ipqylzs i
| Control circuit | >|Clock selectionl | Control circuit | >|Clock selection

»

X 1 Y 1 y

-

-
<
-

Comparator

CMSTR

CMCSR_0

CMCOR_0
CMCNT_O
CMCSR_1
CMCOR_1
CMCNT_1

Bus
interface

Module bus

CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match timer counter

CMI: Compare match interrupt

Figure16.1 CMT Block Diagram
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16.2  Register Descriptions

The CMT has the following registers. For details on register addresses and register states during
each processing, refer to section 25, List of Registers.

e Compare match timer start register (CMSTR)

» Compare match timer control/status register 0 (CMCSR_0)
e Compare match timer counter_0 (CMCNT _Q)

o Compare match timer constant register_ 0 (CMCOR_0)

e Compare match timer control/status register 1 (CMCSR_1)
» Compare match timer counter_1 (CMCNT_1)

e Compare match timer constant register 1 (CMCOR _1)

16.21 CompareMatch Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether to
operate or halt the channel 0 and channel 1 counters (CMCNT).

Bit Bit Name Initial Value R/W Description

15t02 O All 0 R Reserved
These bits always read 0. The write value should
always be 0.

1 STR1 0 R/W Count Start 1

This bit selects whether to operate or halt compare
match timer counter_1. (CMCNT_1)

0: CMCNT_1 count operation halted
1: CMCNT_1 count operation

0 STRO 0 R/W Count Start 0

This bit selects whether to operate or halt compare
match timer counter_0. (CMCNT_0)

0: CMCNT_O0 count operation halted
1: CMCNT_O count operation
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16.2.2 CompareMatch Timer Control/Status Register 0 and 1(CMCSRO, 1)

The compare match timer control/status register (CMCSR) is a 16-bit register that indicates the
occurrence of compare matches, sets the enable/disable status of interrupts, and establishes the
clock used for incrementation. It isinitialized to H'0000 by a power-on reset and in the standby

modes.

Bit Bit Name Initial Value

R/W

Description

15to8 O

All O

R

Reserved

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

7 CMF

RI(W)*

Compare Match Flag

This flag indicates whether or not the CMCNT and
CMCOR values have matched.

0: CMCNT and CMCOR values have not matched
[Clearing condition]

«  Write 0 to CMF after reading 1 from it

1: CMCNT and CMCOR values have matched

6 CMIE

R/W

Compare Match Interrupt Enable

This bit selects whether to enable or disable a
compare match interrupt (CMI) when the CMCNT and
CMCOR values have matched (CMF = 1).

0: Compare match interrupt (CMI) disabled
1: Compare match interrupt (CMI) enabled

5t02 0O

All 0

Reserved

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

CKS1
0 CKSO

R/W
R/W

These bits select the clock input to CMCNT from
among the four internal clocks obtained by dividing
the peripheral clock (Pg). When the STR bit of
CMSTR is set to 1, CMCNT begins incrementing with
the clock selected by CKS1 and CKSO0.

00: P@'8
01: P@/32
10: P@/128
11: P@/512

Note: * Only 0 can be written, for flag clearing.
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16.2.3 CompareMatch Timer Counter_Oand 1 (CMCNT_O, 1)

The compare match timer counter (CMCNT) is a 16-bit register used as an up-counter for
generating interrupt requests.

Theinitial value of CMCNT is H'0000.

16.24 Compare Match Timer Constant Register_0and 1 (CMCOR_0, 1)

The compare match timer constant register (CMCOR) is a 16-bit register that sets the period for
compare match with CMCNT.

Theinitial value of CMCOR is H'FFFF.
16.3 Operation

16.3.1 CompareMatch Counter Operation

When an internal clock is selected with the CKS1, CK S0 bits of the CMCSR register and the STR
bit of CMSTRisset to 1, CMCNT begins incrementing with the selected clock. When the
CMCNT counter value matches that of the compare match constant register (CMCOR), the
CMCNT counter is cleared to H'0000 and the CMF flag of the CMCSR register isset to 1. If the
CMIE bit of the CMCSR register is set to 1 at this time, acompare match interrupt (CMI) is
requested. The CMCNT counter begins counting up again from H'0000.

Figure 16.2 shows the compare match counter operation.

CMCNT value

Counter cleared by CMCOR

/ compare match

CMCOR | -mmmmmm e o .

H'0000

P Time

Figure16.2 Counter Operation
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16.32 CMCNT Count Timing

One of four clocks (P@/8, P@/32, P@/128, P@/512) obtained by dividing the peripheral clock (Pq)
can be selected by the CKS1 and CK S0 bits of CMCSR. Figure 16.3 shows the CMCNT count
timing.

Internal —l

clock ((
)]

CMCNT I_l

input clock ()

(
]
(
CMCNT N-1 ! N
)

o
=

Figure 16.3 Count Timing
16.4 Interrupts

16.4.1 Interrupt Sourcesand DTC Activation

The CMT has a compare match interrupt for each channel, with independent vector addresses
allocated to each of them. The corresponding interrupt request is output when interrupt request
flag CMFisset to 1 and interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the channels can be
changed by means of interrupt controller settings. See section 6, Interrupt Controller, for details.

The data transfer controller (DTC) can be activated by an interrupt request. In this case, the
priority between channelsisfixed. See section 8, Data Transfer Controller, for details.

16.4.2 CompareMatch Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated when the
CMCOR register and the CMCNT counter match. The compare match signal is generated upon
the final state of the match (timing at which the CMCNT counter matching count value is
updated). Consequently, after the CMCOR register and the CMCNT counter match, a compare
match signal will not be generated until a CMCNT counter input clock occurs. Figure 16.4 shows
the CMF bit set timing.
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input clock
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Compare I_l
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Figure16.4 CMF Set Timing

16.4.3 CompareMatch Flag Clear Timing

The CMF bit of the CMCSR register is cleared by writing a0 to it after reading a 1 or the clearing
signal after the DTC transfer. Figure 16.5 shows the timing when the CMF bit is cleared by the
CPU.

CMCSR write cycle

Figure16.5 Timing of CMF Clear by the CPU
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16,5 Usage Notes

16.5.1 Contention between CMCNT Writeand Compare Match

If a compare match signal is generated during the T2 state of the CMCNT counter write cycle, the
CMCNT counter clear has priority, so the write to the CMCNT counter is not performed. Figure
16.6 shows the timing.

CMCNT write cycle

L T2
et
oo [TLILITLILITL
Address X cment X

Internal | I
write signal

Compare I_l
match signal

CMCNT N X H 0000

Figure16.6 CMCNT Write and Compare Match Contention

16.5.2 Contention between CMCNT Word Write and Counter | ncrementation

If an increment occurs during the T2 state of the CMCNT counter word write cycle, the counter
write has priority, so no increment occurs. Figure 16.7 shows the timing.

CMCNT write cycle

T1 T2
fe—rfe—r]
Po T
Address X CMCNT X

Internal write

signal I—l
CMCNT I_l

input clock

CMCNT N X M

AN

CMCNT write data

Figure16.7 CMCNT Word Writeand Increment Contention
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16.5.3 Contention between CM CNT Byte Write and Counter Incrementation

If an increment occurs during the T2 state of the CMCNT byte write cycle, the counter write has
priority, so no increment of the write data results on the side on which the write was performed.
The byte data on the side on which writing was not performed is also not incremented, so the
contents are those before the write.

Figure 16.8 shows the timing when an increment occurs during the T2 state of the CMCNT
(Upper byte) write cycle.

CMCNT write cycle
T1 T2

- | —————

P i I I

Address X CMCNT (Upper byte)X

Internal write I_,—
signal

CMCNT input I_l
clock

CMCNT
(Upper byte) N X M
\ CMCNT write data
CMCNT
(Lower byte) X X X

Figure16.8 CMCNT Byte Write and Increment Contention
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Section 17 Pin Function Controller (PFC)

The pin function controller (PFC) is composed of registersthat are used to select the
functions of multiplexed pins and assign pins to be inputs or outputs. Tables 17.1t0 17.12
list the multiplexed pins of thisLSl.

Tables 17.13 and 17.14 list the pin functions in each operating mode.

Table17.1 SH7144 Multiplexed Pins (Port A)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
A PAO I/O (port) RXDO input (SCI) O 0

PA1 1/O (port) TXDO output (SCI) O O

PA2 1/0 (port)

SCKO I/O (SClI)

DREQO input (DMAC) TRQO input (INTC)

PAS3 1/0 (port)

RXD1 input (SCI)

[}

PA4 1/0O (port)

TXD1 output (SCI)

[}

PA5 I/O (port)

SCK1 I/O (SCI)

DREQT input (DMAC) TRQT input (INTC)

PAG 1/0 (port)

TCLKA input (MTU)

CS2 output (BSC)

PAT 1/0 (port)

TCLKB input (MTU)

CS3 output (BSC)

PA8 I/O (port)

TCLKC input (MTU)

PA9 1/O (port)

TCLKD input (MTU)

0
0
TRQ2 input (INTC) |
TRQ3 input (INTC) O

PA10 1/O (port) CSO0 output (BSC) O |
PA11 1/O (port) CS1 output (BSC) ] g
PA12 1/O (port) WRL output (BSC) ] |
PA13 1/O (port) WRH output (BSC) ] |
PA14 1/O (port) RD output (BSC) ] g
PA15 1/O (port) CK output (CPG) O O
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Table17.2 SH7144 Multiplexed Pins (Port B)

Port  Function 1 Function 2 Function 3 Function 4 Function 5
(Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
B PBO I/O (port) A16 output (BSC) O O
PB1 1/0 (port) A17 output (BSC) O i
PB2 1/O (port) IRQO input (INTC) POEQO input (port) O SCLO I/0 (IIC)
PB3 I/O (port) IRQT input (INTC) POET input (port) O SDAO I/0 (IIC)
PB4 1/O (port) IRQ2 input (INTC) POEZ input (port) O
PBS5 I/O (port) TRQ3 input (INTC) POES input (port) O

PB6 I/O (port)

TRQZ input (INTC)

A18 output (BSC)

PB7 1/0 (port)

IRQ5 input (INTC)

A19 output (BSC)

PB8 I/O (port)

TRQG input (INTC)

A20 output (BSC)

PB9 I/O (port)

IRQ7 input (INTC)

A21 output (BSC)

ADTRG input (A/D) O

Table17.3 SH7144 Multiplexed Pins (Port C)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
C PCO I/O (port) A0 output (BSC) O

PC1 1/O (port) A1l output (BSC)

PC2 1/O (port) A2 output (BSC)

PC3 1/O (port) A3 output (BSC)

PC4 1/O (port) A4 output (BSC)

PC5 I/O (port) A5 output (BSC)

PC6 1/O (port) A6 output (BSC)

PC7 1/O (port) A7 output (BSC)

PC8 /O (port) A8 output (BSC)

PC9 I/O (port) A9 output (BSC)

PC10 I/O (port) A10 output (BSC)

PC11 I/O (port) A11 output (BSC)

PC12 1/O (port) A12 output (BSC)

PC13 I/0 (port) A13 output (BSC)

PC14 1/0 (port) A14 output (BSC)

I [ ) |
Oo|lgo|o|lgo|lo|o|o|lo|o|lo|o|jo|lo|jo|lo| o

PC15 I/0 (port) A15 output (BSC)
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Table17.4 SH7144 Multiplexed Pins (Port D)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
D PDO I/O (port) DO I/0 (BSC) 0 O

PD1 I/O (port) D1 1/O (BSC) O O

PD2 I/O (port) D2 1/O (BSC) O 0

PD3 I/O (port) D3 1/0 (BSC) 0 0

PD4 I/O (port) D4 1/O (BSC) O 0

PD5 1/O (port) D5 1/0 (BSC) 0 0

PD6 I/O (port) D6 1/O (BSC) O 0

PD7 1/O (port) D7 1/0 (BSC) 0 O

PD8 I/O (port) D8 I/0 (BSC) AUDATAO I/O (AUD)*

PD9 I/O (port) D9 1/0 (BSC) AUDATAL I/O (AUD)*

PD10 I/O (port)

D10 I/O (BSC)

AUDATA?2 I/O (AUD)*

PD11 I/O (port)

D11 I/O (BSC)

PD12 1/O (port)

D12 I/O (BSC)

AUDRST input (AUD)*

PD13 I/0 (port)

D13 I/O (BSC)

AUDMD input (AUD)*

PD14 1/0 (port)

D14 1/O (BSC)

AUDCK 1/0 (AUD)*

PD15 1/O (port)

D15 I/O (BSC)

O
O
O
AUDATA3 I/O (AUD)* O
O
O
O
O

AUDSYNC /0 (AUD)*

Note: * F-ZTAT only.
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Table17.5 SH7144 Multiplexed Pins (Port E)

Function 1 Function 2 Function 3 Function 4

Port (Related Module) (Related Module) (Related Module) (Related Module)

E PEO I/O port TIOCOA I/0 (MTU) DREQO input (DMAC)  TMS input (H-UDI)*
PEL1 I/O port TIOCOB I/O (MTU) DRAKO output (DMAC) TRST input (H-UDI)*
PE2 I/O port TIOCOC I/O (MTU) DREQT input (DMAC)  TDI input (H-UDI)*
PE3 I/O port TIOCOD I/O (MTU) DRAK1 output (DMAC) TDO output (H-UDI)*
PE4 1/O port TIOC1A I/O (MTU) RXD3 input (SCI) TCK input (H-UDI)*
PES5 I/O port TIOC1B I/O (MTU) TXD3 output (SCI) O
PE6 1/O port TIOC2A I/0 (MTU) SCK3 I/0 (SCl) O
PE7 I/O port TIOC2B I/0 (MTU) RXD2 input (SCI) U
PE8 I/O port TIOC3A I/0 (MTU) SCK2 I/0 (SCl) O
PE9 I/O port TIOC3B I/0 (MTU) O SCK3 I/0 (SCl)

PE10 1/O port

TIOC3C 1/O (MTU)

TXD2 output (SCI)

0

PE11 I/O port

TIOC3D I/O (MTU)

O

RXD3 input (SCI)

PE12 1/O port

TIOC4A I/0 (MTU)

O

TXD3 output (SCI)

PE13 1/O port

TIOC4B I/0 (MTU)

MRES input (INTC)

0

PE14 1/O port

TIOCA4C 1/O (MTU)

DACKO output (DMAC) O

PE15 1/O port

TIOC4D 1/O (MTU)

DACKZ output (OMAC) TRQOUT output (INTC)

Note: * F-ZTAT only.

Table17.6 SH7144 Multiplexed Pins (Port F)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
F PFO input (port) ANO input (A/D) O

PF1 input (port)

ANL1 input (A/D)

PF2input (port)

AN2 input (A/D)

PF3 input (port)

AN3 input (A/D)

PF4 input (port)

AN4 input (A/D)

PF5 input (port)

ANS input (A/D)

PF6 input (port)

ANG input (A/D)

PF7 input (port)

AN7 input (A/D)

| o o o o Y B

Oo|go|lo|lg|o|ogo)o) o
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Table17.7 SH7145 Multiplexed Pins (Port A)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
A PAO 1/O (port) RXDO input (SCI) O

PA1 1/O (port) TXDO output (SCI) O

PA2 1/O (port)

SCKO I/0 (SCI)

DREQO input (DMAC)  TRQO input (INTC)

PA3 1/O (port)

O

RXD1 input (SCI)

0

PA4 1/O (port)

O

TXD1 output (SCI)

O

PA5 I/O (port)

SCK1 I/0 (SCI)

DREQT input (DMAC)  TRQT input (INTC)

PAG 1/O (port) TCLKA input (MTU) CS2 output (BSC) O
PA7 1/O (port) TCLKB input (MTU) CS3 output (BSC) O
PAS8 1/O (port) TCLKC input (MTU) IRQ2 input (INTC) O
PA9 I/0 (port) TCLKD input (MTU) IRQ3 input (INTC) O
PA10 1/O (port) TS0 output (BSC) O O
PAL11 I/O (port) CS1 output (BSC) O O
PA12 I/O (port) WRL output (BSC) 0 0
PA13 I/0 (port) WRH output (BSC) O O
PA14 1/O (port) RD output (BSC) O 0
PA15 1/O (port) CK output (CPG) O O
PA16 I/0O (port) 0 O AUDSYNC I/0 (AUD)*
PA17 I/O (port) WAIT input (BSC) O O

PA18 1/O (port)

BREQ input (BSC)

DRAKO output (DMAC) O

PA19 I/O (port) BACK output (BSC) DRAK1 output (DMAC) O
PA20 1/O (port) O 0
PA21 1/O (port) g a

PA22 1/O (port)

WRHL output (BSC)

PA23 1/O (port)

WRHH output (BSC)

Note: * F-ZTAT only.

RENESAS
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Table17.8 SH7145 Multiplexed Pins (Port B)

Function 1 Function 2 Function 3 Function 4 Function 5
Port  (Related Module) (Related Module) (Related Module) (Related Module) (Related Module)
B PBO 1/0 (port) A16 output (BSC) O O
PB1 I/O (port) Al7 output (BSC) O ad
PB2 1/O (port) IRQO input (INTC) POEQO input (port) O SCLO 1/0 (lIC)
PB3 I/0 (port) IRQT input (INTC) POET input (port) O SDAO 1/0O (IIC)
PB4 1/O (port) IRQ2 input (INTC) POEZ input (port) O a
PBS5 I/0 (port) TRQ3 input (INTC) POES input (port) O a

PB6 1/0 (port)

IRQ4 input (INTC)

A18 output (BSC)

BACK output (BSC) O

PB7 1/O (port)

TRQ5 input (INTC)

A19 output (BSC)

PB8 I/O (port)

TRQG input (INTC)

A20 output (BSC)

PB9 I/O (port)

IRQ7 input (INTC)

A21 output (BSC)

ADTRG input (A/D) O

Table17.9 SH7145 Multiplexed Pins (Port C)

Function 1 (Related Function 2 (Related Function 3 (Related Function 4 (Related

Port Module) Module) Module) Module)

C PCO /O (port) A0 output (BSC) 0 O
PC1 1/O (port) Al output (BSC) O O
PC2 1/O (port) A2 output (BSC) O O
PC3 1/0 (port) A3 output (BSC) O O
PC4 1/O (port) A4 output (BSC) O O
PC5 1/O (port) A5 output (BSC) O O
PC6 1/0O (port) A6 output (BSC) O O
PC7 1/O (port) A7 output (BSC) O O
PC8 1/0 (port) A8 output (BSC) O O
PC9 I/O (port) A9 output (BSC) O O
PC10 I/O (port) A10 output (BSC) O O
PC11 I/O (port) Al1l output (BSC) O O
PC12 I/O (port) A12 output (BSC) O O
PC13 I/O (port) A13 output (BSC) O O
PC14 1/O (port) Al4 output (BSC) O O
PC15 I/O (port) A15 output (BSC) O O
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Table17.10 SH7145 Multiplexed Pins (Port D)

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
D PDO I/O (port) DO 1/O (BSC) O O

PD1 I/O (port) D1 1/0 (BSC) 0 O

PD2 I/O (port) D2 1/O (BSC) O O

PD3 I/O (port) D3 1/0 (BSC) 0 O

PD4 I/O (port) D4 1/O (BSC) O O

PD5 /O (port) D5 1/0 (BSC) 0 O

PD6 1/O (port) D6 1/0 (BSC) 0 O

PD7 I/O (port) D7 1/O (BSC) O O

PD8 I/O (port) D8 1/0 (BSC) 0 O

PD9 I/O (port) D9 1/O (BSC) O O

PD10 I/O (port) D10 I/O (BSC) 0 O

PD11 I/O (port) D11 I/O (BSC) O O

PD12 I/O (port) D12 /O (BSC) O O

PD13 I/O (port) D13 1/0 (BSC) 0 O

PD14 I/O (port) D14 1/0 (BSC) O O

PD15 I/O (port) D15 1/O (BSC) 0 O

PD16 I/0 (port)

D16 I/O (BSC)

AUDATAO I/O (AUD)*

PD17 1/O (port)

D17 I/O (BSC)

AUDATAL I/O (AUD)*

PD18 1/O (port)

D18 I/O (BSC)

TRQZ input (INTC)

AUDATAZ I/O (AUD)*

PD19 I/O (port)

D19 I/O (BSC)

IRQ3 input (INTC)

AUDATAS3 I/O (AUD)*

PD20 1/O (port)

D20 I/O (BSC)

TRQZ input (INTC)

AUDRST input (AUD)*

PD21 I/0 (port)

D21 I/O (BSC)

IRQ5 input (INTC)

AUDMD input (AUD)*

PD22 1/O (port)

D22 I/O (BSC)

TRQG input (INTC)

AUDCK 1/0 (AUD)*

PD23 1/0 (port)

D23 I/O (BSC)

IRQ7 input (INTC)

AUDSYNC 1/0 (AUD)*

PD24 1/0 (port)

D24 1/O (BSC)

DREQO input (DMAC)

PD25 1/O (port)

D25 I/O (BSC)

DREQT input (DMAC)

PD26 1/0 (port)

D26 1/O (BSC)

DACKO output (DMAC)

PD27 1/O (port)

D27 I/O (BSC)

DACKZ output (DMAC)

PD28 I/0 (port)

D28 I/O (BSC)

CS2 output (BSC)

PD29 1/O (port)

D29 I/O (BSC)

CS3 output (BSC)

PD30 1/O (port)

D30 I/O (BSC)

TRQOUT output (INTC)

PD31 I/0 (port)

D31 I/O (BSC)

ADTRG input (A/D)

o|ojojolojo|o|lo

Note: * F-ZTAT only.
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Table17.11 SH7145 Multiplexed Pins (Port E)

Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

Function 4
(Related Module)

E

PEO I/O (port)

TIOCOA I/0 (MTU)

DREQO input (DMAC)

AUDCK 1/O (AUD) *

PE1 I/O (port)

TIOCOB I/0 (MTU)

DACKO output (DMAC)

AUDMD input (AUD)*

PE2 1/O (port)

TIOCOC 1/O (MTU)

DREQ1 input (DMAC)

AUDRST input (AUD)*

PE3 I/O (port)

TIOCOD /0 (MTU)

DACK1 output (DMAC)

AUDATAS I/O (AUD)*

PEA4 1/O (port)

TIOC1A I/O (MTU)

RXD3 input (SCI)

AUDATAZ2 /O (AUD)*

PES5 I/O (port)

TIOC1B I/0 (MTU)

TXD3 output (SCI)

AUDATAL I/O (AUD)*

PES6 1/0 (port)

TIOC2A I/0 (MTU)

SCK3 I/0 (SCl)

AUDATAO I/O (AUD)*

PE7 I/O (port)

TIOC2B 1/0 (MTU)

RXD2 input (SCI)

0

PE8 I/O (port)

TIOC3A I/0 (MTU)

SCK2 I/0 (SCI)

TMS input (H-UDI)*

PEO9 I/O (port)

TIOC3B I/0 (MTU)

TRST input (H-UDI)*

SCK3 I/0 (SCl)

PEZ10 1/O (port)

TIOC3C 1/0 (MTU)

TXD2 output (SCI)

TDI input (H-UDI)*

PE11 1/O (port)

TIOC3D 1/O (MTU)

TDO output (H-UDI)*

RXD3 input (SCI)

PE12 1/O (port)

TIOC4A 1/0 (MTU)

TCK input (H-UDI)*

TXD3 output (SCI)

PE13 1/O (port)

TIOC4B I/0 (MTU)

MRES input (INTC)

O

PE14 1/O (port) TIOCA4C I/0 (MTU) DACKO output (DMAC) O
PE15 1/O (port) TIOC4D I/O (MTU) DACK1 output (DMAC) IRQOUT output (INTC)
Note: * F-ZTAT only.
Table17.12 SH7145 Multiplexed Pins (Port F)
Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
F PFO input (port) ANO input (A/D) O

PF1 input (port)

ANL1 input (A/D)

PF2 input (port)

AN2 input (A/D)

PF3 input (port)

AN3 input (A/D)

PF4 input (port)

AN4 input (A/D)

PF5 input (port)

ANS5 input (A/D)

PF6 input (port)

ANG input (A/D)

PF7 input (port)

AN7 input (A/D)

Oo|jojojolo|lolo

Oo|jojojolo|lo|o|lo
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Table 17.13 SH7144 Pin Functionsin Each Mode (1)

Pin Name
Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function
SH7144 Initial Function Possibilities Initial Function Possibilities
21, 37, 65, Vce Vcce Vce Vce
103
3, 23, 39, Vss Vss Vss Vss
55, 61, 71,
90, 101,
109
100 AvVce AVce AVcc AVcc
97 AVss AVss AVss AVss
80 PLLVcc PLLVcc PLLVcc PLLVcc
81 PLLCAP PLLCAP PLLCAP PLLCAP
82 PLLVss PLLVss PLLVss PLLVss
PE14 PE14/TIOC4C/DACKO PE14 PE14/TIOC4C/DACKO
2 PE15 PE15/TIOC4D/DACK1/ PE15 PE15/TIOC4D/DACK1/
IRQOUT IRQOUT
4 A0 PCO/AO A0 PCO/AO
5 Al PC1/A1 Al PC1/A1
6 A2 PC2/A2 A2 PC2/A2
7 A3 PC3/A3 A3 PC3/A3
8 A4 PC4/A4 A4 PC4/A4
9 A5 PC5/A5 A5 PC5/A5
10 A6 PC6/A6 A6 PC6/A6
11 A7 PC7/A7 AT PC7/A7
12 A8 PC8/A8 A8 PC8/A8
13 A9 PC9/A9 A9 PC9/A9
14 Al0 PC10/A10 Al0 PC10/A10
15 All PC11/A11 All PC11/A11
16 Al2 PC12/A12 Al2 PC12/A12
17 Al3 PC13/A13 Al3 PC13/A13
18 Al4 PC14/A14 Al4 PC14/A14
19 Al5 PC15/A15 Al5 PC15/A15
20 Al6 PBO0/A16 Al6 PBO0/A16
22 Al7 PB1/A17 Al7 PB1/A17
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7144 Initial Function Possibilities Initial Function Possibilities

24 PB2 PB2/IRQO/POEO/SCLO PB2 PB2/IRQO/POEO/SCLO

25 PB3 PB3/IRQ1/POE1/SDAO PB3 PB3/IRQ1/POE1/SDAO

26 PB4 PB4/IRQ2/POE2 PB4 PB4/IRQ2/POE2

27 ASEBRKAK*'  ASEBRKAK*' ASEBRKAK*'  ASEBRKAK*'

28 PBS5 PB5/IRQ3/POE3 PB5 PB5/IRQ3/POE3

29 PB6 PB6/IRQ4/A18/BACK PB6 PB6/IRQ4/A18/BACK

30 PB7 PB7/IRQ5/A19/BREQ PB7 PB7/IRQ5/A19/BREQ

31 PB8 PB8/IRQ6/A20/WAIT PB8 PB8/IRQ6/A20/WAIT

32 PB9 PB9/IRQ7/A21/ADTRG PB9 PB9/IRQ7/A21/ADTRG

33 DBGMD** DBGMD** DBGMD** DBGMD**

34 RD PA14/RD RD PA14/RD

35 WDTOVF WDTOVF WDTOVF WDTOVF

36 WRH PA13/WRH WRH PA13/WRH

38 WRL PA12/WRL WRL PA12/WRL

40 CST PA11/CST Cst1 PA11/CST

41 CSo PA10/CSO CSo PA10/CSO

42 PA9 PA9/TCLKD/IRQ3 PA9 PA9/TCLKD/IRQ3

43 PA8 PA8/TCLKC/IRQ2 PAS8 PA8/TCLKC/IRQ2

44 PA7 PA7/TCLKB/CS3 PA7 PA7/TCLKB/CS3

45 PA6 PAG/TCLKA/CS2 PA6 PAG/TCLKA/CS2

46 PAS5 PA5/SCK1/DREQ1/IRQT PA5 PA5/SCK1/DREQ1/IRQT

47 PA4 PA4/TXD1 PA4 PA4/TXD1

48 PA3 PA3/RXD1 PA3 PA3/RXD1

49 PA2 PA2/SCKO/DREQO/IRQ0O PA2 PA2/SCKO/DREQO/IRQ0O

50 PA1 PA1/TXDO PAL PA1/TXDO

51 PAO PAO/RXDO PAO PAO/RXDO

52 PD15 PD15/D15/AUDSYNC** D15 PD15/D15/AUDSYNC**

53 PD14 PD14/D14/AUDCK** D14 PD14/D14/AUDCK**

54 PD13 PD13/D13/AUDMD** D13 PD13/D13/AUDMD**
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7144 Initial Function Possibilities Initial Function Possibilities

56 PD12 PD12/D12/AUDRST** D12 PD12/D12/AUDRST**

57 PD11 PD11/D11/AUDATA3*" D11 PD11/D11/AUDATA3*"

58 PD10 PD10/D10/AUDATA2*" D10 PD10/D10/AUDATA2*"

59 PD9 PD9/D9/AUDATAL** D9 PD9/D9/AUDATAL**

60 PD8 PD8/D8/AUDATAQ** D8 PD8/D8/AUDATAQ**

62 D7 PD7/D7 D7 PD7/D7

63 D6 PD6/D6 D6 PD6/D6

64 D5 PD5/D5 D5 PD5/D5

66 D4 PD4/D4 D4 PD4/D4

67 D3 PD3/D3 D3 PD3/D3

68 D2 PD2/D2 D2 PD2/D2

69 D1 PD1/D1 D1 PD1/D1

70 DO PDO/DO DO PD0O/DO

72 XTAL XTAL XTAL XTAL

73 MD3 MD3 MD3 MD3

74 EXTAL EXTAL EXTAL EXTAL

75 MD2 MD2 MD2 MD2

76 NMI NMI NMI NMI

i Fwp*! Fwp** FWP*! Fwp**

78 MD1 MD1 MD1 MD1

79 MDO MDO MDO MDO

83 CK PA15/CK CK PA15/CK

84 RES RES RES RES

85 PEO/(TMS***?)  PEO/TIOCOA/DREQO PEO/(TMS*™*?)  PEO/TIOCOA/DREQO

86 PE1/(TRST**?) PE1/TIOCOB/DRAKO PE1/(TRST**%) PE1/TIOCOB/DRAKO

87 PE2/(TDI**?  PE2/TIOCOC/DREQT PE2/(TDI**?*)  PE2/TIOCOC/DREQT

88 PE3/(TDO**?)  PE3/TIOCOD/DRAK1 PE3/(TDO***?)  PE3/TIOCOD/DRAK1

89 PE4/(TCK*'*?) PE4/TIOC1A/RXD3 PE4/(TCK*'*?) PE4/TIOC1A/RXD3

Notes: 1. F-ZTAT only.
2. Fixed to TMS, TRST, TDI, TDO, and TCK when using E10A (in DBGMD=H).
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7144 Initial Function Possibilities Initial Function Possibilities

91 PFO/ANO PFO/ANO PFO/ANO PFO/ANO

92 PF1/AN1 PF1/AN1 PF1/AN1 PF1/AN1

93 PF2/AN2 PF2/AN2 PF2/AN2 PF2/AN2

94 PF3/AN3 PF3/AN3 PF3/AN3 PF3/AN3

95 PF4/AN4 PF4/AN4 PF4/AN4 PF4/AN4

96 PF5/AN5 PF5/AN5 PF5/AN5 PF5/AN5

98 PF6/AN6 PF6/AN6 PF6/ANG PF6/AN6

99 PF7/AN7 PF7/AN7 PF7/AN7 PF7/AN7

102 PES5 PES5/TIOC1B/TXD3 PES5 PES5/TIOC1B/TXD3

104 PE6 PE6/TIOC2A/SCK3 PE6 PE6/TIOC2A/SCK3

105 PE7 PE7/TIOC2B/RXD2 PE7 PE7/TIOC2B/RXD2

106 PE8 PE8/TIOC3A/ SCK2 PES8 PE8/TIOC3A/SCK2

107 PE9 PE9/TIOC3B/ SCK3 PE9 PE9/TIOC3B/SCK3

108 PE10 PE10/TIOC3C/TXD2 PE10 PE10/TIOC3C/TXD2

110 PE11 PE11/TIOC3D/RXD3 PE11 PE11/TIOC3D/RXD3

111 PE12 PE12/TIOC4A/TXD3 PE12 PE12/TIOC4A/TXD3

112 PE13 PE13/TIOC4B/MRES PE13 PE13/TIOC4B/MRES
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Table 17.13 SH7144 Pin Functionsin Each Mode (2)

Pin Name
Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function
SH7144 Initial Function Possibilities Initial Function Possibilities
21, 37, 65, Vce Vcce Vce Vce
103
3, 23, 39, Vss Vss Vss Vss
55, 61, 71,
90, 101,
109
100 AvVce AVce AVce AVcc
97 AVss AVss AVss AVss
80 PLLVcc PLLVcc PLLVcc PLLVcc
81 PLLCAP PLLCAP PLLCAP PLLCAP
82 PLLVss PLLVss PLLVss PLLVss
PE14 PE14/TIOC4C/DACKO PE14 PE14/TIOC4C/DACKO
2 PE15 PE15/TIOC4D/DACK1/ PE15 PE15/TIOC4D/DACKY/
IRQOUT IRQOUT
4 PCO PCO/AO PCO PCO/A0
5 PC1 PC1/A1 PC1 PC1/A1
6 PC2 PC2/A2 PC2 PC2/A2
7 PC3 PC3/A3 PC3 PC3/A3
8 PC4 PC4/A4 PC4 PC4/A4
9 PC5 PC5/A5 PC5 PC5/A5
10 PC6 PC6/A6 PC6 PC6/A6
11 PC7 PC7/A7 PC7 PC7/IA7
12 PC8 PC8/A8 PC8 PC8/A8
13 PC9 PC9/A9 PC9 PC9/A9
14 PC10 PC10/A10 PC10 PC10/A10
15 PC11 PC11/A11 PC11 PC11/A11
16 PC12 PC12/A12 PC12 PC12/A12
17 PC13 PC13/A13 PC13 PC13/A13
18 PC14 PC14/A14 PC14 PC14/A14
19 PC15 PC15/A15 PC15 PC15/A15
20 PBO PBO0/A16 PBO PBO/A16
22 PB1 PB1/A17 PB1 PB1/A17
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7144 Initial Function Possibilities Initial Function Possibilities

24 PB2 PB2/IRQO/POEO/SCLO PB2 PB2/IRQO/POEO/SCLO

25 PB3 PB3/IRQ1/POE1/SDAO PB3 PB3/IRQ1/POE1/SDAO

26 PB4 PB4/IRQ2/POE2 PB4 PB4/IRQ2/POE2

27 ASEBRKAK*'  ASEBRKAK*' ASEBRKAK*'  ASEBRKAK*'

28 PB5 PB5/IRQ3/POE3 PB5 PB5/IRQ3/POE3

29 PB6 PB6/IRQ4/A18/BACK PB6 PB6/IRQ4/A18/BACK

30 PB7 PB7/IRQ5/A19/BREQ PB7 PB7/IRQ5/A19/BREQ

31 PB8 PB8/IRQ6/A20/WAIT PB8 PB8/IRQ6/A20/WAIT

32 PB9 PB9/IRQ7/A21/ADTRG PB9 PB9/IRQ7/A21/ADTRG

33 DBGMD** DBGMD** DBGMD** DBGMD**

34 PA14 PA14/RD PA14 PA14/RD

35 WDTOVF WDTOVF WDTOVF WDTOVF

36 PA13 PA13/WRH PA13 PA13/WRH

38 PA12 PA12/WRL PA12 PA12/WRL

40 PA11l PA11/CST PA11 PA11/CST

41 PA10 PA10/CSO PA10 PA10/CSO

42 PA9 PA9/TCLKD/IRQ3 PA9 PA9/TCLKD/IRQ3

43 PA8 PA8/TCLKC/IRQ2 PAS8 PA8/TCLKC/IRQ2

44 PA7 PA7/TCLKB/CS3 PA7 PA7/TCLKB/CS3

45 PA6 PAG/TCLKA/CS2 PA6 PAG/TCLKA/CS2

46 PAS5 PA5/SCK1/DREQ1/IRQT PA5 PA5/SCK1/DREQ1/IRQT

47 PA4 PA4/TXD1 PA4 PA4/TXD1

48 PA3 PA3/RXD1 PA3 PA3/RXD1

49 PA2 PA2/SCKO/DREQO/IRQ0O PA2 PA2/SCKO/DREQO/IRQ0O

50 PA1 PA1/TXDO PAL PA1/TXDO

51 PAO PAO/RXDO PAO PAO/RXDO

52 PD15 PD15/D15/AUDSYNC** PD15 PD15/D15/AUDSYNC**

53 PD14 PD14/D14/AUDACK** PD14 PD14/D14/AUDACK**

54 PD13 PD13/D13/AUDMD** PD13 PD13/D13/AUDMD**
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
56 PD12 PD12/D12/AUDRST** PD12 PD12/D12/AUDRST**
57 PD11 PD11/D11/AUDATA3*! PD11 PD11/D11/AUDATA3*!
58 PD10 PD10/D10/AUDATA2** PD10 PD10/D10/AUDATA2**
59 PD9 PD9/DY/AUDATAL*! PD9 PD9/DY/AUDATAL*
60 PDS8 PD8/D8/AUDATAOQ* PDS8 PD8/D8/AUDATAOQ*
62 PD7 PD7/D7 PD7 PD7/D7

63 PD6 PD6/D6 PD6 PD6/D6

64 PD5 PD5/D5 PD5 PD5/D5

66 PD4 PD4/D4 PD4 PD4/D4

67 PD3 PD3/D3 PD3 PD3/D3

68 PD2 PD2/D2 PD2 PD2/D2

69 PD1 PD1/D1 PD1 PD1/D1

70 PDO PDO/DO PDO PDO/DO

72 XTAL XTAL XTAL XTAL

73 MD3 MD3 MD3 MD3

74 EXTAL EXTAL EXTAL EXTAL

75 MD2 MD2 MD2 MD2

76 NMI NMI NMI NMI

77 FWP** FWP** FWP** FWP**

78 MD1 MD1 MD1 MD1

79 MDO MDO MDO MDO

83 CK PA15/CK PA15 PA15/CK

84 RES RES RES RES

85 PEO/(TMS*™**)  PEO/TIOCOA/DREQO PEO/(TMS*™**)  PEO/TIOCOA/DREQO
86 PE1/(TRST***) PE1/TIOCOB/DRAKO PE1/(TRST***) PE1/TIOCOB/DRAKO
87 PE2/(TDI**?)  PE2/TIOCOC/DREQT PE2/(TDI*'*?)  PE2/TIOCOC/DREQT
88 PE3/(TDO*™**)  PE3/TIOCOD/DRAK1 PE3/(TDO*™*?)  PE3/TIOCOD/DRAK1
89 PE4/(TCK**%  PE4/TIOC1A/RXD3 PE4/(TCK**?)  PE4/TIOC1A/RXD3

Notes: 1. F-ZTAT only.
2. Fixed to TMS, TRST, TDI, TDO, and TCK when using E10A (in DBGMD=H)
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7144 Initial Function Possibilities Initial Function Possibilities

91 PFO/ANO PFO/ANO PFO/ANO PFO/ANO

92 PF1/AN1 PF1/AN1 PF1/AN1 PF1/AN1

93 PF2/AN2 PF2/AN2 PF2/AN2 PF2/AN2

94 PF3/AN3 PF3/AN3 PF3/AN3 PF3/AN3

95 PF4/AN4 PF4/AN4 PF4/AN4 PF4/AN4

96 PF5/AN5 PF5/AN5 PF5/AN5 PF5/AN5

98 PF6/AN6 PF6/AN6 PF6/ANG PF6/AN6

99 PF7/AN7 PF7/AN7 PF7/AN7 PF7/AN7

102 PES5 PES5/TIOC1B/TXD3 PES5 PES5/TIOC1B/TXD3

104 PE6 PE6/TIOC2A/SCK3 PE6 PE6/TIOC2A/SCK3

105 PE7 PE7/TIOC2B/RXD2 PE7 PE7/TIOC2B/RXD2

106 PE8 PE8/TIOC3A/ SCK2 PES8 PE8/TIOC3A/SCK2

107 PE9 PE9/TIOC3B/ SCK3 PE9 PE9/TIOC3B/SCK3

108 PE10 PE10/TIOC3C/TXD2 PE10 PE10/TIOC3C/TXD2

110 PE11 PE11/TIOC3D/RXD3 PE11 PE11/TIOC3D/RXD3

111 PE12 PE12/TIOC4A/TXD3 PE12 PE12/TIOC4A/TXD3

112 PE13 PE13/TIOC4B/MRES PE13 PE13/TIOC4B/MRES
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Table 17.14 SH7145 Pin Functionsin Each Mode (1)

Pin Name
Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function
SH7145 Initial Function Possibilities Initial Function Possibilities
12, 26, 40, Vce Vcce Vce Vce
63, 77, 85,
112,135
6, 14, 28, Vss Vss Vss Vss
55, 61, 71,
79, 87, 93,
117, 129,
141
128 AVce AVce AVcc AVcc
127 AVREF AVREF AVREF AVREF
124 AVss AVss AVss AVss
104 PLLVcc PLLVcc PLLVcc PLLVcc
105 PLLCAP PLLCAP PLLCAP PLLCAP
106 PLLVss PLLVss PLLVss PLLVss
1 PA23 PA23/WRHH WRHH PA23/WRHH
2 PE14 PE14/TIOC4C/DACKO PE14 PE14/TIOC4C/DACKO
3 PA22 PA22/WRHL WRHL PA22/WRHL
4 PA21 PA21 PA21 PA21
5 PE15 PE15/TIOC4D/DACK1/ PE15 PE15/TIOC4D/DACK1/
IRQOUT IRQOUT

7 A0 PCO/AO A0 PCO/AO

Al PC1/A1 Al PC1/A1

A2 PC2/A2 A2 PC2/A2
10 A3 PC3/A3 A3 PC3/A3
11 A4 PC4/A4 A4 PC4/A4
13 A5 PC5/A5 A5 PC5/A5
15 A6 PC6/A6 A6 PC6/A6
16 A7 PC7/A7 A7 PC7/A7
17 A8 PC8/A8 A8 PC8/A8
18 A9 PC9/A9 A9 PC9/A9
19 Al0 PC10/A10 Al0 PC10/A10
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

20 All PC11/A11 All PC11/A11

21 Al12 PC12/A12 Al2 PC12/A12

22 A13 PC13/A13 A13 PC13/A13

23 Al4 PC14/A14 Al4 PC14/A14

24 Al5 PC15/A15 Al15 PC15/A15

25 Al6 PBO/A16 Al6 PBO/A16

27 Al7 PB1/AL7 Al7 PB1/A17

29 PA20 PA20 PA20 PA20

30 PA19 PA19/BACK/DRAK1 PA19 PA19/BACK/DRAK1

31 PB2 PB2/IRQO/POEOD/SCLO PB2 PB2/IRQO/POEOD/SCLO

32 PB3 PB3/IRQ1/POE1/SDAO PB3 PB3/IRQ1/POE1/SDAO

33 PA18 PA18/BREQ/DRAKO PA18 PA18/BREQ/DRAKO

34 PB4 PB4/IRQ2/POE2 PB4 PB4/IRQ2/POE2

35 ASEBRKAK**  ASEBRKAK*' ASEBRKAK*'  ASEBRKAK*!

36 PB5 PB5/IRQ3/POE3 PB5 PB5/IRQ3/POE3

37 PB6 PB6/IRQ4/A18/BACK PB6 PB6/IRQ4/A18/BACK

38 PB7 PB7/IRQ5/A19/BREQ PB7 PB7/IRQ5/A19/BREQ

39 PB8 PB8/IRQ6/A20/WAIT PB8 PB8/IRQ6/A20/WAIT

41 PB9 PB9/IRQ7/A21/ADTRG PB9 PB9/IRQ7/A21/ADTRG

42 DBGMD** DBGMD** DBGMD** DBGMD**

43 RD PA14/RD RD PA14/RD

44 WDTOVF WDTOVF WDTOVF WDTOVF

45 PD31 PD31/D31/ADTRG D31 PD31/D31/ADTRG

46 PD30 PD30/D30/IRQOUT D30 PD30/D30/IRQOUT

47 WRH PA13/WRH WRH PA13/WRH

48 WRL PA12/WRL WRL PA12/WRL

49 CS1 PA11/CST Cs1 PA11/CST

50 CSo PA10/CSO CSo PA10/CSO
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

51 PA9 PA9/TCLKD/IRQ3 PA9 PA9/TCLKD/IRQ3

52 PAS8 PAS/TCLKC/IRQ2 PA8 PAS/TCLKC/IRQ2

53 PA7 PA7/TCLKB/CS3 PA7 PA7/TCLKB/CS3

54 PA6 PAG/TCLKA/CS2 PA6 PAG/TCLKA/CS2

56 PD29 PD29/D29/CS3 D29 PD29/D29/CS3

57 PD28 PD28/D28/CS2 D28 PD28/D28/CS2

58 PD27 PD27/D27/DACK1 D27 PD27/D27/DACK1

59 PD26 PD26/D26/DACKO D26 PD26/D26/DACKO

60 PD25 PD25/D25/DREQT D25 PD25/D25/DREQT

62 PD24 PD24/D24/DREQO D24 PD24/D24/DREQO

64 PD23 PD23/D23/IRQ7/ D23 PD23/D23/IRQ7/
AUDSYNC*' AUDSYNC*'

65 PD22 PD22/D22/IRQ6/AUDCK*" D22 PD22/D22/IRQ6/AUDCK**

66 PD21 PD21/D21/IRQ5/AUDMD** D21 PD21/D21/IRQ5/AUDMD**

67 PD20 PD20/D20/IRLJ4/AUDRST*' D20 PD20/D20/IRQ4/AUDRST**

68 PD19 PD19/D19/1RQ3/ D19 PD19/D19/1RQ3/
AUDATA3* AUDATA3*

69 PD18 PD18/D18/1RQ2/ D18 PD18/D18/IRQ2/
AUDATA2* AUDATA2*

70 PD17 PD17/D17/RQ1/ D17 PD17/D17/1RQ1/
AUDATA1*! AUDATA1*!

72 PD16 PD16/D16/IRQO/ D16 PD16/D16/IRQO/
AUDATAOQ*" AUDATAOQ*"

73 D15 PD15/D15 D15 PD15/D15

74 D14 PD14/D14 D14 PD14/D14

75 D13 PD13/D13 D13 PD13/D13

76 D12 PD12/D12 D12 PD12/D12

78 D11 PD11/D11 D11 PD11/D11

80 D10 PD10/D10 D10 PD10/D10

Rev. 2.0, 09/02, page 507 of 732

RENESAS



Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

81 D9 PD9/D9 D9 PD9/D9

82 D8 PD8/D8 D8 PD8/D8

83 D7 PD7/D7 D7 PD7/D7

84 D6 PD6/D6 D6 PD6/D6

86 D5 PD5/D5 D5 PD5/D5

88 D4 PD4/D4 D4 PD4/D4

89 D3 PD3/D3 D3 PD3/D3

90 D2 PD2/D2 D2 PD2/D2

91 D1 PD1/D1 D1 PD1/D1

92 DO PDO/DO DO PDO/DO

94 XTAL XTAL XTAL XTAL

95 MD3 MD3 MD3 MD3

96 EXTAL EXTAL EXTAL EXTAL

97 MD2 MD2 MD2 MD2

98 NMI NMI NMI NMI

99 FWP** FWP** FWP** FWP**

100 PA16 PA16/AUDSYNC** PA16 PA16/AUDSYNC**

101 PAL7 PAL17/WAIT PA17 PAL17/WAIT

102 MD1 MD1 MD1 MD1

103 MDO MDO MDO MDO

107 CK PA15/CK CK PA15/CK

108 RES RES RES RES

109 PEO PEO/TIOCOA/DREQO/ PEO PEO/TIOCOA/DREQO/
AUDCK*! AUDCK*!

110 PE1 PE1/TIOCOB/DRAKO/ PE1 PE1/TIOCOB/DRAKO/
AUDMD** AUDMD**

111 PE2 PE2/TIOCOC/DREQT/ PE2 PE2/TIOCOC/DREQ1/
AUDRST*! AUDRST*'

113 PE3 PE3/TIOCOD/DRAK1/ PE3 PE3/TIOCOD/DRAK1/
AUDATA3*! AUDATA3*!

114 PE4 PE4/TIOC1A/RXD3/ PE4 PE4/TIOC1A/RXD3/
AUDATA2** AUDATA2*!
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Pin Name

Pin No. On-Chip ROM Disabled (MCU mode 0) On-Chip ROM Disabled (MCU mode 1)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

115 PES5 PES5/TIOC1B/TXD3 PES5 PES5/TIOC1B/TXD3
/AUDATAL** /AUDATAL**

116 PEG6 PEG6/TIOC2A/SCK3 PEG6 PEG6/TIOC2A/SCK3
/AUDATAQ** /AUDATAQ**

118 PFO/ANO PFO/ANO PFO/ANO PFO/ANO

119 PF1/AN1 PF1/AN1 PF1/AN1 PF1/AN1

120 PF2/AN2 PF2/AN2 PF2/AN2 PF2/AN2

121 PF3/AN3 PF3/AN3 PF3/AN3 PF3/AN3

122 PF4/AN4 PF4/AN4 PF4/AN4 PF4/AN4

123 PF5/AN5 PF5/AN5 PF5/AN5 PF5/AN5

125 PF6/AN6 PF6/AN6 PF6/ANG PF6/AN6

126 PF7/AN7 PF7/AN7 PF7/AN7 PF7/AN7

130 PAO PAO/RXDO PAO PAO/RXDO

131 PAl PA1/TXDO PAl PA1/TXDO

132 PA2 PA2/SCKO/DREQO/IRQ0 PA2 PA2/SCKO/DREQO/IRQ0

133 PA3 PA3/RXD1 PA3 PA3/RXD1

134 PA4 PA4/TXD1 PA4 PA4/TXD1

136 PAS5 PA5/SCK1/DREQ1/IRQT PA5 PA5/SCK1/DREQ1/IRQT

137 PE7 PE7/TIOC2B/RXD2 PE7 PE7/TIOC2B/RXD2

138 PES/(TMS***?)  PES/TIOC3A/SCK2 PES8/(TMS***?)  PES/TIOC3A/SCK2

139 PE9/(TRST**?) PE9/TIOC3B/SCK3 PE9/(TRST**?) PE9/TIOC3B/SCK3

140 PE10/(TDI**?)  PE10/TIOC3C/TXD2 PE10/(TDI***?)  PE10/TIOC3C/TXD2

142 PE11/(TDO**?) PE11/TIOC3D/RXD3 PE11/(TDO****) PE11/TIOC3D/RXD3

143 PE12/(TCK*™*?) PE12/TIOC4A/TXD3 PE12/(TCK**?) PE12/TIOC4A/TXD3

144 PE13 PE13/TIOC4B/MRES PE13 PE13/TIOC4B/MRES

Notes: 1. F-ZTAT only.
2. Fixed to TMS, TRST, TDI, TDO, and TCK when using E10A (in DBGMD=H)
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Table 17.14 SH7145 Pin Functionsin Each Mode (2)

Pin Name
Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function
SH7145 Initial Function Possibilities Initial Function Possibilities
12, 26, 40, Vce Vce Vce Vce
63, 77, 85,
112,135
6, 14, 28, Vss Vss Vss Vss
55, 61, 71,
79, 87, 93,
117, 129,
141
128 AVce AVcc AVcc AVcc
127 AVREF AVREF AVREF AVREF
124 AVss AVss AVss AVss
104 PLLVcc PLLVcc PLLVcc PLLVcc
105 PLLCAP PLLCAP PLLCAP PLLCAP
106 PLLVss PLLVss PLLVss PLLVss
1 PA23 PA23/WRHH PA23 PA23/WRHH
2 PE14 PE14/TIOC4C/DACKO PE14 PE14/TIOC4C/DACKO
3 PA22 PA22/WRHL PA22 PA22/WRHL
4 PA21 PA21 PA21 PA21
5 PE15 PE15/TIOC4D/DACK1/ PE15 PE15/TIOC4D/DACK1/
IRQOUT IRQOUT

7 PCO PCO/AO PCO PCO/AO

PC1 PC1/A1 PC1 PC1/A1

PC2 PC2/A2 PC2 PC2/A2
10 PC3 PC3/A3 PC3 PC3/A3
11 PC4 PC4/A4 PC4 PC4/A4
13 PC5 PC5/A5 PC5 PC5/A5
15 PC6 PC6/A6 PC6 PC6/A6
16 PC7 PC7/A7 PC7 PC7/A7
17 PC8 PC8/A8 PC8 PC8/A8
18 PC9 PC9/A9 PC9 PC9/A9
19 PC10 PC10/A10 PC10 PC10/A10
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

20 PC11 PC11/A11 PC11 PC11/A11

21 PC12 PC12/A12 PC12 PC12/A12

22 PC13 PC13/A13 PC13 PC13/A13

23 PC14 PC14/A14 PC14 PC14/A14

24 PC15 PC15/A15 PC15 PC15/A15

25 PBO PBO/A16 PBO PBO/A16

27 PB1 PB1/A17 PB1 PB1/AL7

29 PA20 PA20 PA20 PA20

30 PA19 PA19/BACK/DRAK1 PA19 PA19/BACK/DRAK1

31 PB2 PB2/IRQO/POEOD/SCLO PB2 PB2/IRQO/POEOQ/SCLO

32 PB3 PB3/IRQ1/POE1/SDAO PB3 PB3/IRQ1/POE1/SDAO

33 PA18 PA18/BREQ/DRAKO PA18 PA18/BREQ/DRAKO

34 PB4 PB4/IRQ2/POE2 PB4 PB4/IRQ2/POE2

35 ASEBRKAK**  ASEBRKAK*' ASEBRKAK*'  ASEBRKAK*!

36 PB5 PB5/IRQ3/POE3 PB5 PB5/IRQ3/POE3

37 PB6 PB6/IRQ4/A18/BACK PB6 PB6/IRQ4/A18/BACK

38 PB7 PB7/IRQ5/A19/BREQ PB7 PB7/IRQ5/A19/BREQ

39 PB8 PB8/IRQ6/A20/WAIT PB8 PB8/IRQ6/A20/WAIT

41 PB9 PB9/IRQ7/A21/ADTRG PB9 PB9/IRQ7/A21/ADTRG

42 DBGMD** DBGMD** DBGMD** DBGMD**

43 PA14 PA14/RD PA14 PA14/RD

44 WDTOVF WDTOVF WDTOVF WDTOVF

45 PD31 PD31/D31/ADTRG PD31 PD31/D31/ADTRG

46 PD30 PD30/D30/IRQOUT PD30 PD30/D30/IRQOUT

47 PA13 PA13/WRH PA13 PA13/WRH

48 PA12 PA12/WRL PA12 PA12/WRL

49 PA11 PA11/CST PA1l PA11/CST

50 PA10 PA10/CSO PA10 PA10/CSO
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

51 PA9 PA9/TCLKD/IRQ3 PA9 PA9/TCLKD/IRQ3

52 PAS8 PAS/TCLKC/TIRQ2 PA8 PAS/TCLKC/IRQ2

53 PA7 PA7/TCLKB/CS3 PA7 PA7/TCLKB/CS3

54 PA6 PAG/TCLKA/CS2 PA6 PAB/TCLKA/CS2

56 PD29 PD29/D29/CS3 PD29 PD29/D29/CS3

57 PD28 PD28/D28/CS2 PD28 PD28/D28/CS2

58 PD27 PD27/D27/DACK1 PD27 PD27/D27/DACK1

59 PD26 PD26/D26/DACKO PD26 PD26/D26/DACKO

60 PD25 PD25/D25/DREQT PD25 PD25/D25/DREQT

62 PD24 PD24/D24/DREQO PD24 PD24/D24/DREQO

64 PD23 PD23/D23/IRQ7/ PD23 PD23/D23/IRQ7/
AUDSYNC** AUDSYNC**

65 PD22 PD22/D22/IRQ6/AUDCK**  PD22 PD22/D22/IRQ6/AUDCK**

66 PD21 PD21/D21/IRQ5/AUDMD**  PD21 PD21/D21/IRQ5/AUDMD**

67 PD20 PD20/D20/IRQ4/AUDRST**  PD20 PD20/D20/IRQ4/AUDRST**

68 PD19 PD19/D19/IRQ3/ PD19 PD19/D19/IRQ3/
AUDATA3*! AUDATA3**

69 PD18 PD18/D18/IRQ2/ PD18 PD18/D18/IRQ2/
AUDATA2** AUDATA2**

70 PD17 PD17/D17/IRQ1/ PD17 PD17/D17/IRQ1/
AUDATA1*! AUDATA1*!

72 PD16 PD16/D16/IRQO/ PD16 PD16/D16/IRQO/
AUDATAOQ** AUDATAOQ**

73 PD15 PD15/D15 PD15 PD15/D15

74 PD14 PD14/D14 PD14 PD14/D14

75 PD13 PD13/D13 PD13 PD13/D13

76 PD12 PD12/D12 PD12 PD12/D12

78 PD11 PD11/D11 PD11 PD11/D11

80 PD10 PD10/D10 PD10 PD10/D10
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

81 PD9 PD9/D9 PD9 PD9/D9

82 PD8 PD8/D8 PD8 PD8/D8

83 PD7 PD7/D7 PD7 PD7/D7

84 PD6 PD6/D6 PD6 PD6/D6

86 PD5 PD5/D5 PD5 PD5/D5

88 PD4 PD4/D4 PD4 PD4/D4

89 PD3 PD3/D3 PD3 PD3/D3

90 PD2 PD2/D2 PD2 PD2/D2

91 PD1 PD1/D1 PD1 PD1/D1

92 PDO PDO/DO PDO PDO/DO

94 XTAL XTAL XTAL XTAL

95 MD3 MD3 MD3 MD3

96 EXTAL EXTAL EXTAL EXTAL

97 MD2 MD2 MD2 MD2

98 NMI NMI NMI NMI

99 FWP** FWP** FWP** FWP**

100 PA16 PA16/AUDSYNC** PA16 PA16/AUDSYNC**

101 PAL7 PAL17/WAIT PA17 PAL17/WAIT

102 MD1 MD1 MD1 MD1

103 MDO MDO MDO MDO

107 CK PA15/CK PA15 PA15/CK

108 RES RES RES RES

109 PEO PEO/TIOCOA/DREQO/ PEO PEO/TIOCOA/DREQO/
AUDCK*! AUDCK*!

110 PE1 PE1/TIOCOB/DRAKO/ PE1 PE1/TIOCOB/DRAKO/
AUDMD** AUDMD**

111 PE2 PE2/TIOCOC/DREQ1T/ PE2 PE2/TIOCOC/DREQ1/
AUDRST*! AUDRST*'

113 PE3 PE3/TIOCOD/DRAK1/ PE3 PE3/TIOCOD/DRAK1/
AUDATA3*! AUDATA3*!

114 PE4 PE4/TIOC1A/RXD3/ PE4 PE4/TIOC1A/RXD3/
AUDATA2** AUDATA2*!

RENESAS
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Pin Name

Pin No. On-Chip ROM Enabled (MCU mode 2) Single Chip Mode (MCU mode 3)
PFC Selected Function PFC Selected Function

SH7145 Initial Function Possibilities Initial Function Possibilities

115 PES5 PES5/TIOC1B/TXD3/ PES5 PES5/TIOC1B/TXD3/
AUDATA1*! AUDATA1*!

116 PEG6 PEG6/TIOC2A/SCK3/ PEG6 PEG6/TIOC2A/SCK3/
AUDATAOQ*! AUDATAOQ*!

118 PFO/ANO PFO/ANO PFO/ANO PFO/ANO

119 PF1/AN1 PF1/AN1 PF1/AN1 PF1/AN1

120 PF2/AN2 PF2/AN2 PF2/AN2 PF2/AN2

121 PF3/AN3 PF3/AN3 PF3/AN3 PF3/AN3

122 PF4/AN4 PF4/AN4 PF4/AN4 PF4/AN4

123 PF5/AN5 PF5/AN5 PF5/AN5 PF5/AN5

125 PF6/AN6 PF6/AN6 PF6/ANG PF6/AN6

126 PF7/AN7 PF7/AN7 PF7/AN7 PF7/AN7

130 PAO PAO/RXDO PAO PAO/RXDO

131 PAl PA1/TXDO PAl PA1/TXDO

132 PA2 PA2/SCKO/DREQO/IRQ0 PA2 PA2/SCKO/DREQO/IRQ0

133 PA3 PA3/RXD1 PA3 PA3/RXD1

134 PA4 PA4/TXD1 PA4 PA4/TXD1

136 PAS5 PA5/SCK1/DREQ1/IRQT PA5 PA5/SCK1/DREQ1/IRQT

137 PE7 PE7/TIOC2B/RXD2 PE7 PE7/TIOC2B/RXD2

138 PES/(TMS***?)  PES/TIOC3A/SCK2 PES8/(TMS***?)  PES/TIOC3A/SCK2

139 PE9/(TRST**?) PE9/TIOC3B/SCK3 PE9/(TRST**?) PE9/TIOC3B/SCK3

140 PE10/(TDI**?)  PE10/TIOC3C/TXD2 PE10/(TDI***?)  PE10/TIOC3C/TXD2

142 PE11/(TDO**?) PE11/TIOC3D/RXD3 PE11/(TDO****) PE11/TIOC3D/RXD3

143 PE12/(TCK*™*?) PE12/TIOC4A/TXD3 PE12/(TCK**?) PE12/TIOC4A/TXD3

144 PE13 PE13/TIOC4B/MRES PE13 PE13/TIOC4B/MRES

Notes: 1. F-ZTAT only.
2. Fixed to TMS, TRST, TDI, TDO, and TCK when using E10A (in DBGMD=H)
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171  Register Descriptions

The registers listed below make up the pin function controller (PFC). For details on the addresses
of the registers and their states during each process, see section 25, List of Registers.

* Port A 1/Oregister H (PAIORH)*

 Port A I/O register L (PAIORL)

« Port A control register H (PACRH)*

« Port A control register L2 (PACRL2)
» Port A control register L1 (PACRL1)
« Port B 1/O register (PBIOR)

» Port B control register 1 (PBCR1)

« Port B control register 2 (PBCR2)

« Port Cl/Oregister (PCIOR)

« Port C control register (PCCR)

» Port D I/O register H (PDIORH)*

« Port D I/Oregister L (PDIORL)

» Port D control register H1 (PDCRH1)*
« Port D control register H2 (PDCRH2)*
» Port D control register L1 (PDCRL1)

« Port D control register L2 (PDCRL2)

» Port E1/Oregister L (PEIORL)

« Port E control register L1 (PECRL1)

» Port E control register L2 (PECRL2)

« High-current port control register (PPCR)

Note: * Can be set only in SH7145. These are not availablein SH7144.
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1711 Port A 1/0 Register L, H (PAIORL, H)

The port A I/O register L, H (PAIORL, H) are 16-bit readable/writable registers that are used to
set the pins on port A asinputs or outputs. Bits PA23IOR to PAOIOR correspond to pins PA23 to
PAO (names of multiplexed pins are here given as port names and pin numbers alone). PAIORL is
enabled when the port A pins are functioning as general-purpose inputs/outputs (PA15 to PAQ),
and SCKO0 and SCK1 pins are functioning as inputs/outputs of SCI. In other states, PAIORL is
disabled. PAIORH is enabled when the port A pins are functioning as general-purpose
input/output (PA23 to PA16). In other states, PAIORH is disabled.

A given pin on port A will be an output pin if the corresponding bit in PAIORH or PAIORL is set
to 1, and an input pinif the bit is cleared to O.

Bits 7 to 0 of PAIORH are, however, disabled in SH7144.

Bits 15 to 8 of PAIORH are reserved. These bits are always read as 0 and should only be written
with 0.

Theinitia values of PAIORL and PAIORH are H'0000, respectively.
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17.1.2 Port A Control RegistersL2, L1, and H (PACRL2, PACRL1, and PACRH)

The port A control registersL 2, L1, and H (PACRL2, PACRL 1 and PACRH) are 16-bit
readable/writable registers that are used to select the functions of the multiplexed pins on port A.

(1) Port A Control RegistersL2,L1,and H (PACRL2, PACRL1, and PACRH) in the

SH7144
Initial
Register Bit Bit Name Value R/W  Description
PACRH 15,13 O AllO R Reserved
PACRH 11,9 [ All O R These bits are alwa_ys read as Os and should
always be written with 0s.
PACRH 14,12 O All O R/W
PACRH 10,8 O AllO R/W
PACRH 7to0 O AllO R/W
PACRL1 15 PA15MD1 O R/W  PA15 Mode
PACRL1 14 PA15MDO O** R/W  Select the function of the PA15/CK pin.
00: PA15 I/O (port)
01: CK output (CPG)
10: Setting prohibited
11: Setting prohibited
PACRL1 13 PA14MD1 O R/W  PA14 Mode
PACRL1 12 PA14MDO 0*? R/W  Select the function of the PA14/RD pin.
00: PA14 1/O (port)
01: RD output (BSC)
10: Setting prohibited
11: Setting prohibited
PACRL1 11 PA13MD1 O R/W  PA13 Mode
PACRL1 10 PA13MD0O 0O*? R/W  Select the function of the PA13/WRH pin.

00: PA13 1/O (port)
01: WRH output (BSC)
10: Setting prohibited
11: Setting prohibited
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Initial
Register Bit Bit Name Value R/W  Description

PACRL1 9 PA12MD1 O R/W  PA12 Mode
PACRL1 8 PA12MD0O 0O*? R/W  Select the function of the PA12/WRL pin.
00: PA12 1/O (port)
01: WRL output (BSC)
10: Setting prohibited
11: Setting prohibited

PACRL1 7 PA11MD1 O R/W  PAll Mode
PACRL1 6 PA11IMDO 0O*? R/W  Select the function of the PA11/CS1 pin.
00: PA11 I/O (port)
01: CS1 output (BSC)
10: Setting prohibited
11: Setting prohibited

PACRL1 5 PA1OMD1 O R/W  PA10 Mode
PACRL1 4 PA10MDO 0O*? R/W  Select the function of the PA10/ CSO pin.
00: PA10 I/O (port)
01: CSO0 output (BSC)
10: Setting prohibited
11: Setting prohibited

PACRL1 3 PAOMD1 O R/W  PA9 Mode
PACRL1 2 PAOMDO O R/W  Select the function of the PA9/TCLKD/IRQS pin.
00: PA9 I/O (port)
01: TCLKD input (MTU)
10: TRQ3 input (INTC)
11: Setting prohibited

PACRL1 1 PASBMD1 O R/W  PA8 Mode
PACRL1 O PASBMDO O R/W  Select the function of the PA8/TCLKC/IRQ2 pin.
00: PA8 I/O (port)
01: TCLKC input (MTU)
10: TRQ2 input (INTC)
11: Setting prohibited
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Register Bit Bit Name {;];;Iuael R/W  Description
PACRL2 15 PA7TMD1 O R/W  PA7 Mode
PACRL2 14 PA7TMDO O R/W  Select the function of the PA7/TCLKB/ CS3 pin.
00: PA7 I/O (port)
01: TCLKB input (MTU)
10: CS3 output (BSC)
11: Setting prohibited

PACRL2 13 PA6MD1 O R/W  PA6 Mode
PACRL2 12 PA6MDO O R/W  Select the function of the PA6/TCLKA/CS2 pin.
00: PA6 I/O (port)
01: TCLKA input (MTU)
10: CS2 output (BSC)
11: Setting prohibited

PACRL2 11 PASMD1 O R/W PA5 Mode
PACRL2 10 PASMDO O R/W Select the function of the PA5/SCK1/DREQ1/IRQ1
pin.

00: PA5 I/O (port)

01: SCK1 I/O (SCI)

10: DREQT input (DMAC)
11: IRQT input (INTC)

PACRL2 9 PA4AMD1 O R/W  PA4 Mode
PACRL2 8 PAAMDO O R/W  Select the function of the PA4/TXD1 pin.
00: PA4 1/O (port)
01: TXD1 output (SCI)
10: Setting prohibited
11: Setting prohibited

PACRL2 7 PA3SMD1 O R/W  PA3 Mode
PACRL2 6 PASMDO O R/W  Select the function of the PA3/RXD1 pin.
00: PA3 I/O (port)
01: RXD1 input (SCI)
10: Setting prohibited
11: Setting prohibited
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Initial
Register Bit Bit Name Value R/W  Description

PACRL2 5 PA2MD1 0 R/W PA2 Mode
PACRL2 4 PA2MDO O R/W  Select the function of the PA2/SCKO/DREQO/IRQ0
pin.

00: PA2 I/O (port)

01: SCKO I/0 (SCl)

10: DREQO input (DMAC)
11: TRQO input (INTC)

PACRL2 3 PAIMD1 O R/W  PAl Mode
PACRL2 2 PAIMDO O R/W  Select the function of the PA1/TXDO pin.
00: PA1 I/O (port)
01: TXDO output (SCI)
10: Setting prohibited
11: Setting prohibited

PACRL2 1 PAOMD1 O R/W  PAO Mode
PACRL2 O PAOMDO O R/W  Select the function of the PAO/RXDO pin.
00: PAO I/O (port)
01: RXDO input (SCI)
10: Setting prohibited
11: Setting prohibited

Notes: 1. The initial value is 1 in the on-chip ROM enabled/disabled external-expansion mode.
2. The initial value is 1 in the on-chip ROM disabled external-expansion mode.

(2) Port A Control RegistersL2,L1, and H (PACRL2, PACRL1 and PACRH) in the
SH7145

Initial
Register Bit Bit Name Value R/W  Description
PACRH 15 O 0 R Reserved
PACRH 13 0 0 R These bits arg always read as 0s and should
always be written with 0s.
PACRH 11 O 0 R
PACRH 9 a 0 R

PACRH 14 PA23MD  0*° R/W PA23 Mode
Select the function of the PA23/WRHH pin.
0: PA23 I/O (port)
1: WRHH output (BSC)
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PACRH

12

PA22MD

o**

R/W

PA22 Mode

Select the function of the PA22/WRHL pin.
0: PA22 I/O (port)

1: WRHL output (BSC)

PACRH

10

PA21MD

R/W

PA21 Mode

Select the function of the PA21 pin.
0: PA21 I/O (port)

1: Setting prohibited

PACRH

PA20MD

R/W

PA20 Mode

Select the function of the PA20 pin.
0: PA20 I/O (port)

1: Setting prohibited

PACRH
PACRH

PA19MD1
PA19MDO

R/W
R/W

PA19 Mode

Select the function of the PA19/BACK/DRAKT pin.
00: PA19 I/O (port)

01: BACK output (BSC)

10: DRAK1 output (DMAC)

11: Setting prohibited

PACRH
PACRH

PA18MD1
PA18MDO

R/W
R/W

PA18 Mode

Select the function of the PA18/BREQ/DRAKO pin.
00: PA18 I/O (port)

01: BREQ input (BSC)

10: DRAKO output (DMAC)

11: Setting prohibited

PACRH
PACRH

PA17MD1
PA17MDO

R/W
R/W

PA17 Mode

Select the function of the PA17/WAIT pin.
00: PA17 I/O (port)

01: WAIT input (BSC)

10: Setting prohibited

11: Setting prohibited
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Initial
Register Bit Bit Name Value R/W  Description

PACRH 1 PA16MD1 0 R/W  PA16 Mode
PACRH 0 PA16MDO 0 R/W  Select the function of the PA16/AUDSYNC pin.
00: PA16 1/O (port)
01: Setting prohibited
10: Setting prohibited
11: AUDSYNC 1/0O (AUD)**

PACRL1 15 PA15MD1 O R/W  PA15 Mode
PACRL1 14 PA15MD0O 0O*? R/W  Select the function of the PA15/CK pin.
00: PA15 I/O (port)
01: CK output (CPG)
10: Setting prohibited
11: Setting prohibited

PACRL1 13 PA14MD1 O R/W  PAl14 Mode
PACRL1 12 PA14MD0O 0*° R/W  Select the function of the PA14/RD pin.
00: PA14 1/O (port)
01: RD output (BSC)
10: Setting prohibited
11: Setting prohibited

PACRL1 11 PA13MD1 O R/W  PA13 Mode
PACRL1 10 PA13MD0O 0*° R/W  Select the function of the PA13/WRH pin.
00: PA13 1/O (port)
01: WRH output (BSC)
10: Setting prohibited
11: Setting prohibited

PACRL1 9 PA12MD1 O R/W  PA12 Mode
PACRL1 8 PA12MDO 0*° R/W  Select the function of the PA12/ WRL pin.
00: PA12 1/O (port)
01: WRL output (BSC)
10: Setting prohibited
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PACRL1
PACRL1

PA11MD1
PA11MDO

0
0*°

R/W
R/W

PAl1l Mode

Select the function of the PA11/CST pin.
00: PA11 I/O (port)

01: CS1 output (BSC)

10: Setting prohibited

11: Setting prohibited

PACRL1
PACRL1

PA10MD1
PA10MDO

0*°

R/W
R/W

PA10 Mode

Select the function of the PA10/CSO0 pin.
00: PA10 I/O (port)

01: CSO0 output (BSC)

10: Setting prohibited

11: Setting prohibited

PACRL1
PACRL1

PASMD1
PA9OMDO

R/W
R/W

PA9 Mode

Select the function of the PA9/TCLKD/IRQ3 pin.
00: PA9 I/O (port)

01: TCLKD input (MTU)

10: TRQ3 input (INTC)

11: Setting prohibited

PACRL1
PACRL1

PASMD1
PASMDO

R/W
R/W

PA8 Mode

Select the function of the PAS/TCLKC/IRQ2 pin.
00: PA8 I/O (port)

01: TCLKC input (MTU)

10: TRQ2 input (INTC)

11: Setting prohibited

PACRL2
PACRL2

15
14

PA7MD1
PA7MDO

R/W
R/W

PA7 Mode

Select the function of the PA7/TCLKB/ CS3 pin.
00: PA7 I/O (port)

01: TCLKB input (MTU)

10: CS3 output (BSC)

11: Setting prohibited
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Register

Bit

Initial
Bit Name Value

R/W

Description

PACRL2
PACRL2

13
12

PAG6MD1 O
PA6MDO O

R/W
R/W

PA6 Mode

Select the function of the PA6/TCLKA/ CS2 pin.
00: PAG6 I/O (port)

01: TCLKA input (MTU)

10: CS2 output (BSC)

11: Setting prohibited

PACRL2
PACRL2

11
10

PASMD1
PASMDO

R/W
R/W

PA5 Mode

Select the function of the PA5/SCK1/DREQ1/IRQ1
pin.
00: PA5 I/O (port)

01: SCK1 /0 (SCl)
10: DREQ1 input (DMAC)
11: IRQ1 input (INTC)

PACRL2
PACRL2

PA4MD1
PA4MDO

R/W
R/W

PA4 Mode

Select the function of the PA4/TXD1 pin.
00: PA4 1/O (port)

01: TXD1 output (SCI)

10: Setting prohibited

11: Setting prohibited

PACRL2
PACRL2

PA3MD1
PA3MDO

R/W
R/W

PA3 Mode

Select the function of the PA3/RXD1 pin.
00: PA3 I/O (port)

01: RXD1 input (SCI)

10: Setting prohibited

11: Setting prohibited

PACRL2
PACRL2

PA2MD1
PA2MDO

R/W
R/W

PA2 Mode

Select the function of the PA2/SCKO/DREQO/IRQ0
pin.
00: PA2 I/O (port)

01: SCKO I/0 (SCI)
10: DREQO input (DMAC)
11: IRQO input (INTC)
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Register Bit Bit Name {;];;Iuael R/W  Description
PACRL2 3 PAIMD1 O R/W  PAl Mode
PACRL2 2 PAIMDO O R/W  Select the function of the PA1/TXDO pin.
00: PA1 I/O (port)
01: TXDO output (SCI)
10: Setting prohibited
11: Setting prohibited
PACRL2 1 PAOMD1 O R/W  PAO Mode
PACRL2 O PAOMDO O R/W  Select the function of the PAO/RXDO pin.
00: PAO I/O (port)
01: RXDO input (SCI)
10: Setting prohibited
11: Setting prohibited

Notes: 1. F-ZTAT only. Setting prohibited for the mask version.
2. The initial value is 1 in the on-chip ROM enabled/disabled external-expansion mode.
3. The initial value is 1 in the on-chip ROM disabled external-expansion mode.

17.13  Port B /O Register (PBIOR)

The port B 1/O register (PBIOR) is a 16-hit readable/writable register that is used to set the pins on
port B as inputs or outputs. Bits PB9IOR to PBOIOR correspond to pins PB9 to PBO (names of
multiplexed pins are here given as port names and pin numbers alone). PBIOR is enabled when
port B pins are functioning as general -purpose inputs/outputs (PB9 to PBO). In other states,
PBIOR is disabled.

A given pin on port B will be an output pin if the corresponding bit in PBIOR isset to 1, and an
input pin if the bit is cleared to 0.

Bits 15 to 10 are reserved. These bits are always read as 0 and should only be written with O.

Theinitial value of PBIOR is H'0000.
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1714

Port B Control Registers1 and 2 (PBCR1 and PBCR?2)

The port B control registers 1 and 2 (PBCR1 and PBCR?2) are 16-bit readable/writable registers
that are used to select the multiplexed pin function of the pins on port B.

Port B Control Registers 1 and 2 (PBCR1 and PBCR2)

Register Bit Bit Name cgltlluaé R/W  Description
PBCR1 15to12 0O All 0 R Reserved
PBCRL 9 to4 [ All O R These bits are always read as Os and should
always be written with Os.
PBCR1 3 PBOMD1 R PB9 Mode
PBCR1 2 PBOMDO R Select the function of the
PB9/IRQ7/A21/ADTRG pin.
00: PB9 I/O (port)
01: IRQ7 input (INTC)
10: A21 output (BSC)
11: ADTRG input (A/D)
PBCR1 1 PB8MD1 R/W  PB8 Mode
PBCR1 0 PB8MDO R/W  Select the function of the PB8/IRQ6/A20/WAIT
pin.
00: PB8 I/O (port)
01: IRQG input (INTC)
10: A20 output (BSC)
11: WAIT input (BSC)
PBCR2 15 PB7MD1 R/W  PB7 Mode
PBCR2 14 PB7MDO R/W  Select the function of the PB7/IRQ5/A19/BREQ

pin.
00: PB7 I/O (port)

01: IRQ5 input (INTC)
10: A19 output (BSC)
11: BREQ input (BSC)

Rev. 2.0, 09/02, page 526 of 732

RENESAS



Register

Bit

Initial
Bit Name Value

R/W

Description

PBCR2
PBCR2

13
12

PB6MD1 O
PB6MDO O

R/W
R/W

PB6 Mode

Select the function of the PB6/IRQ4/A18/BACK
pin.
00: PB6 I/O (port)

01: IRQ4 input (INTC)
10: A18 output (BSC)
11: BACK output (BSC)

PBCR2
PBCR2

11
10

PB5MD1
PB5MDO

R/W
R/W

PB5 Mode

Select the function of the PB5/IRQ3/POES3 pin.
00: PB5 I/O (port)

01: IRQ3 input (INTC)

10: POES input (port)

11: Setting prohibited

PBCR2
PBCR2

PB4MD1
PB4MDO

R/W
R/W

PB4 Mode

Select the function of the PB4/IRQ2/POE2 pin.
00: PB4 I/O (port)

01: IRQ2 input (INTC)

10: POEZ2 input (port)

11: Setting prohibited

PBCR1
PBCR2
PBCR2

11

PB3MD2
PB3MD1
PB3MDO

R/W
R/W
R/W

PB3 Mode

Select the function of the
PB3/IRQ1/POE1/SDAO pin.

000: PB3 I/0 (port)

001: IRQ1 input (INTC)
010: POET input (port)
011: Setting prohibited
100: SDAO /O (lIC)

101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PBCR1
PBCR2
PBCR2

10
5
4

PB2MD2
PB2MD1
PB2MDO

0
0
0

R/W
R/W
R/W

PB2 Mode

Select the function of the PB2/IRQ0/POE0/SCLO
pin.
000: PB2 I/O (port)

001: IRQO input (INTC)
010: POEQ input (port)
011: Setting prohibited
100: SCLO I/O (lIC)

101: Setting prohibited
110: Setting prohibited
111: Setting prohibited

PBCR2
PBCR2

PB1MD1
PB1MDO

0*

R/W
R/W

PB1 Mode

Select the function of the PB1/A17 pin.
00: PB1 I/O (port)

01: A17 output (BSC)

10: Setting prohibited

11: Setting prohibited

PBCR2
PBCR2

PBOMD1
PBOMDO

0*

R/W
R/W

PBO Mode

Select the function of the PBO/A16 pin.
00: PBO I/O (port)

01: A16 output (BSC)

10: Setting prohibited

11: Setting prohibited

Note: *
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17.15 Port C I/O Register (PCIOR)

PCIOR is a 16-hit readable/writable register that is used to set the pins on port C as inputs or
outputs. Bits PC1510R to PCOIOR correspond to pins PC15 to PCO (names of multiplexed pins
are here given as port names and pin humbers alone). PCIOR is enabled when the port C pins are
functioning as general -purpose inputs/outputs (PC15 to PCO). In other states, PCIOR is disabled.

Theinitial value of PCIOR is H'0000.

A given pin on port C will be an output pin if the corresponding bit in PCIOR isset to 1, and an
input pin if the bit is cleared to O.

17.1.6 Port C Control Register (PCCR)

PCCR is a 16-bit readable/writable register that is used to select the multiplexed pin function of
the pins on port C.

Port C Control Register

Initial
Register Bit Bit Name Value R/W  Description
PCCR 15 PC15MD 0O* R/W  PC15 Mode

Selects the function of the PC15/A15 pin.
0: PC15 1/O (port)
1: A15 output (BSC)

PCCR 14 PC14MD 0O* R/W  PC14 Mode
Selects the function of the PC14/A14 pin.
0: PC14 1/O (port)
1: A14 output (BSC)

PCCR 13 PC13MD 0O* R/W  PC13 Mode
Selects the function of the PC13/A13 pin.
0: PC13 1/O (port)
1: A13 output (BSC)

PCCR 12 PC12MD 0O* R/W  PC12 Mode
Selects the function of the PC12/A12 pin.
0: PC12 1/O (port)
1: A12 output (BSC)
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Initial
Register Bit Bit Name Value R/W  Description

PCCR 11 PC11MD 0O* R/W  PC11 Mode
Selects the function of the PC11/A11 pin.
0: PC11 I/O (port)
1: A11 output (BSC)

PCCR 10 PC10MD 0O* R/W  PC10 Mode
Selects the function of the PC10/A10 pin.
0: PC10 I/O (port)
1: A10 output (BSC)

PCCR 9 PCOMD 0* R/W  PC9 Mode
Selects the function of the PC9/A9 pin.
0: PC9 I/O (port)
1: A9 output (BSC)

PCCR 8 PC8MD 0* R/W  PC8 Mode
Selects the function of the PC8/A8 pin.
0: PC8 1/0 (port)
1: A8 output (BSC)

PCCR 7 PC7MD 0* R/W  PC7 Mode
Selects the function of the PC7/A7 pin.
0: PC7 1/0 (port)
1: A7 output (BSC)

PCCR 6 PC6MD (0 R/W  PC6 Mode
Selects the function of the PC6/A6 pin.
0: PC6 1/O (port)
1: A6 output (BSC)

PCCR 5 PC5MD (0 R/W  PC5 Mode
Selects the function of the PC5/A5 pin.
0: PC5 1/O (port)
1: A5 output (BSC)

PCCR 4 PC4MD (0 R/W  PC4 Mode
Selects the function of the PC4/A4 pin.
0: PC4 1/O (port)
1: A4 output (BSC)
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Register Bit Bit Name {;];;Iuael R/W  Description

PCCR 3 PC3MD 0* R/W  PC3 Mode
Selects the function of the PC3/A3 pin.
0: PC3 1/O (port)
1: A3 output (BSC)

PCCR 2 PC2MD 0* R/W  PC2 Mode
Selects the function of the PC2/A2 pin.
0: PC2 1/O (port)
1: A2 output (BSC)

PCCR 1 PC1MD 0* R/W  PC1 Mode
Selects the function of the PC1/A1 pin.
0: PC1 1/O (port)
1: Al output (BSC)

PCCR 0 PCOMD 0* R/W  PCO Mode
Selects the function of the PCO/AQ pin.
0: PCO I/O (port)
1: AO output (BSC)

Note: * The initial value is 1 in the on-chip ROM disabled external-expansion mode.

17.17 Port D 1/0 RegistersL, H (PDIORL, H)

The port D I/O registers L and H (PDIORL and PDIORH) are 16-hit readabl e/writable registers
that are used to set the pins on port D as inputs or outputs. Bits PD31I10R to PDOIOR correspond
to pins PD31 to PDO (names of multiplexed pins are here given as port names and pin humbers
alone). PDIORL is enabled when the port D pins are functioning as general-purpose inputs/outputs
(PD15 to PDOQ). In other states, PDIORL is disabled. PDIORH is enabled when the port D pins are
functioning as general-purpose inputs/outputs (PD31 to PD16). In other states, PDIORH is
disabled.

A given pin on port D will be an output pin if the corresponding bit in PDIORL or PDIORH is set
to 1, and an input pin if the bit is cleared to 0.

Note that bits 15 to 0 in PDIORH is disabled in the SH7144.

Theinitial value of PDIOR is H'0000.
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17.1.8

Port D Control RegistersL1,L2,H1, and H2 (PDCRL1, PDCRL 2, PDCRH1, and
PDCRH2)

The port D control registersL 1, L2, H1, and H2 (PDCRL 1, PDCRL 2, PDCRH1, and PDCRH2)
are 16-hit readable/writable registers that are used to select the multiplexed pin function of the
pins on port D.

(1) Port D Control RegistersL1,L2, H1, and H2 (PDCRL 1, PDCRL 2, PDCRH1, and
PDCRH?2) in the SH7144

Register Bit Bit Name {gtllua; R/W  Description
PDCRH1 15to0 O All 0 R/W  Reserved
PDCRH2 15to0 O All 0 R/W  These bits are always read as 0s and should
always be written with 0s.
PDCRL2 15 PD15MD1 O R/W PD15 Mode
PDCRL1 15 PD15MDO 0** R/W  Select the function of the PD15/D15/AUDSYNC
pin.
00: PD15 /O (port)
01: D15 I/O (BSC)
10: AUDSYNC I/0 (AUD)**
11: Setting prohibited
PDCRL2 14 PD14MD1 O R/W PD14 Mode
PDCRL1 14 PD14MDO 0*? R/W  Select the function of the PD14/D14/AUDCK pin.
00: PD14 1/O (port)
01: D14 I/O (BSC)
10: AUDCK /O (AUD)**
11: Setting prohibited
PDCRL2 13 PD13MD1 O R/W PD13 Mode
PDCRL1 13 PD13MDO 0*? R/W

Select the function of the PD13/D13/AUDMD
pin.
00: PD13 /O (port)

01: D13 1/0 (BSC)
10: AUDMD input (AUD)**
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRL2
PDCRL1

12
12

PD12MD1
PD12MDO

0
0**

R/W
R/W

PD12 Mode

Select the function of the PD12/D12/AUDRST
pin.
00: PD12 /O (port)

01: D12 1/O (BSC)
10: AUDRST input (AUD)**
11: Setting prohibited

PDCRL2
PDCRL1

11
11

PD11MD1
PD11MDO

0**

R/W
R/W

PD11 Mode

Select the function of the PD11/D11/AUDATA3
pin.
00: PD11 /O (port)

01: D11 I/O (BSC)
10: AUDATA3 I/O (AUD)**
11: Setting prohibited

PDCRL2
PDCRL1

10
10

PD10MD1
PD10MDO

0**

R/W
R/W

PD10 Mode

Select the function of the PD10/D10/AUDATA2
pin.
00: PD10 /O (port)

01: D10 I/O (BSC)
10: AUDATA2 I/O (AUD)**
11: Setting prohibited

PDCRL2
PDCRL1

PDOMD1
PDOMDO

0**

R/W
R/W

PD9 Mode

Select the function of the PD9/D9/AUDATAL pin.
00: PD9 /O (port)

01: D9 I/0 (BSC)

10: AUDATAL I/O (AUD)**

11: Setting prohibited

PDCRL2
PDCRL1

PD8MD1
PD8MDO

R/W
R/W

PD8 Mode

Select the function of the PD8/D8/AUDATAO pin.
00: PD8 /O (port)

01: D8 I/0 (BSC)

10: AUDATAO I/O (AUD)**

11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRL2
PDCRL1

PD7MD1
PD7MDO

0
0*°

R/W
R/W

PD7 Mode

Select the function of the PD7/D7 pin.
00: PD7 /O (port)

01: D7 I/O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD6MD1
PD6MDO

0*°

R/W
R/W

PD6 Mode

Select the function of the PD6/D6 pin.
00: PD6 /O (port)

01: D6 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD5MD1
PD5MDO

0*°

R/W
R/W

PD5 Mode

Select the function of the PD5/D5 pin.
00: PD5 /O (port)

01: D5 I/O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD4MD1
PD4MDO

0*°

R/W
R/W

PD4 Mode

Select the function of the PD4/D4 pin.
00: PD4 1/0O (port)

01: D4 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD3MD1
PD3MDO

0*°

R/W
R/W

PD3 Mode

Select the function of the PD3/D3 pin.
00: PD3 1/O (port)

01: D3 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited
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Initial

Register Bit Bit Name Value R/W  Description
PDCRL2 2 PD2MD1 O R/W  PD2 Mode
PDCRL1 2 PD2MD0O  0*° R/W  Select the function of the PD2/D2 pin.

00: PD2 /O (port)
01: D2 I/0 (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 1 PD1IMD1 O R/W  PD1 Mode
PDCRL1 1 PDIMDO  0*° R/W  Select the function of the PD1/D1 pin.
00: PD1 /O (port)
01: D1 I/O (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 0 PDOMD1 O R/W  PDO Mode
PDCRL1 O PDOMDO  0*° R/W  Select the function of the PD0O/DO pin.
00: PDO /O (port)
01: DO I/O (BSC)
10: Setting prohibited
11: Setting prohibited

Notes: 1. F-ZTAT only. Setting prohibited for the mask version.
2. The initial value is 1 in the on-chip ROM disabled 16-bit external-expansion mode.
3. The initial value is 1 in the on-chip ROM disabled external-expansion mode.
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(2) Port D Control RegistersL1,L2, H1, and H2 (PDCRL 1, PDCRL 2, PDCRH1, and
PDCRH2) in the SH7145
Initial
Register Bit Bit Name Value R/W Description

PDCRH1 15 PD31MD1 0 R/W  PD31 Mode
PDCRH1 14 PD31MDO 0*’ R/W  Select the function of the PD31/D31/ADTRG pin.
00: PD31 1/O (port)
01: D31 I/O (BSC)
10: ADTRG input (A/D)
11: Setting prohibited

PDCRH1 13 PD30MD1 O R/W  PD30 Mode

PDCRH1 12 PD30MDO 0%*? R/W  Select the function of the PD30/D30/IRQOUT
pin.
00: PD30 /O (port)

01: D30 I/O (BSC)
10: IRQOUT output (INTC)
11: Setting prohibited

PDCRH1 11 PD29MD1 O R/W  PD29 Mode
PDCRH1 10 PD29MDO  0*? R/W  Select the function of the PD29/D29/CS3 pin.
00: PD29 1/O (port)
01: D29 I/O (BSC)
10: CS3 output (BSC)
11: Setting prohibited

PDCRH1 9 PD28MD1 0 R/W  PD28 Mode
PDCRH1 8 PD28MDO 0*? R/W  Select the function of the PD28/D28/CS2 pin.
00: PD28 1/O (port)
01: D28 1/O (BSC)
10: CS2 output (BSC)
11: Setting prohibited

PDCRH1 7 PD27MD1 O R/W  PD27 Mode
PDCRH1 6 PD27MDO  0*? R/W  Select the function of the PD27/D27/DACKL pin.
00: PD27 1/O (port)
01: D27 1/O (BSC)
10: DACK1 output (DMAC)
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRH1
PDCRH1

PD26MD1
PD26MDO

0
0**

R/W
R/W

PD26 Mode

Select the function of the PD26/D26/DACKO pin.
00: PD26 /O (port)

01: D26 1/0O (BSC)

10: DACKO output (DMAC)

11: Setting prohibited

PDCRH1
PDCRH1

PD25MD1
PD25MDO

0**

R/W
R/W

PD25 Mode

Select the function of the PD25/D25/DREQ1 pin.
00: PD25 1/O (port)

01: D25 1/0O (BSC)

10: DREQT input (DMAC)

11: Setting prohibited

PDCRH1
PDCRH1

PD24MD1
PD24MDO

0**

R/W
R/W

PD24 Mode

Select the function of the PD24/D24/DREQO pin.
00: PD24 1/O (port)

01: D24 1/0O (BSC)

10: DREQO input (DMAC)

11: Setting prohibited

PDCRH2
PDCRH2

15
14

PD23MD1
PD23MDO

0**

R/W
R/W

PD23 Mode

Select the function of the
PD23/D23/IRQ7/AUDSYNC pin.

00: PD23 1/O (port)

01: D23 I/O (BSC)

10: TRQ7 input (INTC)

11: AUDSYNC I/O (AUD)**

PDCRH2
PDCRH2

13
12

PD22MD1
PD22MDO

R/W
R/W

PD22 Mode

Select the function of the
PD22/D22/IRQ6/AUDCK pin.

00: PD22 1/O (port)

01: D22 I/O (BSC)

10: TRQ6 input (INTC)
11: AUDCK I/O (AUD)**
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRH2
PDCRH2

11
10

PD21MD1
PD21MDO

0
0**

R/W
R/W

PD21 Mode

Select the function of the
PD21/D21/IRQ5/AUDMD pin.

00: PD21 1/O (port)

01: D21 I/O (BSC)

10: IRQ5 input (INTC)

11: AUDMD input (AUD)**

PDCRH2
PDCRH2

PD20MD1
PD20MDO

0**

R/W
R/W

PD20 Mode

Select the function of the
PD20/D20/IRQ4/AUDRST pin.

00: PD20 /O (port)

01: D20 I/O (BSC)

10: IRQ4 input (INTC)

11: AUDRST input (AUD)**

PDCRH2
PDCRH2

PD19MD1
PD19MDO

0**

R/W
R/W

PD19 Mode

Select the function of the
PD19/D19/IRQ3/AUDATAS pin.

00: PD19 /O (port)

01: D19 I/O (BSC)

10: IRQ3 input (INTC)

11: AUDATAS I/O (AUD)**

PDCRH2
PDCRH2

PD18MD1
PD18MDO

0**

R/W
R/W

PD18 Mode

Select the function of the
PD18/D18/IRQ2/AUDATA2 pin.

00: PD18 /O (port)

01: D18 I/O (BSC)

10: IRQ2 input (INTC)

11: AUDATA2 I/O (AUD)**

PDCRH2
PDCRH2

PD17MD1
PD17MDO

0**

R/W
R/W

PD17 Mode

Select the function of the
PD17/D17/IRQ1/AUDATAL pin.

00: PD17 1/O (port)

01: D17 I/O (BSC)

10: IRQT input (INTC)

11: AUDATA1 I/O (AUD)**
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRH2
PDCRH2

1
0

PD16MD1
PD16MDO

0
0**

R/W
R/W

PD16 Mode

Select the function of the
PD16/D16/IRQO/AUDATADO pin.

00: PD16 /O (port)

01: D16 I/O (BSC)

10: IRQO input (INTC)

11: AUDATAO I/O (AUD)**

PDCRL2
PDCRL1

15
15

PD15MD1
PD15MDO

0*°

R/W
R/W

PD15 Mode

Select the function of the PD15/D15 pin.
00: PD15 /O (port)

01: D15 1/O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

14
14

PD14MD1
PD14MDO

0*°

R/W
R/W

PD14 Mode

Select the function of the PD14/D14 pin.
00: PD14 1/O (port)

01: D14 1/O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

13
13

PD13MD1
PD13MDO

0*°

R/W
R/W

PD13 Mode

Select the function of the PD13/D13 pin.
00: PD13 /O (port)

01: D13 1/0O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

12
12

PD12MD1
PD12MDO

0*°

R/W
R/W

PD12 Mode

Select the function of the PD12/D12 pin.
00: PD12 1/O (port)

01: D12 1/O (BSC)

10: Setting prohibited

11: Setting prohibited
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Initial

Register Bit Bit Name Value R/W  Description
PDCRL2 11 PD11MD1 O R/W  PD11 Mode
PDCRL1 11 PD11MDO 0*° R/W  Select the function of the PD11/D11 pin.

00: PD11 /O (port)
01: D11 I/O (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 10 PD10MD1 O R/W  PD10 Mode
PDCRL1 10 PD10MDO 0*° R/W  Select the function of the PD10/D10 pin.
00: PD10 /O (port)
01: D10 I/O (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 9 PDOMD1 O R/W  PD9 Mode
PDCRL1 9 PDOMDO  0*° R/W  Select the function of the PD9/D9 pin.
00: PD9 I/O (port)
01: D9 I/O (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 8 PD8MD1 O R/W  PD8 Mode
PDCRL1 8 PDS8MDO  0*° R/W  Select the function of the PD8/D8 pin.
00: PD8 1/O (port)
01: D8 I/0 (BSC)
10: Setting prohibited
11: Setting prohibited

PDCRL2 7 PD7MD1 O R/W  PD7 Mode
PDCRL1 7 PD7MDO  0*° R/W  Select the function of the PD7/D7 pin.
00: PD7 1/O (port)
01: D7 I/O (BSC)
10: Setting prohibited
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PDCRL2
PDCRL1

PD6MD1
PD6MDO

0
0*°

R/W
R/W

PD6 Mode

Select the function of the PD6/D6 pin.
00: PD6 /O (port)

01: D6 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD5MD1
PD5MDO

0*°

R/W
R/W

PD5 Mode

Select the function of the PD5/D5 pin.
00: PD5 /O (port)

01: D5 I/O (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD4MD1
PD4MDO

0*°

R/W
R/W

PD4 Mode

Select the function of the PD4/D4 pin.
00: PD4 1/O (port)

01: D4 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD3MD1
PD3MDO

0*°

R/W
R/W

PD3 Mode

Select the function of the PD3/D3 pin.
00: PD3 1/O (port)

01: D3 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited

PDCRL2
PDCRL1

PD2MD1
PD2MDO

0*°

R/W
R/W

PD2 Mode

Select the function of the PD2/D2 pin.
00: PD2 1/O (port)

01: D2 I/0 (BSC)

10: Setting prohibited

11: Setting prohibited
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Initial

Register Bit Bit Name Value R/W  Description
PDCRL2 1 PD1IMD1 O R/W  PD1 Mode
PDCRL1 1 PDIMDO  0*° R/W  Select the function of the PD1/D1 pin.

00: PD1 1/O (port)
01: D1 I/O (BSC)
10: Setting prohibited
11: Setting prohibited
PDCRL2 0 PDOMD1 O R/W  PDO Mode
PDCRL1 O PDOMDO  0*° R/W  Select the function of the PD0/DO pin.
00: PDO /O (port)
01: DO I/O (BSC)
10: Setting prohibited
11: Setting prohibited

Notes: 1. F-ZTAT only. Setting prohibited for the mask version.
2. The initial value is 1 in the on-chip ROM disabled 32-bit external-expansion mode.
3. The initial value is 1 in the on-chip ROM disabled external-expansion mode.

17.19 Port E /O Register L (PEIORL)

The port E I/O register L (PEIORL) is a 16-bit readable/writable register that is used to set the
pins on port E as inputs or outputs. Bits PE15I0R to PEOIOR correspond to pins PE15 to PEO
(names of multiplexed pins are here given as port names and pin numbers alone). PEIORL is
enabled when the port E pins are functioning as general -purpose inputs/outputs (PE15 to PDO),
TIOC pins are functioning as inputs/outputs of MTU, and SCK2 and SCK3 pins are functioning as
inputs/outputs of SCI. In other states, PEIORL is disabled.

A given pin on port E will be an output pin if the corresponding PEIORL bit isset to 1, and an
input pin if the bit is cleared to O.

Theinitia value of PEIORL is H'0000.

Rev. 2.0, 09/02, page 542 of 732
RENESAS



17.1.10 Port E Control RegistersL1 and L2 (PECRL1 and PECRL 2)

The port E control registersL1 and L2 (PECRL 1 and PECRL 2) are 16-bit readable/writable
registers that are used to select the multiplexed pin function of the pins on port E.

(1) Port E Control RegistersL1and L2 (PECRL1 and PECRL?2) in the SH7144

Register

Bit

Bit Name

Initial
Value

R/W

Description

PECRL1
PECRL1

15
14

PE15MD1
PE15MDO

0
0

R/W
R/W

PE15 Mode

Select the function of the
PE15/TIOC4D/DACKL/IRQOUT pin.

00: PE15 I/O (port)

01: TIOC4D I/0 (MTU)

10: DACK1 output (DMAC)
11: TRQOUT output (INTC)

PECRL1
PECRL1

13
12

PE14MD1
PE14MDO

R/W
R/W

PE14 Mode

Select the function of the PE14/TIOC4C/DACKO
pin.
00: PE14 1/O (port)

01: TIOC4C 1/O (MTU)
10: DACKO output (DMAC)
11: Setting prohibited

PECRL1
PECRL1

11
10

PE13MD1
PE13MDO

R/W
R/W

PE13 Mode

Select the function of the PE13/TIOC4B/MRES
pin.
00: PE13 1/O (port)

01: TIOC4B 1/O (MTU)
10: MRES input (INTC)
11: Setting prohibited

PECRL1
PECRL1

PE12MD1
PE12MDO

R/W
R/W

PE12 Mode

Select the function of the PE12/TIOC4A/TXD3
pin.
00: PE12 I/O (port)

01: TIOC4A 1/O (MTU)
10: Setting prohibited
11: TXD3 output (SCI)
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PECRL1
PECRL1

PE11MD1
PE11MDO

0
0

R/W
R/W

PE11 Mode

Select the function of the PE11/TIOC3D/RXD3
pin.
00: PE11 I/O (port)

01: TIOC3D I/0 (MTU)
10: Setting prohibited
11: RXD3 input (SCI)

PECRL1
PECRL1

PE10MD1
PE10MDO

R/W
R/W

PE10 Mode

Select the function of the PE10/TIOC3C/TXD2
pin.
00: PE10 I/O (port)

01: TIOC3C I/O (MTU)
10: TXD2 output (SCI)
11: Setting prohibited

PECRL1
PECRL1

PEOMD1
PEOMDO

R/W
R/W

PE9 Mode

Select the function of the PE9S/TIOC3B/SCK3
pin.
00: PE9 I/O (port)

01: TIOC3B I/O (MTU)
10: Setting prohibited
11: SCK3 I/O (SCI)

PECRL1
PECRL1

PESMD1
PESMDO

R/W
R/W

PE8 Mode

Select the function of the PE8/TIOC3A/SCK2
pin.
00: PE8 I/O (port)

01: TIOC3A I/O (MTU)
10: SCK2 1/O (SCI)
11: Setting prohibited

PECRL2
PECRL2

15
14

PE7MD1
PE7MDO

R/W
R/W

PE7 Mode

Select the function of the PE7/TIOC2B/RXD2
pin.
00: PE7 I/O (port)

01: TIOC2B I/O (MTU)
10: RXD2 input (SCI)
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PECRL2
PECRL2

13
12

PE6MD1
PE6MDO

0
0

R/W
R/W

PE6 Mode

Select the function of the PE6/TIOC2A/SCK3
pin.
00: PES6 I/O (port)

01: TIOC2A I/O (MTU)
10: SCK3 I/0 (SCI)
11: Setting prohibited

PECRL2
PECRL2

11
10

PE5MD1
PE5MDO

R/W
R/W

PE5 Mode

Select the function of the PE5S/TIOC1B/TXD3
pin.
00: PE5 I/O (port)

01: TIOC1B I/O (MTU)
10: TXD3 output (SCI)
11: Setting prohibited

PECRL2
PECRL2

PE4MD1
PE4MDO

R/W
R/W

PE4 Mode

Select the function of the
PE4/TIOC1A/RXD3/TCK pin. Fixed to TCK input
when using E10A (in DBGMD=H).*

00: PE4 I/O (port)

01: TIOC1A I/O (MTU)
10: RXD3 input (SCI)
11: Setting prohibited

PECRL2
PECRL2

PE3MD1
PE3MDO

R/W
R/W

PE3 Mode

Select the function of the
PE3/TIOCOD/DRAK1/TDO pin. Fixed to TDO
output when using E10A (in DBGMD=H).*

00: PE3 I/O (port)

01: TIOCOD I/0 (MTU)

10: DRAK1 output (DMAC)
11: Setting prohibited

PECRL2
PECRL2

PE2MD1
PE2MDO

R/W
R/W

PE2 Mode

Select the function of the
PE2/TIOCOC/DREQ1/TDI pin. Fixed to TDI input
when using E10A (in DBGMD=H).*

00: PE2 I/O (port)

01: TIOCOC I/0 (MTU)
10: DREQT input (DMAC)
11: Setting prohibited
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Initial

Register Bit Bit Name Value R/W  Description

PECRL2 3 PEIMD1 O R/W  PE1 Mode

PECRL2 2 PEIMDO O R/W  Select the function of the L
PE1/TIOCOB/DRAKO/TRST pin. Fixed to TRST
input when using E10A (in DBGMD=H).*
00: PE1 I/O (port)
01: TIOCOB I/O (MTU)
10: DRAKO output (DMAC)
11: Setting prohibited

PECRL2 PEOMD1 O R/W  PEO Mode

PECRL2 O PEOMDO O R/W  Select the function of the PEO/TIOCOA/

DREQO/TMS pin. Fixed to TMS input when
using E10A (in DBGMD=H).*

00: PEOQ I/O (port)

01: TIOCOA I/O (MTU)
10: DREQO input (DMAC)
11: Setting prohibited

Note: * F-ZTAT only. Setting prohibited for the mask version.

(2) Port E Control RegistersL1and L2 (PECRL1 and PECRL2) in SH7145

Register Bit Bit Name {Elua; R/W  Description
PECRL1 15 PE15MD1 O R/W PE15 Mode
PECRL1 14 PE15MDO O R/W  Select the function of the
PE15/TIOC4D/DACK1/IRQOUT pin.
00: PE15 I/O (port)
01: TIOC4D I/O (MTU)
10: DACK1 output (DMAC)
11: IRQOUT output (INTC)
PECRL1 13 PE14MD1 R/W PE14 Mode
PECRL1 12 PE14MDO R/W

Select the function of the PE14/TIOC4C/DACKO
pin.
00: PE14 1/O (port)

01: TIOCA4C I/0 (MTU)
10: DACKO output (DMAC)
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PECRL1
PECRL1

11
10

PE13MD1
PE13MDO

0
0

R/W
R/W

PE13 Mode

Select the function of the PE13/TIOC4B/MRES
pin.
00: PE13 1/O (port)

01: TIOC4B 1/O (MTU)
10: MRES input (INTC)
11: Setting prohibited

PECRL1
PECRL1

PE12MD1
PE12MDO

R/W
R/W

PE12 Mode

Select the function of the
PE12/TIOC4A/TCK/TXD3 pin. Fixed to TCK
input when using E10A (in DBGMD=H).*

00: PE12 I/O (port)
01: TIOC4A 1/O (MTU)
10: Setting prohibited
11: TXD3 output (SCI)

PECRL1
PECRL1

PE11MD1
PE11MDO

R/W
R/W

PE11 Mode

Select the function of the
PE11/TIOC3D/TDO/RXD3 pin. Fixed to TDO
output when using E10A (in DBGMD=H).*

00: PE11 I/O (port)
01: TIOC3D /O (MTU)
10: Setting prohibited
11: RXD3 input (SCI)

PECRL1
PECRL1

PE10MD1
PE10MDO

R/W
R/W

PE10 Mode

Select the function of the
PE10/TIOC3C/TXD2/TDI pin. Fixed to TDI input
when using E10A (in DBGMD=H).*

00: PE10 I/O (port)
01: TIOC3C I/0 (MTU)
10: TXD2 output (SCI)
11: Setting prohibited
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Register

Bit

Bit Name

Initial
Value

R/W

Description

PECRL1
PECRL1

PEOMD1
PE9MDO

0
0

R/W
R/W

PE9 Mode

Select the function of the
PE9/TIOC3B/TRST/SCK3 pin. Fixed to TRST
input when using E10A (in DBGMD=H).*

00: PE9 I/O (port)

01: TIOC3B I/O (MTU)
10 Setting prohibited
11: SCK3 I/O (SCI)

PECRL1
PECRL1

PESMD1
PES8MDO

R/W
R/W

PE8 Mode

Select the function of the
PES8/TIOC3A/SCK2/TMS pin. Fixed to TMS input
when using E10A (in DBGMD=H).*

00: PES8 I/O (port)

01: TIOC3A I/0O (MTU)
10: SCK2 I/O (SClI)
11: Setting prohibited

PECRL2
PECRL2

15
14

PE7MD1
PE7MDO

R/W
R/W

PE7 Mode

Select the function of the PE7/TIOC2B/RXD2
pin.
00: PE7 I/O (port)

01: TIOC2B I/O (MTU)
10: RXD2 input (SCI)
11: Setting prohibited

PECRL2
PECRL2

13
12

PE6MD1
PE6MDO

R/W
R/W

PE6 Mode

Select the function of the
PE6/TIOC2A/SCK3/AUDATAO pin.

00: PES6 I/O (port)

01: TIOC2A 1/O (MTU)
10: SCK3 I/0 (SCI)

11: AUDATAQO I/O (AUD)*

PECRL2
PECRL2

11
10

PESMD1
PES5MDO

R/W
R/W

PE5 Mode

Select the function of the
PES/TIOC1B/TXD3/AUDATAL pin.

00: PE5 I/O (port)

01: TIOC1B I/O (MTU)
10: TXD3 output (SCI)
11: AUDATAL I/O (AUD)*
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Register

Initial
Bit Bit Name Value

R/W

Description

PECRL2
PECRL2

9 PE4AMD1 O
8 PEAMDO O

R/W
R/W

PE4 Mode

Select the function of the
PE4/TIOC1A/RXD3/AUDATAZ pin.

00: PE4 I/O (port)

01: TIOC1A I/O (MTU)
10: RXD3 input (SCI)

11: AUDATAZ2 I/O (AUD)*

PECRL2
PECRL2

PE3MD1
PE3MDO

R/W
R/W

PE3 Mode

Select the function of the
PE3/TIOCOD/DRAK1/AUDATAS pin.

00: PE3 I/O (port)

01: TIOCOD I/0 (MTU)

10: DRAK1 output (DMAC)
11: AUDATA3 I/O (AUD)*

PECRL2
PECRL2

5 PE2MD1
PE2MDO

R/W
R/W

PE2 Mode

Select the function of the
PE2/TIOCOC/DREQ1/AUDRST pin.

00: PE2 I/O (port)

01: TIOCOC I/0 (MTU)
10: DREQT input (DMAC)
11: AUDRST input (AUD)*

PECRL2
PECRL2

PE1MD1
PE1MDO

R/W
R/W

PE1 Mode

Select the function of the
PE1/TIOCOB/DRAKO/AUDMD pin.

00: PE1 I/O (port)

01: TIOCOB 1/O (MTU)

10: DRAKO output (DMAC)
11: AUDMD input (AUD)*

PECRL2
PECRL2

PEOMD1
0 PEOMDO

R/W
R/W

PEO Mode

Select the function of the
PEO/TIOCOA/DREQO/AUDCK pin.

00: PEOQ I/O (port)

01: TIOCOA I/O (MTU)
10: DREQO input (DMAC)
11: AUDCK 1/O (AUD)*

Note: *

F-ZTAT only. Setting prohibited for the mask version.
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17.1.11 High-Current Port Control Register (PPCR)

The high-current port control register (PPCR) is an 8-bit readable/writable register that is used to
control six pins (PE9/TIOC3B/SCK3/TRST* ,PE1L/TIOC3D/RXD3/TDO*,
PE12/TIOC4A/TXD3/TCK*, PE13/TIOC4AB/MRES, PE14/TIOC4AC/DACKO,
PE15/TIOC4D/DACKVIRQOUT) of the high-current ports.

Thisregister is not supported in the emulator. Bits are always read as undefined in the emulator.

Note: * Only in the SH7145

Bit Bit Name Initial R/W Description
Value
7tol O All 0 R Reserved

These bits are always read as 0, and should only be
written with O.

0 MZIZE 0 R/W High-current port high-impedance

This bit selects whether or not the high-current ports
are set to high-impedance regardless of the PFC
setting when detecting oscillation halt or in software
standby mode.

0: Set to high-impedance
1: Not set to high-impedance

If this bit is set to 1, the pin state is retained when
detecting oscillation halt.

For the pin state in software standby mode, refer to
Appendix A, Pin States.

17.2  Precautionsfor Use

1. InthisLSl, individual functions are available as multiplexed functions on multiple pins. This
approach isintended to increase the number of selectable pin functions and to alow the easier
design of boards. When the pin function controller (PFC) is used to select afunction, only a
single pin can be specified for each function. If two or more pins are specified for one
function, the function will not work properly.

2. When the port input is switched from alow level to the DREQ or the IRQ edge for the pins
that are multiplexed with input/output and DREQ or IRQ, the corresponding edge is detected.

3. Do not set functions other than those specified in tables 17.13 and 17.14. Otherwise, correct
operation cannot be guaranteed.

4. When pin functions are selected, set the port 1/O registers (PBIOR and PDIORL) after setting
the port control registers (PBCR1, PBCR2, PDCRL 1, and PDCRL2).
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However, when selecting pin functions that are multiplexed with port A, port C, PD31 to
PD16 of port D, and port E, no strict attention is required in setting the order of port control
registers (PACRH, PACRL1, PACRL2, PCCR, PDCRH1, PDCRH2, PECRL 1, and PECRL2)
and port /O registers (PAIORH, PAIORL, PCIOR, PDIORH, and PEIORL).
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Section 18 1/0O Ports

The SH7144 has six ports: A to F. Ports A, C, D, and E are 16-hit ports, and port B is a 10-bit port.
Port F is an 8-bit input-only port.

The SH7145 has six ports: A to F. Port A isa 24-bit port, port B is a 10-bit port, port C is a 16-bit
port, port D isa 32-bit port, and port E isa 16-bit port. Port F is an 8-bit input-only port.

All the port pins are multiplexed as general input/output pins and special function pins. The
functions of the multiplex pins are selected by means of the pin function controller (PFC). Each
port is provided with a data register for storing the pin data.

18.1 Port A

Port A in the SH7144 is an input/output port with the 16 pins shown in figure 18.1.

< »| PA15 (/0) / CK (output)

PA14 (1/0) / RD (output)

A
Y

»| PA13 (1/0) / WRH (output)
PA12 (1/0) / WRL (output)
»| PA11 (/0) / CST (output)
»! PA10 (1/0) / CSO (output)

Y

A

A

»| PA9 (1/0) / TCLKD (input) / TRQ3 (input)
Port A | » PA8 (1/0) / TCLKC (input) / TRQ2 (input)
»| PA7 (1/0) / TCLKB (input) / CS3 (output)
»| PAG (1/0) / TCLKA (input) / CS2 (output)

A

A
A

»| PA5 (1/0) / SCK1 (/0) / DREQT (input) / TRQT (input)

A

» PA4 (1/0) / TXD1 (output)
| PA3 (I/0) / RXD1 (input)
» PA2 (1/0) / SCKO (I/0) / DREQO (input) / IRQO (input)

A

A

A

»| PA1 (1/0) / TXDO (output)

» PAO (1/O) / RXDO (input)

A
A

Figure18.1 Port A (SH7144)
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Port A in the SH7145 is an input/output port with the 24 pins shown in figure 18.2

A

Y

PA23 (1/0) / WRHH (output)

» PA22 (1/0) / WRHL (output)

»| PA21 (1/0)

A

> PA20 (1/0)

A

» PA19 (1/0) / BACK (output) / DRAK1 (output)

A

» PA18 (1/0) / BREQ (input) / DRAKO (output)

» PA17 (1/0) / WAIT (input)

\

A

PA16 (1/0) / AUDSYNC (I/O)*

\

A

PA15 (1/0) / CK (output)

A

»| PA14 (1/0) / RD (output)

Port A P

»| PA13 (1/0) / WRH (output)

»| PA12 (1/0) / WRL (output)

A

»| PA11 (1/0) / CS1 (output)

»| PA10 (1/0) / CSO (output)

A

»| PA9 (I/0) / TCLKD (input) / IRQ3 (input)

»| PA8 (I/0) / TCLKC (input) / IRQ2 (input)

A

»| PA7 (I/0) / TCLKB (input) / CS3 (output)

| PA6 (I/0O) / TCLKA (input) / CS2 (output)

»| PA5 (1/0) / SCK1 (1/0) / DREQT (input) / TRQT (input)

A

A

»| PA4 (1/0) / TXD1 (output)

»| PA3 (1/0) / RXD1 (input)

A

»| PA2 (1/0) / SCKO (1/0) / DREQO (input) / TRQO (input)

»| PA1 (1/0) / TXDO (output)

A

\4

PAO (I/0) / RXDO (input)

Note: * Only for the F-ZTAT version (no corresponding function in the mask version).

Figure18.2 Port A (SH7145)
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18.1.1 Register Descriptions

Port A isa 16-bit input/output port in the SH7144; a 24-bit input/output port in the SH7145. Port
A hasthe following registers. For details on register addresses and register states during each
processing, refer to section 25, List of Registers.

» Port A dataregister H (PADRH)
» Port A dataregister L (PADRL)

18.1.2 Port A Data RegistersH and L (PADRH and PADRL)

The port A dataregistersH and L (PADRH and PADRL) are 16-bit readable/writable registers
that store port A data. Bits PA15DR to PAODR correspond to pins PA15 to PAO (multiplexed
functions omitted here) in the SH7144. Bits PA23DR to PAODR correspond to pins PA23 to PAO
(multiplexed functions omitted here) in the SH7145.

When a pin functionsis ageneral output, if avalueiswritten to PADRH or PADRL, that valueis
output directly from the pin, and if PADRH or PADRL isread, the register value is returned
directly regardless of the pin state.

When a pin functionsis ageneral input, if PADRH or PADRL isread, the pin state, not the
register value, isreturned directly. If avalue iswritten to PADRH or PADRL, although that value
iswritten into PADRH or PADRL, it does not affect the pin state. Table 18.1 summarizes port A
dataregister L read/write operations.

PADRH:

Bit Bit Name Initial Value R/W Description

15t0 0O AllO R Reserved

8 These bits are always read as 0s and should always

be written with 0s.

7 PA23DR 0 R/W See table 18.1*
6 PA22DR 0 R/W
5 PA21DR 0 R/W
4 PA20DR 0 R/W
3 PA19DR 0 R/W
2 PA18DR 0 R/W
1 PA17DR 0 R/W
0 PA16DR 0 R/W

Note: * These bits are reserved in the SH7144. They are always read as 0s and should always
be written with 0s.
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PADRL:

Bit Bit Name Initial Value R/W Description
15 PA15DR 0 R/W See table 18.1
14 PA14DR 0 R/W

13 PA13DR 0 R/W

12 PA12DR 0 R/W

11 PA11DR 0 R/W

10 PA10DR 0 R/W

9 PA9DR 0 R/W

8 PASDR 0 R/W

7 PA7DR 0 R/W

6 PAG6DR 0 R/W

5 PA5DR 0 R/W

4 PA4DR 0 R/W

3 PA3DR 0 R/W

2 PA2DR 0 R/W

1 PA1DR 0 R/W

0 PAODR 0 R/W

Table 18.1 Port A Data Register (PADR) Read/Write Operations

PADRH bits 7 to 0 and PADRL bits 15to O:

PAIORL, H Pin Function Read Write
0 General input Pin state Can write to PADRH and PADRL, but it has no
effect on pin state
Other than Pin state Can write to PADRH and PADRL, but it has no
general input effect on pin state
1 General output  PADRHorL  Value written is output from pin
value
Other than PADRH or L Can write to PADRH and PADRL, but it has no
general output value effect on pin state
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18.2 Port B

Port B is an input/output port with the 10 pins shown in figure 18.3.

«—p| PB9 (/0)/TRQ7 (input) / A21 (output) / ADTRG (input)

<4——p| PB8(I/O)/IRQ6 (input) / A20 (output) / WAIT (input)

-4—Pp| PB7 (I/0)/IRQ5 (input) / A19 (output) / BREQ (input)

-4——Pp| PB6 (I/0)/IRQ4 (input) / A18 (output) / BACK (output)

<4—»| PB5 (1/0) / TRQ3 (input) / POES (input)
Port B

<«—p| PB4 (1/0)/TRQZ (input) / POEZ (input)

<4—»| PB3(/0)/TRQT (input) / POET (input) / SDAO (I/O)

<4—P»| PB2(/0)/TRQO (input) / POEO (input) / SCLO (I/O)

<4—P| PB1(1/0)/ A17 (output)

-¢—P| PBO (I/0) / A16 (output)

Figure18.3 Port B

18.21 Register Descriptions

Port B is a 10-bit input/output port. Port B has the following register. For details on register
addresses and register states during each processing, refer to section 25, List of Registers.

» Port B dataregister (PBDR)

18.2.2 Port B Data Register (PBDR)

The port B dataregister (PBDR) is a 16-hit readable/writable register that stores port B data. Bits
PB9ODR to PBODR correspond to pins PB9 to PBO (multiplexed functions omitted here).

When apin functionsis ageneral output, if avalueiswritten to PBDR, that value is output
directly from the pin, and if PBDR isread, the register valueis returned directly regardless of the
pin state.

When apin functionsis ageneral input, if PBDR isread, the pin state, not the register value, is
returned directly. If avalueiswritten to PBDR, although that value is written into PBDR, it does
not affect the pin state. Table 18.2 summarizes port B data register read/write operations.
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Bit Bit Name Initial Value R/W Description

15t0 10 — All 0 R Reserved
These bits are always read as 0s, and should only be
written with Os.

9 PBODR O R/W See table 18.2

8 PBS8DR O R/W

7 PB7DR O R/W

6 PB6DR 0 R/W

5 PB5DR 0 R/W

4 PB4DR O R/W

3 PB3ADR O R/W

2 PB2DR O R/W

1 PBIDR O R/W

0 PBODR O R/W

Table 18.2 Port B Data Register (PBDR) Read/Write Operations

Bits9to O:

PBIOR Pin Function Read Write

0 General input Pin state Can write to PBDR, but it has no effect on pin state
Other than Pin state Can write to PBDR, but it has no effect on pin state
general input

1 General output  PBDR value  Value written is output from pin
Other than PBDR value  Can write to PBDR, but it has no effect on pin state

general output
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18.3 Port C

Port C is an input/output port with 16 pins shown in figure 18.4.

—p| PC15 (1/0) / AL5 (output)
-—p»| PC14 (1/0) / Al4 (output)
-4—Pp| PC13 (1/0) / A13 (output)
-4—Pp| PC12 (1/0) / A12 (output)
<—p| PC11 (/0) / A1l (output)
-4—p| PC10 (1/0) / A10 (output)
-¢—P| PCO (I/0) / A9 (output)
Port C |<@&—®| PC8 (1/0) / A8 (output)
<4—P| PC7 (1/0) / A7 (output)
-4—P| PC6 (1/0) / A6 (output)
-¢—P| PC5 (1/0) / A5 (output)
<§—P»| PC4 (1/0) / A4 (output)
-§—P»| PC3 (1/0) / A3 (output)
<¢—P| PC2 (1/0) / A2 (output)
<§—P| PC1 (1/0) / Al (output)
<¢—P| PCO (1/0) / AO (output)

Figure18.4 Port C

18.3.1 Register Descriptions

Port C isa 16-bit input/output port. Port C has the following register. For details on register
addresses and register states during each processing, refer to section 25, List of Registers.

» Port C dataregister (PCDR)

18.3.2 Port C Data Register (PCDR)

The port C dataregister (PCDR) is a 16-bit readable/writable register that stores port C data. Bits
PC15DR to PCODR correspond to pins PC15 to PCO (multiplexed functions omitted here).

When a pin functionsis ageneral output, if avalueiswritten to PCDR, that value is output
directly from the pin, and if PCDR isread, the register valueis returned directly regardless of the
pin state.
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When a pin function isa general input, if PCDR isread, the pin state, not the register value, is
returned directly. If avalueiswritten to PCDR, although that value is written into PCDR, it does
not affect the pin state. Table 18.3 summarizes port C data register read/write operations.

Description

PCDR:

Bit Bit Name Initial Value R/W
15 PC15DR 0 R/W
14 PC14DR 0 R/W
13 PC13DR 0 R/W
12 PC12DR 0 R/W
11 PC11DR 0 R/W
10 PC10DR 0 R/W
9 PC9DR 0 R/W
8 PC8DR 0 R/W
7 PC7DR 0 R/W
6 PC6DR 0 R/W
5 PC5DR 0 R/W
4 PC4DR 0 R/W
3 PC3DR 0 R/W
2 PC2DR 0 R/W
1 PC1DR 0 R/W
0 PCODR 0 R/W

See table 18.3

Table 18.3 Port C Data Register (PCDR) Read/Write Operations

Bits15t0 O:

PCIOR Pin Function Read Write

0 General input Pin state Can write to PCDR, but it has no effect on pin state
Other than Pin state Can write to PCDR, but it has no effect on pin state
general input

1 General output  PCDR value  Value written is output from pin
Other than PCDR value  Can write to PCDR, but it has no effect on pin state

general output
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18.4 Port D

Port D of the SH7144 is an input/output port with 16 pins shown in figure 18.5.

<4—p| PD15 (1/0) / D15 (1/0) / AUDSYNC (1/O)*

<4—P| PD14 (1/0) / D14 (1/0) / AUDCK (I/O)*

<4—»| PD13 (1/0) / D13 (I/O) / AUDMD (input)*

4—p| PD12 (1/0) /D12 (1/0) / AUDRST (input)*

<¢—p| PD11 (1/0) / D11 (/0) / AUDATA3 (I/O)*

-¢—Pp| PD10 (1/O) / D10 (I/O) / AUDATAZ (I/0)*

<4—p| PDO (I/0) / DY (1/0) / AUDATAL (I/O)*

PortD | | PD8 (1/0) / D8 (1/0) / AUDATAO (I/O)*
-¢—p| PD7 (1/0) / D7 (1/O)
<¢—p| PD6 (1/0) / D6 (1/0)
<¢—p| PD5 (I/0) / D5 (1/O)
<¢—P| PD4 (1/0) / D4 (1/O)
-¢—Pp| PD3 (1/0) / D3 (1/O)
<4—P| PD2 (1/0) / D2 (I/O)
<¢—»| PD1 (1/0) / D1 (1/O)
-<¢—P| PDO (1/0) / DO (1/O)

Note: * Only for the F-ZTAT version (no corresponding function in the mask version).

Figure18.5 Port D (SH7144)
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Port D of the SH7145 is an input/output port with 32 pins shown in figure 18.6.

<«——»| PD31 (1/0) / D31 (1/0) / ADTRG (input)

-¢—P| PD30 (I/0) / D30 (I/0) / IRQOUT (output)

<4—Pp| PD29 (1/0) / D29 (1/0) / TS3 (output)

<4—»| PD28 (1/0) / D28 (1/0) / TS2 (output)

<——»| PD27 (1/0) / D27 (1/0) / DACKL (output)

<——»| PD26 (1/0) / D26 (1/O) / DACKO (output)

<—»| PD25 (1/0) / D25 (1/0) / DREQT (input)

-4—P| PD24 (1/0) / D24 (1/0) / DREQO (input)

<—»| PD23 (1/0) / D23 (1/0) / TRQY (input) / AUDSYNC (l/O)*

<4—»| PD22 (1/0) / D22 (1/0) / TRQS (input) / AUDCK (l/O)*

<—»| PD21 (1/0) / D21 (1/0) / TRQ5 (input) / AUDMD (input)*

<—»| PD20 (1/0) / D20 (1/0) / TRQ4 (input) / AUDRST (input)*

<——»| PD19 (1/0) / D19 (I/0) / TRQB (input) / AUDATA3 (I/O)*

<—»| PD18 (1/0) / D18 (I/0) / TRQZ (input) / AUDATA2 (I/O)*

<4—»| PD17 (/0) / D17 (1/0) / TRQT (input) / AUDATAL (I/O)*

Port D [ PD16 (1/0) / D16 (1/0) / TRQO (input) / AUDATAO (//O)*

<¢—» pD15 (1/0) / D15 (1/0)

<&—» pD14 (/0) / D14 (I/0)

<4—» pD13 (/0) / D13 (I/0)

- | pPD12 (1/0) / D12 (1/0)

<&—» pD11 (/0) / D11 (I/O)

<4—» pD10 (/0) / D10 (I/O)

<4—» pDY (1/0) / DY (1/0)

-« | PD8 (1/0) / D8 (1/0)

<¢—» pD7 (1/0) / D7 (1/0)

<4—» pPD6 (1/0) / D6 (1/0)

<&—» pD5 (1/0) / D5 (1/0)

-¢—P| PD4 (1/0) / D4 (1/O)

<«—»| PD3 (I/0) / D3 (1/0)

<4—» pD2 (1/0) / D2 (1/0)

<«—»| PD1 (I/0) / D1 (1/0)

-¢—P| PDO (1/0) / DO (I/O)

Note: * Only for the F-ZTAT version (no corresponding function in the mask version).

Figure18.6 Port D (SH7145)
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184.1 Register Descriptions

Port D isa 16-bit input/output port in the SH7144; a 32-bit input/output port in the SH7145. Port
D hasthe following registers. For details on register addresses and register states during each
processing, refer to section 25, List of Registers.

» Port D dataregister H (PDDRH)
e Port D dataregister L (PDDRL)

18.4.2 Port D Data RegistersH and L (PDDRH and PDDRL)

The port D dataregistersH and L (PDDRH and PDDRL) are 16-bit readable/writable registers
that store port D data. Bits PD15DR to PDODR correspond to pins PD15 to PDO (multiplexed
functions omitted here) in the SH7144. Bits PD31DR to PDODR correspond to pins PD31 to PDO
(multiplexed functions omitted here) in the SH7145.

When a pin functionsis ageneral output, if avalueiswritten to PDDRH or PDDRL, that value is
output directly from the pin, and if PDDRH or PDDRL isread, the register value is returned
directly regardless of the pin state.

When a pin functionsis ageneral input, if PDDRH or PDDRL isread, the pin state, not the
register value, isreturned directly. If avalue iswritten to PDDRH or PDDRL, although that value
iswritten into PDDRH or PDDRL, it does not affect the pin state. Table 18.4 summarizes port D
dataregister L read/write operations.
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PDDRH:

Bit Bit Name Initial Value R/W Description

15 PD31DR 0 R/W See table 18.4*
14 PD30DR 0 R/W
13 PD29DR 0 R/W
12 PD28DR 0 R/W
11 PD27DR 0 R/W
10 PD26DR 0 R/W
9 PD25DR 0 R/W
8 PD24DR 0 R/W
7 PD23DR 0 R/W
6 PD22DR 0 R/W
5 PD21DR 0 R/W
4 PD20DR 0 R/W
3 PD19DR 0 R/W
2 PD18DR 0 R/W
1 PD17DR 0 R/W
0 PD16DR 0 R/W

Note: * These bits are reserved in the SH7144. They are always read as 0s and should always
be written with 0s.
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PDDRL:

Bit Bit Name Initial Value R/W Description
15 PD15DR 0 R/W See table 18.4
14 PD14DR 0 R/W

13 PD13DR 0 R/W

12 PD12DR 0 R/W

11 PD11DR 0 R/W

10 PD10DR 0 R/W

9 PD9DR 0 R/W

8 PD8DR 0 R/W

7 PD7DR 0 R/W

6 PD6DR 0 R/W

5 PD5DR 0 R/W

4 PD4DR 0 R/W

3 PD3DR 0 R/W

2 PD2DR 0 R/W

1 PD1DR 0 R/W

0 PDODR 0 R/W

Table 18.4 Port D Data Register (PDDR) Read/Write Operations

PDDRH hits 15 to 0 and PDDRL bits 15 to O:

PDIORL, H Pin Function Read Write
0 General input Pin state Can write to PDDRH or PDDRL, but it has no
effect on pin state
Other than Pin state Can write to PDDRH or PDDRL, but it has no
general input effect on pin state
1 General output  PDDRH or L Value written is output from pin
value
Other than PDDRH or L Can write to PDDRH or PDDRL, but it has no
general output value effect on pin state
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185 Port E

Port E in the SH7144 is an input/output port with the 16 pins shown in figure 18.7.

Port E

-4—P| PE15 (1/0) / TIOC4D (1/0) / DACK1 (output) / TRQOUT (output)

<—»| PE14 (1/0) / TIOCAC (I/O) / DACKO (output)

<4——P| PE13 (I/O) / TIOC4B (1/O) / MRES (input)

<4——P| PE12 (1/0) / TIOC4A (I/O) / TXD3 (output)

-4——P| PE11 (1/0) / TIOC3D (1/0) / RXD3 (input)

<&—»| PE10 (1/0) / TIOC3C (I/0) / TXD2 (output)

<4—P| PEY (/0) / TIOC3B (I/0) / SCK3 (1/0)

<—P| PES (1/0) / TIOC3A (1/0) / SCK2 (1/O)

<4——P| PE7 (I/0) / TIOC2B (I/0) / RXD2 (input)

<&—P| PEG (1/0) / TIOC2A (1/0) / SCK3 (1/0)

<4—| pE5 (1/0) / TIOCLB (1/0) / TXD3 (output)

<€—P| PE4 (1/0) / TIOC1A (1/0) / RXD3 (input) / TCK (input)*

<€¢—| pE3 (1/0) / TIOCOD (1/0) / DRAK1 (output) / TDO (output)*

<€—P| pE2 (1/0) / TIOCOC (1/0) / DREQT (input) / TDI (input)*

<4—P| pE1 (1/0) / TIOCOB (1/0) / DRAKO (output) / TRST (input)*

<€—| PEO (1/0) / TIOCOA (1/0) / DREQO (input) / TMS (input)*

Note: * Only for the F-ZTAT version (no corresponding function in the mask version).

Figure 18.7 Port E (SH7144)
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Port E in the SH7145 is an input/output port with the 16 pins shown in figure 18.8.

<4—P| PE15 (1/0) / TIOC4D (1/0) / DACK1 (output) / TRQOUT (output)

<——»| PE14 (1/0) / TIOCAC (I/O) / DACKO (output)

<4——P| PE13 (/0) / TIOC4B (I/O) | MRES (input)

<&——P| PE12 (1/0) / TIOC4A (1/0) / TCK (inputy* / TXD3 (output)

<&—P| PE11 (1/0) / TIOC3D (1/0) / TDO (outputy* / RXD3 (input)

<——P| PE10 (1/0) / TIOC3C (I/O) / TXD2 (output) / TDI (input)*

<4—P| PEY (/0) / TIOC3B (1/0) / TRST (input)* / SCK3 (1/0)

PortE | ¢—»{ pEs (110) / TIOC3A (110) 1 SCK2 (110)  TMS (input)*

<4—P| PE7 (1/0) / TIOC2B (1/0) / RXD2 (input)

<&—P| PE6 (/0) / TIOC2A (1/0) / SCK3 (1/0) / AUDATAO (I/O)*

<&—»| PES5 (1/0) / TIOC1B (1/0) / TXD3 (output) / AUDATAL (I/O)*

<&——»| PE4 (/0) / TIOC1A (1/0) / RXD3 (input) / AUDATA2 (I/O)*

<&—»| PE3 (1/0) / TIOCOD (1/0) / DRAKL (output) / AUDATAS (I/O)*

<4—P| pE2 (1/0) / TIOCOC (1/0) / DREQT (input) / AUDRST (input)*

<€—| PE1 (1/0) / TIOCOB (1/0) / DRAKO (output) / AUDMD (input)*

<€—| PEO (1/0) / TIOCOA (1/0) / DREQO (input) / AUDCK (I/O)*

Note: * Only for the F-ZTAT version (no corresponding function in the mask version).

Figure 18.8 Port E (SH7145)

185.1 Register Descriptions

Port E has the following register. For details on register addresses and register states during each
processing, refer to section 25, List of Registers.

e Port E dataregister L (PEDRL)

18.5.2 Port E Data Register L (PEDRL)

The port E dataregister L (PEDRL) is a 16-bit readable/writable registers that stores port E data.
Bits PE15DR to PEODR correspond to pins PE15 to PEO (multiplexed functions omitted here).

When apin functionsis ageneral output, if avalueiswritten to PEDRL, that valueis output
directly from the pin, and if PEDRL isread, the register value is returned directly regardless of the
pin state.
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When a pin functionsis ageneral input, if PEDRL isread, the pin state, not the register value, is
returned directly. If avalueiswritten to PEDRL, although that value is written into PEDRL it
does not affect the pin state. Table 18.5 summarizes port E data register read/write operations.

Description

PEDRL:

Bit Bit Name |Initial Value R/W
15 PE15DR 0 R/W
14 PE14DR 0 R/W
13 PE13DR 0 R/W
12 PE12DR 0 R/W
11 PE11DR 0 R/W
10 PE10DR 0 R/W
9 PE9DR 0 R/W
8 PE8SDR 0 R/W
7 PE7DR 0 R/W
6 PE6DR 0 R/W
5 PE5SDR 0 R/W
4 PE4DR 0 R/W
3 PE3DR 0 R/W
2 PE2DR 0 R/W
1 PE1DR 0 R/W
0 PEODR 0 R/W

See table 18.5

Table 18.5 Port E Data Register L (PEDRL) Read/Write Operations

Bits15to 0 in PEDRL:

PEIOR Pin Function Read Write
0 General input Pin state Can write to PEDRL, but it has no effect on pin
state
Other than Pin state Can write to PEDRL, but it has no effect on pin
general input state
1 General output  PEDRL value  Value written is output from pin
Other than PEDRL value  Can write to PEDRL, but it has no effect on pin

general output

state
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18.6 Port F

Port F is an input-only port with the eight pins shown in figure 18.9.

<@— PF7 (input) / AN7 (input)

-§— PF6 (input) / AN6 (input)

<@— PFS5 (input) / AN5 (input)

<@— PF4 (input) / AN4 (input)

Port F
<§— PF3 (input) / AN3 (input)

<€— PF2 (input) / AN2 (input)

<€— PF1 (input) / AN1 (input)

<€— PFO (input) / ANO (input)

Figure18.9 Port F

18.6.1 Register Descriptions

Port F is an 8-hit input-only port. Port F has the following register. For details on register
addresses and register states during each processing, refer to section 25, List of Registers.

» Port F dataregister (PFDR)

18.6.2 Port F Data Register (PFDR)
The port F dataregister (PFDR) is a 8-bit read-only register that stores port F data.
Bits PF7DR to PFODR correspond to pins PF7 to PFO (multiplexed functions omitted here).

Any value written into these bitsisignored, and there is no effect on the state of the pins. When
any of the bits are read, the pin state rather than the bit valueis read directly. However, when an
A/D converter analog input is being sampled, values of 1 are read out. Table 18.6 summarizes port
F data register read/write operations.
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Bit Bit Name Initial Value R/W Description

7 PF7DR 0/1* R See table 18.6*
6 PF6DR 0/1* R

5 PF5DR 0/1* R

4 PF4DR 0/1* R

3 PF3DR 0/1* R

2 PF2DR 0/1* R

1 PF1DR 0/1* R

0 PFODR 0/1* R

Notes: * Initial values are dependent on the state of the pins.

Table 18.6 Port F Data Register (PFDR) Read/Write Operations

Bits7to O:

Pin Function Read Write

General input Pin state Ignored (no effect on pin state)
ANnN input (analog input) 1 Ignored (no effect on pin state)
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Section 19 Flash Memory (F-ZTAT Version)

The features of the flash memory in the flash memory version are summarized below.

The block diagram of the flash memory is shown in figure 19.1.

19.1 Features

» Size: 256 kbytes
*  Programming/erasing methods
O Theflash memory is programmed 128 bytes at atime. Erase is performed in single-block
units. The flash memory is configured as follows: 64 kbytes x 3 blocks, 32 kbytes x 1

block, and 4 kbytes x 8 blocks. To erase the entire flash memory, each block must be
erased in turn.

* Reprogramming capability

O Theflash memory can be reprogrammed up to 100 times.
* Two on-board programming modes

O Boot mode

O User program mode

0 On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user
program mode, individual blocks can be erased or programmed.

¢ PROM programmer mode

O Flash memory can be programmed/erased in programmer mode using a PROM
programmer, aswell as in on-board programming mode.

e Automatic hit rate adjustment

0 With datatransfer in boot mode, this LSlI's bit rate can be automatically adjusted to match
the transfer bit rate of the host computer.

e Programming/erasing protection
O Sets software protection against flash memory programming/erasing/verifying.
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Internal address bus

Internal data bus (32 bits)

FLMCR1 O
FLMCR2 i f
Operating FWP pin

— Bus interface/controller mode Mode pin

A
O O

Flash memory
(256 kbytes)

Module bus

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMER: RAM emulation register

Figure19.1 Block Diagram of Flash Memory

19.2 Mode Transitions

When the mode pin and the FWP pin are set in the reset state and a reset-start is executed, thisL Sl
enters an operating mode as shown in figure 19.2. In user mode, flash memory can be read but not
programmed or erased.

The boot mode, user program mode, and PROM programmer modes are provided as modes to
write and erase the flash memory.

The differences between boot mode and user program mode are shown in table 19.1.

Figure 19.3 shows boot mode, and figure 19.4 shows user program mode.
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Reset state

FWP =1
*
User mode RES=0 A
(on-chip ROM B
enabled) MD1 =1, RES =0
Fwp =0/ RES=0 *2
MD1=0,| |RES=0
_ FWP =1 -

me=o FWP=0 PROM

N programmer
*1 mode
User
program mode
Y
Boot mode

On-board programming mode

Notes:
the flash memory.
1. RAM emulation possible

Only make a transition between user mode and user program mode when the CPU is not accessing

2. This LSl transits to PROM programmer mode by using the dedicated PROM programmer.

Figure19.2 Flash Memory State Transitions

Table19.1 Differences between Boot Mode and User Program Mode

Boot Mode User Program Mode
Total erase Yes Yes
Block erase No Yes

Programming control program*

Program/program-verify Erase/erase-verify

Program/program-verify
Emulation

Note: * To be provided by the user, in accordance with the recommended algorithm.
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1.

Initial state

The old program version or data remains written
in the flash memory. The user should prepare the
programming control program and new
application program beforehand in the host.

Host

Programming control
program
New application
program

This LSI

2. Programming control program transfer

When boot mode is entered, the boot program in
this LSI (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

Host

New application

k Boot program scl

Flash memory RAM

Application program
(old version)

program
This LS|
N SCI
N Boot program \ 1t
Flash memory RAM

Boot program area

Programming control
program

Application program
(old version)

3. Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

blocks. Host Host
Pl -
New application ' '
program ! '
________________ '
This LSI This LSI
Boot program SCI Boot program SCI
Flash memory Flash memory RAM

RAM
e
erase program

Boot program area

New application

Programming control \J
program N

- program

KX Program execution state

Figure 19.3 Boot Mode
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1.

Initial state
The FWE assessment program that confirms that
user program mode has been entered, and the
program that will transfer the programming/erase
control program from flash memory to on-chip
RAM should be written into the flash memory by
the user beforehand. The programming/erase
control program should be prepared in the host
or in the flash memory.

Host

Programming/
erase control program
New application
program

This LSI

Boot program

Flash memory

SCI

RAM

FWE assessment
[ _ . . program

Transfer program

/Application program
(old version)

. Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application
program

This LSI

SCI
Boot program

Flash memory RAM
FWE assessment
| - - - program ___ |
Transfer program
Programming/ ,\
Nerase control program

Flash memory
erase

2. Programming/erase control program transfer
When user program mode is entered, user
software confirms this fact, executes transfer
program in the flash memory, and transfers the
programming/erase control program to RAM.

New application -
program
This LSI
Flash memory RAM

FWE assessment
B Rregram. SO0\
Transfer program

Programming/
erase control program

/Application program|
(old version)

4. Writing new application program
Next, the new application program in the host is

written

into the erased flash memory blocks. Do

not write to unerased blocks.

This LSI

Host

SCI
Boot program

Flash memory

RAM

FWE assessment

Transfer program

_program

Programming/ ‘
L\erase control program

New application

program

Program execution state

Figure19.4 User Program Mode
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19.3 Block Configuration

Figure 19.5 shows the block configuration of 256-kbyte flash memory. The thick lines indicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The flash
memory is divided into 64 kbytes (3 blocks), 32 kbytes (1 block), and 4 kbytes (8 blocks). Erasing
is performed in these units. Programming is performed in 128-byte units starting from an address
with lower eight bits H'00 or H'80.

<—  Programming unit: 128 bytes =~ —»

4 EBO H000000

H'00007F
Erase unit ~ ~

4 kbytes
H'000FFF

Erase unit A

H'001FFF

4 kbytes

A EBL H'001000 |

A EB2 H'002000
Erase unit Ao
4 kbytes

H'002FFF

A EB3 H'003000
Erase unit ~
4 kbytes

H'003FFF

EB4 H'004000
Erase unit L
4 kbytes [

H'004FFF

EB5 H'005000

Erase unit ~L
4 kbytes

H'005FFF

EB6 H'006000
Erase unit T
4 kbytes

H'006FFF

Erase unit L L

4 kbytes

H'007FFF

EB8 H'008000
Erase unit ~

32 kbytes

\ HOOFFFF

EB9 H'010000
Erase unit
64 kbytes

~No IS

[

' HO1FFFF

EB10 H'020000
Erase unit A

64 kbytes

H'O2FFFF

EB11 H'030000
Erase unit A

64 kbytes

EB7 H'007000 :

H'03FFFF

Figure19.5 Flash Memory Block Configuration
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194  Input/Output Pins
The flash memory is controlled by means of the pins shown in table 19.2.

Table 19.2 Pin Configuration

Pin Name /0 Function

RES Input Reset

FWp** Input Flash programming/erasing protection by hardware
MD1 Input Sets this LSI's operating mode

MDO Input Sets this LSI's operating mode

TxD1 (PA4)*? Output Serial transmit data output

RxD1 (PA3)** Input Serial receive data input

Notes: 1. Protection cannot be made to flash memory programming/erasing regardless of the
setting of the FWP pin when using E10A (when DBGMD is high)

2. In boot mode, SCI pins are fixed, and PA3 and PA4 pins are used as SCI pins.

19.5 Register Descriptions

The flash memory has the following registers. For details on register addresses and register states
during each processing, refer to section 25, List of Registers.

* Flash memory control register 1 (FLMCR1)
« Flash memory control register 2 (FLMCR2)
» Eraseblock register 1 (EBR1)

« Eraseblock register 2 (EBR2)

*  RAM emulation register (RAMER)

19.5.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 19.8, Flash
Memory Programming/Erasing.
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Bit Bit Name Initial Value

R/W

Description

7 FEW 1/0

Flash Write Enable*

Reflects the input level at the FWP pin. Itis setto 1
when a low level is input to the FWP pin, and cleared
to 0 when a high level is input.

6 SWE 0

R/W

Software Write Enable

When this bit is set to 1 while the FEW bit is 1, flash
memory programming/erasing is enabled. When this
bit is cleared to 0, other FLMCR1 bits and all EBR1
and EBR2 bits cannot be set.

5 ESU 0

R/W

Erase Setup

When this bit is set to 1 while the FEW and SWE bits
are 1, the flash memory changes to the erase setup
state. When it is cleared to O, the erase setup state is
cancelled.

4 PSU 0

R/W

Program Setup

When this bit is set to 1 while the FEW and SWE bits
are 1, the flash memory changes to the program
setup state. When it is cleared to 0, the program
setup state is cancelled.

R/W

Erase-Verify

When this bit is set to 1 while the FEW and SWE bits
are 1, the flash memory changes to erase-verify
mode. When it is cleared to 0, erase-verify mode is
cancelled.

R/W

Program-Verify

When this bit is set to 1 while the FEW and SWE bits
are 1, the flash memory changes to program-verify
mode. When it is cleared to O, program-verify mode is
cancelled.

R/W

Erase

When this bit is set to 1 while the FEW, SWE and
ESU bits are 1, the flash memory changes to erase
mode. When it is cleared to 0, erase mode is
cancelled.

R/W

Program

When this bit is set to 1 while the FEW, SWE and
PSU bits are 1, the flash memory changes to program
mode. When it is cleared to 0, program mode is
cancelled.

Note: * The value of this bit is 1 when using E10A (when DBGMD is high).
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1952 Flash Memory Control Register 2 (FLMCR2)
FLMCR2 is aregister that displays the state of flash memory programming/erasing.

Bit Bit Name Initial Value R/W Description

7 FLER 0 R Indicates that an error has occurred during an
operation on flash memory (programming or erasing).
When FLER is set to 1, flash memory goes to the
error-protection state.

See section 19.9.3, Error Protection, for details.

6to0 — AllO R Reserved
These bits are always read as 0.

1953 EraseBlock Register 1 (EBR1)

EBR1 specifies the flash memory erase block. EBR1 isinitialized to H' 00 when a high level is
input to the FWP pin. It isalso initialized to H’' 00, when the SWE bit in FLMCR1 is O regardless
of valuein the FWP pin. Do not set more than one bit at atime in EBR1 and EBR2, as this will
cause all the bitsin EBR1 and EBR2 to be automatically cleared to 0.

Bit Bit Name Initial Value R/W Description

7 EB7 0 R/W When this bit is set to 1, 4 kbytes of EB7 (H'007000
to H'007FFF) are to be erased.

6 EB6 0 R/W When this bit is set to 1, 4 kbytes of EB6 (H'006000
to H'006FFF) are to be erased.

5 EB5 0 R/W When this bit is set to 1, 4 kbytes of EB5 (H'005000
to H'005FFF) are to be erased.

4 EB4 0 R/W When this bit is set to 1, 4 kbytes of EB4 (H'004000
to H'004FFF) are to be erased.

3 EB3 0 R/W When this bit is set to 1, 4 kbytes of EB3 (H'003000
to H'003FFF) are to be erased.

2 EB2 0 R/W When this bit is set to 1, 4 kbytes of EB2 (H'002000
to H'002FFF) are to be erased.

1 EB1 0 R/W When this bit is set to 1, 4 kbytes of EB1 (H'001000
to H'001FFF) are to be erased.

0 EBO 0 R/W When this bit is set to 1, 4 kbytes of EBO (H’000000

to H'000FFF) are to be erased.
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1954 EraseBlock Register 2 (EBR2)

EBR2 specifies the flash memory erase block. EBR2 isinitialized to H' 00 when a high level is
input to the FWP pin. It isalso initialized to H’' 00, when the SWE bit in FLMCR1 is O regardless
of valuein the FWP pin. Do not set more than one bit at atime in EBR1 and EBR2, as this will
cause all the bitsin EBR1 and EBR2 to be automatically cleared to 0.

Bit Bit Name Initial Value R/W Description

7t04 — AllO R Reserved

These bits are always read as 0 and should only be
written with O

3 EB11 0 R/W When this bit is set to 1, 64 kbytes of EB11
(H’030000 to H'03FFFF) are to be erased.

2 EB10 0 R/W When this bit is set to 1, 64 kbytes of EB10
(H’020000 to H'02FFFF) are to be erased.

1 EB9 0 R/W When this bit is set to 1, 64 kbytes of EB9 (H'010000
to H'O1FFFF) will be erased.

0 EBS8 0 R/W When this bit is set to 1, 32 kbytes of EB8 (H'008000

to H'0OFFFF) will be erased.

1955 RAM Emulation Register (RAMER)

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER settings should be made in user mode or user
program mode. To ensure correct operation of the emulation function, the ROM for which RAM
emulation is performed should not be accessed immediately after this register has been modified.
Normal execution of an accessimmediately after register modification is not guaranteed.

Bit Bit Name Initial Value R/W Description

15t04 — AllO R Reserved

These bits are always read as 0 and should only be
written with O

3 RAMS 0 R/W RAM Select

Specifies selection or non-selection of flash memory
emulation in RAM. When RAMS = 1, the flash
memory is overlapped with part of RAM, and all flash
memory blocks are program/erase-protected. When
RAMS = 0, the RAM emulation function is disabled.
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Bit Bit Name Initial Value R/W Description

RAM2 0 R/W Flash Memory Area Selection
RAM1 0 R/W When the RAMS bit is set to 1, these bits specify one
RAMO 0 RIW of the following flash memory areas to be overlapped

with part of RAM.

000: H'00000000 to H'0O0000FFF (EBO)
001: H'00001000 to H'00001FFF (EB1)
010: H'00002000 to H'00002FFF (EB2)
011: H'00003000 to H'00003FFF (EB3)
100: H'00004000 to H'00004FFF (EB4)
101: H'00005000 to H'00005FFF (EB5)
110: H'00006000 to H'00006FFF (EB6)
111: H'00007000 to H'00007FFF (EB7)

19.6  On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and PROM programmer mode, in which programming/erasing is
performed with a PROM programmer. On-board programming/erasing can aso be performed in
user program mode. At reset-start in reset mode, this LS| changes to a mode depending on the MD
pin settings and FWP pin setting, as shown in table 19.3.

When changing to boot mode, the boot program built into this LSI isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI1. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial valuesin the on-board state or for aforcible return when
programming/erasing can no longer be done in user program mode. In user program mode,
individual blocks can be erased and programmed by branching to the user program/erase control
program prepared by the user.

Table 19.3 Setting On-Board Programming M odes

MD1 MDO FWP LSI State after Reset End

0 0 0 Boot mode Expanded mode
1 Single-chip mode

1 0 User program mode Expanded mode
1 Single-chip mode
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19.6.1 Boot Mode

Table 19.4 shows the boot mode operations between reset end and branching to the programming
control program.

1

© ©

When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 19.8, Flash Memory Programming/Erasing.

The SCI1 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1
stop bit, and no parity.

When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI1 bit rate to match that
of the host. The reset should end with the RxD pin high. The RxD and TxD pins should be
pulled up on the board if necessary.

After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by areset. Depending on the host's
transfer bit rate and system clock frequency of this L SI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LS| within the ranges listed in table 19.5.
In boot mode, a part of the on-chip RAM areais used by the boot program. The area
H'FFFFE800 to H'FFFFFFFF is the area to which the programming control program is
transferred from the host. The boot program area cannot be used until the execution state in
boot mode switches to the programming control program.
Before branching to the programming control program, the chip terminates transfer operations
by SCI1 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
write data or verify data with the host. The TxD pin is high. The contents of the CPU general
registers are undefined immediately after branching to the programming control program.
These registers must beinitialized at the beginning of the programming control program, asthe
stack pointer (SP), in particular, is used implicitly in subroutine calls, etc.
Boot mode can be cleared by areset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the mode (MD) pins. Boot mode is also cleared when aWDT
overflow occurs.

Do not change the MD pin input levelsin boot mode.

All interrupts are disabled during programming or erasing of the flash memory.
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Table 19.4 Boot Mode Operation

Host Operation

LSI Operation

Item Processing Contents Communications Contents  Processing Contents
Boot mode Branches to boot program at
start reset-start.
Boot program initiation
- - - \
Bit rate Continuously transmits data H'00, H'0O ...... H'00 « Measures low-level period of receive

adjustment H'00 at specified bit rate.

l H'00

Transmits data H'55 when -
data H'00 is received H'55

error-free. l

\/

data H'00.

« Calculates bit rate and sets it in BRR
of SCI_1.

* Transmits data H'00 to host as
adjustment end indication.

f

Transmits data H'AA to host when

- H'AA data H'55 is received.
Receives data H'AA. |
|

Transfer of
programming  Transmits number of bytes (N) Uplpc)svret;yget:nd
control of programming control as Y
program program to be transferred Echobacks the 2-byte data received.

2-byte data (lower byte Echoback

following upper byte) < l

) HXX > Echobacks received data to host and

Transmits 1-byte of - Echoback also transfers it to RAM (repeated

programming control program for N times)

(repeated for N times)

1
Flash +
memory ' Checks flash memory data, erases all
erase Boot program _ H'FF flash memory blocks in case of written
erase error data existing, and transmits data H'AA
to host. (If erase could not be done,
H'AA transmits data H'FF to host and

Receives data H'AA. <

aborts operation.)
|

v

Branches to programming control
program transferred to on-chip RAM
and starts execution.

Table19.5 Peripheral Clock (Pg) Freguenciesfor which Automatic Adjustment of LS| Bit

Rateis Possible

Host Bit Rate Peripheral Clock Frequency Range of LSI
9,600 bps 4 to 40 MHz
19,200 bps 8 to 40 MHz
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19.6.2 Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM or
external memory, and execute it. Figure 19.6 shows a sample procedure for programming/erasing
in user program mode. Prepare a user program/erase control program in accordance with the
description in section 19.8, Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Transfer user program/erase Branch to flash memory
control program to RAM application program

Branch to user program/erase
control program in RAM

!

FWP = low*

!

Execute user program/erase control
program (flash memory rewrite)

!

FWP = high

!

Branch to flash memory
application program

Note: * Do not constantly apply a low level to the FWP pin. Only apply a low level to the FWP pin when
programming or erasing the flash memory. To prevent excessive programming or excessive erasing,
while a low level is being applied to the FWP pin, activate the watchdog timer in case of handling CPU
runaways.

Figure 19.6 Programming/Erasing Flowchart Examplein User Program Mode
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19.7  Flash Memory Emulation in RAM

A setting in the RAM emulation register (RAMER) enables part of RAM to overlap with the flash
memory area so that data to be written to flash memory can be emulated in RAM in real time.
Emulation can be performed in user mode or user program mode. Figure 19.7 shows an example
of emulation of real-time flash memory programming.

1

Set RAMER to overlap part of RAM with the area for which real-time programming is
required.

Emulation is performed using the overlapped RAM.

After the program data has been confirmed, the RAMS bit is cleared, thus releasing the RAM
overlap.

The data written in the overlapped RAM is written into the flash memory area.

( Start of emulation program )

| Set RAMER |

——

Write tuning data to
overlapped RAM

| Execute application program |

Yes

| Clear RAMER |

l

Write to flash memory
emulation block

l

( End of emulation program )

Figure19.7 Flowchart for Flash Memory Emulation in RAM
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Figure 19.8 shows a sample procedure for flash memory block area overlapping.

1

The RAM areato be overlapped isfixed at a 4-kbyte areain the range H'FFFFEQQO to
H'FFFFEFFF.

The flash memory areato be overlapped is selected by RAMER from a 4-kbyte area of the
EBO to EB7 blocks.

The overlapped RAM area can be accessed from both the flash memory addresses and RAM
addresses.

When the RAMS hit in RAMER is set to 1, program/erase protection is enabled for al flash
memory blocks (emulation protection). In this state, setting the P or E bitin FLMCR1to 1
does not cause a transition to program mode or erase mode.

A RAM area cannot be erased by execution of software in accordance with the erase
algorithm.

Block area EBO contains the vector table. When performing RAM emulation, the vector table
is needed in the overlapped RAM.

This area can be accessed from
both the flash memory addresses
and RAM addressed.

H'00000 —--------- >
EBO
H'01000 b———— Tt --------- -
EB1 A A
H'02000 : |
EB2 ; '
H'03000 ' '
EB3 ; ;
H'04000 | |
EB4 ' '
H'05000 ! ;
EB5 : |
H'06000 : '
EB6 ! !
H'07000 ; |
EB7 : '
H'08000 : :
\ H'FFFFE000
Flash Memory H'FFFFEFFF
EB8 to EB11 On-chip RAM
H'3FFFF H'FFFFFFFF

Figure19.8 Example of RAM Overlap Operation (RAM[2:0] = B'000)
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19.8  Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase the flash memory in on-
board programming modes. Depending on the FLMCR1 and FLMCR2 settings, the flash memory
operates in one of the following four modes: Program mode, program-verify mode, erase mode,
and erase-verify mode. The programming control program in boot mode and the user
program/erase control program in user program mode use these operating modes in combination to
perform programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 19.8.1, Program/Program-V erify and section 19.8.2,
Erase/Erase-V erify, respectively.

19.8.1 Program/Program-Verify Mode

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 19.9 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at atime. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Preparethe following data storage areasin RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation and additional programming data computation according to
figure 19.9.

4. Consecutively transfer 128 bytes of datain byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'80.

5. Thetime during which the P bit is set to 1 is the programming time. Figure 19.9 shows the
allowable programming time.

6. Thewatchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 msisallowed.

7. For adummy write to averify address, write 1-byte data H'FF to an address to be read. Verify

data can be read in longwords from the address to which a dummy write was performed.

8. The number of repetitions of the program/program-verify sequence to the same bit should not

exceed the maximum number of programming (N).
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Write pulse application subroutine
Apply Write Pulse

[ Enable WDT |

[ Set PSU bit in FLMCRL |

Start of programming

START

[ Set SWE bit in FLMCR1

Perform programming in the erased state.
Do not perform additional programming
on previously programmed addresses.

i

i

[ Wait (tsswe) HS
soue

Store 128-byte program data in program *a
| Wait (tspsu) HS | *7 data area and reprogram data area
1
[ n=1 ]
[ Set P bitin FLMCR1 | startof T
[ m=0 ]
[ wait (tsp10, tsp30, or tsp200) s | x5+7 [
Successively write 128-byte data from reprogram |,
dat: RAM to flash
[ Clear P bit in FLMCR1 | End of o drea RPN e ooy,
1 Sub-Routine-Call
| Wait (tep) s | %7 ‘Apply Write Pulse (tsp30 or tsp200) See note *6 for pulse width
1]
[ Clear PSU bit in FLMCRL | [ Set PV bit ;" FLMCRL ]
Wait (tspy) HS *7
[ Wait (tepsu) HS |7 I I
[ HFF dummy write to verify address |
[ Disable WDT | _
) [ Wait (tspvr) HS |7
End Sub [ Read verity data ]2

Incremer

Note: 6. Write Pulse Width

Number of Writes n | Write Time (tsp) ps

1 t5p30
2 5p30
3 5p30
4 tsp30
5 tsp30
6 tsp30
7 15p200
8 tsp200
9 sp200
10 1sp200
11 1sp200
12 5p200
13 sp200

998 tsp200

999 tsp200

1000 tsp200

address

Write data =
verify data?

data

1]

| Transfer additional-programming data to
dditional

data area

[ Reprogram data computation

[ Transfer reprogram data to reprogram data area

128-byte
data verification completed?

[ Clear PV bit in FLMCR1

| Wait (tcpy) Us

* Use a tsp10 write pulse for additional pr

RAM

Program data storage
area (128 bytes)

Reprogram data storage
area (128 bytes)

[Additional-programming
data storage area
(128 bytes)

Notes: 1.

o

OK

uccessively write 128-byte data from additional- \
programming data area in RAM to flash memory 1

[[Apply Write Pulse (tsp10) (Additional programming)]]|

Reprogram

OK
[ Clear SWE bitin FLMCRL

Clear SWE bit in FLMCR1 |

[ Wail (tcswe) HS

Walit (tcswe) HS *7

End of programming

Programming failure

Data transfer is performed by byte transfer. The lower 8 bits of the start address to be written to must be H'00 or H'80.

A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

2. Verify data is read in 32-bit (longword) units.
3. Reprogram data is determined by the operation shown in the table below (comparison between the data stored in the program data area and the verify data). Bits for
which the reprogram data is 0 are programmed in the next reprogramming loop. Therefore, even bits for which programming has been completed will be subjected to
once again if the verify operation ends in failure.
4. A 128-byte area for the storage of programming data, a 128-byte area for the storage of reprogramming data, and a 128-byte area for the storage of additional-
programming data must be provided in RAM. The contents of the reprogram data area and additional-program data area are modified as programming proceeds.
5. Awrite pulse of 30 pis or 200 ps is applied according to the progress of the programming operation. See note 6 for details of the pulse widths. When writing of
additional-programming data is executed, a 10 ps write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.
7. The wait times and value of N are shown in section 26.5, Flash Memory Characteristics.
Reprogram Data Computation Table Data Ci Table
Original Data Verify Data Reprogram Data Comments Reprogr:?m Data | Verify Data Additional- Comments
(D V) X, (X ) Data (Y)
[ 0 1 Programming completed [ 0 0 Additional programming
to be executed
0 1 0 Programming incomplete; 0 1 1 ‘Additional programming
reprogram not to be executed
1 0 1 1 0 1 Additional programming
not to be executed
1 1 1 Still in erased state; no action 1 1 1 Additional programming
not to be executed

Figure 19.9 Program/Program-Verify Flowchart
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19.8.2 Erase/Erase-Verify Mode

When erasing flash memory, the erase/erase-verify flowchart shown in figure 19.10 should be
followed.

1
2.

Prewriting (setting erase block datato all 0s) is not necessary.

Erasing is performed in block units. Make only a single-bit specification in the erase block
register 1 (EBR1) and the erase block register 2 (EBR2). To erase multiple blocks, each block
must be erased in turn.

The time during which the E bit is set to 1 is the flash memory erase time.

The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 msis allowed.

For adummy write to a verify address, write 1-byte data H'FF to the read address. Verify data
can be read in longwords from the address to which a dummy write was performed.

If the read datais not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The number of repetitions of the erase/erase-verify sequence should
not exceed the maximum number of erasing (N).

19.8.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1

An interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If an interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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*1

I SWE bit - 1 ]
1

| Wait tﬁfa‘g) us |

| n—1 |
T
i

| Set EBR1 and EBR2 | =3
1

| Enable WDT |
1

I ESU DR - L ]
Y

| Wait (tsesu) |
1

I Ebi . 1 ]
Y

| Wait (tse) |
1

| E bit — 0 |
1

[ Wait (tce) ]
1

| ESU bit — 0 |
1

| Wait (tcesu) |

| Disable WDT |
1

[ EV bit — 1 |
Y

| Wait (tsev) |

| Set block start address as verify address |

| HFF dummy write to verify address |
1

| Wait (tsevr) |
1

| n-—n+1

| Read verify data | -2

| Increment address |

Last address of block?

[ EV bit — 0 | [ EV bit - 0 |
| Wait'(tcsv) | | Wait ‘(lcsv) |
a No
Yes
| SWE bit - 0 | [ SWE bit — 0 |
| Wait tCSWE) | | Wait ‘tCSWE) |

End of erasing

Notes: 1. Prewriting (setting erase block data to all 0s) is not necessary.
2. Verify data is read in 32-bit (longword) units.
3. Make only a single-bit specification in the erase block register 1 (EBR1) and the erase block
register 2 (EBR2).
4. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

Figure19.10 Erase/Erase-Verify Flowchart
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19.9 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

19.9.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Flash memory control register 1 (FLMCRZ1), flash memory control register 2
(FLMCR?2), erase block register 1 (EBR1), and erase block register 2 (EBR2) areinitialized

Item

Protect Function

Description Program Erase

FWP pin protect

When a high level is input to the FWP pin, Yes Yes
FLMCR1, EBR 1, and EBR 2 are initialized, and the
program/erase protection state is entered.*

Reset/standby
protect

In the reset state (including the reset state when Yes Yes
the WDT overflows) and standby mode, FLMCR1,

EBR 1, and EBR 2 are initialized, and the

program/erase protection state is entered.

In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until
oscillation stabilizes after powering on. In the case
of a reset during operation, hold the RES pin low
for the RES pulse width specified in the AC
Characteristics section.

Note: * Protection by the FWP pin cannot be made when using E10A (when DBGMD is high).
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19.9.2 Software Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection isin effect, setting the P or E bit
in FLMCR1 does not cause a transition to program mode or erase mode. By setting the erase block
register 1 (EBRL), erase protection can be set for individual blocks. When EBRL1 is set to H' 00,
erase protection is set for all blocks.

Protect Function

Item Description Program Erase

SWE bit protect When the SWE bit in FLMCR1 is cleared to 0O, Yes Yes
all blocks are program/erase-protected. (This
setting should be carried out in on-chip RAM or
external memory.)

Block protect By setting the erase block register 1 (EBR1) and — Yes
the erase block register 2 (EBR2), erase
protection can be set for individual blocks.

When both EBR1 and EBR2 are set to H'00,
erase protection is set for all blocks.

Emulation protect When the RAMS bit in RAMER is set to 1, all Yes Yes
blocks are program/erase-protected.

19.9.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

*  When the flash memory is read during programming/erasing (including vector read and
instruction fetch)

« Immediately after exception handling (excluding areset) during programming/erasing

*  When a SLEEP instruction is executed during programming/erasing

The FLMCR1, FLMCR2, EBR1, and EBR2 settings are retained, however program mode or erase
mode is forcibly aborted at the point when the error is detected. Program mode or erase mode
cannot be re-entered by re-setting the P1 or E1 bit. However, PV and EV bit settings are retained,
and atransition can be made to verify mode. The error protection state can be cancelled by the
power-on reset only.
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19.10 PROM Programmer Mode

In PROM programmer mode, a PROM programmer can be used to perform programming/erasing
viaa socket adapter, just as for adiscrete flash memory. Use a PROM programmer that supports
the Hitachi 256-kbyte flash memory on-chip MCU device type (FZTAT256V 3A).

19.11 Usage Note

e Module Standby Mode Setting

Access to flash memory can be enabled/disabled by the module standby control register
(MSTCR1). Theinitial value enables access to flash memory. Flash memory access is disabled
by setting the module standby control register. For details, see section 24, Power-Down
Modes.

19.12 Noteswhen Convertingthe F-ZTAT Versionsto the Mask-ROM
Versions

Please note the following when converting the F-ZTAT versions to the mask-ROM versions, with
using the F-ZTAT application software.

In the mask-ROM version, addresses of the flash memory registers (refer to section 25.1, Register
Addresses Table (In the Order from Lower Addresses)) return undefined value if read.

When the F-ZTAT application software is used in the mask-ROM version, the FWP pin level
cannot be determined. When converting the program, make sure the reprogramming
(erasing/programming) part of the flash memory and the RAM emulation part not to be initiated.

In the mask-ROM version, boot mode pin setting should not be performed.

Note: Thisdifference appliesto all the F-ZTAT versions and al the mask-ROM versions that
have different ROM size.
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Section 20 Mask ROM

This LSl isavailable with 256 kbytes of on-chip mask ROM. The on-chip ROM is connected to
the CPU, direct memory access controller (DMAC), and data transfer controller (DTC) through a
32-bit data bus (figure 20.1). The CPU, DMAC, and DTC can access the on-chip ROM in 8, 16
and 32-bit widths. Data in the on-chip ROM can always be accessed in one cycle.

< Internal data bus (32 bits) >

H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
I s s s s
N N N N ~
On-chip ROM
H'0003FFFC H'0003FFFD H'0003FFFE H'0003FFFF

Figure20.1 Mask ROM Block Diagram

The operating mode, determines whether the on-chip ROM isvalid or not. The operating mode is
selected using mode-setting pins FWP and MD3-MDO as shown in table 3.1. If you are using the
on-chip ROM, select mode 2 or mode 3; if you are not, select mode 0 or 1. The on-chip ROM is
allocated to addresses H'00000000 to H'0003FFFF of memory area O.

20.1 Usage Note

* Module Standby Mode Setting
Access to the on-chip ROM can be enabled/disabled by the module standby control register
(MSTCR1). Theinitial value enables the on-chip ROM operation. On-chip ROM accessis
disabled by setting the module standby mode. For details, see section 24, Power-Down Modes.
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Section 21 RAM

This LSl has an on-chip high-speed static RAM. The on-chip RAM is connected to the CPU,
direct memory access controller (DMAC), datatransfer controller (DTC), and advanced user
debugger (AUD)* by a 32-bit data bus, enabling 8, 16, or 32-bit width access to datain the on-
chip RAM. Datain the on-chip RAM can always be accessed in one cycle, providing high-speed
access that makes this RAM ideal for use as a program area, stack area, or data area. The on-chip
RAM is allocated to address H'FFFFEOQO to H' FFFFFFFF. The contents of the on-chip RAM are
retained in both sleep and standby modes.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SY SCR). For details on the system control register (SY SCR), refer to section 24.2.2,
System Control Register (SY SCR).

Note: * Flash version only.

211 Usage Note

* Module Standby Mode Setting

RAM can be enabled/disabled by the module standby control register (MSTCR1). Theinitial
value enables RAM operation. RAM accessis disabled by setting the modul e standby mode.
For details, see section 24, Power-Down Modes.
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Section 22 Hitachi User Debug Interface (H-UDI)

221  Overview

The Hitachi user debug interface (H-UDI) provides data transfer and interrupt request functions.
The H-UDI performs serial transfer by means of external signal control.

2211 Features
The H-UDI has the following features:

+ Fivetest signals(TCK, TDI, TDO, TMS, and TRST)
* TAPcontroller
» Twoinstructions
0 Bypass mode
Test mode conforming to IEEE 1149.1
0 H-UDI interrupt
H-UDI interrupt request to INTC

Note: ThisLSI does not support test modes other than the bypass mode.
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22.1.2 Block Diagram

Figure 22.1 shows a block diagram of the H-UDI.

TCK
TMS TAP Internal H-UDI
D—> controller bus interrupt
controller signal
TRST
\ A / Yy v Vv v
E} »| Decoder
A
< > SDIR < >
g 2
%] o
I: 06.; [ SDSR > E
SDBPR = @
£ <
= =
9 e »| SDDRH |« > O
16
< SDDRL >
v
TDO
D<— Mux
Legend:
SDIR: Instruction register TCK: Test clock

SDSR:  Status register
SDDRH: Data register H
SDDRL: Data register L

SDBPR: Bypass register

TMS: Test mode select
TRST: Test reset

TDI:  Test data input

TDO: Test data output

Figure22.1 H-UDI Block Diagram
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22.2  Input/Output Pins
Table 22.1 shows the H-UDI pin configuration.

Table22.1 H-UDI Pins

Pin Name Abbreviation /0 Function

Test clock TCK Input Test clock input

TCK supplies an independent clock to the H-UDI. As
the clock input to TCK is supplied directly to the H-UDI,
a clock waveform with a duty cycle close to 50%
should be input (see section 26, Electrical
Characteristics, for details).

Test mode TMS Input Test mode select input signal

select TMS is sampled at the rising edge of TCK. TMS
controls the internal state of the TAP controller.

Test data TDI Input Serial data input

input TDI performs serial input of instructions and data to H-
UDI registers. TDI is sampled at the rising edge of
TCK.

Test data TDO Output Serial data output

output TDO performs serial output of instructions and data
from H-UDI registers. Transfer is synchronized with
TCK. When no signal is being output, TDO goes to the
high-impedance state.

Test reset TRST Input Test reset input signal

TRST is used to initialize the H-UDI asynchronously.

22.3 Register Description

The H-UDI has the following registers. For the register addresses and register statesin each
operating mode, refer to section 25, List of Registers.

* Ingtruction register (SDIR)
e Statusregister (SDSR)

» Dataregister H (SDDRH)
e Dataregister L (SDDRL)
» Bypassregister (SDBPR)

Instructions and data can be input to the instruction register (SDIR) and data register (SDDR) by
seria transfer from the test datainput pin (TDI). Data from the status register (SDSR), and SDDR
can be output via the test data output pin (TDO). The bypass register (SDBPR) is a one-bit register
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that is connected to TDI and TDO in bypass mode. Except for SDBPR, all the registers can be
accessed by the CPU.

Table 22.2 shows the kinds of serial transfer that can be used with each of the H-UDI’ sregisters.

Table22.2 Serial Transfer Characteristics of H-UDI Registers

Register Serial Input Serial Output
SDIR Possible Not possible
SDSR Not possible Possible
SDDRH Possible Possible
SDDRL Possible Possible
SDBPR Possible Possible

22.31 Instruction Register (SDIR)

Theinstruction register (SDIR) is a 16-bit register that can be read, but not written to, by the CPU.
H-UDI instructions can be transferred to SDIR from TDI by serial input. SDIR can beinitialized
by the TRST signal, but is not initialized in software standby mode.

Instructions transferred to SDIR must be 4 bitsin length. If an instruction exceeding 4 bitsisinput,
the last 4 bits of the serial datawill be stored in SDIR.

Bit Bit Initial R/W Description

Name value
15 TS3 1 R Test set bit
14 TS2 1 R Oxxx: setting prohibited
13 TS1 1 R ] o
12 TS0 1 R 100x: setting prohibited

1010: H-UDI interrupt
1011: setting prohibited
110x: setting prohibited
1110: setting prohibited
1111: BYPASS mode

11to0 O All O R Reserved
These bits are always read as 0, and should only be
written with O.
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2232 StatusRegister (SDSR)

The status register (SDSR) is a 16-bit register that can be read and written to by the CPU. The
SDSR value can be output from TDO, but serial data cannot be written to SDSR via TDI. The
SDTREF bit is output by means of a one-bit shift. In atwo-bit shift, the SDTRF bit is output first,
followed by areserved bit.

SDSRisinitialized by TRST signal input, but is not initialized in software standby mode.

Bit Bit Initial R/W Description
Name value

15to12 O All0 R These bits are always read as 0, and should only be
written with 0.

11 ad 1 R This bit is always read as 1, and should only be written
with 1.

10to1 ad AllO R This bit is always read as 0, and should only be written
with 0.

0 SDTRF 1 R/W Serial Data Transfer Control Flag

Indicates whether H-UDI registers can be accessed by
the CPU. The SDTRF bit is initialized by the TRST
signal, but is not initialized in software standby mode.

0: Serial transfer to SDDR has ended, and SDDR can be
accessed

1: Serial transfer to SDDR is in progress
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22.3.3 DataRegister (SDDR)
The dataregister (SDDR) comprises dataregister H (SDDRH) and dataregister L (SDDRL).

SDDRH and SDDRL are 16-hit registers that can be read and written to by the CPU. SDDRis
connected to TDO and TDI for serial datatransfer to and from an external device.

32-bit dataisinput and output in serial datatransfer. If data exceeding 32 bitsisinput, only the
last 32 bitswill be stored in SDDR. Serial dataisinput starting with the MSB of SDDR (bit 15 of
SDDRH), and output starting with the LSB (bit O of SDDRL).

SDDR isnot initialized by areset, in software standby mode, or by the TRST signal.

Theinitia value of SDDR is undefined.

2234 BypassRegister (SDBPR)

The bypass register (SDBPR) is a one-hit shift register. In bypass mode, SDBPR is connected to
TDI and TDO, and this L Sl is bypassed in a board test. SDBPR cannot be read or written to by the
CPU.
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224  Operation

2241 H-UDI Interrupt

When an H-UDI interrupt instruction is transferred to SDIR via TDI, an interrupt is generated.
Data transfer can be controlled by means of the H-UDI interrupt service routine. Transfer can be
performed by means of SDDR.

Control of data input/output between an external device and the H-UDI is performed by
monitoring the SDTRF bit in SDSR externally and internally. Internal SDTRF bit monitoring is
carried out by having SDSR read by the CPU.

The H-UDI interrupt and serial transfer procedureis as follows.

1.
2.

Aningtruction isinput to SDIR by serial transfer, and an H-UDI interrupt request is generated.

After the H-UDI interrupt request isissued, the SDTRF hit in SDSR is monitored externally.
After output of SDTRF = 1 from TDO is observed, serial dataistransferred to SDDR.

On completion of the seria transfer to SDDR, the SDTRF bit is cleared to 0, and SDDR can be
accessed by the CPU. After SDDR has been accessed, SDDR serial transfer is enabled by
setting the SDTRF bitin SDSR to 1.

Serial datatransfer between an external device and the H-UDI can be carried out by constantly
monitoring the SDTRF bit in SDSR externally and internally.

Figures 22.2, 22.3, and 22.4 show the timing of data transfer between an external device and the
H-UDI.
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| | | |
i Instruc-| i i i Input/
1 | tion | SDTRF1 Input | 1 output

Serial data I e U & HCOHCTO

H-UDI interrupt

|

I

I

|

|

i
SDTRF Shift

SERPE DE [EE. o

request /_\
i | Shift |
t disabled -
l - | Shift
(in SDSR)** enabled : \' ! enabled
|

| |
/ ISDSR \I SDDR 'I SDSR N SDDR ’l
| 1 | 1 |

SDSR and SDDR
MUX*2

SDDR access i B
state Shift CPU Shift CPU |

SDSR serial transfer

(monitoring)

Notes: 1. SDTRF flag (in SDSR): Indicates whether SDDR access by the CPU or serial transfer
data input/output to SDDR is possible.

1 | SDDR is shift-enabled. Do not access SDDR until SDTRF = 0.
0 | SDDR is shift-disabled. SDDR access by the CPU is enabled.

Conditions: ¢ SDTRF =1
— When TRST =0
— When the CPU writes 1
— In bypass mode
e SDTRF=0
— End of SDDR shift access in serial transfer

2. SDSR/SDDR (Update-DR state) internal MUX switchover timing
« Switchover from SDSR to SDDR: On completion of serial transfer in which
SDTRF = 1 is output from TDO
« Switchover from SDDR to SDSR: On completion of serial transfer to SDDR

Figure22.2 Data lnput/Output Timing Chart (1)
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2242 BypassMode

Bypass mode can be used to bypass this LSl in a boundary-scan test. Bypass mode is entered by
transferring B'1111 to SDIR. In bypass mode, SDBPR is connected to TDI and TDO.

2243 H-UDI Reset
The H-UDI can be reset as follows.

e By holding the TRST signal at 0
*  When TRST =1, by inputting at least five TCK clock cycleswhile TMS=1

225 Usage Notes

» Theregistersare not initialized in software standby mode. If TRST is set to 0 in software
standby mode, bypass mode will be entered.

» Thefrequency of TCK must be lower than that of the peripheral module clock (Pg). For
details, see section 26, Electrical Characteristics.

e Inseria datatransfer, datainput/output starts with the LSB. Figure 22.5 shows serial data
input/output.

« If the H-UDI serid transfer sequenceis disrupted, a TRST reset must be executed. Transfer
should then be retried, regardless of the transfer operation.

» The TDO output timing is from the rise of TCK.

» Inthe Shift-IR state, the lower 2 bits of the output datafrom TDO (the IR status word) may not
always be 01.

» If morethan 32 bits are serially transferred, serial data exceeding 32 bits output from TDO
should be ignored.

e TheTDI pin must not be in the high-impedance state.
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Figure22.5 Serial Data I nput/Output
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Section 23 Advanced User Debugger (AUD)

23.1 Overview

This LSl has an on-chip advanced user debugger (AUD). Use of the AUD simplifiesthe
construction of a simple emulator, with functions such as acquisition of branch trace data and
monitoring/tuning of on-chip RAM data.

AUD can be enabled or disabled using the AUDSRST hit in the system control register (SY SCR).
Refer to section 24.2.2, System Control Register (SY SCR), for SY SCR.

23.1.1 Features
The AUD has the following features:

« Eight input/output pins
Data bus (AUDATA3-AUDATADO)
AUD reset (AUDRST)
AUD sync signal (AUDSYNC)
AUD clock (AUDCK)
AUD mode (AUDMD)
e Two modes
0 Branch trace mode
0 RAM monitor mode

Oo0oood
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23.1.2 Block Diagram

Figure 23.1 shows a block diagram of the AUD.

Internal  Peripheral
bus module bus
T T

AUDATAL —— < mg}ﬁo'f;
AUDATA2 Address buffer || N

AUDATA3 — Bus

controller

AUDRST | Data buffer I m—

AUDZD T —/ On-chip
AUDCK ™ ——1 ™ \ode control < : peripheral
AUDSYNC — — module

CPU

Figure23.1 AUD Block Diagram

23.2  Input/Output Pins
Table 23.1 shows the AUD's input/output pins.

Table23.1 AUD Pin Configuration

Function
Name Abbreviation Branch Trace Mode RAM Monitor Mode
AUD data AUDATA3 to Branch destination address Monitor address/data
AUDATAO output input/output
AUD reset AUDRST AUD reset input AUD reset input
AUD mode AUDMD Mode select input (L) Mode select input (H)
AUD clock AUDCK Sync clock (¢/2) output Sync clock input
AUD sync signal  AUDSYNC Data start position Data start position
identification signal output identification signal input
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2321 Pin Descriptions
Pins Used in Both M odes

Pin Description

AUDMD The mode is selected by changing the input level at this pin.
Low: Branch trace mode
High: RAM monitor mode
The input at this pin should be changed when AUDRST is low.

AUDRST The AUD's internal buffers and logic are initialized by inputting a low level to
this pin. When this signal goes low, the AUD enters the reset state and the
AUD's internal buffers and logic are reset. When AUDRST goes high again
after the AUDMD level settles, the AUD starts operating in the selected mode.
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Pin Functionsin Branch Trace Mode

Pin Description
AUDCK This pin outputs 1/2 the operating frequency (@/2).
This is the clock for AUDATA synchronization.
AUDSYNC This pin indicates whether output from AUDATA is valid.
High: Valid address data is not being output
Low: Valid address is being output
AUDATAS to 1. When AUDSYNC is low
AUDATAO

When a program branch or interrupt branch occurs, the AUD asserts
AUDSYNC and outputs the branch destination address. The output order
is as follows: A3 to AO, A7 to A4, A1l to A8, Al15 to A12, A19 to Al16, A23
to A20, A27 to A24, A31 to A28.

2. When AUDSYNC is high
When waiting for branch destination address output, these pins constantly
output 0011.

When an branch occurs, AUDATA3 and AUDATAZ2 output 10, and
AUDATA1 and AUDATAO indicate whether a 4-, 8-, 16-, or 32-bit address
is to be output by comparing the previous fully output address with the
address output this time (see table below).

AUDATAL and AUDATAO Settings

00 |Address bits A31 to A4 match; 4 address bits A3 to AO are to be
output (i.e. output is performed once).

01 |Address bits A31 to A8 match; 8 address bits A3 to A0 and A7 to
A4 are to be output (i.e. output is performed twice).

10 |Address bits A31 to A16 match; 16 address bits A3 to AO, A7 to
A4, Al11 to A8, and A15 to A12 are to be output (i.e. output is
performed four times).

11 |None of the above cases applies; 32 address bits A3 to A0, A7 to
A4, Allto A8, Al5 to A12, A19 to A16, A23 to A20, A27 to A24,
and A31 to A28 are to be output (i.e. output is performed eight
times).
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Pin Functionsin RAM Monitor Mode

Pin Description

AUDCK The external clock input pin. Input the clock to be used for debugging to this
pin. The input frequency must not exceed 1/4 the operating frequency.

AUDSYNC Do not assert this pin until a command is input to AUDATA externally and the
necessary data can be prepared. For details, see the protocol description in
the following.

AUDATA3 to When a command is input externally, data is output after Ready transmit.

AUDATAO Output starts when AUDSYNC is negated. For details, see the protocol

description in the following.

23.3 Branch Trace Mode

23.3.1 Overview

In this mode, the branch destination address is output when a branch occurs in the user program.
Branches may be caused by branch instruction execution or interrupt/exception processing, but no
distinction is made between the two in this mode.

2332 Operation

Operation startsin branch trace mode when AUDRST is asserted, AUDMD is driven low, then
AUDRST is negated.

Figure 23.2 shows an example of data output.

While the user program is being executed without branches, the AUDATA pins constantly output
0011 in synchronization with AUDCK.

When a branch occurs, after execution starts at the branch destination addressin the PC, the
previous fully output address (i.e. for which output was not interrupted by the occurrence of
another branch) is compared with the current branch address, and depending on the result,
AUDSYNC is asserted and the branch destination address output after 1-clock output of 1000 (in
the case of 4-bit output), 1001 (8-bit output), 1010 (16-bit output), or 1011 (32-bit output). The
initial value of the compared address is H'00000000.

On completion of the cycle in which the address is output, AUDSYNC is negated and 0011 is
simultaneoudly output from the AUDATA pins.

If another branch occurs during branch destination address output, the later branch has priority for
output. In this case, AUDSYNC is negated and the AUDATA pins output the address after
outputting 10xx again (figure 23.3 shows an example of the output when consecutive branches
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occur). Note that the compared address is the previous fully output address, and not an interrupted
address (since the upper address of an interrupted address will be unknown).

Theinterva from the start of execution at the branch destination address in the PC until the
AUDATA pinsoutput 10xx is 1.5 or 2 AUDCK cycles.

Start of execution at branch destination address in PC

AUDSYNC \ /

AUDATA [3:0] < 0011 X 0011 X 1011 XAS to AOXA7 to A4XA11 to AtXAls to Al%lg to A1€><A23 to AZ%N to AZXAM to AZSX 0011>

Figure23.2 Example of Data Output (32-Bit Output)

Start of execution at branch destination address in PC (1)

Start of execution at branch destination address in PC (2)

AUDCK

AUDSYNC \ / \ /

AUDATA [3:0] < 0011 X 0011 X 1011 XA3 to AO>Q7 to A4 X 1010 XA3 to A0><A7 to A4XA11 to A%ls to AlX 0011 X 0011>

Figure23.3 Example of Output in Case of Successive Branches

234 RAM Monitor Mode

23.4.1 Overview

In this mode, all the modul es connected to this LSI's internal or external bus can be read and
written to, allowing RAM monitoring and tuning to be carried out.

When an addressis written to AUDATA externally, the data corresponding to that addressis
output. If an address and data are written to AUDATA, the datais transferred to the address.
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23.4.2 Communication Protocol

The AUD latchesthe AUDATA input when AUDSYNC is asserted. The following AUDATA
input format should be used.

Input format

( 0000 X DIR X°«3 to AO) ------ A31to A28kD3 to DO) - - - - - - Dn to Dn-3,
1

JL I L J
Command Address Data (in case of write only)
B write: n =7
W write: n = 15
L write: n =31

Bit 3 Bit 2 Bit 1 Bit 0
Fixed at 1| 0: Read | 00:Byte
1: Write | 01: Word
10: Longword

—® Spare bits (4 bits): b'0000

Figure23.4 AUDATA Input Format

2343 Operation

Operation startsin RAM monitor mode when AUDRST is asserted, AUDMD is driven high, then
AUDRST is negated.

Figure 23.5 shows an example of aread operation, and figure 23.6 an example of awrite
operation.

When AUDSYNC is asserted, input from the AUDATA pins begins. When a command, address,
or data (writing only) isinput in the format shown in figure 23.4, execution of read/write accessto
the specified addressis started. During internal execution, the AUD returns Not Ready (0000).
When execution is completed, the Ready flag (0001) isreturned (figures 23.5 and 23.6). Table
23.2 shows the Ready flag format.

In aread, data of the specified size is output when AUDSYNC is negated following detection of
thisflag (figure 23.5).

If acommand other than the aboveisinput in DIR, the AUD treats this as a command error,
disables processing, and sets bit 1 in the Ready flag to 1. If aread/write operation initiated by the
command specified in DIR causes a bus error, the AUD disables processing and sets bit 2 in the
Ready flag to 1 (figure 23.7).

Bus error conditions are shown below.
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Word access to address 4n+1 or 4n+3

Longword access to address 4n+1, 4n+2, or 4n+3
Longword access to on-chip 1/0 8-bit area
Access to external areain single-chip mode

A wDhPE

Table23.2 Ready Flag Format

Bit 3 Bit 2 Bit 1 Bit 0
Fixed at 0 0: Normal status 0: Normal status 0: Not ready
1: Bus error 1: Command error 1: Ready

AUDSYNC \

InputJoutput changeover

AUDATAR oooo A3[0A0 —--- A31mA28 0000 ----.—----

Not ready Ready Ready Ready

- » o »
- - -t -

Input Output

Figure23.5 Example of Read Operation (Byte Read)

AUDSYNC \ /

Input/output changeover

AUDATAN (00001110 X130 o) -------- (o5t 10023 {0000) -- ----- {0001 0001

Not ready Ready Ready Ready

-t - -t -

Input Output

Figure23.6 Example of Write Operation (Longword Write)

wo LT T T LL

AUDSYNC \ /

Input/output changeover

R = 0 0 S o - S S
DIR

Not ready Ready Ready Ready
(Bus error) (Bus error) (Bus error)
Input Output

Figure23.7 Exampleof Error Occurrence (Longword Read)
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235 Usage Notes

235.1 Initialization
The debugger'sinternal buffers and processing states are initialized in the following cases:

In a power-on reset

When AUDRST is driven low

When the AUDSRST hit in the SY SCR register is cleared to O (see section 24.2.2)
When the MSTP3 bit in the MSTCR2 register is set to 1 (see section 24.2.3)

A wDNPRE

23,52 Operation in Software Standby M ode

The debugger is not initialized in software standby mode. However, since this LSI'sinternal
operation halts in software standby mode:

1. When AUDMD is high (RAM monitor mode), Ready is not returned (Not Ready continues to
be returned).

However, when operating on an external clock, the protocol continues.

2. When AUDMD islow (branch trace mode), operation stops. However, operation continues
when software standby is rel eased.

2353  Setting the PA15/CK pin

Some debug tools have specification that the AUDCK signal is generated out of the CK signal.
Decide the pin function controller setting after reading the manual of the debug tool to be used.

23,54 Pin States

1. Module standby
AUDMD Z
AUDCK Z
AUDSYNC Z
AUDATA Z

2. AUDRST = low-level input

AUDMD Input

AUDCK (1) AUDMD = high: Input (2) AUDMD = low: High-level Output
AUDSYNC (1) AUDMD = high: Input (2) AUDMD = low: High-level Output
AUDRST Low-level input

AUDATA (1) AUDMD = high: Input (2) AUDMD = low: High-level Output
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3. Normal operation/software standby
AUDRST = 1

AUDMD Input
AUDCK (1) AUDMD = high: Input (2) AUDMD = low: Output
AUDSYNC (1) AUDMD = high: Input (2) AUDMD = low: Output

AUDRST High-level input
AUDATA (1) AUDMD = high: Input/Output (2) AUDMD = low: Output

2355 AUD Start-up Sequence
Follow the sequence described below to start up the AUD.

After selecting the AUD pin by the PFC, input at least three clocks to the AUDCK pin while
retaining the AUDRST pin at low level. Then, set the AUD reset bit (AUDSRST) in SYSCR to
clear the AUD reset. Low level input to the AUDRST pin and clock input to the AUDCK pin can
be started prior to the selection of the AUD pin by the PFC.
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Section 24 Power-Down Modes

In addition to the normal program execution state, this LS| has three power-down modes in which
operation of the CPU and oscillator is halted and power dissipation is reduced. Low-power
operation can be achieved by individually controlling the CPU, on-chip peripheral functions, and
S0 on.

This LSI's power-down modes are as follows:

e Sleep mode
» Software standby mode
e Module standby mode

Sleep mode indicates the state of the CPU, and module standby mode indicates the state of the on-
chip peripheral function (including the bus master other than the CPU). Some of these states can
be combined.

After areset, the LSI isin normal-operation mode.

Table 24.1 listsinternal operation states in each mode.
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Table24.1 Internal Operation Statesin Each Mode

Function Normal Operation Sleep Module Standby Software Standby
System clock pulse generator Functioning Functioning O Halted
CPU Functioning Halted (retained) O Halted (retained)
External NMI Functioning Functioning O Functioning
interrupts W
Peripheral UBC Functioning Functioning Halted (reset) Halted (retained)
functions DMAC Functioning Functioning Halted (reset) Halted (reset)
DTC
1c
1/O port Functioning Functioning O Halted (retained)
WDT Functioning Functioning ] Halted (retained)
SClI Functioning Functioning Halted (reset) Halted (reset)
A/D
MTU
CMT
H-UDI Functioning Functioning Halted (retained) Halted (retained)
AUD Functioning Functioning Halted (reset) Halted (reset)
ROM
RAM Functioning Functioning Halted (retained) Halted (retained)
Notes: 1. "Halted (retained)" means that the operation of the internal state is suspended, although
internal register values are retained.

2. "Halted (reset)" means that internal register values and internal state are initialized.

3. In module standby mode, only modules for which a stop setting has been made are
halted (reset or retained).

4. There are two types of on-chip peripheral module registers; ones which are initialized
by module standby mode or software standby mode, and those not initialized by that
mode. For details, refer to section 25.3, Register States in Each Operating Mode.

5. The port high-impedance bit (HIZ) in SBYCR sets the state of the 1/O port in software

standby mode. For details on the setting, refer to section 24.2.1, Standby Control
Register (SBYCR). For the state of pins, refer to Appendix A, Pin States.
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24.1  Input/Output Pins
Table 24.2 lists the pins relating to power-down mode.

Table24.2 Pin Configuration

Pin Name lfe] Function
RES Input Power-on reset input pin
MRES Input Manual reset input pin

24.2  Register Descriptions

Registers related to power down modes are shown below. For details on register addresses and
register states during each process, refer to section 25, List of Registers.

« Standby control register (SBY CR)

» System control register (SY SCR)

* Module standby control register 1 (MSTCRL)

* Module standby control register 2 (MSTCR?2)

2421 Standby Control Register (SBYCR)

SBY CR is an 8-bit readable/writable register that performs software standby mode control.

Bit Bit Name Initial Value R/W Description

7 SSBY 0 R/W Software Standby

This bit specifies the transition mode after executing
the SLEEP instruction.

0: Shifts to sleep mode after the SLEEP instruction
has been executed

1: Shifts to software standby mode after the SLEEP
instruction has been executed

This bit cannot be set to 1 when the watchdog timer
(WDT) is operating (when the TME bit in TCSR of the
WDT is set to 1). When transferring to software
standby mode, clear the TME bit to O, stop the WDT,
then set the SSBY bit to 1.
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Bit Bit Name Initial Value

R/W

Description

6 HIZ 0 R/W Port High-Impedance
In software standby mode, this bit selects whether the
pin state of the 1/O port is retained or changed to
high-impedance.
0: In software standby mode, the pin state is

retained.
1: In software standby mode, the pin state is
changed to high-impedance.

The HIZ bit cannot be set to 1 when the TME bit in
TCSR of the WDT is set to 1.
When changing the pin state of the 1/O port to high-
impedance, clear the TME bit to 0, then set the HIZ
bit to 1.

5 — 0 R Reserved
This bit is always read as 0, and should always be
written with 0.

4102 — All 1 R Reserved
These bits are always read as 1, and should always
be written with 1.

1 IRQEH 1 R/W IRQ7 to IRQ4 Enable
IRQ7 to IRQ4 interrupts are enabled to clear software
standby mode.
0: Enable to clear the software standby mode
1: Disable to clear the software standby mode

0 IRQEL 1 R/W IRQ3 to IRQO Enable

IRQ3 to IRQO interrupts are enabled to clear software
standby mode.

0: Enable to clear the software standby mode
1: Disable to clear the software standby mode
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2422  System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that performs AUD software reset control and
enables/disabl es the access to the on-chip RAM.

Bit Bit Name Initial Value R/W

Description

7,6 — All'1 R

Reserved

These bits are always read as 1, and should always
be written with 1.

5t02 — All 0 R

Reserved

These bits are always read as 0, and should always
be written with 0.

1 AUDSRST 0 R/W

AUD Software Reset

This bit controls the AUD reset by software. When O
is written to AUDSRST, AUD module shifts to power-
on reset state.

0: Shifts to AUD reset state.
1: Clears the AUD reset.

0 RAME 1 R/W

RAM Enable

This bit enables/disables the on-chip RAM.
0: On-chip RAM disabled

1: On-chip RAM enabled

When this bit is cleared to 0, the access the on-chip
RAM is disabled. In this case, an undefined value is
returned when reading or fetching the data or
instruction from the on-chip RAM, and writing to the
on-chip RAM is ignored.

When RAME is cleared to 0O to disable the on-chip
RAM, an instruction to access the on-chip RAM
should not be set next to the instruction to write to
SYSCR. If such an instruction is set, normal access is
not guaranteed.

When RAME is set to 1 to enable the on-chip RAM,
an instruction to read SYSCR should be set next to
the instruction to write to SYSCR. If an instruction to
access the on-chip RAM is set next to the instruction
to write to SYSCR, normal access is not guaranteed.
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2423 Module Standby Control Register 1 and 2 (MSTCR1 and MSTCR?2)

MSTCR, comprising two 16-bit readable/writable registers, performs module standby mode
control. Setting a bit to 1, the corresponding module enters module standby mode, while clearing
the bit to O clears the module standby mode.

MSTCR1

Bit Bit Name Initial Value R/W Description

15t0 12 — Alll R Reserved
These bits are always read as 1, and should always
be written with 1.

11 MSTP27 O R/W On-chip RAM

10 MSTP26 O R/W On-chip ROM

9 MSTP25 0 R/W Data transfer controller (DTC)

MSTP24 0 R/W Direct Memory Access Controller (DMAC)

Set the identical value to MSTP25 and MSTP24,
respectively. When setting module standby, write
b'11, while clearing, write b'00.

7,6 — AllO R Reserved

These bits are always read as 0, and should always
be written with 0.

MSTP21 1 R/W  I’C bus interface (IIC)

— 1 R Reserved

These bits are always read as 1, and should always
be written with 1.

3 MSTP19 1 R/W Serial communication interface 3 (SCI_3)
2 MSTP18 1 R/W Serial communication interface 2 (SCI_2)
1 MSTP17 1 R/W Serial communication interface 1 (SCI_1)
0 MSTP16 1 R/W Serial communication interface 0 (SCI_0)
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MSTCR2

Bit Bit Name Initial Value R/W Description

15,14 — All 1 R Reserved

This bit is always read as 1, and should always be
written with 1.

13 MSTP13 1 R/W Multi-function timer pulse unit (MTU)
12 MSTP12 1 R/W Compare match timer (CMT)
11to8 — All O R Reserved

These bits are always read as 0, and should always
be written with 0.

7,6 — All 1 R Reserved

These bits are always read as 1, and should always
be written with 1.

5 MSTP5 1 R/W A/D converter (A/D1)

4 MSTP4 1 R/W A/D converter (A/DO)

3 MSTP3 0 R/W Advanced user debugger (AUD)*

2 MSTP2 0 R/W Hitachi user debug interface (H-UDI)*

1 — 0 R Reserved
This bit is always read as 0, and should always be
written with 0.

0 MSTPO O R/W User break controller (UBC)

Note: * Although this bit can be read from/written to when using E10A (in DBGMD=H), AUD or H-
UDI is in normal operation regardless of the set value.
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243  Operation

2431 Sleep Mode

Transition to Sleep Mode: If SLEEP instruction is executed while the SSBY bit in SBY CR =0,
the CPU enters sleep mode. In sleep mode, CPU operation stops, however the contents of the
CPU'sinternal registers are retained. Peripheral functions except the CPU do not stop.

In sleep mode, data should not be accessed by the DMAC, DTC, or AUD.
Clearing Sleep Mode: Sleep mode is cleared by the conditions below.

» Clearing by the power-on reset
When the RES pin is driven low, the CPU enters the reset state. When the RES pin isdriven
high after the elapse of the specified reset input period, the CPU starts the reset exception
handling.
When an internal Power-on reset by WDT occurs, sleep mode is also cleared.

e Clearing by the manual reset
When the MRES pin is driven low while the RES pin is high, the CPU shifts to the manual
reset state and thus sleep mode is cleared.
When an internal manual reset by WDT occurs, sleep modeis also cleared.
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2432  Software Standby Mode

Transition to Software Standby Mode: A transition is made to software standby mode if the
SLEEP instruction is executed while the SSBY bit in SBY CR is set to 1. In this mode, the CPU,
on-chip peripheral functions, and the oscillator, all stop.

However, the contents of the CPU'sinternal registers and on-chip RAM data (when the RAME bit
in SYSCR is0) are retained as long as the specified voltage is supplied. There are two types of on-
chip peripheral module registers; ones which are initialized by software standby mode, and those
not initialized by that mode. For details, refer to section 25.3, Register Statesin Each Operating
Mode. The port high-impedance bit (HIZ) in SBY CR sets the state of the I/O port either to
"retained" or "high-impedance". For the state of pins, refer to Appendix A, Pin States. In software
standby mode, the oscillator stops and thus power consumption is significantly reduced.

Clearing Softwar e Standby M ode: Software standby mode is cleared by the condition below.

» Clearing by the NMI interrupt input
When the falling edge or rising edge of the NMI pin (selected by the NMI edge select bit
(NMIE) in ICR1 of the interrupt controller (INTC)) is detected, clock oscillation is started.
This clock pulseis supplied only to the watchdog timer (WDT).
After the elapse of the time set in the clock select bits (CKS2 to CKS0) in TCSR of the WDT
before the transition to software standby mode, the WDT overflow occurs. Since this overflow
indicates that the clock has been stabilized, clock pulse will be supplied to the entire chip after
this overflow. Software standby mode is thus cleared and the NM1 exception handling is
started.
When clearing software standby mode by the NMI interrupt, set CKS2 to CK SO0 bits so that the
WDT overflow period will be longer than the oscillation stabilization time.
When so& tware standby mode is cleared by the falling edge of the NMI pin, the NMI pin
should be high when the CPU enters software standby mode (when the clock pulse stops) and
should be low when the CPU returns from standby mode (when the clock isinitiated after the
oscillation stabilization). When software standby mode is cleared by the rising edge of the
NMI pin, the NMI pin should be low when the CPU enters software standby mode (when the
clock pulse stops) and should be high when the CPU returns from software standby mode
(when the clock isinitiated after the oscillation stabilization).

« Clearing by the RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation is started, clock pulse is supplied to the entire chip. Ensure that the RES pin is held
low until clock oscillation stabilizes. When the RES pin is driven high, the CPU starts the reset
exception handling.
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» Clearing by the IRQ interrupt input
When the falling edge or rising edge of the IRQ pin (selected by the IRQ7S to IRQOS bitsin
ICR1 of theinterrupt controller (INTC) and the IRQ7ES[1:0] to IRQOES[1:0] bitsin ICR2) is
detected, clock oscillation is started*. This clock pulseis supplied only to the watchdog timer
(WDT). The IRQ interrupt priority level should be higher than the interrupt mask level set in
the status register (SR) of the CPU before the transition to software standby mode.

After the elapse of the time set in the clock select bits (CKS2 to CKS0) in TCSR of the WDT
before the transition to software standby mode, the WDT overflow occurs. Since this overflow
indicates that the clock has been stabilized, clock pulse will be supplied to the entire chip after
this overflow. Software standby mode is thus cleared and the IRQ exception handling is
started.

When clearing software standby mode by the IRQ interrupt, set CKS2 to CKS0 bits so that the
WDT overflow period will be longer than the oscillation stabilization time.

When software standby mode is cleared by the falling edge or both rising and falling edges of
the IRQ pin, the IRQ pin should be high when the CPU enters software standby mode (when
the clock pulse stops) and should be low when the CPU returns from software standby mode
(when the clock isinitiated after the oscillation stabilization). When software standby mode is
cleared by the rising edge of the IRQ pin, the IRQ pin should be low when the CPU enters
software standby mode (when the clock pulse stops) and should be high when the CPU returns
from software standby mode (when the clock isinitiated after the oscillation stabilization).

Note: * If the IRQ pin setting is detection at the falling edge or detection at both rising and falling
edges, clock oscillation starts at the falling edge detection. If the setting is detection at the
rising edge, it starts at the rising edge detection. Do not set the IRQ pin to detection at the
low level.

Softwar e Standby Mode Application Example: Figure 24.1 shows an example in which a
transition is made to software standby mode at the falling edge of the NMI pin, and software
standby modeis cleared at arising edge of the NMI pin.

In this example, when the NMI pinis driven low while the NMI edge select bit (NMIE) in ICR1 is
0 (falling edge specification), an NMI interrupt is accepted. Then, the NMIE bit isset to 1 (rising
edge specification) in the NMI exception service routine, the SSBY bitin SBYCRisset to 1, and
aSLEEP instruction is executed to transfer to software standby mode.

Software standby mode is cleared at the rising edge of the NMI pin.
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Figure24.1 NMI Timingin Software Standby Mode (Application Example)

2433 Module Standby Mode
Module standby mode can be set for individual on-chip peripheral functions.

When the corresponding MSTP bit in MSTCR is set to 1, modul e operation stops at the end of the
bus cycle and atransition is made to module standby mode. The CPU continues operating
independently.

When the corresponding MSTP bit is cleared to 0, module standby modeis cleared and the
module starts operating at the end of the bus cycle. In some of the modules that have entered
modul e standby mode, register values are initialized. Therefore, set registers again when operating
the modules.

After reset clearing, the I°C, SCI, MTU, CMT, and A/D converter are in module standby mode.

The modules of registersin module standby mode cannot be read or written to.
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244  Usage Notes

24.4.1 1/O Port Status

When atransition is made to software standby mode while the port high-impedance bit (HIZ) in
SBYCRisO, I/O port states are retained. Therefore, thereis no reduction in current consumption
for the output current when a high-level signal is output.

2442  Current Consumption during Oscillation Stabilization Wait Period

Current consumption increases during the oscillation stabilization wait period.

2443 On-Chip Peripheral Module Interrupt

Relevant interrupt operations cannot be performed in module standby mode. Consequently, if the
CPU enters module standby mode while an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DMAC/DTC activation source.

Interrupts should therefore be disabled before entering module standby mode.

2444  Writingto MSTCR1 and MSTCR2

MSTCR1 and MSTCR2 should only be written to by the CPU.

2445 DMAC,DTC, or AUD Operation in Sleep Mode

In sleep mode, data should not be accessed by the DMAC, DTC, or AUD.
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Section 25 List of Registers

This section gives information on internal 1/O registers. The contents of this section are as follows:

. Register Address Table (in the order from alower address)
Registers are listed in the order from lower allocated addresses.

Asfor reserved addresses, the register name column isindicated with O . Do not access
reserved addresses.

Asfor 16- or 32-bit address, the M SB addresses are shown.
Thelist is classified according to module names.

. Register Bit Table

Bit configurations are shown in the order of the register addresstable.

Asfor reserved bits, the bit name column isindicated with O .

Asfor the blank column of the bit names, the whole register is allocated to the counter or data.
Asfor 16- or 32-bit registers, bits are indicated from the MSB.

. Register State in Each Operating Mode
Register states are listed in the order of the register address table.

Register states in the basic operating mode are shown. As for modules including their specific
states such as reset, see the sections of those modules.

25.1 Register Address Table (In the Order from Lower Addresses)

Access sizes are indicated with the number of bits. Access states are indicated with the number of
specified reference clock states. These values are those at 8-bit access (B), 16-bit access (W), or
32-bit access (L).

Note: Accessto undefined or reserved addresses is prohibited. Correct operation cannot be

guaranteed if these addresses are accessed.

Rev. 2.0, 09/02, page 633 of 732
RENESAS



NO. of NO. of Access

Register name abbreviation  bits Address Module Access size states
0 u} 0 H'FFFF8000 to O u} O
H'FFFF819F
Serial mode register_0 SMR_0 8 H'FFFF81A0 SCI 8,16 Pgreference
Bit rate register_0 BRR_0 8 H'FFFF81A1 (Channel 0) 8 B:2
Serial control register_0 SCR_0 8 H'FFFF81A2 8,16 W:4
Transmit data register_0 TDR_O 8 H'FFFF81A3 8
Serial status register_0 SSR 0 8 H'FFFF81A4 8,16
Receive data register_0 RDR_0 8 H'FFFF81A5 8
Serial direction control register_0 SDCR_0 8 H'FFFF81A6 8
O O O H'FFFF81A7 to O O
H'FFFF81AF
Serial mode register_1 SMR_1 8 H'FFFF81B0O SCI 8,16
Bit rate register_1 BRR_1 8 H'FFFF81B1 (Channel 1) 8
Serial control register_1 SCR_1 8 H'FFFF81B2 8,16
Transmit data register_1 TDR_1 8 H'FFFF81B3 8
Serial status register_1 SSR_1 8 H'FFFF81B4 8,16
Receive data register_1 RDR_1 8 H'FFFF81B5 8
Serial direction control register_1 SDCR_1 8 H'FFFF81B6 8
0 u} 0 H'FFFF81B7 to O u}
H'FFFF81BF
Serial mode register_2 SMR_2 8 H'FFFF81CO0 SCI 8,16
Bit rate register_2 BRR_2 8 H'FFFF81C1 (Channel 2) 8
Serial control register_2 SCR_2 8 H'FFFF81C2 8,16
Transmit data register_2 TDR_2 8 H'FFFF81C3 8
Serial status register_2 SSR_2 8 H'FFFF81C4 8,16
Receive data register_2 RDR_2 8 H'FFFF81C5 8
Serial direction control register_2 SDCR_2 8 H'FFFF81C6 8
O O O H'FFFF81C7 to O O
H'FFFF81CF
Serial mode register_3 SMR_3 8 H'FFFF81D0 SCI 8,16
Bit rate register_3 BRR_3 8 H'FFFF81D1 (Channel 3) 8
Serial control register_3 SCR_3 8 H'FFFF81D2 8,16
Transmit data register_3 TDR_3 8 H'FFFF81D3 8
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NO. of

NO. of Access

Register name abbreviation  bits Address Module Access size states
Serial status register_3 SSR_3 8 H'FFFF81D4 8,16 Pgreference
Receive data register_3 RDR_3 8 H'FFFF81D5 8 B:2
Serial direction control register_3 SDCR_3 8 H'FFFF81D6 8 W:4
O O O H'FFFF81D7 to O
H'FFFF81FF
Timer control register_3 TCR_3 8 H'FFFF8200 MTU 8, 16, 32 P@reference
Timer control register_4 TCR_4 8 H'FFFF8201 (Channels 3,4) 8 B:2
Timer mode register_3 TMDR_3 8 H'FFFF8202 8,16 w:2
Timer mode register_4 TMDR_4 8 H'FFFF8203 8 L4
Timer I/O control register H_3 TIORH_3 8 H'FFFF8204 8, 16, 32
Timer I/O control register L_3 TIORL_3 8 H'FFFF8205 8
Timer I/O control register H_4 TIORH_4 8 H'FFFF8206 8,16
Timer I/O control register L_4 TIORL_4 8 H'FFFF8207 8
Timer interrupt enable register_3 TIER_3 8 H'FFFF8208 8, 16, 32
Timer interrupt enable register_4 TIER_4 8 H'FFFF8209 8
Timer ou