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Notice

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

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always 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 ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. 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 Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of
any third-party's rights, originating in the use of any product data, diagrams, charts, pro-
grams, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers con-
tact Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis-
tributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. 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 Corp. by vari-
ous means, including the Renesas Technology Corp. Semiconductor home page (http://
www.renesas.com).

4. When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Renesas Technology Corp. assumes no responsibility for any damage, liabil-
ity or other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at
stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology
Corp. 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.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or repro-
duce in whole or in part these materials.

7. 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 im-
ported 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.

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




How to Use This Manual

1. Introduction
This hardware manual provides detailed information on the M32C/83 Group (M32C/83, M32C/83T) microcom-
puters. Users are expected to have basic knowledge of electric circuits, logical circuits and microcomputers.

2. Register Diagram
The symbols, and descriptions, used for bit function in each register are shown below.

XXX Register

*1
b7 b6 b5 b4 b3 b2 bl b0
LL [ fofo]X
- Symbol Address After Reset
T R A XXX XXX 0016
Bit Symbol Bit Name Function RW
b1b0 Vi *2
XXX0 0 0: XXX RW >/
XXX bit 0 1: XXX N
H 1 0: Do not set a value
et XXXL 113 XXX RW
' Nothing is assigned.
(b2) When write, set to "0". When read, its content is indeterminate. | — —*3
eeteeeaneeeand —— | Reservedbit — | setto "0" wo
(b4 - b3) *4
: —
: 1
L RLELE XXX5 — | rRw
. Function varies depending on mode
XXX bit .
H of operation
R e R TP L EEEE XXX6 RW
PP P PLEEEEP XXX7 | XXX bit 0: XXX RO
1: XXX
*1
Blank:Set to "0" or "1" according to the application
0: Set to "0"
1 Setto "1"
X: Nothing is assigned
*2

RW: Read and write
RO: Read only
WO: Write only
— Nothing is assigned
*3
» Reserved bit
Reserved bit. Set to specified value.
*4
« Nothing is assigned
Nothing is assigned to the bit concerned. As the bit may be use for future functions,
set to "0" when writing to this bit.
» Do not set a value
The operation is not guaranteed when a value is set.
« Function varies depending on mode of operation
Bit function varies depending on peripheral function mode.
Refer to respective register for each mode.



3. M16C Family Documents
The following documents were prepared for the M16C family. @

Document Contents
Short Sheet Hardware overview
Data Sheet Hardware overview and electrical characteristics
Hardware Manual Hardware specifications (pin assignments, memory maps, peripheral
specifications, electrical characteristics, timing charts)
Software Manual Detailed description of assembly instructions and microcomputer perfor-
mance of each instruction
Application Note * Application examples of peripheral functions
« Sample programs
« Introduction to the basic functions in the M16C family
« Programming method with Assembly and C languages
RENESAS TECHNICAL UPDATE | Preliminary report about the specification of a product, a document, etc.

NOTES::
1. Before using this material, please visit the our website to confirm that this is the most current document
available.
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Quick Reference by Address

Address Register Page | |Address Register Page
000016 003016
000116 003116
000216 003216
000316 003316
000416 |Processor Mode Register 0 (PMO0) 49 003416
000516 |Processor Mode Register 1 (PM1) 50 003516
000616 |System Clock Control Register 0 (CMO) 67 003616
000716 |System Clock Control Register 1 (CM1) 68 003716
000816 |[Wait Control Register 1 (WCR) 58 003816
000916 |Address Match Interrupt Enable Register (AIER) 107 003916
000A16 |Protect Register (PRCR) 88 003A16
000B16 [External Data Bus Width Control Register (DS) 52 003B16
000C16 [Main Clock Division Register (MCD) 69 003C16
000D16 |Oscillation Stop Detect Register (CM2) 70 003D16
000E16 |Watchdog Timer Start Register (WDTS) 003E16
000F16 |Watchdog Timer Control Register (WDC) 112 003F16
001016 004016 | DRAM Control Register (DRAMCONT) 360
001116 |[Address Match Interrupt Register 0 (RMADO) 107 004116 | DRAM Refresh Interval Set Register (REFCNT)
001216 004216
001316 004316
001416 004416
001516 |[Address Match Interrupt Register 1 (RMAD1) 107 004516
001616 004616
001716 [VDC Control Register for PLL (PLV) 72 004716
001816 004816
001916 |[Address Match Interrupt Register 2 (RMAD2) 107 004916
001A16 004A16
001B16 [VDC Control Register 0 (VDCO) - 004B16
001C16 004C16
001D16 |Address Match Interrupt Register 3 (RMAD3) 107 004D1s6
001E16 004E16
001F16 004F16
002016 005016
002116 005116
002216 005216
002316 005316
002416 005416
002516 005516
002616 005616
002716 005716 | Flash Memory Control Register 0 (FMRO) 395
002816 005816
002916 005916
002A16 005A16
002B16 005B16
002C16 005C16
002D16 005D16
002E16 005E16
002F16 005F16

Blank spaces are reserved. No access is allowed.

B-1



Quick Reference by Address

Address Register Page Address Register Page
006016 009016 | UARTO Transmit /NACK Interrupt Control Register (SOTIC)
006116 UART1 Bus Conflict Detect Interrupt Control Register (BCN1IC)/
006216 009116 | R4 Bus Conflict Detect Interrupt Control Register (BCNIC)
006316 009216 | UART1 Transmit/NACK Interrupt Control Register (S1TIC)
006416 009316 | Key Input Interrupt Control Register (KUPIC)
006516 009416 | Timer BO Interrupt Control Register (TBOIC)
006616 009516 | Intelligent 1/O Interrupt Control Register 1 (1101IC) 96
006716 009616 | Timer B2 Interrupt Control Register (TB2IC)
006816 | DMAO Interrupt Control Register (DMOIC) 009716 | Intelligent 1/O Interrupt Control Register 3 (1103IC)
006916 | Timer B5 Interrupt Control Register (TB5IC) 009816 | Timer B4 Interrupt Control Register (TB4IC)
006A16 | DMA2 Interrupt Control Register (DM2IC) 009916 | Intelligent 1/O Interrupt Control Register 5 (1105IC)
006B16 | UART2 Receive /ACK Interrupt Control Register (S2RIC) 009A16 | INT4 Interrupt Control Register (INT4IC) 97
006Cz16 | Timer AO Interrupt Control Register (TAOIC) 009B1s6 | Intelligent I/O Interrupt Control Register 7 (1107IC)| 96
006D16 | UART3 Receive /ACK Interrupt Control Register (S3RIC) 009C16 | INT2 Interrupt Control Register (INT2IC) 97
006E16 | Timer A2 Interrupt Control Register (TA2IC) Intelligent 1/O Interrupt Control Register 9 (1109IC)/
006F16 | UART4 Receive /ACK Interrupt Control Register (S4RIC) 009D1s CAN Interrupt O Control Register (CANOIC) 96
007016 | Timer A4 Interrupt Control Register (TA4IC) 009E16 | INTO Interrupt Control Register (INTOIC) 97
UARTO Bus Conflict Detect Interrupt Control Register (BCNOIC)/ 009F16 | Exit Priority Control Register (RLVL) 98
007116 UART3 Bus Conflict Detect Interrupt Control Register (BCN3IC) 96 00AO016 | Interrupt Request Register 0 (II0O0IR)
007216 | UARTO Receive/ACK Interrupt Control Register (SORIC) 00A116 | Interrupt Request Register 1 (II101IR)
007316 | A/IDO Conversion Interrupt Control Register (ADOIC) 00A216 | Interrupt Request Register 2 (I102IR)
007416 | UART1 Receive/ACK Interrupt Control Register (S1RIC) 00A316 | Interrupt Request Register 3 (II03IR)
007516 | Intelligent I/O Interrupt Control Register 0 (1100IC) 00A416 | Interrupt Request Register 4 (1104IR)
007616 | Timer B1 Interrupt Control Register (TB1IC) 00A516 | Interrupt Request Register 5 (IIO5IR) 109
007716 | Intelligent 1/O Interrupt Control Register 2 (1102IC) 00A616 | Interrupt Request Register 6 (II06IR)
007816 | Timer B3 Interrupt Control Register (TB3IC) 00A716 | Interrupt Request Register 7 (I107IR)
007916 | Intelligent I/O Interrupt Control Register 4 (1104IC) 00A81s6 | Interrupt Request Register 8 (1108IR)
007A16 | INTS Interrupt Control Register (INT5IC) 97 00A916 | Interrupt Request Register 9 (II09IR)
007B1s6 | Intelligent I/O Interrupt Control Register 6 (IIO6IC)| 96 00AAu1s6| Interrupt Request Register 10 (II010IR)
007Cz1s6 | INT3 Interrupt Control Register (INT3IC) 97 00AB1s6| Interrupt Request Register 11 (II011IR)
007D1s | Intelligent I/O Interrupt Control Register 8 (I108IC) | 96 00AC16
007E16 | INT1 Interrupt Control Register (INT1IC) 97 00AD16
Intelligent 1/O Interrupt Control Register 10 (I1010IC)/ 00AE16
007F16 CAN Interrupt 1 Control Register (CAN1IC) 96 00AF16
008016 00BO016 | Interrupt Enable Register 0 (IIO0IE)
Intelligent 1/O Interrupt Control Register 11 (II011IC)/ 00B116 | Interrupt Enable Register 1 (IIO1IE)
008116 | AN Interrupt 2 Control Register (CAN2IC) 96 | T00B216 | Interrupt Enable Register 2 (I102IE)
008216 00B316 | Interrupt Enable Register 3 (IIO3IE)
008316 00B416 | Interrupt Enable Register 4 (IIO4IE)
008416 00B516 | Interrupt Enable Register 5 (IIO5IE) 110
008516 00B616 | Interrupt Enable Register 6 (IIO6IE)
008616 | A/ID1 Conversion Interrupt Control Register (AD1IC)| 96 00B716 | Interrupt Enable Register 7 (IIO7IE)
008716 00B81s6 | Interrupt Enable Register 8 (IIO8IE)
008816 | DMAL Interrupt Control Register (DM1IC) 00B916 | Interrupt Enable Register 9 (IIO9IE)
008916 | UART2 Transmit /NACK Interrupt Control Register (S2TIC) 00BAu1s6| Interrupt Enable Register 10 (IIO10IE)
008A16 | DMA3 Interrupt Control Register (DM3IC) 00BB1s6| Interrupt Enable Register 11 (IIO11IE)
008B16 | UART3 Transmit /NACK Interrupt Control Register (S3TIC) 00BC16
008Cz16 | Timer Al Interrupt Control Register (TA1IC) 96 00BD16
008D16 | UART4 Transmit /NACK Interrupt Control Register (S4TIC) 00BE16
008E16 | Timer A3 Interrupt Control Register (TA3IC) 00BF16

008F16

UART2 Bus Conflict Detect Interrupt Control Register (BCN2IC)

Blank spaces are reserved. No access is allowed.
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Quick Reference by Address

Address Register Page | |Address Register Page
00CO016 |Group 0 Time Measurement Register 0 (GOTMO0)/ 00FO016 | Group 0 Data Compare Register 0 (GOCMPO)

00C116 |Group 0 Waveform Generation Register 0 (GOPOO0) 00F116 | Group 0 Data Compare Register 1 (GOCMP1)

00C216 |Group 0 Time Measurement Register 1 (GOTM1)/ 00F216 | Group 0 Data Compare Register 2 (GOCMP2)

00C316 | Group 0 Waveform Generation Register 1 (GOPO1) 00F316 | Group 0 Data Compare Register 3 (GOCMP3) 295
00C416 |Group O Time Measurement Register 2 (GOTM2)/ 00F416 | Group O Data Mask Register 0 (GOMSKO)

00Cb516 | Group 0 Waveform Generation Register 2 (GOPO2) 00F516 | Group O Data Mask Register 1 (GOMSK1)

00C616 | Group O Time Measurement Register 3 (GOTM3)/ 00F616

00C716 | Group 0 Waveform Generation Register 3 (GOPO3) | 259/ | [00F716

00C816 | Group 0 Time Measurement Register 4 (GOTM4)/ | 261 00F816 ) .

00C916 | Group 0 Waveform Generation Register 4 (GOPO4) 00F916 Group 0 Receive CRC Code Register (S0RCRC)
00CAZ16 | Group 0 Time Measurement Register 5 (GOTM5)/ 00FA16 . . 295
00CB16 | Group 0 Waveform Generation Register 5 (GOPO5) 00FB16 Group 0 Transmit CRC Code Register (G0TCRC)
00CC16 | Group 0 Time Measurement Register 6 (GOTM6)/ 00FCz1s6 | Group 0 SI/O Extended Mode Register (GOEMR) | 292
00CD16 | Group 0 Waveform Generation Register 6 (GOPO6) 00FDz16 | Group 0 SI/O Extended Receive Control Register (GOERC)| 293
00CEz16 | Group 0 Time Measurement Register 7 (GOTM7)/ O0O0FE16 | Group 0 SI/O Special Communication Interrupt Detect Register (GOIRF)| 294
00CF16 | Group 0 Waveform Generation Register 7 (GOPO7) 00FF16 | Group 0 SI/O Extended Transmit Control Register (GOETC)| 292
00DO016 |Group 0 Waveform Generation Control Register 0 (GOPOCRO) 010016 |Group 1 Time Measurement Register 0 (G1TMO0)/
00D116 | Group 0 Waveform Generation Control Register 1 (GOPOCR1) 010116 |Group 1 Waveform Generation Register 0 (G1POO0)
00D216 | Group 0 Waveform Generation Control Register 2 (GOPOCR2) 010216 | Group 1 Time Measurement Register 1 (G1TM1)/
00D316 | Group 0 Waveform Generation Control Register 3 (GOPOCR3) 259 010316 |Group 1 Waveform Generation Register 1 (G1PO1)
00D416 | Group 0 Waveform Generation Control Register 4 (GOPOCR4) 010416 |Group 1 Time Measurement Register 2 (G1TM2)/
00D516 | Group 0 Waveform Generation Control Register 5 (GOPOCRS) 010516 | Group 1 Waveform Generation Register 2 (G1P0O2)
00D616 | Group 0 Waveform Generation Control Register 6 (GOPOCR6) 010616 |Group 1 Time Measurement Register 3 (G1TM3)/
00D716 | Group 0 Waveform Generation Control Register 7 (GOPOCR7) 010716 | Group 1 Waveform Generation Register 3 (G1PO3)| 259/
00D816 | Group 0 Time Measurement Control Register 0 (GOTMCRO) 010816 |Group 1 Time Measurement Register 4 (G1TM4)/ | 261
00D916 | Group 0 Time Measurement Control Register 1 (GOTMCR1) 010916 |Group 1 Waveform Generation Register 4 (G1PO4)
00DAA16 | Group 0 Time Measurement Control Register 2 (GOTMCR2) 010A16 | Group 1 Time Measurement Register 5 (G1TM5)/
00DB16 | Group 0 Time Measurement Control Register 3 (GOTMCR3) 258 010B16 | Group 1 Waveform Generation Register 5 (G1PO5)
00DC16 | Group 0 Time Measurement Control Register 4 (GOTMCR4) 010C16 | Group 1 Time Measurement Register 6 (G1TM6)/
00DD16 | Group 0 Time Measurement Control Register 5 (GOTMCRS) 010D16 | Group 1 Waveform Generation Register 6 (G1PO6)
00DEZ16 | Group 0 Time Measurement Control Register 6 (GOTMCR6) 010E16 | Group 1 Time Measurement Register 7 (G1TM7)/
00DF16 | Group 0 Time Measurement Control Register 7 (GOTMCR7) 010F16 | Group 1 Waveform Generation Register 7 (G1PO7)
00EO16 011016 |Group 1 Waveform Generation Control Register 0 (GIPOCRO)
00El16 Group 0 Base Timer Register (GOBT) 253 011116 |Group 1 Waveform Generation Control Register 1 (GLPOCR1)
00E216 |Group 0 Base Timer Control Register 0 (GOBCRO) 011216 |Group 1 Waveform Generation Control Register 2 (GIPOCR2)
00E316 | Group 0 Base Timer Control Register 1 (GOBCR1) | 254 011316 | Group 1 Waveform Generation Control Register 3 (GLPOCR3)
00E416 |Group 0 Time Measurement Prescaler Register 6 (GOTPRG6) 258 011416 |Group 1 Waveform Generation Control Register 4 (GIPOCR4) 259
00ES516 |Group 0 Time Measurement Prescaler Register 7 (GOTPR7) 011516 |Group 1 Waveform Generation Control Register 5 (GIPOCRS5)
00E616 | Group 0 Function Enable Register (GOFE) 262 011616 |Group 1 Waveform Generation Control Register 6 (G1IPOCR6)
00E716 | Group 0 Function Select Register (GOFS) 011716 |Group 1 Waveform Generation Control Register 7 (G1IPOCR7)
00EB816 Group 0 SI/O Receive Buffer Register (GORB) 291 011816 |Group 1 Time Measurement Control Register 0 (G1TMCRO)
00E916 011916 |Group 1 Time Measurement Control Register 1 (G1TMCR1)
00EAu16 | Group 0 Transmit Buffer/Receive Data Register (GOTB/GODR)| 294 011A16 | Group 1 Time Measurement Control Register 2 (G1TMCR2)
00EB16 011B16 | Group 1 Time Measurement Control Register 3 (G1TMCR3)
00EC16 | Group 0 Receive Input Register (GORI) 289 011C1s6 | Group 1 Time Measurement Control Register 4 (G1TMCR4) 258
00ED16 | Group 0 SI/O Communication Mode Register (GOMR) | 291 011Dz1s6 | Group 1 Time Measurement Control Register 5 (G1TMCR5)
00EEz16 | Group 0 Transmit Output Register (GOTO) 289 011E16 | Group 1 Time Measurement Control Register 6 (G1TMCR®6)
00EF16 | Group 0 SI/O Communication Control Register (GOCR) | 290 011F16 | Group 1 Time Measurement Control Register 7 (G1TMCR7)

Blank spaces are reserved. No access is allowed.
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Quick Reference by Address

Address Register Page | [Address Register Page
012016 015016 | Group 2 Waveform Generation Control Register 0 (G2POCRO)
012116 Group 1 Base Timer Register (G1BT) 253 015116 | Group 2 Waveform Generation Control Register 1 (G2POCR1)
012216 | Group 1 Base Timer Control Register 0 (G1BCRO) 015216 | Group 2 Waveform Generation Control Register 2 (G2POCR2)
012316 | Group 1 Base Timer Control Register 1 (G1BCR1)| 254 015316 | Group 2 Waveform Generation Control Register 3 (G2POCR3) 260
012416 | Group 1 Time Measurement Prescaler Register 6 (G1TPR6) 015416 | Group 2 Waveform Generation Control Register 4 (G2POCR4)
012516 | Group 1 Time Measurement Prescaler Register 7 (G1TPR7) 258 015516 | Group 2 Waveform Generation Control Register 5 (G2POCRS5)
012616 | Group 1 Function Enable Register (G1FE) 262 015616 | Group 2 Waveform Generation Control Register 6 (G2POCR6)
012716 | Group 1 Function Select Register (G1FS) 015716 | Group 2 Waveform Generation Control Register 7 (G2POCR?7)
012816 | Group 1 SI/O Receive Buffer Register (GIRB) | 201 | |215816

012916 015916

012A16 | Group 1 Transmit Buffer/Receive Data Register (GITB/G1DR)| 294 015A16

012B16 015B16

012C16 | Group 1 Receive Input Register (G1RI) 289 015C16

012D16 | Group 1 SI/O Communication Mode Register (GIMR)| 291 015D16

012E16 | Group 1 Transmit Output Register (G1TO) 289 015E16

012F16 | Group 1 SI/O Communication Control Register (G1CR)| 290 015F16

013016 | Group 1 Data Compare Register 0 (G1CMPO) 016016 . )

013116 | Group 1 Data Compare Register 1 (GLCMP1) 016116 | GrOUP 2 Base Timer Register (G2BT) 253
013216 | Group 1 Data Compare Register 2 (G1CMP2) 295 016216 | Group 2 Base Timer Control Register 0 (G2BCRO)
013316 | Group 1 Data Compare Register 3 (G1CMP3) 016316 | Group 2 Base Timer Control Register 1 (G2BCR1)| 255
013416 | Group 1 Data Mask Register 0 (G1MSKO) 016416 | Base Timer Start Register (BTSR) 257
013516 | Group 1 Data Mask Register 1 (G1MSK1) 016516

013616 016616 | Group 2 Function Enable Register (G2FE) 262
013716 016716 | Group 2 RTP Output Buffer Register (G2RTP) 263
013816 016816

013916 Group 1 Receive CRC Code Register (GIRCRC) 016916

013A16 . 295 016A16 | Group 2 SI/O Communication Mode Register (G2MR)
013B16 Group 1 Transmit CRC Code Register (G1ITCRC) 016B16 | Group 2 SI/O Communication Control Register (G2CR) 307
013C16 | Group 1 SI/O Extended Mode Register (GIEMR) | 292 016C16 . )

013D16 | Group 1 SI/O Extended Receive Control Register (G1ERC)| 293 016D16 Group 2 SI/O Transmit Buffer Register (G2T8) 306
013E16 | Group 1 SI/O Special Communication Interrupt Detect Register (GLIRF)| 294 016E16 ) .

013F16 | Group 1 SI/O Extended Transmit Control Register (GIETC) 292 016F16 Group 2 SI/O Receive Buffer Register (G2RB)

014016 . . 017016 .

014116 Group 2 Waveform Generation Register 0 (G2PO0) 017116 Group 2 |IEBus Address Register (IEAR) 308
014216 . . 017216 | Group 2 IEBus Control Register (IECR)

014316 Group 2 Waveform Generation Register 1 (G2PO1) 017316 | Group 2 IEBus Transmit Interrupt Cause Detect Register (IETIF) 309
014416 . . 017416 | Group 2 IEBus Receive Interrupt Cause Detect Register (IERIF)
014516 Group 2 Waveform Generation Register 2 (G2P02) 017516

014616 017616

014716 Group 2 Waveform Generation Register 3 (G2P0O3) o1 017716

014816 ) ) 017816 | Input Function Select Register (IPS) 383
014916 Group 2 Waveform Generation Register 4 (G2P04) 017916

014A16 ) ) 017A16 | Group 3 SI/O Communication Mode Register (G3MR) 318
014B16 Group 2 Waveform Generation Register 5 (G2PO5) 017Bz16 | Group 3 SI/O Communication Control Register (G3CR)
014Cz1s 017C16 . .

014D1s Group 2 Waveform Generation Register 6 (G2P0O6) 017D1s Group 3 SI/O Transmit Buffer Register (G3TB) a1y

014E16
014F1e

Group 2 Waveform Generation Register 7 (G2PQO7)

017E1e6
017F16

Group 3 SI/O Receive Buffer Register (G3RB)

Blank spaces are reserved. No access is allowed.
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Quick Reference by Address

Address Register Page [ |Address Register Page
018016 . . 01BO016

018116 Group 3 Waveform Generation Register 0 (G3POO0) 01B116

018216 . . 01B216

018316 Group 3 Waveform Generation Register 1 (G3PO1) 01B316

018416 . . 01B416

018516 Group 3 Waveform Generation Register 2 (G3P0O2) 01B516

018616 . . 01B616

018716 Group 3 Waveform Generation Register 3 (G3PO3) 261 01B716

018816 . . 01B816

018916 Group 3 Waveform Generation Register 4 (G3P0O4) 01B916

018A16 . . 01BA16

018B16 Group 3 Waveform Generation Register 5 (G3PO5) 01BB16

018C16 . . 01BCi6

018D16 Group 3 Waveform Generation Register 6 (G3PO6) 01BD16

018E16 . . 01BE16

018F16 Group 3 Waveform Generation Register 7 (G3PO7) 01BF16

019016 |Group 3 Waveform Generation Control Register 0 (G3POCRO0) 01CO016 .

019116 |Group 3 Waveform Generation Control Register 1 (G3POCR1) 01C1l16 A/D1 Register 0 (AD10)

019216 |Group 3 Waveform Generation Control Register 2 (G3POCR2) 01C216 )

019316 | Group 3 Waveform Generation Control Register 3 (G3POCR3) 260 01C316 A/D1 Register 1 (AD11)

019416 |Group 3 Waveform Generation Control Register 4 (G3POCR4) 01C416 )

019516 |Group 3 Waveform Generation Control Register 5 (G3POCR5) 01C516 A/D1 Register 2 (AD12)

019616 |Group 3 Waveform Generation Control Register 6 (G3POCR6) 01C616 .

019716 |Group 3 Waveform Generation Control Register 7 (G3POCR7) 01C716 A/D1 Register 3 (AD13) 233
019816 . . 01C816 .

019916 Group 3 Waveform Generation Mask Register 4 (G3MK4) 01C916 A/D1 Register 4 (AD14)

019A16 . . 01CA16 .

019B16 Group 3 Waveform Generation Mask Register 5 (G3MK5) 261 01CB16 A/D1 Register 5 (AD15)

019C16 . . 01CCi16 .

019D16 Group 3 Waveform Generation Mask Register 6 (G3MK6) 01CD16 A/D1 Register 6 (AD16)

019E16 . . 01CE16 .

019F16 Group 3 Waveform Generation Mask Register 7 (G3MK7) 01CF16 A/D1 Register 7 (AD17)

01A016 . . 01DO016

01A116 Group 3 Base Timer Register (G3BT) 253 01D116

01A216 | Group 3 Base Timer Control Register 0 (G3BCRO) 01D216

01A316 | Group 3 Base Timer Control Register 1 (G3BCR1)| 256 01D316

01A416 01D416 | A/ID1 Control Register 2 (AD1CON2) 233
01A516 01D516

01A616 | Group 3 Function Enable Register 1 (G3FE) 262 01D616 | A/D1 Control Register 0 (AD1CONO) 231
01A716 |Group 3 RTP Output Buffer Register 1 (G3RTP) 263 01D716 | A/D1 Control Register 1 (AD1CON1) 232
01A816 01D816

01A916 01D916

01AA16 01DA16

01AB16 01DB16

01AC16 01DC16

01AD16 | Group 3 SI/O Communication Flag Register (G3FLG)| 319 01DD16

01AEz16 01DE16

01AF16 01DF16

Blank spaces are reserved. No access is allowed.
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Address Register Page Address Register Page
01EO16 | CANO Message Slot Buffer 0 Standard ID0 (COSLOTO_0) 021016

O1E116 | CANO Message Slot Buffer 0 Standard ID1 (C0SLOTO_1)| >0 | 021116 | CANO SlotInterrupt Mask Register (COSIMKR) 340
01E216 | CANO Message Slot Buffer 0 Extended ID0 (COSLOTO_2) 021216

01E316 | CANO Message Slot Buffer 0 Extended ID1 (COSLOTO_3) 351 021316

01E416 | CANO Message Slot Buffer 0 Extended ID2 (COSLOTO_4) 021416 | CANO Error Interrupt Mask Register (COEIMKR) 341
01E516 | CANO Message Slot Buffer 0 Data Length Code (COSLOTO_5) 352 021516 | CANO Error Interrupt Status Register (COEISTR) 342
01E616 | CANO Message Slot Buffer 0 Data 0 (COSLOTO_6) 021616

01E716 | CANO Message Slot Buffer 0 Data 1 (COSLOTO0_7) 021716 | CANO Baud Rate Prescaler (COBPR) 337
01E816 | CANO Message Slot Buffer 0 Data 2 (COSLOTO0_8) 021816

01E916 | CANO Message Slot Buffer 0 Data 3 (COSLOT0_9) 021916

01EA16| CANO Message Slot Buffer 0 Data 4 (COSLOTO_10) 021A16

01EB16| CANO Message Slot Buffer 0 Data 5 (COSLOTO_11) 353 021B16

01EC16| CANO Message Slot Buffer 0 Data 6 (COSLOT0_12) 021C1s

01ED16| CANO Message Slot Buffer 0 Data 7 (COSLOT0_13) 021D1s6

01EE16| CANO Message Slot Buffer O Time Stamp High-Order (COSLOTO_14) 021E16

01EF16 | CANO Message Slot Buffer O Time Stamp Low-Order (COSLOT0_15) 021F16

01FO016 | CANO Message Slot Buffer 1 Standard ID0 (COSLOT1_0) 022016

01F116 | CANO Message Slot Buffer 1 Standard ID1 (COSLOT1_1) 350 022116

01F216 | CANO Message Slot Buffer 1 Extended IDO (COSLOT1_2) 022216

01F316 | CANO Message Slot Buffer 1 Extended ID1 (COSLOT1_3) 351 022316

01F416 | CANO Message Slot Buffer 1 Extended ID2 (COSLOT1_4) 022416

01F516 | CANO Message Slot Buffer 1 Data Length Code (COSLOT1_5) 352 022516

01F616 | CANO Message Slot Buffer 1 Data 0 (COSLOT1_6) 022616

01F716 | CANO Message Slot Buffer 1 Data 1 (COSLOT1_7) 022716

01F816 | CANO Message Slot Buffer 1 Data 2 (COSLOT1_8) 022816 | CANO Global Mask Register Standard IDO (COGMRO0) | 343
01F916 | CANO Message Slot Buffer 1 Data 3 (COSLOT1_9) 022916 | CANO Global Mask Register Standard ID1 (COGMR1)

01FA16 | CANO Message Slot Buffer 1 Data 4 (COSLOT1_10) 022A16 | CANO Global Mask Register Extended ID0 (COGMR2) 344
01FB16 | CANO Message Slot Buffer 1 Data 5 (COSLOT1_11) 353 022B16 | CANO Global Mask Register Extended ID1 (COGMR3)
01FC16| CANO Message Slot Buffer 1 Data 6 (COSLOT1_12) 022C16 | CANO Global Mask Register Extended ID2 (COGMR4) 345
01FD16| CANO Message Slot Buffer 1 Data 7 (COSLOT1_13) 022D16

01FE16 | CANO Message Slot Buffer 1 Time Stamp High-Order (COSLOT1_14) 022E16

01FF16 | CANO Message Slot Buffer 1 Time Stamp Low-Order (COSLOT1_15) 022F16

020016 . CANO Message Slot 0 Control Register (COMCTLOQ)/| 346/
020116 | CANO Control Register0 (COCTLRO) 326 | 023016 | ~xNo Local Mask Register A Standard IDO (COLMARO) | 343
020216 . CANO Message Slot 1 Control Register (COMCTL1)/
020316 | CANO Status Register (COSTR) 331 | 023116 | - AN Local Mask Register A Standard ID1 (COLMAR1) | 344/
020416 . CANO Message Slot 2 Control Register (COMCTL2)/| 346/
020516 | CANO Extended ID Register (COIDR) 333 | 1023216 | - AN Local Mask Register A Extended 1D0 (COLMAR?)
020616 . . . CANO Message Slot 3 Control Register (COMCTL3)/
020716 | CANO Configuration Register (COCONR) 334 | 023316 | - AN Local Mask Register A Extended ID1 (COLMAR3)| 345
020816 ) . CANO Message Slot 4 Control Register (COMCTL4)/| 346/
020916 | CANO Time Stamp Register (COTSR) 336 | 92346 | CANO Local Mask Register A Extended ID2 (COLMAR4)
020A16 | CANO Transmit Error Count Register (COTEC) 023516 | CANO Message Slot 5 Control Register (COMCTLS5)
020B16 | CANO Receive Error Count Register (COREC) 337 023616 | CANO Message Slot 6 Control Register (COMCTL6)| 346
020C16 . 023716 | CANO Message Slot 7 Control Register (COMCTL7)
020D16 CANO Slot Interrupt Status Register (COSISTR) 338 CANO Message Slot 8 Control Register (COMCTL8)/| 346/
020E16 023816 | - ANO Local Mask Register B Standard 1D0 (COLMBRO)| 343
020F16




Quick Reference by Address

Address

Register

Page

02C016
02Cl16

X0 Register YO Register (XOR,YOR)

02C216
02C316

X1 Register Y1 Register (X1R,Y1R)

02C416
02C516

X2 Register Y2 Register (X2R,Y2R)

02C616
02C716

X3 Register Y3 Register (X3R,Y3R)

02C816
02C916

X4 Register Y4 Register (X4R,Y4R)

02CA16
02CB16

X5 Register Y5 Register (X5R,Y5R)

02CC16
02CD1s6

X6 Register Y6 Register (X6R,Y6R)

Address Register Page

CANO Message Slot 9 Control Register (COMCTL9)/
023916 | -ANO Local Mask Register B Standard ID1 (COLMBR1) | 344

CANO Message Slot 10 Control Register (COMCTL10)/| 346/
023A16 |- ANO Local Mask Register B Extended ID0 (COLMBR2)

CANO Message Slot 11 Control Register (COMCTL11)/
023B16 | ANO Local Mask Register B Extended ID1 (COLMBR3)| 345

CANO Message Slot 12 Control Register (COMCTL12)/| 346/
023C16 |- ANO Local Mask Register B Extended ID2 (COLMBRA)
023D16 |CANO Message Slot 13 Control Register (COMCTL13)
023E16 |CANO Message Slot 14 Control Register (COMCTL14)| 346
023F16 |CANO Message Slot 15 Control Register(COMCTL15)
024016 |CANO Slot Buffer Select Register (COSBS) 349
024116 |CANO Control Register 1 (COCTLR1) 329
024216 |CANO Sleep Control Register (COSLPR) 330
024316
024416

CANO Acceptance Filter Support Register (COAFS)| 354

024516

02CE16
02CF16

X7 Register Y7 Register (X7R,Y7R)

02D016
02D116

X8 Register Y8 Register (X8R,Y8R)

02D216
02D316

X9 Register Y9 Register (X9R,Y9R)

02D416
02D516

X10 Register Y10 Register (X10R,Y10R)

02D616
02D716

X11 Register Y11 Register (X11R,Y11R)

02D816
02D916

X12 Register Y12 Register (X12R,Y12R)

02DA16
02DB16

X13 Register Y13 Register (X13R,Y13R)

02DC16
02DD1s6

X14 Register Y14 Register (X14R,Y14R)

02DE16
02DF16

X15 Register Y15 Register (X15R,Y15R)

246

02EO016

XY Control Register (XYC)

245

02E116

02E216

02E316

02E416

UART1 Special Mode Register 4 (ULSMR4)

180

02E516

UART1 Special Mode Register 3 (ULSMR3)

179

02E616

UART1 Special Mode Register 2 (UISMR2)

178

02E716

UART1 Special Mode Register (U1SMR)

177

02E816

UART1 Transmit/Receive Mode Register (UIMR)

02E916

UART1 Baud Rate Register (U1BRG)

175

02EA16
02EB16

UART1 Transmit Buffer Register (U1TB)

174

02EC16

UART1 Transmit/Receive Control Register 0 (U1CO0)

176

02ED16

UART1 Transmit/Receive Control Register 1 (U1C1)

177

02EE16
02EF16

UART1 Receive Buffer Register (U1RB)

174

Blank spaces are reserved. No access is allowed.
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Quick Reference by Address

Address Register Page Address Register Page
02F016 032016

02F116 032116

02F216 032216

02F316 032316

02F416 | UART4 Special Mode Register 4 (U4ASMR4) 180 032416 | UART3 Special Mode Register 4 (U3SMR4) 180
02F516 | UART4 Special Mode Register 3 (U4SMR3) 179 032516 | UART3 Special Mode Register 3 (U3SMR3) 179
02F616 | UART4 Special Mode Register 2 (U4SMR2) 178 032616 | UART3 Special Mode Register 2 (U3SMR2) 178
02F716 | UART4 Special Mode Register (U4SMR) 177 032716 | UART3 Special Mode Register (U3SMR) 177
02F816 | UART4 Transmit/Receive Mode Register (U4MR) 032816 | UART3 Transmit/Receive Mode Register (U3MR)
02F916 | UART4 Baud Rate Register (U4ABRG) 175 032916 | UART3 Baud Rate Register (U3SBRG) 175
02FA16 032A16

02FB16 UART4 Transmit Buffer Register (U4TB) 174 032B16 UART3 Transmit Buffer Register (U3TB) 174
02FC16 | UART4 Transmit/Receive Control Register 0 (U4C0)| 176 032C16| UART3 Transmit/Receive Control Register 0 (U3C0)| 176
02FD16 | UART4 Transmit/Receive Control Register 1 (U4C1)| 177 032D16| UART3 Transmit/Receive Control Register 1 (U3C1)| 177
02FE16 032E16

02FF16 UART4 Receive Buffer Register (U4RB) 174 032F16 UART3 Receive Buffer Register (U3RB) 174
030016 | Timer B3,B4,B5 Count Start Flag (TBSR) 154 033016

030116 033116

030216 033216

030316 Timer Al-1 Register (TA11) 033316

030416 ) . 033416 | UART2 Special Mode Register 4 (U2SMR4) 180
030516 | |'Mmer A2-1 Register (TA21) 167 | 033516 | UART2 Special Mode Register 3 (U2SMR3) 179
030616 | ) 033616 | UART2 Special Mode Register 2 (U2SMR2) 178
030716 | |'Mer A4-1 Register (TA41) 033716 | UART2 Special Mode Register (U2SMR) 177
030816 | Three-Phase PWM Control Register 0 (INVCO) 164 033816 | UART2 Transmit/Receive Mode Register (U2MR)
030916 | Three-Phase PWM Control Register 1 (INVC1) | 165 | |033916 | UART2 Baud Rate Register (U2BRG) 175
030A16 | Three-Phase Output Buffer Register 0 (IDBO) 033A16 . )

030B16 | Three-Phase Output Buffer Register 1 (IDB1) 166 | |033B16| VARTZ Transmit Buffer Register (U2TB) 174
030C16 | Dead Time Timer (DTT) 033C16| UART2 Transmit/Receive Control Register 0 (U2C0)| 176
030D16 | Timer B2 Interrupt Generation Frequency Set Counter (ICTB2)| 167 033D16| UART2 Transmit/Receive Control Register 1 (U2C1)| 177
030E16 033E16

030F16 033F16 UART2 Receive Buffer Register (U2RB) 174
031016 | . 034016 | Count Start Flag (TABSR) 137
031116 | |'Mer B3 Register (TB3) 034116 | Clock Prescaler Reset Flag (CPSRF) 71
031216 | . 034216 | One-Shot Start Flag (ONSF) 138
031316 | | IMer B4 Register (TB4) 152 | 534316 | Trigger Select Register (TRGSR) 139
031416 | . 034416 | Up-Down Flag (UDF) 138
031516 Timer B5 Register (TB5) 034516

031616 034616

031716 034716 Timer AO Register (TAO)

031816 034816

031916 034916 Timer Al Register (TAL)

031A16 034A16

031B16 | Timer B3 Mode Register (TB3MR) 034B16| | 'Mer A2 Register (TA2) 136
031Cz16 | Timer B4 Mode Register (TB4MR) 153 034C16| .

031D16 | Timer BS Mode Register (TB5SMR) 034D1s| | 'Mer A3 Register (TA3)

031E1e 034E16| _ .

031F16 | External Interrupt Cause Select Register (IFSR) 105 034F16 Timer A4 Register (TA4)

Blank spaces are reserved. No access is allowed.
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Blank spaces are reserved. No access is allowed.

Address Register Page Address Register Page
035016 038016

035116 Timer BO Register (TBO) 038116 A/DO Register0 (AD00)

035216 038216

035316 Timer B1 Register (TB1) 152 038316 A/DO Registerl (AD01)

035416 038416

035516 Timer B2 Register (TB2) 038516 A/DO Register2 (AD02)

035616 | Timer AO Mode Register (TAOMR) 038616 )

035716 | Timer AL Mode Register (TALMR) 038716 | /D0 Registers (ADO3)

035816 | Timer A2 Mode Register (TA2MR) 137 038816 ) 230
035916 | Timer A3 Mode Register (TA3MR) 038916 | /D0 Register4 (AD04)

035A16 | Timer A4 Mode Register (TAAMR) 038A16 )

035B16 | Timer BO Mode Register (TBOMR) 038816 | /D0 Register5 (ADOS)

035C16 | Timer B1 Mode Register (TB1IMR) 153 038C16 )

035D16 | Timer B2 Mode Register (TB2MR) 038D16| /PO Register6 (ADOG)

035E16 | Timer B2 Special Mode Register (TB2SC) 167 038E16 )

035F16 | Count Source Prescaler Register (TCSPR) 71 038F16 A/DO Register7 (ADO7)

036016 039016

036116 039116

036216 039216

036316 039316

036416 | UARTO Special Mode Register 4 (UOSMR4) 180 039416 | A/IDO Control Register 2 (ADOCON2) 230
036516 | UARTO Special Mode Register 3 (UOSMR3) 179 039516

036616 | UARTO Special Mode Register 2 (UOSMR2) 178 039616 | A/DO Control Register 0 (ADOCONO) 228
036716 | UARTO Special Mode Register (UOSMR) 177 039716 | A/DO Control Register 1 (ADOCON1) 229
036816 | UARTO Transmit/Receive Mode Register (UOMR) 039816 | D/A Register 0 (DAO) 242
036916 | UARTO Baud Rate Register (UOBRG) 175 039916

036A16 ) ) 039A16 | D/A Register 1 (DAL) 242
036B16 UARTO Transmit Buffer Register (UOTB) 174 039B16

036C16 | UARTO Transmit/Receive Control Register 0 (UOC0)| 176 039C16| D/A Control Register (DACON) 242
036D16 | UARTO Transmit/Receive Control Register 1 (UOC1)| 177 039D16

036E16 039E16

036F16 UARTO Receive Buffer Register (UORB) 174 039F16

037016

037116

037216

037316

037416

037516

037616 | PLL Control Register 0 (PLCO) 72

037716 | PLL Control Register 1 (PLC1) 73

037816 | DMAO Cause Select Register (DMOSL)

037916 | DMA1 Cause Select Register (DM1SL)

037A16 | DMA2 Cause Select Register (DM2SL) 116

037B16 | DMA3 Cause Select Register (DM3SL)

037C16 )

037D16 CRC Data Register (CRCD) 243

037E16 | CRC Input Register (CRCIN)

037F16
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Address Register Page | |Address Register Page
03A016 | Function Select Register A8 (PS8) 376 03DO016 | Port P14 Register (P14)

03Al16 | Function Select Register A9 (PS9) 377 03D116 | Port P15 Register (P15) 372
03A216 03D216 | Port P14 Direction Register (PD14)

03A316 03D316 | Port P15 Direction Register (PD15) 37t
03A416 03D416

03A516 03D516

03A616 03D616

03A716 03D716

03A816 03D816

03A916 03D916

03AA16 03DA16 | Pull-Up Control Register 2 (PUR2) 381
03AB16 03DB1s6 | Pull-Up Control Register 3 (PUR3)

03AC16 03DC1s6| Pull-Up Control Register 4 (PUR4) 382
03AD16 03DD16

03AE16 03DE16

03AF16 | Function Select Register C (PSC) 380 03DF16

03B016 | Function Select Register A0 (PS0) 03EO016 | Port P14 Register (P0)

03B116 | Function Select Register A1 (PS1) 373 03E1l16 | Port P14 Register (P1) 372
03B216 | Function Select Register BO (PSLO) 03E216 | Port P14 Direction Register (PDO0)

03B316 | Function Select Register B1 (PSL1) 38 03E316 | Port P14 Direction Register (PD1) 3n
03B416 | Function Select Register A2 (PS2) 03E416 | Port P14 Register (P2)

03B516 | Function Select Register A3 (PS3) 374 03E516 | Port P14 Register (P3) 372
03B616 | Function Select Register B2 (PSL2) 03E616 | Port P14 Direction Register (PD2)

03B716 | Function Select Register B3 (PSL3) 379 03E716 | Port P14 Direction Register (PD3) 3n
03B816 03EB816 | Port P14 Register (P4)

03B916 | Function Select Register A5 (PS5) 375 03E916 | Port P14 Register (P5) 372
03BA16 03EA16 | Port P14 Direction Register (PD4)

03BB16 03EB16 | Port P14 Direction Register (PD5) 3n
03BC1s6 | Function Select Register A6 (PS6) 375 03EC16

03BD16 | Function Select Register A7 (PS7) 376 03ED16

03BE16 03EE16

03BF16 03EF16

03CO016 | Port P6 Register (P6) 03FO016 | Pull-Up Control Register 0 (PURO)

03C116 | Port P7 Register (P7) 372 03F116 | Pull-Up Control Register 1 (PUR1) 381
03C216 | Port P6 Direction Register (PD6) 03F216

03C316 | Port P7 Direction Register (PD7) 3n 03F316

03C416 | Port P8 Register (P8) 03F416

03C516 | Port P9 Register (P9) 372 03F516

03C616 | Port P8 Direction Register (PD8) 03F616

03C716 | Port P9 Direction Register (PD9) 3n 03F716

03C816 | Port P10 Register (P10) 03F816

03C916 | Port P11 Register (P11) 372 03F916

03CA16 | Port P10 Direction Register (PD10) 03FA16

03CBu16 | Port P11 Direction Register(PD11) 3n 03FB16

03CCazie|Port P12 Register (P12) 03FC16

03CDaz1s6| Port P13 rRegister (P13) 312 03FD16

03CEu16 | Port P12 Direction Register (PD12) 03FE16

03CF16 | Port P13 Direction Register (PD13) 37t 03FF16 | Port Control Register (PCR) 383

Blank spaces are reserved. No access is allowed.
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RENESAS

M32C/83 Group (M32C/83, M32C/83T)
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

1. Overview

The M32C/83 Group (M32C/83, M32C/83T) microcomputer is a single-chip control unit that utilizes high-
performance silicon gate CMOS technology with the M32C/80 Series CPU core. The M32C/83 Group
(M32C/83, M32C/83T) is available in 144-pin and 100-pin plastic molded LQFP/QFP packages.

With a 16-Mbyte address space, this microcomputer combines advanced instruction manipulation capabili-
ties to process complex instructions by less bytes and execute instructions at higher speed.

It includes a multiplier and DMAC adequate for office automation, communication devices and industrial
equipments, and other high-speed processing applications.

1.1 Applications
Automobiles, audio, cameras, office equipment, communications equipment, portable equipment, etc.

Rev. 1.31 Jan.31,2006 Pagel of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.2 Performance Overview

Tables 1.1 and 1.2 list performance overview of the M32C/83 Group (M32C/83, M32C/83T).

Table 1.1 M32C/83 Group (M32C/83, M32C/83T) Performance (144-Pin Package)

Characteristic

Performance

M32C/83 | M32C/83T

CPU Basic Instructions

108 instructions

Minimum Instruction Execution Time

31.3 ns ({(BCLK)=32 MHz, Vcc=4.2 10 5.5 V)®)31.3 ns ({(BCLK)=32 MHz, Vcc=4.210 5.5 V)
50 ns (f(BCLK)=20 MHz, Vcc=3.0 10 5.5 V)

Operating Mode

Single-chip mode, Memory expansion
mode and Microprocessor mode

Single-chip mode

Address Space

16 Mbytes

Memory Capacity

See Table 1.3

Peripheral | I/O Port

123 1/O pins and 1 input pin

Function |Multifunction Timer

Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit

Intelligent 1/0

Time measurement function: 16 bits x 12 channels

Waveform generating function: 16 bits x 28 channels

Communication function (Clock synchronous serial 1/0, Clock asynchronous se-
rial 1/0, HDLC data processing, Clock synchronous variable length serial /O,
IEBus(), 8-hit or 16-hit Clock synchronous serial 1/0)

Serial /10

5 Channels
Clock synchronous serial 1/0, Clock asynchronous serial /0, IEBus(®), 12C bus(®

CAN Module

1 channel Supporting CAN 2.0B specification

A/D Converter

10-bit A/D converter: 2 circuit, 34 channels

D/A Converter

8 bits x 2 channels

DMAC 4 channels

DMAC I Can be activated by all peripheral function interrupt sources
Immediate transfer, Calculation transfer and Chain transfer functions

DRAM CAS before RAS refresh, Self-reflesh, EDO, EP

CRC Calculation Circuit

CRC-CCITT

XIY Converter

16 bits x 16 bits

Watchdog Timer

15 bits x 1 channel (with prescaler)

Interrupt

42 internal and 8 external sources, 5 software sources, Interrupt priority level: 7

Clock Generation Circuit

4 circuits

Main clock oscillation circuit(*), Sub clock oscillation circuit(*), On-chip oscillator,
PLL frequency synthesizer

(*)Equipped with a built-in feedback resistor. Ceramic resonator or crystal oscilla-
tor must be connected externally

Oscillation Stop Detect Function

Main clock oscillation stop detect function

Electrical |Supply Voltage
Charact-
eristics

4.2 t0 5.5 V (f(BCLK)=32 MHz)

3.0t0 5.5 V (f(BCLK)=20 MHz, through VDC)
3.0t0 3.6 V (f(BCLK)=20 MHz,

not through VDC)

4210 5.5 V (f(BCLK)=32 MHz)

Power Consumption

41 mA (Vcc=5 V, f(BCLK)=32 MHz)
38 mA (Vce=5 V, f(BCLK)=30 MHz)
26 mA (Vcc=3.3 V, f(BCLK)=20 MHz)
470 pA (Vce=5V, f(XCIN)=32 kHz,

in wait mode)

340 pA (Vce=3.3 V, f(XcIN)=32 kHz,
through VDC, in wait mode)

5.0 pA (Vcc=3.3 V, f(XcIN)=32 kHz,
not through VDC, in wait mode)

0.4 pA (Vce=5V, stop mode)

0.4 pA (Vcc=3.3 V, stop mode)

41 mA (Vcc=5 V, f(BCLK)=32 MHz)
38 mA (Vce=5 V, VF(BCLK)=30 MHz)
470 pA (Vee=5 V, f(XcIN)=32 kHz,

in wait mode)

0.4 pA (Vce=5V, stop mode)

Flash Program/Erase Supply Voltage

33+03Vor50+05V 50x05V

Memory |Program and Erase Endurance

100 times

Operating Ambient Temperature

—20 to 85°C, —40 to 85°C (optional) |—4O to 85°C (T version)

Package

144-pin plastic molded LQFP

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
3. Contact our sales office if 30-MHz or higher frequency is required.

All options are on a request basis.
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M32C/83 Group (M32C/83, M32C/83T) 1. Overview

Table 1.2 M32C/83 Group (M32C/83, M32C/83T) Performance (100-Pin Package)

Characteristic Performance
M32C/83 | M32C/83T
CPU Basic Instructions 108 instructions
Minimum Instruction Execution Time | 31.3 ns (f(BCLK) = 32 MHz, Vcc=4.2t0 5.5 V) 31.3 ns (f(BCLK) = 32 MHz, Vcc=4.2t0 5.5 V)
50 ns (f(BCLK) = 20 MHz, Vcc=3.0t0 5.5 V)
Operating Mode Single-chip mode, Memory expansion | Single-chip mode
mode and Microprocessor mode
Address Space 16 Mbytes
Memory Capacity See Table 1.3
Peripheral |1/O Port 87 1/0 pins and 1 input pin
Function | Multifunction Timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit
Intelligent 1/0 Time measurement function: 16 bits x 5 channels

Waveform generating function: 16 bits x 10 channels
Communication function (Clock synchronous serial I/O, Clock asynchronous se-
rial 1/0, HDLC data processing, Clock synchronous variable length serial 1/0O,

IEBus(®)
Serial I/O 5 Channels
Clock synchronous serial I/O, Clock asynchronous serial /0, IEBus®), 12C bus(®
CAN Module 1 channel Supporting CAN 2.0B specification
A/D Converter 10-bit A/D converter: 2 circuits, 26 channels
D/A Converter 8 bits x 2 channels
DMAC 4 channels
DMAC I Can be activated by all peripheral function interrupt sources
Immediate transfer, Calculation transfer and Chain transfer functions
CRC Calculation Circuit CRC-CCITT
XY Converter 16 bits x 16 bits
Watchdog Timer 15 bits x 1 channel (with prescaler)
Interrupt 42 internal and 8 external sources, 5 software sources
Interrupt priority level: 7
Clock Generation Circuit 4 circuits

Main clock oscillation circuit(*), Sub clock oscillation circuit(*), On-chip oscillator,
PLL frequency synthesizer

(*)Equipped with a built-in feedback resistor. Ceramic resonator or crystal oscillator
must be connected externally

Oscillation Stop Detect Function Main clock oscillation stop detect function
Electrical | Supply Voltage 4.2105.5V (f(BCLK)=32 MHz) 4.2 10 5.5V (f(BCLK)=32 MHz)
Charact- 3.0t0 5.5V (f(BCLK)=20 MHz, through VDC)
eristics 3.0t0 3.6 V (f(BCLK)=20 MHz, not through VDC)
Power Consumption 41 mA (Vcc=5V, f(BCLK)=32 MHz) 41 mA (Vcec=5V, f(BCLK)=32 MHz)
38 mA (Vce=5 V, f(BCLK)=30 MHz) 38 mA (Vce=5 V, VF(BCLK)=30 MHz)
26 mA (Vcc=3.3 V, f(BCLK)=20 MHz)  |470 pA (Vcc=5 V, f(XcIN)=32 kHz,
470 pA (Vce=5V, f(XCIN)=32 kHz, in wait mode)
in wait mode) 0.4 pA (Vce=5V, stop mode)

340 pA (Vcec=3.3 V, f(XcIN)=32 kHz,
through VDC, in wait mode)

5.0 pA (Vcc=3.3 V, f(XCIN)=32 kHz,
not through VDC, in wait mode)

0.4 pA (Vce=5V, stop mode)

0.4 pA (Vcc=3.3 V, stop mode)

Flash Program/Erase Supply Voltage 33x03Vor50+05V 5005V

Memory | Program and Erase Endurance 100 times

Operating Ambient Temperature —20 to 85°C, —40 to 85°C (optional) | —40 to 85°C (T version)
Package 100-pin plastic molded LQFP/QFP

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.

2. 12C bus is a trademark of Koninklijke Philips Electronics N. V.

3. Contact our sales office if 30-MHz or higher frequency is required.
All options are on a request basis.
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M32C/83 Group (M32C/83, M32C/83T) 1. Overview

1.3 Block Diagram
Figure 1.1 shows a block diagram of the M32C/83 Group (M32C/83, M32C/83T) microcomputer.

R M M MU M M M

[ PortPo | [ PortP1 | | PortP2 | | PortP3 | | PortPa | | PortPs | | Portpe | [ PortP7 |

Peripheral Functions

A/D Converter: Clock Generation Circuit
2 circuits XIN - XouT
Timer (16 bits) Standard: 18 i_nputS‘(Zz)) XCIN - XcouT
Timer A: 5 channels Maximum: 34 inputs On-chip Oscillator
Timer B: 6 channels PLL Frequency Synthesizer
- UART/Clock Synchronous Serial I/O:
Three-phase Motor Control Circuit 5 channels | DMAG |
Watchdog Timer (15 bits) X/Y Converter:
16 bits x 16 bits | DMACII |
D/A Converter : P .
CRC Calculation C t (CCITT):
(8 bits x 2 channels) a;ﬂé';(’?z;)r(‘;‘fl( RN DRAMC |
Intelligent /O M32C/80 Series CPU Core
(4 Groups) Memory
Time Measurement: 12 channe(lzs)(z) ROH | ROL | I FLG ]
Wave Generating: 28 channels'
Communication Functions: RiH | RiL | | INTB | ROM
Clock Synchronous Serial /O, UART, R2 | | ISP |
IEBus, HDLC Data Processing, 8-bit or -
16-bit Clock Synchronous Serial /10 R3 | | ysk | RAM
A0 ] | PC ]
CAN Module AL | [ sv__]
FB | [ SVP |
SB ] I VCT ] | Multiplier |
[ PortP1s | | PortP1a || PortP13 | [ PortP12 | | PortP11 | [ PortPio || PortPo |[P8s || Portps |

SRR S S WA WA S "
Ve ¥: %2 ¥a  ¥s Y& ¥s | s
— _

———

(Notel)

NOTES:
1. Ports P11 to P15 are provided only in the 144-pin package.
2. Included only in the 144-pin package.
3. Can be used only in the 144-pin package.

Figure 1.1 M32C/83 Group (M32C/83, M32C/83T) Block Diagram
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.4 Product Information

Table 1.3 lists the product information. Figure 1.2 shows the product numbering system.

Table 1.3 M32C/83 Group (1) (M32C/83)

As of January, 2006

Type Number Package Type C;g\,(\:/ilty C;gzz/lity Remarks
M30835FJGP PLQPO144KA-A (144P6Q-A)
M30833FJGP PLQPO0100KB-A (100P6Q-A) 512K 31K Flash Memory
M30833FJFP PRQP0100JB-A (100P6S-A)
Table 1.3 M32C/83 Group (2) (T Version, M32C/83T) As of January, 2006
Type Number Package Type C;glz:/ilty Caig::/lity Remarks
Flash Memory
M30833FJTGP PLQPO100KB-A (100P6Q-A) | 512K 31K (Hi; rY reerlsi:b”i“ty
85°C Version)

Please contact our sales office for V version information.

30 83

_GP
L

Package Type:

FP = Package PRQP0100JB-A (100P6S-A)
GP = Package PLQPO100KB-A (100P6Q-A)
Package PLQP0144KA-A (144P6Q-A)

Classification:
Blank = General Industrial Use
T =T Version

ROM Capacity:
J =512 Kbytes

Memory Type:
F = Flash Memory Version

RAM Capacity, Pin Count, etc.
(Value itself has no specific meaning)

M32C/83 Group

M16C Family

Figure 1.2 Product Numbering System
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.5 Pin Assignment

Figures 1.3 to 1.5 show pin assignments (top view).

Ds/Plo

ANO7/ D7/ P07

ANOs / D6 / P06

ANOs / Ds / P0s

ANO4 /D4 / P04

P114

OUTC13/P113

BELIN/ ISRXD1 / OUTC12/ INPC12 / P112
ISCLK1/ OUTC11 /INPC11/ P111
BELouT/ ISTXD1/ OUTC10/ P110
ANO3 / D3/ P03

ANO2 / D2 / P02

ANO1/D1/P01

ANOo / Do / P00

INPCO7 / AN157 / P157

INPCOs / AN156 / P156

OUTCOs / INPCOs / AN155 / P155
OUTCO4 / INPCO4 / AN154 / P154
INPCO3 / AN153 / P153

BEOIN / ISRXDO / INPCO2 / AN152 / P152
ISCLKO / OUTCO1 / INPCO1 / AN151 / P151
Vss

BEOoUT / ISTXDO / OUTCO0 / INPCO0 / AN150 / P150
Vee

Ki3/ AN7 / P107

Ki2 / ANs / P106

Kii/ANs / P10s

Klo/ AN4 / P104

AN3/ P103

AN2/ P102

AN1/P101

AVss

ANo/ P100

VREF

Avce

STxD4 / SCL4 / RxD4 | ADTRG / P97

Bttt sttt it tstestestettesestesd

<—p P11/D9

[1]
[2]
(=]

<—p P12/D10

J107]

«—p P16/D14/INT4

«—p P15/D13/INT3
«—p P17/D15/INTS

o
S
=

102

(5]
7]

NOTES:

-

CLK4 /ANEXO / P95 ==
CLK3/TBOIN/ P90 =i

SRxD4 / SDA4 /| TxD4 | ANEX1 / P96 ati

SS3/RTS3/CTS3/TB3IN/DAO /P93 == [ 4 |

SS4/RTS4/CTS4/TB4IN/ DAL/ P94
IEouT / ISTXD2 / OUTC20 / SRXD3 / SDA3 / TXD3 / TB2IN / P92 <=

IEIN/ ISRXD2 / STXxD3 / SCL3/RxD3 / TB1IN / P91 <= [ 6 |

1.P64/CTS1/RTS1/SS1/OUTC21/ISCLK2
2. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
3. P70 and P71 are ports for the N-channel open drain output.

«—p P20/A0 (/Do) /AN20

w00 ~——~—
dNgsLen = 239 INER-E R
o AV A VA SV SV SV ) 2 - ialalyalyal
2222222 o §95 o222
L LI LI T -z Tx=2==
P N R
T Ao <sner o ®®Ra83ITI238
< <

5583885 ¢ 00pppgssss
STTTTIT T 23333%%F5%%
1223283 & 223382 a<3<%
T332 T STeEssssss
SSg83tern0sgS988d g3y
JAQILLRIG88TTNNTNBEBaS
faanaaadesaaaaacandea

MR R ) REE
slsl[=]sll=][s]=]l=]=]=]=]=]l=] =]l =] =]

M32C/83 GROUP
(M32C/83, M32C/83T)

[
IR HEHHIE
coaaadpz<<|fx << ~~=
Tess ©zsl |§|§§|T_‘|E§
5883 S 3 3
0000 X 3 zlzlzlz <
2255 X ZES
2020 g s3k
~ o o E )
58 > 0z8
0L 0o
EE I E
33 &3
® 0
o=
33
2F
o @

a

<

o

a

[80] = P36/A14 (MAs) (/D14)

BEOIN / ISRXDO / INPCO2 / U / TA4OUT / P80 =

CANIN / ISCLKO / OUTCO1 / INPCO1 / TASIN / P77 at=—ppr

CANouT / BEOOUT / ISTXDO / OUTCO0 / INPCO0 / TA30OUT / P76 i

[79] «—» P37/A15 (MA7) (/D15)

[ 78]

[30]
[31]

- P40/A16 (MA8)
- P41/A17 (MA9)

BELIN/ISRXD1/OUTC12/INPC12/ W [ TA2IN / P75 etmeipm

[75]

[33]

BE1ouT /ISTxD1/OUTC10/SS2/RTS2/CTS2/V /TALIN/ P73 ageps

ISCLK1/QUTC11/INPC11/ W / TA20UT / P74 et

-—p= P42/A18 (MA10)

Vee
<—p= P43/A19 (MA11)

| 73]

[34]
[36]

-—

CLK2/V/TAlout /P72

) |EIN / ISRXD2 / OUTC22 / STXD2 / SCL2 / RxD2 / TAOIN / TB5IN / P71 et

PEOIELEETLLEETesdetdtitesdsttstesy

PLQPO144KA-A
(144P6Q-A)

P44/ CS3/A20 (MA12)

P45/ CS2 1 A21

P46/ CS1 / Az2
P47/CS0/A23

P125/ OUTC35

P126/ OUTC36
P127/OUTC37

P50/ WRL / WR / CASL
P51/ WRH / BHE / CASH
P52/ RD / DW

P53/ CLKOUT / BCLK / ALE
P130/ OUTC24
P131/OUTC25

Vee

P132/ OUTC26

Vss

P133/ OUTC23

P54/ HLDA / ALE

P55/ HOLD

P56/ ALE / RAS

P57/RDY
P134/OUTC20/ ISTXD2 / IEoUT
P135/ OUTC22 / ISRXD2 / IEIN
P136/ OUTC21 / ISCLK2
P137/OUTC27

P60/ CTSO/ RTS0 / S50
P61/ CLKO

P62/ RxD0 / SCLO / STXDO
P63/ TXDO / SDAO / SRXDO
P6alt)

P65/ CLKL

Vss

P66 / RxD1/ SCLL/ STXD1
Vee

P67/ TxD1/ SDAL/ SRxD1
P702 3

Figure 1.3 Pin Assignment for 144-Pin Package
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package

Eig Control | poy |INEITUPL 0 pipy UART/CAN Pin Intelligent 1/0 Pin Analog | g5 Control Pin®
Pin Pin Pin

1 P96 TxD4/SDA4/SRxD4 ANEX1
2 P9s CLK4 ANEXO0
3 P94 TB4IN CTS4/RTS4/SS4 DAl
4 P93 TB3IN CTS3/RTS3/SS3 DAO
5 P92 TB2iN TxD3/SDA3/SRxD3 OUTC20/IEouT/ISTXD2
6 P91 TB1IN RxD3/SCL3/STxD3 IEIN/ISRXD2
7 P90 TBOIN CLK3
8 P14e
9 P14s

10 P144

11 P143 INPC17/OUTC17

12 P142 INPC16/OUTC16

13 P141 OUTC1s

14 P140 OUTC14

15 [BYTE

16 |CNVss

17 | Xcin/VeonTt | P87

18 | Xcout P86

19 |RESET

20 | XouTt

21 | Vss

22 | XIN

23 |Vcc

24 P8s NMi

25 P84 | INTZ

26 P83 | INTL CANIN

27 P82 | INTO CANout OUTC32/ISRxD3

28 P81 TA4INU OUTC30/ISTXD3

29 P8o TA4ouT/U INPCO02/ISRxDO/BEOIN

30 P77 TA3IN CANIN INPC01/0OUTCO01/ISCLKO

31 P76 TA3ouTt CANouTt INPC00/OUTCO00/ISTXxDO/BEOoOUT

32 P75 TA2IN/W INPC12/0UTC12/ISRXxD1/BE1IN

33 P74 TA20uT/W INPC11/OUTC11/ISCLK1

34 P73 TALINV CTS2/RTS2/SS2 OUTC10/ISTxD1/BELouT

35 P72 TAlout/V CLK2

36 P71 TB5IN/TAOIN | RxD2/SCL2/STxD2 OUTC22/ISRXD2/IEIN

37 P70 TAOouT TxD2/SDA2/SRxD2 OUTC20/ISTxD2/IEouT

38 P67 TxD1/SDA1/SRxD1

39 |Vce

40 P66 RxD1/SCL1/STxD1

41 |Vss

42 P65 CLK1

43 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2

44 P63 TxDO/SDA0/SRxD0O

45 P62 RxDO/SCL0/STxDO

46 P61 CLKO

47 P60 CTSO0/RTS0/SS0

48 P137 ouTC27

NOTES:
1. Bus control pins in M32C/83T cannot be used.
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package (Continued)

Eig Colg‘itr:"' Port Int(;rir#pt Timer Pin UART/CAN Pin Intelligent 1/0 Pin Arl‘fi‘:]‘)g Bus Control Pin®
49 P13e OUTC21/ISCLK2
50 P13s OUTC22/ISRxD2/IEIN
51 P134 OUTC20/ISTxD2/IEout
52 P57 RDY
53 P56 ALE/RAS
54 P55 HOLD
55 P54 HLDAJALE
56 P133 OUTC23
57 | Vss
58 P132 OUTC2s
59 [ Vcc
60 P131 OUTC2s
61 P130 OUTC24
62 P53 CLKout/BCLK/ALE
63 P52 RD/DW
64 P51 WRH/BHE/CASH
65 P50 WRL/WR/CASL
66 P127 OUTC37
67 P12s OUTC3s
68 P12s OUTC3s
69 P47 CS0/Az3
70 P4s CS1/A2
71 P4s CS2/Az1
72 P44 CS3/A20(MA12)
73 P43 A19(MA11)
74 | Vcc
75 P42 A18(MA10)
76 [ Vss
77 P41 A17(MA9)
78 P40 A16(MAB)
79 P37 A15(MA7)(/D1s)
80 P36 A14(MA6)(/D14)
81 P3s A13(MAs)(/D13)
82 P34 A12(MA4)(/D12)
83 P33 A11(MA3)(/D11)
84 P32 A10(MA2)(/D10)
85 P31 Ag(MA1)(/Dg)
86 P124 OUTC34
87 P123 OUTC33
88 P122 OUTC32/ISRxD3
89 P121 OUTC31/ISCLK3
90 P120 OUTC30/ISTXD3
91 [ Vcc
92 P30 As(MAO0)(/Ds)
93 [ Vss
94 P27 AN27 A7(/D7)
95 P26 AN26 As(/De)
96 P25 AN25 As(/Ds)
NOTES:
1. Bus control pins in M32C/83T cannot be used.
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package (Continued)

Ellg C?Dr?;rol Port Intgri;]upt Timer Pin UART/CAN Pin Intelligent 1/O Pin Ar;ail:"og Bus Control Pin®
97 P24 AN24 A4(/D4)
98 P23 AN23 A3(/D3)
99 P22 AN22 A2(/D2)
100 P21 AN21 A1(/D1)
101 P20 AN20 Ao(/Do)
102 P17 |INT5 Dis
103 Pls | INT4 D14
104 Pls  |INT3 D13
105 Pla D12
106 P13 D1
107 P12 Dio
108 P11 Do
109 Plo Ds
110 P07 ANO7 D7
111 POs ANOs Ds
112 P0Os ANOs Ds
113 P04 ANO4 D4
114 P11a

115 P113 OUTC13

116 P112 INPC12/OUTC12/ISRXD1/BE1iN

117 P111 INPC11/OUTC11/ISCLK1

118 P11o OUTC10/ISTxD1/BElout

119 P03 ANO3 D3
120 P02 ANO2 D2
121 P01 ANO1 D1
122 P0Oo ANOo Do
123 P157 INPCO7 AN157

124 P156 INPCOs AN156

125 P155 INPC05/OUTCO5 AN155

126 P154 INPC04/OUTCO04 AN154

127 P153 INPCO3 AN153

128 P152 INPCO02/ISRxDO/BEQIN AN152

129 P151 INPC01/OUTCO01/ISCLKO AN151

130]| Vss

131 P150 INPC00/OUTCO00/ISTXDO/BEQouT AN150

132]| Vcc

133 P107 | Kis AN7

134 P10s | Kl2 ANg

135 P10s | Kz ANs

136 P10s4 | Klo AN4

137 P103 AN3

138 P102 AN2

139 P101 AN1

140]| AVss

141 P100 ANo

142 | VREF

143]| AVcc

144 P97 RxD4/SCL4/STxD4 ADTRG

NOTES:

1. Bus control pins in M32C/83T cannot be used.
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1. Overview

M32C/83 Group (M32C/83, M32C/83T)

(TIVN ) 6TV / E7d <
(o1vI) 81V / 2vd <«
(6YN) L1V / Trd <>
8YIN ) 9TV / Ovd <=

(

(s1a/) (LVW) STV / L6d <>
(v1a /) (9VIN) IV / 96d <>
(era/) (sYW) €1V / Sed <«

(zra/) (vwwW) ety / ved
(ma/) (evin) TIv/ eed <>
(ota/) (evW) 01y / 2ed <>
(6a/) (VW) 6Y/ TEd 4>

20A
(8a/) (ov)8v/0ed 4>

SSA
LZNY/ (2Q1) 29[ L2d <>
9ZNV/ (9 /) 9V /92d <
SZNY/ (A /) SV/Sed <>
vZNv/ (vQ /) vV /ved <
€ZNV/ (€Q/)ev/eed <>
22NV / (20 /) ev/ezd <>
TZNV/ (1a/) Y/ T2d <>
0ZNY/ (0a/)0V/02d <>

SINI/STA/ LTd <+
7ANI/ 710/ 9Td <
€LNI/ €10/ STd <
21a/vTd <+
A/ eTd <>
01 /2Td <+
60/1Td <>
80/ 0Td <>

> P47/ CS0/A23

49 |4 P45/ CS2/A21
48 (¢ P46/ CS1/A22

50 [« P44 / CS3 / A20 (MA12)

m
o
@
Far}

|« P50/ WRL/ WR / CASL
4> P51/ WRH / BHE / CASH
|« P52 /RD/ DW

[43 J&—> P53/ CLKOUT / BCLK / ALE

[42 |4 P54/

HLDA/ALE
HOLD

CTSO/RTS0/SS0

RDY

35 |« P63/ TxDO / SDAO / SRXDO
32 |« P66/ RxD1/SCL1/STxD1
31 [« P67/ TxD1/ SDA1/ SRxD1

34 |&—» P64

36 |4 P62/ RxDO0 / SCLO / STXDO

39 |¢—> P57/
[38 J«—> P60/
37 J¢—> P61/ CLKO
33 J&— P65 / CLK1

[40 J«—> P56 / ALE / RAS

[41 e P55/

N

S EERREEEEEEEEERRRE I

O

M32C/83 GROUP
(M32C/83, M32C/83T)

J

O

O

\

0 | > 0.d / LNOOVL / 2AXL / 2¥AS / 2XdS / 02DLNO / ZaXLSI / Ln0lg)
62 | «—»T.d /NISEL/ NIOVL / 20X¥ / 210S / 2AXLS / 22DLNO / 2aXaS| / Nidlg)
82 | «—>2.d [ LNOTYL/ A 21D

2] 4—»£Ld [NITYL/ A/ ZSLO / 2S1¥d / 2SS / 0TOLNO / TAXLSI / LNOT3g
92 | 4—»v.d / LNOZYL/ M/ TTOdNI / TTOLNO / TH1OSI

SZ | 4—»S.d /NiZvL / M/ ZTOdNI / ZTOLNO / TAXYSI /NIT3E

2 | 4—9.d / LNOEVL / 000dNI / 00DLNO / 0OXLSI / LN003g / LNONYD

[ €2 | 4> 24d / NIVL/ T0DdNI / T0DLNO / OMTISI / NINVO

22| «—»08d / LNOYYL / N / 200dNI/ 0QXHSI / NIO38

TZ | 4—»18d /NIpYL/ N/ 0EDLNO / EQXLSI

02 ] «—»28d / OLNI / LNONYO / ZEDLNO / £AXYS]

6T | +—>£8d / TLNI/ NINVD

8T | +—>8d / ZINI

LT]<— s8d / IAN

9T | <— A

ST | <— NIX

VT | <— SSA

[€T]— 1nox

2T | +— 1353y

TT | €4 98d / LNODX

OT |<— 8d / NIOX / LNODOA

[ 6 |4— ssand

'8 |«— 31A9

[ 2 ] «—>06d /NiogL/ €510

[0 |«—>16d /NITEL/£0XM [ €10S / EQXLS / 2AXHSI / N3

['S |<—>26d /NizaL/ €axL/ £vAS / £QXES / 02DLNO / 2AXLSI / LNO|

[ v |«—>c6d/0va/NigaL/ESLO / ESLY / ESS

| € |« v6d / TV /NivaL/ ¥SLO / ¥SLY | bSS
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3. P70 and P71 are ports for the N-channel open drain output.

1.P64/CTS1/RTS1/SS1/0UTC21/ISCLK2
2. P97 /ADTRG / RxD4 / STxD4 / SCL4

NOTES:

Figure 1.4 Pin Assignment for 100-Pin Package
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1. Overview
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3. P71/ TAOIN/ TB5IN / RxD2 / SCL2 / STxD2 / OUTC22 / ISRXD2 / IEIN
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2. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
4. P70 and P71 are ports for the N-channel open drain output.

1.P64/CTS1/RTS1/SS1/0UTC21/ISCLK2

NOTES:

Figure 1.5 Pin Assignment for 100-Pin Package
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package

Package
Pin N% C%’?EOI Port Intg}:}upt Timer Pin UART/CAN Pin Intelligent 1/O Pin A';?Log Bus Control Pin()
FP | GP
1 | 99 P9 TxD4/SDA4/SRXD4 ANEX1
2 |100 P95 CLK4 ANEXO0
3 1 P94 TB4IN CTS4/RTS4/SS4 DA1
4| 2 P93 TB3IN CTS3/RTS3/SS3 DAO
5| 3 P92 TB2IN TxD3/SDA3/SRxD3 | OUTC20/IEQUT/ISTXD2
6| 4 P91 TBLIN RxD3/SCL3/STXD3 | IEIN/ISRXD2
71 5 P9 TBOIN CLK3
8 | 6|BYTE
9 7 | CNVss
10 8 | Xcin/Veont | P87
11 9 | Xcout P86
12 | 10 | RESET
13 11 | Xout
14 12 | Vss
15 13 | XiN
16 14 | Vcce
17 | 15 P85 | NMI
18 | 16 P84 | INT2
19 | 17 P83 | INT1 CANIN
20 | 18 P82 | INTO CANout OUTC32/ISRxD3
21 | 19 P81 TA4IN/U OUTC30/ISTXD3
22 20 P8o TA4ouT/U INPCO02/ISRXxDO/BEOQIN
23 | 21 P77 TA3IN CANIN INPC01/OUTC01/ISCLKO
24 | 22 P76 TA3out CANouTt INPC00/OUTCO00/ISTXDO/BEQouUT
25 | 23 P75 TA2INW INPC12/OUTC12/ISRXD1/BELIN
26 | 24 P74 TA20UT/W INPC11/0OUTC11/ISCLK1
27 | 25 P73 TALNV CTS2/RTS2/SS2 OUTC10/ISTXD1/BElout
28 26 P72 TAlout/V CLK2
29 | 27 P71 TBS5IN/TAOIN | RXxD2/SCL2/STXD2 | OUTC22/ISRXD2/IEIN
30 | 28 P70 TAOOUT TxD2/SDA2/SRxD2 | OUTC20/ISTXxD2/IEQUT
31 | 29 P67 TxD1/SDA1/SRxD1
32 | 30 P66 RxD1/SCL1/STxD1
33 | 31 P65 CLK1
34 | 32 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2
35 | 33 P63 TxDO/SDAO/SRXD0
36 | 34 P62 RXDO/SCLO/STXDO
37 | 35 P61 CLKO
38 | 36 P60 CTSO/RTS0/SS0
39 | 37 P57 RDY
40 | 38 P56 ALE/RAS
41 | 39 P5s HOLD
42 | 40 P54 HLDA/ALE
43 | 41 P53 CLKouT/BCLK/ALE
44 | 42 P52 RD/DW
45 | 43 P51 WRH/BHE/CASH
46 | 44 P50 WRL/WR/CASL
47 | 45 P47 CSO0/A23
48 | 46 P4s CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P4a CS3/A20(MA12)
NOTES:
1. Bus control pins in M32C/83T cannot be used.
Rev. 1.31 Jan.31,2006 Page 12 of 488 RRENESAS
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package (Continued)

Package
Pin N% Ccl)jr?rt{ol Port Intgriaupt Timer Pin | UART/CAN Pin Intelligent 1/O Pin Anslilr?g Bus Control Pin®
FP| GP
51| 49 P43 A19(MA11)
52| 50 P42 A18(MA10)
53| 51 P41 A17(MAg)
54| 52 P40 A16(MASg)
55| 53 P37 A15(MA7)(/D15)
56 | 54 P3s A14(MA6)(/D14)
57| 55 P35 A13(MAs5)(/D13)
58 | 56 P34 A12(MA4)(/D12)
59| 57 P33 A11(MA3)(/D11)
60 | 58 P32 A10(MA2)(/D10)
61| 59 P31 A9(MA1)(/D9)
62| 60| Vcc
63| 61 P30 As(MAO0)(/Ds)
64| 62| Vss
65| 63 P27 AN27 A7(/D7)
66 | 64 P26 AN26 As(/Ds)
67| 65 P25 AN25 As(/Ds)
68| 66 P24 AN24 A4(/D4)
69 | 67 P23 AN23 A3(/D3)
70| 68 P22 AN22 A2(/D2)
71| 69 P21 AN21 A1(/D1)
72| 70 P20 AN20 Ao(/Do)
73| 711 P17 |INT5 D15
74| 72 Pls |INT4 D14
75| 73 Pls | INT3 D13
76| 74 P14 D12
771 75 P13 D11
78| 76 P12 D1o
79| 77 P11 [B):]
80| 78 Plo Ds
81| 79 P07 ANO7 D7
82| 80 P0s ANOs De
83| 81 P0Os ANOs Ds
84| 82 P04 ANO4 D4
85| 83 P03 ANO3 D3
86| 84 P02 ANO2 D2
87| 85 P01 ANO1 D1
88| 86 P0Oo ANOo Do
89| 87 P107 | Kis AN7
90| 88 P10s | K2 ANs
91| 89 P10s | K1 ANs
92| 90 P104 | Klo AN4
93| 91 P103 AN3
941 92 P102 AN2
95| 93 P101 AN1
96 | 94| AVss
97| 95 P100 ANo
98 | 96 | VREF
99| 97 | Avcc

100 | 98 P97 RxD4/SCL4/STxD4 ‘ADTRG

NOTES:

1. Bus control pins in M32C/83T cannot be used.
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.6 Pin Description
Table 1.6 Pin Description (100-Pin and 144-Pin Packages)

Classsfication Symbol |I/O Type Function
Power Supply | Vcc | Apply 3.0 to 5.5V to both Vcc pin.
Vss Apply OV to the Vss pin. @)
Analog Power | AVcc | Supplies power to the A/D converter. Connect the AVcc pin to Vcc and the
Supply AVss AVSss pin to Vss
Reset Input RESET I The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Switches processor mode. Connect the CNVSs pin to Vss to start up in single-
chip mode or to Vcc to start up in microprocessor mode
Input to Switch | BYTE | Switches data bus width in external memory space 3. The data bus is 16
External Data Bus bits wide when the BYTE pin is held "L" and 8 bits wide when it is held "H".
Width() Set to either. Connect the BYTE pin to Vss to use the microcomputer in
single-chip mode
Bus Control Do to D7 I/0 | Inputs and outputs data (Do to D7) while accessing an external memory
Pins(® space with separate bus
Ds to D15 I/0 | Inputs and outputs data (Ds to D15) while accessing an external memory
space with 16-bit separate bus
Ao to A22 (0] Outputs address bits Ao to A22
A23 (0] Outputs inversed address bit A23
Ao/Do to I/0 | Inputs and outputs data (Do to D7) and outputs 8 low-order address bits (Ao
A7/D7 to A7) by time-sharing while accessing an external memory space with
multiplexed bus
As/Ds to /0 | Inputs and outputs data (D8 to D15) and outputs 8 middle-order address bits
A15/D15 (A8 to A15) by time-sharing while accessing an external memory space with
16-bit multiplexed bus
CS0toCS3| © Outputs CS0 to CS3 that are chip-select signals specifying an external space
WRL/WR O | Outputs WRL, WRH, (WR, BHE) and RD signals. WRL and WRH can be
WRH / BHE switched with WR and BHE by program
RD m WRL, WRH and RD selected:
If external data bus is 16 bits wide, data is written to an even address in
external memory space when WRL is held "L".
Data is written to an odd address when WRH is held "L".
Data is read when RD is held "L".
m WR, BHE and RD selected:
Data is written to external memory space when WR is held "L".
Data in an external memory space is read when RD is held "L".
An odd address is accessed when BHE is held "L".
Select WR, BHE and RD for external 8-bit data bus.
ALE (0] ALE is a signal latching the address
HOLD | The microcomputer is placed in a hold state while the HOLD pin is held "L"
HLDA (0] Outputs an "L" signal while the microcomputer is placed in a hold state
RDY I Bus is placed in a wait state while the RDY pin is held "L"
DRAM Bus MAo to MA12 (0] When DRAM area is accessed, outputs column and row addresses by time-sharing.
Control Pin@ | DW O | The DW signal becomes "L" when data is written to the DRAM area. CASL and CASH are
CASL signals indicating the timing to latch column addresses. The CASL signal becomes "L" when
CASH an even address is accessed. The CASH signal becomes "L" when an odd address is
RAS accessed. RAS is a signal latching row addresses.
I : Input O : Output 1/0O : Input and output
NOTES:

1. Apply 4.2 to 5.5V to the Vcc pin when using M32C/83T.
2. Bus control pins in M32C/83T cannot be used.

Rev. 1.31 Jan.31, 2006
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M32C/83 Group (M32C/83, M32C/83T) 1. Overview

Table 1.6 Pin Description (100-Pin and 144-Pin Packages) (Continued)

Classsfication Symbol |1/O Type Function
Main Clock Input | XIN I I/O pins for the main clock oscillation circuit. Connect a ceramic resonator
. or crystal oscillator between XIN and XouT. To apply external clock, apply it
Main Clock Output | XouT (@)
to XIN and leave XouT open
Sub Clock Input | XCIN I 1/0 pins for the sub clock oscillation circuit. Connect a crystal oscillator
between XcIN and XcouT. To apply external clock, apply it to XcIN and
Sub Clock Output | XcouT (@)
leave XcouTt open
Low-Pass Filter VCONT Connects the low-pass filter to the VCONT pin when using the PLL fre-
Connect quency synthesizer. Connect P86 to VSS to stabilize the PLL frequency.
Pin for PLL
Frequency
Synthesizer Pin
BCLK Output®) | BCLK 0 Outputs BCLK signal
Clock Output | CLKouT (@) Outputs the clock having the same frequency as fc, fs or f32
INT Interrupt Input | INTO to INT5 I Input pins for the INT interrupt
NMI Interrupt Input | NMI | Input pin for the NMI interrupt
Key Input Interrupt | Klo to KI3 I Input pins for the key input interrupt
Timer A TAOOUT to I/0 1/0 pins for the timer AO to A4
TA4o0uT (TAOouT is a pin for the N-channel open drain output.)
TAOIN to Input pins for the timer AO to A4
TA4IN
Timer B TBOIN to Input pins for the timer BO to B5
TB5IN
Three-phase Motor | U, U, V, V, @) Output pins for the three-phase motor control timer
Control Timer Output | W, W
Serial I/0 CTS0 to CTS4 I Input pins for data transmission control

RTSOtoRTS4| O Output pins for data reception control

CLKOto CLK4| I/O Inputs and outputs the transfer clock

RxDO to RxD4 I Inputs serial data

TxDOto TxD4| O Outputs serial data

(TxD2 is a pin for the N-channel open drain output.)

I2C Mode SDAO to I/0 Inputs and outputs serial data
SDA4 (SDAZ2 is a pin for the N-channel open drain output.)
SCLO to Inputs and outputs the transfer clock
SCL4 (SCL2is a pin for the N-channel open drain output.)
| : Input O : Output 1/0O : Input and output
NOTE:

1. Bus control pins in M32C/83T cannot be used.

Rev. 1.31 Jan.31,2006 Page 15 of 488 RENESAS
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.6 Pin Description (100-Pin and 144-Pin Packages) (Continued)

Classsfication Symbol | I/O Type Function
Serial I/0 STxDO to (0] Outputs serial data when slave mode is selected
Special Function | STxD4
SRxDO to Inputs serial data when slave mode is selected
SRxD4
SS0 to SS4 I Input pins to control serial 1/0O special function
Reference VREF I Applies reference voltage to the A/D converter and D/A converter
Voltage Input
A/D Converter | ANo to AN7 Analog input pins for the A/D converter
ANOo to ANO7
AN20 to AN27
AN150 to AN157
ADTRG I Input pin for an external A/D trigger
ANEXO 110 Extended analog input pin for the A/D converter and output pin in external
op-amp connection mode
ANEX1 I Extended analog input pin for the A/D converter
D/A Converter | DAO, DA1 o Output pin for the D/A converter
Intelligent I/O | INPCOo to INPC02 I Input pins for the time measurement function
INPCO3 to
INPCO7()
INPC11 to INPCL2
INPC16 to
INPC17()
OUTCOoto OUTCO2| O Output pins for the waveform generating function
OUTCO4to (OUTC20 and OUTC22 assigned to P70 and P71 are pins for the N-channel open drain output.)
0UTCO5(H)
OUTCloto OUTC12
OUTCI3t0
ouTCLHY)
OUTC20 to OUTC22
OUTC23t0
ouTC2r(H)
OUTC30to OUTC32
OUTC31, 0UTC33
to OUTC37()
ISCLKOto ISCLK2 | 1/O Inputs and outputs the clock for the intelligent I/O communication function
ISCLK3®
ISRXDO to ISRXD3 I Inputs data for the intelligent /O communication function
ISTXDOto ISTXD3| O Outputs data for the intelligent I/O communication function
BEOIN, BELIN I Inputs data for the intelligent /O communication function
BEOouT, BElout o Outputs data for the intelligent I/O communication function
IEIN I Inputs data for the intelligent /O communication function
IEout (0] Outputs data for the intelligent I/O communication function
CAN CANIN I Input pin for the CAN communication function
CANout (0] Output pin for the CAN communication function

|2 Input O : Output

NOTE:

I/O : Input and output

1. Available in the 144-pin package only.

Rev. 1.31 Jan.31, 2006
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

Table 1.6 Pin Description (144-Pin Package only) (Continued)

Classsfication

Symbol

I/O Type

Function

1/0 Ports

P0Oo to P07
Ploto P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70to P77
P9o to P97
P100 to P107

I/0

8-bit 1/0 ports for CMOS. Each port can be programmed for input or output
under the control of the direction register. An input port can be set, by
program, for a pull-up resistor available or for no pull-up resister available in
4-bit units

(P70 and P71 are ports for the N-channel open drain output.)

P11oto P114
P120 to P127
P130 to P137
P140 to P146
P150 to P157

@)

110

1/0 ports having equivalent functions to PO

P8o to P84
P8s, P87

I/0

1/0 ports having equivalent functions to PO

Input Port

P8s

Shares a pin with NMI. NMI input state can be got by reading P85

| @ Input O : Output

NOTE:

1/0 : Input and output

1. Available in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T) 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers.
A register bank comprises 8 registers (RO, R1, R2, R3, A0, A1, SB and FB) out of 28 CPU registers. Two
sets of register banks are provided.

b3, b15 b0
General Register | R2 ROH ROL ]
fmmmmm e |
! R3 R1H R1L
""""""""" || pData Register()
R2
b23 R3 I
A0 1
1| »Address Register(l)
Al
SB Il Static Base Register(1)
FB Il Frame Base Register®
I
USP User Stack Pointer
ISP Interrupt Stack Pointer
INTB Interrupt Table Register
PC Program Counter
| FLG | Flag Register
bi5. - " bs b7 bo!
L[ e [ [ 1] luft]o[s]s[z]o[c]
Carry Flag
Debug Flag
Zero Flag
Sign Flag
Register Bank Flag
Overflow Flag
Interrupt Enable Flag
Stack Pointer Select Flag
Reserved Space
Processor Interrupt Priority Level
Reserved space
b15 b0
High-Speed Interrupt Register . SVF Flag Save Register
SVP PC Save Register
VCT Vector Register
b7 b0
DMAC Associated Register DMDO
DMA Mode Register
b15 DMD1
DCTO )
DMA Transfer Count Register
DCT1
DRCO )
DMA Transfer Count Reload Register
h23 DRC1
DMAO
DMA Memory Address Register
DMA1
DRAO
DMA Memory Address Reload Register
DRA1
DSA0
DMA SFR Address Register
DSAl

NOTES:
1. A register bank comprises these registers. Two sets of register banks are provided.

Figure 2.1 CPU Register
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M32C/83 Group (M32C/83, M32C/83T) 2. Central Processing Unit (CPU)

2.1 General Registers

2.1.1 Data Registers (RO, R1, R2 and R3)

RO, R1, R2 and R3 are 16-bit registers for transfer, arithmetic and logic operations. RO and R1 can be
split into high-order bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers.
RO can be combined with R2 to be used as a 32-bit data register (R2R0). The same applies to R1 and
R3.

2.1.2 Address Registers (A0 and Al)

A0 and Al are 24-bit registers for AO-/Al-indirect addressing, AO-/Al-relative addressing, transfer, arith-
metic and logic operations.

2.1.3 Static Base Register (SB)

SB is a 24-bit register for SB-relative addressing.

2.1.4 Frame Base Register (FB)
FB is a 24-bit register for FB-relative addressing.

2.1.5 Program Counter (PC)
PC, 24 bits wide, indicates the address of an instruction to be executed.

2.1.6 Interrupt Table Register (INTB)
INTB is a 24-bit register indicating the starting address of an interrupt vector table.

2.1.7 User Stack Pointer (USP), Interrupt Stack Pointer (ISP)
The stack pointers (SP), USP and ISP, are 24 bits wide each. The U flag is used to switch between USP
and ISP. Refer to "2.1.8 Flag Register (FLG)" for details on the U flag. Set USP and ISP to even
addresses to execute an interrupt sequence efficiently.

2.1.8 Flag Register (FLG)
FLG is a 16-bit register indicating a CPU state.

2.1.8.1 Carry Flag (C)
The C flag indicates whether carry or borrow has occurred after executing an instruction.

2.1.8.2 Debug Flag (D)
The D flag is for debug only. Set to "0".

2.1.8.3 Zero Flag (2)
The Z flag is set to "1" when the value of zero is obtained from an arithmetic calculation; otherwise "0".

2.1.8.4 Sign Flag (S)
The S flag is set to "1" when a negative value is obtained from an arithmetic calculation; otherwise "0".

Rev. 1.31 Jan.31, 2006 Page 19 of 488 RENESAS
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M32C/83 Group (M32C/83, M32C/83T) 2. Central Processing Unit (CPU)

2.1.8.5 Register Bank Select Flag (B)
The register bank 0 is selected when the B flag is set to "0". The register bank 1 is selected when this

flag is set to "1".

2.1.8.6 Overflow Flag (O)
The O flag is set to "1" when the result of an arithmetic operation overflows; otherwise "0".

2.1.8.7 Interrupt Enable Flag (I)
The | flag enables a maskable interrupt.
An interrupt is disabled when the | flag is set to "0" and enabled when the | flag is set to "1". The | flag
is set to "0" when an interrupt is acknowledged.

2.1.8.8 Stack Pointer Select Flag (U)
ISP is selected when the U flag is set to "0". USP is selected when this flag is set to "1".
The U flag is set to "0" when a hardware interrupt is acknowledged or the INT instruction of software

interrupt numbers 0 to 31 is executed.

2.1.8.9 Processor Interrupt Priority Level (IPL)
IPL, 3 bits wide, assigns processor interrupt priority levels from level 0 to level 7.
If a requested interrupt has greater priority than IPL, the interrupt is enabled.

2.1.8.10 Reserved Space
When writing to a reserved space, set to "0". When read, its content is indeterminate.

2.2 High-Speed Interrupt Registers
Registers associated with the high-speed interrupt are as follows. Refer to 10.4 High-Speed Interrupt for
details.
- Flag save register (SVF)
- PC save register (SVP)
- Vector register (VCT)

2.3 DMAC-Associated Registers
Registers associated with DMAC are as follows. Refer to 12. DMAC for details.
- DMA mode register (DMDO, DMD1)
- DMA transfer count register (DCTO, DCT1)
- DMA transfer count reload register (DRCO, DRC1)
- DMA memory address register (DMAO, DMA1)
- DMA SFR address register (DSAO, DSA1)
- DMA memory address reload register (DRAO, DRA1)
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M32C/83 Group (M32C/83, M32C/83T)

3. Memory

Figure 3.1 shows a memory map of the M32C/83 group (M32C/83, M32C/83T).

M32C/83 group (M32C/83, M32C/83T) provides 16-Mbyte address space from addresses 00000016 to
FFFFFF16.

The internal ROM is allocated lower addresses beginning with address FFFFFF16. For example, a 64-
Kbyte internal ROM is allocated addresses FF000016 to FFFFFF16.

The fixed interrupt vectors are allocated addresses FFFFDC16 to FFFFFF16. It stores the starting address
of each interrupt routine. Refer to 10. Interrupts for details.

The internal RAM is allocated higher addresses beginning with address 00040016. For example, a 10-
Kbyte internal RAM is allocated addresses 00040016 to 002BFF16. Besides storing data, it becomes stacks
when the subroutine is called or an interrupt is acknowledged.

SFR, consisting of control registers for peripheral functions such as 1/O port, A/D conversion, serial I/O, and
timers, is allocated addresses 00000016 to 0003FF16. All addresses, which have nothing allocated within
SFR, are reserved space and cannot be accessed by users.

The special page vectors are allocated addresses FFFEQ016 to FFFFDBA16. It is used for the JMPS instruc-
tion and JSRS instruction. Refer to the Renesas publication Software Manual for details.

In memory expansion mode and microprocessor mode, some space are reserved and cannot be accessed
by users.

00000016
SFR
00040016
Internal RAM
007FFF16
Reserved Space FFFEOO16
00800016 ! Special Page
Vector Table
! FFFFDC16 |- mzcmmmmamao o
External Space(l) ! - Undefined Instruction
/’ - Overflow E
' - BRK Instruction
! - Address Match 7
F0000016 | Reserved Space(?) g E
- i 4)]
F8000016 S Watchdog Timer( ):
3 - — -
Internal ROM®) g NIV E
FFFFFF16 - FFFFFF16E Reset g
NOTES:

1. In memory expansion and microprocessor modes

2. In memory expansion mode. This space becomes external space in microprocessor mode.

3. This space can be used in single-chip mode and memory expansion mode. This space becomes external
space in microprocessor mode.

4. Watchdog timer interrupt, oscillation stop detection interrupt, and low voltage detection interrupt share vectors.

Figure 3.1 Memory Map

Rev. 1.31 Jan.31, 2006 Page 21 of 488 RENESAS
REJ09B0034-0131

3. Memory



M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

000016

000116

000216

000316

000416

Processor Mode Register 01)

PMO

1000 00002 (CNVss pin ="L")
0000 00112 (CNVss pin ="H")

000516

Processor Mode Register 1

PM1

0X00 00002

000616

System Clock Control Register 0

CMO

0000 X0002

000716

System Clock Control Register 1

CM1

0010 00002

000816

Wait Control Register(2)

WCR

1111 11112

000916

Address Match Interrupt Enable Register

AIER

XXXX 00002

000A16

Protect Register

PRCR

XXXX 00002

000B16

External Data Bus Width Control Register(®

DS

XXXX 10002 (BYTE pin ='L")
XXXX 00002 (BYTE pin ="H")

000C16

Main Clock Division Register

MCD

XXX0 10002

000D16

Oscillation Stop Detection Register

CMm2

0016

000E16

Watchdog Timer Start Register

WDTS

XX16

000F16

Watchdog Timer Control Register

WDC

000X XXXX2

001016
001116
001216

Address Match Interrupt Register 0

RMADO

00 00 0016

001316

001416
001516
001616

Address Match Interrupt Register 1

RMAD1

00 00 0016

001716

VDC Control Register for PLL

PLV

XXXX XX012

001816
001916
001A16

Address Match Interrupt Register 2

RMAD2

00 00 0016

001B16

VDC Control Register 0

VDCO

0016

001C1s6
001D1s6
001E16

Address Match Interrupt Register 3

RMAD3

00 00 0016

001F16

002016

002116

002216

002316

002416

002516

002616

002716

002816

002916

002A16

002B16

002C16

002D16

002E16

002F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.

NOTES:

1. The PM00 and PMO1 bits in the PM1 register maintain values set before reset even if software reset or watchdog timer reset is performed.

2. These registers in M32C/83T cannot be used.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16
004016 | DRAM Control Register (1) DRAMCONT XX16
004116 | DRAM Refresh Interval Set Register (1) REFCNT XX16
004216
004316
004416
004516
004616
004716
004816
004916
004A16
004B16
004C16
004D16
004E16
004F16
005016
005116
005216
005316
005416
005516
005616
005716 | Flash Memory Control Register 0 FMRO XX00 00012
005816
005916
005A16
005B16
005C16
005D16
005E16
005F16

X: Indeterminate

Blank spaces are reserved. No access is allowed.
NOTES:
1. These registers in M32C/83T cannot be used.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

006816 | DMAO Interrupt Control Register DMOIC XXXX X0002
006916 | Timer B5 Interrupt Control Register TB5IC XXXX X0002
006A16 | DMA2 Interrupt Control Register DM2IC XXXX X0002
006B16 | UART2 Receive /ACK Interrupt Control Register S2RIC XXXX X0002
006C16 | Timer AO Interrupt Control Register TAOIC XXXX X0002
006D16 | UART3 Receive /ACK Interrupt Control Register S3RIC XXXX X0002
006E16 | Timer A2 Interrupt Control Register TA2IC XXXX X0002
006F16 | UART4 Receive /ACK Interrupt Control Register S4RIC XXXX X0002
007016 | Timer A4 Interrupt Control Register TA4IC XXXX X0002
007116 | UARTO/UART3 Bus Conflict Detect Interrupt Control Register BCNOIC/BCN3IC XXXX X0002
007216 | UARTO Receive/ACK Interrupt Control Register SORIC XXXX X0002
007316 | A/DO Conversion Interrupt Control Register ADOIC XXXX X0002
007416 | UART1 Receive/ACK Interrupt Control Register S1RIC XXXX X0002
007516 | Intelligent I/O Interrupt Control Register 0 1100IC XXXX X0002
007616 | Timer B1 Interrupt Control Register TB1IC XXXX X0002
007716 | Intelligent I/O Interrupt Control Register 2 1o21C XXXX X0002
007816 | Timer B3 Interrupt Control Register TB3IC XXXX X0002
007916 | Intelligent I/O Interrupt Control Register 4 1104I1C XXXX X0002
007A16 | INT5 Interrupt Control Register INT5IC XX00 X0002
007B16 | Intelligent I/O Interrupt Control Register 6 1106IC XXXX X0002
007C16 | INT3 Interrupt Control Register INT3IC XX00 X0002
007Dz1s6 | Intelligent I/O Interrupt Control Register 8 1108IC XXXX X0002
007E16 | INT1 Interrupt Control Register INT1IC XX00 X0002

Intelligent I/O Interrupt Control Register 10/ l1010I1C
007F16 CAN Interrupt 1 Control Register CAN1IC XXXX X0002
008016
Intelligent 1/O Interrupt Control Register 11/ l1o0111C

008116 CAN Interrupt 2 Control Register CAN2IC XXXX X0002
008216

008316

008416

008516

008616 | A/D1 Conversion Interrupt Control Register AD1IC XXXX X0002
008716

008816 | DMAL Interrupt Control Register DM1IC XXXX X0002
008916 | UART2 Transmit /NACK Interrupt Control Register S2TIC XXXX X0002
008A16 | DMAS3 Interrupt Control Register DM3IC XXXX X0002
008B16 | UART3 Transmit /NACK Interrupt Control Register S3TIC XXXX X0002
008C16 | Timer Al Interrupt Control Register TAlIC XXXX X0002
008D16 | UART4 Transmit /NACK Interrupt Control Register SATIC XXXX X0002
008E16 | Timer A3 Interrupt Control Register TA3IC XXXX X0002
008F16 | UART2 Bus Conflict Detect Interrupt Control Register BCN2IC XXXX X0002

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

009016 | UARTO Transmit /NACK Interrupt Control Register SOTIC XXXX X0002

009116 | UART1/UART4 Bus Conflict Detect Interrupt Control Register BCN1IC/BCN4IC XXXX X0002

009216 | UART1 Transmit/NACK Interrupt Control Register S1TIC XXXX X0002

009316 | Key Input Interrupt Control Register KUPIC XXXX X0002

009416 | Timer BO Interrupt Control Register TBOIC XXXX X0002

009516 | Intelligent I/O Interrupt Control Register 1 11o1IC XXXX X0002

009616 | Timer B2 Interrupt Control Register TB2IC XXXX X0002

009716 | Intelligent I/O Interrupt Control Register 3 1103IC XXXX X0002

009816 | Timer B4 Interrupt Control Register TB4IC XXXX X0002

009916 | Intelligent I/O Interrupt Control Register 5 1105IC XXXX X0002

009A16 | INT4 Interrupt Control Register INT4IC XX00 X0002

009B16 | Intelligent I/O Interrupt Control Register 7 11o07I1C XXXX X0002

009C16 | INT2 Interrupt Control Register INT2IC XX00 X0002
Intelligent 1/O Interrupt Control Register 9/ 1109IC

009D16 CAN Interrupt 0 Control Register CANOIC XXXX X0002

009E16 | INTO Interrupt Control Register INTOIC XX00 X0002

009F16 | Exit Priority Control Register RLVL XXXX 00002

00AO16 | Interrupt Request Register 0 I100IR 0000 000X2

00Al16 | Interrupt Request Register 1 II01IR 0000 000X2

00A216 | Interrupt Request Register 2 I102IR 0000 000X2

00A316 | Interrupt Request Register 3 I103IR 0000 000X2

00A416 | Interrupt Request Register 4 1104IR 0000 000X2

00A516 | Interrupt Request Register 5 IIO5IR 0000 000X2

00A616 | Interrupt Request Register 6 I106IR 0000 000X2

00A716 | Interrupt Request Register 7 I107IR 0000 000X2

00A816 | Interrupt Request Register 8 I108IR 0000 000X2

00A916 | Interrupt Request Register 9 I109IR 0000 000X2

00AA16 | Interrupt Request Register 10 I1010IR 0000 000X2

00AB16 | Interrupt Request Register 11 I1011IR 0000 000X2

00AC16

00AD16

00AE16

00AF16

00BO016 | Interrupt Enable Register 0 IIO0IE 0016

00B1l16 | Interrupt Enable Register 1 IIO1IE 0016

00B216 | Interrupt Enable Register 2 I102IE 0016

00B316 | Interrupt Enable Register 3 IIO3IE 0016

00B416 | Interrupt Enable Register 4 I104IE 0016

00B516 | Interrupt Enable Register 5 IIO5IE 0016

00B616 | Interrupt Enable Register 6 IIO6IE 0016

00B716 | Interrupt Enable Register 7 IIO7IE 0016

00B816 | Interrupt Enable Register 8 II08IE 0016

00B916 | Interrupt Enable Register 9 IIO9IE 0016

00BA16 | Interrupt Enable Register 10 11010IE 0016

00BB16 | Interrupt Enable Register 11 IIO11IE 0016

00BC16

00BD16

00BE16

00BF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
00CO016 XX16
00C116 Group 0 Time Measurement/Waveform Generating Register 0 GOTM0/GOPO0 XX16
00C216 XX16
00C316 Group 0 Time Measurement/Waveform Generating Register 1 GO0TM1/GOPO1 XX16
00C416 XX16
00C516 Group 0 Time Measurement/Waveform Generating Register 2 GO0TM2/GOPO2 XX16
00C616 XX16
00C716 Group 0 Time Measurement/Waveform Generating Register 3 GOTM3/GOPO3 XX16
00C816 XX16
00C916 Group 0 Time Measurement/Waveform Generating Register 4 GO0TM4/GOPO4 XX16
00CA16 XX16
00CB16 Group 0 Time Measurement/Waveform Generating Register 5 GOTM5/GOPO5 XX16
00CC1s6 XX16
00CD16 Group 0 Time Measurement/Waveform Generating Register 6 GOTM6/GOPO6 XX16
00CE16 XX16
00CF16 Group 0 Time Measurement/Waveform Generating Register 7 GOTM7/GOPO7 XX16
00DO016 | Group 0 Waveform Generating Control Register 0 GOPOCRO 0X00 X0002
00D116 | Group 0 Waveform Generating Control Register 1 GOPOCR1 0X00 X0002
00D216 | Group 0 Waveform Generating Control Register 2 GOPOCR2 0X00 X0002
00D316 | Group 0 Waveform Generating Control Register 3 GOPOCR3 0X00 X0002
00D416 | Group 0 Waveform Generating Control Register 4 GOPOCR4 0X00 X0002
00D516 | Group 0 Waveform Generating Control Register 5 GOPOCRS5 0X00 X0002
00D616 | Group 0 Waveform Generating Control Register 6 GOPOCR6 0X00 X0002
00D716 | Group 0 Waveform Generating Control Register 7 GOPOCRY7 0X00 X0002
00D816 | Group O Time Measurement Control Register O GOTMCRO 0016
00D916 | Group O Time Measurement Control Register 1 GOTMCR1 0016
00DA16 | Group O Time Measurement Control Register 2 GOTMCR2 0016
00DB16 | Group O Time Measurement Control Register 3 GOTMCR3 0016
00DCz16 | Group O Time Measurement Control Register 4 GOTMCR4 0016
00DD16 | Group O Time Measurement Control Register 5 GOTMCR5 0016
00DEz16 | Group O Time Measurement Control Register 6 GOTMCR6 0016
00DF16 | Group O Time Measurement Control Register 7 GOTMCR7 0016
00EO16 XX16
00E116 Group 0 Base Timer Register GOBT XX16
00E216 | Group O Base Timer Control Register 0 GOBCRO 0016
00E316 | Group 0 Base Timer Control Register 1 GOBCR1 0016
00E416 | Group O Time Measurement Prescaler Register 6 GOTPR6 0016
00E516 | Group O Time Measurement Prescaler Register 7 GOTPR7 0016
00E616 | Group O Function Enable Register GOFE 0016
00E716 | Group O Function Select Register GOFS 0016
00E816 XXXX XXXX2
00E916 Group 0 SI/O Receive Buffer Register GORB XX00 XXXX2
00EA16 | Group O Transmit Buffer/Receive Data Register GOTB/GODR XX16
0OEB16

00ECz16 | Group O Receive Input Register GORI XX16
00EDz16 | Group 0 SI/O Communication Mode Register GOMR 0016
00EE16 | Group 0 Transmit Output Register GOTO XX16
00EF16 | Group O SI/O Communication Control Register GOCR 0000 X0002

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
00F016 | Group O Data Compare Register 0 GOCMPO XX16
00F116 | Group O Data Compare Register 1 GOCMP1 XX16
00F216 | Group O Data Compare Register 2 GOCMP2 XX16
00F316 | Group 0 Data Compare Register 3 GOCMP3 XX16
00F416 | Group 0 Data Mask Register 0 GOMSKO XX16
00F516 | Group 0 Data Mask Register 1 GOMSK1 XX16
00F616

00F716

00F816 XX16
00F916 Group 0 Receive CRC Code Register GORCRC XX16
00FA16 0016
00FB16 Group 0 Transmit CRC Code Register GOTCRC 0016
00FC16 | Group 0 SI/O Extended Mode Register GOEMR 0016
00FD16 | Group 0 SI/O Extended Receive Control Register GOERC 0016
00FE16 | Group 0 SI/O Special Communication Interrupt Detect Register GOIRF 0000 00XX2
00FF16 | Group O SI/O Extended Transmit Control Register GOETC 0000 0XXX2
010016 XX16
010116 Group 1 Time Measurement/Waveform Generating Register 0 G1TM0/G1PO0 XX16
010216 XX16
010316 Group 1 Time Measurement/Waveform Generating Register 1 G1TM1/G1PO1 XX16
010416 XX16
010516 Group 1 Time Measurement/Waveform Generating Register 2 G1TM2/G1PO2 XX16
010616 XX16
010716 Group 1 Time Measurement/Waveform Generating Register 3 G1TM3/G1P0O3 XX16
010816 XX16
010916 Group 1 Time Measurement/Waveform Generating Register 4 G1TM4/G1P0O4 XX16
010A16 XX16
010B16 Group 1 Time Measurement/Waveform Generating Register 5 G1TM5/G1PO5 XX16
010C16 XX16
010D16 Group 1 Time Measurement/Waveform Generating Register 6 G1TM6/G1PO6 XX16
010E16 XX16
010F16 Group 1 Time Measurement/Waveform Generating Register 7 G1TM7/G1PO7 XX16
011016 | Group 1 Waveform Generating Control Register 0 G1POCRO 0X00 X0002
011116 | Group 1 Waveform Generating Control Register 1 G1POCR1 0X00 X0002
011216 | Group 1 Waveform Generating Control Register 2 G1POCR2 0X00 X0002
011316 | Group 1 Waveform Generating Control Register 3 G1POCR3 0X00 X0002
011416 | Group 1 Waveform Generating Control Register 4 G1POCR4 0X00 X0002
011516 | Group 1 Waveform Generating Control Register 5 G1POCR5 0X00 X0002
011616 | Group 1 Waveform Generating Control Register 6 G1POCR6 0X00 X0002
011716 | Group 1 Waveform Generating Control Register 7 G1POCR7 0X00 X0002
011816 | Group 1 Time Measurement Control Register 0 G1TMCRO 0016
011916 | Group 1 Time Measurement Control Register 1 G1TMCR1 0016
011A16 | Group 1 Time Measurement Control Register 2 G1TMCR2 0016
011B16 | Group 1 Time Measurement Control Register 3 G1TMCR3 0016
011C16 | Group 1 Time Measurement Control Register 4 G1TMCR4 0016
011D16 | Group 1 Time Measurement Control Register 5 G1TMCR5 0016
011E16 | Group 1 Time Measurement Control Register 6 G1TMCR6 0016
011F16 | Group 1 Time Measurement Control Register 7 G1TMCR7 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
012016 XX16
012116 Group 1 Base Timer Register G1BT XX16
012216 | Group 1 Base Timer Control Register O G1BCRO 0016
012316 | Group 1 Base Timer Control Register 1 G1BCR1 0016
012416 | Group 1 Time Measurement Prescaler Register 6 G1TPR6 0016
012516 | Group 1 Time Measurement Prescaler Register 7 G1TPR7 0016
012616 | Group 1 Function Enable Register G1FE 0016
012716 | Group 1 Function Select Register G1Fs 0016
012816 XXXX XXXX2
012916 Group 1 SI/O Receive Buffer Register G1RB XX00 XXXX2
012A16 | Group 1 Transmit Buffer/Receive Data Register G1TB/G1DR XX16
012B16

012Cz16 | Group 1 Receive Input Register G1RI XX16
012D16 | Group 1 SI/O Communication Mode Register G1MR 0016
012E16 | Group 1 Transmit Output Register G1TO XX16
012F16 | Group 1 SI/O Communication Control Register G1CR 0000 X0002
013016 | Group 1 Data Compare Register 0 G1CMPO XX16
013116 | Group 1 Data Compare Register 1 G1CMP1 XX16
013216 | Group 1 Data Compare Register 2 G1CMP2 XX16
013316 | Group 1 Data Compare Register 3 G1CMP3 XX16
013416 | Group 1 Data Mask Register 0 G1MSKO XX16
013516 | Group 1 Data Mask Register 1 G1MSK1 XX16
013616

013716

013816 XX16
013916 Group 1 Receive CRC Code Register G1RCRC XX16
013A16 0016
013B16 Group 1 Transmit CRC Code Register G1TCRC 0016
013Cz16 | Group 1 SI/O Extended Mode Register G1EMR 0016
013D16 | Group 1 SI/O Extended Receive Control Register G1ERC 0016
013E16 | Group 1 SI/O Special Communication Interrupt Detect Register G1IRF 0000 00XX2
013F16 | Group 1 SI/O Extended Transmit Control Register G1ETC 0000 0XXX2
014016 XX16
014116 Group 2 Waveform Generating Register 0 G2PO0 XX16
014216 XX16
014316 Group 2 Waveform Generating Register 1 G2P0O1 XX16
014416 XX16
014516 Group 2 Waveform Generating Register 2 G2P0O2 XX16
014616 XX16
014716 Group 2 Waveform Generating Register 3 G2P0O3 XX16
014816 XX16
014916 Group 2 Waveform Generating Register 4 G2P0O4 XX16
014A16 XX16
014B16 Group 2 Waveform Generating Register 5 G2P0O5 XX16
014Ci1s XX16
014D16 Group 2 Waveform Generating Register 6 G2P0O6 XX16
014E16 XX16
014F16 Group 2 Waveform Generating Register 7 G2PO7 XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
015016 | Group 2 Waveform Generating Control Register 0 G2POCRO 0016

015116 | Group 2 Waveform Generating Control Register 1 G2POCR1 0016

015216 | Group 2 Waveform Generating Control Register 2 G2POCR2 0016

015316 | Group 2 Waveform Generating Control Register 3 G2POCR3 0016

015416 | Group 2 Waveform Generating Control Register 4 G2POCR4 0016

015516 | Group 2 Waveform Generating Control Register 5 G2POCR5 0016

015616 | Group 2 Waveform Generating Control Register 6 G2POCR6 0016

015716 | Group 2 Waveform Generating Control Register 7 G2POCR7 0016

015816

015916

015A16

015B16

015C1s6

015D16

015E16

015F16

016016 XX16
016116 Group 2 Base Timer Register G2BT XX16
016216 | Group 2 Base Timer Control Register O G2BCRO 0016

016316 | Group 2 Base Timer Control Register 1 G2BCR1 0016

016416 | Base Timer Start Register BTSR XXXX 00002
016516

016616 | Group 2 Function Enable Register G2FE 0016

016716 | Group 2 RTP Output Buffer Register G2RTP 0016

016816

016916

016A16 | Group 2 SI/O Communication Mode Register G2MR 00XX X0002
016B16 | Group 2 SI/O Communication Control Register G2CR 0000 X0002
016C16 XX16
016D16 Group 2 SI/O Transmit Buffer Register G2TB XX16
016E16 XX16
016F16 Group 2 SI/O Receive Buffer Register G2RB XX16
017016 XX16
017116 Group 2 IEBus Address Register IEAR XX16
017216 | Group 2 IEBus Control Register IECR 00XX X0002
017316 | Group 2 IEBus Transmit Interrupt Cause Detect Register IETIF XXX0 00002
017416 | Group 2 IEBus Receive Interrupt Cause Detect Register IERIF XXX0 00002
017516

017616

017716

017816 | Input Function Select Register IPS 0016

017916

017A16 | Group 3 SI/O Communication Mode Register G3MR 00XX 00002
017B16 | Group 3 SI/O Communication Control Register G3CR 0000 X0002
017C16 XX16
017D16 Group 3 SI/O Transmit Buffer Register G3TB XX16
017E16 XX16
017F16 Group 3 SI/O Receive Buffer Register G3RB XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
018016 _ _ XX16
018116 Group 3 Waveform Generating Register 0 G3PO0 XX16
018216 _ _ XX16
018316 Group 3 Waveform Generating Register 1 G3PO1 XX16
018416 _ _ XX16
018516 Group 3 Waveform Generating Register 2 G3P0O2 XX16
018616 _ _ XX16
018716 Group 3 Waveform Generating Register 3 G3PO3 XX16
018816 _ _ XX16
018916 Group 3 Waveform Generating Register 4 G3P0O4 XX16
018A16 _ _ XX16
018B16 Group 3 Waveform Generating Register 5 G3PO5 XX16
018C16 _ _ XX16
018D16 Group 3 Waveform Generating Register 6 G3PO6 XX16
018E16 _ _ XX16
018F16 Group 3 Waveform Generating Register 7 G3PO7 XX16
019016 | Group 3 Waveform Generating Control Register 0 G3POCRO 0016
019116 | Group 3 Waveform Generating Control Register 1 G3POCR1 0016
019216 | Group 3 Waveform Generating Control Register 2 G3POCR2 0016
019316 | Group 3 Waveform Generating Control Register 3 G3POCR3 0016
019416 | Group 3 Waveform Generating Control Register 4 G3POCR4 0016
019516 | Group 3 Waveform Generating Control Register 5 G3POCR5 0016
019616 | Group 3 Waveform Generating Control Register 6 G3POCR6 0016
019716 | Group 3 Waveform Generating Control Register 7 G3POCR7 0016
019816 _ _ XX16
019916 Group 3 Waveform Generating Mask Register 4 G3MK4 XX16
019A16 _ _ XX16
019B16 Group 3 Waveform Generating Mask Register 5 G3MK5 XX16
019C16 _ _ XX16
019D16 Group 3 Waveform Generating Mask Register 6 G3MK6 XX16
019E16 _ _ XX16
019F16 Group 3 Waveform Generating Mask Register 7 G3MK7 XX16
01A016 ] _ XX16
01A116 Group 3 Base Timer Register G3BT XX16
01A216 | Group 3 Base Timer Control Register 0 G3BCRO 0016
01A316 | Group 3 Base Timer Control Register 1 G3BCR1 0016
01A416

01A516

01A616 | Group 3 Function Enable Register G3FE 0016
01A716 | Group 3 RTP Output Buffer Register G3RTP 0016
01A816

01A916

01AA16

01AB16

01AC16

01AD16| Group 3 SI/O Communication Flag Register G3FLG XXXX XXX02
01AE16

01AF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
01BO016
01B1l16
01B216
01B316
01B416
01B516
01B616
01B716
01B816
01B916
01BA16
01BB16
01BCi16
01BD16
01BE16
01BF16
01CO016 ) XX16
01C116 A/D1 Register 0 AD10 XX16

01C216 / ) XX16
01C316 A/D1 Register 1 AD11 XX16

01C416 / ) XX16
01C516 A/D1 Register 2 AD12 XX16

01C616 / ) XX16
01C716 A/D1 Register 3 AD13 XX16

01C816 / ) XX16
01C916 A/D1 Register 4 AD14 XX16

01CA16 / ) XX16
01CB16 A/D1 Register 5 AD15 XX16

01CCa1is / ) XX16
01CD16 A/D1 Register 6 AD16 XX16

01CEz16 ) XX16
01CF16 A/D1 Register 7 AD17 XX16
01DO016
01D116
01D216
01D316
01D416 | A/D1 Control Register 2 AD1CON2 X00X X0002
01D516
01D616 | A/D1 Control Register 0 AD1CONO 0016

01D716 | A/D1 Control Register 1 AD1CON1 XX00 00002
01D816
01D916
01DA16
01DB16
01DC16
01DD16
01DE16
01DF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
01EO16 | CANO Message Slot Buffer O Standard IDO COSLOTO_O XX16

01El16 | CANO Message Slot Buffer O Standard ID1 COSLOTO_1 XX16

01E216 | CANO Message Slot Buffer 0 Extended IDO COSLOTO_2 XX16

01E316 | CANO Message Slot Buffer 0 Extended ID1 COSLOTO_3 XX16

01E416 | CANO Message Slot Buffer 0 Extended ID2 COSLOTO_4 XX16

01E516 | CANO Message Slot Buffer 0 Data Length Code COSLOTO_5 XX16

01E616 | CANO Message Slot Buffer 0 Data 0 COSLOTO_6 XX16

01E716 | CANO Message Slot Buffer 0 Data 1 COSLOTO_7 XX16

01E816 | CANO Message Slot Buffer 0 Data 2 COSLOTO_8 XX16

01E916 | CANO Message Slot Buffer 0 Data 3 COSLOTO_9 XX16

01EA16 | CANO Message Slot Buffer 0 Data 4 COSLOTO_10 XX16

01EB16 | CANO Message Slot Buffer 0 Data 5 COSLOTO_11 XX16

01EC16 | CANO Message Slot Buffer 0 Data 6 COSLOTO_12 XX16

01ED16 | CANO Message Slot Buffer 0 Data 7 COSLOTO_13 XX16

01EE16 | CANO Message Slot Buffer 0 Time Stamp High-Order COSLOTO_14 XX16

01EF16 | CANO Message Slot Buffer O Time Stamp Low-Order COSLOTO_15 XX16

01F016 | CANO Message Slot Buffer 1 Standard IDO COSLOTL_0 XX16

01F116 | CANO Message Slot Buffer 1 Standard ID1 COSLOTL 1 XX16

01F216 | CANO Message Slot Buffer 1 Extended IDO COSLOTL_2 XX16

01F316 | CANO Message Slot Buffer 1 Extended ID1 COSLOTL_3 XX16

01F416 | CANO Message Slot Buffer 1 Extended ID2 COSLOT1_4 XX16

01F516 | CANO Message Slot Buffer 1 Data Length Code COSLOT1_5 XX16

01F616 | CANO Message Slot Buffer 1 Data 0 COSLOTL_6 XX16

01F716 | CANO Message Slot Buffer 1 Data 1 COSLOTL_7 XX16

01F816 | CANO Message Slot Buffer 1 Data 2 COSLOTL_8 XX16

01F916 | CANO Message Slot Buffer 1 Data 3 COSLOTL 9 XX16

01FA16 | CANO Message Slot Buffer 1 Data 4 COSLOT1_10 XX16

01FB16 | CANO Message Slot Buffer 1 Data 5 COSLOT1_11 XX16

01FC16 | CANO Message Slot Buffer 1 Data 6 COSLOT1_12 XX16

01FD16 | CANO Message Slot Buffer 1 Data 7 COSLOT1_13 XX16

01FE16 | CANO Message Slot Buffer 1 Time Stamp High-Order COSLOT1_14 XX16

01FF16 | CANO Message Slot Buffer 1 Time Stamp Low-Order COSLOT1_15 XX16

020016 _ XX01 0X012(1)
020116 CANO Control Register 0 COCTLRO XXXX 00002(1)
020216 _ 0000 00002(1)
020316 CANO Status Register COSTR X000 0X012(1)
020416 , 0016(1)
020516 CANO Extended ID Register COIDR 00160
020616 , _ _ 0000 XXXX2(1)
020716 CANO Configuration Register COCONR 0000 00002(1)
020816 , , 0016%)

020916 CANO Time Stamp Register COTSR 0016(1)
020A16 | CANO Transmit Error Count Register COTEC 00161
020B16 | CANO Receive Error Count Register COREC 00161
020C16 _ 0016(1)
020D16 CANO Slot Interrupt Status Register COSISTR 0016(1)
020E16

020F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

021016 _ 00162

021116 CANO Slot Interrupt Mask Register COSIMKR 00162

021216

021316

021416 | CANO Error Interrupt Mask Register COEIMKR XXXX X0002(2)

021516 | CANO Error Interrupt Status Register COEISTR XXXX X0002(2)

021616

021716 | CANO Baud Rate Prescaler COBRP 0000 00012

021816

021916

021A16

021B16

021C16

021D16

021E16

021F16

022016 ‘

022116

022216

022316

022416

022516

022616

022716

022816 | CANO Global Mask Register Standard IDO COGMRO XXX0 00002

022916 | CANO Global Mask Register Standard ID1 COGMR1 XX00 00002

022A16 | CANO Global Mask Register Extended IDO COGMR2 XXXX 00002(2)

022B16 | CANO Global Mask Register Extended ID1 COGMR3 0016

022C16 | CANO Global Mask Register Extended ID2 COGMR4 XX00 00002

022D16

022E16

022F16 (Note 1)
CANO Message Slot 0 Control Register / COMCTLO/ 0000 00002

023016 CANO Local Mask Register A Standard IDO COLMARO XXX0 00002
CANO Message Slot 1 Control Register / COMCTL1/ 0000 00002

023116 CANO Local Mask Register A Standard ID1 COLMAR1 XX00 000022
CANO Message Slot 2 Control Register / COMCTL2/ 0000 00002

023216 CANO Local Mask Register A Extended IDO COLMAR2 XXXX 00002(2)
CANO Message Slot 3 Control Register / COMCTL3/ 0016

023316 | - ANO Local Mask Register A Extended ID1 COLMAR3 0016
CANO Message Slot 4 Control Register / COMCTL4/ 0000 00002

023416 CANO Local Mask Register A Extended I1D2 COLMAR4 XX00 000022

023516 | CANO Message Slot 5 Control Register COMCTL5 0016

023616 | CANO Message Slot 6 Control Register COMCTL6 0016

023716 | CANO Message Slot 7 Control Register COMCTL7? 0016
CANO Message Slot 8 Control Register / COMCTLS/ 0000 00002

023816 CANO Local Mask Register B Standard 1DO COLMBRO XXX0 00002(2) '

X: Indeterminate
Blank spaces are reserved. No access is allowed.

NOTES:

1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

023916

CANO Message Slot 9 Control Register /
CANO Local Mask Register B Standard ID1

COMCTLY/
COLMBR1

0000 000022
XX00 00002

023A16

CANO Message Slot 10 Control Register /
CANO Local Mask Register B Extended IDO

COMCTL10/
COLMBR2

0000 000022
XXXX 000022

023B16

CANO Message Slot 11 Control Register /
CANO Local Mask Register B Extended ID1

COMCTL11/
COLMBR3

0016(2)
0016

023C1s6

CANO Message Slot 12 Control Register /
CANO Local Mask Register B Extended 1D2

COMCTL12/
COLMBR4

0000 000022
XX00 00002

023D16

CANO Message Slot 13 Control Register

COMCTL13

0016(2)

023E16

CANO Message Slot 14 Control Register

COMCTL14

0016(2

023F16

CANO Message Slot 15 Control Register

COMCTL15

(Note 1)

024016

CANO Slot Buffer Select Register

COSBS

)
0016(2)
0016(2)

024116

CANO Control Register 1

COCTLR1

XX00 00XX2()

024216

CANO Sleep Control Register

COSLPR

XXXX XXX02

024316

024416
024516

CANO Acceptance Filter Support Register

COAFS

00162
0116

024616

024716

024816

024916

024A16

024B16

024C1s6

024D16

024E16

024F16

025016

025116

025216

025316

025416

025516

025616

025716

025816

025916

025A16

025B16

025C16

025D16

025E16

025F16

026016

026116
to
02BF16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02CO016 XX16
02C116 X0 Register YO Register XOR,YOR XX16
02C216 XX16
02C316 X1 Register Y1 Register X1R,Y1R XX16
02C416 XX16
02C516 X2 Register Y2 Register X2R,Y2R XX16
02C616 XX16
02C716 X3 Register Y3 Register X3R,Y3R XX16
02C816 XX16
02C916 X4 Register Y4 Register X4R,Y4R XX16
02CA16 XX16
02CB16 X5 Register Y5 Register X5R,Y5R XX16
02CCzis XX16
02CD16 X6 Register Y6 Register X6R,Y6R XX16
02CE1s XX16
02CE1s X7 Register Y7 Register X7R,Y7R XX16
02D016 XX16
02D116 X8 Register Y8 Register X8R,Y8R XX16
02D216 XX16
02D316 X9 Register Y9 Register X9R,Y9R XX16
02D416 XX16
02D516 X10 Register Y10 Register X10R,Y10R XX16
02D616 XX16
02D716 X11 Register Y11 Register X11R,Y11R XX16
02D816 XX16
02D916 X12 Register Y12 Register X12R,Y12R XX16
02DA16 XX16
02DB16 X13 Register Y13 Register X13R,Y13R XX16
02DC1s6 XX16
02DD16 X14 Register Y14 Register X14R,Y14R XX16
02DE16 XX16
02DF16 X15 Register Y15 Register X15R,Y15R XX16
02EO016 | XY Control Register XYC XXXX XX002
02E1l16

02E216

02E316

02E416 | UARTL1 Special Mode Register 4 U1SMR4 0016
02E516 | UARTL1 Special Mode Register 3 U1SMR3 0016
02E616 | UART1 Special Mode Register 2 U1SMR2 0016
02E716 | UART1 Special Mode Register U1SMR 0016
02E816 | UART1 Transmit/Receive Mode Register U1IMR 0016
02E916 | UART1 Baud Rate Register U1BRG XX16
02EA16 XX16
02EB16 UART1 Transmit Buffer Register UlTB XX16
02EC16 | UART1 Transmit/Receive Control Register O Ul1co 0000 10002
02ED16 | UART1 Transmit/Receive Control Register 1 UlC1l 0000 00102
02EE16 XX16
02EF16 UART1 Receive Buffer Register U1RB XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

02F416 | UART4 Special Mode Register 4 U4SMR4 0016
02F516 | UART4 Special Mode Register 3 U4SMR3 0016
02F616 | UART4 Special Mode Register 2 U4SMR2 0016
02F716 | UART4 Special Mode Register U4SMR 0016
02F816 | UART4 Transmit/Receive Mode Register U4MR 0016
02F916 | UART4 Baud Rate Register U4BRG XX16
02FA16 XX16
02FB16 UART4 Transmit Buffer Register U4TB XX16
02FC16 | UART4 Transmit/Receive Control Register O u4co 0000 10002
02FD16 | UART4 Transmit/Receive Control Register 1 U4C1l 0000 00102
02FE16 XX16
02FF16 UART4 Receive Buffer Register U4RB XX16
030016 | Timer B3, B4, B5 Count Start Flag TBSR 000X XXXX2
030116

030216 XX16
030316 Timer Al-1 Register TAl11 XX16
030416 XX16
030516 Timer A2-1 Register TA21 XX16
030616 XX16
030716 Timer A4-1 Register TA41 XX16
030816 | Three-Phase PWM Control Register 0 INVCO 0016
030916 | Three-Phase PWM Control Register 1 INVC1 0016
030A16 | Three-Phase output Buffer Register 0 IDBO XX11 11112
030B16 | Three-Phase output Buffer Register 1 IDB1 XX11 11112
030C16 | Dead Time Timer DTT XX16
030D16 | Timer B2 Interrupt Generating Frequency Set Counter ICTB2 XX16
030E16

030F16

031016 XX16
031116 Timer B3 Register TB3 XX16
031216 XX16
031316 Timer B4 Register TB4 XX16
031416 XX16
031516 Timer B5 Register TB5 XX16
031616

031716

031816

031916

031A16

031B16 | Timer B3 Mode Register TB3MR 00XX 00002
031Cz16 | Timer B4 Mode Register TB4MR 00XX 00002
031D16 | Timer B5 Mode Register TB5MR 00XX 00002
031E16

031F16 | External Interrupt Cause Select Register IFSR 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
032016

032116

032216

032316

032416 | UART3 Special Mode Register 4 U3SMR4 0016
032516 | UARTS3 Special Mode Register 3 U3SMR3 0016
032616 | UART3 Special Mode Register 2 U3SMR2 0016
032716 | UART3 Special Mode Register U3SMR 0016
032816 | UART3 Transmit/Receive Mode Register U3MR 0016
032916 | UART3 Baud Rate Register U3BRG XX16
032A16 XX16
032B16 UART3 Transmit Buffer Register U3TB XX16
032C16 | UART3 Transmit/Receive Control Register 0 uU3Co 0000 10002
032D16 | UART3 Transmit/Receive Control Register 1 u3C1 0000 00102
032E16 XX16
032F16 UART3 Receive Buffer Register U3RB XX16
033016

033116

033216

033316

033416 | UART2 Special Mode Register 4 U2SMR4 0016
033516 | UART2 Special Mode Register 3 U2SMR3 0016
033616 | UART2 Special Mode Register 2 U2SMR2 0016
033716 | UART2 Special Mode Register U2SMR 0016
033816 | UART2 Transmit/Receive Mode Register U2MR 0016
033916 | UART2 Baud Rate Register U2BRG XX16
033A16 XX16
033B16 UART2 Transmit Buffer Register U2TB XX16
033C16 | UART2 Transmit/Receive Control Register 0 u2Cco 0000 10002
033D16 | UART2 Transmit/Receive Control Register 1 u2C1 0000 00102
033E16 XX16
033F16 UART2 Receive Buffer Register U2RB XX16
034016 | Count Start Flag TABSR 0016
034116 | Clock Prescaler Reset Flag CPSRF OXXX XXXX2
034216 | One-Shot Start Flag ONSF 0016
034316 | Trigger Select Register TRGSR 0016
034416 | Up-Down Flag UDF 0016
034516

034616 XX16
034716 Timer AO Register TAO XX16
034816 XX16
034916 Timer Al Register TAl XX16
034A16 XX16
034B16 Timer A2 Register TA2 XX16
034C16 XX16
034D16 Timer A3 Register TA3 XX16
034E16 XX16
034F16 Timer A4 Register TA4 XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
035016 ) ) XX16
035116 Timer BO Register TBO XX16
035216 | ) XX16
035316 Timer B1 Register TB1 XX16
035416 | ) XX16
035516 Timer B2 Register TB2 XX16
035616 | Timer AO Mode Register TAOMR 0000 0X002
035716 | Timer A1 Mode Register TAIMR 0000 0X002
035816 | Timer A2 Mode Register TA2MR 0000 0X002
035916 | Timer A3 Mode Register TA3SMR 0000 0X002
035A16 | Timer A4 Mode Register TAAMR 0000 0X002
035B16 | Timer BO Mode Register TBOMR 00XX 00002
035C16 | Timer B1 Mode register TB1MR 00XX 00002
035D16 | Timer B2 Mode Register TB2MR 00XX 00002
035E16 | Timer B2 Special Mode Register TB2SC XXXX XXX02
035F16 | Count Source Prescaler Register() TCSPR 0XXX 00002
036016

036116

036216

036316

036416 | UARTO Special Mode Register 4 UOSMR4 0016
036516 | UARTO Special Mode Register 3 UOSMR3 0016
036616 | UARTO Special Mode Register 2 UOSMR2 0016
036716 | UARTO Special Mode Register UOSMR 0016
036816 | UARTO Transmit/Receive Mode Register UOMR 0016
036916 | UARTO Baud Rate Register UOBRG XX16
036A16 ) ) XX16
036B16 UARTO Transmit Buffer Register uoTB XX16
036C16 | UARTO Transmit/Receive Control Register 0 uoco 0000 10002
036D16 | UARTO Transmit/Receive Control Register 1 uUoC1 0000 00102
036E16 ) ) XX16
036F16 UARTO Receive Buffer Register UORB XX16
037016

037116

037216

037316

037416

037516

037616 | PLL Control Register 0 PLCO 0011 X1002
037716 | PLL Control Register 1 PLC1 XXXX 00002
037816 | DMAO Cause Select Register DMOSL 0X00 00002
037916 | DMAL Cause Select Register DM1SL 0X00 00002
037A16 | DMA2 Cause Select Register DM2SL 0X00 00002
037B16 | DMA3 Cause Select Register DM3SL 0X00 00002
037C16 ) XX16
037D16 CRC Data Register CRCD XX16
037E16 | CRC Input Register CRCIN XX16
037F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:

1. The TCSPR register maintains the values set before reset even if software reset or watchdog timer reset

is performed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
038016 XX16
038116 A/DO Register 0 ADOO XX16
038216 XX16
038316 A/DO Register 1 ADO1 XX16
038416 XX16
038516 A/DO Register 2 ADO02 XX16
038616 XX16
038716 A/DO Register 3 ADO3 XX16
038816 XX16
038916 A/DO Register 4 ADO04 XX16
038A16 XX16
038B16 A/DO Register 5 ADO5 XX16
038C16 XX16
038D16 A/DO Register 6 ADO6 XX16
038E16 XX16
038F16 A/DO Register 7 ADO7 XX16
039016

039116

039216

039316

039416 | A/DO Control Register 2 ADOCON2 X000 00002
039516

039616 | A/DO Control Register O ADOCONO 0016
039716 | A/DO Control Register 1 ADOCON1 0016
039816 | D/A Register 0 DAO XX16
039916

039A16 | D/A Register 1 DAl XX16
039B16

039Cz16 | D/A Control Register DACON XXXX XX002
039D16

039E16

039F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

<144-pin package>

Address Register Symbol Value after RESET
03A016 | Function Select Register A8 PS8 X000 00002
03Al1e | Function Select Register A9 PS9 0016
03A216

03A316

03A416

03A516

03A616

03A716

03A816

03A916

03AA16

03AB16

03AC16

03AD16

03AE16

03AF16 | Function Select Register C PSC 00X0 00002
03B016 | Function Select Register AO PSO 0016
03B1l16 | Function Select Register A1 PS1 0016
03B216 | Function Select Register BO PSLO 0016
03B316 | Function Select Register B1 PSL1 0016
03B416 | Function Select Register A2 pPS2 00X0 00002
03B516 | Function Select Register A3 PS3 0016
03B616 | Function Select Register B2 PSL2 00X0 00002
03B716 | Function Select Register B3 PSL3 0016
03B816

03B916 | Function Select Register A5 PS5 XXX0 00002
03BA16

03BB16

03BC16 | Function Select Register A6 PS6 0016
03BD16 | Function Select Register A7 pPS7 0016
03BE16

03BF16

03CO016 | Port P6 Register P6 XX16
03C116 | Port P7 Register P7 XX16
03C216 | Port P6 Direction Register PD6 0016
03C316 | Port P7 Direction Register PD7 0016
03C416 | Port P8 Register P8 XX16
03C516 | Port P9 Register P9 XX16
03C616 | Port P8 Direction Register PD8 00X0 00002
03C716 | Port P9 Direction Register PD9 0016
03C816 | Port P10 Register P10 XX16
03C916 | Port P11 Register P11 XX16
03CA16 | Port P10 Direction Register PD10 0016
03CBu16 | Port P11 Direction Register PD11 XXX0 00002
03CCa1s6 | Port P12 Register P12 XX16
03CDa1s6 | Port P13 Register P13 XX16
03CEz16 | Port P12 Direction Register PD12 0016
03CF16 | Port P13 Direction Register PD13 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

<144-pin package>

Address Register Symbol Value after RESET
03D016 | Port P14 Register P14 XX16
03D116 | Port P15 Register P15 XX16
03D216 | Port P14 Direction Register PD14 X000 00002
03D316 | Port P15 Direction Register PD15 0016
03D416

03D516

03D616

03D716

03D816

03D916

03DA16 | Pull-Up Control Register 2 PUR2 0016
03DB16 | Pull-Up Control Register 3 PUR3 0016
03DCz1s | Pull-Up Control Register 4 PUR4 XXXX 00002
03DD16

03DE16

03DF16

03EO016 | Port PO Register PO XX16
03E1l16 | Port P1 Register P1 XX16
03E216 | Port PO Direction Register PDO 0016
03E316 | Port P1 Direction Register PD1 0016
03E416 | Port P2 Register P2 XX16
03E516 | Port P3 Register P3 XX16
03E616 | Port P2 Direction Register PD2 0016
03E716 | Port P3 Direction Register PD3 0016
03E816 | Port P4 Register P4 XX16
03E916 | Port P5 Register P5 XX16
03EA16 | Port P4 Direction Register PD4 0016
03EB16 | Port P5 Direction Register PD5 0016
03EC16

03ED16

03EE16

03EF16

03F016 | Pull-Up Control Register 0 PURO 0016
03F116 | Pull-Up Control Register 1 PUR1 XXXX 00002
03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16 | Port Control Register PCR XXXX XXX02

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/83 Group (M32C/83, M32C/83T) 4. Special Function Registers (SFR)

<100-pin package>

Address Register Symbol Value after RESET
03A016
03Al16
03A216
03A316
03A416
03A516
03A616
03A716
03A816
03A916
03AA16
03AB16
03AC16
03AD16
03AE16
03AF16 | Function Select Register C PSC 0X00 00002
03B016 | Function Select Register A0 PSO 0016

03B1l16 | Function Select Register A1 PS1 0016

03B216 | Function Select Register BO PSLO 0016

03B316 | Function Select Register B1 PSL1 0016

03B416 | Function Select Register A2 pPS2 00X0 00002
03B516 | Function Select Register A3 PS3 0016

03B616 | Function Select Register B2 PSL2 00X0 00002
03B716 | Function Select Register B3 PSL3 0016

03B816

oBowe [ | [ [ [[[[[I[[[TILLTLLOTLLIIILT PO ]]]mote2
03BA16
03BB16
03BC16
03BD16
03BE16
03BF16
03CO016 | Port P6 Register P6 XX16
03C116 | Port P7 Register P7 XX16
03C216 | Port P6 Direction Register PD6 0016
03C316 | Port P7 Direction Register PD7 0016
03C416 | Port P8 Register P8 XX16
03C516 | Port P9 Register P9 XX16
03C616 | Port P8 Direction Register PD8 00X0 00002
03C716 | Port P9 Direction Register PD9 0016
03C816 | Port P10 Register P10 XX16
oscowe [ | [ [[[[[[II[[TIILTILPTILIIIT PO ]]]mote2
03CA16| Port P10 Direction Register PD10 0016
03CB16 (Note 1)
03CCa1s
03CD16
03CE16
03CF16

(Note 2)

(Note 2)

(Note 2)

(Note 1)

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. Set address spaces 03CB16, 03CE16 and 03CF16 to "FF16" in the 100-pin package.
2. [T1 Address spaces 03A016, 03A116, 03B916, 03BC16, 03BD16, 03C916, 03CC16 and 03CD16 are not provided
in the 100-pin package.
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

<100-pin package>

Address

Register

Symbol

Value after RESET

03D016

03D116

03D216

03D316

03D416

03D516

03D616

03D716

03D816

03D916

03DA16

Pull-up Control Register 2

PUR2

0016

03DB16

Pull-up Control Register 3

PUR3

0016

03DC1s6

03DD16

03DE16

03DF16

03EO16

Port PO Register

PO

XX16

03E1l16

Port P1 Register

P1

XX16

03E216

Port PO Direction Register

PDO

0016

03E316

Port P1 Direction Register

PD1

0016

03E416

Port P2 Register

P2

XX16

03E516

Port P3 Register

P3

XX16

03E616

Port P2 Direction Register

PD2

0016

03E716

Port P3 Direction Register

PD3

0016

03E816

Port P4 Register

P4

XX16

03E916

Port P5 Register

P5

XX16

03EA16

Port P4 Direction Register

PD4

0016

03EB16

Port P5 Direction Register

PD5

0016

03EC16

03ED16

03EE16

03EF16

03FO016

Pull-Up Control Register 0

PURO

0016

03F116

Pull-Up Control Register 1

PUR1

XXXX 00002

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16

Port Control Register

PCR

XXXX XXX02

X: Indeterminate

Blank spaces are reserved. No access is allowed.
NOTES:
1. Set address spaces 03D216 and 03D316 to "FF16" in the 100-pin package.
2. Set address spaces 03DC16 to "0016" in the 100-pin package.
3. [II] Address spaces 03D016 and 03D116 are not provided in the 100-pin package.

(Note 3)

(Note 1)

(Note 2)
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5. Reset

Hardware reset, software reset, and watchdog timer reset are available to reset the microcomputer.

5.1 Hardware Reset

5.1.1 Reset on a Stable Supply Voltage

The microcomputer resets pins, the CPU and SFR when the supply voltage meets the recommended
performance conditions while an "L" signal is applied to the RESET pin (see Table 5.1). Apply an "H"
signal to the RESET pin again after 20 or more clock cycles are input to the XIN pin while applying an "L"
to the RESET pin. The CPU and SFR are reset and programs run from the address indicated by the reset
vector.

The internal RAM is not reset. When the RESET pin becomes "L" while writing data to the internal RAM,
the internal RAM is in an indeterminate state.

5.1.2 Power-on Reset

The microcomputer resets pins, the CPU and SFR when the supply voltage applied to the VVcc pin meets
the recommended performance conditions while an "L" signal is applied to the RESET pin. (See Table
5.1)

The CPU and SFR are reset when the signal applied to the RESET pin changes low ("L") to high ("H")
after the main clock oscillation stabilizes and 20 or more clock cycles are applied to the XIN pin. Programs
run from the address indicated by the reset vector. The internal RAM is in a indeterminate state

Figure 5.1 shows a reset circuit. Figure 5.2 shows a reset sequence. Figure 5.3 shows CPU register condi-
tions after reset. Table 5.1 lists pin states while the RESET pin is held "L". Refer to 4. SFR for SFR states
after reset.

5V
Recommended
Operation Voltage
Vcc
ov
RESET Vcc 5V
RESET

0.2Vcc or below

I ov -

5. Reset

4>: :<7
Supply a clock with 20 or more cycles to
The above applies to Vcc = 5V the XIN pin
Figure 5.1 Reset Circuit
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5. Reset

———» 20 or more XIN cycles

Microprocessor _| | required
mode BYTE = “H"*| |

e I

-

RESET 40 to 45 BCLK cycles
-

Content of ieset vector
Address (FFFFFCi | FFFFFDis | FFFFFEs
RO [ [ [ 7]
WR
(o= {

Microprocessor |
mode BYTE =“L"®| |

Content of reset vector

Address {FFFFFCis | FFFFFE. ) [

RD [ I T

WR

o | A

Slnrg]lg&(éhlp FFI;FFClG C(:;)ntent of reset vector

Address® /_S( x‘ T
i N A T S SSSssssssssssssssssssssees

FFFFFE1s
NOTES:

1. Addresses cannot be output from pins, in single-chip mode.
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

Figure 5.2 Reset Sequence
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5. Reset

Table 5.1 Pin States while RESET Pin is Held "L"

Pin States
Pin Name CNVss = Vcc
CNVss =Vss
BYTE = Vss ‘ BYTE = Vcc
PO Input port (high-impedance) | Data input (high-impedance)
P1 Input port (high-impedance) | Data input (high-impedance) ‘ Input port (high-impedance)
P2, P3, P4 Input port (high-impedance) | Address output (indeterminate)
P50 Input port (high-impedance) | WR output (output "H")
P51 Input port (high-impedance) | BHE output (indeterminate)
P52 Input port (high-impedance) RD output (output "H")
P53 Input port (high-impedance) | BCLK output
P54 Input port (high-impedance) HLDA output (output value depends on an input to HOLD pin)
P55 Input port (high-impedance) | HOLD input (high-impedance)
P56 Input port (high-impedance) | RAS output
P57 Input port (high-impedance) RDY input (high-impedance)
P6 to P15 (1) Input port (high-impedance) | Input port (high-impedance)

NOTES:

1. Ports P11 to P15 are provided in the 144-pin package.

5.2 Software Reset
When the PMO03 bit in the PMO register is set to "1" (microcomputer reset), pins, the CPU and SFR are
reset. Then the microcomputer executes the program from an address determined by the reset vector.
When software reset is performed, some registers in the SFR are not reset. Refer to 4. SFR for details.
Set the PMO3 bit to "1" while the main clock is selected as the CPU clock and the main clock oscillation is
stable.

5.3 Watchdog Timer Reset
The microcomputer resets pins, the CPU and the SFR when the watchdog timer underflows while the
CMO6 bit in the CMO register is set to "1" (reset). Then the microcomputer executes the program from an
address indicated by the reset vector.
When watchdog timer reset is performed, some registers in the SFR are not reset. Refer to 4. SFR for
details. Because the PMO01 to PMO0O bits in the PMO register are not reset, the processor mode remains
unchanged.
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5.4 Internal Space
Figure 5.3 shows CPU register states after reset. Refer to 4. SFR for SFR states after reset.

0:"0" after reset
X : Indeterminate after reset

General Register High-Speed Interrupt Register
b15 b0 b15 b0
000016 Flag Register (FLG) b23 XXXX16 Save Flag Register (SVF)
b15 “ba b7 : XXXXXX16 Save PC Register (SVP)
[xJo o o [x[x[x]x] o] o] o[ 0]0]0]0]o] XXXXXX16 Vector Register (VCT)
1
IPL uroeszopc DMAC-Associated Register
bo_ b7 bo
0016 0016 || Data Register (ROH/ROL) 0016 DMA Mode Register (DMDO)
0016 0016 || Data Register (RTH/R1L) bis 0016 DMA Mode Register (DMD1)
000016 Data Register (R2) XXXX16 DMA Transfer Count Register (DCTO0)
b23 000016 || Data Register (R3) XXXX16 DMA Transfer Count Register (DCT1)
00000016 1 Address Register (A0) XXXX16 DMA Transfer Count Reload Register (DRCO)
00000016 Address Register (A1) 023 XXXX16 DMA Transfer Count Reload Register (DRC1)
00000016 1 Static Base Register (SB) XXXXXX16 DMA Memory Address Register (DMAO)
i 00000016 Frame Base Register (FB) XXXXXX16 DMA Memory Address Register (DMA1)
. XXXXXX16 DMA Memory Address Reload Register (DRAQ)
00000016 User Stack Pointer (USP)
. XXXXXX16 DMA Memory Address Reload Register (DRA1)
00000016 Interrupt Stack Pointer (ISP)
. XXXXXX16 DMA SFR Address Register (DSA0)
00000016 Interrupt Table Register (INTB)
XXXXXX16 DMA SFR Address Register (DSA1)
Contents of addresses Program Counter (PC)
FFFFFE16 to FFFFFC16

Figure 5.3 CPU Register after Reset
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6. Processor Mode

NOTE

M32C/83T can be used in single-chip mode.
M32C/83T cannot be used in memory expansion mode and microprocessor mode.

6.1 Types of Processor Mode
Single-chip mode, memory expansion mode, or microprocessor mode can be selected as processor mode.
Pin functions, memory map and accessible space vary depending on the selected processor mode.

6.1.1 Single-chip Mode

In single-chip mode, internal memory space (the SFR, internal RAM and internal ROM) can be accessed.
All /O ports can be used.

6.1.2 Memory Expansion Mode

In memory expansion mode, both external memory space and internal memory space can be accessed .
Some pins function as pins for bus control signals. The BYTE pin and register settings determine how
many pins are assigned for these pin functions. Refer to 7. Bus for details.

6.1.3 Microprocessor Mode
In microprocessor mode, SFR, internal RAM and external memory space can be accessed. Internal ROM
cannot be accessed.
Some pins function as pins for bus control signals. The BYTE pin and register settings determine how
many pins are assigned for these pin functions. (Refer to 7. Bus for details.)

6.2 Setting Processor Mode
The processor mode is set by the combination of CNVss pin and the PMO01 to PMOO bit settings in the PMO
register. Do not set the PM01 to PMOO bits to "102".
If the PMO1 to PMOO bits are rewritten, the mode corresponding to the PMO1 to PMOO bits is selected
regardless of CNVss pin level.
Do not change the PM01 to PMOO bits when the PM02 to PMO7 bits in the PMO register are being rewritten.
Do not enter microprocessor mode while the CPU is executing a program in the internal ROM . Do not enter
single-chip mode while the CPU is executing a program in an external memory space.
Figures 6.1 and 6.2 show the PMO register and PM1 register. Figure 6.3 shows a memory map in each
processor mode.

6.2.1 Applying Vss to CNVss Pin

The microcomputer enters single-chip mode after reset. Set the PM01 to PMOO bits to "012" (memory
expansion mode) to switch to memory expansion mode after the microcomputer starts operating.

6.2.2 Applying Vcc to CNVss Pin

The microcomputer enters microprocessor mode after reset.
When using the flash memory version, apply Vcc to P55 (HOLD) as well as to the CNVss.
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Processor Mode Register o

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| | 0 | | | | | | | PMO 000416 1000 00002 (CNVss = L")
— 0000 00112 (CNvss = "H")
SR BT . . —
Pt ot bttt | symbol Bit Name Function
N b1 b0
Doy oror ror o st PMOO 0 0: Single-chip mode RW
A Processor Mode Bit@ 3 | 0 1: Memory expansion mode®
1 0: Do not set to this value W
R PMOL 1 1: Microprocessor mode(®
A T A pMo2 | RIW Mode Select Bit@ |0: RD/BHE/WR RW
- - R 1: RD/WRH/WRL
The microcomputer is reset when
Dol e PM0O3 | Software Reset Bit this bit is set to "1". When read, its | RW
FE- S content is "0".
HE- b5 b4
R I SRLEELEEEEE PMO4 _ 0 0 : Multiplexed bus is not used RW
Multlplex.e(g) Bus Space 0 1 : Access the CS2 area with the bus
PMOS Select Bit 0 1 : Access the CS1 area with the bus
11 : Access all CS areas with the bus® | W
LTRRRRRRRR —— | Reserved Bit Setto "0" RW
: (b6)
0 : BCLK is output(®)
""""""""""""""" BCLK Output 1: BCLK is not output

PMO7 | Disable Bit(?) The CMO01 and CMOO bits in the RW
CMO register determine pin functions.

NOTES:

1. Rewrite the PMO register after the PRCL1 bit in the PRCR register is set to "1" (write enable).

2. Processor mode is not changed even if the PMO03 bit is set to "1" (software reset).

3. Set the PMO1 to PMOO bits to "012" or "112" separately. Rewrite other bits before rewriting the PMO1 to
PMOO bits.

4. When using the 16-bit data bus in the DRAMC, set the PM02 bit to "1".

5. The PMO5 to PM04 bits are available in memory expansion mode or microprocessor mode.

« Set the PMO05 to PM04 bits to "002" in mode 0.
« Do not set the PMO05 to PM04 bits to "012" in mode 2.

6. The PMO5 to PMO04 bits cannot be set to "112" in microprocessor mode because the microcomputer
starts operation using the separate bus after reset.

When the PMO5 to PMO04 bits are set to "112" in memory expansion mode, the microcomputer can
access each 64-Kbyte chip-select-assigned address space. The multiplexed bus is not available in
mode 0. The microcomputer accesses CS0 to CS2 in mode 1, CS0 and CS1 in mode 2 and CS0 to
CS3in mode 3.

7. No BCLK is output in single-chip mode even if the PMO7 bit is set to "0". When a clock output is
terminated in microprocessor mode or memory expansion mode, set the PMO7 bit to "1" and the
CMO01 to CMO0O bits in the CMO register to "002" (/O port P53). P53 outputs "L" .

8. When the PMO7 bit is set to "0" (BCLK output), set the CM01 and CMO0O bits to "002".

9. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

Figure 6.1 PMO Register
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Processor Mode Register 1()

(CS3 to CSO for P44 to P47)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset

| 0 |><| | | | | | | PM1 000515 0X00 00002
oo Bit . .
Symbol Bit Name Function RW
SN o
HE - 0 0 : Mode 0 (A20 to A23 for P44 to P47)
i1 PMIO 01: Mode 1 (A20 for P4a, RW
External Memory Space CS2 to CSO for P4s to P47)
Mode Bit 6) 1 0: Mode 2 (A20, A21 for P44, P4s,
oo CS1, CSO for P4s, P47)
P PM11 11 : Mode 3@ RW

0 : No wait state

[P PPR Internal M Wait Bit _
: PM12 nternal Memory Wait Bi 1 - Wait state RW
o 0 : 1 wait state
PM13 | SFR Area Wait Bit 0 1: 2 wait states®@ RW
b5 b4
e ERRLELET T PM14 00:NoALE RW
: ALE Pin Select Bit 6) |01 : P53/BCLK®)
: 10: P56/RAS
PooTTrrmmmeeeeeeeees PM15 11: P54/HLDA RW
_______________________ | Nothing is assigned. _
: (b6) When read, its content is indeterminate.
. Reserved Bit Set to "0" RW

©7)

NOTES:
1. Rewrite the PM1 register after the PRC1 bit in the PRCR register is set to "1" (write enable).

. The PM10 and PM11 bits are available in memory expansion mode or microprocessor mode.

. The DRAMC is not available when the PM11 and PM10 bits are set to "112" (mode 3).

. Set the PM13 bit to "1" (2 wait states) to access CAN-associated registers (addresses 01E016 to

024516).

5. Set the CM01 and CMOO bits in the CMO register to "002" (/O port P53) when the PM15 and PM14
bits are set to "012" (P53/BCLK select).

6. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

A WODN

Figure 6.2 PM1 Register
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Figure 6.3 Memory Map in Each Processor Mode
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/. Bus

In memory expansion mode or microprocessor mode, some pins function as bus control pins to input and
output data from external devices. Ao to A22, A23, Do to D15, MAo to MA12, CSo to CS3, WRL/WR/CASL,
WRH/BHE/CASH, RD/DW, BCLK/ALE, HLDA/ALE, HOLD, ALE/RAS, and RDY are used as bus control
pins.

NOTE

Bus control pins in M32C/83T cannot be used.

7.1 Bus Settings
The BYTE pin, the DS register, the PM05 to PMO04 bits in the PMO register and the PM11 to PM10 bits in
the PM1 register determine bus settings.
Table 7.1 lists how to change a bus setting. Figure 7.1 shows the DS register.

Table 7.1 Bus Settings

Bus Setting Changed By
Selecting external address bus width DS register
Setting bus width after reset BYTE pin (external space 3 only)
Switching between separate bus or multiplexed bus PMO5 to PM04 bits in PMO register
Number of chip-select PM11 to PM10 bits in PM1 register

External Data Bus Width Control Register(®

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
M_'_L_u DS 000B16 XXXX 10002 (BYTE pin = "L")
XXXX 00002 (BYTE pin = "H")
- - R Bit . ' .
Symbol Bit Name Function
: E o
i bso xterngl Space 0 Dgta 0:8 b|t§ que RW
Bus Width Select Bit 1: 16 bits wide
External Space 1 Data [0 : 8 bits wide
------ DS1 . . o RW
Bus Width Select Bit 1: 16 bits wide
External Space 2 Data | 0 : 8 bits wide
--------- DS2 ) . ) . RW
Bus Width Select Bit 1: 16 bits wide
: External S 3 Dat 8 bits wi
L] DS3 X erng pace _ala 0:8 b|t§ que RW
Bus Width Select Bit) |1 : 16 bits wide
___________________________ Nothing is assigned. When write, set to "0". .
(b7 - b4) [When read, its content is indeterminate.
NOTES:
1. After reset, the DS3 bit is set to "1" when the BYTE pin is held "L". It is set to "0" when the BYTE pin
is held "H".

2. The DS register in the M32C/83T cannot be used.

Figure 7.1 DS Register
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7.1.1 Selecting External Address Bus
The number of externally-output address bus, chip-select signals and chip-select-assigned address
space (CS area) varies depending on each external space mode. The PM11 to PM10 bits in the PM1
register determine the external space mode.
When using the DRAMC, row addresses and column addresses are multiplexed to output in the DRAM
area.

7.1.2 Selecting External Data Bus
The DS register selects either external 8-bit or 16-bit data bus per external space. The data bus in the
external space 3, after reset, becomes 16 bits wide when an "L" signal is applied to the BYTE pin and 8
bits wide when an "H" signal is applied. Do not change the BYTE pin level while the microcomputer is
operating. The internal bus is always 16 bits wide.

7.1.3 Selecting Separate/Multiplexed Bus

The PMO5 to PMO04 bits in the PMO register determine either a separate or multiplexed bus as bus format .

7.1.3.1 Separate Bus

The separate bus is a bus format which allows the microcomputer to input and output data and ad-
dress using separate buses. The DS register selects 8-bit or 16-bit data bus as the external data bus
per external space. If all DSi bits in the DS register (i=0 to 3) are set to "0" (8-bit data bus), port Po
becomes the data bus and port P1 becomes the programmable 1/O port. If one of the DSi bits is set to
"1" (16-bit data bus), ports PO and P1 become the data bus. When the microcomputer accesses a
space while the DSi bit set to "0", port P1 is indeterminate.

If the microcomputer accesses a space with the separate bus, the WCR register determines the num-
ber of software wait states inserted.

7.1.3.2 Multiplexed Bus

The multiplexed bus is a bus format which allows the microcomputer to input and output data and
address via bus by timesharing. Do to D7 are multiplexed with Ao to A7 in space accessed by the 8-bit
data bus. Do to D15 are multiplexed with Ao to A15 in space accessed by the 16-bit data bus. If the
microcomputer accesses a space with the multiplexed bus, the WCR register can be set to either two
wait states or three wait states. Two-wait-state access is automatically selected if the WCR register is
set to no wait state or one wait state. Refer to 7.2.4 Bus Timing for detalils.

The microcomputer starts operation using the separate bus after reset. Therefore, the multiplexed bus
can be assigned to access the CS1 area, the CS2 area, or all CS areas. However, the multiplexed bus
cannot be assigned to access all CS areas in microprocessor mode. When the PM05 and PMO04 bits
in the PMO register are set to "112" (access all CS areas with the bus), only 16 low-order bits, from Ao
to A1s, of an address are output. See Table 7.2 for details.
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Table 7.2 Processor Mode and Port Function

P Single- . . .
r?\)/lc(;e;:or Chip gI\J/lode Memory Expansion Mode/ Microprocessor Mode Memory Expansion Mode
"012", "102" "002" "112"(1)
PMO5 to A m @ f
PMO4 Bits in ccess CS1 or using . ) - _
PMO Register the Multiplexed Bus Access all CS Areas using Access all CS Areas using
9 Access All Other CS Areas using the Separate Bus the Multiplexed Bus
the Separate Bus
Access all Access one or more] Access all Access one or more Access all Access one or more
Data Bus Width external space with | external space with| external space with| external space with | external space with | external space with
8-bit data bus 16-bit data bus 8-bit data bus 16-bit data bus 8-bit data bus 16-bit data bus
Data bus Data bus Data bus Data bus
POoto PO7 I/O port Do to D7 Do to D7 Do to D7 Do to D7 I/O port I/O port
Ploto P17 Data bus Data bus
1/0 port 1/O port Ds to D15 1/0 port D8 1o D5 1/O port 1/O port
Address bus/ Address bus/ Address bus/ Address bus/
P20to P27 I/O port | Data bus@ Data bus( AdgressAbus AdggeiisAk;us Data bus Data bus
Ao/Do to A7/D7 Ao/Do to A7/D7 Oto A7 Ao/Do to A7/D7 Ao/Do to A7/D7
Address bus/ Address bus/
P30to P37 110 port AtXJrestus Data bus(@ AcXJrestus Aclja\dreszbus Acifireszbus Data bus
8to A15 As/D8 to A1s/D15 8to A15 8to A15 8to A15 As/Ds to A15/D15
Address bus Address bus Address bus Address bus
Pdoto P43 I/O port A16 to A19 A16 to A19 A16 to A19 A16 to A19 /O port /O port
CS (Chip-select signal) or Address bus (A20 to A22)
P441to0 P46 ;
1/0 port (Refer to 7.2 Bus Control for details)@
CS (Chip-select signal) or Address bus (A23)
P47 .
VO port (Refer to 7.2 Bus Control for details)*
Outputs RD, WRL, WRH and BCLK or outputs RD, BHE, WR and BCLK
PSoto P53 /O port (Refer to 7.2 Bus Control for details)®)
P54 1/0 port HLDA 3 HLDA 3 HLDA ® HLDA 3 HLDA 3 HLDA )
P55 1/0O port HOLD HOLD HOLD HOLD HOLD HOLD
P56 1/0 port RAS ®) RAS ® RAS ®) RAS ©) RAS ©®) RAS ©®)
P57 1/0O port RDY RDY RDY RDY RDY RDY
NOTES:

1. The PMO5 to PMO04 bits cannot be set to "112" (access all CS areas using multiplexed bus) in
microprocessor mode because the microcomputer starts operation using the separate bus after reset.
When the PMO5 to PMO04 bits are set to "112" in memory expansion mode, the microcomputer accesses
64K-byte memory space per chip select using the address bus .

. These ports become address buses when accessing space using the separate bus.
. The PM15 to PM14 bits in the PM1 register determine which pin outputs the ALE signal. The PMO02 bit in

the PMO register selects either "WRL,WRH" or "BHE,WR" combination. P56 provides an indeterminate
output when the PM15 and PM14 bits to "002" (no_ALE). It cannat be used as an I/O port.

. When DRAMC is selected to access DRAM area, CASL, CASH, DW, BCLK become output pins.
. The PM11 to PM10 bits in the PM1 register determine the CS signal and address bus.
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7.2 Bus Control

Signals required to access external devices are provided and software wait states are inserted as follows.
The signals are available in memory expansion mode and microprocessor mode only.

7.2.1 Address Bus and Data Bus

The address bus is a signal accessing 16M-byte space and uses 24 control pins; Ao to A22 and A23. A23
is the inversed output signal of the highest-order address bit.

The data bus is a signal which inputs and outputs data. The DS register selects the 8-bit data bus from Do
to D7 or the 16-bit data bus from Do to D15 for each external space. When applying an "H" signal to the
BYTE pin, the data bus accessing the external memory space 3 becomes the 8-bit data bus after reset.
When applying an "L" signal to the BYTE pin, the data bus accessing the external memory space 3
becomes the 16-bit data bus.

When changing single-chip mode to memory expansion mode, the address bus is in an indeterminate
state until the microcomputer accesses an external memory space.

When using the DRAMC to access DRAM area, row addresses and column addresses are multiplexed
and output via As to A20.

7.2.2 Chip-Select Signal
The chip-select signal shares ports with Ao to A22 and A23. The PM11 to PM10 bits in the PM1 register
determine which CS area is accessed and how many chip-select signals are output. A maximum of four
chip-select signals can be output.
In microprocessor mode, the chip-select signal is not output after reset. A23, however, can perform as the
chip-signal signal.
The chip-select signal becomes "L" while the microcomputer accesses the external CSi area (i=0 to 3). It
becomes high ("H") when the microcomputer accesses another external memory space or an internal
memory space. Figure 7.2 shows an example of the address bus and chip-select signal output.
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Example 1:

When the microcomputer accesses the external
space j specified by another chip-select signal in the
next cycle after having accessed the external space i,
both address bus and chip-select signal change.

Access  Access

External External
' ' Spacei : Spacej !
i -
Data Bus
Address Bus : IAddressX
Chip-Select Signal E
csk | :
Chip-Select Signal ! :
CSp E I

i=0to3 k=0to 3

j=0to 3, excluding i p=0to 3, excluding k
(See Figure 6.3 for i, j and p, k)

Example 3:

When the microcomputer accesses the space i
specified by the same chip-select signal in the next
cycle after having accessed the external space i,
the address bus changes but the chip-select signal

does not.
Access Access
External  External
. , Spacei , Spacei
! -

Address Bus

XAdd ressX

Chip-Select Signal
Csk

'
r
'
'
'
'

T
'
'
'
'
'
"
'
'

i=0to 3 k=0to 3

(See Figure 6.3 for i and k)

NOTES:

Example 2:

When the microcomputer accesses the SFR or the
internal ROM/RAM area in the next cycle after
having accessed an external space, the chip-select
signal changes but the address bus does not.

Access  Access SFR,
External Internal
Space ROM/RAM
| | Area |
| -
Data Bus ! —\ Data )
Address Bus XAddressi
. . r : | -:-
Chip-Select Signal '
CSk ! :
k=0to3

Example 4:

When the microcomputer does not access any
space in the next cycle after having accessed an
external space (no pre-fetch of an instruction is
generated), neither address bus nor chip-select
signal changes.

Access
External No Access
, , Space .
: i B i ma
: : [\ :
Data Bus ! —\Datay !
Address Bus | X Address
Chip-Select Signal
CSk . Z E

k=0to 3

1. The above applies to the address bus and chip-select signal in two consecutive cycles.
By combining these examples, a chip-select signal extended by two or more cycles may be output.

Figure 7.2 Address Bus and Chip-Select Signal Outputs (Separate bus)
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7.2.3 Read and Write Signals
When set to the 16-bit data bus, the PMO02 bit in the PMO register selects a combination of the RD, WR
and BHE signals or the RD, WRL and WRH signals to determine the read or write signal. When the DS3
to DSO bits in the DS register are set to "0" (8-bit data bus), set the PM02 bit to "0" (RD/WR/BHE). If any
of the DS3 to DSO bits are set to "1" (16-bit data bus) when accessing an 8-bit space, the combination of
RD, WR and BHE is automatically selected regardless of the PM02 bit setting. Tables 7.3 and 7.4 list
each signal operations.
The RD, WR and BHE signals are combined for the read or write signal after reset.
When changing the combination to RD, WRL and WRH, set the PM02 bit before writing data to an

external memory.

When using the DRAMC to access the DRAM with the 16-bit bus, set the PM02 bit to "1" (RD/ WRL/

WRH).

Table 7.3 RD, WRL and WRH Signals

Data Bus RD WRL WRH Status of External Data Bus

L H H Read data

16 Bits H L H Write 1-byte data to even address
H H L Write 1-byte data to odd address
H L L Write data to both even and odd addresses

8 Bits H L®) Not used | Write 1-byte data
L H® Not used | Read 1-byte data

NOTES:

1. The WR signal is used instead of the WRL signal.

Table 7.4 RD, WR and BHE Signals

Data Bus RD WR BHE Ao Status of External Data Bus

H L L H Write 1-byte data to odd address
L H L H Read 1-byte data from odd address

16 Bits H L H L Write 1-byte data to even address
L H H L Read 1-byte data from even address
H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses

8 Bits H L Not used H/L Write 1-byte data
L H Not used H/L Read 1-byte data
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7.2.4 Bus Timing

Bus cycle for the internal ROM and internal RAM are basically one BCLK cycle. When the PM12 bit in the
PML1 register is set to "1" (wait state), the bus cycles are two BCLK cycles.
Bus cycles for the SFR are basically two BCLK cycles. When the PM13 bit in the PM1 register is set to "1"
(2 wait states), the bus cycles are three BCLK cycles. To access CAN-associated registers (addresses
01EO016 to 024516), set the PM13 bit to "1".
Bus cycle for an external space is basically one BCLK cycle for a read operation and two BCLK cycles for
a write operation. The WCR register inserts wait states equivalent to one to three BCLK cycles into an
external space. Bus cycles are two BCLK cycles if selecting one wait state. Bus cycles are four BCLK
cycles if selecting three wait states.
If applicable to the followings, bus cycles vary from those selected by the WCR register. Figure 7.5
shows each bit status and bus cycle.

« Write cycle with the separate bus and no wait state

* Read cycle and write cycle with the multiplexed bus and no wait state.
» Read cycle and write cycle with the multiplexed bus and one wait state.

Figure 7.3 shows the WCR register. Figures 7.4 and 7.5 show bus timing in an external space.

b7 b6 b5 b4 b3 b2 bl bO

Wait Control Register(®: 2 3)

Symbol Address After Reset
WCR 000816 1111 11112
Sy?#bol Bit Name Function RW
bl b0
WCRO 0 0: No wait state RW
External Space 0 0 1: 1 wait state
Wait Bit 1 0: 2 wait states
WCR1 1 1: 3 wait states RW
b3 b2
WCR2 0 0: No wait state RW
External Space 1 0 1: 1 wait state
Wait Bit 1 0: 2 wait states
WCR3 1 1: 3 wait states RW
b5 b4
WCR4 0 0: No wait state RW
External Space 2 0 1: 1 wait state
Wait Bit 1 0: 2 wait states
WCR5 1 1: 3 wait states RW
b7 b6
WCR6 0 0: No wait state RW
External Space 3 0 1: 1 wait state
Wait Bit 1 0: 2 wait states
WCR7 1 1: 3 wait states RW

NOTES:

1. When using the multiplexed bus, "2 waits" is selected even if the WCR register is set to "002" (no
wait state) or "012" (1 wait state). "102" (2 wait states) and "112" (3 wait states) can be selected.

2. When using the separate bus, the read bus runs one BCLK cycle and the write bus runs two
BCLK cycles (1 wait state) if the WCR register is set to "002".

3.The WCR register cannot be used in M32C/83T.

Figure 7.3 WCR Register
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Table 7.5 Software Wait State and Bus Cycle

PM1 Register WCR Register
Space External - 9 - - 9 — Bus Cycle
Bus Status PM13 Bit PM12 Bit WCR;j to WCRI Bits
0 2 BCLK cycles
SFR - -

1 3 BCLK cycles

Internal 0 1 BCLK cycle
ROM/RAM 2 BCLK cycles

002 Read :1 BCLK cycle
Write : 2 BCLK cycles
012 2 BCLK cycles
Separate Bus - -

102 3 BCLK cycles
External 112 4 BCLK cycles

Memory 002 3 BCLK cycle
012 3 BCLK cycles
Multiplexed Bus - e 102 3 BCLK cycles
112 4 BCLK cycles

i=0,2,4,6 j=i+1
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(1) Separate Bus with No Wait State
Bus cycle(®

Bus cycle(1)

- S - 3
< <

> >

BCLK |

Write Signal

Read Signal

Data Bus

{ Input }

Address Bus(®) X Address

- .

Chip-Select Signal(2: 3)

(2) Separate Bus with 1 Wait State Bus cycle()

Bus cycle()

-<
<

-<
> - >

BCLK |

Write Signal

Read Signal

Data Bus

 (om

) (inpu
/

Address Bus(@

X Address

Chip-Select Signal(@ 3)

X X Address L

(3) Separate Bus with 2 Wait States
Bus cycle(®

-
-<

Bus cycle(®)

Y
A
Y

BCLK
Write Signal
Read Signal
< \ VAN
Data Bus Data Output )i { input Y
Address Bus(®) < Address X X Address )7

Chip-Select Signal@ 3)|

NOTES:

instruction queue buffer.

select signal may be output continuously.

1. This example illustrates bus cycle length. Read cycle and write cycle may occur consecutively.
2. The address bus and chip-select signal may be extended depending on CPU state such as an

3. When the microcomputer continuously accesses the same external space (same CS area), the chip-

Figure 7.4 External Bus Operation with Software Wait State (1)
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7. Bus

(1) Separate Bus with 3 Wait States

(2) Multiplexed Bus with 2 Wait States

}4 Bus cycle®

Bus cycle® Bus cycle(®)

}4 Ll - =
BCLK | L
Write Signal
Read Signal
Data Bus >—< Data output >< > ( Input>-
Address Bus(2)>< Address >< X Address >>
Chip-Select | |
signa@®» —rvw ... ,

Chip-Select Signal? 3 |

(3) Multiplexed Bus with 3 Wait States
Bus cycle®)

|< L |-

Bus cycle®

-t
BCLK | >‘
Write Signal
Read Signal
ALE
Address Bus < Address X X Address )—
Address Bus/Data Bus(? ><Address>< Data output X XAddress> { Input)

Bus cycle(1)

BCLK |

Write Signal

Read Signal

Address Bus < Address X ><

Address >—

Address Bus/
Data Bus(®

Address X Data output >< XAddress)

ALE

Chip-Select

{Input)

Signal@s | |

NOTES:

instruction queue buffer.

select signal may be output continuously.

1. This example illustrates bus cycle length. Read cycle and write cycle may occur consecutively.
2. The address bus and chip-select signal may be extended depending on CPU state such as an

3. When the microcomputer continuously accesses the same external space (same cs area), the chip-

Figure 7.5 External Bus Operation with Software Wait State (2)
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7.2.5 ALE Signal
The ALE signal latches an address of the multiplexed bus. Latch an address on the falling edge of the
ALE signal. The PM15 to PM14 bits in the PM1 register determine the output pin for the ALE signal.
The ALE signal is output to an internal space and external space.

(1) 8-Bit Data Bus (2) 16-Bit Data Bus

ae [ ] aEe [ ]

Do/Ao to D7/A7 >< Address X Data® >< Do/A0 to D15/A15 >< Address X Data® ><

A8 to Al15 >< Address ><

A16 to Al9 >< Address® >< A16 to A19 >< Address®
A20/CS3 — A20/CS3 ~a
A21/CS2 >< Address or CS >< A21/CS2 Address or CS
A22/CS1 A22/CS1
A23/CS0 A23/CS0

NOTES:

1. Do/Ao to D7/A7 are placed in high-impedance state when read.
2. When the multiplexed bus is selected for all CS areas, the address bus becomes an I/O port.

Figure 7.6 ALE Signal and Address/Data Bus

7.2.6 RDY Signal
The RDY signal facilitates access to external devices which need longer access time. When an "L" signal
is applied to the RDY pin on the falling edge of last BCLK of the bus cycle, wait states are inserted into the
bus cycle. When an "H" signal is applied to the RDY pin on the falling edge of the BCLK, the bus cycle
starts running again.
Table 7.6 lists microcomputer states when the RDY signal inserts wait states into the bus cycle. Figure
7.7 shows an example of the RD signal extended by the RDY signal.

Table 7.6 Microcomputer States in a Wait State®

ltem State
Oscillation On
RD Signal, WR Signal, Address Bus, CSi (i=0 to 3), Maintains the same state as when RDY signa
Data Bus, ALE Signal, HLDA, Programmable 1/0O Ports was received
Internal Peripheral Circuits On

NOTES:
1. The RDY signal cannot be accepted immediately before software wait states are inserted.
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(1) Separate Bus with 2 Wait States

1st cycle 2nd cycle 3rd cycle 4th cycle

BCLK _/ \ / \

T

(=0t0 3) : /\
*

=
RS, '

« !

tsu(RDY : BCLK)

Timing to receive RDY
(2) Multiplexed Bus with 2 Wait States

1st cycle 2nd cycle 3rd cycle 4th cycle
s/ [\ i /N Y

...............

® 7 | / i ;
e

tsu(RDY - BCLK)

. . _— Timing to receive RDY
@ : wait states inserted by RDY

/ﬁfff/ : Wait states inserted by program

tsu(RDY-BCLK): Setup time for RDY input
Timing to receive RDY for j wait(s): j+1 cycles (j=1to 3)

NOTES: N
1. The chip-select signal (CSi) may be extended depending on CPU state such as the instruction
queue buffer.

Figure 7.7 RD Signal Output Extended by RDY Signal

7.2.7 HOLD Signal

The HOLD signal transfers bus privileges from the CPU to external circuits. When an "L" signal is applied
to the HOLD pin , the microcomputer enters a hold state after bus access is completed. While the HOLD
pin is held "L", the microcomputer is in a hold state and the HLDA pin outputs an "L" signal. Table 7.7
shows the microcomputer status in a hold state.

Bus is used in the following order of priority: HOLD, DMAC, CPU.

HOLD > DMAC > CPU

Figure 7.8 Order of Bus Priority
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Table 7.7 Microcomputer Status in a Hold State

ltem Status

Oscillation On

RD Signal, WR Signal, Address Bus, Data Bus, BHE, High-impedance

CSOto CS3

Programmable 1/0O Ports: PO to P15 Maintains the same state as when HOLD signal
is received

HLDA Output "L"

Internal Peripheral Circuits On (excluding the watchdog timer)

ALE Signal Output "L"

7.2.8 External Bus State when Accessing Internal Space

Table 7.8 shows external bus states when an internal space is accessed.

Table 7.8 External Bus State when Accessing Internal Space

Item State when accessing SFR, internal ROM and internal RAM

Address bus Holds an address of an external space accessed just before
Data Bus When Read | High-impedance

When Write | High-impedance
RD, WR, WRL, WRH Output "H"
BHE Holds state of external space last accessed
CSOto CS3 Output "H"
ALE Output ALE

7.2.9 BCLK Output

The CPU clock operates the CPU. When combining the PMO7 bit in the PMO register set to "0" (BCLK
output) and the CMO01 to CMO0O bits in the CMO register set to "002", the CPU clock signal is output from
P53 as BCLK.
No BCLK is output in single-chip mode. Refer to 8. Clock Generating Circuit for details.

7.2.10 DRAM Control Signals (RAS, CASL, CASH and DW)

The DRAM control signals control the DRAM. The DRAM control signals are output when the DRAM
area, determined by the ARO to AR2 bits in the DRAMCONT register, is output. Table 7.9 lists each
signal operation.

Table 7.9 RAS, CASL, CASH and DW Signals

Data Bus Width RAS CASL CASH DW Data Bus State

L L L H Read data from both even and odd addresses
L L H H Read 1-byte data from even address

16 bits L H L H Read 1-byte data from odd address
L L L L Write data to both even and odd addresses
L L H L Write 1-byte data to even address
L H L L Write 1-byte data to odd address

8 bits L L Not used H Read 1-byte data
L L Not used L Write 1-byte data
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8. Clock Generation Circuit

8.1 Types of Clock Generation Circuits
Four circuits are incorporated to generate the system clock signal :
* Main clock oscillation circuit

* Sub clock oscillation circuit
» On-chip oscillator
* PLL frequency synthesizer

Table 8.1 lists specifications of the clock generation circuit. Figure 8.1 shows a block diagram of the clock
generation circuit. Figures 8.2 to 8.8 show registers controlling the clock.

Table 8.1 Clock Generation Circuit Specifications

Iltem

Main Clock
Oscillation Circuit

Sub Clock
Oscillation Circuit

On-chip Oscillator

PLL Frequency
Synthesizer

Use

» CPU clock source
* Peripheral function
clock source

* CPU clock source
* Timer A and B
clock source

* CPU clock source
« Peripheral function
clock source

¢ CPU clock source
« Peripheral function
clock source

Clock Frequency

Up to 32 MHz

32.768 kHz

Approximatly 1 MHz

20 MHz to 32 MHz (
See Table 8.2)

Connectable

e Ceramic resonator

« Crystal oscillator

* Low pass filter

be input

be input. The PLL
frequency
synthesizer cannot
be used when using
the sub clock
oscillation circuit.

oscillating, the on-chip
oscillator starts oscillating
automatically and
becomes the clock source
for the CPU and peripheral
functions

Oscillator or « Crystal oscillator

Additional Circuit

Pins for XIN, XouT XCIN, XcouTt VcourT (connect to
Oscillator or for low pass filter)
Additional Circuit P86 (connect to Vss)
Oscillation Stop/ | Available Available Available Available

Restart Function

Oscillator State | Oscillating Stopped Stopped Stopped

After Reset

Other External clock can | External clock can | When the main clock stops| The sub clock

cannot be used
when using the PLL
frequency
synthesizer
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Figure 8.1 Clock Generation Circuit
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System Clock Control Register 0

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| | | | | 1 | | | | CMO 000616 0000 X0002
N N Bit N Funcii RW
Py or 4 4 4 1 i | Symbol it Name unction
A A b1 b0
Porob b1 t{ CMoo . 00 1/O port P53 RW
[ Clock Output Function 01:0 f
A Select Bit® 1 - Outputs fe
R T R € 10: Outputs fs W
R CMo1 11 : Outputs f32
In Wait Mode, 0 : Peripheral clock does not stop in
Pl L. CM02 | Peripheral wait mode RW
Function Clock Stop Bit 1 : Peripheral clock stops in wait
P mode®
e (b3) Reserved Bit Setto "1 RW
. . 0 : I/O port function
- RW
o CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function(®)
Main Clock (XiN-XouT) 0 : Main clock oscillates
P TTTTTTTmmmmTTT CMO5 Stop Bit®) 1 : Main clock stops(® RW
] CMO6 Watchdog Timer _ 0 : Watchdog timer interrupt RW
: Function Select Bit 1: Reset(?)
0: Clock selected by the CM21 bit |
. CMO07 | System Clock Select Bit®|  divided by MCD register setting

1: Sub clock

NOTES:

1. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), set the CM01 to CMOO bits to
"002". When the PM15 to PM14 bits in the PM1 register is set to "012" (ALE output to P53), set the
CMO01 to CMO0O bits to "002". When the PMO7 bit is set to "1" (function selected in the CM01 to CM00
bits) in microprocessor or memory expansion mode, and the CM01 to CMO0O bits are set to "002", an
"L" signal is output from port P53 (port P53 does not function as an 1/O port).

3. fc32 does not stop. When the CMO02 bit is set to "1", the PLL clock cannot be used in wait mode.

4. When setting the CMO04 bit to "1" (XcIN-XcouT oscillation), set the PD8_7 to PD8_6 bits to "002" (with
port P87 and P86 input mode) and the PU25 bit in the PUR2 register to "0" (no pull-up).

5. When entering the low-power consumption mode or on-chip oscillator low-power consumption mode,
the CMO5 bit stops the main clock. The CMO5 bit cannot detect whether the main clock stops or not.
To stop the main clock, set the CMO5 bit to "1" after the CMO7 bit is set to "1" with a stable sub clock
oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock). When the
CMO5 bit is set to "1", XouT becomes "H". The built-in feedback resistor remains on. XiN is pulled up
to Xout ("H" level) via the feedback resistor.

6. When the CMO5 bit is set to "1", the MCD register is set to "0816" (divide-by-8 mode). In on-chip
oscillation mode, the MCD register is not divided by eight even if the CMO05 bit terminates XIN-XOUT.

7. Once the CMO6 bit is set to "1", it cannot be set "0" by program.

8. After the CMO04 bit is set to "1" with a stable sub clock oscillation, set the CMO07 bit to "1" from "0".
After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CMO07 bit to "0" from "1".
Do not set the CMO7 bit and CM04 or CMO05 bits simultaneously.

Figure 8.2 CMO Register
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System Clock Control Register 1)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| |0 | 1 | 0 | 0 | 0 | 0 | | CcM1 000716 0010 00002
Syﬁqitbd Bit Name Function RW
All Clock Stop 0 : Clock oscillates
CMI0 | - ontrol Bit® 1 : All clocks stop (stop mode)®) RW
Pl e Reserved Bit Set to "0" RW
N (b4 - bl)
R —— |Reserved Bit Setto "1" RW
(b5)
L RN —— | Reserved Bit Set to "0" RW
5 (b6)
: 0 : Main clock
R M17 | CPU Clock Select

c Bit 2(4) 1:PLL clock RW

NOTES:

1. Rewrite the CML1 register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. When the CM10 bit is set to "1", XouT becomes "H" and the internal feedback resistance is disabled.
XIN, XcIN and XcouT are placed in high-impedance states.

3. When the CM10 bit is set to "1", the MCD register is set to "0816" (divide-by-8 mode). When the
CM20 bit is set to "1" (oscillation stop detect function enabled) or the CM21 bit to "1" (on-chip
oscillator selected), do not set the CM10 bit to "1".

4. CM17 bit is enabled only when the CM21 bit in the CM2 register is set to "0". Use the procedure
shown in Figure 8.13 to set the CM17 bit to "1".

Figure 8.3 CM1 Register
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Main Clock Division Register(!)

0 00 1 1: Divide-by-3 mode
Main Clock Division g 8 10 8 D!Vge-gy-g moge
o MCD2 | select Bit@ 11 0 Divide-by-6 mode RW
0 1 0 0 O : Divide-by-8 mode

0101 0: Divide-by-10 mode

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
>< >< ><| | | | | | MCD 000C16 XXX010002
Smei{)m Bit Name Function RW
Pl b4b3 b2 b1 b0
i1 1 "t MCDo 100 1 0: Divide-by-1(no division) | RW
- mode
e MCD1 0 0 0 1 O : Divide-by-2 mode RW

Pt MCD3 01100 : Divide-by-12 mode RW
H 0111 0: Divide-by-14 mode
H L] MCD4 0 0 0 0 O : Divide-by-16 mode RW
(Note 3)

Nothing is assigned. When write, set to "0".
(b7 - b5)| When read, its content is indeterminate.

NOTES:

1. Rewrite the MCD register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. While the microcomputer is in stop mode or low-power consumption mode, the MCD register is set to
"0816" (divide-by-8 mode).
In on-chip oscillator mode, divide-by-8 mode cannot be entered even if the CMO05 bit in the CMO
register is set to "1"(XIN-XouT stopped).

3. Do not set to bit combinations not listed above.

4. Access CAN-associated register addresses (addresses 01EQ16 to 024516) after setting the MCD
register to "1216" (no division mode).

Figure 8.4 MCD Register
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Oscillation Stop Detect Register(!)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| 0 | 0 | 0 | 0 | | | | | CM2 000D16 0016

Bit Bit Name Function RW
Vv v v v v v v [ Symbol
CM20 Oscillation Stop Detect | 0: Disables oscillation stop detect function RW
Lo Enable Bit 1: Enables oscillation stop detect function
A A . 0: Clock selected by the CM17 bit
- PEPEE (2, 3)
- CM21 | CPU Clock Select Bit 1: On-chip oscillator clock RW
Oscillation Stop Detect | 0: Main clock does not stop
CM22 Flag® 1: Detects main clock stop RW
Pobobob 0: Main clock oscillates
S R A ; (5)
P il CM23 | XiN Clock Monitor Flag 1: Main clock stops RO
T S S . -

(b7 - b4) Reserved Bit Setto "0 RW

NOTES:

1. Rewrite the CM2 register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. When the main clock oscillation stop is detected while the CM20 bit is set to "1" (oscillation stop
detect function enabled), the CM21 bit is set to "1". Although the main clock starts oscillating, the
CM21 bit is not set to "0". When the main clock is used as a CPU clock source after the main clock
resumes oscillation, set the CM21 bit to "0" by program.

3. When the CM20 bit is set to "1" (oscillation stop detect function enabled) and the CM22 bit is set to "1", do
not set the CM21 bit to "0".

4. When a main clock stop is detected, the CM22 bit is set to "1". The CM22 bit can only be set to "0",
not "1", by program.

If the CM22 bit is set to "0" by program while the main clock is stopped, the CM22 bit cannot be set to
"1" until the next main clock stop is detected.

5. Determine the main clock state by reading the CM23 bit several times after the oscillation stop

interrupt is generated.

Figure 8.5 CM2 Register
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Count Source Prescaler Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset®

5 5 1>S TCSPR 035F16 0XXX 00002
Bit Bit Name Function RW
P b o: 1 i 3 1| Symbol
Pobor bbb M| CNTO RW
A CNT1 If settin.g value is n, f2.n is diyided RW
A o the main clock, on-chip oscillator
Division E:gte clock or PLL clock by 2n.
R CNT2 | Select Bit When n is set to "0", no divisionis | RW
selected.
LIt CNT3 RW

Nothing is assigned. When write, set to "0".
(b6 - b4) [ When read, its content is indeterminate.

0: Divider stops

--------------------------- CST | Operation Enable Bit 1: Divider starts RW

NOTES:
1. Rewrite the CNT3 to CNTO bits after the CST bit is set to "1".
2. Value of the TCSPR register is not reset by software reset or watchdog timer reset.

Clock Prescaler Reset Flag

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

LMM CPSRF 034116 OXXX XXXX2

Bit
' Symbol

Bit Name Function RW

Nothing is assigned. When write, set to "0".
(b6 - b0) | When read, its content is indeterminate.
When the CPSR bit is set to "1", fc

divided by 32 is reset. RW
When read, its content is "0".

Clock Prescaler Reset

--------------------------- CPSR | Flag

Figure 8.6 TCSPR and CPSRF Registers
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PLL Control Register 0

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| | 0 |0 | 1 N | | | PLCO 037616 0011 X1002
A : .
i 1| symbol Bit Name Function RW
: ¢ | PLCOO RW

Programmable Counter

o PLCOL Select Bt

See Table 8.2 RW

O ALLELL PLCO2 RW

Nothing is assigned. When write, set to "0".
(b3) When read, its content is indeterminate.

P o) Reserved Bit(® Setto "1" RW
O ERREELEEEEEEEE —— | Reserved Bit® Setto "0" RW
: (b5)
S TITI PP —— | Reserved Bit Set to "0" RW
E (b6)
: . . 0: PLL is Off
o (3,4)
PLCO7 [Operation Enable Bit 1 PLL is On RW

NOTES:

1. Rewrite the PLCO register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. Set these bits when the PLCO7 bit is set to "0". Once these bits are set, they cannot be changed.

3. To use the PLL function, the PD8_7 bit in the PD8 register is set to "0" (input) and the CMO04 bit in the
CMO register is set to "0" (I/O port). Set the PD8_6 bit in the PD8 register to "0" (input) before
connecting P86 to Vss.

4. Before the microcomputer enters wait or stop mode, set the CM17 bit to "0" (main clock as CPU clock
source), the PLCO7 bit to "0" and PLVO0O bit to "0" (cut off power to PLL) in this order.

VDC Control Register for PLL®

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
MM_(?_LJ PLV 001716 XXXX XX012
Bit . .
Symbol Bit Name Function RW

0 : Cut off power to PLL

it
PLVOO |PLL VDC Enable Bit 1 - Power to PLL

RW

Reserved Bit Set to "0" RwW

)

___________________________ Nothing is assigned. When write, set to "0".
(b7 - b2) | When read, its content is indeterminate.

NOTES:
1. Rewrite the PLV register after the PRC3 bit in the PRCR register is set to "1" (write enable).
2. Before the microcomputer enters wait or stop mode, set the CM17 bit to "0" (main clock as CPU
clock source), the PLCO7 bit to "0" (PLL off) and PLVOO bit to "0" (cut off power to PLL) in this order.

Figure 8.7 PLCO and PLV Registers
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PLL Control Register 1(%-2)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

f f f f 0 0 PLC1 037716 XXXX 00002

A Bit . .

Pl bt | symbol Bit Name Function RW

Piob bbb b IReservedBit Setto 0" RW

A (b0)

PLL Clock Division 0 : Disables the PLL clock to be divided

Vo e PLC11 .

R Enable Bit® 1 : Enables the PLL clock to be divided RW

PLL Clock Division 0 : Divide-by-2

A PLC12 | switch Bit® 1 : Divide-by-3 RW

R — —— | Reserved Bit Set to "0" RW

R (b3)

_ ________________ Nothing is assigned. When write, set to "0". o
(b7 - b4) [ When read, its content is indeterminate.

NOTES:

1. Rewrite the PLC1 register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. Rewrite the PLC1 register after the CM17 bit in the CM1 register is set to "0" (main clock) .

3. When the CM21 bit in the CM2 register is set to "0" (clock selected by the CM17 bit), if the PLC11 bit
is set to "1" before the CM17 bit is set to "1" (PLL clock as CPU clock source), the PLL clock divided-
by-2 or divided-by-3 becomes the clock source of the CPU clock and peripheral function clock.

4. Do not rewrite the PLC12 bit if the PLL clock is the CPU clock source.

Figure 8.8 PLC1 Register
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8.1.1 Main Clock
Main clock oscillation circuit generates the main clock. The main clock becomes a clock source for the
CPU clock and peripheral function clock.
The main clock oscillation circuit is configured by connecting an oscillator or resonator between the XIN
and Xour pins. The circuit has a built-in feedback resistor. The feedback resistor is separated from the
oscillation circuit in stop mode to reduce power consumption. The externally generated clock can be input
to the XIN pin in the main clock oscillation circuit. Figure 8.9 shows an example of a main clock circuit
connection. Circuit constants vary with each oscillator. Use the circuit constant recommended by each
oscillator manufacturer.
The main clock divided-by-eight becomes the CPU clock after reset.
To reduce power consumption, set the CMO05 bit in the CMO register to "1" (main clock stopped) after
switching the CPU clock source to the sub clock or on-chip oscillator clock. In this case, XouT becomes
"H". XiNis pulled up by XouT via the feedback resistor which remains on. When an externally generated
clock is input to the XIN pin, the main clock does not stop even if the CMO5 bit is set to "1". Terminate main
clock operation externally if necessary.
All clocks, including the main clock, stop in stop mode. Refer to 8.5 Power Consumption Control for details.

Microcomputer Microcomputer
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CIN

XIN I { }— Xin | — External Clock
Oscillator[__] Vee
Vss

o A4

Rd® Cout

Vss l
NOTE:

1. Place a damping resistor if required. Resistance values vary depending on the oscillator setting.
Use values recommended by each oscillator manufacturer.
Place a feedback resistor between Xin and Xour if the oscillator manufacturer recommends
placing the resistor externally.

Xout | Open

Figure 8.9 Main Clock Circuit Connection

Rev. 1.31 Jan.31, 2006 Page 74 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 8. Clock Generation Circuit

8.1.2 Sub Clock
Sub clock oscillation circuit generates the sub clock. The sub clock becomes a clock source for the CPU
clock and a count source for the timers A and B. The same frequency, fc, as the sub clock can be output from
the CLKouUT pin.
The sub clock oscillation circuit is configured by connecting a crystal oscillator between the XciN and
Xcourt pins. The circuit has a built-in feedback resistor. The feedback resistor is separated from the
oscillation circuit in stop mode to reduce power consumption. The externally generated clock can be
applied to the XcIN pin. Figure 8.10 shows an example of a sub clock circuit connection. Circuit constants
vary with each oscillator. Use the circuit constant recommended by each oscillation manufacturer.
The sub clock stops after reset. The feedback resistor is separated from the oscillation circuit. When the
PD8_6 and PD8_7 bits in the PD8 register are set to "0" (input mode) and the PU25 bit in the PUR2
register is set to "0" (no pull-up), set the CM04 bit in the CMO register to "1" (XcIN-XcouT oscillation
function). The sub clock oscillation circuit starts oscillating. To apply the external clock to the XCIN pin, set
the CMO04 bit to "1" when the PD8_6 bit is set to "0" and the PU25 bit to "0". The clock applied to the XcIN
pin becomes the clock source for the sub clock.
When the CMO7 bit in the CMO register is set to "1" (sub clock) after the sub clock oscillation has stabi-
lized, the sub clock becomes the CPU clock.
All clocks, including the sub clock, stop in stop mode. Refer to 8.5 Power Consumption Control for
details.
XCIN shares pins with VCONT and XcouT shares pins with P86. The sub clock and PLL frequency synthe-
sizer cannot be used simultaneously.

Microcomputer Microcomputer
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CcIN

XCIN I { }— Xcin | — External Clock
Oscillator :] Vee
Vss

Xcour J\/\/\,L{ e

Rcd® Ccout

Vss ;
NOTE:

1. Place a damping resistor if required. Resistance values vary depending on the oscillator setting.
Use values recommended by each oscillator manufacturer.
Place a feedback resistor between Xcin and XcourT if the oscillator manufacturer recommends
placing the resistor externally.

Xcout | Open

Figure 8.10 Sub Clock Connection Circuit

Rev. 1.31 Jan.31, 2006 Page 75 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 8. Clock Generation Circuit

8.1.3 On-chip Oscillator Clock
On-chip oscillator generates the on-chip oscillator clock. The 1MHz on-chip oscillator clock becomes a
clock source for the CPU clock and peripheral function clock.
The on-chip oscillator clock stops after reset. When the CM21 bit in the CM2 register is set to "1" (on-chip
oscillator clock), the on-chip oscillator starts oscillating. Instead of the main clock, the on-chip oscillator
clock becomes the clock source for the CPU clock and peripheral function clock.

8.1.3.1 Oscillation Stop Detect Function

When the main clock is terminated by external factors, the on-chip oscillator automatically starts oscil-
lating to generate another clock.
When the CM 20 bit is set to "1" (oscillation stop detect function enabled), the oscillation stop detect
interrupt request is generated as soon as the main clock stops. Simultaneously, the on-chip oscillator
starts oscillating. The on-chip oscillator clock takes place of the main clock as the clock source for the
CPU clock and peripheral function clock. Associated bits are set as follows:

» CM21 bit = 1 (on-chip oscillator clock becomes the clock source of the CPU clock.)

» CM22 hit = 1 (main clock stop is detected.)

* CM23 bit = 1 (main clock stops) (See Figure 8.15)

8.1.3.2 How to Use Oscillation Stop Detect Function

 The oscillation stop detect interrupt shares vectors with the watchdog timer interrupt. When both
oscillation stop detect interrupt and watchdog timer interrupt are used, read the CM22 bit with an
interrupt service routine to determine which interrupt request has been generated.

* When the main clock resumes running after an oscillation stop is detected, set the main clock as the
clock source for the CPU clock and peripheral function clock. Figure 8.11 shows the procedure to
switch the on-chip oscillator clock to the main clock.

« In low-speed mode, when the main clock is stopped by setting the CM20 bit to "1", the oscillation
stop detect interrupt request is generated. Simultaneously, the on-chip oscillator starts oscillating.
The sub clock remains the CPU clock. The on-chip oscillator clock becomes the clock source for
the peripheral function clock.

« To enter wait mode while the oscillation stop detect interrupt function is in use, set the CM02 bit to
"0" (peripheral function clock does not stop in wait mode).

* When the oscillation stop detect interrupt request is generated in wait mode, wait mode cannot be
exited by the oscillation stop detect interrupt. After the microcomputer exits wait mode, the oscilla-
tion stop detect interrupt is acknowledged first, followed by the interrupt used to exit wait mode.

» The oscillation stop detect function is provided to handle main clock stop caused by external fac-
tors. Set the CM20 bit to "0" (oscillation stop detect function disabled) when the main clock is
terminated by program, i.e., entering stop mode or setting the CMO05 bit is set to "1" (main clock
oscillation stop).

* When the main clock frequency is 2MHz or less, the oscillation stop detect function is not available.
Set the CM20 bit to "0".
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Switch to the
main clock

Determine several times whether
the CM23 hit is set to "0"
(main clock oscillates)

Set the MCD register to "0816"
(divide-by-8)

Set the CM22 bit to "0"
(main clock does not stop)

Set the CM21 bit to "0"
(main clock as CPU clock source)

)
>

End CM21 to CM23 bits : Bits in CM2 register

Figure 8.11 Switching Procedure from On-chip Oscillator Clock to Main Clock

8.1.4 PLL Clock
The PLL frequency synthesizer generates the PLL clock based on the main clock. The PLL clock can be
used as a clock source for the CPU clock or peripheral function clock.
Connect a resistor and capacitor to the VCONT pin when using the PLL frequency synthesizer.
Set the PD8_6 and PD8_7 bits in the PD8 register to "0" (input mode) and the CMO04 bit to "0" (the XCIN
and XcourT pins as ports). After that, connect the VCONT pin, the P86 pin, and the Vss pin to the circuit as
is shown in Figure 8.12. Set the PLVOO bit in the PLV register to "1" (power to PLL).
The PLL frequency synthesizer stops after reset. When the PLCO7 bit is set to "1" (PLL on), the PLL
frequency synthesizer starts operating. Wait 20 ms (5 V operation) to 50 ms (3.3 V operation) for the PLL
clock to stabilize.
The PLL clock can either be the clock output from the voltage controlled oscillator (VCO) divided-by-2 or
divided-by-3.
When the PLL clock is used as a clock source for the CPU clock or peripheral function clock, set each bit
as is shown in Table 8.2. Figure 8.13 shows the procedure for using the PLL clock as the CPU clock
source.
To enter wait or stop mode, set the CM17 bit to "0" (main clock as CPU clock source). Set the PLCO7 bit
in the PLCO register to "0" (PLL off) and the PLVOO bit to "0" (no power to PLL) before the microcomputer
enters wait or stop mode.
The VcoNT and P86 pins share pins with XcIN and XcouT pins. When the PLL frequency synthesizer is
being used, the sub clock cannot be used.
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C1=22

VCONT W

P86

Vss

Microcomputer

R1
NOTES:

C1 —C2

OpF, C2=0.1 UF, R1=1 kQ®

1. Connect Vss to GND via C1 and C2 with shortest possible
wiring. Ground pattern must be formed around the circuit.
—_ 2. Optimal values of the low pass filter circuit element,
connected to the VcoNnT pin, varies with environment
(e.g.noise). Evaluate not only with these optimal values, but
also with other values, to determine the values most
appropriate for your system.
Use capacitors for temperature compensation.

Figure 8.12 External Circuit with PLL Frequency Synthesizer

Table 8.2 Bit Settings to Use PLL Clock as CPU Clock Source

F(XIN) PLCO Register PLC1 Register PLL Clock
PLCO2 PLCO1 PLCO0 PLC12
10MHz 0 1 1 0 30 MHz
1 20 MHz
8MHz 1 0 0 0 32MHz
1 21.3MHz

Gse PLL clock as CPU clock sourcD

I
Set the PLC11 bit to "1"
(PLL clock division enabled)
[
Set the PLCO2 to PLCO00 bits
and the PLC12 bit

Set the PLCO7 bit to "1"
(PLL on)

Wait 20 to 50ms

Set the CM17 bit to "1"

(PLL clock as CPU clock source)

= O

PLC11 and PLC12 bits : Bit in PLC1 register
PLCOO0 to PLCO2 bits, PLCO7 bit : Bits in PLCO register
CM17 bit : Bit in CM1 register

Figure 8.13 Procedure to Use PLL Clock as CPU Clock Source
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8.2 CPU Clock and BCLK

The CPU operation clock is referred to as the CPU clock. The CPU clock is also the count source for the
watchdog timer. After reset, the CPU clock is the main clock divided-by-8. In memory expansion or micro-
processor mode, the clock having the same frequency as the CPU clock can be output from the BCLK pin
as BCLK. Refer to 8.4 Clock Output Function for details.

The main clock, sub clock, on-chip oscillator clock or PLL clock can be selected as a clock source for the
CPU clock. Table 8.3 shows CPU clock source and bit settings.

When the main clock, on-chip oscillator clock or PLL clock is selected as a clock source of the CPU clock,
the selected clock divided-by-1 (no division), -2, -3, -4, -6, -8, -10, -12, -14 or -16 becomes the CPU clock.
The MCD register selects the clock division.

When the microcomputer enters stop mode or low-power consumption mode (except when the on-chip
oscillator clock is the CPU clock), the MCD register is set to "0816" (divide-by-8 mode). Therefore, when the
main clock starts running, the CPU clock enters middle-speed mode (divide-by-8).

Table 8.3 CPU Clock Source and Bit Settings

CMO Register CM2 Register CM1 Register
CPU Clock Source
CMO07 CM21 CM17
Main Clock 0 0 0
Sub Clock 1 0 0
On-chip Oscillator Clock 0 1 0
PLL Clock 0 0 1

8.3 Peripheral Function Clock
The peripheral function clock becomes the operation clock or count source for peripheral functions exclud-
ing the watchdog timer.
8.3.1 f1, fs, f32 and f2n

f1, fs, f32 and f2n are the main clock® or on-chip oscillator clock divided-by-1, -8, -32 ,or -2n (n=1 to 15. No
division when n=0). The CM21 bit determines which clock is selected.

When the CMO02 bit is set to "1" (peripheral function stops in wait mode) when entering wait mode, f1, fs,
f32 and f2n stop running. These clocks also stop in low-power consumption mode.

f1, f8 and f2n are used as the operation clock for the serial I/O and the count source for timers A and B.
The CNT3 to CNTO bits in the TCSPR register selects a f2n division. f1 is also used as the operation clock
for the intelligent 1/O.

The CLKouT pin outputs fg and f32 . Refer to 8.4 Clock Output Function for details.

8.3.2 faD

fAD is the operation clock for the A/D convertor and has the same frequency as the main clock® and on-
chip oscillator clock. The CM21 bit determines which clock is selected.

When the CMO02 bit is set to "1" (peripheral function stop in wait mode) when entering wait mode, fAD
stops. faD also stops in low-power consumption mode.

NOTES:
1. When the CM17 bit is set to "1" (PLL clock as CPU clock source), the PLL clock is the main clock.

Rev. 1.31 Jan.31, 2006 Page 79 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 8. Clock Generation Circuit

8.3.3 fc32

fc32 is the sub clock divided by 32. fc32 is used for as a count source for the timers A and B. fc32is
available when the sub clock is running.

8.4 Clock Output Function
The CLKouT pin outputs fc, f8 or f32.
In memory expansion and microprocessor modes, a clock having the same frequency as the CPU clock
can be output from the BCLK pin as BCLK.
Table 8.4 lists CLKouT pin function in single-chip mode. Table 8.5 lists CLKouT pin functions in memory
expansion and microprocessor modes.

Table 8.4 CLKouT Pin in Single-Chip Mode

PMO Register (1) CMO Register (2) | -
CLKouT Pin Function
PMO7 CMO01 CMO0O0
0 0 P53 1/O port
! 0 1 Outputs fc
! 1 0 Outputs fg
! 1 1 Outputs f32
- : Can be set to either "0" or "1"
NOTES:

1. Rewrite the PMO register after the PRC1 bit in the PRCR register is set to "1" (write enable)
2. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enable)

Table 8.5 BLCK/CLKouT Pin in Memory Expansion Mode and Microprocessor Mode(®)

ister(1) ister(1) ister(?
PM1 Register PMO Register CMO Register CLKOUT Pin Eunction
PM15 PM14 PMO7 CMO01 CMO00
0 0® 0® Outputs BCLK
1 0 0 Outputs "L" (not P53)
002, 102, 112, 1 0 1 Outputs fc
1 1 0 Outputs f8
1 1 1 Outputs 32
0 1 — 0® 0@ Outputs ALE
- : Can be set to either "0" or "1"
NOTES:

1. Rewrite the PMO and PML1 register after the PRC1 bit in the PRCR register is set to "1" (write enable)

2. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enable)

3. When the PMO7 bit is set to "0" (selected in the CM01 to CMOO bits) or the PM15 to PM14 bits are set
to "012" (P53/BCLK), set the CM01 to CMOO bits to "002" (I/O port P53)

4. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

8.5 Power Consumption Control
Normal operation mode, wait mode and stop mode are provided as the power consumption control.
All mode states, except wait mode and stop mode, are called normal operation mode in this document.
Figure 8.14 shows a block diagram of status transition in wait mode and stop mode. Figure 8.15 shows a
block diagram of status transition in all modes.
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8.5.1 Normal Operation Mode
The normal operation mode is further separated into six modes.
In normal operation mode, the CPU clock and peripheral function clock are supplied to operate the CPU
and peripheral function. The power consumption control is enabled by controlling the CPU clock fre-
guency. The higher the CPU clock frequency, the more processing power increases. The lower the CPU
clock frequency, the more power consumption decreases. When unnecessary oscillation circuits stop,
power consumption is further reduced.
8.5.1.1 High-Speed Mode
The main clock(®) becomes the CPU clock and the clock source for the peripheral function clock.
When the sub clock runs, fc32 can be used as a count source for the timers A and B.
8.5.1.2 Medium-Speed Mode
The main clock divided-by-2, -3, -4, -6, -8, -10, -12, -14, or -16 becomes the CPU clock. The main
clock is the clock source for the peripheral function clock. When the sub clock runs, fc32 can be used
as the count source for the timers A and B.
8.5.1.3 Low-Speed Mode
The sub clock becomes the CPU clock. The main clock is the count source for the peripheral function
clock. fc32 can be used as the count source for the timers A and B.
8.5.1.4 Low-Power Consumption Mode
The microcomputer enters low-power consumption mode when the main clock stops in low-speed
mode. The sub clock becomes the CPU clock. fc32 can be used as the count source for timers A and
B. Only fc32 can be used as the peripheral function clock. In low-power consumption mode, the MCD
register is set to "0816" (divide-by-8 mode). Therefore, when the main clock resumes running, the
microcomputer is in middle-speed mode (divide-by-8 mode).
8.5.1.5 On-chip Oscillator Mode
The on-chip oscillator clock divided-by-1(no division), -2, -3, -4, -6, -8, -10, -12, -14, or -16 becomes
the CPU clock. The on-chip oscillator clock is the clock source for the peripheral function clock. When
the sub clock runs, fc32 can be used as the count source for the timers A and B.
8.5.1.6 On-chip Oscillator Low-Power Consumption Mode
The microcomputer enters on-chip oscillator low-power consumption mode when the main clock stops
in on-chip oscillator mode. The on-chip oscillator clock divided-by-1(no division), -2, -3, -4, -6, -8, -10, -
12, -14, or -16 becomes the CPU clock. The on-chip oscillator clock is the clock source for the peripheral
function clock. When the sub clock runs, fc32 can be used as the count source for the timers A and B.

Switch the CPU clock after the clock to be switched to stabilizes. Sub clock oscillation will take longer(2)
to stabilize. Wait, by program, until the clock stabilizes directly after running the microcomputer on or
exiting stop mode.

To switch the on-chip oscillator to the main clock, enter medium-speed mode (divide-by-8) after the main
clock is divided by eight in on-chip oscillator mode (MCD register=0816).

Do not enter on-chip oscillator mode or on-chip oscillator low-power consumption mode from low-speed
mode or low-power consumption mode and vice versa.

NOTES:
1. When the CM17 bit is set to "1" (PLL clock as CPU clock source), the PLL clock is the main clock .
2. Contact your oscillator manufacturer for oscillation stabilization time.
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8.5.2 Wait Mode
In wait mode, the CPU clock stops running. The CPU and watchdog timer, operated by the CPU clock,
also stop. Because the main clock, sub clock and on-chip oscillator clock continue running, peripheral
functions using these clocks also continue operating.

8.5.2.1 Peripheral Function Clock Stop Function
If the CMO2 bit is set to "1" (peripheral function clock stops in wait mode), f1, fg, f32, f2n and fAD stop in
wait mode. Power consumption can be reduced because the peripheral function that has f1, fs, f32, f2n,
or fAD as a count source stops. fc32 does not stop running.

8.5.2.2 Entering Wait Mode
Follow the procedure below to enter wait mode.

« Initial Setting
Set each interrupt priority level after setting the exit priority level required to exit wait mode, con-
trolled by the RLVL2 to RLVLO bits in the RLVL register, to "7".

« Before Entering Wait Mode

(1) Set the I flag to "0"

(2) Set the interrupt priority level of the interrupt being used to exit wait mode

(3) Set the interrupt priority levels of the interrupts, not being used to exit wait mode, to "0"

(4) Set the IPL in the FLG register. Then set the exit priority level to the same level as IPL
(Interrupt priority level of the interrupt used to exit wait mode > exit priority level > interrupt
priority level of the interrupts not used to exit wait mode)

(5) Set the PRCO bit in the PRCR register to "1" (write enable)

(6) If the CPU clock source is the PLL clock, set the CM17 bit in the CM1 register to "0" (main clock),
the PLCO7 bit in the PLCO register to "0" (PLL off), and the PLV0O bit in the PLV register to
"0"(cut off power to PLL)

(7) Set the I flag to "1"

(8) Execute the WAIT instruction

« After Exiting Wait Mode
Set the interrupt priority level required to exit wait mode to "7" immediately after exiting wait mode.
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8.5.2.3 Pin Status in Wait Mode
Table 8.6 lists pin states in wait mode.

Table 8.6 Pin Status in Wait Mode

Pin Memory Expansion Mode Single-Chip Mode
Microprocessor Mode
Address Bus, Data Bus, CS0 to CS3, Maintains state immediately
BHE before entering wait mode
RD, WR, WRL, WRH, DW, CASL, CASH “H (@)
RAS "Hr @)
HLDA, BCLK "H"
ALE "L
Port Maintains state immediately before entering wait mode
CLKouTt When fc is selected Outputs clock
When fs, f32 are selected | The clock is output when the CMO02 bit in the CMO register is set to
"0" (peripheral function clock not stop in wait mode).
Maintains state immediately before entering wait mode when the
CMO2 bit is set to "1" (peripheral function clock stopped in wait
mode).
NOTES:

1. When performing a self-refresh operation using the DRAMC, CAS and RAS become low ("L").
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

8.5.2.4 Exiting Wait Mode
Wait mode is exited by the hardware reset, NMI interrupt or peripheral function interrupts.
When the hardware reset or NMI interrupt, but not the peripheral function interrupts, is used to exit wait
mode, set the ILVL2 to ILVLO bits for the peripheral function interrupts to "0002" (interrupt disabled)
before executing the WAIT instruction.
The CMO2 bit affects the peripheral function interrupts. When the CMO02 bit is set to "0" (peripheral
function clock does not stop in wait mode), all peripheral function interrupts can be used to exit wait
mode. When the CMO02 bit is set to "1" (peripheral function clock stops in wait mode), peripheral
functions using the peripheral function clock stop. Therefore, the peripheral function interrupts cannot
be used to exit wait mode. However, peripheral function interrupts caused by an external signal can
be used to exit wait mode.
The CPU clock used when exiting wait mode by the peripheral function interrupts or NMI interrupt is
the same CPU clock used when WAIT instructions are executed.
Table 8.7 shows interrupts to be used to exit wait mode and usage conditions.
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Table 8.7 Interrupts to Exit Wait Mode

Interrupt When CM02=0 When CM02=1
NMI Interrupt Available Available
Serial I/O Interrupt Available when the internal and external | Available only when the external clock is used

clocks are used

Key Input Interrupt Available Available

A/D Conversion Interrupt | Available in single or single-sweep mode | Do not use

Timer A Interrupt Available in all modes Available in event counter mode or when
Timer B Interrupt the count source is fc32

INT Interrupt Available Available

CAN Interrupt Available Do not use

Intelligent I/O Interrupt | Available Do not use

8.5.3 Stop Mode

In stop mode, all oscillators and resonators stop. The CPU clock and peripheral function clock, as well as
the CPU and peripheral functions operated by these clocks, also stop. The least power required to
operate the microcomputer is in stop mode. The internal RAM holds its data if the voltage applied to the
Vcc pin is 2.5V or more.

Interrupts used to exit stop mode are NMI interrupt, key input interrupt, and INT interrupt.

8.5.3.1 Entering Stop Mode
Stop mode is entered when setting the CM10 bit in the CM1 register to "1" (all clocks stops). The
MCD4 to MCDO bits in the MCD register become set to "010002" (divide-by-8 mode).
Enter stop mode after setting the followings.

« Initial Setting
Set each interrupt priority level after setting the minimum interrupt priority level required to exit stop
or wait mode, controlled by the RLVL2 to RLVLO bits in the RLVL register, to "7".
- Before Entering Stop Mode

(1) Set the I flag to "0"

(2) Set the interrupt priority level of the interrupt being used to exit stop mode

(3) Set the interrupt priority levels of the interrupts, not being used to exit stop mode, to "0"

(4) Set IPL in the FLG register. Then set the exit priority level to the same level as IPL

(Interrupt priority level of the interrupt used to exit stop mode > interrupt priority level to exit stop
mode > interrupt priority level of the interrupts not used to exit stop mode)

(5) Set the PRCO bit in the PRCR register to "1" (write enabled)

(6) Select the main clock as the CPU clock

» When the CPU clock source is the sub clock,
Set the CMO05 bit in the CMO register to "0" (main clock oscillates) and CMO07 bit in the CMO
register to "0" (clock selected by the CM21 bit divided by MCD register setting)

» When the CPU clock source is the PLL clock,
Set the CM17 bit in the CM1 register to "0" (main clock) and the PLCO7 bit in the PLCO register to
"0" (PLL off)

» When the CPU clock source is the on-chip oscillator clock,
Set the MCD4 to MCDO bits to "010002" (divide-by-8 mode), the CMO05 bit to "0" (main clock
oscillates), and the CM21 it in the CM2 register to "0" (clock selected by the CM17 bit)
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(7) The oscillation stop detect function is used, set the CM20 bit in the CM2 register to "0" (oscilla
tion stop detect function disabled)
(8) Set the I flag to "1"
(9) Set the CM10 bit to "1" (all clocks stops)
« After Exiting Stop Mode
Set the interrupt priority level required to exit stop mode to "7" immediately after exiting stop mode.

8.5.3.2 Exiting Stop Mode
Stop mode is exited by the hardware reset, NMI interrupt, or peripheral function interrupts (key input
interrupt and INT interrupt).
When the hardware reset or NMI interrupt, but not the peripheral function interrupts, is used to exit wait
mode, set all ILVL2 to ILVLO bits in the interrupt control registers for the peripheral function interrupt to
"0002" (interrupt disabled) before setting the CM10 bit to "1" (all clocks stops).

8.5.3.3 Pin Status in Stop Mode
Table 8.8 lists pin status in stop mode.

Table 8.8 Pin Status in Stop Mode

Pin Memory Expansion Mode Single-Chip Mode
Microprocessor Mode(?)
Address Bus, Data Bus, CS0 to CS3, BHE | Maintains state immediately before
entering stop mode

RD, WR, WRL, WRH, DW, CASL, CASH "H (@)
RAS "He (D)
HLDA, BCLK "H"
ALE "H"
Port Maintains state immediately before entering stop mode
CLKouTt When fc selected "H"

When f8, f32 selected Maintains state immediately before entering stop mode
XIN High-impedance
Xout "H"
XCIN, XcouT High-impedance
NOTES:

1. When performing a self-refresh operation using DRAMC, CAS and RAS become low ("L").
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.
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Reset

ilation 4 )
All oscillation is stopped v N CPU operation is stopped
— Note 2 i i
st d | CM10=1 (Note 2) ( Middle-speed mode (Note 2) WAIT instruction > Wait mod
Op mode (divide-by-8 mode) [ mervant ait mode
Interrupt J
N * (Note 1)
\oeree
High-speed / 7 (Note 2) WAIT instruction
Stop mode - . 3 - 1 Wait mode
p -t CM10-1 middle-speed mode [ g Interrupt
(Note 2) - i
A
Note 1
( ) v

WAIT instruction ]
=1 Wait mode
Interrupt

( )
Low-speed/ low-power
consumption mode

(Note 3)

-

On-chip oscillator /
- On-chip oscillator low-
power consumption ) -

; Normal operation mode —)

WAIT instruction

=1 Wait mode
Interrupt

IR

NOTES:

1. See Figure 8.15.

2. When the CM17 bit is set to "1" (PLL clock as CPU clock source), set the CM17 bit to "0"(main clock as CPU clock
source) before the PLCO7 bit is set to "0" (PLL off). Set the PLVOO bit to "0" (no power to PLL) before the
microcomputer enters wait mode or stop mode.

3. When the PLL frequency synthesizer is used, the microcomputer cannot enter low-speed and low-power consumption
mode.

Figure 8.14 Status Transition in Wait Mode and Stop Mode
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9. Protection

The protection function protects important registers from being easily overwritten when a program runs out of

control.

Figure 9.1 shows the PRCR register. Each bit in the PRCR register protects the following registers:
» The PRCO bit protects the CM0, CM1, CM2, MCD, PLCO and PLCL1 registers;
» The PRCL1 bit protects the PMO, PM1, PM2, INVCO and INVCL1 registers;
» The PRC2 bit protects the PD9 and PS3 registers;
» The PRC3 bit protects the PLV and VDCO registers.

The PRC2 bit is set to "0" (write disable) when data is written to a desired address after setting the PRC2 bit
to "1" (write enable). Set the PD9 and PS3 registers immediately after setting the PRC2 bit in the PRCR
register to "1" (write enable). Do not generate an interrupt or a DMA transfer between the instruction to set
to the PRC2 bit to "1" and the following instruction. The PRCO, PRC1 and PRC3 bits are not set to "0" even
if data is written to desired addresses. Set the PRCO, PRC1 and PRC3 bits to "0" by program.

Protect Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
f f z f PRCR 000A16 XXXX 00002
Bit . .
Symbol Bit Name Function RW
Enables writing to CM0, CM1, CM2,
. MCD, PLCO, PLC1 registers
Protect Bit 0 oo
PRCO ! 0 : Write disable RW
1: Write enable
: Enables writing to PMO, PM1, INVCO,
H . INVC1 registers
------ PRC1 |ProtectBit 1 LY RwW
¢ 0 : Write disable
1 : Write enable
' ) Enables writing to PD9, PS3 registers
H— PRC2 | Protect Bit 21 0 : Write disable RW
1: Write enable
Enables writing to PLV, VDCO and
: ) VDCL1 registers RW
------------- PRC3 Protect Bit 3 0: Write disab|e
1 : Write enable
___________________________ Nothing is assigned. When write, set to "0". _
(b7 - b4) | When read, its content is indeterminate.

NOTES:
1. The PRC2 bit can be set to "0" by

writing to a desired address after the PRC2 bit is set to "1".

The PRCO, PRC1 and PRC3 bits are not automatically set to "0". Set t0"0" by program.

Figure 9.1 PRCR Register
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10. Interrupts

10.1 Types of Interrupts
Figure 10.1 shows types of interrupts.

[] Undefined Instruction (UND Instruction)
[] Overflow (INTO Instruction)
Software [] BRK Instruction
[] (Non-Maskable Interrupt) [] BRK2 Instruction®
E [] INT Instruction
l
Interrupt ] [] NM™I
L Special [] Watchdog Timer
] [] Oscillation Stop Detect
0 E (Non-Maskable Interrupt) [] Single-Step®
U [] Address Match
Hardwar
ardware E [] DMACII
O Peripheral Function®
(Maskable Interrupt)
NOTES:
1. The peripheral functions in the microcomputer are used to generate the peripheral interrupt.
2. Do not use this interrupt. For development support tools only.

Figure 10.1 Interrupts

* Maskable Interrupt
The | flag enables or disables an interrupt.
The interrupt priority order based on interrupt priority level can be changed.

« Non-maskable Interrupt
The | flag does not enable nor disable an interrupt .
The interrupt priority order based on interrupt priority level cannot be changed.

10.2 Software Interrupts
Software interrupt occurs when an instruction is executed. The software interrupts are non-maskable inter-
rupts.

10.2.1 Undefined Instruction Interrupt

The undefined instruction interrupt occurs when the UND instruction is executed.

10.2.2 Overflow Interrupt
The overflow interrupt occurs when the O flag in the FLG register is set to "1" (overflow of arithmetic
operation) and the INTO instruction is executed.
Instructions to set the O flag are :
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA, SUB, SUBX

10.2.3 BRK Interrupt

The BRK interrupt occurs when the BRK instruction is executed.
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10.2.4 BRK2 Interrupt
The BRK2 interrupt occurs when the BRK2 instruction is executed.
Do not use this interrupt. For development support tools only.

10.2.5 INT Instruction Interrupt

The INT instruction interrupt occurs when the INT instruction is executed. The INT instruction can select
software interrupt numbers 0 to 63. Software interrupt numbers 7 to 54, and 57 are assigned to the vector
table used for the peripheral function interrupt. Therefore, the microcomputer executes the same service
routine when the INT instruction is executed as when a peripheral function interrupt occurs.

When the INT instruction is executed, the FLG register and PC are saved to the stack. PC also stores the
relocatable vector of the specified software interrupt number. Where the stack is saved varies, depend-
ing on the software interrupt number. ISP is selected as the stack for the software interrupt numbers 0 to
31 (the U flag is set to "0"). SP, which is set before the INT instruction is executed, is selected as the stack
for the software interrupt numbers 32 to 63 (the U flag is not changed).

With the peripheral function interrupt, the FLG register is saved and the U flag is set to "0" (ISP select)
when an interrupt request is acknowledged. With software interrupt numbers 32 to 54 and 57, the SP to
be used varies, depending on whether the interrupt is generated by the peripheral function interrupt
request or by the INT instruction.

10.3 Hardware Interrupts
Special interrupts and peripheral function interrupts are available as hardware interrupts.

10.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

10.3.1.1 NMI Interrupt
The NMI interrupt occurs when a signal applied to the NMI pin changes from an "H" signal to an "L"
signal. Refer to 10.8 NMI Interrupt for details.

10.3.1.2 Watchdog Timer Interrupt
The watchdog timer interrupt occurs when the count source of the watchdog timer underflows. Refer
to 11. Watchdog Timer for detalils.

10.3.1.3 Oscillation Stop Detection Interrupt
The oscillation stop detection interrupt occurs when the microcomputer detects a main clock oscilla-
tion stop. Refer to 8. Clock Generating Circuit for details.

10.3.1.4 Single-Step Interrupt
Do not use the single-step interrupt. For development support tool only.

10.3.1.5 Address Match Interrupt
The address match interrupt occurs immediately before executing an instruction that is stored into an
address indicated by the RMAD:I register (i=0 to 3) when the AIERI bit in the AIER register is set to "1"
(address match interrupt enabled). Set the starting address of the instruction in the RMADI register.
The address match interrupt does not occur when a table data or addresses of the instruction other
than the starting address, if the instruction has multiple addresses, is set. Refer to 10.10 Address
Match Interrupt for detalils.
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10.3.2 Peripheral Function Interrupt
The peripheral function interrupt occurs when a request from the peripheral functions in the microcom-
puter is acknowledged. The peripheral function interrupts and software interrupt numbers 7 to 54 and
57 for the INT instruction use the same interrupt vector table. The peripheral function interrupt is a
maskable interrupt.
See Table 10.2 about how the peripheral function interrupt occurs. Refer to the descriptions of each
function for details.

10.4 High-Speed Interrupt
The high-speed interrupt executes an interrupt sequence in five cycles and returns from the interrupt in 3
cycles.
When the FSIT bit in the RLVL register is set to "1" (interrupt priority level 7 available for the high-speed
interrupt), the ILVL2 to ILVLO bits in the interrupt control registers can be set to "1112" (level 7) to use the
high-speed interrupt.
Only one interrupt can be set as the high-speed interrupt. When using the high-speed interrupt, do not set
multiple interrupts to interrupt priority level 7. Set the DMAII bit in the RLVL register to "0" (interrupt priority
level 7 available for interrupts).
Set the starting address of the high-speed interrupt service routine in the VCT register.
When the high-speed interrupt is acknowledged, the FLG register is saved to the SVF register and PC is
saved to the SVP registers. The program is executed from an address indicated by the VCT register.
Execute the FREIT instruction to return from the high-speed interrupt service routine.
The values saved to the SVF and SVP registers are restored to the FLG register and PC by executing the
FREIT instruction.
The high-speed interrupt and the DMA2 and DMA3 use the same register. When using the high-speed
interrupt, neither DMA2 nor DMAS is available. DMAO and DMAL1 can be used.

10.5 Interrupts and Interrupt Vectors
There are four bytes in one vector. Set the starting address of interrupt service routine in each vector table.
When an interrupt request is acknowledged, the interrupt service routine is executed from the address set
in the interrupt vectors. Figure 10.2 shows the interrupt vector.

MSB LSB

Vector Address + 0 Low-order bits of an address

Vector Address + 1 Middle-order bits of an address

Vector Address + 2 High-order bits of an address

Vector Address + 3 0016
Figure 10.2 Interrupt Vector
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10.5.1 Fixed Vector Tables
The fixed vector tables are allocated addresses FFFFDC16 to FFFFFF16. Table 10.1 lists the fixed vector
tables. Refer to 25.2 Functions to Prevent Flash Memory from Rewriting for fixed vectors of the flash
memory.

Table 10.1 Fixed Vector Table

Vector Addresses

Interrupt

Generated by

Address (L) to Address (H)

Remarks

Reference

Undefln_ed FEFEDC16 to FEFFDF16 M32C/80 series
Instruction software manual
Overflow FFFFEO16 to FFFFE316

If the content of address FFFFE716 is
FF1e, the program is executed from the
address stored into software interrupt
number 0 in the relocatable vector table

BRK Instruction |FFFFE416 to FFFFE716

Address Match

FFFFES816 to FFFFEB16

FFFFEC16 to FFFFEF16

Reserved space

Watchdog Timer

FFFFFO16 to FFFFF316

These addresses are used for the
watchdog timer interrupt and the
oscillation stop detect interrupt

Clock oscillation circuit,
Watchdog timer

FFFFF416 to FFFFF716

Reserved space

NMI

FFFFF816 to FFFFFB16

Reset

FFFFFCi6 to FFFFFF16

Reset

10.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes from the starting address set in the INTB register. Table
10.2 lists the relocatable vector tables.

Set an even address as the starting address of the vector table set in the INTB register to increase
interrupt sequence execution rate.
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Table 10.2 Relocatable Vector Tables

Interrupt Generated by

Vector Table Address
Address(L) to Address(H)(1)

Software
Interrupt Number

Reference

BRK Instruction®

+0 to +3 (000016 to 000316)

0

M32C/80 Series

Reserved Space +4 to +27 (000416 to 001B16) 1to 6 Software Manual
A/D1 +28 to +31 (001C16 to 001F16) 7 A/D Converter
DMAO +32 to +35 (002016 to 002316) | 8 DMAC
DMA1 +36 to +39 (002416 to 002716) | 9

DMA2 +40 to +43 (002816 to 002B16) 10

DMA3 +44 to +47 (002C16 to 002F16) 11

Timer AO +48 to +51 (003016 to 003316) 12 Timer A
Timer Al +52 to +55 (003416 to 003716) 13

Timer A2 +56 to +59 (003816 to 003B16) 14

Timer A3 +60 to +63 (003C16 to 003F16) | 15

Timer A4 +64 to +67 (004016 to 004316) 16

UARTO Transmission, NACK®) +68 to +71 (004416 to 004716) 17 Serial I/O
UARTO Reception, ACK®) +72 to +75 (004816 to 004B16) | 18

UART1 Transmission, NACK®) +76 to +79 (004C16 to 004F16) | 19

UART1 Reception, ACK®) +80 to +83 (005016 to 005316) 20

Timer BO +84 to +87 (005416 to 005716) 21 Timer B
Timer B1 +88 to +91 (005816 to 005B16) | 22

Timer B2 +92 to +95 (005C16 to 005F16) | 23

Timer B3 +96 to +99 (006016 to 006316) | 24

Timer B4 +100 to +103 (006416 to 006716) | 25

INTS +104 to +107 (006816 to 006B16) | 26 Interrupt
INT4 +108 to +111 (006C16 to 006F16)| 27

INT3 +112 to +115 (007016 to 007316) | 28

INT2 +116 to +119 (007416 to 007716) | 29

INT1 +120 to +123 (007816 to 007B16) | 30

INTO +124 to +127 (007C16 to 007F16)| 31

Timer B5 +128 to +131 (008016 to 008316) | 32 Timer B
UART2 Transmission, NACK®3) +132 to +135 (008416 to 008716) | 33 Serial I/O
UART2 Reception, ACK®) +136 to +139 (008816 to 008B16) | 34

UART3 Transmission, NACK®3) +140 to +143 (008C16 to 008F16)| 35

UART3 Reception, ACK®) +144 to +147 (009016 to 009316) | 36

UART4 Transmission, NACK®3) +148 to +151 (009416 to 009716) | 37

UART4 Reception, ACK®3) +152 to +155 (009816 to 009B16) | 38
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Table 10.2 Relocatable Vector Tables

(Continued)

Stop Condition Detect, (UART2)®),

Fault Error(®

Interrupt Generated by Vector Table Address Software Reference
Address(L)to Address(H)(1) Interrupt Number
Bus Conflict Detect, Start Condition Detect,| +156 to +159 (009C16 to 009F16) | 39 Serial 1/0

+252 to +255 (00FC16 to 00FF16)

Bus Conflict Detect, Start Condition Detect,| +160 to +163 (00A016 to 00A316) | 40

Stop Condition Detect,

(UART3/UARTO0)®), Fault Error®

Bus Conflict Detect, Start Condition Select,| +164 to +167 (00A416 to 00A716) |41

Stop Condition Detect,

(UART4/UART1)®), Fault Error®

A/DO +168 to +171 (00A816 to 00AB16) | 42 A/D Converter

Key Input +172 to +175 (O0OAC16 to 00AF16)| 43 Interrupts

Intelligent I/O Interrupt O +176 to +179 (00B016 to 00B316) |44 Intelligent I/O

Intelligent I/O Interrupt 1 +180 to +183 (00B416 to 00B716) |45 CAN

Intelligent I/O Interrupt 2 +184 to +187 (00B816 to O0BB16) | 46

Intelligent I/O Interrupt 3 +188 to +191 (00BC16 to O0BF16) | 47

Intelligent I/O Interrupt 4 +192 to +195 (00CO016 to 00C316) | 48

Intelligent I/O Interrupt 5 +196 to +199 (00C416 to 00C716) | 49

Intelligent I/O Interrupt 6 +200 to +203(00C816 to 00CB16) |50

Intelligent I/O Interrupt 7 +204 to +207(00CC16 to 00CF16) | 51

Intelligent I/O Interrupt 8 +208 to +211(00D016 to 00D316) |52

Intelligent I/O Interrupt 9, CAN O +212 to +215 (00D416 to 00D716) | 53

Intelligent I/O Interrupt 10, CAN 1 +216 to +219 (00D816 to 00DB16) | 54

Reserved Space +220 to +227 (00DC16 to 00E316) | 55 to 56 -

Intelligent I/O Interrupt 11, CAN 2 +228 to +231 (00E416 to O0OE716) | 57 Intelligent I/O
CAN

Reserved Space +232 to +255 (00E816 to O0FF16) |58 to 62 -

INT Instruction® +0 to +3 (000016 to 000316) to |0 to 63 Interrupts

NOTES:

1. These addresses are relative to those in the INTB register.

2. The | flag does not disable interrupts.

3. In 12C mode, NACK, ACK or start/stop condition detection causes interrupts to be generated.
4. When the SS pin is selected, fault error causes an interrupt to be generated.

5. The IFSR6 bit in the IFSR register determines whether these addresses are used for an interrupt in UARTO or in

UARTS.

The IFSR7 bit in the IFSR register determines whether these addresses are used for an interrupt in UART1 or in

UART4.
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10.6 Interrupt Request Reception
Software interrupts and special interrupts occur when conditions to generate an interrupt are met.
The peripheral function interrupts are acknowledged when all conditions below are met.

. Iflag ="1"
« IR bit ="1"
« ILVL2 to ILVLO bits > IPL

The | flag, IPL, IR bit and ILVL2 to ILVLO bits are independent of each other. The | flag and IPL are in the
FLG register. The IR bit and ILVL2 to ILVLO bits are in the interrupt control register.

10.6.1 | Flag and IPL

The | flag enables or disables maskable interrupts. When the | flag is set to "1" (enable), all maskable
interrupts are enabled; when the | flag is set to "0" (disable), they are disabled. The | flag is automatically
set to "0" after reset.

IPL, consisting of three bits, indicates the interrupt priority level from level O to level 7.

If a requested interrupt has higher priority than that indicated by IPL, the interrupt is acknowledged.
Table 10.3 lists interrupt priority levels associated with IPL.

Table 10.3 Interrupt Priority Levels
IPL2 IPL1 IPLO Interrupt Priority Levels

0 0 Level 1 and above

Level 2 and above

Level 3 and above

Level 4 and above

Level 5 and above

Level 6 and above

Level 7 and above

P | |O |0 |k, |k |O|O

0
0
0
1
1
1
1

= ok |lo|r |o

All maskable interrupts are disabled

10.6.2 Interrupt Control Register and RLVL Register

The peripheral function interrupts use interrupt control registers to control each interrupt. Figures 10.3
and 10.4 show the interrupt control register. Figure 10.5 shows the RLVL register.
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Interrupt Control Register

1: Interrupt requested®

b7 b6 b5 b4 b3 b2 bl b0  Symbol Address After Reset
5 5 5 5 TAOIC to TA4IC 006C16, 008C16, 006E16, 008E16, 007016 XXXX X0002
ey — 1 TBOIC to TB5IC 009416, 007616, 009616, 007816, 009816, 006916  XXXX X0002
Do P 1 1 SOTICtoS4TIC 009016, 009216, 008916, 008B16, 008D16 XXXX X0002
Do i 1 1 SORICtoS4RIC 007216, 007416, 006B16, 006D16, 006F16 XXXX X0002
Do i 1 1 BCNOICtoBCN4IC 007116, 009116, 008F1s, 007116, 009116 XXXX X0002
Do {1 i DMOICtoDM3IC 006816, 008816, 006A1s, 008A16 XXXX X0002
Do i 1 1 ADOIC,AD1IC 007316, 008616 XXXX X0002
P P11 KUPIC 009316 XXXX X0002
Do P 1 1 l00IC to IOSIC 007516, 009516, 007716, 009716, 007916, 009916  XXXX X0002
Do i 1 1 OBICtollOLLIC  007Bis, 009B1s, 007D16, 009D16, 007F16, 008116 XXXX X0002
: ! 1 1 CANOICOto CAN2IC 009Di6, 007F16, 008116 XXXX X0002
SyI|31|1tbo| Bit Name Function RW
ool P b2 b1 b0

oo o " veo 000 : Level 0 (interrupt disabled) RW
001:Levell

Interrupt Priority Level | 010:Level2

oo [ ILVL1 Select Bit 011:Level3 RW
T H 100:Level 4

101:Level5

T LR ILVL2 110:Level6 RW
111:Level7

é é é ------------- IR Interrupt Request Bit 0 No interrupt requested RW

Nothing is assigned. When write, set to "0".
(b7 - b4) | When read, its content is indeterminate.

NOTES:
1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNL1IC register shares an address with the BCN4IC register.
3. The IIO9IC register shares an address with the CANOIC register.
The 11010IC register shares an address with the CAN1IC register.
The 11011IC register shares an address with the CAN2IC register.
4. The IR bit can be set to "0" only (do not set to "1").

Figure 10.3 Interrupt Control Register (1)
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b7 b6 b5 b4 b3 b2 bl bo

DD T T LT ] sm

Interrupt Control Register

Address After Reset

N INTOIC to INT2IC 009E16, 007E16, 009C16 XX00 X0002
T INT3IC to INT5IC®) 007C16, 009A16, 007A16 XX00 X0002
N : .
Pi b 1 1 1 | symbol Bit Name Function RW
SR A
e 000 : Level 0 (interrupt disabled) RW
I 001:Levell
Interrupt Priority Level | 010:Level2
[ ILVL1 Select Bit 011:Level3 RW
Pl elect Bl 100: Level 4
R R 101:Level5
HE-- - ILVL2 110:Level6 RW
oo 111:Level 7
Voo . 0 : Requests no interrupt
R EEEEREEERREE IR Interrupt Request Bit . RW
oo ptieq 1: Requests an interrupt(@
Plob — . . e
E POL | Polarity Switch Bit 0: Selects falling edge or "L RW
. 1: Selects rising edge or "H"
R Level Sensitive/Edge 0: Edge sensitive
P LVS | sensitive Switch Bit 1: Level sensitive® RW
Nothing is assigned. When write, set to "0".

(b7 - b6) | When read, its content is indeterminate. o

NOTES:

INT5IC registers to "0002".

2. The IR bit can be set to "0" only (do not set to "1").
3. Set the POL bit to "0" when a corresponding bit in the IFSR register is set to "1" (both edges).
4. When setting the LVS bit to "1", set a bit corresponding to the IFSR register to "0" (one edge).

1. When the 16-bit data bus is used in microprocessor or memory expansion mode, each pin for the
INT3 to INT5 bits is used as the data bus. Set the ILVL2 to ILVLO bits in the INT3IC, INT4IC and

Figure 10.4 Interrupt Control Register (2)

10.6.2.1 ILVL2 to ILVLO Bits

The ILVL2 to ILVLO bits determines the interrupt priority level. The higher the interrupt priority level,

the higher interrupt priority is.

When an interrupt request is generated, its interrupt priority level is compared to IPL. This interrupt is
acknowledged only when its interrupt priority level is higher than IPL. When the ILVL2 to ILVLO bits
are set to "0002" (level 0), this interrupt is ignored.

10.6.2.2 IR Bit

The IR bit is automatically set to "1" (interrupt requested) when an interrupt request is generated. The
IR bit is automatically set to "0" (no interrupt requested) after an interrupt request is acknowledged and
the program in the corresponding interrupt vector is executed.

The IR bit can be set to "0" by program. Do not set to "1".
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Exit Priority Register

Nothing is assigned. When write, set to "0".
(b4) When read, its content is indeterminate.

0: Interrupt priority level 7 is used

Rt DMAII | DMAC Il Select Bit® for interrupt _ RW
1: Interrupt priority level 7 is used

for DMAC Il transfer®)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
DD X[ ][] rw 009F1s XXXX 00002
R SRR B Bit . .
doror [ symbol Bit Name Function RW
S
P b orr o - RLVLO 000:Level 0 RW
A _ _ 001:Levell
. Stop/Wait Mode Exit 010: Level 2
s RLVL1 | Minimum Interrupt Priority| 011 : Level 3 RW
- Level Control Bit® 100: Level 4
oo 101:Level5
- T RLVL2 110:Level6 RW
E E E E E 111:Level?7
0: Interrupt priority level 7 is used
R High-Speed Interrupt i
A S O FSIT | 9{ Bit(% P for normal interrupt RW
Voo e 1: Interrupt priority level 7 is used
HE for high-speed interrupt

Nothing is assigned. When write, set to "0".
(b7 - b6) When read, its content is indeterminate.

NOTES:

1. The microcomputer exits stop or wait mode when the requested interrupt priority level is higher than
the level set in the RLVL2 to RLVLO bits. Set the RLVL2 to RLVLO bits to the same value as IPL in
the FLG register.

2. When the FSIT bit is set to "1", interrupt priority level 7 becomes the high-speed interrupt. In this
case, set only one interrupt to interrupt priority level 7 and the DMA 1l bit to "0".

3. Set the ILVL2 to ILVLO bits in the interrupt control register after setting the DMAII bit to "1". Do not
change the DMAII bit setting to "0" after setting the DMAII bit to "1". Set the FSIT bit to "0" when the
DMAII bit to "1".

4. After reset, the DMA Il bit is indeterminate. When using an interrupt, set the interrupt control register
after setting the DMA I bit to "0".

Figure 10.5 RLVL Register

10.6.2.3 RLVL2 to RLVLO Bits
When using an interrupt to exit stop or wait mode, refer to 8.5.2 Wait Mode and 8.5.3 Stop Mode for
details.
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10.6.3 Interrupt Sequence
The interrupt sequence is performed between an interrupt request acknowledgment and interrupt routine
execution.
When an interrupt request is generated while an instruction is executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following
cycle. However, in regards to the SCMPU, SIN, SMOVB, SMOVF, SMOVU, SSTR, SOUT or RMPA
instruction, if an interrupt request is generated while executing the instruction, the microcomputer sus-
pends the instruction to start the interrupt sequence.
The interrupt sequence is performed as follows:

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 00000016 (address 00000216 for the high-speed interrupt). Then, the IR bit applicable to
the interrupt information is set to "0" (interrupt requested).

(2) The FLG register, prior to an interrupt sequence, is saved to a temporary register®) within the CPU.

(3) Each bit in the FLG register is set as follows:

» The | flag is set to "0" (interrupt disabled)
» The D flag is set to "0" (single-step disabled)
» The U flag is set to "0" (ISP selected)

(4) A temporary register within the CPU is saved to the stack; or to the SVF register for the high-speed
interrupt.

(5) PC is saved to the stack; or to the SVP register for the high-speed interrupt.

(6) The interrupt priority level of the acknowledged interrupt is set in IPL .

(7) A relocatable vector corresponding to the acknowledged interrupt is stored into PC.

After the interrupt sequence is completed, an instruction is executed from the starting address of the
interrupt service routine.

NOTES:
1. Temporary register cannot be modified by users.
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10.6.4 Interrupt Response Time
Figure 10.6 shows an interrupt response time. Interrupt response time is the period between an interrupt
generation and the execution of the first instruction in an interrupt service routine. An interrupt response
time includes the period between an interrupt request generation and the completed execution of an in-
struction ((a) in Figure 10.6) and the period required to perform an interrupt sequence ((b) in Figure 10.6).

Interrupt request is generated  Interrupt request is acknowledged

{} {B — Time
ya /

Instruction in an
interrupt routine

Instruction Interrupt sequence

@ (b)

- g L

Interrupt response time

¢ P

(a) Period between an interrupt request generation and the completed execution of an instruction.
(b) Period required to perform an interrupt sequence.

Figure 10.6 Interrupt Response Time

Time (a) varies depending on the instruction being executed. The DIV instruction requires the longest
time (a); 40 cycles when an immediate value or register is set as the divisor .
When the divisor is a value in the memory, the following value is added.

* Normal addressing 2+ X
* Index addressing 13+ X
« Indirect addressing 5+ X+2Y
« Indirect index addressing 16+ X+2Y

X is the number of wait states for a divisor space. Y is the number of wait states for the space that stores
indirect addresses. If X and Y are in an odd address or in 8-bit bus space, the X and Y value must be
doubled.

Table 10.4 lists time (b).

Rev. 1.31 Jan.31, 2006 Page 100 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

10. Interrupts

Table 10.4 Interrupt Sequence Execution Time

Interrupt Interrupt Vector Address 16-Bit Bus 8-Bit Bus

Peripheral Function Even address 14 cycles 16 cycles
Odd address® 16 cycles 16 cycles

INT Instruction Even address 12 cycles 14 cycles
Odd address® 14 cycles 14 cycles

NMI Even address® 13 cycles 15 cycles

Watchdog Timer

Undefined Instruction

Address Match

Overflow Even address® 14 cycles 16 cycles

BRK Instruction (relocatable vector table) | Even address 17 cycles 19 cycles
Odd address® 19 cycles 19 cycles

BRK Instruction (fixed vector table) Even address® 19 cycles 21 cycles

High-Speed Interrupt Vector table is internal register 5 cycles

NOTES:

1. Allocate interrupt vectors to even addresses.

2. Vectors are fixed to even addresses.

10.6.5 IPL Change when Interrupt Request is Acknowledged
When a peripheral function interrupt request is acknowledged, IPL sets the priority level for the acknowl-

edged interrupt.

Software interrupts and special interrupts have no interrupt priority level. If an interrupt request that has
no interrupt priority level is acknowledged, the value shown in Table 10.5 is set in IPL as the interrupt

priority level.

Table 10.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt Sources

Level that is Set to IPL

Watchdog Timer, NMI, Oscillation Stop Detect

7

Reset

0

Software, Address Match

Not changed
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10.6.6 Saving a Register

In the interrupt sequence, the FLG register and PC are saved to the stack.
After the FLG register is saved to the stack, 16 high-order bits and 16 low-order bits of PC, extended to 32
bits, are saved to the stack. Figure 10.7 shows the stack state before and after an interrupt request is
acknowledged.
Other important registers are saved by program at the beginning of an interrupt service routine. The
PUSHM instruction can save all registers except SP.
Refer to 10.4 High-Speed Interrupt for the high-speed interrupt.

Addr
ddress MSB

The Stack
LSB

]

Content of
previous stack

Content of
previous stack

Stack state before an interrupt request is acknowledged

The Stack
Address MNB
PC
m-6 t
m-5 PCwm
m—a PChx
> m-3 0016
m—2 FLGL
m—1 FLGH
[SP]
SP value before m Content of
interrupt is previous stack
generated Content of
m+1 previous stack

Stack state after an interrupt request is acknowledged

[SP]
New SP value

Figure 10.7 Stack States

10.6.7 Restoration from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt service routine, the FLG register and PC,
which have been saved to the stack, are automatically restored. The program, executed before an interrupt
request has been acknowledged, starts running again. Refer to 10.4 High-Speed Interrupt for the high-
speed interrupt.
Restore registers saved by program in an interrupt service routine by the POPM instruction or others
before the REIT and FREIT instructions. Register bank is switched back to the bank used prior to the
interrupt sequence by the REIT or FREIT instruction.
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10.6.8 Interrupt Priority
If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether an
interrupt request is generated or not), the interrupt with the highest priority is acknowledged.
Set the ILVL2 to ILVLO bits to select the desired priority level for maskable interrupts (peripheral function
interrupt).
Priority levels of special interrupts such as reset (reset has the highest priority) and watchdog timer are
set by hardware. Figure 10.8 shows priority levels of hardware interrupts.
The interrupt priority does not affect software interrupts. The microcomputer jumps to the interrupt rou-
tine when the instruction is executed.

Oscillation Stop Detect _ _
Reset > NMI > Watchdog > Peripheral Function > Address Match

Figure 10.8 Interrupt Priority

10.6.9 Interrupt Priority Level Select Circuit
The interrupt priority level select circuit selects the highest priority interrupt when two or more interrupt
requests are sampled at the same sampling point.
Figure 10.9 shows the interrupt priority level select circuit.
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ngh Each Interrupt Priority Level
---------------------------------------- i Level O (initial value)
| A/D1 Converter |
: PN
N -
b DMAL |~
: NS
b DMA2 =
: PN
| DMA3 | Each Interrupt Priority Level
: NS g
| Timer AO | | A/DO Converter
: NS :
: | Timer Al | : : | Key Input Interrupt
: N :
| Timer A2 | | n
: f H Intelligent I/O Interrupt 0
: NS :
| Timer A3 | v | Intelligent I/O Interrupt 1
| Timer A4 | | Intelligent I/O Interrupt 2
: N :
| UARTO Transmission/NACK | | Intelligent 1/O Interrupt 3
| UARTO Reception/ACK | | Intelligent /O Interrupt 4
: PN i
: [_UART1 Transmission/NACK | Co Intelligent /O Interrupt 5
: 4 i
: | UART1 Reception/ACK | ] : | Intelligent I/O Interrupt 6
[ Timer BO |- E Intelligent /O Interrupt 7
: NS :
[ Timer B1 [~ b Intelligent /O Interrupt 8
: [ Timer B2 | : Intelligent I/0 Interrupt 9
: : "4 : /CAN Interrupt 0
[ Timer B3 [— : Intelligent 1/O Interrupt 10
: : N /CAN Interrupt 1
O Timer B4 [— Intelligent 1/O Interrupt 11
N /CAN Interrupt 2
b iNT5 = | e
: [ NTZ = [ RLVL2 to RLVLO Bits
; NZ Interrupt
D INT3 [— re?(uestllsd g
' : acknowledged.
: PN To CLK
| INT2 [—
i | | Y [ 1PL
: INT1 :
: ' v Interrupt
: | INTO |— [ | Flag request is
: NS acknowledged.
: | Timer B5 | ; | Address Match To CPU
\/ Watchdog Timer,
5 [ uART2 Transmission/NaCK | Oscillation Stop Detect
i [ UART2 Reception/ACK _ |— | NMI
P [ DMAC I
: | UART3 Transmission/NACK |
: : \/ [ Reset
E UART3 Reception/ACK [—
: PN
C UART4 Transmission/ [—
: NACTK NS
C UART4 Reception/ACK [—
: ' N\
| Bus Conflict/Start, Stop :
Condition(UART2) . "4
i [Bus Conflict/Start, Stop Condition( |
i UARTO,3) i v
Bus Conflict/Start, Stop

Y : Condition(UART1,4)

Low :
Peripheral Function Interrupt Priority
(if priority levels are the same)

Figure 10.9 Interrupt Priority Level Select Circuit
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10.7 INT Interrupt

External input generates the INTi interrupt (i = 0 to 5). The LVS bit in the INTIIC register selects either edge
sensitive triggering to generate an interrupt on any edge or level sensitive triggering to generate an inter-
rupt at an applied signal level. The POL bit in the INTIlC register determines the polarity.

With an edge sensitive triggering, when the IFSRI bit in the IFSR register is set to "1" (both edges), an
interrupt occurs on both rising and falling edges of the external input. If the IFSRI bit is set to "1", set the
POL bit in the corresponding register to "0" (falling edge).

With a level sensitive triggering, set the IFSRi bit to "0" (single edge). When the INTi pin input level reaches
the level set in the POL bit, the IR bit in the INTIIC register is set to "1". The IR bit remains set to "1" even
if the INTI pin level is changed. The IR bit is set to "0" when the INTi interrupt is acknowledged or when "0"
is written by program.

Figure 10.10 shows the IFSR register.

External Interrupt Request Cause Select Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | | IFSR 031F16 0016
Bit Bit Name Function
P b o: o1 i i i | Symbol RW
INTO Interrupt Polarity | O : One edge
IFSRO | Select Bit® 1 : Both edges RW
INT1 Interrupt Polarity | O : One edge
Vo e IFSR1 .
A Select Bit® 1: Both edges RW
INT2 Interrupt Polarity | O: One edge
- L IFSR2 .
R Select Bit® 1: Both edges RW
INT3 Interrupt Polarity | O : One edge
IFSR3 | select Bit® 1: Both edges RW
INT4 Interrupt Polarity | O : One edge
T AGRRRCEELEEEE IFSR4
HE Select Bit() 1 : Both edges RW
INTS Interrupt Polarity | O : One edge
P T IFSRS | Select Bit® 1: Both edges RW
0 : UARTS3 bus conflict, start condition
detect, stop condition detect, fault
- UARTO, UART3 error detect
IFSR6 Interrupt Cause Select |1 : UARTO bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect
0 : UART4 bus conflict, start condition|
detect, stop condition detect, fault
' UART1, UART4 error detect
i IFSR7 Interrupt Cause Select |1 : UART1 bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect
NOTES:
1.Set this bit to "0" to select level sensitive.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

Figure 10.10 IFSR Register
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10.8 NMI Interrupt
The NMI interrupt occurs when the signal applied to the P85/NMI pin changes from an "H" signal to an "L"
signal. The NMI interrupt is a non-maskable interrupt. Although the P85/NMI pin is used as the NMI inter-
rupt input pin, the P8_5 bit in the P8s register indicates input level for this pin.
NOTES:
When the NMI interrupt is not used, connect (pull-up) the NMI pin to Vcc via a resistor. Because the NMI
interrupt cannot be ignored, the pin must be connected.

10.9 Key Input Interrupt
Key input interrupt request is generated when one of the signals applied to the P104 to P107 pins in input
mode is on the falling edge. The key input interrupt can be also used as key-on wake-up function to exit wait
or stop mode. To use the key input interrupt, do not use P104 to P107 as A/D input ports. Figure 10.11
shows a block diagram of the key input interrupt. When an "L" signal is applied to any pins in input mode,
signals applied to other pins are not detected as a request signal for an interrupt.
When the PSC_7 bit in the PSC register) is set to "1" (key input interrupt disabled), no key input interrupt
occurs regardless of interrupt control register settings. When the PSC_7 bit is set to "1", no input from a
port pin is available even when in input mode.
NOTES:

1. Refer to 24. Programmable I/O Ports for details on the PSC register.

PU31 bit in PURS register
Pull-up ]
transistor PD10_7 bit KUPIC Register

PSC_7bit PD10_7 bit

\Vau

P107/KI3 O

Pull-up

transistor PD10_6 bit

Interrupt Control 3 Key Input Interrupt
Circuit Request

P106/Kl2 O T 'JI/\

Pull-up
transistor

o—+ &

Pull-up PD10_4 bit
transistor

P104/Klo O—- & @_

PD10_5 bit

P105/Kl1

Figure 10.11 Key Input Interrupt
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10.10 Address Match Interrupt
The address match interrupt occurs immediately before executing an instruction that is stored into an ad-
dress indicated by the RMAD: register (i=0 to 3). The address match interrupt can be set in four addresses.
The AIERI bit in the AIER register determines whether the interrupt is enabled or disabled. The | flag and
IPL do not affect the address match interrupt.
Figure 10.12 shows registers associated with the address match interrupt.
Set the starting address of an instruction in the RMAD:I register. The address match interrupt does not
occur when a table data or addresses other than the starting address of the instruction is set.

b23 b16 b15

Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bl bO

ST

b8 b7 b0

Address Match Interrupt Register i

Symbol Address After Reset
AIER 000916 XXXX 00002
Bit Bit Name Function RW
Symbol
Address Match 0 : Disables the interrupt
AIERO . . P RW
Interrupt O Enable Bit 1: Enables the interrupt
Address Match 0 : Disables the interrupt
AIERL 1 1 Enable Bi i RW
nterrupt 1 Enable Bit 1 : Enables the interrupt
Address Match - Di i
AIER2 _ 0 : Disables the_lnterrupt RW
Interrupt 2 Enable Bit | 1 : Enables the interrupt
Address Match : Di i
AIER3 _ 0 : Disables the'lnterrupt RW
Interrupt 3 Enable Bit 1: Enables the interrupt
Nothing is assigned. When write, set to "0". .
(b7 - b4) | When read, its content is indeterminate.
Symbol Address After Reset
RMADO 001216 - 001016 00000016
RMAD1 001616 - 001416 00000016
RMAD2 001A16 - 001816 00000016
RMAD3 001E16 - 001C16 00000016
Function Setting Range RW
Addressing Register for the Address Match Interrupt 00000016 to FFFFFF16 RW

Figure 10.12 AIER Register and RMADO to RMAD3 Registers
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10.11 Intelligent I/O Interrupt and CAN Interrupt
The intelligent I/O interrupt and CAN interrupt are assigned to software interrupt numbers 44 to 54, and 57.
Figure 10.13 shows a block diagram of the intelligent I/O interrupt and CAN interrupt. Figure 10.14 shows
the 1IOIIR register (i=0to 11). Figure 10.15 shows the IIOIIE register.
When using the intelligent I/O interrupt or CAN interrupt, set the IRLT bit in the IIOIIE register to "1" (inter-
rupt request for interrupt used).
Various interrupt requests cause the intelligent I/O interrupt to occur. When an interrupt request is gener-
ated with intelligent I/O or CAN functions, the corresponding bit in the IIOIIR register is set to "1" (interrupt
requested). When the corresponding bit in the IIOIIE register is set to "1" (interrupt enabled), the IR bit in
the corresponding IIOIIC register is set to "1" (interrupt requested).
After the IR bit setting changes from "0" to "1", the IR bit remains set to "1" when a bit in the IIOiIR register
is set to "1" by another interrupt request and the corresponding bit in the IIOIIE register is set to "1".
Bits in the IIOIIR register are not set to "0" automatically, even if an interrupt is acknowledged. Set each bit
to "0" by program. If these bits remain set to "1", all generated interrupt requests are ignored.
CAN interrupt uses bit 7 in the 1I09IR to IIO11IR registers and bit 7 in the IIO9IE to IIO11IE registers. IIO9IR
to lIO11IR registers share addresses with the CANOIC to CAN2IC registers. Refer to 22.3 CAN Interrupt

for details.
) o IRLT Bitin
IIO|IRReg|ster IIOIlE Register
: : 0p=—
: Bit 1 : KO;D—V\ . .
Interrupt Request® 1 15 : — Intelligent 1/O Interrupt i Request
H 0 :
: Bit 2 : 1 K:C _D_
1)t —— .
Interrupt Request® : : o -
. : 0 : :
: Bit 7 : L ch B
: I '
Interrupt Request(®) ; : o .
IIOIlE Register(®
: Bitl NOTES:
1. See Figures 10.14 and 10.15 for details on bits 1 to 7 in
] : the IIOIIR register and bits 1 to 7 in the IIOIIE register.
Bit 2 2. Bits 1 to 7 in the IIOIlR register are not set to "0"
automatically even if an interrupt request is generated.
Set to "0" by program.
3. Do not change the IRLT bit and the interrupt enable bit in
Bit 7 : the lIOIIE register simultaneously.
: i=0to 11

Figure 10.13 Intelligent I/O Interrupt and CAN Interrupt

When using the intelligent 1/O interrupt or CAN interrupt to activate DMAC II, set the IRLT bit in the IIOIlE
register to "0" (an interrupt used for DMAC, DMAC II) to enable the interrupt request that the 11OIIE register
requires.
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Interrupt Request Register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | 1IO0IR to 1I011IR See below 0000 000X2
A Bit )
E E E E E E E E Symbol Function RW
_ R Nothing is assigned. When write, set to "0". _
Vo o (b0) When read, its content is indeterminate.
R A (Note 1) | 0: Requests no interrupt RW
e eeaad (Note 1) 1: Requests an interrupt (Note 2) | RW
R R it (Note 1) RW
T TRETTTEY (Note 1) RW
O AL EEEEE (Note 1) RW
P e (Note 1) RW
e (Note 1) RW
NOTES:
1. See table below for bit symbols.
2. Only "0" can be set (nothing is changed even if "1" is set).
Bit Symbols for the Interrupt Request Register
Symbol | Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1100IR 00AO16 - - SIOORR | GORIR - PO13R TMO2R -
1101IR 00Al16 - - SIO0TR | GOTOR - PO14R TMOOR/PO0OOR -
1102IR 00A216 - - SIO1RR | GIRIR - TM12R/PO12R - -
1103IR 00A316 - - SIO1TR | G1TOR PO27R PO10R TMO3R -
1104IR 00A416 SRTOR | SRT1R - BT1R PO32R |TM17R/PO17R | TMO4R/PO04R -
1105IR 00A516 - - - SIO2RR PO33R PO21R TMO5R/POO05R -
1106IR 00AG616 - - - SIO2TR PO34R PO20R TMO6R -
1I07IR 00A716 IEOR - - BTOR PO35R PO22R TMO7R -
1108IR 00A816 IEIR IE2R - BT2R PO36R PO23R TM11R/PO11R -
1109IR 00A916 CANOR - - SIO3RR PO31R PO24R PO15R -
IIO10IR | 00AA16 | CANI1R - - SIO3TR PO30R PO25R TM16R/PO16R -
II011IR | 00AB16 | CAN2R - - BT3R PO37R PO26R TMO1R/POO0O1R -
BTIR : Intelligent 1/O Group i Base Timer Interrupt Request Bit (i=0 to 3)
TMmJR : Intelligent 1/O Group m Time Measurement j Interrupt Request Bit (j=0 to 7)(m=0,1)
POIjR : Intelligent 1/0 Group i Waveform Generation Function j Interrupt Request Bit
SIOIRR/SIOITR : Intelligent I/O Group i Communication Function Interrupt Request Bit (RR:receive, TR:transmit)
GmMRIR/GMTOR Intelligent I/O Group m HDLC Data Processing Function Interrupt Request Bit
(RIR:input to receive, TOR:input to transmit)
SRTmMR : Intelligent 1/0 Group m Special Communication Function Interrupt Request Bit
IEKR : Intelligent 1/O Group 2 IEBus Communication Function Interrupt Request Bit (k = 0 to 2)
CANKR : CAN Communication Function Interrupt Request Bit
- : Reserved bit. Setto "0".

Figure 10.14 IIO0IR to 1I011IR Registers
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Interrupt Enable Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | IIOOIE to 1O11IE See below 0016
oo Bit . .
oo Symbol Bit Name Function RW
IRLT Interrupt Request 0 : Interrupt request is used for DMAC, DMAC Il RW
oor o Select Bit® 1: Interrupt request is used for interrupt
E E E E 0 : Disables an interrupt by bit 1 in IIOiIR register
HEH - (Note 1) D ) . ) ; RW
- 1: Enables an interrupt by bit 1 in lIOIIR register
E E E E 0 : Disables an interrupt by bit 2 in 110iIR register
HE R (Note 1)  — . proy bit2in i 9 RW
- 1: Enables an interrupt by bit 2 in IIOIIR register
0 : Disables an interrupt by bit 3 in 11OiIR register
T (Note 1) _— ) ptby o A g RW
- 1: Enables an interrupt by bit 3 in 1IOIIR register
E E E E 0 : Disables an interrupt by bit 4 in 110iIR register
[ RRRLELEELEEE (Note 1) _— . Proy L ; g RW
- 1: Enables an interrupt by bit 4 in lIOiIR register
E E E 0 : Disables an interrupt by bit 5 in IIOiIR register
R CCRETITLERRPRL (Note 1) S [ierTupt by Bit 5 In PO FEAISTEr pw
HE 1: Enables an interrupt by bit 5 in lIOiIR register
0 : Disables an interrupt by bit 6 in IIOiIR register
R LLLICCETIICLERPID (Note 1) S ' [mierrupt by BItS In FOI regiser) v
H 1: Enables an interrupt by bit 6 in lIOIIR register
0 : Disables an interrupt by bit 7 in 1IOiIR register
---------------------------- (Note 1) —_— . . proyoR i o= g RW
1: Enables an interrupt by bit 7 in lIOIIR register
NOTES:
1. See table below for bit symbols.
2. If an interrupt request is used for interrupt, set bit 1 to 7 to "1" after the IRLT bit is set to "1".
Bit Symbols for the Interrupt Enable Register
Symbol | Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIOOIE | 00BO16 - - SIOORE | GORIE - PO13E TMO2E IRLT
IIOlIE | 00Blis - - SIOOTE | GOTOE - PO14E TMOOE/POOOE | IRLT
lIO2IE | 00B216 - - SIOLIRE | GIRIE - TM12E/PO12E - IRLT
IIO3IE | 00B316 - - SIOITE | GITOE | PO27E PO10E TMO3E IRLT
lIO4IE | 00B416 | SRTOE | SRT1E - BT1E PO32E | TM17E/PO17E | TMO4E/POO4E | IRLT
IIO5IE | 00B516 - - - SIO2RE | PO33E PO21E TMOSE/POOSE | IRLT
IIO6IE | 00BG16 - - - SIO2TE | PO34E PO20E TMOGE IRLT
IIO7IE | 00B716 | I|EOE - - BTOE PO35E PO22E TMO7E IRLT
lIOBIE | 00B816 | IELE IE2E - BT2E PO36E PO23E TM11E/PO11E | IRLT
IIO9IE | 00B916 | CANOE - - SIO3RE | PO31E PO24E PO15E IRLT
IIO10IE | 00BA1s | CAN1E - - SIO3TE | POS30E PO25E TM16E/PO16E | IRLT
lIO11IE | 00BB1s | CAN2E - - BT3E PO37E PO26E TMO1E/POO1E | IRLT
BTIE : Intelligent 1/O Group i Base Timer Interrupt Enable Bit (i=0 to 3)
TMmjE : Intelligent 1/O Group m Time Measurement j Interrupt Enable Bit (j=0 to 7)(m=0,1)
POIJE : Intelligent 1/O Group i Waveform Generation Function j Interrupt Enable Bit
SIOIRE/SIOITE : Intelligent I/O Group i Communication Function Interrupt Enable Bit (RE:receive, TE:transmit)
GmRIE/GmTOE : Intelligent I/O Group m HDLC Data Processing Function Interrupt Enable Bit
(RIE:input to receive, TOE:input to transmit)
SRTmE : Intelligent 1/O Group m Special Communication Function Interrupt Enable Bit
IEKE : Intelligent 1/O Group 2 IEBus Communication Function Interrupt Enable Bit (k=0 to 2)
CANKE : CAN Communication Function Interrupt Enable Bit
- : Reserved bit. Setto "0".

Figure 10.15 IIOOIE to IIO11IE Registers
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11. Watchdog Timer

The watchdog timer detects a program which is out of control. The watchdog timer contains a 15-bit counter
which is decremented by the CPU clock that the prescaler divides. The CMO06 bit in the CMO register
determines whether the watchdog timer interrupt request or reset is generated when the watchdog timer
underflows. The CMO06 bit can be set to "1" (reset) only. Once the CMO06 bit is set to "1", it cannot be
changed to "0" ( watchdog timer interrupt) by program. The CMO06 bit is set to "0" only after reset.

When the main clock, on-chip oscillator clock, or the PLL clock runs as the CPU clock, the WDC?7 bit in the
WNDC register determines whether the prescaler divides by 16 or by 128. When the sub clock runs as the
CPU clock, the prescaler divides by 2 regardless of the WDC?7 bit setting. Watchdog timer cycle is calcu-
lated as follows. Marginal errors, due to the prescaler, may occur in watchdog timer cycle.

When the main clock, on-chip oscillator clock, or PLL clock is selected as the CPU clock:

Divide by 16 or 128 prescaler x counter value of watchdog timer (32768)

Watchdog timer cycle =
9 y CPU clock

When the sub clock is selected as the CPU clock,

Divided by 2 prescaler x counter value of watchdog timer (32768)
CPU clock

Watchdog timer cycle =

For example, if the CPU clock frequency is 30MHz and the prescaler divides by 16, watchdog timer cycle is
approximately 17.5 ms.

The watchdog timer is reset when the WDTS register is set and when a watchdog timer interrupt request is
generated. The prescaler is reset only when the microcomputer is reset. Both watchdog timer and prescaler
stop after reset. They begin counting when the WDTS register is set.

Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.

The watchdog timer and prescaler stop in stop mode, wait mode and hold state. They resume counting
from the value held when the mode or state is exited.

Figure 11.1 shows a block diagram of the watchdog timer. Figure 11.2 shows registers associated with the
watchdog timer.

Prescaler

""""""" i cMo7 =0

1/16 |WDC7=0

H : 0 )
: 3 » Yr\(tatrcrhd?gRTlmert
CPU Clock i : - / errupt Reques
—— - . +O — Watchdog Timer
HOLD Signal H : o

1
: : P> Reset
S omor=1 CMo6
= U2 = o
Write to WDTS Registet —————————— Set to
7FFF16
Internal Reset Signal ol> ®

CMO06, CMO7 : Bits in CMO register
WDC?7 : Bit in WDC register

Figure 11.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | 0 | 0 | | | | | | wDC 000F16 000X XXXX2
L ob bbb T B . .
b | symbol Bit Name Function RW
Pl il High-Order Bit of Watchdog Timer RO
N (b4 - bO)
R R Reserved Bit Set to "0" RW
: (b6 - b5)
: . 0 : Divide-by-16
--------------------------- WDC?7 |Prescaler Select Bit 1 Divide-by-128 RW
Watchdog Timer Start Register
b7 bo Symbol Address After Reset
| | WDTS 000E16 Indeterminate
Function RW
The watchdog timer is reset to start counting by a write instruction to the
"""""""" WDTS register. Default value of the watchdog timer is always set to WO
"7TFFF16" regardless of the value written.

Figure 11.2 WDC Register and WDTS Register
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System Clock Control Register 0)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

| | | | | 1 | | | | CMO 000616 0000 X0002
S . et RW
bbb bbb symbol it Name unction
R A b1 b0
Poror o1 e CMOO . 00 : 1/0 port P53 RW
- Clock Output Function : f
- Select Bit® 01 : Outputs fc
A € 10 : Outputs f8 aw
R Cmo1 11: Outputs f32
In Wait Mode, 0 : Peripheral clock does not stop in
s CM02 | Peripheral wait mode RW
[ Function Clock Stop Bit 1 : Peripheral clock stops in wait
P mode®
. (b3) Reserved Bit Setto "1 RW
A o 0 : 1/O port function
V% 4 femeememmmaeeaas RW
- CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function®
Main Clock (XIN-XouT) 0 : Main clock oscillates
[ . RW
. EMOS | 5t0p Bit® 1 : Main clock stops(®
S CMO6 Watchdog Timer ' 0 : Watchdog timer interrupt RW
: Function Select Bit 1: Reset(”)
0: Clock selected by the CM21bit | .
L CMO7 | System Clock Select Bit®)]|  divided by MCD register setting

1: Sub clock

NOTES:

1. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enable).

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), set the CM01 to CMOO bits to
"002". When the PM15 to PM14 bits in the PM1 register is set to "012" (ALE output to P53), set the
CMO01 to CMOO bits to "002". When the PMO7 bit is set to "1" (function selected in the CM01 to CM00
bits) in microprocessor or memory expansion mode, and the CMO1 to CMO0O bits are set to "002", an
"L" signal is output from port P53 (port P53 does not function as an 1/O port).

. fc32 does not stop. When the CMO2 bit is set to "1", the PLL clock cannot be used in wait mode.

. When setting the CM04 bit to "1" (XcIN-XcouT oscillation), set the PD8_7 to PD8_6 bits to "002" (with

port P87 and P86 input mode) and the PU25 bit in the PUR2 register to "0" (no pull-up).

5. When entering the low-power consumption mode or on-chip oscillator low-power consumption mode,
the CMO5 bit stops the main clock. The CMO5 bit cannot detect whether the main clock stops or not.
To stop the main clock, set the CMO5 bit to "1" after the CMO07 bit is set to "1" with a stable sub clock
oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock). When the
CMOS5 bit is set to "1", XouT becomes "H". The built-in feedback resistor remains on. Xin is pulled up
to Xout ("H" level) via the feedback resistor.

6. When the CMO5 bit is set to "1", the MCD register is set to "0816" (divide-by-8 mode). In on-chip

oscillation mode, the MCD register is not divided by eight even if the CMO5 bit terminates XIN-XouT.

. Once the CMO6 bit is set to "1", it cannot be set "0" by program.

. After the CMO04 bit is set to "1" with a stable sub clock oscillation, set the CMO07 bit to "1" from "0".

After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CMO07 bit to "0" from "1".
Do not set the CMO7 bit and CM04 or CMO05 bits simultaneously.

W

© ~

Figure 11.3 CMO Register
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12. DMAC

This microcomputer contains four DMAC (direct memory access controller) channels that allow data to be
sent to memory without using the CPU. DMAC transmits a 8- or 16-bit data from a source address to a
destination address whenever a transmit request occurs. DMAO and DMA1 must be prioritized when using
DMAC. DMAC2 and DMACS3 share registers required for high-speed interrupts. High-speed interrupts
cannot be used when using three or more DMAC channels.

The CPU and DMAC use the same data bus, but DMAC has a higher bus access privilege than the CPU.
The cycle-steal method employed by DMAC enables high-speed operation between a transfer request and
the complete transmission of 16-bit (word) or 8-bit (byte) data. Figure 12.1 shows a mapping of registers to
be used for DMAC. Table 12.1 lists specifications of DMAC. Figures 12.2 to 12.5 show registers associ-
ated with DMAC.

Because the registers shown in Figure 12.1 are allocated to the CPU, use the LDC instruction to write to the
registers. To set DCT2, DCT3, DRC2, DRC3, DMA2 and DMAS registers, set the B flag to "1" (register
bank 1) and set RO to R3, A0, Al registers with the MOV instruction.

To set DSA2 and DSA3 registers, set the B flag to "1" and set the SB, FB, SVP, VCT registers with the LDC
instruction. To set the DRA2 and DRAS3 registers, set the SVP, VCT registers with the LDC instruction.

DMAC-Associated Registers

DMDO DMA Mode Register 0
DMD1 DMA Mode Register 1
DCTO DMA 0 Transfer Count Register
DCT1 DMA 1 Transfer Count Register
DRCO DMA 0 Transfer Count Reload Register(l)
DRC1 DMA 1 Transfer Count Reload Register()
DMAO DMA 0 Memory Address Register
DMA1 DMA 1 Memory Address Register
DSA0 DMA 0 SFR Address Register
DSA1 DMA 1 SFR Address Register
DRAO DMA 0 Memory Address Reload Register(1)
DRA1 DMA 1 Memory Address Reload Register(!)
When Three or More DMAC Channels are Used, When Three or More DMAC Channels are Used,
the Register Bank 1 is Used as DMAC Registers the High-Speed Interrupt Register is Used as DMAC
Registers
DCT2 (RO) DMA2 Transfer Count Register SVF Flag Save Register
DCT3 (R1) DMAZ3 Transfer Count Register DRA2 (SVP) DMA2 Memory Address Reload Register(t)
DRC2 (R2) DMA?2 Transfer Count Reload Register() DRA3 (VCT) DMA3 Memory Address Reload Register(2)
DRCS (R3) DMAS Transfer Count Reload Register(t When using DMA2 and DMAZ3, use the CPU registers shown in parentheses ().

DMAZ2 (A0) DMA2 Memory Address Register

DMAS3 (A1) DMA3 Memory Address Register

DSA2 (SB) DMA2 SFR Address Register

DSA3 (FB) DMAS3 SFR Address Register
NOTES:

1. Registers are used for repeat transter, not for single transfer.

Figure 12.1 Register Mapping for DMAC
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DMAC starts a data transfer by setting the DSR bit in the DMIiSL register (i=0 to 3) or by using an interrupt
request, generated by the functions determined by the DSEL 4 to DSELO bits in the DMIiSL register, as a
DMA request. Unlike interrupt requests, the | flag and interrupt control register do not affect DMA. There-
fore, a DMA request can be acknowledged even if an interrupt is disabled and cannot be acknowledged. In
addition, the IR bit in the interrupt control register does not change when a DMA request is acknowledged.

Table 12.1 DMAC Specifications

Iltem Specification
Channels 4 channels (cycle-steal method)
Transfer Memory Space » From a desired address in a 16M-byte space to a fixed address in a

16M-byte space
» From a fixed address in a 16M-byte space to a desired address in a
16M-byte space

Maximum Bytes Transferred 128K bytes (when a 16-bit data is transferred) or 64K bytes (when an 8-
bit data is transferred)
DMA Request Factors() Falling edge or both edges of input signals to the INTO to INT3 pins

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UART4 transmit and receive interrupt requests
A/D conversion interrupt request

Intelligent 1/O interrupt request

CAN interrupt request

Software trigger
Channel Priority DMAO > DMA1 > DMA2 > DMA3 (DMAO has highest priority)
Transfer Unit 8 bits, 16 bits
Destination Address Forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Transfer Mode | Single Transfer |Transfer is completed when the DCTi register (i = 0 to 3) is set to "000016"
Repeat Transfer |When the DCTi register is set to "000016", the value of the DRCi register
is reloaded into the DCTi register and the DMA transfer is continued
DMA Interrupt Request Generation Timing| When the DCTi register changes "000116" to "000016"

DMA Startup | Single Transfer |DMA starts when a DMA request is generated after the DCTi register is
set to "000116" or more and the MDil to MDO bits in the DMDj register (j
=0to 1) are set to "012" (single transfer)

Repeat Transfer| DMA starts when a DMA request is generated after the DCTi register is
set to "000116" or more and the MDil to MDiO bits are set to "112" (re-
peat transfer)

DMA Stop Single Transfer |DMA stops when the MDil to MDiO bits are set to "002" (DMA disabled)
or when the DCTi register is set to "000016" (0 DMA transfer) by DMA
transfer or write

Repeat Transfer | DMA stops when the MDil to MDiO bits are set to "002" or when the
DCTi register is set to "000016" and the DRCi register set to "000016"

Reload Timing to the DCTi When the DCTi register is set to "000016" from "000116" in repeat trans-
or DMAI Register fer mode

DMA Transfer Cycles Minimum 3 cycles between SFR and internal RAM

NOTES:

1. The IR bit in the interrupt control register does not change when a DMA request is acknowledged.
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DMAI Request Factor Select Register (i=0 to 3)

it@
Request Bit (When read, its content is always "0")

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| |><| | | | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
Syﬁwifaol Bit Name Function RW
bbb L oseo RW
A DSEL1 RW
DMA Request Cause See Table 12.2 about DMiSL
T DSEL2 . L . RW
oo Select Bit() register (i = 0 to 3) function
A DSEL3 RW
R R SRERRLIEEEEED DSEL4 RW
Software DMA When a software trigger is selected, a DMA
R SSREELELELLEEEEE DSR request is generated by setting this bit to "1" | RW

Nothing is assigned. When write, set "0".
(b6) When read, its content is indeterminate.

0 : Not requested

1: Requested RW

--------------------------- DRQ | DMA Request Bit(2 3)

NOTES:

1. Change the DSEL4 to DSELO bit settings while the MDil to MDiO bits in the DMAO or DMD1
register are set to "002" (DMA disabled). Also, set the DRQ bit to "1" simultaneously when the
DSEL4 to DSELO bit settings are changed.

e.g., MOV.B #083h, DMISL ; Set timer A0

2. When the DSR bit is set to "1", set the DRQ bit to "1" simultaneously.
e.g., OR.B #0AOh, DMiSL

3. Do not set the DRQ bit to "0".

Figure 12.2 DMOSL to DM3SL Registers
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Table 12.2 DMiSL Register (i = 0 to 3) Function

Setting Value

DMA Request Cause

b4 b3 b2 bl b0

DMAO

DMA1 DMA2

DMA3

00O00O

Software Trigger

Falling edge of INTO

Falling edge of INT1 | Falling edge of INT2

Falling edge of INT3(1)

Both edges of INTO

Both edges of INT1 | Both edges of INT2

Both edges of INT3(1)

Timer AO Interrupt Request

Timer Al Interrupt Request

Timer A2 Interrupt Request

Timer A3 Interrupt Request

Timer A4 Interrupt Request

Timer BO Interrupt Request

Timer B1 Interrupt Request

Timer B2 Interrupt Request

Timer B3 Interrupt Request

Timer B4 Interrupt Request

Timer B5 Interrupt Request

UARTO Transmit Interrupt Request

UARTO Receive or ACK Interrupt Request®

UART1 Transmit Interrupt Request

UART1 Receive or ACK Interrupt Request®

UART?2 Transmit Interrupt Request

UART?2 Receive or ACK Interrupt Request®

UART3 Transmit Interrupt Request

UART3 Receive or ACK Interrupt Request(®

UART4 Transmit Interrupt Request

UART4 Receive or ACK Interrupt Request®

A/DO Interrupt Request

A/D1 Interrupt Request | A/DO Interrupt request

A/D1 Interrupt Request

Rrlir|lr|r|rR|rP|P|rP|rP|rP|o|o|o|o|o|o|o|o|lo|lo|lo|lo|lo|lo|lo]|o
Rr|lr|lo|lo|lo|lo|lo|lo|o|o|r|r|r|r|r|r|r|r|o|o|jo|o|jo|lo|o
o|lo|r|r|lr|r|lo|o|lo|o|lr|r|r|r|lo|lo|lo|jo|r|r|r|r|lo|lo]|o
olo|r|r|lo|lo|lr|r|lo|lo|r|r|o|o|r|r|lo|o|r|r|o|lo|r|r|lo
r|lo|lr|O|rR|O|rRr|O|rR|O|rR|O|rR|O|rR|O|rR|O|rR|O|R|O|rR|O|K

Intelligent I/O Intelligent I/O Intelligent I/O Intelligent I/O
Interrupt 0 Request Interrupt 7 Request Interrupt 2 Request Interrupt 9 Request(“)
11010 Intelligent /0 Intelligent /0 Intelligent /0 Intelligent /0
Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request Interrupt 10 Request(s)
11011 Intelligent 1/O Intelligent 1/O Intelligent 1/O Intelligent 1/O
Interrupt 2 Request Interrupt 9 Request® Interrupt 4 Request | Interrupt 11 Request®
11100 Intelligent /0 Intelligent /0 Intelligent /0 Intelligent /0
Interrupt 3 Request Interrupt 10 Request(s) Interrupt 5 Request Interrupt 0 Request
11101 Intelligent 1/O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 4 Request Interrupt 11 Request(e) Interrupt 6 Request Interrupt 1 Request
11110 Intelligent /O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 5 Request Interrupt 0 Request Interrupt 7 Request Interrupt 2 Request
11111 Intelligent /O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 6 Request Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request
NOTES:

1. If the INT3 pin is used as data bus in the memory expansion mode or microprocessor mode, a DMAS interrupt

request cannot be generated by an input signal to the INT3 pin.

N

(the POL bit in the INT]IC register, the LVS bit, the IFSR register) is not affected and vice versa.

oo~ wW

(Note 2)

(Note 2)

. The falling edge and both edges of input signal into the INT] pin (j = 0 to 3) cause a DMA request. The INT interrupt

. The UKSMR register and UKSMR2 register (k = 0 to 4) switch the UART] receive to ACK or ACK to UARTK receive.
. The same setting is used to generate an intelligent I/O interrupt 9 request and a CAN interrupt O request.

. The same setting is used to generate an intelligent 1/O interrupt 10 request and a CAN interrupt 1 request.
. The same setting is used to generate an intelligent 1/O interrupt 11 request and a CAN interrupt 2 request.
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b7 b6 b5 b4 b3 b2 bl bO

DMA Mode Register 0()

NOTES:

b7 b6 b5 b4 b3 b2 bl bO

1. Use the LDC instruction to set the DMDO register.

DMA Mode Register 1(1)

Symbol Address After Reset
DMDO CPU Internal Register 0016
Bit Bit Name Function RW
Symbol
bl b0
MDO0O 00 : DMA disabled RW
Channel O Transfer | g1 - Single transfer
Mode Select Bit 10 : Do not set to this value RW
MDO1 11 : Repeat transfer
Channel O Transfer |0 : 8 bits
BW X . RW
0 Unit Select Bit 1: 16 bits
RWO Channel O Transfer |0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
b5 b4
MD10 00 : DMA disabled RW
:\:Ahznngl Il Tr:;?sfer 0 1 : Single transfer
ode Select Bit . ;
MD11 1 0: Do not set to this value RW
11 : Repeat transfer
Channel 1 Transfer |0 : 8 bits
BW1 RwW
Unit Select Bit 1:16 bits
RW1 Channel 1 Transfer |0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
Symbol Address After Reset
DMD1 CPU Internal Register 0016
Bit Bit Name Function RW
Symbol
b1 b0
MD20 0 0 : DMA disabled RwW
Channel 2 Transfer | g1 - Single transfer
Mode Select Bit 1 0 : Do not set to this value RW
MD21 11 : Repeat transfer
Channel 2 Transfer |0 : 8 bits
BW2 Unit Select Bit 1:16 bits RW
RW2 Channel 2 Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
b5 b4
MD30 00 : DMA disabled RW
fﬂhznngl IS'I'traBr?tsfer 01 : Single transfer
ode Select Bi . ;
MD31 1 0: Do not set to this value RW
11 : Repeat transfer
Channel 3 Transfer |0 : 8 bits
BW3 Unit Select Bit 1: 16 bits RW
RW3 Channel 3 Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address

NOTES:

1. Use the LDC instruction to set the DMD1 register.

Figure 12.3 DMDO Register, DMD1 Register
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12.

DMAC

b15

b8 b7 b0

b15

NOTES:
. When the DCTi register to "000016", no data transfer occurs regardless of a DMA request.
. Use the LDC instruction to set the DCTO and DCT1 registers.
. To set the DCT2 register, set the B flag in the FLG register to "1" (register bank 1) and set RO

Symbol
DCT0()
DCT1@
DCT2(bank1;R0)(3)
DCT3(bank1;R1)4)

DMAI Transfer Count Register (=0 to 3)

Address

(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)

After Reset
XXXX16
XXXX16
000016
000016

Function

Setting Range RW

Set the number of transfers

000016 to FFFF16(1) | RW

register. Use the MOV instruction to set the RO register.

set the R1 register.

b8 b7 b0

Symbol

DRCO®

DRC1(®)
DRC2(bank1;R2))
DRC3(bank1;R3)®)

DMAI Transfer Count Reload Register (i=o0 to 3)

Address

(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)

. To set the DCT3 register, set the B flag to "1" and set R1 register. Use the MOV instruction to

After Reset
XXXX16
XXXX16
000016
000016

Function

Setting Range RW

Set the number of transfers

000016 to FFFF16 RW

NOTES:
1. Use the LDC instruction to set the DRCO and DRC1 registers.
2. To set the DRC2 register, set the B flag in the FLG register to "1" (register bank 1) and set R2

register. Use the MOV instruction to set the R2 register.

R3 register.

3. To set the DRC3 register, set the B flag to "1" and set R3 register. Use the MOV instruction to set the

Figure 12.4 DCTO to DCT3 Registers and DRCO to DRC3 Registers
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DMAI Memory Address Register (=0 to 3)

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DMA0® (CPU Internal Register) XXXXXX16
L v L DMA1® (CPU Internal Register) XXXXXX16
' DMA2(bank1;A0)®) (CPU Internal Register) 00000016
' DMA3(bank1;A1)4) (CPU Internal Register) 00000016
Function Setting Range RW
Set a source memory address or destination 00000016 to FFFFFF16 RW
memory address(®) (16-Mbyte space)
NOTES:

1. When the RWk bit (k=0 to 3) in the DMDj register (j=0, 1)is set to "0" (fixed address to memory), a
destination address is selected. When the RWk bit is set to "1" (memory to fixed address), a source
address is selected.

2. Use the LDC instruction to set the DMAO and DMAL registers.

3. To set the DMAZ2 register, set the B flag in the FLG register to "1" (register bank 1) and set AO
register. Use the MOV instruction to set the AO register.

4. To set the DMAS register, set the B flag to "1" and set Al register. Use the MOV instruction to set the
1 register.

DMAI SFR Address Register (=0 to 3)

b23 b16 b1S b8 b7 b0 Symbol Address After Reset
| i | | DSA0@ (CPU Internal Register) XXXXXX16
L v L DSA1@) (CPU Internal Register) XXXXXX16
' DSA2(bank1;SB)®@) (CPU Internal Register) 00000016
' DSA3(bankl;FB)4) (CPU Internal Register) 00000016
Function Setting Range RW
Set a source fixed address or destination fixed 00000016 to FFFFFF16 RW
address() (16-Mbyte space)
NOTES:

1. When the RWk bit (k=0 to 3) in the DMDj register (j=0, 1) is set to "0" (fixed address to memory), a
source address is selected. When the RWK bit is set to "1" (memory to fixed address), a destination
address is selected.

2. Use the LDC instruction to set the DSAO and DSAL1 registers.

3. To set the DSA2 register, set the B flag in the FLG register to "1" (register bank 1) and the set the SB
register. Use the LDC instruction to set the SB register.

4. To set the DSAS3 register, set the B flag to "1" and set the FB register. Use the LDC instruction to set
the FB register.

DMAIi Memory Address Reload Register) (i=o o 3)

1. Use the LDC instruction to set the these registers.
2. To set the DRAZ register, set the SVP register.
3. To set the DRA3 register, set the VCT register.

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DRAO (CPU Internal Register) XXXXXX16
L v L DRA1 (CPU Internal Register) XXXXXX16
' DRA2(SVP)) (CPU Internal Register) XXXXXX16
' DRA3(VCT)®) (CPU Internal Register) XXXXXX16
Function Setting Range RW
Set a source memory address or destination 00000016 to FFFFFF16 RW
memory address (16-Mbyte space)
NOTES:

Figure 12.5 DMAO to DMA3 Registers, DSAO to DSA3 Registers and DRAO to DRA3 Registers
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12.1 Transfer Cycles
Transfer cycle contains a bus cycle to read data from a memory or the SFR area (source read) and a bus
cycle to write data to a memory space or the SFR area (destination write). The number of read and write
bus cycles depends on source and destination addresses. In memory expansion mode and microprocessor
mode, the number of read and write bus cycles also depends on the DS register. Software wait state
insertion and the RDY signal make a bus cycle longer.

12.1.1 Effect of Source and Destination Addresses
When a 16-bit data is transferred with a 16-bit data bus, and the source address starts with an odd
address, source read cycle has one more bus cycle compared to a source address starting with an even
address.
When a 16-bit data is transferred with a 16-bit data bus and the destination address starts with an odd
address, destination write cycle has one more bus cycle compared to a destination address starting with
an even address.

12.1.2 Effect of the DS Register

In an external space in memory expansion or microprocessor mode, transfer cycle varies depending on
the data bus used at the source and destination addresses. See Figure 7.1 for details about the DS
register.

(1) When an 8-bit data bus (the DSi bit in the DS register is set to "0" (i=0 to 3)), accessing both source
address and destination address, is used to transfer a 16-bit data, 8-bit data is transferred twice.
Therefore, two bus cycles are required to read the data and another two bus cycles to write the data.

(2) When an 8-bit data bus (the DSi bit in the DS register is set to "0" (i=0 to 3)), accessing source
address, and a 16-bit data bus, accessing destination address, are used to transfer a 16-bit data, 8-
bit data is read twice but is written once as 16-bit data. Therefore, two bus cycles are required for
reading and one bus cycle is for writing.

(3) When a 16-bit data bus, accessing source address, and an 8-bit data bus, accessing destination
address, are used to transfer a 16-bit data, 16-bit data is read once and 8-bit data is written twice.
Therefore, one bus cycle is required for reading and two bus cycles is for writing.

12.1.3 Effect of Software Wait State

When the SFR area or memory space with software wait states is accessed, the number of cycles is
incremented by software wait states.

Figure 12.6 shows an example of a transfer cycle for the source-read bus cycle. In Figure 12.6, the
number of source-read bus cycles is illustrated under different conditions, provided that the destination
address is an address of an external space with the destination write bus cycle as two BCLK cycles (=one
bus cycle). In effect, the destination-write bus cycle is also affected by each condition and the transfer
cycles change accordingly. To calculate a transfer cycle, apply respective conditions to both destination-
write bus cycle and source-read bus cycle. As shown in example (2) of Figure 12.6, when an 8-bit data
bus, accessing both source and destination addresses, is used to transfer a 16-bit data, two bus cycles
each are required for the source-read bus cycle and destination-write bus cycle.

12.1.4 Effect of RDY Signal

In memory expansion or microprocessor mode, the RDY signal affects a bus cycle of source address or
destination address is allocated address in an external space. Referto 7.2.6 RDY Signal for detalils.
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(1) When 8-bit data is transferred
or when 16-bit data is transferred from an even source address by a 16-bit data bus

BCLK

Address -
Bus CPU Use Source Destination CPU Use

RD Signal
WR Signal

bDjl;a CPU Use >< Source >< Destination >< CPU Use

(2) When 16-bit data is transferred from an odd source address
or when 16-bit data is transferred from source by an 8-bit data bus

BCLK

Address o

Bus CPU Use Source Source + 1 Destination CPU Use
RD Signal

WR Signal
gs;a CPU Use >< Source ><Source + 1>< Destination >< CPU Use

(3) When one wait state is inserted into the source-read bus cycle under the conditions in (1)

BCLK

gﬂgress CPU Use >< Source >< Destination >< CPU Use

RD Signal

WR Signal

Data A
Bus CPU Use Source Destination CPU Use

(4) When one wait state is inserted into the source-read bus cycle under the conditions in (2)

BCLK

éggress CPU Use >< Source >< Source + 1 >< Destination >< CPU Use
RD Signal

WR Signal ‘
Data -
Bus CPU Use Source Source + 1 Destination CPU Use

NOTES:
1. The above applies when the destination-write bus cycle is 2 BCLK cycles (1 bus cycle).
However, if the destination-write bus cycle is placed under these conditions, it will change to
the same timing as the source-read bus cycle illustrated above.

Figure 12.6 Transfer Cycle Examples with the Source-Read Bus Cycle
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12.2 DMAC Transfer Cycles
The number of DMAC transfer cycle can be calculated as follows.

Any combination of even or odd transfer read and write addresses are possible. Table 12.3 lists the number
of DMAC transfer cycles. Table 12.4 lists coefficient j, k.

Transfer cycles per transfer = Number of read cycle x j + Number of write cycle x k

Table 12.3 DMAC Transfer Cycles

Single-Chip Mode Memory Expansion Mode
Transfer Unit Bus Width |Access Address _ Microprocessor Mode
Read Write Read Write
Cycle Cycle Cycle Cycle
16-bit Even 1 1 1 1
8-bit transfers Odd 1 1 1 1
(BWi bit in the DMDp|  8-bit Even — — 1 1
register = 0) Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers Odd 2 2 2 2
(BWi bit = 1) 8-bit Even — — 2 2
Odd — — 2 2
i=0to3,p=0to 1
Table 12.4 Coefficient j, k
Internal Space BExtemal Space
Internal ROM or | Internal ROM or SFR Separate Separate | Separate | Separate | Multiplexed | Multiplexed
Internal RAM Internal RAM with Area Bus with no | Bus with 1 | Bus with 2 | Bus with 3 | Bus with 2 | Bus with 3
with no wait state | a wait state wait state wait state | wait states | wait states | wait states | wait states
ji=1 j=2 j=2 j=1 j=2 j=3 j=4 j=3 j=4
k=1 k=2 k=2 |k=2 k=2 k=3 k=4 k=3 k=4

12.3 Channel Priority and DMA Transfer Timing
When multiple DMA requests are generated in the same sampling period, between the falling edge of the
CPU clock and the next falling edge, the DRQ bit in the DMISL register (i = 0 to 3) is set to "1" (requested)
simultaneously. Channel priority in this case is : DMAO > DMA1 > DMA2 > DMAS3.
Figure 12.7 shows an example of the DMA transfer by external factors.
In Figure 12.7, the DMAO request having the highest priority is received first to start a transfer when a DMAO
request and DMAL request are generated simultaneously. After one DMAO transfer is completed, the bus
privilege is returned to the CPU. When the CPU has completed one bus access, the DMAL transfer starts.
After one DMAL transfer is completed, the privilege is again returned to the CPU.
In addition, DMA requests cannot be counted up since each channel has one DRQ bit. Therefore, when
DMA requests, as DMAL in Figure 12.7, occur more than once before receiving bus privilege, the DRQ bit
is set to "0" as soon as privilege is acquired. The bus privilege is returned to the CPU when one transfer is
completed.
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When DMA transfer request signals are applied to INTO and INT1 simultaneously
and a DMA transfer with minimum cycle occurs.

BCLK
DMAO — ) —

P Lo . P ! priviledge
7 Dy 7| e

INTO

DRQ Bit
in DMAO
Register

INT1

DRQ Bit
in DMA1
Register

AL

Figure 12.7 DMA Transfer by External Factors

Rev. 1.31 Jan.31, 2006 Page 124 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 13. DMACII

13. DMAC I

The DMAC Il performs memory-to-memory transfer, immediate data transfer and calculation transfer, which
transfers the sum of two data added by an interrupt request from any peripheral functions.
Table 13.1 lists specifications of the DMAC II.

Table 13.1 DMAC Il Specifications

ltem Specification
DMAC Il Request Factor Interrupt requests generated by all peripheral functions when the ILVL2 to
ILVLO bits are set to "1112"
Transfer Data  Data in memory is transferred to memory (memory-to-memory transfer)
* Immediate data is transferred to memory (immediate data transfer)
» Data in memory (or immediate data) + data in memory are transferred to
memory (calculation transfer)

Transfer Block 8 bits or 16 bits
Transfer Space 64-Kbyte space in addresses 0000016 to OFFFF16(: 2)
Transfer Direction Fixed or forward address

Selected separately for each source address and destination address

Transfer Mode Single transfer, burst transfer
Chained Transfer Function| Parameters (transfer count, transfer address and other information) are
switched when transfer counter reaches zero
End-of-Transfer Interrupt | Interrupt occurs when a transfer counter reaches zero
Multiple Transfer Function | Multiple data can be transferred by a generated request for one DMA Il transfer
NOTES:
1. When transferring a 16-bit data to destination address OFFFFu1s, it is transferred to OFFFF16 and
1000016. The same transfer occurs when the source address is OFFFF16.
2. The actual space where transfer can occur is limited due to internal RAM capacity.

13.1 DMAC Il Settings
DMAC Il can be made available by setting up the following registers and tables.
* RLVL register
*« DMAC Il Index
« Interrupt control register of the peripheral function causing a DMAC Il request
« The relocatable vector table of the peripheral function causing a DMAC Il request
« IRLT bit in the IOIIE register (i = 0 to 11) if using the intelligent I/O or CAN interrupt
Refer to 10. Interrupts for details on the IIOIIE register

13.1.1 RLVL Register

When the DMAII bit is set to "1" (DMAC Il transfer) and the FSIT bit to "0" (normal interrupt), the DMAC I
is activated by an interrupt request from any peripheral function with the ILVL2 to ILVLO bits in the inter-
rupt control register set to "1112" (level 7).

Figure 13.1 shows the RLVL register.
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Exit Priority Register

Nothing is assigned. When write, set to "0".
(b4) When read, its content is indeterminate.

0: Interrupt priority level 7 is used

I DMAII | DMAC Il Select Bit® for interrupt _ RW
1: Interrupt priority level 7 is used

for DMAC Il transfer®)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
DOL DT[] =w 009Fs
A I BN Funct
tor oo o | Symbol It Name unction RW
SR N
oo or o1 - RLVLO 000:Level 0 RW
A _ ) 001:Levell
A Stop/Wait Mode Exit 010: Level 2
O RLVL1 | Minimum Interrupt Priority| 011 : Level 3 RW
- Level Control Bit® 100: Level 4
A 101:Level5
- Y L bbll RLVL2 110:Level6 RW
oo 111:Level7
0: Interrupt priority level 7 is used
T R High-Speed Interrupt i
S FSIT | g gt Bit(% P for normal interrupt RW
F- - e 1: Interrupt priority level 7 is used
- B for high-speed interrupt

Nothing is assigned. When write, set to "0".
(b7 - b6) When read, its content is indeterminate.

NOTES:

1. The microcomputer exits stop or wait mode when the requested interrupt priority level is higher than
the level set in the RLVL2 to RLVLO bits. Set the RLVL2 to RLVLO bits to the same value as IPL in
the FLG register.

2. When the FSIT bit is set to "1", interrupt priority level 7 becomes the high-speed interrupt. In this
case, set only one interrupt to interrupt priority level 7 and the DMA 1l bit to "0".

3. Set the ILVL2 to ILVLO bits in the interrupt control register after setting the DMAII bit to "1". Do not
change the DMAII bit setting to "0" after setting the DMAII bit to "1". Set the FSIT bit to "0" when the
DMAII bit to "1".

4. After reset, the DMA Il bit is indeterminate. When using an interrupt, set the interrupt control register
after setting the DMA I bit to "0".

Figure 13.1 RLVL Register
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13.1.2 DMAC Il Index
The DMAC Il index is a data table which comprises 8 to 18 bytes (maximum 32 bytes when the multiple
transfer function is selected). The DMAC Il index stores parameters for transfer mode, transfer counter,
source address (or immediate data), operation address as an address to be calculated, destination ad-
dress, chained transfer address, and end-of-transfer interrupt address.
This DMAC Il index must be located on the RAM area.
Figure 13.2 shows a configuration of the DMAC Il index. Table 13.2 lists a configuration of the DMAC Il
index in transfer mode.

Memory-to-Memory Transfer, Immediate Transfer, Multiple Transfer
Calculation Transfer ) )
16 bits 16 bits
< » < »
DMAC Il Index
Starting Address (BASE)| Transfer Mode (MOD) BASE Transfer Mode (MOD)
BASE +2 | Transfer Counter (COUNT) BASE + 2 | Transfer Counter (COUNT)
BASE + 4 | Transfer Source Address (or immediate data) (SADR) BASE + 4 | Transfer Source Address (SADR1)
BASE + 6 Operation Address(®) (OADR) BASE + 6 | Transfer Destination Address (DADR1)
BASE + 8 | Transfer Destination Address (DADR) BASE + 8 | Transfer Source Address (SADR2)
BASE + 10 | Chained Transfer Address(® (CADRO) BASE + 10| Transfer Destination Address (DADR?2)
BASE + 12 | Chained Transfer Address(® (CADR1) 2
BASE + 14 | End-of-Transfer Interrupt Address(®) (IADRO) BASE + 28| Transfer Source Address (SADR?)
BASE + 16 | End-of-Transfer Interrupt Address(®) (IADR1) BASE + 30| Transfer Destination Address (DADR7)
NOTES:

1. This data is not required when not using the calculation transfer function.
2. This data is not required when not using the chained transfer function.
3. This data is not required when not using the end-of-transfer interrupt.

The DMAC Il index must be located on the RAM. Necessary data is set front-aligned. For example, if not using a calculation
transfer function, set destination address to BASE+6. (See Table 13.2)
Starting address of the DMAC Il index must be set in the interrupt vector for the peripheral function interrupt causing a DMAC Il request.

Figure 13.2 DMAC Il Index

The followings are details of the DMAC Il index. Set these parameters in the specified order listed in
Table 13.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 13.3 shows a configuration for transfer mode.
» Transfer counter (COUNT)
Two-byte data is required to set the number of transfer.
» Transfer source address (SADR)
Two-byte data is required to set the source memory address or immediate data.
* Operation address (OADR)
Two-byte data is required to set a memory address to be calculated. Set this data only when using
the calculation transfer function.
e Transfer destination address (DADR)
Two-byte data is required to set the destination memory address.
* Chained transfer address (CADR)
Four-byte data is required to set the starting address of the DMAC Il index for the next transfer. Set
this data only when using the chained transfer function.
» End-of-transfer interrupt address (IADR)
Four-byte data is required to set a jump address for end-of-transfer interrupt processing. Set this
data only when using the end-of-transfer interrupt.
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Table 13.2 DMAC Il Index Configuration in Transfer Mode

Memory-to-Memory Transfer Calculation Transfer Multiple Transfeq
/Immediate Data Transfer
Chained Transfer| Not Used Used Not Used Used Not Used Used Not Used Used Not Available
:Enrtlg;?lj-l;l;ransfer Not Used | Not Used Used Used Not Used | Not Used Used Used Not Available
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
DMAC I 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
Index ' !
CADR1 IADR1 CADR1 10 bytes || CADRO IADRO CADRO I I
12 bytes | 12 bytes IADRO CADR1 IADR1 CADR1 SADRI
IADR1 14 bytes 14 bytes IADRO DADRI
16 bytes IADRL | i=1to 7
Max 32 bytes
18 bytes | (when i=7)
Transfer Mode (MOD)®
Bit . Function Function
Symbol|  BitName (MULT=0) (MULT=1) RW
Transfer Unit 0: 8 hits
SIZE Select Bit 1: 16 bits RW
Transfer Data 0: Immediate data .
IMM Select Bit 1: Memory Setto"l RW
Transfer Source 0: Fixed address
UPDS Direction Select Bit| 1: Forward address RW
Transfer Destination| O: Fixed address
UPDD Direction Select Bit| 1: Forward address RW
OPER/ | Calculation Transfer| 0: Not used tgtgtg b  set RW
(2) i ; . : Do not se
CNTO¥) | Function Select Bit | 1: Used to this value
. 001:0
BRST/ | Burst Transfer 0: Single transfer 010: TvCiCcee RW
CNT1®)| Select Bit 1: Burst transfer :
INTE/ | End-of-Transfer 0: Interrupt notused |11 0 6 times RW
CNT2®)| Interrupt Select Bit | 1: Use interrupt 111:7times
Chained Transfer | 0: Chained transfer not used
CHAIN . "o RW
Select Bit 1: Use chained transfer Setto"0
Nothing is assigned. When write, set to "0". .
(b14 - b8)| When read, its content is indeterminate.
Multiple Transfer | 0: Multiple 1: Use multiple
MULT Select Bit transfer not used transfer RW
NOTES:
1. MOD must be located on the RAM.
2. When the MULT bit is set to "0" (no multiple transfer), bits 4 to 6 becomes the OPER, BRST, INTE
bits. When the MULT bit is set to "1" (multiple transfer), bits 4 to 6 becomes the CNTO to CNT2 bits.

Figure 13.3 MOD
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13.1.3 Interrupt Control Register for the Peripheral Function
For the peripheral function interrupt activating a DMAC Il request, set the ILVL2 to ILVLO bits to "1112"
(level 7).

13.1.4 Relocatable Vector Table for the Peripheral Function

Set the starting address of the DMAC Il index in the interrupt vector for the peripheral function interrupt
activating a DMAC Il request.
When using the chained transfer, the relocatable vector table must be located in the RAM.

13.1.5 IRLT Bit in the IOIIE Register (i=0 to 11)

When the intelligent I/O interrupt or CAN interrupt is used to activate DMAC I, set the IRLT bit in the IIOIlE
register of the interrupt to "0".

13.2 DMAC Il Performance
The DMAC Il function is selected by setting the DMA Il bit to "1" (DMAC Il transfer). DMAC Il request is
activated by all peripheral function interrupts with the ILVL2 to ILVLO bits set to "1112" (level 7). These
peripheral function interrupt request signals become DMAC Il transfer request signals and the peripheral
function interrupt cannot be used.
When an interrupt request is generated by setting the ILVL2 to ILVLO bits to "1112" (level 7), the DMAC Il is
activated regardless of what state the | flag and IPL is in.

13.3 Transfer Data

The DMAC Il transfers 8-bit or 16-bit data.

« Memory-to-memory transfer : Data is transferred from a desired memory location in a 64-Kbyte space
(Addresses 0000016 to OFFFF16) to another desired memory location in the same space.

« Immediate data transfer : Immediate data is transferred to a desired memory location in a 64-Kbyte space.

« Calculation transfer : Two 8-bit or16-bit data are added together and the result is transferred to a desired
memory location in a 64K-byte space.

When a 16-bit data is transferred to the destination address OFFFF1s, it is transferred to OFFFF16 and

1000016. The same transfer occurs when the source address is OFFFF16 .

13.3.1 Memory-to-Memory Transfer

Data transfer between any two memory locations can be:
« a transfer from a fixed address to another fixed address
« a transfer from a fixed address to a relocatable address
« a transfer from a relocatable address to a fixed address
« a transfer from a relocatable address to another relocatable address

When a relocatable address is selected, the DMAC Il increments address, after a transfer, for the next
transfer. In a 8-bit transfer, the transfer address is incremented by one. In a 16-bit transfer, the transfer
address is incremented by two.

When a source or destination address exceeds address OFFFF16 as a result of address incrementation,
the source or destination address returns to address 00000016 and continues incrementation. Maintain
source and destination address at address OFFFF16 or below.
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13.3.2 Immediate Data Transfer
The DMAC Il transfers immediate data to a desired memory location. A fixed or relocatable address can
be selected as the destination address. Store the immediate data into SADR. To transfer an 8-bit imme-
diate data, write the data in the low-order byte of SADR (high-order byte is ignored).

13.3.3 Calculation Transfer

After two memory data, or an immediate data and memory data are added together, the calculated result
is transferred to a desired memory location. SADR must have one memory location address to be calcu-
lated or immediate data. OADR must have the other memory location address to be calculated. Fixed or
relocatable address can be selected as source and destination addresses when using a memory +
memory calculation transfer. If the transfer source address is relocatable, the operation address also
becomes relocatable. Fixed or relocatable address can be selected as the transfer destination address
when using an immediate data + memory calculation transfer.

13.4 Transfer Modes
In DMAC I, single and burst transfers are available. The BRST bit in MOD selects transfer method, either
the single transfer or burst transfer. COUNT determines how many transfers occur. No transfer occurs
when COUNT is set to "000016". All interrupts are ignored while transfer is in progress.

13.4.1 Single Transfer
For every transfer request factor, the DMAC Il transfers one transfer unit of 8-bit or 16-bit data once.
When the source or destination address is relocatable, the DMAC Il increments the address, after a
transfer, for the next transfer.
COUNT is decremented every time a transfer occurs. When using the end-of-transfer interrupt, the inter-
rupt is acknowledged when COUNT reaches "0".

13.4.2 Burst Transfer
For every transfer request factor, the DMAC Il continuously transfers data the number of times deter-
mined by COUNT. The DMAC Il decrements COUNT every time a transfer occurs. The burst transfer
ends when COUNT reaches "0". The end-of-transfer interrupt is acknowledged when the burst transfer
ends if using the end-of-transfer interrupt. All interrupts are ignored while the burst transfer is in progress.

13.4.3 Multiple Transfer

The MULT bit in MOD selects the multiple transfer. When using the multiple transfer, select the memory-
to-memory transfer. One transfer request factor initiates multiple transfers. The CNT2 to CNTO bits in
MOD selects the number of transfers from "0012" (once) to "1112" (7 times). Do not set the CNT2 to
CNTO bits to "0002".

The transfer source and destination addresses for each transfer must be allocated alternately to ad-
dresses following MOD and COUNT. When the multiple transfer is selected, the calculation transfer,
burst transfer, end-of-transfer interrupt and chained transfer cannot be used.
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13.4.4 Chained Transfer

The CHAIN bit in MOD selects the chained transfer.

The following process initiates the chained transfer.

(1) Transfer, caused by a transfer request factor, occurs according to the content of the DMAC Il index.
The vectors of the request factor indicates the address where the DMAC Il index is allocated. For each
request, the BRST bit in MOD selects either single or burst transfer.

(2) When COUNT reaches "0", the contents of CADR1 to CADRO are written to the vector of the request
factor. When the INTE bit in the MOD is set to "1," the end-of-transfer interrupt is generated simulta-
neously.

(3) When the next DMAC Il transfer request is generated, transfer occurs according to the contents of the
DMAC Il index indicated by the vector rewritten in (2).

Figure 13.4 shows the relocatable vector and DMACII index of when the chained transfer is in progress.
For the chained transfer, the relocatable vector table must be located in the RAM.

RAM
INTB
Relocatable vector
-a— Peripheral I/O interrupt vector causing DMAC Il request
Default value of DMAC Il is BASE(1).
BASE(1)
DMAC Il
Index(1)
(CADR1 to BASE(2) — The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Starts at BASE(2) when next request conditions
are met.
Transferred according to the DMAC Il Index.
BASE(2) 4—,
DMAC I
Index(2)
(CADR1 to BASE(3) — The above vector is rewritten to BASE(3)
CADRO) when a transfer is completed.

Figure 13.4 Relocatable Vector and DMAC Il Index

13.4.5 End-of-Transfer Interrupt

The INTE bit in MOD selects the end-of-transfer interrupt. Set the starting address of the end-of-transfer
interrupt service routine in the IADR1 to IADRO bits. The end-of-transfer interrupt is generated when
COUNT reaches "0."
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13.5 Execution Time
DMAC Il execution cycle is calculated by the following equations:

Multiple transfers: t =21 + (11 + b + ¢) x k cycles
Other than multiple transfers:t=6+ (26 +a+b +c +d)xm + (4 + €) x n cycles

a: If IMM = 0 (source of transfer is immediate data), a = 0;
if IMM = 1 (source of transfer is memory), a =-1
b: If UPDS = 1 (source transfer address is a relocatable address), b = 0;
if UPDS = 0 (source transfer address is a fixed address), b =1
c: If UPDD =1 (destination transfer address is a relocatable address), ¢ = 0;
if UPDD = 0 (destination transfer address is a fixed address), c =1
d: If OPER = 0 (calculation function is not selected), d = 0;
if OPER =1 (calculation function is selected) and UPDS = 0 (source of transfer is immediate data or fixed
address memory), d = 7;
if OPER = 1 (calculation function is selected) and UPDS = 1 (source of transfer is relocatable address
memory), d = 8
e: If CHAIN = 0 (chained transfer is not selected), e = 0; if CHAIN = 1 (chained transfer is selected), e = 4
m: BRST = 0 (single transfer), m = 1; BRST =1 (burst transfer), m = the value set in COUNT
n: If COUNT =1, n=0; if COUNT =2 or more,n=1
k: Number of transfers set in the CNT2 to CNTO bits

The equations above are approximations. The number of cycles may change with CPU state, bus wait
state, and DMAC Il index allocation.

The first instruction from the end-of-transfer interrupt service routine is executed in the 8th cycle after the
DMAC Il transfer is completed.

If the end-of-transfer interrupt (transfer counter = 2) occurs with no chained transfer function
after a memory-to-memory transfer occurs with a relocatable source address, fixed destination address,
single transfer and double transfer:

=1 b=0 c=1 d=0 e=0 m=1

First DMAC Il transfer t=6+26x1+4x1=36 cycles
Second DMAC Il transfer t=6+26x1+4x0=32 cycles

DMAC Il transfer request DMAC Il transfer request
DMAC Il transfer DMAC Il transfer Processing the end-of-transfer
Program . . Program - :
ogra (First time) ogra (Second time) interrupt
36 cycles 32 cycles 7 cycles

Transfer counter = 2 Transfer counter = 1

Decrement a transfer counter Decrement a transfer counter

Transfer counter = 1 Transfer counter = 0

Figure 13.5 Transfer Cycle

When an interrupt request which acts as a DMAC Il transfer request factor and another interrupt request
with higher priority (e.g., NMI or watchdog timer) are generated simultaneously, the interrupt with higher
priority takes precedence over the DMAC Il transfer. The pending DMAC Il transfer starts after the interrupt
sequence has been completed.
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14. Timer

The microcomputer has eleven 16-bit timers. Five timers A and six timers B have different functions. Each
timer operates independently. The count source for each timer is the clock for timer operations including
counting and reloading, etc. Figures 14.1 and 14.2 show block diagrams of timer A and timer B configuration.

Main clock,
PLL clock or

- f1

On-chip
oscillator
clock

o v

CST (Note 1

~

f1 fg fan fC32

W vy B

f2n

Set the CPSR hit
in the CPSRF register to "1"

Clock prescaler

TCK1 to TCKO
00

01
o)
10 o\c

00: Timer mode
10: One-shot timer mode
11: PWM mode

PEEIDS 100§

TAoN )

\O TMOD1 to TMODO
0 —l

Timer AO interrupt

TAIN ()

Timer Al interrupt

TA2N ()

Timer A2 interrupt

TAIN ()

Timer A3 interrupt

TAaN (O

NOTES:

Timer A4 interrupt

01: Event counter mode

11| TA4TGH to TA4TGL

—1o Timer AO I >
Noise 01 K)
filter 00 o 01: Event counter mode
11[ TAOTGH to TAOTGL
oKL to TCKO 00: Timer mode
o1 10: One-shot tiemr mode
10 O 11: PWM mode
O 1 TMOD1 to TMODO
ollo [ - I~ 1
—| imer
Noise “a_g/o S |
filter 00l o 01: Event counter mode
11| TA1TGH to TA1TGL
TCK1 to TCKO 00: Timer mode
00 10: One-shot timer mode
01 o\c 11: PWM mode
10
11 O 0 TMOD1 to TMODO
T ° —I Timer A2 |
Noise “ﬁo(o ° |
filter 00 o 01: Event counter mode
11| TA2TGH to TA2TGL
00l CK1 to TCKO 00: Timer mode
01 10: One-shot timer mode
012 11: PWM mode
12 1 TMOD1 to TMODO
=10 o - 3 1
imer -
Noise “a_?(o ° 1
filter 00 o 01: Event counter mode
11] TASTGH to TA3TGL
0o JCK1 to TCKO 00: Timer mode
o1 10: One-shot timer mode
0 &c 11: PWM mode
11 O 1 K TMOD1 to TMODO
*+—0 o - 1
o—l Timer A4 -
? Noise “H_?(o O ]
filter 00|
Q

}

Timer B2 overflow
or underflow

CST: Bit in TCSPR register
TCK1 to TCKO, TMOD1 to TMODO : Bits in TAIMR register
TAIGH to TAIGL: Bits in ONSF register or TRGSR register (i=1 to 4)

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.1 Timer A Configuration
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Main clock, {1
PLL clock or
; Clock prescaler
On-chip clock ¢ 1/8 f8 P
R R a——
. Reset
CST (Note 1) Set the CPSR bit in
the CPSRF register to "1"
f1 fs fan fc32  Timer B2 overflow or underflow
(to a count source of the timer A)
00 TCK1 to TCKO
oL 00: Timer mode
0 &c 10: Pulse width measurement mode
e TMOD1 to TMODO ) )
—_— —O *1° T B0 Timer BO interrupt
IN Noise O imer .
G fiter | | 0 ?C\Kol ©
01:Event counter mode
00TCK1 to TCKO
o1 00: Timer mode
10 O 10: Pulse width measurement mode
O
115 1 \c TMODL e 000 Timer B1 interrupt
TBI1IN [Noise | o Timer B1 L
O {?> filter [ 1o 22 0
TCK1 01:Event counter mode
00 TCK1 to TCKO
o1 00: Timer mode
10 ° 10: Pulse width measurement mode
e T TMOD1 to TMODO ) )
10 Py Timer B2 interrupt
Noise Timer B2 -
TB2IN O @ filter 50O 8]
TCK1 01:Event counter mode

TCK1 to TCKO

8(1) 00: Timer mode
0 O 10: Pulse width measurement mode
11° TMOD1 to TMODO ) )
=10 g - Timer B3 interrupt
[Noise | Timer B3 .
83N () {?> filter [T 00 Q
TCK1 01:Event counter mode
00 TCK1 to TCKO
0L 00: Timer mode
01 ° 10: Pulse width measurement mode
11 © 1 TMOD1 to TMODO ) )
¢—0 K [¢) Ti B4 Timer B4 interrupt
Noise imer |
84N () > ioise =100 )
TCK1 01:Event counter mode
TCK1 to TCKO
00 00: Timer mode
% &c 10: Pulse width measurement mode
o] TMOD1 to TMODO . .
oo 1 - Timer B5 interrupt
IW' |_O Timer B5 '
I
85N () {?> fier [ | g0 0
TCK1 01:Event counter mode

CST : Bitin TCSPR register
TCK1 to TCKO, TMOD1 to TMODO : Bits in TBIMR register (i=0 to 5)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR reaister select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.2 Timer B Configuration
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14. Timer (Timer A)

14.1 Timer A
Figure 14.3 shows a block diagram of the timer A. Figures 14.4 to 14.7 show registers associated with the
timer A.
The timer A supports the following four modes. Except in event counter mode, all timers AO to A4 have the
same function. The TMOD1 to TMODOQO bits in the TAIMR register (i=0 to 4) determine which mode is used.

» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts an external pulse or an overflow and underflow of other timers.
* One-shot timer mode: The timer outputs one valid pulse until the counter reaches "000016".
* Pulse width modulation mode: The timer continuously outputs desired pulse widths.
Table 14.1 lists TAioUT pin settings when used as an output. Table 14.2 lists TAiIN and TAIOUT pin settings
when used as an input.

j=i-1, except j=4 if i=0
k=i+1, except k=0 if i=4

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select

Select clock
T T T T T T T T hl
H :S_ High-Order Bits of Data Bus
: Select Count Source H A
. H I.ow-Order Bits of Data Bus
Doy 00 TCK11t0 TCKO . Timer :TMOD1 to TMOD0=00, MR2=0 :Sl N oiow & high-
' 1 o1l + One-Shot Timer ~ :TMOD1to TMODO0=10 D1 10 TMODO, order order
! f8 E-Q * Pulse Width Modulation:TMOD1 to TMODO=11 \ro ; L bits bits
: == ! -
p fan-7TO « Timer(gate function):TMODL to TMOD0=00, ' | Reload Register |
v fecz2 —1—0 MR2=1 o 1 7N N
E » Event counter:TMOD1 to TMODO0=01 o ‘E-L 11 |
o] Polarity S RRRRERRRREE - D—| Counter
H ’ Selector ' Increment / decrement
' TAIN ' Always decrement except
' in event counter mode
E 00 : 00
' 01 : o1
! TB2 Overflow 0 O ' 1
H TAj Overflow® O : Decrement —
' TAk Overflow® —O ; o1
' TAITGH to TAITGL ' o)
e e e e e e ' 0 TMOD1 to TMODO
TAIUD —KO
1
O
Pulse Output MR2
TAiout
O | I Toggle Flip Flop I
i=0to 4 TAi  Addresses TAj TAk

no division (n=0) or divide-by-2n (n=1 to 15).

2. Overflow or underflow

TCK1 to TCKO, TMOD1 to TMODO, MR2 to MR1 : Bits in TAIMR register
TAITGH to TAITGL: Bits in ONSF register if i=0 or bits in TRGSR register if i=1 to 4

Timer AO 034716 034616 Timer A4 Timer Al
Timer A1 034916 034816 Timer AO Timer A2
Timer A2 034B16 034A16 Timer Al Timer A3
Timer A3 034D16 034C16 Timer A2 Timer A4
Timer A4 034F16 034E16 Timer A3 Timer AO

TAIS: Bits in the TABSR register
TAIUD: Bits in the UDF register

Figure 14.3 Timer A Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)
Timer Ai Register (i=0 to 4)®
b15 b8 b7 b0 Symbol Address After Reset

| TAO to TA2 034716-034616, 034916-034816, 034B16-034A16

fj : f1, fs, fon, fc32
NOTES:

Indeterminate

PWM cycle: (28-1)x(m+1) / fj

"H" width of PWM pulse: (m+1)n/fj

(Low-order
address bits)

TA3, TA4 034D16-034C16, 034F16-034E16 Indeterminate
Mode Function Setting Range |RW
. If setting value is n, count source
Timer Mode is divided by n+1. 000016 to FFFF16 |RW
If setting value is n, count source
is divided by FFFF16 - n+1 when
II\E/Ivednt(zc)ounter the counter is incremented 000016 to FFFF16 [RW
ode and by n+1 when the counter is
decremented.
One-Shot Timer [If setting value is n, count source 3
Mode® is divided by n, then stops. 000016 to FFFF16(%) | WO
) If count source frequency is fj
Pulse Width and setting value of the TAi
Modulation Mode® | register is n, 000016 to FFFE16@) WO
(16-Bit PWM) PWM cycle: (216-1) ! fj
"H" width of PWM pulse: n / fj
If i;)_unt s?urceffrrlgq#endcy iz ftj _ 0016 to FE16®)
) setting value of high-order bits in _—
Pulse Width the TAI register is n and setting (High-order
Modulation Mode® |value of low-order bits in the TAI address bits)
(8-Bit PWM) register is m, 0016 to FF16®)  |WO

1. Use 16-bit data for reading and writing.

2. The TAi register counts how many pulses are input externally or how many times another timer
counter overflows and underflows.

3. Use the MOV instruction to set the TAi register.

4. When the TAi register is set to "000016", the counter does not start and the timer Ai interrupt request
is not generated.

5. When the TAi register is set to "000016", the pulse width modulator does not operate and the TAiouT
pin is held "L". The TAi interrupt request is also not generated. The same situation occurs in 8-bit
pulse width modulator mode if the 8 high-order bits in the TAi register are set to "0016".

Figure 14.4 TAO to TA4 Registers
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

HEEENSEE

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
TAOMRO to TA4MR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit N Functi RW
Symbol it Name unction
b1b0
TMODO 0 0 : Timer mode RW
Operation Mode 0 1 : Event counter mode
Select Bit 1 0 : One-shot timer mode
TMOD1 11 : Pulse width modulation RW
(PWM) mode
(b2) Nothing is assigned. When write, set to "0". —
MR1 RW
MR2 Function varies depending on RW
operation mode
MR3 RW
TCKO . . . RW
Count Source Function varies depending on
Select Bit operation mode
TCK1 RW
Symbol Address After Reset
TABSR 034016 0016
Bit Bit Name Function RW
Symbol
TAOS Timer AO Count 0 : Stops counti_ng RW
Start Flag 1: Starts counting
TALS Timer Al Count 0 : Stops countlAng RW
Start Flag 1: Starts counting
TA2S Timer A2 Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting
TA3S Timer A3 Count 0 : Stops countlAng RW
Start Flag 1 : Starts counting
TA4S Timer A4 Count 0 : Stops countl'ng RW
Start Flag 1: Starts counting
TBOS Timer BO Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting
TB1S Timer B1 Count 0 : Stops countl'ng RW
Start Flag 1: Starts counting
TB2S Timer B2 Count 0 : Stops countl_ng RW
Start Flag 1: Starts counting

Figure 14.5 TAOMR to TA4AMR Registers and TABSR Register
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Up/Down Flag®

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
UDF 034416 0016
Sy?]iwtbol Bit Name Function RW
TAOUD | Timer AO Up/Down Flag (1) :?f:?éinn;i?t (Note 2) [ RW
TA1UD | Timer Al Up/Down Flag (1) aiféfnrgi?t (Note 2) [ RW
TA2UD | Timer A2 Up/Down Flag g : aifé%n;i?t (Note 2) | RW
TA3UD | Timer A3 Up/Down Flag 2 aifé%r:i?t (Note 2) [ RW
TA4UD | Timer A4 Up/Down Flag 2 : :?gfé%”;f}?t (Note 2) | RW
) 0 : Disables two-phase pulse signal
TA2P ;E?seer g\lz r-g\ll Cféf;'liiim processing function WO
>'9 | ) 911: Enables two-phase pulse signal
Function Select Bit processing function (Note 3)
Timer A3 Two-Phase 0 : Disables two-phase pulse signal
) . processing function
TA3P Ezfsigr']gg::ezoéﬁssmg 1: Enables two-phase pulse signal wo
processing function (Note 3)
) 0 : Disables two-phase pulse signal
TAdP. | Puise Signal Processing | P1ocessing function wo
FunctiongSeIect Bit 911 Enables two-phase pulse signal
processing function (Note 3)

NOTES:

1. Use the MOV instruction to set the UDF register.

2. This bit is enabled when the MR2 bit in the TAIMR register (i=0 to 4) is set to "0" (the UDF register
causes increment/decrement switching) in event counter mode.

3. Set this bit to "0" when not using the two-phase pulse signal processing function.

NOTES:

One-Shot Start Flag

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
ONSF 034216 0016
Bit Bit Name Function RW
Symbol
Timer AO One-Shot 0: In an idle state
TAOOS Note 1) | RW
Start Flag 1: Starts the timer ( )
Timer Al One-Shot 0 :In an idle state
TA10S : : Note 1) | RW
Start Flag 1 : Starts the timer (Note 1)
Timer A2 One-Shot 0:In an idle state
TA20S Note 1) | RW
Start Flag 1: Starts the timer (Note 1)
Timer A3 One-Shot 0:In an idle state
TA30S RW
Start Flag 1 : Starts the timer (Note 1)
Timer A4 One-Shot 0:In anidle state
. Note 1
TA40S Start Flag 1: Starts the timer (Note 1) | RwW
.| 0: Disables Z-phase input
TAZIE | Z-Phase Input Enable Bit 1: Enables Z-phase input RW
b7 b6
TAOTGL 0 0 : Selects an input to the TAOIN pin| Ry
Timer A0 Event/Trigger | 0 1 : Selects the TB2 overflows(?
Select Bit 10 : Selects the TA4 overflows(@
TAOTGH 11 : Selects the TA1 overflows(@ RW

1. When read, the bit is set to "0".
2. Overflow or underflow.

Figure 14.6 UDF Register and ONSF Register

Rev. 1.31 Jan.31, 2006 Page 138 of 488

REJ09B0034-0131

RENESAS




M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
|||||||| | TRGSR 034316 0016
Syl?ri1tbol Bit Name Function RW
R A bob1
Poror o b M| TALTGL | _ 00 : Selects an input to the TALIN pin | RW
;mlwertﬁéil_.t Bvent/Trigger | o 1 - selects the TB2 overflows®
e TALTGH elect bl 10 : Selects the TAO overflows(®) RW
11 : Selects the TA2 overflows®
Pobo b b3 b2
Rk TA2TGL| ) 0 0 : Selects an input to the TA2IN pin| RW
A ;'”I‘ef /’E‘f Event/Trigger | ¢ 1 : Selects the TB2 overflows(®)
- elect Bit . )
e TA2TGH 1 0 : Selects the TAl overflows ) RW
o 11 : Selects the TA3 overflows()
N osia
O TA3TGL [ ) 00 : Selects an input to the TA3IN pin | RW
- ;Inrertpést Event/Trigger | ¢ 1 : Selects the TB2 overflows(V)
. elect Bi . [h)
R TA3TGH 1 0 : Selects the TA2 overflows RW
P 1 1: Selects the TA4 overflows(®)
b7 b6
i TA4TGL - A4 Event/Tri 0 0 : Selects an input to the TA4IN pin| RW
Sgreecrt Bit VENUINOger 16 1 : selects the TB2 overflows®
e TAATGH 10 : Selects the TA3 overflows® RW
11 : Selects the TAO overflows(®)
NOTES:
1. Overflow or underflow.
Count Source Prescaler Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset @
}S 2§ }S TCSPR 035F16 0XXX 00002
Sy%iﬁtbol Bit Name Function RW
Y RW
o CNTL If sgtting value is n, fn is the . RW
[ Divide Ratio Select Bit main clock, PLL clock or on-chip
oscillator clock divided by 2n.
T CNT2 Not divided if n=0. RW
Pl e CNT3 RW
I Nothing is assigned. When write, set to "0". _
(b6 - b4) [ When read, its content is indeterminate.
. . . 0 : Stops divider
CST | Operation Enable Bit 1 - Starts divider RW
NOTES:
1. Set the CST bit to "0" before the CNT3 to CNTO bits are rewritten.
2. The TCSPR register maintains values set before reset, even after software reset or watchdog timer
reset has performed.

Figure 14.7 TRGSR Register and TCSPR Register
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Table 14.1 Pin Settings for Output from TAiouT Pin (i=0to 4)

Pin Setting
PS1, PS2 Registers PSL1, PSL2 Registers PSC Register
P70/TAO0UT(D) PS1 0=1 PSL1 0=1 PSC 0=0
P72/TAlouT PS1 2=1 PSL1 2=1 PSC 2=0
P74/TA20uT PS1 4=1 PSL1_4=0 PSC _4=0
P76/TA30UT PS1_6=1 PSL1_6=1 PSC_6=0
P8o/TA4ouT PS2_0=1 PSL2_0=0 -
NOTES:

1. P70/TAOOUT is a port for the N-channel open drain output.

Table 14.2 Pin Settings for Input to TAiIN and TAiouT Pins (i=0 to 4)

Pin Setting
PS1, PS2 Registers PD7, PD8 Registers
P70/TAOOUT PS1_0=0 PD7_0=0
P71/TAOIN PS1_1=0 PD7_1=0
P72/TAlouT PS1_2=0 PD7_2=0
P73/TALIN PS1 3=0 PD7_3=0
P74TA20uT PS1_4=0 PD7_4=0
P75/TA2IN PS1_5=0 PD7_5=0
P76TA30UT PS1_6=0 PD7_6=0
P77/TA3IN PS1_7=0 PD7_7=0
P80/TA40UT PS2_0=0 PD8_0=0
P81/TA4IN PS2_1=0 PD8_1=0
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.1 Timer Mode
In timer mode, the timer counts an internally generated count source (see Table 14.3). Figure 14.8 shows
the TAIMR register (i=0 to 4) in timer mode.

Table 14.3 Specifications in Timer Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation » The timer decrements a counter value

When the timer counter underflows, content of the reload register is reloaded into the

count register and counting resumes.

Divide Ratio 1/(n+1)  n: setting value of the TAi register (i=0to 4) 000016 to FFFF16
Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)

Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter underflows

TAIIN Pin Function Programmable I/O port or gate input

TAiouT Pin Function Programmable I/O port or pulse output

Read from Timer The TAi register indicates counter value

Write to Timer » When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,

the value written to the TAIi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function  Gate function

Input signal to the TAIIN pin determines whether the timer counter starts or stops counting
* Pulse output function

The polarity of the TAiouT pin is inversed whenever the timer counter underflows

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4) (Timer Mode)

b7 b6 b5 b4 b3 b2 bl bO

NOTES:

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
Symbol
TMODO RW
Operation Mode %180_ Ti g
Select Bit - Himer mode
TMOD1 RW
H Nothing is assigned. When write, set to "0". —
b4 b3
MR1 0 X : Gate function disabled® RW
Gate Function (TAIIN pin is a programmable I/0 pin)
Sel . 1 0 : Timer counts only while the
elect Bit TAIN pin is held "L"
MR2 11 : Timer counts only while the RW
TAIIN pin is held "H"
MR3 | Setto "0" in timer mode RW
b7 b6
TCKO 00:f1 RW
Count Sc_Jurce 01:fs
Select Bit 10 f2n®@
TCK1 11:fc32 RW

1. X can be set to either "0" or "1".

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.8 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.2 Event Counter Mode
In event counter mode, the timer counts how many external signals are applied or how many times
another timer overflows and underflows. The timers A2, A3 and A4 can count externally generated two-
phase signals. Table 14.4 lists specifications in event counter mode (when not handling a two-phase
pulse signal). Table 14.5 lists specifications in event counter mode (when handling a two-phase pulse
signal with the timer A2, A3 and A4). Figure 14.9 shows the TAIMR (i=0 to 4) register in event counter
mode.

Table 14.4 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count Source « External signal applied to the TAIIN pin (i = 0 to 4) (valid edge can be selected by
program)

» Timer B2 overflow or underflow signal, timer Aj overflow or underflow signal (j=i-1,
except j=4 if i=0) and timer Ak overflow or underflow signal (k=i+1, except k=0 if i=4)

Counting Operation « External signal and program can determine whether the timer increments or decre-
ments the counter

* When the timer counter underflows or overflows, the content of the reload register is
reloaded into the count register and counting resumes. When the free-running count
function is selected, the timer counter continues running without reloading.

Divide Ratio * 1/(FFFF16 - n + 1) for counter increment
« 1/(n + 1) for counter decrement n : setting value of the TAi register 000016 to FFFF16

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)

Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter overflows or underflows

TAIIN Pin Function Programmable I/O port or count source input

TAiouT Pin Function Programmable 1/O port, pulse output or input selecting a counter increment or decrement
Read from Timer The TAI register indicates counter value

Write to Timer « When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
« While counting,

the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function * Free-running count function
Content of the reload register is not reloaded even if the timer counter overflows or
underflows

 Pulse output function
The polarity of the TAiouT pin is inversed whenever the timer counter overflows or

underflows
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Table 14.5 Specifications in Event Counter Mode (when processing two-phase pulse signal on
timer A2, A3 and A4)

Item Specification
Count Source Two-phase pulse signal applied to the TAIIN pin, or TAIIN and TAIoUT pin (i = 2 to 4)
Counting Operation * Two-phase pulse signal determines whether the timer increments or decrements a

counter value

* When the timer counter overflows or underflows, content of the reload register is
reloaded into the count register and counting resumes. With the free-running count
function, the timer counter continues running without reloading.

Divide Ratio e 1/ (FFFF16 - n + 1) for counter increment
e 1/ (n + 1) for counter decrement  n : setting value of the TAi register 000016 to FFFF16

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)
Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter overflows or underflows

TAIIN Pin Function Two-phase pulse signal is applied

TAiouT Pin Function Two-phase pulse signal is applied

Read from Timer The TAi register indicates counter value

Write to Timer « When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
« While counting,

the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function®) * Normal processing operation (the timer A2 and timer A3)

While a high-level ("H") signal is applied to the TAjouT pin (j = 2 or 3), the timer incre-
ments a counter value on the rising edge of the TAjIN pin or decrements a counter
value on the falling edge.

TAjouT
TAjIN 5 § § i i Q

Increment Increment Increment Decrement Decrement Decrement

« Multiply-by-4 processing operation (the timer A3 and timer A4)
While an "H" signal is applied to the TAkouT pin (k = 3 or 4) with the rising edge of the
TAKIN pin, the timer counter increments a counter value on the rising and falling edges of
the TAkouT and TAKIN pins.
While "H" is applied to the TAkouT pin on the falling edge of the TAKIN pin, the timer
decrements a counter value on the rising and falling edges of the TAkouT and TAKIN pins.

TAkOUT §i§i§_i§i§i

Increment on all edges Decrement on all edges

NOTES:
1. Only timer A3 operation can be selected. The timer A2 is for the normal processing operation. The
timer A4 is for the multiply-by-4 operation.

Rev. 1.31 Jan.31, 2006 Page 144 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4) (Event Counter Mode)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | 0 | | |><| 0 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X0016

Bit Function Function
A Syn|1bo| Bit Name (When not using two-phase| (When using two-phase | RW
Voo pulse signal processing) | pulse signal processing)
"+ TMODO ) b1b0 RW
- R Operation Mode 1
A . 0 1 : Event counter mode(®
HE- - Select Bit
- TMOD1 RW
R I s b2) Nothing is assigned. When write, set to "0". RW
0 : Counts falling edges
- Count Polarity of an external signal ey
- MR1 Select Bit® 1 Counts rising edges Setto"0 RW
- of an external signal
Increment/Decrement | O * Setting of the UDF
R MR2  [Switching Cause register Set to "1" RW
P Select Bit 1: Input signal to
HEH TAiouT pin®
e EREREELITEE MR3 Set to "0" in event counter mode RW

e TCKO Count Operatlpn 0: Reloadlng RW

Type Select Bit 1 : Free running
: Two-Phase Pulse 0: EOLT;OF;:OC%S'”Q
e TCK1 |Signal Processing Set to "0" . perat RW
Operation Select Bit45) 1 Multplied-by-4
P processing operation

NOTES:

1. The TAITGH to TAITGL bits in the ONSF or TRGSR register determine the count source in the event
counter mode.

2. The MRL1 bit is enabled only when counting how many times external signals are applied.

3. The timer decrements a counter value when "L" is applied to the TAiouT pin and the timer increments
a counter value when "H" is applied to the TAiouT pin.

4. The TCK1 bit is enabled only in the TASMR register.

5. For two-phase pulse signal processing, set the TAjP bit in the UDF register (j=2 to 4) to "1" (two-
phase pulse signal processing function enabled) and the TAITGH and TAITGL bits to "002" (input to
the TAjIN pin).

Figure 14.9 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.2.1 Counter Reset by Two-Phase Pulse Signal Processing
The timer counter is reset to "0" by a Z-phase input when processing a two-phase pulse signal.
This function can be used in timer A3 event counter mode, two-phase pulse signal processing, free-
run type or multiply-by-4 processing. The Z-phase signal is applied to the INT2 pin.
When the TAZIE bit in the ONSF register is set to "1" (Z-phase input enabled), the timer counter can
be reset by a Z-phase input. To reset the timer counter by a Z-phase input, set the TA3 register to
"000016" beforehand.
Z-phase input is enabled when the edge of the signal applied to the INT2 pin is detected. The POL bit
in the INT2IC register can determine edge polarity. The Z-phase must have a pulse width of one timer
A3 count source cycle or more. Figure 14.10 shows two-phase pulses (A-phase and B-phase) and
the Z-phase.
Z-phase input resets the counter in the next count source following Z-phase input. Figure 14.11 shows
the counter reset timing.
Timer A3 interrupt request is generated twice when a timer A3 overflow or underflow, and a counter
reset by INT2 input occur at the same time. Do not use the timer A3 interrupt request when this
function is used.

TA3ouT ‘ ‘
(A-phase) 1 ‘ | ‘ |

TA3IN
(B-phase)

comsone [T LTI

<>
Pulse width of one count source cycle NOTES:
or more is required 1. When the rising edge of INT2 is selected.

Figure 14.10 Two-phase Pulse (A-phase and B-phase) and Z-phase

TA30uUT 4|—|—|7

(A-phase)

e s N S

(B-phase) |

Count source |_| |_| |_| |_| |_| |_|

INTZ®

(Z-phase)

Counter value X m Xm+1>< 1 X 2 X 3 >< 4 X 5
*

Timer counter is reset at this timing NOTES:
1. When the rising edge of INT2 is selected.

Figure 14.11 Counter Reset Timing
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.3 One-shot Timer Mode

In one-shot timer mode, the timer operates only once for each trigger (see Table 14.6). Once a trigger
occurs, the timer starts and continues operating for a desired period. Figure 14.12 shows the TAIMR
register (i=0 to 4) in one-shot timer mode.

Table 14.6 Specifications in One-shot Timer Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation The timer decrements a counter value

* When the timer counter reaches "000016", it stops counting after reloading.

« If a trigger occurs while counting, content of the reload register is reloaded into the
count register and counting resumes.

Divide Ratio 1/n  n: setting value of the TAi register (i=0 to 4) 000016 to FFFF16

but the timer counter does not run if n=000016

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting) and following triggers
occur:
« External trigger input
» The timer overflow or underflow signal
« The TAIOS bit in the ONSF register is set to "1" (timer started)
Counter Stop Condition « After the timer counter has reached "000016" and is reloaded
* When the TAIS bit is set to "0" (timer stopped)

Interrupt Request Generation Timing| The timer counter reaches "000016"

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Programmable I/O port or pulse output

Read from Timer The value in the TAi register is indeterminate when read
Write to Timer * When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,
the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

b7 b6 b5 b4 b3 b2 bl bO

LI fof | D<a]o]

NOTES:

Timer Ai Mode Register (i=0 to 4) (One-Shot Timer Mode)

Symbol Address After Reset
TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
Symbol
TMODO b1b0 RW
Operation Mode . .
Select Bit 1 0 : One-shot timer mode
TMOD1 RW
H Nothing is assigned. When write, set to "0". —
MR1 External Trigger Select | 0 : Falling edge of input signal to TAiIN pin| RW
Bit(®) 1 : Rising edge of input signal to TAIIN pin
) ) 0 : The TAIOS bit is enabled
MR2 | Trigger Select Bit 1: Selected by the TAITGH and TAITGL | RW
bits
MR3 Set to "0" in the one-shot timer mode RW
b7b6
TCKO 00:f1 RW
Count Squrce 01:fs
Select Bit 10:fon®@
TCK1 11:fc32 RW

1. The MR1 bit setting is enabled only when the TAITGH to TAITGL bits in the TRGSR register are set
to "002" (input to the TAiIN pin). The MR1 bit can be set to either "0" or "1" when the TAITGH and
TAITGL bits are set to "012" (TB2 overflow and underflow), "102" (TAi overflow and underflow) or
"112" (TAi overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.12 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.4 Pulse Width Modulation Mode
In pulse width modulation mode, the timer outputs pulse of desired width continuously (see Table 14.7).
The counter functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 14.13
shows the TAIMR register (i=0 to 4) in pulse width modulation mode. Figures 14.14 and 14.15 show
examples of how a 16-bit pulse width modulator operates and of how an 8-bit pulse width modulator
operates.

Table 14.7 Specifications in Pulse Width Modulation Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation The timer decrements the counter

(The counter functions as an 8-bit or a 16-bit pulse width modulator)
 The timer reloads on the rising edge of PWM pulse and continues counting.
» The timer is not affected by the trigger that is generated during counting.
16-Bit PWM e "H" width = n / fj n : setting value of the TAi register 000016 to FFFE16

fi : Count source frequency

« Cycle = (216-1) / fj fixed
8-Bit PWM ¢ "H" width =n x (m+1) / fj

n : setting value of high-order bit address of the TAi register 0016 to FE16
+ Cycles = (28-1) x (m+1) / fj

m : setting value of low-order bit address of the TAI register 0016 to FF16

Counter Start Condition « External trigger is input
* The timer overflows and underflows
* The TAIS bit in the TABSR register is set to "1" (start counting)

Counter Stop Condition The TAIS bit is set to "0" (stop counting)

Interrupt Request Generation Timing| On the falling edge of the PWM pulse

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Pulse output

Read from Timer The value in the TAi register is indeterminate when read
Write to Timer * When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,
the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

b7 b6 b5 b4 b3 b2 bl bO

Timer Ai Mode Register (i=0 to 4) (Pulse Width Modulator Mode)

Symbol Address After Reset

| _ | _ | _ | _ | _ |><| 1 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
P11 1 111 1| Symbol
Pib b Tmopo . o150 RW
Operano_n Mode 11 : Pulse width modulation (PWM)
- Select Bit
A mode
A A RRIE TMOD1 RW
et —— | Nothing is assigned. When write, set to "0". -
A (b2)
P ____________ MRl | EXternal Trigger Select |0 Falling edge of input signal to TAIN pin| o\,
Bit() 1 : Rising edge of input signal to TAiIN pin
_ _ 0 : The TAIS bit is enabled
Dol n e MR2 [ Trigger Select Bit 1: Selected by the TAITGH and TAITGL | RW
HE — bits
T S VR3 | 16/8-Bit PWM Mode  |0: Functions as a 16-bit pulse width modulator| o
Select Bit 1: Functions as an 8-bit pulse width modulator
P b7 b6
LRy TCKO 00: f1 RW
' Count Source 01:fs
Select Bit 10:fon®@
e L LR, TCK1 11 :fc32 RW

NOTES:

1. The MR1 bit setting is enabled only when the TAITGH to TAITGL bits in the TRGSR register are set
to "002" (input to the TAiIN pin). The MR1 bit can be set to either "0" or "1" when the TAITGH and
TAITGL bits are set to "012" (TB2 overflow and underflow), "102" (TAi overflow and underflow) or
"112" (TAi overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.13 TAOMR to TA4AMR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

When the reload register is set to "000316" and an external
trigger (rising edge of input signal to the TAIIN pin) is selected

1/fix(216-1)

Count source
Input signal H } | }\ ;
to TAIIN pin oL 1 ! |

+ No trigger is generated by this signal
PWM pulse output H ‘
from TAiouT pin | L _____ |

wpr
IR bitin TAIIC register ’—L 4|—L
fj: Count source \ /

(2) .
=0 (f1‘4f8' fan(®), fca) Set to "0" by an interrupt request acknowledgement or by program
i=0 to

---=a

g

NOTES:
1. n =000016 to FFFE16.
2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.14 16-bit Pulse Width Modulator Operation

When 8 high-order bits of the reload register are set to "0216",
8 low-order bits of the reload register are set to "0216" and
an external trigger (falling edge of input signal to the TAIIN pin) is selected

1/fix(m+1) x(28 —-1)

SN 111 e

Input signal to TAIN pin H }
"y :

Underflow signal of ~“H'————r—r—r—Gr—1r—r——"-----
8-bit prescaler(?) oL

— -

PWM pulse output H !
from TAiouT pin oL : T
agr l—
IR bitin TAIC register —

1/fix(m+1)xn@®

fi: Count sotirce frequency Set to "0" by an interrupt request
(f1, fs, fn(®), fc32) acknowledgement or by program

i=0to 4

NOTES:

1. 8-bit prescaler counts a count source.

2. 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.

3. m = 0016 to FF16, n = 0016 to FE16

4. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (
n=1to 15).

Figure 14.15 8-bit Pulse Width Modulator Operation
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14.2 Timer B
Figure 14.16 shows a block diagram of the timer B. Figures 14.17 to 14.19 show registers associated with
the timer B. The timer B supports the following three modes. The TMOD1 to TMODO bits in the TBIMR
register (i=0 to 5) determine which mode is used.
» Timer mode : The timer counts an internal count source.
» Event counter mode : The timer counts pulses from an external source or overflow and underflow of
another timer.
* Pulse period/pulse width measurement mode : The timer measures pulse period or pulse width of an
external signal.
Table 14.18 lists TBIIN pin settings.

S High-order Bits of Data Bus
Select Clock Source S Low-order Bits of Data Bus
TCK1 to 8 high-
8 low-order
TCKO . order
f1 00 00: Timer \Z ] [b'ts U ik
01: Pulse Period and Pulse Reload Regist
o1 eload Register
f6 —lo \: Width Measurement  MOD1 to TMODO | y |
fan 20| o io 1 [ J t [
fczz 11l o TCKL (él; Ccount _I ] Counter |
vent Counter
TBj Overflow (Note2,3) 1 'e) O [ 4
{ TBIS |
: Polarity Switching 0
B
N O— and Edge Pulse T
[ Counter Reset Circuit | 1
. TBI Address TBj
i=0to5 Timer BO 035116 035016 Timer B2
NOTES: o ) Timer B1 035316 035216 Timer BO
1. The CNT3 to CNTO bits in the TCSPR register select no Timer B2 035516 035416 Timer B1
division (n=0) or divide-by-2n (n=1 to 15). Timer B3 031116 031016 Timer B5
2. The timer counter overflows or underflows. Timer B4 031316 031216 Timer B3
3. j=i-1, except j=2 when i=0 j=5 when i=3 Timer B5 031516 031416 Timer B4
TCK1 to TCKO, TMOD1 to TMODO : Bits in TAIMR register
TBIS : Bits in the TABSR and the TBSR register

Figure 14.16 Timer B Block Diagram

Timer Bi Register® (i=0 to 5)

b15 b8 b7 o  Symbol Address After Reset
| TBOto TB2 035116 - 035016, 035316 - 035216, 035516 - 035416  Indeterminate
TB3to TB5 031116 - 031016, 031316 - 031216, 031516 - 031416  Indeterminate

Mode Function Setting Range |RW
: Timer Mode If setting value is n, a count source| ggoo16 to FFFF1s [RW
: is divided by n+1
Event Counter If setting value is n, a count source
L e y 000016 to FFFF16 |[RW
Mode is divided by n+1@
Pulse Period/Pulse | A count source is incremented
Width Measurement| between one valid edge and _ RO
Mode another valid edge of TBiIN pulse

NOTES:
1. Use 16-bit data for read and write operations.
2. The TBi register counts the number of external input pulses or the number of times another
timer counter overflows and underflows.

Figure 14.17 TBO to TB5 Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
| i | | i | | | | | | TBOMR to TB5SMR  035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Bit Bit Name Function RW
Pororor o141 i [ Symbol
R o150
P - TMODO 00 : Timer mode RW
R Operation Mode 0 1 : Event counter mode
. Select Bit 10 : Pulse period measurement mode,
- - - . TMOD1 pulse width measurement mode | rw
11 : Do not set to this value
S T A MRO RW
O MR1 Function varies depending on RW
R MR2 operation mode (2 RW
R SGLGRLICLRTELPE MR3 RW
. TCKO RW
Count Source Function varies depending on
' Select Bit operation mode
e TCK1 RW
NOTES:
1. Only MR2 bits in the TBOMR and TB3MR registers are enabled.
2. Nothing is assigned in the MR2 bit in the TBIMR, TB2MR, TB4MR and TB5MR registers.
When write, set to "0". When read, its content is indeterminate.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
| | | | | | | | | TABSR 034016 0016
Bit Bit Name Function RW
Py o v 1| Symbol
E E E E E E E .| Taos Timer AO Count 0 : Stops countl.ng RW
- Start Flag 1 : Starts counting
T TALS Timer Al Count 0 : Stops countl'ng RW
- Start Flag 1 : Starts counting
. TA2S Timer A2 Count 0 : Stops counti_ng RW
oo Start Flag 1: Starts counting
e TA3S Timer A3 Count 0 : Stops countl'ng RW
: N Start Flag 1 : Starts counting
R TA4S Timer A4 Count 0 : Stops countlAng RW
oo Start Flag 1: Starts counting
. TBOS Timer BO Count 0: Stops counti_ng RW
I Start Flag 1: Starts counting
b heemeemeeseeeeee———. TB1S Timer B1 Count 0: Stops countlAng RW
: Start Flag 1: Starts counting
e TB2S Timer B2 Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting

Figure 14.18 TBOMR to TB5MR Registers, TABSR Register
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

Timer B3, B4,B5 Count Start Flag

b7 b6 b5 b4 b3 b2 bl bO

CAR R TB4S

Symbol Address After Reset
TBSR 030016 000X XXXX2
Bit ; ;
Symbol Bit Name Function RW
. Nothing is assigned. When write, set to "0". _
(b4 - bo) [ When read, its content is indeterminate.
Timer B3 Count 0 : Stops counting
TB3S Start Flag 1: Starts counting RW
Timer B4 Count 0 : Stops counting RW
Start Flag 1: Starts counting
Timer B5 Count 0 : Stops counting
TB5S Start Flag 1: Starts counting RW

Figure 14.19 TBSR Register

Table 14.8 Settings for the TBiIN Pins (i=0 to 5)

Port Name | Function Setting
PS1, PS3( Registers PD7, PD9()) Registers
P9o TBOIN PS3_0=0 PD9 0=0
P91 TB1IN PS3 1=0 PD9_1=0
P92 TB2IN PS3_2=0 PD9_2=0
P93 TB3IN PS3_3=0 PD9_3=0
P94 TB4IN PS3 4=0 PD9_4=0
P71 TB5IN PS1_1=0 PD7_1=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (
write enable). Do not generate an interrupt or a DMA transfer between the instruction to set the
PRC2 bit to "1" and the instruction to set the PD9 and PS3 registers.
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

14.2.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 14.9). Figure 14.20
shows the TBIMR register (i=0 to 5) in timer mode.

Table 14.9 Specifications in Timer Mode

Item

Specification

Count Source

f1, fs, fan(), fc32

Counting Operation

The timer decrements a counter value
* When the timer counter underflows, content of the reload register is reloaded into the
count register and counting resumes

Divide Ratio

1/(n+1)

n: setting value of the TBi register (i=0 to 5)

000016 to FFFF16

Counter Start Condition

The TBIS bits in the TABSR or TBSR registers are set to "1" (starts counting)

Counter Stop Condition

The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing

The timer counter underflows

TBiIN Pin Function

Programmable I/O port

Read from Timer

The TBi register indicates counter value

Write to Timer

* When the timer counter stops,

* While counting,

the value written to the TBi register is also written to both reload register and counter

the value written to the TBi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

b7 b6

bS5 b4 b3 b2 bl bo

o] |1 [o]o]

Symbol

Address

Timer Bi Mode Register (i=0 to 5) (Timer Mode)

After reset
TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

Bit
Symbol

Bit Name

Function

RW

--| TMODO

Operation Mode

------ TMOD1

Select Bit

b1b0
0 0 : Timer mode

RW

RW

MRO

Disabled in timer mode.

MR1

Can be setto "0" or "1".

RW

RW

MR2

TBOMR, TB3MR registers:
Set to "0" in timer mode

TB1MR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0".
When read, its content is indeterminate.

RW

MR3

Set to "0" in timer mode

RW

TCKO

Count Source

TCK1

Select Bit

b7 b6
00:f1

01:f8
10: fan®
11:fc32

RW

RW

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.20 TBOMR to TB5MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

14.2.2 Event Counter Mode

In event counter mode, the timer counts how many external signals are applied or how many times
another timer overflows and underflows. (See Table 14.10) Figure 14.21 shows the TBiMR register (i=0
to 5) in event counter mode.

Table 14.10 Specifications in Event Counter Mode

Item Specification

Count Source « External signal applied to the TBiIN pin (i = 0 to 5) (valid edge can be selected by
program)
« TBj overflows or underflows (j=i-1, except j=2 when i=0, j=5 when i=3)

Counting Operation « The timer decrements a counter value
When the timer counter underflows, content of the reload register is reloaded into the

count register to continue counting

Divide Ratio 1/(n+1) n : setting value of the TBi register 000016 to FFFF16
Counter Start Condition The TBIS bit in the TABSR or TBSR register is set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing | The timer counter underflows

TBIIN Pin Function Programmable 1/O port or count source input

Read from Timer The TBi register indicates the value of the counter

Write to Timer * When the timer counter stops,

the value written to the TBi register is also written to both reload register and counter
* While counting,
the value written to the TBi register is written to the reload register

(It is transferred to the counter at the next reload timing)
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5) (Event Counter Mode)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| i | i | 0 | i | i | i | 0 | 1 | TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Sy?#bol Bit Name Function RW
i 1111 =1 TMODO | operation Mode %T c ; RW
- ; : Event counter mode
E E E E E E [ TMOD1 Select Bit RW
S R b3 02
Dol e MRO 00 : Counts falling edges of external signal | Ry
H Count Polarity Select 01: Counts rising edges of external signal
Bit® 10: Counts falling and rising edges of
T MR1 external signal RW
11 : Do not set to this value
TBOMR and TB3MR registers: R
oror Set to "0" in event counter mode
R MR2 | TBIMR, TB2MR, TB4MR and TB5MR registers:
A Nothing is assigned. When write, set to "0". -
Vo When read, its content is indeterminate.
R MR3 Disabled in event counter mode. When write, set to "0". -
HE When read, its content is indeterminate.
- ....................... Disabled in event counter mode.
TCKO Can be set to "0" or "1". RW
] Count Source 0 : Input signal from the TBIIN pin
TCKL 1 Select Bit 1: TBj overflows or underflows(® RW
NOTES:
1. The MRO and MR1 bits are enabled when the TCK1 bit is set to "0" (input signal from the TBiIN pin).
The MRL1 bit can be set to either "0" or "1", when the TCK1 bit is set to "1" (timer overflow or
underflow).
2. j=i — 1, except j=2 when i=0 and j=5 when i=3.

Figure 14.21 TBOMR to TB5MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

14.2.3 Pulse Period/Pulse Width Measurement Mode
In pulse period/pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal. (See Table 14.11) Figure 14.22 shows the TBIMR register (i=0 to 5) in pulse period/pulse
width measurement mode. Figure 14.23 shows an example of an operation timing when measuring a
pulse period. Figure 14.24 shows an example of the pulse width measurement.

Table 14.11 Specifications in Pulse Period/Pulse Width Measurement Mode

Item Specification
Count Source f1, fs, f2n®, fc32
Counting Operation * The timer increments a counter value

Counter value is transferred to the reload register on the valid edge of a pulse to be
measured. It is set to "000016" and the timer continues counting

Counter Start Condition The TBIS bit (i=0 to 5) in the TABSR or TBSR register is set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| » On the valid edge of a pulse to be measured(@

* The timer counter overflows
The MR3 bit in the TBIMR register is set to "1" (overflow) simultaneously. When the
TBIS bit is set to "1" (start counting) and the next count source is counted after setting
the MR3 bit to "1" (overflow), the MR3 bit can be set to "0" (no overflow) by writing to
the TBIMR register.

TBIIN Pin Function Input for a pulse to be measured

Read from Timer The TBi register indicates reload register values (measurement results)(?)

Write to Timer Value written to the TBi register can be written to neither reload register nor counter
NOTES:

1. No interrupt request is generated when the pulse to be measured is on the first valid edge after the
timer has started counting.

2. The TBi register is in an indeterminate state until the pulse to be measured is on the second valid
edge after the timer has started counting.

3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5)
(Pulse Period / Pulse Width Measurement Mode)

b7 b6 b5 b4 b3 b2 bl bo

TBOMR, TB3MR registers:
Set to "0" in pulse period/pulse width measurement mode

Prmmmmmmmmnes MRZ | TBIMR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.

Symbol Address After reset

| | | i | | | | 1 | 0 | TBOMR to TBSMR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
A A T - -
Porob bt b | symbol Bit Name Function RW
Poror b b [TMoDo ; b1b0 _ RW
T T Operation Mode 10 : Pulse period measurement mode,
e T™oD1 | Select Bit pulse width measurement mode | Ry
Pl b3b2
R P MRO 0 0 : Pulse period measurement 1 RW
Measurement Mode 0 1 : Pulse period measurement 2
voor o Select Bit . ;
P ] MR1 10 : Pulse width megsurement RW
Do 11 : Do not set to this value(Note 1)

0 : No overflow

R i . 5
MR3 | Timer Bi Overflow Flag®)| 1 . gyerflow RO

b7 b6
------------------------ TCKO 00:f1 RW

Count Source 01:fs
Select Bit 10:fn®
11:fc32

R AARRRRRLELLLEEEEELEEEED TCK1 RW

NOTES:
1. The MR1 to MRO bits selects the following measurements.
Pulse period measurement 1 (MR1 to MRO bits = 002) :
Measures between the falling edge and the next falling edge of a pulse to be measured
Pulse period measurement 2 (MR1 to MRO bits = 012) :
Measures between the rising edge and the next rising edge of a pulse to be measured
Pulse width measurement (MR1 to MRO bits = 102) :
Measures between a falling edge and the next rising edge of a pulse to be measured and
between the rising edge and the next falling edge of a pulse to be measured
2. The MR3 bit is indeterminate when reset.
When the timer overflows, the MR3 bit is set to "1" (overflow) simultaneously. When the TBIS bit is
set to "1" (start counting) and the next count source is counted after the MR3 bit is set to "1", the
MR3 bit is set to "0" (no overflow) by writing again.
The MR3 bit cannot be set to "1" by program.
3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.22 TBOMR to TB5MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Count source -

Pulse to be measured

Transferred Transferred
v/ (indeterminate value) (measured value)
transfer timing | (Note 1) | " |

/ (Note 1)

Timing that the counter
reaches "000016"

Counter to reload register : |_| |_|

TBSR register

. X . uln |
IR bit in TBIIC register |
g uon - !
Set to "0" by an interrupt request acknowledgement or by program

MR3 bit in TBIMR e

register “0” -

TBIS bitin TABSRor i

i=0to 5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

Figure 14.23 Pulse Period 1 Measurement

Count source --

Pulse to be measured

v T

I I
! I
i I
! I
I I
i I
| 1
1 Transferred 1 Transferred Transferred i
! I
I

d I
I

I

I

]

I

Transferred
/1 (indeterminate (measured value) | 4 (measured ,f (measured value)
/' value) /1 value) i

Counter to reload register
transfer timing 1 |_|

1/, (Note 1) i/(Note 1) ‘/(Note i)/,(Note 1) 1/1(Note 2)
[ [ ] —

Timing that the counter
reaches "000016"

s g | 1 |
TBIS bit in TABSR or ! ‘ ‘
TBSR register “Q” 4

IR bit in TBIIC register
"o | . |
> A A |
Set to "0" by an interrupt request acknowledgement or by program.
MR3 bit in TBIMR

register “r .

i=0to5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

=

Figure 14.24 Pulse Width Measurement
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15. Three-Phase Motor Control Timer Functions

Three-phase motor driving waveform can be output by using the timers Al, A2, A4 and B2. Table 15.1 lists
specifications of the three-phase motor control timer functions. Table 15.2 lists pin settings. Figure 15.1
shows a block diagram. Figures 15.2 to 15.7 show registers associated with the three-phase control timer
functions.

Table 15.1 Three-Phase Motor Control Timer Functions Specification

Iltem Specification
Three-Phase Waveform Output Pin | Six pins (U, U, V, V, W, W)
Forced Cutoff(!) Apply a low-level signal ("L") to the NMI pin
Timers to be Used Timer A4, Al, A2 (used in one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode)
Carrier wave cycle control
Dead time timer (three 8-bit timers share reload register)
Dead time control

Output Waveform Triangular wave modulation, Sawtooth wave modification
Can output a high-level waveform or a low-level waveform for one cycle
Can set positive-phase level and negative-phase level separately

Carrier Wave Cycle Triangular wave modulation: count source x (m+1)x 2
Sawtooth wave modulation: cournt source x (m+1)
m: setting value of the TB2 register, 000016 to FFFF16
Count source: f1, fs, f2n®, fc32

Three-Phase PWM Output Width Triangular wave modulation: count source x nx 2

Sawtooth wave modulation: count source x n
n : setting value of the TA4, TA1 and TA2 register (of the TA4, TA41, TA1, TA1l,
TA2 and TA21 registers when setting the INV11 bit to "1"), 000116 to FFFF16
Count source: f1, fs, f2n®, fc32

Dead Time Count source X p, or no dead time
p: setting value of the DTT register, 0116 to FF16
Count source: f1, or f1 divided by 2

Active Level Selected from a high level ("H") or low level ("L")

Positive and Negative-Phase Con- | Positive and negative-phases concurrent active disable function
current Active Disable Function Positive and negative-phases concurrent active detect function

Interrupt Frequency For the timer B2 interrupt, one carrier wave cycle-to-cycle basis through 15

time- carrier wave cycle-to-cycle basis can be selected

NOTES:

1. Forced cutoff by the signal applied to the NMI pin is available when the INV02 bit is set to "1" (three-
phase motor control timer functions) and the INV03 bit is set to "1" (three-phase motor control timer
output enabled).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Table 15.2 Pin Settings

Pin Setting
PS1, PS2 Registers(!) | PSL1, PSL2 Registers PSC Register
P72/v PS1 2=1 PSL1_2=0 PSC_2-=1
P73V PS1_3=1 PSL1 3=1 PSC_3=0
P74/W PS1_4=1 PSL1 4=1 PSC 4 =0
P75/W PS1 5=1 PSL1_5=0 —
P8o/U PS2 0=1 PSL2 0=1 -
P81/U PS2_1=1 PSL2_1=0 —_

NOTES:
1. Setthe PS1_2to PS1_5 and PS2_0 to PS2_1 bits in the PS1 and PS2 registers to "1" after
the INVO2 bit is set to "1".
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M32C/83 Group (M32C/83, M32C/83T)
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 0

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
INVCO 030816 0016
Bit : :
Symbol Bit Name Function RW
0: The ICTB2 counter is incremented by one on the
INVOO Interrupt Enable Output rising edge of the timer A1 reload control signal RW
Polarity Select Bit(3) 1: The ICTB2 counter is incremented by one on the
falling edge of the timer A1 reload control signal
0: ICTB2 counter is incremented by one
Interrupt Enable Output
INVO1 | o ecifiF():ation Bit2 3)p whenever the timer B2 counter underflows | RW
P 1: Selected by the INVOO bit
(4,5, 6) 0: No three-phase control timer functions
INVO2 | Mode Select Bit 1: Three-phase control timer function RW
. 0: Disables three-phase control timer output
INVO3 | Output Control Bit® 7 P . PUH R
1: Enables three-phase control timer output
Positive and Negative- | . enaples concurrent active output
INVO4 | Phases Concurrent Active 1: Disables concurrent active output RW
Disable Function Enable Bit | P
Positive and Negative- .
INVO5 | Phases Concurrent Active 2: EOI d?t?md RW
Output Detect Flag(®) - betecte
INVO6 Modulation Mode 0: Triangular wave modulation mode RW
Select(® 10) 1: Sawtooth wave modulation mode
Transfer trigger is generated when the
) INVO7 bit is set to "1". Trigger to the dead
INVO7 | Software Trigger Select time timer is also generated when setting the RW
INVO6 bit to "1". Its value is "0" when read.

NOTES:

1. Set the INVCO register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
Rewrite the INVOO to INV02 and INVO6 bits when the timers A1,A2, A4 and B2 stop.

2. Set the INVOL1 bit to "1" after setting the ICTB2 register .

3. The INVOO and INVOL1 bits are enabled only when the INV11 bit is set to "1" (three-phase mode 1). The ICTB2
counter is incremented by one every time the timer B2 counter underflows, regardless of INVOO and INVO1 bit
settings, when the INV11 bit is set to "0" (three-phase mode).

When setting the INVO1 bit to "1", set the timer Al count start flag before the first timer B2 counter underflow.
When the INVOO bit is set to "1", the first interrupt is generated when the timer B2 counter underflows n-1 times,
if n is the value set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2
counter underflows.

4. Set the INVO2 bit to "1" to operate the dead time timer, U-, V-and W-phase output control circuits and the ICTB2
counter.

5. Set pins after the INV02 bit is set to "1". See Table 15.2 for pin settings.

6. When the INVO2 bit is set to "1" and the INVO3 bit to "0", U, U, V, V, W and W pins, including pins shared with
other output functions, are placed in high-impedance states.

7. The INVO3 bit is set to "0" when the followings occurs :

- Reset
- A concurrent active state occurs while INVO4 bit is set to "1"
- The INVO3 bit is set to "0" by program
- A signal applied to the NMI pin changes "H" to "L"
8. The INVO05 bit can not be set to "1" by program. Set the INV04 bit to "0", as well, when setting the INVO5 bit to "0".

9. The following table describes how the INV06 bit works.
Item INVO6 = 0 INVO6 = 1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing to Transfer from the IDBO Transferred once by generating a Transferred every time a transfer trigger
and IDB1 Registers to Three-Phase | transfer trigger after setting the IDBO | is generated
Output Shift Register and IDB1 registers
Timing to Trigger the Dead Time [ On the falling edge of a one-shot pulse | By a transfer trigger, or the falling edge of
Timer when the INV16 Bit=0 of the timer A1, A2 or A4 a one-shot pulse of the timer A1, A2 or A4
INV13 Bit Enabled when the INV11 bit=1 and the | Disabled
INVO6 bit=0

Transfer trigger : Timer B2 underflows and write to the INVO7 bit, or write to the TB2 register when INV10 = 1
10. When the INVO6 bit is set to "1", set the INV11 bit to "0" (three-phase mode 0) and the PWCON bit in the
TB2SC register to "0" (timer B2 counter underflows).

Figure 15.2 INVCO Register
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 1(1)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | INVC1 030916 0016
Bit : -
Symbol Bit Name Function RW

0: Timer B2 counter underflows

Timer Al, A2 and A4

1: Timer Al reload control signal is "1"

=1 INV10 ) . 1: Timer B2 counter underflows RW
Start Trigger Select Bit and write to the TB2 register

I INVIL Timer Al-1, A2-1, A4-1 | O: Three-phase mode 0 RW
Control Bit(2 3) 1: Three-phase mode 1

INV12 Dead Time Timer 0:f1 RW
Count Source Select Bit | 1 : f1 divided-by-2

é e INV13 |Carrier Wave Detect |:|ag(4) 0: Timer Al reload control S|gnal is "0 RO

0 : Active "L" of an output waveform

e LR EE Output Polarity Control Bit .
INV14 utput Polarity Control Bi 1: Active "H" of an output waveform

. . . 0: Enables dead time
P ELLLITTET INV15 |Dead Time Disable Bit | . .\ 04 time RW

0: Falling edge of a one-shot pulse of
Dead Time Timer Trigger| the timer AL, A2, A4®)

PooTTTTTTTTmmRnnmmmem INV16 Select Bit 1: Rising edge of the three-phase output RW

shift register (U-, V-, W-phase)

N —— | Reserved Bit Set to "0" RW
(b7)

NOTES:
1. Rewrite the INVCL1 register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
The timers A1, A2, A4, and B2 must be stopped during rewrite.
2. The following table lists how the INV11 bit works.

Item INV11=0 INV11=1

Mode Three-phase mode 0 Three-phase mode 1

TA11, TA21 and TA41 Registers | Not used Used

Disabled. The ICTB2 counter is
incremented whenever the timer B2 | Enabled
counter underflows

INVOO and INVO1 Bits
in the INVCO Register

INV13 Bit Disabled Enabled when INV11=1 and INV06=0

3. When the INVO06 bit is set to "1" (sawtooth wave modulation mode), set the INV11 bit to "0" (three-
phase mode 0). Also, when the INV11 bit is set to "0", set the PWCON bit in the TB2SC register to "0"
(timer B2 counter underflows).

4. The INV13 bit is enabled only when the INVO06 bit is set to "0" (Triangular wave modulation mode) and
the INV11 bit to "1" (three-phase mode 1).

5. If the following conditions are all met, set the INV16 bit to "1".

* The INV15 bit is set to "0" (dead time timer enabled)
* The Dijj bit (i=U, V or W, j=0, 1) and DiBj bit always have different values when the INV03 bit
is set to "1". (The positive-phase and negative-phase always output opposite level signals.)
If above conditions are not met, set the INV16 bit to "0".

Figure 15.3 INVC1 Register
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Three-Phase Output Buffer Register itV (i=0, 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
IDBO, IDB1 030A16, 030B16 XX11 11112

A S S T O I L ; .
Poron | symbol Bit Name Function RW
i1 1 1 1 1 1 %] DU |U-Phase Output Bufferi| Write output level RwW
O LD DUBi | U-Phase Output Buffer i | 0- Active level RW
- B B - — 1: Inactive level
Poor o meeeeeeaad DVi V-Phase Output Buffer i RW
R DVBi | V-Phase Output Buffer i | When read, the value of the three- | RW
S S S DWi | W-Phase Output Buffer j| Phase shift register is read. RW
R CICELELLPIPIPEIEIE DWBIi | W-Phase Output Buffer i RW
Nothing is assigned. When write, set to "0".
--------------------------- — . o RO

(b7 - b6) When read, its content is "0.

NOTES:
1. Values of the IDBO and IDBL1 registers are transferred to the three-phase output shift register by a
transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output
signal first. Then the value written in the IDB1 register on the falling edge of timers Al, A2 and A4 one-
shot pulse determines each phase output signal.

Dead Time Timer( 2

b7 b0 Symbol Address After Reset
| | DTT 030C16 Indeterminate
Function Setting Range RW

If setting value is n, the timer stops when counting
n times a count source selected by the INV12 bit
after start trigger occurs. Positive or negative 1to 255 \WYe]
phase, which changes from inactive level to active
level, shifts when the dead time timer stops.

NOTES:
1. Use the MOV instruction to set the DTT register.
2. The DTT register is enabled when the INV15 bit in the INVCL1 register is set to "0" (dead time
enabled). No dead time can be set when the INV15 bit is set to "1" (dead time disabled). The INV06
bit in the INVCO register determines start trigger of the DTT register.

Figure 15.4 IDBO, IDB1 and DTT Registers
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Timer B2 Interrupt Generation Frequency Set Counter(l. 2.3)

b7 b0
|><| | Symbol Address After Reset
r ICTB2 030D16 Indeterminate
Function Setting Range | RW

When the INVO1 bit is set to "0" (the ICTB2 counter
increments whenever the timer B2 counter underflows)
and the setting value is n, the timer B2 interrupt is
generated every nth time timer B2 counter underflow
"""" occurs. 1to 15 WO
When the INVOL1 bit is set to "1" (selected by the INVOO
bit) and setting value is n, the timer B2 interrupt is
generated every nth time timer B2 counter underflow
meeting the condition selected in the INVOO bit occurs.

Feessssssssssssssssssssssssssssss.
Messsssssssssssssssssssssssnnnnnnn
[ R R pa———

--------------- Nothing is assigned. When write, set to "0". -

NOTES:

1. Use the MOV instruction to set the ICTB2 register.

2. If the INVO1 bit in the INVCO register is set to "1", set the ICTB2 register when the TB2S bit is set to "0" (timer B2
counter stopped).
If the INVO1 bit is set to "0" and the TB2S bit to "1" (timer B2 counter start), do not set the ICTB2 register when
the timer B2 counter underflows.

3. If the INVOO bit is set to "1", the first interrupt is generated when the timer B2 counter underflows n-1
times, n being the value set in the ICTB2 counter. Subsequent interrupts are generated every n times
the timer B2 counter underflows.

Timer Ai, Ai-1 Register (=1, 2, 4)(1:2.3.4.5.6,7)

b15 b8 b7 b0 Symbol Address After Reset
| | TAL TA2, TA4 034916 - 034816, 034B1s - 034A16, 034F16 - 034E16 Indeterminate
TALL, TA21, TA41 030316 - 030216, 030516 - 030416, 030716 - 030616  Indeterminate

Function Setting Range RW

If setting value is n, the timer stops when the nth count
source is counted after a start trigger is generated.
R Positive phase changes to negative phase, and vice
versa, when the timers A1, A2 and A4 stop.

000016 to FFFF16 | WO

NOTES:
1. Use a 16-bit data for read and write..
2. If the TAI or TAI1 register is set to "000016", no counters start and no timer Ai interrupt is generated.
3. Use the MOV instruction to set the TAi and TAil registers.
4. When the INV15 bit in the INVCL1 register is set to "0" (dead timer enabled), phase switches from an
inactive level to an active level when the dead time timer stops.
5. When the INV11 bit is set to "0" (three-phase mode 0), the value of the TAi register is transferred to
the reload register by a timer Ai start trigger.
When the INV11 bit is set to "1" (three-phase mode 1), the value of the TAil register is first
transferred to the reload register by a timer Ai start trigger. Then, the value of the TAi register is
transferred by the next trigger. The values of the TAil and TAi registers are transferred alternately to
the reload register with every timer Ai start trigger.
6. Do not write to these registers when the timer B2 counter underflows.
7. Follow the procedure below to set the TAIl register.
(1) Write value to the TAIl register.
(2) Wait one timer Ai count source cycle.
(3) Write the same value as (1) to the TAil register.

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TB2SC 035E16 XXXX XXX02
Bit . .
Symbol Bit Name Function RW

0 : Timer B2 underflow
1 : Timer A output in odd-number RW
times

. Timer B2 Reload Timing
PWCON Switching Bit®)

S e

Nothing is assigned. When write, set to "0". -
When read, its content is "0."

NOTES:
1. When setting the INV11 bit to "0" (three-phase mode 0) or the INVO06 bit to "1" (sawtooth wave
modulation mode), set the PWCON bit to "0".

Figure 15.5 ICTB2 Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers and TB2SC Register
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15. Three-Phase Motor Control Timer Functions

Timer B2 Register®

b15 b8 b7 bo Symbol Address After Reset
| : TB2 035516 - 035416 Indeterminate
Function Setting Range | RW
: If setting value is n, count source is divided by n+1.
H . . 000016 to FFFF16 | RW
--------------- The timers A1, A2 and A4 start every time an underflow occurs.
NOTES:
1. Use a 16-bit data for read and write.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TRGSR 034316 0016
A Bit - ,
Poro Symbol Bit Name Function RW
oo TALTGL | Timer A1 Event/Trigger Set to "012" (TB2 underflow) before using | RW
R TALTGH | Select Bit a V-phase output control circuit RW
it TA2TGL | Timer A2 Event/Trigger  |Set to "012" (TB2 underflow) before using | RW
R TA2TGH | Select Bit a W-phase output control circuit RW
b5 b4
E ---------------- TA3TGL . . 0 0: Selects an input to the TA3IN pin RW
: Timer Agf Event/Trigger 0 1: Selects TB2 overflow(?)
Fewnmmmnmmaaaad TA3TGH Select Bit 1 0: Selects TA2 overflow® RW
1 1: Selects TA4 overflow®
TA4TGL | Timer A4 Event/Trigger Set to "012" (TB2 underflow) before using | RW
P TA4TGH | Select Bit a U-phase output control circuit RW
NOTES:
1. Overflow or underflow
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
LT ] TABSR 034016 0016
oo Bit . .
P00 0 v b b | Symbol Bit Name Function RW
A Timer AO Count 0 : Stops counting
Y ) RW
- - TAOS | gtart Flag 1 : Starts counting
A Timer A1 Count 0 : Stops counting
o e »on mme=es ) RW
- T TALS | start Flag 1 : Starts counting
Timer A2 Count 0 : Stops counting
o e @ mmemsseees ) RW
oo TA2S Start Flag 1 : Starts counting
Timer A3 Count 0 : Stops counting
. . . LR EEEE LR ) RW
- TA3S Start Flag 1: Starts counting
Timer A4 Count 0 : Stops counting
. . n TEEEEEmEssssssss . RW
HE TA4S Start Flag 1: Starts counting
Timer BO Count 0 : Stops counting
v Tmmmmmmmmmmmmsnnes ) RW
HE TBOS | siar Flag 1 : Starts counting
Timer B1 Count 0 : Stops counting
e TB1S ) RW
H Start Flag 1 : Starts counting
Timer B2 Count 0 : Stops counting
--------------------------- TB2S . RW
Start Flag 1 : Starts counting

Figure 15.6 TB2, TRGSR and TABSR Registers
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Timer Ai Mode Register (i=1, 2, 4)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | |o|1| |><|1|o| TAIMR, TA2MR, TA4MR 035716, 035816, 035A16 0000 0X002
Syl?rl]tbm Bit Name Function RW

. Set to "102" (one-shot timer
-4 TMODO :

Operathn Mode mode) with the three-phase motor RW
I TMOD1 | Select Bit control timer function

F a Nothing is assigned. When write, set to "0". —

Set to "0" with the three-phase motor
8 ) RW
control timer function

Set to "1"(selected by the
PR TR MR2 | Trigger Select Bit TRGSR register) with the three- RW
phase motor control timer function

[T ETTTETER MR1 [ External Trigger Select Bit

e R LT MR3 | Set to "0" with the three-phase motor control timer function RW
: b7b6

R EEEEEEEEE bbb TCKO 00:f1 RW

Count Source SelectBit | 0 1:fs

: 10:fan@

-------------------------- TCK1 11 fea RW
NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Timer B2 Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
[ 1] o] | Jo]o] TBomr 035D16 00XX 00002

Pl e - -
Por b r bbb | symbol Bit Name Function RW
TMODO ration M Set to "002" (timer mode) when. using
A Ope ath ode the three-phase motor control timer | RW
P R TMOD1 | SelectBit function
T T S R S MRo | Disabled when using the three-phase motor control timer function.
When write, set to "0". —
T ey MR1 | When read, its content is indeterminate.
R AAREERLERELE MR2 [ Setto "0" when using three-phase motor control timer function RW
A MR3 | Nothing is asggned. V\{hgn write, set to 0". RW
N When read, its content is indeterminate.
b7b6
T L LT P LT R EEET RS TCKO 00:f1 RW
Count Source SelectBit | 0 1:fs
: 10:fn@®
--------------------------- TCK1

11:fc32 RW

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 15.7 TA1IMR, TA2MR, TA4MR Registers and TB2MR Register
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

The three-phase control timer function is available by setting the INVO02 bit in the INVCO register to "1".
The timer B2 is used for carrier wave control and timers A4, A1, A2 for three-phase PWM output (U, U, V,
V, W, W) control. An exclusive dead time timer controls dead time. Figure 15.8 shows an example of the
triangular modulation waveform. Figure 15.9 shows an example of the sawtooth modulation waveform.

Triangular waveform as a Carrier Wave

Triangular Wave_.',\
Signal Wave —» !

TB2S Bitin
TABSR Register

|

Timer B2

Timer Al
Reload Control Signal(®)

Timer A4 ]'l

Start Trigger Signal(l)

TA4 Register@ — m__ X

TA41 Register® — m X

Timer A4 ‘
One-Shot Pulse® |

Rewrite the IDBO and IDB1 registers

U-Phase Output

Signal(l)

[ 1l
I_i_’ Y\Transfer a counter

. value to the three-phase
I

U-Phase Output T [ 1 # reqi
| | 1 . sShift register

Signal(l) \I_lw ! 1 1 1 1 !T\’ ! ; !

U-Phase ‘ ‘ — 0o 1 m l

INV14 =0 m 1 | I—J | |—| o 1

("L" active) | _ l l "o — T o 1

0-Phase o - B [T ‘: ‘

| 1 L = :-¢- Dead time L o 1

VL4 < 1 U-Phase b 1 1L | 1l K 1

("H" active) | i i i } . i—»i 4— Dead time i i o |
U-Phase L i L !

INVOO, INVO1: Bits in the INVCO register
INV11, INV14: Bits in the INVC1 register

NOTES:
1. Internal signals. See Figure 15.1.
2. Applies only when the INV11 bit is set to "1" (three-phase mode).

The above applies to INVCO = 00XX11XX2 and INVC1 = 010XXXX02 (X varies depending on each system.)
Examples of PWM output change are

(a) When INV11=1 (three-phase mode 1) (b) When INV11=0 (three-phase mode 0)
- INV01=0 and ICTB2=216 (The timer B2 interrupt is - INV01=0, ICTB2=116 (The timer B2 interrupt is generated
generated with every second timer B2 underflow) or whenever the timer B2 underflows)
INVO1=1, INVOO=1and ICTB2=116 (The timer B2 interruptis - Default value of the timer: TA4=m A
generated on the falling edge of the timer A1 reload control The TA4 register is changed whenever the timer B2
signal) interrupt is generated.
- Default value of the timer: TA41=m, TA4=m First ime: TA4=m. Second time: TA4=0.
The TA4 and TA41 registers are changed whenever the Third time: TA4=n. Fourth time: TA=p.
timer B2 interrupt is generated. Fifth time: TA4=p.
First time: TA41=n, TA4:=n. - Default value of the IDBO and IDB1 registers:
Second time: TA41=p, TA4=p. DU0=1, DUB0=0, DU1=0, DUB1=1
- Default value of the IDBO and IDB1 registers They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by
DUO=1, DUB0=0, DU1=0, DUB1=1 the sixth timer B2 interrupt.

They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0
by the third timer B2 interrupt.

Figure 15.8 Triangular Wave Modulation Operation

Rev. 1.31 Jan.31, 2006 Page 1700f 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Sawtooth Waveform as a Carrier Wave

Sawtooth Wave —,

sven~— L1 ~ VaRvd

Timer A4 Start
Trigger Signal()

I
I
I
I
I
|
Timer B2 :
I
I
I
I
I
I
I

Timer A4 One-Shot l ‘ | | | | |
Pulse(d) |_

| | |

} i Rewrite the IDBO

} 1 and IDB1 registers
| | |
|

I I
Transfer the counter to the
three-phase shift register

I I

Signal(l)

U-Phase Output
Signal(l)

U-Phase Output | |

— ~+—Dead time

T

INV14 =0
("L" active) U-Phase

m

—» |&— Dead time

INV14 =1
("H" active)

U-Phase '

INV14: Bits in the INVCL1 register
NOTES:
1. Internal signals. See Figure 15.1.
The above applies to INVCO = 01XX110X2 and INVC1 = 010XXX002 (X varies depending on each system.)
The examples of PWM output change are
- Default value of the IDBO and IDB1 registers: DU0=0, DUB0O=1, DU1=1, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 by the timer B2 interrupt.

Figure 15.9 Sawtooth Wave Modulation Operation
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16. Serial I/O

Serial 1/0O consists of five channels (UARTO to UART4).

Each UARTI (i=0 to 4) has an exclusive timer to generate the transfer clock and operates independently.
Figure 16.1 shows a UARTI block diagram.

UARTI supports the following modes :

- Clock synchronous serial /0 mode

- Clock asynchronous serial I/0 mode (UART mode)

- Special mode 1 (12C mode)

- Special mode 2

- Special mode 3 (Clock-divided synchronous function, GCI mode)
- Special mode 4 (Bus conflict detect function, IE mode)

- Special mode 5 (SIM mode)

Figures 16.2 to 16.9 show registers associated with UARTI.

Refer to the tables listing each mode for register and pin settings.
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O

H TxD
RxD Polarity i i
i i . - - TxDi
RxDi O Switching Circuit Clock Asynchronous ssv?t'iﬂf%g
Receive SMD2 to SMDO Circuit
6010, 100, 101, 110 - Receive _
Selecting Clock Source 001_%_* c R;ecleg_e it Clock TRr,ansmltI (Note 1)
, Clock Synch T 1 ontrol Circui eceive
f 00 FK%IR UIBRG ock Synchronous Type [—o ! : Unit
s 0L, \o o [nside Register Clock Asynchronous -
10 Transmit ! Transmit
fn@ 24 —o I -
CLK1 to CLKO 1 010, 100, 101, 110 _KO__ Transmit Clock
- Clock Synchronous Type | o Control Circuit
Outside 00
Clock Synchronous Type
(when internal clock is selected)
o]
1
CKPOL Clock Synchronous Type (T:IDCK Synchronous  ERBIR
(when internal clock is selected) 'YP€ .
CLK (when external clock is
. Polarity )/‘ selected)
CLKi O syitahi .
Switching \I
Circuit CTS/RTS [
CTSIRTS  "CTS/RTS disabled
selected M
CRD i
cTsi/RTSI O ot <l RTSI
CRS |0
CRD CTS/RTS disabled —_—
0 CTSi
[o—ol
o ° . . .
m : setting value of UiBRG register
Vss NOTES:
1. P70 and P71 are ports for the N-channel open drain output, but
not for the CMOS output.
10POL 2. The CNT3 to CNTO bits in the TCSPR register select no division
No inverse (n=0) or divide-by-2n (n=1 to 15).
RxDi O—
Inverse
Clock
Synchronous Type
Clock
Asynchronous
Type (7 bits)
Clock Clock
Clock Asynchronous Asynchronous
Synchronous Type (8 bits) Type (7 bits) UARTI Receive Register
Type 0 0
Clock' 1 i
2SP PAR Asynchronous Clock gl?wi:khronous Type
enabled Type Asynchropous Clock
SMD2 to SMDO Type (9 bits) Asynchronous
Type (8 bits)
Clock
Asynchronous
Type (9 bits)
o io0oio0oio0oio0io0io0 :D8| |D7:D6:DS:D4§D3:D2:D1:D0|U|RBReg|Ster
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
High-order bits of data bus
Low-order bits of data bus
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
| Ds | | D7 | De | Ds i Da i D3 | D2 | D1 i Do | UiTB Register
Clock
Asynchronous
Type (8 bits)
Clock
Asynchronous
Clock Type (9 bits)
PRYE SMD2 to SMDO
STPS PAR  Clock ;_\SV"C';’E”tO“S Clock
2sP enabled Asynchronous Type ype i its) SyﬂChﬂi"UUS Type
1
R ‘
ol : —o i
0 Clock 0 0 Clock UARTi Transmit Register
Synchronous Clock Asynchronous
disabled | Type Asynchronous Ty;)Jle (7 bits)
Type (7 bits)
0 Clock
Asynchronous
Type (8 bits)
Clock Error Signal Output .
Synchronous Type disable 'OPOS No inverse
0
. Error Signal TxD Data O i
aep bt
PAR: Parity bit UiERE 1 | Qutput Circuit T | !nverse Circuit
i=0to 4 Error Signal Output Inverse
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in UiMR register enable
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in UiCO register
UIERE: Bit in UiC1 register

Figure 16.1 UARTI Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 16.

Serial I/O

UARTI Transmit Buffer Register (i=o to 4)")

b15 b8 b7 bo Symbol Address After Reset
UOTB to U2TB 036B16-036A16, 02EB16-02EA16, 033B16-033A16 Indeterminate
U3TB, U4TB 032B16-032A16, 02FB16-02FA16 Indeterminate
SyE’:tbOI Function RW
(b7 - bO) Transmit data (D7 to Do) WO
—— | Transmit data (Ds WO
08) (Ds)
Nothing is assigned.
When write, set to "0". _
(b15 - b9)| When read, its content is indeterminate.

NOTES:
1. Use the MOV instruction to set the UiTB register.

UARTI Receive Buffer Register (i=0 to 4)

b8 b7 b0 Symbol Address After Reset

§§| UORB to U2RB 036F16 - 036E16, 02EF16 - 02EE16, 033F16 - 033E16 Indeterminate
U3RB, U4RB  032F16 - 032E16, 02FF16 - 02FE16 Indeterminate
Bit Bit Name Function RW

Symbol
P _ Received data (D7 to Do) RO

(b7 - b0)
—_— e Received data (Ds) RO

(b8)

Nothing is assigned. When write, set to "0".
(b10 - b9) | When read, its content is indeterminate.

Arbitration Lost 0: Not detected (win)

ABT
Detect Flag® 1: Detected (lose)

RW

0: No overrun error occurs

e @ RO
OER  |Overrun Error Flag 1: Overrun error occurs

e FER Framing Error 0: No framing error occurs RO
Flag(@ 3) 1: Framing error occurs
E ___________________________ PER Parlty Error Flag(z, 3) 0 NO parlty €rror occurs RO
1: Parity error occurs
----------------------------- SUM Error Sum F|ag(2: 3) 0: No error occurs RO

1: Error occurs

NOTES:

1. The ABT bit can be set to "0" only.

2. When the SMD2 to SMDO bits in the UiMR register is set to "0002" (serial /0 disable) or the RE bit
in the UiC1 register is set to "0" (receive disable), the OER, FER, PER and SUM bits are set to "0"
(no error occurs).
When all OER, FER and PER bits are set to "0" (no error), the SUM bit is set to "0" (no error).
Also, the FER and PER bits are set to "0" by reading low-order bits in the UiRB register.

3. These error flags are disabled when the SMD2 to SMDO bits in the UiMR register are set to "0012"
(clock synchronous serial 1/0 mode, special mode 2, or special mode 3) or to "0102" (12C mode).
When read, the contents are indeterminate.

Figure 16.2 UOTB to U4TB Registers and UORB to U4RB Registers
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O

UARTI Baud Rate Register (=0 to 4)(1+ 2 3)

b7 b0 Symbol Address After Reset
| | UOBRG to U4BRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate

Function Setting Range RW

If the setting value is m, the UiBRG register

"""""""" divides a count source by m+1 0016 to F16 wo

NOTES:
1. Use the MOV instruction to set the UIBRG register.
2. Set the UiBRG register data transmit and receive is stopped.
3. Set the UiBRG register after setting the CLK1 and CLKO bits in the UiCO reg