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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/80 Group microcomputers. Users are ex-
pected 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
L L [ TofoX
HE- - Symbol Address After Reset
- XXX XXX 0016
Bit Symbol Bit Name Function RW
b1b0 L~ *2
XXXO0 0 0: XXX RW )/
XXX bit 0 1: XXX N
H 1 0: Do not set a value
""" XXXL 11: XXX RW
__________ Nothing is assigned. .
(b2) When write, set to "0". When read, its content is indeterminate. | — +—*3
................. — | Reserved bt —™ | setto 0" wo
(b4 - b3) *4
: —
: 1
L RLELE XXX5 — | rRw
) Function varies depending on mode
XXX bit .
H of operation
EELTELEEE PP PP EPEEEP e XXX6 RW
. XXX7 | XXX bit 0: 20X RO
1: XXX
*1
Blank:Set to "0" or "1" according to the application
0: Set to "0"
1 Set to "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 verify 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 (PMO) 36 003416

000516 |Processor Mode Register 1 (PM1) 37 003516

000616 [System Clock Control Register 0 (CMO) 58 003616

000716 |System Clock Control Register 1 (CM1) 59 003716

000816 003816

000916 |[Address Match Interrupt Enable Register (AIER) 101 003916 | Address Match Interrupt Register 6 (RMADG6) 101
000A16 |Protect Register (PRCR) 81 003A16

000B16 |External Data Bus Width Control Register (DS) 39 003B16

000C16 [Main Clock Division Register (MCD) 60 003C16

000D16 |Oscillation Stop Detection Register (CM2) 61 003D16 | Address Match Interrupt Register 7 (RMAD7) 1201
000E16 |Watchdog Timer Start Register (WDTS) 003E16

000F16 |Watchdog Timer Control Register (WDC) 106 003F16

001016 004016

001116 |[Address Match Interrupt Register 0 (RMADO) 101 004116

001216 004216

001316 [Processor Mode Register 2 (PM2) 64 004316

001416 004416

001516 |[Address Match Interrupt Register 1 (RMAD1) 101 004516

001616 004616

001716 004716

001816 004816 | External Space Wait Control Register 0 (EWCRO0)
001916 |Address Match Interrupt Register 2 (RMAD2) 101 004916 | External Space Wait Control Register 1 (EWCR1)
001A16 004A16 | External Space Wait Control Register 2 (EWCR2) 45
001B16 004B16 | External Space Wait Control Register 3 (EWCRS3)
001C1s 004C16

001D16 |Address Match Interrupt Register 3 (RMAD3) 101 004D16

001E16 004E16

001F1e 004F16

002016 005016

002116 005116

002216 005216

002316 005316

002416 005416

002516 005516

002616 |[PLL Control Register 0 (PLCO) = 005616

002716 |PLL Control Register 1 (PLC1) oe 005716

002816 005816

002916 |Address Match Interrupt Register 4 (RMADA4) 101 005916

002A16 005A16

002B16 005B16

002C16 005C16

002D16 |Address Match Interrupt Register 5 (RMADS5) 101 005D16

002E16 005E16

002F16 005F16

Blank spaces are reserved. No access is allowed.
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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 | \rT4 Bus Conflict Detect Interrupt Control Register (BCNA4IC)

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 Intelligent 1/O Interrupt Control Register 1 (11011C)/ 91

006716 009516 | AN Interrupt 4 Control Register (CAN4IC)

006816 | DMAO Interrupt Control Register (DMOIC) 009616 | Timer B2 Interrupt Control Register (TB2IC)

006916 | Timer B5 Interrupt Control Register (TB5IC) 009716 | Intelligent 1/O Interrupt Control Register 3 (1103IC)

006A16 | DMA2 Interrupt Control Register (DM2IC) 009816 | Timer B4 Interrupt Control Register (TB4IC)

006B16 | UART2 Receive /ACK Interrupt Control Register (S2RIC) 009916

006Cz16 | Timer AO Interrupt Control Register (TAOIC) 009A16 | INT4 Interrupt Control Register (INT4IC) 91

006D16 | UART3 Receive /ACK Interrupt Control Register (S3RIC) 009B16

006E16 | Timer A2 Interrupt Control Register (TA2IC) 009C1s6 | INT2 Interrupt Control Register (INT2IC) 91

006F16 | UART4 Receive /ACK Interrupt Control Register (S4RIC) 009D16

007016 | Timer A4 Interrupt Control Register (TA4IC) 009E16 | INTO Interrupt Control Register (INTOIC) 91
UARTO Bus Conflict Detect Interrupt Control Register (BCNOIC)/ 009F16 | Exit Priority Control Register (RLVL) 92

007116 UART3 Bus Conflict Detect Interrupt Control Register (BCN3IC) 90 00AO016 | Interrupt Request Register 0 (II0O0IR)

007216 | UARTO Receive/ACK Interrupt Control Register (SORIC) 00A116 | Interrupt Request Register 1 (II01IR)

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) 103
Intelligent 1/O Interrupt Control Register 0 (1100IC)/ 00A416 | Interrupt Request Register 4 (1104IR)

007516 CAN Interrupt 3 Control Register (CAN3IC) 00A516 | Interrupt Request Register 5 (IIO5IR)

007616 | Timer B1 Interrupt Control Register (TB1IC) 00A616

007716 | Intelligent I/O Interrupt Control Register 2 (1102IC) 00A716

007816 | Timer B3 Interrupt Control Register (TB3IC) 00A816

007916 | Intelligent I/O Interrupt Control Register 4 (1104IC) 00A916

007A16 | INTS Interrupt Control Register (INT5IC) 91 00AA16

007B16 00AB16

007Cz1s6 | INT3 Interrupt Control Register (INT3IC) 91 00AC16

007D16 00AD16

007E16 | INT1 Interrupt Control Register (INT1IC) 91 00AE16

007F16 O0AF16

008016 00BO016 | Interrupt Enable Register 0 (IIO0IE)

008116 00B116 | Interrupt Enable Register 1 (IIO1IE)

008216 00B216 | Interrupt Enable Register 2 (IIO2IE) 104

008316 00B316 | Interrupt Enable Register 3 (IIO3IE)

008416 00B416 | Interrupt Enable Register 4 (IIO4IE)

008516 00B516

008616 00B616

008716 00B716

008816 | DMAL Interrupt Control Register (DM1IC) 00B816

008916 | UART2 Transmit /NACK Interrupt Control Register (S2TIC) 00B916

008A16 | DMA3 Interrupt Control Register (DM3IC) 00BA16

008B16 | UART3 Transmit /INACK Interrupt Control Register (S3TIC) 00BB16

008C16 | Timer AL Interrupt Control Register (TALIC) 9 | TooBC16

008D16 | UART4 Transmit /INACK Interrupt Control Register (S4TIC) 00BD16

008E16 | Timer A3 Interrupt Control Register (TA3IC) 00BE16

008F16 | UART2 Bus Conflict Detect Interrupt Control Register (BCN2IC) 00BF16

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

Address Register Page | |Address Register Page
00CO016 00FO016 | Data Compare Register 00 (GOCMPO)

00C116 00F116 | Data Compare Register 01 (GOCMP1)

00C216 00F216 | Data Compare Register 02 (GOCMP2)

00C316 00F316 | Data Compare Register 03 (GOCMP3) 254
00C416 00F416 | Data Mask Register 00 (GOMSKO)

00C516 00F516 | Data Mask Register 01 (GOMSK1)

00C616 00F616 | Communication Clock Select Register (CCS) 255
00C716 00F716

00C816 00F816

00C916 00F916 Receive CRC Code Register 0 (GORCRC)

00CA16 00FA16 254
00CB16 00FB16 Tramsmit CRC Code Register 0 (GOTCRC)

00CC16 00FCazs | SI/O Extended Mode Register 0 (GOEMR) 249
00CD16 00FD1s | SI/O Extended Receive Control Register 0 (GOERC)| 251
00CEz16 O00FE16 | SI/O Special Communication Interrupt Detect Register 0 (GOIRF)| 252
00CF16 00FF16 | SI/O Extended Transmit Control Register 0 (GOETC) | 250
00DO016 010016

00D116 010116

00D216 010216

00D316 010316

00D416 010416

00D516 010516

00D616 010616

00D716 010716

00D816 010816

00D916 010916

00DA16 010A16

00DB16 010B16

00DC16 010C16

00DD16 010D16

00DE16 010E16

00DF16 010F16

00EO16 011016

00E1l16 011116

00E216 011216

00E316 011316

00E416 011416

00E516 011516

00E616 011616

00E716 011716

00E816 011816

00E916 SI/O Receive Buffer Register0 (GORB) 247 011916

00EA16 | Transmit Buffer/Receive Data Register 0 (GOTB/GODR) | 253 011A16

00EB16 011B16

00EC1s6 | Receive Input Register 0 (GORI) 246 011Ci16

00ED16 | SI/O Communication Mode Register 0 (GOMR) 248 011D16

00EE16 | Transmit Output Register 0 (GOTO) 246 011E16

00EF16 | SI/O Communication Control Register 0 (GOCR) 247 011F16

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

Address Register Page | |Address Register Page
012016 015016
012116 015116
012216 015216
012316 015316
012416 015416
012516 015516
012616 015616
012716 015716
012816 015816
012916 SI/O Receive Buffer Register 1 (G1RB) 247 015916
012A16 | Transmit Buffer/Receive Data Register 1 (G1TB/G1DR)| 253 015A16
012B16 015B16
012C16 |Receive Input Register 1 (G1RI) 246 015C16
012D16 | SI/O Communication Mode Register 1 (G1IMR) 248 015D16
012E16 | Transmit Output Register 1 (G1TO) 246 015E16
012F16 |SI/O Communication Control Register 1 (G1CR) 247 015F16
013016 |Data Compare Register 10 (G1CMPO) 016016
013116 |Data Compare Register 11 (G1CMP1) 016116
013216 |Data Compare Register 12 (G1CMP2) 016216
013316 |Data Compare Register 13 (G1CMP3) 254 016316
013416 |Data Mask Register 10 (G1MSKO) 016416
013516 |Data Mask Register 11 (G1MSK1) 016516
013616 016616
013716 016716
013816 016816
013916 Receive CRC Code Registerl (G1RCRC) 016916
013A16 254 016A16
013B16 Transmit CRC Code Registerl (G1TCRC) 016B16
013Cz16 | SI/O Extended Mode Register 1 (G1IEMR) 249 016C16
013D1s6 | SI/O Extended Receive Control Register 1 (GIERC) | 251 016D16
013E16 |SI/O Special Communication Interrupt Detect Register 1 (G1IRF) | 253 016E16
013F16 |SI/O Extended Transmit Control Register 1 (GLETC)| 250 016F16
014016 017016
014116 017116
014216 017216
014316 017316
014416 017416
014516 017516
014616 017616
014716 017716
014816 017816
014916 017916
014A16 017A16
014B16 017B16
014C1s 017C1e6
014D16 017D16
014E16 to
014F16 02AF16

Blank spaces are reserved. No access is allowed.




Quick

Reference by Address

Address Register Page Address Register Page
02B016 02EO016 | X/Y Control Register (XYC) 241
02B116 02E1l16

02B216 02E216

02B316 02E316

02B416 02E416 | UART1 Special Mode Register 4 (ULISMR4) 175
02B516 02E516 | UART1 Special Mode Register 3 (U1ISMR3) 174
02B616 02E616 | UART1 Special Mode Register 2 (U1ISMR2) 173
02B716 02E716 | UART1 Special Mode Register (ULSMR) 172
02B816 02E816 | UART1 Transmit/Receive Mode Register (ULMR)
02B916 02E916 | UART1 Bit Rate Register (U1BRG) 170
02BA16 02EA16

02BB16 02EB1s UART1 Transmit Buffer Register (U1TB) 169
02BC16 02EC16| UART1 Transmit/Receive Control Register 0 (U1CO) | 171
02BD16 02ED16| UART1 Transmit/Receive Control Register 1 (U1C1) | 172
02BE16 02EE16

02BF16 02EE16 UART1 Receive Buffer Register (ULRB) 169
02CO016 02F016

02C116 X0 Register YO Register (XOR,YOR) 02F116

02C216 02F216

02C316 X1 Register Y1 Register (X1R,Y1R) 02F316

02C416 ) . 02F416 | UART4 Special Mode Register 4 (U4SMR4) 175
02C516 <2 Register Y2 Register (X2R,Y2R) 02F516 | UART4 Special Mode Register 3 (U4ASMR3) 174
02C616 ) . 02F616 | UART4 Special Mode Register 2 (U4SMR?2) 173
02c716 |3 Register Y3 Register (X3R,Y3R) 02F716 | UART4 Special Mode Register (U4SMR) 172
02C816 ) ) 02F816 | UART4 Transmit/Receive Mode Register (U4MR)
02C916 <4 Register Y4 Register (X4R,Y4R) 02F916 | UART4 Bit Rate Register (U4BRG) 170
02CA16 02FA16

02CB16 X5 Register Y5 Register (X5R,Y5R) 02FB16 UART4 Transmit Buffer Register (U4TB) 169
02CCzis ) ) 02FC16| UART4 Transmit/Receive Control Register 0 (U4C0O) | 171
02CD1g | <& Register Y6 Register (X6R,Y6R) 02FD16| UART4 Transmit/Receive Control Register 1 (U4C1) | 172
02CE16 02FE16

02CF16 X7 Register Y7 Register (X7R,Y7R) 02FE16 UART4 Receive Buffer Register (U4RB) 169
02D016 ) . 241 030016 | Timer B3,B4,B5 Count Start Flag (TBSR) 149
02D116 X8 Register Y8 Register (X8R,Y8R) 030116

02D216 030216 . .

02D316 X9 Register Y9 Register (X9R,Y9R) 030316 Timer Al-1 Register (TA11)

02D416 030416 . .

02D516 X10 Register Y10 Register (X10R,Y10R) 030516 Timer A2-1 Register (TA21) 162
02D616 030616 | . .

02D716 X11 Register Y11 Register (X11R,Y11R) 030716 Timer A4-1 Register (TA41)

02D816 ) . 030816 | Three-Phase PWM Control Register 0 (INVCO) 159
02D91s | (12 Register Y12 Register (X12R,Y12R) 030916 | Three-Phase PWM Control Register L (INVCL) | 160
02DA16 ) . 030A16 | Three-Phase Output Buffer Register 0 (IDBO)

02DB16 |13 Register Y13 Register (X13R,Y13R) 030B16 | Three-Phase Output Buffer Register 1 (IDB1) 161
02DC1s6 . . 030C16 | Dead Time Timer (DTT) 161
02DD16 X14 Register Y14 Register (X14R,Y14R) 030Dz16 | Timer B2 Interrupt Generating Frequency Set Counter (ICTB2) | 162
02DE16 . 030E16

02DF16 X15 Register Y15 Register (X15R,Y15R) 030F16

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

033F16

036F16

Address Register Page Address Register Page
031016 | . 034016 | Count Start Flag (TABSR) 132
031116 | |'Mer B3 Register (TB3) 034116 | Clock Prescaler Reset Flag (CPSRF) 62
031216 | . 034216 | One-Shot Start Flag (ONSF) 133
031316 Timer B4 Register (TB4) 147 034316 | Trigger Select Register (TRGSR) 134
031416 | . 034416 | Up/Down Flag (UDF) 133
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) 131
031Cz16 | Timer B4 Mode Register (TB4MR) 148 034Ci1s6
031D16 | Timer BS Mode Register (TB5SMR) 034D1g| | 'Mer A3 Register (TA3)
031E1e 034E16| _ .
031F16 | External Interrupt Request Source Select Register (IFSR)| 99 034F16 Timer A4 Register (TA4)
032016 035016
032116 035116 Timer BO Register (TBO)
032216 035216
032316 035316 Timer B1 Register (TB1) 147
032416 | UART3 Special Mode Register 4 (U3SMR4) 175 035416 | .
032516 | UART3 Special Mode Register 3 (U3SMR3) 174 | |035516| |'Mer B2 Register (TB2)
032616 | UART3 Special Mode Register 2 (U3SMR2) 173 035616 | Timer AO Mode Register (TAOMR)
032716 | UART3 Special Mode Register (U3SMR) 172 035716 | Timer A1 Mode Register (TAIMR)
032816 | UART3 Transmit/Receive Mode Register (U3MR) 035816 | Timer A2 Mode Register (TA2MR) 132
032916 | UARTS3 Bit Rate Register (U3BRG) 170 035916 | Timer A3 Mode Register (TASMR)
032A16 . . 035A16| Timer A4 Mode Register (TAAMR)
032816 | VARTS Transmit Buffer Register (U3TB) 169 | 1035816 Timer BO Mode Register (TBOMR)
032C16 | UART3 Transmit/Receive Control Register 0 (U3C0) 171 035C16| Timer B1 Mode Register (TB1MR) 148
032D16 | UART3 Transmit/Receive Control Register 1 (U3C1) 172 035D16| Timer B2 Mode Register (TB2MR)
032E16 . . 035E16| Timer B2 Special Mode Register (TB2SC) 162
032F16 UARTS Receive Buffer Register (U3RE) 169 035F16| Count Source Prescaler Register (TCSPR) 62
033016 036016
033116 036116
033216 036216
033316 036316
033416 | UART2 Special Mode Register 4 (U2SMR4) 175 036416 | UARTO Special Mode Register 4 (UOSMR4) 175
033516 | UART2 Special Mode Register 3 (U2SMR3) 174 036516 | UARTO Special Mode Register 3 (UOSMR3) 174
033616 | UART2 Special Mode Register 2 (U2SMR2) 173 036616 | UARTO Special Mode Register 2 (UOSMR2) 173
033716 | UART2 Special Mode Register (U2SMR) 172 036716 | UARTO Special Mode Register (UOSMR) 172
033816 | UART2 Transmit/Receive Mode Register (U2MR) 036816 | UARTO Transmit/Receive Mode Register (UOMR)
033916 | UART2 Bit Rate Register (U2BRG) 170 | 536916 | UARTO Bit Rate Register (UOBRG) 170
033A16 036A16
033B16 UART2 Transmit Buffer Register (U2TB) 169 036B16 UARTO Transmit Buffer Register (UOTB) 169
033C16 | UART2 Transmit/Receive Control Register 0 (U2C0) 171 036C16| UARTO Transmit/Receive Control Register 0 (UOC0)| 171
033D16 | UART2 Transmit/Receive Control Register 1 (U2C1) 172 036D16| UARTO Transmit/Receive Control Register 1 (UOC1)| 172
033E16 036E16

UART2 Receive Buffer Register (U2RB) 169 UARTO Receive Buffer Register (UORB) 169

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

Address Register Page Address Register Page
037016 03A016

037116 03Al16

037216 03A216

037316 03A316

037416 03A416

037516 03A516

037616 03A616

037716 03A716 | Function Select Register D1 (PSD1) 274
037816 |DMAO Request Source Select Register (DMOSL) 03A816

037916 |DMA1 Request Source Select Register (DM1SL) 03A916

037A16 | DMA2 Request Source Select Register (DM2SL) 111 03AA16

037B16 | DMA3 Request Source Select Register (DM3SL) 03AB16

037C16 ) 03AC16

037D16 | CRC Data Register (CRCD) 239 | [03AD16| Function Select Register C3 (PSC3) 274
037E16 | CRC Input Register (CRCIN) 03AE16

037F16 03AF16 | Function Select Register C (PSC) 273
038016 . 03B016 | Function Select Register A0 (PSO0)

038116 | /PO Register0 (ADOO) 03B116 | Function Select Register AL (PS1) 269
038216 . 03B216 | Function Select Register BO (PSLO)

038316 | /DO Registerl (ADO1) 03B316 | Function Select Register BL (PSL1) 2n
038416 . 03B416 | Function Select Register A2 (PS2)

03816 | /DO Register2 (ADO2) 03B516 | Function Select Register A3 (PS3) 270
038616 . 03B616 | Function Select Register B2 (PSL2)

038716 | /DO Registers (ADO3) 03B716 | Function Select Register B3 (PSL3) 212
038816 226 03B816

038916 A/DO Register4 (AD04) 03B916

038A16 03BA16

038B16 A/DO Register5 (AD05) 03BB16

038C16 03BC16

038D16 A/DO Register6 (AD06) 03BD16

038E16 03BE16

038F16 A/DO Register7 (AD07) 03BF16

039016 03CO016| Port P6 Register (P6)

039116 03C116| Port P7 Register (P7) 268
039216 03C216| Port P6 Direction Register (PD6)

039316 03C316| Port P7 Direction Register (PD7) 267
039416 |A/DO Control Register 2 (ADOCON2) 224 03C416| Port P8 Register (P8)

039516 |A/DO Control Register 3 (ADOCON3) 225 03C516| Port P9 Register (P9) 268
039616 |A/DO Control Register 0 (ADOCONO) 222 03C616| Port P8 Direction Register (PD8)

039716 |A/DO Control Register 1 (ADOCON1) 223 03C716| Port P9 Direction Register (PD9) 267
039816 |D/A Register 0 (DAO) 238 03C816| Port P10 Register (P10) 268
039916 03C916

039A16 |D/A Register 1 (DA1) 238 03CAu16| Port P10 Direction Register (PD10) 267
039B16 03CB16

039C16 | D/A Control Register (DACON) 238 03CC1is6

039D16 03CD16

039E16 03CE16

039F16 03CF16

Blank spaces are reserved. No access is allowed.
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Quick

Reference by Address

Address

Register

Page

03D016

03D116

03D216

03D316

03D416

03D516

03D616

03D716

03D816

03D916

03DA16

Pull-Up Control Register 2 (PUR2)

275

03DB16

Pull-Up Control Register 3 (PUR3)

276

03DC1s6

03DD16

03DE16

03DF16

03EO16

Port P14 Register (P0)

03E1l16

Port P14 Register (P1)

268

03E216

Port P14 Direction Register (PDO0)

03E316

Port P14 Direction Register (PD1)

267

03E416

Port P14 Register (P2)

03E516

Port P14 Register (P3)

268

03E616

Port P14 Direction Register (PD2)

03E716

Port P14 Direction Register (PD3)

267

03ES816

Port P14 Register (P4)

03E916

Port P14 Register (P5)

268

03EA16

Port P14 Direction Register (PD4)

03EB16

Port P14 Direction Register (PD5)

267

03EC16

03ED16

03EE16

03EF16

03F016

Pull-up Control Register 0 (PURO)

03F116

Pull-up Control Register 1 (PUR1)

275

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16

Port Control Register (PCR)

276

Blank spaces are reserved. No access is allowed.
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RENESAS

M32C/80 Group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

1. Overview

The M32C/80 Group microcomputer is a single-chip control unit that utilizes high-performance silicon gate
CMOS technology with the M32C/80 series CPU core. The M32C/80 Group is available in 100-pin plastic
molded LQFP/QFP package.

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

The M32C/80 Group is ROMless device.
Use the M32C/80 Group in microprocessor mode after reset.

1.1 Applications
Audio, cameras, office equipment, communications equipment, portable equipment, etc.
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M32C/80 Group 1. Overview

1.2 Performance Overview
Table 1.1 lists performance overview of the M32C/80 Group.

Table 1.1 M32C/80 Group Performance

Item Performance
CPU Basic Instructions 108 instructions
Minimum Instruction Execution Time 31.3 ns ( f(BCLK)=32 MHz, Vcc1=4.2t0 5.5V)
41.7 ns (f(BCLK)=24 MHz, Vcc1=3.0t0 5.5 V)
Operating Mode Single-chip mode, Memory expansion mode, Microprocessor mode
Memory Space 16 Mbytes
Memory Capacity See Table 1.2
Peripheral | 1/0O Port 47 1/0O pins (when using 16-bit bus) 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 I/O Communication Function |2 channels

Serial I/O 5 channels

Clock synchronous serial I/O, Clock asynchronous serial I/O,
IEBus®, 12C Bus®

A/D Converter 10-bit A/D converter: 1 circuit, 10 channels

D/A Converter 8 bits x 2 channels

DMAC 4 channels

DMAC Il Can be activated by all peripheral function interrupt sources

Immediate transfer, operation and chain transfer function

CRC Calculation Circuit CRC-CCITT

X/Y Converter 16 bits x 16 bits

Watchdog Timer 15 bits x 1 channel (with prescaler)

Interrupt 34 internal sources 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

Oscillation Stop Detect Function Main clock oscillation stop detect circuit
Electrical| Supply Voltage Vcc1=4.2t0 5.5V, Vcc2=3.0 to Vcci (f(BCLK)=32 MHz)
Charact- Vcc1=3.0to 5.5V, Vcc2=3.0 to Vcci (f(BCLK)=24 MHz)
eristics | Power Consumption 22 mA (Vcci=Vceea=5V, f(BCLK)=32 MHz)

17 mA (Vcci=Vecee=3.3 V, f(BCLK)=24 MHz)
10 pA (Vcer=Vee2=3.3 V, f(BCLK)=32 kHz, in wait mode)

Operating AmbientTemperature —20 to 85°C, —40 to 85°C(optional)
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.
All options are on a request basis.
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M32C/80 Group

1. Overview

1.3 Block Diagram

Figure 1.1 shows a block diagram of the M32C/80 Group microcomputer.

<Vccz>

Peripheral Functions

Timer (16 bits)

Timer A: 5 channels
Timer B: 6 channels

Three-phase Motor Control Circuit

A/D Converter
1 circuit
Standard: 8 inputs
Maximum: 10 inputs

Clock Generating Circuit
XN - Xout
XcIN - Xcout
On-chip Oscillator
PLL Frequency Synthesizer

UART/ I DMAC I
Clock Synchronous Serial I1/0
5 channels
I DMACII I

XIY converter
16 bits X 16 bits

CRC Calcilation Circuit (CCITT)
X164x124x5+1

1
Watchdog Timer (15 bits) M32C/80 series CPU core Memory
! ROH | ROL | [ Frc 1]
RiH[ RiL | | INTB ]
D/A Converter L RAM
8 bits X 2 channels R2 T | | ISP |
R3 ] [ UsP ]
! A0 ] [ PC ]
Intelligent 1/0 AL i [ sv |
Commljzn(i:%egi]onne:;unction FB ] [ SVP ]
! SB | | VCT |

1
| - - -

8 As As As As As
B o Y o Yo Yo VYo VYo B
portPo | [ Potpi | | PotP2 | [ PortPs | [ Portpa | [ Portps |

<IOC)/\>

A

[ odwod ]

A

8y

8y

7\
Ly

A

A

8y

[otdmod | [ 6dwod | ["sed | [sdmod | [ zduod

NOTES:

1. Ports PO to P5 function as bus control pins when using memory expansion mode or microprocessor mode.
2. Port P1 functions as 1/0 port when the microcomputer is placed in memory expansion mode or microprocessor mode
and all external data buses are selected as 8-bit buses.

8y

Figure 1.1 M32C/80 Group Block Diagram

Rev. 1.00 Nov. 01, 2005 page3  of 330

REJ09B0271-0100

RENESAS



M32C/80 Group

1. Overview

1.4 Product Information

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

Table 1.2 M32C/80 Group

As of November, 2005

Type Number Package Type CaRpOa'(\:/ilty C:nglz:/:ty Remarks
M30800SAGP PLQP0100KB-A (100P6Q-A)
M30800SAFP PRQP0100JB-A (100P6S-A) ROMless
M30800SAGP-BL PLQP0100KB-A (100P6Q-A) o ROMless with
M30800SAFP-BL PRQP0100JB-A (L00P6S-A) on-chip boot loader

>

<
w
o
00
o

GP -BL

L On-chip boot loader

Package type:

FP = Package PRQP0100JB-A (100P6S-A)
GP = Package PLQP0100KB-A (100P6Q-A)

Memory type:

S = ROMless version

M32C/80 Group

M16C Family

RAM capacity, pin count, etc

Figure 1.2 Product Numbering System
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1. Overview
Figures 1.3 and 1.4 show pin assignments (top view).

1.5 Pin Assignment

M32C/80 Group

61V / Evd
81V / 2vd

119/ Trd
91V / Ovd
(sta/)swv/led
(vra/) viv/9ed
(era/) ewv/ sed
(zra/)etv/ved
(ma/) v/ eed
(ota/)otv/zed
(6a/)6v/1ed
200N
(8a/)s8v/oed
SSA
(a/)eviied
(ea/)ov/9zd
(sa/)sv/sed
(vas)w/ved
(ea/)ev/ezd
(za/)ev/eed
(ta/) v/ 1ed
(oa/)ov/ozd
SLNI/STa/ L1d
PANI/¥1A/ 9Td
ELNI/ €10/ STd
21a/ vid
TIa/etd
ota/etd
60/71d
8Q/0Td

P60/ CTS0 / RTSO/ SSO

P61/ CLKO

P64/ CTS1/RTS1/SS1

P65/ CLK1

[ 32 ]« P66 / RxD1/ SCL1/ STXD1

P54/ HLDA/ALE

P44/ CS3/A20
P45/ CS2/A21
P46/ CS1/A22
P47/CS0/A23
P50/ WRL / WR
P51/ WRH / BHE
P55/ HOLD

P56 / ALE

P57/ RDY

P52/ RD
P62/ RxD0/ SCLO / STxDO

P53/ CLKouT / BCLK / ALE
P63/ TxDO0 / SDAO / SRxDO
P67 /TxD1/SDA1/SRxD1

50
49
48
47
46
45
44
43
42
41
20
39
38
37
36
35
34
33
31

N

A

<vVcca>
<vcci>

M32C/80 GROUP

\
A

O.

r
\

0€ | #—»0.d / LNOOVL / 20XL / 2¥AS / ZaXHS
62 | 4—>T.d [ NISEL / NIOVL / 2ax¥ / 210S / 2AXLS
82 | 4—»2.d [ 1NOTYL/ A/ ZH1D

12| 4—»ELd [NITYL/ A/ ZS1D | 2S1M /2SS / TAXLS|
92 | 4> v.d [ 1n0ZYL | M/ TH1OSI

2| 4—»5.d [ NIZYL/ M /TAXESI

2 | 4—»9.d [ 1NOgVL / 0QXLSI

€2 | 4—2.d [ NIEVL [ OMTOSI

22 | «—08d / LNOYYL/ N/ 0QXHSI

124 ‘|'Hwn:z_v<._.\D

02 | +—>28d / OLNI

6T | €—>£8d / TINI

8T | «—>v8d / ZLNI

LT ] <— s8d /INN

9T« ToOA

[ST ] <— nix

T]<— ssA

€T |— LNOX

21| <— 1353y

TT | 4—>98d / LNOOX

0T | «—28d / NIDX

[ 6 ]<— ssanD

[ 8 |<— 318

[ 2 ]<—>06d/Ni0gL/€X1D

|9 |«—>16d/NITEL/€0XS / €1DS / €XLS

[ S |<—>26d/NizaL/ €aXL/ EYAS / EQXHS

| v |«—>c6d/0va/NiEGL/ €SLD/ ESLY /€SS

€ |<€»v6d/TVvA/NIvdLl/¥SLDO/¥SLd / ¥SS

Z | €»S6d/0X3aNV/ ¥X10
T |<€96d/TX3INV/VAXL/¥vAS / ¥AXLS

(59
[o0]
[o1]
(2]

AN3/ P1034—>[93 |
AN2 / P1024—>[94 |
AN/ P1014—»[95 |
AVss —»[96 |
ANo / P100<—»[97 |
VREF —»[98 |
Avee —»[99 |

RxD4 / ADTRG / P97 «—|100

STxD4/SCL4/

D7/ PO7<4—>[81 ]
D6 / P06 <—>[ 82 |
Ds / P05 <—>[ 83 |
D4/ PO4<—>84
D3/ PO34—>[ 85 |
D2/ PO24—>[ 86 |
D1/ PO14—>[87 |

Do / POo<—| 88

KI3/AN7 / P107 4|

KI2 / AN6 / P106 <3|

Kl1/ANs / P105 4|

Klo/ AN4 / P104 €|

PRQP0100JB-A
(100P6S-A)

of 330 RENESAS

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

NOTE:
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M32C/80 Group 1. Overview

53 |« P37/A15(/D15)
52 |« P40/ A16
51 |« P41/A17

[59] > P31/A9 (/D9)
[58 ] «—» P32/A10 (/D10)
[57] <> P33/Aw (/D)
[56] «—> P34/A12 (/D12)
[55] «—> P35/A13 (/D13)
[54] «—> P36/ A14 (/D14)

61 |« P30/As (/D8)
60 | 4— vcc2

[63] &> P27/A7
EQ— Vss

[69] € P21/A1
[68] &> P22/ A2
[67] &> P23 /A3
[66 ] «—> P24/ A4
[65 ]« P25 /As
[64] € P26/ A6

71 |4 P17/D15/INTS
70 |« P20/ A0

73 | <= P15/ D13/ INT3
[72] «— P16/D14/INT4

75 | 4= P13/ D11
74 |« P14/ D12

ﬂ
J

50 | P42/ A18

D10/ Pl24—[ 76
49 |4 P43 /A9

D9/ Plig—p| 77

O

D8/ Plo—»[ 78| i SVCC2> s 48 |4—> P44/ CS3/A20

D7/ PO74—»[ 79 47 |&—> P45/ CS2/ A21

D6 / P06 4—>| 80 i i 46 |« P46 / CS1/A22

D5 / P05 4—| 81 i i 45 |« P47/ CSO0 / A23

D4/ PO44—> 82 : 44 j«—> P50 / WRL / WR

D3/ P034—> 83 43 [4—> P51/ WRH / BHE

D2/ PO24—>| 84 i i 42 |« P52/ RD

D1/PO14—>[ 385 41 |&— P53 / CLKOUT / BCLK / ALE

Do / PO0<4—>{ 86 40 |4 P54/ HLDA/ ALE

Ki3/AN7 / P107 4— 87 x M32C/8O GROUP 39 |«—» P55/ HOLD
KI2 / AN6 / P106 +—>| 88 i 38 |« P56 / ALE

KI1/ANs / P105 4| 89 i x 37 |&—» P57/ RDY
Kio / AN4 / P104«—»[ 90 : 36 |4 P60/ CTSO/ RTSO/ SSO
AN3/P1034—»[ 01 35 |¢—» P61/ CLKO
AN2 / P1024—p[ 02 i 34 |« P62 / RxDO / SCLO / STXDO
AN1/P101<¢—{ 93 i i 33 |« P63/ TxDO / SDAO / SRXDO
AVss —»[04 32 |4— P64/ CTS1/RTS1/SS1
ANo / P100 €| 95 31 | P65/ CLK1
VREF —p[ 96 i 30 j«—» P66 / RxD1 / SCL1/ STXD1
Avce —»| 97 i 29 |« P67/ TxD1/ SDAL / SRxD1
STxD4 / SCL4 / RxD4 / ADTRG / P97 4> 98 28 |«—»P70/ TAOOUT / TXD2 / SDA2 /| SRXD2

SRxD4 / SDA4 | TxD4 / ANEX1 / P96 <[ 99
CLK4 / ANEXO / P95 «—(100|
\

O

SVCCL> e ’ Q 27 |4—» P71/ TAOIN / TB5IN / RXD2 / SCL2 / STXD2

26 |« P72/ TALOUT/V / CLK2

ISTXD1/SS2/RTS2/CTS2/V /TALIN/ P73 4

0 0 3 3 2 2 3 2 1 2 R 5 2 2 3 0 2 S )
SW a5 8FEE2Zd83I8sdsgneex
g;ggﬁ%gﬁ)xéﬁgﬁggaamaa
-~ om Z =~ |u X S

= O Z E Z E Z E
zZ Pzslke ‘Eﬁﬁ'»—;:;,:&:
@ x 8 Z12z2l2 2 <8 <8
= Q F I F =

X L S S ¢

~ [ = [
¥l :J\g\;\
5 23853
[9) ~0 8 = Z
oM E Q o

Q- n g X

= @ x X

@ (]

[ a

SS3/RTS3/CTS3/TB3IN/DAO/ P93 @

SRxD3/SDA3/TxD3/TB2IN/ P92 | 3
STxD3/SCL3/RxD3/TB1IN/ P91 & | 4

SS4/RTS4/CTS4/TB4IN/ DAL/ P94

NOTE:

1. P70 and P71 are ports for the N-channel open drain output. P LQ PO 100 KB_A
(100P6Q-A)

Figure 1.4 Pin Assignment
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M32C/80 Group

1. Overview

Table 1.3 Pin Characteristics

Pgi%ks%e Control Port Interrupt Timer UART Analog Bus control Intelligent I/O
Fplcp pins pins pins pins pins pins pins
1] 99 P96 TxD4/SDA4/SRxD4 | ANEX1
2 |100 P95 CLK4 ANEXO0
3| 1 P94 TB4IN CTS4/RTS4/SS4 DAl
4| 2 P93 TB3IN CTS3/RTS3/SS3 DAO
5 3 P92 TB2IN TxD3/SDA3/SRxD3
6 4 P91 TB1iN RxD3/SCL3/STxD3
7 5 P9o TBOIN CLK3
8 6 | BYTE
9 7 | CNVss
10 8 | XcIN P87
11 9 | Xcout P86
12 10 | RESET
13 11 | XouTt
14 | 12 | Vss
15 13 | XIN
16 | 14 | Vcci
17 | 15 P85 | NMI
18 | 16 P8+ |iINT2
19 | 17 P83 | INTL
20 | 18 P82 | INTO
21 | 19 P81 TA4IN/U
22 | 20 P8o TA4ouT/U ISRxDO
23 | 21 P77 TA3IN ISCLKO
24 | 22 P76 TA3out ISTXDO
25 | 23 P7s TA2IN/W ISRxD1
26 | 24 P74 TA20uT/W ISCLK1
27 | 25 P73 TALNN CTS2/RTS2/SS2 ISTxD1
28 | 26 P72 TAlout/V |CLK2
29 | 27 P71 TB5IN/TAOIN | RxD2/SCL2/STxD2
30 | 28 P70 TAOouT TxD2/SDA2/SRxD2
31 | 29 P67 TxD1/SDA1/SRxD1
32 | 30 P66 RxD1/SCL1/STxD1
33 | 31 P65 CLK1
34 | 32 P64 CTS1/RTS1/SS1
35 | 33 P63 TxDO/SDA0/SRxD0O
36 | 34 P62 RxDO0/SCLO/STxDO
37 | 35 P61 CLKO
38 | 36 P60 CTSO/RTS0/SSO
39 | 37 P57 RDY
40 | 38 P56 ALE
41 | 39 P55 HOLD
42 | 40 P54 HLDA/ALE
43 | 41 P53 CLKout/BCLK/ALE
44 | 42 P52 RD
45 | 43 P51 WRH/BHE
46 | 44 P50 WRL/WR
47 | 45 P47 CS0/A23
48 | 46 P46 CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P44 CS3/A20
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M32C/80 Group

1. Overview

Table 1.3 Pin Characteristics (Continued)

Pgﬁkﬁ%e Control Port Interrupt Timer UART Analog Bus control Intelligent I/O
e lap pins pins pins pins pins pins pins
51| 49 P43 A19
52| 50 P42 A18
53| 51 P41 A7
54| 52 P4o A1e
55| 53 P37 A15(/D15)
56| 54 P36 A14(/D14)
57| 55 P3s A13(/D13)
58| 56 P34 A12(/D12)
59 | 57 P33 A11(/D11)
60 | 58 P32 A10(/D10)
61| 59 P31 Ao(/D9)
62| 60| Vcc2
63| 61 P30 As(/Ds)
64| 62| Vss
65| 63 P27 A7(/D7)
66 | 64 P26 As(/De)
67| 65 P2s As(/Ds)
68| 66 P24 A4(/D4)
69 | 67 P23 A3(/D3)
70| 68 P22 A2(/D2)
71| 69 P21 A1(/Dz)
72| 70 P20 Ao(/Do)
73| 71 P17 INT5 D15
74| 72 Ple INT4 D14
75| 73 Pls  |INT3 D13
76| 74 P14 D12
771 75 P13 D11
78| 76 P12 Dio
79| 77 P11 Do
80| 78 Plo Ds
81] 79 PO7 D7
82| 80 POs De
83| 81 POs Ds
84| 82 P04 D4
85| 83 P03 D3
86| 84 P02 D2
87| 85 P01 D1
88| 86 P0Oo Do
89 | 87 P107 | Kis AN7
90 | 88 P10s | K2 ANs
91| 89 P10s | K1 ANs
92| 90 P104 | Klo ANa
93] 91 P103 AN3
94 92 P102 AN2
95 93 P101 AN1
96| 94| AVss
97 95 P100 ANo
98| 96 VREF
99| 97| AvVcc
100 | 98 P97 RxD4/SCL4/STxD4 | ADTRG

Rev. 1.00 Nov. 01,2005 page8  of 330 RENESAS

REJ09B0271-0100



M32C/80 Group 1. Overview

1.6 Pin Description
Table 1.4 Pin Description

Signal name | Pin name |I/O type| SUPPIY Description
voltage
Power supply | vcea, Vecz | - Apply 3.0 to 5.5 V to both Vcc1 and Vccez pins. Apply 0 V to the
Vss Vss pin. Vcei = Veea)
Analog power | AVcc | Vccel Supplies power for the A/D converter. Connect the AVcc pin to
supply input AVss Vcci and the AVss pin to Vss
Reset input RESET | vccel The microcomputer is in a reset state when "L" is applied to the
RESET pin
CNVss CNVss | Vccel Connect this pin to Vcci
External data | BYTE | Vcel Switches the data bus in external memory space 3. The data
bus width bus is 16 bits long when the this pin is held "L" and 8 bits long
select input when the this pin is held "H". Set it to either one.
Bus control Do to D7 110 Vcez Inputs and outputs data (Do to D7) while accessing an external
pins memory space with separate bus
Ds to D15 110 vcez Inputs and outputs data (D8 to D15) while accessing an external
memory space with 16-bit separate bus
Ao to A22 (0] Vcez Outputs address bits (Ao to A22)
A23 0 vcez Outputs inversed address bit A23
Ao/Do to 110 vcez Inputs and outputs data (Do to D7) and outputs 8 low-order
A7/D7 address bits (Ao to A7) by time-sharing while accessing an
external memory space with multiplexed bus
As/Ds to 110 vcez Inputs and outputs data (D8 to D15) and outputs 8 middle-order
A15/D15 address bits (As to A15) by time-sharing while accessing an

external memory space with multiplexed bus
S0toCS3| O vcez Output CS0 to CS3 that are chip-select signals specifying an external space

RL/WR 0 Vcez Outputs WRL, WRH, (WR, BHE) and RD signals. WRL and WRH
RH/BHE can be switched with WR and BHE by program
RD B WRL, WRH and RD are selected:

If external data bus is 16 bits wide, data is writtenn to an even
address 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".

B WR, BHE and RD are selected

Data is written to external memory space when WR is held "L".
Data is read when RD is held "L".

An odd address is accessed when BHE is held "L".

Select WR, BHE and RD for an external 8-bit data bus

ALE (0] vcez ALE is a signal latching address

HOLD I Vcez The microcomputer is placed in a hold state while the HOLD pin
is held "L"

HLDA (0] Vcez Outputs an "L" siganl while the microcomputer is placed in a hold state

RDY | Vce2 Bus is placed in a wait state while the RDY pin is held "L"

I: Input O: Output 1/O: Input and output
NOTE:
1. In this manual, hereafter, Vcc refers to Vcci1 unless otherwise noted.
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M32C/80 Group 1. Overview

Table 1.4 Pin Description (Continued)

Signal name | Pin name [l/O type| SUPPlY Description
voltage
Main clock input | XIN I Vccel 1/0 pins for the main clock generation circuit. Connect a ceramic
Main clock Xout @) Vccel resonator or crystal oscillator between XiN and XouT. To apply
output external clock, input the clock from XIN and leave XouT open
Sub clock input | XCIN I Vccel 1/0 pins for a sub clock oscillation circuit. Connect a crystal
Sub clock XcouTt o \Y/elei} oscillator between XcIN and XCOUT. To apply external clock,
output input the clock from XcIN and leave XcouT open
BCLK output BCLK @) vcez Outputs BCLK signal
Clock output CLKout (@) vcez Outputs clock having thesame frequency as fc, fs, or f32
INT interrupt | INTO to INT2 I Vcel Input pins for the INT interrupt
input INT3 to INT5 vcez
NMI interrupt input | NMI I Vccel Input pin for the NMI interrupt
Key input interrupt | Klo to KI3 I vcel Input pins for the key input interrupt
Timer A TAOOUT to 110 Vccel 1/0 pins for the timer AO to A4
TA4ouT (TAOouUT is a pin for the N-channel open drain output.)
TAOIN to Vccil Input pins for the timer AO to A4
TA4IN
Timer B TBOIN to Vccel Input pins for the timer BO to B5
TB5IN
Three-phase motor| U, U, V, V, 0 Vccel output pins for the three-phase motor control timer
control output W, W
Serial 1/0 CTSO0 to Vcel Input pins for data transmission control
CTS4
RTSO to O Vvcel Output pins for data reception control
RTS4
CLKO to 110 Vccel Inputs and outputs the transfer clock
CLK4
RxDO to Vccel Inputs serial data
RxD4
TxDO to (@) Vccel Outputs serial data (TxD2 is a pin for the N-channel open drain
TxD4 output.)
12C mode SDAO to 110 Vccel Inputs and outputs serial data (SDAZ2 is a pin for for the N-
SDA4 channel open drain output.)
SCLO to 110 Vcel Inputs and outputs the transfer clock (SCL2 is a pin for the N-
SCL4 channel open drain output.)
Serial I/0 STxDO to Vccel Outputs serial data when slave mode is selected (SDA2 is a pin
special function | STxD4 for the N-channel open drain output.)
SRxDO0 to Vccel Inputs serial data when slave mode is selected
SRxD4
SS0 to SS4 I Vccel Input pins to control serial I/O special function

I: Input O: Output I/O: Input and output
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M32C/80 Group 1. Overview

Table 1.5 Pin Description (Continued)

Signal name | Pin name [l/O type| SUPPly Description
voltage

Reference VREF | - Applies reference voltage for the A/D converter and D/A converter

voltage input

A/D converter | ANo to AN7 | Vcel Analog input pins for the A/D converter
ADTRG I vcel Input pin for an external A/D trigger
ANEXO 110 Vccel Extended analog input pin for the A/D converter and output pin in

external op-amp connection mode

ANEX1 | Vccel Extended analog input pin for the A/D converter

D/A converter | DAO, DAl (0] Vccel Output pin for the D/A converter

Intelligent I/O | ISCLKO 110 Vccel Inputs and outputs clock for the intelligent I/O communication

communication | ISCLK1 fucntion

function ISTxDO (0] Vccel Outputs data for the intelligent I/O communication fucntion
ISTxD1
ISRxDO | Vccel Inputs data for the intelligent I/O communication fucntion
ISRxD1

1/0 port P00 to PO7(D) 110 vcez I/0O ports fro CMOS. Each port can be programmed for nput or
Ploto P17 output under the control of the direction register. An input port
P20 to P27(1) can be set, by program, for a pull-up resistor available or for no
P30 to P37(1) pull-up resistor available in 4-bit units

P40 to P47(1)
P50 to P57(1)

P60 to P67 110 Vcel I/O ports having equivalent functions to PO

P70to P77 (P70 and P71 are ports for the N-channel open drain output.)

P90 to P97

P100 to P107

P80 to P84, 110 Vccel I/O ports having equivalent functions to PO

P86, P87

P8s I Vcel Shares a pin with NMI. NMI input state can be got by reading P85
I: Input O: Output 1/O: Input and output

NOTES:
1. Ports PO to P5 function as bus control pins when using memory expansion mode or microprocessor mode. They
cannot be used as I/O ports.
2. Port P1 functions as I/0O port when the microcomputer is placed in memory expansion mode or microprocessor
mode and all external data buses are selected as 8-bit buses.

Rev. 1.00 Nov. 01, 2005 page 11 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

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

b3, b15 b0
General Registers | 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 Select Flag
Overflow Flag
Interrupt Enable Flag
Stack Pointer Select Flag
Reserved Space
Processor Interrupt Priority Level
Reserved Space
b15 b0
High-speed Interrupt Registers | . SVF Flag Save Register
SVP PC Save Register
VCT Vector Register
b7 b0
DMAC-associated Registers DMDO
DMA Mode Register
b15 DMD1
DCTO )
DMA Transfer Count Register
DCT1
DRCO )
DMA Transfer Count Reload Register
b23 DRC1
DMAO
DMA Memory Address Register
DMA1
DRAO
DMA Memory Address Reload Register
DRA1
DSA0
DMA SFR Address Register
DSAl

NOTE:
1. The register bank is comprised of these registers. Two sets of register banks are provided.

Figure 2.1 CPU Register
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M32C/80 Group 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 relocatable 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. Referto 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 operation; 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 operation; otherwise "0".

Rev. 1.00 Nov. 01,2005 Page 13 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 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 (1)
The | flag enables a maskable interrupt.
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 reading, its content is indeterminate.

2.2 High-Speed Interrupt Registers
Registers associated with the high-speed interrupt are as follows:
- Flag save register (SVF)
- PC save register (SVP)
- Vector register (VCT)

Refer to 10.4 High-Speed Interrupt for details.

2.3 DMAC-Associated Registers
Registers associated with DMAC are as follows:
- 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)

Refer to 12. DMAC for details.
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3. Memory

M32C/80 Group

3. Memory

Figure 3.1 shows a memory map of the M32C/80 Group.

The M32C/80 Group provides 16-Mbyte address space addressed from 00000016 to FFFFFF16.

The fixed interrupt vectors are allocated from address FFFFDC16 to FFFFFF16. It stores the starting ad-

dress of each interrupt routine.
The internal RAM is allocated from address 00040016 to higher. For example, a 8-Kbyte internal RAM is

allocated from address 00040016 to 0023FF16. Besides storing data, it becomes stacks when the subrou-

tine is called or an interrupt is acknowledged.
SFRs, consisting of control registers for peripheral functions such as I/O port, A/D converter, serial 1/O,

timers, is allocated from address 00000016 to 0003FF16. All blank spaces within SFRs are reserved and

cannot be accessed by users.
The special page vector table is addressed from FFFEQO16 to FFFFDB16. It is used for the JMPS instruc-

tion and JSRS instruction. Refer to the Renesas publication M32C/80 Series Software Manual for details.

In microprocessor mode, some spaces are reserved and cannot be accessed by users.

/FFFEOO16

00000016
SFRs
00040016
Internal RAM
0023FF16
Reserved Space
01000016
External Space
FFFFFF1e

NOTE:
1. Watchdog timer interrupt and oscillation stop detection interrupt share vectors.

1
!
!
I
I

| FFFFDC1s6 |- 3 - -
! - Undefined Instruction

Special Page
Vector Table

Overflow

BRK Instruction

Address Match

Watchdog Timer(%)

NMI

---- FFFFFF16

Reset

[N NWE NN NNWE SN AN SN SN

Figure 3.1 Memory Map
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M32C/80 Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRSs)

Address Register Symbol Value after RESET
000016
000116
000216
000316
000416 | Processor Mode Register() PMO 0000 00112(CNVss pin ="H")
000516 | Processor Mode Register 1 PM1 0016

000616 | System Clock Control Register O CMO 0000 10002

000716 | System Clock Control Register 1 CM1 0010 00002

000816
000916 | Address Match Interrupt Enable Register AIER 0016

000A16 | Protect Register PRCR XXXX 00002

XXXX 10002(BYTE pin ="L")
XXXX 00002(BYTE pin ="H")
000C16 | Main Clock Division Register MCD XXX0 10002

000D16 | Oscillation Stop Detection Register CM2 0016

000E16 | Watchdog Timer Start Register WDTS XX16

000F16 | Watchdog Timer Control Register WDC 000X XXXX2

001016
001116 | Address Match Interrupt Register 0 RMADO 00000016
001216
001316 | Processor Mode Register 2 PM2 0016
001416
001516 | Address Match Interrupt Register 1 RMAD1 00000016
001616
001716
001816
001916 | Address Match Interrupt Register 2 RMAD2 00000016
001A16
001B16
001C16
001D16 | Address Match Interrupt Register 3 RMAD3 00000016
001E16
001F16
002016
002116
002216
002316
002416
002516
002616 | PLL Control Register O PLCO 0001 X0102
002716 | PLL Control Register 1 PLC1 000X 00002
002816
002916 | Address Match Interrupt Register 4 RMAD4 00000016
002A16
002B16
002C16
002D16 | Address Match Interrupt Register 5 RMAD5 00000016
002E16
002F16

000B16 | External Data Bus Width Control Register DS

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTE:
1. The PM01 and PMOO bits in the PMO register maintain values set before reset, even after software reset or watch-

dog timer reset has been performed.
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M32C/80 Group

4. Special Function Registers (SFRs)

Address

Register

Symbol

Value after RESET

003016

003116

003216

003316

003416

003516

003616

003716

003816
003916
003A16

Address Match Interrupt Register 6

RMADG6

00000016

003B16

003C16
003D16
003E16

Address Match Interrupt Register 7

RMAD7

00000016

003F16

004016

004116

004216

004316

004416

004516

004616

004716

004816

External Space Wait Control Register 0

EWCRO

X0X0 00112

004916

External Space Wait Control Register 1

EWCR1

X0X0 00112

004A16

External Space Wait Control Register 2

EWCR2

X0X0 00112

004B16

External Space Wait Control Register 3

EWCR3

X0X0 00112

004C16

004D16

004E16

004F16

005016

005116

005216

005316

005416

005516

005616

005716

005816

005916

005A16

005B16

005C16

005D16

005E16

005F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

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 | DMAZ2 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 1o2iC XXXX X0002
007816 | Timer B3 Interrupt Control Register TB3IC XXXX X0002
007916 | Intelligent I/O Interrupt Control Register 4 1104I1C XXXX X0002
007A16 | INTS5 Interrupt Control Register INT5IC XX00 X0002
007B16

007C16 | INT3 Interrupt Control Register INT3IC XX00 X0002
007D16

007E16 | INT1 Interrupt Control Register INT1IC XX00 X0002
007F16

008016

008116

008216

008316

008416

008516

008616

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 S4TIC 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/80 Group 4. Special Function Registers (SFRs)

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 1o1IC 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 TBA4IC XXXX X0002
009916

009A16 | INT4 Interrupt Control Register INT4IC XX00 X0002
009B16

009C16 | INT2 Interrupt Control Register INT2IC XX00 X0002
009D16

009E16 | INTO Interrupt Control Register INTOIC XX00 X0002
009F16 | Exit Priority Control Register RLVL XXXX 00002
00AO016 | Interrupt Request Register 0 1IO0IR 0000 000X2
00A116 | Interrupt Request Register 1 IIO1IR 0000 000X2
00A216 | Interrupt Request Register 2 1102IR 0000 000X2
00A316 | Interrupt Request Register 3 1IO3IR 0000 000X2
00A416 | Interrupt Request Register 4 1104IR 0000 000X2
00A516

00A616

00A716

00A816

00A916

00AA16

00AB16

00AC16

00AD16

0OAE16

00AF16

00BO16 | Interrupt Enable Register 0 IIO0IE 0016

00B116 | Interrupt Enable Register 1 IIO1IE 0016

00B216 | Interrupt Enable Register 2 1102IE 0016

00B316 | Interrupt Enable Register 3 IIO3IE 0016

00B416 | Interrupt Enable Register 4 11041E 0016

00B516

00B616

00B716

00B816

00B916

O0BA16

00BB16

00BC16

00BD16

OOBE16

00BF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
00CO016
00C116
00C216
00C316
00C416
00Cb516
00C616
00C716
00C816
00C916
00CA16
00CB16
00CC1s
00CD16
00CE16
00CF16
00DO016
00D116
00D216
00D316
00D416
00D516
00D616
00D716
00D816
00D916
00DA16
00DB16
00DC16
00DD16
0ODE16
00DF16
00EO16
00E116
00E216
00E316
00E416
00E516
00EG616
00E716
0OE816 XXXX XXXX2
00E916 SI/O Receive Buffer Register O GORB XXXO XXXX2
00EA16 | Transmit Buffer/Receive Data Register O GOTB/GODR XX16

00EB16
00EC16 | Receive Input Register O GORI XX16
00ED16 | SI/O Communication Mode Register 0 GOMR 0016
00EE16 | Transmit Output Register O GOTO XX16
00EF16 | SI/O Communication Control Register O GOCR 0000 X0112

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
00F016 | Data Compare Register 00 GOCMPO XX16

00F116 | Data Compare Register 01 GOCMP1 XX16

00F216 | Data Compare Register 02 GOCMP2 XX16

00F316 | Data Compare Register 03 GOCMP3 XX16

00F416 | Data Mask Register 00 GOMSKO XX16

00F516 | Data Mask Register 01 GOMSK1 XX16

00F616 | Communication Clock Select Register CCs XXXX 00002
00F716
00F816 XX16
00E916 Receive CRC Code Register 0 GORCRC XX16

00FA16 0016

00EB16 Transmit CRC Code Register 0 GOTCRC 0016

00FC16 | SI/O Expansion Mode Register 0 GOEMR 0016

00FD16 | SI/O Expansion Receive Control Register 0 GOERC 0016

00FEz16 | SI/O Special Communication Interrupt Detect Register O GOIRF 0016

00FF16 | SI/O Expansion Transmit Control Register 0 GOETC 0000 0XXX2
010016
010116
010216
010316
010416
010516
010616
010716
010816
010916
010A16
010B16
010Cz1s
010D1s
010E16
010F16
011016
011116
011216
011316
011416
011516
011616
011716
011816
011916
011A16
011B16
011Ca1s
011D1s
011E1e
011F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
012016
012116
012216
012316
012416
012516
012616
012716
012816 XXXX XXXX2
012916 SI/O Receive Buffer Register 1 G1RB XXXO XXXX2
012A16 | Transmit Buffer/Receive Data Register 1 G1TB/G1DR XX16
012B16
012Cz16 | Receive Input Register 1 G1RI XX16
012D16 | SI/O Communication Mode Register 1 G1IMR 0016
012E16 | Transmit Output Register 1 G1TO XX16
012F16 | SI/O Communication Control Register 1 G1CR 0000 X0112
013016 | Data Compare Register 10 G1CMPO XX16
013116 | Data Compare Register 11 G1CMP1 XX16
013216 | Data Compare Register 12 G1CMP2 XX16
013316 | Data Compare Register 13 G1CMP3 XX16
013416 | Data Mask Register 10 G1MSKO XX16
013516 | Data Mask Register 11 G1MSK1 XX16
013616
013716
013816 XX16
013916 Receive CRC Code Register 1 G1RCRC XX16
013A16 0016
013B16 Transmit CRC Code Register 1 G1TCRC 0016
013Cz16 | SI/O Expansion Mode Register 1 G1EMR 0016
013D16 | SI/O Expansion Receive Control Register 1 GlERC 0016
013E16 | SI/O Special Communication Interrupt Detection Register 1 G1IRF 0016
013F16 | SI/O Expansion Transmit Control Register 1 GlETC 0000 OXXX2
014016
014116
014216
014316
014416
014516
014616
014716
014816
014916
014A16
014B16
014Cz1s
014D1s6

to
02AF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
02B116

02B216

02B316

02B416

02B516

02B616

02B716

02B816

02B916

02BA16

02BB16

02BC16

02BD16

02BE16

02BF16

02CO016 XX16
02C116 X0 Register YO Register XO0R,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
02CCu1s6 XX16
02CD16 X6 Register Y6 Register X6R,Y6R XX16
02CE16 XX16
02CF16 X7 Register Y7 Register X7R,Y7TR 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

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
02EO016 | X/Y Control Register XYC XXXX XX002
02E116

02E216

02E316

02E416 | UART1 Special Mode Register 4 U1SMR4 0016
02E516 | UART1 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 UIMR 0016
02E916 | UART1 Bit Rate Register U1BRG XX16
02EA16 XX16
02EB16 UART1 Transmit Buffer Register UlTB XX16
02EC16 | UART1 Transmit/Receive Control Register 0 u1co 0000 10002
02ED16 | UART1 Transmit/Receive Control Register 1 UlC1 0000 00102
02EE16 XX16
02EF16 UART1 Receive Buffer Register U1RB XX16
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 Bit Rate Register U4BRG XX16
02FA16 XX16
02EB16 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
02FE1s6 XX16
02EF16 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 Generation Frequency Set Counter ICTB2 XX16
030E16

030F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
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
031C16 | Timer B4 Mode Register TB4MR 00XX 00002
031D16 | Timer B5 Mode Register TB5MR 00XX 00002
031E16

031F16 | External Interrupt Request Source Select Register IFSR 0016
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 | UARTS3 Bit Rate Register U3BRG XX16
032A16 ) ) XX16
032B16 UART3 Transmit Buffer Register U3TB XX16
032C16 | UART3 Transmit/Receive Control Register 0 U3Co 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 Bit Rate Register U2BRG XX16
033A16 ) ) XX16
033B16 UART2 Transmit Buffer Register U2TB XX16
033C16 | UART2 Transmit/Receive Control Register 0 u2co 0000 10002
033D16 | UART2 Transmit/Receive Control Register 1 uU2C1 0000 00102
033E16 ) ) XX16
033F16 UART2 Receive Buffer Register U2RB XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/80 Group

4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
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 i ) XX16
034B16 Timer A2 Register TA2 XX16
034C16 | ) XX16
034D16 Timer A3 Register TA3 XX16
034E16 i ) XX16
034F16 Timer A4 Register TA4 XX16
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 0016
035716 | Timer A1 Mode Register TALIMR 0016
035816 | Timer A2 Mode Register TA2MR 0016
035916 | Timer A3 Mode Register TA3MR 0016
035A16 | Timer A4 Mode Register TAAMR 0016
035B16 | Timer BO Mode Register TBOMR 00XX 00002
035C16 | Timer B1 Mode Register TB1IMR 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 Bit Rate Register UOBRG XX16
036A16 ) ) XX16
036B16 UARTO Transmit Buffer Register uoTB XX16
036C16 | UARTO Transmit/Receive Control Register O uocCo 0000 10002
036D16 | UARTO Transmit/Receive Control Register 1 uoC1 0000 00102
036E16 ) ) XX16
036F16 UARTO Receive Buffer Register UORB XX16

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

NOTE:

1. The TCSPR register maintains values set before reset, even after software reset or watchdog timer reset has
been performed.
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M32C/80 Group 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
037016

037116

037216

037316

037416

037516

037616

037716

037816 | DMAO Request Source Select Register DMOSL 0X00 00002
037916 | DMA1 Request Source Select Register DM1SL 0X00 00002
037A16 | DMA2 Request Source Select Register DM2SL 0X00 00002
037B16 | DMA3 Request Source Select Register DM3SL 0X00 00002
037C1s6 XX16
037D16 CRC Data Register CRCD XX16
037E16 | CRC Input Register CRCIN XX16
037F16

038016 ) XXXX XXXX2
038116 A/DO Register 0 ADOO 0000 00002
038216 ) XX16
038316 A/DO Register 1 ADO1 XX16
038416 . XX16
038516 A/DO Register 2 ADO2 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 ADO06 XX16
038E16 XX16
038F16 A/DO Register 7 ADO7 XX16
039016

039116

039216

039316

039416 | A/DO Control Register 2 ADOCON2 XX0X X0002
039516 | A/DO Control Register 3 ADOCON3 XXXX X0002
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

039C16 | D/A Control Register DACON XXXX XX002
039D16

039E16

039F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
03A016
03Al16
03A216
03A316
03A416
03A516
03A616
03A716 | Function Select Register D1 PSD1 XO0XX XX002
03A816
03A916
03AA16
03AB16
03AC16
03AD16| Function Select Register C3 PSC3 XOXX XXXX2
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 PS2 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
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

03C916
03CA16| Port P10 Direction Register PD10 0016
03CB16
03CC1s6
03CD16
03CE16
03CF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
03DO016
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
03DC16
03DD16
03DE16
03DF16
03E016 | Port PO Register(l) PO XX16
03E116 | Port P1 Register() P1 XX16
03E216 | Port PO Direction Register(!) PDO 0016
03E316 | Port P1 Direction Register(!) PD1 0016
03E416 | Port P2 Register(l) P2 XX16
03E516 | Port P3 Register(l) P3 XX16
03E616 | Port P2 Direction Register(!) PD2 0016
03E716 | Port P3 Direction Register(!) PD3 0016
03E816 | Port P4 Register(l) P4 XX16
03E916 | Port P5 Register(l) 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 O 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.
NOTE:
1. Pins, functioning as bus control pins, cannot be selected as 1/O ports.
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5. Reset

Hardware reset 1, software reset, and watchdog timer reset are available to reset the microcomputer.

5.1 Hardware Reset 1

Pins, the CPU and SFRs are reset by setting the RESET pin. If the supply voltage meets the recommended
operating conditions, all pins are reset when a low-level ("L") signal is applied to the RESET pin (see Table
5.1). The oscillation circuit is also reset and the main clock starts oscillating. The CPU and SFR are reset
when the signal applied to the RESET pin changes "L" to high level ("H"). The microcomputer executes the
program in an address indicated by the reset vector. The internal RAM is not reset. When an "L" signal is
applied to the RESET pin while writing data to the internal RAM, the internal RAM is in an indeterminate
state.

Figure 5.1 shows an example of the reset circuit. Figure 5.2 shows a reset sequence. Table 5.1 lists pin
states while the RESET pin is held "L".

5.1.1 Reset on a Stable Supply Voltage

(1) Apply an "L" signal to the RESET pin
(2) Provide 20 or more clock cycle inputs into the XIN pin
(3) Apply an "H" signal to the RESET pin

5.1.2 Power-on Reset
(1) Apply an "L" signal to the RESET pin
(2) Raise the supply voltage to the recommended operating level
(3) Insert a(P-R)ms as wait time for the internal voltage to stabilize
(4) Provide 20 or more clock cycle inputs into the XIN pin
(5) Apply an "H" signal to the RESET pin

Recommended
operating voltage
Vccl
ov
RESET Vccl
W O s
RESET
Pl 0.2Vcc1

— or below 0.2Vcci or below

1 ov

—>! i4— td(P-R) + 20 or more clock cycle
' inputs provided into the XIN pin

NOTE:
1. If Vcci>Vceez, the Vecez voltage must be lower than that of Vcc1 when the power is
being turned on or off.

Figure 5.1 Reset Circuit
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5. Reset

vccet, veez

td(P-R) ms or more 20 or more cycles
is equired

i are required

RESET |

-

. —i

Microprocessor Mode
BYTE="H"

: 40 to 45 BCLK cycles

o

Uiy Uu UL

Content of reset vector

Address

X FFFFFC16 FFFFFD16 X FFFFFE16 X FFFFFF16 | X

\

A23

>\

RD

T ]

WR

Microprocessor Mode

BYTE="L"
Content of reset vector
Address X FFFFFC16 FFFFFE16 X X X X
o T n 7t n non
'WR
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=Vss CNVss=Vcc
BYTE=Vss | BYTE=Vcc
PO Input port (high-impedance) |Inputs data (high-impedance)
P1 Input port (high-impedance) |Inputs data (high-impedance) | Input port (high-impedance)
P2, P3, P4 |Input port (high-impedance) |Output addresses (indeterminate)
P50 Input port (high-impedance) |Outputs the WR signal ("H")®
P51 Input port (high-impedance) |Outputs the BHE signal (indeterminate)
P52 Input port (high-impedance) |Outputs the RD signal ("H")(®
P53 Input port (high-impedance) |Outputs the BCLK(?)
P54 Input port (high-impedance) |Outputs the HLDA signal (Output signal depends on an input
signal to the HOLD pin)(@
P55 Input port (high-impedance) |Inputs the HOLD signal (high-impedance)
P56 Input port (high-impedance) |Outputs an "H" signal®
P57 Input port (high-impedance) |Inputs the RDY signal (high-impedance)
P6 to P10 |Input port (high-impedance) |Input port (high-impedance)
NOTES:

1. The availability of pull-up resistors is indeterminate until internal supply voltage stabilizes.
2. Each port is in this state after power is on and internal supply voltage stabilizes, but in an indeterminate
state until internal supply voltage stabilizes.
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M32C/80 Group 5. Reset

5.2 Software Reset
Pins, the CPU and SFRs are reset when the PMO03 bit in the PMO register is set to "1" (microcomputer
reset). Then the microcomputer executes the program in an address determined by the reset vector.
Set the PMO3 bit to "1" while the main clock is selected as the CPU clock and the main clock oscillation is
stable.
In the software reset, the microcomputer does not reset a part of SFR. Refer to 4. Special Function
Registers (SFRs) for details. Processor mode remains unchanged since the PM01 and PMOO bits in the
PMO register are not reset.

5.3 Watchdog Timer Reset
Pins, the CPU and SFRs are reset when the CMO06 bit in the CMO register is set to "1" (reset) and the
watchdog timer underflows. Then the microcomputer executes the program in an address determined by
the reset vector.
In the watchdog timer reset, the microcomputer does not reset a part of the SFR. Refer to 4. Special
Function Registers (SFRs) for details. Processor mode remains unchanged since the PM01 and PMOO
bits in the PMO register are not reset.

5.4 Internal Space
Figure 5.3 shows CPU register states after reset. Refer to 4. Special Function Registers (SFRs) for SFR
states after reset.

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

General Registers High-speed Interrupt Registers
b15 ) bi5 b0
I:I Flag Register (FLG) b23 XXXX16 Flag Save Register (SVF)
b15 .- “““bB b7 bo! XXXXXX16 PC Save Register (SVP)
[x]o o o [x[x]x][ X[ o] o] o[ o] 0] 0]0]0] XXXXXX16 Vector Register (VCT)
[
IPL vrosszbc DMAC-associated Registers
bo_ b7 b0
0016 0016 1 Data Register (ROH/ROL) 0016 | DMA Mode Register (DMDO)
0016 0016 || Data Register (RTHIR1L) bis 0016 DMA Mode Register (OMD1)
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) b23 XXXX16 DMA Transfer Count Reload Register (DRC1)
00000016 | Static Base Register (SB) XXXXXX16 DMA Memory Address Register (DMAQ)
i 00000016 Frame Base Register (FB) XXXXXX16 DMA Memory Address Register (DMA1)
. XXXXXX16 DMA Memory Address Reload Register (DRAO)
00000016 User Stack Pointer (USP) X
. XXXXXX16 DMA Memory Address Reload Register (DRAL)
00000016 Interrupt Stack Pointer (ISP) DMA SFR Add R DSAQ
XXXXXX16 ress Register
00000016 Interrupt Table Register (INTB) 9 ( )
XXXXXX16 DMA SFR Address Register (DSA1)
Contents of addresses Program Counter (PC)
FFFFFE16 to FFFFFC16

Figure 5.3 CPU Register States after Reset
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M32C/80 Group 6. Processor Mode

6. Processor Mode

NOTE

The M32C/80 Group is ROMless device. Connect the CNVSs pin to Vcci.
Use the M32C/80 Group in microprocessor mode after reset.

6.1 Types of Processor Mode

Single-chip mode, memory expansion mode, or microprocessor mode can be selected as a processor
mode. Table 6.1 lists a feature of the processor mode.

Table 6.1 Processor Mode Feature

Processor Mode Accessable Space Pin Status as I/O Ports
Single-chip Mode SFRs, Internal RAM ;‘Ao”r ?ri]réspaeif;%gfgl tfﬁrlllc(aopnc;rts or to I/0 pins
Memory Expansion Mode | SFRs, Internal RAM, External Space® Some pins assigned to bus control pins®
Microprocessor Mode SFRs, Internal RAM, External Space® Some pins assigned to bus control pins®
NOTE:

1. Refer to 7. Bus for details.
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M32C/80 Group 6. Processor Mode

6.2 Setting of Processor Mode
The CNVss pin state and the PM0O1 and PMOO bit settings in the PMO register determine which processor
mode is selected. Table 6.2 lists processor mode after hardware reset. Table 6.3 lists processor mode
selected by PM01 and PMOO bit settings.

Table 6.2 Processor Mode after Hardware Reset

Input Level into the CNVss pin Processor Mode
veelD Microprocessor Mode
NOTE:

1. Multiplex bus cannot be assigned to all CS areas.

Table 6.3 Processor Mode Selected by the PM0O1 and PMOQO bit Settings

PMO01 and PMOO Bits Processor Mode
002 Single-chip Mode
012 Memory Expansion Mode
102 Do not set to this value
112 Microprocessor Mode

If the PMO1 and PMOO bits are rewritten, the PM01 and PMOO bits select a mode regardless of CNVSS pin
level.

Do not change the PMO1 and PMOO bits to "012" (memory expansion mode) or "112" (microprocessor
mode) when the PM07 to PMO02 bits in the PMO register are being rewritten.

Figures 6.1 and 6.2 show the PMO register and PM1 register. Figure 6.3 shows a memory map in each
processor mode.
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M32C/80 Group 6. Processor Mode

Processor Mode Register 0

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

| | 0 | | | | | | | PMO 000416 0000 00112
A T A O L , . W
i1 i v+ v 1t | symbol Bit Name Function
A b1 b0
Do oo k| PMOO 0 0: Single-chip mode RW
oo Processor Mode Bit 3 | 0 1: Memory expansion mode(®
BMOL 1 0: Do not set to this value W
1 1: Microprocessor mode(®
A T R PMO2 |RMW Mode Select Bit | 0: RD/BHE/WR RW
H - 1: RD/WRH/WRL
) The microcomputer is reset when
O ARERRREEE, PMO3 | Software Reset Bit this bit is setto "1". When read, its | RW
F- - content is "0".
H E H E b5 b4
R R ARLEERLLLE PMO04 ) 0 0: Multiplexed bus is not used RW
P Multlplex.e‘(‘j Bus Space | 1: Access the CS2 area using the bus
P Select Bit) 1 0: Access the CS1 area using the bus
e PMO5 1 1: Access all CS areas using the bus® | RW
L VRS —— | Reserved Bit Set to "0" RW
(b6)
: 0: BCLK is output(”
e e —m———————- BCLK Output 1: BCLK is not output

PMO7 | bisable Bit® The CMOL and CMOO bits inthe | 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 enabled).

2. The PM01 and PMOO bits maintain values set before reset, even after software reset or watchdog
timer reset has performed.

3. Do not change the PM01 and PMOO bits to "012" and "112" when the PM07 to PMO02 bits are being
rewritten. Set PMO7 to PMO02 bits, then the PM01 and PMOO bits.

4. The PM04 and PMO5 bits are available in memory expansion mode or microprocessor mode.

* Set the PM05 and PMO04 bits to "002" in mode O.
* Do not set the PM05 and PMO04 bits to "012" in mode 2.

5. The PMO05 and PMO04 bits cannot be set to "112" in microprocessor mode since the microcomputer
starts up with separate bus after reset.

When the PM05 and 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 the CS0 to CS2 in mode 1, CS0 and CS1 in mode 2 and
CS0 to CS3 in mode 3.

6. 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 and CMOO bits in the CMO register to "002" (/O port P53). P53 outputs "L".

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

Figure 6.1 PMO Register
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6. Processor Mode

Processor Mode Register 1)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| 0 | 0 | | | | | | | PM1 000516 0016
- - R Bit . .
P21 4 b 4 1 1| Symbol Bit Name Function RW
SR o
- - 0 0: Mode 0 (A20 to A23 for P44 to P47)
Porop b or 1o ' PMIO 0 1: Mode 1 (A20 for P4a, RwW
External Memory Space CS2 o CSO for P4s to P47)
Mode Bit 4 1 0: Mode 2 (A20, A21 for P44, P4s,
Voo CS1, CSO for P4s, P47)
I PM11 11: Mode 3 RW
A (CS3 to CSO for P44 to P47)
Internal Memory 0: No wait state
PM12 | Wait Bit 1: Wait state RW
. 0: 1 wait state
PM13 | SFR Area Wait Bit 1: 2 Wait states RW
SR -~
S ALGLEETLEEEE PM14 00: No ALE RW
I ALE Pin Select Bit 4 | 0 1: P53/BCLK®)
Do 1 0: P56
A PM15 1 1: P54/HLDA RW
R Reserved Bit Set to "0" RW
(b7-b6)
NOTES:
1. Rewrite the PM1 register after the PRCL1 bit in the PRCR register is set to "1" (write enabled).
2. The PM15 and PM14 bit setting, PM11 and PM10 bit setting are enabled in memory expansion mode
or microprocessor mode.
3. Set the CMO01 and CMO0O bits in the CMO register to "002" (I/O port P53) when the PM15 and PM14
bits are set to "012" (P53/BCLK selected).

Figure 6.2 PM1 Register
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Figure 6.3 Memory Map in Each Processor Mode
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M32C/80 Group 7. Bus

/. Bus

In memory expansion mode or microprocessor mode, some pins function as bus control pins to control the
address bus and data bus. Ao to A22, A23, Do to D15, CSO0 to CS3, WRL/WR, WRH/BHE, RD, BCLK/ALE,
HLDAJ/ALE, HOLD, ALE, RDY are used as bus control pins.

7.1 Bus Settings
The BYTE pin, the DS register, the PM05 and PM04 bits in the PMO register, and the PM11 and PM10 bits
in the PM1 register determine bus settings.
Table 7.1 lists how to change bus settings. Figure 7.1 shows the DS register.

Table 7.1 Bus Settings
Bus Setting
Selecting External Address Bus Width
Setting Bus Width after Reset
Selecting Between Separate Bus or Multiplexed Bus
Number of Chip-select

Changed By

DS register

BYTE pin (external space 3 only)
PMO05 and PMO04 bits in PMO register
PM11 and PM10 bits in PM1 register

External Data Bus Width Control Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
zg zg zg zg DS 000B16 XXXX 10002 (BYTE pin = "L")
XXXX 00002 (BYTE pin = "H")
Bit Bi i RW
Symbol it Name Function
External Space 0 Data | 0: 8 bits wide
DSO | 5us width Select Bit | 1: 16 bits wide R
External Space 1 Data | 0: 8 bits wide
""" DS1 | Bus width Select Bit | 1: 16 bits wide R
External Space 2 Data | 0: 8 bits wide
""""" DS2 | Bus width Select Bit | 1: 16 bits wide R
DS3 External Space 3 Data | 0: 8 bits wide 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.
Figure 7.1 DS Register
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M32C/80 Group 7. Bus

7.1.1 Selecting External Address Bus
The number of externally-output address buses, the number of chip-select signals and chip-select-as-
signed address space (CS area) vary depending on each external space mode. The PM11 and PM10
bits in the PM1 register determine the external space mode.

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 a low-level ("L") signal is applied to the BYTE
pin and 8 bits wide when a high-level ("H") signal is applied. Keep the BYTE pin input level while the
microcomputer is operating. Internal bus is always 16 bits wide.

7.1.3 Selecting Separate/Multiplexed Bus

The PMO05 and PMO04 bits in the PMO register determine either 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 separatelly. The DS register selects 8-bit or 16-bit data bus as the external data bus per exter-
nal 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, 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. Port P1 is indeterminate when the microcomputer accesses a
space where the DSi bit is set to "0".

The EWCRI register (i=0 to 3) determines the number of software wait states inserted, when the
microcomputer accesses space using the separate bus.

7.1.3.2 Multiplexed Bus

The multiplexed bus is a bus format which allow the microcomputer to input and output data and
address 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. The DSi bit
controls the data bus width. The EWCRI register (i=0 to 3) controls the number of software wait states
inserted, when the microcomputer accesses a space using the multiplexed bus. Refer to 7.2.4 Bus
Timing for details.

The multiplexed bus can be assigned to access the CS1 area, CS2 area or all CS areas. However,
because the microcomputer starts operation using the separate bus after reset, 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), 16 low-order bits, from Ao to
A15, of an address are output. See Table 7.2 for detalils.
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Table 7.2 Processor Mode and Port Function

Pr r Single- . . .
&c;;:o Chip %\J/Iode Memory Expansion Mode/ Microprocessor Mode Memory Expansion Mode
"012", "102" "002" "112"(1)
PMOS to Access CS1 or CS2 usi
PMO4 Bits in ccess CS1 or using o . o '
PMO Register the Multiplexed Bus Access all CS Areas using Access all CS Areas using
g 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 /O port I/O port
Data bus Data bus
Ploto P17 1/0 port 1/0 port Da 1o D1 1/0 port D 1 D15 1/0 port 1/0 port
Address bus Address bus Address bus Address bus
P20 to P27 1/0 port Data bus(®) Data bus(®) AdgreissAbus Adg(r)e;it?)us Data bus Data bus
Ao/Doto A7/D7 | Ao/Do to A7/D7 0to A7 Ao/Doto A7/D7 | Ao/Do to A7/D7
Address bus/ Address bus/
P30 to P37 10 port A(jpijresibus Data bus(@ Adp(\ﬂeszbus Ac’jAdrestus A(i(‘:ireszbus Data bus
810 A15 As/Ds to A15/D15 810 ALS 810 A5 810 AL5 As/Ds to A15/D15
Address bus Address bus Address bus Address bus
P4oto P43 I/O port A16 to A19 A16to A19 A16to A19 A16to A19 I/ port I/O port
CS (Chip-select signal) or Address bus (A20 to A22)
Paato Pde /O 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 VO port (Refer to 7.2 Bus Control for details)®)
P54 /O port HDLA @ HDLA ® HDLA ® HDLA ®) HDLA ® HDLA ®
P55 1/O port HOLD HOLD HOLD HOLD HOLD HOLD
P56 1/0 port ALE () ALE ©) ALE () ALE () ALE ®) ALE ®
P57 /0 port RDY RDY RDY RDY RDY RDY
NOTES:

1. The PMO05 and 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 PM05 and PMO04 bits are set to "112" in memory expansion mode, the microcomputer accesses 64-Kbyte
memory space per chip-select using the address bus .

2. These ports become address buses when accessing space using the separate bus.

3. The PM15 and PM14 bits in the PM1 register determines which pin outputs the ALE signal. The PM02 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 cannot be used as an 1/O port.

4. The PM11 and 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

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

Data bus is a signal for data input and output. The DS register selects an 8-bit data bus from Do to D7 or
a 16-bit data bus from Do to D15 for each external space. When applying a high-level ("H") signal to the
BYTE pin, the data bus accessing the external memory space 3 becomes an 8-bit data bus after reset.
When applying a low-level ("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.

7.2.2 Chip-Select Signal

Chip-select signal shares pins with A20 to A22 and A23. The PM11 and 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, no chip-select signal, aside from A23 which can perform as a chip-select signal,
is output after reset.

The chip-select signal becomes "L" while the microcomputer is accessing the external CSi area (i=0 to 3).
It becomes "H" while the microcomputer is accessing other external 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 !
! B B
Data Bus
Address Bus IAddressX
Chip-Select Signal |
CSk 5
Chip-Select Signal :
CSp i I

i=0to3 k=0to3

j=0to 3, excluding i p= 0 to 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

XAddressX

Address Bus

Chip-Select Signal
CSk

i=0to 3 k=0to3

(See Figure 6.3 for i and k)

NOTE:

Example 2:

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

A Access
ccess SFRs,
External
s Internal
Pace  RAM Area,
- —|

Data Bus

Address Bus A Address:
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
, Space \

No Access

Data Bus

(o)

Add re$s

Address Bus

Chip-Select Signal
Csk '

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 added 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 using a 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
DSO0 bits in the DS register are set to "0" (8-bit data bus), set the PM02 bit to "0" (RD/WR/BHE). When
any of the DS3 to DSO bits are set to "1" (16-bit data bus) to access an 8-bit space, the combination of
"RD, WR and BHE" is automatically selected regardless of the PMO02 bit setting. Tables 7.3 and 7.4 list
each signal operation.
The RD, WR and BHE signals are combined for the read or write signal after reset.
When changing the combination of "RD, WRL and WRH", set the PMO2 bit first to write data to an external
memory.

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

NOTE:

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

Table 7.4 RD, WR and BHE Signals

Data Bus RD WR BHE A0 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 memory is basically one BCLK cycle. When the PM12 bit in the PM1 register is

set to "1" (wait state), the bus cycles are two BCLK cycles.

Bus cycles for SFRs 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.

Basic bus cycle for an external space is 2g (1g+19) to read and to write. Bus cycle is selected by the
EWCRI register (i=0 to 3) from 12 types of separate bus settings and 7 types of multiplexed bus settings.

If the EWCRI04 to EWCRIOQO bits are set to "000112" (1g+3@), bus cycles are four BCLK cycles.

Figure 7.3 shows the EWCRI register. Figures 7.4 to 7.8 show bus timing in an external space.

External Space Wait Control Register i (=0 to 3)®)

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

|><] I><| | | | | | EWCRO to EWCR3 004816, 004916, 004A16, 004B1s  X0X0 00112
A S O N , . oW
P 1 0+ 4 i | Symbol Bit Name Function
b4ab3b2b1b0 (1) (2
P10 11t -]|EWCRI00 00001:10+1¢ RW
Poon 00010:1¢9+2¢
R 00011:1p+3¢
T I R Y i 00100 1p+4¢ w
T N EWCRI01 00101:1¢p+50
Ponon 00110:19+60¢
- . . 01010:29+2¢
S A EWCRIi02| Bus Cycle Select Bit 01011:20+3¢ RW
A 01100:2¢+4¢
) 01101:2¢+5¢
e EWCRI03 1001 1:3¢+30¢ RW
oo 10100:3¢0+4¢
FE 10101:3¢p+5¢
R RRELELE EWCRi04 10110:3¢p+6¢ RW
- Do not set values other than the above
___________________ | Nothing is assigned. B
(b5) | When read, its content is indeterminate.
0: Adds no recovery cycle when
R EWCRI06 Recovery Cycle Addition| accessing external space i RW
: Select Bit 1: Adds a recovery cycle when
accessing external space i
, __________________________ | Nothing is assigned. B

(b7) When read, its content is indeterminate.

NOTES:

2. The number of bus cycles from "when RD or WR signal becomes "L" to "when it becomes "H".

1. The number of bus cycles from "when bus access begins" to "when RD or WR signal becomes "L".

Figure 7.3 EWCRO to EWCR3 Registers
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Table 7.5 Software Wait State and Bus Cycle

PM1 Register EWC.:B(') Reglster
External Bus (i=0 to 3)
Space Status Bus Cycles
. . EWCRIi04 to
PM13 Bit PM12 Bit EWCRIOO Bits
0 2 BCLK cycles
SFRs
1 3 BCLK cycles
0 1 BCLK cycles
Internal RAM --- --- --
1 2 BCLK cycles
000012 2 BCLK cycles
000102 3 BCLK cycles
000112 4 BCLK cycles
001002 5 BCLK cycles
001012 6 BCLK cycles
001102 7 BCLK cycles
Separate Bus - -
010102 4 BCLK cycles
010112 5 BCLK cycles
011002 6 BCLK cycles
External 100112 6 BCLK cycles
Memory
101002 7 BCLK cycles
101102 9 BCLK cycles
010102 4 BCLK cycles
010112 5 BCLK cycles
011012 7 BCLK cycles
Multiplexed Bus 100112 6 BCLK cycles
101002 7 BCLK cycles
101012 8 BCLK cycles
101102 9 BCLK cycles
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* Bus Cycle 19+ 1¢

1 bus cycle = 2¢
+—>

BCLK

Csiw

Data (Read)
RD

Data (Write)

WR, WRL, WRH

« Bus Cycle 19+ 3¢

-

Address X—
C

L

L

1 bus cycle = 4@

Address

cse T

Data (Read)

RD

Data (Write)

oL _xrl_l_l_l_l_l_l_r
1
C
X

WR, WRL, WRH

* Bus Cycle 19+ 5¢

1 bus cycle = 6¢p

BCLK

v

Address X

csiv _-l

Data (Read)

RD

Data (Write)

1]

WR, WRL, WRH

i=0to 3
NOTE:

1. When the microcomputer continuously accesses the same CS area, the CSi pin outputs an "L" signal continuously.

* Bus Cycle 19+ 2¢

Address

1 bus cycle = 3¢

csi® _|

Data (Read)
RD
Data (Write)

WR, WRL, WRH

* Bus Cycle 10+ 4¢

C

1]

1 bus cycle = 5

Address

SR

Data (Read)

RD

Data (Write)

1 ]

WR, WRL, WRH

* Bus Cycle 19+ 6@

X
1
X
X
| [

1 bus cycle = 7¢Q

v

BCLK

Address

s

Data (Read)

RD

Data (Write)

=1 ]

WR, WRL, WRH

Figure 7.4 Bus Cycle with Separate Bus (1)
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* Bus Cycle 29+ 2¢

————»
BCLK r BCLK
Address x — Address
csi® T cso —

Data (Read)

1 bus cycle = 4@

* Bus Cycle 29+ 3¢

Data (Read)

1 bus cycle = 5¢

RD RD
Data (Write) X Data (Write)
WR, WRL, WRH T

\_' |>ﬁ é v
1

* Bus Cycle 29+ 4¢
1 bus cycle = 6@

X
1
C
X
| B

Address

oS

Data (Read)

RD

Data (Write)

WR, WRL, WRH

i=0to 3
NOTE: _ J—
1. When the microcomputer continuously accesses the same CS area, the CSi pin outputs an "L" signal continuously.

Figure 7.5 Bus Cycle with Separate Bus (2)

Rev. 1.00 Nov. 01,2005 Page 48 of 330 RENESAS

REJ09B0271-0100



M32C/80 Group

7. Bus

* Bus Cycle 3¢+ 3¢
B 1 bus cycle = 6 R

e T LT LT LT LT
X
1
.
X

Address

csi® -

Data (Read)

RD

Data (Write)

WR, WRL, WRH

* Bus Cycle 3¢+ 409
P 1 bus cycle = 7Q

v T LT LTI LT LT L
X
1
.
X

»
>

Address

eS0T

Data (Read)

RD

Data (Write)

WR, WRL, WRH

« Bus Cycle 3¢+ 6@ b o= 00
us cycle =

X
1
&
X

Address
csiw T

Data (Read)

RD

Data (Write)

WR, WRL, WRH

i=0to 3
NOTE: s o
1. When the microcomputer continuously accesses the same CS area, the CSi pin
outputs an "L" signal continuously.

Figure 7.6 Bus Cycle with Separate Bus (3)
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* Bus Cycle 29+ 2¢

BCLK

cs o

B

L L L

1 bus cycle = 4@

Data (Read)

R

— |

1 bus cycle = 5@

Bw<%ﬁLeruerﬂ—

* Bus Cycle 29+ 3¢

RD

Data (Write)

WR (WRD)

ALE

* Bus Cycle 2@+ 5¢

Data (Read) X LA --- @X
RD
Data (Wiite) X LA WD
WR (WRL)
ALE

1 bus cycle = 7¢

<
<

BCLK

CcSi®

S L

I:V
— |

Data (Read)

RD

&
<

Data (Write)

WR (WRD)

ALE

LA : Latch Address

i=0to 3
NOTE:

RD : ReadData

WD : Write Data

1. When the microcomputer continuously accesses the same CS area, the CSi pin outputs an "L" signal continuously.

Figure 7.7 Bus Cycle with Multiplexed Bus (1)
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* Bus Cycle 3¢+ 3¢ 1 bus cycle = 60

<
<

s [ LT LT LTI LI
o ] T
Data (Read) X LA b @X
Data (Write) x LA WD
WR (WRL)

* Bus Cycle 3¢+ 4¢ 1 bus cycle = 7

JEpEpEREEE

<
<

BCLK

CcSi®

— |

x_ll:l
_I
[

Data (Read)

RD

Data (Write) x LA WD

WR (WRL)

ALE

* Bus Cycle 3¢+ 5¢ 1 bus cycle = 8¢

WKJ?_TMTMWMWM_MWJW
Data (Read) X LA @X

RD

[ .
— |

Data (Write) x LA WD

WR (WRL)

ALE

« Bus Cycle 3¢+ 6¢ 1 bus cycle = 90

<
<

cso _—l

e [L LT L L)L

— |

Data (Read) X LA @X

RD
Data (Write) x LA WD
WR (WRL)
ALE
LA : Latch Address RD : Read Data WD : Write Data
i=0to 3

NOTE:
1. When the microcomputer continuously accesses the same CS area,
the CSi pin outputs an "L" signal continuously.

Figure 7.8 Bus Cycle with Multiplexed Bus (2)
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7.2.4.1 Bus Cycle with Recovery Cycle Added
The EWCRIO06 bit in the EWCRI register (i=0 to 3) determines whether the recovery cycle is added or not.
In the recovery cycle, addresses and wrie data outputs are provided continuously (using the separate bus
only). Devices, which take longer address hold time and data hold time to write data, are connectable.

» Recovery Cycle with Separate Bus (For 1@+ 2¢)

e JLTLI LT LI

Recovery Cycle

Address X A <--- Hold an Address
&0 ] r
Data (Read) XREX
RD

Data (Write)

WD <--- Hold Data

WR, WRL, WRH

» Recovery Cycle with Multiplexed Bus (For 2+ 3¢)

BCLK _m

cso _-l

rmummm;

Data (Read) X

>
Py

RD

Data (Write) X

WR (WRL)

ALE

A :Address LA :Latch Address RD:ReadData WD : Write Data

i=0to 3
NOTE:

1. When the microcomputer continuously accesses the same CS area,

Recovery Cycle

A WD <--- Hold Data

the CSi pin outputs an "L" signal continuously.

Figure 7.9

Recovery Cycle
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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 and PM14 bits in the PM1 register determine the output pin for the ALE signal.
The ALE signal is output to internal space and external space.

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

ae [ aE | |

Do/Ao to D7/A7 >< Address >< Data® >< Do/A0 to D15/A15 >< Address >< Data® ><
A8 10 A15 >< Address ><
A16 to Al9 >< Address® >< A16 to A19 X Address®
A20/CS3 — A20/CS3 =c
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 states when read.
2. When the multiplexed bus is selected for all CS areas, the address bus becomes an 1/O port.

Figure 7.10 ALE Signal and Address/Data Bus

7.2.6 RDY Signal
The RDY signal facilitates access to external devices requiring longer access time. When a low-level ("L")
signal is applied to the RDY pin on the falling edge of the last BCLK of the bus cycle, wait states are
inserted into the bus cycle. When a high-level ("H") signal is applied to the RDY pin on the falling edge of
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
7.11 shows an example of the RD signal that is extended by the RDY signal.

Table 7.6 Microcomputer States in Wait State®

ltem State

Oscillation On

@ Signal, WR Signal, Address Bus, Data Bus, | Maintains the same state as when RDY
CS, ALE Signal, HLDA, Programmable 1/O Ports | signal was received

Internal Peripheral Circuits On

NOTE:
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

N
CSi( )
(i=0to 3)

RO )\

RDY

’7

>/ tsu(RDY - BCLK)

*

Timing to receive RDY

<

(2) Multiplexed Bus with 2 Wait States

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

BCLK

RD

@(1)
(i=0 to 3)

RDY

tsu(RDY - BCLK)

. . —_— Timing to receive RDY
- : Wait states inserted by RDY

“EEZ - 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)

NOTE: _
1. The chip-select signal (CSi) may be output longer depending on CPU state such as the instruction
queue buffer.

Figure 7.11 RD Signal Output Extended by RDY Signal
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7.2.7 HOLD Signal
The HOLD signal transfers bus privileges from the CPU to external circuits. When a low-level ("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 priority order: HOLD, DMAC, CPU.

HOLD > DMAC > CPU

Figure 7.12 Bus Priority Order

Table 7.7 Microcomputer Status in Hold State

Item Status

Oscillation On

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

CS, BHE

Programmable 1/O Ports Maintains the same state as when HOLD signal was received
HLDA Outputs "L"

Internal Peripheral Circuits On (excluding the watchdog timer)

ALE Signal Outputs "L"

7.2.8 External Bus Status when Accessing Internal Space
Table 7.8 shows external bus states when an internal space is accessed.

Table 7.8 External Bus States when Accessing Internal Space

Item State when Accessing SFRs, Internal ROM, and Internal RAM
Address Bus Holds address of external space last accessed
Data When Reading | High-impedance
Bus When Writing | High-impedance
RD, WR, WRL, WRH Outputs "H"
BHE Holds state of external space last accessed
CS Outputs "H"
ALE Outputs ALE

7.2.9 BCLK Output
The CPU clock operates the CPU. P53 outputs the CPU clock signal as BCLK when the PMO7 bit in the
PMO register is set to "0" (BCLK) and the CM01 and CMOO bits in the CMO register are set to "002" (1/O
port P53).
No BCLK is output in single-chip mode. Refer to 8. Clock Generation Circuit for details.
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8. Clock Generation Circuit

8.1 Types of the Clock Generation Circuit
Four circuits are included 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

Item

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

Approx. 1 MHz

Up to 32 MHz
(See Table 8.3)

Connectable
Osillator or
Additional Circuit

Ceramic resonator
Crystal oscillator

Crystal oscillator

Pins for Oscillator

clock can be applied.

clock can be applied.

stops oscillating, the
on-chip oscillator
starts oscillating auto-
matically and
becomes clock source
for the CPU and
peripheral function.

or for Additional XIN, XouT XCIN, XcouT
Circuit

Oscillation Stop /| 5 sjjaple Available Available Available
Restart Function

Oscillator State I

after Reset Oscillating Stopped Stopped Stopped
Other Externally generated Externally generated When the main clock | ---
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Figure 8.1 Clock Generation Circuit
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M32C/80 Group 8. Clock Generation Circuit

System Clock Control Register 01

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

| | | | | | | | | CMO 000616 0000 10002
Bit Bit Name Function RW
P v o+t v 1 1| Symbol
A A b1 bo
bbb b1 4 CMoo . 0 0: I/O port P53 RW
[ Clock Output Function 01:0 f
Pl lect Bit® L: Outputs fc
A Selec 1.0: Outputs fs W
A cMo1 1 1: Outputs f32
) . 0: Peripheral clock does not stop in
[ CMO2 In Wait Mode, Peripheral wait mode RW
Function Clock Stop Bit®)| 1. peripheral clock stops in wait
P mode®
S N Cmog | XonXcourDrive | 0: Low RW
oo Capacity Select Bit*? | 1: High
0: I/O port function
- i i RW
o CM04 | Port Xc Switch Bit 1: XcIN-XcouT oscillation function®)
Main Clock (XiN-XouT) | 0: Main clock oscillates
. CMO5 Stop Bit(® 9) 1: Main clock stops(® RW
] CMO6 Watchdog Timer _ 0: Watch(;iog timer interrupt RW
: Function Select Bit 1: Reset("
L e eeeeemeee——————- CPU Clock Select 0: C_chk selected by the CM2.1 bit RW

CMO07 Bit 0@. 9. 10) 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 enabled).

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

3. fc32 does not stop running. When the CMO2 bit is set to "1", the PLL clock cannot be used in wait
mode.

4. When setting the CMO04 bit is set to "1", set the PD8_7 and PD8_6 bits in the PD8 register to "002"
(port P87 and P8s in input mode) and the PU25 bit in the PUR2 register to "0" (no pull-up).

5. When entering low-power consumption mode or on-chip oscillator low-power consumption mode, the
CMO05 bit stops running the main clock. The CMO05 bit cannot detect whether the main clock stops or
not. To stop running 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 CMO5 bit is set to "1", the clock applied to 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 CMO05 bit is set to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). In on-chip oscillation mode, the MCD4 to MCDO bits are not set to "010002" even
if the CMO5 bit terminates XIN-XOUT.

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

8. After the CMO04 bit is set to "1" with a stable sub clock oscillation, set the CM07 bit to "1" from "0".
After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CMO7 bit to "0" from "1".

Do not set the CM07 bit and CM04 or CMO05 bit simultaneously.

9. When the PM21 bit in the PM2 register is set to "1" (clock change disabled), the CM02, CM05 and
CMO7 bits do not change even when written.

10. After the CMO7 bit is set to "0", set the PM21 bit to "1".
11. When stop mode is entered, the CM03 bit is set to "1".

Figure 8.2

CMO Register
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M32C/80 Group 8. Clock Generation Circuit

System Clock Control Register 1(1

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

| | 0 | 1 | 0 | 0 | 0 | 0 | | CMm1 000716 0010 00002
S A Bit Name Function RW
All Clock Stop Control | 0: Clock oscillates
CMI0 1 gjt2.5) 1: All clocks stop (stop mode)®) RW
L SCLT EEEEE Reserved Bit Set to "0" RW
P (b4 - b1)
LR —— | Reserved Bit Set to "1"
ol (b5) RW
R TIT —— |Reserved Bit Setto "0" RW
: (b6)
CPU Clock Select 0: Main clock

CMI7 1 it 1645) 1: PLL clock RW

NOTES:

1. Rewrite the CM1 register after the PRCO bit in the PRCR register is set to "1" (write enabled).

2. When the CM10 bit is set to "1", the clock applied to XouTt becomes "H" and the built-in feedback
resistor is disabled. Xin, XcIN and XcourT are placed in high-impedance states.

3. When the CM10 bit is set to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(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. The CM17 bit setting is enabled only when the CM21 bit in the CM2 register is set to "0". Use the
procedure shown in Figure 8.12 to set the CM17 bit to "1".

5. If the PM21 bit in the PM2 register is set to "1" (clock change disabled), the CM10 and CM17 bits do
not change when written.

If the PM22 bit in the PM2 register is set to "1" (on-chip oscillator clock as watchdog timer count
source), the CM10 bit setting does not change when written.

Figure 8.3 CM1 Register
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M32C/80 Group 8. Clock Generation Circuit

Main Clock Division Register(!)

0 0 0 1 1: Divide-by-3 mode
Main Clock Division 8 8 10 8 D!v!ge-gy-g moge
R R, MCD2 Select Bit® 11 .DI\.II‘e- y-6 mode RW
010 0 0: Divide-by-8 mode
0 1 0 1 O: Divide-by-10 mode

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
>< >< ><| | | | | | MCD 000C16 XXX0 10002
Syﬁitbm Bit Name Function RW
Pl b4b3 b2 b1 60
i1 1 "t MCDo 1 0 0 1 0: Divide-by-1(no division) | RW
- mode
e MCD1 0 0 0 1 O: Divide-by-2 mode RW

oo MCD3 01 1 0 0: Divide-by-12 mode RW
H 01 1 1 O: Divide-by-14 mode
: L] MCDA4 0 0 0 0 O: Divide-by-16 mode RW
H (Note 3)
""" R ERRERFRRRRRE Reserved Bit When read., . ) RO
(b7 - b5) its content is indeterminate

NOTES:
1. Rewrite the MCD register after the PRCO bit in the PRCR register is set to "1" (write enabled).
2. When the microcomputer enters stop mode or low-power consumption mode, the MCD4 to MCDO bits
are set to "010002".
The MCD4 to MCDO bits are not set to "010002" even if the CMO05 bit in the CMO register is set to "1"
(XIN-XouT stopped) in on-chip oscillator mode.
3. Bit combinations cannot be set not listed above.

Figure 8.4 MCD Register
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Oscillation Stop Detection Register®

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

| 0 |O | 0 | 0 | | | | | CM2 000D16 0016
Bit Bit Name Function RW
HE v+ 1 | Symbol
CM20 Oscillation Stop Detection | O: Disables oscillation stop detect function RW
Enable Bit(® 1: Enables oscillation stop detect function
R cM21 CPU Clock 0: Clock selected by the CM17 bit RW
Select Bit 23 4 1: On-chip oscillator clock
Oscillation Stop Detection | 0: Main clock does not stop
cM22 Flag®) 1: Detects a main clock stop RW
A 5 - i - Main clock oscillat
R [ cMm23 | Main Clock Monitor 0: Main clock oscillates .
A Flag® 1: Main clock stops
S SO S — : o R

(b7 - ba) Reserved Bit Setto "0

NOTES:

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

2. If the PM21 bit in the PM2 register is set to "1" (clock change disabled), the CM20 bit setting does not
change when written.

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

4. When the CM20 bit is set to "1" and the CM22 bit is set to "1", do not set the CM21 bit to "0".

5. 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 stops, the CM22 bit cannot be set to "1"
until the next main clock stop is detected.

6. Determine the main clock state by reading the CM23 bit several times after the oscillation stop
detection interrupt is generated.

Figure 8.5 CM2 Register
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Count Source Prescaler Register

Flag When read, its content is "0".

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset(®
5 5 5 TCSPR 035F16 0XXX 00002
Bit Bit Name Function RW
Ve Symbol
A RW
O CNT1 If setting value is n, f2n is the RW
Division Rate main clock, on-chip oscillator clock
Select Bit) or PLL clock divided by 2n.
b CNT2 When n is set to "0", no division is RW
selected.
P e CNT3 RW
S & 4 Bit When read, .
' (b6 - b4) eserved bi its content is indeterminate
T ion Enable Bi 0: Divider stops
"""""""""""""" (O Operation Enable Bit 1: Divider starts RW
NOTES:
1. Rewrite the CNT3 to CNTO bits after the CST bit is set to "0".
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
L_MM CPSRF 034116 OXXX XXXX2
Bit Bit Name Function RW
Py oyt 1 1 1 1| Symbol
Nothing is assigned. When write, set to "0". .
(b6 - b0) | When read, its content is indeterminate.
Clock Prescaler Reset | WWhen the CPSR bit is set to "1, fc
LR RTTEEEP P EEP PP REETE CPSR divided by 32 is reset. RW

Figure 8.6 TCSPR and CPSRF Registers
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bl b0

PLL Control Register 0 2. 5)

b7 b6 b5 b4 b3 b2

I A After R
| | 1 |O | 1 |><| | | | Symbo ddress fter Reset
T B 8 U N - PLCO 002616 0001 X0102
: Bit Bit Name Function RW
+ | Symbol
L.] PLCOO RW
b2 b1 b0
P ble C 0 1 1: Multiply-by-6
...... pLCOL | LrOdrammable Counter | 3 ¢ o: multply-by-8 RW
Select Bit Do not set to values other than the
above
--------- PLC02 RW
------------- —— |Reserved Bit When read‘, ) ) RO
(b3) its content is indeterminate
----------------- T04) Reserved Bit Setto "1" RW
------------------- —— | Reserved Bit Set to "0" RW
(b5)
------------------------ —— | Reserved Bit Setto "1" RW
(b6)
0: PLL is Off
___________________________ ; it(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 enabled).
2. If the PM21 bit in the PM2 register is set to "1" (clock change disabled), the PLCO register setting does

not change when written.

3. Set the PLCO02 to PLCOO bits when the PLCO7 bit is set to "0". Once these bits are set, they cannot be

changed.

4. Set the CM17 bit in the CM1 register to "0" (main clock as CPU clock source) and the PLCO7 bit to "0"

before entering wait or stop mode.
5. Set the PLCO and PLCL1 registers simultaneously in 16-bit units.

PLL Control Register 1(:2.3.4)

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

| 0 | 0 | 0 I><] 0 | | 1 | 0 | PLC1 002716 000X 00002
Syﬁitbol Bit Name Function RW
R Reserved Bit Set to "0" RW
A (b0)
[ A A —— | Reserved Bit Setto "1" RW
- (b1)
I N PLC12 PLIT Clogk Division 0: D!v!de-by-2 RW
HE - Switch Bit 1: Divide-by-3
R —— | Reserved Bit Set to "0" RW
H HE (b3)
. When read, RO
O (b4) Reserved Bit its content is indeterminate
B R RRRCRELLLEEELELEED ——— | Reserved Bit Set to "0" RW

(b7 - b5)

NOTES:
1. Rewrite the PLC1 register after the PRCO bit in the PRCR register is set to "1" (write enabled).
2. If the PM21 bit in the PM2 register is set to "1" (clock change disabled), the PLC1 register does not

change when written.

3. Set the PLC1 register when the PLCO7 bit is set to "0" (PLL off).
4. Set the PLCO and PLC1 registers simultaneously in 16-bit units.

Figure 8.7 PLCO and PLCL1 Registers
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M32C/80 Group 8. Clock Generation Circuit

Processor Mode Register 2(1)

0: Protects the clock by a PRCR
register setting RW

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
olofofo[o] [ Jo] ™
Bit Bit Name Function RW
v+ i | Symbol
i 1 *1 —— |Reserved Bit Setto "0" RW
P (b0)

System Clock Protect
IERLEEE PM21 Bit(2 3

1: Disables a clock change

0: Selects BCLK as count source of
WDT Count Source the watchdog timer RW

1o mmmmmeees PM22 Protect Bit2 4) 1: Selects the on-chip oscillator clock
H as count source of the watchdog
timer
R SRRALELLLEELELEEEEY (b77 b3) Reserved Bit Set to "0" RW

NOTES:
1. Rewrite the PM2 register after the PRC1 bit in the PRCR register is set to "1" (write enabled).
2. Once the PM22 and PM21 bits are set to "1", they can not be set to "0" by program.
3. When the PM21 bit is set to "1",
the CPU clock keeps running when the WAIT instruction is executed,;
nothing is changed even if following bits are set to either "0" or "1".
« the CMO02 bit in the CMO register (the peripheral function clock is not stopped in wait mode.)
« the CMO5 bit in the CMO register (the main clock is not stopped.)
« the CMO7 bit in the CMO register (a CPU clock source is not changed.)
« the CM10 bit in the CM1 register (the microcomputer does not enter stop mode.)
« the CM17 bit in the CM1 register (a CPU clock source is not changed.)
« the CM20 bit in the CM2 register (oscillation stop detect function settings are not changed.)
« all bits in the PLCO and PLC1 registers (PLL frequency synthesizer function settings are not changed.)
4. When the PM22 bit is set to "1",
the on-chip oscillator clock becomes a count source of the watchdog timer after the on-chip oscillator starts;
write to the CM10 bit is disabled (the microcomputer does not enter stop mode.);
the watchdog timer keeps running when the microcomputer is in wait mode and hold state.

Figure 8.8 PM2 Register
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8.1.1 Main Clock
Main clock oscillation circuit generates the main clock. The main clock becomes clock source of 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. An external clock can be applied 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 depending on each oscillator. Use the circuit constant recommended by each oscil-
lator manufacturer.
The main clock divided-by-eight becomes a CPU clock source 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, the clock applied
to XouT becomes high ("H"). XIN is pulled up by XouT via the feedback resistor which remains on. When
an external clock is applied to the XIN pin, do not set the CMO05 bit to "1".
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 I }— Xin | — External Clock
Oscillator[ ] Vce |—| |—| |—| |—
Vss

o EAM——] 4

Rd®W Cout

Vss 1 Xout | Open
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 XouT if the oscillator manufacturer recommends
placing the resistor externally.

Figure 8.9 Main Clock Circuit Connection
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8.1.2 Sub Clock
Sub clock oscillation circuit generates the sub clock. The sub clock becomes clock source of the CPU
clock and for the timers A and B. The same frequency, fc, as the sub clock can be output from the
CLKouT 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. An external clock can be applied to the XcIN
pin. Figure 8.10 shows an example of a sub clock circuit connection. Circuit constants vary depending on
each oscillator. Use the circuit constant recommended by each oscillator 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 an external clock to the XCIN pin, set
the CMO04 bit to "1" when the PD8_7 bit is set to "0" and the PU25 bit to "0". The clock applied to the XCIN
pin becomes a clock source of 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 a CPU clock source.
All clocks, including the sub clock, stop in stop mode. Refer to 8.5 Power Consumption Control for
details.

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

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

XcouT WL

Rcd® Ccout

Vss 1 Xcout | Open
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.

Figure 8.10 Sub Clock Circuit Connection

Rev. 1.00 Nov. 01, 2005 Page 66 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 8. Clock Generation Circuit

8.1.3 On-Chip Oscillator Clock
On-chip oscillator generates the on-chip oscillator clock. The 1-MHz on-chip oscillator clock becomes a
clock source of 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 clock source of the CPU clock and peripheral function clock.
Table 8.2 shows bit settings for on-chip oscillator start condition.

Table 8.2 Bit Settings for On-Chip Oscillator Start Condition

CM2 Register | PM2 Register
Used as
CM21 Bit PM22 Bit
1 0 CPU clock source or peripheral function clock source
0 1 Watchdog timer operating clock source
(The clock keeps running when entering stop mode.)

8.1.3.1 Oscillation Stop Detect Function

When the main clock is terminated by external source, the on-chip oscillator automatically starts oscil-
lating to generate another clock.
When the CM 20 bit in the CM2 registser is set to "1" (oscillation stop detect function enabled), an oscilla-
tion stop detection interrupt request is generated as soon as the main clock stops. Simultaneously, the on-
chip oscillator starts oscillating. Instead of the main clock, the on-chip oscillator clock becomes clock
source for the CPU clock and peripheral function clock. Associated bits are set as follows:

» The CM21 bit is set to "1" (on-chip oscillator clock becomes a clock source of the CPU clock.)

» The CM22 bit is set to "1" (main clock stop is detected.)

» The CM23 bit is set to "1" (main clock stops.) (See Figure 8.14)

8.1.3.2 How to Use Oscillation Stop Detect Function

 The oscillation stop detection interrupt shares vectors with the watchdog timer interrupt and the low
voltage detection interrupt. When these interrupts are used simultaneously, read the CM22 bit with
an interrupt routine to determine if an oscillation stop detection interrupt request has been generated.

« When the main clock resumes running after an oscillation stop is detected, set the main clock as
clock source of 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 detection interrupt request is generated. Simultaneously, the on-chip oscillator starts oscillat-
ing. The sub clock remains the CPU clock source. The on-chip oscillator clock becomes a clock
source for the peripheral function clock.

* When the peripheral function clock stops running, the oscillation stop detect function is also dis-
abled. To enter wait mode while the oscillation stop detect function is in use, set the CMO02 bit in the
CMO register to "0" (peripheral clock does not stop in wait mode).

« The oscillation stop detect function is provided to handle main clock stop caused by external source.
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 to "1" (main clock oscillation stop).

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

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

Set the MCD4 to MCDO bits
to "010002" (divide-by-8 mode)

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

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

N|
MCD4 to MCDO: Bits in the MCD Register
( End ) CM23 to CM21: Bits in the CM2 Register

Figure 8.11 Switching Procedure from On-chip Oscillator Clock to Main Clock
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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 clock source for the CPU clock and peripheral function clock.
The PLL frequency synthesizer stops after reset. When the PLCO7 bit is set to "1" (PLL on), the PLL
frequency synthesizer starts operating. Wait #suy~..) ms 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 8.3. Figure 8.12 shows the procedure to use 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 then enter wait or stop mode.

Table 8.3 Bit Settings to Use PLL Clock as CPU Clock Source

PLCO Register PLC1 Register
f(XIN) PLL Clock
PLCO2 Bit | PLCO1 Bit | PLCOO Bit PLC12 Bit
0 30 MHz
10 MHz 0 1 1
1 20 MHz
0 32 MHz
8 MHz 1 0 0
1 21.3 MHz

Gse PLL clock as CPU clock source)

Set the PLCO and the PLC1 registers

(Set the PLCO7 bit to "0")

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

Wait tsu(pLL)ms

Set the CM17 bit to "1"

(PLL clock as CPU clock source)

C

End

)

PLCO7: Bit in the PLCO Register
CM17: Bit in the CM1 Register

Figure 8.12 Procedure to Use PLL Clock as CPU Clock Source
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8.2 CPU Clock and BCLK

The CPU operating clock is referred to as the CPU clock. The CPU clock is also a 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 8.4 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 MCD4 to MCDO bits in the MCD register select 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 MCD4 to MCDO bits are set to "010002" (divide-by-8 mode). There-
fore, when the main clock starts running, the CPU clock enters medium-speed mode (divide-by-8).

Table 8.4 CPU Clock Source and Bit Settings

CMO Register | CM1 Register | CM2 Register
CPU Clock Source
CMO7 Bit CM17 Bit CM21 Bit
Main Clock 0 0 0
Sub Clock 1 0 0
On-Chip Oscillator Clock 0 0 1
PLL Clock 0 1 0

8.3 Peripheral Function Clock

The peripheral function clock becomes an operating clock or count source for peripheral functions exclud-
ing the watchdog timer.

8.3.1 f1, f8, f32 and f2n

f1, fs and f32 are the peripheral function clock, selected by the CM21 bit, divided-by-1, -8, or -32. The
PM27 and PM26 bits in the PM2 register selects a f2n count source from the peripheral clock, XiN clock,
and the on-chip oscillator clock. The CNT3 to CNTO bits in the TCSPR register selects a f2n division. (n=0
to 15. No division when n=0.)

f1, 8, f32 and f2n stop when the CMO02 bit in the CMO register to "1" (peripheral function stops in wait mode)
to enter wait mode or when in low-power consumption mode.

f1, f8 and f2n are used as an operating clock of the serial I/O and count source of the timers A and B. f1is
also used as an operating clock for the intelligent 1/O.

The CLKouT pin outputs f8 and f32 . Refer to 8.4 Clock Output Function for details.

8.3.2 fAD
fAD is an operating clock for the A/D converter and has the same frequency as either the main clock(®) or
the on-chip oscillator clock. The CM21 bit determines which clock is selected.
If the CMO2 bit is set to "1" (peripheral function stop in wait mode) to enter wait mode, fAD stops. fAD also
stops in low-power consumption mode.

NOTE:
1. The PLL clock, instead of the main clock, when the CM17 bit is set to "1" (PLL clock).
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8.3.3 fca32

fca2 is the sub clock divided by 32. fc32 is used as a count source for the timers A and B. fc32 is available
when the sub clock is running.

8.4 Clock Output Function
The CLKouT pin outputs fc, f8 or f32.
In memory expansion mode or microprocessor mode, a clock having the same frequency as the CPU clock
can be output from the BCLK pin as BCLK.
Table 8.5 lists CLKouT pin function in single-chip mode. Table 8.6 lists CLKouT pin function in memory
expansion mode and microprocessor mode.

Table 8.5 CLKouT Pin in Single-Chip Mode

PMO Register (1) CMO Register (2)
5 5 - CLKouT Pin Function
PMO7 Bit CMO1 Bit | CMOO Bit
— 0 0 P53 I/O port
1 0 1 Outputs fc
1 1 0 Outputs fs
1 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 enabled).
2. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enabled).

Table 8.6 CLKouT Pin in Memory Expansion Mode and Microprocessor Mode

istar(l) istar(l) ister(@
PM1 R(_aglster _ PMO Reg|st§r CMQ Reqgister _ CLKOUT Pin Eunction
PM15 Bit| PM14 Bit PMO7 Bit CMO01 Bit | CMOO Bit
0 0® 0B 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 f32
0 1 — 0® 00 Outputs ALE
- : Can be set to either "0" or "1"
NOTES:
1. Rewrite the PM1 and PMO registers after the PRC1 bit in the PRCR register is set to "1" (write en-
abled).

2. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enabled).
3. When the PMO7 bit is set to "0" (selected in the CM01 and CMOO bits) or the PM15 and PM14 bits are
set to "012" (P53/BCLK), set the CM01 and CMOO bits to "002" (1/O port P53).

Rev. 1.00 Nov. 01, 2005 Page 71 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 8. Clock Generation Circuit

8.5 Power Consumption Control
Normal operating 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 operating mode in this section. Figure
8.13 shows a block diagram of status transition in wait mode and stop mode. Figure 8.14 shows a block
diagram of status transition in all modes.

8.5.1 Normal Operating Mode

The normal operating mode is further separated into six modes.

In normal operating 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 a CPU clock fre-
qguency. The higher the CPU clock frequency is, the more processing power increases. The lower the
CPU clock frequency is, the more power consumption decreases. When unnecessary oscillation circuit
stops, power consumption is further reduced.

8.5.1.1 High-Speed Mode
The main clock® becomes the CPU clock and a clock source of 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 a 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.

8.5.1.3 Low-Speed Mode
The sub clock becomes the CPU clock . The main clock(®) is a clock source for the peripheral function
clock. fc32 can be used as a 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. Only fc32 can be used as a count source for the timers
A and B and the peripheral function clock. In low-power consumption mode, the MCD4 to MCDO bits
in the MCD register are set to "010002" (divide-by-8 mode). Therefore, when the main clock resumes
running, the microcomputer is in midium-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 a 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.

8.5.1.6 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 a 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.

NOTE:
1. The PLL clock, instead of the main clock, when the CM17 bit is set to "1" (PLL clock).
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Switch the CPU clock after the clock to be switched to stabilize. Sub clock oscillation will take longer(® to
stabilize. Wait, by program, until the clock stabilizes directly after turning the microcomputer on or exiting
stop mode.

To switch the on-chip oscillator clock to the main clock, enter medium-speed mode (divide-by-8) after the
main clock is divided by eight in on-chip oscillator mode (the MCD4 to MCDO bits in the MCD register are
set to "010002").

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.

NOTE:
2. Contact your oscillator manufacturer for oscillation stabilization time.

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. When the PM22 bit in the PM2 register is set to "1" (on-chip oscillator clock as watchdog timer
count source), the watchdog timer continues operating. 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 in the CMO register is set to "1" (peripheral function clock stops in wait mode), f1, fs, f32,
fan (when peripheral clock is selected as a count source), and fAD stop in wait mode. Power consump-
tion can be reduced. f2n, when XIN clock or on-chip oscillator clock is selected as a count source, and
fc32 do not stop running.

8.5.2.2 Entering Wait Mode
If wait mode is entered after setting the CMO02 bit to "1", set the MCD4 to MCDO bits in the MCD
register to be the 10-MHz or less CPU clock flequency after dividing the main clock.
Enter wait mode after setting the followings.

« 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 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 > IPL = the exit priority level
(5) Set the PRCO bit in the PRCR register to "1"
(6) If the CPU clock source is the PLL clock, set the CM17 bit in the CM1 register to "0" (main clock)
and PLCO7 bit in the PLCO register to "0" (PLL off)
(7) Set the | flag to "1"
(8) Execute the WAIT instruction

« After Exiting Wait Mode
Set the exit priority level to "7" as soon as exiting wait mode.
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8.5.2.3 Pin Status in Wait Mode
Table 8.7 lists pin states in wait mode.

Table 8.7 Pin States in Wait Mode

Pin Memory Expansion Mode Single-Chip Mode

Microprocessor Mode

Address Bus, Data Bus, CSO to CS3, Maintains state immediately

BHE before entering wait mode

RD, WR, WRL, WRH "H"

HLDA, BCLK "H"

ALE "L

Ports Maintains state immediately before entering wait mode

CLKouTt When fc is selected Outputs clock

\When fs, f32 are selected | Outputs the clock when the CMO02 bit in the CMO register is set to "0"
(peripheral function clock does not stop in wait mode).

Maintains state immediately before entering wait mode when the CM02
bit is set to "1" (peripheral function clock stops in wait 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.
CMO02 bit setting affects the peripheral function interrupts. When the CMO02 bit in the CMO register 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, the peripheral function interrupts caused by an
external clock, fc32, or fan whose count source is the XIN clock or on-chip oscillator clock, 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 the WAIT instruction is executed.
Table 8.8 shows interrupts to be used to exit wait mode and usage conditions.
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Table 8.8 Interrupts to Exit Wait Mode

Interrupt When CM02=0 When CM02=1
NMI Interrupt Available Available
Serial 1/0O Interrupt Available when the internal and Available when the external clock or f2n
external clocks are used (when XN clock or on-chip oscillator is
selected) is used
Key Input Interrupt Available Available
A/D Conversion Interrupt Available in single or single-sweep Do not use
mode
Timer A Interrupt Available in all modes Available in event counter mode or when
Timer B Interrupt count source is fc32 or fan (when XIN clock or
on-chip oscillator is selected)
INT Interrupt Available Available
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 when the voltage applied to
the Vcci1 and Vccez pins is VRAM or more. If the voltage applied to the Vcc1 and Vcc2 pinsis 2.7 V or less,
the voltage must be Vccl = Vee2 = VRAM.
The following interrupts can be used to exit stop mode:

« NMI interrupt

* Key Input Interrupt

« INT interrupt

 Timer A and B interrupt (Available when the timer counts external pulse, having its 100 Hz or less

frequency, in event counter mode)
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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 exit priority level required to exit stop mode, con-
trolled 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 > IPL = the exit priority level
(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,
(a) set the CMOS5 bit in the CMO register to "0" (main clock oscillates)
(b) set the CMO7 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,
(a) set the CM17 bit in the CM1 register to "0" (main clock)
(b) set the PLCO7 bit in the PLCO register to "0" (PLL off)
» When the CPU clock source is the on-chip oscillator clock,
(a) set MCD4 to MCDO bits to "010002" (divide-by-8 mode)
(b) set the CMOS5 bit to "0" (main clock oscillates)
(c) set the CM21 bit in the CM2 register to "0" (clock selected by the CM17 bit)
(7) The oscillation stop detect function is used, set the CM20 bit in the CM2 register to "0" (oscilla-
tion stop detect fucntion disabled)
(8) Set the | flag to "1"
(9) Set the CM10 bit to "1" (all clocks stops)

« After Exiting Stop Mode
Set the exit priority level to "7" as soon as 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).
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8.5.3.3 Pin Status in Stop Mode

Table 8.9 lists pin status in stop mode.

Table 8.9 Pin Status in Stop Mode

Pin

Memory Expansion Mode
Microprocessor Mode

Single-Chip Mode

Address Bus, Data Bus, CS0 to CS3, B

E

Maintains state immediately before

entering stop mode

HLDA, BCLK "H"
ALE "H"
Ports Maintains state immediately before entering stop mode
CLKouTt When fc selected "H"

When f8, 32 selected

Maintains state immediately before entering stop mode

XIN Placed in a high-impedance state
Xout "H"
XCIN, XcouT Placed in a high-impedance state
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All oscillation is stopped

CM10=1

Reset

WAIT Instruction

CPU operation is stopped

e

> Wait Mode

Stop Mode  [*
Interrupt

\“.\eﬂ\,\p‘

CM10=1

Interrupt

WAIT Instruction

.

>  Wait Mode

NOTES:

Stop Mode P

(Note 2)

1. See Figure 8.14.
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)

and the PLCO7 bit is set to "0" (PLL off). Then enter wait mode or stop mode.
3. 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)
and the PLCO7 bit is set to "0" (PLL off). Then enter low-speed or low-power consumption mode.

( Y
~
(Note 2) ( Middle-Speed Mode (Note 2)
(divide-by-8 mode) [
* (Note 1)
~\ (Note 2)
High-Speed / —
Middle-Speed Mode E
A
Note 1 (Note 3)
(Note 1) v

e )
Low-Speed/ Low-Power

Interrupt

WAIT Instruction
»

21 Wait Mode

A

IR

Consumption Mode
_

e - - ™
On-Chip Oscillator / On-
| Chip Oscillator Low-Power

Interrupt

WAIT Instruction

.

—1 Wait Mode

Consumption Mode <
J

; Normal Operating Mode —)

Interrupt

U

Figure 8.13 Status Transition in Wait Mode and Stop Mode
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M32C/80 Group 8. Clock Generation Circuit

8.6 System Clock Protect Function
The system clock protect function prohibits the CPU clock from changing clock sources when the main
clock is selected as the CPU clock source. This prevents the CPU clock from stopping the program crash.
When the PM21 bit in the PM2 register is set to "1" (clock change disabled), the following bits cannot be
written to:
» The CMO02 bit, CMO5 bit and CMO07 bit in the CMO register
» The CM10 bit and CM17 bit in the CM1 register
» The CM20 bit in the CM2 register
« All bits in the PLCO and PLC1 registers
The CPU clock continues running when the WAIT instruction is executed.

To use the system clock protect function, set the CMO05 bit in the CMO register to "0" (main clock oscillation)
and CMO7 bit to "0" (main clock as BCLK clock source) and follow the procedure below.

(1) Set the PRC1 bit in the PRCR register to "1" (write enabled).

(2) Set the PM21 bit in the PM2 register to "1" (protects the clock).

(3) Set the PRC1 bit in the PRCR register to "0" (write disabled).

When the PM21 bit is set to "1", do not execute the WAIT instruction.
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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 PRC2 bit is set to "0" (write disabled) when data is written to a desired address after setting the PRC2
bit to "1" (write enabled). Set the PD9 and PS3 registers immediately after setting the PRC2 bit in the
PRCR register to "1" (write enabled). Do not generate an interrupt or a DMA transfer between the instruc-
tion to set to the PRC2 bit to "1" and the following instruction. The PRC1 and PRCO bits are not set to "0"
even if data is written to desired addresses. Set the PRC1 and PRCO bits to "0" by program.

Protect Register

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
MM_'—L_L_LJ PRCR 000A16 XXXX 00002
Bit . :
Symbol Bit Name Function RW

Enables writing to CM0, CM1, CM2,
MCD, PLCO, PLC1 registers

PRCO | Protect Bit 0 0: Write disabled RW
1: Write enabled
Enables writing to PMO, PM1, PM2,
e PRC1 | Protect Bit 1 INVCO, INVCL1 registers RW

0: Write disabled
1: Write enabled

: Enables writing to PD9, PS3 registers
""""" PRC2 | protect Bit 2(1) 0: Write disabled RW
1: Write enabled

Reserved Bit Set to "0" RW

(b3)

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

NOTE:
1. The PRC2 bit is set to "0" by writing into a desired address after the PRC2 bit is set to "1".
The PRC1 and PRCO bits are not automatically set to "0". Set them to "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
H
Interrupt —
P E [] NM™mI
0 Special [ ] Watchdog Timer
[ [] (Non-Maskable Interrupt) [] Oscillation Stop Detection
B N [] Single-Step®
Hardware [] [] Address Match
(] [] 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.
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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.

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 8 to 48 are assigned to the vector table
used for the peripheral function interrupt. Therefore, the microcomputer executes the same interrupt rou-
tine 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 specified software interrupt numbers. Where the stack is saved varies depending
on a software interrupt number. ISP is selected as the stack for software interrupt numbers 0 to 31
(setting the U flag to "0"). SP, which is set before the INT instruction is executed, is selected as the stack
for 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 48, SP to be used
varies depending on whether the interrupt is generated by the peripheral function interrupt request or by
the INT instruction.
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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 a high-level ("H") signal
to a low-level ("L") signal. Refer to 10.8 NMI Interrupt for details.

10.3.1.2 Watchdog Timer Interrupt
The watchdog timer interrupt occurs when a count source of the watchdog timer underflows. Refer to
11. Watchdog Timer for details.

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 Generation 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 7) 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.

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 8 to 48 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.
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10.4 High-Speed Interrupt
The high-speed interrupt executes an interrupt sequence in five cycles and returns from the interrupt in
three 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 routine in the VCT register.

When the high-speed interrupt is acknowledged, the FLG register is saved into the SVF register and PC is
saved into the SVP register. The program is executed from an address indicated by the VCT register.
Execute the FREIT instruction to return from the high-speed interrupt routine.

The values saved into 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 DMAS3 is available. DMAO and DMA1 can be used.

10.5 Interrupts and Interrupt Vectors
There are four bytes in one vector. Set the starting address of interrupt routine in each vector table. When
an interrupt request is acknowledged, the interrupt 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.

Table 10.1 Fixed Vector Table

Interrupt Vector Addresses Remarks Reference
Generated by | Low address to High address
Undefined FFFFDC16 to FFFFDF16 M32C/80 Series Software
Instruction Manual
Overflow FFFFEO16 to FFFFE316

BRK Instruction | FFFFE416 to FFFFE716 If the content of address FFFFE716
is FF16, a program is executed
from the address stored into
software interrupt number 0 in the
relocatable vector table

Address Match | FFFFE816 to FFFFEB16
- FFFFEC16 to FFFFEF16 Reserved space

Watchdog Timer | FFFFFO16 to FFFFF316 These addresses are used for the Reset,
watchdog timer interrupt and Clock Generation Circuit,
oscillation stop detection interrupt | Watchdog Timer

- FFFFF416 to FFFFF716 Reserved space
NMI FFFFF816 to FFFFFB16
Reset FFFFFC16 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 Software Reference
Address(L) to Address(H)®) | Interrupt Number
BRK Instruction(® +0 to +3 (000016 to 000316) 0 M32C/80 Series
Reserved Space +4 to +31 (000416 to 001F16) 1to7 Software Manual
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)®),

Interrupt Generated by Vector Table Address Software Reference
Address(L) to Address(H)®)  |Interrupt Number
Bus Conflict Detect, Start Condition Detect,| +156 to +159 (009C16 to 009F16) |39 Serial 1/0

+252 to +255 (00OFC16 to 00FF16)

Bus Conflict Detect, Start Condition Detect,| +160 to +163 (00A016 to 00A316) |40

Stop Condition Detect (UART3/UARTO0)®)

Bus Conflict Detect, Start Condition Detect,| +164 to +167 (00A416 to 00A716) |41

Stop Condition Detect (UART4/UART1)®*)

A/DO +168 to +171 (00A816 to O0AB16) |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

Intelligent I/O Interrupt 2 +184 to +187 (00B816 to OOBB16) |46

Intelligent I/O Interrupt 3 +188 to +191 (00BC16 to O0OBF16) |47

Intelligent I/O Interrupt 4 +192 to +195 (00C016 to 00C316) |48

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. 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

UARTA4.
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10.6 Interrupt Request Acknowledgement
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 level than 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

O | |O | |O

Level 7 and above

P | |O |0 |k, |k |O|O

0
0
0
1
1
1
1

[N

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

b7 b6 b5 b4 b3 b2 bl b0 Sympol

NOTES:

%

TAOIC to TA4IC
TBOIC to TB5IC
SOTIC to S4TIC
SORIC to S4RIC
BCNOIC to BCN4IC
DMOIC to DM3IC

Address

006C16, 008C16, 006E16, 008E16, 007016
009416, 007616, 009616, 007816, 009816, 006916
009016, 009216, 008916, 008B16, 008D16
007216, 007416, 006B16, 006D16, 006F16
007116, 009116, 008F16, 007116, 009116
006816, 008816, 006A16, 008A16

After Reset

XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002
XXXX X0002

RW

Level 0 (interrupt disabled) RW

RW

RW

RW

: oo ADOIC 007316
. oo KUPIC 009316
. oo 100IC to 1104IC 007516, 009516, 007716, 009716, 007916
Pl Pl Bit . :
Do HEH- Symbol Bit Name Function
Pl Pl b2b1b0
o A I AV 000:
A N 00 1: Level 1
o o o 010: Level 2
HE o Int t P Level
R VLY | gt rlortty Level 1| 91 1: Level 3
elect Bit 100: Level 4
A HE 101:Level5
FI PR ILVL2 110: Level 6
A : 111:Level7
. 0: No interrupt requested
IR Interrupt Request Bit 1: Interrupt requested®
N T Nothing is assigned. When write, set to "0".
(b7 - b4) When read, its content is indeterminate.

1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNL1IC register shares an address with the BCN4IC register.
3. 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

Interrupt Control Register

DD T T LT ] sme

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 corresponding bit in the IFSR register to "0" (one edge).

Address After Reset
- INTOIC to INT2IC 009Ez16, 007E16, 009C16 XX00 X0002
A INT3IC to INT5ICD 007Cz16, 009A16, 007A16 XX00 X0002
R A N T . -
P o 1 1| symbol Bit Name Function RW
R A b2b1b0
e LAY e 00 0: Level 0O (interrupt disabled) RW
TS R - 001: Level 1
TS R - - 010: Level 2
A T ILVLL Interrupt.Prlorlty Level 011 Level 3 RW
Pl b Select Bit 100: Level 4
F- R - 101: Level5
H- - 110: Level 6
T ILVL2 RwW
oo 111:Level7
R A . 0: Requests no interrupt
Von o a mmeeeeeeeeed IR Interrupt R Bi . RW
P terrupt Request Bit 1: Requests an interrupt®
Pod - . : o
R S N poL | Polarity Switch Bit 0: Selects falling edge or "L RW
HE 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. -
NOTES:

1. When a 16-bit data bus is used in microprocessor or memory expansion mode, each INT3 to INT5
pin is used as the data bus. Set the ILVL2 to ILVLO bits in the INT3IC, INT4IC and INT5IC registers

Figure 10.4 Interrupt Control Register (2)

10.6.2.1 ILVL2 to ILVLO Bits

The ILVL2 to ILVLO bits determines an interrupt priority level. The higher the interrupt priority level is,

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), its 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
an interrupt routine 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

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

0: Interrupt priority level 7 is used

L IITLELIEEELETEEE DMAIl | DMA II Select Bit®) for interrupt _ RW
1: Interrupt priority level 7 is used

for DMA Il transfer(®

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

K K 5 RLVL 009F16 XXXX 00002

Sy?vl}bol Bit Name Function RW
A b2b1b0

poror o s RLVLO 00 0: Level 0 RW
AR SR . . 001:Levell

Slt.op/waltll\/:ode EtXIt 010: Level 2

I R RLVL1 | Minimum Interrup 011:Level 3 RW
A Priority Level Control 100 Level 4

S Bit™® 101: Level 5

' bl e RLVL2 110: Level6 RW
A 111:Level?7

0: Interrupt priority level 7 is used
High-speed Interrupt for normal interrupt

I FSIT | set Bt , et RW
Voo 1: Interrupt priority level 7 is used

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", an interrupt having the interrupt priority level 7 becomes the high-speed
interrupt. In this case, set only one interrupt to the interrupt priority level 7 and the DMAII 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. The DMAII bit becomes indeterminate after reset. To use the DMAII bit for an interrupt setting, set it

to "0" before setting the interrupt control register.

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 routine.

NOTE:
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 routine. Interrupt response time in-
cludes the period between an interrupt request generation and the completed execution of an instruction
((@) on Figure 10.6) and the period required to perform an interrupt sequence ((b) on Figure 10.6).

Interrupt request is generated Interrupt request is acknowledged

4} 4} —-Time
y4 /

S Instruction in S

i Interrupt sequence . .
Instruction P q interrupt routine

/ (@) (b) /
- > -

Interrupt response time

Bl

(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 an instruction being executed. The DIV, DIVX and DIVU instructions
require the longest time (a); 42 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 12+ X
« Index addressing 3+ 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), shown Figure 10.6.
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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 in 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 Source Level Set to IPL
Watchdog Timer, NMI, Oscillation Stop Detection 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 stack states before and after an interrupt request is
acknowledged.

Other important registers are saved by program at the beginning of an interrupt routine. The PUSHM
instruction can save several registers() in the register bank used.
Refer to 10.4 High-Speed Interrupt for the high-speed interrupt.

NOTE:
1. Can be selected from the RO, R1, R2, R3, A0, A1, SB and FB registers.

Address The Stack The Stack
MSB LSB Address MSB LSB
PC |——
m-6 m-6 L [SP]
New SP value
m-5 m-5 PCwu
m—a m—a PChx
m-3 > m-3 0016
m-2 m—=2 FLGL
m-1 m-1 FLGH
Content of [P Content of
- SP value before ontent o
m previous stack =¥ aninterrupt is m previous stack
Ml Content of generated Content of
previous stack m+1 previous stack
Stack state before an interrupt request is acknowledged Stack state after an interrupt request is acknowledged

Figure 10.7 Stack States

10.6.7 Restoration from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC before the
interrupt sequence is performed, which have been saved to the stack, are automatically restored. The pro-
gram, executed before an interrupt request was acknowledged, starts running again. Refer to 10.4 High-
Speed Interrupt for the high-speed interrupt.

Restore registers saved by program in an interrupt 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. Executing instruction causes the microcomputer
to execute an interrupt routine.

~or - Oscillation Stop Detection

Reset > NMI > > Peripheral Function > Address Match
Watchdog

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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DMA2

DMA3

Timer AO

Timer Al

Timer A2

Timer A3

Timer A4

UARTO Transmission/NACK

UARTO Reception/ACK

UART1 Transmission/NACK

UART1 Reception/ACK

Timer BO

Timer B1

Timer B2

Timer B3

Timer B4

INT3

INT2

INT1

INTO

Timer B5

UART2 Transmission/NACK |

UART2 Reception/ACK

UART3 Transmission/NACK |

UART3 Reception/ACK

UART4 Transmission/NACK |

UART4 Reception/ACK

Bus Conflict/Start, Stop
Condition(UART2)

Bus Conflict/Start, Stop Condition

(UARTO, UART3)

Bus Conflict/Start, Stop Condition

(UART1, UART4)

Peripheral Function Interrupt Priority
(if priority levels are the same)

N B T e E e E e e A T N T

1 Level 0 (Initial Value)

Each Interrupt Priority Level

A/DO

Key Input Interrupt

Intelligent I/O Interrupt O

Intelligent I/O Interrupt 1

Intelligent I/O Interrupt 2

Intelligent 1/O Interrupt 3

Intelligent I/O Interrupt 4

RLVL2 to RLVLO Bits

]:3 Interrupt request priority
detection results output

(to the clock generation
circuit)

| IPL

| | Flag Interrupt request
acknowledged

| Address Match (to CPU)

Watchdog Timer,
Oscillation Stop Detection

NMI

DMAC Il

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.

For edge sensitive, when the IFSRI bit in the IFSR register is set to "1", 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).

For level sensitive, 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 unchanged even if the INTi
pin level is changed. The IR bit is set to "0" when the INTi interrupt is acknowledged or when the IR bit is
written to "0" by program.

Figure 10.10 shows the IFSR register.

External Interrupt Request Source Select Register

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

| | | | | | | | | IFSR 031F16 0016
Sy‘rar:tbm Bit Name Function RW
INTO Interrupt Polarity | 0: One edge
IFSRO | select Bit® 1: Both edges RW
INT1 Interrupt Polarity | 0: One edge
IFSRL Select Bit® 1: Both edges RW
INT2 Interrupt Polarity [ O: One edge
IFSR2 | select Bit® 1: Both edges RW
INT3 Interrupt Polarity [ O: One edge
FSR3 1 Select Bit® 1: Both edges RW
________________ INT4 Interrupt Polarity | 0: One edge
N IFSR4 select bit® 1: Both edges RW
INTS Interrupt Polarity | 0: One edge
P IFSRS | select Bit® 1: Both edges RW
. UARTO,UARTS | 008 e on detect
o IFSRe ',;“T"”‘;t.soume 1: UARTO bus conflict, start condition| X'V
H elect Bit detect, stop condition detect
: UARTL UART4 | e on detoct
--------------------------- IFSR7 Intlerrupl)Bt.Source 1: UART1 bus conflict, start condition RW

Select Bit detect, stop condition detect

NOTE:
1. Set this bit to "0" to select a level-sensitive triggering.
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 a signal applied to the NMI pin changes from a high-level ("H") signal to a
low-level ("L") signal. The NMI interrupt is a non-maskable interrupt. Although the P85/NMI pin is used as

the NMI interrupt input pin, the P8_5 bit in the P8 register indicates the input level for this pin.

NOTE:

1. When the NMI interrupt is not used, connect the NMI pin to Vcci 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 an interrupt request signal.

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.

NOTE:

2. Refer to 22. Programmable 1/O Ports about the PSC register.

Pull-up Z
Transistor PD10_7 Bit
PSC_7Bit PD10_7 Bit
P107/KI3 O 'I\/JJ\
Pull-up PD10_6 Bit
Transistor
P106/Kl2 O—13 >
Pull-up
Transistor PD10 5 Bit
P10SKIL O—F Ek
Pull-up PD10_4 Bit
Transistor
P104/Klo O— > \—D

PURS3 Register

PU31 Bitin the

KUPIC Register

Interrupt Control
Circuit

Key Input Interrupt

> Request

Figure 10.11 Key Input Interrupt

To use the intelligent 1/O interrupt as a source to activate DMAC I, set the IRLT bit in the IIOIIE register to
"0" (interrupt request is used for DMAC, DMAC Il) and enable an interrupt request source for the IIOIIE

register.
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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:I register (i=0 to 7). The address match interrupt can be set in eight ad-
dresses. 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.
The starting address of an instruction must be set in the RMADi register. The address match interrupt does
not occur when a table data or addresses other than the starting address of the instruction is set.

Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bl bo

Address Match Interrupt Register i (i=0to 7)

b23 b16 b15

b8 b7 b0

Symbol Address After Reset
AIER 000916 0016
Bit Bit Name Function RW
Symbol
Addr Match : Disables the interr
.| AIERO ddress Matc . 0: Disables t e. terrupt RW
Interrupt O Enable Bit 1: Enables the interrupt
Address Match 0: Disables the interrupt
AIERL | nterrupt 1 Enable Bit i RW
nterrup nable Bl 1: Enables the interrupt
Address Match : Disables the interr
AIER2 _ 0: Disables t e. terrupt RW
Interrupt 2 Enable Bit 1: Enables the interrupt
Addr Match :Di i
AIER3 ddress Matc . 0: Disables thellnterrupt RW
Interrupt 3 Enable Bit 1: Enables the interrupt
Addr Match : Disables the interr
AIER4 ddress Matc . 0: Disables t e. terrupt RW
Interrupt 4 Enable Bit 1: Enables the interrupt
Address Match 0: Disables the interrupt
AIER5 . . ; RW
Interrupt 5 Enable Bit 1: Enables the interrupt
A Match 0: Disables the interrupt
AIERG ddress Matc . : _ p RW
Interrupt 6 Enable Bit 1: Enables the interrupt
A Match 0: Disables the interrupt
AIER7 ddress Matc . : _ p RW
Interrupt 7 Enable Bit 1: Enables the interrupt
Symbol Address After Reset
RMADO 001216 - 001016 00000016
RMAD1 001616 - 001416 00000016
RMAD2 001A16 - 001816 00000016
RMAD3 001E16 - 001C16 00000016
RMAD4 002A16 - 002816 00000016
RMAD5 002E16 - 002C16 00000016
RMAD6 003A16 - 003816 00000016
RMAD7 003E16 - 003C16 00000016
Function Setting Range RW
—————————— Addressing register for the address match interrupt 00000016 to FFFFFF16 RW

Figure 10.12 AIER Register and RMADO to RMAD7 Registers
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10.11 Intelligent 1/O Interrupt
The intelligent I/O interrupt is assigned to software interrupt numbers 44 to 48.
When using the intelligent 1/O interrupt, set the IRLT bit in the IIOIIE register (i = 0 to 4) to "1" (interrupt
request for interrupt used).
Various interrupt requests cause the intelligent 1/O interrupt to occur. When an interrupt request is gen-
erated with each intelligent 1/0O or CAN functions, the corresponding bit in the 11OIIR 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 lIOIIC register is set to "1" (interrupt requested).
After the IR bit setting changes "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 1IOIIE 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 bit settings are left "1", all generated interrupt requests are ignored.

Figure 10.13 shows a block diagram of the intelligent 1/O interrupt. Figure 10.14 shows the IIOiIR
register. Figure 10.15 shows the IIOIIE register.

. () IRLT Bit in the
IIO|IRReg|ster IIOIIE Register
: 0 L
[ e——— . |
Interrupt Request® 16 : — Intelligent 1/O Interrupt i Request
: L (] DA
: Bit 2 : 1 Kc —D_
1)_: N
Interrupt Request(® : : o) -
: : ] P :
: Btz i k’\c D)
: I '
Interrupt RequestH)— - O .
II0IlE Register®
Bitl NOTES:
[ 1. See Figures 10.14 and 10.15 about bits 7 to 1 in the
) : IIOIIR register and bits 1 to 7 in the IIOIIE register.
Bit 2 2. Bits 7 to 1 in the IIOIIR 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
Bit 7 : in the IIGIIE register simultaneously.
i=0to 4

Figure 10.13 Intelligent I/O Interrupt
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bl b0

[o]o]

o]

NOTES:

[T

Interrupt Request Register

b7 b6 b5 b4 b3 b2

Symbol Address After Reset
IIO0IR to [IO4IR See below 0000 000X2
Sy%'qtbm Function RW
Nothing is assigned. When write, set to "0". .
(b0) When read, its content is indeterminate.
Reserved bit. Set to "0". RW
(b3 - b1)| When read, its content is indeterminate.
0: Requests no interrupt
(Note 1) 1: Requests an interrupt(® RW
0: Requests no interrupt
N 1 .
(Note 1) | ;. Requests an interrupt(@ RW
0: Requests no interrupt
Note 1 .
( At Requests an interrupt(@ RW
0: Requests no interrupt
N 1 .
(Note 1) | ;. Requests an interrupt(@ RW

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 Bit0
1I00IR 00AO16 - - SIOORR | GORIR - - - -
IIO1IR 00A1l16 - - SIO0TR | GOTOR - - - -
1102IR 00A216 - - SIOIRR | GI1RIR - - - -
1I03IR 00A316 - - SIO1TR | G1TOR - - - -
1104IR 00A416 | SRTOR | SRTIR - - - - - -

SIOIRR: Intelligent I/O Communication Unit i Receive Interrupt Request
SIOITR: Intelligent I/O Communication Unit i Transmit Interrupt Request
GIiTOR: Intelligent I/0O Communication Unit i HDLC Data Processing Function Interrupt Request (TO: Output to Transmit)
GiRIR: Intelligent I/O Communication Unit i HDLC Data Processing Function Interrupt Request (RI: Input to Receive)

SRTIR: Intelligent I/0 Special Communication Function Interrupt Request
-: Reserved Bit. Setto "0"

i=0, 1

Figure 10.14 1100IR to IIO4IR Registers
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Interrupt Enable Register

b4 b3 b2 bl bO Symbol Address After Reset
| | 0 | 0 | 0 | | IIOOIE to IIO4IE See below 0016
R I . .
A Symbol Bit Name Function RW
IRLT Interrupt Request | O: Interrupt request is used for DMAC, DMAC Il RW
ooy Select Bit® 1: Interrupt request is used for interrupt
CI S R R —— | Reserved Bit Setto "0"
: (b3 - bl) RW

0: Disables an interrupt by bit 4 in 11OiIR register
Pemmmmmmmmeeees (Note 1) E— ) pE by bt i 9 RW
1: Enables an interrupt by bit 4 in IIOiIR register

0: Disabl int t by bit 5 in IOIIR regist
____________________ (Note 1) isables an.ln errupt by _| .|n .| regls er RW
1: Enables an interrupt by bit 5 in [IOilR register

________________________ (Note 1) 0: Disables anlinterrupt by b'it 6lin IIQiIR reqister RW
1: Enables an interrupt by bit 6 in [IOilR register

____________________________ 0: Disables an interrupt by bit 7 in lIGiIR register
(Note 1) E— . . R . A RW
1: Enables an interrupt by bit 7 in [IOilR register

NOTES:
1. See table below for bit symbols.
2. If an interrupt request is used for interrupt, set bit 1, 2, 4 to 7 to "1" after the IRLT bit is set to "1".

Bit Symbols for the Interrupt Enable Register

Symbol | Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1100IE 00BO16 - - SIOORE | GORIE - - - IRLT
1101IE 00B116 - - SIO0TE | GOTOE - - - IRLT
1102IE 00B216 - - SIO1RE | GIRIE - - - IRLT
1103IE 00B316 - - SIO1TE | G1TOE - - - IRLT
11041E 00B416 SRTOE SRT1E - - - - - IRLT

SIOIRE: Intelligent I/O Communication Unit i Receive Interrupt Enabled

SIOITE: Intelligent I/O Communication Unit i Transmit Interrupt Enabled

GITOE: Intelligent I/O Communication Unit i HDLC Data Processing Function Interrupt Enabled (TO: Output to Transmit)
GIRIE: Intelligent /O Communication Unit i HDLC Data Processing Function Interrupt Enabled (RI: Input to Receive)
SRTIE: Intelligent I/O Special Communication Function Interrupt Enabled

-: Reserved Bit. Set to "0". i=0, 1

Figure 10.15 IIOOIE to IIO4IE Registers
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11. Watchdog Timer

The watchdog timer monitors the program executions and detects defective program. It allows the micro-
computer to trigger a reset or to generate an interrupt if the program error occurs. 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 a watchdog timer interrupt request or reset is generated if the
watchdog timer underflows. Once the CMO06 bit is set to "1", it cannot be changed to "0" ( watchdog timer
interrupt) by program. The CMO6 bit is set to "0" only after reset.

When the main clock, on-chip oscillator clock, or PLL clock runs as the CPU clock, the WDC?7 bit in the
WDC register determine whether the prescaler divides the clock by 16 or by 128. When the sub clock runs
as the CPU clock, the prescaler divides the clock by 2 regardless of the WDC7 bit setting. Watchdog timer
cycle is calculated 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)
CPU clock

Watchdog timer cycle =

When the sub clock is selected as the CPU clock,

Divide-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 it by 16, the 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.

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

\ PM22 =0
=1 5 |

CPU Clock
HOLD Signal CMO06 =0
| g Watchdog Timer
/ Interrupt Request
] 0— Watchdog Timer

: : O™ Reset
"""""""" ' CM06 = 1
On-chip Oscillator Clock O
. ’ PM22=1
Write to WDTS Register Setto
7FFF16
Internal Reset Signal 0I> @
CMO06, CMO07: Bits in the CMO Register
WDC?7: Bit in the WDC Register
PM22: Bit in the PM2 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 | | | | | | | WwDC 000F16 000X XXXX2
P [ B - -
P o0 b | symbol Bit Name Function RW
by (b4 - bO) High-Order Bit of the Watchdog Timer RO
L —— | Reserved Bit When read', . . RW
HE (b5) its content is inderterminate
LR —— | Reserved Bit Set to "0" RW
; (b6)
] . 0: Divide-by-16
WDC7? | Prescaler Select Bit 1: Divide-by-128 RW
Watchdog Timer Start Register(®
b7 bo Symbol Address After Reset
| | WDTS 00OEz16 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
"7FFF16" regardless of the value written.
NOTE:
1. Write the WDTS register after the watchdog timer interrupt is generated.

Figure 11.2 WDC Register and WDTS Register
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b7 b6 b5 b4 b3 b2 bl bo

System Clock Control Register 01

Symbol Address After Reset
CMO 000616 0000 10002
Bit ; :
Symbol Bit Name Function RW
bl bo
CMo0 . 0 0: I/O port P53 RW
Clock Output Function ) f
Select Bit® 0 1: Outputs fc
€ 1 0: Outputs fs RW
CM01 1 1: Outputs f32
) ) 0: Peripheral clock does not stop in
In Wait Mode, Peripheral wait mode
CMO02 . £(9) - ) ) RW
Function Clock Stop Bit'™| 1: peripheral clock stops in wait
mode(®)
cMo3 | XciN-Xcout Drive " O LQW RW
Capacity Select Bit™? | 1: High
0: 1/O port function
i i RW
CMO4 | Port Xc Switch Bit 1: XciN-XcouT oscillation functiont®)
Main Clock (XiN-XouT) | O: Main clock oscillates
. RW
CMOs Stop Bit®: 9) 1: Main clock stops®)
CMO6 Watchdog Timer ' 0: Watch(;og timer interrupt RW
Function Select Bit 1: Reset(")
CPU Clock Select 0: ngck selected by the CM2'1 bit RW
CMO07 Bit 0(@ 9, 10) 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 enabled).

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), set the CM01 and CMO0O bits to
"002". When the PM15 and PM14 bits in the PML1 register are set to "012" (ALE output to P53), set the
CMO01 and CMOO bits to "002". When the PMO07 bit is set to "1" (function selected in the CMO01 and
CMOO bits) in microprocessor or memory expansion mode, and the CM01 and CMO0O bits are set to

"002", an "L" signal is output from port P53 (port P53 does not function as an 1/O port).

mode.

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

. When setting the CM04 bit is set to "1", set the PD8_7 and PD8_6 bits in the PD8 register to "002"

(port P87 and P8e in input mode) and the PU25 bit in the PUR2 register to "0" (no pull-up).

. When entering low-power consumption mode or on-chip oscillator low-power consumption mode, the
CMO5 bit stops running the main clock. The CMO05 bit cannot detect whether the main clock stops or
not. To stop running the main clock, set the CMO05 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 CMO5 bit is set to "1", the clock applied to XouT becomes "H". The built-in feedback resistor

remains ON. XIN is pulled up to Xout ("H" level) via the feedback resistor.

if the CMO5 bit terminates XIN-XOUT.

w0 ~

. When the CMO5 bit is set to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). In on-chip oscillation mode, the MCD4 to MCDO bits are not set to "010002" even

. Once the CMO6 bit is set to "1", it cannot be set to "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 bit simultaneously.

CMO7 bits do not change even when written.
10. After the CMO7 bit is set to "0", set the PM21 bit to "1".
11. When stop mode is entered, the CMO03 bit is set to "1".

. When the PM21 bit in the PM2 register is set to "1" (clock change disabled), the CM02, CM05 and

Figure 11.3 CMO Register
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11.1 Count Source Protection Mode
In count source protection mode, the on-chip oscillator clock is used as a count source for the watchdog
timer. The count source protection mode allows the on-chip oscillator clock to run continuously, maintain-
ing watchdog timer operation even if the program error occurs and the CPU clock stops running.
Follow the procedures below when using this mode.
(1) Set the PRCO bit in the PRCR register to "1" (write to CMO register enabled)
(2) Set the PRC1 bit in the PRCR register to "1" (write to PM2 register enabled)
(3) Set the CMO06 bit in the CMO register to "1" (reset when the watchdog timer overflows)
(4) Set the PM22 bit in the PM2 register to "1" (the on-chip oscillator clock as a count source of the watch-
dog timer)

(5) Set the PRCO bit to "0" (write to CMO register disabled)
(6) Set the PRC1 bit to "0" (write to PM2 register disabled)
(7) Write to the WDTS register (the watchdog timer starts counting)

The followings will occur when the PM22 bit is set to "1".

» The on-chip oscillator starts oscillating and the on-chip oscillator clock becomes a count source for
the watchdog timer.

Counter value of watchdog timer (32768)
On-chip oscillator clock

Watchdog timer cycle =

» Write to the CM10 bit in the CML1 register is disabled. (The bit setting remains unchanged even if set
it to "1". The microcomputer does not enter stop mode.)

« In wait mode or hold state, the watchdog timer continues running. However, the watchdog timer
interrupt cannot be used to exit wait mode.
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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 if using
DMAC. DMA2 and DMAS 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 on 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 in the CPU, use the LDC instruction to write to the
registers. To setthe DCT2, DCT3, DRC2, DRC3, DMA2 and DMABS registers, set the B flag to "1" (register
bank 1) and set the RO to R3, A0, Al registers with the MOV instruction.

To set the DSA2 and DSAS registers, set the B flag to "1" and set the SB and FB registers with the LDC
instruction. To set the DRA2 and DRAS3 registers, set the SVP and 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(!)
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(!)
DRA1 DMA 1 Memory Address Reload Register(l)
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 (R0O) DMA2 Transfer Count Register SVF Flag Save Register
DCT3 (R1) DMA3 Transfer Count Register DRA2 (SVP) DMA2 Memory Address Reload Register(t)
DRC2 (R2) DMA?2 Transfer Count Reload Register(?) DRAL (VCT) DMA3 Memory Address Reload Register(%)
DRC3 (R3) DMAS Transfer Count Reload Register) When using DMA2 and DMA3, use the CPU registers shown in parentheses ().
DMA2 (A0) DMA2 Memory Address Register
DMA3 (A1) DMA3 Memory Address Register
DSA2 (SB) DMA2 SFR Address Register
DSA3 (FB) DMA3 SFR Address Register

NOTE:
1. Registers are used for repeat transfer, 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 DMISL 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 DMISL 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
Item

Specification

4 channels (cycle-steal method)

» From a desired address in a 16-Mbyte space to a fixed address in a
16-Mbyte space

» From a fixed address in a 16-Mbyte space to a desired address in a
16-Mbyte space

128 Kbytes (when a 16-bit data is transferred) or 64 Kbytes (with an 8-

bit data is transferred)

Falling edge or both edges of signals applied to the INTO to INT3 pins

Timers AO to A4 interrupt requests

Timers BO to B5 interrupt requests

UARTO to UART4 transmit and receive interrupt requests

A/DO conversion interrupt request

Intelligent 1/O interrupt request

Software trigger

DMAO > DMA1 > DMA2 > DMA3 (DMAO has highest priority)

8 bits, 16 bits

Forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Channels
Transfer Memory Space

Maximum Bytes Transferred

DMA Request Source(d)

Channel Priority
Transfer Unit
Destination Address

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 Requ

est 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 and MDO bits in the DMDj register
(i=0,1) 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 and MDiO bits are set to "112"
(repeat transfer)

DMA Stop

Single Transfer

DMA stops when the MDil and MDiO bits are set to "002" (DMA dis-
abled) and the DCTi register is set to "000016" (0 DMA transfer) by DMA
transfer or write

Repeat Transfer

DMA stops when the MDil1 and MDiO bits are set to "002" and the DCTi
register is set to "000016" and the DRCi register set to "000016"

Reload Timing to the DCTi
or DMAI Register

When the DCTi register is set to "000016" from "000116" in repeat trans-
fer mode

DMA Transfer Cycles

Minimum 3 cycles between SFRs and internal RAM

NOTE:

1. The IR bit in the interrupt control register does not change when a DMA request is acknowledged.
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DMAI Request Source Select Register (i=0to 3)

1: Requested

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

| |><| | | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
Sylrarﬁ)ol Bit Name Function RW
Pib i b ose Rw
R DSEL1 RW
DMA Request Source See Table 12.2 for the DMiSL
N DSELZ | Select Bit®) register (i=0 to 3) function RW
A S S SO, DSEL3 RW
T R e RICLCELED DSEL4 RW
When a software trigger is selected,
R DSR Software DMA a DMA request is generated by RW
I Request Bit®? setting this bit to "1" (When read, its
content is always "0")
R RGGEREEELEEEEEEEEEE —— | Reserved Bit When read., ) ) RO
: (b6) its content is indeterminate
) 0: Not requested
--------------------------- DRQ |DMA Request Bit? 3 RW

NOTES:

DSEL4 to DSELDO bit settings are changed.
e.g., MOV.B #083h, DMISL ; Set timer AO

e.g.,, OR.B #0AOh, DMiSL
3. Do not set the DRQ bit to "0".

1. Change the DSEL4 to DSELO bit settings while the MDil1 and MDiO bits in the DMDO and DMD1
registers are set to "002" (DMA disabled). Also, set the DRQ bit to "1" simultaneously when the

2. When the DSR bit is set to "1", set the DRQ bit to "1" simultaneously.

Figure 12.2 DMOSL to DM3SL Registers

Rev. 1.00 Nov. 01, 2005 Page 111 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group

12. DMAC

Table 12.2 DMiSL Register (i=0 to 3) Function

Setting Value

DMA Request Source

b4 b3 b2 bl b0

DMAO

DMA1 DMA2

DMA3

0

0

0

0

Software trigger

Falling Edge of INTO

Falling Edge of INT1 | Falling Edge of INT2

Falling Edge of TNT3()

Both Edges of INTO

Both Edges of INT1 | Both Edges of INT2

Both Edges of INT3(})

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(®)

UART2 Transmit Interrupt Request

UART2 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

Prlr|lr|lP|r|lrR|rR|[+r|P|r|lo|o|o|o|o|lo|o|o|o|o|lo|o|o|o|o|o
r|lr|lo|lo|o|lo|lo|o|lo|o|r|r|r|rRr|r|r|r|+r|lo|o|lo|o|o|o]|o

o|lo|r|r|rkr|r|lo|lo|lo|o|r|r|r|r|o|lo|lo|o|r|rR|r|r|o|lo|o

o|ofr|(Fr|O|O|(FR|(FR|[O|O|(FR|(F|O|OC|(FR|(FP|O|OC|(FR|[FP|O|O|(FR|F,|O

rlo|lr|lo|lr|lo|r|o|lr|o|r|Oo|rRr|o|lrRr|Oo|rRr|Oo|rR|O|lrR|O|FR|O]|R

Intelligent I/O
Interrupt 0 Request

Intelligent I/O
Interrupt 2 Request

11010 Intelligent I/O Intelligent I/O
Interrupt 1 Request Interrupt 3 Request
11011 Intelligent /O Intelligent 1/0
Interrupt 2 Request Interrupt 4 Request
11100 Intelligent I/O Intelligent I/O
Interrupt 3 Request Interrupt 0 Request
11101 Intelligent I/O Intelligent I/O
Interrupt 4 Request Interrupt 1 Request
11110 Intelligent I/O Intelligent I/O
Interrupt 0 Request Interrupt 2 Request
11111 Intelligent 1/O Intelligent I/O
Interrupt 1 Request Interrupt 3 Request
NOTES:

(Note 2)

(Note 2)

1. If the INT3 pin is used for data bus in memory expansion mode or microprocessor mode, a DMA3 interrupt request
cannot be generated by a signal applied to the INT3 pin.
2. The falling edge and both edges of signals applied to the INT]j pin (j=0 to 3) cause a DMA request generation. The

INT interrupt (the POL bit in the INT]IC register, the LVS bit, the IFSR register) is not affected and vice versa.

3. Use the UKSMR register and UKSMR?2 register (k=0 to 4) to switch between the UARTKk receive and ACK interrupt
as a DMA request source.
To use the ACK interrupt for a DMA regest, set the IICM bit in the UKSMR register to "1" and the [ICM2 bit in the
UkSMR2 register to "0".
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DMA Mode Register 00
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | DMDO (CPU Internal Register) 0016
Bit Bit Name Function RW
Py r 1 o+ 1 4 1| Symbol
S A 5150
P 0 44 =] MDOO 0 0: DMA disabled RW
e Channel 0 Transfer | g 1- Single transfer
Mode Select Bit 1 0: Do not set to this value RW
MDO1 1 1: Repeat transfer
A BWO Chgnnel 0 Trgnsfer 0:8 b|t§ RW
- Unit Select Bit 1: 16 bits
_ ____________ RWO Channel 0 Transfer | 0: Fixed address to memory (forward direction) RW
oo Direction Select Bit | 1: Memory (forward direction) to fixed address
SR e
. MD10 0 0: DMA disabled Rw
- fﬂhznngl IlTraanfer 0 1: Single transfer
- ode Select Bit . ;
T MD11 1 0: Do not set to this value RW
P 1 1: Repeat transfer
N BW1 Chgnnel 1 Trgnsfer 0:8 b|t§ RW
Unit Select Bit 1: 16 bits
_ __________________________ RW1 Channel 1 Transfer | O: Fixed address to memory (forward direction) RW
Direction Select Bit | 1: Memory (forward direction) to fixed address
NOTE:
1. Use the LDC instruction to set the DMDO register.
DMA Mode Register 13
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | DMD1 (CPU internal register) 0016
Bit Bit Name Function RW
Doy o4 4+ % 1| Symbol
A A b1
Poror b = MD20 0 0: DMA disabled RwW
- Channel 2 Transfer | ¢ 1. Single transfer
R Mode Select Bit 1 0: Do not set to this value RW
MD21 1 1: Repeat transfer
Channel 2 Transfer | 0: 8 bits
BW2 Unit Select Bit 1: 16 bits RW
Rwz | Channel 2 Transfer | 0: Fixed address to memory (forward direction)| .
Direction Select Bit | 1: Memory (forward direction) to fixed address
oo b5 ba
P ey MD30 0 0 : DMA disabled RW
Channel 3 Transfer | ¢ ; . Single transfer
. Mode Select Bit . ;
S 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
NOTE:
1. Use the LDC instruction to set the DMD1 register.

Figure 12.3 DMDO and DMD1 Registers
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DMAI Transfer Count Register (=0 to 3)

b15 b8 b7 b0 Symbol Address After Reset

| i | DCTO® (CPU Internal Register) XXXX16
; DCT1@ (CPU Internal Register) XXXX16
E DCT2(bank1;R0)®3) (CPU Internal Register) 000016
H DCT3(bank1;R1)4) (CPU Internal Register) 000016
Function Setting Range RW
R P P LR LY Set the number of transfers 000016 to FFFF16(1) | RW

NOTES:

1. When the DCTi register is set to "000016", no data transfer occurs regardless of a DMA request.

2. Use the LDC instruction to set the DCTO and DCT1 registers.

3. To set the DCT2 register, set the B flag in the FLG register to "1" (register bank 1) and set the RO
register. Use the MOV instruction to set the RO register.

4. To set the DCT3 register, set the B flag to "1" and set R1 register. Use the MOV instruction to
set the R1 register.

DMAI Transfer Count Reload Register (i=o0 to 3)

b15 b8 b7 bo Symbol Address After Reset

| ! | DRCO® (CPU Internal Register) XXXX16
; DRC1®) (CPU Internal Register) XXXX16
E DRC2(bank1;R2)2) (CPU Internal Register) 000016
H DRC3(bank1;R3)®) (CPU Internal Register) 000016
Function Setting Range RW
P LR Set the number of transfers 000016 to FFFF16 RW

NOTES:

1. Use the LDC instruction to set the DRCO and DRCL1 registers.

2. To set the DRC2 register, set the B flag in the FLG register to "1" (register bank 1) and set the R2
register. Use the MOV instruction to set the R2 register.

3. To set the DRC3 register, set the B flag to "1" and set R3 register. Use the MOV instruction to set the
R3 register.

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 Symbol Address After Reset
| i DMAO®2) (CPU Internal Register) XXXXXX16
L v 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:

. 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.

. Use the LDC instruction to set the DMAO and DMAL registers.
. To set the DMAZ2 register, set the B flag in the FLG register to "1" (register bank 1) and set the A0

register. Use the MOV instruction to set the AO register.

. To set the DMA3 register, set the B flag to "1" and set the Al register. Use the MOV instruction to set

the Al register.

DMAI SFR Address Register (=0 to 3)

NOTES:

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DSA0® (CPU Internal Register) XXXXXX16
L L DSA1@) (CPU Internal Register) XXXXXX16
DSA2(bank1;SB)®) (CPU Internal Register) 00000016
DSA3(bankl1;FB)4) (CPU Internal Register) 00000016

Function

Setting Range RW

Set a source fixed address or destination fixed

00000016 to FFFFFF16
(16-Mbyte space)

RW

. 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.

. Use the LDC instruction to set the DSAO and DSAL1 registers.
. 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.

. To set the DSAS register, set the B flag to "1" and set the FB register. Use the LDC instruction to set

the PB register.

DMAi Memory Address Reload Register) (i=o to 3)

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DRAO (CPU Internal Register) XXXXXX16
1 T 1 DRA1 (CPU Internal Register) XXXXXX16
E 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(1) (16-Mbyte space)

NOTES:

1. Use the LDC instruction to set the DRAO and DRAL1 registers.
2. To set the DRAZ register, set the SVP register.
3. To set the DRA3 register, set the VCT register.

Figure 12.5 DMAO to DMA3 Registers, DSAO to DSA3 Registers and DRAO to DRA3 Registers
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12.1 Transfer Cycle
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 DS register setting. 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 a source address starting with an odd
address, source read cycle is incremented by one 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 a destination address starting with an odd
address, a destination write cycle is incremented by one 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 8.1 for details about the DS
register.

* 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.

« 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.

« 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 CPU clock
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 cycle as two CPU clock 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 if a source address or
destination address is allocated address in an external space. Referto 7.2.6 RDY Signal for details.

Rev. 1.00 Nov. 01, 2005 Page 116 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group

12. DMAC

(1) When 8-bit data is transferred
or when 16-bit data is transferred with a 16-bit data bus from an even source address

CPU Clock

Address

Bus CPU Use

CPU Use

>< Source >< Destination ><

RD Signal

WR Signal

Data bus CPU Use CPU Use

>< Source >< Destination ><

(2) When 16-bit data is transferred from an odd source address
or when 16-bit data is transferred and 8-bit bus is used to access a source address

CPU Clock L
Address L

Bus CPU Use >< Source ><Source + 1>< Destination >< CPU Use

RD signal 1
WR signal I—I ------------------------------------------------
Data Bus 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)

CPU Clock

Address

Bus CPU Use

Source CPU Use

>< Destination ><

RD Signal

WR Signal

Data Bus CPU Use

X

Source CPU Use

>< Destination ><

(4) When one wait state is inserted into the source-read bus cycle under the conditions in (2)

CPU Clock

Address

Bus CPU Use

Source

>< Source + 1 >< Destination >< CPU Use

RD Signal

WR Signal

Data Bus CPU Use

Source Source +1

>< >< Destination >< CPU Use

NOTE:

1. The above applies when the destination-write bus cycle is 2 CPU clock cycles (=1 bus cycle).
However, if the destination-write bus cycle is pleaced under these conditions, it will change to
the same timing as the source-read cycle illustrated above.

Figure 12.6 Transfer Cycle Examples with the Source-Read Bus Cycle
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12.2 DMAC Transfer Cycle

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-hit Even — — 2 2
Odd — — 2 2

i=0to3,p=0,1

Table 12.4 Coefficient j, k

Internal Space External Space
Internal RAM Internal RAM SFR
with no wait state| with a wait state |area jand k BCLK cycles shown in Table 7.5.
=1 =2 j=2 Add one cycle to j or k cycles when inserting a recovery cycle.
k=1 k=2 k=2
j, k=210 9

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 > DMA3.
Figure 12.7 shows an example of the DMA transfer by external source.
In Figure 12.7, the DMAO request having 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 DMAL1 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 by external source are applied to INTO and
INT1 simultaneously and a DMA transfer with minimum cycle occurs

CPU Clock

DMAO '// ) L L

DMAL T T -z privilege
L 3 | P ; ; | acquired

CPU o ‘

INTO |
DRQ Bit in the o —
DMAO Register 41 3 ‘
INT1 § | ‘
DRQ Bt in the | |

DMA1 Register 4}

Figure 12.7 DMA Transfer by External Source
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13. DMAC I

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 DMAC II.

Table 13.1 DMAC Il Specifications

ltem Specification
DMAC Il Request Source | 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(1: 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 DMAC Il transfer
NOTES:
1. When transferring a 16-bit data to destination address OFFFFus, it is transferred to OFFFF16 and
1000016. The same transfer occurs when the source address is OFFFF16.
2. The actual space where transfer can occurs 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 4) to use the intelligent 1/O
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), DMAC Il is
activated by an interrupt request from any peripheral function with the ILVL2 to ILVLO bits in the interrupt
control register set to "1112" (level 7).
Figure 13.1 shows the RLVL register.
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b7 b6 b5 b4 b3 b2 bl bo

Exit Priority Register

Symbol Address After Reset
RLVL 009F16 XXXX 00002
Bit . )
Symbol Bit Name Function RW
b2b1b0
RLVLO 000: Level 0 RW
. . 001:Levell
'\Sﬂt'op/WaltINiode EtXIt 010: Level 2
RLvLL | Minimum Interrup 011:Level3 RW
Priority Level Control 100 Level 4
Bit(®) 101: Level 5
RLVL2 110: Level 6 RW
111:Level7
0: Interrupt priority level 7 is used
High-speed Interrupt for normal interrupt
FSIT ; RW
Set Bit(?) 1: Interrupt priority level 7 is used
for high-speed interrupt
Nothing is assigned. When write, set to "0". B
(b4) When read, its content is indeterminate.
0: Interrupt priority level 7 is used
DMAIl | DMA Il Select Bit® for interrupt _ RW
1: Interrupt priority level 7 is used
for DMA Il transfer®
Nothing is assigned. When write, set to "0".
(b7 - be) | When read, its content is indeterminate. B

NOTES:

the FLG register.

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

2. When the FSIT bit is set to "1", an interrupt having the interrupt priority level 7 becomes the high-speed
interrupt. In this case, set only one interrupt to the interrupt priority level 7 and the DMAII 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. The DMAII bit becomes indeterminate after reset. To use the DMAII bit for an interrupt setting, set it
to "0" before setting the interrupt control register.

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 ) )
DMAC Il Index < 16 bits > < 16 hits .
(SBtirggg)J Address 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 (DADR2)
BASE + 12 | Chained Transfer Address® (CADR1) °
BASE + 14 | End-of-Transfer Interrupt Address(® (IADRO) BASE + 28| Transfer Source Address (SADRY7)
BASE + 16 | End-of-Transfer Interrupt Address(® (IADR1) BASE + 30| Transfer Destination Address (DADRY7)

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 . .
Transfer Data /immediate Data Transfer Calculation Transfer Multiple Transfer
Chained Transfer| Not Used Used Not Used Used Not Used Used Not Used Used Not Available
E]rtlgr-rolj‘;[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 Il 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
Index I |
CADR1 IADR1 CADRL |1 9 bytes || CADRO IADRO CADRO | I
ADR1 i
12 bytes | 12 bytes IADRO CADR1 IADR1 C SADRI
IADR1 14 bytes 14 bytes IADRO DADRI
16 bytes IADRL ||i=1t0 7
max. 32 bytes
18 bytes | (when i=7)
Transfer Mode (MOD)®
b15 b8 b7 b0

|

Bit . Function Function
Symbol Bit Name (MULT=0) (MULT=1) RW
Transfer Unit 0: 8 hits
SIZE | select Bit 1: 16 bits RW
IMM Transfer.Data 0: Immediate data Set to "1 RW
Select Bit 1: Memory

Transfer Source 0: Fixed address
UPDS Direction Select Bit| 1: Forward address RW

Transfer Destination| 0: Fixed address
PDD | .. . . RW
v Direction Select Bit| 1: Forward address
OPERY/ | Calculation Transfer| 0: Not used bgtglsl b t set RW
HTITETELE ) i N : Do not se
: CNTO'%)| Function Select Bit | 1: Used to this value
H . 1
R BRST/ | Burst Transfer 0: Single transfer 8 (l) 0: '(I')wnf:ee RW
CNT1@)| Select Bit 1: Burst transfer -
L INTE/ | End-of-Transfer | 0: Interrupt not used |1 1 0: 6 times RW
CNT2()| Interrupt Select Bit | 1: Use interrupt 111:7times
Chained Transfer | 0: Chained transfer not used
R TTELCTTEPCTTEY CHAIN _ ng RW
. Select Bit 1: Use chained transfer Setto "0
_________'_E_ _______________ 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 6 to 4 becomes the INTE, OPER and BRST
bits. When the MULT bit is set to "1" (multiple transfer), bits 6 to 4 becomes the CNT2 to CNTO 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 DMAC I, 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 DMAC II.
When using the chained transfer, the relocatable vector table must be located in the RAM.

13.1.5 IRLT Bit in the IIOIIE Register (i=0 to 4)

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
Function to activate DMAC Il is selected by setting the DMA 1l bit to "1" (DMAC Il transfer). DMAC Il 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), DMAC Il is
activated regardless of what state the | flag and IPL are in.

13.3 Transfer Data

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 64-Kbyte 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. Actual transferable space varies

depending on the internal RAM capacity.

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 address is incremented, 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 0000016 and continues incrementation. Maintain
source and destination address at address OFFFF16 or below.
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13.3.2 Immediate Data Transfer
DMAC Il transfers immediate data to any memory location. A fixed or relocatable address can be se-
lected as the destination address. Store the immediate data into SADR. To transfer an 8-bit immediate
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, DMAC Il transfers
calculated result to any memory location. SADR must have one memory location address to be calcu-
lated or immediate data and 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
Single and burst transfers are available. The BRST bit in MOD selects transfer method, either single trans-
fer or burst transfer. COUNT determines how many transfers occur. No transfer occurs when COUNT is set
to "000016".

13.4.1 Single Transfer
For every transfer request source, DMAC Il transfers one transfer unit of 8-bit or 16-bit data once. When
the source or destination address is relocatable, the address is incremented, 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 source, DMAC Il continuously transfers data the number of times determined
by COUNT. COUNT is decremented 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.

13.5 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 source 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 in addresses
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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13.6 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 source, occurs according to the content of the DMAC Il index.
The vectors of the request source indicates where the DMAC Il index is allocated. For each request, the
BRST bit selects either single or burst transfer.

(2) When COUNT reaches "0", the contents of CADR1 and CADRO are written to the vector of the request
source. When the INTE bit in 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 peripheral function interrupt vector rewritten in (2).

Figure 13.4 shows the relocatable vector and DMACII index 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
-s— Peripheral I/O interrupt vector causing DMAC Il request
Default value of DMAC Il is BASE(1).
BASE(1)
DMAC I
Index(1)
(CADR1 and 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) -—,
DMAC Il
Index(2)
(CADR1 and 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

13.7 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 routine in IADR1 and IADRO. The end-of-transfer interrupt is generated when COUNT reaches "0."
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13.8 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 transfer counter
n: If COUNT =1,n=0; if COUNT =2 ormore,n=1
k: Number of transfers set in the CNT2 to CNTO bits

The equations above are approximations. The number of cycles may vary depending on CPU state, bus
wait state, and DMAC Il index allocation.

The first instruction from the end-of-transfer interrupt routine is executed in the eighth 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:

a=-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 ) .
9 (First time) 9 (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 as a DMAC Il transfer request source 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 functions independently. The count source for each timer becomes 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.

f1 f8 fan fC32

TCK1 and TCKO

TAoN O

Clock prescaler

Set the CPSR bit in the
CPSREF register to "1"

00: Timer mode
10: One-shot timer mode
11: PWM mode

00
N
O

11

TMOD1 and TMODO

Timer AO interrupt

AN ()

Timer Al interrupt

TA2n ()

Timer A2 interrupt

TA3N ()

Timer A3 interrupt

TAaN O

Timer A4 interrupt

11| TA4TGH and TA4TGL

=10 ) O\O - 1
1o o —' Timer AO |
Noise 01] (O
filter 00] ° 01: Event counter mode
11| TAOTGH and TAOTGL
oop=K1 and TCKO 00: Timer mode
o1 10: One-shot tiemr mode
10 °) 11: PWM mode
e o 1 TMOD1 and TMODO
=0 o " 1
i o—o o —| Timer A1 I >
Noise 01] (O
filter 00 o 01: Event counter mode
11| TALTGH and TA1TGL
TCK1 and TCKO 00: Timer mode
00 10: One-shot timer mode
01 & 11: PWM mode
10
1 o} 0 TMOD1 and TMODO
T 2 —I Timer A2 |
Noise "Ho(o ° |
filter 00 o 01: Event counter mode
11| TA2TGH and TA2TGL
00lCK1 and TCKO 00: Timer mode
01 10: One-shot timer mode
m O 11: PWM mode
12 1 TMOD1 and TMODO
p—=1-O o T A3 1
o— —I Imer |
Noise Ol-g/C ° 1
filter 00| 01: Event counter mode
11| TASTGH and TA3TGL
00 TCK1 and TCKO 00: Timer mode
o1 10: One-shot timer mode
019 11: PWM mode
710 TMOD1 and TMODO
p—10 198 m—— 1 "7
o "H'OO/C o O imer I '
% 00 P 01: Event counter mode

i

Timer B2 overflow
or underflow signal

CST: Bitin the TCSPR Register
TCK1 and TCKO, TMOD1 and TMODO: Bits in the TAIMR Register (i=0 to 4)
TAITGH and TAITGL: Bits in the ONSF Register or TRGSR Register

Figure 14.1 Timer A Configuration
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. Timer

f1 f8 fan fC32

Clock prescaler

Set the CPSR bit in the
CPSREF register to "1"

Timer B2 overflow or underflow signal
(to a count source of Timer A)

TBOIN O

TB1IN

|'4 Timer BO interrupt
p———

TB2IN O

|—< Timer B1 interrupt
———

TCK1 and TCKO

|—< Timer B2 interrupt
——>

OoTCK1 to TCKO
o1 00: Timer mode
0 O 10: Pulse width measurement mode
e TMOD1 and TMODO
—O GDT—O
i Timer BO
N_mse 50 o O—"
filter 0=k
01:Event counter mode
OoTCKl and TCKO
o1 00: Timer mode
10 O 10: Pulse width measurement mode
e 1 TMOD1 and TMODO
[ @) 5
oise | O—I Timer B1
Noise
o e 1t 0
TCK1 01:Event counter mode
00 TCKL and TCKO
o1 00: Timer mode
0 O 10: Pulse width measurement mode
1 T TMOD1 and TMODO
—to 5
Noise O—I Timer B2
filter o0 o
TCK1 01:Event counter mode

00: Timer mode

10: Pulse width measurement mode

TB3IN Q

TMOD1 and TMODO

]

Timer B3

|“ Timer B3 interrupt
—>

20

:Event counter mode

00: Timer mode

10: Pulse width measurement mode

84N ()

85N ()

TCK1 and TCKO
00

01
10

00
N
11 °
=10 i
Noise g
Z> filter 0
TCK1
TCK1 and TCKO
00
01
10 ((:)x
1
oo s
Noise oo
filter 0
TCK1

o

\ TMOD1 and TMODO

Timer B4

|" Timer B4 interrupt
———

01:Event counter mode

00: Timer mode
10: Pulse width measur

o1l

écyo

Noise
>

CST: Bitin the TCSPR Register
TCK1 and TCKO, TMOD1 and TMODO: Bits in the TBIMR Register (i=0 to 5)

i

ement mode

TMOD1 and TMODO

Timer B5

|_< Timer B5 interrupt
————————— >

01:Event counter mode

Figure 14.2 Timer B Configuration
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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 and TMODO 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 a counter value 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.

Select clock
R e T 4
E Select Count Source ES High-Order Bits of Data Bus
TCKland -« Timer Mode :TMOD1 and TMOD0=00, MR2=0 ! T ——
! 00 TCKO * One-Shot Timer Mode :TMOD1 and TMOD0=10 ! S ow-=r 8e: IS of Data Bus STan
' | ——— « Pulse Width Modulation Mode ' 1 ow- igh-
b oty :TMOD1 and TMODO=11  TMOD1 and TMODO, order order
PSP T1 D MR2 | \V4 bits bits
! n 11 « Timer Mode (gate function): . | Reload Register |
 feaza —=0 TMOD1 and TMODO=00, MR2=1 1 A Y
E « Event Counter Mode:TMOD1 and TMODO0=01] o TL
: Polarity R EERRRRREE 4 D—| Counter F—
H C_ Selector ' Increment / decrement
v TAIN ! Always decrement except
: ' in event counter mode
0 E 00
5 TB2 Overflow® —4-0 )\ ; o
! TAj Overflow® 1 O ! Decrement —
: TAk Overflow® —O 01
| TAITGH and TAITGL H ne
L ' 0 TMOD1 and TMODO
TAIUD —KO
1
O
Pulse Output MR2
TAiouT
O | I Toggle Flip Flop I
i=0to 4 TAi  Addresses TAj TAk
j=i-1, except j=4 if i=0 Timer A0 034716 034616 Timer A4 Timer Al
k=i+1, except k=0 if i=4 Timer A1 034916 034816 Timer AO Timer A2
NOTES: Timer A2 034B16 034A16 Timer Al Timer A3
1. The CNT3 to CNTO bits in the TCSPR register select Timer A3 034D16 034C16 Timer A2 Timer A4
no division (n=0) or divide-by-2n (n=1 to 15). Timer A4 034F16 034Ei16 Timer A3 Timer AO
2. Overflow or underflow signal
TCK1 and TCKO, TMOD1 and TMODO, MR2 and MR1: Bits in the TAIMR register
TAITGH and TAITGL: Bits in the ONSF register if i=0 or bits in the TRGSR register if i=1 to 4
TAIS: Bits in the TABSR register
TAIUD: Bits in the UDF register

Figure 14.3 Timer A Block Diagram
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M32C/80 Group 14. Timer (Timer A)
Timer Ai Register (i=o to 4
b15 b8 b7 o  Symbol Address After Reset

fj : f1, fs, fon, fc32
NOTES:

| TAO to TA2 034716-034616, 034916-034816, 034B16-034A16

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
Event Count is divided by_ FFFF16 - n+1 when
Mve;jn (z)oun " | 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: (2'°-1) / fi
"H" width of PWM pulse: n / fj
If count source frequency is fj, 0016 to FE16®
) setting value of high-order bits in —
Pulse Width the TAI register is n and setting (High ordgr
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 pulse inputs are provided 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 timer 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/80 Group

14. Timer (Timer A)

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai Mode Register (=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

LTI del 1]

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
Symbol
b1b0
TMODO 0 0: Timer mode RW
Operating Mode 0 1: Event counter mode
Select Bit 1 0: One-shot timer mode
TMOD1 1 1: Pulse width modulation RW
(PWM) mode
—— | Reserved Bit Set to "0" RW
(b3)
MR1 RW
MR2 Function varies depending on RW
operating mode
MR3 RW
TCKO . . . RW
Count Source Function varies depending on
Select Bit operating mode
TCK1 RW
Symbol Address After Reset
TABSR 034016 0016
Bit Bit Name Function RW
Symbol
Timer AO Count 0: Stops counting
TADS Start Flag 1: Starts counting RW
TALS Timer Al Count 0: Stops countl_ng RW
Start Flag 1: Starts counting
TA2S Timer A2 Count 0: Stops count[ng RW
Start Flag 1: Starts counting
Timer A3 Count 0: Stops counting
TA3S Start Flag 1: Starts counting RW
Timer A4 Count 0: Stops counting
TA4S Start Flag 1: Starts counting RW
Timer BO Count 0: Stops counting
TBOS Start Flag 1: Starts counting RW
Timer B1 Count 0: Stops counting
TB1S Start Flag 1: Starts counting RW
Timer B2 Count 0: Stops counting
B82S Start Flag 1: Starts counting RW

Figure 14.5

TAOMR to TA4AMR Registers and TABSR Register
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M32C/80 Group

14. Timer (Timer A)

Up/Down Flag®

b7 b6 b5 b4 b3 b2 bl bo

NOTE

b7 b6 b5

S:

b4 b3 b2 bl bo

NOTES
1. When read, this bit is set to "0".
2. Overflow or underflow.

Symbol Address After Reset
UDF 034416 0016
Bit Bit Name Function RW
Symbol
Timer AO 0: Decrement
TAOUD Up/Down Flag® 1: Increment RW
Timer Al 0: Decrement
TALUD Up/Down Flag® 1: Increment RW
Timer A2 0: Decrement
TA2UD Up/Down Flag® 1: Increment RW
Timer A3 0: Decrement
TA3UD Up/Down Flag® 1: Increment RW
Timer A4 0: Decrement
TA4UD Up/Down Flag® 1: Increment RW
Timer A2 Two-Phase 0: Disables two-phase pulse signal
: : processing function
TA2P PuIse_Slgnal Procgsssmg 1: Enables two-phase pulse signal wo
Function Select Bit(3®) processing function
Timer A3 Two-Phase 0: Disables two-phase pulse signal
) : processing function
TASP PuIse_S|gnaI Proc_esssmg 1: Enables two-phase pulse signal WO
Function Select Bit(®) processing function
Timer A4 Two-Phase 0: Disables two-phase pulse signal
: : processing function
TA4P PuIse_S|gnaI Proc_esssmg 1: Enables two-phase pulse signal WO
Function Select Bit(®) processing function

One-Shot Start Flag

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.

Symbol Address After Reset
ONSF 034216 0016
Bit Bit Name Function RW
Symbol
TA0OS Timer AO ?ne—Shot 0:In an idle state RW
Start Flag®) 1: Starts the timer
Ta10s | Timer Al (Cl))ne-Shot 0: In an idle state RW
Start Flag 1: Starts the timer
TA20S Timer A2 ?ne-Shot 0: In an idle sFate RW
Start Flag(®) 1: Starts the timer
TA30S Timer A3 ?ne-Shot 0: In an idle sFate RW
Start Flag(V) 1: Starts the timer
Timer A4 One-Shot 0: In an idle state
TA40S | Stant Flag® 1: Starts the timer RW
TAZIE ZTPhase Input Enable O Disables Z—phasellnput RW
Bit 1: Enables Z-phase input
b7b6
TAOTGL | ) 0 0: Selects an input to the TAOIN pin | RW
;'nl"er AO Event/Trigger | o 1: Selects the TB2 overflows(?
elect Bit . 2)
TAOTGH 1 0: Selects the TA4 overflows' ; RW
1 1: Selects the TA1 overflows®

Figure 14.6 UDF Register and ONSF Register
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M32C/80 Group

14. Timer (Timer A)

b7 b6 b5 b4 b3 b2 bl bo

NOTE:

b7 b6 b5 b4 b3 b2 bl bO

LD T 1]

NOTES:

reset has performed.

Trigger Select Register

1. Overflow or underflow

Count Source Prescaler Register

Symbol Address After Reset
TRGSR 034316 0016
Sy?riltbol Bit Name Function RW
b1 b0
TAITGL | ) 0 0: Selects an input to the TALiN pin | RW
;mlwertﬁélitEvent/Trlgger 0 1: Selects the TB2 overflows()
TALTGH elec 1 0: Selects the TAO overflows®) RW
1 1: Selects the TA2 overflows(®
b3 b2
TA2TGL [ ) 0 0: Selects an input to the TA2IN pin | RW
Timer A2 Event/Trigger | o 1: Selects the TB2 overflows®
TAPTGH Select Bit 1 0: Selects the TA1 overflows®) RW
1 1: Selects the TA3 overflows®
b5 b4
TA3TGL | ) 0 0: Selects an input to the TA3IN pin | RW
;Inrertpés't Event/Trigger | ¢ 1. Selects the TB2 overflows()
elect Bi . (1)
TA3TGH 1 0: Selects the TA2 overflows RW
1 1: Selects the TA4 overflows®
b7 b6
TAATGL - A4 Event/Tri 0 0: Selects an input to the TA4iN pin | RW
Sgreecrt Bit VENUINIGYEr 1 g 1: selects the TB2 overflows®
TA4TGH 1 0: Selects the TA3 overflows(® RW
1 1: Selects the TAO overflows(®
Symbol Address After Reset®
TCSPR 035F16 0XXX 00002
Sy%iwtbol Bit Name Function RW
CNTO RW
CNTL If sgttir}g vkalue ishrl, fon i'|s| the RW
- . 11| main clock, on-chip oscillator or
Divide Ratio Select Bit(® PLL clock divided Ey on
CNT2 Not divided if n=0. RW
CNT3 RW
) When read,
(b6 - ba) Reserved Bit its content is indeterminate RO
0: Stops a divider
CST | Operation Enable Bit ps a aivt RW

1: Starts a divider

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

Figure 14.7 TRGSR Register and TCSPR Register

Rev. 1.00 Nov. 01, 2005 Page 134 of 330

REJ09B0271-0100

RENESAS




M32C/80 Group

14. Timer (Timer A)

Table 14.1 Pin Settings for Output from TAiouT Pin (i=0 to 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/TA20uUT PS1_4=1 PSL1_4=0 PSC_4=0
P76/TA30UT PS1 6=1 PSL1_6=1 PSC_6=0
P8o/TAdouT PS2_0=1 PSL2_0=0 -
NOTE:

1. P70/TAOouUT 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
P8o/TA4ouT PS2_0=0 PD8_0=0
P81/TA4IN PS2_1=0 PD8_1=0
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M32C/80 Group 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 Timer Mode Specifications

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 « While 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 * 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

NOTE:
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/80 Group 14. Timer (Timer A)

Timer Ai Mode Register (=0 to 4) (Timer Mode)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

| . | . | 0 | . | . | 0 | 0 | O | TAOMR to TAdMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
P4 2 1 i [ Symbol
Poror o r v TMoDo 16 RW
Operating Mode )
S Select Bit 0 0: Timer mode
R e L RW
S —— | Reserved Bit Set to "0" RW
oo (b2)
Pl bab3
R S MR1 0 X: Gate function disabled® RW
Voo Gate Eunction (TAiIN pin is a programmable 1/O pin)
Sel . 1 0: Timer counts only while the
Do b temmmmmmmeeeeeees elect Bit TAIIN pin is held "L"
MR2 1 1: Timer counts only while the RwW
oo TAIIN pin is held "H"
pon T MR3 | Setto "0" in timer mode RW
Pl b7b6
L e TCKO 00: f1 RW
: Count Sgurce 01:fs
Select Bit 10 f2n®@
--------------------------- TCK1 11: fcaz RW

NOTES:
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/80 Group 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 counter overflows and underflows. The timers A2, A3 and A4 can count externally gener-
ated 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 timers A2, A3 and A4). Figure 14.9 shows the TAIMR register (i=0 to 4) in event
counter mode.

Table 14.4 Event Counter Mode Specifications (When Not Processing Two-phase Pulse Signal)
Item Specification

Count Source « External signal applied to the TAIIN pin (i = O 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 a counter value

« When the timer counter underflows or overflows, 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 e 1/(FFFF16 - n + 1)for counter increment
e 1/(n + 1)for counter decrement 77: 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 1/0O 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/80 Group 14. Timer (Timer A)

Table 14.5 Event Counter Mode Specifications (When Processing Two-phase Pulse Signhal on
Timer A2, A3 and A4)

Item Specification
Count Source Two-phase pulse signal applied to the TAiIN and TAIouT pins (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/ (FFFF1ié6 - n + 1)for counter increment
e 1/(n + 1)for counter decrement  77: 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 the 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
increments a counter value on the rising edge of the TAjIN pin or decrements a

counter on the falling edge.

TAjouT
TAjIN § § § U LI L

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) on the rising edge of the
TAKIN pin, the timer increments a counter value on the rising and falling edges of the
TAkout and TAKIN pins.
While an "H" signal 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

NOTE:
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.
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M32C/80 Group

14. Timer (Timer A)

Timer Ai Mode Register (=0 to 4) (Event Counter Mode)
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | 0 | | | 0 | (0] | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Function Function
R Synlﬂbol Bit Name (When not processing (When processing RW
E H E T - two-phase pulse signal) | two-phase pulse signal)
E H E HE- . TMODO RW
: oo ) b1b0
T SR O ting Mod
R perating Mode 14 1. Event counter mode®
R Select Bit
A TMOD1 RW
e —— |Reserved Bit Set to "0" RW
oo (b2)
0: Counts falling edges
- Count Polarity of an external signal e
oo MR1 Select Bit® 1: Counts rising edges Setto"0 RW
rooroon o of an external signal
Increment/Decrement | 0: UDF registser
Dol e MR2  |Switching Source setting Setto "1" RW
Lo Select Bit 1: Input signal to
P TAiouT pin®)
e PP MR3 Set to "0" in event counter mode RW
. TCKO Count Operatlpn 0: Reloadmg RW
: Type Select Bit 1: Free running
Two-Phase Pulse 0: Norme:_l processing
R ROELETEELITEELD TCK1 |Signal Processing Set to "0" 1 ’\cﬂ)ﬁﬁir:};obr; 4 RW
i it@.5) ' e .
Operation Select Bit processing operation
NOTES:
1. The TAITGH and TAITGL bits in the ONSF or TRGSR register determine the count source in the event
counter mode.
2. MR1 bit setting is enabled only when counting how many times external signals are applied.
3. The timer decrements a counter value when an "L" signal is applied to the TAiouT pin and the timer
increments a counter value when an "H" signal is applied to the TAiouT pin.
4. The TCK1 bit is enabled only in the TA3MR 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). Also, set the TAJTGH and TAJTGL bits to "002"
(input to the TAjIN pin).

Figure 14.9 TAOMR to TA4MR Registers
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M32C/80 Group

14.1.2.1 Counter Reset by Two-Phase Pulse Signal Processing
Z-phase input resets the timer counter when processing a two-phase pulse signal.
This function can be used in timer A3 event counter mode, two-phase pulse signal processing, free-
running count operation 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), Z-phase input can
reset the timer counter. To reset the 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 timer 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 continuously 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) | | ‘ |

TA3IN
(B-phase)

e (LI L AL
%gs)e) 4|——_|

<>
Pulse width of one count source cycle NOTE:
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

TA3ouT 4|—|—|7

(A-phase)

TA3IN _I—I—I—l—

(B-phase) |

Count source |_| |_| |_| |_| |_| |_|

NT2 )

(Z-phase)

Counter value X m Xm+1§>< 1 X 2 X 3 X 4 X 5
*

Timer counter isreset ~ NOTE:
at this timing 1. When the rising edge of INT2 is selected.

14. Timer (Timer A)

Figure 14.11 Counter Reset Timing
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M32C/80 Group 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 One-Shot Timer Mode Specifications

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 FFFF1s,
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 is provided

« Timer counter overflows or underflows

« 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" (stops counting)

Interrupt Request Generation Timing| The timer counter reaches "000016"

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Programmable 1/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)

NOTE:
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/80 Group 14. Timer (Timer A)

Timer Ai Mode Register (i=0to 4) (One-Shot Timer Mode)
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
| ] | ] |0 | ] | ] |0 |1 |0 | TAOMR to TA4MR 035616, 035716, 035816, 035916, 035A16 0016

Bit Bit Name Function RW
Pror b 1| Symbol
Pioi bbb bdvopo | " RW
I Operating Mode ) )
Select Bit 1 0: One-shot timer mode
s TMOD1 RW
e — Reserved Bit Set to "0" -
o (b2)

N 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 RW
TAITGL bits

e AR R MR3 Set to "0" in the one-shot timer mode RW
P bme
pooTTmmemmmemesnossmsaees TCKO 00 f1 RW
. Count Source 01:fs
Select Bit 10: f2n®@
R R e R R TCK1 11: fC32 RW
NOTES:

1. The MR1 bit setting is enabled only when the TAITGH and 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/80 Group 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 timer 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 Pulse Width Modulation Mode Specifications

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation « The timer decrements a counter value

(The counter functions as an 8-bit or a 16-bit pulse width modulator)
Content of the reload register is reloaded on the rising edge of PWM pulse and count-
ing continues.
The timer is not affected by a trigger that is generated during counting.
16-Bit PWM e« "H" width = /%4 n: setting value of the TAi register 000016 to FFFE16

4: count source frequency

Cycle = (216-1) /f fixed

8-Bit PWM o "H" width =nx (m+1) /4
 Cycles = (#-1) x (m+1)/
m: setting value of low-order bit address of the TAi register 0016 to FF16
n: setting value of high-order bit address of the TAi register 0016 to FE16
Counter Start Condition « External trigger input is provided
» Timer counter overflows or underflows
« 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| On the falling edge of the PWM pulse
TAIIN Pin Function Programmable 1/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)

NOTE:
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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Timer Ai Mode Register (=0 to 4) (Pulse Width Modulator Mode)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset

| _ | _ | _ | _ | _ | 0 | 1 | 1 | TAOMR to TAdMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
Py o 4 4 v 1| Symbol
Pib i b M{Tmopo . o160 RW
Operatm_g Mode 1 1: Pulse width modulation (PWM)
- Select Bit
oo mode
e TMOD1 RW
R T Rer ——— | Reserved Bit Set to "0" RW
oo (b2)
____________ 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 TAIS bit is enabled
Dol e MR2 | Trigger Select Bit 1: Selected by the TAITGH and TAITGL | RW
- bits
T S MR3 | 16/8-Bit PWM Mode | 0: Functions as a 16-bit pulse width modulator| .
Select Bit 1: Functions as an 8-bit pulse width modulator
H ECLLCGRIIICEEEEEEeE TCKO ot RW
Count Source 01 fs
Select Bit 1 0: fon@
B RRERLEEEEEELEEELEY TCK1 11 fe32 RW
NOTES:

1. MR1 bit setting is enabled only when the TAITGH and 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 TA4MR Registers
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When the reload register is set to "000316" and an external trigger (on rising edge
of a signal applied to the TAIIN pin) is selected

171X (216 — 1)

Count source

. . “yr " ——— ——mm - - - ==
Signal applied | !
to TAIN pin ap \T\

PWM pulse output H |
from TAiouT pin L I

agn
IR bit in TAIIC register o
fi: Count source frequency \ /

1
nzogébff(; :(2)”::::;;? Set to "0" by an interrupt request acknowledgement or by program

i=0to 4
NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.14 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 (on falling edge of a
signal applied to the TAIIN pin) is selected

! 1/fiX(m+1) X(28 -1)
Count sourcet TR AT

Signal applied to ha }
TAIIN pin “L ;

R < 1/ X (m+1)

oo i nimimim

PWM pulse output H
from TAiouUT pin “@L” ‘ T
wqr
IR bitin TAIIC register —I_

fj: Count source frequency
(f1, f8, f2n(3), fc32)
m=0016 to FF16, n=0016 to FE16
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. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Set to "0" by an interrupt request
acknowledgement or by program

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 and 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 14.8 lists TBiIN pin settings.

TCK1 and TCKO, TMOD1 and TMODOQO: Bits in the TBIMR Register
TBIS: Bits in the TABSR and the TBSR Register

§ High-order Bits of Data Bus
Select Clock Source S Low-order Bits of Data Bus
TCK1 and 8 high-
f 00 =0 30: Timer Mod ] [git‘gw_mder U g
1 : Timer Mode TMOD1 and L4 it
01: Pulse Period/Pulse Width Reload Register
f8 &.o \ Measurement Mode TMODBO | p |
fan@® £.o K} A‘ [ J t [
fezz 111 o 01: Event Counter |
TCK1 ¢ Mod
TBj Overflow 1 ounter Mode A
g o) ()
Signal(2.3) | TBS |
; Polarity Switching 0
TB O—
i and Edge Pulse
[ Counter Reset Circuit | 1
) TBI Address TBj
i=0to 5 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. Overflow signal or underflow signal. 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

Figure 14.16 Timer B Block Diagram

Timer Bi Register® (=0 to 5)

b8 b7 ) Symbol Address

| TBOto TB2 035116 - 035016, 035316 - 035216, 035516 - 035416
TB3to TB5 031116 - 031016, 031316 - 031216, 031516 - 031416

After Reset

Indeterminate
Indeterminate

Mode Function Setting Range |RW
: Timer Mode If setting value is n, a count source| oogo16 to FFFF16 [RW
: is divided by n+1
Event Counter If setting value is n, a count source
[ v ' 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 reading and writing.

2. The TBi register counts how many pulse inputs are provided externally or how many times another

timer counter overflows and underflows.

Figure 14.17 TBO to TB5 Registers
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Timer Bi Mode Register (i=0 to 5)

b7 b6 b5 b4

b3 b2 bl bO

Symbol
TBOMR to TB5MR

Address

After Reset

035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

Sy?ri1tbol Bit Name Function RW
S R b1bo
o1 - TMODO 0 0: Timer mode RW
- Operating Mode 0 1: Event counter mode
Select Bit 1 0: Pulse period measurement mode,
- TMOD1 pulse width measurement mode | Rw
1 1: Do not set to this value
I A MRO RW
. MR1 Function varies depending on RW
T MR2 operating mode (. 2) RW
N RNCTTORPUPEORPOREORRLE MR3 RW
N TCKO RW
Count Source Function varies depending on
' Select Bit operating mode
R 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 TB1IMR, 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 bO
Symbol Address After Reset
| . | | . | | | | | | TABSR 034016 0016
Bit Bit Name Function RW
Pror 4 11| Symbol
Timer A0 Count 0: Stops counting
TAOS | start Flag 1: Starts counting RW
e TALS Timer Al Count 0: Stops countl_ng RW
- Start Flag 1: Starts counting
A TA2S Timer A2 Count 0: Stops count!ng RW
A Start Flag 1: Starts counting
Timer A3 Count 0: Stops counting
e TASS | start Flag 1: Starts counting RW
N Timer A4 Count 0: Stops counting
TA4S Start Flag 1: Starts counting RW
Timer BO Count 0: Stops counting
vy TTTTTmmmmmmmmmmRes TBOS | srart Flag 1: Starts counting RW
Timer B1 Count 0: Stops counting
TB1S Start Flag 1: Starts counting RW
Timer B2 Count 0: Stops counting
"""""""""""""" TB2S | start Flag 1: Starts counting RW

Figure 14.18

TBOMR to TB5MR Registers, TABSR Register
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Timer B3, B4,B5 Count Start Flag

b7 b6 b5 b4 b3 b2 bl bO

CAR R TB4S

R TB5S

Symbol

Address After Reset
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 RW
Start Flag 1: Starts counting

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
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (
write enabled). 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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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 Timer Mode Specifications

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

1n+1)

7. setting value of the TBi register (i=0 to 5)

000016 to FFFF16

Counter Start Condition

The TBIS bits in the TABSR and TBSR registers are set to "1" (starts counting)

Counter Stop Condition

The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing

Timer counter underflows

TBIiIN Pin Function

Programmable 1/O port

Read from Timer

The TBi register indicates counter value

Write to Timer

both reload register and counter

* When the timer counter stops, the value written to the TBi register is also written to

* 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)

NOTE:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Timer Bi Mode Register (=0 to 5) (Timer Mode)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After reset
| ] | ] |0 | ] | ] | ] |0 | 0| TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Sy?vi\tbol Bit Name Function RW
S R e 1o RW
B Operating Mode )
Plobob b Select Bit 00: Timer mode
e TMOD1 RW
T MRO | pisabled in timer mode. RW
e, MR1 | Canbe setto "0" or "1". RW
P TBOMR, TB3MR registers: RW
I _Setwo'0"intmermode [
i MR2 | TB1IMR, TB2MR TBAMR, TB5MR registers:
Do Nothing is assigned. When write, set to "0". _
T When read, its content is indeterminate.
Pl Temmermenenieeeees MR3 | Setto "0" in timer mode RW
E E b7 b6
e L L EEEEEEEEEEE TCKO 00: f1 RW
: Count S(_)urce 01:fs
Select Bit 10: fon@®
--------------------------- TCK1 11: foaz RW
NOTE:
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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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 TBiIMR register (i=0
to 5) in event counter mode.

Table 14.10 Event Counter Mode Specifications

Item Specification

Count Source « External signal applied to the TBiIN pin (i = 0 to 5) (valid edge can be selected by
program)
 TBj overflow or underflow signal (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 /(n+1) n: setting value of the TBi register 000016 to FFFF16

Counter Start Condition The TBIS bits in the TABSR and TBSR register 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 1/0O port or count source input

Read from Timer The TBi register indicates counter value

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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Timer Bi Mode Register (=0 to 5) (Event Counter Mode)

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

| ] | | 0 | | | | 0 | 1 | TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Syl?:\tbol Bit Name Function RW
vt b1 | TMODO | operating Mode b1b0 RW
- Select Bit 0 1: Event counter mode
R TMOD1 RW
A bab2
ool e MRO 0 0: Counts falling edges of external signal| Ry
- B Count Polarity Select 0 1: Counts rising edges of external signal
Bit® 1 0: Counts falling and rising edges of
T T PO MR1 external signal RW
1 1: Do not set to this value
TBOMR and TB3MR registers: RW
F- - Set to "0" in event counter mode
femmmmmmmmmmmmne- MR2 | TB1IMR, TB2MR, TB4MR and TB5MR registers:
Do Nothing is assigned. When write, set to "0". —
oo When read, its content is indeterminate.
S MR3 Disabled in event counter mode. When write, set to "0". o
I When read, its content is indeterminate.
- ....................... Disabled in event counter mode.
TCKo Can be set to "0" or "1". RW
s Event Clock 0: Input signal from the TBIIN pin

TCKL 1 select Bt 1: TBj overflows or underflows® RW
NOTES:
1. MRO and MR1 bit settings are enabled when the TCK1 bit is set to "0". The MRL1 bit can be set to
either "0" or "1", when the TCK1 bit is set to "1".
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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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 TBiIMR register (i=0 to 5) in pulse period/pulse
width measurement mode. Figure 14.23 shows an operation example in pulse period measurement
mode. Figure 14.24 shows an operation example in the pulse width measurement mode.

Table 14.11 Pulse Period/Pulse Width Measurement Mode Specifications

Iltem 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 bits (i=0 to 5) in the TABSR and TBSR register are 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(®

e 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.

TBIiIN 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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Timer Bi Mode Register (i=0 to 5)
(Pulse Period / Pulse Width Measurement Mode)

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | Symbol Address After reset
1]o]

TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

TBOMR, TB3MR registers:

SyEr,’Ti1tboI Bit Name Function RW
i1t 11| TMOoDO i b1b0 . RW
oo Operating Mode 1 0: Pulse period measurement mode,
e T™oD1 | Select Bit Pulse width measurement mode | RW
N b3bz

R T P MRO 0 O: Pulse period measurement 1 RW
Measurgr?l?nt Mode 0 1: Pulse period measurement 2

I Select Bit 1 0: Pulse width measurement

R S MR1 . RW
: 1 1: Do not set to this value

) } . RwW
Set to "0" in pulse period/pulse width measurement mode
Prmmmmmmm e MR2 | TB1IMR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.
0: No overflow
Pt MR3 | Timer Bi Overflow Flag®®] 1. oyerflow RO
b7b6
P Smmmmmmmmmmmmmmmmemne TCKO 00:f1 RW
Count Source 01:fs
H Select Bit 10: f2n®
femerenenssnessenene e TCK1 11 fos RW

NOTES:
1. The MR1 and MRO bits selects the following measurements.
Pulse period measurement 1 (the MR1 and MRO bits are set to "002"):
Measures between the falling edge and the next falling edge of a pulse to be measured
Pulse period measurement 2 (the MR1 and MRO bits are set to "012"):
Measures between the rising edge and the next rising edge of a pulse to be measured
Pulse width measurement (the MR1 and MRO bits are set to "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.
To set the MR3 bit to "0", se the TBIMR register after the MR3 bit is set to "1" and one or more cycles
of the count source are counted, while the TBIS bits in the TABSR and TBSR registers are set to "1"
(starts counting).
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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Count source --

Pulse to be measured

1 g Transferred Transferred
/ (indeterminate value) /(measured value)

Timing to transfer value 1 |_| |_|
from counter to reload :
register !

/ (Note 1) / (Note 1) /(Note 2)
1 .. 1

Timing that the counter
reaches "000016"

TBIS bits in the "1 --
registers

TABSR and TBSR o |

IR bit in the TBIlC "
register g .
/
Set to "0" by an interrupt request acknowledgement or by program

MR3 bit in the TBIMR "1
register ngy |

i=0to 5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

Figure 14.23 Operation Example in Pulse Period Measurement Mode

Count source --

Pulse to be measured

Transferred Transferred | Transferred Transferred
/1 (indeterminate/:q (measured value) | (measured ;o (measured value)
value) (d /1 value) [

Timing to transfer value !
from counter to reload 1

register  (ote ) (Note ) n(Note i)/,(No;e- 1)
[ [ [/

Timing that the counter
reaches "000016"

TBIS bits in the

o
TABSR and TBSR .

registers

IR bit in the TBIlC 1 L l_u_|— —li
register 0 N |
>~ A4 !

Set to "0" by an interrupt request acknowledgement or by program.
MR3 bit in the TBIMR ~ “1” ﬁ
register “Qr

i=0to 5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

Figure 14.24 Operation Example in Pulse Width Measurement Mode
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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 motor control
timer functions.

Table 15.1 Three-Phase Motor Control Timer Functions Specification

Item Specification
Three-Phase Waveform Output Pin | Six pins (U, U, V, V, W, W)
Forced Cutoff() Apply a low-level ("L") signal 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 modulation
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: count source x (m+1)
m. setting value of the TB2 register, 000016 to FFFF16
Count source: f1, fg, 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
. 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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Table 15.2 Pin Settings

Pin Setting
PS1, PS2 Registers(1) | 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 —_—

NOTE:
1. Set the PS1_5to PS1_2 bits and PS2_1 and PS2_0 bits in the PS1 and PS2 registers to "1"
after the INVO2 bit is set to "1".

Rev. 1.00 Nov. 01, 2005 Page 157 of 330 RENESAS
REJ09B0271-0100



15. Three-Phase Motor Control Timer Functions

M32C/80 Group
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Figure 15.1 Three-Phase Motor Control Timer Functions Block Diagram
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M32C/80 Group 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 0

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
| | | | | | | | | INVCO 030816 0016

R : i
P11 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
Do HEH Polarity Select Bit() 1: The ICTB2 counter is incremented by one on the
HE N falling edge of the timer A1 reload control signal
o Interrupt Enable Output 0: ICTBZ counter is incremented by one when
HE R INVO1 Specification Bit@ 3 timer B2 counter underflows RW
Do P 1: Selected by the INVOO bit
oL (4,5, 6) 0: Three-phase control timer function not used
Do H INVO2 | Mode Select Bit 1: Three-phase control timer function used RW
P : . : Disables three-ph trol ti tput
H H H fecccccccnans INVO3 Output Contro| Blt(G’ 7) O |Sab es three p ase contro .Imer ou pu RW
- 1: Enables three-phase control timer output
Positive and Negative- | . Epaples concurrent active output
Pl INV04 | Phases Concurrent Active | ;. Disables concurrent active output RW
Disable Function Enable Bit | = P
Positive and Negative- .
Pon emmemmmeemeeneeeees INVO5 | Phases Concurrent Active (1): goi dettzcted RW
HE Output Detect Flag(® - Detecte
] INvos | Modulation Mode 0: Triangular wave modulapon mode RW
: Select Bit(® 10) 1: Sawtooth wave modulation mode
Transfer trigger is generated when the
R INVO7 Software Trigger Select | INVO7 bit is set to "1". Trigger to the dead | o\

Bit time timer is also generated when setting the

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 INV02 to INVOO 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 INVO1 and INVOO bit settings are enabled only when the INV11 bit in the INVCL1 register is set to "1"
(three-phase mode 1). The ICTB2 counter is incremented by one every time the timer B2 counter
underflows, regardless of INVO1 and INVOODbit settings, when the INV11 bit is set to "0" (three-phase mode).
When setting the INVOL1 bit to "1", set the timer ALl count start flag before the first timer B2 counter underflows.
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 INVO02 bit to "1" to operate the dead time timer, U-, V-and W-phase output control circuits and ICTB2
counter.

5. Set pins after the INVO2 bit is set to "1". See Table 16.2 for pin settings.

6. When the INVO02 bit is set to "1" and the INVO3 bit to "0", the U, U, V, V, W and W pins, including pins
shared with other output functions, are all placed in high-impedance states.

7. The INVO3 bit is set to "0" when the followings occurs :

- Reset
- A concurrent active state occurs while the INV04 bit is set to "1"
- The INVO3 bit is set to "0" by program
- An "H" signal applied to the NMI pin changes to an "L" signal
8. The INVO5 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 INVO6 bit setting 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- transfer trigger after setting the IDBO | is generated
Phase 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 counter 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/80 Group 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 19

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
|O| | | | | | | | INVC1 030916 0016
Bit : :
Symbol Bit Name Function RW

) 0: Timer B2 counter underflows
Ti Al, A2 and A4 .
-1 INV10 Sltmeter . §n| ¢ Bit 1: Timer B2 counter underflows and |RW
art Ingger select bl write to the TB2 register

Timer Al-1, A2-1 and 0: Three-phase mode 0

A4-1 Control Bit(2 3) 1: Three-phase mode 1 RW

PR INV1L

Dead Time Timer 0:f1

""""" INVA2 | ~ount Source Select Bit | 1: 1 divided-by-2 RW

0: Timer Al reload control signal is "0" RO

T LR LD i @ . X .
INV13 | Carrier Wave Detect Flag 1: Timer Al reload control signal is "1"

0: High active of an output waveform

EREEEELEEEELELEE Output Polarity Control Bit .
INV14 P ty 1: Low active of an output waveform

RW

) . . 0: Enables dead time
P ELLLITTET INv15 |Dead Time Disable Bit | . .\ 14 time RW

0: Falling edge of a one-shot pulse of
Dead Time Timer Trigger| the timer A1, A2 and A4(5)

v TTTTTTTTTTEmmmnamEenem 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 setting 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
INVO1 and INVOO Bit incremented whenever the timer B2 | Enabled
in the INVCO Register counter underflows
INV13 Bit Disabled Enabled when INV11=1 and INV06=0

3. When the INVO06 bit in the INVCO registser is set to "1" (sawtooth wave modulation mode), set the
INV11 bit to "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 setting is enabled only when the INVO6 bit is set to "0" (Triangular wave modulation
mode) and the INV11 bit to "1".

5. If the following conditions are all met, set the INV16 bit to "1":

* The INV15 bit is set to "0"

« The Dij bit (i=U, V or W, j=0, 1) and DiBj bit always have different values when the INVO03 bit in
the INVCO register is set to "1". (The positive-phase and negative-phase outputs always provide
opposite level signals.)

If the 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 (=0, 1)

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

IDBO, IDB1 030A16, 030B16 XX11 11112
- - - Bit . .
Ponon 0 b | 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
- ; — 1: Inactive level
[ ey 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 DWBi | W-Phase Output Buffer i RW
R 4 Bi When read,
"""""""""""""" (b;)G) eserved Bit its content is indeterminate RO

NOTE:
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 level first. Then the value written in the IDB1 register on the falling edge of the timers A1, A2
and A4 one-shot pulse determines each phase output signal level.

Dead Time Timer®: 2

b7 bo 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 YY/e)
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 setting is enabled when the INV15 bit in the INVC1 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 and IDB1 registers, DTT Register
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Timer B2 Interrupt Generation Frequency Set Counter(®. 2.3)

b7 bo
|><|><I><|><| | Symbol Address After Reset
. ICTB2 030D16 Indeterminate
Function Setting Range | RW

When the INVOL1 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.

"""" When the INVO1 bit is set to "1" (the INVOO bit selects 1to 15 WO
count timing of the ICTB2 counter) 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.

FeEEEsssssssssssssssssssssssssssss=-
S e e
FeEmssssssssssssEssssssssssss=En

--------------- Nothing is assigned. When write, set to "0". —

NOTES:

1. Use the MOV instruction to set the ICTB2 register.

2. If the INVOL1 bit in the INVCO register is set to "1", set the ICTB2 register in the TABSR 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 in the INVCO register 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 (i=1, 2, 4)1- 2 3. 4.5.6)

b15 b8 b7 b0 Symbol Address After Reset
| | TAL, TA2, TA4 034916 - 034816, 034B16 - 034A16, 034F16 - 034E16 Indeterminate
TA11, 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.
.- Positive phase changes to negative phase, and vice
versa, when the timers Al, A2 and A4 stop.

000016 to FFFF16 | WO

NOTES:
1. Use a 16-bit data for read and write.
2. If the TAI or TAIl register is set to "000016", no counter starts 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.

When the INV11 bit in the INVCL1 register 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.

o

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
DDDDDDIA] | reese 035E1s XX X002
Bit . ]
Symbol Bit Name Function RW

0: Timer B2 counter underflows
1: Timer A output in odd-number RW
times

- Timer B2 Reload Timing
PWCON Switching Bit™)

P
R L L L L)
e

"""""""" Nothing is assigned. When write, set to "0". -
When read, its content is "0."

NOTE:
1. Set the PWCON bit to "0" when setting the INV11 bit to "0" (three-phase mode 0) or the INVO6 bit to
"1" (sawtooth wave modulation mode).

Figure 15.5 ICTB2 Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers, TB2SC Register
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Timer B2 Register®
b15 b8 b7 b0 Symbol Address After Reset
| : TB2 035516 - 035416 Indeterminate
Function Setting Range | RW
If setting value is n, count source is divided by n+1.
e PEEETEELD The timers A1, A2 and A4 start every time an underflow occurs. 000016 to FFFF16 | RW
NOTE:
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
Sy?riwtbol Bit Name Function RW
TALTGL | Timer A1 Event/Trigger | Setto "012" (TB2 underflow) before RW
[ TALTGH | Select Bit using the V-phase output control circuit| gy
Dol Reeeeeeed TA2TGL | Timer A2 Event/Trigger | Set to "012" (TB2 underflow) before RW
S SO TA2TGH | Select Bit using the W-phase output control circuit | yy
Pl b5 b4
P TA3TGL | _ 0 0: Selects an input to the TA3IN pin | RW
: Timer A3 Event/Trigger | 1: Selects TB2 overflow(®
: Select Bit 1 0: Selects TA2 overflow(
Prmmmmmmmmmmmmmnnneny TA3TGH : RW
1 1: Selects TA4 overflow®
TAATGL | Timer A4 Event/Trigger |Set to "012" (TB2 underflow) before RW
e TA4TGH | Select Bit using the U-phase output control circuit | 5y
NOTE:
1. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b Symbol Address After Reset
L] TABSR 034016 0016
O - - -
Polor r b b | symbol Bit Name Function RW
R R B Timer AO Count 0: Stops counting W
TAOS | start Flag 1: Starts counting
_____ Timer A1 Count 0: Stops counting RW
TAIS | start Flag 1: Starts counting
________ Timer A2 Count 0: Stops counting RW
TA2S | start Flag 1: Starts counting
R Timer A3 Count 0: Stops counting -
TA3S | start Flag 1: Starts counting
e Timer A4 Count 0: Stops counting R
TA4S | start Flag 1: Starts counting
R S Timer BO Count 0: Stops counting
TBOS | start Flag 1: Starts counting RW
Timer B1 Count 0: Stops counting
P T mmnees TB1S Start Flag 1: Starts counting RW
o Timer B2 Count 0: Stops counting
TB2S Start Flag 1: Starts counting RW

Figure 15.6 TB2, TRGSR and TABSR Registers
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Timer Ai Mode Register (i=1, 2, 4)

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

| | |o | 1 | 0 |0 | 1 | o| TAIMR, TA2MR, TA4MR 035716, 035816, 035A16 0016
A T . .
i1 11 1| symbol Bit Name Function RW
TMODO |0 ting Mod Set to "102" (on_e—shot timer
oo Sglzrca; g? ode mode) when using the three-phase | RW
Do e TMOD1 motor control timer function
T MRO Reserved Bit Set to "0" RW

External Trigger Select | Set to "0" when using the three-phase

po T MRL 1 git motor control timer function RW
Set to "1" (selected by the TRGSR
e ERGLCRITLILL MR2 | Trigger Select Bit register) when using the three- RW
: phase motor control timer function
e R LT MR3 | Set to "0" with the three-phase motor control timer function RW
: b7b6
P e TCKO 00:f1 RW
Count Source Select Bit | 0 1: f8
: 1 0: f2n(D)
TP E P EP TP PP TEPEPRPEPEPD TCK1 11 fean RW

NOTE:
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 bo Symbol Address After Reset

| | [X[o]o]ofo]o] TB2MR 035D16 00XX 00002
Voor o Bit . .
Symbol Bit Name Function RW
TMODO | Operating Mode Set to "002" (timer mode) when using
Select Bit the three-phase motor control timer | RW
oo e TMOD1 function
oo ] MRO | Disabled when using the three-phase motor control timer function.
When write, set to "0". —
I MR1 | When read, its content is indeterminate.

---------------- MR2 Set to "0" when using three-phase motor control timer function | RW

R MR3 | Nothing is assigned. When write, set to "0".

When read, its content is indeterminate. RW

b7 b6
femmmmsssssssssssmsm——. TCKO 00:f1 RW
Count Source Select Bit| 0 1: f8

1 0; fan(D
11:fc32 RwW

--------------------------- TCK1

NOTE:
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 and TA4MR Registers, TB2MR Register
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15. Three-Phase Motor Control Timer Functions

The three-phase motor control timer function is available by setting the INV02 bit in the INVCO register to
"1". The timer B2 is used for carrier wave control and the timers A1, A2, A4 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 modula-

tion waveform.

Triangular waveform as a Carrier Wave

Triangular Wave —»

Signal Wave —» | \/

TB2S Bit in the
TABSR Register

|

Timer B2

Timer A1
Reload Control Signal(1)

Timer A4 1
Start Trigger Signal( )

TA4 Register(2)

TA4-1 Register(?)

Reload Register(2)

Timer A4 1
One-Shot Pulse®

Rewrite the IDBO énd IDB1 rééisters

U-Phase i !

l / 1>~ Transfer the values
|

. tothe three-phase
& shift register

—» & Dead time

BN

Output Signal® l |
U-Phase ] ‘ 1 T
Output Signal(l) l_l ! | !
Uphase T L [
INV14 =0 L ! |
("L" active) | _ ; ; ; !
U-Phase | | |
U-Phase 4‘_J}—| ;
INV14 =1 | | | | |
("H" active) b 3 —
U-Phase w ) ‘ ‘

INVOO, INVO1: Bits in the INVCO register
INV11, INV14: Bits in the INVC1 register

NOTES:
1. Internal signals. See Figure 15.1.

Examples of PWM output change are
(a) When INV11=1 (three-phase mode 1)

- INV01=0 and ICTB2=216 (The timer B2 interrupt is
generated with every second timer B2 underflow) or
INVO1=1, INVOO=1and ICTB2=116 (The timer B2 interrupt is
generated on the falling edge of the timer A reload control
signal)

- Default value of the timer: TA41=m, TA4=m
The TA4 and TA41 registers are changed whenever the
timer B2 interrupt is generated.

First time: TA41=n, TA4:=n.
Second time: TA41=p, TA4=p.
- Default value of the IDBO and IDB1 registers
DUO0=1, DUB0=0, DU1=0, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0
by the third timer B2 interrupt.

2. Applies only when the INV11 bit is set to "1" (three-phase mode).
The above applies when INVCO = 00XX11XX2 and INVC1 = 010XXXX02 (X varies depending on each system.)
(b) When INV11=0 (three-phase mode 0)

—> 4— Dead time
I I

T
| 1
L L1
[ K
| 1
| 1
| 1
| 1
| 1
T

| 1
| 1
| 1
| 1
| 1
T

| 1
| 1

ny I

- INV01=0, ICTB2=116 (The timer B2 interrupt is generated
whenever the timer B2 underflows)
- Default value of the timer: TA4=m
The TAA4 register is changed whenever the timer B2
interrupt is generated.
First time: TA4=m. Second time: TA4=n.
Third time: TA4=n. Fourth time: TA=p.
Fifth time: TA4=p.
- Default value of the IDBO and IDBL1 registers:
DU0=1, DUB0=0, DU1=0, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by
the sixth timer B2 interrupt.

Figure 15.8 Triangular Wave Modulation Operation
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M32C/80 Group 15. Three-Phase Motor Control Timer Functions

Sawtooth Waveform as a Carrier Wave

Sawtooth Wave —

Signal Wave —» /

Timer B2

Timer A4 Start
Trigger Signal(®)

Timer A4
One-Shot Pulse(l) | ‘ | | | | | |

1

I I

1 1 .

! ' Rewrite the IDBO and IDB1 registers Transfer the register values to
i i the three-phase shift register

1 1 . . .
I I

grase o LT L L]

U-Phase " ;
OutputSignaI() |

1 |
| |
L L
[ [
1 1
| |
1 1
| |
| |
T T
1 1
|

INV14 =0
("L" active) U-Phase

[ L1

—» {@— Dead time
! 1
I I

INV14 =1
("H" active)

| —» «— Dead time

i

n

U-Phase !

INV14: Bits in the INVCL1 register
NOTE:
1. Internal signals. See Figure 15.1.
The above applies when INVCO = 01XX110X2 and INVC1 = 000XXX002 (X varies depending on each system.)
The examples of PWM output change are
- Default value of the IDBO and IDBL1 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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M32C/80 Group 16. Serial I/O

16. Serial I/O

Serial /O consists of five channels (UARTO to UARTA4).

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 /O mode

- Clock asynchronous serial /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/80 Group

16.

Serial I/O

RxD Polarity

RxDi O—

Switching Circuit

Clock Asynchronous

Receive SMD2 to SMDO
010, 100, 101, 110

e I 15

Transmit/
Receive
Unit

TxD
Polarity
Switching
Circuit

O TxDi

UARTI Receive Register

(Note 1)

) Receive
Selecting Clock Source Ogl_%f Receive Clock
fn 00 CKDIR UIBRG Clock Synchronous [—o ' Control Circuit
— '
8 01 lo \ 0 Internal Register Clock Asynchronous : I
fan@ 101 Transmit; - Transmit
ClKiand 1 010, 100, 101, 110 _\O__ Transmit Clock
CLKO Clock Synchronous i _o Control Circuit
001
Clock Synchronous (when
internal clock is selected)
Q
Clock Synchronous
Clock Synchronous . CKDIR
CKPOL - .
(when internal clock is selected) (When external clock is
CLK selected)
CLKi O_ Polarity )/]
! Switching [ AN
Circuit CTS/RTS [
CTSIRTS  "CTS/RTS disabled
selected M
CRD i
cTsi/RTSI O o o}t <] RTSI
CRS |0
CTS/RTS disabled —=
0. CRD isable CTsi
710
m: setting value of the UiBRG register
Vss NOTES:
1. P70 and P71 are ports for the N-channel open drain output, but
not for the CMOS output.
|IOPOL 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—1
Inverse
Clock
Synchronous
7-bit Clock
Asynchronous
PRYE 5-bit Clock 7-bit Clock
Clock Asynchronous Asynchronous
Synchronous| 0 0

1 T Clock N i
2SP PAR Asynchronous 9-bit Clock gloncckhronous
enabled SMD2 to SMDO Asynchronous 8-bit Clock
Type Asynchronous
9-bit Clock
Asynchronous
oio0oioio0oio0oio0io0 :D8| |D7:D6:Ds:DA§D3:Dz:Dl: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 i De | Ds ! Da ! D3 ! D2 | D1 | Do |UiTBRegister
8-bit Clock
Asynchronous
9-bit Clock
PRYE SMD2 to SMDO ' Asynchronous
STPS PAR Clook © 9-bit Clock Clock
enabled  Asynchronous ASynclhro"ous Sy"‘:h"{"ws
1 1
+O

—o

Clock *
Synchronous

0
7-bit Clock
Asynchronous

0 7-bit Clock
Asynchronous

UARTI Transmit Register

8-bit Clock

Asynchronous
Clock
Synchronous

Error Signal Output

No inverse

disable
0

) . Error Signal
PAR: Parity bit UERE 1
i=0to 4 Error Signal Output

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in the UiMR register enable
CLK1 and CLKO, CKPOL, CRD, CRS: Bits in the UiCO register

UIERE: Bit in the UiC1 register

IoPOL
0

1
Inverse

TxD Data

Inverse Circuit

O Txpi

Figure 16.1 UARTI Block Diagram
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M32C/80 Group 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
Syﬁ’:tbol 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.

NOTE:
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
R : U3RB, U4RB  032F16 - 032E16, 02FF16 - 02FE16 Indeterminate
Bit Bit Name Function RW
HH H Symbol
el E— R Received data (D7 to Do) RO
H (b7 - b0)
S — — 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)
Detect Flag® 1: Detected (lose)

..................... ABT RW

0: No overrun error occurs

femmesescssssssssssssans (2) RO
OER | Overrun Error Flag™) 1. 5ermun error occurs

e FEr | Framing Error 0:No fra_tmlng €rTor occurs RO
: Flag 3) 1: Framing error occurs
' R PER Parity Error |:|ag(2, 3) 0: No parity error occurs RO

1: Parity error occurs

Heeesecasceasesaacssscasseans (2,3) | 0: No error occurs
SUM [ Error Sum Flag 1+ Error occurs RO

NOTES:

1. The ABT bit can be set to "0" only.

2. When the SMD2 to SMDO bits in the UIMR register are set to "0002" (serial /O 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".
When all OER, FER and PER bits are set to "0", the SUM bit is set to "0".
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 are set to "0012" (clock synchronous serial
I/0 mode) or to "0102" (I2C mode). When read, the contents are indeterminate.

Figure 16.2 UOTB to U4TB Registers and UORB to U4RB Registers
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M32C/80 Group 16. Serial I/O
UARTI Bit Rate Register (=0 to 4)1 2 3)
b7 bo Symbol Address After Reset
| | UOBRG to U4ABRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate
Function Setting Range RW
If the setting value is m, the UiBRG register 0 FF
divides a count source by m+1 toto FFie WO
NOTES:
1. Use the MOV instruction to set the UiBRG register.
2. Set the UiBRG register while no data transfer occurs.
3. Set the CLK1 and CLKO bits in the UiCO register, and then the UiBRG register.
UARTI Transmit/Receive Mode Register (=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | UOMR to U4MR 036816, 02E816, 033816, 032816, 02F816 0016
Bit Bit Name Functi
Pl |Symbol tnetion RW
A b2 b1 b0
Pl b bbb [ sMDOo 0 0 0: Serial I/0 disabled RW
N 0 0 1: Clock synchronous serial /O mode
R : 01 0: 12C mode
Voo Serial /O Mode Select
- SMD1 | oo 10 0: UART mode, 7-bit transfer data | RW
A 10 1: UART mode, 8-bit transfer data
- 11 0: UART mode, 9-bit transfer data
SMb2 Do not set value other than the above RW
Internal/External Clock | O: Internal clock
CKDIR Select Bit 1: External clock RW
Stop Bit Length Select | 0: 1 stop bit
R STPS | gjt 1: 2 stop bits RW
: Enables when PRYE = 1
S S O pry | OdU/Even Pty Sekect | 6705 varty -
Pl it 1: Even parity
R O PRYE |Parity Enable Bit 0: Disables a parity RW
' 1: Enables a parity
L loPOL | TXD,RXD Input/Output | 0: Not inversed B
Polarity Switch Bit 1: Inverse

Figure 16.3 UOBRG to U4BRG Registers and UOMR to U4AMR Registers
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16. Serial I/O

Symbol
UOCO to U4CO

Address

036C16, 02EC16, 033C16, 032C16, 02FC16

UARTI Transmit/Receive Control Register 0 (=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

After Reset
0000 10002

SmeitboI Bit Name Function RW
bl b0
CLKO | 0 0: Selects f1 RW
ngRG (Slolunt Bit®) 0 1: Selects fs
CLK1 ource Select BIt™ 1 5. selects f2n@
1 1: Do not set to this value RW
oT/oTC ; Enabled when CRD=0
CST/RTS Funct —_— .
CRS Select Bi 4NN o: Selects CTS function RW
elect Bit 1: Selects RTS function
0: Data in the transmit register
Transmit Register (during transmission)
TXEPT
Empty Flag 1: No data in the transmit register RO
(transmission is completed)
crp |CTS/RTS Disable |0: Enables CTSIRTS function .
Bit 1: Disables CTS/RTS function
0: TxDi/SDAI and SCLi are ports for the
NCH D_a(tg Output Select CMQS output _ RW
Bit 1: TxDi/SDAIi and SCLi are ports for the
N-channel open drain output
0: Data is transmitted on the falling edge of
the transfer clock and data is received
CLK Polarity on the rising edge
CKPOL Select Bit 1: Data is transmitted on the rising edge of RW
the transfer clock and data is received
on the falling edge
Transfer Format | 0: LSB first
UFORM . . RW
Select Bit(®) 1: MSB first

NOTES:
1. P70/TxD2 and P71/SCL2 are ports for the N-channel open drain output, but not for the CMOS output.
2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
3. The UFORM bit setting is enabled when the SMD2 to SMDO bits in the UiIMR register are set to

"0012" (clock syncronous serial I/0 mode) or "1012" (UART mode, 8-bit transfer data).

Set the UFORM bit to "1" when setting the SMD2 to SMDO bits t0"0102" (12C mode), or to "0" when
setting them to "1002" (UART mode, 7-bit transfer data) or "1102" (UART mode, 9-bit transfer data).
4. Set the UIBRG register after the CLK1 and CLKO bit settings are changed.

Figure 16.4 UOCO to U4CO Registers
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16. Serial I/O

UARTI Transmit/Receive Control Register 1 (i=0to 4)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | Symbol Address After Reset
UOC1 to U4C1 036D16, 02ED16, 033D16, 032D16, 02FD16 0000 00102
Smeibol Bit Name Function RW
A Transmit 0: Transmit disabled
- R B TE Enable Bit 1: Transmit enabled RW
e - Transmit Buffer |0: Data in the UiTB register RO
T Empty Flag 1: No data in the UiTB register
Receive 0: Receive disabled
Pl or T RE Enable Bit 1: Receive enabled RW
oo ____________ RI Receive 0: No data in the UiRB register RO
Complete Flag |1: Data in the UiRB register
UARTI Transmit | . ; ; ; _
v ) 0: No data in the UiTB register (Tl = 1)
HE UiIRS Interrupt Cause 1: Transmission is completed (TXEPT = 1) RwW
o Select Bit
P UARTI
I RLELETEPEPLPLE UIRRM Continuous 0: Disables continuous receive mode to be entered RW
H Receive Mode |1: Enables continuous receive mode to be entered
: Enable Bit
e . Data Logic 0: Not inversed
UILCH |5 gject Bit® 1: Inverse RW
Clock-Divided Clock-divided synchronous stop bit (special mode 3)
Synchronous Stop |0: Stops synchronizing
.......................... SCLKSTPB| Bit / 1: Starts synchronizing RW
JUIERE Error Signal Error signal output enable bit (special mode 5)
Output Enable  |0: Not output
Bit® 1: Output

NOTES:

1. Set the SCLKSTPB/UIERE bit after setting the SMD2 to SMDO bits in the UiMR register.
2. The UILCH bit setting is enabled when setting the SMD2 to SMDO bits to "0012" (clock syncronous

serial I/0 mode), "1002" (UART mode, 7-bit transfer data) or "1012" (UART mode, 8-bit transfer data).

Set the UILCH bit to "0" when setting the SMD2 to SMDO bits t0"0102" (I2C mode) or "1102" (UART

mode, 9-bit transfer data).

UARTI Special Mode Register (=0 to 4)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UOSMR to U4SMR 036716, 02E716, 033716, 032716, 02F 716 0016

Pl i B _ _
- ¢ | symbol Bit Name Function RW
.| 0: Except I12C mode
oo L] NICM | 12C Mode Select Bit | ;. |2 mpode RW
Arbitration Lost Detect | 0: Update per bit
A ABC Flag Control Bit 1: Update per byte RW
0: Stop condition detected o
BBS Bus Busy Flag 1: Start condition detected (Busy) RW
SCLL Sync Output | 0: Disabled
N LSYN | Enable Bit 1: Enabled RW
A Bus Conflict Detect 0: Rising edge of transfer clock
P ABSCS | sampling Clock Select Bitf 1: Timer Aj underflow(j=0 to 4)( RW
N Auto Clear Function Select | 0: No auto clear function
ACSE | Bitfor Transmit Enable Bit | 1: Auto clear at bus conflict RW
R sss Transmit Start 0: Not related to RxDi

Condition Select Bit | 1: Synchronized with RxDi RW

Clock Divide
------------------------ SCLKDIV Synchronous Bit (Note 3) RW

NOTES:

1. The BBS bit is set to "0" by program. It is unchanged if set to "1".

2. UARTO: timer A3 underflow signal, UART1: timer A4 underflow signal,
UART2: timer AO underflow signal, UART3: timer A3 underflow signal,
UARTA4: timer A4 underflow signal.

3. Refer to notes for the SULIHIM bit in the UiISMR2 register.

Figure 16.5 UOC1 to U4C1 Registers and UOSMR to U4SMR Registers
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16. Serial I/O

b7 b6

UARTI Special Mode Register 2 (=0 to 4)

b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | UOSMR2 to U4SMR2 036616, 02E616, 033616, 032616, 02F616 0016
Syﬁ:{)ol Bit Name Function RW
P11 11 % IcMm2 [ 12C Mode Select Bit 2 (Note 1) RW
Pl 0: Disabled
e [ RW
Pl CSC |Clock Synchronous Bit 1 Enabled
oo . . 0: Disabled
e AL SWC [SCL Wait Output Bit RW
Vo at Dutput =t 1: Enabled
R PO ALS | SDA Output Stop Bit 0: Output RW
- 1: No output
P are | UARTI Initatize B 0: Disabled RW
: i Initialize Bit 1: Enabled
I SWC2 |SCL Wait output Bit2 | OF Transfer clock RW
1: "L" output
I 0: Output
---------------------- SDHI | SDA Output Inhibit Bit . RW
utput Inhibit Bl 1: No output (high-impedance)
External Clock
""""""""""" SULHIM Synchronous Enable Bit (Note 2) RW

NOTES:
1.
2. The external clock synchronous function can be selected by combining the SU1HIM bit and the

Refer to Table 16.14.

SCLKDIV bit in the UISMR register.

SCLKDIV bit in the

SU1HIM bit in the

External Clock Synchronous Function

UiSMR Register UiSMR2 Register Selection
0 0 No synchronization
0 1 Same division as the external clock
1 Oorl External clock divided by 2
Figure 16.6 UOSMR2 to UASMR2 Registers
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16. Serial I/O

UARTI Special Mode Register 3 (i=0to 4)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | UOSMR3 to U4SMR3 036516, 02E516, 033516, 032516, 02F516 ~ 0016

é é é é é é é é Syﬁwitbol Bit Name Function RW
_ SSE SS Pin Function 0: Disablesi_s pin function RW
A Enable Bit® 1: Enables SS pin function
Clock Phase 0: No clock delay
N O CKPH | Set git 1: Clock delay RW
_ 0: Selects the TxDi and RxDi pins
R ah DINC Senal_ Input Port (master mode) . o RW
ol Set Bit 1: Selects the STxDi and SRxDi pins
(slave mode)
R T Clock Output 0: CMOS output
NODC Select Bit 1: N-channel open drain output RW
0: No error
., 2
ERR | Fault Error Flag® | 1. £1ror RW
E E E b7 b6 b5
P tTTmmmmmmmmmmmmmmemy DLO 0 0 0: No delay RW
- 00 1: 1-to-2 cycles of BRG count source
I o 01 0: 2-to-3 cycles of BRG count source
LR R LT L EEETEEPEOERERS pL1 | SPAIDigital Delay 101 1: 3-t0-4 cycles of BRG count source |
Time Set Bit® 4 1 0 0: 4-to-5 cycles of BRG count source
: 10 1: 5-to-6 cycles of BRG count source
e DL2 11 0: 6-to-7 cycles of BRG count source

11 1: 7-to-8 cycles of BRG count source RW

NOTES:
1. Set the SS pin after the CRD bit in the UiCO register is set to "1" (CTS/RTS function disabled).
2. The ERR bit is set to "0" by program. It is unchanged if set to "1".
3. Digital delay is generated from a SDAI output by the DL2 to DLO bits in 12C mode. Set these bits to
"0002" (no delay) except in the 12C mode.
4. When the external clock is selected, approximately 100ns delay is added.

Figure 16.7 UOSMR3 to U4SMR3 Registers
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16. Serial I/O

b7 b6 b5 b4 b3 b2 bl bo

UARTI Special Mode Register 4 (=0 to 4)

NOTE:

Symbol Address After Reset
UOSMR4 to U4SMR4 036416, 02E416, 033416, 032416, 02F 416 0016
Sy‘ranit)ol Bit Name Function RW
Start Condition 0: Clear
STAREQ Generate Bit(1) 1: Start RW
Restart Condition 0: Clear
RSTAREQ Generate Bit(1) 1: Start RW
Stop Condition 0: Clear
STPREQ Generate Bit(1) 1: Start RW
SCL, SDA Output 0: Selects the serial I/O circuit
STSPSEL Select Bit P 1: Selects the start/stop condition RW
generation circuit
. 0: ACK
ACKD |ACK Data Bit 1: NACK RW
ACK Data Output 0: Serial I/0 data output
ACKe Enable Bit 1: ACK data output RW
SCL Output Stop 0: Disabled
SCLHI Y £ able Bit 1: Enabled RW
. ) 0: SCL "L" hold disabled
SWC9 | SCL Wait Output Bit 3 1: SCL "L" hold enabled RW
1. When each condition is generated, the STAREQ, RSTAREQ or STPREQ bit is set to "0".
When a condition generation is incomplete, the bit remains unchanged as "1".

Figure 16.8 UOSMR4 to U4SMR4 Registers
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External Interrupt Request Source Select Register

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

| | | | | | | | | IFSR 031F16 0016
Bit Bit Name Function
dor o4 1 b1 | Symbol RW
INTO Interrupt Polarity | 0: One edge
P4 a4 a4 a4 o . = IFSR .
e SRO 1 Select Bit® 1: Both edges RW
INT1 Interrupt Polarity | O: One edge
R R R PEE T IFSR1 .
R S Select Bit® 1: Both edges RW
INT2 Interrupt Polarity | 0: One edge
 at IFSR2 )
A S Select Bit(®) 1: Both edges RW
INT3 Interrupt Polarity | 0: One edge
- L CLLLCLEET IFSR -
P SR3 | select Bit® 1: Both edges RW
INT4 Interrupt Polarity | O: One edge
S LLLLCLTTTEPTS IFSR4
A s select bit() 1: Both edges RW
INTS Interrupt Polarity | 0: One edge
IFSR5 Select Bit(V) 1: Both edges RW
B UARTO usRTa | 0 UARTS bus confict st conr
------------------------ IFSRe :ttlarrLthBt.tSource 1: UARTO bus conflict, start condition RW
H elect bi detect, stop condition detect
5 UARTL UARTS | e don qetoct
--------------------------- IFSR7 ISnt(IerrLtJ[;.tSource 1: UART1 bus conflict, start condition RW

elect bl detect, stop condition detect

NOTE:
1. Set this bit to "0" to select a level-sensitive triggering.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

Figure 16.9 IFSR Register
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16.1 Clock Synchronous Serial I/O Mode
In clock synchronous serial /0 mode, data is transmitted and received with the transfer clock. Table 16.1
lists specifications of clock synchronous serial I/O mode. Table 16.2 lists register settings. Tables 16.3 to
16.5 list pin settings. When UARTI (i=0 to 4) operating mode is selected, the TxDi pin outputs a high-level
("H") signal before transfer starts (the TxDi pin is in a high-impedance state when the N-channel open drain
output is selected). Figure 16.10 shows transmit and receive timings in clock synchronous serial /O mode.

Table 16.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer Data Format Transfer data : 8 bits long
Transfer Clock » The CKDIR bit in the UIMR register (i=0 to 4) is set to "0" (internal clock selected):
% f=f1, f8, fnl1) /77:setting value of the UIBRG register, 0016 to FF16
» The CKDIR bit is set to "1" (external clock selected) : an input from the CLKi pin
Transmit/Receive Control Selected from the CTS function, RTS function or CTS/RTS function disabled
Transmit Start Condition To start transmitting, the following requirements must be met(?:

- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply a low-level ("L") signal to the CTSi pin when the CTS function is selected
Receive Start Condition To start receiving, the following requirements must be met(?):
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- Set the TE bit to "1" (transmit enabled)
- Set the Tl bit to "0" (data in the UiTB register)
Interrupt Request Generation Timing | « While transmitting, the following conditions can be selected:
- The UIIRS bit in the UiC1 register is set to "0" (no data in the transmit buffer):
when data is transferred from the UiTB register to the UARTI transmit register (transfer started)
- The UIIRS hit is set to "1" (transmission completed):
when a data transfer from the UARTI transmit register is completed
» While receiving
When data is transferred from the UARTI receive register to the UIRB register (reception completed)
Error Detect Overrun error®

This error occurs when the seventh bit of the next received data is read before reading
the UiRB register
Selectable Function * CLK polarity
Selectable from the rising edge or falling edge of the transfer clock at transferred data
output or input timing
* LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
* Continuous receive mode
Data can be received simultaneously by reading the UiRB register
« Serial data logic inverse
This function inverses transmitted/received data logically

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

2. To start transmission/reception when selecting the external clock, these conditions must be met after the CKPOL
bit in the UiCO register is set to "0" (data is transmitted on the falling edge of the transfer clock and data is received
on the rising edge) and the CLKi pin is held "H", or when the CKPOL bit is set to "1" (data is transmitted on the rising
edge of the transfer clock and data is received on the falling edge) and the CLKi pin is held "L".

3. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not
change to "1" (interrupt requested).
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M32C/80 Group 16. Serial /0 (Clock Synchronous Serial 1/0)

Table 16.2 Register Settings in Clock Synchronous Serial I/O Mode

Register Bit Function

uiTB 7t00 Set transmit data

UiRB 7t00 Received data can be read
OER Overrun error flag

UIBRG 7t00 Set bit rate

UIMR SMD2 to SMDO Set to "0012"
CKDIR Select the internal clock or external clock
IOPOL Set to "0"

UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Select CTS or RTS when using either
TXEPT Transmit register empty flag
CRD Enables or disables the CTS or RTS function
NCH Select output format of the TxDi pin
CKPOL Select transmit clock polarity
UFORM Select either LSB first or MSB first

UiC1 TE Set to "1" to enable data transmission and reception
TI Transmit buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM Set to "1" when using continuous receive mode
UIiLCH Set to "1" when using data logic inverse
SCLKSTPB Set to "0"

UiSMR 7t00 Set to "0016"

UiSMR2 7t00 Set to "0016"

UiSMR3 2t0 0 Set to "0002"
NODC Select clock output format
7t04 Set to "00002"

UiSMR4 7t00 Set to "0016"

i=0to 4
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Table 16.3 Pin Settings in Clock Synchronous Serial I/0 Mode (1)
Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PS0_0=1 - -
P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PSO0_1=1 - -
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 - -
P64 ‘CTS1 input PSO_4=0 - PD6_4=0
RTSI output PS0_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PS0_5=1 - -
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - -
Table 16.4 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC _0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1 2=1 PSL1_2=0 PSC_2=0 -
P73 ‘CTSZ input PS1 3=0 - - PD7_3=0
RTS2 output PS1 3=1 PSL1 3=0 PSC_3=0 -
NOTE:

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

Table 16.5 Pin Settings (3)
Port Function Setting
PS3 Register(V) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLK3 input PS3_0=0 - - PD9_0=0
CLK3 output PS3 0=1 - - -
P91 RxD3 input PS3 1=0 - - PD9 1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 - -
PO3 CTS3 input PS3_3=0 PSL3_3=0 - PD9_3=0
'RTS3 output PS3 3=1 - - -
P94 ‘CTS4 input PS3_4=0 PSL3 4=0 - PD9 _4=0
'RTS4 output PS3_4=1 - - -
P9s CLK4 input PS3 5=0 PSL3 5=0 - PD9 5=0
CLK4 output PS3 5=1 - - -
P96 TxD4 output PS3 6=1 - PSC3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9 7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). 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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(1) Transmit Timing (Internal clock selected)

L

Transfer Clock

TE bitin the UiC1

Uity Uiy

—I iData is set in the UiTB register

o [ 1

the UICO register

register 0"
Tibitinthe UiC1  "1"—] 4)\
register "0"

"H" Data is transferred from the UiTB register to the UARTIi transmit register
CTSi —I I TCLK v\'l_

"L " Pulse stops because an "H"

. signal is applied to CTSi Pulse stops because the TE bit is set to "0"

CLKi
0l (XXX XXX XeXeXeXEXXoNeXo XX XoXeXeXeXoXe:
TXEPT bitin "y : : :

L

[ [

]

IR bit in the SIiTIC '_l
register

i_l

T N

Set to "0" by an interrupt

The above applies under the following conditions:
» The CKDIR bit in the UIMR register is set to "0" (internal clock selected)
* The CRD bit in the UiCO register is set to "0" (RTS/CTS function enabled)
The CRS bit is set to "0" (CTS function selected)
* The CKPOL bit the in UiCo register is set to "0" (data transmitted on the
falling edge of the transfer clock)
« The UiIRS bit in the UiC1 register is set to "0" (no data in the UiTB register)

Tc=

1

(2) Receive Timing (External clock selected)

NOTE:

A

request acknowledgement or by program

TCLK=2(m+1)/fj

fi: Count source frequency set in the UIBRG register (f1, f8, f2n(1))
m: Setting value of the UiBRG register

i=0to4

. The CNT3 to CNTO bits in the TCSPR register select no division (
n=0) or divide-by-2n (n=1 to 15).

RE bitinthe Uic1 ' *
register i
i
TE bitinthe vic1 "' o ' )
register "o" Dummy data is set in the UiTB register \
i
Tibitinthe vict % | 1 l ¢’ (1{5 |
register 0" ’
. Data is transferred from the UiTB register to the UARTI transmit register
RTSi H | I I_I An "L" signal is applied when
e ) L «— the UIiRB register is read
H —>|—|<— 1/ fext '
CLKi ®
RxDi
Date is transferred from the UARTI Read by the UiRB register .
RI bitin the UIC1 "1" receive register to the UiRB register ~a | ;
register g |
IR bit in the SiRIC  "1* '
register g |_| |
P :
Set to "0" by an interrupt request acknowledgement or by program
OER bit in the nn I
UIRB register g

The above applies under the following conditions:
« The CKDIR bit in the UiMR register is set to "1" (external clock selected)
« The CRD bit in the UiCO register is set to "0" (RTS/CTS function enabled)
The CRS bit is set to "1" (RTS function selected)
« The CKPOL bit in the UiCO register is set to "0"
(Data is received on the rising edge of the transfer clock)

fext: External clock frequency i=0to 4

Meet the following conditions while an "H" signal is applied to
the CLKi pin before receiving data:
« Set the TE bit in the UiC1 register to "1" (transmit enable)
« Set the RE bit in the UiC1 register to "1" (receive enable)
* Write dummy data to the UiTB register

Figure 16.10 Transmit and Receive Operation
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16.1.1 Selecting CLK Polarity Selecting
As shown in Figure 16.11, the CKPOL bit in the UiCO register (i=0 to 4) determines the polarity of the
transfer clock.

(1) When the CKPOL bit in the UiCO register (i=0 to 4) is set to "0"
(Data is transmitted on the falling edge of the transfer clock and data is received on the rising edge)

|
TxDiE X Do ¥ D1 X D2JX D3 X Da X Ds X Ds X D7
RXDI v X o ¥ D1 X D2 X Dz X ps X s X 06 X D7

NOTES:
1. The CLKi pin is held high ("H") when no data is transferred.
2. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB first)
and the UILCH bit in the UiC1 register is set to "0" (not inversed).

mI

CLKi

(2) When the CKPOL bit in the UiCO register is set to "1"
(Data is transmitted on the rising edge of the transfer clock and data is received on the falling edge)

oS S I )
CLK
| un

|
TXDi LH X Do ¥ D1 X D2/)>< Ds X Da X Ds X Ds X D7
RXDi [‘ X o X b1 X D2 X Ds X Da X Ds X Ds X D7

NOTES:
3. The CLKi pin is held low ("L") when no data is transferred.
4. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB first)
and the UILCH bit in the UiC1 register is set to "0" (not inversed).

Figure 16.11 Transfer Clock Polarity

16.1.2 Selecting LSB First or MSB First
As shown in Figure 16.12, the UFORM bit in the UiCO register (i=0 to 4) determines a data transfer format.

(1) When the UFORM bit in the UiCO register (i=0 to 4) is set to "0"
(LSB first)

o LU
[' ><Do><D1XD2>(D3><D4><D5><D6><D7
RXDi ::' >< Do >< D1><D2 ><D3 >< Da D6>< D7

NOTE:
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UIiLCH bit in the UiC1 register is set to "0" (not inversed).

= I

CLKi

TXDi

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)
i
H
TXDi Ln
oot o X0 X(Bo X(0s X(u X(0a X(P2 X(or)(Bo

NOTE:
2. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UILCH bit in the UiC1 register is set to "0" (not inversed).

Figure 16.12 Transfer Format
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16.1.3 Continuous Receive Mode
When the UiRRM bit in the UiC1 register (i=0 to 4) is set to "1" (continuous receive mode), the Tl bit is set
to "0" (data in the UiTB register) by reading the UiRB register. When the UiRRM bit is set to "1", do not set
dummy data in the UiTB register by program.

16.1.4 Serial Data Logic Inverse
When the UILCH bit (i=0 to 4) in the UiC1 register is set to "1" (inverse), data logic written in the UiTB
register is inversed when transmitted. The inversed receive data logic can be read by reading the UiRB
register. Figure 16.13 shows a switching example of the serial data logic.

(1) When the UILCH bit in the UiC1 register (i=0 to 4) is set to "0" (not inversed)

Transfer clock T | | | | | | | | | | | |
TxDi "H" ‘(DoXDlXDzXD3XD4XD5XD6XD7)’

(noinverse) w .«

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer clock h | | | | | | | |
o

(inv—err);lg)i T YEXEXEXEXEXEXEXE)’

NOTE:
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is transmitted on
the falling edge) and the UFORM bit in the UiCO register is set to "0" (LSB first).

Figure 16.13 Serial Data Logic Inverse
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16.2 Clock Asynchronous Serial I1/0 (UART) Mode

In UART mode, data is transmitted and received after setting a desired bit rate and data transfer format.
Table 16.6 lists specifications of UART mode.

Table 16.6 UART Mode Specifications
Item Specification
Transfer Data Format « Character bit (transfer data) : selected from 7 bits, 8 bits, or 9 bits long
« Start bit: 1 bit long
« Parity bit: selected from odd, even, or none
« Stop bit: selected from 1 bit or 2 bits long
Transfer Clock » The CKDIR bit in the UiMR register is set to "0" (internal clock selected):
/16(m+1) f=f1,1s, f2n)) 7z setting value of the UiBRG register , 0016 to FF16
* The CKDIR bit is set to "1" (external clock selected):
fEXT/16(m+1) fExT. clock applied to the CLKi pin
Transmit/Receive Control | Select from CTS function, RTS function or CTS/RTS function disabled
Transmit Start Condition | To start transmitting, the following requirements must be met:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply a low-velel ("L") signal to the CTSi pin when the CTS function is selected
Receive Start Condition | To start receiving, the following requirements must be met:
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- The start bit is detected
Interrupt Request While transmitting, the following condition can be selected:
Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (no data in the UiTB register):
when data is transferred from the UiTB register to the UARTI transmit register (transfer started)
- The UIIRS bit is set to "1" (transmission completed):
when data transmission from the UARTI transfer register is completed
While receiving

when data is transferred from the UARTI receive register to the UiRB register (reception completed)
Error Detect « Overrun error(?)

This error occurs when the bit before the last stop bit of the next received data is read
prior to reading the UiRB register (the first stop bit when selecting 2 stop bits)
* Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
When parity is enabled, this error occurs when the number of "1" in parity and charac-
ter bits does not match the number of "1" set
« Error sum flag
This flag is set to "1" when any of an overrun, framing or parity errors occur
Selectable Function * LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
Serial data logic inverse
Logic values of data to be transmitted and received data are inversed. The start bit
and stop bit are not inversed
*TxD and RxD I/O polarity Inverse

TxD pin output and RxD pin input are inversed. All /O data levels are also inversed

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
2. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not
change to "1" (interrupt requested).
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Table 16.7 lists register settings. Tables 16.8 to 16.10 list pin settings. When UARTi (i=0 to 4) operating
mode is selected, the TxDi pin outputs a high-level ("H") signal before transfer is started (the TxDi pin is in
a high-impedance state when the N-channel open drain output is selected). Figure 16.14 shows an ex-
ample of a transmit operation in UART mode. Figure 16.15 shows an example of a receive operation in
UART mode.

Table 16.7 Register Settings in UART Mode

Register Bit Function
UiTB 8100 Set transmit data(!)
UiRB 8t0 0 Received data can be read®
OER, FER, Error flags
PER, SUM
UIBRG 7t00 Set bit rate
UiMR SMD2 to SMDO Set to "1002" when transfer data is 7 bits long
Set to "1012" when transfer data is 8 bits long
Set to "1102" when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select stop bit length
PRY, PRYE Select parity enabled or disabled, odd or even
IOPOL Select TxD and RxD I/O polarity
UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Select either CTS or RTS when using either
TXEPT Transfer register empty flag
CRD Select the CTS or RTS function enabled or disabled
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Select the LSB first or MSB first when a transfer data is 8 bits long
Set to "0" when transfer data is 7 bits or 9 bits long
UiC1 TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM Set to "0"
UiLCH Select whether data logic is inversed or not inversed when a transfer data is
7 bits or 8 bits long. Set to "0" when transfer data is 9 bits long
UIERE Set to either "0" or "1"
UiSMR 7t00 Set to "0016"
UiSMR2 7t00 Set to "0016"
UiSMR3 7t00 Set to "0016"
UiSMR4 7t00 Set to "0016"
NOTE:

1. Use bits 0 to 6 when transfer data is 7 bits long, bits 0 to 7 when 8 bits long, bits 0 to 8 when 9 bits long.
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Table 16.8 Pin Settings in UART Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PS0_0=1 - -
P61 CLKO input PS0_1=0 - PD6_1=0
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 — -
P64 CTS1 input PS0_4=0 - PD6_4=0
'RTS1 output PSO_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - -
Table 16.9 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
P73 ‘CTS2 input PS1_3=0 - - PD7_3=0
RTS2 output PS1_3=1 PSL1_3=0 PSC_3=0 -
NOTE:

1. P70 and P71 are ports for the

Table 16.10 Pin Settings (3)

N-channel open drain output.

Port Function Setting
PS3 Register(V) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLK3 input PS3 0-0 _ _ PD9_0=0
PO1 RxD3 input PS3_1=0 - - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3 2=0 - -
P93 CTS3 input PS3 3=0 PSL3 3=0 - PD9_3=0
'RTS3 output PS3_3=1 - - -
P94 CTS4 input PS3 _4=0 PSL3 4=0 - PD9 4=0
'RTS4 output PS3 _4=1 - - -
P95 CLK4 input PS3_5=0 PSL3_5=0 — PD9_5=0
P96 TxD4 output PS3 6=1 - PSC3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9_7=0
NOTE:

1. Set the PD9 and PS3 registers setimmediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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(1) 8-bit Data Transmit Timing (with a parity and 1 stop bit)

The transfer clock stops momentarily, because an "H" signal is applied to the CTS pin,
when the stop bit state is verified.
Tc The transfer clock resumes running as soon as an "L" signal is applied to the CTS pin

e
msercoec U U UUUUUUUUHUUUUUTTUUUUUU UL
i

N

TEbitinuict Y 1 |
register 0" Data is set in the UiTB register
Tl bitin UiC1 & >\
register ngr
Data is transferred from the UiTB register to the UARTI transmit register

an —|_ t
CTSi | !

L Parity : [

Start bit Stop Pulse stops because the TE bit is set to "0"
bit N bt v

o ___ﬂ@@@@@@@ﬁﬁwgﬂ@@@@@@@ﬁﬁ;c W OO

TXEPT bitin UICO 1" |
register

egname ¥ L )

Set to "0" by an interrupt request acknowledgement or by program

i=0to 4
The above timing applies under the following conditions: Tc=16 (m+ 1) /fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "1" (parity enabled) fi: count source frequency set in the UiBRG register (f1, f8, fan(1))
* The STPS bit in the UiMR register is set to "0" (1 stop bit) fEXT: count source frequency set in the UIBRG register (external
* The CRD bit in the UiCo register is set to "0" and the CRS bit is set clock)
to "0" (CTS function selected) m: setting value of the UIBRG register
 The UIiIRS bit in the UiC1 register is set to "1" NOTE:
(transmission completed) 1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0)

or divide-by-2n (n=1 to 15).

(2) 9-bit Data Transmit Timing (with no parity and 2 stop bits)
Tc

L

Transfer Clock HUUuuiiuou oo o o
TE bitin UiC1 ' ] | [
register "0" Data is set in the UiTB register
Tl bit in UiC1 |
register "0" \
Data is transferred from the UiTB register to the UARTI transmit register
Start Stop Stop
bit bit :,/ bit
i STADKX XX Koo Xoy/se s \sTA XX oX oo X oXoXoy sesp \sTAoXoX
TXEPT bitinUico  * ‘
register ngr
IR bit in SiTIC v _l _|
register g
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above timing applies under the following conditions: Tc=16 (m+1)/fjor 16 (m + 1) / fext

* The PRYE bit in the UiMR register is set to "0" (parity disabled) fi: count source frequency set in the UIBRG register (f1, f8, f2n(1))

* The STPS bit in the UIMR register is set to "1" (2 stop bits) fEXT: count source frequency set in the UiBRG register (external

« The CRD bit in the UiCO register is set to "1" (CTS function clock)

disabled) m: setting value of the UiBRG register
* The UiIRS bit in the UiC1 register is set to "0" (no data in the NOTE:
transmit buffer) 1. The CNT3 to CNTO bits in the TCSPR register select no division

(n=0) or divide-by-2n (n=1 to 15).

Figure 16.14 Transmit Operation

Rev. 1.00 Nov. 01, 2005 Page 186 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 16. Serial I/O (UART)

8-bit Data Receive Timing (with no parity and 1 stop bit)

seting owpat NUMANMANANAANARAANARAANANAANARAAN.  TIARAATARANARATARAA
setting output . .

RE bit in the
UiC1 register g

s

L Stop bit
Start bit ’( Do XE@ _____ @ \_
Verify if an "L"
signal is applied

RxDi

Capture a received data

JJjj S I

Transfer Clock !
Start receiving when the transfer clock is Data is transferred from the UARTIi receive

Rl bitin the vict 1" ggnervated on the falling edge of the start bit register to the UiRB register \ﬁ
register "0t T '
e H 9 T
RTSi
"L -I—I Change to "L" by reading the UiRB register /VI_
IR bit in the SIRIC #q» ;
register "o
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
NOTE:

1. The above applies when the PRYE bit in the UiMR register is set to "0" (parity disabled),
the STPS bit in the UIMR register is set to "0" (1 stop bit) and the CRS bit in the UiCO register is set
to "1" (RTS function selected).

Figure 16.15 Receive Operation

16.2.1 Bit Rate
In UART mode, bit rate is clock frequency which is divided by a setting value of the UIBRG (i=0 to 4)
register and again divided by 16. Table 16.11 lists an example of bit rate setting.

Table 16.11 Bit Rate

Count Peripheral Function Clock: Peripheral Function Clock: Peripheral Function Clock:
Bit Rate | Source 16MHz 24MHz 32MHz
(bps) of Setting Value | Actual Bit Rate | Setting Value | Actual Bit Rate | Setting Value | Actual Bit Rate
UIBRG of UBRG: 77 (bps) of UBRG: 77 (bps) of UBRG: 77 (bps)
1200 8 103 (67h) 1202 155 (96h) 1202 207 (CFh) 1202
2400 8 51 (33h) 2404 77 (46h) 2404 103 (67h) 2404
4800 8 25 (19h) 4808 38 (26h) 4808 51 (33h) 4808
9600 fl 103 (67h) 9615 155 (96h) 9615 207 (CFh) 9615
14400 f1 68 (44h) 14493 103 (67h) 14423 138 (8Ah) 14388
19200 fl 51 (33h) 19231 77 (46h) 19231 103 (67h) 19231
28800 fl 34 (22h) 28571 51 (33h) 28846 68 (44h) 28986
31250 fl 31 (1Fh) 31250 47 (2Fh) 31250 63 (3Fh) 31250
38400 fl 25 (19h) 38462 38 (26h) 38462 51 (33h) 38462
51200 fl 19 (13h) 50000 28 (1Ch) 51724 38 (26h) 51282
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16.2.2 Selecting LSB First or MSB First

As shown in Figure 16.16, the UFORM bit in the UiCO register (i=0 to 4) determines data transfer format.
This function is available for 8-bit transfer data.

(1) When the UFORM Bit in the UiCO Register (i=0 to 4) is set to "0" (LSB first)

TXDi ': \ ST{ Do D1 D2) Ds)fDs)\Ds) Ds)Dr ) PJsP

RxDi T \ st { Do) D1 ) D2)Ds)Ds)Ds DsXDr )Y P sp

(2) When the UFORM Bit in the UiCO Register is set to "1" (MSB first)

ci o LML LT L LML L L L e
-

COMHe
o \ st [ D7 Y\ Ds { Ds Y\ Da \ Ds D2 D:\ Do) P )sp
e
RXDi . \st{ D7) DsYDs X Da DsY D2 DX Do) P sP
NOTE: ST: Start bit
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is P: Parity bit

transmitted on the falling edge of the transfer clock and received on the rising edge) SP: Stop bit
and the UIiLCH bit in the UiC1 register is set to "0" (no inverse).

Figure 16.16 Transfer Format

16.2.3 Serial Data Logic Inverse
When the UILCH bit (i=0 to 4) in the UiC1 register is set to "1" (inverse), data logic written in the UiTB
register is inversed when transmitted. The inversed receive data logic can be read by reading the UiRB
register. Figure 16.17 shows a switching example of the serial data logic.

(1) When the UILCH bit in the UiC1 register (i=0 to 4) is set to "0" (no inverse)

Transfer Clock

(noinv;err);g)i T \ ST [Do Y D1 Y D2 Ds Y Ds Y Ds Y Ds Y D7 Y P Y SP

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer Clock b

(versey e \LST (Do \ B )2 ) Ds N oe D5 { De D ) P ) 5P

NOTE: .
1. The above applies when the UFORM bit in the UiCO register is set to "0" ( ST: Start bit
LSB first), the STPS bit in the UiMR register is set to "0" (1 stop bit) and the P: Parity bit
PRYE bit is set to "1" (parity enabled). SP: Stop bit

Figure 16.17 Serial Data Logic Inverse
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16.2.4 TxD and RxD 1/O Polarity Inverse

TxD pin output and RxD pin input are inversed. All I/O data level, including the start bit, stop bit and parity
bit, are inversed. Figure 16.18 shows TxD and RxD 1/O polarity inverse.

Transfer Clock

TxDi
(no inverse)

RxDi
(no inverse)

Transfer Clock

(inverse)

RxDi
(inverse)

NOTE:

TxDi

(-

(1) When the IOPOL bit in the UiMR register (i=0 to 4) is set to "0" (no inverse)

e
'K

H
L
"H
L

(2) When the IOPOL bit in the UIMR register is set to "1" (inverse)

L L

1. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB  P: Even parity
first), the STPS bit in the UIMR bit is set to "0" (1 stop bit) and the PRYE bitis ~ SP: Stop bit
set to "1" (parity enabled).

LML
\ ST{ Do) Di)f D2 D3 ) Da)f Ds) Ds X D7} P ) SP

\ ST/ Do) Di) D2) D3 ) D4} Ds) Ds X D7 X P Y SP

/ ST\ Do X Dz \ Dz f Ds k s | Ds s f 7 X_P ) SP

/ ST\ Do X D1 f Dz f Ds D+ \ Ds \ Ds f B7 kP ) SP

ST: Start bit

Figure 16.18 TxD and RxD I/O Polarity Inverse
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16.3 Special Mode 1 (I2C Mode)
I2C mode is a mode to communicate with external devices with a simplified 12C. Table 16.12 lists specifica-
tions of I12C mode. Table 16.13 lists register settings, Table 16.14 lists each function. Figure 16.19 shows
a block diagram of 12C mode. Figure 16.20 shows timings for transfer to the UiRB register (i=0 to 4) and
interrupts. Tables 16.15 to 16.17 list pin settings.

As shown in Table 16.12, I2C mode is entered when the SMD2 to SMDO bits in the UiMR register is set to
"0102" and the IICM bit in the UiISMR register is set to "1". Output signal from the SDAI pin changes after
the SCLi pin level becomes low ("L") and stabilizes due to a SDAI transmit output via the delay circuit.

Table 16.12 1°C Mode Specifications

Item

Specifications

Interrupt

Start condition detect, stop condition detect, no acknowledgment detect, acknowledgment
detect

Selectable Function

* Arbitration lost
Selectable from update timing of the ABT bit in the UiRB register.
Refer to 16.3.3 Arbitration
» SDAI digital delay
Selectable from no digital delay or 2 to 8 cycle delay of the count source of of the
UIBRG register. Referto 16.3.5 SDA Output
* Clock phase setting

Selectable from clock delay or no clock delay. Refer to 16.3.4 Transfer Clock
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spai O (Notet) .
Oo—}——Timer ————————— ToDMA
rO—or——1/0
O_

IICM=0 or lICM2=1

Transmit Register UARTI Transmission

- o NACK Interrupt
UARTI _ Request
1ICM=1 and
1ICM2=0
» To DMA
— Arbitration
|> 1ICM=0 or
Filter Ll lIcM2=1
O . .
0@7 Receive Register UARTI Reception
UARTI —> ACK Interrupt Request
| 1ICM=1 and DMA Request
J | Detects Start Condition I— _D_ 1ICM2=0
S Bus
r | r Q[ busy
Detects Stop Condition | NACK
. 1 D
Falling edge — LSYN bit :Lé
detect
D o
Note 1 pT | [ACK
scLi O+ (O‘; /o R |Data Register oth Pulse
:} i Internal Clock 1 Bus Conflict
O UARTI — Start Condition Detect
lICM=1 CLK Bus Conflict Stop Condition Detect
1 lICcM Control Petect IICM Interrupt Request
o UARTI
0 _./C

Filter

Falling Edge of 9th Pulse
swcC

Port reading

(Note 1)

UARTI
o I * When the IICM bit is set to "1", port pin can be read
) lICM=0 regardless of the direction register being set to "1" (output).
cLki Ot—o< o< ——Fo—o- o
O— Timer

i=0to 4
NOTE:
1. Set the PSj (j=0,1,3), PSLj or PSC register to determine.

IICM: Bit in the UiSMR register
1ICM2: Bit in the UiSMR2 register

Figure 16.19 1°C Mode Block Diagram
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Table 16.13 Register Settings in 1°C Mode

Register Bit Function
Master Slave
uiTB 7t00 Set transmit data
UiRB 7t00 Received data can be read
8 ACK or NACK bit can be read
ABT Arbitration lost detect flag | Disabled
OER Overrun error flag
UiBRG 7t00 Set bit rate | Disabled
UiIMR SMD2 to SMDO Set to "0102"
CKDIR Set to "0" |Set to "1"
IOPOL Set to "0"
UiCo CLK1, CLKO Select count source of the UiBRG register |Disab|ed
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD, NCH Setto "1"
CKPOL Set to "0"
UFORM Setto "1"
UiC1l TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiRRM, UiLCH, Set to "0"
UIERE
UiSMR IICM Setto "1"
ABC Select an arbitration lost detect timing |Disab|ed
BBS Bus busy flag
7t03 Set to "000002"
UiSMR2 IICM2 See Table 16.14
CsC Set to "1" to enable clock synchronization |Set to "0"
SWC Set to "1" to fix an "L" signal output from SCLi on the falling edge of the ninth bit
of the transfer clock
ALS Set to "1" to terminate SDAI output when Not used. Set to "0"
detecting the arbitration lost
STC Not used. Set to "0" Set to "1" to reset UARTI
by detecting the start condition
SWC2 Set to "1" for an "L" signal output from SCL forcibly
SDHI Set to "1" to disable SDA output
SU1HIM Set to "0"
UiSMR3 SSE Set to "0"
CKPH See Table 16.14
DINC, NODC, ERR | Set to "0"
DL2 to DLO Set digital delay value for SDAI
UiSMR4 STAREQ Set to "1" when generating a start condition Not used. Set to "0"
RSTAREQ Set to "1" when generating a restart condition
STPREQ Set to "1" when generating a stop condition
STSPSEL Set to "1" when using a condition generating function
ACKD Select ACK or NACK
ACKC Set to "1" for ACK data output
SCLHI Set to "1" to enable SCL output stop when Not used. Set to "0"
detecting stop condition
SWC9 Not used. Set to "0" Set to "1" to fix an "L" signal output
from SCLi on the falling edge of the
ninth bit of the transfer clock
IFSR IFSR6, IFSR7 Setto "1"
i=0to 4
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Table 16.14 1°C Mode Functions

Function

Clock Synchronous
Serial I/0 Mode
(SMD2 to SMD0=0012,
1ICM=0)

[2C Mode (SMD2 to SMD0=0102, IICM=1)

1ICM2=0 IICM2=1

(NACK/ACK interrupt) (UART transmit / UART receive interrupt)
CKPH=0 CKPH=1 CKPH=0 CKPH=1

(No clock delay) | (Clock delay) | (No clock delay) | (Clock delay)

Source for Interrupt
Numbers 39 to 411
(See Figure 16.20)

Start condition or stop condition detect (See Table 16.18)

Source for Interrupt
Number 17, 19, 33, 35
and 374

(See Figure 16.20)

UARTI Transmission -
Transmission started or
completed (selected by
the UIIRS register)

No Acknowledgement
Detection (NACK) -
Rising edge of 9th bit of SCLi

UARTI

Transmission -
Rising edge of
9th bit of SCLi

UARTI Transmission -
Next falling edge after the
9th bit of SCLi

Source for Interrupt
Numbers 18, 20, 34, 36
and 38

(See Figure 16.20)

UARTI Reception -
Receiving at 8th bit
CKPOL=0(rising edge)
CKPOL=1(falling edge)

Acknowledgement Detection
(ACK) -
Rising edge of 9th bit of SCLi

UARTI Reception -
Falling edge of 9th bit of SCLi

Data Transfer Timing from
the UART Receive Shift
Register to the UIRB Register

CKPOL=0(rising edge)
CKPOL=1(falling edge)

Rising edge of 9th bit of SCLi

Falling edge of
9th bit of SCLi

Falling edge and rising edge
of 9th bit of SCLi

UARTI Transmit Output

Pin Functions

Delay No delay Delay
P63, P67, P70, P92, P96 . .
Pin Functions TxDi output SDAI input and output
P62, P6s, P71, P91, P97 RxDi input SCLi input and output

P61, P65, P72, P9o, P95
Pin Functions

Select CLKi input or
output

— (Not used in I2C mode)

Noise Filter Width

15ns

200 ns

Reading RxDi and SCLi
Pin Levels

Can be read if port
direction bit is set to "0"

Can be read regardless of the port direction bit

Default Value of TxDi,
SDAI Output

CKPOL=0 (H)
CKPOL=1 (L)

Values set in the port register before entering 12C mode®

SCLi Default and End
Value

H L

H L

Source for DMA
(See Figure 16.20)

UARTI reception

Acknowledgement detection
(ACK)

UARTI Reception -
Falling edge of 9th bit of SCLi

Store Received Data

1st to 8th bits of the
received data are stored
into bits 7 to 0 in the
UiRB register

1st to 8th bits of the received
data are stored into bits 7 to 0
in the UIiRB register

1st to 7th bits of the received data are stored
into bits 6 to 0 in the UIiRB register. 8th bit is
stored into bit 8 in the UiRB register.

1st to 8th bits are stored into
bits 7 to 0 in the UIRB
register®

Reading Received Data

The UIRB register status is read

Bits 6 to 0 in the UiRB
registerts®) are read as bit 7
to 1. Bit 8 in the UIRB
register is read as bit 0

i=0to 4
NOTES:

1. Use the following procedure to change what causes an interrupt to be generated.
(a) Disable interrupt of corresponding interrupt number.
(b) Change what causes an interrupt to be generated.
(c) Set the IR bit of a corresponding interrupt number to "0" (no interrupt requested).

(d) Set the ILVL2 to ILVLO bits of a corresponding interrupt number.

2. Set default value of the SDAI output when the SMD2 to SMDO bits in the UiMR register are set to "0002"

(serial I/0 disabled).
3. Second data transfer to the UiRB register (on the rising edge of the ninth bit of SCLi).
4. First data transfer to the UiRB register (on the falling edge of the ninth bit of SCLi).
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(1) When the IICM2 bit is set to "0" (ACK or NACK interrupt) and the CKPH bit is set to "0" (no clock delay)
1st  2nd 3rd 4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit
SCLi

spai X D7 X' Ds X Ds X Da X D3 X Dz X D1 X Do XDs(ACK or NACK)
f

ACK interrupt (DMA
request) or NACK interrupt

? b15

Data is transferred to the UiRB register [ ] |

b9 b8 b7 b0
[D8[D7[D6[Ds[D4]D3[D2[ D1[ Do
Contents of the UiRB register

(2) When the IICM2 bit is set to "0" and the CKPH bit is set to "1" (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

SDAI :>< D7>< D6>< D5>< D4>< D3>< D2>< D1>< D0><D8(ACKorNACK)
f

ACK interrupt (DMA
request) or NACK interrupt

b15 b9 b8 b7 bo
Data is transferred to the UiRB register [ |~ [ [Dg[D7[De[Ds[D4[D3[D2]D1[Do]

Contents of the UiRB register

(3) When the IICM2 bit is set to "1" (UART transmit or receive interrupt) and the CKPH bit is set to "0"
1st 2nd 3rd 4th 5th 6th 7th 8th oth

bit bit bit bit bit bit bit bit bit
seu L LT LT LT Lo e
spai X D7 X Ds X_Ds X D4 X_Ds X Dz X D1 X Do )Ds(ACK or NACK)

bt

Receive interrupt  Transmit interrupt
(DMA request)
? bls b9 b8 b7 bo

Data is transferred to the UiRB register [ ]~ [ o[ - o7]De[Ds|D4[D3[D2] DY

Contents of the UiRB register

(4) When the [ICM2 bit is set to "1" and the CKPH bit is set to "1"
st 2nd 3rd  4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit
SCLi

[
SDAI :>< D7 X Ds X Ds X D4 X D3 X Dz X D1 X Do XDs(ACK or NACK)
bt

Transmit interrupt

Receive interrupt
(DMA request)

f

Data is transferred to the UiRB register  Data is transferred to the UiRB register

[ ]~ [ oo - [D7[De[D5[D4[D3[D2[D1] [ |-

Contents of the UiRB register

b9 b8 b7 bo
[D8]D7]D6[D5]D4[D3[D2]D1]Do]
Contents of the UiRB register

i=0to 4
IICM2: Bit in the UiISMR2 register
CKPH: Bit in the UiSMR3 regiser

The above applies under the following condition:
« The CKDIR bit in the UiMR register is set to "1" (slave)

Figure 16.20 SCLi Timing
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Table 16.15 Pin Settings in I1°C Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register

P62 SCLO output PS0_2=1 PSLO_2=0 -

SCLO input PS0_2=0 - PD6_2=0
P63 SDAO output PS0_3=1 - -

SDAQO input PS0_3=0 - PD6_3=0
P66 SCL1 output PS0_6=1 PSLO_6=0 -

SCL1 input PS0_6=0 - PD6_6=0
P67 SDAZ1 output PS0_7=1 - -

SDAL input PS0_7=0 - PD6_7=0

Table 16.16 Pin Settings (2)

Setting
Port Function
PS1 Register | PSL1 Register | PSC Register | PD7 Register
SDAZ2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
P70
SDAZ2 input PS1_0=0 - - PD7_0=0
SCL2 output PS1_1=1 PSL1_1=1 PSC_1=0 -
P71®
SCL2 input PS1_1=0 - - PD7_1=0
NOTE:

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

Table 16.17 Pin Settings (3)

Port Function Setting
PS3 Register(l) PSL3 Register PSC3 Register PD9 Register®)

PO1 SCL3 output PS3_1=1 PSL3_1=0 - _

SCL3 input PS3_1=0 - - PD9_1=0
P92 SDAZ3 output PS3 2=1 PSL3 2=0 - -

SDA3 input PS3_2=0 - - PD9_2=0
P96 SDA4 output PS3_6=1 - PSC3_6=0 -

SDAA4 input PS3_6=0 - - PD9 6=0
P97 SCL4 output PS3 7=1 PSL3_7=0 - -

SCL4 input PS3_7=0 - - PD9_7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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16.3.1 Detecting Start Condition and Stop Condition
The microcomputer detects either a start condition or stop condition. The start condition detect interrupt
is generated when the SCLi (i=0 to 4) pin level is held high ("H") and the SDA. pin level changes "H" to low
("L"). The stop condition detect interrupt is generated when the SCLi pin level is held "H" and the SDAI pin
level changes "L" to "H". The start condition detect interrupt shares interrupt control registers and vectors
with the stop condition detect interrupt. The BBS bit in the UiISMR register determines which interrupt is
requested.

3 to 6 cycles < setup time()
3 to 6 cycles < hold time(®)

' Setup time Hold time

SCLi

SDAI
(Start condition)

SDAI
(Stop condition)

i=0to 4
NOTE:
1. These cycles are main clock generation frequency cycles f(XIN).

Figure 16.21 Start Condition or Stop Condition Detecting

16.3.2 Start Condition or Stop Condition Output

The start condition is generated when the STAREQ bit in the UiSMR4 register (i=0 to 4) is set to "1"
(start). The restart condition is generated when the RSTAREQ bit in the UiISMR4 register is set to "1"
(start). The stop condition is generated the STPREQ bit in the UISMRA4 is set to "1" (start).

The start condition is output when the STAREQ bit is set to "1" and the STSPSEL bit in the UiISMR4
register is set to "1" (start or stop condition generating circuit selected). The restart condition output is
provided when the RSTAREQ bit and STSPSEL bit are set to "1". The stop condition output is provided
when the STPREQ bit and the STSPSEL bit are set to "1".

When the start condition, stop condition or restart condition is output, do not generate an interrupt be-
tween the instruction to set the STAREQ bit, STPREQ bit or RSTAREQ bit to "1" and the instruction to set
the STSPSEL bit to "1". When the start condition is output, set the STAREQ bit to "1" before the
STSPSEL bit is set to "1".

Table 16.18 lists function of the STSPSEL bit. Figure 16.22 shows functions of the STSPSEL bit.
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Table 16.18 STSPSEL Bit Function

Function

STSPSEL =0

STSPSEL =1

Start condition and stop
condition output

Program with ports determines how the
start condition or stop condition output

is provided

The STAREQ bit, RSTAREQ bit and
STPREQ bit determine how the start
condition or stop condition output is
provided

Timing to generate start
condition and stop condition
interrupt requests

The start condition and stop condition
are detected

Start condition and stop condition
generation are completed

(1) In slave mode,
The CKDIR bit is set to "1" (external clock)

SCLi

SDAI

Start condition detect
interrupt

(2) In master mode,
The CKDIR bit is set to "0" (internal clock)

The STSPSEL bit is set to "0" (no start condition and stop condition output)

oA —

The STSPSEL bit is set to "1" (start condition and stop condition output)

Stop condition detect
interrupt

Setting value of 0 1 0 1 0
the STSPEL bit >< >< >< ><
SCLi
SDAi
The STPREQ / T
bitis set to "1* Start condition detect The STPREQ g4 condition detect
(start) interrupt ?S”;alft)set 0"l interrupt
i=0to 4
Figure 16.22 STSPSEL Bit Function
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16.3.3 Arbitration

The ABC bit in the UiSMR register (i=0 to 4) determines an update timing for the ABT bit in the UiRB
register. On the rising edge of the SCLi pin, the microcomputer determines whether a transmit data
matches data input to the SDAI pin.

When the ABC bit is set to "0" (update per bit), the ABT bit is set to "1" (detected-arbitration is lost) as
soon as a data discrepancy is detected. The ABT bit is set to "0" (not detected-arbitration is won) if not
detected. When the ABC bit is set to "1" (update per byte), the ABT bit is set to "1" on the falling edge of
the ninth bit of the transfer clock if any discrepancy is detected. When the ABT bit is updated per byte, set
the ABT bit to "0" between an ACK detection in the first byte data and the next byte data to be transferred.
When the ALS bit in the UiSMR2 register is set to "1" (SDA output stop enabled), the arbitration lost
occurs. As soon as the ABT bit is set to "1", the SDAI pin is placed in a high-impedance state.

16.3.4 Transfer Clock

The transfer clock transmits and receives data as is shown in Figure 16.20.

The CSC bit in the UiISMR2 register (i=0 to 4) synchronizes an internally generated clock (internal SCLi)
with the external clock applied to the SCLi pin. When the CSC bit is set to "1" (clock synchronous en-
abled) and the internal SCLi is held high ("H"), the internal SCLi become low ("L") if sighal applied to the
SCLi pin is on the falling edge. Value of the UiBRG register is reloaded to start counting for low level. A
counter stops when the SCLi pin is held "L" and then the internal SCLi changes "L" to "H". Counting is
resumed when the SCLi pin become "H". The transfer clock of UARTI is equivalent to the AND for signals
from the internal SCLi and the SCLi pin.

The transfer clock is synchronized between a half cycle before the falling edge of first bit of the internal
SCLi and the rising edge of the ninth bit. Select the internal clock as the transfer clock while the CSC bit
is set to "1".

The SWC bit in the UiISMR2 register determines whether the SCLi pin is fixed to be an "L" signal output on
the falling edge of the ninth cycle of the transfer clock or not.

When the SCLHI bit in the UiSMR4 register is set to "1" (enabled), a SCLi output stops when a stop
condition is detected (high-impedance).

When the SWC2 bit in the UiISMR2 register is set to "1" (0 output), the SCLi pin focibly outputs an "L" signal
while transmitting and receiving. The fixed "L" signal applied to the SCLi pin is cancelled by setting the
SWC2 bit to "0" (transfer clock) and the transfer clock input to and output from the SCLi pin are provided.

When the CKPH bit in the UiISMR3 register is set to "1" and the SWC9 bit in the UiSMR4 register is set to
"1" (SCL "L" hold enabled), the SCLi pin is fixed to be an "L" signal output on the next falling edge after the
ninth bit of the clock. The fixed "L" signal applied to the SCLi pin is cancelled by setting the SWC9 bit to
"0" (SCL "L" hold disabled).

16.3.5 SDA Output

Values output set in bits 7 to 0 (D7 to Do) in the UiTB register (i=0 to 4) are provided in descending order
from D7. The ninth bit (D8) is ACK or NACK.

Set the default value of SDAI transmit output when the [ICM bit is set to "1" (12C mode) and the SMD2 to
SMDQO bits in the UIMR register are set to "0002" (serial /0O disabled).

The DL2 to DLO bits in the UiISMR3 register determine no delay in the SDAI output or a delay of 2 to 8
UiBRG register count source cycles.

When the SDHI bit in the UiISMR2 register is set to "1" (SDA output disabled), the SDAI pin is forcibly
placed in a high-impedance state. Do not set the SDHI bit on the rising edge of the UARTI transfer clock.
The ABT bit in the UiRB register may be set to "1" (detected).
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16.3.6 SDA Input
When the IICM2 bit in the UiISMR2 register (i=0 to 4) is set to "0", the first eight bits of received data are
stored into bits 7 to 0 (D7 to Do) in the UiRB register. The ninth bit (D8) is ACK or NACK.
When the IICM2 bit is set to "1", the first seven bits (D7 to D1) of received data are stored into bits 6 to O
in the UiRB register. Store the eighth bit (Do) into bit 8 in the UiRB register.
If the ICM2 bit is set to "1" and the CKPH bit in the UiISMR3 register is set to "1", the same data as that of
when setting the IICM2 bit to "0" can be read. To read the data, read the UiRB register after the rising
edge of the ninth bit of the transfer clock.

16.3.7 ACK, NACK
When the STSPSEL bit in the UiSMR4 register (i=0 to 4) is set to "0" (serial I/O circuit selected) and the
ACKC bit in the UiISMRA4 register is set to "1" (ACK data output), the SDAI pin provides the value output
set in the ACKD bit in the UiSMR4 register.
If the IICM2 bit is set to "0", the NACK interrupt request is generated when the SDAI pin is held high ("H")
on the rising edge of the ninth bit of the transfer clock. The ACK interrupt request is generated when the
SDAI pinis held low ("L") on the rising edge of the ninth bit of the transfer clock.
When ACK is selected to generate a DMA request, the DMA transfer is activated by an ACK detection.

16.3.8 Transmit and Receive Reset
When the STC bit in the UiISMR2 register (i=0 to 4) is set to "1" (UARTI initialization enabled) and a start
condition is detected,

- the transmit shift register is reset and the content of the UiTB register is transferred to the transmit shift
register. The first bit starts transmitting when the next clock is input. UARTI output value remains
unchanged between when the clock is applied and when the first bit data output is provided. The value
remains the same as when start condition was detected.

- the receive shift register is reset and the first bit start receiving when the next clock is applied.

- the SWC bitis setto "1" (SCL wait output enabled). The SCLi pin becomes "L" on the falling edge of the
ninth bit of the transfer clock.

If UARTI transmission and reception are started with this function, the Tl bit in the UiC1 register remains
unchanged. Select the external clock as the transfer clock when using this function.
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16.4 Special Mode 2

In special mode 2, serial communication between one or multiple masters and multiple slaves is available.
The SSi input pin (i=0 to 4) controls the serial bus communication. Table 16.19 lists specifications of special
mode 2. Table 16.20 lists register settings. Tables 16.21 to 16.23 list pin settings.

Table 16.19 Special Mode 2 Specifications

Item Specification
Transfer Data Format | Transfer data : 8 bits long
Transfer Clock » The CKDIR bit in the UiMR register (i=0 to 4) is set to "0" (internal clock selected):

/2(m+1) f=f1,fs, fan(D) m: setting value of the UIBRG register, 0016 to FF16
» The CKDIR bit to "1" (external clock selected) : input from the CLKi pin
Transmit/Receive Control| SSi input pin function
Transmit Start Condition| To start transmitting, the following requirements must be met(®:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
Receive Start Condition | To start receiving, the following requirement must be met(?):
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
Interrupt Request » While transmitting, the following conditions can be selected:
Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (no data in a transmit buffer) :
when data is transferred from the UiTB register to the UARTI transmit register (transmission started)

- The UIIRS register is set to "1" (transmission completed):
when data transmission from UARTI transfer register is completed

* While receiving
When data is transferred from the UARTI receive register to the UiRB register (reception completed)
Error Detection « Overrun error(®)

This error occurs when the seventh bit of the next received data is read before reading
the UiRB register

* Fault error
In master mode, the fault error occurs an "L" signal is applied to the SSi pin
Selectable Function * CLK polarity

Selectable from the rising edge or falling edge of the transfer clock at transferred data
output or input timing

* LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
« Continuous receive mode
Data reception is enabled simultaneously by reading the UiRB register
« Serial data logic inverse
This function inverses transmitted or received data logically
* TxD and RxD I/O polarity inverse
TxD pin output and RxD pin input are inversed. All /O data levels are also inversed
« Clock phase

Selectable from one of 4 combinations of transfer data polarity and phases
« SSi input pin function

Output pin is placed in a high-impedance state to avoid data conflict between master
and other masters or slaves

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

2. To start transmission/reception when selecting the external clock, these conditions must be met after the
CKPOL bit in the UiCO register is set to "0" (data is transmitted on the falling edge of the transfer clock and data
is received on the rising edge) and the CLKi pin is held high ("H"), or when the CKPOL bit is set to "1" (Data is
transmitted on the rising edge of the transfer clock and data is received on the falling edge) and the CLKi pin is
held low ("L").

3. If an overrun error occurs, the UiRB register is in an indeterminate state. The IR bit setting in the SiRIC register
does not change to "1" (interrupt requested).
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Table 16.20 Register Settings in Special Mode 2

Register Bit Function

uiTB 7t00 Set transmit data

UiRB 7t00 Received data can be read
OER Overrun error flag

UIBRG 7t00 Set bit rate

UIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "0" in master mode or "1" in slave mode
IOPOL Set to "0"

UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD Set to "1"
NCH Select the output format of the TxDi pin
CKPOL Clock phase can be set by the combination of the CKPOL bit and the CKPH bit in

the UiSMRS register

UFORM Select either LSB first or MSB first

UiCl TE Set to "1" to enable data transmission and reception
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UIRRM Set to "1" to enable continuous receive mode
UILCH, SCLKSTPB| Set to "0"

UiSMR 7t00 Set to "0016"

UiSMR2 7t00 Set to "0016"

UiSMR3 SSE Setto "1"
CKPH Clock phase can be set by the combination of the CKPH bit and the CKPOL bit

in the UiCO register

DINC Set to "0" in master mode or "1" in slave mode
NODC Set to "0"
ERR Fault error flag
7105 Set to "0002"

UiSMR4 7t00 Set to "0016"

i=0to 4
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Table 16.21 Pin Settings in Special Mode 2 (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 SSO0 input PS0_0=0 - PD6_0=0
P61 CLKO input (slave) PS0_1=0 - PD6_1=0
CLKO output (master)) PS0_1=1 - -
P62 RxDO input (master) | PS0_2=0 - PD6_2=0
STxDO output (slave)| PS0_2=1 PSLO_2=1 -
P63 TxDO output (master)| PS0_3=1 - -
SRxDO input (slave) | PS0_3=0 - PD6_3=0
P64 SS1 input PS0_4=0 - PD6_4=0
P65 CLK1 input (slave) PS0_5=0 - PD6_5=0
CLK1 output (master)| PS0_5=1 - -
P66 RxD1 input (master) | PS0_6=0 - PD6_6=0
STxD1 output (slave)| PS0_6=1 PSLO_6=1 -
P67 TxD1 output (master)| PS0_7=1 - -
SRxD1 input (slave) | PS0_7=0 - PD6_7=0
Table 16.22 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output (master) | PS1_0=1 PSL1 0=0 PSC _0=0 -
SRxD2 input (slave) | PS1_0=0 - - PD7_0=0
p71(1) RxD2 input (master) | PS1_1=0 - - PD7_1=0
STxD2 output (slave) | PS1_1=1 PSL1 1=1 PSC_1=0 -
P72 CLK2 input (slave) PS1 _2=0 - — PD7_2=0
CLK2 output (master) | PS1_2=1 PSL1_2=0 PSC_2=0 -
P73 SS2 input PS1_3=0 - - PD7_3=0
NOTE:
1. P70 and P71 are ports for the N-channel open drain output.
Table 16.23 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLKS3 input (slave) PS3_0=0 - - PD9_0=0
CLKS3 output (master) | PS3_0=1 - - -
P91 RxD3 input (master) | PS3_1=0 - - PD9_1=0
STxD3 output (slave) | PS3_1=1 PSL3_1=1 - -
P92 TxD3 output (master) | PS3_2=1 PSL3_2=0 - -
SRxD3 input (slave) | PS3_2=0 - - PD9_2=0
P93 SS3input PS3_3=0 PSL3_3=0 - PD9_3=0
P94 SS4 input PS3_4=0 PSL3_4=0 - PD9_4=0
P9s CLK4 input (slave) PS3_5=0 PSL3_5=0 - PD9_5=0
CLK4 output (master) | PS3_5=1 - - -
P96 TxD4 output (master) | PS3_6=1 - PSC3_6=0 -
SRxD4 input (slave) | PS3_6=0 PSL3_6=0 - PD9_6=0
P97 RxD4 input (master) | PS3_7=0 - - PD9_7=0
STxD4 output (slave) | PS3_7=1 PSL3_7=1 - -
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.
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16.4.1 SSi Input Pin Function (i=0 to 4)
When the SSE bit in the UiSMR3 register is set to "1" (SS function enabled), the special mode 2 is
selected, activating the pin function.
The DINC bit in the UiSMR3 register determines which microcomputer performs as master or slave.
When multiple microcomputers perform as the masters (multi-master system), the SSi pin setting deter-
mines which master microcomputer is active and when.

16.4.1.1 When Setting the DINC Bit to "1" (Slave Mode)
When a high-level ("H") signal is applied to the SSi pin, the STxDi and SRxDi pins are placed in a high-
impedance state and the transfer clock applied to the CLKi pin is ignored. When a low-level ("L") signal
is applied to the SSi input pin, the transfer clock input is valid and serial communication is enabled.

16.4.1.2 When Setting the DINC Bit to "0" (Master Mode)
When using the SSi pin functin in master mode, set the UIIRS bit in the UiC1 register to "1" (transmis-
sion completed).
When an "H" signal is applied to the SSi pin, serial communication is available due to transmission
privilege. The master provides the transfer clock output. When an "L" signal is applied to the SSi pin,
it indicates that another master is active. The TxDi and CLKi pins are placed in high-impedance states
and the ERR bit in the UiISMR3 register is set to "1" (fault error) Use the transmit complete interrupt
routine to verify the ERR bit state.
To resume the serial communication after the fault error occurs, set the ERR bit to "0" while applying
the "H" signal to the SSi pin. The TxDi and CLKi pins become ready for signal outputs.

Microcomputer Microcomputer
P13
PlL2[f——

P93(SS3) P93(SS3)
P90(CLK3)}— P90(CLK3)
P91(RxD3) [ P91(STxD3)
P92(TxD3) P92(SRxD3)

Master Slave

Microcomputer

P93(SS3)

P90(CLK3)
P91(STxD3)
P92(SRxD3)

Slave

Figure 16.23 Serial Bus Communication Control with SS Pin
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16.4.2 Clock Phase Setting Function
The CKPH bit in the UiISMR3 register (i=0 to 4) and the CKPOL bit in the UiCO register select one of four
combinations of transfer clock polarity and phases.
The transfer clock phase and polarity must be the same between the master and the slave involved in the
transfer.

16.4.2.1 When setting the DINC Bit to "0" (Master (Internal Clock))
Figure 16.24 shows transmit and receive timing.

16.4.2.2 When Setting the DINC Bit to "1" (Slave (External Clock))

When the CKPH bit is set to "0" (no clock delay) and the SSi input pin is held high ("H"), the STxDi pin
is placed in a high-impedance state. When the SSi input pin becomes low ("L"), conditions to start a
serial transfer are met, but output is indeterminate. The serial transmission is synchronized with the
transfer clock. Figure 16.25 shows the transmit and receive timing.

When the CKPH bit is set to "1" (clock delay) and the SSi input pin is held high, the STxDi pin is placed
in a high-impedance state. When the SSi pin becomes low, the first data is output. The serial transmis-
sion is synchronized with the transfer clock. Figure 16.26 shows the transmit and receive timing.

Signal Applied to "H"
the SS Pin L
Clock Output "He — — — I _ - -

(CKPOL=0, CKPH=0) ="

Clock Output
(CKPOL=1, CKPH=0) »

z

L
il

Clock Output
(CKPOL=1, CKPH=1) =

Data Output Timing t':x po X bt X D2 X Ds  Da X Ds X s X D
Data Input Timing T T T T T T T T

Figure 16.24 Transmit and Receive Timing in Master Mode (Internal Clock)

T

Clock Output e I -
(CKPOL=0, CKPH=1) .~ L L L L L L
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Signal Applied to "H
the SS Pin ' | l_
Clock Input e
(CKPOL=1, CKPH=0) ""

. "H"
Data Output Timing® " —<:_>< DOX D1X D2X D3X D4X Ds X Dé X D7 ——
- impe High-

impedance impedance

Dt Input Timing e T O |

NOTE:
1. P70 and P71 are ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 16.25 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=0)

Signal Applied to

e

) L
the SS Pin |
(CKPOL=0, CKPH=0) "L"
o S uUuryuryyun
(CKPOL=1, CKPH=1) "L

iming® "H" (
pea b "L" Do X D1 X D2 X D3 X D4X Ds X De X D7 >H. h
igh-

High- !
impedance impedance

rrrr e

NOTE:
1. P70 and P71 are ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 16.26 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=1)
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16.5 Special Mode 3 (GCIl Mode)
In GCI mode, the external clock is synchronized with the transfer clock used in the clock synchronous serial

I/O mode.
Table 16.24 lists specifications of GCI mode. Table 16.25 lists registers settings. Tables 16.26 to 16.28 list

pin settings.

Tablel6.24 GCIl Mode Specifications

Item Specification

Transfer Data Format Transfer data : 8 bits long
Transfer Clock The CKDIR bit in the UiIMR register (i=0 to 4) is set to "1" (external clock selected):
input from the CLKi pin

Clock Synchronization Function | Trigger signal input from the CTSi pin

Transmit/Receive Start |To start data transmission and reception, meet the following conditions and then apply a
Condition trigger signal to the CTSi pin:

- Set the TE bit in the UiC1 register to "1" (transmit enabled)

- Set the RE bit in the UIC1 register to "1" (receive enabled)

- Set the Tl bit in the UiC1 register to "0" (Data in the UiTB register)

Interrupt Request » While transmitting, the following condition can be selected:

Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (UiTB register empty):
when data is transferred from the UiTB register to the UARTI transmit register (transmission started)

- The UIIRS bit is set to "1" (Transmit completed):

when a data transmission from the UARTI transfer register is completed
* While receiving,

when data is transferred from the UARTI receive register to the UiRB register (reception

completed)

Error Detection Overrun error(})
This error occurs when the seventh bit of the next received data is read before reading the

UIiRB register.

NOTE:
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not

change to "1" (interrupt requested).
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Table 16.25 Register Settings in GCI Mode

Register Bit Function
uiTB 7t00 Set transmit data
UiRB 7t00 Received data
OER Overrun error flag
UIBRG 7t00 Set to "0016"
UiIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "1"
IOPOL Set to "0"
uiCo CLK1, CLKO Set to "002"
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select the output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
uic1 TE Set to "1" to enable data transmission and reception
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM, UiLCH Set to "0"
SCLKSTPB Setto "0"
UiSMR 6to0 Set to "00000002"
SCLKDIV See Table 16.29
UiSMR2 6t00 Set to "00000002"
SU1HIM See Table 16.29
UiSMR3 2t00 Set to "0002"
NODC Setto "0"
7t04 Set to "00002"
UiSMR4 7t00 Set to "0016"
i=0to 4
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Table 16.26 Pin Settings in GCI Mode (1)

Port Function Setting
PSO0 Register PD6 Register

P60 ‘CTSO input® PS0_0=0 PD6_0=0
P61 CLKO input PS0_1=0 PD6_1=0
P62 RxDO input PS0_2=0 PD6_2=0
P63 TxDO output PS0_3=1 -
P64 CTST input® PS0_4=0 PD6_4=0
P65 CLK1 input PS0_5=0 PD6_5=0
P66 RxD1 input PS0_6=0 PD6_6=0
P67 TxD1 output PSO_7=1 -
NOTE:

1. CTS input is used as a trigger siganl input.

Table 16.27 Pin Settings (2)

Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register

P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1 2=0 - - PD7_2=0
P73 CTSZ input® PS1_3=0 - - PD7_3=0
NOTES:

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

2. CTS input is used as a trigger siganl input.

Table 16.28 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PSL3 Register PD9 Register(®)

P90 CLK3 input PS3_0=0 - - PD9_0=0
P91 RxD3 input PS3_1=0 - - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 - —
P93 CTS3 input® PS3_3=0 PSL3 3=0 - PD9_3=0
P94 CTS4 input® PS3_4=0 PSL3_4=0 - PD9_4=0
P95 CLK4 input PS3 5=0 PSL3_5=0 - PD9_5=0
P96 TxD4 output PS3_6=1 PSL3_6=0 PSL3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.

2. CTS input is used for a trigger siganl input.
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To generate the internal clock synchronized with the external clock, set the SULHIM bit in the UiISMR2
register (i=0 to 4) and the SCLKDIV bit in the UiSMR register to values shown in Table 16.29. Then apply
a trigger signal to the CTSi pin. Either the same clock cycle as the external clock or external clock divided
by two can be selected as the transfer clock. The SCLKSTPB bit in the UiC1 register controls the transfer
clock. Set the SCLKSTPB bit accordingly, to start or stop the transfer clock during an external clock
operation. Figure 16.27 shows an example of the clock-divided synchronous function.

Table 16.29 Clock-Divided Synchronous Function Select

SCLKDIV Bitin SU1HIM Bit in Clock-Divided Synchronous Function Example of Waveform
UiSMR Register | UiISMR2 Register
0 0 Not synchronized -
0 1 Same division as the external clock Ain Figure 16.27
1 Oor1l Same division as the external clock B in Figure 16.27
divided by 2
i=0to 4

External Clock
from the CLKi Pin

Trigger Signal [ ]

from the CTSi Pin

Transfer Clock

132334536738
[: ] l ] [: ] l ] [: ] l ] [: ] l ! K_TheSCLKSTPBbitintheUiClregister

A, B: See Table 16.29.

A ; ; ; ; stops the clock
TxDi Y1) 21345 6738
N X
Transfer Clock I I I 1 I L1 [
B -
TxDi I 1 I 2 1 3 T 4 ) 6 [ 7 Y 8
i=0to 4

Figure 16.27 Clock-Divided Synchronous Function
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16.6 Special Mode 4 (IE Mode)

In IE mode, devices connected with the IEBus can communicate in UART mode.
Table 16.30 lists register settings. Tables 16.31 to 16.33 list pin settings.

Table 16.30 Register Settings in IE Mode

Register Bit Function
uiTB 8to0 Set transmit data
UiRB 8to0 Received data can be read
OER, FER, Error flags
PER, SUM
UIBRG 7t00 Set bit rate
UIMR SMD2 to SMDO Set to "1102"
CKDIR Select the internal clock or external clock
STPS Set to "0"
PRY Disabled because the PRYE bit is set to "0"
PRYE Set to "0"
IOPOL Select TxD and RxD I/O polarity
UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
UiC1 TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" te enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM, UILCH, Set to "0"
SCLKSTPB
UiSMR 3t00 Set to "00002"
ABSCS Select bus conflict detect sampling timing
ACSE Set to "1" to automatically clear the transmit enable bit
SSS Select transmit start condition
SCLKDIV Set to "0"
UiSMR2 7t00 Set to "0016"
UiSMR3 7t00 Set to "0016"
UiSMR4 7t00 Set to "0016"
IFSR IFSR6, IFSR7 Select how the bus conflict interrupt occurs
i=0to 4
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Table 16.31 Pin Settings in IE Mode (1)

Port Function Setting
PSO Register PD6 Register

P61 CLKO input PS0_1=0 PD6_1=0
CLKO output PSO_1=1 -

P62 RxDO input PS0_2=0 PD6_2=0
P63 TxDO output PSO_3=1 -

P65 CLK1 input PS0_5=0 PD6_5=0
CLK1 output PS0_5=1 -

P66 RxD1 input PS0_6=0 PD6_6=0
P67 TxD1 output PSO_7=1 -

Table 16.32 Pin Settings (2)

Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
P71 RxD2 input PS1 1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1_2=1 PSL1_2=0 PSC_2=0 -
NOTE:

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

Table 16.33 Pin Settings (3)

Port Function Setting
PS3 Register(D PSL3 Register PSC3 Register | PD9 Register(®)
P90 CLK3 input PS3 0-0 _ _ PD9_0=0
CLK3 output PS3 0=1 - - -
PO1 RxD3 input PS3_1=0 - - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 _ _
P95 CLK4 input PS3 5=0 PSL3 5=0 - PD9 5=0
CLK4 output PS3_5=1 — - Z
P9 TxD4 output PS3 6=1 - PSC3_6=0 _
P97 RxD4 input PS3_7=0 - - PD9 _7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction
to set the PD9 and PS3 registers.
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If the output signal level of the TxDi pin (i=0 to 4) differs from the input signal level of the RxDi pin, an
interrupt request is generated.

UARTO and UART3 are assigned software interrupt number 40. UART1 and UART4 are assigned number
41. When using the bus conflict detect function of UARTO or UART3, of UART1 or UART4, set the IFSR6
bit and the IFSR7 bit in the IFSR register accordingly.

When the ABSCS bit in the UiISMR register is set to "0" (rising edge of the transfer clock), it is determined,
on the rising edge of the transfer clock, if the output level of the TxD pin and the input level of the RxD pin
match. When the ABSCS bit is set to "1" (timer Aj underflow), it is determined when the timer Aj (timer A3
in UARTO, timer A4 in UARTL, timer A0 in UARTZ2, timer A3 in UARTS3, the timer A4 in UART4) counter
overflows. Use the timer Aj in one-shot timer mode.

When the ACSE bit in the UiISMR register is set to "1" (automatic clear at bus conflict) and the IR bit in the
BCNIIC register to "1" (discrepancy detected), the TE bit in the UiC1 register is set to "0" (transmit disabled).

When the SSS bit in the UiSMR register is set to "1" (synchronized with RxDi), data is transmitted from the
TxDi pin on the falling edge of the RxDi pin. Figure 16.28 shows bits associated with the bus conflict detect
function.
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(1) The ABSCS Bit in the UiISMR Register (Bus conflict and sampling clock selected)

(i=0to 4) Bus conflict is detected on the rising edge of the transfer clock
when the ABSCS bit is set to "0"
¥ _

Transfer Clock

ST Do D1 D2 D3 D4 Ds Dé D7 Ds SP
TxDi
RXDi |

Trigger signal is applied to the TAjIN pin T
Timer Aj

When the ABSCS bit is set to "1", bus conflict is detected when the timer Aj
underflows (in the one-shot timer mode). An interrupt request is generated.

Timer Aj: timer A3 in UARTO or UARTS, timer A4 in UART1 or UART4, timer AO in UART2

(2) The ACSE Bit in the UiISMR Register (Transmit enable bit is automatically cleared)

Transfer Clock

ST Do D1 D2 D3 Da Ds De D7 Ds SP
TxDi
RxDi |

IR bit in
BCNIIC register |

TE bitin
UiC1 register |

(3) The SSS bit in the UiSMR Register (Transmit start condition is selected)

When the SSS bit is set to "0", data is transmitted after one transfer clock cycle
if data transmission is enabled.

Transfer Clock
ST Do D1 D2 D3 Da Ds De D7 Ds SP

TXDi % | |

transmit enable conditons are met

When the SSS bit is set to "1", data is transmitted on the falling edge of RxDi(1)

CLKi

ST Do D1 D2 D3 Da Ds De D7 Ds SP

TxDi (Note 2) ‘[) | |
RXDi / | |

NOTES:
1. Data is transmitted on the falling edge of a signal applied to the RxDi pin when the IOPOL bit is set to "0".
Data is transmitted on the rising edge of a signal applied to the RxDi pin when the IOPOL bit is set to "1".
2. Data transmission condition must be met before the falling edge of the RxDi pin.

Figure 16.28 Bit Function Related Bus Conflict Detection
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16.7 Special Mode 5 (SIM Mode)
In SIM mode, SIM interface devices can communicate in UART mode. Both direct and inverse formats are
available and a low-level ("L") signal output can be provided from the TxDi pin (i=0 to 4) when a parity error
is detected.
Table 16.34 lists specifications of SIM mode. Table 16.35 lists register settings. Tables 16.36 to 16.38 list

pin settings.

Table 16.34 SIM Mode Specifications

Item Specification
Transfer Data Format | * Transfer data: 8-bit UART mode « One stop bit
* In direct format « In inverse format
Parity: Even Parity: Odd
Data logic: Direct Data logic: Inverse
Transfer format: ~ LSB first Transfer format: MSB first
Transfer Clock * The CKDIR bit in the UiMR register (i=0 to 4) is "0" (internal clock selected):

/16(m+1JV  p=1f1, 18, f2n® /m: setting value of the UIBRG register, 0016 to FF16
Do not set the CKDIR bit to "1" (external clock selected)

Transmit/Receive Control| The CRD bit in the UiCO register is set to "1" (CTS, RTS function disabled)

Other Setting Items The UIIRS bit in the UiC1 register is set to "1" (transmission completed)

Transmit Start Condition| To start transmitting, the following requirements must be met:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)

Receive Start Condition | To start receiving, the following requirements must be met:
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- Detect the start bit

Interrupt Request « While transmitting,

Generation Timing -The UIIRS bit is set to "1" (transmission completed):
when data transmission from the UARTI transfer register is completed

« While receiving,

when data is transferred from the UARTI receive register to the UiRB register (reception completed)

Error Detection « Overrun error(l)
This error occurs when the eighth bit of the next data is received before reading the
UiRB register

« Framing error
This error occurs when the number of the stop bit set is not detected

« Parity error
This error occurs when the number of "1" in parity bit and character bits differs from
the number set

« Error sum flag

The SUM bit is set to "1" when an overrun error, framing error or parity error occurs

NOTES:
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not
change to "1" (interrupt requested).
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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Table 16.35 Register Settings in SIM Mode

Register Bit Function
uiTB 7t00 Set transmit data
UiRB 7t00 Received data can be read
OER, FER, Error flags
PER, SUM
UIBRG 7t00 Set bit rate
UIMR SMD2 to SMDO Set to "1012"
CKDIR Set to "0"
STPS Set to "0"
PRY Set to "1" for direct format or "0" for inverse format
PRYE Set to "1"
IOPOL Set to "0"
UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Set to "1"
CKPOL Set to "0"
UFORM Set to "0" for direct format or "1" for inverse format
UiC1 TE Set to "1" to enable data transmission
Tl Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Setto "1"
UiRRM Set to "0"
UILCH Set to "0" for direct format or "1" for inverse format
UIERE Setto "1"
UiSMR 7t00 Set to "0016"
UiSMR2 7t00 Set to "0016"
UiSMR3 7t00 Set to "0016"
UiSMR4 7t00 Set to "0016"
i=0to 4
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Table 16.36 Pin Settings in SIM Mode (1)

Port Function Setting
PSO0 Register PD6 Register
P62 RxDO input PS0_2=0 PD6_2=0
P63 TxDO output PS0_3=1 -
P66 RxD1 input PS0_6=0 PD6_6=0
P67 TxD1 output PS0_7=1 -
Table 16.37 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
NOTE:

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

Table 16.38 Pin Settings (3)

Port Function Setting
PS3 Register(D PSL3 Register PSC3 Register PD9 Register(®)
P91 RxD3 input PS3 1=0 - PD9 1=0
P92 TxD3 output PS3 2=1 PSL3 2=0 -
P96 TxD4 output PS3 6=1 - PSC3_6=0 -
P97 RxD4 input PS3 7=0 - PD9 _7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction
to set the PD9 and PS3 registers.

Figure 16.29 shows an example of a SIM interface operation. Figure 16.30 shows an example of a SIM
interface connection. Connect the TxDi pin to the RxDi pin for a pull-up.
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(1) Transmit Timing

16. Serial I/O (Special Function)

Tc
Transfer Clock ||| |i| ill ||| |||| u_ ||| ||| |||||| |
TE bit in the UiC1 lJ :
i Data is written to
1 gy
register 0 : the UiTB register /(Note D
Tl bit in the UiC1 "1 1 X
register g

"o \
Data is transferred from the UiTB
register to the UARTI transmit

Start Parity Stop register
bit bit bt

T \O0EEEEREEF  \sEeeeEEEE

Parity Error Signal
returned from - - -
Receiving End An "L" signal is applied from the SIM _-*"

card due to a parity error
e T 0.6 000 C0 OLENT 00 0.0 000 0/
TXEPT bit in the e

An interrupt routine An interrupt routine detects
UiCO register

o
o

o

detects "H" or "L" "H" or "L"

IR bitin the SiITIC "1~

register
g g \ /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies under the following conditions: Tc : 16(m+1) /fj . . @
« The PRYE bit in the UIMR register is set to "1" (parity enabled) fj..COUn.t source frequency of the Q'BRG register (fL, fs, fan()
« The STPS bit in the UiMR register is set to "0" (1 stop bit) m: setting value of the UIBRG register

« The UiIRS bit in the UiC1 register is set to "1" (interrupt request generated
when transmission completed)

(2) Receive Timing

Transfer Clock || i‘l ||| ||| |||| | ||| |||||||| ||
RE bit in the Uic1 V"
register g :
Start Parity ‘ Stop
Transmit Waveform bit bit it
from the —_— - —
Transmiting End STADKOK KON N ONNXOK P )5 STALKOKOKOKOKONONONP)
TxDi TxDi outputs "L" due to / _/_
a parity error
Signa Line Level(®) STADKOK KON N ONNXOK P = AKX oX XX XPY N/
Rl bitinthe UiC1 ~ "1" — —|
register g ~_ |
o . Read the UIRB register ~ —
IR bit in the 1
SIiRIC register wor
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies under the following conditions: Tc=16(m+1)/fj
« The PRYE bit in the UiMR register is set to "1" (parity enabled) fi: count source frequency of the UiBRG register (f1, fs, f2n(¥)
« The STPS bit in the UIMR register is set to "0" (1 stop bit) m: setting value of the UiBRG register
NOTES:

1. Data transmission starts when BRG overflows after a value is set to the UiTB register on the rising edge of the Tl bit.

2. Because the TxDi and RxDi pins are connected, a composite waveform, consisting of transmit waveform from the TxDi
pin and parity error signal from the receiving end, is generated.

3. Because the TxDi and RxDi pins are connected, a composite waveform, consisting of transmit waveform from the
transmitting end and parity error signal from the TxDi pin, is generated.

4. The CNT3 to CNTO bits in the TCSPR register selects no division (n=0) or divide-by-2n (n=1 to 15).

Figure 16.29 SIM Interface Operation
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Microcomputer
SIM card
TxDi 1
RxDi
i=0to 4

Figure 16.30 SIM Interface Connection

16.7.1 Parity Error Signal
16.7.1.1 Parity Error Signal Output Function
When the UIERE bit in the UiC1 register (i=0 to 4) is set to "1" (output), the parity error signal output
can be provided. The parity error signal output is provided when a parity error is detected upon
receiving data. A low-level ("L") signal output is provided from the TxDi pin in the timing shown in
Figure 16.31. When reading the UiRB register during a parity error output, the PER bit in the UiRB
register is set to "0" (no error occurs) and a high-level ("H") signal output is again provided simulta-
neously.

16.7.1.2 Parity Error Signal
To determine whether the parity error signal is output, the port that shares a pin with the RxDi pin is
read by using an end-of-transmit interrupt routine.

oL
H
RXDi \ ST [ Do Y D1 D2 Y Ds Y Da Y Ds Y Ds Y D7 Y P ¥ SP
o
H
TXDi Hi-z \ /
L
: 1
Recieve li
Complete Flag 0
NOTE: . ) ST: Start bit
1. The above applies to direct format. P: Even parity
(The PRY bit is set to "1", the UFORM bit is set to "0", SP: Stop bit
and the UILCH bit is set to "0"). i=0to 4

Figure 16.31 Parity Error Signal Output Timing (LSB First)
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16.7.2 Format
16.7.2.1 Direct Format
Set the PRYE bit in the UiMR register (i=0 to 4) to "1" (parity enabled), the PRY bit to "1" (even
parity), the UFORM bit in the UiCO register to "0" (LSB first) and the UiLCH bit in the UiC1 register to
"0" (not inversed). When data are transmitted, data set in the UiTB register are transmitted with the
even-numbered parity, starting from Do. When data are received, received data are stored in the
UiRB register, starting from Do. The even-numbered parity determines whether a parity error occurs.

16.7.2.2 Inverse Format
Set the PRYE bit to "1", the PRY bit to "0" (odd parity), the UFORM bit to "1" (MSB first) and the
UILCH bit to "1" (inversed). When data are transmitted, values set in the UiTB register are logically
inversed and are transmitted with the odd-numbered parity, starting from D7. When data are re-
ceived, received data are logically inversed to be stored in the UiRB register, starting from D7. The
odd-numbered parity determines whether a parity error occurs.

(1) Direct Format

"
TXDi '2 \__ [Do ) b1 ] D2) ps s Ds\Ds D7 N P/

P: Even parity

(2) Inverse Format

Transfer Clock ': | | | | | | | | | | |

EC I &1 5 5 51 62 67 6 60
P: Odd parity

i=0to4

Figure 16.32 SIM Interface Format
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17. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter with a capacitive cou-

pling amplifier.

The result of an A/D conversion is stored into the A/D registers corresponding to selected pins. It is stored
into the ADOO register only when DMAC operating mode is entered.

Table 17.1 lists specifications of the A/D converter. Figure 17.1 shows a block diagram of the
A/D converter. Figures 17.2 to 17.6 show registers associated with the A/D converter.

Table 17.1 A/D Converter Specifications

Item

Specification

A/D Conversion Method

Successive approximation (with a capacitive coupling amplifier)

Analog Input Voltage()

0V to AVcc (Vccl)

Operating Clock, @ap®

fAD, fAD/2, fAD/3, fAD/4, fAD/6, fAD/8

Resolution

8 bits or 10 bits

Operating Mode

One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
repeat sweep mode 1

Analog Input Pins(®)

10 pins
8 pins for ANo to AN7
2 extended input pins (ANEXO and ANEX1)

A/D Conversion Start Condition

« Software trigger
The ADST bit in the ADOCONO register is set to "1" (A/D conversion started) by
program

» External trigger (re-trigger is enabled)
When a falling edge is applied to the ADTRG pin after the ADST bit is set to "1" by
program

« Hardware trigger (re-trigger is enabled)
The timer B2 interrupt request of the three-phase motor control timer functions
(after the ICTB2 counter completes counting) is generated after the ADST bit is

set to "1" by program

Conversion Rate Per Pin

» Without the sample and hold function
8-bit resolution : 49 JAD cycles
10-bit resolution : 59 @AD cycles

» With the sample and hold function
8-bit resolution : 28 JAD cycles
10-bit resolution : 33 GAD cycles

NOTES:

1. Analog input voltage is not affected by the sample and hold function status.
2. @aD frequency must be under 16 MHz when Vcci=5V.
@AD frequency must be under 10 MHz when Vcc1=3.3V.
Without the sample and hold function, the @AD frequency is 250 kHz or more.
With the sample and hold function, the @AD frequency is 1 MHz or more.
3. AVcc=VRer=Vcc1, A/D input voltage (for ANo to AN7, ANEXO, and ANEX1) < Vccl.
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ADTRG O—O—KO
1 § §
Timer B2 interrupt request EXTRGO
of the three-phase motor 1l o TRG bit in the
control timer functions TRGO bit in the ADOCONO register

ADOCONZ2 register

OPA1 and OPAO bits in
the ADOCONLI register

P96 ANEX1 O = oo

P95 ANEXO O———10™ 0

X1 01

ANo O—————0—0y

AN1 O——————10™ 0

ANz O—————10™ 0
oO——

b1 AN Ono\o

ANe O—————0™0

ANs O———— 0 o

ANe O———o o

O— CH2 to CHO bits in_ the

AN7 111 -O\O-t the ADOCONO register

ADOO register
ADO1 register

Comparator 0

ADO?2 register
ADO3 register
ADO4 register
ADOS5 register
ADOG register

13p0d2ag

A e O O O

ADO7 register

) Successive
ADOCONO register conversion register

LI T TITTTTT
o w

YYYVYVYYYYY

W' Resistor ladder

|
ADOCONT1 register |
[T |
ADOCON2 register

ADOCONS register 13 0

(O-— DAD

o

e

12 |

o 1
O/o 12 12 s
fap 5 0
TCSKZ bit in the ADOCONB register
CSKO bit in the ADOCONO register

CSKa1 bit in the ADOCONL1 register

Figure 17.1 A/D Converter Block Diagram
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b7 b6

NOT

A/DO Control Register 0

indeterminate.

Then set the ADST bit to "1" after the TRG bit is set to "1".

5. @D frequency must be under 16 MHz when Vcci=5V.

@ aD frequency must be under 10 MHz when Vcci1=3.3V.
Combination of the CKS0, CKS1 and CKS2 bits selects & Ap.

b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | ADOCONO 039616 0016
Sy?riltbol Bit Name Function RW
R 021150
I S 00 0: ANo RW
- R 00 1:AN1
Pl o010 ANz
SR R T W cHy |AnalogInputPin = g7 1: Ang RW
oo Select Bit? 367 | 1 50 ANa
E HE 101: ANs
CI T R CH2 110:ANs RW
E HE 111:AN7
P b3
e, MDO _ 0 0: One-shot mode RW
Vo A/D Operating Mode| g 1- Repeat mode
Select Bit 0(2) 1 0: Single sweep mode
Pty MD1 1 1: Repeat sweep mode 0 or 1 RW
TRG |7 Select Bi 0: Software trigger RW
rigger Select Bit 1: External trigger, hardware trigger®
A/D Conversion 0: A/D conversion stops
: ADST | start Flag 1: A/D conversion starts() RW
---------------------- ckso | Freauency Select | ot 5) RW
ES:

1. When the ADOCONO register is rewritten during the A/D conversion, the conversion result is

2. Analog input pins must be set again after changing an A/D operating mode.
3. The CH2 to CHO bit settings are enabled in one-shot mode and repeat mode.
4. To set the TRG bit to "1", select the cause of trigger by setting the TRGO bit in the ADOCON2 register.

The CKS2 Bit in the
ADOCON3 Register

The CKSO Bit in the
ADOCONO Register

The CKSL1 Bit in the
ADOCONL1 Register

& AD

0 0 fap divided by 4
0 1 fap divided by 3
1 0 fap divided by 2
1 faD
0 fap divided by 8
1 0 1

fap divided by 6

6. AVcc=VRer=Vccti, AD input voltage (for ANo to AN7, ANEXO, ANEX1) < Vcci.
7. Set the PSC_7 bit in the PSC register to "1" to use the P10 pin as an analog input pin.

Figure 17.2 ADOCONO Register

Rev. 1.00 Nov. 01, 2005 Page 222 of 330

REJ09B0271-0100

RENESAS



M32C/80 Group 17. A/D Converter

A/DO Control Register 1%

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

| | | | | | | | | ADOCON1 039716 0016
Sy?rifbol Bit Name Function RW
Single sweep mode and repeat sweep mode 0
A b1b0 RW
vy v v v v - SCANO 0 0: ANo, AN1
R 0 1: ANo to AN3
R 1 0: ANo to AN
- - . 1 1: ANo to AN7
- A/D Sweep Pin
E H H H H H H Select Bit(z’ 7 Repeat sweep mode 1(3)
P 5100
A 0 0: ANo RW
A SCAN1 0 1: ANo, AN1
N 1 0: ANo to AN2
R R 1 1: ANo to AN3
A N VD2 A/D Operating 0: Any mode other than repeat sweep mode 1 | _
Mode Select Bit 1 | 1: Repeat sweep mode 1
8/10-Bit Mode 0: 8-bit mode
BITS | select Bit 1: 10-bit mode RW
Pl e cks1 | Freauency Select | nore 4) RW
Pl : - ion®)
A P vCcuT | VREF Connection | 0: No VREF conhectlon RW
. Bit 1: VREF connection
b7b6
P tmmrrmeeeeemaeeenaee OPAO | External Op-Amp | 0 0: ANEXO and ANEX1 are not used® | RW
: Connection Mode | 0 1: Signal into ANEXO is A/D converted
O OPAL Bit® 1 0: Signal into ANEX1 is A/D converted RW

1 1: External op-amp connection mode

NOTES:
1. When the ADOCONL register is rewritten during the A/D conversion, the conversion result is
indeterminate.
. The SCAN1 and SCANO bit settings are disabled in repeat sweep mode 1.
. This pin is commonly used in the A/D conversion when the MD2 bit is set to "1".
. Refer to the note for the CKSO bit in the ADOCONO register.
. In one-shot mode and repeat mode, the OPA1 and OPAO bits can be set to "012" or "102" only. Do not
set the OPAO and OPAL bits to "012" or "102" in other modes.
6. To set the OPA1 and OPAO bits to "002", set the PSL3_5 bit in PSL3 register to "0" (other than
ANEXO0) and the PSL3_6 bit to "0" (other than ANEX1).
7. AVcc=VRerF=Vccy, AD input voltage (for ANo to AN7, ANEXO, ANEX1) < Vcca.
8. Do not set the VCUT bit to "0" during the A/D conversion.
VREF is a reference voltage for ADO only. The VCUT bit setting does not affect the VREF performance
of the D/A converter.

a b wnN

Figure 17.3 ADOCONL1 Register
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A/DO Control Register 2(1)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
|0 |0 | |><I><| 0| O| | ADOCON2 039416 XX0X X0002
Bit Bit Name Function
Py oy v 1 v 11| Symbol RW
A/D Conversion 0: Without the sample and hold funtion
SMP | Method Select Bit 1: With the sample and hold function | RW
N : Setto "0".
- B Reserved Bit When read, its content is indeterminate. RW
A (b2 - b1)
_ _____________ Nothing is assigned. When write, set to "0".
(b4 - b3) When read, its content is indeterminate.
) 0: Selects ADTRG
External Trigger 1: Selects a timer B2 interrupt request
P e TRGO | Request Source of the three-phase motor control | RW
Select Bit timer functions (after the ICTB2
[ counter completes counting)
. Set to "0".
""""""""""""""" _ Reserved Bit When read, its content is indeterminate. RW
(b7 - b6)
NOTE:
1. When the ADOCONZ2 register is rewritten during the A/D conversion, the conversion result is
indeterminate.

Figure 17.4 ADOCON2 Register
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A/DO Control Register 3(*:2)

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

| 0 | 0 | 0 | | | | 0 | | ADOCONS3 039516 XXXX X0002
A Bit Bit N Functi
Poror bbb 1| symbol it Name unction RW
_ DMAC Operation 0: Disables DMAC operating mode
DUS | select Bit 1: Enables DMAC operating mode® 4 | RW
A . Set to "0".
Voon o e — (R d Bit . . .
oo (b1) eserved Bl When read, its content is indeterminate. RW
T T CKS2 | Frequency Select Bit| (Note 5) RW
R (b4 - b3) Reserved Bit When read, its content is indeterminate. | RO
R d Bit Setto "0".
"""""""""""""" (b7 - b5) eserved Bl When read, its content is indeterminate. | RV

NOTES:

indeterminate.

i

1. When the ADOCONS register is rewritten during the A/D conversion, the conversion result is

2. The ADOCONS register may be read uncorrectly during the A/D conversion. It must be read or written

after the A/D converter stops operating.
3. When the DUS bit is set to "1", the ADQO register stores all A/D conversion results.
. When the DUS bit is set to "1", set the DMAC.
5. Refer to the note for the CKSO bit in the ADOCONQO register.

Figure 17.5 ADOCON3 Register
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A/DO Register i (i =0 to 7)1 2.3.4.5)

b15 b8 b7 b0

-

Symbol Address After Reset

ADOO 038116 - 038016 00000000 XXXXXXXX2
ADO1 to ADO3 038316 - 038216, 038516 - 038416, 038716 - 038616 Indeterminate

ADO4 to ADO6 038916 - 038816, 038B16 - 038A16, 038D16 - 038C16 Indeterminate

ADO7 038F16 - 038E16 Indeterminate

Function RW

________ 8 low-order bits in an A/D conversion result RO

In 10-bit mode: 2 high-order bits in an A/D conversion result RO

In 8-bit mode: when read, its content is indeterminate.

.................. When read, its content is indeterminate. RO

NOTES:
1. In DMAC operating mode, register value read by program is indeterminate.
2. Register value is indeterminate when written while the A/D conversion is stopped.
3. Register value is indeterminate if the next A/D conversion result is stored before reading the register.
4. The ADOO register is available in DMAC operating mode. Other registers are indeterminate.
5. In DMAC operating mode and 10-bit mode, set DMAC for a 16-bit transfer.

Figure 17.6 ADOO to ADQO7 Registers
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17.1 Mode Description

17.1.1 One-shot Mode
In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table 17.2
lists specifications of one-shot mode.

Table 17.2 One-shot Mode Specifications

Item Specification
Function The CH2 to CHO bits in the ADOCONO register and the OPA1 and OPAQO bits in the

ADOCONL1 register select a pin. Analog voltage applied to the pin is converted to a

digital code once

Start Condition * When the TRG bit in the ADOCONO register is set to "0" (software trigger),
the ADST bit in the ADOCONO register is set to "1" (A/D conversion starts) by
program

* When the TRG bit is set to "1" (external trigger, hardware trigger):
- a falling edge is applied to the ADTRG pin after the ADST bit is set to "1" by
program
- The timer B2 interrupt request of three-phase motor control timer functions
(after the ICTB2 register counter completes counting) is generated after the
ADST bit is set to "1" by program

Stop Condition » A/D conversion is completed (the ADST bit is set to "0" when the software trigger is
selected)

* The ADST bit is set to "0" (A/D conversion stopped) by program

Interrupt Request Generation Timing| A/D conversion is completed

Analog Voltage Input Pins Select one pin from ANo to AN7, ANEXO, or ANEX1

Reading of A/D Conversion Result| « When the DUS bit in the ADOCON3 register is set to "0" (DMAC operating
mode disabled), the microcomputer reads the ADQj register (j=0 to 7) corre-

sponding to selected pin

« When the DUS bit is set to "1" (DMAC operating mode enabled), do not read the
ADOO register. A/D conversion result is stored in the ADOO register after the A/D
conversion is completed. DMAC transfers the conversion result to any memory
space. Referto 12. DMAC for DMAC settings
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17.1.2 Repeat Mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
17.3 lists specifications of repeat mode.

Table 17.3 Repeat Mode Specifications

Iltem Specification
Function The CH2 to CHO bits in the ADOCONQO register and the OPA1 and OPAQ bits in the
ADOCONT1 register select a pin. Analog voltage applied to the pin is repeatedly

converted to a digital code

Start Condition Same as one-shot mode
Stop Condition The ADST bit in the ADOCONO register is set to "0" (A/D conversion stopped) by
program

Interrupt Request Generation Timing | « When the DUS bit in the ADOCONS3 register is set to "0" (DMAC operating
mode disabled), no interrupt request is generated.

* When DUS bit is set to "1" (DMAC operating mode enabled), an interrupt request
is generated every time an A/D conversion is completed.

Analog Voltage Input Pins Select one pin from ANo to AN7, ANEXO, or ANEX1

Reading of A/D Conversion Result | « When the DUS bit is set to "0", the microcomputer reads the ADOj register (j=0 to

7) corresponding to the selected pin.

* When DUS bit is set to "1", do not read the ADOO register. A/D conversion result
is stored in the ADOO register after the A/D conversion is completed. DMAC
transfers the conversion result to any memory space.

Refer to 12. DMAC for DMAC settings
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17.1.3 Single Sweep Mode

In single sweep mode, analog voltage that is applied to selected pins is converted one-by-one to a digital
code. Table 17.4 lists specifications of single sweep mode.

Table 17.4 Single Sweep Mode Specifications

Item Specification
Function The SCAN1 and SCANO bits in the ADOCONL1 register select pins. Analog voltage
applied to the pin is converted one-by-one to a digital code
Start Condition Same as one-shot mode
Stop Condition Same as one-shot mode

Interrupt Request Generation Timing | « When the DUS bit in the ADOCON3 register is set to "0" (DMAC operating
mode disabled), an interrupt request is generated after a sweep is completed.

* When DUS bit is set to "1" (DMAC operating mode enabled), an interrupt
request is generated every time an A/D conversion is completed

Analog Voltage Input Pins Select from ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins) or ANo

to AN7 (8 pins)

Reading of A/D Conversion Result| « When the DUS bit is set to "0", the microcomputer reads the ADOj register (j=0 to

7) corresponding to selected pins
* When DUS bit is set to "1", do not read the ADOO register. A/D conversion result
is stored in the ADOO register after the A/D conversion is completed. DMAC

transfers the conversion result to any memory space. Refer to 12. DMAC for
DMAC settings
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17.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital code.
Table 17.5 lists specifications of repeat sweep mode 0.

Table 17.5 Repeat Sweep Mode 0 Specifications

Iltem Specification
Function The SCAN1 and SCANO bits in the ADOCONL register select pins. Analog voltage
applied to the pins is repeatedly converted to a digital code
Start Condition Same as one-shot mode
Stop Condition The ADST bit in the ADOCONO register is set to "0" (A/D conversion stopped) by
program

Interrupt Request Generation Timing | « When the DUS bit in the ADOCONS3 register is set to "0" (DMAC operating mode
disabled), no interrupt request is generated

* When DUS bit is set to "1" (DMAC operating mode enabled), an interrupt request
is generated every time an A/D conversion is completed

Analog Voltage Input Pins Select from ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins) or ANo

to AN7 (8 pins)

Reading of A/D Conversion Result | « When the DUS bit is set to "0", the microcomputer reads the ADOj register (j=0 to

7) corresponding to selected pins

* When the DUS bit is set to "1", do not read the ADOO register. A/D conversion
result is stored in the ADOO register after the A/D conversion is completed.
DMAC transfers the conversion result to any memory space. Referto 12. DMAC
for DMAC settings
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17.1.5 Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltage selectively applied to eight pins is repeatedly converted to a
digital code. Table 17.6 lists specifications of repeat sweep mode 1.

Table 17.6 Repeat Sweep Mode 1 Specifications

Item Specification
Function The SCAN1 and SCANO bits in the ADOCONL register select 8 pins. Analog volt-
age selectively applied to 8 pins is repeatedly converted to a digital code

e.g., When ANio is selected (i =none, 0, 2, 15), analog voltage is converted to a
digital code in the following order:
ANo = AN1 — ANo — AN2 — ANo — AN3..... etc.

Start Condition Same as one-shot mode (Any trigger generated during an A/D conversion is invalid)

Stop Condition The ADST bit is set to "0" (A/D conversion stopped) by program
Interrupt Request Generation Timing | « When the DUS bit in the ADOCONS register is set to "0" (DMAC operating

mode disabled), no interrupt request is generated

*« When DUS bit is set to "1" (DMAC operating mode enabled), an interrupt request

is generated every time an A/D conversion is completed

Analog Voltage Input Pins ANo to AN7 (8 pins)
Prioritized Pins ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins) or ANo to AN3 (4 pins)
Reading of A/D Conversion Result| « When the DUS bit is set to "0", the microcomputer reads the ADOj register (j=0 to

7) corresponding to selected pins

« When the DUS bit is set to "1", do not read the ADOO register. A/D conversion
result is stored in the ADOO register after the A/D conversion is completed.
DMAC transfers the conversion result to any memory space. Refer to 12. DMAC
for DMAC settings
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17.2 Functions
17.2.1 Resolution Select Function
The BITS bit in the ADOCONL1 register determines the resolution. When the BITS bit is set to "1" (10-bit
precision), the A/D conversion result is stored into bits 9 to 0 in the ADQj register (j = 0 to 7). When the
BITS bit is set to "0" (8-bit precision), the A/D conversion result is stored into bits 7 to 0 in the ADOj
register.

17.2.2 Sample and Hold Function

When the SMP bit in the ADOCONZ2 register is set to "1" (with the sample and hold function), A/D conver-
sion rate per pin increases to 28 @AD cycles for 8-bit resolution and 33 @AD cycles for 10-bit resolution.
The sample and hold function is available in all operating modes. Start the A/D conversion after selecting
whether the sample and hold function is to be used or not.

17.2.3 Trigger Select Function

The TRG bit in the ADOCONO register and the TRGO bit in the ADOCON2 register select the trigger to
start the A/D conversion. Table 17.9 lists settings of the trigger select function.

Table 17.9 Trigger Select Function Settings
Bit and Setting Trigger

ADOCONO Register | ADOCON2 Register

TRG=0 - Software trigger

The A/DO starts the A/D conversion when the ADST bit in the
ADOCONQO register is set to "1"

TRG =11 TRGO =0 External trigger(®

Falling edge of a signal applied to ADTRG

TRGO =1 Hardware trigger(?)

The timer B2 interrupt request of three-phase motor control timer
functions (after the ICTB2 counter completes counting)

NOTES:
1. A/DO starts the A/D conversion when the ADST bit is set to "1" (A/D conversion started) and a trigger is generated.
2. The A/D conversion is restarted if an external trigger or a hardware trigger is inserted during the A/D conversion.
(The A/D conversion in process is aborted.)

17.2.4 DMAC Operating Mode
DMAC operating mode is available with all operating modes. When the A/D converter is in multi-port
single sweep mode or multi-port repeat sweep mode 0, the DMAC operating mode must be used. When
the DUS bit in the ADOCONS3 register is set to "1" (DMAC operating mode enabled), all A/D conversion
results are stored into the ADOO register. DMAC transfers data from the ADOO register to any memory
space every time an A/D conversion is completed in each pin. 8-bit DMA transfer must be selected for 8-
bit resolution and 16-bit DMA transfer for 10-bit resolution. Refer to 12. DMAC for instructions.
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17.2.5 Extended Analog Input Pins
In one-shot mode and repeat mode, the ANEXO0 and ANEX1 pins can be used as analog input pins. The
OPA1 and OPAO bits in the ADOCONL register select which pins to use as analog input pins. An A/D
conversion result for the ANEXO pin is stored into the ADQO register. The result for the ANEX1 pin is
stored into the ADOL1 register, but is stored into the ADOO register when the DUS bit in the ADOCON3
register is set to "1" (DMAC operating mode enabled).

17.2.6 External Operating Amplifier (Op-Amp) Connection Mode
In external op-amp connection mode, multiple analog voltage can be amplified by one external op-amp
using extended analog input pins ANEX0 and ANEX1.
When the OPA1 and OPAQO bits in the ADOCONL1 register are set to "112" (external op-amp connection),
voltage applied to the ANo to AN7 pins are output from ANEX0. Amplify this output signal by an external
op-amp and apply it to ANEX1.
Analog voltage applied to ANEX1 is converted to a digital code and the A/D conversion result is stored
into the corresponding ADQj register (j=0 to 7). A/D conversion rate varies depending on the response of
the external op-amp. The ANEXO pin cannot be connected to the ANEX1 pin directly.
Figure 17.7 shows an example of an external op-amp connection.

Table 17.10 Extended Analog Input Pin Settings

ADOCONL1 Register ANEXO0 Function ANEX1 Function

OPAL1 Bit | OPAO Bit

0 0 Not used Not used

P95 as an analog input Not used

o

Not used P96 as an analog input

0
1
1

[EnY

Output to an external op-amp Input from an external op-amp

oL 5~

O AN1 —O\O—‘

O AN2_ | S~

Resistor ladder —

Analo)g —m

inputg Oﬁ
O—
o ANe
O—AN7

O AN | S~

0 —~0—{
0 ~—~o0—{
0 —~0—{
0 —~0—{

O
~ ANEXO0

™S

YYRTIYYIR.
HERRRRREER

Successive conversion register

< —

O
| ANEX1
External op-amp

Comparator 0

Figure 17.7 External Op-Amp Con

nection

Rev. 1.00 Nov. 01, 2005 Page 233 of 330
REJ09B0271-0100

RENESAS



M32C/80 Group 17. A/D Converter

17.2.7 Power Consumption Reducing Function

When the A/D converter is not used, the VCUT bit in the ADOCONL1 register isolates the resistor ladder of
the A/D converter from the reference voltage input pin (VREF). Power consumption is reduced by shutting
off any current flow into the resistor ladder from the VREF pin.

When using the A/D converter, set the VCUT bit to "1" (VREF connection) before setting the ADST bit in
the ADOCONO register to "1" (A/D conversion started). Do not set the ADST bit and VCUT bit to "1"
simultaneously, nor set the VCUT bit to "0" (no VREF connection) during the A/D conversion. The VCUT
bit does not affect the VREF performance of the D/A converter.

17.2.8 Output Impedance of Sensor Equivalent Circuit under A/D Conversion
For perfect A/D converter performance, complete internal capacitor (C) charging, shown in Figure 17.8,
for the specified period (T) as sampling time. Output Impedance of the sensor equivalent circuit (Ro) is
determined by the following equations:
1
Vc=ViIN{l-e CRO+R) }

X X
Whent=T, VC=VIN—TVIN=VIN(1—T)

1 T

e CRO+R) = X
Y
1 X
- T=1In
C (Ro +R) Y
T
RO =— -R
Celn X
Y

where:
Vc = Voltage between pins
R = Internal resistance of the microcomputer
X = Precision (error) of the A/D converter
Y = Resolution of the A/D converter (1024 in 10-bit mode, and 256 in 8-bit mode)

Figure 17.8 shows analog input pin and external sensor equivalent circuit. The impedance (Ro) can be
obtained if the voltage between pins (Vc) changes from 0 to VIN-(0.1/1024) VIN in the time (T), when the
difference between VIN and Vc becomes 0.1LSB.

(0.1/1024) means that A/D precision drop, due to insufficient capacitor charge, is held to 0.1LSB at time of A/
D conversion in the 10-bit mode. Actual error, however, is the value of absolute precision added to 0.1LSB.
When GAD =10 MHz, T = 0.3 ps in the A/D conversion mode with the sample and hold function. Output
impedance (Ro) for sufficiently charging capacitor (C) in the time (T) is determined by the following equation:

Using T=0.3ps, R=7.8kQ, C=1.5pF, X=0.1, Y = 1024,
0.3 X 10°
RO=— —7.8 X103 =13.9 X 103

1.5X10*2e]n 0.1
1024

Thus, the allowable output impedance of the sensor equivalent circuit, making the precision (error)
0.1LSB or less, is approximately 13.9 kQ maximum.
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Microcopmuter

Sensor equivalent :
circuit :
Ro R (7.8 kQ)
VWW——O0——/\WV- ?
VIN ! — Sampling time
p— ! C (1.5 pF) 3
T Ve Sample and hold function is enabled : @D
Sample and hold function is disabled : (piD

Figure 17.8 Analog Input Pin and External Sensor Equivalent Circuit
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18. D/A Converter

The D/A converter consists of two separate 8-bit R-2R ladder D/A converters.

Digital code is converted to an analog voltage when a value is written to the corresponding DAI registers
(i=0,1). The DAIE bit in the DACON register determines whether the D/A conversion result output is pro-
vided or not. Set the DAIE bit to "1" (output enabled) to disable a pull-up of a corresponding port.

Output analog voltage (1) is calculated from value 77 (/=decimal) set in the DAI register.

y= VREEX 71 (7= 0 to 255)
256

VREF : reference voltage (not related to VCUT bit setting in the ADOCONL1 register)

Table 18.1 lists specifications of the D/A converter. Table 18.2 lists the DAO and DAL pin settings. Figure
18.1 shows a block diagram of the D/A converter. Figure 18.2 shows the D/A control register. Figure 18.3
shows a D/A converter equivalent circuit.

When the D/A converter is not used, set the DAI register to "0016" and the DAIE bit to "0" (output disabled).

Table 18.1 D/A Converter Specifications

Item Specification
D/A Conversion Method | R-2R
Resolution 8 bits
Analog Output Pin 2 channels
Table 18.2 Pin Settings
Port Function Setting
PD9 Register(®) PS3 Register(l) PSL3 Register
P93 DAo output PD9_3=0 PS3_3=0 PSL3_3=1
P94 DA1 output PD9_4=0 PS3_4=0 PSL3 4=1
NOTE:

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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Low-Order Bits of Data Bus

DAO Register

l DAOE 0

R-2R Resistor Ladder o~ 0+ DAo

DAl Register

l DA1E 0

R-2R Resistor Ladder o0+ pa1
1
DAOE, DAL1E: Bits in the DACON register

Figure 18.1 D/A Converter
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D/A Control Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
DACON 039C16 XXXX XX002
A T ) :
Prob b b b | symbol Bit Name Function RW
P i i i L] DAOE | DJAO Output Enable Bit | O DisaPles an output RW
Voo 1: Enables an output
AR R T S DA1E |D/A1 Output Enable Bit 0: Disables an output RW
Voo 1: Enables an output
T A Nothing is assigned. When write, set to "0". -
(b7 - b2) | When read, its content is indeterminate.
D/A Register i (=0, 1)
b7 bo Symbol Address After Reset
| | DAO, DAL 039816, 039A16 Indeterminate
Function Setting Range | RW
L Output value of D/A conversion 0016 to FF16 RW
Figure 18.2 DACON Register, DAO and DA1 Registers
DAOE
g
r %O R R R R R R R 2R
DA0 O—W\—o0
np
2R
MSB,..|. .. SR S N R N N RS S SR - LSB
D/A register O | OT
AVss O
VREFAO
NOTES:

1. The above applies when the DAO register is set to "2A16".

2. This circuitry is the same for D/AL.

3. To reduce power consumption when the D/A converter is not used, set the DAIE bit (i=0, 1) to "0"
(output disabled) and the DAI register to "0016" to stop current from flowing into the R-2R resistor.

4. VREF is not related to VCUT bit setting in the ADOCONL register.

Figure 18.3 D/A Converter Equivalent Circuit
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19. CRC Calculation

The CRC (Cyclic Redundancy Check) calculation detects an error in data blocks. A generator polynomial
of CRC_CCITT (X16 + X12 + X5 + 1) generates CRC code.

The CRC code is a 16-bit code generated for a block of data of desired length. This block of data is in 8-bit
units.The CRC code is set in the CRCD register every time one-byte data is transferred to the CRCIN
register after a default value is written to the CRCD register. CRC code generation for one-byte data is
completed in two cycles.

Figure 19.1 shows a block diagram of a CRC circuit. Figure 19.2 shows CRC-associated registers. Figure
19.3 shows an example of the CRC calculation.

q High-order bits of data bus §

|11

S Low-order bits of data bus S

: : 8 high-
[ HS low-order bits order bits

CRCD register

i Ll

CRC code generation circuit
X16+X12+X5+ 1

CRCIN register

| 1]

Figure 19.1 CRC Calculation Block Diagram

CRC Data Register

b15 bg b7 bo Symbol Address After Reset
| i | CRCD 037D16- 037C16 Indeterminate
Function Setting Range RW

After default value is written to the CRCD
register, the CRC code can be read from the
CRCD register by writing data to the CRCIN
register. Bit position of the default value is
inversed. The inversed value is read as the CRC
code.

000016 to FFFF16 RwW

CRC Input Register

b7 b0 Symbol Address After Reset
| | CRCIN 037E16 Indeterminate
Function Setting Range RW
--------------- Data |npgt. . 0016 to FF16 RW
Inverse bit position of data.

Figure 19.2 CRCD Register and CRCIN Register
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CRC Calculation and Setup Procedure to Generate CRC Code for "80C416"

O CRC Calculation for M32C

CRC Code : a remainder of a division, value of the CRCIN register with inversed bit position

generator polynomial
Generator Polynomial : X'®+ x*2+ X® + 1 (1 0001 0000 0010 00012)

O Setting Steps
(1) Inverse a bit position of "80C416" per byte by program

"8016" —"0116", "C416"—>"2316"
b1s b0

(2) Set "000016" (default value)—» | CRCD register

Bit position of the CRC code for "8016"
(918816) is inversed to "118916", which is
stored into the CRCD register in 3rd cycle.

b7 b0
(3) Set "0116" - |:| CRCIN register
b0

b15

118916 | CRCD register

b7 b0

(4) Set "2316" - |:| CRCIN register

Bit position of the CRC code for "80C416"

(825016) is inversed to "0A4116", which is
stored into the CRCD register in 3rd cycle.
b15 bo
0A4116 | CRCD register

O Details of CRC Calculation
As shown in (3) above, bit position of "0116" (000000012) written to the CRCIN register is inversed and becomes
"100000002".
Add "1000 0000 0000 0000 0000 00002", as "100000002" plus 16 digits, to "000016" as the default value of the
CRCD register to perform the modulo-2 division.

1000 1000 Modulo-2 Arithmetic is
10001 0000 0010 0001 [1000 0000 0000 0000 0000 0000 <+—— data calculated on the law below.
1000 1000 0001 0000 1 0+0=0
1000 0001 0000 1000 0 0+1=1
Generator Polynomial 1000 1000 0001 0000 1 1+40=1
1001 0001 1000 1000 1+1=0
-1=1

CRC Code

"0001 0001 1000 10012 (118916)", the remainder "1001 0001 1000 10002 (918816)" with inversed bit position, can
be read from the CRCD register.

When going on to (4) above, "2316 (001000112)" written in the CRCIN register is inversed and becomes
"110001002".

Add "1100 0100 0000 0000 0000 00002", as "110001002" plus 16 digits, to "1001 0001 1000 10002" as a
remainder of (3) left in the CRCD register to perform the modulo-2 division.

"0000 1010 0100 00012 (0A4116)", the remainder with inversed bit position, can be read from CRCD register.

Figure 19.3 CRC Calculation
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20. X/Y Conversion

The X/Y conversion rotates a 16 x 16 matrix data by 90 degrees and inverses high-order bits and low-order
bits of a 16-bit data. Figure 20.1 shows the XYC register.

The 16-bit XiR register (i=0 to 15) and 16-bit YjR register (j=0 to 15) are allocated to the same address. The
XiR register is a write-only register, while the YjR register is a read-only register. Access the XiR and YjR
registers from an even address in 16-bit units. Performance cannot be guaranteed if the XiR and YiR
registers are accessed in 8-bit units.

XY Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
XyYC 02EO16 XXXX XX002
Bit Bit Name Function
Symbol RW

Xyco | Read Mode Set Bit 0: Data is converted RwW

1: No data is converted

0: Bit alignment is not converted

I XYC1 | Write Mode Set Bit - .
1: Bit alignment is converted

RW

Noting is assigned. When write, set to "0".
(b7 -b2) | When read, its content is indeterminate.

Figure 20.1 XYC Register
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20. X/Y Conversion

The XYCO bit in the XYC register determines how to read the Yj|R register.

By reading the YjR register when the XYCO bit is set to "0" (data conversion), bit j in the XOR to X15R
registers can be read simultaneously.

For example, bit 0 in the XOR register can be read if reading bit O in the YOR register, bit 0 in the X1R
register if reading bit 1 in the YOR register..., bit 0 in the X14R register if reading bit 14 in the YOR register
and bit 0 in the X15R register if reading bit 15 in the YOR register.

Figure 20.2 shows the conversion table when the XYCO bit is set to "0". Figure 20.3 shows an example of

the X/Y conversion.

Address to be read
AN
C [ \
2222235555555 553
DD D.L2.2.90 000 000NN
CLLLLS BB EEEEE80 S
rrxrrf prprrrore
AdA A AT OO0ONOOTMANAO
S>>>>>>>>>>>>>>>
[ XOR register Q
X1R register A
X2R register
X3R register @
X4R register X4
X5R register 2
X6R register E
Address to ,< X7R register =
be written X8R register o
X9R register =
X10R register c
X11R register %)
X12R register m
X13R register
X14R register \
\_ X15R register 0
b15 < » b0 <
Bits in the XiR register
Figure 20.2 Conversion Table when Setting the XYCO Bit to "0"
/ B ‘
fnfddSassguziavgs ZEfZddassegianzg
XOR register ——> YOR register [<
X1R register Y1R register
X2R register Y2R register
X3R register Y3R register
X4R register Y4R register
X5R register Y5R register
X6R register : Y6R register
X7R register HU Y7R register e
X8R register Y8R register
X9R register YOR register
X10R register Y10R register
X11R register Y11R register
X12R register Y12R register
X13R register Y13R register
X14R register Y14R register
X15R register H Y15R register
?
Figure 20.3 X/Y Conversion
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20. X/Y Conversion

By reading the YjR register when the XYCO bit in the XYC register is set to "1" (no data conversion), the
value written to the XiR register can be read directly. Figure 20.4 shows the conversion table when the
XYCO bit is setto "1."

Address to be writte
Address to be read

3

[ XOR register, YOR register

X1R register, Y1R register
X2R register, Y2R register
X3R register, Y3R register
X4R register, Y4R register
X5R register, Y5R register
X6R register, Y6R register
X7R register, Y7R register
X8R register, Y8R register
X9R register, YOR register

X10R register, Y10R register
X11R register, Y11R register
X12R register, Y12R register
X13R register, Y13R register
X14R register, Y14R register
\_ X15R register, Y15R register

» b0

bl5«

Bits in the XiR register
Bits in the YjR register

i=0 to 15
j=0to 15

Figure 20.4 Conversion Table when Setting the XYCO Bit to "1"

The XYCL1 bit in the XYC register selects bit alignment of the value in the XiR register.
By writing to the XiR register while the XYC1 bit is set to "0" (no bit alignment conversion), bit alignment is
written as is. By writing to the XiR register while the XYC1 bit is set to "1" (bit sequence replaced), bit
alignment is written inversed.
Figure 20.5 shows the conversion table when the XYC1 bit is set to "1".

Bits in XiR register |
(i=0 to 15)

b15

b0

patatobewrtten | | | | | | [ [ [[ ][] []]]

Figure 20.5 Conversion Table when Setting the XYC1 Bit to "1"
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M32C/80 Group

21. Intelligent I/O

21. Intelligent 1/O

The intelligent I/O is a multifunctional 1/O port for clock synchronous serial /O and HDLC data processing.
The intelligent 1/0 has two sets of two 8-bit shift registers for communications.

Table 21.1 lists functions and channels of the intelligent I/O.

Table 21.1 Intelligent I/O Functions and Channels

Function

Description

Communication

Communication unit 0

Communication unit 1

Clock Synchronous Serial /0 Mode Available
Available
HDLC Data Processing Mode Available
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M32C/80 Group 21. Intelligent I/O

Communication Unit 0

ISRxDO ISCLKO CcCs1 and CCSO Transmit Interrupt Request
o SIO0TR®

fi —% o

£ 10 GOTB Regist SOF Transmit Data Transmission
2n [0—Oo egister Generation Circuit
1 (Transmit Buffer Register) Generation Circu

fs —°
Transmit |
Buffer Bit Insert Circuit L
0
] —0 ISTXDO
Transmit
Register | !
T T
GOTO Register
Clock Wait "
Control Circuit Transmit HDLC Data Transmit
c Transmit Register Interrupt Request
0 KDIR Operation GOTOR®
Clock
Transmit
Buffer

Receive Operation Clock

Reception
Arbitration |

Receive Data
Generation Circuit

GORI Register

— Rgctfeflve Data GORB Register
uffer Selector .
o Bit Insert Check - Receive Interrupt
Receive

: T s
Register
2 RXSL
GODR Register i
(Receive Data Register)

Shift
Register

Special

-Buﬂ‘er
e Special Interrupt Communication
Check Interrupt Request

] SRTOR®
Comparator

Communication Unit 1

GOCMP3 Register

HDLC Data Receive
Interrupt Request
GORIR®

Transmit Interrupt
Request

Transmit Data TEwSiilEsan SIO1TR®
. SOF
G1TB Register Generation Circuit
(Transmit Buffer Register) Generation Cire
Transmit
Buffer B Bit Insert Circuit

Transmit

Register Transmit Latch TXSL o -
Polarity
Inverse © ISTxD1
CCS3 and CCS2 T
f 01 Clock Wait
E—1 Y .
1 o Control Circuit| G1TO Register
f2n ) HDLC Data
fg— 111 o " Transmit Transmit
o (‘)r;:r;as‘m’l:‘ Register Interrupt Request
Clock G1TOR®
ISCLK1 o o Transmit
. Buffer
CKDIR ORecel(ve
peration
ISRD1 0 e

Receive Data
Generation Circuit

—|  GIRIRegister

Request
SIO1RR®

Buffer

Rgc;lve 9 Data G1RB Register
uffer Selector
0 :
Bit Insert Check Receive Interrupt
‘kc Receive
Receive
Register

RXSL G1DR Register
(Receive Data Register)

Arbitration | Reception :

Special
Buffer |Special Interrupt| Communication
Check Interrupt Request
l SRT1R®
G1CMP3 Register Comparator
HDLC Data Receive
Interrupt Request
G1RIR®
oy
NOTE: CKDIR: Bit in the GIMR Register
1. See Figure 10.14. TXSL, RXSL: Bits in the GIEMR Register

CCS1 and CCSO: Bits in the CCS Register

Figure 21.1 Intelligent I/O Communication Unit Block Diagram
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M32C/80 Group 21. Intelligent I/O (Communication Function)

21.1 Communication Unit 0 and 1 Communication Function
In the intelligent I/O communication units, 8-bit clock synchronous serial /O or HDLC data processing is
available.
Figures 21.2 to 21.11 show registers associated with the communication function.

Receive Input Register i (i=0,1)

b7 b0 Symbol Address After Reset
| | GORI, G1RI 00EC16, 012C16 Indeterminate
Function Setting Range RW

N Set data to be transmitted to a received 0016 to FF16 WO

data generation circuit
Transmit Output Register i (i=0,1)
b7 b0 Symbol Address After Reset
| | GOTO, G1TO 00EEz16, 012E16 Indeterminate
Function RW
REEEEEEEEEEEEEE Can read a data transmitted by a transmitted data generation circuit RO

Figure 21.2 GORI and G1RI Registers, GOTO and G1TO Registers
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M32C/80 Group 21. Intelligent I/O (Communication Function)

SI/O Communication Control Register i (=0, 1)

b7 b6 b5 b4 b3 b2 bl bO

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

TP EEP PR YEE TE Transmit Enable Bit o Transm!t disabled RwW
1: Transmit enabled

Symbol Address After Reset

| 0 | (.) | | |><] | | | GOCR, G1CR 00EF16, 012F16 0000 X0112
Syl?rlltbm Bit Name Function RW
Transmit Buffer 0: Data in the GIiTB register
N T . . . RO
[ Empty Flag 1: No data in the GiTB register
0: Data in the transmit register
Transmit Register (during transmission)
e TXEPT Empty Flag 1: No data in the transmit register RO
(transmit completed)
g |Receive Complete |0: No data in the GiRB register RO
oo Flag 1: Data in the GiRB register

e e P e e RE Receive Enable Bit o Rece!ve disabled RwW
1: Receive enabled

Reserved Bit Set to "0" RW

(b7 - b6)

SI/O Receive Buffer Register i (=0, 1)

b15 b8 b7 bo Symbol Address After Reset

W I:I GORB, G1RB O0E916-00E816, 012916-012816  XXX0 XXXX XXXX XXXX2
: Bit Bit Name Function RW
' Symbol
Feeanean — _ Received data RW
(b7 - b0)

Nothing is assigned.
(b11 - b8)| When read, its content is indeterminate.

N
L R OER | Overrun Error Flag 2 OSeor\r/Sr:r:?rs:rf(()Jrun d RO

Nothing is assigned.
(b15 - b13)| When read, its content is indeterminate.

Figure 21.3 GOCR and G1CR Registers, GORB and G1RB Registers
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M32C/80 Group 21. Intelligent I/O (Communication Function)

SI/O Communication Mode Register 0

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

| | | 0 | 0 |0 | | | | GOMR 00ED16 0016
T . -
P10 b v r 11| Symbol Bit Name Function RW
w0 e
Communication Mode 01:C odc synchronous serial /10
A Select Bit mode _
R GMD1 1 1: HDLC data processing mode® |Rrw
Internal/External Clock | O: Internal clock
oo CKDIR | sglect Bit 1: External clock RW
O REEEELEEEELLED Reserved Bit Set to "0" RW
. (b5 - b3)
Transfer Format 0: LSB first
E ------------------------ UFORM Select Bit 1: MSB first RW
0: No data in the GOTB register

RS Transmit Interrupt (TI=1) S RW
Source Select Bit 1: Transmission is completed
(TXEPT=1)
NOTE:
1. Set the GM1 and GMO bits to "012" or "112" only.

S1/0 Communication Mode Register 1

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

[T Tofolo] [ [ ] e 012000 oo
AR R - -
Poror b b | symbol Bit Name Function RW
Communication Mode L og synchronous serial |
A Select Bit mode _
s GMD1 1 1: HDLC data processing mode® |Rwy
Internal/External Clock | O: Internal clock
A CKDIR | gelect Bit 1: External clock RW
Pl Reserved Bit Set to "0" RW
o (b5 - b3)
Transfer Format 0: LSB first
pooTTTTmemmmememamseses UFORM | elect Bit 1: MSB first RW
0: No data in the G1TB register
"""""""""""""" Transmit Interrupt (TI=1)

IR ) o RW
S Source Select Bit 1: Transmission is completed
(TXEPT=1)
NOTE:
1. Set the GM1 and GMO bits to "012" or "112" only.

Figure 21.4 GOMR and G1MR Registers
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21. Intelligent I/O (Communication Function)

SI/O Expansion Mode Register 0%

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | 0 | Symbol Address After Reset

N A [N [N N N N GOEMR 00FC16 0016
oo Bit . )
- Symbol Bit Name Function RW
P — Reserved Bit Set to "0" RW
Vo (b0)
o CRC Default Value 0: Set to "000016"
oo CREV | Select Bit 1: Set to "FFFF16" RW
R ACRC | CRC Reset Select Bit | - ot "eSet RW
1: Reset®
Do Bit Stuffing Error 0: Not used
HE BSINT . RW
N S Interrupt Select Bit 1: Used
RXSL Regelve Source 0: ISRxDO p_in RW
N Switch Bit 1: GORI register
L Transmit Source 0: ISTxDO pin
P TXSL 1 switeh Bit 1: GOTO register RW
P b7b6
FREICELEPEPITEICLILIPELEE CRCO - xByxA RW
! CRC Generation 82 )IZ() XX+ hi |
Polynomial Select Bit : fenotlget tZOI IS value
b e eeeeeeeseseeeeama—na. CRC1 10: XP+X7P+X+1 RW

11 X38ex124x5+1

NOTES:

1. The GOEMR register is used in HDLC data processing mode. Maintain the value after reset or set
it to "0016" in clock synchronous serial I/O mode.
2. CRC is reset when data in the GOCMP3 register matches received data.

SI/O Expansion Mode Register 1%

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address After Reset
I G1EMR 013C16 0016

Pl Bit . )
Do Symbol Bit Name Function RW
] smopE Synchro.nous Mode 0: Re-synchronous mode not used RW
oo Select Bit 1: Re-synchronous mode
CRC Default Value 0: Set to "000016"
o CREV | Select Bit 1: Set to "FFFF1s" RW
e PRRRE ACRC | CRC Reset Select Bit | O NOt reset RW
oo 1: Reset®
Bit Stuffing Error 0: Not used
BSINT Interrupt Select Bit 1: Used RW
Receive Source 0: ISRxD1 pin
- RXSL . . . RwW
oo Switch Bit 1: G1RlI register
R Transmit Source 0: ISTxD1 pin
XSt Switch Bit 1: G1TO register RW
: : b7b6
I RRRLELELEELED CRCO CXBaxAeX+ RW
' CRC Generation 00: XXX+l .
: Polvnomial Select bit 0 1: Do not set to this value
N Y 10: X04x154x241

CRC1 1 1- X164 %121 %541 RW

NOTES:

1. The G1EMR register is used in HDLC data processing mode. Maintain the value after reset or set it
to "0016" in clock synchronous serial I/O mode.
2. CRC is reset when data in the GICMP3 register matches received data.

Figure 21.5 GOEMR and G1EMR Registers
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M32C/80 Group 21. Intelligent I/O (Communication Function)

SI/O Expansion Transmit Control Register 01

b7 b6 b5 b4 b3 b2 bl bO

| | o] lofo]o]o

Symbol Address After Reset
| GOETC 00FF16 0000 OXXX2

Sy?rgtbol Bit Name Function RW
- bl — i ey _
Pl (b3 - b0) Reserved Bit Setto "0
_________________ TCRCE Transmit CRC 0: Not used RW
Enable Bit 1: Used
A S SO — | Reserved Bit Set to 0" RW
P (b5)
_ _______________________ TBSFO Transmit Bit Stuffing "1" | 0: "1" is not inserted RW
Insert Select Bit 1:"1"is inserted
Transmit Bit Stuffing "0" | 0: "0" is not inserted

TBSFL Insert Select Bit 1:"0" is inserted RW

NOTE:
1. The GOETC register is used in HDLC data processing mode. Maintain the value after reset or set it
to "0016" in clock synchronous serial I/O mode.

SI/0 Expansion Transmit Control Register 1(1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

0] |0 2§2§2§ GIETC 013F16 0000 OXXX2
AT - -
P r bt | symbol Bit Name Function RW
R d Bit When read, RO
Voror o (b2 - bO) eserved bl its content is indeterminate
Pl e — Reserved Bit Set to "0" RW
P (b3)
Transmit CRC 0: Not used
TS PR TCRCE . RW
N ¢ Enable Bit 1: Used
I RLLICCITTILLERY —— | Reserved Bit Set to "0" RwW
P (bS)
Transmit Bit Stuffing "1"| 0: "1" is not inserted
A TBSFO Insert Select Bit 1: "1"is inserted RW
Transmit Bit Stuffing "0"| 0: "0" is not inserted
--------------------------- TBSF1 ) o RW

Insert Select Bit 1:"0" is inserted

NOTE:
1. The G1ETC register is used in HDLC data processing mode. Maintain the value after reset or set it
to "0016" in clock synchronous serial /O mode.

Figure 21.6 GOETC and G1ETC Registers
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M32C/80 Group 21. Intelligent I/O (Communication Function)

SI/O Expansion Receive Control Register i (i=0,1)})

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

| | | | | | | | | GOERC, G1ERC 00FD16, 013D16 0016
Bit BitN Functi RW
Symbol it Name unction

0: The GIDR register (receive data register) is

Data Compare not compared with the GICMPO register

-1 CMPOE | Function 0 1: The GiDR register is compared with the RW
: Select Bit GICMPO register
0: The GIDR register (receive data register) is
: CMP1E Eata t_Comlpare not compared with the GICMP1 register RW
oo unction 1: The GiDR register is compared with the
. Select Bit GICMP1 register
0: The GIDR register (receive data register) is
R CMP2E Eﬁéit%?]rgpare not compared with the GICMP2 register RW

Select Bit 1: The GIDR register is compared with the

elect bi GICMP2 register

o

: The GIDR register (receive data register) is

Data Compare not compared with the GICMP3 register RW

T CMP3E gulrlctlog_ts 1: The GIDR register is compared with the
: elect bi GiCMP3 register?
Receive CRC 0: Not used
E ----------------- RCRCE Enable Bit 1: Used RW
RSHTE (F;ecé?;\{%r?hift 0: Receive shift operation disabled RW
Er?able Bit 1: Receive shift operation enabled
: Receive Bit g
' T 0: "1" is not deleted
P RBSFO | Stuffing [1"Delete | .11 s deleted RW
: Receive Bit i
: ; 0:"0 t deleted
R RRRREEELLEEEEELEEE RBSF1 | Stuffing "0" Delete | .., IS hot delete RW
Select Bit 1:"0" is deleted

NOTES:
1. The GIERC register is used in HDLC data processing mode.
Set to "0010 00002" in clock synchronous serial I/O mode.
2. Set the CMP3E bit to "1" to set the ACRC bit in the GIEMR register to "1" (CRC reset function used).

Figure 21.7 GOERC and G1ERC Registers
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SI/O Special Communication Interrupt Detect Register 0 (42

b7 b6 b5 b4 b3 b2 bl bo

1: The GODR register matches the GOCMPO RW
register

0: The GODR register (receive data register)

Interrupt Source does not match the GOCMPL1 register
1: The GODR register matches the GOCMP1 RW
register

0: The GODR register (receive data register)
....................... IRE2 :S:;ﬁ;igg;ce does not match the GOCMP2 register RW
Flag 2 1: The GODR register matches the GOCMP2
ag register
0: The GODR register (receive data register)
Interrupt Source does not match the GOCMP3 register

Flag 0

-------------------- IRF1 | Determination
Flag 1

| | | | | 0 | | 0 | 0 | Symbol Address After Reset
— GOIRF O00FE16 0016
S I - -
DL bbb 1| symbol Bit Name Function RW
Reserved Bit Set to "0" RW
R (b1 - bO)
Bit Stuffing Error | 0: Not detected
Rt BSERR RW
Detect Flag 1: Detected
R PR —— | Reserved Bit Set to "0" RW
Pl (b3)
Interrupt Source 0: The GODR register (receive data register)
S ALLLLEE IRFO | Determination does not match the GOCMPO register

--------------------------- IRF3 Eletersmlnatlon 1: The GODR register matches the GOCMP3 RW
ag register
NOTES:
1. The GOIRF register is used in HDLC data processing mode. Do not use it in clock synchronous serial
1/0 mode.

2. The SRTOR bit in the [IO4IR register is set to "1" if the IRF3 to IRFO or BSERR bit is set to "1".

Figure 21.8 GOIRF Register
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M32C/80 Group 21. Intelligent I/O (Communication Function)

SI/O Special Communication Interrupt Detect Register 1(1:2)

0

Detect Flag 1: Detected
0: The G1DR register (receive data register)
1

Interrupt Source A

................. - does not match the GICMPO register

: IRFO | Determination - The G1DR register (receive data register) | RW
Flag 0 matches the GICMPO register

: The G1DR register (receive data register)

o

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

| | | | | | | 0 | 0 | G1IRF 013E16 0016
L - :
Prr 1 b 11| symbol Bit Name Function RW
P b b Ll | Reserved Bit Set to "0" RW
Pl (b2 - b0)
BSERR Bit Stuffing Error 0: Not detected RW
- Detect Flag 1: Detected
Arbitration Lost : Not detected
ol e ABT RW

Interrupt Source A

.................... S does not match the GICMP1 register

: IRF1 | Determination 1: The G1DR register (receive data register) | RW
Flag 1 matches the GICMP1 register

0: The G1DR register (receive data register)
R IRE2 :;t?rrup_t Stc_)urce does not match the GICMP2 register

etermination 1: The G1DR register (receive data register)
Flag 2 matches the GICMP?2 register

0: The G1DR register (receive data register)
........................... IRF3 :;t?rrup_t Stc_)urce does not match the GLCMP3 register RW

etermination 1: The G1DR register (receive data register)
Flag 3 matches the GICMPS3 register

RW

NOTES:
1. The G1IRF register is used in HDLC data processing mode. Maintain the value after reset or set it to
"0016" in clock synchronous serial /0 mode.
2. The SRTIR bit in the [IO4IR register is also set to "1" if the IRF3 to IRFO, BSERR, or ABT bit is set to "1".

Transmit Buffer (Receive Data) Register (i=0,1)

b7 b0 Symbol Address After Reset
| GO0TB, GODR 00EA16 Indeterminate
G1TB, G1DR 012A16 Indeterminate
Function RW

Set data to be transmitted.

In HDLC data processing mode, the receive data register is read by
--------------- reading the GiTB register. Value is written to the transmit buffer register | RwW
by writing it to the GiTB register. In HDLC data processing mode, the
value set in the GiRlI register is transferred to the GiDR register.

Figure 21.9 G1IRF Register, GOTB and G1TB / GODR and G1DR Registers
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Data Compare Register ij (i=0,1, j=0 to 3)

b7 b0 Symbol Address After Reset
| GOCMPO to GOCMP3  00F016, 00F116, 00F216, 00F316  Indeterminate
G1CMPO to GICMP3 013016, 013116, 013216, 013316  Indeterminate

Function Setting Range RW

--------------- Data to be compared 0016 to FF16 RW

NOTE:
1. Set the GIMSKO register to use the GICMPO register.
Set the GiIMSK1 register to use the GICMP1 register.

Data Mask Reqgister ij (i=0,1, j=0,1)

b7 b0 Symbol Address After Reset
| | GOMSKO0, GOMSK1 00F416, 00F516 Indeterminate
G1MSKO0, G1IMSK1 013416, 013516 Indeterminate

Function Setting Range RW

Masked data for received data

"""""""" Set incomparable bit to "1" 0016 0 FF16 RW
Transmit CRC Code Register i (i=0,1)
b15 b8 b7 b0 Symbol Address After Reset
| 5 GOTCRC, G1TCRC 00FB16-00FA16, 013B16-013A16 000016
Function RW
R RLEEE Result of the transmit CRC calculation(®: 2) RO

NOTES:
1. The calculated result is reset by setting the TE bit in the GiCR register to "0" (transmit disabled).
The CRCV bit in the GIEMR register selects a default value.
2. Transmit CRC calculation is performed with each bit of data transmitted while the TCRCE bit in
the GIETC register is set to "1" (used).

Receive CRC Code Register i (i=0,1)

b15 b8 b7 bo Symbol Address After Reset
| H GORCRC, G1RCRC 00F916-00F816, 013916-013816 Indeterminate
Function RW
[ Result of the receive CRC calculation(®: 2. 3) RO
NOTES:

1. The calculated result is reset by setting the RCRCE bit in the GIERC register to "0" (not used).
If the ACRC bit in the GIEMR register is set to "1" (reset), the result is reset by matching data in the
GiCMPj register (j=0 to 3) with the received data.

2. The result is reset to the default value selected by the CRCV bit in the GIEMR register before
reception starts.

3. Receive CRC calculation is performed with every bit of data received while the RCRCE bit in the
GIERC register is set to "1" (used).

Figure 21.10 GOCMPO to GOCMP3 Registers and G1CMPO to GICMP3 Registers
GOMSKO0 and GOMSK1 Registers, GIMSKO0 and G1MSK1 Registers
GOTCRC and G1TCRC Registers, GORCRC and G1RCRC Registers
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Communication Clock Select Register

b7 b6 b5 b4 b3 b2 bl bo

MM_J Symbol Address After Reset

x x x CCSs 00F616 XXXX 00002
- - - R Bit ) .
Porob n | symbol Bit Name Function RW
A b1b0
S S o | 00: Clock stopped RW
e Communication Unit0 | 5 1. o
A Clock Select Bit :
A 10: fn
AR cest 11:fs RW
S R b3b2
T CCs2 0 0: Clock stopped RW
F- - Communication Unit1 | 5 1. ;@
B Clock Select Bit 10: f2n
A cess 11:fs RW
_ ________________ Nothing is assigned. When write, set to "0". _

(b7 - b4) | When read, its contents is indeterminate.

NOTE:
1. This setting is enabled in HDLC data processing mode. Do not set the CCS1 and CCO bits or
CCS3 and CCS2 bits to "012" in clock synchronous serial I/O mode.

Figure 21.11 CCS Register
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21.1.1 Clock Synchronous Serial /0 Mode (Communication Units 0 and 1)
In clock synchronous serial I/O mode, data is transmitted and received with the transfer clock. fg or f2n
can be selected as the transfer clock.
Table 21.2 lists specifications of clock synchronous serial I/O mode for the communication units 0 and 1.
Tables 21.3 and 21.4 list clock settings. Table 21.5 lists register settings. Tables 21.6 and 21.7 list pin
settings. Figure 21.12 shows an example of transmit and receive operation.

Table 21.2 Clock Synchronous Serial I/O Mode Specifications (Communication Units 0 and 1)

Item Specification
Transfer Data Format Transfer data: 8 bits long
Transfer Clock®) See Tables 21.3 and 21.4
Transmit Start Condition Set registers associated with the waveform generating function, the GiMR and GIERC

registers (i=0,1). Then, set as is written below after at least one transfer clock cycle.
« Set the TE bit in the GiCR register to "1" (transmit enabled)
« Set the TI bit in the GiCR register to "0" (data in the GiTB register)
Receive Start Condition Set registers associated with the waveform generating function, the GiMR and GIERC
registers. Then, set as is written below after at least one transfer clock cycle.
« Set the RE bit in the GiCR register to "1" (receive enabled)
* Set the TE bit to "1" (transmit enabled)
« Set the TI bit to "0" (data in the GiTB register)
Interrupt Request « While transmitting, one of the following conditions can be selected to set the SIOITR
bit to "1" (interrupt requested) (See Figure 10.14):
— The IRS bit in the GIMR register is set to "0" (no data in the GiTB register) and
data is transferred to the transmit register from the GiTB register
— The IRS bit is set to "1" (transmission completed) and data transfer from the
transmit register is completed
» While receiving, the following condition can be selected to set SIOIRR bit is set to "1"
(data reception is completed):
Data is transferred from the receive register to the GiRB register (See Figure 10.14)
Error Detection Overrun error(
This error occurs, when the next data reception is started and the 8th bit of the next
data is received before reading the GiRB register
Selectable Function  LSB first or MSB first
Select either bit 0 or bit 7 to transmit or receive data

NOTES:
1. In clock synchronous serial I/O mode, set the RSHTE bit in the GIERC register (i=0, 1) to "1" (receive

shift operation enabled).
2. When an overrun error occurs, the GiRB register is indeterminate.

The ISTxDi pin outputs a high-level ("H") signal between selecting operating mode and starting transfer.

Table 21.3 Clock Settings (Communication Unit 0)

GOMR Register CCS Register
Transfer Clock CKDIR Bit CCSO Bit CCsS1 Bit
f8 0 1 1
fon(1) 0 0 1
Input from ISCLKO 1 - -

NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (/=0) or divide-by-2/7 (/=1 to 15).
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Table 21.4 Clock Settings (Communication Unit 1)

Transfer Clock G1MR Regjister CCS Register
CKDIR Bit CCS2 Bit CCS3 Bit
f8 0 1 1
f2n(2) 0 0 1
Input from ISCLK1 1 - N

NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (/7=0) or divide-by-27 (=1 to 15).

Table 21.5 Register Settings in Clock Synchronous Serial I/O Mode

Register Bit Function
Communication Unit 1 Communication Unit O
CCS CCsS1, CCSsO Setting not required when using the Select transfer clock
communication unit 1 only

CCS3, CSSs2 Select transfer clock Setting not required when using the
GIERC 7t00 Set to "0010 00002" communication unit 0 only
GiIMR GMD1, GMDO Set to "012"

CKDIR Select internal clock or external clock

UFORM Select either LSB first or MSB first

IRS Select what cause the transmit interrupt to be generated
GIiCR TI Transmit buffer empty flag

TXEPT Transmit register empty flag

RI Receive complete flag

TE Set to "1" to enable transmission and reception

RE Set to "1" to enable reception
GiTB - Write data to be transmitted
GiRB - Received data and error flag are stored
i=0, 1

Table 21.6 Pin Settings in Clock Synchronous Serial 1/O Mode (1)

Setting
Port Function
PS1 Register PSL1 Register | PSC Register | PSD1 Register | PD7 Register
P73 ISTxD1 Output |PS1_3=1 PSL1_3=0 PSC _3=1 - -
P74 ISCLK1 Input PS1 4=0 - - - PD7_4=0
ISCLK1 Output PS1 4=1 PSL1 4=0 PSC 4=1 - -
P75 ISRxD1 Input PS1_5=0 - - - PD7_5=0
P76 ISTXDO Output | PS1_6=1 PSL1_6=0 PSC_6=0 PSD1_6=0 -
P77 ISCLKO Input PS1_7=0 - - - PD7_7=0
ISCLKO Output PS1 7=1 PSL1 7=0 - - -
Table 21.7 Pin Settings (2)
Setting
Port Function
PS2 Register PD8 Register
P8o ISRxDO Input PS2_0=0 PD8_0=0
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When 8, f2n or External Clock is Selected as the Communication clock
(Communication Units 0 and 1)
Write to the GiTB register

fs, f2n or "1
External Clock  wqe
.
TE Bit .
0 H
Transfer Clock + I + ' | '

ISTxDi Pin Output ; ;

(transmit data) X Bito X Bit1 |  Bit2

SIOITR Bit when IRS=0 nq : 1
(no data in the H | H
GITB register) "

Bit 6 Bit7 X

Write "0" by program
if setting to "0"

Write "O"'by program
if setting to "0"

SIOITR Bit when IRS=1 1"
(transmission g
completed)

ISRxDi Pin Input

(received data) X Bto X Btz Y Bit2

Bte ) Bz X

||l|| .
SIOIRR Bit oo
Write "0" by program if setting to "0"
The above applies under the following conditions: SIOITR bit: Bit in the IIOjIR register (j=1, 3)
« The CKDIR bit in the GiMR register is set to "0" (internal clock) SIOIRR bit: Bit in the IIOKIR register (k=0, 2)
« The CCS1 and CCSO bits or the CCS3 and CCS2 bits in the CCS register  IRS bit: Bit in the GiIMR register
are set to "102" or "112" TE bit: Bit in the GiCR register
* The UFORM bit in the GIMR register is set to "0" (LSB first) i=0, 1

Figure 21.12 Transmit and Receive Operation
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21.1.2 HDLC Data Processing Mode (Communication Units 0 and 1)
In HDLC data processing mode, bit stuffing, flag detection, abort detection and CRC calculation are available
for HDLC control. f1, f8 or f2n can be selected as the transfer clock. No pin is used.
To convert data, data to be transmitted is written to the GiTB register (i=0,1) and the data conversion result is
restored after data conversion. If any data are in the GIiTO register after data conversion, the conversion is
terminated. If no data is in the GiTO register, bit stuffing processing is executed regardless of no data avail-
able in the transmit output buffer. A CRC value is calculated every time one bit is converted. If no data is in the
GiRlI register, received data conversion is terminated.
Table 21.8 list specifications of the HDLC data processing mode. Tables 21.9 and 21.10 list clock settings.
Table 21.11 lists register settings.

Table 21.8 HDLC Processing Mode Specifications (Communication Units 0 and 1)

Item Specification
Input Data Format 8-bit data fixed, bit alignment is optional
Output Data Format 8-bit data fixed
Transfer Clock See Tables 21.9 and 21.10
I/O Method « During transmit data processing,

value set in the GiTB register is converted in HDLC data processing mode and
transferred to the GiTO register.

« During received data processing,
value set in the GiRI register is converted in HDLC data processing mode and
transferred to the GiRB register. The value in the GiRlI register is also transferred to

the GiTB register (received data register).

Bit Stuffing During transmit data processing, "0" following five continuous "1" is inserted.
During received data processing, "0" following five continuous "1" is deleted.

Flag Detection Write the flag data "7E16" to the GICMP;j register (j=0 to 3) to use the special commu-
nication interrupt (the SRTIR bit in the IIO4IR register)

Abort Detection Write the masked data "0116" to the GiIMSKj register

CRC The CRC1 and CRCO bits are set to "112" (X16+X12+X5+1).

The CRCV bitis setto "1" (set to "FFFF16").

 During transmit data processing,
CRC calculation result is stored into the GiITCRC register. The TCRCE bit in the
GIETC register is set to "1" (transmit CRC used).
The CRC calculation result is reset when the TE bit in the GiCR register is set to "0"

(transmit disabled).

« During received data processing,
CRC calculation result is stored into the GIRCRC register. The RCRCE bit in the
GIERC register is set to "1" (receive CRC used).
The CRC calculation result is reset by comparing the flag data "7E16" and matching
the result with the value in the GICMP3 register. The ACRC bit in the GIEMR regis-

ter is set to "1" (CRC reset).
Data Processing Start The following conditions are required to start transmit data processing:
Condition * The TE bit in the GIiCR register is set to "1" (transmit enabled)
« Data is written to the GiTB register
The following conditions are required to start receive data processing:
* The RE bit in the GIiCR register is set to "1" (receive enabled)
« Data is written to the GiRI register
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Table 21.8 HDLC Processing Mode Specifications (Continued)

Item
Interrupt Request(®)

Specification

During transmit data processing,

» One of the following conditions can be selected to set the GiTOR bit in the
interrupt request register to "1" (interrupt request) (see Figure 10.14).

— When the IRS bit in the GIMR register is set to "0" (no data in the GiTB
register) and data is transferred from the GiTB register to the transmit regis-
ter (transmit start).

— When the IRS bit is set to "1" (transmission completed) and data transfer from
the transmit register to the GiTO register is completed.

* When data, which is already converted to HDLC data, is transferred from the

receive register of the GiTO register to the transmit buffer, the GITOR bit is set
to "1"

During received data processing,
* When data is transferred from the GiRI register to the GiRB register (reception
completed), the GIRIR bit is set to "1" (See Figure 10.14).

* When received data is transferred from the receive buffer of the GiRI register to
the receive register, the GiRIR bit is set to "1".

* When the GiTB register is compared to the GiCMPj register (j=0 to 3), the
SRTIR bit is set to "1".

NOTE:
1. See Figure 10.14 for details on the GiTOR bit, GiRIR bit and SRTIR bit.

Table 21.9 Clock Settings (Communication Unit 0)

Transfer Clock®) CCS Register
CCSO0 Bit CCSs1 Bit
f1 1 0
f8 1 1
f2n(2) 0 1
NOTES:

1. The transfer clock for reception is generated when the RSHTE bit in the GOERC register is set to "1"
(receive shift operation enabled).

2. The CNT3 to CNTO bits in the TCSPR register select no division (/=0) or divide-by-2/,7 (/=1 to 15).

Table 21.10 Clock Settings (Communication Unit 1)

Transfer Clock(1) CCS Register
CCS2 Bit CCS3 Bit
f1 1 0
fs 1 1
f2n(2) 0 1
NOTES:

1. The transfer clock for reception is generated when the RSHTE bit in the G1ERC register is set to "1"
(receive shift operation enabled).

2. The CNT3 to CNTO bits in the TCSPR register select no division (/=0) or divide-by-2/,7 (/=1 to 15).
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Table 21.11 Register Settings in HDLC Processing Mode

Register Bit Function
GiIMR GMD1, GMDO Set to "112"
CKDIR Set to "0"
UFORM Set to "0"
IRS Select what causes the transmit interrupt to be generated
GIEMR 7t00 Setto "1111 01102"
GIiCR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE Transmit enable bit
RE Receive enable bit
GIETC TCRCE Select whether transmit CRC is used or not
TBSF1, TBSFO |Transmit bit stuffing
GIERC CMP2E to CMPOE | Select whether received data is compared or not
CMP3E Set to "1"
RCRCE Select whether receive CRC is used or not
RSHTE Set to "1" to use it in the receiver
RBSF1, RBSFO |Receive bit stuffing
GilRF BSERR Set to "0"
IRF3 to IRFO Select what causes an interrupt to be generated
GiCMPO, 7t00 Write "FE16" to abort processing
GiCMP1
GiCMP2 7t00 Data to be compared
GiCMP3 7t00 Write "7E16"
GiMSKO, 7t00 Write "0116" to abort processing
GiMSK1
GIiTCRC 15to 0 Transmit CRC calculation result can be read
GiRCRC 15to 0 Receive CRC calculation result can be read
GiTO 7t00 Data, which is output from a transmit data generation circuit, can be read
GiRI 7t00 Set data input to a receive data generation circuit
GiRB 7t00 Received data is stored
GiTB 7t00 For transmission: write data to be transmitted
For reception: received data for comparison is stored
CCS CCsS1, CCSO Select the HDLC processing clock
CCS3, CCs2 Select the HDLC processing clock
i=0, 1
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22. Programmable I/O Ports

87 programmable 1/O ports from ports PO to P10 (excluding P85) are available. The direction registers
determine each port status, input or output. The pull-up control registers determine whether the ports,
divided into groups of four ports, are pulled up or not. P85 is an input port and no pull-up for this port is
allowed. The P8_5 bit in the P8 register indicates an NMI input level since P85 shares pins with NMI.
Figures 22.1 to 22.4 show programmable /O port configurations.

Each pin functions as the programmable 1/0O port, an 1/O pin for internal peripheral functions or the bus
control pin.

To use the pins as input or output pins for internal peripheral functions, refer to the explanations for each
fuction. Refer to 7. Bus when used as the bus control pin.

The registers associated with the programmable I/O ports are as follows.

22.1 Port Pi Direction Register (PDi Register, i=0 to 10)
Figure 22.5 shows the PDi register.
The PDi register selects input or output status of a programmable I/O port. Each bit in the PDi register
corresponds to a port.
In memory expansion and microprocessor mode, the PDi register cannot control pins being used as bus
control pins (Ao to A22, A23, Do to D15, CSO0 to CS3, WRL/WR, WRH/BHE, RD, BCLK/ALE/CLKouT, HLDA/
ALE, HOLD, ALE and RDY). No bit controlling P85 is provided in the direction registers.

22.2 Port Pi Register (Pi Register, i=0 to 10)
Figure 22.6 shows the Pi register.
The Pi register writes and reads data to communicate with external devices. The Pi register consists of a
port latch to hold output data and a circuit to read pin states. Each bit in the Pi register corresponds to a port.
In memory expansion and microprocessor mode, the Pi register cannot control pins being used as bus
control pins (Ao to A22, A23, Do to D15, CS0 to CS3, WRL/WR, WRH/BHE, RD, BCLK/ALE/CLKouT, HLDA/
ALE, HOLD, ALE and RDY).

22.3 Function Select Register Aj (PSj Register) (j=0to 3)
Figures 22.7 and 22.8 show the PSj registers.
The PSj register selects either I/O port or peripheral function output if an I/O port shares pins with a periph-
eral function output (excluding DAO and DAL.)
When multiple peripheral function outputs are assigned to a pin, set the PSLO to PSL3, PSC, PSC3, and
PSD1 registers to select which function is used.
Tables 22.3 to 22.10 list peripheral function output control settings for each pin.

22.4 Function Select Register BO to B3 (PSLO to PSL3 Registers)
Figures 22.9 and 22.10 show the PSLO to PSL3 registers.
When multiple peripheral function outputs are assigned to a pin, the PSLO to PSL3 registers select which
peripheral function output is used.
Refer to 22.10 Analog Input and Other Peripheral Function Input for the PSL3 6 to PSL3_3 bits in the
PSL3 register.
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22.5 Function Select Register C (PSC and PSC3 Registers)
Figures 22.11 and 22.12 show the PSC and PSC3 registers.
When multiple peripheral function outputs are assigned to a pin, the PSC and PSC3 registers select which
peripheral function output is used.
Refer to 22.10 Analog Input and Other Peripheral Function Input for the PSC_7 bit in the PSC register.

22.6 Function Select Register D (PSD1 Register)
Figure 22.12 shows the PSD1 register.
When multiple peripheral function outputs are assigned to a pin, the PSD1 register selects which peripheral
function output is used.

22.7 Pull-up Control Register 0to 3 (PURO to PUR3 Registers)
Figures 22.13 and 22.14 show the PURO to PUR3 registers.
The PURO to PUR3 registers select whether the ports, divided into groups of four ports, are pulled up or not.
Ports with bits in the PURO to PUR3 registers set to "1" (pull-up) and the direction registers set to "0" (input
mode) are pulled up.
Set bits in the PURO and PUR1 registers in ports PO to P5, running as bus, to "0" (no pull-up) in memory
expansion mode and microprocessor mode. Ports PO, P1 and P4o to P43 can be pulled up when they are
used as input ports in memory expansion mode and microprocessor mode.

22.8 Port Control Register (PCR Register)
Figure 22.14 shows the PCR register.
The PCR register selects either CMOS output or N-channel open drain output as port P1 output format. If
the PCRO bit is set to "1", N-channel open drain output is selected because the P-channel in the CMOS port
is turned off. This is, however, not a perfect open drain. Therefore, the absolute maximum rating of the
input voltage is between -0.3V and Vcc2 + 0.3V.
If P1is used as a port for data bus in memory expansion mode and microprocessor mode, set the PCRO bit
to "0". If P1is used as a port in memory expansion mode and microprocessor mode, the PCRO bit deter-
mines the output format.

22.9 Analog Input and Other Peripheral Function Input

The PSL3_6 to PSL3_3 bits in the PSL3 register and the PSC_7 bit in the PSC register each separate
analog I/O ports from other peripheral functions. Setting the corresponding bit to "1" (analog 1/O) to use the
analog 1/0 port (DAO, DA1, ANEXO0, ANEX1, AN4 to AN7) prevents an intermediate potential from being
impressed to other peripheral functions. The impressed intermediate potential may cause increase in
power consumption.

Set the corresponding bit to "0" (except analog 1/0) when analog I/O is not used. All peripheral function
inputs except the analog 1/O port are available when the corresponding bit is set to "0". These inputs are
indeterminate when the bit is set to "1". When the PSC_7 bit is set to "1", key input interrupt request remains
unchanged regardless of Klo to KI3 pin input level change.
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Programmable 1/O Ports

Select Pull-up

DataBus—¢>—1 Port Latch }
T e D

- o S i S oo
'Input to each B ‘
| Peripheral Function L ‘

1 Analog Signal S~o 1

Lo . — — —_

Option Circuit (B)
(A) ’ .
. Peripheral Function
Hysteresis

Port Input

PQOo to P07
P20 to P27

P30 to P37
P40 to P47
P50 to P52
P54

P55 -

Circuit (C)
Analog I/F

- - o

O
I

P56 - - —

P57 -
P83, P84 O
P86 - -
P87 -
P10o0 to P103 - -
P104 to P107 (©) ©)

O |0
|

(©)

Oo|0|O

O: Available —: Not Available

Figure 22.1 Programmable 1/O Ports (1)
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22.

Programmable 1/O Ports

Programmable I/O Ports with the Port Control Register

Select Pull-up

—|Directi0n Register

—<

Data Bus—¢>—| Port Latch

PCR Register

Programmable 1/0O Ports with the Function Select Register

INV03
Write Signal to INV03 T Q

Value Written to INVO3 — 1 p

R

RESET {)
NMI
INVO5 INV02

A
i Input to each B _a'l i
' Peripheral Function | |
L o I
Option ®) Circuit (B)
. Peripheral Function
Hysteresis

Port Input

Ploto P14 - —

P1sto P17 O ©]
O :Available —: Not Available

Select Pull-up

PS1 and PS2
Registers

—|Direction Register
Output from each

1>—<}
Peripheral Function

Data Bus—lb—l Port Latch

Input to each

Peripheral Function

Port: P72 to P75, P8o, P81

Figure 22.2 Programmable I/O Ports (2)
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Programmable I/O ports with the Function Select Register
T T T ST ST ST T ST ST T SThr ST s mme s s e s s s s s )
| Select Pull-up D ;
T Tt Tt Tt Tt T T T T T et Tt Tt Tt o T |
PSO0 to PS9 . ]
Registers ! 1
—| Direction Register } L {>o \
(I
| ] Dr—
Output from each | ® .
Peripheral Function
Data Bus —0—| Port Latch } >
|
—<
< o
A
iﬁ S
i Input to each B
i Peripheral Function g
ﬁf’,,flffiff’,,f’,,flffi,71,71,71,71,71,71,71,71,71,71,71,71,
. . C
| Analog Signal S~o
Option Circuit (B) o
*) . Peripheral Function Circuit (C) Circuit (D)
Hysteresis Analog I/F
Port Input
P53 - - - o)
P60 to P67 - @) - O
P70, P71 @ - @) - -
P76,P77 - e} - o
P82 O O - (@)
P9o to P92 — O — O
P93 to P9s — O O O
P97 - o - O
O: Available —: Not Available
NOTE:
1. P70 and P71 are ports for the N-channel open drain output.

Figure 22.3 Programmable I/O Ports (3)
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Input Port (P85)

Data Bus I O

NMI .D'I

Figure 22.4 Programmable I/O Ports (4)

Port Pi Direction Register (=0 to 10) ()

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

| | | | | | | | | PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
A PD4 to PD7 03EA16, 03EB16, 03C216, 03C316 0016
O PD8 03C616) 00X0 00002
O PD9, PD10 03C716(, 03CA16 0016
A BN S
oo : : Symbol it Name unction RW
A P Pt . Port Pio Direction | 0: Input mode (Functions as input port)
Vv v v v v 4 -1 PDLO . . RW
T Bit 1: Output mode (Functions as output port)
A P P . Port Pi1 Direction | 0: Input mode (Functions as input port)
R s PDi_1 |_. ) RW
[ — |Bit 1: Output mode (Functions as output port)
N I . Port Pi2 Direction | 0: Input mode (Functions as input port)
Voo b memeeeeeed PDi_2 . . RW
oo —  |Bit 1: Output mode (Functions as output port)
- Do . Port Pi3 Direction | 0: Input mode (Functions as input port)
R hbRRELELE PDi_3 . . RW
oo — |Bit 1: Output mode (Functions as output port)
A . Port Pi4 Direction | 0: Input mode (Functions as input port)
- SGLELEELELLEEY PDi_4 . . RW
A —  |Bit 1: Output mode (Functions as output port)
PDI 5 Port Pis Direction | 0: Input mode (Functions as input port)
— |Bit 1: Output mode (Functions as output port) RW
PDI 6 Port Pie Direction | O: Input mode (Functions as input port) RW
- Bit 1: Output mode (Functions as output port)
' PDI 7 Port Pi7 Direction | O: Input mode (Functions as input port) RW

— |Bit 1: Output mode (Functions as output port)

NOTES:

1. Set the PD9 register immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
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 PDO9 register.

2. In memory expansion mode and microprocessor mode, the PDi register cannot control pins being
used as bus control pins (Ao to A22, A23, Do to D15, CS0 to CS3, WRL/WR, WRH/BHE,
BCLK/ALE/CLKourT, RD, HLDAJALE, HOLD, ALE and RDY).

3. Nothing is assigned in the PD8_5 bit in the PD8 register.

If write, set these bits to "0". When read, their contents are indeterminate.

Figure 22.5 PDO to PD10 Registers
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Port Pi Register (=0 to 10)®

b7 b6 b5 b4 b3 b2 bl bO

bits corresponding to programmable
ports in input mode.

Symbol Address After Reset

| | | | | | | PO to P5 03E016, 03E116, 03E416, 03E516, 03E816, 03E916 Indeterminate
T 1 1 1+ P6toP10  03CO015 03C116®), 03C416(), 03C516, 03C816 Indeterminate
Bit Bit Name Function RW
- R Symbol
o0+ d Pio | Port Pio Bit RW
R S P Pi_1 | Port Pi1 Bit RW
Por oty Pi_2 | Port Pi2 Bit Pin levels can be read by reading RW

frmmmmmmmnee Pi_3 | Port Pis Bit Pin levels can be controlled by RW

writing to bits corresponding to

) R programmable ports in output mode.
[EEEEEEEEEREETEEE Pi_4 Port Pi4 Bit RW
0: "L" level

R Pi 5 | Port Pis Bit 1 "H level RW
EECEEEE LR PRI REEEEE Pi_6 Port Pie Bit RW
R e e P L P LR PR Pi_7 Port Pi7 Bit RW

NOTES:
1. In memory expansion mode and microprocessor mode, the Pi register cannot control pins being used
BCLK/ALE/CLKouT, HLDA/ALE, HOLD, ALE and RDY).
2. P70 and P71 are ports for the N-channel open drain output. The pins go into high-impedance states
when P70 and P71 output "H" signal.
3. The P8_5 hit is for read only.

Figure 22.6 PO to P10 Registers
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Function Select Register AO

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

| | | | | | | | | PSO 03B016 0016
Bit Bit Name Function
P P11 i [ Symbol ' uncti RW
Port P60 Output 0: 1/0 port
PS0.0 | ¢ jnction Select Bit 1: RTSO RwW
Port P61 Output 0: 1/0 port
PS0_1 Function Select Bit 1: CLKO output RW
Port P62 Output 0: 1/0 port
o PSO_2 | Function Select Bit : Selected by the PSLO_2 bit RW
PSO 3 Port E63 Output . : 1/O port RW
v - Function Select Bit : TXDO/SDAO output
Port P64 Output £ 1/0 port
O PS04 | Function select Bit : Selected by the PSLO_4 bit RW
Port P65 Output 1 1/O port
PS0_5 Function Select Bit : CLK1 output RW
Port P66 Output - 1/0 port
O PSO_6 | Function Select Bit : Selected by the PSLO_6 bit RW
Port P67 Output 1 1/O port
--------------- PSO_7 | Function Select Bit : TxD1/SDAL output RW
Function Select Register Al

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

| | | | | | | | PS1 03B116 0016
Bit Bit Name Function
I i1 1 [ Symbol RW
Pl . Port P70 Output 0: 1/0 port
I v+ o« =1 PS10 . .
I N — | Function Select Bit 1: Selected by the PSL1_0 bit RW
I Port P71 Output 0: 1/O port
PSL1 | Function Select Bit 1: Selected by the PSL1_1 bit RW
Port P72 Output 0: I/O port
: psl.2 Function Select Bit : Selected by the PSL1_2 bit RW
PS1_3 Port Pja Output . . 1/0 port . RW
I Function Select Bit : Selected by the PSL1_3 bit
_________________ PS1 4 Port Pj4 Output . : 1/O port . RW
I Function Select Bit : Selected by the PSL1_4 bit
Port P75 Output . 1/0 port
P15 Function Select Bit : Selected by the PSL1_5 bit RW
Port P76 Output . 1/0 port
: PSL8 | Function select Bit : Selected by the PSL1_6 bit RW
Port P77 Output . 1/0 port

PS17 Function Select Bit : Selected by the PSL1_7 bit RW

Figure 22.7 PSO Register and PS1 Register
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b7 b6 bS5 b4

b3 b2 bl bo

Function Select Register A2

b7 b6 b5 b4 b3 b2 bl bO

LoJopdlofof [ ] |

Function Select Register A3(1)

Symbol Address After Reset
PS2 03B416 00X0 00002
Bit Bit Name Function RW
Symbol
Port P8o Output 0: I/O port
PS2_ 0 . . . RW
— | Function Select Bit 1: Selected by the PSL2_0 bit
Port P81 Output 0: I/O port
PS2.1 Function Select Bit 1: Selected by the PSL2_1 bit RW
Port P82 Output 0: I/O port
PS2_2 Function Select Bit 1: Selected by the PSL2_2 bit RW
Reserved Bit Set to "0" RW
(b4 - b3)
Nothing is assigned. When write, set to "0". -
(b5) When read, its content is indeterminate.
(b77 ~b6) Reserved Bit Set to "0" RW
Symbol Address After Reset
PS3 03B516 0016
Bit Bit N Functi RW
Symbol it Name unction
Port P9o Output 0: 1/O port
PS3_0 Function Select Bit 1: CLK3 output RW
Port P91 Output 0: I/0 port
PS3_1 Eunction Select Bit 1: Selected by the PSL3_1 bit RW
Port P92 Output 0: 1/0O port
PS3_2 . ) SUOPp
- Function Select Bit 1: Selected by the PSL3_2 bit RW
ps3 3 | Port E93 Output ' 0: I/O port RW
- Function Select Bit 1: RTS3
PS3 4 Port PQ4 Output ' 0: /O port RW
Function Select Bit 1: RTS4
Port P9s Output 0: 1/0O port
PS3_5 Function Select Bit 1: CLK4 output RW
Port P96 Output 0: 1/0O port
RW
PS3.6 Function Select Bit 1: Selected by the PSC3_6 bit
Port P97 Output 0: I/O port
PS3 7 P P RW

Function Select Bit

1: Selected by the PSL3_7 bit

NOTE:
1. Set the PS3 register immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).

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 PS3 register.

Figure 22.8 PS2 Register and PS3 Register
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22.

Programmable 1/O Ports

Function Select Register BO
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| 0 | | 0 | | 0 | | 0 | 0 PSLO 03B216 0016
Bit Bit Name Function
i fof ot 1ot i1 | Symbol RW
R Reserved Bit Setto "0" RW
Pop (b1.- bO)
Port P62 Output Peripheral | 0: SCLO output
PSLO_2 Function Select Bit 1: STxDO RW
b e —— |Reserved Bit Setto "0" RW
P (b3
R Port P64 Output Peripheral | 0: RTS1
N PSLO_4 Function Select Bit 1: Do not set to this value RW
S —— |Reserved Bit Set to "0" RW
P (b5)
Port P66 Output Peripheral | 0: SCL1 output
PSLO_S Function Select Bit 1: STxD1 RW
e —— |Reserved Bit Set to "0" RW
(b7)
Function Select Register B1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | PSL1 03B316 0016
Bit Bit Name Function
P P11 i [ Symbol RW
P P Port P70 Output Peripheral | o: Selected by the PSC_0 bit
- HE N S . . : !
P oo SLL0 e inction Select Bit 1: TAOouT output® RW
P I Port P71 Output Peripheral | 0: Selected by the PSC_1 bit
- o mmeeed PSL1_ 1 . . -
HEH I SLL Function Select Bit 1: STxD2(W) RW
Port P72 Output Peripheral | o. selected by th i
v [ PSL1 2 i i : y the PSC_2 bit
- H SLL Function Select Bit 1: TAlouT output® RW
P e psi1_3 |POortP73 Output Peripheral | o: selected by the PSC_3 bit RW
- Function Select Bit 1: v
R psi1_4 |POrtP74Output Peripheral | o: Selected by the PSC_4 bit RW
- Function Select Bit 1: w®
R PSL1 5 Port Pjs Output Pgrlpheral 0w . RW
—  |Function Select Bit 1: Do not set to this value
P Port P76 Output Peripheral | 0: Selected by the PSC_6 bit
R LLETTITTEEPPREPPRE PSL1 . _ : —
: SLL8 e inction Select Bit 1: TA3ouT output® RW
Port P77 Output Peripheral | 0: ISCLKO output
PSL1 7 Function Select Bit 1: Do not set to this value RW
NOTE:
1. When setting the PSL1_i (i=0 to 4, 6) bit to "1", set the corresponding PSC_i bit in the PSC register
to "0".

Figure 22.9 PSLO Register and PSL1 Register
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Function Select Register B2
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| 0 | 0 |><| 0 | 0 | 0 | | | PSL2 03B616 00X0 00002
A Bit ) .
b b n b | symbol Bit Name Function RW
Port P8o Output Peripheral| 0: TA4ouT output
A PSL2.0 Function Select Bit 1:U RW
Port P81 Output Peripheral| o: U
e PSL2_1 . . : _ RW
A A Function Select Bit 1: Do not set to this value
T S PN S Reserved Bit Set to "0" RW
Pl (b4 - b2)
A Nothing is assigned. When write, set to "0". o
(b5) | When read, its content is indeterminate.
L P LI T L —— | Reserved Bit Setto "0" RW
(b7 - b6)
Function Select Register B3
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | 0 | PSL3 03B716 0016
A _ )
Prof b 1t it | symbol Bit Name Function RW
T R [ Reserved Bit Set to "0" RW
A A - (b0)
A Port P91 Output Peripheral | 0: SCL3 output
PSL3_1 Function Select Bit 1: STxD3 RW
Port P92 Output Peripheral | 0: TxD3/SDAS3 output
PSL3_2 Function Select Bit 1: Do not set to this value RW
Port P93 Output Peripheral | 0: Except DAO
PSL3_3 | Elinction Select Bit 1: DAOW RW
Port P94 Output Peripheral | 0: Except DAL
PSL3_4 | Elinction Select Bit 1: DA1(®) RW
P Port P95 Output Peripheral | 0: Except ANEXO
e GRELCLETLET LT PSL3_5
. ~ | Function Select Bit 1: ANEXO® RW
- PSL3 6 Port E96 Output Eerlpheral 0: Except ANEX1 RW
: Function Select Bit 1: ANEX1(D)
Port P97 Output Peripheral | 0: SCL4 output
--------------------------- PSL3 7 . .
SL3_ Function Select Bit 1: STxD4 RW
NOTE:
1. Although DAO, DA1, ANEX0 and ANEX1 can be used when this bit is set to "0", power consumption
may increase.

Figure 22.10 PSL2 Register and PSL3 Register
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Function Select Register C
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | |><| | | | | | PSC 03AF16 00X0 00002
- Bit . .
Pl b b b | symbol Bit Name Function RW
S R Y e Port Pjo Output Eerlpheral 0: TxD2/SDA2 output . RW
A Function Select Bit 1: Selected by the PSD1_0 bit
_____ PSC 1 Port P71 Output Peripheral | 0: SCL2 output
—= | Function Select Bit 1: Do not set to this value RW
Port P72 Output Peripheral | 0: CLK2 output
T PSC_2 . .
N SC Function Select Bit 1V RW
Port P73 Output Peripheral | 0: RTS2
PSC_3 Function Select Bit 1:1ISTxD1 RW
o ] PSC_4 Port E74 Output Eerlpheral 0: TA20uT output RW
- Function Select Bit 1: ISCLK1
Nothing is assigned. When write, set to "0".
(b5) | When read, its content is indeterminate. -
_ _______________________ PSC_6 Port F"76 Output Eeripheral 0 Selected by the. PSD1_6 bit R
H Function Select Bit 1: Do not set to this value
_ __________________________ psC 7 Key Input Interrupt 0: P104 to P107 or Klo to KI3 -
—' | Disabled Select Bit 1: AN4 to AN7(D)
NOTE:
1. Set the ILVL2 to ILVLO bits in the the KUPIC register to "0002" (interrupt disabled) when changing
the PSC_7 bit setting.
Although AN4 to AN7 can be used when the PSC_7 bit is set to "0", power consumption may increase.

Figure 22.11 PSC Register
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Function Select Register C3
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
MMM PSC3 03AD16 XOXX XXXX2
A N . .
Porof bbbt 1| symbol Bit Name Function RW
Nothing is assigned. When write, set to "0". o
P (b5 - b0) | When read, its content is indeterminate.
Port P96 Output Peripheral [0: TxD4/SDA4 output
PSC3_6 Function Select Bit 1: Do not set to this value RW
e Nothing is assigned. When write, set to "0". .
(b7) When read, its content is indeterminate.
Function Select Register D1
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
MM PSD1 03A716 XOXX XX002
- Bit Bit N Functi
' E ' E E E E ' Symbol it Name unction RW
HEEE I . o .
A (b1 - bO) Reserved Bit Setto "0
_________ Nothing is assigned. When write, set to "0". .
(b5 - b2) | When read, its content is indeterminate.
i Port P76 Output Peripheral| 0: ISTxDO
S PSD1 . ) . RW
: Sb1.6 Function Select Bit 1: Do not set to this value
o Nothing is assigned. When write, set to "0". .
(b7) |When read, its content is indeterminate.

Figure 22.12 PSC3 Register and PSD1 Register
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Pull-Up Control Register 0()

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

| | | | | | | | | PURO 03F016 0016
s Pl B BN Fanet
: I Symbol it Name unction RW
PU00 | POo to P03 Pull-up Pull-up setting for corresponding port| RW
PUO1 | P04 to P07 Pull-up 0: Not pulled up RW
' oo 1: Pulled up
: P e PU02 | Ploto P13 Pull-up RW
: P hemeemeeeeeed PUO3 | P14 to P17 Pull-up RW
: RERLELELEERLEERLE PUO4 | P20 to P23 Pull-up RW
e LLLLE LTI TEEE PUO5 | P24 to P27 Pull-up RW
I RRELEEEELEEEEEEEEE PUO6 | P30 to P33 Pull-up RW
EET LT e TP E TP ETPTTPEETPRY PUO7 | P34to P37 Pull-up RW

NOTE:
1. Set each bit in the PURO register to "0" when ports PO to P5 become bus control pins in memory
expansion mode and microprocessor mode. When using the ports as 1/0O ports, pull-up or no
pull-up setting can be selected.

Pull-Up Control Register 1(1)

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
MN_J_FL_LJ PURL 03F116 XXXX 00002

P Bit Bi .

Poror v v | Symbol it Name Function RW

P41 11 M PULO  |Pdoto P43 Pull-up Pull-up setting for corresponding port| RW

AT T T S T POV PU11 |P4a4to P47 Pull-up 0: Not pulled up RW

oo 1: Pulled up

Voo T PU12 | P50 to P53 Pull-up RW

it PU13 |P54to P57 Pull-up RW

-..--. ................ Nothing is assigned. When write, set to "0".

(b7 - b4) | When read, its content is indeterminate.

NOTES:
1. Set each bit in the PURL1 register to "0" when ports PO to P5 become bus control pins in memory
expansion mode and microprocessor mode. When using the ports as 1/O ports, pull-up or no pull-up
setting can be selected.

Pull-Up Control Register 2

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
PUR2 03DA16 0016
Bit Bit N Functi
Symbol it Name unction RW
PU20 | P6o to P63 Pull-up Pull-up setting for corresponding port| RW
PU21 | P64to P67 Pull-up 0: Not pulled up RW
1: Pulled up
PU22 | P72to P73 Pull-up® RW
PU23 | P74to P77 Pull-up RW
PU24 | P8oto P83 Pull-up RW
PU25 | P84 to P87 Pull-up® RW
PU26 | P9o to P93 Pull-up RW
PU27 | P94 to P97 Pull-up RW

NOTES:
1. P70 and P71 cannot be pulled up.
2. P85 cannot be pulled up.

Figure 22.13 PURO Register, PUR1 Register and PUR2 Register
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Pull-Up Control Register 3

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
lofofo]ofofo] | | Purs 03DB1s 0016
Pioi b e BIEN Funct
Pror bbb | symbol it Name unction RW
pU30 | P100 to P10s PUIl Pull-up setting for corresponding port
010 P10s PUllup | o Not pulled up RW
oo b 1: Pulled up
REEEEE PU31 | P104to P107 Pull-up RW
RETUREE FETLEPRPURCPREPRERRE —— | Reserved Bit Set to "0" RW
(b7 - b2)
Port Control Register
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
MM PCR 03FF16 XXXX XXX02
Vo Bit Bit N = .
Symbol it Name unction RW
. 0 : CMOS output
T 1)
e PCRO | Port P1 Control Bit 1 : N-channel open drain output® | RW
O L Anha Reserved Bit Set to "0" RW
oo (b2 - b1)
Nothing is assigned. When write, set to "0". L
Prmmmmeees TrmmTTTmmemmeees (b7 - b3) | When read, its content is indeterminate.

NOTES:

1. Set the PCRO bit to "0" when P1 operates a port for data bus in memory expansion mode and
microprocessor mode. When using P1 as I/O port, CMOS port or N-channel open drain output port
can be selected.

2. This function is designed not to make port P1 a full open drain but to turn off the P channel in the
CMOS port.

Absolute maximum rating of the input voltage is between -0.3V and Vcc2 + 0.3V.

Figure 22.14 PUR3 Register and PCR Register
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Table 22.1 Unassigned Pin Settings in Single-Chip Mode

Pin Name Setting
PO to P10 Enter input mode and connect each pin to Vss via a resistor (pull-down);
(excluding P85)(1:23) | or enter output mode and leave pins open
XouT® Leave pin open
NMI(P85) Connect pin to Vcci via a resistor (pull-up)
AVcc Connect pin to Vcc1
AVss, VREF, BYTE Connect pins to Vss
NOTES:

1. If the port enters output mode and is left open, it is in input mode before output mode is entered by
program after reset. While the port is in input mode, voltage level on the pins is indeterminate and
power consumption may increase.

Direction register settings may be changed by noise or failure caused by noise. Configure direction
register settings regulary to increase the reliability of the program.

2. Use the shortest possible wiring to connect the microcomputer pins to unassigned pins (within 2 cm).

3. P70 and P71 must output low-level ("L") signals if they are in output mode. They are ports N-channel
open drain outputs.

4. When the external clock is applied to the XIN pin, set the pin as written above.

Table 22.2 Unassigned Pin Setting in Memory Expansion Mode and Microprocessor Mode

Pin Name Setting
P6 to P10 Enter input mode and connect each pin to Vss via a resistor (pull-down);
(excluding P85)(1:23) | or enter output mode and leave pins open
BHE, ALE, HLDA, Leave pin open
Xout®), BCLK
NMI(P8s) Connect pin to Vcca1 via a resistor (pull-up)
RDY, HOLD Connect pins to Vccz via a resistor (pull-up)
AVcc Connect pin to Vcc1
AVss, VREF Connect pins to Vss
NOTES:

1. If the port enters output mode and is left open, it is in input mode before output mode is entered by
program after reset. While the port is in input mode, voltage level on the pins is indeterminate and
power consumption may increase.

Direction register settings may be changed by noise or failure caused by noise. Configure direction
register settings regulary to increase the reliability of the program.

2. Use the shortest possible wiring to connect the microcomputer pins to unassigned pins (within 2 cm).

3. P70 and P71 must outputs low-level ("L") signals if they are in output mode. They are N-channel
open-drain outputs.

4. When the external clock is applied to the XIN pin, set the pin as written above.
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Microcomputer Microcomputer
PO to P10 (except for P8s) P6 to P10 (except for P8s)
(Input mode) /\/\/\, (Input mode) ’\/\/\/
(Input mode) 4\/\/\,——0 (Input mode) ——AAN\N—¢
(Output mode) Open (Output mode) Open veer
Vccl R
NMI(P85)
'NMI(P8s) —’\/\/\,j _BHE——
HLDA |——
Xout Open ALE Open
vcel XouT|——
Avee BCLK —— Vcez
BYTE HOLD veet
AVss RDY ?
VREF AVce
777
In single-chip mode In memory expansion mode or 777
microprocessor mode
Figure 22.15 Unassigned Pin Handling
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Table 22.3 Port P6 Peripheral Function Output Control

PSO0 Register PSLO Register
Bit 0 [0: P60/CTS0/SSO Set to "0"
1: RTSO
Bit 1 | 0: P61/CLKO(input) Set to "0"
1: CLKO(output)
Bit 2 | 0: P62/RxDO0/SCLO(input) 0: SCLO(output)
1: Selected by the PSLO register 1. STxDO
Bit 3 | 0: P63/SRxDO/SDAO(input) Set to "0"
1: TxDO/SDAO (output)
Bit 4 |0: P64/CTS1/SS1 0: RTS1
1: Selected by the PSLO register 1: Do not set this value
Bit 5 | 0: P65/CLK1(input) Set to "0"
1: CLK1(output)
Bit 6 | 0: P66/RXxD1/SCL1(input) 0: SCL1(output)
1: Selected by the PSLO register 1. STxD1
Bit 7 | 0: P67/SRxD1/SDA1(input) Set to "0"
1: TxD1/SDA1(output)

Table 22.4 Port P7 Peripheral Function Output Control

PS1 Register PSL1 Register PSC Register(!) PSD1 Register
Bit 0 | 0: P70/TAOouUT(input)/SRxD2/|0: Selected by the PSC register | 0: TxD2/SDA2(output) Set to "0"
SDAZ2 (input)
1: Selected by the PSL1 register|1: TAOouT(output) 1: Do not set to this value
Bit 1 | 0: P72/TB5IN/TAOIN/RXD2/  |0: Selected by the PSC register| 0: SCL2(output) Set to "0"
SCL2 (input)
1: Selected by the PSL1 register| 1: STxD2 1: Do not set to this value
Bit 2 | 0: P72/TAlouTt(input)/ 0: Selected by the PSC register | 0: CLK2(output) Set to "0"
CLK2(input)
1: Selected by the PSL1 register|1: TAlouT(output) 1V
Bit 3 | 0: P73/TALIN/CTS2/SS2/ 0: Selected by the PSC register| 0: RTS2 Set to "0"
1: Selected by the PSL1 register|1: V 1: ISTxD1
Bit 4 | 0: P74/ISCLK1(input)/ 0: Selected by the PSC register| 0: TA2ouT(output) Set to "0"
TA20uT(input)
1: Selected by the PSL1 register|1: W 1: ISCLK1(output)
Bit 5 | 0: P75/TA2IN/ISRXD1 0w Set to "0" Set to "0"
1: Selected by the PSL1 register|1: Do not se to this value
Bit 6 | 0: P76/TA30uUT(input) 0: Selected by the PSC register | 0: Selected by the PSD1 register | 0: ISTXDO
1: Selected by the PSL1 register|1: TA3ouT(output) 1: Do not set to this value 1: Do not set to this value
Bit 7 | 0: P77/TA3IN/ISCLKO(input) |0: ISCLKO(output) 0: P104 to P107 or KIO to KI3| Set to "0"
1: Selected by the PSL1 register|1: Do not set to this value 1: AN4 to AN7
(No relation to P77)
NOTE:

1. When setting the PSL1 i bit (i=0 to 4, 6) to "1", set the corresponding PSC i bit to "0".
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Table 22.5 Port P8 Peripheral Function Output Control

PS2 Register PSL2 Register
Bit 0 0: P80/ISRxDO/TA40uT(input) 0: TA4ouT(output)
1: Selected by the PSL2 register 1:U
Bit 1 0: P81/TA4IN 0:U
1: Selected by the PSL2 register 1: Do not set to this value
Bit 2 0: P82/INTO Set to "0"
1: Selected by the PSL2 register
Bit 3to 7 | Set to "000002"

Table 22.6 Port P9 Peripheral Function Output Control

PS3 Register PSL3 Register PSC3 Register
Bit 0 | 0: P90/TBOIN/CLK3(input) Set to "0" Set to "0"
1: CLK3(output)
Bit 1 | 0: P91/TB1IN/RxD3/SCL3(input) 0: SCL3(output) Set to "0"
1: Selected by the PSL3 register 1: STxD3
Bit 2 | 0: P92/TB2IN/SRXD3/SDA3(input) 0: TxD3/SDA3(output) Set to "0"
1: Selected by the PSL3 register 1: Do not set to this value
Bit 3 | 0: P93/TB3IN/CTS3/SS3/DA0(output) 0: Except DAO Set to "0"
1: RTS3 1: DAO
Bit 4 | 0: P94/TB4IN/CTS4/SS4/DA1(output) 0: Except DA1 Set to "0"
1: RTS4 1: DAl
Bit 5 | 0: P95/ANEXO/CLKA4(input)/ 0: Except ANEXO Set to "0"
1: CLK4(output) 1: ANEXO
Bit 6 | 0: P96/SRXxD4/ANEX1/SDA4(input) 0: Except ANEX1 0: TxD4/SDA4 output
1: Selected by the PSC3 register 1: ANEX1 1: Do not set to this value
Bit 7 | 0: P97/RxD4/ADTRG/SCL4(input) 0: SCL4(output) Set to "0"
1: Selected by the PSL3 register 1: STxD4

Table 22.7 Port P10 Peripheral Function Output Control

PSC Register

Bit 7

0: P104 to P107 or KIO to KI3
1: AN4 to AN7
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23. Electrical Characteristics

Table 23.1 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vccey, Vee2 | Supply Voltage Vcci=AVcce -0.3t06.0 \%
Vcez Supply Voltage - -0.3 to Vcc1 \%
AVcc Analog Supply Voltage Vcci=AVcc -0.3t06.0 \%
Vi Input Voltage RESET, CNVss, BYTE, P60-P67, P72-P77, -0.3t0 Vcc1+0.3 | V

P80-P87, P90-P97, P100-P107, VREF, XIN
P0o-P07, Plo-P17, P20-P27, P30-P37,
P40-P47, P50-P57

-0.3 to Vcc2+0.3

P70, P71 -0.3t06.0
Vo Output Voltage |P60-P67, P72-P77, P80-P84, P86, P87, -0.3to Vcc1+0.3 | V
P90-P97, P100-P107, Xout
P0o0-P07, Plo-P17, P20-P27, P30-P37, -0.3 to Vcc2+0.3
P40-P47, P50-P57
P70, P71 -0.3t06.0
Pd Power Dissipation Topr=25° C 500 mw
Topr Operating Ambient Temperature -20 to 85/ °C
-40 to 850
Tstg Storage Temperature -65 to 150 °C

NOTE:
1. Contact our sales office if temperature range of -40 to 85° C is required.
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Table 23.2 Recommended Operating Conditions
(Vcci=Vce2=3.0V to 5.5V at Topr=— 20 to 85°C unless otherwise specified)

Standard .
Symbol Parameter - Unit
Min. Typ. Max.
Vcct, Vecz2  [Supply Voltage (Veci2 Vee?) 3.0 5.0 5.5 \%
AVcc Analog Supply Voltage Vcel \%
Vss Supply Voltage 0 \Y
AVss Analog Supply Voltage 0 \%
VIH Input High ("H") P20-P27, P30-P37, P40-P47, P50-P57 0.8Vce2 Vcez \%
Voltage P60-P67, P72-P77, P80-P87(), P9o-P97, P100-P107, Xin, | 0.8Vcct veet
RESET, CNVss, BYTE
P70, P71 0.8Vcce1 6.0
P0o-P07, P1o-P17 (in single-chip mode) 0.8Vce2 Vce2
P0o-P07, P1o-P17 0.5Vce2 Vce2
(in memory expansion mode and microprocesor mode)
ViL Input Low ("L") P20-P27, P30-P37, P40-P47, P50-P57 0 0.2Vcc2 \Y
Voltage P60-P67, P70-P77, P80-P87®, P9o-P97, P100-P107, X, 0 0.2Vcel
RESET, CNVss, BYTE
P0o-P07, P1o-P17 (in single-chip mode) 0 0.2Vce2
P0o-P07, P1o-P17 0 0.16Vcce2
(in memory expansion mode and microprocesor mode)
|oH(peak) Peak Output High P0o-PO07, Plo-P17, P20-P27, P30-P37, P40-P47, P50-P57, -10.0 mA
("H") Current® P60-P67, P72-P77, P8o-P84, P8s, P87, P90-P97,
P100-P107
|oH(avg) Average Output P0o-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, -5.0 mA
High ("H") Current® |P6o-P67, P72-P77, P80-P84, P86, P87, P9o-P97,
P100-P107
loL(peak) Peak Output Low PQo-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, 10.0 mA
("L") Current® P60-P67, P70-P77, P80-P84, P8s, P87, P90-P97,
P100-P107
loL(avg) Average Output Low |POo-P07, Plo-P17, P20-P27, P30-P37, P40-P47, P50-P57, 5.0 mA
("L") Current® P60-P67, P70-P77, P80-P84, P8s, P87, P90-P97,
P100-P107

NOTES:

1. Typical values when average output current is 100 ms.

2. Total loLpeak) for PO, P1, P2, P8s, P87, P9, and P10 must be 80 mA or less.
Total loLpeak) for P3, P4, P5, P6, P7, and P8o to P84 must be 80 mA or less.
Total loH(peak) for PO, P1, and P2 must be -40 mA or less.
Total loH(peak) for P86, P87, P9, and P10 must be -40 mA or less.
Total loH(peak) for P3, P4, and P5 must be -40 mA or less.
Total loHpeak) for P6, P7, and P8o to P84 must be -40 mA or less.

3. Vit and Vi reference for P87 applies when P87 is used as a programmable input port.
It does not apply when P87 is used as XciN.
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Table 23.2 Recommended Operating Conditions (Continued)
(Vcci=Vcee=3.0V to 5.5V at Topr=-20 to 85°C unless otherwise specified)

Symbol Parameter - Standard Unit
Min. Typ. Max.

f(BcLk) CPU Operation Frequency Vcci=4.2t0 5.5V 0 32 MHz
Vcc1=3.0to 5.5V 0 24 MHz

fOXIN) Main Clock Input Frequency Vcc1=4.2t0 5.5V 0 32 MHz
Vcc1=3.0t0 5.5V 0 24 MHz

f(XciN) Sub Clock Frequency 32.768 50 kHz
f(Ring) On-chip Oscillator Frequency (Topr=25° C) 0.5 1 2 MHz
f(pLL) PLL Clock Frequency Vcci=4.2t0 5.5V 10 32 MHz
Vcc1=3.0t0 5.5V 10 24 MHz

tsu(PLL) Wait Time to Stabilize PLL Frequency Synthesizer |Vcc1=5.0 V 5 ms
Vcc1=3.3 V 10 ms
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23. Electrical Characteristics

Table 23.3 Electrical Characteristics
(Vcci=Vceez=4.2 to 5.5V, Vss=0V at Topr=-20 to 85°C, f(BCLK)=32MHz unless otherwise specified)

Vcci=Vccee=5V

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. | Max.
VoH Output High ("H") P0o-P07, P10-P17, P20-P27, P30-P37, P40-P47, |loH=-5mA Vee2-2.0 Vee2 | V
Voltage P50-P57
P60-P67, P72-P77, P80-P84, P86, P87, P9o- loH=-5mA Vce1-2.0 Vccel
P97, P100-P107
P0o0-P07, Plo-P17, P20-P27, P30-P37, P40-P47, |lon=-200pA Vee2-0.3 Vcez2 | V
P50-P57
P6o-P67, P72-P77, P80-P84, P8e, P87, P9o- loH=-200pA Vce1-0.3 Veel
P97, P100-P107
Xout lon=-1mA 3.0 Vcecl| V
Xcout High Power No load applied 25 \Y
Low Power No load applied 1.6
Vou Output Low ("L") P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, [lot=5mA 20 | v
Voltage P50-P57, P60-P67, P70-P77, P80-P84, P8s,
P87, P90-P97, P100-P107
P0o-P07, Plo-P17, P20-P27, P30-P37, P40-P47, |lo.=200pA 045 | V
P50-P57, P60-P67, P70-P77, P80-P84, P8s,
P87, P90-P97, P100-P107
Xout lo.=1mA 2.0 \Y
Xcout High Power No load applied 0 \%
Low Power No load applied 0
VeV |Hysteresis HOLD, RDY, TAON-TA4in, TBON-TBSHN, 02 Lo v
INTO-INT5, ADTrRG, CTS0-CTS4, CLKO-CLK4,
TAOouT-TA4out, NMI, KI0-KI3, RxDO-RxD4,
SCLO-SCL4, SDAO-SDA4
RESET 0.2 1.8 | V
IiH Input High ("H") P00-P07, P10-P17, P20-P27, P30-P37, P4o-P47, |VI=5V 50 | LA
Current P50-P57, P60-P67, P70-P77, P80-P87, P9o-P97,
P100-P107, XiN, RESET, CNVss, BYTE
I Input Low ("L") P00-P07, P1o-P17, P20-P27, P30-P37, P4o-P47, |VI=0V 5.0 | HA
Current P50-P57, P60-P67, P70-P77, P80-P87, P90-P97,
P100-P107, XiN, RESET, CNVss, BYTE
RpuLLup |Pull-up Resistance P00-P07, P1o-P17, P20-P27, P30-P37, P4o-P47, |VI=0V 20 40 167 | kQ
P50-P57, P60-P67, P72-P77, P80-P84, P8s,
P87, P90-P97, P100-P107
Rfxin Feedback Resistance |XiN 15 MQ
Rfxcin - |Feedback Resistance |Xcin 15 MQ
VRAM RAM Standby Voltage |In stop mode 2.0 Y
Icc Power Supply Current |In single-chip mode, f(BCLK)=32 MHz, Square wave, 22 60 | mA
output pins are Ie_ft No division
gf:goi“ndegttggrtg'\’zs' f(BCLK)=32 kHz, In wait mode, 10 HA
Topr=25° C
While clock stops, Topr=25° C 0.8 5 HA
While clock stops, Topr=85° C 20 | MA
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M32C/80 Group 23. Electrical Characteristics

Vcci=Vccee=5V
Table 23.4 A/D Conversion Characteristics (Vcci=Vcc2=AVcc=VREF=4.2 to 5.5V, Vss= AVss = 0V at
Topr=-20 to 85°C, f(BCLK) = 32MHz unless otherwise specified)

- Standard .
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
- Resolution VRer=Vcc1 10 | Bits
ANo to AN7, ANEXO, 3 LSB
ANEX1 - LSB
INL Integral Nonlinearity Error VRerF=Vcc1=Vcca=5V
External op-amp 7 LSB
connection mode - LSB
DNL Differential Nonlinearity Error +1 [LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
RLADDER Resistor Ladder VREF=Vcc1 8 40 | kQ
tconv 10-hit Conversion Time®: 2 2.06 us
tconv 8-bit Conversion Time®: 2 1.75 us
tsamp Sampling Time® 0188 us
VREF Reference Voltage 2 Vcer |V
Via Analog Input Voltage 0 VRer | V

NOTES:
1. Divide f(Xin), if exceeding 16 MHz, to keep @AD frequency at 16 MHz or less.
2. With using the sample and hold function.

Table 23.5 D/A Conversion Characteristics (Vcci=Vcc2=VREF=4.2 to 5.5V, Vss=AVss=0V
at Topr=—20 to 85°C, f(BCLK) = 32MHz unless otherwise specified)

. Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.

- Resolution 8 Bits

- Absolute Accuracy 1.0 %

tsu Setup Time 3 us
Ro Output Resistance 4 10 20 kQ
IVREF Reference Power Supply Input Current (Note 1) 1.5 | mA

NOTE:
1. Measurement when using one D/A converter. The DAI register (i=0, 1) of the D/A converter, not being
used, is set to "0016". The resistor ladder in the A/D converter is excluded.
Ivrer flows even if the VCUT bit in the ADOCONL1 register is set to "0" (no VRer connection).
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23. Electrical Characteristics

Timing Requirements
(Vcci=Vcee=4.2 to 5.5V, Vss=0V at Topr=—20 to 85°C unless otherwise specified)

Vcci=Vccee=5V

Table 23.6 External Clock Input
Standard )
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 31.25 ns
tw(H) External Clock Input High ("H") Width 13.75 ns
tw) External Clock Input Low ("L") Width 13.75 ns
tr External Clock Rise Time ns
tf External Clock Fall Time ns
Table 23.7 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter ?tandard Unit

Min. Max.

tac1(rp-DB) Data Input Access Time (RD standard) (Note1)| ns
tacl(ap-bB) Data Input Access Time (AD standard, CS standard) (Note1)| ns
tac2(rRo-DB) Data Input Access Time (RD standard, when accessing a space with the multiplexrd bus) (Note 1) | ns
tac2(Ap-pB) Data Input Access Time (AD standard, when accessing a space with the multiplexed bus) (Note 1) | ns
tSU(DB-BCLK) Data Input Setup Time 26 ns
tsurby-cLk) |RDY Input Setup Time 26 ns
tsuHoLp-cLk) |HOLD Input Setup Time 30 ns
th(rRD-DB) Data Input Hold Time ns
thecik-roy)  [RDY Input Hold Time ns
thecLk-HoLp)  |HOLD Input Hold Time ns
tdecLk-HLDA) |HLDA Output Delay Time 25 ns

NOTE:

1. Values can be obtained from the following equations, according to BCLK frequecncy and external bus cycles. Insert a

wait state or lower the operation frequency, f(scwk), if the calculated value is negative.

tac1(RD - DB)

10° X m

=Feok X2 ~3°

10°Xn

taclAD-DB)=———— —-35

tac2(RD - DB) =

tac2(AD - DB) =

f(BCLK)
_10°Xm_
f(BCLK) X 2

10°X p 35
fBeLk) X 2

-35

[ns] (if external bus cycle is ap + b, m=(bx2)+1)

[ns] (if external bus cycle is a@ + bg, n=a+b)

[ns] (if external bus cycle is a@ + bg, m=(bx2)-1)

[ns] (if external bus cycle is ap + b, p={(a+b-1)x2}+1)
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M32C/80 Group 23. Electrical Characteristics

Vcci=Vecee=5V
Timing Requirements
(Vcci=Veee=4.2 to 5.5V, Vss=0V at Topr=—20 to 85°C unless otherwise specified)

Table 23.8 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min. Max.
tca) TAIN Input Cycle Time 100 ns
tW(TAH) TAIN Input High ("H") Width 40 ns
tW(TAL) TAIN Input Low ("L") Width 40 ns
Table 23.9 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min. Max.
tcra) TAiIN Input Cycle Time 400 ns
tW(TAH) TAIN Input High ("H") Width 200 ns
tW(TAL) TAIN Input Low ("L") Width 200 ns
Table 23.10 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard
Symbol Parameter Unit
Min. Max.
tca) TAIN Input Cycle Time 200 ns
tW(TAH) TAiN Input High ("H") Width 100 ns
tW(TAL) TAIN Input Low ("L") Width 100 ns

Table 23.11 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min. Max.
tw(TAH) TAiN Input High ("H") Width 100 ns
tW(TAL) TAIN Input Low ("L") Width 100 ns

Table 23.12 Timer A Input (Counter Increment/Decrement Input in Event Counter Mode)

Standard
Symbol Parameter Unit
Min. Max.

tcup) TAiout Input Cycle Time 2000 ns
tW(UPH) TAiout Input High ("H") Width 1000 ns
tw(upL) TAiout Input Low ("L") Width 1000 ns
tsup-TiN) | TAiouT Input Setup Time 400 ns
th(rin-up) TAiout Input Hold Time 400 ns
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M32C/80 Group 23. Electrical Characteristics
Vcci=Vccee=5V

Timing Requirements
(Vcec1 =Vceez2 =4.2t0 5.5V, Vss = 0V at Topr =—20 to 85°C unless otherwise specified)

Table 23.13 Timer B Input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter - Unit
Min. Max.
tc(re) TBiin Input Cycle Time (counted on one edge) 100 ns
tw(TBH) TBiN Input High ("H") Width (counted on one edge) 40 ns
tw(TBL) TBiN Input Low ("L") Width (counted on one edge) 40 ns
tc(re) TBiiN Input Cycle Time (counted on both edges) 200 ns
tw(TBH) TBiiN Input High ("H") Width (counted on both edges) 80 ns
tw(TsL) TBiin Input Low (L") Width (counted on both edges) 80 ns
Table 23.14 Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(te) TBiiN Input Cycle Time 400 ns
tw(TBH) TBiiN Input High ("H") Width 200 ns
tw(TBL) TBiin Input Low ("L") Width 200 ns
Table 23.15 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(TB) TBiin Input Cycle Time 400 ns
tw(TBH) TBiiN Input High ("H") Width 200 ns
tw(TsL) TBiN Input Low ("L") Width 200 ns
Table 23.16 A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max
tc(Ap) ADTRG Input Cycle Time (required for trigger) 1000 ns
tw(abL) ADTRG Input Low ("L") Width 125 ns
Table 23.17 Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
tc(ck) CLKi Input Cycle Time 200 ns
tW(CKH) CLKi Input High ("H") Width 100 ns
twi(ckL) CLKi Input Low ("L") Width 100 ns
tdc-Q) TxDi Output Delay Time 80 ns
thc-) TxDi Hold Time 0 ns
tsu(-c) RxDi Input Setup Time 30 ns
thc-Q) RxDi Input Hold Time 90 ns
Table 23.18 External Interrupt INTI Input
Standard .
Symbol Parameter - Unit
Min. Max.
tW(NH) INTi Input High ("H") Width 250 ns
twny INTi Input Low ("L") Width 250 ns
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Vcci=Vccee=5V
Switching Characteristics
(Vccir =Vceez2 = 4.2 to 5.5V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 23.19 Memory Expansion Mode and Microprocessor Mode
(when accessing external memory space)

Symbol Parameter M%?#éﬁgﬁm Standard Unit
Min. Max.
tdecLk-ap) | Address Output Delay Time 18 ns
thecik-ap) | Address Output Hold Time (BCLK standard) -3 ns
th(RD-AD) Address Output Hold Time (RD standard) 0 ns
th(wr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdecik-cs) | Chip-Select Signal Output Delay Time 18 ns
thecik-cs) | Chip-Select Signal Output Hold Time (BCLK standard) -3 ns
th(rp-cs) Chip-Select Signal Output Hold Time (RD standard) See Figure 23.1 0 ns
thwr-cs) Chip-Select Signal Output Hold Time (WR standard) (Note 1) ns
tdecwk-rp)  |RD Signal Output Delay Time 18 ns
theck-rp)  |RD Signal Output Hold Time -5 ns
tdeck-wr) | WR Signal Output Delay Time 18 ns
theclk-wr) | WR Signal Output Hold Time -5 ns
td(pB-wR) Data Output Delay Time (WR standard) (Note 2) ns
th(wr-DB) Data Output Hold Time (WR standard) (Note 1) ns
tWWR) WR Output Width (Note 2) ns
NOTES:
1. Values can be obtaig?ed from the following equations, according to BCLK frequency.
10
th(WR - DB) = W —10 [ns]
10°
th(WR — AD) = Treoo X2 10 [ns]
9
th(wR - CS) = ﬁ —-10 [ns]

2. Values can be obtained from the following equations, according to BCLK frequency and external bus cycles.

9
_ 100 Xn
tw(wR) = feoo X2 12 [MS1 (it external bus cycle is ag+ bg, n=(bx2)-1)
9
_ _10°Xm
WEB-WR) = ot 20 NS (if external bus cycle is ag+ bg, m= b)
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Vcci=Vccee=5V

Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr =—-20 to 85°C unless otherwise specified)

Table 23.20 Memory Expansion Mode and Microprocessor Mode
(when accessing an external memory space with the multiplexed bus)

Symbol Parameter M%aos#(;ﬁirgr?nt : Standard Unit
Min. Max.
tdecLk-ap) | Address Output Delay Time 18 ns
thecLk-ap) | Address Output Hold Time (BCLK standard) -3 ns
th(rRD-AD) Address Output Hold Time (RD standard) (Note 1) ns
th(wr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdecik-cs) | Chip-Select Signal Output Delay Time 18 ns
thecLk-cs) | Chip-Select Signal Output Hold Time (BCLK standard) -3 ns
th(rb-cs) Chip-Select Signal Output Hold Time (RD standard) (Note 1) ns
th(wr-cs) Chip-Select Signal Output Hold Time (WR standard) (Note 1) ns
tdecLk-rD)  |RD Signal Output Delay Time See Figure 23.1 18 ns
theck-rp)  |RD Signal Output Hold Time -5 ns
tdeck-wr) | WR Signal Output Delay Time 18 ns
thectk-wr) | WR Signal Output Hold Time -5 ns
td(pB-wR) Data Output Delay Time (WR standard) (Note 2) ns
th(wr-DB) Data Output Hold Time (WR standard) (Note 1) ns
tdecLk-ALe) | ALE Signal Output Delay Time (BCLK standard) 18 ns
thecLk-aLe) | ALE Signal Output Hold Time (BCLK standard) -5 ns
td(AD-ALE) ALE Signal Output Delay Time (address standard) (Note 3) ns
th(ALE-AD) ALE Signal Output Hold Time (address standard) (Note 4) ns
tdz(RD-AD) Address Output Float Start Time 8 ns
NOTES:
1. Values can be obtained from the following equations, according to BCLK frequency.
th(RD - AD) = i -10 [nsg]
f(BCcLK) X 2
th(WR - AD) = A -10 [nsg]
f(BCLK) X 2
th(RD - CS) = i —-10 [ns]
f(BCcLK) X 2
th(WR - CS) = L —-10 [ns]
f(BCcLK) X 2
th(WR - DB) = L -10 [ng]
f(ecLk) X 2

2. Values can be obtained from the following equations, according to BCLK frequency and external bus cycle.

9
B 10°Xm
td(DB ~WR) = fec X2 25 [ns] (if external bus cycle is ag + bg, m= (bx2)-1)

3. Values can be obtained from the following equations, according to BCLK frequency and external bus cycle.

9
_ 10 Xn
ld(AD — ALE) = fecL X2 20 [ns] (if external bus cycle is ag + bg, n= a)

4. Values can be obtained from the following equations, according to BCLK frequency and external bus cycle.

9
_ 10 Xn
th(ALE — AD) = feoL) X 2 10 [ns] (if external bus cycle is ag + by, n= a)
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23. Electrical Characteristics

Vcci=Vecee=5V

PO
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10

1.
i

Figure 23.1 PO to P10 Measurement Circuit
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M32C/80 Group 23. Electrical Characteristics

Vcei1=Vceea=5V

Memory Expansion Mode and Microprocessor Mode
(when accessing an external memory space)

[ Read Timing ] (1¢ +1¢ Bus Cycle)

BCLK

'td(BCLK-CS) ! th(BCLK- CS)

' 18ns.max™® -3ns.min:

I — |

L teyc ! i "' e th(RD- CS) I
- : > : : ; ! Ons. mm :
td(BCLK-AD) | i i : .
<! 18ns.max® th(BCSII_'Ilé ?‘llljn) : :
ADi — : . . = | | .
BHE ) : : : —) : :
! td(BCLK-RD) | 5 5 _.. < th(RD- AD) 5 :
|1 18ns.maxi** ' ' 1 Ons.mint ; '
RD P P : i :

i th(BCLK-RD) ' :
I-5ns.mini i

b Lo ! tac1(RD-DB)®

€ I I > ' '
> '

P ! tacl(AD-DB)® : | HIRI : ' i

e D S S S
: H Hi-Z ! T ' |

: : : tsU(DB-BCLK) ie——»! ia» th(RD-DB) 5 '

! ' 26ns. m|n(1) : N '
' ' Ons.mirl |

NOTES:
1. Values guaranteed only when the microcomputer is used independently.
A maximum of 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).
2. Varies with operation frequency:

tac1(RD-DB)=(tcyc/2 x m-35)ns.max (if external bus cycle is a@ + b, m=(b x 2)+1)
tac1(AD-DB)=(tcyc x n-35)ns.max (if external bus cycle is a@ + b, n=a+b)

[ Write timing ] (1@ +1¢Bus Cycle)

BCLK /

s taBCLK: CS) 5 5 i th(BCLK-CS) : :
ns max' . ‘—" -3ns.min ! ‘ .
] | \ | | | L/ | : :
e teyc! . Pl th(WR-CS)® ! : : :
l ' | ' :4—:»: ' ' '

‘td(BCLK-AD) : P ! th(BCLK-AD) :
" 18ns.max! ' L 1 -3ns.min | ‘ i
ADi T X T T i 1 X ! j |
BHE - i ; = — I i 2
' - ' P AD)® ! - - -
: | ECLCWR) |y L INOWR-AD) ! : 5

- ' : 18ns.max'ﬁ—>:<—v—>'. : : l H
WR,WRL, — . T\ ; : : :
WRH ; : : \ / th(BCLK-WR) 5 ' :
| ' —v i< -5ns.min v ! ‘ H
td(DB-WR)® ; 'thva DB)® ! l i :

¢ T >
b T

S e I NN BN I S S

NOTE: Measurement Conditions:
3. Varies with operation frequency: * Vcei=Veee=4.2 to 5.5V
tq(DB-WR):(tcyc X m—2_0)ns.min « Input high and low voltage: ViH=2.5V, VIL=0.8V
(if external bus cycle is ag+be, m=b) « Output high and low voltage: Vor=2.0V, VoL=0.8V
th(WR-DB)=(tcyc/2-10)ns.min
th(WR-AD)=(tcyc/2-10)ns.min 10°
th(WR-CS)=(tcyc/2-10)ns.min teyc= fBeLK)

tw(wR)=(tcyc/2 x n-15)ns.min
(if external bus cycle is ap+bo , n=(bx2)-1)

Figure 23.2 Vcci=Vcce=5V Timing Diagram (1)
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[ Read Timing ] (2¢ +2¢ Bus Cycle),

Memory Expansion Mode and Microprocessor Mode
(when accessing an external memory space with the multiplexed bus)

| Vce1=Vccea=5V

1. Varies with operation frequency:

BCLK . ! .
td(BCLK-ALE) th(BCLK-ALE) ! . . : : .
1 18ns.max | —»! 14 -5ns.min ! H H H H .
b T\ ! ' ' i 1 : '
AE |  N— s | | | VAR
| tdBCLK-CS) D 5 : teyc ; - 'y ((BCLK-CS)
> 18ns.max o - : g | le— 1 _yi-3nsmin
— —\! : P | : : ; ! thRD-CS) :
Csi A : L : : : : : A ): f :
L1 tdaD-ALEfY th(ALE-AD).", : tsu(DB-BCLK) 26ns.min | ' i
[ : >ie : > ; D e ; :
O G R 170G R} R SO o) S perrery
: : : ' L - r--{ Data input 7 T Address
/DB ; X : i Address : :->:-tdz(RD—AD) : : : .
! i 1 ' :—?EH—Sns.Imax [ ' gl ' :
! i1td(BCLK-AD) : Dl : L, ith(RD-DB) | tN(BCLK-AD)

. <« 18ns.max ' : {1 tacrD-DB) I 1 ‘Ons.min % -3ns.min
ADi_ X : - : I : T D X ;
BHE —/ : : j - : — — - ;

o @ : : ; ™ P ) 5

; tag2(AD-DB) ; i+ Wd(BCLK-RD) th(BCLK-RD) | th(RD-AD) :

: : ' | > 18ns.max Bns.min = : :
RD | s | N VA |
NOTE:

td(AD-ALE)=(tcyc/2 x n-20)ns.min (if external bus cycle is a@ + b, n=a)

th(ALE-AD)=(tcyc/2 x n-10)ns.min (if external bus cycle is ag + bg, n=a)
th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min

[ Write Timing ] (2¢ +2¢ Bus Cycle)

tac2(RD-DB)=(tcyc/2 x m-35)ns.max (if external bus cycle is a@ + bg, m=(b x 2)-1)
tac2(AD-DB)=(tcyc/2 x p-35)ns.max (if external bus cycle is a@ + bg, p={(a+b-1) x 2}+1)

2. Varies with operation frequency:
td(AD-ALE)=(tcyc/2 x n - 20)ns.min

(if external bus cycle is a@ + bg, n=a)
th(ALE-AD)=(tcyc/2 x n -10)ns.min

(if external bus cycle is a@ + b, n=a)
th(WwR-AD)=(tcyc/2-10)ns.min,

td(DB-WR)=(tcyc/2 x m-25)ns.min
(if external bus cycle is a@ + b, m=(b x 2)-1)

BCLK , , , \ . : : \
Htd(BCLK-ALE) !, th(BCLK-ALE) 5 2 i i ;
18ns.max —>! = -5ns.min ' ' ! . .
<+ i ' ' ' 1
ALE : f A ; : 5 ' ' iy 5
: : v : : ' : : ' «_p: th(BCLK-CS)
' ' [ ' ' tcyc ' ' 2 >
‘«— td(BCLK-CS) i : < A > th(WR—CS)() i1 -3ns.min
I +— | 18ns.max i H . i i | e——— T
csi b\ 5 : : L/ E
: ' 2 i : : b . :
P td(ap-aLe)” th(ALE-AD}” D E '
' < T > < T 0 | | ' |
ADI { Address : x Data output | X Address
/DB P ' . . b A . @ > :
L - - : ! td(DB-WR) ! 1 th(wr-DB)? -
5 ,tféBCLK-AD) : : : P I, th(BCLK-AD)
. 1 18ns.max . 1 ' ] i L : ' i
ADI . i : . : : . — A 3ns.m||n
BHE : . : E . . . : . ,
; ; ;  BCLK-WR)  th(BOLK-WR) | | th(WR-AD)®
YVI=RYVITH : . : . <> 18ns.max -5ns.min - <4 ' '
WRWRL,— ; ; —\ : /
WRH 5 : ' P i
NOTE:

th(wR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-10)ns.min

Measurement Conditions:
¢ VVcci=Vceca=4.2 to 5.5V
« Input high and low voltage:
VIH=2.5V, VIL=0.8V
« Output high and low voltage:
VoH=2.0V, VoL=0.8V

9
_ 10
teye= fBCLK)

Figure 23.3 Vcci=Vcce=5V Timing Diagram (2)
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M32C/80 Group

23. Electrical Characteristics

| Vcci=Vcc2=5V |

decrement input)

In event counter mode

I
I

tc(TA) o
tw(TAH)
TAIIN Input
L tw(TAL) N
tc(UP)
tw(UPH)
TAIOUT Input
tw(UPL) N
TAIOUT Input

(Counter increment/

X

TAIIN Input th(TIn-UP) tsu(UP-TIN)
(When counting on the falling edge)
TAIIN Input
(When counting on the rising edge) -1
tc(TB) N
tW(TBH)
TBIIN Input
tw(TBL)
tc(AD) N
tw(ADL)
ADTRG Input J
tc(CK)
tw(CKH)
CLKi
tw(CKL) | hic-Q
TxDi >< ><
td(Cc-Q) tsu(D-C) < > th(C-D)
RxDi /[ \*\
tw(INL)
INTI Input % /
tw(INH) N
NMI input ]L ya
>l |

2 CPU clock cycles +
300ns or more
("L" width)

2 CPU clock cycles +
300ns or more

Figure 23.4 Vcci=Vccz=5V Timing Diagram (3)
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M32C/80 Group 23. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode

BCLK VAR YA A G A
RD

(Separate bus) \ o /7

WR, WRL, WRH

(Separate bus) \ /
RD e
(Multiplexed bus) \ /
WR, WRL, WRH S
(Multiplexed bus) \ /
RDY input

tsu(RDY-BCLK) <<—— > th(BCLK-RDY)
BCLK

tsu(HOLD-BCLK)

<>
HOLD Input _\ (,/

th(BCLK-HOLD)
—> ‘

/

HLDA Output ! ! ) - s !
td(BCLK-HLDA) —> ; > < td(BCLK-HLDA)

PO, P1, P2, :31 1 J ,,,,,,,,, Wez Z‘ 1

P3, P4, 1 1 | | | |

P50 to P52 | | | | | |

Measurement Conditions

* Vcci=Vee2=4.2 to 5.5V

* Input high and low voltage: ViH=4.0V, ViL,=1.0V
 Output high and low voltage: Vor=2.5V, VoL=2.5V

Figure 23.5 Vcci=Vcce=5V Timing Diagram (4)
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M32C/80 Group

23. Electrical Characteristics

Vcci=Vcee=3.3V
Table 23.21 Electrical Characteristics (Vcci=Vcce=3.0to 3.6V, Vss=0V at Topr = -20 to 85°C,
f(BCLK)=24MHz unless otherwise specified)

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. | Max.
VoH Output High ("H") P0o-P07, P10-P17, P20-P27, P30-P37, P40-P47, |lon=-1mA Vceo-0.6 Vcez | V
Voltage P50-P57
P60-P67, P72-P77, P80-P84, P8s, P87, P9o- Vcci-0.6 Vcec1| V
P97, P100-P107
Xout lon=-0.1mA 2.7 Vcer | V
Xcout High Power No load applied 25 \%
Low Power No load applied 1.6 \%
VoL Output Low ("L") P0o0-P07, P1lo-P17, P20-P27, P30-P37, P4o- lot=1mA 05 | V
Voltage P47, P50-P57, P60-P67, P70-P77, P80-P84,
P86, P87, P90-P97, P100-P107
Xout lo.=0.1mA 0.5 \Y
Xcout High Power No load applied 0 \
Low Power No load applied 0 \
VT+-VT- |Hysteresis [HOLD, RDY, TAON-TA4iN, TBON-TB5IN, 0.2 10 | V
INTO-INT5, ADTrG, CTS0-CTS4, CLKO-
CLK4, TAOouT-TA4out, NMI, KI0-KI3, RxDO-
RxD4, SCL0O-SCL4, SDAO-SDA4
RESET 0.2 18 | V
IH Input High ("H") P0o-P07, P1o-P17, P20-P27, P30-P37, P4o- Vi=3V 4.0 | A
Current P47, P50-P57, P60-P67, P70-P77, P80-P87,
P90-P97, P100-P107, Xin, RESET, CNVss,
BYTE
liL Input Low ("L") P0o-P07, P1lo-P17, P20-P27, P30-P37, P4o- Vi=0V -4.0 | HA
Current P47, P50-P57, P60-P67, P70-P77, P8o-P87,
P90-P97, P100-P107, Xin, RESET, CNVss,
BYTE
RpuLLup |Pull-up Resistance P0o-P07, P1o-P17, P20-P27, P30-P37, P4o-P47, |VI=0V 40 70 | 500 | kQ
P50-P57, P60-P67, P72-P77, P80-P84, P8s,
P87, P9o-P97, P100-P107
Rfxin Feedback Resistance | XIN 3.0 MQ
Rfxcin  |Feedback Resistance | Xcin 30.0 MQ
VRAM RAM Standby Voltage |in stop mode 2.0 \%
Icc Power Supply Measurement condition: |f(BCLK)=24 MHz, Square wave, 17 35 | mA
Current In single-chip mode, No division
output pins are left open fygc| )=32 kHz, In wait mode, 10 my
and other pins are Topr=25° C
connected to Vss.
While clock stops, Topr=25° C 0.8 5 | WA
While clock stops, Topr=85° C 50 | MA
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M32C/80 Group

23. Electrical Characteristics

Vcci=Vcee=3.3V

Table 23.22 A/D Conversion Characteristics (Vcci=Vcc2=AVcc=VRErF= 3.0 to 3.6V, VSS=AVss=0V
at Topr =-20to 85°C, f(BCLK) = 24MHz unless otherwise specified)

Symbol Parameter Measurement Condition Standard Unit
Min. | Typ.| Max.
- Resolution VRer=Vcc1 10 | Bits
INL Integral Nonlinearity Error No S&H (8-bit) Vcci1=Vcee2=VRrer=3.3V +2 |LSB
DNL Differential Nonlinearity Error  |[No S&H (8-bit) +1 |LSB
- Offset Error No S&H (8-bit) +2 |[LSB
- Gain Error No S&H (8-bit) +2 |LSB
RLAbDER |Resistor Ladder VRer=Vcc1 8.0 40 | kQ
tcony 8-bit Conversion Time® 2 6.1 us
VREF Reference Voltage 33 Veer| V
Via Analog Input Voltage 0 VREF | V
S&H: Sample and Hold
NOTES:

1. Divide f(Xin), if exceeding 10 MHz, to keep @AD frequency at 10 MHz or less.
2. S&H not available.

Table 23.23 D/A Conversion Characteristics (Vcci=Vcc2=VRer=3.0 to 3.6V, Vss=AVss=0V

at Topr =-20 to 85°C, f(BCLK) = 24MHz unless otherwise specified)

Symbol Parameter Measurement Condition Standard Unit
Min. | Typ. | Max.
- Resolution 8 Bits
- Absolute Accuracy 1.0 %
tsu Setup Time 3 ps
Ro Output Resistance 4 10 20 | kQ
IVREF Reference Power Supply Input Current (Note 1) 1.0 | mA
NOTE:

1. Measurement results when using one D/A converter. The DAI register (i=0, 1) of the D/A converter, not being
used, is set to "0016". The resistor ladder in the A/D converter is excluded.
Ivrer flows even if the VCUT bit in the ADOCONL1 register is set to "0" (no VRer connection).
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M32C/80 Group

23. Electrical Characteristics

Vcci1=Vcee=3.3V

Timing Requirements
(Vcci=Veee= 3.0 to 3.6V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 23.24 External Clock Input

Standard .
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 41 ns
tw(H) External Clock Input High ("H") Width 18 ns
tw() External Clock Input Low ("L") Width 18 ns
tr External Clock Rise Time ns
tf External Clock Fall Time ns
Table 23.25 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter .Standard Unit

Min. Max.

tac1(ro-DB) Data Input Access Time (RD standard) (Note1)| ns
tacl(Ap-pB) Data Input Access Time (AD standard, CS standard) (Note1)| ns
tac2(ro-bB) Data Input Access Time (RD standard, when accessing a space with the multiplexed bus) (Note1)| ns
tac2(ap-pB) Data Input Access Time (AD standard, when accessing a space with the multiplexed bus) (Note1)| ns
tSU(DB-BCLK) Data Input Setup Time 30 ns
tsurov-ecLk) |RDY Input Setup Time 40 ns
tsuHoLp-ecLk) |HOLD Input Setup Time 60 ns
th(rD-DB) Data Input Hold Time 0 ns
theclkroy)  |RDY Input Hold Time 0 ns
thecLk-HoLp) |HOLD Input Hold Time 0 ns
tdecLk-HLDA)  |HLDA Output Delay Time 25 ns

NOTE:

1. Values can be obtained from the following equations, according to BCLK frequecncy and external bus cycles. Insert a
wait state or lower the operation frequency, f(ecLk), if the calculated value is negative.

tac1(RD ~DB) = Facigy X 2.

taciAD-DB)=—— —-35
tac2(RD - DB) =

tac2(AD - DB) =

10° X m

-35 [ns] (if external bus cycle is ap + b, m=(bx2)+1)

10° X n

f(8CLK) [ns] (if external bus cycle is a@ + bg, n=a+b)

10°X m
fecLK) X 2

10°X p
f(ecLk) X 2

—35  [ns] (if external bus cycle is a@ + bg, m=(bx2)-1)

-35 [ns] (if external bus cycle is a@ + b, p={(a+b-1)x2}+1)
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M32C/80 Group 23. Electrical Characteristics

Vcci=Vcee=3.3V

Timing Requirements
(Vcci=Veez=3.0to 3.6V, Vss= 0V at Topr = —20 to 85°C unless otherwise specified)

Table 23.26 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min. Max.
te(Ta) TAIN Input Cycle Time 100 ns
tW(TAH) TAIN Input High ("H") Width 40 ns
tw(TAL) TAIIN Input Low (L") Width 40 ns
Table 23.27 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min. Max.
tc(Ta) TAIN Input Cycle Time 400 ns
tW(TAH) TAIN Input High ("H") Width 200 ns
tW(TAL) TAiN Input Low ("L") Width 200 ns
Table 23.28 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(Ta) TAIN Input Cycle Time 200 ns
tW(TAH) TAIN Input High ("H") Width 100 ns
tw(TAL) TAIIN Input Low ("L") Width 100 ns
Table 23.29 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard
Symbol Parameter Unit
Min. Max.
tW(TAH) TAIN Input High ("H") Width 100 ns
tW(TAL) TAiN Input Low ("L") Width 100 ns
Table 23.30 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard
Symbol Parameter Unit
Min. Max.
tcup) TAiout Input Cycle Time 2000 ns
tW(uPH) TAiout Input High ("H") Width 1000 ns
tw(urL) TAiout Input Low ("L") Width 1000 ns
tsuwp-TiN) | TAiouT Input Setup Time 400 ns
th(rin-up) TAiout Input Hold Time 400 ns
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M32C/80 Group 23. Electrical Characteristics
Vcci=Vcee=3.3V

Timing Requirements
(Vcci=Vee2=3.0to 3.6V, Vss = 0V at Topr = —-20 to 85°C unless otherwise specified)

Table 23.31 Timer B Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter - Unit
Min. Max.
tcare) TBiin Input Cycle Time (counted on one edge) 100 ns
tw(TBH) TBiN Input High ("H") Width (counted on one edge) 40 ns
tw(TBL) TBiN Input Low ("L") Width (counted on one edge) 40 ns
tc(re) TBin Input Cycle Time (counted on both edges) 200 ns
tw(TBH) TBiN Input High ("H") Width (counted on both edges) 80 ns
tw(TBL) TBiN Input Low ("L") Width (counted on both edges) 80 ns
Table 23.32 Timer B Input (Pulse Period Measurement Mode)
Standard _
Symbol Parameter - Unit
Min. Max.
tc(re) TBiiN Input Cycle Time 400 ns
tw(TBH) TBiin Input High ("H") Wdth 200 ns
tw(TBL) TBiin Input Low ("L") Width 200 ns
Table 23.33 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min. Max.
tc(te) TBiN Input Cycle Time 400 ns
tw(TBH) TBiin Input High ("H") Width 200 ns
tw(tsL) TBiN Input Low ("L") Width 200 ns
Table 23.34 A/D Trigger Input
Standard )
Symbol Parameter - Unit
Min. Max.
tc(aD) ADTRG Input Cycle Time (required for trigger) 1000 ns
tw(aDL) ADTRG Input Low ("L") Width 125 ns
Table 23.35 Serial I/O
Standard )
Symbol Parameter - Unit
Min. Max.
tc(ck) CLKi Input Cycle Time 200 ns
tW(CKH) CLKi Input High ("H") Width 100 ns
twi(cKL) CLKi Input Low ("L") Width 100 ns
tdc-Q) TxDi Output Delay Time 80 ns
thc-Q) TxDi Hold Time 0 ns
tsu(-c) RxDi Input Setup Time 30 ns
thcc-Q) RxDi Input Hold Time 90 ns
Table 23.36 External Interrupt INTI Input
Standard .
Symbol Parameter - Unit
Min. Max.
tW(NH) INTi Input High ("H") Width 250 ns
tw(NL) INTi Input Low ("L") Width 250 ns
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M32C/80 Group 23. Electrical Characteristics
Vcci=Vcee=3.3V

Switching Characteristics
(Vcci=Vcee=3.0 to 3.6V, VSS = 0V at Topr = -20 to 85°C unless otherwise specified)

Table 23.37 Memory Expansion Mode and Microprocessor Mode
(when accessing external memory space)

Symbol Parameter M%aos#(;ﬁirgr?nt Standard Unit
Min. Max.
td(BCLK-AD) Address Output Delay Time 18 ns
th(BCcLK-AD) Address Output Hold Time (BCLK standard) 0 ns
th(rRD-AD) Address Output Hold Time (RD standard) 0 ns
th(wr-AD) Address Output Hold Time (WR standard) (Note 1) ns
td(BcLk-cs) Chip-Select Signal Output Delay Time 18 ns
thecLk-cs) Chip-Select Signal Output Hold Time (BCLK standard) 0 ns
th(rp-cs) Chip-Select Signal Output Hold Time (RD standard) See Figure 23.1 0 ns
thwr-cs) Chip-Select Signal Output Hold Time (WR standard) (Note 1) ns
td(BcLK-RD) RD Signal Output Delay Time 18 ns
th(scLk-RD) RD Signal Output Hold Time -3 ns
tdeck-wr) | WR Signal Output Delay Time 18 ns
th(ecLK-WR) WR Signal Output Hold Time 0 ns
td(pB-wR) Data Output Delay Time (WR standard) (Note 2) ns
th(wr-pB) Data Output Hold Time (WR standard) (Note 1) ns
tW(WR) WR Output Width (Note 2) ns
NOTES:
1. Values can be obtained from the following equations, according to BCLK frequency.
10°
th(WR - DB) = W -20 [ng]
10°
th(WR — AD) = W —-10 [ng]
10°
th(WR - CS) = W —-10 [ng]

2. Values can be obtained from the following equations, according to BCLK frequency and external bus cycles.

109x n
bw(WR) = fecLK) X2 15 [ns] (if external bus cycle is ap+ bg, n=(b x 2)-1)
_ 109x m
t(DB - WR) = feo 20 [ns] (if external bus cycle is ap+ b, m=h)
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M32C/80 Group 23. Electrical Characteristics
Vcci=Vcee=3.3V

Switching Characteristics
(Vcci=Vccz2 =3.0to 3.6V, VSS =0V at Topr =-20 to 85°C unless otherwise specified)

Table 23.38 Memory Expansion Mode and Microprocessor Mode
(when accessing an external memory space with the multiplexed bus)

Symbol Parameter M%aos#drﬁirgr? nt : Standard Unit
Min. Max.
td(BcLK-AD) Address Output Delay Time 18 ns
th(BcLK-AD) Address Output Hold Time (BCLK standard) 0 ns
th(rRD-AD) Address Output Hold Time (RD standard) (Note 1) ns
th(wr-AD) Address Output Hold Time (WR standard) (Note 1) ns
td(ecLk-cs) Chip-Select Signal Output Delay Time 18 ns
thecLk-cs) Chip-Select Signal Output Hold Time (BCLK standard) 0 ns
th(rp-cs) Chip-Select Signal Output Hold Time (RD standard) (Note 1) ns
thwr-cs) Chip-Select Signal Output Hold Time (WR standard) (Note 1) ns
td@ecLk-rp)  |RD Signal Output Delay Time See Figure 23.1 18 ns
th(ecLk-RD) RD Signal Output Hold Time -3 ns
tdeck-wr) | WR Signal Output Delay Time 18 ns
thecLk-wR) WR Signal Output Hold Time 0 ns
td(oB-wR) Data Output delay Time (WR standard) (Note 2) ns
th(wr-DB) Data Output Hold Time (WR standard) (Note 1) ns
tdecik-ALe) | ALE Signal Output Delay Time (BCLK standard) 18 ns
theck-aLe) | ALE Signal Output Hold Time (BCLK standard) -2 ns
td(AD-ALE) ALE Signal Output Delay Time (address standard) (Note 3) ns
th(ALE-AD) ALE Signal Output Hold Time (address standard) (Note 4) ns
tdz(rRD-AD) Address Output Float Start Time 8 ns
NOTES:
1. Values can be obtained by the following equations, according to BLCK frequency.
th(RD — AD) = A —-10 [ng]
f(BCcLK) X 2
th(WR — AD) = Lg —-10 [ns]
f(BcLK) X 2
th(RD - CS) = Lg -10 [ns]
f(BCLK) X 2
th(WR —CS) = ¢ —-10 [ns]
f(BCLK) X 2
th(WR - DB) = f(|3+|39>(2 —20 [ns]

2. Values can be obtained by the following equations, according to BLCK frequency and external bus cycles.

10°X m
td(DB - WR) = feoLk) X 2 25 [ns] (if external bus cycle is ag + b, m=(b+2)-1)

3. Values can be obtained by the following equations, according to BLCK frequency and external bus cycles.

9
— 10xn
td(AD — ALE) = fecLo X2 20 [ng] (if external bus cycle is ag + by, n=a)

4. Values can be obtained by the following equations, according to BLCK frequency and external bus cycles.

9
_ 10°xn
th(ALE - AD) = feolk) X2 10 [ns] (if external bus cycle is ag + bg, n=a)
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M32C/80 Group 23. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(when accessing an external memory space)

[Read Timing] (19 + 1¢Bus Cycles)

BCLK

i td(BCLK-CS)
! |

- ' 18ns.max\®)
CSi b\ :

P ore : E > i« th(RD- CS)

' th(BCLK-CS)
Laag! Ons.min;

- ; > P Ons.min
td(BCLK-AD) | 5 5 th(BCLK- AD)

. <> 18ns.max® ' ' .<—>! Ons.min '
ADi ! ; ' ' I '
BHE —! : j j LS , :

| td(BCLK-RD) , ! i i» e th(RD-AD)
1 18ns. max"_" t+ ' Ons.min_1
RD C\ i i ¥

P _DB)® ! ' ;' _th(BCLK-RD)
e fcIRD-DB)® | 0 ¥ i< 3ngmin |

tac1(AD-DB)® : : v

tsu(DB- BCLK) ~—~: <—>'th(RD DB)
30ns. mln(l) ' L Ons. m'“

NOTES:
1. Values guaranteed only when the microcomputer is used independently.
A maximum of 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).
2. Varies with operation frequency.

tac1(RD-DB)=(tcyc/2 x m-35)ns.max (if external bus cycle is a@+ b, m=(b x 2) + 1)
tac1(AD-DB)=(tcyc x n-35)ns.max (if external bus cycle is a@+ bg, n =a + b)
[Write Timing] (1¢+ 1¢Bus Cycles)

BCLK

‘ td(BCLK-éS) th(BCLK-CS)

]
'

'

| ! <« Ons.min '
' H

'

T

. 1 18ns.max; ' : : .
csi PN : . L ; 5 ;
: teyc! R} ! thWR-CS)® ! , i E
o : g e ' ! :
1td(BCLK-AD) : ! i 1th(BCLK-AD, : i
. 7 18ns.max: : : > O(ns.min ) : :
ADi - : ; . . : .
BHE : ' : - - : : |
. td(BCLK -WR) : tw(WR)® | b1 th(WR-AD)® ! '
- ! ' 18ns.max e—de———»! "—." !
WRWRL, ™ ' T\ Ly T
WRH 5 ; ' .\—/- th(BCLK- WR) ;
' ; . ' — e Onsmin | :
E i1 td(DB-WR)® | th(WR-DB)® ! ;
DBi EERRRLECECEEEEE, < ! : ) """"""""""""""""""""""""
NOTE: Measurement Conditions
3. Varies with operation frequency. * Vcec1=Vee2=3.0 to 3.6V
td(DB-WR)=(tcyc x m-20)ns.min « Input high and low voltage: ViH=1.5V, ViL=0.5V
(if external bus cycle is a@ + bg, m=b) + Output high and low voltage: VoH=1.5V, VoL=1.5V
th(wR-DB)=(tcyc/2-20)ns.min 0
th(WR-AD)=(tcyc/2-10)ns.min tcyc= 10
th(WR-CS)=(tcyc/2-10)ns.min fecL
tw(WR)=(tcyc/2 x n-15)ns.min
(if external bus cycle is a@ + b, n=(bx2)-1)
Figure 23.6 Vcci=Vcc2=3.3V Timing Diagram (1)
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M32C/80 Group 23. Electrical Characteristics

| Vcc1=Vcee2=3.3V |

Memory Expansion Mode and Microprocessor Mode
(when accessing external memory space and using the multiplexed bus)
[ Read Timing ] (2¢ +2¢Bus Cycles)

ADI <> 18ns.max
i : :
BHE X .

'Ons.min <« Ons.min

X

!
(©

th(BCLK-RD) | th(RD-AD)
<> 18ns.max -3ns.min < i

- ¥

RD

Bok , | | e | | : | ;

td(BCLK-ALE) ' th(BCLK-ALE) ! : : ; : ;

E{l_fir)s.max 1 > - —2ns.miln 1 '
AE f S— E | z s /N

| td(BCLK-CS) L : E teyc f i i f(BCLK-CS)

<! 18ns.max o “ : > o \_,.0ns.min
— —\ | D : E : : ! th(RD-CS)® :
csi : : L : : : : i :

P tdaD-ALEfY th(ALE-AD)!", i tsu(DB-BCLK) 30ns.min | ' E

H < . >t ! Ly «— i o !
ADiI ; ' : ' I T S - .....

1 1 1 ' [ - Data input 2 i Address
/DB : X :  Address | : :):-tdz(RD—AD) : ; ; :

o ' i ' 11 4= 8ns.max P NG : !

! Itd(BCLK-AD) ; ; o D {th(RD-DB) | TN(BCLK-AD)

P ' o)
' tac2(AD-DB)

NOTE:

1. Varies with operation frequency:
td(AD-ALE)=(tcyc/2 x n-20)ns.min (if external bus cycle is ag + b, n=a)
th(ALE-AD)=(tcyc/2 x n-10)ns.min (if external bus cycle is a@ + b, n=a)
th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (if external bus cycle is a@ + bg, m=(b x 2)-1)
tac2(AD-DB)=(tcyc/2 x p-35)ns.max (if external bus cycle is ag + bg, p={(a+b-1) x 2}+1)

[ Write Timing ] (29 +2¢ Bus Cycles)

BCLK /, \ — A

td(BCLK-ALE) . th(BCLK-ALE)
18ns.max - -2ns.min

L E
ALE D A

-

'« th(BCLK-CS)

B 2R B I

b 5 5 : teyc e
i«—> td(BCLK-CS) : : - 4 » th(WR-CS)” ! Ons.min
R T | 18ns.max H 1 H | Vi ' ;
Csi A W ] i : : | / :
: ' 5 ! : : P ' :
L tdapan” L thate-ad? | ; B : |
ADI ( /Address : X Data output ! X Address
o8 I | | e e ——— |
; ' ' : : ' td(DB-WR) L1 th(wR-DB)? '
| _td(BCLK-AD) ; : : : b 1., th(BCLK-AD)
. ' i 18ns.max | 1 ' 1 1 L | ' Ons.min
ADi v X ' T ; T ; ' i ; X ;
BHE : 5 5 5 i : 5 L : 5
' ; : : : : : e :
E 5 : : ! td(BCLK-WR) th(BCLK-WR) | | th(WR-AD)® 5
T — ! ' ' <> 18ns.max ons.min —! : ;
WRWRL, — : : : : \ ! ns.min —». 74— . .
WRH ; ! ! ! o : 3/ - -
NOTE:

Measurement Conditions:
¢ Vce1=Vee2=3.0 to 3.6V

) ) * Input high and low voltage:
(if external bus cycle is a@ + b, n=a) VIH=1.5V. ViL=0.5V
th(ALE-AD)=(tcyc/2 x n -10)ns.min

2. Varies with operation frequency:
td(AD-ALE)=(tcyc/2 x n - 20)ns.min

« Output high and low voltage:

(if external bus cycle is a@ + b@, n=a) VoH=1.5V, VoL=1.5V
th(wR-AD)=(tcyc/2-10)ns.min, teyc= 10°
th(WR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-20)ns.min fecLK)

td(DB-WR)=(tcyc/2 x m-25)ns.min

(if external bus cycle is ag@ + bg, m=(b x 2)-1)

Figure 23.7 Vcci1=Vcc2=3.3V Timing Diagram (2)
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M32C/80 Group 23. Electrical Characteristics

tc(TA) o
tw(TAH)
TAIIN Input \
_ tw(TAL) N
tc(UP) N
tw(UPH)
TAIOUT Input \
tw(UPL) N
TAIOUT Input
(Counter increment/ ><
decrement input)
In event counter mode
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tw(TBH)
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Figure 23.8 Vcci=Vcc2=3.3V Timing Diagram (3)
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M32C/80 Group 23. Electrical Characteristics

I \Vcc1=\/cc2=3 3V I

Memory Expansion Mode and Microprocessor Mode

BCLK VAR YA WA G A WA
RD

(Separate bus) \ I',' """"""""" /7

WR, WRL, WRH

(Separate bus) \ ;’r ________________ /
RD S
(Multiplexed bus) \ /
WR, WRL, WRH e
(Multiplexed bus) \ /
RDY input
tsu(RDY-BCLK) <€ th(BCLK-RDY)
BCLK

tsu(HOLD-BCLK) th(BCLK-HOLD)
<> : |

<

HOLD input \

HLDA output L/ |
> <
PO, P1, P2, td(B(i:LK_HLDEA) '[d(BCELK—HLDAi)

L NEEEEED S b b7E
P50 to P52 ‘ ‘ ' ' ' ‘

Measurement Conditions:

*Vcci=Vee2=3.0 to 3.6V

« Input high and low voltage: ViH=2.4V, ViL=0.6V
 Output high and low voltage: VoH=1.5V, VoL=1.5V

Figure 23.9 Vcci=Vce2=3.3V Timing Diagram (4)
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M32C/80 Group 24. Precautions (Reset)

24. Precautions

24.1 Reset
Voltage applied to the Vcc1 pin must meet the SVcc standard.

Table 24.1 Power Supply Increasing Slope

Standard )
Symbol Parameter Unit
Min. | Typ. | Max.
SVcc Power Supply Increasing Slope (Vcci) 0.05 V/ms
SVcc
Power Supply Increasing Slope \%
(Vce)
Svcc

ov

Figure 24.1 SVcc Timing
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M32C/80 Group 24. Precautions (Bus)

24.2 Bus

24.2.1 HOLD Signal
When entering microprocessor mode or memory expansion mode from single-chip mode and using
HOLD input, set the PM01 and PMOO bits to "112" (microprocessor mode) or to "012" (memory expansion
mode) after setting the PD4_7 to PD4_0 bits in the PD4 register and the PD5_2 to PD5_0 bits in the PD5
register to "0" (input mode).

P40 to P47 (A16 to A22, A23, CS0 to CS3, MAS to MA12) and P50 to P52 (RD/WR/BHE, RD/WRL/WRH)
are not placed in high-impedance states even when a low-level ("L") signal is applied to the HOLD pin, if
the PM01 and PMOO bits are set to "112" (microprocessor mode) or to "012" (memory expansion mode)
after setting the PD4_7 to PD4_0 bits in the PD4 register and the PD5_2 to PD5_0 bits in the PD5 register
to "1" (output mode) in single-chip mode.
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M32C/80 Group 24. Precautions (Special Function Registers (SFRs))

24.3 Special Function Registers (SFRs)

24.3.1 Register Settings
Table 24.2 lists registers containing bits which can only be written to. Set these registers with immediate
values. When establishing the next value by altering the present value, write the present value to the
RAM as well as to the register. Transfer the next value to the register after making changes in the RAM.

Table 24.2 Registers with Write-only Bits

Register Address Register Address
WDTS Register 00OE16 U3BRG Register 032916
GORI Register O0OEC16 U3TB Register 032B16, 032A16
G1RI Register 012C16 U2BRG Register 033916
U1BRG Register 02E916 U2TB Register 033B16, 033A16
U1TB Register 02EB16, 02EA16 UDF Register 034416
U4BRG Register 02F916 TAO Register® 034716, 034616

U4TB Register

02FB16, 02FA16

TA1 Register®

034916, 034816

TA11 Register

030316, 030216

TA2 Registerd

034B16, 034A16

TA21 Register

030516, 030416

TA3 Registerd

034D16, 034C16

TA41 Register

030716, 030616

TA4 Register®

034F16, 034E16

DTT Register

030C16

UOBRG Register

036916

ICTB2 Register

030D16

UOTB Register

036B16, 36A16

NOTE:

1. In one-shot timer mode and pulse width modulation mode only.
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M32C/80 Group 24. Precautions (Clock Generation Circuit)

24.4 Clock Generation Circuit

24.4.1 CPU Clock
* When the CPU operating frequency is 24 MHz or more, use the following procedure for better EMC
(Electromagnetic Compatibility) performance.
1) Oscillator connected between the XiN and XouT pins, or external clock applied to the
XIN pin, has less than 24 MHz frequency.
2) Use the PLL frequency synthesizer to multiply the main clock.

24.4.2 Sub Clock

Set the CMO03 bit to "0" (XCIN-XcouT drive capacity "LOW") when selecting the sub clock (XCIN-XcouT) as
the CPU clock, or Timer A or Timer B count source (fc32).

24.4.2.1 Sub Clock Oscillation
When oscillating the sub clock, set the CM04 bit in the CMO register to "1" (XCIN-XcouT oscillation
function) after setting the CMO7 bit in the CMO register to "0" (clock other than sub clock) and the
CMO03 hit to "1" (XcIN-XcouT drive capacity "HIGH"). Set the CMO03 bit to "0" after sub clock oscillation
stabilizes.
Set the sub clock as the CPU clock, or Timer A or Timer B count source (fc32) after the above settings
are completed.

24.4.2.2 Using Stop Mode

When the microcomputer enters stop mode, the CMO03 bit is automatically set to "1" (XCIN-XcouT drive
capacity "HIGH"). Use the following procedure to select the main clock as the CPU clock when enter-
ing stop mode.

1) Set the CM17 bit in the CM1 register to "0" (main clock).

2) Set the CM21 bit in the CM2 register to "0" (clock selected by the CM17 bit).

3) Set the CMO7 bit in the CMO register to "0" (clock selected by the CM21 bit divided by the MCD

register setting).

After exiting stop mode, wait for the sub clock oscillation to stabilize. Then set the CMO03 bit to "0" and
the CMO7 bit to "1" (sub clock).

24.4.2.3 Oscillation Parameter Matching
If the sub slock oscillation parameters have only been evaluated with the drive capacity "HIGH", the
parameters should be reevaluated for drive capacity "LOW".
Contact your oscillator manufacturer for details on matching parameters.
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M32C/80 Group 24. Precautions (Clock Generation Circuit)

24.4.3 PLL Frequency Synthesizer
Stabilize supply voltage to meet the power supply standard when using the PLL frequency synthesizer.

Table 24.3 Power Supply Ripple

Standard )
Symbol Parameter Unit
Min. | Typ. | Max.
f(ripple) Power Supply Ripple Tolerable Frequency (Vcci) 10 kHz
Vcc1=5V 0.5 \Y,
V/P-P(ripple) Power Supply Ripple Voltage Fluctuation Range
Vcc1=3.3V 0.3 \Y,
Vcc1=5V 1 | VIms
Veeq v 1)) |Power Supply Ripple Voltage Fluctuation Rate
Vce1=3.3V 0.3 | VIms
f(ripple) f(ripple)
Power Supply Ripple Tolerable Frequency < >
(veey)
Vp-p(ripple) ™~ I, I— " _.
Power Supply Ripple Amplitude veel L A / _V_p-pErlppIe)
Voltage

Figure 24.2 Power Supply Fluctuation Timing

24.4.4 External Clock
Do not stop an external clock running if the main clock is selected as the CPU clock while the external
clock is applied to the XIN pin.
Do not set the CMO5 bit in the CMO register to "1" (main clock stopped) while the external clock input is
used for the CPU clock.

24.4.5 Clock Divide Ratio

Set the PM12 bit in the PML1 register to "0" (no wait state) when changing the MCD4 to MCDO bit settings
in the MCD register.

24.4.6 Power Consumption Control
Stabilize the main clock, sub clock or PLL clock to switch the CPU clock source to each clock.

24.4.6.1 Wait Mode
When entering wait mode while the CMO02 bit in the CMO register is set to "1" (peripheral function stop
in wait mode), set the MCD4 to MCDO bits in the MCD register to maintain the 10-MHz CPU clock
frequency or less.
When entering wait mode, the instruction queue reads ahead to instructions following the WAIT in-
struction, and the program stops. Write at least 4 NOP instructions after the WAIT instruction.
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M32C/80 Group 24. Precautions (Clock Generation Circuit)

24.4.6.2 Stop Mode
« Use the following procedure to select the main clock as the CPU clock when entering stop mode.
1) Set the CM17 bit in the CML1 register to "0" (main clock).
2) Set the CM21 bit in the CM2 register to "0" (clock selected by the CM17 bit).
3) Set the CMO07 bit in the CMO register to "0" (clock selected by the CM21 bit divided by the MCD
register setting).

If the PLL clock is selected as the CPU clock source, set the CM17 bit to "0" (main clock) and the
PLCO7 bit in the PLCO register to "0" (PLL off) before entering stop mode.

» The microcomputer cannot enter stop mode if a low-level signal ("L") is applied to the NMI pin.
Apply a high-level ("H") signal instead.

« If stop mode is exited by any reset, apply an "L" signal to the RESET pin until a main clock oscilla-
tion is stabilized enough.

« If using the NMI interrupt to exit stop mode, use the following procedure to set the CM10 bit in the
CML1 register (all clocks stopped).
1) Exit stop mode with using the NMI interrupt.
2) Generate a dummy interrupt.
3) Set the CM10 bit to "1".
e.g., int  #63 ; dummy interrupt
bset cmil ; all clocks stopped

/* dummy interrupt handling */
dummy
reit

* When entering stop mode, the instruction queue reads ahead to instructions following the instruc-
tion setting the CM10 bit in the CM1 register to "1" (all clocks stopped), and the program stops.
When the microcomputer exits stop mode, the instruction lined in the instruction queue is executed
before the interrupt routine for recovery is done.

Write the JMP.B instruction, as follows, after the instruction setting the CM10 bit in the CM1 register
to "1" (all clocks stopped).

e.g., bset 0, prcr ; protection removed
bset 0, cm1 ; all clocks stopped
jmp.b LABEL_001 ; JMP.B instruction executed (no instuction between JMP.B

; and LABEL.)
LABEL_001:
nop ; NOP (1)
nop i NOP (2)
nop ; NOP (3)
nop ; NOP (4)
mov.b #0, prcr ; Protection set
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M32C/80 Group 24. Precautions (Clock Generation Circuit)

24.4.6.3 Suggestions for Reducing Power Consumption
The followings are suggestions for reducing power consumption when programming or designing
systems.

Ports: 1/0 ports maintains the same state despite the microcomputer entering wait mode or stop
mode. Current flows through active output ports. Feedthrough current flows through input ports in a
high-impedance state. Set unassigned ports as input ports and stabilize electrical potential before
entering wait mode or stop mode.

A/D Converter: If the A/D conversion is not performed, set the VCUT bit in the ADOCONL1 register
to "0" (no VREF connection). Set the VCUT bit to "1" (VREF connection) and wait at least 1us before
starting the A/D conversion.

D/A Converter: Set the DAI bit (i=0, 1) in the DACON register to "0" (output disabled) and set the
DAi register to "0016" when the D/A conversion is not performed.

Peripheral Function Stop: Set the CMO02 bit in the CMO register while in wait mode to stop unnec-
essary peripheral functions. However, this does not reduce power consumption because the pe-
ripheral function clock (fc32) generating from the sub clock does not stop. When in low-speed mode
and low-power consumption mode, do not enter wait mode when the CMO02 bit is set to "1" (periph-
eral clock stops in wait mode).
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M32C/80 Group 24. Precautions (Protection)

24.5 Protection
The PRC2 bit setting in the PRCR register is changed to "0" (write disabled) when an instruction is written
to any address after the PRC2 bit is set to "1" (write enabled). Write instruction immediately after setting the
PRC2 bit to "1" to change registers protected by the PRC2 bit. Do not generate an interrupt or a DMA
transfer between the instruction to set the PRC2 bit to "1" and the following instruction.
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M32C/80 Group 24. Precautions (Interrupts)

24.6 Interrupts

24.6.1 ISP Setting
After reset, the ISP is set to "00000016". The program runs out of control if an interrupt is acknowledged
before the ISP is set. Therefore, the ISP must be set before an interrupt request is generated. Set the ISP
to an even address, which allows interrupt sequences to be executed at a higher speed.
To use NMI interrupt, set the ISP at the beginning of the program. The NMI interrupt can be acknowl-
edged after the first instruction has been executed after reset.

24.6.2 NMI Interrupt
« NMI interrupt cannot be denied. Connect the NMI pin to VVcc via a resistor (pull-up) when not in use.

» The P8_5 bit in the P8 register indicates the NMI pin value. Read the P8_5 bit only to determine the pin
level after a NMI interrupt occurs.

« "H" and "L" signals applied to the NMI pin must be over 2 CPU clock cycles + 300 ns wide.

« NMI interrupt request may not be acknowledged if this and other interrupt requests are generated
simultaneously.

24.6.3 INT Interrupt
» Edge Sensitive
"H" and "L" signals applied to the INTO to INT5 pins must be at least 250 ns wide, regardless of the CPU
clock.

* Level Sensitive
"H" and "L" signals applied to the INTO to INT5 pins must be at least 1 CPU clock cycle + 200 ns wide.
For example, "H" and "L" must be at least 234ns wide if XIN=30MHz with no division.

« The IR bit setting may change to "1" (interrupt requested) when switching the polarity of the INTO to INT5
pins. Set the IR bit to "0" (no interrupt requested) after selecting the polarity. Figure 24.3 shows an
example of the switching procedure for the INT interrupt.

Set the ILVL2 to ILVLO bits in the INTIIC
register (i = 0 to 5) to "0002" (level 0)
(INT interrupt disabled)

( Set the POL bit in the INTIIC register )

( Set the IR bit in the INTIIC register to "0" )

Set the ILVL2 to ILVLO bits to "0012" (level 1)
to "1112" (level 7)
(INT interrupt request acknowledgement enabled)

Figure 24.3 Switching Procedure for INT Interrupt
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M32C/80 Group 24. Precautions (Interrupts)

24.6.4 Watchdog Timer Interrupt
Reset the watchdog timer after a watchdog timer interrupt occurs.

24.6.5 Changing Interrupt Control Register
To change the interrupt control register while the interrupt request is denied, follow the instructions below.

Changing IR bit
The IR bit setting may not change to "0" (no interrupt requested) depending on the instructions written.
If this is a problem, use the following instruction to change the register: MOV

Changing Bits Except IR Bit

When an interrupt request is generated while executing an instruction, the IR bit may not be set to "1"
(interrupt requested) and the interrupt may be ignored. If this is a problem, use the following instructions
to change the register: AND, OR, BCLR, BSET

24.6.6 Changing lIOiIR Register (i =0to 4)

Use the following instructions to set bits 1 to 7 in the IIOIIR register to "0" (no interrupt requested): AND,
BCLR

24.6.7 Changing RLVL Register

The DMAII bit is indeterminate after reset. When using the DMAII bit to generate an interrupt, set the
interrupt control register after setting the DMAII bit to "0" (interrupt priority level 7 available for interrupts).
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M32C/80 Group 24. Precautions (DMAC)

24.7 DMAC
» Set DMAC-associated registers while the MDil1 and MDIO bits (i=0 to 3) in the channel to be used are set
to "002" (DMA disabled). Set the MDil1 and MDi0 bits to "012" (single transfer) or "112" (repeat transfer)
at the end of setup procedure to start DMA requests.

* Do not set the DRQ bit in the DMISL register to "0" (no request).
If a DMA request is generated but the receiving channel is not ready to receive(), the DMA transfer does
not occur and the DRQ bit is set to "0".

NOTE:
1. The MDil and MDIO bits are set to "002" or the DCTi register is set to "000016" (transferred 0
times).

* To start a DMA transfer by a software trigger, set the DSR bit and DRQ bit in the DMISL register to "1"
simultaneously.

e.g.,
OR.B #0A0h,DMiSL ; Set the DSR and DRQ bits to "1" simultaneously

» Do not generate a channel i DMA request when setting the MDil and MDiO bits in the DMDj register
(7=0,1) corresponding to channel i to "012" (single transfer) or "112" (repeat transfer), if the DCTi register
of channel i is set to "1".

» Select the peripheral function which causes the DMA request after setting the DMA-associated regis-
ters. If none of the conditions above (setting INT interrupt as DMA request source) apply, do not write
"1" to the DCTi register.

« Enable DMA®) after setting the DMISL register (i=0 to 3) and waiting six BCLK cycles or more by
program.

NOTE:
2. DMA is enabled when the values set in the MDil and MDiO bits in the DMDj register are
changed from "002" (DMA disabled) to "012" (single transfer) or "112" (repeat transfer).

Rev. 1.00 Nov. 01, 2005 Page 317 of 330 RENESAS
REJ09B0271-0100



M32C/80 Group 24. Precautions (Timer)

24.8 Timer
24.8.1 Timers A and B

Timers stop after reset. Set the TAIS(i=0 to 4) bit or TBjS(j=0 to 5) bit in the TABSR register or TBSR
register to "1" (starts counting) after setting operating mode, count source and counter.

The following registers and bits must be set while the TAIS bit or TBJS bit is set to "0" (stops counting).
* TAIMR, TBjMR register

* TAI, TBj register

» UDF register

* TAZIE, TAOTGL, TAOTGH bits in the ONSF register

* TRGSR register

24.8.2 Timer A

The TAlout, TA20uT and TA4o0uUT pins are placed in high-impedance states when a low-level ("L") signal
is applied to the NMI pin while the INV03 and INVO02 bits in the INVCO register are set to "112" (forced
cutoff of the three-phase output by an "L" signal applied to the NMI pin).

24.8.2.1 Timer A (Timer Mode)
» The TAIS bit (i=0 to 4) in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS
bit to "1" (starts counting) after selecting an operating mode and setting the TAi register.

» The TAi register indicates the counter value during counting at any given time. However, the
counter is "FFFF16" when reloading. The setting value can be read after setting the TAi register
while the counter stops and before the counter starts counting.

24.8.2.2 Timer A (Event Counter Mode)
« The TAIS (i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS
bit to "1" (starts counting) after selecting an operating mode and setting the TAi register.

* The TAI register indicates the counter values during counting at any given time. However, the
counter will be "FFFF16" during underflow and "000016" during overflow, when reloading. The set-
ting value can be read after setting the TAi register while the counter stops and before the counter
starts counting.
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M32C/80 Group 24. Precautions (Timer)

24.8.2.3 Timer A (One-shot Timer Mode)
» The TAIS (i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS
bit to "1" (starts counting) after selecting an operating mode and setting the TAi register.

* The followings occur when the TABSR register is set to "0" (stops counting) while counting:
- The counter stops counting and the microcomputer reloads contents of the reload register.
- The TAiouT pin becomes low ("L").

- The IR bit in the TAIIC register is set to "1" (interrupt requested) after one CPU clock cycle.

» The output of the one-shot timer is synchronized with an internal count source. When set to an
external trigger, there is a delay of one count source cycle maximum, from trigger input to the TAIIN
pin to the one-shot timer output.

» The IR bit is set to "1" when the following procedures are performed to set timer mode:
- selecting one-shot timer mode after reset.
- switching from timer mode to one-shot timer mode.
- switching from event counter mode to one-shot timer mode.
Therefore, set the IR bit to "0" to generate a timer Ai interrupt (IR bit) after performing these proce-
dures.

« When a trigger is generated while counting, the reload register reloads and continues counting
after the counter has decremented once following a re-trigger. To generate a trigger while counting,
wait at least 1 count source cycle after the previous trigger has been generated and generate a re-
trigger.

« If an external trigger input is selected to start counting in timer A one-shot timer mode, do not
provide another external trigger input again for 300 ns before the timer A counter value reaches
"000016". One-shot timer may stop counting.

24.8.2.4 Timer A (Pulse Width Modulation Mode)
« The TAIS(i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS bit
to "1" (starts counting) after selecting an operating mode and setting the TAi register.

« The IR bit is set to "1" when the following procedures are performed to set timer mode:
- Selecting PWM mode after reset
- Switching from timer mode to PWM mode
- Switching from event counter mode to PWM mode
Therefore, set the IR bit to "0" by program to generate a timer Ai interrupt (IR bit) after performing
these procedures.

» The followings occur when the TAIS bit is set to "0" (stops counting) while PWM pulse is output:
- The counter stops counting
- Output level changes to low ("L") and the IR bit changes to "1" when the TAiouT pin is held high ("H")
- The IR bit and the output level remain unchanged when TAiouT pin is held "L"
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24.8.3 Timer B
24.8.3.1 Timer B (Timer Mode, Event Counter Mode)
* The TBIS (i=0 to 5) bit is set to "0" (stops counting) after reset. Set the TBIiS bit to "1" (starts
counting) after selecting an operating mode and setting TBi register.
The TB2S to TBOS bits are bits 7 to 5 in the TABSR register. The TB5S to TB3S bits are bits 7 to 5
in the TBSR register.

» The TBi register indicates the counter value during counting at any given time. However, the
counter is "FFFF16" when reloading. The setting value can be read after setting the TBi register
while the counter stops and before the counter starts counting.

24.8.3.2 Timer B (Pulse Period/Pulse Width Measurement Mode)
« The IR bit in the TBIIC (i=0 to 5) register is set to "1" (interrupt requested) when the valid edge of a
pulse to be measured is input and when the timer Bi counter overflows. The MR3 bit in the TBIMR
register determines the interrupt source within an interrupt routine.

 Use another timer to count how often the timer counter overflows when an interrupt source cannot
be determined by the MR3 bit, such as when a pulse to be measured is input at the same time the
timer counter overflows.

* To set the MR3 bit in the TBIMR register to "0" (no overflow), set the TBIMR register after the MR3
bit is set to "1" (overflow) and one or more cycles of the count source are counted, while the TBiS
bits in the TABSR and TBSR registers are set to "1" (starts counting).

» The IR bit in the TBIIC register is used to detect overflow only. Use the MR3 bit only to determine
interrupt source within an interrupt routine.

« Indeterminate values are transferred to the reload register during the first valid edge input after
counting is started. Timer Bi interrupt request is not generated at this time.

» The counter value is indeterminate when counting is started. Therefore, the MR3 bit setting may
change to "1" (overflow) and causes timer Bi interrupt requests to be generated until a valid edge is
input after counting is started.

* The IR bit may be set to "1" (interrupt requested) if the MR1 and MRO bits in the TBIMR register are
set to a different value after a count begins. If the MR1 and MRO bits are rewritten, but to the same
value as before, the IR bit remains unchanged.

* Pulse width measurement measures pulse width continuously. Use program to determine whether
measurement results are high ("H") or low ("L").

Rev. 1.00 Nov. 01, 2005 Page 320 of 330 RENESAS
REJ09B0271-0100
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24.9 Serial I1/0

24.9.1 Clock Synchronous Serial 1/0 Mode
The RTS2 and CLK2 pins are placed in high-impedance states when a low-level ("L") signal is applied to
the NMI pin while the INV03 and INVO02 bits in the INVCO register are set to "112" (forced cutoff of the
three-phase output by an "L" signal applied to the NMI pin).

24.9.1.1 Transmission /Reception
When the RTS function is used while an external clock is selected, the output level of the RTSi pin is
held "L" indicating that the microcomputer is ready for reception. The transmitting microcomputer is
notified that reception is possible. The output level of the RTSi pin becomes high ("H") when reception
begins. Therefore, connecting the RTSi pin to the CTSi pin of the transmitting microcomputer synchro-
nizes transmission and reception. The RTS function is disabled if an internal clock is selected.

24.9.1.2 Transmission

When an external clock is selected while the CKPOL bit in the UiCO (i=0 to 4) register is set to "0" (data
is transmitted on the falling edge of the transfer clock and received on the rising edge) and the external
clock is held "H", or when the CKPOL bit is set to "1" (data is transmitted on the rising edge of the
transfer clock and received on the falling edge) and the external clock is held "L", meet the following
conditions:

 Set the TE bit in the UiC1 register to "1" (receive enabled)

* Set the TI bit in the UiC1 register to "0" (data in the UiTB register)

+ Apply "L" signal to the CTSi pin if the CTS function is selected

24.9.1.3 Reception
Activating the transmitter in clock synchronous serial /O mode generates the shift clock. Therefore,
set for transmission even if the microcomputer is used for reception only. Dummy data is output from
the TxDi pin while receiving.

If an internal clock is selected, the shift clock is generated when the TE bit in the UiC1 registers is set
to "1" (receive enabled) and dummy data is set in the UiTB register. If an external clock is selected, the
shift clock is generated when the external clock is input into CLKi pin while the TE bit is set to "1"
(receive enabled) and dummy data is set in the UiTB register.

When receiving data consecutively while the RE bit in the UiC1 register is set to "1" (data in the UiRB
register) and the next data is received by the UARTI reception register, an overrun error occurs and
the OER bit in the UiRB register is set to "1" (overrun error). In this case, the UiRB register is indeter-
minate. When overrun error occurs, program both reception and transmission registers to retransmit
earlier data. The IR bit in the SiRIC does not change when an overrun error occurs.

When receiving data consecutively, feed dummy data to the low-order byte in the UiTB register every
time a reception is made.

When an external clock is selected while the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising edge) and the external
clock is held "H" or when the CKPOL bit is set to "1" (data is transmitted on the rising edge of the
transfer clock and received on the falling edge) and the external clock is held "L", meet the following
conditions:

« Set the RE bit in the UiC1 register to "1" (receive enabled)

 Set the TE bit in the UiC1 register to "1" (transmit enabled)

« Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
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24.9.2 UART Mode
Set the UIERE bit (i=0 to 4) in the UiC1 register after setting the UIMR register.

24.9.3 Special Mode 1 (12C Mode)
To generate the start condition, stop condition or restart condition, set the STSPSEL bit in the UiSMR4
register to "0" first. Then, change each condition generating bit (the STAREQ bit, STPREQ bit or
RSTAREQ bit) setting from "0" to "1" after going through a half cycle of the transfer clock.
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24.10 A/D Converter
 Set the ADOCONO (bit 6 excluded), ADOCON1, ADOCON2, ADOCON3, and ADOCON4 registers while
the A/D conversion is stopped (before a trigger is generated).

» Wait a minimum of 1ps before starting the A/D conversion when changing the VCUT bit setting in the
ADOCONL1 register from "0" (VREF no connection) to "1" (VREF connection).
Change the VCUT bit setting from "1" to "0" after the A/D conversion is completed.

* Insert capacitors between the AVcc pin, VREF pin, analog input pin ANi (i=0 to 7) and AVss pin to
prevent latch-ups and malfunctions due to noise, and to minimize conversion errors. The same applies
to the Vcc and Vss pins. Figure 24.4 shows the use of capacitors to reduce noise.

Microcomputer

Vccel
Vcc AVcc
Vss VREF @
Cc1 c2
AVss E I
— C3

ANi

Vcci

Vcce2
Vcc

Vss

jlandaia

ANi: ANi, ANoi, AN1si and AN2i (i=0 to 7)

NOTES:
1. C120.47pF, C220.47uF, C32100pF, C4=0.1pF, C520.1F (reference)
2. Use thick and shortest possible wiring to connect capacitors.

Figure 24.4 Use of Capacitors to Reduce Noise

« Set the bit in the port direction register, which corresponds to the pin being used as the analog input, to
"0" (input mode). Set the bit in the port direction register, which corresponds to the ADTRG pin, to "0"
(input mode) if the TRG bit in the ADOCONO register is set to "1" (external trigger).

« When generating a key input interrupt, do not use the AN4 to AN7 pins as analog input pins (key input
interrupt request is generated when the A/D input voltage becomes "L").

» The @aD frequency must be 16MHz or less. When the sample and hold function is not activated, the @D
frequency must be 250 kHz or more. If the sample and hold function is activated, the @aD frequency
must be 1MHz or more.

» Set the CH2 to CHO bits in the ADOCONO register or the SCAN1 and SCANO bits in the ADOCON1
register to re-select analog input pins when changing A/D conversion mode.
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» AVcc = VREF = Vcci, A/D input voltage (for ANo to AN7, ANEXO, and ANEX1) < Vcci.

» Wrong values are stored in the ADQi register (i=0 to 7) if the CPU reads the ADQi register while the ADOI
register stores results from a completed A/D conversion. This occurs when the CPU clock is set to a
divided main clock or a sub clock.

In one-shot mode or single sweep mode, read the corresponding ADQi register after verifying that the A/D
conversion has been completed. The IR bit in the ADOIC register determines the completion of the A/D
conversion.
In repeat mode, repeat sweep mode 0 and repeat sweep mode 1 use an undivided main clock as the
CPU clock.

» Conversion results of the A/D converter are indeterminate if the ADST bit in the ADOCONO register is set
to "0" (A/D conversion stopped) and the conversion is forcibly terminated by program during the A/D
conversion. The ADOi register not performing the A/D conversion may also be indeterminate.

If the ADST bit is changed to "0" by program, during the A/D conversion, do not use any values obtained
from the ADQi registers.

» External triggers cannot be used in DMAC operating mode. Do not read the ADQO register by program.

* Do not perform the A/D conversion in wait mode.

* Set the MCD4 to MCDO bits in the MCD register to "100102" (no division) if using the sample and hold
function.

» Do not acknowledge any interrupt requests, even if generated, before setting the ADST bit, if the A/D
conversion is terminated by setting the ADST bit in the ADOCONO register to "0" (A/D conversion
stopped) while the microcomputer is A/D converting in single sweep mode.
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24.11 Intelligent I/O

24.11.1 Register Setting

Operations, controlled by the values written to the GORI and G1RI, GOTO and G1TO, GOCR and G1CR,
GORB and G1RB, GOMR and G1MR, GOEMR and G1EMR, GOETC and G1ETC, GOERC and G1ERC,
GOIRF, G1IRF, GOTB and G1TB, GOCMPO0 to GOCMP3, G1CMPO0 to GICMP3, GOMSKO0 and GOMSK1,
G1MSKO and G1IMSK1, GOTCRC and G1TCRC, GORCRC and G1RCRC registers are affected by the
transfer clock.

Set trasfer clock before setting the GORI and G1RI, GOTO and G1TO, GOCR and G1CR, GORB and
G1RB, GOMR and G1MR, GOEMR and G1EMR, GOETC and G1ECT, GOERC and G1ERC, GOIRF and
G1IRF, GOTB and G1TB, GOCMPO to GOCMP3, G1CMPO to G1CMP3, GOMSKO0O and GOMSK1,
G1MSKO and G1MSK1, GOTCRC and G1TCRC, GORCRC and G1RCRC registers.
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24.12 Programmable I/O Ports
* Because ports P72 to P75, P8o, and P81 have three-phase PWM output forced cutoff function, they are
affected by the three-phase motor control timer function and the NMI pin when these ports are set for
output functions (port output, timer output, three-phase PWM output, serial 1/O output, intelligent I/O
output).
Table 24.4 shows the INVCO register setting, the NMI pin input level and the state of output ports.

Table 24.4 INVCO Register and the NMI Pin

Setting Value of the INVCO Register Signal level Applied P72 to P75, P8o, P81 Pin States
INVO2 Bit INVO3 Bit to the NMI Pin (When Setting Them as Output Pins)
0 - - Provides functions selected by the
(Not Using the Three-Phase PS1, PSL1, PSC, PS2, PSL2
Motor Control Timer registers
Functions)
1 0 - High-impedance state
(Using the Three-Phase (Three-Phase Motor Control
Motor Control Timer Timer Output Disabled)
Functions) - )
1 H Provides functions selected by the
(Three-Phase Motor Control PS1, PSL1, PSC, PS2, PSL2
Timer Output Enabled)® registers
L High-impedance state
(Forcibly Terminated)
NOTE:

1. The INVO3 bit is set to "0" after a low-level ("L") signal is applied to the NMI pin.

* The availability of pull-up resistors is indeterminate until internal power voltage stabilizes, if the RESET
pin is held "L".

» The input threshold voltage varies between programmable 1/0O ports and peripheral functions. There-
fore, if the level of the voltage applied to a pin shared by both programmable 1/0O ports and peripheral
functions is not within the recommended operating condition, ViH and VIL (neither "H" nor "L"), the level
may vary depending on the programmable ports and peripheral functions.
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24.13 Noise
Connect a bypass capacitor (0.1uF or more) between Vcc and Vss by shortest path, using thick wires.
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Package Dimensions
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Register Index

A

ADOO to ADO7 226
ADOCONO 222
ADOCON1 223
ADOCON2 224
ADOCON3 225
AIER 101

C

CCS 255
CMO 58, 107
CM1 59
CM2 61
CPSRF 62
CRCD 239
CRCIN 239

D

DAO, DA1 238
DACON 238
DCTOto DCT3 114
DMOSL to DM3SL 111
DMAO to DMA3 115
DMDO, DMD1 113
DRAO to DRA3 115
DRCOto DRC3 114
DS 39

DSAO to DSA3 115
DTT 161

Register Index

GORB, G1RB 247
GORCRC, GIRCRC 254
GORI, G1RI 246

GOTB, G1TB 253
GOTCRC, G1TCRC 254
GOTO, G1TO 246

G1CMPO to GICMP3 254

GlEMR 249

G1ETC 250

GlIRF 253

G1IMR 248

G1MSKO, GIMSK1 254

ICTB2 162

IDBO, IDB1 161

IFSR 99, 176
IIO0IE to IIO4IE 104
IIO0IR to IIO4IR 103
Interrupt Control 90, 91
INVCO 159

INVC1 160
M

MCD 60
O

ONSF 133
P

E POto P15 268
PCR 276
EWCRO to EWCR3 45 PDO to PDIS 267
G PLCO 63
PLC1 63
GOCMPO to GOCMP3 254 PMO 36
GOCR, GICR 247 PML 37
GODR, GIDR 253 PM2 64
GOEMR 249 PRCR 81
GOERC, G1IERC 251 PSO 269
GOETC 250 bs1 269
GOIRF 252 ps> 270
GOMR 248 bs3 270
GOMSKO, GOMSK1 254
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PSC 273 W
PSC3 274

PSD1 274 wbC 106
PSLO 271 WDTS 106
PSL1 271 X

PSL2 272

beLs 279 XOR to X15R 241
PURD 275 Xyc 241

PURL 275 Y

PUR2 275

URS 270 YORto YI5R 241
R

RLVL 92, 121

RMADO to RMAD7 101

T

TAO to TA4 131

TAOMR to TAAMR 132, 137, 140, 143, 145
TAL, TA2, TA4, TA1l, TA21, TA41l 162
TAIMR, TA2MR, TAAMR 164

TABSR 132, 148, 163

TBOto TB5S 147

TBOMR to TB5SMR 148, 150, 152, 154
TB2 163

TB2MR 164

TB2SC 162

TBSR 149

TCSPR 62, 134

TRGSR 134, 163

U

UOBRG to U4BRG 170
UOCO to U4C0 171
UOC1lto U4Cl 172
UOMR to U4MR 170
UORB to U4RB 169
UOSMR to U4SMR 172
UOSMR2 to U4SMR2 173
UOSMR3 to U4SMR3 174
UOSMR4 to U4SMR4 175
UOTB to U4TB 169

UDF 133
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