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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/84 group (M32C/84, M32C/84T) microcom-
puters. Users are expected to have basic knowledge of electric circuits, logical circuits and microcomputers.

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

XXX Register

*1
b7 b6 b5 b4 b3 b2 bl b0
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 .
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.
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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) 57 003416

000516 |Processor Mode Register 1 (PM1) 58 003516

000616 |System Clock Control Register 0 (CMO) 83 003616

000716 |System Clock Control Register 1 (CM1) 84 003716

000816 003816

000916 |Address Match Interrupt Enable Register (AIER) 126 003916 | Address Match Interrupt Register 6 (RMAD®6) 126
000A16 | Protect Register (PRCR) 106 003A16

000B16 | External Data Bus Width Control Register (DS) 60 003B16

000C16 | Main Clock Division Register (MCD) 85 003C16

000D16 | Oscillation Stop Detection Register (CM2) 86 003D16 | Address Match Interrupt Register 7 (RMAD7) 126
000E16 |Watchdog Timer Start Register (WDTS) 003E16

000F16 |Watchdog Timer Control Register (WDC) 132 003F16

001016 004016

001116 |Address Match Interrupt Register 0 (RMADO) 126 004116

001216 004216

001316 |Processor Mode Register 2 (PM2) 89 004316

001416 004416

001516 |Address Match Interrupt Register 1 (RMAD1) 126 004516

001616 004616

001716 |Voltage Detection Register 2 (VCR2) 50 004716

001816 004816 | External Space Wait Control Register 0 (EWCRO0)
001916 |Address Match Interrupt Register 2 (RMAD2) 126 004916 | External Space Wait Control Register 1 (EWCR1)
001A16 004A16 | External Space Wait Control Register 2 (EWCR2) 66
001B16 | Voltage Detection Register 1 (VCR1) 50 004B16 | External Space Wait Control Register 3 (EWCRS3)
001C16 004C16 | Page Mode Wait Control Register 0 (PWCRO) 78
001D16 | Address Match Interrupt Register 3 (RMAD3) 126 004D16 | Page Mode Wait Control Register 1 (PWCR1) 79
001E16 004E16

001F16 004F16

002016 005016

002116 005116

002216 005216

002316 005316

002416 005416

002516 005516 | Flash Memory Control Register 1 (FMR1) 402
002616 |PLL Control Register 0 (PLCO) 88 005616

002716 |PLL Control Register 1 (PLC1) 88 005716 | Flash Memory Control Register 0 (FMRO) 401
002816 005816

002916 |Address Match Interrupt Register 4 (RMAD4) 126 005916

002A16 005A16

002B16 005B16

002C16 005C16

002D16 | Address Match Interrupt Register 5 (RMAD5) 126 005D16

002E16 005E16

002F16 |Low Voltage Detection Interrupt Register (D4INT) 51 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 (BCNAIC
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 (1101IC)/ 115
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 | CAN Interrupt 5 Control Register (CANS5IC)
006Cz16 | Timer AO Interrupt Control Register (TAOIC) 009A16 | INT4 Interrupt Control Register (INT4IC) 116
006D16 | UART3 Receive /ACK Interrupt Control Register (S3RIC) 009B16
006E16 | Timer A2 Interrupt Control Register (TA2IC) 009C16 | INT2 Interrupt Control Register (INT2IC) 116
006F16 | UART4 Receive /ACK Interrupt Control Register (S4RIC) Intelligent 1/O Interrupt Control Register 9 (1109IC)/
007016 | Timer A4 Interrupt Control Register (TA4IC) 009D1s CAN Interrupt O Control Register (CANOIC) 115
UARTO Bus Conflict Detect Interrupt Control Register (BCNOIC)/ 009E16 | INTO Interrupt Control Register (INTOIC) 116
007118 | |, ART3 Bus Confiict Detect Interrupt Control Register (BCN3ic)| ~+> | [009F16 | Exit Priority Control Register (RLVL) 117
007216 | UARTO Receive/ACK Interrupt Control Register (SORIC) 00AO016 | Interrupt Request Register 0 (II0O0IR)
007316 | A/IDO Conversion Interrupt Control Register (ADOIC) 00A116 | Interrupt Request Register 1 (II01IR)
007416 | UART1 Receive/ACK Interrupt Control Register (S1RIC) 00A216 | Interrupt Request Register 2 (I102IR)
Intelligent 1/O Interrupt Control Register 0 (1100IC)/ 00A316 | Interrupt Request Register 3 (II03IR) 129
007516 CAN Interrupt 3 Control Register (CAN3IC) 00A416 | Interrupt Request Register 4 (1104IR)
007616 | Timer B1 Interrupt Control Register (TB1IC) 00A516 | Interrupt Request Register 5 (IIO5IR)
007716 | Intelligent I/O Interrupt Control Register 2 (1102IC) 00A616
007816 | Timer B3 Interrupt Control Register (TB3IC) 00A716
007916 | Intelligent I/O Interrupt Control Register 4 (1104IC) 00A81s6 | Interrupt Request Register 8 (1108IR)
007A16 | INTS5 Interrupt Control Register (INT5IC) 116 00A916 | Interrupt Request Register 9 (II09IR)
007B16 00AAu1s6| Interrupt Request Register 10 (II010IR) 129
007Cz1s6 | INT3 Interrupt Control Register (INT3IC) 116 00AB1s6| Interrupt Request Register 11 (II011IR)
007Dz1s | Intelligent 1/O Interrupt Control Register 8 (I108IC) | 115 00AC16
007E16 | INT1 Interrupt Control Register (INT1IC) 116 00AD16
Intelligent 1/O Interrupt Control Register 10 (I1010IC)/ 00AE16
007F16 CAN Interrupt 1 Control Register (CAN1IC) 115 00AF16
008016 00BO016 | Interrupt Enable Register 0 (IIO0IE)
008116 | CAN Interrupt 2 Control Register (CAN2IC) 115 00B116 | Interrupt Enable Register 1 (IIO1IE)
008216 00B216 | Interrupt Enable Register 2 (IIO2IE)
008316 00B316 | Interrupt Enable Register 3 (IIO3IE) 130
008416 00B416 | Interrupt Enable Register 4 (IIO4IE)
008516 00B516 | Interrupt Enable Register 5 (IIO5IE)
008616 00B616
008716 00B716
008816 | DMAL Interrupt Control Register (DM1IC) 00B81s6 | Interrupt Enable Register 8 (IIO8IE)
008916 | UART2 Transmit /NACK Interrupt Control Register (S2TIC) 00B916 | Interrupt Enable Register 9 (IIO9IE)
008A16 | DMA3 Interrupt Control Register (DM3IC) 00BAu1s6| Interrupt Enable Register 10 (IIO10IE) 130
008B16 | UART3 Transmit /INACK Interrupt Control Register (S3TIC) 00BB1s6| Interrupt Enable Register 11 (IIO11IE)
008C16 | Timer AL Interrupt Control Register (TALIC) 115 1 TooBC1s
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) 308
00C416 00F416 | Data Mask Register 00 (GOMSKO)

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

00C616 00F616 | Communication Clock Select Register (CCS) 309
00C716 00F716

00C816 00F816

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

00CA16 00FA16 308
00CB16 00FB16 Tramsmit CRC Code Register 0 (GOTCRC)

00CC16 00FCazs | SI/O Extended Mode Register 0 (GOEMR) 303
00CD16 00FD1s | SI/O Extended Receive Control Register 0 (GOERC)| 305
00CEz16 O00FE16 | SI/O Special Communication Interrupt Detect Register 0 (GOIRF)| 306
00CF16 00FF16 | SI/O Extended Transmit Control Register 0 (GOETC) | 304
00DO016 010016 | Time Measurement Register 10 (G1TMO)/

00D116 010116 | Waveform Generating Register 10 (G1POO0)

00D216 010216 | Time Measurement Register 11 (G1TM1)/

00D316 010316 | Waveform Generating Register 11 (G1PO1)

00D416 010416 | Time Measurement Register 12 (G1TM2)/

00D516 010516 | Waveform Generating Register 12 (G1PO2)

00D616 010616 | Time Measurement Register 13 (G1TM3)/

00D716 010716 | Waveform Generating Register 13 (G1PO3) 279/
00D816 010816 | Time Measurement Register 14 (G1TM4)/ 280
00D916 010916 | Waveform Generating Register 14 (G1PO4)

00DA16 010A16 | Time Measurement Register 15 (G1TM5)/

00DB16 010B16 | Waveform Generating Register 16 (G1PO5)

00DC16 010C16 | Time Measurement Register 16 (G1TM6)/

00DD16 010D16 | Waveform Generating Register 16 (G1PO6)

00DE16 010E16 | Time Measurement Register 17 (G1TM7)/

00DF16 010F16 | Waveform Generating Register 17 (G1PQO7)

00EO16 011016 | Waveform Generating Control Register 10 (GIPOCRO0)
00E1l16 011116 | Waveform Generating Control Register 11 (GIPOCR1)
00E216 011216 | Waveform Generating Control Register 12 (GIPOCR2)
00E316 011316 | Waveform Generating Control Register 13 (GIPOCR3)
00E416 011416 | Waveform Generating Control Register 14 (GIPOCR4) 219
00E516 011516 | Waveform Generating Control Register 15 (GIPOCR5)
00E616 011616 | Waveform Generating Control Register 16 (GIPOCR®6)
00E716 011716 | Waveform Generating Control Register 17 (GLPOCR7)
00OEB816 . ) 011816 | Time Measurement Control Register 10 (GITMCRO)
00E916 | /O Receive Buffer Register0 (GORB) 301 | 011916 | Time Measurement Control Register 11 (GITMCR1)
00EA16 | Transmit Buffer/Receive Data Register 0 (GOTB/GODR) | 307 011A16 | Time Measurement Control Register 12 (G1TMCR?2)
00EB16 011B16 | Time Measurement Control Register 13 (G1TMCR3)
00EC1s6 | Receive Input Register 0 (GORI) 300 011C16 | Time Measurement Control Register 14 (G1TMCR4) 218
00ED16 | SI/O Communication Mode Register 0 (GOMR) 302 011D16 | Time Measurement Control Register 15 (G1TMCRS5)
00EE16 | Transmit Output Register 0 (GOTO) 300 011E1e | Time Measurement Control Register 16 (G1TMCR®6)
00EF16 | SI/O Communication Control Register 0 (GOCR) 301 011F16 | Time Measurement Control Register 17 (G1TMCR?7)

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 Base Timer Registerl (G1BT) 276 015116
012216 |Base Timer Control Register 10 (G1BCRO) 276 015216
012316 |Base Timer Control Register 11 (G1BCR1) 277 015316
012416 | Time Measurement Prescaler Register 16 (G1TPR®6) 015416
012516 | Time Measurement Prescaler Register 17 (G1TPR7) 28 015516
012616 |Function Enable Register 1 (G1FE) 281 015616
012716 |Function Select Register 1 (G1FS) 280 015716
012816 015816
012916 SI/O Receive Buffer Register 1 (G1RB) 301 015916
012A16 | Transmit Buffer/Receive Data Register 1 (G1TB/G1DR)| 307 015A16
012B16 015B16
012C16 |Receive Input Register 1 (G1RI) 300 015C16
012D16 | SI/O Communication Mode Register 1 (G1IMR) 302 015D16
012E16 | Transmit Output Register 1 (G1TO) 300 015E16
012F16 |SI/O Communication Control Register 1 (G1CR) 301 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) 308 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 308 016A16
013B16 Transmit CRC Code Registerl (G1TCRC) 016B16
013Cz16 | SI/O Extended Mode Register 1 (G1IEMR) 303 016C16
013D1s6 | SI/O Extended Receive Control Register 1 (GIERC) | 305 016D16
013E16 |SI/O Special Communication Interrupt Detect Register 1 (G1IRF) | 307 016E16
013F16 | SI/O Extended Transmit Control Register 1 (G1IETC)| 304 016F16
014016 017016
014116 017116
014216 017216
014316 017316
014416 017416
014516 017516
014616 017616
014716 017716
014816 017816 | Input Function Select Register (IPS) 389
014916 017916 | Input Function Select Register A (IPSA) 390
014A16 017A16
014B16 017B16
014C1s 017C1e6
014D16 017D16
014E16 to
014F16 01DF16

Blank spaces are reserved. No access is allowed.




Quick

Reference by Address

Address Register Page Address Register Page
01EO16 |CANO Message Slot Buffer 0 Standard IDO (COSLOTO_0) 021016 )

01E116 |CANO Message Slot Buffer 0 Standard ID1 (C0SLOT0_1) | 200 | 021116 | CANO Slot Interrupt Mask Register (COSIMKR) | 340
01E216 |CANO Message Slot Buffer 0 Extended ID0 (COSLOTO_2) 021216

01E316 |CANO Message Slot Buffer 0 Extended ID1 (COSLOTO_3) 361 021316

01E416 |CANO Message Slot Buffer 0 Extended ID2 (COSLOTO_4) 021416 | CANO Error Interrupt Mask Register (COEIMKR) 341
01E516 |CANO Message Slot Buffer 0 Data Length Code (COSLOTO_5) 362 021516 | CANO Error Interrupt Status Register (COEISTR) 342
01E616 |CANO Message Slot Buffer 0 Data 0 (COSLOTO_6) 021616 | CANO Error Cause Register (COEFR) 343
01E716 |CANO Message Slot Buffer 0 Data 1 (COSLOTO0_7) 021716 | CANO Baud Rate Prescaler (COBPR) 335
01E816 |CANO Message Slot Buffer 0 Data 2 (COSLOTO_8) 021816

01E916 |CANO Message Slot Buffer 0 Data 3 (COSLOTO0_9) 021916 | CANO Mode Register (COMDR) 344
01EA16 |CANO Message Slot Buffer 0 Data 4 (COSLOTO0_10) 021A16

01EB16 |CANO Message Slot Buffer 0 Data 5 (COSLOTO0_11) 363 021B16

01EC16 |CANO Message Slot Buffer 0 Data 6 (COSLOTO0_12) 021C16

01ED16 |CANO Message Slot Buffer 0 Data 7 (COSLOTO0_13) 021D16

01EEz16 |CANO Message Slot Buffer 0 Time Stamp High-Order (COSLOTO_14) 021E16

01EF16 |CANO Message Slot Buffer 0 Time Stamp Low-Order (COSLOTO_15) 021F16

01F016 |CANO Message Slot Buffer 1 Standard IDO (COSLOT1_0) 022016 ) .

01F116 |CANO Message Slot Buffer 1 Standard 101 (C0SLOTL 1) | 500 | 022116 | CANO Single Shot Control Register (COSSCTLR) | 346
01F216 |CANO Message Slot Buffer 1 Extended ID0 (COSLOT1_2) 022216

01F316 |CANO Message Slot Buffer 1 Extended ID1 (COSLOT1_3) se1 022316

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

01F516 |CANO Message Slot Buffer 1 Data Length Code (COSLOTL 5)| 202 | | 022516 | CANO Single Shot Status Register (COSSSTR) | 347
01F616 |CANO Message Slot Buffer 1 Data 0 (COSLOT1_6) 022616

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

01F816 |CANO Message Slot Buffer 1 Data 2 (COSLOT1_8) 022816 | CANO Global Mask Register Standard IDO (COGMRO) | 348
01F916 |CANO Message Slot Buffer 1 Data 3 (COSLOT1_9) 022916 | CANO Global Mask Register Standard ID1 (COGMR1)| 349
01FA16 |CANO Message Slot Buffer 1 Data 4 (COSLOT1_10) 022A16 | CANO Global Mask Register Extended ID0 (COGMR2) | 350
01FB16 |CANO Message Slot Buffer 1 Data 5 (COSLOT1_11) 363 022B16 | CANO Global Mask Register Extended ID1 (COGMR3) | 351
01FC16 |CANO Message Slot Buffer 1 Data 6 (COSLOT1_12) 022C16 | CANO Global Mask Register Extended ID2 (COGMR4) | 352
01FD16 |CANO Message Slot Buffer 1 Data 7 (COSLOT1_13) 022D16

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

01FF16 |CANO Message Slot Buffer 1 Time Stamp Low-Order (COSLOTZ_15) 022F16

020016 ) CANO Message Slot 0 Control Register (COMCTLO0)/| 355/
020116 |CANO Control Register0 (COCTLRO) 824 11023016 | 0ANo L ocal Mask Register A Standard IDO (COLMARD) | 348
020216 ) CANO Message Slot 1 Control Register (COMCTL1)/ | 355/
020316 |CANO Status Register (COSTR) 829 11023116 | AN oL ocal Mask Register A Standard ID1 (COLMAR1) | 349
020416 ) CANO Message Slot 2 Control Register (COMCTL2)/ | 355/
020516 |CANO Bxtended ID Register (COIDR) 332 11023216 | 0ANo Local Mask Register A Extended 1D0 (COLMAR?)| 350
020616 ) ) ) CANO Message Slot 3 Control Register (COMCTL3)/ | 355/
020716 |CANO Configuration Register (COCONR) 333 | 1023316 | 0ANo Local Mask Register A Extended ID1 (COLMAR3)| 351
020816 CANO Time Stamp Register (COTSR) 336 023416 CANO Message Slot 4 Control Register (COMCTL4)/ | 355/
020916 CANO Local Mask Register A Extended ID2 (COLMAR4)| 352
020A16 |CANO Transmit Error Count Register (COTEC) 337 023516 | CANO Message Slot 5 Control Register (COMCTLS5)
020B16 |CANO Receive Error Count Register (COREC) 023616 | CANO Message Sot 6 Control Register (COMCTL6)| 355
020C16 . 023716 | CANO Message Slot 7 Control Register (COMCTL7)
020D16 CANO Slot Interrupt Status Register (COSISTR) 338 CANO Message Slot 8 Control register (COMCTLS8)/| 355/
020E16 023816 | - ANO Local Mask Register B Standard 1D0 (COLMBRO)| 348
020F16

Blank spaces are reserved . No access is allowed.

B-5




Quick Reference by Address

Blank spaces are reserved. No access is allowed.

Address Register Page Address Register Page
CANO Message Slot 9 Control Register (COMCTL9)/| 355/ 02CO016
023916 | -ANO Local Mask Register B Standard ID1 (COLMBRL)| 349 | |02c116| X0 REYiSter YO Register (XOR,YOR)
CANO Message Slot 10 Control Register (COMCTL10)/| 355/ 02C216
023A16 | -ANO Local Mask Register B Extended 1D0 (COLMBR2)| 350 | |02c316| X1 REYiSter Y1 Register (XIR,Y1R)
CANO Message Slot 11 Control Register (COMCTL11)/| 355/ 02C416
023B16 | -ANO Local Mask Register B Extended ID1 (COLMBR3)| 351 | |02C516| X2 REYISEEr Y2 Register (X2R,Y2R)
CANO Message Slot 12 Control Register (COMCTL12)/| 355/ 02C616
023C18 | -ANO Local Mask Register B Extended ID2 (COLMBR4)| 352 | |02c716| X3 REYISter Y3 Register (X3R,Y3R)
023D16 | CANO Message Slot 13 Control Register (COMCTL13) 02C816
023E16 | CANO Message Slot 14 Control Register (COMCTL14)| 355 | |02C916| X# REYISter Y4 Register (X4R,Y4R)
023F16 | CANO Message Slot 15 Control Register(COMCTL15) 02CA16
024016 | CANO Slot Buffer Select Register (COSBS) 359 | |02cB16| XO ReEUister Y5 Register (X5R,Y5R)
024116 | CANO Control Register 1 (COCTLR1) 327 02CC1s
024216 | CANO Sleep Control Register (COSLPR) 328 | |02cD16| X6 ReEUiSter Y6 Register (X6R,Y6R)
024316 02CE16
024416 02CE16 X7 Register Y7 Register (X7R,Y7R)
024516 CANO Acceptance Filter Support Register (COAFS)| 364 02D016 270
024616 02D116 X8 Register Y8 Register (X8R,Y8R)
024716 02D216
024816 02D316 X9 Register Y9 Register (X9R,Y9R)
024916 02D416
024A16 02D516 X10 Register Y10 Register (X10R,Y10R)
024B16 02D616
024C16 02D716 X11 Register Y11 Register (X11R,Y11R)
024D16 02D816
024E16 02D916 X12 Register Y12 Register (X12R,Y12R)
024F16 02DA16
025016 02DB16 X13 Register Y13 Register (X13R,Y13R)
025116 02DC16
025216 02DD16 X14 Register Y14 Register (X14R,Y14R)
025316 02DE16
025416 02DF16 X15 Register Y15 Register (X15R,Y15R)
025516 02E016 | X/Y Control Register (XYC) 270
025616 02E1l16
025716 02E216
025816 02E316
025916 02E416 | UART1 Special Mode Register 4 (ULSMR4) 201
025A16 02E516 | UART1 Special Mode Register 3 (ULISMR3) 200
025B16 02E616 | UART1 Special Mode Register 2 (ULISMR2) 199
025C16 02E716 | UART1 Special Mode Register (U1SMR) 198
025D16 02E816 | UART1 Transmit/Receive Mode Register (ULMR)
025E16 02E916 | UART1 Bit Rate Register (U1BRG) 196
025F16 02EA16
026016 02EB16 UART1 Transmit Buffer Register (U1TB) 195
to 02EC16| UART1 Transmit/Receive Control Register 0 (U1C0) | 197
02BF16 02ED16| UART1 Transmit/Receive Control Register 1 (U1C1) | 198
02EE16
02EF1s UART1 Receive Buffer Register (ULRB) 195




Quick

Reference by Address

Address Register Page Address Register Page
02F016 032016

02F116 032116

02F216 032216

02F316 032316

02F416 |UART4 Special Mode Register 4 (U4SMRA4) 201 032416 | UART3 Special Mode Register 4 (U3SMR4) 201
02F516 |UART4 Special Mode Register 3 (U4SMR3) 200 032516 | UART3 Special Mode Register 3 (U3SMR3) 200
02F616 |UART4 Special Mode Register 2 (U4SMR2) 199 032616 | UART3 Special Mode Register 2 (U3SMR2) 199
02F716 |UART4 Special Mode Register (U4SMR) 198 032716 | UART3 Special Mode Register (U3SMR) 198
02F816 |UART4 Transmit/Receive Mode Register (U4AMR) 032816 | UART3 Transmit/Receive Mode Register (U3MR)
02F916 |UART4 Bit Rate Register (U4BRG) 196 032916 | UART3 Bit Rate Register (U3BRG) 196
02FA16 032A16

02EB16 UART4 Transmit Buffer Register (U4TB) 195 032B16 UART3 Transmit Buffer Register (U3TB) 195
02FC16 |UART4 Transmit/Receive Control Register 0 (U4C0) | 197 032C16| UART3 Transmit/Receive Control Register 0 (U3CO0)| 197
02FD16 |UART4 Transmit/Receive Control Register 1 (U4C1) | 198 032D16| UART3 Transmit/Receive Control Register 1 (U3C1)| 198
02FE16 032E16

02EE16 UART4 Receive Buffer Register (U4RB) 195 032F16 UART3 Receive Buffer Register (U3RB) 195
030016 |Timer B3,B4,B5 Count Start Flag (TBSR) 175 033016

030116 033116

030216 033216

030316 Timer Al-1 Register (TA11) 033316

030416 ) . 033416 | UART2 Special Mode Register 4 (U2SMR4) 201
030516 | |'Mer A2-1 Register (TA21) 188 | 033516 | UART2 Special Mode Register 3 (U2SMR3) 200
030616 | . 033616 | UART2 Special Mode Register 2 (U2SMR2) 199
030716 | Mer A4-1 Register (TA41) 033716 | UART2 Special Mode Register (U2SMR) 198
030816 |Three-Phase PWM Control Register 0 (INVCO) 185 033816 | UART2 Transmit/Receive Mode Register (U2MR)
030916 |Three-Phase PWM Control Register 1 (INVC1) 186 033916 | UART2 Bit Rate Register (U2BRG) 196
030A16 |Three-Phase Output Buffer Register O (IDBO) 033A16 . .

030B16 |Three-Phase Output Buffer Register 1 (IDB1) 187 1 | 033p16 | VART2 Transmit Buffer Register (U2TB) 195
030C16 |Dead Time Timer (DTT) 187 033C16| UART2 Transmit/Receive Control Register 0 (U2C0)| 197
030Dz16 |Timer B2 Interrupt Generating Frequency Set Counter (ICTB2) | 188 033D16| UART2 Transmit/Receive Control Register 1 (U2C1)| 198
030E16 033E16

030F16 033F16 UART2 Receive Buffer Register (U2RB) 195
031016 | ) 034016 | Count Start Flag (TABSR) 158
031116 | 'Mer B3 Register (TB3) 034116 | Clock Prescaler Reset Flag (CPSRF) 87
031216 | ) 034216 | One-Shot Start Flag (ONSF) 159
031316 | 'Mer B4 Register (TB4) 173 | 034316 | Trigger Select Register (TRGSR) 160
031416 | ) 034416 | Up-Down Flag (UDF) 159
031516 Timer B5 Register (TB5) 034516

031616 034616

031716 034716 Timer AO Register (TAO)

031816 034816

031916 034916 Timer Al Register (TA1)

031A16 034A16| )

031B16 |Timer B3 Mode Register (TB3MR) 034B16| | Mer A2 Register (TA2) 157
031Cz16 |Timer B4 Mode Register (TB4AMR) 174 034C16| .

031D16 |Timer BS Mode Register (TB5MR) 034D16| | 'Mer A3 Register (TA3)

031E16 034E16| )

031F16 |External Interrupt Request Source Select Register (IFSR)| 124 034F16 Timer A4 Register (TA4)

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

Address Register Page Address Register Page
035016 | ) 038016 )

035116 Timer BO Register (TBO) 038116 A/DO Register0 (AD0O)

035216 | ) 038216 )

035316 Timer B1 Register (TB1) 173 038316 A/DO Registerl (ADO01)

035416 | ) 038416 )

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

035616 | Timer AO Mode Register (TAOMR) 038616 )

035716 | Timer AL Mode Register (TAIMR) 038716 | /DO Registers (ADO3)

035816 | Timer A2 Mode Register (TA2MR) 158 038816 ) 253
035916 | Timer A3 Mode Register (TA3MR) 038916 | //DO Register4 (AD04)

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

035B16 | Timer BO Mode Register (TBOMR) 038B16| //D0 Register5 (AD0S)

035C16 | Timer B1 Mode Register (TB1IMR) 174 038C1s6 )

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

035E16 | Timer B2 Special Mode Register (TB2SC) 188 038E16 )

035F16 | Count Source Prescaler Register (TCSPR) 87 038F16 A/DO Register7 (ADO7)

036016 039016

036116 039116

036216 039216 | A/DO Control Register 4 (ADOCON4) 253
036316 039316

036416 | UARTO Special Mode Register 4 (UOSMR4) 201 039416 | A/DO Control Register 2 (ADOCON2) 251
036516 | UARTO Special Mode Register 3 (UOSMR3) 200 039516 | A/DO Control Register 3 (ADOCON3) 252
036616 | UARTO Special Mode Register 2 (UOSMR2) 199 039616 | A/DO Control Register 0 (ADOCONO) 249
036716 | UARTO Special Mode Register (UOSMR) 198 039716 | A/DO Control Register 1 (ADOCON1) 250
036816 | UARTO Transmit/Receive Mode Register (UOMR) 039816 | D/A Register 0 (DAO) 267
036916 | UARTO Bit Rate Register (UOBRG) 196 039916

036A16 . ) 039A16| D/A Register 1 (DAL) 267
036B16 UARTO Transmit Buffer Register (UOTB) 195 039B16

036C16 | UARTO Transmit/Receive Control Register 0 (UOC0) 197 039C16| D/A Control Register (DACON) 267
036D16 | UARTO Transmit/Receive Control Register 1 (UOC1) 198 039D16

036E16 ) . 039E16

036F16 UARTO Receive Buffer Register (UORB) 195 039F16

037016 03A016| Function Select Register A8 (PS8) 381
037116 03Al16| Function Select Register A9 (PS9) 382
037216 03A216

037316 03A316

037416 03Ad16

037516 03A516

037616 03A616

037716 03A716| Function Select Register D1 (PSD1) 382
037816 | DMAO Request Source Select Register (DMOSL) 03A816

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

037A16 | DMA2 Request Source Select Register (DM2SL) 137 03AA16

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

037C16 ) 03AC16| Function Select Register C2 (PSC2) 385
037D16 | CRC Data Register (CRCD) 268 | [03AD16| Function Select Register C3 (PSC3) 386
037E16 | CRC Input Register (CRCIN) 03AE16

037F16 03AF16| Function Select Register C (PSC) 385

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

03DCu16| Pull-Up Control Register 4 (PUR4)

03DD16

03DE16

03DF16

Blank spaces are reserved. No access is allowed.

Address Register Page Address Register Page
03BO016 | Function Select Register A0 (PSO0) 03EO16| Port P14 Register (P0)

03B116 | Function Select Register A1 (PS1) 379 03E116| Port P14 Register (P1) 378
03B216 | Function Select Register BO (PSLO) 03E216| Port P14 Direction Register (PDO)

03B316 | Function Select Register B1 (PSL1) 383 03E316| Port P14 Direction Register (PD1) s
03B416 | Function Select Register A2 (PS2) 03E416| Port P14 Register (P2)

03B516 | Function Select Register A3 (PS3) 376 03E516| Port P14 Register (P3) 378
03B616 | Function Select Register B2 (PSL2) 03E616| Port P14 Direction Register (PD2)

03B716 | Function Select Register B3 (PSL3) 384 03E716| Port P14 Direction Register (PD3) s
03B816 03E816| Port P14 Register (P4)

03B916 | Function Select Register A5 (PS5) 381 03E916| Port P14 Register (P5) 378
03BA16 03EA16| Port P14 Direction Register (PD4)

03BB16 03EB16| Port P14 Direction Register (PD5) s
03BC16 03EC16

03BD16 03ED16

03BE16 03EE16

03BF16 03EF16

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

03C1l16 | Port P7 Register (P7) 38 03F116 | Pull-up Control Register 1 (PUR1) 387
03C216 | Port P6 Direction Register (PD6) 03F216

03C316 | Port P7 Direction Register (PD7) s 03F316

03C416 | Port P8 Register (P8) 03F416

03C516 | Port P9 Register (P9) 38 03F516

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

03C716 | Port P9 Direction Register (PD9) s 03F716

03C816 | Port P10 Register (P10) 03F816

03C916 | Port P11 Register (P11) 38 03F916

03CAz16| Port P10 Direction Register (PD10) 03FA16

03CB16| Port P11 Direction Register(PD11) st 03FB16

03CCu16| Port P12 Register (P12) 03FC1s6

03CD16| Port P13 Register (P13) 38 03FD16

03CEz16| Port P12 Direction Register (PD12) 03FE16

03CF16 | Port P13 Direction Register (PD13) 377 | [03FF16| Port Control Register (PCR) 389
03D016 | Port P14 Register (P14)

03D116 | Port P15 Register (P15) 38

03D216 | Port P14 Direction Register (PD14)

03D316 | Port P15 Direction Register (PD15) st

03D416

03D516

03D616

03D716

03D816

03D916

03DA16| Pull-Up Control Register 2 (PUR2) 387

03DB16| Pull-Up Control Register 3 (PUR3) 388
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LENESAS

M32C/84 Group (M32C/84, M32C/84T)

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

1. Overview

The M32C/84 group (M32C/84, M32C/84T) microcomputer is a single-chip control unit that utilizes high-
performance silicon gate CMOS technology with the M32C/80 series CPU core. The M32C/84 group
(M32C/84, M32C/84T) is available in 144-pin and 100-pin plastic molded LQFP/QFP packages.

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

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

1.1 Applications
Automobiles, audio, cameras, office equipment, communications equipment, portable equipment, etc.
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

1.2 Performance Overview
Tables 1.1 and 1.2 list performance overview of the M32C/84 group (M32C/84, M32C/84T).

Table 1.1 M32C/84 Group (M32C/84, M32C/84T) Performance (144-Pin Package)

Characteristic Performance
M32C/84 | M32C/84T
CPU Basic Instructions 108 instructions
Minimum Instruction Execution Time| 31.3 ns 31.3ns
(f(BCLK)=32 MHz, Vcc1=4.2 V t0 5.5 V) | (f(BCLK)=32 MHz, Vcci=4.2 Vt0 5.5 V)
41.7 ns
(f(BCLK)=24 MHz, Vcc1=3.0 Vto 5.5 V)
Operating Mode Single-chip mode, Memory expansion| Single-chip mode
mode and Microprocessor mode
Address Space 16 Mbytes
Memory Capacity See Table 1.3
Peripheral | 1/0O Port 123 1/O pins and 1 input pin
Function | Multifunction Timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit
Intelligent I/O Time measurement function or Waveform generating function:

16 bits x 8 channels
Communication function (Clock synchronous serial 1/0, Clock asyn-
chronous serial I/0, HDLC data processing)
Serial /0 5 Channels
Clock synchronous serial I/O, Clock asynchronous serial 1/0,
IEBus®, 12C bus®

CAN Module 1 channel  Supporting CAN 2.0B specification

A/D Converter 10-bit A/D converter: 1 circuit, 34 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, Calculation transfer and Chain transfer functions

CRC Calculation Circuit CRC-CCITT

XY Converter 16 bits x 16 bits

Watchdog Timer 15 bits x 1 channel (with prescaler)

Interrupt 38 internal and 8 external sources, 5 software sources
Interrupt priority level: 7

Clock Generation Circuit 4 circuits

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

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

Oscillation Stop Detect Function Main clock oscillation stop detect function
Voltage Detection Circuit Available (optional) Not available™
Electrical| Supply Voltage Vcei=4.2 Vto 5.5V, Vee=3.0 Vto Veel| Veci=Vec2=4.2Vto 5.5V,
Charact- (f(BCLK)=32 MHz) (f(BCLK)=32 MHz)®)
eristics Vee1=3.0 Vio 5.5V, Vee=3.0 V to Vicel
(f(BCLK)=24 MHz)
Power Consumption 28 mA (Vcci=Vcee=5 YV, 28 mA (Vcci=Vceee=5V,
f(BCLK)=32 MHz) f(BCLK)=32 MHz)
22 mA (Vcci=Vcee=3.3 V, 10pA (Veer=Vee2=5 'V,
f(BCLK)=24 MHz) f(BCLK)=32 kHz, in wait mode)

10pA (Veei=Veea=5 Y,
f(BCLK)=32 kHz, in wait mode)

Flash Program/Erase Supply Voltage 33V+03Vor50VvV+05V 50V+05V

Memory |Program and Erase Endurance 100 times (all space)

Operating Ambient Temperature —20 to 85°C —40 to 85°C (T version)
—40 to 85°C (optional)

Package 144-pin plastic molded LQFP

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.

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

3. The supply voltage of M32C/84T (High-reliability version) must be Vcci=Vcc2.

4. The cold start-up/warm start-up determine function is available only at the user's option.
All options are on a request basis.
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

Table 1.2 M32C/84 Group (M32C/84, M32C/84T) Performance (100-Pin Package)

Characteristic Performance
M32C/84 | M32C/84T
CPU Basic Instructions 108 instructions
Minimum Instruction Execution Time |31.3 ns 31.3ns
(f(BCLK)=32 MHz, Vcc1=4.2 V t0 5.5 V) | (f(BCLK)=32 MHz, Vcci1=4.2 V10 5.5 V)
41.7 ns
(f(BCLK)=24 MHz, Vcc1=3.0 Vto 5.5 V)
Operating Mode Single-chip mode, Memory expansion | Single-chip mode
mode and Microprocessor mode
Address Space 16 Mbytes
Memory Capacity See Table 1.3
Peripheral | /O Port 87 1/0 pins and 1 input pin
Function | Multifunction Timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit
Intelligent I/O Time measurement function or Waveform generating function:

16 bits x 8 channels
Communication function (Clock synchronous serial 1/0, Clock asyn-
chronous serial /0, HDLC data processing)
Serial 110 5 Channels
Clock synchronous serial I/O, Clock asynchronous serial 1/0,
IEBus®, 12C bus(®

CAN Module 1 channel  Supporting CAN 2.0B specification

A/D Converter 10-bit A/D converter: 1 circuit, 26 channels

D/A Converter 8 bits x 2 channels

DMAC 4 channels

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

CRC Calculation Circuit CRC-CCITT

XY Converter 16 bits x 16 bits

Watchdog Timer 15 bits x 1 channel (with prescaler)

Interrupt 38 internal and 8 external sources, 5 software sources
Interrupt priority level: 7

Clock Generation Circuit 4 circuits

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

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

Oscillation Stop Detect Function Main clock oscillation stop detect function
Voltage Detection Circuit Available (optional) Not available(®
Electrical| Supply Voltage Vee1=42V105.5V, Veea=3.0 Vo Veel| Veci=Vee2=4.2Vto 5.5V,
Charact- (f(BCLK)=32 MHz) (f(BCLK)=32 MHz)®)
eristics Vce1=3.0Vto 5.5V, Vcce=3.0 V to Vecl
(f(BCLK)=24 MHz)
Power Consumption 28 mA (Vcci=Vcee=5 YV, 28 mA (Vcci=Vcee=5V,
f(BCLK)=32 MHz) f(BCLK)=32 MHz)
22 mA (Vcci=Veee=3.3 V, 10pA (Veei=Veea=5 Y,
f(BCLK)=24 MHz) f(BCLK)=32 kHz, in wait mode)

10pA (Vcei=Veea=5 YV,
f(BCLK)=32 kHz, in wait mode)

Flash Program/Erase Supply Voltage 33V+03Vor50VvV+05V 50V+05V

Memory | Program and Erase Endurance 100 times (all space)

Operating Ambient Temperature —20 to 85°C —40 to 85°C (T version)
—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.

3. The supply voltage of M32C/84T (High-reliability version) must be Vcci=Vcca2.

4. The cold start-up/warm start-up determine function is available only at the user's option.
All options are on a request basis.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

1.3 Block Diagram

Figure 1.1 shows a block diagram of the M32C/84 group (M32C/84, M32C/84T) microcomputer.

As As A 8 As As As As
' Y 1]
[ Potro | [ Portps | [ Portp2 | [ Portpz | [ Portpa | | Portes | [ [ Portps |
<vee®> <\Vec1®>

Peripheral Functions

Timer (16 bits)
Timer A: 5 channels
Timer B: 6 channels

AID Converter:
1 circuit
Standard: 10 inputs
Maximum: 34 inputs®

UART/Clock Synchronous Serial I/0:

Clock Generation Circuit
XIN - XouT
XcIN - Xcout
On-chip Oscillator
PLL Frequency Synthesizer

Three-Phase Motor Control Circuit 5 channels I DMAC I
Watchdog Timer (15 bits) X/Y Converter: I DMACII I
16 bits x 16 bits
D/A Converter: CRC Calculation Circuit (CCITT):

[ Portp14 | [ Portpis |

[ Portpir | [ Portpiz | [ Portpis |

4

8 bits x 2 channels I CAN Module: 1 channel I X16+x124+X5+1
M32C/80 series CPU Core Memory
Intelligent /O RoH | RoL | [ LG ]
) RiH [ RiL | | INTB | ROM
Time Measurement: 8 channels T
Waveform Generating: 8 channels Rz | | ISP ]
Communication Functions: R3 ] | USP |
Clock Synchronous Serial /O, UART, T RAM
HDLC Data Processing A - ] 1 PC ]
AL | [ svk ]
FB | | SVP ]
B . ] 1 CT ] Multiplier
<veer®> —— <vee®>

_|

<(£)T33/\>
[‘otdwod | [ edvod | [sgd] [ edwod | [ zawod ]

+

A
8y

A
¢7 8

s de ¥s
7

(Note 1)

NOTES:

1. Ports P11 to P15 are provided in the 144-pin package only.
2. Included in the 144-pin package only.
3. The supply voltage of M32C/84T (High-reliability version) must be Vcci=Vcca.

Figure 1.1 M32C/84 Group (M32C/84, M32C/84T) Block Diagram
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

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

Table 1.3 M32C/84 Group (1) (M32C/84) As of July, 2005

ROM RAM
Type Number Package Capacity Capacity Remarks
M30845FJGP PLQPO0144KA-A (144P6Q-A)
M30843FJGP PLQPO100KB-A (100P6Q-A) | 512K+4K
M30843FJFP PRQP0100JB-A (100P6S-A)
M30845FHGP PLQPO0144KA-A (144P6Q-A)
Flash Memory
M30843FHGP PLQPO100KB-A (100P6Q-A) | 384K+4K
M30843FHFP PRQP0100JB-A (100P6S-A) 24K
M30845FWGP PLQPO0144KA-A (144P6Q-A)
320K+4K
M30843FWGP PLQPO0100KB-A (100P6Q-A)
M30845MW-XXXGP PLQPO0144KA-A (144P6Q-A)
M30843MW-XXXGP PLQPO0100KB-A (100P6Q-A) 320K
M30843MW-XXXFP PRQP0100JB-A (100P6S-A)
M30842ME-XXXGP PLQPO0144KA-A (144P6Q-A)
M30840ME-XXXGP PLQPO0O100KB-A (100P6Q-A) 192K 16K Mask ROM
M30840ME-XXXFP PRQP0100JB-A (100P6S-A)
M30842MC-XXXGP PLQPO144KA-A (144P6Q-A)
M30840MC-XXXGP PLQPO0100KB-A (100P6Q-A) 128K
M30840MC-XXXFP PRQP0100JB-A (100P6S-A)
10K
M30842SGP (D) | PLQPO144KA-A (144P6Q-A)
M30840SGP (D) | PLQPO100KB-A (100P6Q-A) - ROMless
M30840SFP (D) | PRQP0100JB-A (100P6S-A)
(D): Under Development
Table 1.3 M32C/84 Group (2) (T Version, M32C/84T) As of July, 2005
ROM RAM
Type Number Package Capacity Capacity Remarks
M30845FJTGP PLQPO0144KA-A (144P6Q-A)
512K+4K
M30843FJTGP PLQPO0100KB-A (100P6Q-A) Flash Memory
T Version
M30845FHTGP PLQPO0144KA-A (144P6Q-A) 384K 4K 24K (High-releability
M30843FHTGP PLQP0100KB-A (100P6Q-A) 85° C Version)
M30843FWTGP PLQPO100KB-A (100P6Q-A) | 320K+4K
M30842MCT-XXXGP (D) | PLQP0O144KA-A (144P6Q-A)
128K 10K Mask ROM
M30840MCT-XXXGP (D) | PLQPO100KB-A (100P6Q-A)

(D): Under Development
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

<
W
o
|oo
I~

XX GP
T

Package Type:
FP = Package PRQP0100JB-A (100P6S-A)
GP = Package PLQPO0100KB-A (100P6Q-A)
Package PLQP0144KA-A (144P6Q-A)

ROM Number:

Omitted in the Flash Memory Version

Classification:
Blank = General Industrial Use
T =T Version
ROM Capacity:
C =128 Kbytes
E =192 Kbytes
W = 320 Kbytes
H = 384 Kbytes

J =512 Khytes
Memory Type:

M = Mask ROM Version
F = Flash Memory Version
S = ROMless Version

RAM Capacity, Pin Count, etc

M32C/84 Group

M16C Family
Figure 1.2 Product Numbering System
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

1.5 Pin Assignments and Descriptions
Figures 1.3 to 1.5 show pin assignments (top view).
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NOTES:
1. P70/ TAOouT / TxD2 / SDA2 / SRxD2 / INPC16 / OUTC16
2. P70 and P71 are ports for the N-channel open drain output.
3. The supply voltage of M32C/84T must be Vcci=Vcca.
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M32C/84 GROUP
(M32C/84, M32C/84T)®

[25]
[27]
(5]

CANOOUT / INTO / P82 e

INPC15/OUTC15/ U/ TA4IN/ P81 a—in

<« P34/A12(/D12)

<« P35/A13(/D13)
[80] @ P36/A14(/D14)

[7]

[e2]
[e1]

[22]
E
(5]

ISRXDO / U / TA40UT / P80 e
BELIN/ISRXD1/OUTC12/INPC12/ W/ TA2IN/ P75 <= [32]

ISCLKO / INPC14 / OUTC14 / CANOIN / TA3IN/ P77 et
ISTXDO / INPC13 / OUTC13 / CANOOUT / TA30UT / P76 =t

< P37/A15(/D1s)

< P41/A17

[77]

]
2]
(]
[35]

BE1ouT /ISTxD1/0OUTCl0/INPClo/SS2/RTS2/CTS2/V /TALN/ P73 <=

ISCLK1/0UTC11/INPC11/ W /TA20UT/ P74 <=

CLK2/V /TALOUT/ P72 agep

(DINPC17/ OUTC17 / STXD2 / SCL2 / RxD2 / TAOIN / TBSIN / P71 i

<« P43/A19

| 73]

<« P44/ CS3/A20

<« P45/ CS2/A21

<> P46/ CSI/A22

<> P47/CSO0/Az3

<« pP12s

<« P12

<> p127

< P50/ WRL/WR

< P51 /WRH / BHE

<« P52/ RD

<« P53/ CLKouT / BCLK /ALE
<« P13

<« pP131

<*— \Vcc2

<> P132

- Vs

- P133

<« P54 /HLDA/ALE

< P55/ HOLD

<« P56/ ALE

<> p57/RDY

> P13

<« P13s

<> P136

- P137

<« P60/ CTSO /RTSO / SSO
< P61/ CLKO

< P62/ RxDO / SCLO / STXDO
<—> P63/ TxDO / SDAO / SRXDO
<—> P64/ CTS1/RTS1/S51
<— P65/ CLK1L

<+ \/ss

<— P66 / RxD1/ SCLL/ STxD1
“+— \Vcc1

< P67/ TxD1/ SDAL / SRxD1
- P7DY1.27

PLQPO144KA-A
(144P6Q-A)

Figure 1.3 Pin Assignment for 144-Pin Package
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package

Eic?. Ccl):rilrt]rol Port Intg}l;]upt Timer Pin UART/CAN Pin Intelligent 1/O Pin Analog Pin | Bus Control Pin(%
1 P9e TxD4/SDA4/SRxD4 ANEX1
2 P95 CLK4 ANEXO
3 P94 TB4IN CTS4/RTS4/SS4 DA1
4 P93 TB3IN CTS3/RTS3/SS3 DAO
5 P92 TB2IN TxD3/SDA3/SRxD3
6 P91 TB1iN RxD3/SCL3/STxD3
7 P90 TBOIN CLK3
8 Pl4e
9 P14s
10 P144
11 P143 INPC17/OUTC17
12 P142 INPC16/OUTC16
13 P141 INPC15/0OUTC15
14 P14o0 INPC14/OUTC14
15 |BYTE
16 | CNVss
17 | Xcin P87
18 | Xcout P86
19 |RESET
20 | XouTt
21 | Vss
22 | XIN
23 | Vcc1
24 P8s NMI
25 P84 | INT2
26 P83 INTT CANOIN
27 P82 INTO CANOouUT
28 P81 TA4IN/U INPC15/OUTC15
29 P8o TA4ouT/U ISRXxDO
30 P77 TA3IN CANOIN INPC14/OUTC14/ISCLKO
31 P76 TA3ouT CANOouTt INPC13/OUTC13/ISTXDO
32 P7s TA2IN/W INPC12/OUTC12/ISRXxD1/BE1IN
33 P74 TA20uT/W INPC11/OUTC11/ISCLK1
34 P73 TALNV CTS2/RTS2/5S2 INPC10/OUTC10/ISTXD1/BE1louT
35 P72 TAlouT/V | CLK2
36 P71 TB5IN/TAOIN | RxD2/SCL2/STxD2 INPC17/OUTC17
37 P70 TAOouT TxD2/SDA2/SRxD2 INPC16/OUTC16
38 P67 TxD1/SDA1/SRxD1
39 | Vcc1
40 P66 RxD1/SCL1/STxD1
41 |Vss
42 P6s CLK1
43 P64 CTS1/RTS1/SS1
44 P63 TxD0/SDAO/SRxDO0O
45 P62 RxDO0/SCL0O/STxDO
46 P61 CLKO
47 P60 CTSO/RTS0/SSO
48 P137

NOTES:

1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

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

Eig'_ COFr,‘itr:()l Port InteF:’ir#pt Timer Pin UART/CAN Pin Intelligent I/O Pin Analog Pin Bus Control Pin
49 P136

50 P13s

51 P134

52 P57 RDY

53 P56 ALE

54 P55 HOLD

55 P54 HLDAJ/ALE
56 P133

57 | Vss

58 P132

59 | Vcec2

60 P131

61 P130

62 P53 CLKout/BCLK/ALE
63 P52 RD

64 P51 WRH/BHE
65 P50 WRL/WR
66 P127

67 P126

68 P12s

69 P47 CS0/A23
70 P46 CS1/A2
71 P4s CS2/A21
72 P44 CS3/A20
73 P43 A19

74 | Vcez

75 P42 A1s

76 | Vss

77 P41 A17

78 P40 A6

79 P37 A15(/D15)
80 P36 A14(/D14)
81 P3s A13(/D13)
82 P34 A12(/D12)
83 P33 A11(/D11)
84 P32 A10(/D10)
85 P31 Ag(/D9)
86 P124

87 P123

88 P122

89 P121

90 P120

91 | Vcec2

92 P30 As(/Ds)
93 | Vss

94 P27 AN27 A7(/D7)
95 P26 AN26 As(/De)
96 P25 AN25 As(/Ds)
NOTES:

1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

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

Eic?. C%r?;rol Port Int(Fe)riLupt Timer Pin UART/CAN Pin Intelligent 1/0 Pin Analog Pin | Bus Control Pin®®
97 P24 AN24 A4(/D4)
98 P23 AN23 A3(/D3)
99 P22 AN22 A2(/D2)

100 P21 AN21 A1(/D1)

101 P20 AN20 Ao(/Do)

102 P17 |INT5 D15

103 Pls | INT4 D14

104 Pls |INT3 D13

105 Pl4 D12

106 P13 D11

107 P12 D10

108 P11 Do

109 Plo Ds

110 PO7 ANO7 D7
111 POs ANOs Ds

112 POs ANOs Ds

113 P04 ANO4 D4

114 P114

115 P113 INPC13/OUTC13

116 P112 INPC12/0UTC12/ISRXD1/BE1IN

117 P111 INPC11/0OUTC11/ISCLK1

118 Pllo INPC10/OUTC10/ISTXD1/BElout

119 P03 ANO3 D3

120 P02 ANO2 D2

121 PO1 ANO1 D1

122 P00 ANOo Do

123 P157 AN157

124 P156 AN156

125 P15s5 AN155

126 P154 AN154

127 P153 AN153

128 P152 ISRXxDO AN152

129 P151 ISCLKO AN151

130{ Vss

131 P150 ISTXDO AN150

132| Vcca

133 P107 | K3 AN7

134 P10s | Kl2 ANs

135 P10s | Kiz ANs

136 P104 | Klo AN4

137 P103 AN3

138 P102 AN2

139 P101 AN1

140 AVss

141 P100 ANo

142 | VRer

143| AVcc

144 P97 RxD4/SCL4/STxD4 ADTRG

NOTES:
1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

STxD4 / SCL4 / RxD4 | ADTRG / P97<4—>[ 98

D10/ PlZ(—plE
D9/P114—>E

D8/ P10 ¢—p[ 78]

D7/ ANO7 / PO7 <%= 79
D6 / ANO6 / POs <—[ 80
Ds / ANOs / POs<—[ 81
D4 /ANO4 / PO4<—[ 82
D3 /ANO03 / PO3¢—[ 83
D2/ ANO2 / PO2¢—>[ 824
D1/ANO1/ PO1<¢—>[85
Do / ANOo / PO0 <[ 86
KI3 / AN7 / P107 <487
Ki2 / AN6 / P106<4— 88
KIL/AN5 / P105 €[ 89
KIo / AN4 / P102a<¢—»[ 90
AN3/P1034— 91
AN2 / P1024—| 92
AN1/P1014—>[03
Avss —»[94

ANo / P100<4—[ 95
VREF —( 96

Avce —( g7

@ —

©)Pgs4—»99
CLK4 / ANEXO / P954—p[100

M32C/84 GROUP

© (M32C/84, M32C/84T)®

C d N e os oo
AN N NN NN NN
zZ Z2 Z2 Z2 Z2 Z2 Z2 2
CLC CCCC I
TTTITTTEX e~
M0~~~ ~ ~ ~ ~ —~ ~ ~ 9 9 8 9 F 49
S53Sg%q
EEESSSSSBSE 8 88508685
1Y 2 IESTSSSISSY s S5SNI gogny
O 0000 ICILCCICIC I < CC CCCICC <
5 S B 6 N o 9N P I Lo~ pgo YN oYwes oo
N H 4 4 N AN AN AN NN NN OOMm O M MMM M®mm ST I
o o000 a0 0 >0 >000000000
[e][=[[=][~]=|[=l[=]2][=][e]l=]=]=][=][=]e]=] 2] s]s]=]=]]=]
N~ ==~~~ l|lollof|lol|ol|lo||lol|lo|l|lol|lo||lv|v|L|uv|lv||lv]lv||lwv||lwv
|

50 [&» P42/ A18

49 |[¢> P43/ A19

48 |«—p P44/ CS3/A20
47 |« P45/ CS2/ A21
46 |¢—p P46 / CS1/A22
45 |4—p P47/ CS0 / A23
44 |« P50/ WRL / WR
43 |« P51/ WRH / BHE
42 |« P52/ RD

41 | P53/ CLKOUT / BCLK / ALE
40 | P54/ HLDA/ ALE
39 |« P55/ HOLD

38 |4 P56 / ALE

37 |« P57 /RDY

36 |« P60/ CTSO / RTS0 / SSO
35 |« P61/ CLKO

34 |« P62/ RXDO / SCLO / STXDO
33 |«—» P63/ TXDO / SDAO / SRXDO
32 |« P64/ CTS1/RTS1/SS1
31 |« P65/ CLK1

30 |« P66 / RXD1 / SCL1 / STxD1
29 |«—» P67/ TxD1 / SDAL / SRxD1
28 |«—>p70® 9

[27 |« P712 9

26 |« P72/ TALOUT / V / CLK2

EV
(2]

SRxD3/SDA3/TxD3/TB2IN/ P92 €| 3
STxD3/SCL3/RxD3/TBL1IN/ P91 «—p| 4

SS4/RTS4/CTS4/TB4IN/ DAL/ P94 <9

SS3/RTS3/CTS3/TB3IN/DAO/ P93 €=

NOTES:

CLK3/TBOIN/ P90 €| 5

BYTE —»[6 |
CNVss —blz

XCIN/ P87 «—| 8
XcouT /P86 ¢ | 9

(o]

Xout <—|E
Vss —blz

XIN —>|E

Veel —blz
[

RESET —p

NMI/ P85 —p

1. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC16 / INPC16
2. P71/ TAOIN/ TB5IN / RxD2 / SCL2/ STxD2 / OUTC17 / INPC17

3. P96 / ANEX1/ TxD4 / SDA4 | SRxD4

4. P70 and P71 are ports for the N-channel open drain output.
5. The supply voltage of M32C/84T must be Vcci=Vccea.

[ic]
o]
[ic]
(1]

ISRXDO / U / TA40UT / P80 <= | 20

ISCLKO / OUTC14/INPC14 / CANOIN / TA3IN / P77 4= | 21

INT2/ P84 €
ISTxDO / OUTC13/ INPC13 / CANOOUT / TA30UT / P76 <= | 22

CANOIN/INT1/ P83 4=

CANOOUT / INTO/ P82 4=

OUTC15/INPC15/ U/ TA4IN / P81 <

(=]

ISCLK1/OUTC11/INPC11 /W /TA20UT / P74 €| 24

BE1IN/ISRxD1/OUTC12/INPC12 /W /TA2IN/ P75 <=

BE10UT / ISTXD1/ OUTC10/SS2 / INPClo/ RTS2 / CTS2 /V / TALIN / P73 >

(]

PLQPO100KB-A
(100P6Q-A)

Figure 1.5 Pin Assignment for 100-Pin Package
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package

Package
Pin Ng- C?D?rt]rOI Port Int(Fe)riLupt Timer Pin UART/CAN Pin Intelligent I/O Pin Ar;,"’i‘LOQ Bus Control Pin®)
FP|GP
1|99 P96 TxD4/SDA4/SRxD4 ANEX1
2 |100 P95 CLK4 ANEXO0
3 1 P94 TB4IN CTS4/RTS4/SS4 DA1
4| 2 P93 TB3IN CTS3/RTS3/SS3 DAO
5| 3 P92 TB2IN TxD3/SDA3/SRxD3
6 4 P91 TB1iN RxD3/SCL3/STxD3
71 5 P9 TBOIN CLK3
8 | 6|BYTE
9 7 | CNVss
10 8 | XcIN P87
11 9 | Xcout P86
12 | 10 | RESET
13 11 | Xout
14 12 | Vss
15 13 | Xin
16 14 | Vcci
17 | 15 P85 | NMI
18 | 16 P84 |INT2
19 | 17 P83 | INT1 CANOIN
20 | 18 P82 | INTO CANOouT
21 | 19 P81 TA4IN/O INPC15/OUTC15
22 | 20 P80 TA40uT/U ISRXDO
23 | 21 P77 TA3IN CANOIN INPC14/OUTC14/ISCLKO
24 | 22 P76 TA3out CANOout INPC13/OUTC13/ISTxDO
25 | 23 P75 TA2IN/W INPC12/0OUTC12/ISRXD1/BELIN
26 | 24 P74 TA20UT/W INPC11/0OUTC11/ISCLK1
27 | 25 P73 TALNN CTS2/RTS2/SS2 INPC10/OUTC10/ISTXD1/BELouT
28 | 26 P72 TAlouT/V | CLK2
29 | 27 P71 TBSIN/TAOIN | RXD2/SCL2/STxD2 | INPC17/0UTC17
30 | 28 P70 TAOOUT TxD2/SDA2/SRxD2 | INPC16/OUTC16
31 | 29 P67 TxD1/SDAL/SRXD1
32 | 30 P66 RxD1/SCL1/STxD1
33 | 31 P65 CLK1
34 | 32 P64 CTS1/RTS1/SS1
35 | 33 P63 TxDO/SDAO/SRXDO
36 | 34 P62 RXD0/SCLO/STXDO
37 | 35 P61 CLKO
38 | 36 P60 CTSO/RTS0/SS0O
39 | 37 P57 RDY
40 | 38 P56 ALE
41 | 309 P55 HOLD
42 | 40 P54 HLDA/ALE
43 | 21 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 P4s CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P44 CS3/A20
NOTES:
1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

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

Package
Pin Ng- C?Dr;arol Port Im’ejri:]um Timer Pin UART/CAN Pin Intelligent I/O Pin Angilr?g Bus Control Pin
FP | GP
51| 49 P43 A19
52| 50 P42 A1s
53| 51 P41 A17
54| 52 P4o A6
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 A9(/D9)
62| 60| Vcc2
63| 61 P3o As(/Ds)
64| 62| Vss
65| 63 P27 AN27 A7(/D7)
66 | 64 P26 AN26 As(/Ds)
67 | 65 P2s AN2s As(/Ds)
68 | 66 P24 AN24 A4(/Da)
69 | 67 P23 AN23 A3(/D3)
70 | 68 P22 AN22 A2(/D2)
71| 69 P21 AN21 A1(/D1)
72| 70 P20 AN20 Ao(/Do)
73| 711 P17 |INT5 Dis
74| 72 Pls |INT4 D14
75| 73 Pls  |INT3 D13
76| 74 P14 D12
77| 75 P13 D11
78| 76 P12 Dio
79| 77 Pl1 Do
80| 78 Plo Ds
81| 79 P07 ANO7 D7
82| 80 P0s ANOs De
83| 81 POs ANOs Ds
84| 82 P04 ANO4 D4
85| 83 P03 ANO3 D3
86| 84 P02 ANO2 D2
87| 85 P01 ANO1 D1
88| 86 P0Oo ANOo Do
89| 87 P107 | Ki3 AN7
90 | 88 P10s | Kiz AN6
91| 89 P10s | KL ANs
92| 90 P104 | Kio AN4
93| 91 P103 AN3
941 92 P102 AN2
95| 93 P101 AN1
96 | 94| AVss
97 | 95 P100 ANo
98| 96 | VREF
99 [ 97 | Avcc

100 | 98 P97 RxD4/SCL4/STxD4 ‘ADTRG

NOTES:

1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

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

Classsfication | Symbol |1/0 Type| SUPPly Function
Voltage
Power Supply | Vcci, Vee2 I - Apply 3.0 to 5.5V to both Vcc1 and Vcc2 pins. Apply OV to the
Vss Vss pin. Vcel = Veca( 2)
Analog Power | AVcc I Vccil | Supplies power to the A/D converter. Connect the AVcc pin to
Supply AVss Vcci and the AVSs pin to Vss
Reset Input RESET I Vcci | The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Vcc1 | Switches processor mode. Connect the CNVss pin to Vss to start up
in single-chip mode or to Vcczi to start up in microprocessor mode
Input to Switch | BYTE I Vccl | Switches data bus width in external memory space 3. The data
External Data Bus bus is 16 bits wide when the BYTE pin is held "L" and 8 bits wide
Width®) when it is held "H". Set to either. Connect the BYTE pin to Vss
to use the microcomputer in single-chip mode
Bus Control Do to D7 110 Vcc2 | Inputs and outputs data (Do to D7) while accessing an external
Pins® memory space with separate bus
Ds to D15 110 Vccz | Inputs and outputs data (Ds to D15) while accessing an external
memory space with 16-bit separate bus
Ao to A22 @) Vcc2 | Outputs address bits Ao to A22
A23 0 Vce2 | Outputs inversed address bit A23
Ao/Do to 110 Vccz | 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 Vccz | Inputs and outputs data (Ds to D15) and outputs 8 middle-order
A15/D15 address bits (A8 to A15) by time-sharing while accessing an
external memory space with 16-bit multiplexed bus
CS0toCS3| O Vcez | Outputs CSO to CS3 that are chip-select signals specifying an external space
WRL/WR o) Vcez | Outputs WRL, WRH, (WR, BHE) and RD signals. WRL and
WRH / BHE WRH can be switched with WR and BHE by program
RD ® WRL, WRH and RD selected:
If external data bus is 16 bits wide, data is written to an even
address in external memory space when WRL is held "L".
Data is written to an odd address when WRH is held "L".
Data is read when RD is held "L".
B WR, BHE and RD selected:
Data is written to external memory space when WR is held "L".
Data in an external memory space is read when RD is held "L".
An odd address is accessed when BHE is held "L".
Select WR, BHE and RD for external 8-bit data bus.
ALE (@) Vccz | ALE is a signal latching the address
HOLD I Vccz | The microcomputer is placed in a hold state while the HOLD pin is held "L"
HLDA @) Vcc2 | Outputs an "L" signal while the microcomputer is placed in a hold state
RDY I Vcez | Bus is placed in a wait state while the RDY pin is held "L"
| : Input O : Output I/O : Input and output
NOTES:

1. Vccu is hereinafter referred to as Vcc unless otherwise noted.
2. Apply 4.2 to 5.5V to the Vcci and Vcce2 pins when using M32C/84T. Vcci=Vcca.
3. Bus cotrol pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

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

Classsfication | Symbol |1/0 Type | SUPPly Function
Voltage
Main Clock Input | XIN I Vcc1 | 1/O pins for the main clock oscillation circuit. Connect a ceramic
- resonator or crystal oscillator between XiN and XouT. To apply
Main Clock Output | XouT (@) Vccel .
external clock, apply it to XIN and leave XouT open
Sub Clock Input | XCIN I Vcc1 | 1/O pins for the sub clock oscillation circuit. Connect a crystal
oscillator between XcIN and XcouT. To apply external clock,
Sub Clock Output | XcouT (@) Vccel )
apply it to XCIN and leave XcouT open
BCLK Output® | BCLK 0 vcez | Outputs BCLK signal
Clock Output | CLKouT (@) Vccz | Outputs the clock having the same frequency as fc, fs or a2
INT Interrupt | INTO to INT2 I Vcel | Input pins for the INT interrupt
Input INT3to INTS| | vcez
NMI Interrupt Input | NMI I Vvceil | 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 Vcci | 1/O pins for the timer AO to A4
TA4ouTt (TAOouT is a pin for the N-channel open drain output.)
TAOIN to Vcci | Input pins for the timer AO to A4
TA4IN
Timer B TBOIN to Vcci | Input pins for the timer BO to B5
TB5IN
Three-phase Motor | U, U, V, V, (@] Vcci | Output pins for the three-phase motor control timer
Control Timer Output | W, W
Serial I/0 CTSO0to CTS4 I Vccl | lutput pins for data transmission control
RTSOtoRTS4| O Vcci | Output pins for data reception control
CLKOto CLK4| 1/O Vcci | Inputs and outputs the transfer clock
RxDO to RxD4 I Vcci | Inputs serial data
TxDOto TxD4| O Vcci1 | Outputs serial data
(TxD2 is a pin for the N-channel open drain output.)
I2C Mode SDAO to 110 Vcci | Inputs and outputs serial data
SDA4 (SDAZ2 is a pin for the N-channel open drain output.)
SCLO to 110 Vcci | Inputs and outputs the transfer clock
SCL4 (SCL2is a pin for the N-channel open drain output.)
Serial I/0 STxDO to @) Vcci | Outputs serial data when slave mode is selected
Special Function| STxD4 (STxD2is a pin for the N-channel open drain output.)
SRxDO to Vcci | Inputs serial data when slave mode is selected
SRxD4
SSO0 to SS4 I Vcci | Input pins to control serial I/O special function
I : Input O : Output I/0O : Input and output

NOTES:
1. Bus control pins in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T) 1. Overview

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

Classsfication | Symbol [1/0 Typel SUPPlY Function
Voltage

Reference VREF | - Applies reference voltage to the A/D converter and D/A converter
Voltage Input
A/D Converter | ANo to AN7 | Vccl | Analog input pins for the A/D converter

ANOo to ANO7

AN20 to AN27

ADTRG I Vvcel | Input pin for an external A/D trigger

ANEXO 110 Vccil | Extended analog input pin for the A/D converter and output pin in

external op-amp connection mode

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

D/A Converter |DAO, DA1 (0] Vcci | Output pin for the D/A converter

Intelligent I/O | INPCloto INPC13 | veerVec2®W | Input pins for the time measurement function

INPC14 to INPC17 | Vcci

OUTCloto OUTCI3 O |Veewvec2® | Output pins for the waveform generating function

OUTCl4to OUTCLY (0] Vcc1 | (OUTCle and OUTC17 assgined to P70 and P71 are pins for the N-channel open drain output.)

ISCLKO 110 Vccl | Inputs and outputs the clock for the intellignet I/O communication
ISCLK1 110 | Veeavee2® | function
ISRXDO | Vccl | Inputs data for the intellignet I/O communication function
ISRXD1 I | veciveea®
ISTXDO (0] Vcci | Outputs data for the intellignet I/O communication function
ISTXD1 O | Veciveca®
BE1IN | veervec2®W | Inputs data for the intellignet I/O communication function
BElout O |Veewvec2® | Outputs data for the intellignet I/O communication function
CAN CANOIN | Vccl | Input pin for the CAN communication function
CANOouT (0] Vcci | Output pin for the CAN communication function
I/0 Ports POo to PO7 110 Vccz | 1/0 ports for CMOS. Each port can be programmed for input or
Ploto P17 output under the control of the direction register. An input port
P20 to P27 can be set, by program, for a pull-up resistor available or for no
P30 to P37 pull-up resister available in 4-bit units
P40 to P47
P50 to P57
P60 to P67 110 Vcci | 1/O ports having equivalent functions to PO
P70 to P77 (P70 and P71 are ports for the N-channel open drain output.)
P9o to P97
P100 to P107
P8o to P84 110 Vcci | 1/O ports having equivalent functions to PO
P8s, P87
Input Port P85 | Vcci | Shares a pin with NMI. NMI input state can be got by reading P85

I : Input O : QOutput I/O : Input and output
NOTES:
1. Vcc2 is not available in the 100-pin package. Vcci only available.
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M32C/84 Group (M32C/84, M32C/84T)

1. Overview

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

Classsfication | Symbol |1/0 Typel SUPPly Function
Voltage
A/D Converter | AN150to AN157 I Vcci  |Analog input pins for the A/D converter
1/0 Ports Plloto P114| 1/O Vccz | 1/O ports having equivalent functions to PO
P120to P127
P130to P137
Pl4oto Pl46 | 1/O Vcci | I/O ports having equivalent functions to PO
P150 to P157

| : Input O : Output

I/O : Input and output
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M32C/84 Group (M32C/84, M32C/84T) 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 Register | R2 ROH ROL ]
fmmmmm e |
! R3 R1H R1L
""""""""" Ll pData Register()
R2
b23 R3 I
A0 1
1| »Address Register(!)
Al
SB '] 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
b5 - 7 bgbr bo!
L[ ee [ [ ][ uft]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 Register . SVF Flag Save Register
SVP PC Save Register
VCT Vector Register
b7 b0
DMAC-Associated Register DMDO
DMA Mode Register
b15 DMD1
DCTO
DMA Transfer Count Register
DCT1
DRCO )
DMA Transfer Count Reload Register
b23 DRC1
DMAO
DMA Memory Address Register
DMA1
DRAO
DMA Memory Address Reload Register
DRA1
DSA0
DMA SFR Address Register
DSAl

NOTES:
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/84 Group (M32C/84, M32C/84T) 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".
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M32C/84 Group (M32C/84, M32C/84T) 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 11.4 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, DMAL)
- DMA SFR address register (DSA0, DSA1)
- DMA memory address reload register (DRAO, DRA1)

Refer to 13. DMAC for details.
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M32C/84 Group (M32C/84, M32C/84T) 3. Memory

3. Memory
Figure 3.1 shows a memory map of the M32C/84 group (M32C/84, M32C/84T).
The M32C/84 group (M32C/84, M32C/84T) provides 16-Mbyte address space from addresses 00000016 to

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

Kbyte internal ROM is allocated in addresses FF000016 to FFFFFF16.
The fixed interrupt vectors are allocated addresses FFFFDC16 to FFFFFF16. It stores the starting address
of each interrupt routine. Refer to 11. Interrupt for details.
The internal RAM is allocated higher addresses beginning with address 00040016. For example, a 10-
Kbyte internal RAM is allocated addresses 00040016 to 002BFF16. Besides storing data, it becomes stacks
when the subroutine is called or an interrupt is acknowleged.
SFR, consisting of control registers for peripheral functions such as I/O port, A/D converter, serial I/O, and
timers, is allocated addresses 00000016 to 0003FF16. All blank spaces within SFR are reserved and
cannot be accessed by users.
The special page vectors are allocated addresses FFFEOO16 to FFFFDB1s6. It is used for the JIMPS instruc-
tion and JSRS instruction. Refer to the Renesas publication M32C/80 Series Software Manual for detalils.
In memory expansion mode and microprocessor mode, some spaces are reserved and cannot be ac-

cessed by users.

00000016
SFR
00040016
Internal RAM
0063FF16
Internal RAM Reserved Space /FFFEOO16
Capacity XXXXXX16 00F00016 @ ; Special Page
Internal ROM |
24 Kbytes 0063FF16 (Data space) ; Vector Table
16 Kbytes 0043FF16 00FFFF16 ! FFFFDC16}----- S .
10 Kbytes 002BFF16 ! I-Undefined Instructiond
External Space® [ E Overflow E
Internal ROM / E  BRK Instruction A
Capacity YYYYYY16 ! I Address Match
512 Kbytes | F8000016 F0000016 | Reserved Space® | ! = E
! - i 5) 3
384 Kbytes FA000016 F8000016 B Watchdog Timer®) £
320 Kbytes FB000016 | | ROM@ E E
192 Kbytes | FD000016 nterna B NI 1
128 Kbytes FE000016 FFFFFF16 - FFFEEF1sE Reset E
NOTES:
1. In memory expansion mode and microprocessor mode.
2. In memory expansion mode.
This space becomes external space in microprocessor mode.
3. Additional 4-Kbyte space is provided in flash memory version for storing data.
This space can be used in single-chip mode and memory expansion mode.
This space becomes reserved space in microprocessor mode.
4. This space can be used in single-chip mode and memory expansion mode.
This space becomes external space in microprocessor mode.
5. Watchdog timer interrupts, oscillation stop detect interrupts,
and voltage down detect interrupts share vectors.

Figure 3.1 Memory Map
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
000016
000116
000216
000316
) 1000 00002(CNVss pin ="L")
000416 | Processor Mode Register 0(1) PMO 0000 00112(CNVSS pin ="H")
000516 | Processor Mode Register 1 PM1 0016
000616 | System Clock Control Register 0 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")
000B16 | External Data Bus Width Control Register(? DS 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 O RMADO 00000016
001216
001316 | Processor Mode Register 2 PM2 0016
001416
001516 | Address Match Interrupt Register 1 RMAD1 00000016
001616
001716 | Voltage Detection Register 2(2) VCR2 0016
001816
001916 | Address Match Interrupt Register 2 RMAD2 00000016
001A16
001B16 | Voltage Detection Register 1(2) VCR1 0000 10002
001C1s
001D16 | Address Match Interrupt Register 3 RMAD3 00000016
001E16
001F16
002016
002116
002216
002316
002416
002516
002616 | PLL Control Register 0 PLCO 0001 X0102
002716 | PLL Control Register 1 PLC1 000X 00002
002816
002916 | Address Match Interrupt Register 4 RMAD4 00000016
002A16
002B16
002C1s6
002D16 | Address Match Interrupt Register 5 RMADS5 00000016
002E16
002F16 | Voltage Down Detection Interrupt Register(2) D4INT 0016

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. The PM01 and PMOO bits in the PM1 register maintain values set before reset even if software reset or watchdog

timer reset is performed.

2. These registers in M32C/84T cannot be used.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

003016

003116

003216

003316

003416

003516

003616

003716

003816
003916
003A16

Address Match Interrupt Register 6

RMADG

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(1)

EWCRO

X0X0 00112

004916

External Space Wait Control Register 1(1)

EWCR1

X0X0 00112

004A16

External Space Wait Control Register 2(1)

EWCR2

X0X0 00112

004B16

External Space Wait Control Register 3(1)

EWCR3

X0X0 00112

004C1s6

Page Mode Wait Control Register 0(2)

PWCRO

0001 00012

004D16

Page Mode Wait Control Register 1(2)

PWCR1

0001 00012

004E16

004F16

005016

005116

005216

005316

005416

005516

Flash Memory Control Register 1

FMR1

0000 01012

005616

005716

Flash Memory Control Register 0

FMRO

0000 00012(Flash memory version)
XXXX XXX02(Masked ROM version)

005816

005916

005A16

005B16

005C16

005D16

005E16

005F16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. These registers in M32C/84T cannot be used.
2. These registers can be used only in the ROMless version.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

006816 | DMAO Interrupt Control Register DMOIC XXXX X0002
006916 | Timer B5 Interrupt Control Register TB5IC XXXX X0002
006A16 | DMA2 Interrupt Control Register DM2IC XXXX X0002
006B16 | UART2 Receive /ACK Interrupt Control Register S2RIC XXXX X0002
006C16| Timer AO Interrupt Control Register TAOIC XXXX X0002
006D16 | UART3 Receive /ACK Interrupt Control Register S3RIC XXXX X0002
006E16 | Timer A2 Interrupt Control Register TA2IC XXXX X0002
006F16 | UART4 Receive /ACK Interrupt Control Register S4RIC XXXX X0002
007016 | Timer A4 Interrupt Control Register TA4IC XXXX X0002
007116 | UARTO/UART3 Bus Conflict Detect Interrupt Control Register BCNOIC/BCN3IC XXXX X0002
007216 | UARTO Receive/ACK Interrupt Control Register SORIC XXXX X0002
007316 | A/DO Conversion Interrupt Control Register ADOIC XXXX X0002
007416 | UART1 Receive/ACK Interrupt Control Register S1RIC XXXX X0002
007516 | Intelligent I/O Interrupt Control Register 0 1100IC XXXX X0002
007616 | Timer B1 Interrupt Control Register TB1IC XXXX X0002
007716 | Intelligent I/O Interrupt Control Register 2 l1o2IC XXXX X0002
007816 | Timer B3 Interrupt Control Register TB3IC XXXX X0002
007916 | Intelligent I/O Interrupt Control Register 4 1104IC XXXX X0002
007A16 | INTS5 Interrupt Control Register INT5IC XX00 X0002
007B16

007C16 | INT3 Interrupt Control Register INT3IC XX00 X0002
007D16 | Intelligent I/O Interrupt Control Register 8 1108IC XXXX X0002
007E16 | INT1 Interrupt Control Register INT1IC XX00 X0002

Intelligent 1/O Interrupt Control Register 10/ l1010IC

007F16 CAN Interrupt 1 Control Register CANL1IC XXXX X0002
008016

008116 | CAN Interrupt 2 Control Register CAN2IC XXXX X0002
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 | DMAS 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/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

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

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

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

009316 | Key Input Interrupt Control Register KUPIC XXXX X0002

009416 | Timer BO Interrupt Control Register TBOIC XXXX X0002

009516 | Intelligent I/O Interrupt Control Register 1 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
Intelligent 1/O Interrupt Control Register 9/ 1109IC

009D16 CAN Interrupt 0 Control Register CANoOIC XXXX X0002

009E16 | INTO Interrupt Control Register INTOIC XX00 X0002

009F16 | Exit Priority Control Register RLVL XXXX 00002

00AO016 | Interrupt Request Register 0 11O0IR 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

00A41s6 | Interrupt Request Register 4 1104IR 0000 000X2

00A516

00A616

00A716

00A816 | Interrupt Request Register 8 1108IR 0000 000X2

00A916 | Interrupt Request Register 9 1HO9IR 0000 000X2

00AA1s6 | Interrupt Request Register 10 11010IR 0000 000X2

00AB16 | Interrupt Request Register 11 IIO11IR 0000 000X2

00AC16

00AD16

00AE16

00AF16

00BO016 | Interrupt Enable Register 0 11O0IE 0016

00B1l16 | Interrupt Enable Register 1 IIO1IE 0016

00B216 | Interrupt Enable Register 2 1102IE 0016

00B316 | Interrupt Enable Register 3 1IO3IE 0016

00B416 | Interrupt Enable Register 4 11041E 0016

00B516

00B616

00B716

00B816 | Interrupt Enable Register 8 1108IE 0016

00B916 | Interrupt Enable Register 9 11O9IE 0016

00BA16 | Interrupt Enable Register 10 11010IE 0016

00BB16 | Interrupt Enable Register 11 1I011IE 0016

00BC16

00BD16

0OBE16

00BF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

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
00ES516
00E616
00E716
00E816 XXXX XXXX2
00E916 S1/O Receive Buffer Register 0 GORB X000 XXXX2
00EA16 | Transmit Buffer/Receive Data Register O GOTB/GODR XX16

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

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

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 Extended Mode Register 0 GOEMR 0016
00FD16 | SI/O Extended Receive Control Register 0 GOERC 0016
00FEz16 | SI/O Special Communication Interrupt Detect Register O GOIRF 0016
00FF16 | SI/O Extended Transmit Control Register O GOETC 0000 OXXX2
010016 XX16
010116 Time Measurement/Waveform Generating Register 10 G1TM0/G1PO0 XX16
010216 XX16
010316 Time Measurement/Waveform Generating Register 11 G1TM1/G1PO1 XX16
010416 XX16
010516 Time Measurement/Waveform Generating Register 12 G1TM2/G1P0O2 XX16
010616 XX16
010716 Time Measurement/Waveform Generating Register 13 G1TM3/G1P0O3 XX16
010816 XX16
010916 Time Measurement/Waveform Generating Register 14 G1TM4/G1P0O4 XX16
010A16 XX16
010B16 Time Measurement/Waveform Generating Register 15 G1TM5/G1PO5 XX16
010C16 XX16
010D16 Time Measurement/Waveform Generating Register 16 G1TM6/G1PO6 XX16
010E16 XX16
010F16 Time Measurement/Waveform Generating Register 17 G1TM7/G1PO7 XX16
011016 | Waveform Generating Control Register 10 G1POCRO 0000 X0002
011116 | Waveform Generating Control Register 11 G1POCR1 0X00 X0002
011216 | Waveform Generating Control Register 12 G1POCR2 0X00 X0002
011316 | Waveform Generating Control Register 13 G1POCR3 0X00 X0002
011416 | Waveform Generating Control Register 14 G1POCR4 0X00 X0002
011516 | Waveform Generating Control Register 15 G1POCR5 0X00 X0002
011616 | Waveform Generating Control Register 16 G1POCR6 0X00 X0002
011716 | Waveform Generating Control Register 17 G1POCR7 0X00 X0002
011816 | Time Measurement Control Register 10 G1TMCRO 0016
011916 | Time Measurement Control Register 11 G1TMCR1 0016
011A16 | Time Measurement Control Register 12 G1TMCR2 0016
011B16 | Time Measurement Control Register 13 G1TMCR3 0016
011Cz16 | Time Measurement Control Register 14 G1TMCR4 0016
011D16 | Time Measurement Control Register 15 G1TMCR5 0016
011E16 | Time Measurement Control Register 16 G1TMCR6 0016
011F16 | Time Measurement Control Register 17 G1TMCR7 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
012016 XX16
012116 Base Timer Register 1 G1BT XX16
012216 | Base Timer Control Register 10 G1BCRO 0016

012316 | Base Timer Control Register 11 G1BCR1 X000 000X2
012416 | Time Measurement Prescaler Register 16 G1TPR6 0016
012516 | Time Measurement Prescaler Register 17 G1TPR7 0016
012616 | Function Enable Register 1 G1FE 0016
012716 | Function Select Register 1 G1FSs 0016
012816 XXXX XXXX2
012916 SI/O Receive Buffer Register 1 G1RB X000 XXXX2
012A16 | Transmit Buffer/Receive Data Register 1 G1TB/G1DR XX16
012B16

012C16 | 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 Extended Mode Register 1 G1EMR 0016
013D16 | SI/O Extended Receive Control Register 1 G1ERC 0016
013E16 | SI/O Special Communication Interrupt Detect Register 1 G1IRF 0016
013F16 | SI/O Extended Transmit Control Register 1 G1ETC 0000 0XXX2
014016

014116

014216

014316

014416

014516

014616

014716

014816

014916

014A16

014B16

014Cz1s6

014D16

014E16

014F16

X: Indeterminate

Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
015016
015116
015216
015316
015416
015516
015616
015716
015816
015916
015A16
015B16
015C1s6
015D16
015E16
015F16
016016
016116
016216
016316
016416
016516
016616
016716
016816
016916
016A16
016B16
016C16
016D16
016E16
016F16
017016
017116
017216
017316
017416
017516
017616
017716
017816 | Input Function Select Register IPS 0016
017916 | Input Function Select Register A IPSA 0016
017A16
017B16
017Cz1s
017D16
to
01DF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
01E016 | CANO Message Slot Buffer 0 Standard 1DO COSLOTO_0 XX16

01El116 | CANO Message Slot Buffer 0 Standard 1D1 COSLOTO_1 XX16

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

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

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

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

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

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

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

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

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

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

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

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

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

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

01F016 | CANO Message Slot Buffer 1 Standard 1DO COSLOT1_0 XX16

01F116 | CANO Message Slot Buffer 1 Standard 1D1 COSLOT1_1 XX16

01F216 | CANO Message Slot Buffer 1 Extended IDO COSLOT1_2 XX16

01F316 | CANO Message Slot Buffer 1 Extended ID1 COSLOT1_3 XX16

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

01F516 | CANO Message Slot Buffer 1 Data Length Code COSLOTL 5 XX16

01F616 | CANO Message Slot Buffer 1 Data 0 COSLOT1_6 XX16

01F716 | CANO Message Slot Buffer 1 Data 1 COSLOT1_7 XX16

01F816 | CANO Message Slot Buffer 1 Data 2 COSLOT1_8 XX16

01F916 | CANO Message Slot Buffer 1 Data 3 COSLOT1 9 XX16

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

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

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

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

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

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

020016 _ XX01 0X012()
020116 CANO Control Register 0 COCTLRO XXXX 000021
020216 _ 0000 00002(1)
020316 CANO Status Register COSTR X000 0X012(1)
020416 ] 0016
020516 CANO Extended ID Register COIDR 00161
020616 _ _ _ 0000 XXXX2()
020716 CANO Configuration Register COCONR 0000 000021
020816 . . 0016
020916 CANO Time Stamp Register COTSR 00160
020A16 | CANO Transmit Error Count Register COTEC 00160
020B16 | CANO Receive Error Count Register COREC 0016
020C16 . 0016
020D16 CANO Slot Interrupt Status Register COSISTR 00160
020E16

020F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after reset and
supplying the clock to the CAN module.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
021016 ) 0016(2)
021116 CANO Slot Interrupt Mask Register COSIMKR 0016
021216
021316
021416 | CANO Error Interrupt Mask Register COEIMKR XXXX X0002(2)
021516 | CANO Error Interrupt Status Register COEISTR XXXX X0002(2)
021616 | CANO Error Cause Register COEFR 0016
021716 | CANO Baud Rate Prescaler COBRP 0000 00012
021816
021916 | CANO Mode Register COMDR XXXX XX002)
021A16
021B16
021C16
021D16
021E16
021F16
022016 _ ] 0016() ‘
022116 CANO Single-Shot Control Register COSSCTLR 0016
022216
022316
022416 _ _ 0016()
022516 CANO Single-Shot Status Register COSSSTR 0016
022616
022716
022816 | CANO Global Mask Register Standard IDO COGMRO XXX0 00002
022916 | CANO Global Mask Register Standard ID1 COGMR1 XX00 00002
022A16 | CANO Global Mask Register Extended IDO COGMR2 XXXX 00002(2)
022B16 | CANO Global Mask Register Extended ID1 COGMR3 0016
022C16 | CANO Global Mask Register Extended ID2 COGMR4 XX00 00002
022D16
022E16
022F16 (Note 1)
CANO Message Slot 0 Control Register / COMCTLO/ 0000 00002
023016 CANO Local Mask Register A Standard 1DO COLMARO XXX0 000022
CANO Message Slot 1 Control Register / COMCTL1/ 0000 00002@
023116 CANO Local Mask Register A Standard ID1 COLMAR1 XX00 00002
CANO Message Slot 2 Control Register / COMCTL2/ 0000 00002
023216 CANO Local Mask Register A Extended IDO COLMAR2 XXXX 00002(2)
CANO Message Slot 3 Control Register / COMCTL3/ 0016(@
023316 | AN local Mask Register A Extended 1D1 COLMAR3 0016
CANO Message Slot 4 Control Register / COMCTL4/ 0000 00002
023416 CANO Local Mask Register A Extended 1D2 COLMAR4 XX00 000022
023516 | CANO Message Slot 5 Control Register COMCTL5 0016
023616 | CANO Message Slot 6 Control Register COMCTL6 0016
023716 | CANO Message Slot 7 Control Register COMCTL? 0016
CANO Message Slot 8 Control Register / COMCTLS/ 0000 00002
023816 | cANO Local Mask Register B Standard ID0 COLMBRO XXX0 00002 v

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after reset and
supplying the clock to the CAN module.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

023916

CANO Message Slot 9 Control Register /
CANO Local Mask Register B Standard 1D1

COMCTLY/
COLMBR1

0000 00002(2)
XX00 000022

023A16

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

COMCTL10/
COLMBR2

0000 00002
XXXX 00002(2)

023B16

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

COMCTL11/
COLMBR3

00162
0016(2)

023C1s6

CANO Message Slot 12 Control Register /
CANO Local Mask Register B Extended ID2

COMCTL12/
COLMBR4

0000 00002
XX00 00002(2)

023D16

CANO Message Slot 13 Control Register

COMCTL13

0016(2)

023E16

CANO Message Slot 14 Control Register

COMCTL14

0016(2)

023F16

CANO Message Slot 15 Control Register

COMCTL15

0016(2)

(Note 1)

024016

CANO Slot Buffer Select Register

COSBS

0016(2)

024116

CANO Control Register 1

COCTLR1

X000 00XX2(2)

024216

CANO Sleep Control Register

COSLPR

XXXX XXX02

024316

024416
024516

CANO Acceptance Filter Support Register

COAFS

0016(2)
0116

024616

024716

024816

024916

024A16

024B16

024C1s6

024D16

024E16

024F16

025016

025116

025216

025316

025416

025516

025616

025716

025816

025916

025A16

025B16

025C16

025D16
to
02BF16

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

NOTES:

1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after reset and
supplying the clock to the CAN module.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02CO016 XX16
02C116 X0 Register YO Register XOR,YOR XX16
02C216 XX16
02C316 X1 Register Y1 Register X1R,Y1R XX16
02C416 XX16
02C516 X2 Register Y2 Register X2R,Y2R XX16
02C616 XX16
02C716 X3 Register Y3 Register X3R,Y3R XX16
02C816 XX16
02C916 X4 Register Y4 Register X4R,Y4R XX16
02CA16 XX16
02CB16 X5 Register Y5 Register X5R,Y5R XX16
02CCz1s6 XX16
02CD16 X6 Register Y6 Register X6R,Y6R XX16
02CE16 XX16
02CF16 X7 Register Y7 Register X7R,Y7R XX16
02D016 XX16
02D116 X8 Register Y8 Register X8R,Y8R XX16
02D216 XX16
02D316 X9 Register Y9 Register X9R,Y9R XX16
02D416 XX16
02D516 X10 Register Y10 Register X10R,Y10R XX16
02D616 XX16
02D716 X11 Register Y11 Register X11R,Y11R XX16
02D816 XX16
02D916 X12 Register Y12 Register X12R,Y12R XX16
02DA16 XX16
02DB16 X13 Register Y13 Register X13R,Y13R XX16
02DC16 XX16
02DD16 X14 Register Y14 Register X14R,Y14R XX16
02DE16 XX16
02DF16 X15 Register Y15 Register X15R,Y15R XX16
02EO016 | X/Y Control Register XYC XXXX XX002
02E1l16

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 O uico 0000 10002
02ED16 | UART1 Transmit/Receive Control Register 1 UlC1 0000 00102
02EE16 XX16
02EF16 UART1 Receive Buffer Register U1RB XX16

X: Indeterminate

Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

02F416 | UART4 Special Mode Register 4 U4SMR4 0016
02F516 | UART4 Special Mode Register 3 U4SMR3 0016
02F616 | UART4 Special Mode Register 2 U4SMR2 0016
02F716 | UART4 Special Mode Register U4SMR 0016
02F816 | UART4 Transmit/Receive Mode Register U4MR 0016
02F916 | UART4 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
02FE16 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 TAll 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

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
031Czi6 | Timer B4 Mode Register TB4MR 00XX 00002
031D16 | Timer B5 Mode Register TB5MR 00XX 00002
031E16

031F16 | External Interrupt Cause Select Register IFSR 0016

X: Indeterminate

Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
032016

032116

032216

032316

032416 |UART3 Special Mode Register 4 U3SMR4 0016
032516 |UART3 Special Mode Register 3 U3SMR3 0016
032616 |UART3 Special Mode Register 2 U3SMR2 0016
032716 |UART3 Special Mode Register U3SMR 0016
032816 |UART3 Transmit/Receive Mode Register U3MR 0016
032916 |UART3 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 UART?2 Transmit Buffer Register uz2TB XX16
033C16 |UART2 Transmit/Receive Control Register 0 u2Co 0000 10002
033D16 |UART2 Transmit/Receive Control Register 1 u2C1 0000 00102
033E16 XX16
033F16 UART?2 Receive Buffer Register U2RB XX16
034016 |Count Start Flag TABSR 0016
034116 |Clock Prescaler Reset Flag CPSRF OXXX XXXX2
034216 |One-Shot Start Flag ONSF 0016
034316 |Trigger Select Register TRGSR 0016
034416 |Up/Down Flag UDF 0016
034516

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

X: Indeterminate

Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
035016 ) ) XX16
035116 Timer BO Register TBO XX16
035216 | ] XX16
035316 Timer B1 Register TB1 XX16
035416 | ] XX16
035516 Timer B2 Register TB2 XX16
035616 | Timer AO Mode Register TAOMR 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 0 uocCo 0000 10002
036D16 | UARTO Transmit/Receive Control Register 1 uocC1 0000 00102
036E16 ) ) XX16
036F16 UARTO Receive Buffer Register UORB XX16
037016

037116

037216

037316

037416

037516

037616

037716

037816 | DMAO Request Source Select Register DMOSL 0X00 00002
037916 | DMAL 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
037C16 ] XX16
037D16 CRC Data Register CRCD XX16
037E16 | CRC Input Register CRCIN XX16
037F16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. The TCSPR register maintains values set before reset, even after software reset or watchdog timer reset has
been performed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
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 ADO02 XX16

038616 XX16

038716 A/DO Register 3 ADO3 XX16

038816 XX16

038916 A/DO Register 4 ADO04 XX16
038A16 XX16
038B16 A/DO Register 5 ADO5 XX16
038C16 XX16
038D16 A/DO Register 6 ADO06 XX16
038E16 XX16
038F16 A/DO Register 7 ADO7 XX16

039016

039116

039216 | A/DO Control Register 4 ADOCON4 XXXX 00XX2
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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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

<144-pin Package>

Address Register Symbol Value after RESET
03A016 | Function Select Register A8 PS8 X000 00002
03Al16 | Function Select Register A9 PS9 0016
03A216

03A316

03A416

03A516

03A616

03A716 | Function Select Register D1 PSD1 XOXX XX002
03A816

03A916

03AA16

03AB16

03AC1s6 | Function Select Register C2 PSC2 XXXX X00X2
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 pPS2 00X0 00002
03B516 | Function Select Register A3 PS3 0016
03B616 | Function Select Register B2 PSL2 00X0 00002
03B716 | Function Select Register B3 PSL3 0016
03B816

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

03BB16

03BC16

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 | Port P11 Register P11 XX16
03CA16 | Port P10 Direction Register PD10 0016
03CB16 | Port P11 Direction Register PD11 XXX0 00002
03CCa1is6 | Port P12 Register P12 XX16
03CDa1s | Port P13 Register P13 XX16
03CEz16 | Port P12 Direction Register PD12 0016
03CF16 | Port P13 Direction Register PD13 0016

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

Rev. 1.01 Jul. 07, 2005 Page 39 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

<144-pin Package>

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

03D516

03D616

03D716

03D816

03D916

03DA16 | Pull-Up Control Register 2 PUR2 0016
03DB16 | Pull-Up Control Register 3 PUR3 0016
03DCa1s6 | Pull-Up Control Register 4 PUR4 XXXX 00002
03DD16

03DE16

03DF16

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

03ED16

03EE16

03EF16

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

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16 | Port Control Register PCR XXXX XXX02

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

Rev. 1.01 Jul. 07, 2005 Page 40 of 495 RENESAS
REJO9B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

<100-pin Package>

Address Register Symbol Value after RESET
03A016

03Al16

03A216

03A316

03A416

03A516

03A616

03A716 | Function Select Register D1 PSD1 XOXX XX002
03A816

03A916

03AA16

03AB16

03AC16| Function Select Register C2 PSC2 XXXX X00X2
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 pPS2 00X0 00002
03B516 | Function Select Register A3 PS3 0016
03B616 | Function Select Register B2 PSL2 00X0 00002
03B716 | Function Select Register B3 PSL3 0016
03B816

03B916

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| Set default value to "FF16"

03CC1s

03CD16

03CE16| Set default value to "FF16"

03CF16| Set default value to "FF16"

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 4. Special Function Registers (SFR)

<100-pin Package>

Address Register Symbol Value after RESET
03D016
03D116
03D216 | Set default value to "FF16"
03D316 | Set default value to "FF16"
03D416
03D516
03D616
03D716
03D816
03D916
03DA16| Pull-Up Control Register 2 PUR2 0016
03DB16| Pull-Up Control Register 3 PUR3 0016
03DC16| Set default value to "0016"
03DD1s
03DE16
03DF16
03EO016 | Port PO Register PO XX16
03E1l16 | Port P1 Register P1 XX16
03E216 | Port PO Direction Register PDO 0016
03E316 | Port P1 Direction Register PD1 0016
03E416 | Port P2 Register P2 XX16
03E516 | Port P3 Register P3 XX16
03E616 | Port P2 Direction Register PD2 0016
03E716 | Port P3 Direction Register PD3 0016
03E816 | Port P4 Register P4 XX16
03E916 | Port P5 Register P5 XX16
03EA16| Port P4 Direction Register PD4 0016
03EB16| Port P5 Direction Register PD5 0016
03EC16
03ED16
03EE16
03EF16
03F016 | Pull-up Control Register 0 PURO 0016

03F116 | Pull-up Control Register 1 PUR1 XXXX 00002
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FC16
03FD16
03FE16
03FF16 | Port Control Register PCR XXXX XXX02

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/84 Group (M32C/84, M32C/84T) 5. Reset

5. Reset

Hardware reset 1, brown-out detection reset (hardware reset 2), software reset and watchdog timer reset
are available to reset the microcomputer.

5.1 Hardware Reset 1

Pins, the CPU and SFR 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 fa(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
Vcel
ov
RESET Vccel
VW & s
RESET
bt 0.2Vccel

— or below 0.2Vcc1 or below

1 ov

—> i<4— td(P-R) + 20 or more clock cycle
inputs provided into the XIN pin

NOTES:
1. If Vcci>Vcee, the Vcez voltage must be lower than that of Vcc1 when the power is
being turned on or off.
The supply voltage of M32C/84T must be Vcci=Vcce.

Figure 5.1 Reset Circuit
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M32C/84 Group (M32C/84, M32C/84T)

5. Reset

vccei, veea(?)

XIN

is equired

td(P-R) ms or more

are required

20 or more cycles

RESET §
: 168 to 173 BCLK cycles (Flash Memory Version)

40 to 45 BCLK cycles (Mask ROM Version)
- :

BYTE="H"

oo UILLUAAA NIRRT

. 3]
Microprocessor Mode™

Content of reset vector

Address

FFFFFC16 X FFFFFD16 X FFFFFE16 X FFFFFF16 X X

A23

——

| |

BYTE="L"

Microprocessor Mode &

Content of reset vector

Address

X FFFFFC16 X FFFFFE16 X

A I

A23

Single-Chip Mode

Address(l)

FFEFFC16 Content of reset vector

NOTES:

1. Address data is not output from pins in single-chip mode.
2. The supply voltage of M32C/84T must be Vcci=Vcca.

e

T

FFFFFEL6

3. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

Figure 5.2 Reset Sequence
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M32C/84 Group (M32C/84, M32C/84T) 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 P15()| Input port (high-impedance) |Input port (high-impedance)
NOTES:

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

2. The availability of pull-up resistors is indeterminate until internal supply voltage stabilizes.

3. 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.

5.2 Brown-Out Detection Reset (Hardware Reset 2)
Pins, the CPU and SFR are reset by using the built-in voltage detection circuit, which monitors the voltage
applied to the Vccai pin.
When the VC26 bit in the VCR2 register is set to "1" (reset level detection circuit enabled), pins, the CPU
and SFR are reset as soon as the voltage applied to the VVcci pin drops to Vdet3 or below.
Then, pins, the CPU and SFR are reset as soon as the voltage applied to the Vcci pin reaches Vdet3r or
above. The microcomputer executes the program in an address determined by the reset vector.
The microcomputer executes the program after detecting Vdet3r and waiting /2(S-~)ms . The same pins and
registers are reset by the hardware reset 1 and brown-out detection reset, and are also placed in the same
reset state.
The microcomputer cannot exit stop mode by brown-out detection reset.
Figure 5.3 shows an example of brown-out detection reset operation.

NOTES:
1. Brown-out detection reset cannot be used in M32C/84T.
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M32C/84 Group (M32C/84, M32C/84T) 5. Reset

When Stop Mode is not Used
5.0V 5.0v
Vdet4
Vdet3r H
veer Vdet3 !
Vdet3s i
Vss 1
1
RESET :
I
!
Internal Reset Signal 1
I
1 1
1 | |
I H
VC13 Bit Indeterminate / i |
I
: o~ Set to "1" by program (reset level detection circuit enabled)
| ]
VC26 Bit Indeterminate \ | I
: Set to "1" by program
: (low voltage detection circuit enabled)
VC27 Bit Indeterminate \ i | |

Figure 5.3 Brown-out Detection Reset (Hardware Reset 2)

5.3 Software Reset
Pins, the CPU and SFR are reset when the PMO3 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 the SFR. Refer to 4. SFR for details.
Processor mode remains unchanged since the PM01 and PMOO bits in the PMO register are not reset.

5.4 Watchdog Timer Reset
Pins, the CPU and SFR 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. SFR for details.
Processor mode remains unchanged since the PM0O1 and PMOO bits in the PMO register are not reset.
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M32C/84 Group (M32C/84, M32C/84T) 5. Reset

5.5 Internal Space
Figure 5.4 shows CPU register states after reset. Refer to 4. SFR for SFR states after reset.

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

General Registers High-Speed Interrupt Registers
b15 bo b15 bo
I:I Flag Register (FLG) b23 XXXX16 Flag Save Register (SVF)
b1§,_,,»—»"""’"““nbs 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 vrosszpbc DMAC-Associated Registers
°°_ b7 b0
0016 0016 ] pata Register (ROH/ROL) 0016 | DMA Mode Register (DMDO)
0016 0016 ]| Data Register (R1HIR1L) bis 0016 DMA Mode Register (DMD1)
000016 || Data Register (R2) XXXX16 DMA Transfer Count Register (DCTO)
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 (DMAO)
i 00000016 Frame Base Register (FB) XXXXXX16 DMA Memory Address Register (DMAL)
. XXXXXX16 DMA Memory Address Reload Register (DRAQ)
00000016 User Stack Pointer (USP) .
. XXXXXX16 DMA Memory Address Reload Register (DRA1)
00000016 Interrupt Stack Pointer (ISP) DMA SFR Add R DSAO
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 5.4 CPU Register States after Reset
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6. Voltage Detection Circuit

6. Voltage Detection Circuit

NOTE

The voltage detection circuit in M32C/84T cannot be used.

However, the cold start-up/warm start-up determine function is available.

The voltage detection circuit consists of the reset level detection circuit and the low voltage detection circuit.
The reset level detection circuit monitors the voltage applied to the Vcci pin. The microcomputer is reset if
the reset level detection circuit detects Vcci is Vdet3 or below. This circuit is disabled when the microcom-

puter is in stop mode.

The voltage detection circuit also monitors the voltage applied to the Vcci pin. The low voltage detection
signal is generated when the low voltage detection circuit detects Vcci is above or below Vdet4. This
signal generates the low voltage detection interrupt. The VC13 bitin the VCRL register determines whether

Vccl is above or below Vdet4.

The voltage detection circuit is available when Vcc1=4.2V to 5.5V.

Figure 6.1 shows a block diagram of the voltage detection circuit.

VCR2 Register

O_FD—‘“' EEEEE

Reset Level
Detection Circuit

+
2Vdet3
E

CM10 Bit=1
(Stop Mode)

Wait Time to Release

Brown-out Detection
Reset
td(S-R)

1 shot

>T

ol

1 >

+
2Vdet4

Vcel O

L g
Low Voltage
Detection Circuit

Internal Reset Signal
("L" active)

Low Voltage
—  Detection Signal

VCR1 Register

VC13 Bit

Figure 6.1 Voltage Detection Circuit Block Diagram
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M32C/84 Group (M32C/84, M32C/84T) 6. Voltage Detection Circuit

Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | 0 | | | | | | | wDC 000F16 000X XXXX2
Sy%lﬁtbol Bit Name Function RW
High-Order Bit of the Watchdog Timer RO
Vo (b4 - b0)

Cold Start-up/ 0 : Cold start-up

P TTmmmmmmmmmmmmmmees WDCS5 | Warm Start-up RW
Determine Flag(1:2:3) 1: Warm start-up
T ERIICTTTE — Reserved Bit Set to "0" RW
(b6)
fommmmmmmmmmssmnsmnnn s ey WDC7 | Prescaler Select Bit 0 : Divide-by-16 RW

1: Divide-by-128

NOTES:
1. The WDCSE bit remains set to "1", regardless of setting to "1" or "0".
2. The WDCS bit is set to "0" when power is turned on and can be set to "1" by program only.
3. The WDCS5 bit maintains a value set before reset, even after reset has been performed.

Figure 6.2 WDC Register
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M32C/84 Group (M32C/84, M32C/84T) 6. Voltage Detection Circuit

Voltage Detection Register 1)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
|0|0|0|0| |0|0|0| VCR1 001B16 0000 10002
N . . RW
Poror r v v 1| symbol Bit Name Function
t..hoid —— |Reserved Bit Set to "0" RW
oo (b2 - b0)
Low Voltage 0:Vcci < Vdet4
O VEI3 | \Vionitor Flag® 1:Vcel = Vdetd RO
S Reserved Bit Set to "0" RW
(b7 - b4)
NOTES:

1. The VC13 bit setting is enabled when the VC27 bit in the VCR2 register is set to "1" (low voltage
detection circuit enabled). The VC13 bit is set to "1" when the VC27 bit is set to "0" (low voltage
detection circuit disabled).

2. The VCR1 register in M32C/84T cannot be used.

Voltage Detection Register 2(% 5
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
|||0|0|0|0|0|0| VCR2 001716 0016
RN . . RW
DL b b | symbol Bit Name Function
Pl | Reserved Bit Set to "0" RW
. (b5 - b0)
Reset Level 0 : Disables reset level detection circuit
5 Memeaessssssssssssaas VC26 . . . .| RW
: Monitor Bit(2 4 6) 1 : Enables reset level detection circuit
Low Volt 0 : Disables low voltage detection
e eee—aaa- ow Voltage circuit
VC27 . . )
Monitor Bit®: 4) 1 : Enables low voltage detection RW
circuit
NOTES:

1. Set the VCR2 register after the PRC3 bit in the PRCR register is set to "1" (write enable).

2. To use the brown-out detection reset (hardware reset 2), set the VC26 bit to "1".

3. Set the VC27 bit to "1" to set the VC13 bit in the VCRL1 register and the D42 bit in the D4INT register,
or to set the D40 bit to "1" (low voltage detect interrupt enabled).

4. The reset level detection circuit and low voltage detection circuit start operating td(E-A) ms after the
VC26 or VC27 bit is set to "1".

5. The VCR2 register in M32C/85T cannot be used.

6. The VC26 bit setting is disabled when the microcomputer is in stop mode. lIts setting is not reset even
if the voltage applied to the Vcci pin drops below Vdet3.

Figure 6.3 VCR1 and VCR2 Registers
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M32C/84 Group (M32C/84, M32C/84T)

Low Voltage Detection Interrupt Register(®-6)

2.

6. Voltage Detection Circuit

b7 b6 b5 b4 b3 b2 bl bo
|><D<| | | | | | | Symbol Address After Reset
ANZAN N N I N B D4INT 002F16 0016
Pl i . . W
Pt v r v v | symbol Bit Name Function
e Low Voltage Detection | 0: Disables the interrupt
von s o v v = D40 (2 . RW
O Interrupt Enable Bit® 1: Enables the interrupt
0: Disabled (cannot use the low
- T - Stop/Wait Mode voltage detection interrupt to exit
O S D41 |Deactivation stop/wait mode) RW
H - +(3) 1: Enabled (can use the low voltage
- Control Bit d A . .
O etection interrupt to exit stop/wait
A - mode)
o D42 | Voltage Change 0: Not detected RW
Detect Flag® 5 1: Detects above or below Vdet4
WDT Overflow 0: Not detected
' . ' ' N eeesssmes D43
Detect Flag® 1: Detected RW
P o
S ARREERELEEEY DFO _ 00 : CPU clock divided by 8 RW
N Sampling Clock 01: CPU clock divided by 16
I Select Bit 10 : CPU clock divided by 32
o DF1 11: CPU clock divided by 64 RW
S EELCLTITTLTEPEPEPPLS Reserved Bit When read., . . RO
(b7 - b6) its content is indeterminate
NOTES:
1. Set the D4INT registers after the PRC3 bit in the PRCR register is set to "1" (write enable).

The D40 bit setting is enabled when the VC27 bit in the VCR2 register is set to "1" (low voltage
detection circuit enabled).

Use the following procedure to set the D40 bit to "1":

(1) Set the VC27 hit to "1"

(2) Wait td(E-A) ms to start operating the voltage detection circuit

(3) Wait required sampling time (see Table 6.2)

(4) Set the D40 bit to "1"

. When exiting stop mode using the low voltage detection circuit again after having already done so,

set the D41 bit to "1" after setting it to "0".

. The D42 bit setting is enabled when the VC27 bit in the VCR2 register is set to "1" (low voltage

detection circuit enabled). The D42 bit is set to "0" when the VC27 bit is set to "0" (low voltage
detection circuit disabled).

. The bit is set to "0" by a program. (It remains unchanged even if it is set to "1".)
. The D4INT register in M32C/84T cannot be used.

Figure 6.4 DAINT Register
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M32C/84 Group (M32C/84, M32C/84T)

6. Voltage Detection Circuit

6.1 Low Voltage Detection Interrupt

If the D40 bit in the D4INT register is set to "1" (low voltage detection interrupt enabled), low voltage
detection interrupt request is generated when the voltage applied to the Vcci pin rises above or drops
below Vdet4. The low voltage detection interrupt shares the same interrupt vector with the watchdog timer
interrupt and oscillation stop detection interrupt. The D42 bit in the D4INT register determines whether the
low voltage detection interrupt has been generated. Read the D42 bit using an interrupt routine when using
the low voltage detection interrupt at the same time as the watchdog timer interrupt and oscillation stop
detection interrupt.

Set the D41 bit in the D4INT register to "1" (enabled) to use the low voltage detection interrupt to exit stop
mode or wait mode.

The D42 bit is set to "1" (more or less than Vdet4 detected) as soon as the voltage applied to the Vcci pin
reaches Vdet4 due to the voltage rise and voltage drop. When the D42 bit setting changes "0" to "1", low
voltage detection interrupt request is generated. Set the D42 bit to "0" (not detected) by program. However,
when the D41 bit is set to "1" and the microcomputer is in stop mode or wait mode, low voltage detection
interrupt request is generated, regardless of the D42 bit setting, if the voltage applied to the Vcci pin is
detected to be higher than Vdet4. The microcomputer then exits stop mode or wait mode.

Table 6.1 shows how a low voltage detection interrupt request is generated.

The DF1 and DFO bits in the D4INT register determine sampling period that detects the voltage applied to
the Vcc1 pin rises above or drops below Vdet4. Table 6.2 shows the sampling periods.

Table 6.1 Conditions to Generate Low Voltage Detection Interrupt Request

Operating . : . : VC13
Mode VC27 Bit D40 Bit D41 Bit D42 Bit® Bit®
Normal "0" to"1"
Operating IIOII Or Illll IIOII tolllll
Mode® "1" to"0"
1 1
Wait Mode®, A
Stop Mode® 1 i 0"to"1
-:"0"or"1"
NOTES:

1. All states excluding wait mode and stop mode are handled as normal operating mode. (Refer to 9.
Clock Generation Circuit.)

2. Referto 6.1.1 Limitations for Exiting Stop/Wait Mode.

3. Sampling begins after the VC13 bit setting changes. An interrupt request is generated after sampling is
completed. See Figure 6.6 for details.

4. Set to "0" by program before generating an interrupt.

Table 6.2 Sampling Periods

CPU Sampling Clock (us)
Clock
(MHz) | Divide-by-8 | Divide-by-16 | Divide-by-32 | Divide-by-64
16 3.0 6.0 12.0 24.0
32 15 3.0 6.0 12.0
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M32C/84 Group (M32C/84, M32C/84T) 6. Voltage Detection Circuit

Low Voltage Detection Interrupt Generation Circuit

DF1, DFO
Low Voltage
Detection Circuit
VC27 bit CPU |
Clock
B _ Watchdog 9
VC13 + ; D42 Ti_mer Interrupt
Veer Noise Signal
Ve Rejection|" Low I
(Rejection Range:200 ns) \[;zltf(ifon Low voltage —I—/Non-
: Detection Maskable
(65} i
Signal Interrupt Signal Interrupt
WAIT Instruction Oscillation Stop - Signal
(Wait Mode) Detection
Interrupt Signal
] Underflow Signal D40 —
Watchdog Timer from the D43®)
Watchdog Timer

NOTES:
1. Low voltage detection signal becomes "H" when the VC27 bit in the VCR2 register is set to "0" (disabled).
2. The D42 bit in the D4INT register is set to "0" (not detected) by program. The D42 bit is set to "0" when the VC27 bit is
set to "0" (low voltage detection circuit disabled).
3. The D43 bit is set to “0”(not detected) by program.

Figure 6.5 Low Voltage Detection Interrupt Generation Circuit

Veer \ / \ /
VC13 Bit [ |
| | | | el | !
| |
: Sampling :Samplind : Sampling, : Sampling,
| |
. I . |
: ' : I No low voltage detection |
I I interrupt signal is output |
! I ! I when the D42 bit is set |
! | : | / to"1". |
Digital Filter® ' | g '
g | I | I I 1
| | | | | |
D42 Bit ' I ' [ 4|
! l ! ! \ , \ |
| | ' | Set to "0" (not detected) by program
Low Voltage [ [ | : |
Detection I h I | Il Il
Interrupt Signal I | I | I
[ [ | '

|
— |
1
NOTES:
1. This example applies to an operation of the low voltage detection interrupt generation circuit
when the D40 bit in the D4INT register is set to "1" (low voltage detection interrupt enabled).

2. Output from the digital filter shown in Figure 6.5.

Figure 6.6 Low Voltage Detection Interrupt Generation Circuit Operation Example
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6.1.1 Limitations on Exiting Stop/Wait Mode
The low voltage detection interrupt is generated and the microcomputer exits stop mode as soon as the
CM10 bit in the CM1 register is set to "1" (all clocks stopped) under the conditions below. Additionally, if
WAIT instruction is executed under these same conditions, the low voltage detection interrupt is immedi-
ately generated and the microcomputer exits wait mode.
- the VC27 bit in the VCR2 register is set to "1" (low voltage detection circuit enabled),
- the D40 bit in the D4INT register is set to "1" (low voltage detection interrupt enabled),
- the D41 bit in the D4INT register is set to "1" (low voltage detection interrupt is used to exit stop/wait
mode), and
the voltage applied to the VVcci pin is higher than Vdet4 (the VC13 bit in the VCRL register is set to "1")

Set the CM10 bit to "1" when the VC13 bit is "0" (Vcci < Vdetd), if the microcomputer is set to enter stop/
wait mode when the voltage applied to the Vcci pin drops below Vdet4 and to exit stop/wait mode when
the voltage applied rises to Vdet4 or above.

6.2 Cold Start-up / Warm Start-up Determine Function
The WDCS5 bit in the WDC register determines either cold start-up, power-on reset, or warm start-up, reset
during the microcomputer running. Default value of the WDCS5 bit is "0" (cold start-up) when power-on. Itis
set to "1" (warm start-up) by writing desired values to the WDC register. The WDCS5 bit is not reset,
regardless of a software reset or reset signal input.
Figure 6.7 shows a block diagram of the cold start-up/warm start-up determine function. Figure 6.8 shows
its operation exmaple.

WDCS5 Bit

Write to WDC register —) ~Do—o 5 Q [ COLD/WARM

(Cold Start-up/Warm Start-up)

|

Hardware Reset 1 when Power-on I—o

Figure 6.7 Cold Start-up/Warm Start-up Determine Function Block Diagram

Vcci

BV ----------- I
_ ' /—<—Pch transistor ON (Approx. 4V)
RESET | T CPUresetrelease
(YA i T
T Set to "1" by program I ! !
]
wpn T2 . -
1o 7w i S e
WDCS5 Bit Do T > 100pss A ,
. ol ] No change
0 T — 7T evenifthe ~=-"1-"""7TTTTooo —
! I li
' Program running started ;’g ;_eggg_Ea%a ?Slgt\j/
-~ ' The WDCS bit is set to "0"
Reset Sequence (Approx. 20us @16MHz) as soon as enough voltage
is applied to Vcci.
NOTES:

1. Time difference between T1 and T2 may affect the WDCS5 bit setting period.

Figure 6.8 Cold Start-up/Warm Start-up Determine Function Operation
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7. Processor Mode

NOTE

Use M32C/84T in single-chip mode only.
M32C/84T cannot be used in memory expansion mode and microprocessor mode.

7.1 Types of Processor Mode

Single-chip mode, memory expansion mode or microprocessor mode can be selected as a processor
mode. Table 7.1 lists a feature of the processor mode.

Table 7.1 Processor Mode Feature

Processor Mode Accessable Space Pin Status as I/O Ports

All pins assigned to 1/O ports or to /O pins

Single-chip Mode SFR, Internal RAM, Internal ROM for the peripheral functions

SFR, Internal RAM, Internal ROM, External

Space(® Some pins assigned to bus control pins(!)

Memory Expansion Mode

Microprocessor Mode SFR, Internal RAM, External Space(!) Some pins assigned to bus control pins(!)

NOTES:
1. Refer to 8. Bus for details.
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M32C/84 Group (M32C/84, M32C/84T) 7. Processor Mode

7.2 Setting of Processor Mode

The CNVSss pin state and the PM01 and PMOO bit settings in the PMO register determine which processor
mode is selected. Table 7.2 lists processor mode after hardware reset. Table 7.3 lists processor mode
selected by PM01 and PMOO bit settings.

Table 7.2 Processor Mode after Hardware Reset

Input Level into the CNVSss pin Processor Mode

Vss Single-chip Mode
veeld 2 Microprocessor Mode
NOTES:

1. The internal ROM cannot be accessed, regardless of PM01 and PMOO bit settings, when applying
Vcci to the CNVss pin and generating the hardware reset (hardware reset 1 or brown-out
detection reset). o

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

Table 7.3 Processor Mode Selected by the PM0O1 and PMOO bit Settings

PMO1 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 mode corresponding to the PM0O1 and PMOQO bits is selected
regardless of CNVss pin level.

Do not change the PM0O1 and PMOQO bits to "012" (memory expansion mode) or "112" (microprocessor
mode) when the PM07 to PMO2 bits in the PMO register are being rewritten.

Do not enter microprocessor mode while the CPU is executing a program in the internal ROM.

Do not enter single-chip mode or memory expansion mode from microprocessor mode while the CPU is
executing a program in an external memory space, the same address assigned for the internal ROM.
The internal ROM cannot be accessed, regardless of PM01 and PMOO bit settings, when applying Vcc1 to
the CNVSS pin and generating the hardware reset (hardware reset 1 or low voltage detection reset).
Figures 7.1 and 7.2 show the PMO register and PM1 register. Figure 7.3 shows a memory map in each
processor mode.
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M32C/84 Group (M32C/84, M32C/84T) 7. Processor Mode

Processor Mode Register 0

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

| | 0 | | | | | | | PMO 000416 1000 00002 (CNVss ="L")
. S . B S S 0000 00112 (CNvss = "H")
A , . o
i1+ v 4 4 1 ¢ Symbol Bit Name Function
SRR A 100
Poror oy o tt| pmoo 0 0: Single-chip mode RW
A Processor Mode Bit@ 3 | 0 1: Memory expansion mode(®)
1 0: Do not set to this value RW
PMO1 1 1: Microprocessor mode(®)
A R PM02 |R/W Mode Select Bit | 0 RD/BHE/WR RW
- 1: RD/WRH/WRL
) The microcomputer is reset when
P e PM03 | Software Reset Bit this bit is set to "1". When read, its | RW
- content is "0".
HE R b5 b4
R R SRLEERLELE PM04 ] 0 0 : Multiplexed bus is not used RW
P Multlplegezj Bus Space | g 1 : Access the CS2 area using the bus
P Select Bit) 0 1 : Access the CS1 area using the bus
A PMO5 1 1 : Access all CS areas using the bus®| RW
I ERREEELEEEEEEEEEEEE —— | Reserved Bit Set to "0" RW
(b6)
: 0: BCLK is output(”
"""""""""""""" PMO7 BCLK Output 1: BCLK is not output RW

Disable Bit® The CMO01 and CMOO bits in the
CMO register determine pin functions

NOTES:

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

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

3. Set the PM01 and PMOO bits to "012" or "112" separately. Rewrite other bits before rewriting the
PMO01 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 PMO5 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 the 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".

8. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

Figure 7.1 PMO Register
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Processor Mode Register 1)

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

| 0 | 0 | | | | | | | PM1 000516 0016
- - - Bit . i
oo Symbol Bit Name Function RW
S
- B H 0 0 : Mode 0 (A20 to A23 for P44 to P47)
N "1 PM10 01 : Mode 1 (A2o for P4a, RW
Pl External Memory Space CS2 to CSO for P4s to P47)
- Mode Bit2 4 1 0: Mode 2 (A20, A21 for P44, P4s,
Pl : CS1, CSO for P4s, P47)
R PM11 11:Mode 3 RW
R T (CS3 to CS0 for P44 to P47)
Internal Memory 0 : No wait state
Pl PM12 1 \wait Bit 1: Wait state RW
N 0 : 1 wait state
PM13 | SFR Area Wait Bit 1 -2 Wait states RW
P b5 b
S LLLLRLLIT I PM14 00:NoALE RW
ALE Pin Select Bit2 4 | 01: P53/BCLK®
oo 10: P56
Pl e PM15 11: P54/ALDA RwW
I S ___ | Reserved Bit Setto "0" RW

(b7-b6)

NOTES:
1. Rewrite the PM1 register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
2. The PM15 and PM14 bit setting, PM11 and PM10 bit setting are available in memory expansion
mode or microprocessor mode.
3. Set the CMO01 and CMO0O bits in the CMO register to "002" (/O port P53) when the PM15 and PM14
bits are set to "012" (P53/BCLK select).
4. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

Figure 7.2 PM1 Register
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Figure 7.3 Memory Map in Each Processor Mode
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M32C/84 Group (M32C/84, M32C/84T) 8. Bus

8. 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, CS0 to CS3, WRL/WR, WRH/BHE, RD, BCLK/ALE,
HLDA/ALE, HOLD, ALE, RDY are used as bus control pins.

NOTE

Bus control pins in M32C/84T cannot be used.

8.1 Bus Settings
The BYTE pin, the DS register, the PM05 and PMO04 bits in the PMO register and the PM11 and PM10 bits
in the PM1 register determine bus settings.
Table 8.1 lists how to change bus settings. Figure 8.1 shows the DS register.

Table 8.1 Bus Settings

Bus Setting Changed By
Selecting External Address Bus Width DS register
Setting Bus Width after Reset BYTE pin (external space 3 only)
Selecting Between Separate Bus or Multiplexed Bus PMO05 and PMO04 bits in PMO register
Number of Chip-Select 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
DS 000B16 XXXX 10002 (BYTE pin = "L")
XXXX 00002 (BYTE pin = "H")
Bit : i RW
Symbol Bit Name Function

External Space 0 Data |0 : 8 bits wide

DS0 1gus width Select Bit |1 : 16 bits wide

RW

o bsi External Space 1 Data |0 : 8 bits wide .
Bus Width Select Bit 1 : 16 bits wide

bs2 External Space 2 Data | 0 : 8 bits wide RW
Bus Width Select Bit 1: 16 bits wide

External Space 3 Data |0 : 8 bits wide

""""""" DS3 1 Bus Width Select Bit® |1 : 16 bits wide

RW

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

NOTES:
1. The DS register in M32C/84T cannot be used.

Figure 8.1 DS Register
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8.1.1 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.

8.1.2 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.

8.1.3 Selecting Separate/Multiplexed Bus

The PMO05 and PMO04 bits in the PMO register determine either separate or multiplexed bus as bus format.

8.1.3.1 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.

8.1.3.2 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 8.2.4 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
A1s, of an address are output. See Table 8.2 for details.
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8. Bus

Table 8.2 Processor Mode and Port Function

Pr r Single- . . .
&c(;adsso Chip gl\]/lode Memory Expansion Mode/ Microprocessor Mode Memory Expansion Mode
012", "102" "002" "11,"(1)
PMO5 to —— s .
PMO4 Bits in Access CS1 or CS2 using _ ) o )
PMO Reaister the Multiplexed Bus Access all CS Areas using Access all CS Areas using
9 Access All Other CS Areas using the Separate Bus the Multiplexed Bus
the Separate Bus
Access all Access one or more) Access all Access one or more Access all Access one or more
Data Bus Width external space with | external space with| external space with| external space with | external space with | external space with
8-bit data bus 16-bit data bus 8-bit data bus 16-bit data bus 8-bit data bus 16-bit data bus
Data bus Data bus Data bus Data bus
POoto PO7 /O port Do to D7 Do to D7 Do to D7 Do to D7 /O port /O port
Ploto P17 Data bus Data bus
(o] 1/O port 1/O port D8 to D15 1/0 port DB 1o D15 I/O port I/O port
Address bus Address bus Address bus Address bus
P20to P27 /0 port Data bus(? Data bus( AdgretssAbus Adg;etisAt;us Data bus Data bus
Ao/Doto A7/D7 | Ao/Do to A7/D7 0to A7 Ao/Doto A7/D7 | Ao/Doto A7/D7
Address bus/ Address bus/
Address bus Address bus Address bus Address bus
P3oto P37 I/0 port Data bus( Data bus
As to A15 As/Ds to A15/D1s As to A15 As to A15 As to A15 As/Ds to A15/D15
Address bus Address bus Address bus Address bus
P4oto P43 I/O port A16 to A19 A16to A19 A16 to A19 A16 to A19 I/ port /O port
CS (Chip-select signal) or Address bus (A20 to A22)
Pa4to P4o VO port (Refer to 8.2 Bus Control for details))
CS (Chip-select signal) or Address bus (A23)
P47 i
VO port (Refer to 8.2 Bus Control for details)4
Outputs RD, WRL, WRH and BCLK or outputs RD, BHE, WR and BCLK
PS0to P53 /O port (Refer to 8.2 Bus Control for details)@®
P54 /0 port HDLA 3 HDLA 3 HDLA ) HDLA 3 HDLA 3 HDLA 3
P55 1/0O port HOLD HOLD HOLD HOLD HOLD HOLD
P56 1/0 port ALE ® ALE ® ALE ® ALE ®) ALE ®) ALE ®)
P57 1/0 port RDY RDY RDY RDY RDY RDY
NOTES:

1. The PMO5 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 I/O port.

4. The PM11 and PM10 bits in the PM1 register determine the CS signal and address bus.
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8.2 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.

8.2.1 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.

8.2.2 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 8.2 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.

j=0to 3, excluding i

Access  Access

External External
' ' Spacei ! Spacej !
: -
Address Bus IAddressX
Chip-Select Signal ! ‘
Csk E
Chip-Select Signal i |
Csp ! : L

i=0to 3 k=0to 3

p= 0 to 3, excluding k

(See Figure 7.3 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,
5 e e
Address Bus XAddressX
Chip-Select Signal !
csk ! : !
i=0to 3 k=0to 3

(See Figure 7.3 for i and k)

NOTES:

Example 2:

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

Access  Access SFR,
External Internal
Space ROM/RAM
| | Aea |
1 -t
Data Bus T — Data }
Address Bus | ' Addressi
Chip-Select Signal | '
CSk ! '
k=0to3

Example 4:

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

Access
External No Access
, , Space \
| )
h : / N\ |
Data Bus —\Data/ ;
Address Bus ! >< Address
Chip-Select Signal !
Csk . Z i

k=0to 3

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

Figure 8.2 Address Bus and Chip-Select Signhal Outputs (Separate Bus)

Rev. 1.01 Jul. 07, 2005 RENESAS

REJO9B0036-0101

Page 64 of 495



M32C/84 Group (M32C/84, M32C/84T) 8. Bus

8.2.3 Read and Write Signals
When using a16-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 8.3 and 8.4 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 8.3 RD, WRL and WRH Signals

Data Bus RD WRL WRH Status of External Data Bus

L H H Read data

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

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

NOTES:

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

Table 8.4 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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8. Bus

8.2.4 Bus Timing

Bus cycle for the internal ROM and internal RAM 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 the SFR are basically two BCLK cycles.
Basic bus cycle for an external space is 2@ (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 EWCRIi04 to EWCRIOO bits are set to "000112" (1g+39), bus cycles are four BCLK cycles.

Figure 8.3 shows the EWCRI register. Figures 8.4 to 8.8 show bus timing in an external space.

b7 b6 b5 b4 b3 b2 bl bO

DI DL IITT]

Symbol Address

EWCRO to EWCR3

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

After Reset

004816, 004916, 004A16, 004B16  X0X0 00112

Syl?rl]tbm Bit Name Function RW
b4 b3 b2b1 b0 (1) )
EWCRIi00 00001:1p+1g RW
00010:1p+2¢
00011:1p+30
. 00100:1p+40 RW
EWCRi01 0010 1:1¢+5¢
00110:1p+60@
. . 01010:20+2¢
EWCRI02 | Bus Cycle Select Bit 0101 1:20+3¢ RW
01100:20+4¢
) 01101:2¢9+5¢
10100:3¢p+40
1010 1:30p+50
EWCRIi04 10110:3p+60¢ RW
Do not set values other than the above
Nothing is assigned. _
(b5) | When read, its content is indeterminate.
0 : Adds no recovery cycle when
EWCRI06 Recovery Cycle Addition accessing external space i RW
Select Bit 1: Adds a recovery cycle when
accessing external space i
Nothing is assigned. i
(b7) When read, its content is indeterminate.

NOTES:

1. The number of bus cycles from "when bus access begins" to "when RD or WR signal becomes "L".
2. The number of bus cycles from "when RD or WR signal becomes "L" to "when it becomes "H".
3. The EWCRO to EWCR3 registers in M32C/84T cannot be used.

Figure 8.3 EWCRO to EWCR3 Registers
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8. Bus

Table 8.5 Software Wait State and Bus Cycle

PM1 Register EWC.:BO' Reglster
External Bus (i=0to 3)
Space Status Bus Cycles
. . EWCRI04 to
PM13 Bit PM12 Bit EWCRIOO Bits
0 2 BCLK cycles
SFR
1 3 BCLK cycles
Internal 0 1 BCLK cycles
ROM/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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8. Bus

* Bus Cycle 19+ 1¢

BCLK
Address
Csiw
Data (Read)
RD
Data (Write)

WR, WRL, WRH

1 bus cycle = 2¢

* Bus Cycle 19+ 3¢

BCLK

Address

cse T

Data (Read)
RD
Data (Write)

WR, WRL, WRH

-

1 bus cycle = 4

* Bus Cycle 19+ 5¢

1 bus cycle = 6@

v

* Bus Cycle 19+ 2¢

Address

csw _|

Data (Read)
RD
Data (Write)

WR, WRL, WRH

* Bus Cycle 19+ 4¢

BCLK

Address

cs o

Data (Read)
RD
Data (Write)

WR, WRL, WRH

1 bus cycle = 3¢

C

1]

1 bus cycle =5

1 ]

* Bus Cycle 19+ 6@

X
1
X
X
| [

1 bus cycle = 7¢

v

eewe LT L LTLI L s [ LML
Address X Address X
o ] r & 7 r
Data (Read) X Data (Read) X X
RD B RD [
Data (Write) X Data (Write) X
i=0to 3 | - -
NOTES:

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

Figure 8.4 Bus Cycle with Separate Bus (1)
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8. Bus

* Bus Cycle 29+ 2¢

————»
BCLK r BCLK
Address X — Address
@ o = ﬁ @

Data (Read)

1 bus cycle = 4@

* Bus Cycle 29+ 3¢

Data (Read)

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

1 bus cycle = 5¢

\_' |><| é v
1

* Bus Cycle 29+ 4¢
1 bus cycle = 6¢

X
1
C
X
| B

Address

csv

Data (Read)

RD

Data (Write)

WR, WRL, WRH

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

Figure 8.5 Bus Cycle with Separate Bus (2)
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8. Bus

* Bus Cycle 3¢+ 3¢
1 bus cycle = 6@

P »
< »

v T LT LT LT L
X
1
.
X

Address

csi® -

Data (Read)

RD

Data (Write)

WR, WRL, WRH

* Bus Cycle 3¢+ 49
P 1 bus cycle = 7Q

e JUTLT LT LT LT LT L
X
1
.
X

»
>

Address

eS0T

Data (Read)

RD

Data (Write)

WR, WRL, WRH

* Bus Cycle 3¢+ 6@ . o= 00
us cycle =

X
1
&
X

Address
csiw T

Data (Read)

RD

Data (Write)

WR, WRL, WRH

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

Figure 8.6 Bus Cycle with Separate Bus (3)
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* Bus Cycle 29+ 2¢ * Bus Cycle 29+ 3¢
1 bus cycle = 4@ .

o JTTLTLTL sw<%ﬁLeruerﬂF
Data (Read) X LA <= HRo) Data (Read) X LA sdeee b oo RN

1 bus cycle = 5@

— 1

RD RD
Data (Write) x LA wD Data (Write) X LA WD
WR (WRL) WR (WRL)
ALE ALE

" Bus Cycle 20+ 5¢ 1 bus cycle = 7¢

WKJ?LTLWUTLWM_UH

Data (Read) X LA

LV
— |

&
>

RD

Data (Write) x LA WD

WR (WRD)

ALE

LA : Latch Address RD : ReadData WD : Write Data

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

Figure 8.7 Bus Cycle with Multiplexed Bus (1)
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8. Bus

* Bus Cycle 3¢+ 4¢

* Bus Cycle 3¢+ 3¢

1 bus cycle = 6@

<
<

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

1 bus cycle = 7¢Q

%ﬂ_rmummu—um—
X

CcSi®

Data (Read)

RD

Data (Write) x LA WD

WR (WRL)

ALE

* Bus Cycle 3¢+ 5¢

1 bus cycle = 8@

Bl J;T_TLWMWLWM_MWHTQ'__
Data (Read) X LA @X

RD

Data (Write) x LA WD

WR (WRL)

ALE

* Bus Cycle 3¢+ 6¢

. 1 bus cycle = 9@

Btk :TW_TLWMWLWM_MWM_MTUT_

Data (Read)

>
Iy
>
1
B
Q
==

RD

Data (Write) x LA WD

WR (WRL)

ALE

LA : Latch Address RD : Read Data WD : Write Data
i=0to 3
NOTES: L
1. When the microcomputer continuously accesses the same CS area,
the CSi pin provides an "L" signal continuously.

Figure 8.8 Bus Cycle with Multiplexed Bus (2)
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8. Bus

8.2.4.1 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¢)

Recovery Cycle

e JLTLI LT LI

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

Data (Write)

WR, WRL, WRH

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

BCLK _m

csio _-l

WD <--- Hold Data

Recovery Cycle

L)L L

-

-
5

Data (Read) X

>
Py

RD

Data (Write) X

<--- Hold Data

WR (WRL)

ALE

A :Address LA :Latch Address RD : Read Data

i=0to 3
NOTES:

WD : Write Data

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

Figure 8.9

Recovery Cycle
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M32C/84 Group (M32C/84, M32C/84T) 8. Bus

8.2.5 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 ><
Al6 to AL9 >< Address® >< A16 to A19 >< 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 8.10 ALE Signal and Address/Data Bus

8.2.6 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 8.6 lists microcomputer states when the RDY signal inserts wait states into the bus cycle. Figure
8.11 shows an example of the RD signal that is extended by the RDY signal.

Table 8.6 Microcomputer States in Wait State®

Item 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

NOTES:
1. The RDY signal cannot be accepted immediately before software wait states are inserted.
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8. Bus

(1) Separate Bus with 2 Wait States

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

BCLK _/_\_/_\

ﬁ_:—\

s —\

|

|

|

|

|

|

|

|

L,
&

|

|

|

i

|

|

|

|

T

|

|

|

|

|

|

e
[ l

(=0t03) "~ g
RDY A
>/ tsu(RDY - BCLK) E
Timing to receive RDY
(2) Multiplexed Bus with 2 Wait States
1st cycle 2nd cycle 3rd cycle 4th cycle
BCLK
RD :
o
csi® | |
(i=0 to 3) | 1 1 s
RDY ! 3 | !
5| tsu(RDY - BCLK)

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

5% Wait states inserted by program

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

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

Figure 8.11 RD Signal Output Extended by RDY Signal
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8.2.7 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 8.7 shows the microcomputer status in a hold state.

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

HOLD > DMAC > CPU

Figure 8.12 Bus Priority Order

Table 8.7 Microcomputer Status in Hold State

Item Status

Oscillation On

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

Programmable 1/O Ports: PO to P15 Maintains the same state as when HOLD was received
HLDA Outputs "L"

Internal Peripheral Circuits On (excluding the watchdog timer)

ALE Signal Outputs "L"

8.2.8 External Bus Status when Accessing Internal Space
Table 8.8 shows external bus states when an internal space is accessed.

Table 8.8 External Bus States when Accessing Internal Space

Item State when Accessing SFR, Internal ROM, and Internal RAM
Address Bus Holds address of external space last accessed
Data When Read | High-impedance
Bus When Write | High-impedance

RD, WR, WRL, WRH Outputs "H"

BHE Holds state of external space last accessed
cs Outputs "H"
ALE Outputs ALE

8.2.9 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 9. Clock Generation Circuit for details.
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8.3 Page Mode Control Function

NOTE

The page mode control function can be used in the ROMIless version only.

The page mode control functin allows the microcimputer to be read data in the external memory, associ-
ated with page mode, at high speeds. If the 21 high-order bits of consecutive addresses accessed by the
microcomputer remains the same, access time to each address following the first access is shortened.
The EWCRI (i=0 to 3) registers determine how many wait states are inserted to access the first address.
The PWCRO0 and PWCR1 registers determine how many wait states are inserted to access the consecu-
tive addresses following the first address.
Use the following procedure to enable the page mode control.

(1) Set the EWCRIi04 to EWCRI0O0 (i=0 to 3) bits in the EWCRI register

(2) Set the PWCRj02 to PWCRJ00 (j=0, 1) bits and the PWCRj06 to PWCR]j04 bits in the PWCR;j register

(3) Set the PWCRj03 and PWCR]07 bits in the PWCR]j register to "1" (page mode control enabled)

When using the page mode control, access data in all external space only with the page mode control.

It is not allowed to combine the page mode control access and normal access to data in each external
space.

Set the PM05 and PMO04 bits in the PMO register to "002" (multiplexed bus not used). The page mode
control function and multiplexed bus cannot be used at the same time.

Figure 8.13 shows the PWCRO register. Figure 8.14 shows the PWCRL register. Figure 8.15 shows an
example of the external bus operation with the page mode control function.
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Page Mode Wait Control Register 0(2)

b7 b6 b5

b4 b3 b2 bl bo Symbol Address After Reset
PWCRO 004C16 0001 00012
A Bit . .
i1 1 1| symbol Bit Name Function RW
b2 b1b0
Vv 1 .| PWCR000 000 : Do not set to this value RW
E E E 001:1¢+tle
External Space 0 010:1¢+2¢
N PWCRO001 | Consecutive Wait 011 : 1o+30 RW
[ ) 100: 1p+4Q
Select Bit 101 : Do not set to this value
oo 11 0: Do not set to this value RW
PWCR002 111 :Do not set to this value
External Space 0 0 : Disables page mode control
------------- PWCRO003 | Page Mode Control . o RW
. 1: Enables page mode control
Enable Bit
b6 bSb4
--------------- PWCR004 000 : Do not set to this value RW
001:1p+tle
External Space 1 010:1¢+t2¢
-------------------- PWCROO05 [ Consecutive Wait 011:1¢+3¢ RW
Select Bit 100:1g+a .
10 1: Do not set to this value
PWCRO06 11 0: Do not set to th!s value RW
11 1: Do not set to this value
External Space 1 0 : Disables page mode control
PWCRO007 | Page Mode Control RW

NOTES:
1. When enabling page mode control, set the EWCRI06 bit in the EWCRI register (i=0 to 3) to "0" (no recovery cycle
added when accessing external space i).

2. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

Enable Bit

1: Enables page mode control®

Figure 8.13 PWCRO Register
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8. Bus

Page Mode Wait Control Register 1(2)
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

| | | | | | | | PWCR1 004D16 0001 00012
- - R Bit . .
DL 1| symbol Bit Name Function RW
AR b2b1b0
oy v v v v v - PWCR100 00 0: Do not set to this value RW
A - 001:1¢tlg
External Space 2 010:1¢+2¢
e PWCR101| Consecutive Wait 011 : 1o+39 RW
- ) 100: 1o+dg
Select Bit 101 : Do not set to this value
A 11 0: Do not set to this value RW
PWCR102 11 1: Do not set to this value
External Space 2 0 : Disables page mode control
L PWCR103| Page Mode Control 1 RW
Vo Enable Bit 1: Enables page mode control®
Pl b6 b5ba
CEEEE LT PWCR104 000 : Do not set to this value RW
- 001:1p+1p
External Space 3 010: 1¢+2¢
Pop emmemmmeeeeeeeees PWCR105 | Consecutive Wait 011:1¢p+3¢ RW
- Select Bit 100: g+ ,
I 101 : Do not set to this value
N PWCR106 110: Do not set to this value RW
' 11 1: Do not set to this value
E External Space 3 .
Messssssssssssssssasaaaaaas PWCR107| Page Mode Control 0 : Disables page mode control RW

Enable Bit 1 : Enables page mode control®
NOTES:
1. When enabling page mode control, set the EWCRI06 bit in the EWCRI register (i=0 to 3) to "0" (no recovery cycle
added when accessing external space i).
2. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

Figure 8.14 PWCR1 Register
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Figure 8.15 External Bus with Page Mode Control Function

Page 80 of 495 RENESAS

Rev. 1.01 Jul. 07, 2005

REJO9B0036-0101



M32C/84 Group (M32C/84, M32C/84T)

9. Clock Generation Circuit

9. Clock Generation Circuit

9.1 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 9.1 lists specifications of the clock generation circuit. Figure 9.1 shows a block diagram of the clock

generation circuit. Figures 9.2 to 9.8 show registers controlling the clock.

Table 9.1 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 9.3)

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 gjjaple 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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M32C/84 Group (M32C/84, M32C/84T)

System Clock Control Register 0%

9. Clock Generation Circuit

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | CMO 000616 0000 10002
Bit Bit Name Function RW
H- - Symbol
P b1 bo
P4 1111 - CMoO . 00: I/O port P53 RW
I Clock Output Function 01:0 f
R T lect Bit® 1 - Outputs fc
A T R S Selec 10: Outputs fs W
A CMo1 11 : 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
: mode(®)
_____________ CMO3 Xcm-x_com Drive_ " 0 Low RW
oo Capacity Select Bt | 1: High
Pl 0 : I/O port function
O itch Bi RW
I CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function)
Main Clock (XIN-XouT) 0 : Main clock oscillates
by CMOS | giop BitS 9) 1 : Main clock stops® RW
o CMO6 Watchdog Timer _ 0: Watchc;og timer interrupt RW
Function Select Bit 1: Reset(”
........................... CPU Clock Select 0: C_Io_ck selected by the CM2.1 bit RW
CMo7 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 enable).

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 CMOQO 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 CMOO bits are set to
"002", an "L" signal is output from port P53 (port P53 does not function as an 1/O port).

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

mode.

. 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 P8e 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
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 CMO5 bit to "1" after the CMO7 bit is set to "1" with a stable
sub clock oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock).
When the CMO5 bit is set to "1", 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 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

if the CMO5 bit terminates XIN-XouUT.

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 CMO07 bit to "1" from "0".
After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CM07 bit to "0" from "1".

Do not set the CMO07 bit and CM04 or CMO5 bit simultaneously.

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

CMO7 bits do not change even when written.

After the CMO7 bit is set to "0", set the PM21 bit to "1".

When stop mode is entered, the CMO03 bit is set to "1".

~

10.
11.

Figure 9.2 CMO Register
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

System Clock Control Register 11

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

| |0 | 1 | 0 | 0 | 0 | 0 | | CM1 000716 0010 00002
S O D Bit Name Function RW
All Clock Stop Control | 0 : Clock oscillates
CMI0 1 gjt.5) 1 : All clocks stop (stop mode)® RW
bt Reserved Bit Set to "0" RW
N (b4 - b1)
LR —— | Reserved Bit Set to "1"
ol (b5) RW
R TTTRR. —— |Reserved Bit Setto "0" RW
: (b6)
CPU Clock Select 0 : Main clock

CMIT 1 git 145 1: PLL clock RW

NOTES:

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

2. When the CM10 bit is set to "1", the clock applied to XouT becomes "H" and the built-in feedback
resistor is disabled. XIN, XcIN and XcouT 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 is valid only when the CM21 bit in the CM2 register is set to "0". Use the procedure
shown in Figure 9.12 to set the CM17 bit to "1".

5. If the PM21 bit in the PM2 register is set to "1" (clock change disable), 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 9.3 CM1 Register
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

Main Clock Division Register(!)

000 1 1:Divide-by-3 mode
Main Clock Division 8 8 1o 8 vafge-sy'g mo;je
Pt MCD2 | select Bit@ 9 110 Divide-by-6 mode RW
0 1 0 0 O : Divide-by-8 mode

010 1 0 : Divide-by-10 mode

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
>< >< ><| | | | | | MCD 000C16 XXX0 10002
Syﬁﬁ)m Bit Name Function RW
I b4b3b2 b1 b0
i+ 1 -7 MCDO 1001 0 : Divide-by-1(no division) | RW
- mode
e MCD1 0 00 1 0: Divide-by-2 mode RW

H MCD3 01100 :Divide-by-12 mode RW
H 011 10: Divide-by-14 mode
: N MCD4 0 0 0 0 0: Divide-by-16 mode RW
: (Note 3)
------ R P PRPTTTOES 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 enable).

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 CMO5 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.

4. Access CAN-associated register addresses after setting the MCD4 to MCDO bits are set to "100102",
when the PM24 bit in the PM2 register is set to "0" (clock selected by the CMO7 bit).

Figure 9.4 MCD Register

Rev. 1.01 Jul. 07,2005 Page 85 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

Oscillation Stop Detection Register(?)

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

| 0 |0 | 0| 0 | | | | | CcMm2 000D16 0016
Bit Bit Name Function RW
Vv v v v v v 1 | Symbol
CM20 Oscillation Stop Detection | O: Disables oscillation stop detect function RW
Enable Bit(® 1: Enables oscillation stop detect function
CPU Clock 0: Clock selected by the CM17 bit
CM2L | Select Bit 2639 1: On-chip oscillator clock RW
Oscillation Stop Detection | 0: Main clock does not stop
cM22 Flag® 1: Detects a main clock stop RW
S CM23 | Main Clock Monitor 0: Main clock oscillates ro
FE Flag® 1: Main clock stops
bbb S : g RW

(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 enable).

2. If the PM21 bit in the PM2 register is set to "1" (clock change disable), 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 9.5 CM2 Register
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M32C/84 Group (M32C/84, M32C/84T)

9. Clock Generation Circuit

Count Source Prescaler Register

Flag When read, its content is "0".

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset(®
5 5 5 TCSPR 035F16 0XXX 00002
Bit Bit Name Function RW
T T R Symbol
A RW
T 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 e 4 Bit When read, .
' (06 - b4) eserved b its content is indeterminate
T o 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
LMM CPSRF 034116 OXXX XXXX2
Bit Bit Name Function RW
T - A Symbol
Nothing is assigned. When write, set to "0". .
(b6 - b0) | When read, its content is indeterminate.
Clock Prescaler Reset |When the CPSR bit is set to "1", fc
LR RTTEEEP P EEP PP REETE CPSR divided by 32 is reset. RW

Figure 9.6 TCSPR and CPSRF Registers
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M32C/84 Group (M32C/84, M32C/84T)

9. Clock Generation Circuit

bl b0

PLL Control Register 0 2. )

b7 b6 b5 b4 b3 b2

[ efolaDd | ] |

Symbol Address After Reset
PLCO 002616 0001 X0102
Bit Bit Name Function RW
Symbol
PLCO0 RW
b2 bl bo
P ble C 0 1 1 : Multiply-by-6
PLCO1 rogram_”(‘g e Counter | 1 ¢ o : Multiply-by-8 RW
Select Bit Do not set to values other than the above
PLCO02 RW
— | Reserved Bit When read, - ) RO
(b3) its content is indeterminate
M Reserved Bit Setto "1" RW
—— | Reserved Bit Setto "0" RW
(b5)
—— | Reserved Bit Setto "1" RW
(b6)
0: PLL is Off
i it
PLCO7 |Operation Enable Bit 1: PLL is On RW

NOTES:
1. Rewrite the PLCO register after the PRCO bit in the PRCR register is set to "1" (write enable).
2. If the PM21 bit in the PM2 register is set to "1" (clock change disable), 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.

b3 b2 bl bO

of Jao]

PLL Control Register 1(:2.3.4)

b7 b6 b5 b4

oJofofq

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

change when written.

Symbol Address After Reset
PLC1 002716 000X 00002
Bit Bit Name Function RW
Symbol
—— | Reserved Bit Setto "0" RW
(b0)
—— | Reserved Bit Set to "1" RW
(b1)
PLC12 PLIl_ Clogk Division 0: D!v!de-by-z RW
Switch Bit 1: Divide-by-3
—— | Reserved Bit Set to "0" RW
(b3)
) When read, RO
(b4) Reserved Bit its content is indeterminate
—— | Reserved Bit Set to "0" RW
(b7 - b5)

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 9.7 PLCO and PLC1 Registers
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

Processor Mode Register 2(1)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | |0| | |0| PM2 001316 0016
Bit Bit Name Function RW
v+ i | Symbol
i 1 1 —— |Reserved Bit Set to "0" RW
P (bO)

0 : Protects the clock by a PRCR
register setting RW
1: Disables a clock change

System Clock Protect
[ Ple Blt(z’ 3)

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

P PM22 | piotect Bit2 4 1: Selects the on-chip oscillator
H clock as count source of the
watchdog timer
Pt —— | Reserved Bit Set to "0" RW
(b3)

0 : Clock selected by the CMO07 bit

Pemmmmmmmmeenes PM24 | CPU Clock Select Bit 3 1 - Main Clock RW
R LIIREEELLItE PM25 | CAN Clock SelectBit | %™ RW

: ock Select Bl 1 : Main Clock

E ________________________ b7 b6

PM26 0 0 : Peripheral function clock RW

fSZnICotug'ttsource 01 : XN clock

elect Bi AN chi .

___________________________ PM27 1 0 : On-chip oscillator clock RW

11: Do not set to this value

NOTES:
1. Rewrite the PM2 register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
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 CML1 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 9.8 PM2 Register
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

9.1.1 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 9.9 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 CMO5 bit to "1".
All clocks, including the main clock, stop in stop mode. Refer to 9.5 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

Rd®W Cout

Vss 1 Xout | Open
NOTES:

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 9.9 Main Clock Circuit Connection
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

9.1.2 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
XcouT 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 XcCIN
pin. Figure 9.10 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 9.5 Power Consumption Control for
details.

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

XCIN I I }— Xcin | <— External Clock
Oscillator[ | Ve |—| |—| |—| |—
Vss

XcouTt M

Rcd® Ccout

Vss ;
NOTES:

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

Xcout | Open

Figure 9.10 Sub Clock Circuit Connection
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

9.1.3 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 9.2 shows bit settings for on-chip oscillator start condition.

Table 9.2 Bit Settings for On-Chip Oscillator Start Condition

CM2 Register PM2 Register
Used as
CM21 Bit PM22 Bit PM27 and PM26 Bits

1 0 00 CPU clock source or peripheral function clock
source

0 1 00 Watchdog timer operating clock source
(The clock keeps running when entering stop mode.)

0 0 01 f2n count source

9.1.3.1 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 9.14)

9.1.3.2 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 gener-
ated.

« 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 9.11 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 2MHz or less, the oscillation stop detect function is not available.
Set the CM20 bit to "0".
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

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)

|
71

( MCD4 to MCDO bits : Bits in the MCD Register
End )

CM23 to CM21 bits : Bits in the CM2 Register

Figure 9.11 Switching Procedure from On-chip Oscillator Clock to Main Clock
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M32C/84 Group (M32C/84, M32C/84T)

9. Clock Generation Circuit

9.1.4 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 #su~..) 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 9.3. Figure 9.12 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 9.3 Bit Settings to Use PLL Clock as CPU Clock Source

PLCO Register PLC1 Register
f(XIN) PLL Clock
PLCO2 Bit | PLCO1Bit | PLCO0O Bit CM21 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 PLCOQ7 bit to "0")

Set the PLCO7 bit to "1"

(PLL on)

Wait tsupPLL)ms

Set the CM17 bit to "1"
(PLL clock as CPU clock source)

C

End

)

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

Figure 9.12 Procedure to Use PLL Clock as CPU Clock Source

Rev. 1.01 Jul. 07, 2005
REJ09B0036-0101

Page 94 of 495

RENESAS



M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

9.2 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 9.4 Clock Output Function for detalils.

The main clock, sub clock, on-chip oscillator clock or PLL clock can be selected as a clock source for the
CPU clock. Table 9.4 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 9.4 CPU Clock Source and Bit Settings

CMO Register | CM1 Register | CM2 Register | PM2 Register
CPU Clock Source
CMO7 Bit CM17 Bit CM21 Bit PM24 Bit

Main Clock 0 0 0 0
Main Clock (Main Clock Direct Mode)® 0 0 0 1
Sub Clock 1 0 0 0
On-Chip Oscillator Clock 0 0 1 0
PLL Clock 0 1 0 0
NOTES:

1. Refer to 23.2 CAN Clock for details.

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

9.3.1 f1, f8, f32 and f2n

f1, f8 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=1
to 15. No division when n=0.)

f1, f8, 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. f1 is
also used as an operating clock for the intelligent 1/O.

The CLKouT pin outputs fg8 and f32 . Refer to 9.4 Clock Output Function for details.

9.3.2 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.

NOTES:
1. The PLL clock, instead of the main clock, when the CM17 bit is set to "1" (PLL clock).
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9.3.3 fc32

fcs2 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.

9.3.4 fcaN

fcaN has the same frequency as the main clock. Itis a clock for the CAN module only.

9.4 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 9.5 lists CLKouT pin function in single-chip mode. Table 9.6 lists CLKouT pin function in memory
expansion mode and microprocessor mode.

Table 9.5 CLKout Pin in Single-Chip Mode

PMO Register (1) CMO Register (2)
- - - CLKouT Pin Function
PMO7 Bit CMO1 Bit CMOO0 Bit
— 0 0 P53 I/O port
1 0 1 Outputs fc
1 1 0 Outputs f8
1 1 1 Outputs f32
- : Can be set to either "0" or "1"
NOTES:

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

Table 9.6 CLKouT Pin in Memory Expansion Mode and Microprocessor Mode

ister( ister(1) ister(?
PM1 Register PMO Register CMO Register CLKOUT Pin Eunction
PM15 Bit| PM14 Bit PMO7 Bit CMO1 Bit | CMOO Bit
0 0® 00® 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® 0® Outputs ALE
- : Can be set to either "0" or "1"
NOTES:

1. Rewrite the PM1 and PMO registers after the PRCL1 bit in the PRCR register is set to "1" (write enable).

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

3. When the PMO7 bit is set to "0" (selected in the CM01 and CMOO bits) or the PM15 and PM14 bits are
set to "012" (P53/BCLK), set the CM01 and CMO0O bits to "002" (1/O port P53).

4. M32C/84T cannot be used in memory expansion mode and microprocessor mode.
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9.5 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
9.13 shows a block diagram of status transition in wait mode and stop mode. Figure 9.14 shows a block
diagram of status transition in all modes.

9.5.1 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-
guency. 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.

9.5.1.1 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.

9.5.1.2 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.

9.5.1.3 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.

9.5.1.4 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).

9.5.1.5 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.

9.5.1.6 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.

NOTES:
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.

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

9.5.2 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.

9.5.2.1 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.

9.5.2.2 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 and
controlled 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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9.5.2.3 Pin Status in Wait Mode
Table 9.7 lists pin states in wait mode.

Table 9.7 Pin States in Wait Mode

Pin Memory Expansion Mode®) Single-Chip Mode

Microprocessor Mode(d)

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).

NOTES:
1. M32C/84T cannot be used in memory expansion mode and microprocessor mode.

9.5.2.4 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 f2n 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 9.8 shows interrupts to be used to exit wait mode and usage conditions.
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Table 9.8 Interrupts to Exit Wait Mode
Interrupt When CM02=0 When CM02=1

NMI Interrupt Available Available

Available when the external clock or f2n
(when XIN clock or on-chip oscillator is
selected) is used

Available when the internal and

Serial /O Interrupt external clocks are used

Key Input Interrupt Available Available

Available in single or single-sweep

Do not use
mode

A/D Conversion Interrupt

Available in event counter mode or when
Available in all modes count source is fc32 or f2n (when XiN
clock or on-chip oscillator is selected)

Timer A Interrupt
Timer B Interrupt

INT Interrupt Available Available
Low Voltage Detection Available Available
Interrupt

CAN Interrupt Available Do not use
Intelligent 1/O Interrupt Available Do not use

9.5.3 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 Vcci and Vccez pins is VRAM or more. If the voltage applied to the Vcc1 and Vcc2 pinsis 2.7V or less,
the voltage must be Vccl = Vee2 = VRav®),
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 100Hz or less

frequency, in event counter mode)
 Low voltage detection interrupt (Refer to 6.1 Low Voltage Detection Interrupt for usage conditions)

NOTES:
1. The supply voltage of M32C/84T must be Vcci=Vcce.
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9.5.3.1 Entering Stop Mode
Stop mode is entered when setting the CM10 bit in the CM10 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 enable)
(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 CML1 register to "0" (main clock)
(b) set the PLCO7 bit in the PLCO register to "0" (PLL off)
* When main clock direct mode is used,
(a) set the PRC1 bit in the PRCR register to "1" (write enable)
(b) set the PM24 bit in the PM2 register to "0" (clock selected by the CMO7 bit)
» 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 CMO5 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 I 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.
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9.5.3.2 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).

9.5.3.3 Pin Status in Stop Mode
Table 9.9 lists pin status in stop mode.

Table 9.9 Pin Status in Stop Mode

Pin

Memory Expansion Mode(1) Single-Chip Mode
Microprocessor Mode(®)

Address Bus,

Data Bus, CS0O to CS3, BHE

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 fs, 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
NOTES:

1. M32C/84T cannot be used in memory expansion mode and microprocessor mode.
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Reset

N 4 )
All oscillation is stopped \ J N CPU operation is stopped
_ Note 2 i
Stop Mod < CM10=1 (Note 2) ( Middle-Speed Mode (Note 2) WAIT Instruction » Wait Mode
op Moae (divide-by-8 mode) [ Tnterrupt
Interrupt J
N * (Note 1)
“\\eﬂ\,\p
High-Speed / ") (Note 2) WAIT Instruction
M - - < 1 Wait Mode
Stop Mode <ML Middle-Speed Mode [ g Interrupt
(Note 2) (S 7y h

(Note 1) v (Note 3)

WAIT Instruction
»

e )
Low-Speed/ Low-Power .
P 21 Wait Mode

Consumption Mode

A

0l

Interrupt

e - - ™
On-Chip Oscillator / On-
| Chip Oscillator Low-Power
Consumption Mode [

J

; Normal Operating Mode —)

WAIT Instruction .

—| Wait Mode

Interrupt

NOTES:
1. See Figure 9.14.
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.

Figure 9.13 Status Transition in Wait Mode and Stop Mode
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M32C/84 Group (M32C/84, M32C/84T) 9. Clock Generation Circuit

9.6 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 disable), 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 enable).

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

(3) Set the PRCL1 bit in the PRCR register to "0" (write disable).

When the PM21 bit is set to "1", do not execute the WAIT instruction.
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10. Protection

10. Protection

The protection function protects important registers from being easily overwritten when a program runs out of

control.

Figure 10.1 shows the PRCR register. Each bit in the PRCR register protects the following registers:
» The PRCO bit protects the CM0, CM1, CM2, MCD, PLCO and PLCL1 registers;
» The PRCL1 bit protects the PMO, PM1, PM2, INVCO and INVCL1 registers;

» The PRC2 bit protects the PD9 and PS3 registers;

» The PRC3 bit protects the VCR2 and D4INT registers.

The PRC2 bit is set to "0" (write disable) when data is written to a desired address after setting the PRC2 bit
to "1" (write enable). Set the PD9 and PS3 registers immediately after setting the PRC2 bit in the PRCR
register to "1" (write enable). Do not generate an interrupt or a DMA transfer between the instruction to set
to the PRC2 bit to "1" and the following instruction. The PRCO, PRC1 and PRC3 bits are not set to "0" even
if data is written to desired addresses. Set the PRCO, PRC1 and PRC3 bits to "0" by program.

Protect Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
f f z f PRCR 000A16 XXXX 00002
Bit : .
Symbol Bit Name Function RW
Enables writing to CM0, CM1, CM2,
. MCD, PLCO, PLC1 registers
Protect Bit O oo
PRCO ! 0 : Write disable RW
1 : Write enable
' Enables writing to PMO, PM1, PM2,
H . INVCO, INVC1 registers
...... Protect Bit 1 o RW
PRC1 0 : Write disable
1 : Write enable
' Enables writing to PD9, PS3 registers
R PRC2 | Protect Bit 2 0 : Write disable RW
1 : Write enable
Enables writing to VCR2, DAINT
: registers
""""""" PRC3 [ Protect Bit 3 0 : Write disable RW
1 : Write enable
___________________________ | Nothing is assigned. When write, set to "0". i
(b7 - b4) | When read, its content is indeterminate.

NOTES:

1. The PRC2 bit is set to "0" by writing into a desired address after the PRC2 bit is set to "1".
The PRCO, PRC1 and PRC3 bits are not automatically set to "0". Set them to "0" by program.

Figure 10.1 PRCR Register
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11. Interrupts

11.1 Types of Interrupts
Figure 11.1 shows types of interrupts.

[] Undefined Instruction (UND Instruction)
[] Overflow (INTO Instruction)
Software [] BRK Instruction
[] (Non-Maskable Interrupt) [] BRK2 Instruction®
E [] INT Instruction
H
Interrupt ] NMI
[] Special E Watphd_og Timer _
[] Oscillation Stop Detection
0 0 (Non-Maskable Interrupt) E Low voltage Detection®
N Hardware E 0 Single-Step®
Address Match
O [ DMACII
0 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.
3. Low voltage detection interrupt cannot be used in M32C/84T.

Figure 11.1 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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M32C/84 Group (M32C/84, M32C/84T) 11. Interrupts

11.2 Software Interrupts

Software interrupt occurs when an instruction is executed. The software interrupts are non-maskable inter-
rupts.

11.2.1 Undefined Instruction Interrupt

The undefined instruction interrupt occurs when the UND instruction is executed.

11.2.2 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

11.2.3 BRK Interrupt

The BRK interrupt occurs when the BRK instruction is executed.

11.2.4 BRK2 Interrupt
The BRK2 interrupt occurs when the BRK2 instruction is executed.
Do not use this interrupt. For development support tools only.

11.2.5 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, 52 to 54 and 57 are assigned to the
vector table used for the peripheral function interrupt. Therefore, the microcomputer executes the same
interrupt routine when the INT instruction is executed as when a peripheral function interrupt occurs.
When the INT instruction is executed, the FLG register and PC are saved to the stack. PC also stores the
relocatable vector of 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, 52 to 54 and 57,
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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11.3 Hardware Interrupts
Special interrupts and peripheral function interrupts are available as hardware interrupts.

11.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

11.3.1.1 NMIl 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 11.8 NMI Interrupt for details.

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

11.3.1.3 Oscillation Stop Detection Interrupt
The oscillation stop detection interrupt occurs when the microcomputer detects a main clock oscilla-
tion stop. Refer to 9. Clock Generation Circuit for details.

11.3.1.4 Low Voltage Detection Interrupt
The low voltage detection interrupt occurs when the voltage applied to Vcci is above or below Vdet4.
Refer to 6. Voltage Detection Circuit for details.

NOTES:
1. Low voltage detection interrupt cannot be used in M32C/84T.

11.3.1.5 Single-Step Interrupt
Do not use the single-step interrupt. For development support tool only.

11.3.1.6 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 11.10 Address
Match Interrupt for details.

11.3.2 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, 52
to 54 and 57 for the INT instruction use the same interrupt vector table. The peripheral function inter-
rupt is a maskable interrupt.
See Table 11.2 about how the peripheral function interrupt occurs. Refer to the descriptions of each
function for details.
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11.4 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 DMAS3 use the same register. When using the high-speed
interrupt, neither DMA2 nor DMAS is available. DMAO and DMAL1 can be used.

11.5 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 11.2 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 11.2 Interrupt Vector
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11. Interrupts

11.5.1 Fixed Vector Tables

The fixed vector tables are allocated addresses FFFFDC16 to FFFFFF16. Table 11.1 lists the fixed vector
tables. Refer to 25.2 Functions to Prevent Flash Memory from Rewriting for fixed vectors of flash

memory.

Table 11.1 Fixed Vector Table

Interrupt Vector Addresses Remarks Reference
Generated by | Address (L) to Address (H)
Undefined FFFFDC16 to FFFFDF16
Instruction
Overflow FFFFEO16 to FFFFE316

BRK Instruction

FFFFE416 to FFFFE716

If the content of address FFFFE716 is
FF1e, a program is executed from the
address stored into software interrupt
number 0 in the relocatable vector table

M32C/80 Series
Software Manual

Address Match

FFFFES816 to FFFFEB16

FFFFEC16 to FFFFEF16

Reserved space

Watchdog Timer

FFFFFO16 to FFFFF316

These addresses are used for the
watchdog timer interrupt, oscillation
stop detection interrupt, and low
voltage detection interrupt®

Reset,
Clock Generation Circuit,
Watchdog Timer

FFFFF416 to FFFFF716

Reserved space

NMI FFFFF816 to FFFFFB16
Reset FFFFFCi6 to FFFFFF16 Reset
NOTES:

1. Low voltage detection interrupt cannot be used in M32C/84T.

11.5.2 Relocatable Vector Tables
The relocatable vector tables occupy 256 bytes from the starting address set in the INTB register. Table
11.2 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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11. Interrupts

Table 11.2 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) lto7 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
DMAS3 +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®) +152 to +155 (009816 to 009B16)| 38
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Table 11.2 Relocatable Vector Tables (Continued)

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
Stop Condition Detect (UART2)®)
Bus Conflict Detect, Start Condition Detect,| +160 to +163 (00A016 to 00A316) |40
Stop Condition Detect (UART3/UARTO)®)
Bus Conflict Detect, Start Condition Select, | +164 to +167 (00A416 to 00A716) |41
Stop Condition Detect(UART4/UART1)®)
A/DO +168 to +171 (00A816 to 00AB16) |42 A/D Converter
Key Input +172 to +175 (O0OAC16 to 00AF16) |43 Interrupts
Intelligent I/O Interrupt O +176 to +179 (00B016 to 00B316) |44 Intelligent I/O
Intelligent I/O Interrupt 1 +180 to +183 (00B416 to 00B716) |45
Intelligent I/O Interrupt 2 +184 to +187 (00B816 to 00BB16) |46
Intelligent I/O Interrupt 3 +188 to +191 (00BC16 to O0BF16) |47
Intelligent I/O Interrupt 4 +192 to +195 (00CO016 to 00C316) |48
Reserved Space +196 to +207 (00C416 to 00CF16) |49 to 51 -
Intelligent I/O Interrupt 8 +208 to +211 (00DO016 to 00D316) |52 Intelligent I/O
Intelligent I/O Interrupt 9, CAN O +212 to +215 (00D416 to 00D716) |53 Intelligent I/O
Intelligent I/O Interrupt 10, CAN 1 +216 to +219 (00D816 to 00DB16) |54 CAN
Reserved Space +220 to +227 (00DC16 to 00E316) | 55, 56 —
CAN 2 +228 to +231 (00E416 to O0E716) |57 CAN
Reserved Space +232 to +255 (O0E816 to O0OFF16) |58 to 63 —
INT Instruction(® +0 to +3 (000016 to 000316) to |0 to 63 Interrupts
+252 to +255 (00FC16 to 00FF16)

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
UARTS3.
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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11.6 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.

11.6.1 | 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 11.3 lists interrupt priority levels associated with IPL.

Table 11.3 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

B

All maskable interrupts are disabled

11.6.2 Interrupt Control Register and RLVL Register

The peripheral function interrupts use interrupt control registers to control each interrupt. Figures 11.3
and 11.4 show the interrupt control register. Figure 11.5 shows the RLVL register.
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b7 b6 bS5 b4 b3 b2 bl bo

Interrupt Control Register

Symbol Address After Reset
TAOIC to TA4IC 006C16, 008C16, 006E16, 008E16, 007016 XXXX X0002
TBOIC to TASIC 009416, 007616, 009616, 007816, 009816, 006916 XXXX X0002
SOTIC to S4TIC 009016, 009216, 008916, 008B16, 008D16 XXXX X0002
SORIC to S4RIC 007216, 007416, 006B16, 006D16, 006F16 XXXX X0002
BCNOIC to BCN4IC 007116, 009116, 008F16, 0071169, 0091161 XXXX X0002
DMOIC to DM3IC 006816, 008816, 006A16, 008A16 XXXX X0002
ADOIC 007316 XXXX X0002
KUPIC 009316 XXXX X0002
1100IC to 1104IC 007516, 009516, 007716, 009716, 007916 XXXX X0002
1108IC to 11010IC 007Dz1s, 009D16, 007F16 XXXX X0002
CANOICO to CAN2IC  009D16, 007F16, 008116() XXXX X0002
Sy%lwtbol Bit Name Function RW
b2 b1 b0
ILVLO 000 : Level O (interrupt disabled) RW
001:Levell
Interrupt Priority Level | 010:Level2
ILVL1 Select Bit 011:Level3 RW
100:Level4
101:Level5
ILVL2 110:Level6 RW
111:Level7
IR Interrupt Request Bit 0 No interrupt requested RW
1: Interrupt requested®
Nothing is assigned. When write, set to "0".
(b77-b4) When read, its content is indeterminate. o

NOTES:

1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNL1IC register shares an address with the BCN4IC register.
3. The IIO9IC register shares an address with the CANOIC register.
The 11010IC register shares an address with the CAN1IC register.
4. The IR bit can be set to "0" only (do not set to "1").

Figure 11.3 Interrupt Control Register (1)
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b7 b6 b5 b4 b3 b2 bl bO

Interrupt Control Register

Symbol Address After Reset
- INTOIC to INT2IC 009E16, 007E16, 009C16 XX00 X0002
A INT3IC to INT5IC() 007C16, 009A16, 007A16 XX00 X0002
N T . -
ot r 1| symbol Bit Name Function RW
IR A
N A 000 : Level O (interrupt disabled) RW
A 001:Levell
Interrupt Priority Level | 010:Level2
S ILVL1 Select Bit 011:Level3 RW
A elect bl 100: Level 4
E Voo 101:Level5
H E E E E R ILVL2 110:Level6 RW
E Voo 111:Level7
SR ) 0: Requests no interrupt
R EETEEETEELEE IR Interrupt Request Bit q . P 2 RW
R 1: Requests an interrupt(?
Pob o . - )
T POL | Polarity Switch Bit 0: Selects falling edge or "L RW
oo 1: Selects rising edge or "H"
: N 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:

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).

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 11.4 Interrupt Control Register (2)

11.6.2.1 ILVL2 to ILVLO Bits

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

the higher the 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.

11.6.2.2 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

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
f f f RLVL 009F16 XXXX 00002

- - R Bit . .

Pror b bbb | Symbol Bit Name Function RW
A b21b0

poror oo s RLVLO 000: Level 0 RW
A _ _ 001:Levell

. Stop/Wait Mode Exit 010:Level 2

LEERYE RLVL1 | Minimum Interrupt Priority| 011 : Level 3 RW
- Level Control Bit® 100: Level 4

A 101:Level5

Vo e RLVL2 110:Level6 RW
oo 111:Level7

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

R FSIT . RW
oo Set Bit® 1: Interrupt priority level 7 is used
P for high-speed interrupt
e __ | Nothing is assigned. When write, set to "0". B
- (b4) When read, its content is indeterminate.

0: Interrupt priority level 7 is used

R TTTCLLCTTITEERLeD DMAIl | DMA II Select Bit) for interrupt _ RW
v 1: Interrupt priority level 7 is used

for DMA Il transfer(®)

Nothing is assigned. When write, set to "0".
""""""""""""""" (b7 - b6) | When read, its content is indeterminate. -

NOTES:

the FLG register.

when the DMAII bit to "1".

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"

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 11.5 RLVL Register

11.6.2.3 RLVL2 to RLVLO Bits

When using an interrupt to exit stop or wait mode, refer to 9.5.2 Wait Mode and 9.5.3 Stop Mode for

details.
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11.6.3 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.

NOTES:
1. Temporary register cannot be modified by users.
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11.6.4 Interrupt Response Time
Figure 11.6 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
((a) on Figure 11.6) and the period required to perform an interrupt sequence ((b) on Figure 11.6).

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

(a) Period between an interrupt request generation and the completed execution of an instruction.
(b) Period required to perform an interrupt sequence.

Figure 11.6 Interrupt Response Time

Time (a) varies depending on an instruction being executed. The DIVX instruction requires 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 11.4 lists time (b) shown Figure 11.6.

Rev. 1.01 Jul. 07,2005 Page 119 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T)

11. Interrupts

Table 11.4 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.

11.6.5 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 11.5 is set in IPL as the interrupt

priority level.

Table 11.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt Source

Level Set to IPL

Watchdog Timer, NMI, Oscillation Stop Detection, Low Voltage Detection

7

Reset

0

Software, Address Match

Not changed

NOTES:

1. Low voltage detection interrupt cannot be used in M32C/84T.
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11.6.6 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 11.7 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 11.4 High-Speed Interrupt for the high-speed interrupt.

NOTES:

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

Addr
ddress MSB

The Stack
LSB

]

Content of
previous stack

Content of
previous stack

Stack state before an interrupt request is acknowledged

The Stack
Address MWB
PC
m-6 -
m-5 PCwm
m-4 PCx
> m-3 0016
m—2 FLGL
m—1 FLGH
[SP]
SP value before m Content of
an interrupt is previous stack
generated Content of
m+1 previous stack

Stack state after an interrupt request is acknowledged

[SP]
New SP value

Figure 11.7 Stack States

11.6.7 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 11.4 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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11.6.8 Interrupt Priority
If two or more interrupt requests are existed 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 11.8 shows priority levels of hardware interrupts.
The interrupt priority does not affect software interrupts. Executing instruction causes the microcomputer
to execute an interrupt routine.

Oscillation Stop Detection
Reset > NMI > Watchdog > Peripheral Function > Address Match
Low voltage Detection®

NOTES:
1. Low voltage detection interrupt cannot be used in M32C/84T.

Figure 11.8 Interrupt Priority

11.6.9 Interrupt Priority Level Select Circuit
The interrupt priority level select circuit selects the highest priority interrupt when two or more interrupt
requests are existed at the same sampling point.
Figure 11.9 shows the interrupt priority level select circuit.
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Hig Each Interrupt Priority Level

Bus Conflict/Start, Stop Condition
(UARTO, UART3)

Bus Conflict/Start, Stop Condition
(UART1, UART4)

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

1. Low voltage detection interrupt cannot be used in M32C/84T.

FTTTTTTTTTTTTTmmTTmmmosmmnTsmmomnnnes 1 Level O (Initial Value)
| DMAQ [
; 4
O DMAL1 |—
: N
O DMA2 |-
: PN/
O DMA3 [—
: N
; | Timer AO | .
' Each Interrupt Priority Level
H | Timer A1 | H P e e LR L L L EEEEEEE :
: _ i y Pl AIDO ;
H | Timer A2 | n H
: N :
Ll F— I o Key Input Interrupt
: N :
| Timer A2 | : | Intelligent I/0 Interrupt 0
5 PN 5
i [ UARTO Transmission/NACK | — | Intelligent /O Interrupt 1
: N :
| UARTO Reception/ACK | | Intelligent I/O Interrupt 2
: N :
| UART1 Transmission/NACK | | Intelligent I/O Interrupt 3
: Y :
[ UARTL Reception/ACK | [ Intelligent I/O Interrupt 4
H N '
| Timer BO | | Intelligent 1/O Interrupt 8
: N E
| Timer BL | | Intelligent 1/O Interrupt 9
H v /CAN Interrupt O
| Timer B2 | | Intelligent I/O Interrupt 10
' v H /CAN Interrupt 1
| Timer B3 | | CAN Interru
H H pt 2
H NV '
| Timer B4 | e

[ INTS |

N4
[ NTZ | RLVL2 to RLVLO Bits
N/ Interrupt request priority
[ INT3 | detection results output
A\ (to the clock generation
circuit)
[ iNT2 |
| | ' | IPL
INT1
: | INTO | | | Flag Interrupt request
H N4 acknowledged
| Timer B5 | [ Address Match (to CPU)
: V Watchdog Timer, Oscillation Stop
| UART?2 Transmission/ | Detection, Low Voltage Detectiort”)
: NACK NV —
| UART?2 Reception/ | | NMI |—
H ACTK N
: [ DMAC Il
| UART3 Transmission/NACK |
i [ UARTSRecepion/ACK |
: N/
| UART4 Transmission/ |
H NATK NVZ
| UART4 Reception/ |
! ACTK N4
Bus Conflict/Start, Stop
H Condition(UART2) v
NOTES:

Figure 11.9 Interrupt Priority Level Select Circuit
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11.7 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 INTIIC 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 11.10 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
BN - -
P r o 1 1t i i | Symbol Bit Name Function RW
INTO Interrupt Polarity | O : One edge
v+ 4 4+ 1 v -1 IFSRO .
e Select Bit® 1: Both edges RW
INT1 Interrupt Polarity | 0 : One edge
Vo e IFSR1 .
A Select Bit® 1: Both edges RW
INT2 Interrupt Polarity | O : One edge
- IFSR2 .
R Select Bit® 1: Both edges RW
INT3 Interrupt Polarity | 0: One edge
Pl e IFSR3 )
R Select Bit® 1: Both edges RW
P INT4 Interrupt Polarity | O : One edge
 ACLICRLRCREEE IFSR4
P select bit® 1: Both edges RW
INTS Interrupt Polarity | O : One edge
P IFSRS | Select Bit® 1: Both edges RW
P UARTO,UARTS |07 e e o aetect
------------------------ IFSRe ISnt(Ierru%t.Source 1: UARTO bus conflict, start condition RW
H elect Bit detect, stop condition detect
f opers unra (07 UARTS o ol st condon
--------------------------- IFSR7 ISntIerrupI)Bt.Source 1: UARTL1 bus conflict, start condition RW

elect Bit detect, stop condition detect

NOTES:
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 11.10 IFSR Register
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11.8 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.

NOTES:
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.

11.9 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 11.11
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.

NOTES:
2. Refer to 24. Programmable 1/O Ports about the PSC register.

& PU31 Bit in PUR3 Register
Pull-up L )
Transistor <:|| PD10_7 Bit KUPIC Register
PSC_7 Bit PD10_7 Bit
P107/KI3 O & 9
Pull-up ) PD10_6 Bit
Transistor -
Key Input
Interrupt Control
P106/KI2 T SN bt > Interrupt
O [ Circuit Request
Pull-up
Transistor PD10 5 Bit
P10s/Klr O T 'Ijk q
Pull-up PD10_4 Bit
Transistor
T P
P104/Klo O M |~ q

Figure 11.11 Key Input Interrupt
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11.10 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 11.12 shows registers associated with the address match interrupt.
The starting address of an instruction must be set in the RMADiI 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 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | | AIER 000916 0000 00002
Sy?’ri:bol Bit Name Function RW
Address Match 0 : Disables the interrupt
V% 4 4 % a2 a1 -1 AIERO . .
. Interrupt 0 Enable Bit 1: Enables the interrupt RW
e AIERL Address Match _ 0 : Disables the interrupt RW
- Interrupt 1 Enable Bit 1 : Enables the interrupt
Address Match 0 : Disables the interrupt
AIER2 Interrupt 2 Enable Bit 1: Enables the interrupt RW
Address Match 0 : Disables the interrupt
S LTTLCITTE AIER3 .
- Interrupt 3 Enable Bit 1 : Enables the interrupt RW
e AIERA Address Match 0 : Disables the interrupt
Interrupt 4 Enable Bit | 1 : Enables the interrupt RW
AIERS Address Match 0 : Disables the interrupt
Interrupt 5 Enable Bit 1: Enables the interrupt RW
Address Match 0 : Disables the interrupt
AIERS Interrupt 6 Enable Bit 1: Enables the interrupt RW
Address Match 0 : Disables the interrupt
AIER? Interrupt 7 Enable Bit 1: Enables the interrupt RW
Address Match Interrupt Register i (i=0to 7)
b23 b16|b15 bs|b7 bo Symbol Address After Reset
| . . | RMADO 001216 - 001016 00000016
— RMAD1 001616 - 001416 00000016
' RMAD2 001A16 - 001816 00000016
: RMAD3 001E16 - 001C16 00000016
' RMAD4 002A16 - 002816 00000016
! RMADS5 002E16 - 002C16 00000016
! RMAD6 003A16 - 003816 00000016
! RMAD7 003E16 - 003C16 00000016
1
' Function Setting Range RW
l
S Addressing Register for the Address Match Interrupt| 00000016 to FFFFFF16 RW

Figure 11.12 AIER Register and RMADO to RMAD7 Registers
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11.11 Intelligent I/O Interrupt and CAN Interrupt
The intelligent I/O interrupt and CAN interrupt are assigned to software interrupt numbers 44 to 48, 52 to 54,
and 57.
When using the intelligent 1/O interrupt or CAN interrupt, set the IRLT bit in the IIOIIE register (i =0 to 4, 8
to 11) to "1" (interrupt request for interrupt used).
Various interrupt requests cause the intelligent I/O interrupt to occur. When an interrupt request is gener-
ated with each intelligent I/0O or CAN functions, the corresponding bit in the IIOIIR register is set to "1"
(interrupt requested). When the corresponding bit in the IIOIIE register is set to "1" (interrupt enabled), the
IR bit in the corresponding I1OIIC 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 IOIlIR register is set
to "1" by another interrupt request and the corresponding bit in the IIOIIE register is set to "1".
Bits in the IIOIIR register are not set to "0" automatically, even if an interrupt is acknowledged. Set each bit
to "0" by program. If these bit settings are left "1", all generated interrupt requests are ignored.

Figure 11.13 shows a block diagram of the intelligent I/O interrupt and CAN interrupt. Figure 11.14 shows
the 1IOIIR register. Figure 11.15 shows the IIOIIE register.

) ) IRLT Bitin
IIO|IRReg|ster IIOIlE Register
: : 0 L
Bit 1 : :\04D_r\ _ .
Interrupt Request® ! 15 : — Intelligent 1/O Interrupt i Request
: 0 :
Bit 2 . 1 K:Q _D_
)t — '
Interrupt Request® ; : o -
ol ¢
: Bit 7 L Q\‘\c
: — ' —D
Interrupt Request® E : o .
IIOIIE Register®
Bit1 NOTES:
: 1. See Figures 11.14 and 11.15 about bits 1 to 7 in the
) : IIOIIR register and bits 1 to 7 in the IIOIIE register.
Bit2 2. Bits 1 to 7 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 IIOIIE register simultaneously.
' i=0t04,81t011

Figure 11.13 Intelligent I/O Interrupt and CAN Interrupt
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The CANQj (j=0 to 2) interrupt is provided as the CAN interrupt. The following registers are
required for the CAN interrupts:
* Bits 7 in the 1IO9IR to 1I011IR registers and Bits 7 in the [IO9IE to [IO11IE registers for the CANOQO to
CANO?2 interrupts.

The CANOIC and CANLIC registers share addresses with the following registers:
» The CANOIC register shares an address with the I109IC register.
» The CANLIC register shares an address with the 11010IC register.

Refer to 23.4 CAN Interrupt for details.

When using the intelligent 1/O interrupt or CAN interrupt to activate DMAC II, set the IRLT bit in the IIOIlE
register to "0" (interrupt request is used for DMAC, DMAC Il) to enable the interrupt request that the 1IOIIE
register requires.
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Interrupt Request Register

b7 b6 b4 b3 b2 bl b0

Symbol Address After Reset
|><| IIO0IR to II04IR, 1IO8IR to [I011IR See below 0000 000X2
Sy%'qtbd Function RW
: L Nothing is assigned. When write, set to "0". _
. (b0) | When read, its content is indeterminate.
: 0 : Requests no interrupt
P b (Note 1) q e ) RW
: 1 : Requests an interrupt
0 : Requests no interrupt
I (Note 1) a e RW
H 1: Requests an interrupt
Pl Reserved bit. Set to "0".
H (b1) When read, its content is indeterminate. RW
0 : Requests no interrupt
----------------- (Note 1) d e ) RW
1 : Requests an interrupt
0 : Requests no interrupt
""""""""""" (Note 1) q . P @ RW
1: Requests an interrupt
0 : Requests no interrupt
------------------------ (Note 1) q . P @ RW
1 : Requests an interrupt
0 : Requests no interrupt
---------------------------- (Note 1) q . P @ RW
1: Requests an interrupt
NOTES:
1. See table below for bit symbols.
2. Only "0" can be set (nothing is changed even if "1" is set).
Bit Symbols for the Interrupt Request Register
Symbol | Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1100IR 00AO16 - - SIOORR | GORIR - TM13R/PO13R - -
IIO1IR 00A1l16 - - SIO0TR | GOTOR - TM14R/PO14R - -
1102IR 00A216 - - SIOIRR | GI1RIR - TM12R/PO12R - -
IIO3IR 00A316 - - SIO1TR | G1TOR - TM10R/PO10R - -
1104IR 00A416 SRTOR | SRT1R - BT1R - TM17R/PO17R - -
1IO8IR 00A816 - - - - - - TM11R/PO11R -
1109IR 00A916 | CANOOR - - - - - TM15R/PO15R -
II010IR | 00AA16 | CANO1R - - - - - TM16R/PO16R -
II011IR | 00AB16 | CANO2R - - - - - - -
BT1R . Intelligent 1/O Base Timer Interrupt Request
TMIjR . Intelligent 1/O Time Measurement j Interrupt Request
PO1jR . Intelligent /O Waveform Generating Function j Interrupt Request
SIOIRR . Intelligent /O Communication Unit i Receive Interrupt Request
SIOITR . Intelligent I/O Communication Unit i Transmit Interrupt Request
GIiTOR . Intelligent /O Communication Unit i HDLC Data Processing Function Interrupt Request (TO: Output to Transmit)
GiRIR . Intelligent /O Communication Unit i HDLC Data Processing Function Interrupt Request (RI: Input to Receive)
SRT1R . Intelligent /O Special Communication Function Interrupt Request
CANOKR  : CANO Communication Function Interrupt Request (k = 0 to 2) .
. i=0,1
- : Reserved Bit. Setto "0". .
j=0to7

Figure 11.14 1I00IR to IIO4IR, IIO8IR to 1I011IR Registers
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Interrupt Enable Register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | 0 | | | IIO0IE to 11O4IE, IIO8IE to II011IE See below 0000 00002

oa o Bit . )

Poron bbb b | symbol Bit Name Function RW

Interrupt Request : Interrupt request is used for DMAC, DMAC I

oo = RLT @ ) ) . RW

- Select Bit : Interrupt request is used for interrupt

E E E E E E E : Disables an interrupt by bit 1 in lIOIIR register

- (Note 1) _— ) P . RW

H- - : Enables an interrupt by bit 1 in 11OiIR register

E E E E E E : Disables an interrupt by bit 2 in 110iIR register

Vo ey (Note 1)  — : proy bit 21 1% 9 RW

HE- - : Enables an interrupt by bit 2 in 11OiIR register

H E E E Leeeernae _ Reserved Bit Setto "0"

. 03 e

E E E E : Disables an interrupt by bit 4 in 1IOIIR register

bbb bbb bbby (Note 1) _— ) pLoY o ) g RW

HE- : Enables an interrupt by bit 4 in 11OiIR register

E E E 0 : Disables an interrupt by bit 5 in 110iIR register

Pl e (Note 1) S [IeTTUpE By BIES In O FEIISTEN| v

HE : Enables an interrupt by bit 5 in l10iIR register

: Disables an interrupt by bit 6 in lIOIIR register

O EEE L L L L LR R (Note 1) e ' [mierrupt by BItS in TR reg! RW

H : Enables an interrupt by bit 6 in lIOiIR register

0 : Disables an interrupt by bit 7 in l1IOilR register

---------------------------- (Note 1) e . ' proy B an e 9 RW

: Enables an interrupt by bit 7 in llOiIR 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 | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIO0IE | 00BO1s - - SIOORE | GORIE - TM13E/PO13E - IRLT
IIO1IE | 00Bl1s - - SIOO0TE | GOTOE - TM14E/PO14E - IRLT
lI02IE | 00B216 - - SIO1RE | GIRIE - TM12E/PO12E - IRLT
IIO3IE | 00B316 - - SIO1TE | G1TOE - TM10E/PO10E - IRLT
IIO4IE | 00B416 | SRTOE | SRT1E - BT1E - TM17E/PO17E - IRLT
IIO8IE | 00B816 - - - - - - TM11E/POLIE | IRLT
IIO9IE | 00B916 | CANOOE - - - - - TM15E/PO15E | IRLT
1I010IE | 00BA16 | CANO1E - - - - - TM16E/PO16E | IRLT
IIO11IE | 00BB1s | CANO2E - - - - - - IRLT

BT1E . Intelligent I/O Base Timer Interrupt Enabled

TMIJE - Intelligent I/O Time Measurement j Interrupt Enabled

PO1jE - Intelligent I/O Waveform Generating Function j Interrupt Enabled

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

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

GIRIE - Intelligent I/O Communication Unit i HDLC Data Processing Function Interrupt Enabled (RI: Output to Receive)

GIiTOE - Intelligent I/O Communication Unit i HDLC Data Processing Function Interrupt Enabled (TO: Input to Transmit)

SRTIE . Intelligent 1/0O Special Communication Function Interrupt Enabled

CANOKE  : CANO Communication Function Interrupt Enabled (k = 0 to 2) i=0,1

- : Reserved Bit. Set to "0". j=0to7

Figure 11.15 1IOOIE to IIO4IE, IIO8IE to IIO11IE Registers
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12. 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. The CMO6 bit can only be set to "1" (reset). Once the CMO06 bit is set to "1", it
cannot be changed to "0" ( watchdog timer interrupt) by program. The CMO06 bit is set to "0" only after reset.
When the main clock, on-chip oscillator clock, or 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 12.1 shows a block diagram of the watchdog timer. Figure 12.2 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, CMO7 : Bits in the CMO Register
WDC?7 : Bit in the WDC Register
PM22 : Bit in the PM2 Register
Figure 12.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | 0 | | | | | | | wDC 000F16 000X XXXX2
Voo Bit i i
P n b 1| symbol Bit Name Function RW
High-Order Bit of the Watchdog Timer RO
N (b4 - b0)
Cold Start-up/ . .
S WDC5 | Warm Start-up 0 Cold start-up RW
Determine Flag(:2: 3) 1: Warm start-up
e —— | Reserved Bit Set to "0" RW
5 (b6)
. 0 : Divide-by-16
"""""""""""""" WDC7 | P | | B . RwW
C rescaler Select Bit 1: Divide-by-128
NOTES:

1. The WDCS5 bit remains set to "1", regardless of setting to "1" or "0".

2. The WDCS5 bit is set to "0" when power is turned on and can be set to "1" by program only.

3. The WDCS5 bit maintains a value set before reset, even after reset has been performed.
Watchdog Timer Start Register(®)

b7 bo Symbol Address After Reset
| | WDTS 000Ez16 Indeterminate
Function RW

The watchdog timer is reset to start counting by a write instruction to the
WDTS register. Default value of the watchdog timer is always set to WO
"7TFFF16" regardless of the value written.

NOTES:
1. Write the WDTS register after the watchdog timer interrupt is generated.

Figure 12.2 WDC Register and WDTS Register
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System Clock Control Register 0

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | | CMO 000616 0000 10002
P Bit Bit Name Function RW
- - B Symbol
R I R b1 bo
Poioi bbb CMO0o _ 00 I/O port P53 RW
I Clock Output Function .
A A lect Bit® 0 1: Outputs fc
e Selec 10: Outputs fs RW
R CMo1 11 : Outputs f32
) ) 0 : Peripheral clock does not stop in
S CMo2 In Wa}t Mode, Penphe.rag wait mode -
. Function Clock Stop Bit®)| 1 : peripheral clock stops in wait
: mode(®)
____________ CMOo3 | XCIN-XcouT Drive 0 0 L(_JW RW
A Capacity Select Bit*? [ 1:High
oo 0 : I/O port function
1 1 teeemessssasseas i i RW
oo CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function®)
Main Clock (XiN-XouT) 0 : Main clock oscillates
1 leeeeasssesssssseees . RW
I CMO5 Stop Bit®: 9 1 : Main clock stops(®
: ________________________ CMO6 Watchdog Timer ' 0: Watch(;og timer interrupt RW
Function Select Bit 1: Reset(?
e e eeeeneeeeeaeaeanan CPU Clock Select 0: Qchk selected by the CMZ:'L bit RW
CMO07 Bit 08 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 enable).

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 CMOO bits to "002". When the PMO07 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 I1/O port).

3. fc32 does not stop running. When the CMO02 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
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 CMO5 bit to "1" after the CMO7 bit is set to "1" with a stable
sub clock oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock).
When the CMO5 bit is set to "1", 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 CMOS5 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.

. 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 CM07 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 CMO07 bit and CM04 or CMO5 bit simultaneously.

9. When the PM21 bit in the PM2 register is set to "1" (clock change disable), 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 CMO03 bit is set to "1".

[oc BN

Figure 12.3 CMO Register
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12.1 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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13. 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 13.1 shows a mapping of registers to
be used for DMAC. Table 13.1 lists specifications of DMAC. Figures 13.2 to 13.5 show registers associ-
ated with DMAC.

Because the registers shown in Figure 13.1 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 and 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 (RO) DMA?2 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 DMAS3, 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
NOTES:

1. Registers are used for repeat transfer, not for single transfer.

Figure 13.1 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 13.1 DMAC Specifications

ltem Specification
Channels 4 channels (cycle-steal method)
Transfer Memory Space » 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

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

bit data is transferred)

DMA Request Source(d) 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

CAN interrupt request

Software trigger

Channel Priority DMAO > DMA1 > DMA2 > DMA3 (DMAO has highest priority)
Transfer Unit 8 bits, 16 bits
Destination Address Forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Transfer Mode | Single Transfer |Transfer is completed when the DCTi register (i = 0 to 3) is set to "000016"
Repeat Transfer |When the DCTi register is set to "000016", the value of the DRCi register
is reloaded into the DCTi register and the DMA transfer is continued
DMA Interrupt Request Generation Timing| When the DCTi register changes "000116" to "000016"

DMA Startup | Single Transfer |DMA starts when a DMA request is generated after the DCTi register is
set to "000116" or more and the MDil and MDO bits in the DMDj register
(=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 MDO 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 When the DCTi register is set to "000016" from "000116" in repeat trans-
or DMAI Register fer mode

DMA Transfer Cycles Minimum 3 cycles between SFR and internal RAM

NOTES:

1. The IR bit in the interrupt control register does not change when a DMA request is acknowledged.
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DMAI Request Source Select Register (=0 to 3)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| I><| | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
Bit Bit Name Function RW
oo Symbol
W
A T RN DSEL1 RW
DMA Request Source | See Table 13.2 for the DMiSL
T S DSEL2 Select Bit®) register (i = 0 to 3) function RW
R R S DSEL3 RW
R S DSEL4 RW
When a software trigger is selected,
T DSR Software DMA a DMA request is generated by RW
- Request Bit@ setting this bit to "1" (When read, its
content is always "0")
S — —— | Reserved Bit When read., ) ) RO
: (b6) its content is indeterminate
___________________________ DR DMA R B (2 3) 0 . NOt requeSted RW
Q equest Bit™ 1: Requested
NOTES:

1. Change the DSEL4 to DSELDO 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
DSEL4 to DSELDO bit settings are changed.

e.g., MOV.B #083h, DMISL ; Set timer AO

2. When the DSR bit is set to "1", set the DRQ bit to "1" simultaneously.
e.g., OR.B #0AOh, DMiSL

3. Do not set the DRQ bit to "0".

Figure 13.2 DMOSL to DM3SL Registers
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Table 13.2 DMiSL Register (i = 0to 3) Function
Setting Value
b4 b3 b2 bl b0
0000

DMA Request Source
DMA1

DMAO \ DMA2 DMA3

Software trigger
Falling Edge of INT1 | Falling Edge of INT2
Both Edges of INT1 | Both Edges of INT2

o
o
o

Falling Edge of INTO
Both Edges of INTO

Falling Edge of INT3(1:2)
Both Edges of INT3(1.2)

Timer AO Interrupt Request

Timer Al Interrupt Request

Timer A2 Interrupt Request

Timer A3 Interrupt Request

Timer A4 Interrupt Request

Timer BO Interrupt Request

Timer B1 Interrupt Request

Timer B2 Interrupt Request

Timer B3 Interrupt Request

Timer B4 Interrupt Request

Timer B5 Interrupt Request

UARTO Transmit Interrupt Request
UARTO Receive or ACK Interrupt Request(®

UART1 Transmit Interrupt Request
UART1 Receive or ACK Interrupt Request®

UART?2 Transmit Interrupt Request
UART?2 Receive or ACK Interrupt Request(®

UART3 Transmit Interrupt Request
UART3 Receive or ACK Interrupt Request(®

UART4 Transmit Interrupt Request
UART4 Receive or ACK Interrupt Request®

A/DO Interrupt Request

Rrlrlkr|lr|lRPr|Pr|lP|r|Pr|r|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

Fr|lPrP|OjlO|lO|lO|O|O|OCO|O|(F|FP|FP|FP|FP|IFP|IFP|IP|O|JlO|jO|OC|OC|OC
o|lo|r|FRP|RPr|P|O|lO|O|O|FR|FP|FP|P|O|lO|O|O|FR |||, |O|O

o|Oo|rR,|(FP|O|OC|FRP|P|O|O|(FR|FP|O|O|FRP|[P|O|OC|FRP|FP|O|O|(F|PF

rlo|lr|lo|lr|lo|lr|lo|lrRr|Oo|rRr|O|r|Oo|r|Oo|r|Oo|r|O|r|O|r|O|r

Intelligent 1/O Intelligent /O Intelligent I/O
Interrupt 0 Request Interrupt 2 Request Interrupt 9 Request®
11010 Intelligent 1/O Intelligent 1/O Intelligent 1/O Intelligent /O
Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request Interrupt 10 Request®
11011 Intelligent 1/O Intelligent /O Intelligent 1/O CAN Interrupt 2
Interrupt 2 Request Interrupt 9 Request® Interrupt 4 Request Request
11100 Intelligent 1/O Intelligent 1/O Intelligent /O
Interrupt 3 Request Interrupt 10 Request® Interrupt 0 Request
11101 Intelligent 1/O CAN Interrupt 2 Intelligent 1/O
Interrupt 4 Request Request Interrupt 1 Request
11110 Intelligent 1/0 Intelligent /O
Interrupt 0 Request Interrupt 2 Request
11111 Intelligent /O Intelligent /O Intelligent /O
Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request
NOTES:

1. If the INT3 pin is used for data bus in memory expansion mode or microprocessor mode, a DMAS interrupt request

cannot be generated by a signal applied to the INT3 pin.

2. The falling edge and both edges of a signal applied to the INT] 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 UKSMR2 register (k=0 to 4) to switch between the UARTKk receive and the 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 1ICM2 bit in the

UKSMR2 register to "0".
4. The same setting is used to generate an intelligent I/O interrupt 9 request and a CAN interrupt O request.
5. The same setting is used to generate an intelligent I/O interrupt 10 request and a CAN interrupt 1 request.
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DMA Mode Register 00

Channel O Transfer | g1 - Single transfer

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | DMDO (CPU Internal Register) 0016
Sy?ritbol Bit Name Function RW
b1 b0
i 1 | mDoo 00 : DMA disabled RW

Mode Select Bit 1 0: Do not set to this value

P Reeees MDO1 11 : Repeat transfer R

oL, BWO Channel 0 Transfer |0 : 8 hits R

: Unit Select Bit 1:16 bits
_ ____________ RWO Channel 0 Transfer |0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
E b5 b4
Py MD10 00 : DMA disabled RW

Channel 1 Transfer 01: Single transfer

Mode Select Bit . .
L eemeemna——a- MD11 1 0: Do not set to this value RW

11 : Repeat transfer

] BW1 Chgnnel 1 Trgnsfer 0:8 b|t§ RW
Unit Select Bit 1: 16 bits

___________________________ RW1 Channel 1 Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit |1 : Memory (forward direction) to fixed address

NOTES:
1. Use the LDC instruction to set the DMDO register.

DMA Mode Register 1)

11 : Repeat transfer

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | DMD1 (CPU internal register) 0016

Sy%i%)ol Bit Name Function RW
A b1 b0
P11 Tt MD20 00 : DMA disabled RW
Channel 2 Transfer | g 1 : single transfer
Mode Select Bit 10 : Do not set to this value
N MD21 RwW

Channel 2 Transfer | 0 : 8 bits

oo BW2 Unit Select Bit 1: 16 bits RW
RW2 Channel 2 Transfer | O : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
E b5 b4
pooTTmmmmmmenneeey MD30 00 : DMA disabled RW

Channel 3 Transfer | 4 . Single transfer

Mode Select Bit . :
F P 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

Channel 3 Transfer | 0 : Fixed address to memory (forward direction)

--------------------------- RW3 o . N
Direction Select Bit | 1 : Memory (forward direction) to fixed address

RW

NOTES:
1. Use the LDC instruction to set the DMD1 register.

Figure 13.3 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 13.4 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 DSA2 register.

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

the DSA3 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 13.5 DMAO to DMA3 Registers, DSAO to DSA3 Registers and DRAO to DRA3 Registers
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13.1 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.

13.1.1 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.

13.1.2 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.

13.1.3 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 13.6 shows an example of a transfer cycle for the source-read bus cycle. In Figure 13.6, 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 13.6, 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.

13.1.4 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 8.2.6 RDY Signal for details.
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(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

>< Source >< Destination ><

CPU Use

RD Signal

WR Signal

Data bus CPU Use

>< Source >< Destination ><

CPU Use

(2) When 16-bit data is transferred from an odd source address

or when 16-bit data is transferred 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

Source
Bus

CPU Use

>< Destination ><

CPU Use

RD Signal

WR Signal

Data Bus

>< >< Destination

CPU Use Source

X

CPU Use

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

CPU Clock

L

Address

Bus CPU Use

Source

X

Source + 1 >< Destination >< CPU Use

RD Signal

WR Signal

Data Bus CPU Use Source Source + 1

A A

>< Destination >< CPU Use

NOTES:

the same timing as the source-read cycle illustrated above.

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

Figure 13.6 Transfer Cycle Examples with the Source-Read Bus Cycle
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13.2 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 13.3 lists the number
of DMAC transfer cycles. Table 13.4 lists coefficient j, k.

Transfer cycles per transfer = Number of read cycle x j + Number of write cycle x k

Table 13.3 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=0to 1l

Table 13.4 Coefficient j, k

Internal Space External Space
Internal ROM Internal ROM SFR
or internal RAM | or internal RAM |area jand k BCLK cycles shown in Table 8.5.

with no wait state| with a wait state Add one cycle to j or k cycles when inserting a recovery cycle.
=1 =2 =2
k=1 k=2 k=2
k=210 9

13.3 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 13.7 shows an example of the DMA transfer by external source.
In Figure 13.7, the DMAO request having highest priority is received first to start a transfer when a DMAO
request and DMAL1 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 DMA1 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 DMAL1 in Figure 13.7, 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.

W

DMAL / . > Bus privilege
L Lo Do Lo : acquired

cPU 70 X

INTO

DRQ Bit
in DMAO
Register

INT1

DRQ Bit in
DMA1
Register

AL

Figure 13.7 DMA Transfer by External Source

Rev. 1.01 Jul. 07,2005 Page 145 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 14. DMACII

14. DMAC II

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 14.1 lists specifications of DMAC II.

Table 14.1 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.

14.1 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 IIOIIE register (i = 0 to 4, 8 to 11) if using the intelligent 1/O or CAN interrupt
Refer to 11. Interrupts for details on the IIOIIE register.

14.1.1 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 14.1 shows the RLVL register.
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Exit Priority Register

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

DOA DA T 1] e oo
- - - R Bit . .
Pbor b b | Symbol Bit Name Function RW
A b2b1 b0
poror oo b1 - RLVLO 000: Level 0 RW
e , . 001:Levell
. Stop/Wait Mode Exit 010: Level 2
LEERYE RLVL1 | Minimum Interrupt Priority| 01 1: Level 3 RW
- Level Control Bit® 100: Level 4
A 101:Level5
Vo e RLVL2 110:Level6 RW
A 111:Level7
0: Interrupt priority level 7 is used
A High-Speed Interrupt for normal interrupt
ol b eeeeeeeeeas FSIT . RW
oo Set Bit®) 1: Interrupt priority level 7 is used
ool for high-speed interrupt
e __ | Nothing is assigned. When write, set to "0". B
Vo (b4) When read, its content is indeterminate.
0: Interrupt priority level 7 is used
I ARGLLITTITLLEE DMAII | DMA Il Select Bit® for interrupt ' RW
v 1: Interrupt priority level 7 is used
for DMA |1 transfer®
Nothing is assigned. When write, set to "0".
""""""""""""""" (b7 - b6) | When read, its content is indeterminate. -

NOTES:

the FLG register.

when the DMAII bit to "1".

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"

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 14.1 RLVL Register
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14.1.2 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 14.2 shows a configuration of the DMAC Il index. Table 14.2 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 14.2)
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 14.2 DMAC Il Index

The followings are details of the DMAC Il index. Set these parameters in the specified order listed in
Table 14.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 14.3 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.
« 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 14.2 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 14.3 MOD
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14.1.3 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).

14.1.4 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.

14.1.5 IRLT Bit in the lIOIlIE Register (i=0to 4, 8 to 11)

When the intelligent I/O interrupt or CAN interrupt is used to activate DMAC I, set the IRLT bit in the IIOIlE
register of the interrupt to "0".

14.2 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.

14.3 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 OFFFFz1s, 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.

14.3.1 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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14.3.2 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).

14.3.3 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.

14.4 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".

14.4.1 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".

14.4.2 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.

14.5 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.

Rev. 1.01 Jul. 07, 2005 Page 151 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 14. DMACII

14.6 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 14.4 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 II
Index(1)
(CADR1 to BASE(2) —» The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Starts at BASE(2) when next request conditions
are met.
Transferred according to the DMAC Il Index.
BASE(2) -—,
DMAC Il
Index(2)
(CADR1 to BASE(3) —» The above vector is rewritten to BASE(3)
CADRO) when a transfer is completed.

Figure 14.4 Relocatable Vector and DMAC Il Index

14.7 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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M32C/84 Group (M32C/84, M32C/84T) 14. DMACII

14.8 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 14.5 Transfer Cycle

When an interrupt request as a DMAC |l 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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M32C/84 Group (M32C/84, M32C/84T)

15. Timer

15. 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 15.1 and 15.2 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
410 [} - s 1
o— —I Imer |
Noise Ol-g/C ° 1
filter 00| 01: Event counter mode
11| TA3TGH and TA3TGL
00 TCK1 and TCKO 00: Timer mode
o1 10: One-shot timer mode
019 11: PWM mode
710 TMOD1 and TMODO
10 1078 m—— 1 "7
o "m_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 15.1 Timer A Configuration
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M32C/84 Group (M32C/84, M32C/84T)

15

. Timer

f1 f8 fan fC32

TCK1 to TCKO

BN
O

o
o

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)

00: Timer mode
10: Pulse width measu

TBOIN O

TB1IN

rement mode

11 TMOD1 and TMODO
0 { 1
i 4| Timer BO
lier [T 002 o °
TCK1

|'4 Timer BO interrupt
p———

01:Event counter mode

00: Timer mode

10: Pulse width measurement mode

TB2IN O

TMOD1 and TMODO
o]
O

Timer B1

|—< Timer B1 interrupt
———

01:Event counter mode

00: Timer mode

10: Pulse width measurement mode

TCK1 and TCKO

TMOD1 and TMODO
o—l Timer B2

|—< Timer B2 interrupt
——>

OoTCKl and TCKO
01§
10
ul° 1
[ @) 5
Noise
o e 1t
TCK1
00 TCK1 and TCKO
01 o
10
ul© 1
{0 5
Noise
filter meA o
TCK1

01:Event counter mode

TB3IN Q

|“ Timer B3 interrupt
—>

84N ()

TCK1 and TCKO

00
01
10

|" Timer B4 interrupt
———

01:Event counter mode

8(1) 00: Timer mode
0 O 10: Pulse width measurement mode
11 O TMOD1 and TMODO
[ Sae) 1
Noise :E —I Timer B3
> - o
filter 0
TCK1 01:Event counter mode
00 TCK1 and TCKO
o1 00: Timer mode
To1© 10: Pulse width measurement mode
e T TMOD1 and TMODO
=10 re) -
Noise oo ° —I Timer B4
filter 0
TCK1

00: Timer mode

10: Pulse width measurement mode

o1l

écyo

Noise

85N ()

Z> filter

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

i

TMOD1 and TMODO

Timer B5

|_< Timer B5 interrupt
————————— >

01:Event counter mode

Figure 15.2 Timer B Configuration
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

15.1 Timer A
Figure 15.3 shows a block diagram of the timer A. Figures 15.4 to 15.7 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 15.1 lists TAiouT pin settings when used as an output. Table 15.2 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® —24-0 )\ ; o
! TAj Overflow® 1 O ! Decrement —
: TAk Overflow® —O 01
| TAITGH and TAITGL H ne
e ' 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 MRL1 : 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 15.3 Timer A Block Diagram
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M32C/84 Group (M32C/84, M32C/84T) 15. 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 15.4 TAO to TA4 Registers
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M32C/84 Group (M32C/84, M32C/84T)

15. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit N Functi RW
Symbol it Name unction
b1b0
TMODO 0 0 : Timer mode RW
Operating Mode 0 1 : Event counter mode
Select Bit 1 0 : One-shot timer mode
TMOD1 11 : Pulse width modulation RW
(PWM) mode
—— | Reserved Bit Setto "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
TAOS Timer AO Count 0 : Stops counting RW
Start Flag 1: Starts counting
TALS Timer Al Count 0 : Stops counting RW
Start Flag 1: Starts counting
TA2S Timer A2 Count 0 : Stops counting RW
Start Flag 1: Starts counting
TA3S Timer A3 Count 0 : Stops counting RW
Start Flag 1 : Starts counting
TA4S Timer A4 Count 0 : Stops counting RW
Start Flag 1: Starts counting
TBOS Timer BO Count 0 : Stops counting RW
Start Flag 1 : Starts counting
TB1S Timer B1 Count 0 : Stops counting RW
Start Flag 1: Starts counting
TB2S Timer B2 Count 0 : Stops counting RW
Start Flag 1: Starts counting

Figure 15.5

TAOMR to TA4AMR Registers and TABSR Register
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M32C/84 Group (M32C/84, M32C/8

4T)

15. Timer (Timer A)

Up/Down Flag®

b7 b6 b5 b4 b3 b2 bl bo

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
TAIUD Up/Down Flag@ 1: Increment RW
Timer A2 0 : Decrement
TA2UD Up/Down Flag®@ 1: Increment RW
Timer A3 0 : Decrement
TASUD 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 Procg(s;lng 1: Enables two-phase pulse signal wo
Function Select Bit processing function
Timer A3 Two-Phase 0 : Disables two-phase pulse signal
- : processing function
TA3P PuIse_Slgnal Proc_e(ssflng 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 | Pulse Signal Proc_e(s;lng 1: Enables two-phase pulse signal | WO
Function Select Bit processing function

NOTES:

b7 b6 b5 b4 b3 b2 bl bo

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 Cl)ne—Shot 0:Inanidle state RW
Start Flag(®) 1: Starts the timer
Ta10s | Timer Al S)ne-Shot 0:Inanidle state RW
Start Flag 1 : Starts the timer
TA20S Timer A2 Cl)ne-Shot 0:Inanidle sFate RW
Start Flag(V) 1 : Starts the timer
TA30S Timer A3 ?ne-Shot 0:Inanidle sFate RW
Start Flag(V) 1: Starts the timer
TA4OS Timer A4 One-Shot 0:Inanidle s?ate RW
Start Flag(®) 1: Starts the timer
.| 0: Disables Z-phase input
TAZIE | Z-Phase Input Enable Bit 1: Enables Z-phase input RW
b7b6
TAOTGL | ) 0 0 : Selects an input to the TAOIN pin| RW
-Sr"’?er A0 Event/Trigger | o 1 : Selects the TB2 overflows(®
elect Bit . (2)
TAOTGH 10 : Selects the TA4 overflows , RW
11: Selects the TA1 overflows(®

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

Figure 15.6 UDF Register and ONSF Register
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
|||||||| | TRGSR 034316 0016
Sy?riltbol Bit Name Function RW
N b1 b0
Porob o n o M| TALTGL | _ 00 : Selects an input to the TALIN pin| RW
;mlwertﬁélitEvent/Trlgger 01 : Selects the TB2 overflows®
O TALTGH elec 10 : Selects the TAO overflows® RW
11: Selects the TA2 overflows(®)
Pobo b b3 b2
N TA2TGL [ ) 0 0 : Selects an input to the TA2IN pin| RW
- -'S—'"I‘m '?32 Event/Trigger | o 1 : Selects the TB2 overflows®
- B elect Bit . (1)
T O TA2TGH 1 0: Selects the TA1 overflows . RW
Pl 1 1: Selects the TA3 overflows(®
S 5ba
Do e TA3TGL | ) 00 : Selects an input to the TA3IN pin| RW
A ;Inrertpés't Event/Trigger | ¢ 1 : Selects the TB2 overflows(V)
. elect Bi . 1)
R TA3TGH 1 0: Selects the TA2 overflows RW
1 1: Selects the TA4 overflows(®
b7 b6
i TAATGL - A4 Event/Tri 0 0 : Selects an input to the TA4IN pin| RW
Sgreecrt Bit VENUINGEEr 15 1 : Selects the TB2 overflows®
e TAATGH 10 : Selects the TA3 overflows® RW
1 1: Selects the TAO overflows(®
NOTES:
1. Overflow or underflow
Count Source Prescaler Register
b7 b6 b5 b4 b3 b2 bl bO >
Symbol Address After Reset®
[DODA T 111 o
Sy%iwtbol Bit Name Function RW
R e e RW
R CNT1 If gettir;g \I/(alue ishh, fon i-|s| the RW
[ - . (1y| main clock, on-chip oscillator or
Divide Ratio Select Bit PLL clock divided by 2n.
ke CNT2 Not divided if n=0. RW
e CNT3 RW
, - ) When read, RO
(b6 - ba) Reserved Bit its content is indeterminate
s . . 0 : Stops a divider
CST [Operation Enable Bit 1 - Starts a divider RW
NOTES:
1. Set the CST bit to "0" before the CNT3 to CNTO bits are rewritten.
2. The TCSPR register maintains values set before reset, even after software reset or watchdog timer
reset has performed.

Figure 15.7 TRGSR Register and TCSPR Register
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M32C/84 Group (M32C/84, M32C/84T)

15. Timer (Timer A)

Table 15.1 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 -
NOTES:

1. P70/TAOouUT is a port for the N-channel open drain output.

Table 15.2 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/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

15.1.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 15.3). Figure 15.8
shows the TAIMR register (i=0 to 4) in timer mode.

Table 15.3 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

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/84 Group (M32C/84, M32C/84T) 15. 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 | TAOMRtoTAAMR 035616, 035716, 035616, 0350:6, 035A1s 0015
Bit Bit Name Function RW
Py o 4 v 1| Symbol
Pl L mopo - RW
Operating Mode .
A Select Bit 00 Timer mode
Pl b b TMODL RW
T —— | Reserved Bit Set to "0" RW
oo (b2)
A 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
FEE elect Bit TAIIN pin is held "L"
MR2 11 : Timer counts only while the RwW
oo TAIIN pin is held "H"
R MR3 | Setto "0" in timer mode RW
P b7b6
L e TCKO 00:f1 RW
: Count Sgurce 01:fs
Select Bit 10 fn@
--------------------------- 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 15.8 TAOMR to TA4MR Registers
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

15.1.2 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 15.4 lists specifications in event counter mode (when not handling a two-
phase pulse signal). Table 15.5 lists specifications in event counter mode (when handling a two-phase
pulse signal with the timers A2, A3 and A4). Figure 15.9 shows the TAIMR register (i=0 to 4) in event
counter mode.

Table 15.4 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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Table 15.5 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/ (FFFFié6 - 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

NOTES:
1. Only timer A3 operation can be selected. The timer A2 is for the normal processing operation. The timer A4 is
for the multiply-by-4 operation.
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Timer Ai Mode Register (=0 to 4) (Event Counter Mode)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | 0 | | | 0 | 0 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0016

Bit Function Function

A Synlﬂbol Bit Name (When not processing (When processing RW

E H E T - two-phase pulse signal) | two-phase pulse signal)

Piob bbb T TMoDO RW

Voo Operating Mode b1b0 1

A . 0 1 : Event counter mode®

R Select Bit

A TMOD1 RW

e —— |Reserved Bit Setto "0" RW

oo (b2)

0 : Counts falling edges

- Count Polarity of an external signal e

Do MR1 Select Bit® 1: Counts rising edges Setto"0 RW

Voo of an external signal

Increment/Decrement | 0 UDF registser

A MR2  [Switching Source setting Set to "1" RW

oo Select Bit 1: Input signal to

P TAiout pin®)

I AGRLCITITELEE MR3 Setto "0" in event counter mode RW

b e TCKO Count Operatlpn 0: Reloadlng RW

: Type Select Bit 1 : Free running

Two-Phase Pulse 0: Norrrnetlil [;rocessmg

"""""""""""""" TCK1 |Signal Processing Set to "0" 1- I\(jlzﬁijy%y 4 RW

. . (4’5) . -. - )

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 TAITGH and TAITGL bits to "002" (input to the
TAjIN pin).

Figure 15.9 TAOMR to TA4MR Registers
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15.1.2.1 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 15.10 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 15.11
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 NOTES:
or more is required 1. When the rising edge of INT2 is selected.

Figure 15.10 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 ~ NOTES:
at this timing 1. When the rising edge of INT2 is selected.

15. Timer (Timer A)

Figure 15.11 Counter Reset Timing
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

15.1.3 One-Shot Timer Mode
In one-shot timer mode, the timer operates only once for each trigger (see Table 15.6). Once a trigger
occurs, the timer starts and continues operating for a desired period. Figure 15.12 shows the TAIMR
register (i=0 to 4) in one-shot timer mode.

Table 15.6 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)

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

b7 b6 b5 b4 b3 b2 bl bO

LI fol | fo]s

NOTES:

Timer Ai Mode Register (=0 to 4) (One-Shot Timer Mode)

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
Symbol
TMODO g b1bo RW
Operating Mode ) .
Select Bit 1 0 : One-shot timer mode
TMOD1 RW
— Reserved Bit Set to "0" —
(b2)
MR1 External Trigger Select | 0 : Falling edge of input signal to TAiIN pin| RW
Bit(H) 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
MR3 Set to "0" in the one-shot timer mode RW
b7b6
TCKO 00:f1 RW
Count Source 01:fs
Select Bit 10: fon®@
TCK1 11:fc32 RW

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 15.12 TAOMR to TA4MR Registers
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

15.1.4 Pulse Width Modulation Mode
In pulse width modulation mode, the timer outputs pulse of desired width continuously (see Table 15.7).
The timer counter functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure
15.13 shows the TAIMR register (i=0 to 4) in pulse width modulation mode. Figures 15.14 and 15.15
show examples of how a 16-bit pulse width modulator operates and of how an 8-bit pulse width modulator
operates.

Table 15.7 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)

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

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
P b 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
O MR3 16/8-Bit PWM Mode 0: Functions as a 16-bit pulse width modulator RW
Select Bit 1: Functions as an 8-bit pulse width modulator
P b7b6
poSTTmmmresemesseesesoed TCKO 00:f RW
Count Source 01:fs
: Select Bit 10:f2n®@
B RRERLEEEEEELEEELEY TCK1 11:fca 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 15.13 TAOMR to TA4MR Registers
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer A)

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

Figure 15.14 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 15.15 8-bit Pulse Width Modulator Operation
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15.2 Timer B
Figure 15.16 shows a block diagram of the timer B. Figures 15.17 to 15.19 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 15.8 lists TBiIN pin settings.

§ High-order Bits of Data Bus
Select Clock Source S Low-order Bits of Data Bus
TCK1 and 8 high-
f 00 R0 00: Timer Mod ] [git‘gw_mder U v
1 : Timer Mode TMOD1 and L4 it
01: Pulse Period/Pulse Width Reload Register
f8 &.o \ Measurement Mode TMODO | |
fon@) £.o K} A‘ [ J t [
fezz 111 o 01: Event Counter |
TCK1 ¢ Mod
TBj Overflow 1 ounter Mode A
g o) O]
Signal(2.3) | TBiS |
; Polarity Switching 0
TBI
N O— and Edge Pulse T
[ 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
TCK1 and TCKO, TMOD1 and TMODO : Bits in the TBiIMR Register
TBIS : Bits in the TABSR and the TBSR Register

Figure 15.16 Timer B Block Diagram

Timer Bi Register® (=0 to 5)

b15 b8 b7 bo Symbol Address After Reset
| TBOto TB2 035116 - 035016, 035316 - 035216, 035516 - 035416  Indeterminate
TB3to TB5 031116 - 031016, 031316 - 031216, 031516 - 031416  Indeterminate

Mode Function Setting Range |RW
Timer Mode If setting value is n, a count source| 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 15.17 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 Address After Reset

| | | | | | | | | TBOMR to TB5MR  035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
- Bit Bit N Funci RW
E E E E E E E E Symbol | ame unction
S R b1bo
Poror o1 -4 TMODO 00: Timer mode RW
H - Operating Mode 0 1 : Event counter mode
Select Bit 1 0 : Pulse period measurement mode,
- TMOD1 pulse width measurement mode | Rw
11: Do not set to this value
T N S 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
e TCK1 RW
NOTES:

1. Only MR2 bits in the TBOMR and TB3MR registers are enabled.
2. Nothing is assigned in the MR2 bit in the 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
P10 r b1 1| Symbol
bbbl Ta0s Timer AO Count 0 : Stops counti_ng RW
e Start Flag 1: Starts counting
e TALS Timer Al Count 0 : Stops count!ng RW
- Start Flag 1: Starts counting
E E E E E L TA2S Timer A2 Count 0 : Stops countl.ng RW
N Start Flag 1: Starts counting
e TA3S Timer A3 Count 0 : Stops count!ng RW
oo Start Flag 1: Starts counting
A TA4S Timer A4 Count 0 : Stops countl.ng RW
oo Start Flag 1: Starts counting
: ' S TBOS Timer BO Count 0 : Stops countl.ng RW
v Start Flag 1 : Starts counting
R TBI1S Timer B1 Count 0 : Stops countl.ng RW
: Start Flag 1: Starts counting
e TB2S Timer B2 Count 0 : Stops counti_ng RW

Start Flag 1: Starts counting

Figure 15.18 TBOMR to TB5MR Registers, TABSR Register
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15. Timer (Timer B)

Timer B3, B4,B5 Count Start Flag

b7 b6 b5 b4 b3 b2 bl bO

L L

Symbol Address After Reset
TBSR 030016 000X XXXX2
Bit ; ;
Symbol Bit Name Function RW
. Nothing is assigned. When write, set to "0".
(b4 - bo) [ When read, its content is indeterminate.
Timer B3 Count 0 : Stops counting
TB3S Start Flag 1: Starts counting RW
Timer B4 Count 0 : Stops counting
TB4S Start Flag 1: Starts counting RW
Timer B5 Count 0 : Stops counting
TB5S Start Flag 1: Starts counting RW

Figure 15.19 TBSR Register

Table 15.8 Settings for the TBiIN Pins (i=0 to 5)

Port Name | Function Setting
PS1, PS3( Registers PD7, PD9()) Registers
P9o TBOIN PS3_0=0 PD9_0=0
P91 TB1IN PS3 1=0 PD9_1=0
P92 TB2IN PS3_2=0 PD9_2=0
P93 TB3IN PS3_3=0 PD9_3=0
P94 TB4IN PS3 4=0 PD9_4=0
P71 TB5IN PS1_1=0 PD7_1=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (
write enable). Do not generate an interrupt or a DMA transfer between the instruction to set the
PRC2 bit to "1" and the instruction to set the PD9 and PS3 registers.
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M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer B)

15.2.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 15.9). Figure 15.20
shows the TBIMR register (i=0 to 5) in timer mode.

Table 15.9 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 1/(n+1)  m setting value of the TBi register (i=0to 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

TBIIN Pin Function Programmable 1/O port

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)

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

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

b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After reset
L fo] [ ] fo]o]

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

Sy?vi\tbol Bit Name Function RW
Piob b R TvoDo 1o RW
B Operating Mode .

AR R R Select Bit 00: Timer mode

A A TMOD1 R
A MRO Disabled in timer mode. RW
S S S S MR1 | Canbe setto "0" or "1". RW
P TBOMR, TB3MR registers: RW
R __Setto'0"intmermode |
i MR2 | TB1IMR, TB2MR TBAMR, TB5MR registers:

Do Nothing is assigned. When write, set to "0". _
Vo When read, its content is indeterminate.

Srereseeennneeae MR3 | Setto "0" in timer mode RW
E E b7 b6

e L L EEEEEEEEEEE TCKO 00:f1 RW
' Count Source 01:fs

: Select Bit 10 fan®

--------------------------- TCK1 11:fcs2 RW

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

Figure 15.20 TBOMR to TB5MR Registers
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15.2.2 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 15.10) Figure 15.21 shows the TBiIMR register (i=0
to 5) in event counter mode.

Table 15.10 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 (=00 5) (Event Counter Mode)

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After reset
[ L fof || [o]1]

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

TBOMR and TB3MR registers:
Set to "0" in event counter mode

femmmmmmmmmmmmne- MR2 | TBIMR, TB2MR, TB4MR and TB5MR registers:
Nothing is assigned. When write, set to "0". —
When read, its content is indeterminate.

Syl?#bol Bit Name Function RW
i+ 1 1 1 = TMODO | operating Mode b1b0 RW
(- Select Bit 0 1 : Event counter mode

oo e TMOD1 RW
Pl b3b2

e LRREE MRO 00 : Counts falling edges of external signal | Ry
Pl Count Polarity Select 01: Counts rising edges of external signal
oo Bit® 1 0: Counts falling and rising edges of

P e MR1 external signal RW
11: Do not set to this value

Vemmmmammaae——aannnd Disabled in event counter mode. When write, set to "0".
MR3 . L R —
When read, its content is indeterminate.

........................ Disabled in event counter mode.
TCKO Can be set to "0" or "1". RwW

Event Clock 0 : Input signal from the TBIIN pin

--------------------------- TCKL ) Select Bit 1: TBj overflows®

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 15.21 TBOMR to TB5MR Registers

Rev. 1.01 Jul. 07,2005 Page 178 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 15. Timer (Timer B)

15.2.3 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 15.11) Figure 15.22 shows the TBiIMR register (i=0 to 5) in pulse period/pulse
width measurement mode. Figure 15.23 shows an operation example in pulse period measurement
mode. Figure 15.24 shows an operation example in the pulse width measurement mode.

Table 15.11 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:
Set to "0" in pulse period/pulse width measurement mode

SyEr,’Ti1tboI Bit Name Function RW
Poiob b i) T™MoDo i b1b0 . RW
A Operating Mode 10 Pulse period measurement mode,
e T™oD1 | Select Bit Pulse width measurement mode | Rw
N b3bz

R T P MRO 0 0 : Pulse period measurement 1 RW
Measurgr?l?nt Mode 01 : Pulse period measurement 2

I Select Bit 10 : Pulse width measurement

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

Prmmmmmmmmmmeees MR2 | TB1IMR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.

0 : No overflow

P tTTTTmmmmmmmmeeees MR3 | Timer Bi Overflow Flag®)| 1 . oyerflow RO

b7b6
P Smmmmmmmmmmmmmemeasase TCKO 00:f1 RW
Count Source 01:fs

' Select Bit 10:fn®

11:fc32

R RRARCEEEELELEELERLLEEED TCK1 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 15.22 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

TBS bits in TABSR o i

Timing that the counter
reaches "000016"

and TBSR registers

nqe
IR bit in TBIIC register
/
Set to "0" by an interrupt request acknowledgement or by program

npo
MR3 bit in TBIMR |

register 0 --

i=0to 5

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

Figure 15.23 Operation Example in Pulse Period Measurement Mode

Count source --

Pulse to be measured

Transferred Transferred | Transferred Transferred
/1 (indeterminate/:q (measured value) | (measurey (measured value)
value) (d /1 value) i

Timing to transfer value !
from counter to reload 1

register 1

1/ (Note 1) E/(Note 1) 1/(Note i)/,(No;e-l) /(Note 2)
1 1 [

Timing that the counter
reaches "000016"

TBIS bits in TABSR
and TBSR registers 0" 4

IR bit in TBIIC register oo _ I_u_|— - —li
A A4 !

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

i=0to 5

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

Figure 15.24 Operation Example in Pulse Width Measurement Mode

Rev. 1.01 Jul. 07, 2005 Page 181 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 16. Three-Phase Motor Control Timer Functions

16. Three-Phase Motor Control Timer Functions

Three-phase motor driving waveform can be output by using the timers Al, A2, A4 and B2. Table 16.1 lists
specifications of the three-phase motor control timer functions. Table 16.2 lists pin settings. Figure 16.1
shows a block diagram. Figures 16.2 to 16.7 show registers associated with the three-phase motor control
timer functions.

Table 16.1 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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M32C/84 Group (M32C/84, M32C/84T) 16. Three-Phase Motor Control Timer Functions

Table 16.2 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 —_—

NOTES:
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".
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M32C/84 Group (M32C/84, M32C/84T)
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M32C/84 Group (M32C/84, M32C/84T) 16. 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 AL 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: IQTBZ 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
(4,5,6) 0: No three-phase control timer function
- . INVO2 | Mode Select Bit 1: Three-phase control timer function 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
] INVO6 Modulation Mode 0: Triangular wave modula.tlon mode RW
' Select(® 10) 1: Sawtooth wave modulation mode
Transfer trigger is generated when the
L CLALLLCECETECREREREEE INVO7 | Software Trigger Select I_NVO7, bit Is set to 1. Trigger to the ‘_"ead RW

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 16.2 INVCO Register
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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

""""" INVI2 | ~6unt Source Select Bit | 1 : f1 divided-by-2 RW

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

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

0 : Active "L" of an output waveform

Temmmmmmsnennae Output Polarity Control Bit .
INV14 utput Polarity Control Bi 1: Active "H" of an output waveform

RW

) . . 0: Enables dead time
P ELLLITTET INv15 |Dead Time Disable Bit | . .\ 1 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 16.3 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
A A L i .
Poron [ symbol Bit Name Function RW
i1 1 1 1 1 1 % DU [U-Phase Output Bufferi| Write output level RwW
O LD DUBi | U-Phase Output Buffer i | 0: Active level RW
- ; — 1: Inactive level
[ bl DVi V-Phase Output Buffer i RW
bbb 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
Pop emmmeeemeeeeeeeeees DWBIi | W-Phase Output Buffer i RW
R 4 Bi When read,
-------------------------- (b7 - b6) eserved Bit its content is indeterminate RO

NOTES:
1. Values of the IDBO and IDBL1 registers are transferred to the three-phase output shift register by a
transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output
signal 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 \WYe]
phase, which changes from inactive level to active
level, shifts when the dead time timer stops.

NOTES:
1. Use the MOV instruction to set the DTT register.
2. The DTT register 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 16.4 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 INVOL1 bit is set to "1" (the INVOO bit selects 1to 15 (el
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 TAI1 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 INVC1 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.

[&)]

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TB2SC 035E16 XXXX XXX02

Sy?#bol Bit Name Function RW

0 : Timer B2 counter underflows
1 : Timer A output in odd-number RW
times

Timer B2 Reload Timing
Switching Bit(®)

PWCON

"""""""" Nothing is assigned. When write, set to "0". -
When read, its content is "0."

NOTES:
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 16.5 ICTB2 Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers, TB2SC Register
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M32C/84 Group (M32C/84, M32C/84T)

16. Three-Phase Motor Control Timer Functions

Timer B2 Register®
b15 b8 b7 bo Symbol Address After Reset
| : TB2 035516 - 035416 Indeterminate
Function Setting Range | RW
: If setting value is n, count source is divided by n+1.
H . . 000016 to FFFF16 | RW
--------------- The timers A1, A2 and A4 start every time an underflow occurs.
NOTES:
1. Use a 16-bit data for read and write.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TRGSR 034316 0016
Pl Bit . .
- Symbol Bit Name Function RW
oo TALTGL | Timer A1 Event/Trigger Set to "012" (TB2 underflow) before using | RW
R TALTGH | Select Bit a V-phase output control circuit RW
it TA2TGL | Timer A2 Event/Trigger Set to "012" (TB2 underflow) before using | RW
AR TA2TGH | Select Bit a W-phase output control circuit RW
b5b4
E ---------------- TA3TGL . . 0 O: Selects an input to the TA3IN pin RW
: Timer Aef Event/Trigger 0 1: Selects TB2 overflow?
P TA3TGH Select Bit 1 0: Selects TA2 overflow® RW
1 1: Selects TA4 overflow(
TA4TGL | Timer A4 Event/Trigger Set to "012" (TB2 underflow) before using | RW
P TA4TGH | Select Bit a U-phase output control circuit RW
NOTES:
1. Overflow or underflow
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
L] TABSR 034016 0016
A - - :
Polor r b b | symbol Bit Name Function RW
A Timer AO Count 0 : Stops counting
TAOS | start Flag 1 : Starts counting RW
A Timer A1 Count 0 : Stops counting
oo meeeed . RW
- TA1S Start Flag 1 : Starts counting
A Timer A2 Count 0 : Stops counting
I B LR R L L] . RW
oo TA2S Start Flag 1 : Starts counting
oo Timer A3 Count 0 : Stops counting
Poh 4 meeseeaaaaas . RW
- TA3S Start Flag 1: Starts counting
Pl Timer A4 Count 0 : Stops counting
a3 femmmmmmmmmsesees . RW
HE TA4S Start Flag 1: Starts counting
P Timer BO Count 0 : Stops counting
v Tmmmmmmmmmmmmsnnes ) RW
HE TBOS | start Flag 1 : Starts counting
Pl Timer B1 Count 0 : Stops counting
b eeeeeeeeeeeeeeaaea. TB1S ) RW
H Start Flag 1 : Starts counting
Timer B2 Count 0 : Stops counting
--------------------------- TB2S . RW
Start Flag 1 : Starts counting

Figure 16.6 TB2, TRGSR and TABSR Registers
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M32C/84 Group (M32C/84, M32C/84T) 16. Three-Phase Motor Control Timer Functions

Timer Ai Mode Register (i=1, 2, 4)

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

| | |o | 1 | 0 |o | 1 | o| TAIMR, TA2MR, TA4MR 035716, 035816, 035A16 0016
RN . .
i1 11 1| symbol Bit Name Function RW
TMODO |0 tina Mod Set to "102" (on_e—shot timer
oo Splera :;g ode mode) when using the three-phase | RW
Do e TMOD1 | Select Bit motor control timer function
e MRO | Reserved Bit Set to "0" RW

Set to "0" when using the three-phase
. f RW
motor control timer function

Set to "1" (selected by the TRGSR

PR MR2 | Trigger Select Bit register) when using the three- RW
phase motor control timer function

[T ETTTETER MR1 | External Trigger Select Bit

e R LT MR3 | Set to "0" with the three-phase motor control timer function RW
: b7 b6
R EEEEEEEEE bbb TCKO 00:f1 RW
Count Source SelectBit | 0 1:fs
: 1 0:fn@
-------------------------- TCK1 11 fcaz RW
NOTES:

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

Timer B2 Mode Register

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | [X[o]o]|ofo]o] TB2MR 035D16 00XX 00002

- - T Bit . .
or o n b | symbol Bit Name Function RW
P11 1. TMODO Operating Mode Set to "002" (timer mode) When_ using
A ; the three-phase motor control timer | RW
oo e TMOD1 | Select Bit function
R MRO | Disabled when using the three-phase motor control timer function.
When write, set to "0". —
R MR1 | When read, its content is indeterminate.
R AAREERLERELE MR2 | Setto "0" when using three-phase motor control timer function RW
R MR3 | Nothing is asIS|gned. V\{hgn write, §et to "0". RW
N When read, its content is indeterminate.
b7b6
T L LT P LT R EEET RS TCKO 00:f1 RW
Count Source SelectBit | 0 1:fs
: 10:fan®
--------------------------- TCK1

11:fc32 RW

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

Figure 16.7 TA1IMR, TA2MR and TA4MR Registers, TB2MR Register
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M32C/84 Group (M32C/84, M32C/84T)

16. 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 16.8 shows an
example of the triangular modulation waveform. Figure 16.9 shows an example of the sawtooth modula-

tion waveform.

Triangular waveform as a Carrier Wave

Triangular Wave —»

Signal Wave —» | \/

TB2S Bit in
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 INVCO register
INV11, INV14: Bits in INVC1 register

NOTES:
1. Internal signals. See Figure 16.1.

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 IDBL1 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 to 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 16.8 Triangular Wave Modulation Operation
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16. 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®

1

I I

1 1

: } Rewrite the IDBO and IDB1 registers
I I

1 1

I I

Transfer the register values to
the three-phase shift register

811Ft’ggtsgignal(l) | | | | | |

U-Phase

|
1
|
1
|
1
|
|
1
|
1
|
il

—

Output Signal® |

1
|
L
[
1
|
1
|
|
T
1
|

INV14 =0

|
|
L
[
1
|
1
|
|
T
1

time

("L" active)

m

INV14 =1
("H" active)

| —» ~«— Dead

U-Phase !

—» {@— Dead time
I

:

L

INV14: Bits in INVCL1 register

NOTES:
1. Internal signals. See Figure 16.1.

The examples of PWM output change are

The above applies to INVCO = 01XX110X2 and INVC1 = 000XXX002 (X varies depending on each system.)

- Default value of the IDBO and IDBL1 registers: DU0=0, DUB0=1, DU1=1, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 by the timer B2 interrupt.

Figure 16.9 Sawtooth Wave Modulation Operation
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O

17. 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 17.1 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 17.2 to 17.9 show registers associated with UARTI.

Refer to the tables listing each mode for register and pin settings.
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M32C/84 Group (M32C/84, M32C/84T)

17.

Serial I/O

e I 15

i TxD
RxD Polarity g f
i Dt A - O Txbi
RxDi O Switching Circuit Clock Asynchronous S:fi’t'g{]'itr{g
Receive SMD2 to SMDO Circuit
010,100, 101, 110 Receive
Selecting Clock Source Ogl_%f Receive Clock Transmit/ (Note 1)
1 _00 CKDIR UIBRG Clock Synchronous [—o ' Control Circuit Reljneiltve
— '
g 01, \ 0 Internal Register Clock Asynchronous : I
fan@ 101 Transmit ' Transmit
ClKiamd 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 ot <] RTSI
CRS |0
CTS/RTS disabled —=
0. CRD isable CTsi
710
m : setting value of UiBRG register
Vss NOTES:
1. P70 and P71 are ports for the N-channel open drain output, but
not for the CMOS output.
10POL 2. The CNT3 to CNTO bits in the TCSPR register select no division
No inverse (n=0) or divide-by-2n (n=1 to 15).
RxDi O—1
Inverse
Clock
Synchronous
7-bit Clock
Asynchronous
PRYE 8-bit Clock 7-bit Clock
Clock Asynchronous Asynchronous UARTI Receive Register
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
8-hit Clock
Asynchronous
Clock
Synchronous

0 7-bit Clock
Asynchronous

UARTI Transmit Register

Error Signal Output

No inverse

SP: Stop bit

PAR: Parity bit

i=0to 4

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in the UiMR register
CLK1 and CLKO, CKPOL, CRD, CRS: Bits in the UiCO register

UIERE: Bit in the UiC1 register

disable 1oP0,
0

Error Sig O i

Output Circuit

l

TxD Data
Inverse Circuit
UIERE 1
Error Signal Output

enable

1
Inverse

Figure 17.1 UARTI Block Diagram

=REN
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M32C/84 Group (M32C/84, M32C/84T) 17. 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.

NOTES:
1. Use the MOV instruction to set the UiTB register.

UARTI Receive Buffer Register (i=0 to 4)

b8 b7 b0 Symbol Address After Reset
§§| UORB to U2RB 036F16 - 036E16, 02EF16 - 02EE16, 033F16 - 033E16 Indeterminate
R : U3RB, U4RB  032F16 - 032E16, 02FF16 - 02FE16 Indeterminate
Bit Bit Name Function RW
HH H Symbol
el - N 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 ) RO
OER  [Overrun Error Flag'®| 1. oyerun error occurs

_________________________ Fer  |Framing Error 0: No framing error occurs RO
Flag 3 1: Framing error occurs
H E --------------------------- PER Parity Error Flag(zv 3) 0:No Parity €ITor oceurs RO
' 1: Parity error occurs
e SUM Error Sum F|ag(2v 3) 0: No error occurs RO

1: Error occurs

NOTES:

1. The ABT bit can be set to "0" only.

2. When the SMD2 to SMDO bits in the UIMR register 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 17.2 UOTB to U4TB Registers and UORB to U4RB Registers
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M32C/84 Group (M32C/84, M32C/84T)

17. Serial I/O

UARTI Bit Rate Register (=0 to 4 2
b7 b0 Symbol Address After Reset
| | UOBRG to U4BRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate
Function Setting Range RW
If the setting value is m, the UiBRG register 00 -
divides a count source by m+1 toto P16 wo
NOTES:
1. Use the MOV instruction to set the UiBRG register.
2. Set the UiBRG register while no data transfer occurs.
UARTI Transmit/Receive Mode Register (=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | UOMR to UAMR 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/0O disabled RW
N 0 0 1: Clock synchronous serial /O mode
R . 01 0: 12C mode
Voo Serial /0O Mode Select
- SMD1 | git 1 0 0: UART mode, 7-bit transfer data | RW
A 1 0 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
A STPS | Bt 1: 2 stop bits RW
: Enables when PRYE = 1
N R . prey | QUEven Party Select | 76 iy W
Pl it 1 : Even parity
R O PRYE | Parity Enable Bit 0: Disables a parity RW
' 1: Enables a parity
L loPOL | T¥XD,RXD Input/Output |0: Not inversed B
Polarity Switch Bit 1: Inverse

Figure 17.3 UOBRG to U4BRG Registers and UOMR to U4AMR Registers
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M32C/84 Group (M32C/84, M32C/84T)

17. Serial /0O

UARTI Transmit/Receive Control Register 0 (=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
UOCO to U4CO0 036C16, 02EC16, 033C16, 032C16, 02FC16 0000 10002
Bit Bit Name Function RW
Symbol
bl b0
CLKO | 0 0: Selects f1 RW
ngRG (Slolunt Bi 0 1: Selects fs
CLK1 ource SelectBit |1 . gejects f2n(
1 1: Do not set to this value RW
oT/oTC .| Enabled when CRD=0
CST/RTS Funct = -
CRS Select Bi 4NN - 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 CTS/RTS function R
Bit 1 : Disables CTS/RTS function
0 : TxDi/SDAIi and SCLi are ports for the
NCH D_a(tg Output Select CMQS ou_tput . RW
Bit 1 : TxDi/SDAI 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
CLK Polarity received 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).

Figure 17.4 UOCO to U4CO Registers
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M32C/84 Group (M32C/84, M32C/84T)

17. 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
SmeiE)oI Bit Name Function RW
Transmit 0: Transmit disable
TE Enable Bit 1: Transmit enable RW
T Transmit Buffer |0: Data in the UiTB register RO
Empty Flag 1: No data in the UiTB register
Receive 0: Receive disable
RE Enable Bit 1: Receive enable RW
RI Receive 0: No data in the UiRB register RO
Complete Flag |[1: Data in the UiRB register
UARTI Transmit | . ; ; ; _
UIIRS [Interrupt Cause O: No data_ln_the_U|TB relglstder (Tl = 1)_ RW
Select Bit 1: Transmission is completed (TXEPT = 1)
UARTI
UiRRM Continuous 0: Disables continuous receive mode to be entered RW
Receive Mode |1: Enables continuous receive mode to be entered
Enable Bit
. 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 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | UOSMR to UASMR 036716, 02E716, 033716, 032716, 02F 716 0016

R N _ _
- ¢ | symbol Bit Name Function RW
- : ) )
oo i.| nem | 2c Mode select Bt | szcept 1"C mode RW
[ 1: 1“C mode
N ABC Arbitration Los_t Detect | 0: Update per bit RW
[ Flag Control Bit 1: Update per byte
A 0: Stop condition detected
HEH e BBS | Bus Busy Fla . RW(®)
[ R Y lag 1: Start condition detected (Busy)
SCLL Sync Output 0: Disabled
LSYN | enable Bit 1: Enabled RW
oo Bus Conflict Detect 0: Rising edge of transfer clock
Dol tememememeeeeees ABSCS ) . ; . RW
I Sampling Clock Select Bitf 1: Timer Aj underflow(j=0 to 4))
Auto Clear Function Select | 0: No auto clear function
e ACSE | . h . . RW
HE Bit for Transmit Enable Bit | 1: Auto clear at bus conflict
Transmit Start 0: Not related to RxDi
1o TTTmmmmmsmmesmssmsnnees SSS ;. . . . . RW
: Condition Select Bit 1: Synchronized with RxDi
: Clock Divide
--------------------------- Note 3

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 17.5 UOCL1 to U4C1 Registers and UOSMR to U4SMR Registers
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M32C/84 Group (M32C/84, M32C/84T)

17. Serial /0O

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 [ RwW
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 17.14.

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 Oor1l External clock divided by 2
Figure 17.6 UOSMR2 to UASMR2 Registers
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial /O

UARTI Special Mode Register 3 (i=0to 4)

b7 b6 bS b4 b3 b2 bl b0 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
SS Pin Function 0: Disablesi_s pin function
SSE | Enable Bit® 1: Enables SS pin function RW
Clock Phase 0: No clock delay
S CKPH | set it 1. Clock delay RW
0: Selects the TxDi and RxDi pins
O T Serial Input Port | (master mode)
Pl DINC 1 set it 1: Selects the STxDi and SRxDipins | "W
oo (slave mode)
R T Clock Output 0: CMOS output
NODC | Select Bit 1: N-channel open drain output RW
0: No error
. ' LR LR LR 2
ERR | Fault Error Flag® | 1. £1ror RW
E E E b7 b6 b5
Voo Mmmmmmmmmmmmmmmmmmeed DLO 000 : No delay RW
001 : 1-to-2 cycles of BRG count source
I o 010 : 2-to-3 cycles of BRG count source
e oLy | SDAiDigital Delay | 011 : 3-to-4 cycles of BRG count source RW
Time Set Bit®: 4 100 : 4-to-5 cycles of BRG count source
: 101 : 5-to-6 cycles of BRG count source
S DL2 110 : 6-to-7 cycles of BRG count source

111 : 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 17.7 UOSMR3 to U4SMR3 Registers
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M32C/84 Group (M32C/84, M32C/84T)

17. Serial /0O

UARTI Special Mode Register 4 (=0 to 4)
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | UOSMR4 to U4SMR4 036416, 02E416, 033416, 032416, 02F 416 0016
Sylrarﬁ)ol Bit Name Function RW
Start Condition 0: Clear
Py f 1 3 i i “-|STARE ) RW
A Q Generate Bit(1) 1: Start
Restart Condition 0: Clear
L P RSTARE! : RW
A Q Generate Bit(1) 1: Start
Stop Condition 0: Clear
STPREQ Generate Bit(1) 1: Start RW
SCL, SDA Output 0: Selects the serial I/O circuit
Pl e STSPSEL Select Bit P 1: Selects the start/stop condition RW
F- - generating circuit
. . 0: ACK
ACKD | ACK Data Bit 1: NACK RW
ACK Data Output 0: Serial I/0O data output
-------------------- ACKC Enable Bit 1: ACK data output RW
SCL Output Stop 0: Disabled
SCLHI Enable Bit 1: Enabled RW
: . . 0: SCL "L" hold disabled
--------------------------- SWC9 | SCL Wait Output Bit 3 1- SCL "L" hold enabled RW
NOTES:
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 17.8 UOSMR4 to U4SMR4 Registers
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial /O

External Interrupt Request Source Select Register

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

| | | | | | | | | IFSR 031F16 0016
Syﬁwitbol Bit Name Function RW
INTO Interrupt Polarity | 0 : One edge
P4 a4 a4 a4 o . = IFSR .
e SRO Select Bit® 1: Both edges RW
INT1 Interrupt Polarity | 0 : One edge
- e IFSR1 -
R S Select Bit() 1: Both edges RW
INT2 Interrupt Polarity | 0 : One edge
s 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
INT5 Interrupt Polarity | O : One edge
P IFSRS | select Bit® 1: Both edges RW
B UARTO, UsRTa |0 UARTS bus cofit, ot condior
------------------------ IFSRe ISnt(Iarrl:th-tSource 1: UARTO bus conflict, start condition RW
H elect bi detect, stop condition detect
5 UARTL UARTA |07 00t o e on deteot
--------------------------- IFSR7 ISntTrrLtJ;[)Bt.tSource 1: UART1 bus conflict, start condition RW

elect bi detect, stop condition detect

NOTES:
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 17.9 IFSR Register
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (Clock Synchronous Serial 1/0)

17.1 Clock Synchronous Serial I/O Mode

In clock synchronous serial /0 mode, data is transmitted and received with the transfer clock. Table 17.1
lists specifications of clock synchronous serial I/O mode. Table 17.2 lists register settings. Tables 17.3 to
17.5 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 17.10 shows transmit and receive timings in clock synchronous serial /O mode.

Table 17.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer Data Format Transfer data : 8 bits long
Transfer Clock *The 5/;KDIR bit in the UiIMR register (i=0 to 4) is set to "0" (internal clock selected):

2(m+1)  =f1, T8, fan®) m: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 enable)
- 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 enable)
- Set the TE bit to "1" (transmit enable)
- 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 UIiRB 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
Transferred data output and input are provided on either the rising edge or falling edge
of the transfer clock
* LSB first or MSB first
Data is transmitted or received 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 in the SiRIC register does not change to "1"
(interrupt requested).
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (Clock Synchronous Serial 1/0)

Table 17.2 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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M32C/84 Group (M32C/84, M32C/84T)

17. Serial I/O (Clock Synchronous Serial 1/0)

Table 17.3 Pin Settings in Clock Synchronous Serial I/O 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 PS0O_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 17.4 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 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 -
NOTES:

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

Table 17.5 Pin Settings (3)
Port Function Setting
PS3 Register(V) PSL3 Register PD9 Register®)
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 -
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
CLK4 output PS3_5=1 - -
P96 TxD4 output PS3 _6=1 - -
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 enable). Do
not generate an interrupt or a DMA transfer between the instruction to set the PRC2 bit to "1" and the instruction to

set the PD9 and PS3 registers.
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (Clock Synchronous Serial 1/0)

(1) Transmit Timing (Internal clock selected)

Tc

Transfer Clock | || || ||| ||| ||| || || | ||| ||| || ||

| |

TE bit in UiC1 i
register "0" 1Data is set in the UiTB register

Tl bitin UiC1 v j ’ﬁ(
register 0" 4)\

Data is transferred from the UiTB register to the UARTI transmit register

. ;
cTsi S
! "L —J Telk v\I-Pulsel stops because an "H"

signal is applied to CTSi

L

Pulse stops because the TE bit is set to "0"

CLKi

o @@@@@@@@@@@@@@@@@@@@@ d

TXEPT bit in " |
UiCO register g

mumsTc v — —
— X P

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

The above applies to the following settings: Te=ToLK=2(m+1)/f
+ The CKDIR bit in the UiMR register is set to "0" (internal clock selected) - : : ’ 1
« The CRD bit in the UiCo register is set to "0" (RTS/CTS function enabled) 2_] goﬁm s\(;ulrce frfet%ueSicBy;étrln tihte lrJ'BRG register (f1, f8, f2n(%)
The CRS bit is set to "0" (CTS function selected) i 0? 49 alue orthe egiste
* The CKPOL bit the in UiCo register is set to "0" (data transmitted on the NOTE_S' 0

falling edge of the transfer clock)

« The UiIRS bit in the UiC1 register is set to "0" (no data in the UiTB register) 1. The CNT3 to CNTO bits in the TCSPR register select no division (

n=0) or divide-by-2n (n=1 to 15).

(2) Receive Timing (External clock selected)

RE bit in UiC1 v
register 0" J‘
i
TE bit in UiC1 v o _ _
register "o" Dummy data is set in the UiTB register \
i
T bitin UiC1 1 w T
register 0" ;

. Data is transferred from the UiTB register to the UARTI transmit register

RTSi | I I_I An "L" signal is applied when
o L «— the UIiRB register is read

CLKi
RxDi

Date is transferred from the UARTI ' Read by the UiRB register .
RI bit in UiC1 "1"  receive register to the UiRB register a. Vs | :
register g |
IRbitin SIRIC ~~ "1" '
register g |_| |

/

Set to "0" by an mterruptpr%%l#gﬁ% acknowledgement or by

OERbitin UIRB " :l—
register g

The above applies to the following settings: Meet the following conditions while an "H" signal is applied to
« The CKDIR bit in the UiMR register is set to "1" (external clock selected) the CLKi pin before receiving data:
» The CRD bit in the UiCo register is set to "0" (RTS/CTS function enabled) « Set the TE bit in the UiC1 register to "1" (transmit enable)
The CRS bitis set to "1" (RTS function selected) » Set the RE bit in the UiC1 register to "1" (receive enable)
» The CKPOL bit in the UiCO register is set to "0" » Write dummy data to the UiTB register

(Data is received on the rising edge of the transfer clock)
fext: External clock frequency i=0to 4

Figure 17.10 Transmit and Receive Operation
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (Clock Synchronous Serial 1/0)

17.1.1 Selecting CLK Polarity Selecting

As shown in Figure 17.11, 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)

e LI L LU

|
TXDi W Do X b1 X D2)} D3 X Da X s X Ds X D7
RXDi X Do X D1 X D2 X D3 X pa X Ds X Ds X Dr

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).

(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)

CLKi l

|
TXDi DO><D1 D3><D4><D5><D6><D7

RXDi D0><D1><D2><D3>< 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 17.11 Transfer Clock Polarity

17.1.2 Selecting LSB First or MSB First

As shown in Figure 17.12, 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)

e LT LU

TXDi ) Do X D1 X D2 X Ds X Ds X Ds X Ds X D7
RXDi ><Do><D1 D2 ><D3><D4 D6><D7

NOTES:

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).

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)

i LTI

TXDi XD7MD5XD4XD3XD2XD1XDO
RXDi X D7 X Ds X s X Da X Dz X D2 X D1 X Do

NOTES:

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 17.12 Transfer Format
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (Clock Synchronous Serial 1/0)

17.1.3 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.

17.1.4 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 17.13 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)’

NOTES:
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 UiC register is set to "0" (LSB first).

Figure 17.13 Serial Data Logic Inverse
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M32C/84 Group (M32C/84, M32C/84T) 17. Serial I/O (UART)

17.2 Clock Asynchronous Serial I/0 (UART) Mode

In UART mode, data is transmitted and received after setting a desired bit rate and data transfer format.
Table 17.6 lists specifications of UART mode.

Table 17.6 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 enable)
- 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 enable)
- 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
Data is transmitted or received 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 in the SiRIC register remains unchanged
as "1" (interrupt requested).
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Table 17.7 lists register settings. Tables 17.8 to 17.10 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 17.14 shows an ex-
ample of a transmit operation in UART mode. Figure 17.15 shows an example of a receive operation in
UART mode.

Table 17.7 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 enable or disable, 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 Enables or disables the CTS or RTS function
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"
NOTES:

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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M32C/84 Group (M32C/84, M32C/84T)

17. Serial 1/0 (UART)

Table 17.8 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 17.9 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 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 -
NOTES:

1. P70 and P71 are ports for the

Table 17.10 Pin Settings (3)

N-channel open drain output.

Port Function Setting
PS3 Register(V) 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 CTS3input 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
P96 TxD4 output PS3_6=1 - -
P97 RxD4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers set 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 to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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(1) 8-bit Data Transmission 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 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 T \RREREERE XXX -

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 to the following settings : Tc=16 (m+ 1) /fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "1" (parity enabled) fj : count source frequency set in the UIBRG register (f1, fs, f2n(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" NOTES:
(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 STAOKOXDNOXOXOKOKOKY 5P 5 \STADK KXo 0N DXL 5P 5P
TXEPT bitinvico  * ‘
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 to the following settings : 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 NOTES:
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 17.14 Transmit Operation
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8-bit Data Reception Timing (with no parity and 1 stop bit)

UgRG MAMARRTATATARANLTANLN. -
UIBRG . .

RE bit in UiC1 "1
register uey

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 bit in UiC1 "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 bitin SIRIC 1 ;
register 0
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
NOTES:

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 17.15 Receive Operation

17.2.1 Transfer Speed
In UART mode, transfer speed is clock frequency which is divided by a setting value of the UiBRG (i=0 to
4) register and again divided by 16. Table 17.11 lists an example of transfer speed setting.

Table 17.11 Transfer Speed

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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17.2.2 Selecting LSB First or MSB First

As shown in Figure 17.16, 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 )Y D2)YDs)Da)Ds)Ds)Dr)X P)sP

RxDi \ ST A Do X D1 X\ D2 X Ds f Da X Ds X Ds X D7 X P ) SP

(2) When the UFORM Bit in the UiCO Register is set to "1" (MSB first)

TXDi \ sT{ D7) Ds\Ds Y Da) D3 Do) Di)Do) P sp

RxDi \ sT{ D7) Ds X\ Ds Y\ Da) D3 D2 D1 Do P J sP

NOTES: _ o _ S _ 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 UILCH bit in the UiC1 register is set to "0" (no inverse).

Figure 17.16 Transfer Format

17.2.3 Serial Data Logic Inverse

When the UIiLCH 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 17.17 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

TXDi "W
(no inverse) u» \ STX Do X D1 X D2 X D3 X D4 X Ds X De X D7 X P )’ SP

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer Clock h

(s e \LST [0 \Br )\ 0z J(De \ e D5 Y e X Dr P ) 5P

NOTES:
1. The above applies to when the UFORM bit in the UiCO register is set to "0" (LSB first),
the STPS bit in the UIMR register is set to "0" (1 stop bit) and the PRYE bit is set to "1"
(parity enabled).

Figure 17.17 Serial Data Logic Inverse
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17.2.4 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 17.18 shows TxD and RxD 1/O polarity inverse.

(1) When the IOPOL bit in the UiMR register (i=0 to 4) is set to "0" (no inverse)

Transfer Clock |_| | | | | | | | | | | | | |

i H

(nomveTéE)' . \ ST (Do Y\ D1\ D2 ) Ds ) Ds) Ds | D \ D7\ P Y SP
i H

(noinvSr);E) . \ST{Dof Dif D2 Ds) Da)f Ds)f Ds X D7} P ) SP

(2) When the IOPOL bit in the UiMR register is set to "1" (inverse)

Transfer Clock Hl | | | | | | | | | | | | |
o
TxDi "H" —\ T\ —
(inver);e)l o / ST\ Do \ Di \ D2 \ D3 f Ds \ Ds \ Ds f D7 } P ) SP
RxDi STY Do YD1 Y D> Y Dz Y Da Y D=YDs Y\ D- Y P ) SP
(inverse) L" / X Do X D1 X D2 X D3 X D4 X Ds X Ds X D7 X P X
NOTES: _ . _ o ST : Start bit
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 set gp - Stop bit

to "1" (parity enabled).

Figure 17.18 TxD and RxD I/O Polarity Inverse
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17.3 Special Mode 1 (I2C Mode)
I2C mode is a mode to communicate with external devices with a simplified 12C. Table 17.12 lists specifica-
tions of I12C mode. Table 17.13 lists register settings, Table 17.14 lists each function. Figure 17.19 shows
a block diagram of I2C mode. Figure 17.20 shows timings for transfer to the UiRB register and interrupts.
Tables 17.15 to 17.17 list pin settings.

As shown in Table 17.12, 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 17.12 1°C Mode Specifications

Item

Specifications

Interrupt

Start condition detect, stop condition detect, no acknowledgment detect, acknowledgment
detect

Selectable Function

* Arbitration lost
The update timing of the ABT bit in the UiRB register can be selected.
Refer to 17.3.3 Arbitration
» SDAI digital delay
Selected from no digital delay or 2 to 8 cycle delay of the count source of the UIBRG register.
Refer to 17.3.5 SDA Output
* Clock phase setting
Selected from clock delay or no clock delay.

Referto 17.3.4 Transfer clock
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SDAI O“ (Notel) .
Oo—}——Timer ————————— ToDMA
rO—or——1/0
O_

IICM=0 or lICM2=1

Transmit Register UARTI Transmission

NACK |
UARTI Q Reqcuesrtnerrupt
1ICM=1 and
1ICM2=0
N » 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 T
detect
D o
Note 1 pT | [ACK
scLi O+ Moed) o R |Data Register oth Pulse
:} O) i Internal Clock 1 Bus Conflict
O UARTI — Start Condition Detect
lICM=1 CLK Bus Conflict Stop Condition Detect
1 lICcM Control Detect IICM Interrupt Request
o UARTI
0 _./C

Filter

Falling Edge of 9th Pulse

SwC

Port reading

(Note 1)

UARTI * When the IICM bit is set to "1", port pin can be read
© IICM=0 regardless of the direction register being set to "1".
cLki O—o<Fo<——o—o- o
O— Timer

i=0to 4
NOTES:
1. Set the PSj (j=0,1,3), PSLj or PSC register to determine.

IICM : Bit in the UiSMR register
1ICM2 : Bit in the UiISMR2 register

Figure 17.19 1°C Mode Block Diagram
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17. Serial I/0 (Special Function)

Table 17.13 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 1ICM2 See Table 17.14
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 17.14
DINC, NODC, ERR | Set to "0"
DL2 to DLO Set digital delay value
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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17. Serial I/O (Special Function)

Table 17.14 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)

Interrupt Numbers 39 to
41 Generated®
(See Figure 17.20)

Start condition or stop condition detect (See Table 17.18)

Interrupt Number 17, 19,
33, 35 and 37
Generated®

(See Figure 17.20)

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

Interrupt Numbers 18, 20,
34, 36 and 38
Generated®

(See Figure 17.20)

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

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

Pin Functions

P61, P65, P72, P9o, P95
Pin Functions

Select CLKi input or
output

— (Not used in I2C mode)

Noise Filter Width

15ns

200ns

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

DMA Generated
(See Figure 17.20)

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 O 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. Follow the procedures below 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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17. Serial I/O (Special Function)

(1) When the [ICM2 bit is set to "0" (ACK or NACK interrupt) and the CKPH bit is set to "0" (No clock delay)

ist  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 b9 b8 b7 b0
Data is transferred to the UiRB register ||~ [ [D8[D7|Ds[D5[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 9th
bit bit bit bit bit bit bit bit bit

spai X D7 X Ds X_Ds X D4 X_Ds X Dz X D1 X Do )Ds(ACK or NACK)
4

Receive interrupt  Transmit interrupt
(DMA request)

f b1s 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"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

SR T O A
SDAI :>< D7 X Ds X Ds X D4 X D3 X Dz X D1 X Do XDs(ACK or NACK)
bt

Receive interrupt Transmit interrupt
(DMA request)

f

Data is transferred to the UiRB register  Data is transferred to the UiRB register

b1s b9 b8 b7 bo b1s b9 b8 b7 bo
[ ]~ [_]po[ - [D7[De[Ds[D4[D3[D2[D1] [ |- [ _[D8[D7[D6[D5[D4]D3]D2]D1]Do]
Contents of the UiRB register Contents of the UiRB register

i=0to 4
IICM2 : Bit in the UiISMR2 register
CKPH : Bit in the UiSMR3 regiser

The above timing applies to the following setting :
* The CKDIR bit in the UiIMR register is set to "1" (slave)

Figure 17.20 SCLi Timing
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Table 17.15 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 17.16 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
NOTES:

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

Table 17.17 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
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction
to set the PD9 and PS3 registers.
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17.3.1 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
NOTES:
1. These cycles are main clock generation frequency cycles (XIN).

Figure 17.21 Start Condition or Stop Condition Detecting

17.3.2 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 17.18 lists function of the STSPSEL bit. Figure 17.22 shows functions of the STSPSEL bit.
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Table 17.18 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

(1) 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
STPREQ b STPREQ bit T
I(Sstz?tt)to 1 Start condition detect issetto 1"  Stop condition detect
interrupt (start) interrupt
i=0to 4

Figure 17.22 STSPSEL Bit Function
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17.3.3 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.

17.3.4 Transfer Clock

The transfer clock transmits and receives data as is shown in Figure 17.20.

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).

17.3.5 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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17.3.6 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.

17.3.7 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.

17.3.8 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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17.4 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 17.19 lists specifications of special
mode 2. Table 17.20 lists register settings. Tables 17.21 to 17.23 list pin settings.

Table 17.19 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 enable)
- 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 enable)
- Set the TE bit in the UiC1 register to "1" (transmit enable)
- 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

Select from the rising edge or falling edge of the transfer clock when transferred data
is output and input are provided

« LSB first or MSB first
Data is transmitted or received in either bit O or in bit 7
« Continuous receive mode
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 I/O data levels are also inversed
« Clock phase

Select 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 in the SiRIC register does not
change to "1" (interrupt requested).
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Table 17.20 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 17.21 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 17.22 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 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
NOTES:
1. P70 and P71 are ports for the N-channel open drain output.
Table 17.23 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 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 - -
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 -
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do not
generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to set
the PD9 and PS3 registers.
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17.4.1 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.

17.4.1.1 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.

17.4.1.2 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 17.23 Serial Bus Communication Control with SS Pin
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17.4.2 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.

17.4.2.1 When setting the DINC Bit to "0" (Master (Internal Clock))
Figure 17.24 shows transmit and receive timing.

17.4.2.2 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 17.25 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 17.26 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 17.24 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 | l_
Clock Input e
aeoioceno - || L] L] L] L L LT L
(CKPOL=1, CKPH=0) "L"

. "He
Data Output Timing®™ " —<:_X DOX D1X D2X D3X D4X Ds X Dé X D7 ——

L" High- —

impedance impedance

waraTs e f 444444

NOTES:

1. P70 and P71 is ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 17.25 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" (
pel bt "L" Do X D1 X D2 X D3 X D4X Ds X De X D7 >H. h
igh-

High- !
impedance impedance

rrrr e

NOTES:
1. P70 and P71 are ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 17.26 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=1)
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17.5 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 17.24 lists specifications of GCI mode. Table 17.25 lists registers settings. Tables 17.26 to 17.28 list

pin settings.

Tablel7.24 GCI 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 enable)

- Set the RE bit in the UiC1 register to "1" (receive enable)

- 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.

NOTES:
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register does not change to

"1" (interrupt requested).

Rev. 1.01 Jul. 07, 2005 Page 232 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 17.

Serial /0 (Special Function)

Table 17.25 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 Set to "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 Set to "0"
UiSMR 6to0 Set to "00000002"
SCLKDIV See Table 17.29
UiSMR2 6t00 Set to "00000002"
SU1HIM See Table 17.29
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 17.26 Pin Settings in GCI Mode (1)

Port Function Setting
PSO0 Register PSLO 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 PS0_7=1 - —
NOTES:
1. CTS input is used as a trigger siganl input.
Table 17.27 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 ‘CTS2 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 17.28 Pin Settings (3)

Port Function Setting
PS3 Register(l) 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 — —

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 enable). 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 17.29. 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 17.27 shows an example of the clock-divided synchronous function.

Table 17.29 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 17.27
1 Oor1l Same division as the external clock B in Figure 17.27
divided by 2
i=0to 4

External Clock

fomthe clkipin [ LT LT LI LI LI LML L L L L L LT L L L L

Trigger Signal [ ]
from the CTSi Pin

1 2 3 4 5 6 7 8
Transfer Clock o ] ]
i H H H K_The SCLKSTPB bit in the UiC1 register

A : : : : stops the clock
TxDi Y1 )23 a)ls5)e6)7)s8
5 5 5 5 '
Transfer Clock —f 1 —f 1 I [/ L1 °L_{
B : : : :
TxDi X 1 X 2 X 3 X 4 Y 5 Y 6 Y 7 1 s

i=0to 4
A, B : See Table 17.29.

Figure 17.27 Clock-Divided Synchronous Function
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17.6 Special Mode 4 (IE Mode)

In IE mode, devices connected with the IEBus can communicate in UART mode.
Table 17.30 lists register settings. Tables 17.31 to 17.33 list pin settings.

Table 17.30 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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17. Serial I/O (Special Function)

Table 17.31 Pin Settings in IE Mode (1)

Port Function Setting
PSO0 Register PSLO 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 17.32 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 -
NOTES:

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

Table 17.33 Pin Settings (3)

Port Function Setting
PS3 Register(D) PSL3 Register PD9 Register(®)
P90 CLKS3 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 -
P9s CLK4 input PS3_5=0 PSL3 5=0 PD9 5=0
CLK4 output PS3 5=1 - -
P96 TxD4 output PS3 _6=1 - -
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 enable). 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 disable).

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 17.28 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 ABSCS 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 UARTS3, 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 UiISMR Register (Transmit start condition 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 the RxDi pin(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 17.28 Bit Function Related Bus Conflict Detection
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17.7 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 17.34 lists specifications of SIM mode. Table 17.35 lists register settings. Tables 17.36 to 17.38 list

pin settings.

Table 17.34 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 enable)
- 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 enable)
- 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

* Flaming 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 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 17.35 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 17.36 Pin Settings in SIM Mode (1)

Port Function Setting
PSO0 Register PSLO 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 17.37 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
NOTES:
1. P70 and P71 are ports for the N-channel open drain output.
Table 17.38 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 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 — —
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 enable). 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 17.29 shows an example of a SIM interface operation. Figure 17.30 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

Tc
Transfer Clock ||| |i| ill ||| |||| u_ ||| ||| |||||| |
TE bitin UiC1 "1" J :
i Data is written to
1t wg
register 0 : the UARTI register /(Note D
Tl bit in UiC1 "1" i X
register g

wor \
Data is transferred from the UiTB
register to the UARI transmit register

Start Pg(ity Séptp
bit it bi n
ety Extor Sgna STADKOKOKOKKOKONON P s STAOKOXDNOXOXOKKOK P) s

returned from

Receiving End An "L" signal is applied from the SIM rd
card due to a parity error

o
o

e T 0.6 000 C0 OLENT 00 0.0 000 0/
. An interrupt routine An interrupt routine detects
TXEPT bit in 1" — detects "H" or "L" "H" or "L"

UiCO register

IR bitin SiTIC "1
register .
O \ /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies to the following settings : Tc = 16(m+1) /fj : ) @
« The PRYE bit in the UIMR register is set to "1" (parity enabled) fi .'coun.t source frequengy of the Q'BRG 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

« 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 UiC1 S
register g :
Start Parity ‘ Stop
Transmit Waveform bit bit bt
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/
RI bit in UiC1 i A —|
register g ~_ |
. . Read the UIRB register ~ —
IR bitin SIRIC 1
register g /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies to the following settings : 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 TI 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 17.29 SIM Interface Operation
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Microcomputer
SIM card
TxDi 1
RxDi
i=0to 4

Figure 17.30 SIM Interface Connection

17.7.1 Parity Error Signal
17.7.1.1 Parity Error Signal Output Function
When the UIERE bit in the UiC1 register (i=0 to 4) is set to "1", 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 17.31.
When reading the UiRB register during a parity error output, the PER bit in the UiRB register is set to
"0" and a high-level ("H") signal output is again provided simultaneously.

17.7.1.2 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.

Transfer Clock H | | | I | | | I | | | I | |
o’
H
RXDi \ ST { Do Y Di)Y D2)Y Ds )Y Ds Y Ds DsYDrY PSP
wpo
H
TxDi Hi-Z
) [
; 1
Recieve li
Complete Flag 0
NOTES: . ' N ST : Start bit
1. The above applies to direct format conditions. 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=0 to 4

Figure 17.31 Parity Error Signal Output Timing (LSB First)
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17.7.2 Format
17.7.2.1 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.

17.7.2.2 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 3 61 62 67 6 660
P :0Odd parity

i=0to4

Figure 17.32 SIM Interface Format

Rev. 1.01 Jul. 07, 2005 Page 245 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

18. 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 18.1 lists specifications of the A/D converter. Figure 18.1 shows a block diagram of the
A/D converter. Figures 18.2 to 18.6 show registers associated with the A/D converter.

NOTE
This section is described in the 144-pin package only as an example.
The AN150 to AN157 pins are not included in the 100-pin package.
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M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

Table 18.1 A/D Converter Specifications

Item Specification
A/D Conversion Method Successive approximation (with a capacitive coupling amplifier)
Analog Input Voltage® 0V to AVcc (Vccei)
Operating Clock, @Ap(® fAD, fAD/2, fAD/3, fAD/4, fAD/6, fAD/8
Resolution Select from 8 bits or 10 bits
Operating Mode One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,

repeat sweep mode 1, multi-port single sweep mode, multi-port repeat sweep
mode 0

Analog Input Pins(®) 34 pins

8 pins each for AN (ANo to AN7), ANO (ANOo to ANO7), AN2 (AN20 to AN27),
AN15 (AN150 to AN157)

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 PAD cycles
10-bit resolution : 59 @AD cycles

» With the sample and hold function
8-bit resolution : 28 JAD cycles

10-bit resolution : 33 BAD 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 Vcci1=5V.
@D 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 = VREF = Vcc1 2 Vcez, A/D input voltage (for ANo to AN7, AN150 to AN157, ANEXO and ANEX1) < Vcct,
A/D input voltage (for ANOo to ANO7 and AN20 to AN27) < Vcc2.
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M32C/84 Group (M32C/84, M32C/84T)

18. A/D Converter
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O OO AN20
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10 OO AN22
O AN23

ADTRG O—O—Ko'
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1
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o
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ADOCONS register

AREEEENA) v

ADOCON4 register

faDp

NOTES:

710

o
1/3 151

L= 0! T

O : [0}

12 12

e

1. These pins are available in single-chip mode.
2. These pins are provided in the 144-pin package.

I—CSKZ bit in ADOCONS register
CSKO bit in ADOCONO register

%O/O_

CSK1 bit in ADOCONLI register

CH2 to CHO bits in
ADOCONO register

DAD

Figure 18.1 A/D Converter Block Diagram
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M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

A/DO Control Register 0

0 : Software trigger

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

| | | | | | | | | ADOCONO 039616 0016
Bit Bit Name Function RW
Poror b 111 | Symbol
N b2b1b0
Pt oo on | CHO 000 :ANio RW
- - 001:ANi1
I R S T . 010:ANi2
R R R R CH1 | AnalognputPin =\ ¢ 1 4 : ANis RW
A Select Bit? 289 | 150" ANia
- 101:ANis
S R S S CH2 110: ANis _ RW
T R 111:ANi7 (i=none, 0, 2, 15)
EERE
i MDO ) 0 0 : One-shot mode RW
A/D Operating Mode| (1 - Repeat mode
Select Bit 02 6.7) 1 0: Single sweep mode
o Ty mMD1 11 : Repeat sweep mode 0 or 1 RW

P Rereeneneeneneeeene TRG | Trigger Select Bit | 4 . £\ iornal trigger, hardware trigger® | RW
A/D Conversion 0 : A/D conversion stops
ABST | start Flag 1 : AID conversion starts(4) RW
A CKSO Elrte quency Select (Note 5) RW

NOTES:

1. When the ADOCONO register is rewritten during the A/D conversion, the conversion result is
indeterminate.

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.
Then set the ADST bit to "1" after the TRG bit is set to "1".

5. @D frequency must be under 16 MHz when Vcci1=5V.
@ ap frequency must be under 10 MHz when Vcci1=3.3V.
Combination of the CKS0, CKS1 and CKS2 bits selects & Ap.

The CKS2 Bit in the The CKSO Bit in the The CKS1 Bitin the
ADOCONS3 Register ADOCONO Register ADOCONL Register B a0
0 0 fap divided by 4
0 1 fap divided by 3
1 0 fap divided by 2
1 7%5)
1 0 0 fap divided by 8
1 fap divided by 6

6. When the MSS bit in the ADOCONS register is set to "1" (multi-port sweep mode enabled), set the
MD1 and MDO bits to "102" to enter multi-port single sweep mode and to "112" to enter multi-port
repeat sweep mode O.

7. When the MSS bit is set to "1", the MD1 and MDO bits cannot be set to "002" or "012".

8. AVcc=VRer=Vcci12Vccez, AD input voltage (for ANo to AN7, AN150 to AN157, ANEXO, ANEX1) < Vcca,
AD input voltage (for ANOo to ANO7, AN20 to AM27) < Vcc2.

9. Set the PSC_7 bit in the PSC register to "1" to use the P10 pin as an analog input pin.

Figure 18.2 ADOCONO Register

Rev. 1.01 Jul. 07, 2005 Page 249 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

A/DO Control Register 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | | ADOCON1 039716 0016
Bit Bit Name Function RW
+ | Symbol
Single sweep mode and repeat sweep mode 0
b1b0
H 0 0 : ANio, ANi1

"7| SCANO 01 :ANio to ANi3 RW

: 10 : ANio to ANis
11 :ANio to ANi7
Repeat sweep mode 1)

A/D Sweep Pin %”60_ ANi

Select Bit(2 10) A
01 : ANio, ANi1

1 0 : ANio to ANi2 )

F S SCAN1 11 : ANio to ANi3 (i=none, 0, 2, 15) | Ly

Multi-port single sweep mode and
multi-port repeat sweep mode 04
b1b0

11 : ANio to ANi7

A/D Operating 0 : Any mode other than repeat sweep mode 1 RW
MD2 | \iode Select Bit 1 |1 : Repeat sweep mode 1)
8/10-Bit Mode 0 : 8-bit mode
BITS Select Bit 1 : 10-bit mode RW
EEEEETERETEEREE CKS1 ggtequency Select (Note 6) RW
i : ion(11)
] vcuT | VREF Connection 0: No VREF connection RW
Bit 1 : VREF connection
b7 b6
pooTTmnmneneneseseeees OPAO | External Op-Amp | 0 0 : ANEXO and ANEX1 are not used® | RW
Connection Mode | 0 1 : Signal into ANEXO is A/D converted
H Bit(7: 9) 1 0: Signal into ANEX1 is A/D converted
--------------------------- OPA1 RW

11 : External op-amp connection mode

NOTES:

1. When the ADOCONL1 register is rewritten during the A/D conversion, the conversion result is
indeterminate.

2. The SCAN1 and SCANO bit settings are disabled in single sweep mode, repeat sweep mode 0, repeat
sweep mode 1, mutli-port single sweep mode and multi-port repeat sweep mode 0.

3. This pin is commonly used in the A/D conversion when the MD2 bit is set to "1".

4. In multi-port single sweep mode or multi-port repeat sweep mode 0, do not set the SCAN1 and
SCANQO bits to any setting other than "112".

5. When the MSS bit in the ADOCONS3 register is set to "1" (multi-port sweep mode enabled), set the
MD2 bit to "0".

6. Refer to the note for the CKSO bit in the ADOCONO register.

7. In one-shot mode and repeat mode, the OPA1 and OPAQ bits can be set to "012" or "102" only. Do not
set the OPAO and OPAL1 bits to "012" or "102" in other modes.

8. 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).

9. When the MSS bit is set to "1", set the OPA1 and OPAO bits to "002".

10. Avcc=VRer=Vcci12Vcez, AD input voltage (for ANo to AN7, AN150 to AN157, ANEXO, ANEX1) < Vcct,
AD input voltage (for ANOo to ANO7, AN20 to AM27) < Vcce.

11. 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

Figure 18.3 ADOCONL1 Register
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M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

A/DO Control Register 2(1)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
|0 |O | |><|><| | | | ADOCON2 039416 XX0X X0002
Bit Bit Name Function RW
Db b o [ Symboal
A oyp | AP Conversion 0 : Without the sample and hold funtion | _
A Method Select Bit |1 : With the sample and hold function
R b2b1
e APSO 0 0 : ANo to AN7, ANEX0, ANEX1 RW
Poron o Analog Input Port 01 :AN150 to AN157
O Select Bit(2 3. 4) 10 : ANOo to ANO7
I APS1 11: AN20 to AN27 RW
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
Pop o Remmemeeeeeeseeeeees TRGO | Request Cause of the three-phase motor control RW
Select Bit timer functions (after the ICTB2
I counter completes counting)
P . Setto "0".
e ereenere e R d Bit _ . . RW
(b7 - b6) eserved Bl When read, its content is indeterminate.
NOTES:
1. When the ADOCONZ2 register is rewritten during the A/D conversion, the conversion result is
indeterminate.
2. When the MSS bit in the ADOCONS3 register is set to "1" (multi-port sweep mode enabled), set the
APS1 and APSO bits to "012".
3. The APS1 and APSO bits can be set to "012" in the 100-pin package only when the MSS bit in the
ADOCONS register is set to "1" (multi-port sweep mode enabled).
4. The APS1 and APSO bits can be set to "102" or "112" in single-chip mode only.

Figure 18.4 ADOCON2 Register
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M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

A/DO Control Register 3(:2)

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

| 0 | 0 | 0 | | | | | | ADOCON3 039516 XXXX X0002
Bit Bit Name Function
iof o4 i i i1 1| Symbol RW
DMAC Operation 0 : Disables DMAC operating mode
R A A DUS Select Bit® 1 : Enables DMAC operating mode: 5) RW
Multi-Port Sweep 0 : Disables multi-port sweep mode
T A MSS . : @6 |RW
P Mode Select Bit 1: Enables multi-port sweep mode'>
R CKS2 |Frequency Select Bit| (Note 7) RW
A b4b3
R R MSFO , 00 : ANo to AN7 RO
I Multi-Port Sweep | 1 : AN150 to AN157
- Status Flag®) 1.0 : ANOO to ANO?
R MSF1 11:AN20 to AN27 RO
O Reserved Bit Setto"0". . . . RW

(b7 - b5) When read, its content is indeterminate.

NOTES:

1. When the ADOCONS register is rewritten during the A/D conversion, the conversion result is
indeterminate.

. The ADOCON3 may be read uncorrectly during the A/D conversion. It must be read or written after the
A/D converter stops operating.

. When the MSS bit is set to "1", set the DUS bit to "1".

. When the DUS bit is set to "1", the ADOO register stores all A/D conversion results.

. When the DUS bit is set to "1", set the DMAC.

. When the MSS bit is set to "1", set the MD2 bit in the ADOCON1 register to "0" (other than repeat
sweep mode 1), the APS1 and APSO bits in the ADOCON2 register to "012" (AN150 to AN157) and the
OPA1 and OPAO bits in the ADOCONL1 register to "002" (ANEXO and ANEX1 not used).

7. Refer to the note for the CKSO bit in the ADOCONO register.

8. The MSF1 and MSFO bit settings are enabled when the MSS bit is set to "1". Value in the bit is

indeterminate when the MSS bit is set to "0".

N

(2062 IF SN V)

Figure 18.5 ADOCON3 Register
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18. A/D Converter

A/DO Control Register 4

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| 0 | 0 | 0 | 0 | | | 0 | 0 | ADOCON4 039216 XXXX 00XX2

Bit Bit Name Function
iof o1 i i1 1| Symbol RW
Reserved Bit Setto "0". ) o ) RW
HE - (b1 - b0) When read, its content is indeterminate.
A N b3t
tooror 1 mmmmemmees MPS10 ) 00: (Note 4) RW
Porob Multi-Port S‘N_egpa) 01 : ANo to AN7, AN150 to AN157
Pl PSLL Port Select Bit*™ 10: ANo to AN7, ANOo to ANO7 A
A 11 : ANo to AN7, AN20 to AN27
Piod . Setto"0".
PR ELEE L R PR Reserved Bit . . .

(b7 - b4) When read, its content is indeterminate. RW

NOTES:
1. When the ADOCON4 register is rewritten during the A/D conversion, the conversion result is
indeterminate.
2. The MPS11 and MPS10 bits cannot be set to "012" in the 100-pin package.
3. The MPS11 and MPS10 bits can be set to "102" or "112" in single-chip mode only.

MPS11 and MPS10 bits to "002".

"012", "102" or "112".

A/DO Register i (i =0 to 7)1 2.3.4.5)

b8 b7 b0

Symbol Address After Reset

ADO1 to ADO3 038316 - 038216, 038516 - 038416, 038716 - 038616 Indeterminate
ADO4 to AD0O6 038916 - 038816, 038B16 - 038A16, 038D16 - 038C16 Indeterminate

4. When the MSS bit in the ADOCONS3 regsiter is set to "0" (multi-port sweep mode disabled), set the

When the MSS bit is set to "1" (multi-port sweep mode enabled), set the MPS11 and MPS10 bits to

ADOO 038116 - 038016 00000000 XXXXXXXX2

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 regist
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.

ADO7 038F16 - 038E16 Indeterminate

Function RW

- S 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

R In 8-hit mode : When read, its content is indeterminate.

....... .................. When read, its content is indeterminate. RO
NOTES:

er.

Figure 18.6 ADOCON4 Register and AD0OO to ADO7 Registers
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M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

18.1 Mode Description

18.1.1 One-shot Mode
In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table 18.2
lists specifications of one-shot mode.

Table 18.2 One-shot Mode Specifications

Iltem Specification
Function The CH2 to CHO bits in the ADOCONO register, the OPA1 and OPAQO bits in the
ADOCONL1 register and the APS1 and APSO bits in the ADOCONZ2 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 ANio to ANi7 (i=none, 0, 2, 15), ANEX0 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 13. DMAC for DMAC settings
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18.1.2 Repeat Mode
In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
18.3 lists specifications of repeat mode.

Table 18.3 Repeat Mode Specifications

Item Specification
Function The CH2 to CHO bits in the ADOCONO register, the OPA1 and OPAQO bits in the
ADOCONL1 register and the APS1 and APSO bits in the ADOCONZ2 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 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 Select one pin from ANio to ANi7 (i=none, 0, 2, 15), ANEX0 or ANEX1

Reading of A/D Conversion Result | « When the DUS bit is set to "0", the microcomputer reads the ADQj 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 13. DMAC for DMAC settings
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18.1.3 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 18.4 lists specifications of single sweep mode.

Table 18.4 Single Sweep Mode Specifications

Item Specification
Function The SCAN1 and SCANO bits in the ADOCONL1 register and the APS1 and APSO
bits in the ADOCONZ2 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 ADOCONS3 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 ANio and ANi1 (2 pins) (i=none, 0, 2, 15), ANio to ANi3 (4 pins), ANio to

ANis (6 pins) or ANio to ANi7 (8 pins)

Reading of A/D Conversion Result « When the DUS bit is set to "0", the microcomputer reads the ADQj register corre-

sponding 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 13. DMAC for
DMAC settings
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18.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital code.
Table 18.5 lists specifications of repeat sweep mode 0.

Table 18.5 Repeat Sweep Mode 0 Specifications

Item Specification
Function The SCAN1 and SCANO bits in the ADOCONL1 register and the APS1 and APSO
bits in the ADOCONZ2 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 ADOCONR3 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 ANio and ANil (2 pins) (i=none, 0, 2, 15), ANio to ANi3 (4 pins), ANio to

ANis (6 pins) or ANio to ANi7 (8 pins)

Reading of A/D Conversion Result | « When the DUS bit is set to "0", the microcomputer reads the ADQj 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 13. DMAC
for DMAC settings

Rev. 1.01 Jul. 07, 2005 Page 257 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 18. A/D Converter

18.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltage selectively applied to eight pins is repeatedly converted to a
digital code. Table 18.6 lists specifications of repeat sweep mode 1.

Table 18.6 Repeat Sweep Mode 1 Specifications

Item Specification
Function The SCAN1 and SCANO bits in the ADOCONL1 register and the APS1 and APSO
bits in the ADOCONZ2 register select 8 pins. Analog voltage 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:
ANio — ANi1 — ANio — ANi2— ANio— ANi3....... 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 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 ANio to ANi7 (8 pins)
Prioritized Pins ANio (1 pin), ANio and ANi1 (2 pins), ANio to ANi2 (3 pins) or ANio to ANi3 (4 pins)
Reading of A/D Conversion Result| « When the DUS bit is set to "0", the microcomputer reads the ADQj 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 13. DMAC
for DMAC settings
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18.1.6 Multi-Port Single Sweep Mode
In multi-port single sweep mode, analog voltage applied to 16 selected pins is converted one-by-one to a
digital code. Set the DUS bit in the ADOCONZ3 register to "1" (DMAC operating mode enabled). Table
18.7 lists specifications of multi-port single sweep mode.

Table 18.7 Multi-Port Single Sweep Mode Specifications

Item Specification
Function The MPS11 and MPS10 bits in the ADOCONA4 register select 16 pins. Analog
voltage applied to 16 pins is converted one-by-one to a digital code in the following
order: ANo to AN7 — ANio to ANi7 (i=0, 2, 15)
e.g., When the MPS11 and MPS10 bits are set to "102" (ANo to AN7, ANOo to
ANO7), analog voltage is converted to a digital code in the following order:
ANo =& AN1 — AN2 —& AN3— AN4 — AN5 — ANe — AN7 —
ANOO0 =~ ANO1— ....... — ANOs — ANO7

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 | An interrupt request is generated every time A/D conversion is completed

(Set the DUS bit to "1")

Analog Voltage Input Pins Select from ANo to AN7 = AN150 to AN157, ANo to AN7— ANOo to ANO7 or ANo to
AN7— AN20 to AN27

Reading of A/D Conversion Result | Do not read the ADQO register. A/D conversion result is stored in the ADOO regis-

ter after the A/D conversion is completed. DMAC transfers the conversion result

to any memory space. Refer to 13. DMAC for DMAC settings
(Set the DUS bit to "1")
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18.1.7 Multi-Port Repeat Sweep Mode 0

In multi-port repeat sweep mode 0, analog voltage that is applied to 16 selected pins is repeatedly con-
verted to a digital code. Set the DUS bit in the ADOCONRS register to "1" (DMAC operating mode en-
abled). Table 18.8 lists specifications of multi-port repeat sweep mode 0.

Table 18.8 Multi-Port Repeat Sweep Mode 0 Specifications

Item Specification
Function The MPS11 and MPS10 bits in the ADOCONA4 register select 16 pins. Analog
voltage applied to the 16 pins is repeatedly converted to a digital code in the fol-
lowing order: ANo to AN7 — ANio to ANi7 (i=0, 2, 15)
e.g., When the MPS11 and MPS10 bits are set to "102" (ANo to AN7, ANQo to ANO7),
analog voltage is repeatedly converted to a digital code in the following order:
ANo— AN1— AN2 =& AN3— AN4 - AN5 & AN6é = AN7 —
ANOo > ANO1 — ...... — ANOs — ANO7
Start Condition Same as one-shot mode

Stop Condition The ADST bit is set to "0" (A/D conversion stopped) by program

Interrupt Request Generation Timing | An interrupt request is generated after each A/D conversion is completed

(Set the DUS bit to "1")

Analog Voltage Input Pins Selectable from ANo to AN7 = AN150 to AN157, ANo to AN7 — ANOo to ANO7 or
ANo to AN7—AN20 to AN27

Reading of A/D Conversion Result | Do not read the ADOO register. A/D conversion result is stored in the ADOO regis-

ter after the A/D conversion is completed. DMAC transfers the conversion result
to any memory space. Refer to 13. DMAC for DMAC settings
(Set the DUS bit to "1")
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18.2 Functions

18.2.1 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 ADOj 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 O in the ADOj
register.

18.2.2 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 GAD 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.

18.2.3 Trigger Select Function

The TRG bit in the ADOCONQO register and the TRGO bit in the ADOCON2 register select the trigger to
start the A/D conversion. Table 18.9 lists settings of the trigger select function.

Table 18.9 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 = 1D 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.)

18.2.4 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 ADQO 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 13. DMAC for instructions.
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18.2.5 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 ADOCONL1 register select which pins to use as analog input pins. An A/D
conversion result for the ANEXO pin is stored into the ADOO 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).

Set the APS1 and APSO bits in the ADOCONZ2 register to "002" (ANo to AN7, ANEXO, ANEX1) and the
MSS bit in the ADOCONRS register to "0" (multi-port sweep mode disabled).

18.2.6 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 OPAO 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.
Set the APS1 and APSO bits in the ADOCONZ2 register to "002" (ANo to AN7, ANEXO0, ANEX1).
Figure 18.7 shows an example of an external op-amp connection.

Table 18.10 Extended Analog Input Pin Settings

ADOCONL1 Register ANEXO0 Function ANEX1 Function
OPA1 Bit | OPAO Bit
0 0 Not used Not used
0 1 P95 as an analog input Not used
1 0 Not used P96 as an analog input
1 1 Output to an external op-amp Input from an external op-amp

O————10 0
o100
O———2—+4—0 0
o—= 100
O——"—1—0 o0
O——2—1—0 0
O——"—1—0 0
O———0 ~0—

| Resistor ladder —
SIIXRRIEY
LILTTTTTT] =

Successive conversion register

002
™ >—o0

APS1 and APSO bits

in ADOCONZ2 register Comparator 0

External op-amp

18. A/D Converter

Figure 18.7 External Op-Amp Connection
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18.2.7 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.

18.2.8 Output Impedance of Sensor Equivalent Circuit under A/D Conversion
For perfect A/D converter performance, complete internal capacitor (C) charging, shown in Figure 18.8,
for the specified period (T) as sampling time. Output Impedance of the sensor equivalent circuit (Ro) is
determined by the following equations:
1
Vc=VIN{l-e C(RO+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:
V¢ = 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 18.8 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=15pF, X=0.1,Y = 1024,
0.3 X 10°
RO =-— —7.8 X103 =13.9 X 103

15X 10*e«In 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 (7.8Q)
WA ——O0—/\W ’
VIN ! - Sampling time
— ! C (1.5pF) 3
T Ve Sample and hold function is enabled : @AD
Sample and hold function is disabled : (piD

____________________________

Figure 18.8 Analog Input Pin and External Sensor Equivalent Circuit
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19. 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 (V) is calculated from value 77 (/=decimal) set in the DAI register.

y= VREEX 7 (7= 0 to 255)
256

VREF : reference voltage (not related to VCUT bit setting in the ADOCON1 register)

Table 19.1 lists specifications of the D/A converter. Table 19.2 lists pin setting of the DAO and DAL pins.
Figure 19.1 shows a block diagram of the D/A converter. Figure 19.2 shows the D/A control register. Figure
19.3 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 19.1 D/A Converter Specifications

Item Specification
D/A Conversion Method | R-2R
Resolution 8 bits
Analog Output Pin 2 channels

Table 19.2 Pin Settings

Port Function Bit and 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
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write
enable). Do not generate an interrupt or a DMA transfer between the instruction to set the PRC2 bit to "1"
and the instruction to set the PD9 and PS3 registers.
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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+ paA1
1
DAOE, DAL1E: Bits in the DACON register

Figure 19.1 D/A Converter
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D/A Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
DACON 039C16 XXXX XX002
Bit Bit Name Function RW
Symbol

DAOE | D/AO Output Enable git | O Disables an output RW
1: Enables an output

. : Disabl tput
Poheeeed DALE | DIAL Output Enable Bit | © : D'saPles an outpu RW
1: Enables an output

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

D/A Register i (i=0, 1)

b7 bo Symbol Address After Reset
| | DAO, DAL 039816, 039A16 Indeterminate
Function Setting Range | RW
LR R R RTETRTEY Output value of D/A conversion 0016 to FF16 RW

Figure 19.2 DACON Register, DAO and DA1 Registers

DAOE
"o"
r %O R R R R R R R 2R
DA0 O—\\\—o
wp
2R
MSB. | S I S ) R R N N LSB
D/A register 0 | OT
Avss O
VREF@O
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 ADOCONL1 register.

Figure 19.3 D/A Converter Equivalent Circuit

Rev. 1.01 Jul. 07, 2005 Page 267 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 20. CRC Calculation

20. 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 20.1 shows a block diagram of a CRC circuit. Figure 20.2 shows associated registers. Figure 20.3
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-

8 low-order bits order bits

CRCD register

[l /]

CRC code generation circuit
X16+X12+X5+ 1

CRCIN register

| 1]

Figure 20.1 CRC Calculation Block Diagram

CRC Data Register

b15 b8 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 bo Symbol Address After Reset
| | CRCIN 037E16 Indeterminate
Function Setting Range RW
--------------- Data |npu_t. . 0016 to FF16 RW
Inverse bit position of data.

Figure 20.2 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'%+ X2+ 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"
b15 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+41=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 20.3 CRC Calculation
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21. X/Y Conversion

21. 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 21.1 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 Y|R 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 bo Symbol Address After Reset
XYC 02E016 XXXX XX002
Bit ; ;
Symbol Bit Name Function RW
xyco | Read Mode Set Bit 0 : Data conver5|on. RW
1 : No data conversion
b xYC1 | Write Mode Setgit | O No bitalignment conversion RW
1 : Bit alignment conversion
___________________________ Noting is assigned. When write, set to "0".
(b7 -b2) | When read, its content is indeterminate.

Figure 21.1 XYC Register
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21. X/Y Conversion

The XYCO bit in the XYC register determines how to read the Y|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 21.2 shows the conversion table when the XYCO bit is set to "0". Figure 21.3 shows an example of
the X/Y conversion.

Address to be read
A
C [ \
S 2228 555880583
Do o229 00 nnnunn
SLLCL PR B00 0
Y T A A A
AAAA AT OONOOTOMOANAO
S>>>>>>>>>>>>>>>
[ XOR register 2
X1R register A
X2R register
X3R register @
X4R register @
X5R register 2
X6R register D“:
Address to ,< X7R register =
be written X8R register o
X9R register S
X10R register c
X11R register %)
X12R register m
X13R register
X14R register \
\_ X15R register wn
b15 < » o <
Bits in the XiR register
Figure 21.2 Conversion Table when Setting the XYCO Bit to "0"
s ™
fafddSassguzsevgs Z22fdddessge8iaszag
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 (
X8R register Y8R register
X9R register Y9R 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 <
*
Figure 21.3 X/Y Conversion
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21. 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 21.4 shows the conversion table when the
XYCO bit is set to "1."

Address to be writte
Address to be read

h

[ 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 Y]R register

i=0 to 15
j=0to 15

Figure 21.4 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 21.5 shows the conversion table when the XYCL1 bit is set to "1".

Data to be written | |

Bits in XiR register |
(i=0 to 15)

b15

Figure 21.5 Conversion Table when Setting the XYC1 Bit to "1"
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22. Intelligent 1/O

The intelligent 1/O is a multifunctional 1/O port for time measurement, waveform generating, clock synchro-
nous serial I/0, clock asynchronous serial I/0 (UART), HDLC data processing and more.

The intelligent I/O has one 16-bit base timer for free-running operation, eight 16-bit registers for time mea-
surement and waveform generating and two sets of two 8-bit shift registers for communications.

Table 22.1 lists functions and channels of the intelligent I/O.

Table 22.1 Intelligent I/O Functions and Channels

Function Description
Time Measurement(®) 8 channels
Digital Filter 8 channels
Trigger Input Prescaler 2 channels (channel 6 and channel 7)
Trigger Input Gate 2 channels (channel 6 and channel 7)
Waveform Generating® 8 channels

Single-Phase Waveform Output Mode | 8 channels

Phase-Delayed Waveform Output Mode | 8 channels

SR Waveform Output Mode 8 channels
Communication Communication unit 0 Communication unit 1
Clock Synchronous Serial 1/0 Mode Available
UART Mode Not Available Available
HDLC Data Processing Mode Available
NOTES:

1. The time measurement function and the waveform generating function share a pin.

The time measurement function and waveform generating function can be selected for each channel.
The communication function is available by a combining multiple channels.
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22. Intelligent I/O

Figures 22.1 shows a block diagram of the intelligent 1/O. Figure 22.2 shows a block diagram of the

intelligent /0O communication.

BTRE ; : ] ]
Overflow of bit 15 in the base timer g Request by matching the base timer with the G1POO register
Overflow of bit 9 in the base timer ) ;
Base timer reset .
in the communication unit 1
f1 _ur—5
o Divider fBT1 !
Two-phase 10 2(n+1) Base Timer
pulse signal DIV4 to DIVO
is applied BCK1 and BCKO o
— MOD2 to MODO
INPClo Dser l S;;“g‘;;ﬁ“’oo ! 00010010 OUTCIO/ISTAO1
BElout
CTSIand CTSO 2N cF)’\I:IMI
utpul MOD2 to MODO
INPC11 G1TML, G1PO1 [ o oUTC11ISCLK1
/ISCLK1 Select T | Register® | LD‘
CTS1and CTSO
INPC12 Edge [ ciTm2,G1PO2 |
/ ISRXD1 " select Register® © outcle
] CTSI and CTSO PWM
00 an Output
|| [ Edge G1TM3, G1PO3 o OUTCL
INPC13 0 Select T l Register® l LD 3
CTS1 and CTSO
||| Edge G1TM4, G1PO4
INPC14 Select Register® © OUTCla
CTS1 and CTSO PWM
Output
||| Edge G1TMS, G1PO5
INPC1s h-‘ Select T Register® LD © OUTC1s
CTS1 and CTSO
00 0 o
INPCL I Di ||| Edge |4] Ga E‘] G1TMs, GIPO6 | 0 OUTCle
6 Fiter [ o LT 1T select|*[Functiont Function [T Register®
CtsiandCtso . ©T PR PWM
0 0 Output
|| | Edge Gate Prescaler G1TM7, G1PO7 l
INPC17 -ISeIectl'LIFunclioan@LI Function @T“ Register® | 0 OUTC17
DF1 and DFO| | 55724 TS0 GT PR
Cho to Ch7 .
interrupt request signal
v v l
sckoo— COmmMmunication Communication
SRu00o—— Unit 0 B Unit 1 -
fl o I iy
fs o
fono
NOTES: DIV4 to DIVO bits, BCK1 and BCKO bits : Bits in the GIBCRO Register
1. Each register is placed in a reset state after the GIBCRO register BTS : Bit in the GIBCR1 Register
supplies the clock. CTS1 and CTSO0, DF1 and DFO, GT, PR : Bits in the GITMCR;j Register (j = 0 to 7)
MOD2 to MODO : Bits in the GIPOCR]j Register
BTRE : Bit in the GIPOCRO Register

Figure 22.1 Intelligent 1/0O Block Diagram
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Communication Unit 0

ISRXDO ISCLKO CCS1 and CCSO Transmit Interrupt Request
? P s SIO0TR®
f 10 GOTE Regist Transmit Data Transmission
21 [0—O1— egister Generation Circuit
" n (Transmit Buffer Register)

f8 — =0

Transmit 1

TXSL a
—o
Transmit ISTXDO
Register
1
v GOTO Register
Clock Wait .
Control Circuit Transmit HDLC Data Transmit
CKDIR Jransmit Register Interrupt Request
° O;Eralli(cn GOTOR®@
loCl
Transmit
Buffer

Receive Operation Clock

Reception
Arbitration |

Receive Data
Generation Circuit

GORI Register

| Receive 4}_‘ Data ;
GORB Register
o Bit Insert Check Selector o .
Recae Receive Interrupt
Receive i Buffer | Request
R el SIOORR®
RXSL
GODR Register
(Receive Data Register)
Shift
Register
CommL
Register 1 special Interrupt Communication
Check Interrupt Request
] SRTOR®
GOCMP3 Register Comparator
HDLC Data Receive
Interrupt Request
GORIR®
Communication Unit 1
Transmit Interrupt
. L Request
Transmit Data fansmission —§ - gi017re)
G1TB Register Generation Circuit
(Transmit Buffer Register). Generafion Circuit
Transmit | |
Buffer Bit Insert Circuit
" Register
Transmit
Register Transmit Latch ~ I
ata —o0
Generated Clock in CCS3 and CCS2 Selector ISTXD1
the Channel i (=1 to 3)—— 92 Start Bit
01 Clock Wait Generation Circuit|
fil———o Control Circuit N
10 G1TO Register
fon—%o Stop Bit HDLC Data
fsg— 1l o y Generation Circuit Transmit Transmit
g;;aer::{?cl:\ Register_| Interrupt Request
Clock G1TOR®@
ISCLK1 o Transmit
Receive Buffer
Operation
ISRxDl o————— Clock

Arbitration | Reception

Receive Data
Generation Circuit

— G1RI Register

—4’] Data G1RB Register
Buffer " Selector
0 Bit Insert Check - Receive Interrupt
Polarity Receive Request
Receive 1 Inverse | Bufer 2
Register SIOIRR®
RXSL G1DR Register Start Bt Check
(Receive Data Register)

Stop Bit Check

Special
—|Special Interrupt| Communication
Check Interrupt Request
SRT1R®

T

G1CMP3 Register Comparator

HDLC Data Receive
Interrupt Request
G1RIR®

CKDIR : Bit in the GiIMR Register
NOTES: ) ) _ TXSL, RXSL : Bits in the GIEMR Register
1. Each register enters after the G1BCRO register supplies the clock. CCS1 and CCSO : Bits in the CCS Register

2. See Figure 11.14.

Figure 22.2 Intelligent /O Communication Block Diagram
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22. Intelligent I/O

Figures 22.3 to 22.8 show registers associated with the intelligent 1/0 base timer, the time measurement
function and waveform generating function. (For registers associated with the communication function, see

Figures 22.19 to 22.28.)

Base Timer Register 1(2)

G1BT register is set to "000016"(1),

* When the base timer is reset:
The G1BT register is set to "000016" but value is
indeterminate. No value is written(d).

b15 b8 b7 bo Symbol Address After Reset

| | G1BT 012116 - 012016 Indeterminate
Function Setting Range | RW
* When the base timer is counting:
' When read, the value of the base timer can be
read.
: When write, the counter starts counting from the
"""""""" value written. When the base timer is reset, the | 000016to FFFF16 | RW

NOTES:

Base Timer Control Register 10

1. The base timer stops only when the BCK1 and BCKO bits in the G1BCRO register are set to "002" (clock
stopped). The base timer counts when the BCK1 and BCKO bits are set to a value other than "002".
When the BTS bit in the G1BCR1 register is set to "0", the base timer is reset continually, remaining set
to "000016". This, in effect, places the base timer in a "no counting” state. When the BTS bit is set to "1",
this state is cleared and counting starts.

2. The G1BT register reflects the value of the base timer, with a delay of one half fsT1 cycle.

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

| | | | | | | | | G1BCRO 012216 0016
A Bit N Functi RW
bbbt [ symbol it Name unction
S b1b0
Pl bbb i1 k1 BCKO 0 O: Clock stops RW
[ Count Source .
- - . 0 1: Do not set to this value
[ Select Bit ) . —
N 1 0: Two-phase pulse signal is applied()
e BCK1 11:f1 RW
_ ________ If setting value is n (n = 0 to 31),
H-- - Divo count source is divided by 2(n + 1). RW
No division if n=31.
T R DIV1 RW
oo b6 b5 b4 b3 b2
Pl Count Source (n=0) 00000 : Divide-by-2
Pl ey DIv2 | Divide Ratio (n=1) 0000 1: Divide-by-4 RW
HEHE Select Bit (n=2) 000 10: Divide-by-6
R DIV (n=30) 11110 : Divide-by-62 RW
3 (n=31)11111:Nodivision
P Rememmmmmeneneneneoees DIV4 RW
Base Timer 0 : Bit 15 overflows
""""""""""""""" IT | Interrupt Select Bit | 1 : Bit 14 overflows RW

NOTES:

1. This setting can be used only when the UD1 and UDO bits in the G1BCRL1 register are set to "102"
(two-phase signal processing mode). Do not set the BCK1 and BCKO bits to "102" in other modes.

Figure 22.3 G1BT Register and G1BCRO Register
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Base Timer Control Register 11

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

DXJ | | Jo] | [X] oteere 012316 X000 000Xz
Pl i Bt i :
PoLob b bbb symbol Bit Name Function RW
Nothing is assigned. When write, set to "0". _
e T ®o) When read, its content is indeterminate.
0: The base timer is not reset by
- rsT1 | Base Timer Reset matching with the G1POO register RW
T Cause Select Bit 1 | 1: The base timer is reset by matching
with the G1POO register(®)
0: The base timer is not reset by
O RST? Base Timer Reset applying "L" to the INTO or INT1 pin RW
- Cause Select Bit 2 | 1: The base timer is reset by applying
Pl "L" to the INTO or INT1 pin®@
A S —— | Reserved Bit Set to "0" RW
P (b3)
ol Base Timer 0: Base timer is reset
F  CLLCLET LT BTS . ) . RW
Voo Start Bit 1: Base timer starts counting
E E E b6bS
Do tmmmmmmmmmmmmeeend uDO 00 : Counter increment mode RW
Do Counter Increment/ | 0 1 : Counter increment/decrement mode
Decrement Control Bit| 10 : Two—pgase pulse signal processing
F PPN uD1 mode®) RW

11 : Do not set to this value

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

NOTES:

1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the G1POO
register. (See Figure 22.7 for details on the G1POO register.) When the RST1 bit is set to "1", the
value of the G1POj register (j=1 to 7) for the waveform generating function and communication
function must be set to a value smaller than that of the G1POO register.

2. The IPSA_O bit in the IPSA register can select the INTO or INT1 pin.

3. In two-phase pulse signal processing mode, the base timer is not reset, even when the RST1 bit is set
to "1", if the counter is decremented two clock cycles after the base timer matches the value set in the
G1POO register.

Figure 22.4 G1BCR1 Register
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22. Intelligent I/O

Time Measurement Control Register 1j (j=0 to 7)
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address After Reset
R G1TMCRO to GITMCR3 011816, 011916, 011A16, 011B16 0016
O G1TMCR4 to GITMCR7  011C16, 011D16, 011E1s, 011F16 0016
P e . .
oo Symbol Bit Name Function RW
PEoL D o160
oror o CTS0 Time M 0 0 : No time measurement RwW
Tlme Zaslurfr;.(:nt 0 1 : Rising edge
' ' ' ' ' ' ' rigger selec | . .
SR CTs1 1 0 : Falling edge RW
[ 11 : Both edges
Pl w32
S DFO Disital Fiter Functi 0 0 : No digital filter RW
Slgiltat Bl.tter unction 19 1 : Do not set to this value
- elect Bi
[ 10:feT1
LCEEE DF1 RwW
[ 11:f1
' ________________ - Gate Function 0 : Gate function is not used RW
G Select Bit(V 1 : Gate function is used
; 0 : Not cleared
o te F t | -
A EEEEEEEEEE GOC Gal N ;r_lfllgng? ear 1: The gate is cleared when the base| RW
Select Bit'™ = timer matches the GiPOk register
' Gate Function Clear The gate is cleared by setting the
5 GSC | g2 GSC bit to "1" RW
' ___________________________ PR Prescaler Function 0 : Not used RW
Select Bit® 1:Used
NOTES:
1. These bits are in the GITMCR6 and G1TMCRY registers.
Set all bits 7 to 4 in the GITMCRO to GITMCRS5 registers to "0".
2. These bits are enabled only when the GT bit is set to "1".
3. The GOC bit is set to "0" after the gate function is cleared. See Figure 22.7 about the G1POk
register (k=4 when j=6 and k=5 when j=7).
Time Measurement Prescaler Register 1j (j=6,7)
b7 bo Symbol Address After Reset
| | G1TPR6, G1TPR7 012416, 012516 0016
Function Setting Range RW
If the setting value is n, the base timer value is
e stored into G1TMj register whenever a trigger input 0016 to FF16 RW
is counted by n+1(1)
NOTES:
1. The first prescaler, after the PR bit in the GITMCR; register is changed from "0" (prescaler function
used) to "1" (prescaler function not used), may be divided by n rather than n+1. The subsequent
prescaler is divided by n+1.

Figure 22.5 G1TMCRO to GITMCRY7 Registers, GI1TPR6 and G1TPR7 Registers
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22. Intelligent I/O

Time Measurement Register 1j (j=0 to 7)

b15 b8 b7 b0

Symbol Address

G1TMO to G1ITM2 010116 - 010016, 010316 - 010216, 010516 - 010416
G1TM3 to GITM5 010716 - 010616, 010916 - 010816, 010B16 - 010A16
010D16 - 010C16, 010F16 - 010E16

G1TM6, G1TM7

After Reset

Indeterminate
Indeterminate
Indeterminate

b7 b6 b5 b4 b3 b2 bl b0

Function Setting Range RW
The base timer value is stored every RO
measurement timing
Waveform Generating Control Register 1j (j=0 to 7)
Symbol Address After Reset
G1POCRO 011016 0000 X0002
G1POCR1 to G1IPOCR3 011116, 011216, 011316 0X00 X0002
G1POCR4 to GIPOCR7 011416, 011516, 011616, 011716 0X00 X0002
Bit . .
Symbol Bit Name Function RW
b2b1b0 Sinal ; d
000: Single waveform output mode
MODO 001" SR waveform output mode® | RW
010: Phase-delayed waveform
. output mode
MOD1 Operating Mode 011: Do not set to this value RW
Select Bit 1 00: Do not set to this value
101: Do not set to this value
110: Do not set to this value®
MOD2 1 11: Use communication function | pw
output®
Nothing is assigned. When write, set to "0". _
(b3) | When read, its content is indeterminate.
VL Output Initial Value 0: "L" output as default value RW
Select Bit®) 1: "H" output as default value
) ) 0: Reloads the G1POj register when
RLD G1POQj Register Value value is written RW
Reload Timing Select Bit| 1: Reloads the G1POj register when
the base timer is reset
0: Disables base timer reset when
BTRE Base Timer Reset Enable bit 15 in the base timer overflows RW
Bt 1: Enables base timer reset when
bit 9 in the base timer overflows(?
INV Inverse Output Function | 0: Output is not inversed RW
Select Bit(®) 1: Output is inversed

NOTES:

. This setting is enabled only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels provides

waveform output. Odd channels provides no waveform output.

and 1 and for the communication function.

G1POCRY7 registers to "0".

. To receive data in UART mode, set the GIPOCR?2 register to "0000 01102".
. This setting is enabled only for channels 0 and 1. To use the ISTxD1 pin, set the MOD2 to MODO bits
in the GIPOCRO register to "1112". To use the ISCLK1 pin for an output, set the MOD2 to MODO bits
in the GIPOCRU1 register t0"1112". Do not set the MOD2 to MODO bits to "1112" except in channels 0

. The BTRE bit is provided in the GIPOCRO register only. Set each bit 6 in the GIPOCR1 to

. The inverse output function is the final step in waveform generating process. When the INV bit is set

to "1", an "H" signal is provided a default output by setting the IVL bit to "0"; and an "L" signal is
provided by setting it to "1".

. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to "0"

(the time measurement function selected) and IFE]j bit in the G1FE register to "1" (functions for
channel j enabled). Then set the IVL bit to "0" or "1".

. When the BTRE bit is set to "1", set the BCK1 and BCKO bits in the G1IBCRO register to "112" (f1) and

the UD1 and UDO bits in the G1BCRL register to "002" (counter increment mode).

Figure 22.6 G1TMO to G1TM7 Registers and G1POCRO to G1POCRY7 Registers
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Waveform Generating Register 1j (j=0 to 7)

b15 b8 b7 b0

Symbol Address After Reset

G1POO0to G1PO2 010116-010016, 010316-010216, 010516-010416 Indeterminate
G1PO3to G1PO5 010716-010616, 010916-010816, 010B16-010A16 Indeterminate
G1PO6 to G1IPO7  010D16-010C16, 010F16-010E16 Indeterminate

Function Setting Range RW

* When the RLD bit in the G1IPOCR;j register is set
to "0", value written is immediately reloaded into
the G1POj register for output, for example, a

[EETEEEEP R waveform output, reflecting the value. 000016 to FFFF16 [ RW

* When the RLD bit is set to "1", the value is
reloaded when the base timer is reset. The value
written can be read until reloading.

Function Select Register 1

Channel 0 Time Measure- |0 : Selects the waveform generating
-| FSCO |ment/Waveform Generating function RW

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

| | | | | | | | | GI1FS 012716 0016
Pl Bt Bit Nam Function RW
: Symbol ame unctio

Function Select Bit 1 : Selects the time measurement
Channel 1 Time Measure- function
[ FSC1 [ment/Waveform Generating RW

Function Select Bit

Channel 2 Time Measure-
v mmmmemees FSC2 |ment/Waveform Generating RW
Function Select Bit

Channel 3 Time Measure-
vooTTmnmmmeee FSC3 |ment/Waveform Generating RW
Function Select Bit

Channel 4 Time Measure-
PooTTmmmmmmmmmeees FSC4 | ment/Waveform Generating RW
Function Select Bit

Channel 5 Time Measure-
¢ Tmmmmmmmsmmemsameeee FSC5 | ment/Waveform Generating RW
Function Select Bit

Channel 6 Time Measure-
P Tmmmmmmmmmmmmmmmmmmseed FSC6 | ment/Waveform Generating RW
Function Select Bit

Channel 7 Time Measure-
"""""""""""""" FSC7 | ment/Waveform Generating RW
Function Select Bit

Figure 22.7 G1POO0 to G1PO7 Registers and G1FS Register
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b7 b6 b5 b4 b3 b2 bl bo

Function Enable Register 1

Symbol Address After Reset
G1FE 012616 0016
Syl?Ti]tbm Bit Name Function RW
IFEO  [Channel O Function Enable Bit | o - pisables functions for channel j RW
IFE1 |Channel 1 Function Enable Bit | 1 : Enables functions for channel j| rw
IFE2 [Channel 2 Function Enable Bit (=0t07) RW
IFE3 | Channel 3 Function Enable Bit RW
IFE4 | Channel 4 Function Enable Bit RW
IFES  |Channel 5 Function Enable Bit RW
IFE6 | Channel 6 Function Enable Bit RW
IFE7 | Channel 7 Function Enable Bit RW

Figure 22.8 G1FE Register
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Base Timer)

22.1 Base Timer
The base timer is a free-running counter that counts an internally generated count source.
Table 22.2 lists specifications of the base timer. Figures 22.3 and 22.4 show registers associated with the
base timer. Figure 22.9 shows a block diagram of the base timer. Figure 22.10 shows an example of the
base timer in counter increment mode. Figure 22.11 shows an example of the base timer in counter incre-
ment/decrement mode. Figure 22.12 shows an example of two-phase pulse signal processing mode.

Table 22.2 Base Timer Specifications
Item Specification

Count Source (fBT1) f1 divided by Z+1), two-phase pulse input divided by 2(n+1)

7. determined by the DIV4 to DIVO bits in the G1BCRO register
/=0 to 31; however no division when /7=31

Counting Operation The base timer increments the counter value

The base timer increments and decrements the counter value
Two-phase pulse signal processing

Counter Start Condition The BTS bit in the G1BCR1 register is set to "1" (base timer starts counting)
Counter Stop Condition The BTS bit in the G1BCR1 register is set to "0" (base timer reset)
Base Timer Reset Condition » The value of the base timer matches the value of the G1POO register

* An low-level ("L") signal is applied to the INTO or INT1 pin

* Bit 15 or bit 9 in the base timer overflows

Value when the Base Timer is Reset| "000016"

Interrupt Request The BT1R bit in the 11O4IR register is set to "1" (interrupt requested) when bit
9, bit 14 or bit 15 in the base timer overflows (See Figure 11.14.)

Read from Base Timer » The G1BT register indicates the counter value while the base timer is running

» The G1BT register is indeterminate when the base timer is reset
Write to Base Timer When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while
the base timer is reset
Selectable Function » Counter increment/decrement mode
The base timer starts counting when the BTS bit is set to "1". After
incrementing to "FFFF16", the timer counter is then decremented back to
"000016". If the RST1 bit in the G1IBCRL register is set to "1" (the base
timer is reset by matching with the G1PQOO register), the timer counter
decrements two counts after the base timer matches the G1POO register.
The base timer increments the counter value again when the timer counter
reaches "000016." (See Figure 22.11.)
» Two-phase pulse processing mode
Two-phase pulse signals from P76 and P77 pins or P80 and P81 pins
are counted as well. (See Figure 22.12.)
The IPSA_O bit in the IPSA register controls input pin selection.
(Refer to 24. Programmable I/O Ports)

(P7e)

(P77)
The timer increments  The timer decrements
counter on all edge counter on all edges
Rev. 1.01 Jul. 07, 2005 Page 282 of 495 RENESAS

REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Base Timer)

BCK1 to BCKO

BT1 .
* Base Timer

fi ETR S 2(n+1) —| Tbo! bl b15|
Apply the Two-Phase __go Divider [ Overflow Signal
Pulse Signal 10 A A I -0 Base Timer
o BTRE (O- Interrupt Request
——Q of 7 (See the BT1R
. P O bit on Figure
BTS Bit 11.14)
RST1
Matching with
the G1POO Register Base Timer Reset
RST2
Apply "L" to
the INTi Pin
(i=0,1)

BCK1 and BCKO, IT : Bits in the G1BCRO register
RST2 to RSTO, BTS : Bits in the G1BCR1 register
BTRE : Bit in the GIPOCRO register

Figure 22.9 Base Timer Block Diagram

Table 22.3 Base Timer Associated Register Settings
(Also applies when using time measurement function, waveform generating function and communication function)

Register Bit Function
G1BCRO BCK1, BCKO Select count source
DIV4 to DIVO Select divide ratio of count source
IT Select the base timer interrupt
G1BCR1 RST2, RST1 Select source for a base timer reset
BTS Used to start the base timer independently
uD1, UubDO Select how to count
G1POCRO BTRE Select source for a base timer reset
G1BT - Read or write base timer value

Set the following registers to set the RST1 bit to "1" (base timer reset by matching the base timer with the G1POO register).

G1POCRO MOD2 to MODO | Set to "0002" (single-phase waveform output mode)
G1POO0 - Set reset cycle
G1FS FSCO Set to "0" (waveform generating function)
G1FE IFEO Set to "1" (channel operation start)
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Base Timer)

(1) When the IT bit in the GIBCRO register is set to "0" (bit 15 in the base timer overflows)

FFFFws | — — — — — — — — —

Base Timer

800016 [— — — —/"— — — — — — - - =

000016

Bit 15 Overflow Signal 1 I—{ li
0 ' Write "0" by program
L . "1 if setting to "0"
BTIR bitin IO4IR register .~ M

o)

The above applies to the following conditions:
« The RST1 in the G1BCRL register is set to "0" (the base timer is not reset by matching the G1POO register)
« The UD1 and UDO bits in the G1BCRL register are set to "002" (counter increment mode)

(2) When the IT bit is set to "1" (bit 14 in the base timer overflows)

FFFFis| — — — — — — — — —

coo0|l————-———— -~ |- === - - -

Base Timer 800016 |- — — — —

aoooss | — L 4 L
000016 L : L f
Bit 14 Overflow Signal 2 ’ l. l 1
. . oo : i :
BT1R bit in 1104IR register o [ [ |_|
— N~ ~ Write "0" by program
if setting to "0"

The above applies to the following conditions:
* The RST1 in the G1BCRL register is set to "0" (the base timer is not reset by matching the G1POO register)
« The UD1 and UDO bits in the G1BCR1 register are set to "002" (counter increment mode)

Figure 22.10 Counter Increment Mode
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(1) When the IT bit in the G1BCRO register is set to "0" (bit 15 in the base timer overflows)

FFFF6 | - — — = — — = — — A — - - — - — — — — — — — — — — — — —
Base Timer
800016 |[— — — — o — — — — — — — — — — N — — — — — — — —
Bit 15 " 1 ; ;
Overflow Signal "or +
. wge ' Write "0" by program
BTlR bit . . |_| — if setting to "0"
in 11O4IR register 0

The above applies to the following conditions:
« The RST1 in the G1BCRL1 register is set to "0" (the base timer is not reset by matching the G1POO register)
« The UD1 and UDO bits in the G1BCRL register are set to "012" (counter increment/decrement mode)

(2) When the IT bit is set to "1" (bit 14 in the base timer overflows)

FFFF16
C00016
Base Timer
800016
400016
000016
Bit 14 Overflow
Signal
BT1R bit

in 1I04IR register

Write "0" by program
if setting to "0"

The above applies to the following conditions:
« The RST1 in the G1BCRL1 register is set to "0" (the base timer is not reset by matching the G1POO register)
« The UD1 and UDO bits in the G1BCR1 register are set to "012" (counter increment/decrement mode)

(3) When the RST1 bit in the G1BCRL1 register is set to "1" (the base timer is reset by matching with the G1POO register)

800216

800016

Base Timer

000016 ":‘//\//\I?’_\/

The above applies to the following conditions:
« Value of G1POO register: "800016"
« The UD1 and UDO bits in the G1BCRL register are set to "012" (counter increment/decrement mode)

Figure 22.11 Counter Increment/Decrement Mode
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(1) When the base timer is reset while the base timer increments the counter value

~
P80 (P76)® "y

(A-phase) \
Input ' N : :
WF::weform< U mi
P81 (P77)® "H" A e—
(B-phase) L—| minlps :
" i

When selects no divisi]:)BnT l) T J—I I—I T_I I—I —| |—I —I

with the divider by 2(n+1)

INT1 "H"
(Z-phase) L

(Note 1)

A

The base timer starts counting

Base TImer D( m ><m+1>< 0 >< 1 >< 2 ><:

Set to "0" in this timing Set to "1" in this timing

(2) When the base timer is reset while the base timer decrements the counter value

~
P8o (P76)?

(A-phase) H—|
Input < "Lt

Waveform ) «—>
P81 (P77) i min 1 ps

(B-phase)

T

\_ min 1 ps

i

fBT1
When selects no division \ "H"
(With the divider by 2(n+1) wn
INT1
(Z-phase) "H" < (Note 1)
upn

A 4

The base t:imer starts counting

0 >é<FFFF1<><FFFE1}<

Base Tlmer

D<m><m-l

Set to "0" in this timing Set to "FFFF16" in this timing
NOTES:
1. 1.5 fBT1 clock cycles or more are required.
2. Select either port by setting the IPSA_0 bit in the IPSA register.

Figure 22.12 Base Timer Operation in Two-phase Pulse Signal Processing Mode
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22.2 Time Measurement Function
When external trigger is applied, the value of the base timer is stored into the G1TMj register (j=0 to 7).
Table 22.4 shows specifications of the time measurement function. Tables 22.5 and 22.6 list pin settings of
the time measurement function. Figures 22.13 and 22.14 show operation examples of the time measure-
ment function. Figure 22.15 shows an operation example of the prescaler function and gate function.

Table 22.4 Time Measurement Function Specifications

Item

Specification

Measurement Channel

Channels 0 to 7

Trigger Input Polarity

Rising edge, falling edge and both edges of the INPC1j pin

Measurement Start Condition

The IFEj bit in the G1FE register is set to "1" (channel j function enabled)
when the FSCj bit (j=0 to 7) in the G1FS register is set to "1" (time
measurement function selected)

Measurement Stop Condition

The IFEj bit is set to "0" (channel j function disabled)

Time Measurement Timing

« No prescaler: every time a trigger signal is applied
* Prescaler (for channel 6 and channel 7):

every GITPRk register (k=6,7) value +1times a trigger signal is applied

Interrupt Request Generating Timing

The TM1jR bit in the interrupt request register (See Figure 11.14) is set to

"1" (interrupt requested) at time measurement timing

INPC1j Pin Function

Trigger input pin

Selectable Function

« Digital filter function

The digital filter samples a trigger input signal level every f1 or fBT1
cycles and passes pulse signals, matching trigger input signal level,
three times

* Prescaler function (for channel 6 and channel 7)
Time measurement is executed every G17PRk register value +1times a
trigger signal is applied

* Gate function (for channel 6 and channel 7)
After time measurement by the first trigger input, trigger input cannot be
accepted. However, while the GOC bit in the GITMCRK register is set to
"1" (gate cleared by matching the base timer with the G1POp register (p=4
when k=6, p=5 when k=7), trigger input can be accepted again by matching
the base timer value with the G1POp register setting or by setting the GSC
bit in the GLTMCRKk register is set to "1"
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Table 22.5 Pin Settings for Time Measurement Function

Pin Bit and Setting
PS1, PS2, PS5, PS8 Registers| PD7, PD8, PD11, PD14 Registers IPS Register
P70/INPC16 PS1.0=0 PD7 0=0 IPS1=0
P71/INPC17 PS1.1=0 PD7_1=0
P73/INPC10 PS1.3=0 PD7_3=0
P74/INPC11 PS1 4=0 PD7_4=0
P7s/INPC12 PS1.5=0 PD7_5=0
P76/INPC13 PS1.6=0 PD7_6=0
P77/INPC14 PS1.7=0 PD7_7=0
P81/INPC15 PS2.1=0 PD8 1=0
P110/INPC10() PS5 0=0 PD11._0=0 IPS1=1
P111/INPC11(D) PS5 1=0 PD11_1=0
P112/INPC12(1) PS5 2=0 PD11.2=0
P113/INPC13(D) PS5 3=0 PD11_3=0
P140/INPC14(D) PS8 0=0 PD14 0=0
P141/INPC15(D) PS8 1=0 PD14 1=0
P142/INPC16() PS8 2=0 PD14 2=0
P143/INPC17(D) PS8 3=0 PD14 3=0

NOTES:
1. This port is provided in the 144-pin package only.

Table 22.6 Time Measurement Function Associated Register Settings

Register Bit Function
G1TMCRj CTS1, CTSO Select a time measurement trigger
DF1, DFO Select the digital filter function

GT, GOC, GSC Select the gate function

PR Select the prescaler function
G1TPRK - Setting value of the prescaler
G1FS FSCj Set to "1" (time measurement function)
G1FE IFEj Set to "1" (channel j function enabled)
j=0to7 k=6,7

Bit configurations and functions vary with channels used.
Registers associated with the time measurement function must be set after setting registers associated with the base timer.
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Signal Applied "H"
to the INPC1j Pin "L l_l l_l l_l
FFFF16 |--------- e s SR EEE R LR
n J--------d fm e . E
Base Timer ! :
p i e G D
m |------- < E ,
000016
G1TMj Register X m X n X p
/erte "0" by program if setting to "0"
TM1jR Bitinthe  "1" 1 [ '|—|
II0IIR Register "0
i=0to4,8to0 10
j=0to 7

The above applies to the following conditions:

e The CTS1 and CTSO bits in the GITMCR] registers are set to "012" (rising edge).
The PR bit is set to "0" (no prescaler used) and the GT bit is set to "0" (no gate
function used).

e The RST2 and RST1 bits in the G1BCRL1 register are set to "002" (no base timer
reset).

The UD1 and UDO bits are set to "002" (counter increment mode).

To set the base timer to "000016" (setting the RST1 bit to "1" and the RST2 bit to "0")
when the base timer value matches the G1POO register setting, the base timer is set
to "000016" after it reaches the G1POO register value +2.

Figure 22.13 Time Measurement Function (1)
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(1) When selecting the rising edge as a time measurement trigger
(The CTS1 and CTSO bits in the GITMCR; register (j=0 to 7) are set to "012")

fBT1

Base timer (2 ) X 0 KmeaX ez s e o nseX e o)X n-aXns10r ik 111

(Note 2)

- >
INPC1j pin H }2» | l )
TMLIR bit®) o 2»I_I [ ] [ 1]
<>

=

i

\ Write "0" by program
\ Delayed by max. 1 clock v v if setting to "0"

G1TM,j register X n X n+5 X n+8

NOTES:
1. Bits in the 1IO0IR to IIO8IR, 11010IR to IIO11R registers. See Figure 11.14 about the TM1jR bit.
2. Input pulse applied to the INPC1j pin requires 1.5 fBT1 clock cycles or more.

(2) When selecting both edges as a time measurement trigger
(The CTS1 and CTSO0 bits are set to "112")

fBT1

Base timer (2 )X X _n KmeaX ez sk e nssXnso ) 7 o neaXns10e X111

INPC1j pin

. ~ z ~ l
g (Note 2)
— >

\ Write "0" by program
\/ \/ \/ \/ \J \/ if setting to "0"

G1TM,j register X n X n+2 )@( n+6 X n+8 X n+12

NOTES:
1. Bits in the 1IO0IR to 1104IR, 11O08IR to IIO10R registers. See Figure 11.14 about the TM1jR bit.
2. No interrupt is generated if the microcomputer receives a trigger signal when the TM1jR bit is set to "1".
However, the value of the G1TM)j register changes.

(3) Trigger signal when using the digital filter
(The DF1 and DFO bits in the GITMCR;j register are set to "102" or "112")

f1 or fBT1(®)

NeClpn T D D n

. v ! ! Maxi;num 3.5flor
Trigger signal oy Signal, which does not match ! faT1(!) clock cycles
after passing . three times, is stripped off
the digital filter - The trigger signal is delayed
by the digital filter
NOTES:

1. fBT1 when the DF1 and DFO bits are set to "102", and f1 when to "112".

Figure 22.14 Time Measurement Function (2)
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(a) With the prescaler function
(When the G1TPR; register (j=6, 7) is set to "0216", the PR bit in the GITMCR; register is set to "1")

fBT1

Base Timer Cn2X X n KmeaX ez neaf meaX nesX nseX 7 nesX o) 10 11X+ 120 +1301+19

INPC1j pin input
j pin inp e | A
g h Y
Internal time H
\/ \/

measurement trigger "L

Prescaler(®) 0 X 2 X 1 X 0 X 2
Write "0" by program

o nye if setting to "0"
2
TMIR bit® o »

Y \/
G1TMj register v X n X n+12

NOTES:
1. This applies to cycles following the first cycle the G1TPR; register decrements after the PR bit in the GITMCR]j
register is set to "1" (prescaler used).
2. Bits in the 1IO0IR to 1104IR, 1108IR to II010IR registers. See Figure 11.14 for the TM1jR bit.

(b) With the gate function
(The gate function is cleared by matching the base timer with the G1POk register (k=4, 5).
the GT bit in the GITMCR; register is set to "1", the GOC bit is set to "1")

FFFF16

§ Value of the G1POk register - -----------==
Base Timer

IFEj bit in G1FE "1

register "o"

INPC1j pin input H m
L

This trigger input is disabled
due to the gate function

Internal time
measurement trigger

Signal to match
G1POKk register

Y
Gate control signal oL

TInI

¥ Gate Gate cleared Ed ¥~ Gate
TM1jR bit@ " ¢ Write "0 by program if setting to "0" I_l
M
\ v
G1TWj register X X

NOTES:
1. Bits in the 1IO0IR to 1I04IR, 110O8IR to 1I010IR registers. See Figure 11.14 for the TM1jR bit.

Figure 22.15 Prescaler Function and Gate Function
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22.3 Waveform Generating Function
Waveforms are generated when the value of the base timer matches that of the G1PQj register (j=0 to 7).
The waveform generating function has the following three modes :
* Single-phase waveform output mode
» Phase-delayed waveform output mode
« Set/Reset waveform output (SR waveform output) mode
Table 22.7 lists pin settings of the waveform generating function. Table 22.8 lists registers associated with
the waveform generating function.

Table 22.7 Pin Settings for Waveform Generating Function

Pin Bit and Setting
PS1, PS2, PS5 to PS8 PSL1, PSL2 Registers PSC, PSC2 Registers | PSD1 Register
Registers
P70/0OUTC16 PS1 0=1 PSL1 0=0 PSC 0=1 PSD1_0=1
P71/0UTC17 PS1 1=1 PSL1 1=0 PSC 1=1 PSD1_1=1
P73/0UTC10 PS1 3=1 PSL1 3=0 PSC 3=1 -
P74/OUTC11 PS1 4=1 PSL1_4=0 PSC 4=1 -
P75/0UTC12 PS1 5=1 PSL1 5=1 - -
P76/OUTC13 PS1 6=1 PSL1 6 =0 PSC_6=0 PSD1_6=1
P77/0UTC14 PS1 7=1 PSL1 7=1 - -
P81/OUTC1s5 PS2 1=1 PSL2_ 1=1 PSC2_1=1 -

P110/0UTC10W| PS5 0=1 - - -

P111/0UTC11M)| PS5 1=1

P112/0UTC12M| PS5 2=1

P113/0UTC13M)| PS5 3=1

P140/0UTC140)| PS8 0=1

P141/0UTC1sM)| PS8 1 =1

P142/0UTC16M)| PS8 2=1

P143/0UTC17(M)| PS8 3=1

NOTES:
1. This port is provided in the 144-pin package only.

Table 22.8 Waveform Generating Function Associated Register Settings

Register Bit Function

G1POCRj MOD2 to MODO Select waveform output mode
IVL Select default output value
RLD Select a timing to reload the value of the G1POj register
INV Select if output level is inversed

G1PQOj - Select when output waveform is inversed

G1FS FSCj Set to "0" (waveform generating function)

G1FE IFEj Set to "1" (enables a function on channel j)

j=0to7

Bit configurations and functions vary with channels used.
Registers associated with the waveform generating measurement function must be set after setting registers associated
with the base timer.
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22.3.1 Single-Phase Waveform Output Mode
Output signal level of the OUTCL1]j pin becomes high ("H") when the value of the base timer matches that
of the G1POj register (j=0 to 7). The "H" signal swithches to a low-level ("L") signal when the base timer
reaches "000016". If the IVL bit in the GLPOCR]j register is set to "1" ("H" output as default value), an "H"
signal output is provided when waveform output starts. If the INV bit is set to "1" (output inversed), the
level of the waveform output is inversed. See Figure 22.16 for details on single-phase waveform output
mode operation. Table 22.9 lists specifications of single-phase waveform output mode.

Table 22.9 Single-Phase Waveform Output Mode Specifications

Item Specification

Output Waveform(® « Free-running operation

(the RST2 and RST1 bits in the G1BCRL1 register are set to "002")

Cycle 65536
fBT1
"Lt width m
fBT1
"H" width 65536-m_
fBT1

m : setting value of the G1PQj register (j=0 to 7), 000016 to FFFF16

* The base timer is cleared to "000016" by matching the base timer with the
G1POO register (the RST1 bit is set to "1" and the RST2 bit is set to "0")

n+2
Cycle
y fBT1
"L" width : m
fBT1
"H" width n*zm
fBT1

m : setting value of the G1PQj register (j=1 to 7), 000016 to FFFF16
n : setting value of the G1POO register, 000116 to FFFD16
If m = n+2, the output level is fixed to "L"

Waveform Output Start Condition¥ | The IFEj bit in the G1FE register is set to "1" (channel j function enabled)

Waveform Output Stop Condition | The IFE]j bit is set to "0" (channel j function disabled)

Interrupt Request The PO1jR bit in the interrupt request register is set to "1" (interrupt
requested) when the value of the base timer matches that of the G1PQOj
register. (See Figure 11.14)

OUTC1j Pin Pulse signal output pin

Selectable Function « Default value set function: Set starting waveform output level

« Inversed output function:

Waveform output signal is inversed and provided from the OUTC1j pin

NOTES:
1. Set the FSC;j bit in the G1FS register to "0" (waveform generating function selected).
2. When the INV bit in the GIPOCR;j register is set to "1" (output inversed), the "L" width and "H" width are inversed.
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(1) Free-Running Operation
(The RST2 to RST1 bits in the G1BCR1 register are set to "002")

FFFF16 |-------mmmmmmmmm i m o m oo m oo e
Base Timer
1212 T S %
000015
. m_ .  65536-m :
v femi faT1 ' i
OUTC1j pin® 4|—l—|
! " 65536 !
o ' fBT1 E H
ouTC1j pin®@ oL ! |
N nyn : Write "0" by program :
PO1jR bit in the 1 |—| .~ if setting to "0" ,—|
IIOIIR register "o"

i=0to 4,810 10; j=0to 7
m : Setting value of the G1POj register, 000016 to FFFF16
NOTES:
1. Waveform output when the INV bit in the GLPOCR] register is set to "0" (not inversed)
and the IVL bit is set to "0" (output "L" as default value).
2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set
to "1" ("H" output as default value).

The above applies applies under the following condition:
* The RST2 and RST1 bits in the G1BCRL1 register are set to "002" (no base timer
reset) and the UD1 and UDO bits to "002" (counter increment mode)

(2) The Base Timer is Reset when the Base Timer Matches the G1POO0 Register
(The RST1 hit is set to "1" and the RST2 bit is set to "0")

n+2
Base Timer
m
000016 | . .
Poom L nt2m | 5 :
v e e ‘ ' i
o H 1 ' i r
OUTC1j pin o M
: Doz i i
' Tfgrg Write"0" by '
. . wqn | program if | |
PO1jR bit in the 1 [ ] setingto"o" [ | ™
IIOIIR register "0"

i=0to4,81t010; j=1t0 7
m : Setting value of the G1PQ;j register, 000016 to FFFF16
n: Setting value of the G1POO register, 000116 to FFFD16

The above diagram applies under the following conditions:
* The IVL bit in the GIPOCR] register is set to "0" ("L" output as default value).
The INV bit is set to "0" (not inversed).
* The UD1 and UDO bits in the G1BCR1 register are set to "002" (counter increment mode)
e m<n+2

Figure 22.16 Single-Phase Waveform Output Mode
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22.3.2 Phase-Delayed Waveform Output Mode

Output signal level of the OUTC1j pin is inversed every time the value of the base timer matches that of
the G1PQ;j register (j=0 to 7). Table 22.10 lists specifications of phase-delayed waveform output mode.
Figure 22.17 lists an example of phase-delayed waveform output mode operation.

Table 22.10 Phase-Delayed Waveform Output Mode Specifications

Item Specification

Output Waveform « Free-running operation

(the RST2 and RST1 bits in the G1IBCRL register are set to "002")

Cycle 65536 x 2
fBT1
"H" and "L" widths  ; 22236
fBT1

Setting value of the G1PQj (j=0 to 7) register is 000016 to FFFF16

* The base timer is cleared to "000016" by matching the base timer with the
G1POO register (the RST1 bit is set to "1" and the RST2 bit is set to "0")

Cycle : 2(n+2)
fBT1

"H" and "L" widths n+2
BT1

n : setting value of the G1POO register, 000116 to FFFD16
Setting value of the G1PQj (j=1 to 7) register is 000016 to FFFF16

If G1POQ;j register = n+2, the output level is not inversed

Waveform Output Start Condition¥)| The IFEj bit (j=0 to 7) in the G1FE register is set to "1" (channel j function
enabled)
Waveform Output Stop Condition | The IFE]j bit is set to "0" (channel j function disabled)

Interrupt Request The PO1jR bit in the interrupt request register is set to "1" (interrupt
requested) when the value of the base timer matches that of the G1PQOj
register. (See Figure 11.14)

OUTC1j Pin Pulse signal output pin

Selectable Function « Default value set function: Set starting waveform output level

« Inversed output function

Waveform output level is inversed to output a waveform from the OUTC1j pin

NOTES:
1. Set the FSC;j bit in the G1FS register to "0" (waveform generating function selected).
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22. Intelligent I/O

(1) Free-Running Operation
(The RST2 to RST1 bits in the G1BCRL1 register are set to "002")

Write "0" by program

POILjR bitin the ~ “1" if setting to "0"

o
Base Timer

T e LT T A Tt SEEEEPT SERREEEE

000016

! 65536 ! 65536 !

! fBT1 ! fBT1 !

o b ] ]

Inverse

OUTC1j pin® L 4!\ Inverse !‘/ !

: " 65536 x 2 !

H 4’ Inverse L fen |

R

OUTC1j pin® L < !\ Inverse ‘—

IOIIR register "

i=0to 4,810 10; j=0to 7
m : Setting value of the G1PQ;j register, 000016 to FFFF16
NOTES:
1. Waveform output when the INV bit in the G1IPOCR] register is set to "0" (not inversed)
and the IVL bit is set to "0" ("L" output as default value).
2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set to "1"
("H" output as default value).

The above diagram applies under the following condition:
¢ The RST2 and RST1 bits in the GIBCRL1 register are set to "002" (no base timer reset)
and the UD1 and UDO bits to "002" (counter increment mode).

(2) The Base Timer is Reset when the Base Timer Matches the G1POO0 Register
(The RST1 bit is set to "1" and the RST2 bit is set to "0")

[ R miaiii ey e
Base Timer
0 T Sy |
000016
m ! n+2 ! n+2 !
fori ! far1 ' feT1 '
OUTC1j pin H ¥~ Inverse [« Inverse ~
L ] : + Inverse
E Write "0" by E —2(23 :f) E
I ' if | |
PO1jR bitin the "1 - ke Aol MO |
; : - gto"0
IIOIIR register v o

i=0to 4,810 10; j=1to 7
m : Setting value of the G1PQ;j register, 000016 to FFFF16
n: Setting value of the G1POO register, 000116 to FFFD16
The above diagram applies to the following conditions:
* The IVL bit in the GIPOCR] register is set to "0" ("L" output as default value).
The INV bit is set to "0" (not inversed).
» The UD1 and UDO bits in the GIBCR1 register are set to "002" (counter increment mode).
e m<n+2

Figure 22.17 Phase-delayed Waveform Output Mode
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22.3.3 Set/Reset Waveform Output (SR Waveform Output) Mode

Output signal level of the OUTC1j pin becomes high ("H") when the value of the base timer matches that
of the G1PO;j register (j=0, 2, 4, 6). The "H" signal switches to a low-level ("L") signal when the value of the
base timer matches that of the G1POKk register (k=j+1) or when the base timer is set to "000016". If the
IVL bit in the G1POCR;j register is set to "1" ("H" output as default value), an "H" signal output is provided
when waveform output starts. If the INV bit is set to "1" (output inversed), the level of the output waveform
is inversed. Table 22.11 lists specifications of SR waveform output mode. Figure 22.18 shows an ex-
ample of a SR waveform output mode operation.

Table 22.11 SR Waveform Output Mode Specifications

Item Specification

Output Waveform(® « Free-running operation
(the RST2 and RST1 bits in the G1BCRL register are set to "002")

()m<n
"H"width : M
fBT1
"L"width m 3 + 65536 - n(4)
fBT1 fBT1
(2)mz=n
"H" width : 65536-m
fBT1
“L"width ; M
fBT1

m : setting value of the G1PQj register (j=0, 2, 4, 6 )
n : setting value of the G1POKk register (k=j+1)

* The base timer is cleared to "000016" by matching the base timer with the
G1POO register( (the RST1 bit is set to "1" and the RST2 bit is set to "0")

() m<n<p+2

"H" width n-m
fBT1

L'width : _m® _ p+2-n®
fBT1 fBT1

(2)m<p+2<n
"H"width : P+2-m
fBT1

"L" width m
fBT1

(3) If m = p+2, the output level is fixed to "L"

m : setting value of the G1POj register (j=2, 4, 6), 000016 to FFFF16

n : setting value of the G1POKk register (k=j+1), 000016 to FFFF16

p : setting value of the G1POO register, 000116 to FFFD16

NOTES:
1. When the G1POO register resets the base timer, the channel 0 and 1 SR waveform generating functions are not
available.
2. When the INV bit in the G1IPOCR;j register is set to "1" (output inversed), the "L" width and "H" width are inversed.
3. Waveform from base timer reset until when output level becomes "H".
4. Waveform from when output level becomes "L" until base timer reset.
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/0O (Waveform Generating Function)

Table 22.11 SR Waveform Output Mode Specifications (Continued)

Item Specification

Waveform Output Start Condition® | The IFEq bit (q=0 to 7) in the G1FE register is set to "1" (channel q function

enabled)

Waveform Output Stop Condition | The IFEq bit is set to "0" (channel g function disabled)

Interrupt Request The PO1jR bit in the interrupt request register is set to "1" (interrupt requested)
when the value of the base timer matches that of the G1POj register.

The PO1kR bit in the interrupt request register is set to "1" (imterrupt requested)
when the value of the base timer matches that of the G1POKk register. (See
Figure 11.14)

OUTC1j Pin Pulse signal output pin

Selectable Function « Default value set function: Set starting waveform output level

« Inversed output function

Waveform output level is inversed to provide a waveform from the OUTC1j pin

NOTES:
5. Set the FSCj bit in the G1FS register to "0" (waveform generating function selected).
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent /O (Waveform Generating Function)

(1) Free-Running Operation
(The RST2 to RSTO bits in the G1IBCRL1 register are set to "002")

FFFF16 | -------mmmmmmmmmmm e g
L A 1
Base Timer i i
L frnfnenees |
000016 : :
©_n-m i 65536-n+m ! i
v fema i faT1 ! i
e h T ] '
outcypin® e e e R
! E 65536 ! E
e : i 38 ! 1
ouTClj pin®@ H . ’ |—|
v | | ; .
PO1jR bitinthe "1" : Write "0" by program : H
IIOIIR register . pd setting to '0" ;
. wqn i Write "0" by program !
PO1kR bitinthe "1 h . ey
QIR register g [ 1u ifsetting to™0
i=0to 4,810 10; j=0, 2, 4,6; k=j+1
m : Setting value of the G1PQj register, 000016 to FFFF16
n: Setting value of the G1POK register, 000016 to FFFF16
NOTES:

1. Waveform output when the INV bit in the GIPOCR;j register is set to "0" (not inversed)
and the IVL bit is set to "0" (output "L" as default value).

2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set to "1"
("H" output as default value).

The diagram above applies under the following condition:
* The RST2 and RST1 bits in the G1IBCRL1 register are set to "002" (no base timer reset)
and the UD1 and UDO bits to "002" (counter increment mode).
°*m<n

(2) The Base Timer is Reset when the Base Timer Matches the G1POO0 Register
(The RST1 bit is set to "1" and the RST2 bit is set to "0")

p+2

Base timer m

000016
n-m p+2-n+m
faT1 fBT1
- "H" ]
OUTC1j pin e M‘_
; T p2 : ; 5 :
\ ' fBT1 : ' ' E
PO1jR bit in the 1" : Write "0" by program : ; :
lIOIIR register  .q. [ Se“'”g to "0 E l :
- wqn : Write "0" by program, :
PO1kR bit in the "1 X '_|
lIOiIR register g [ luifsetting 100 L

i=0to 4,81t010; j=2,4,6; k=j+1
m : Setting value of the G1PQ;j register, 000016 to FFFF16
n: Setting value of the G1POK register, 000016 to FFFF16
p: Setting value of the G1POO register, 000116 to FFFD16
The diagram above applies to the following conditions:
« The IVL bit in the G1POCR] register is set to "0" ("L" output as default value).
The INV bit is set to "0" (not inversed).
* The UD1 and UDO bits in the GIBCR1 register are set to "002" (counter increment mode).
e m<n<p+2

Figure 22.18 SR Waveform Output Mode
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M32C/84 Group (M32C/84, M32C/84T)

22. Intelligent I/O (Communication Function)

22.4 Communication Unit 0 and 1 Communication Function
In the intelligent /O communication unit 1, 8-bit clock synchronous serial I/O, 8-bit clock asynchronous
serial I/O (UART) or HDLC data processing is available. In the communication unit 0, 8-bit clock synchro-

nous serial 1/0 or HDLC data processing is available.
Figures 22.19 to 22.28 show registers associated with the communication function.

Receive Input Register i (i=0,1)

b7 b0 Symbol
| | GORI, G1RI

Address
00EC16, 012C16

After Reset
Indeterminate

Function

Setting Range RW

Set data to be transmitted to a received

""""""" data generation circuit 0015 to FFs wo
Transmit Output Register i (i=0,1)
b7 b0 Symbol Address After Reset
| | GOTO, G1TO 00EE16, 012E16 Indeterminate
Function RW
EEEEEEEEEEEEEED Can read a data transmitted by a transmitted data generation circuit RO

Figure 22.19 GORI and G1RI Registers, GOTO and G1TO Registers
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M32C/84 Group (M32C/84, M32C/84T) 22. 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.

T E LR LR LT TE Transmit Enable Bit 0: Transm!t disable RW
1 : Transmit enable

P e RE Receive Enable Bit 0: Rece!ve disable RW
1: Receive enable

Symbol Address After Reset
| | | | |><] | | | GOCR, GICR  00EF1s, 012F16 0000 X0112
AR T Bit . .
P b | symbol Bit Name Function RW
A R T Transmit Buffer 0 : Data in the GiTB register
- T . . . RO
- Empty Flag 1 : No data in the GIiTB register
0 : Data in the transmit register
Transmit Register (during transmission)
A R TXEPT Empty Flag 1: No data in the transmit register RO
P (transmit completed)
g | Receive Complete |0 No data in the GRB register RO
oo Flag 1 : Data in the GiRB register

ISRXD Input Polarity [ 0 : No inverse

PoTTTTTTTTTm s ees IPOL Switch Bit 1: Inverse® RW
ISTXD Output Polarity] O : No inverse
OPOL Switch Bit 1: Inverse( RW
NOTES:
1. Set this bit to "1" when using UART mode.
S1/O Receive Buffer Register i (=0, 1)
b1 b8 b7 bo Symbol Address After Reset
MM I:I GORB, G1RB 00E916-00E816, 012916-012816 X000 XXXX XXXX XXXX2
Bit Bit Name Function RW
' Symbol
------- (67-50) _ Received data RW

Nothing is assigned.
(b11 - b8) [ When read, its content is indeterminate.

0 : No overrun error
....................... OER | Overrun Error Flag RO

1: Overrun error found
0 : No framing error
......................... FER i @ . RO
Framing Error Flag 1 : Framing error found
0 : No parity error
--------------------------- PER | Parity Error Flag® 1 party RO

: Parity error found

Nothing is assigned.
""""""""""""""" (b15) | When read, its content is indeterminate.

NOTES:
1. Nothing is assigned in the FER and PER bits in the GORB register.
When read, its content is indeterminate.

Figure 22.20 GOCR and G1CR Registers, GORB and G1RB Registers
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M32C/84 Group (M32C/84, M32C/84T)

22. 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
Syl?rlltbm Bit Name Function RW
Pl b empo %lblo Clock synch ao |
Communication Mode - Llock synchronous seria
R Select Bit mode
R GMD1 1 1: HDLC data processing mode® | rw
Internal/External Clock |0 : Internal clock
CKDIR | select Bit 1: External clock RW
Pl et Reserved Bit Set to "0" RwW
o (b5 - b3)
Transfer Format 0: LSB first
g ------------------------ UFORM Select Bit 1: MSB first RW
0 : No data in the GOTB register
"""""""""""""" Transmit Interrupt (TI=1)
IRS . L RwW
Cause Select Bit 1 : Transmission is completed
(TXEPT=1)
NOTES:
1. Do not set to any bit combinations except the above.
SI/O Communication Mode Register 1
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
||||||||| GIMR 012D16 0016
Sy?rgtbol Bit Name Function RW
. wITo
A A A Vsl - 0 0: UART mode RW
Pl Communication Mode |0 1: Clock synchronous serial I/O
Select Bit mode
O GMD1 1 0: Special communication mode® | Rw
1 1: HDLC data processing mode
Internal/External Clock | O : Internal clock
CKDIR | select Bit 1: External clock RW
Stop Bit Length 0: 1 stop bit
e STPS | select Bit 1: 2 stop bits RW
- PRY Parity Ogd/Even 0: Odd pant.y RW
oo Select Bit 1: Even parity
R Parity Enable 0 : Parity disabled RW
PRYE | select Bit 1 : Parity enabled
Transfer Format 0: LSB first
E ----------------------- UFORM Select Bit 1: MSB first RW
0 : No data in the G1TB register
Transmit Interrupt (TI=1)
--------------------------- IRS ! o RW
Cause Select Bit 1: Transmission is completed
(TXEPT=1)
NOTES:

1. In M32C/85, do not set the GMD1 and GMDO bits to "102"

except when using in motor vehicles.

Figure 22.22 GOMR and G1MR Registers

Rev. 1.01 Jul. 07, 2005 Page 302 of 495
REJ09B0036-0101

RENESAS




M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Communication Function)

SI/O Expansion Mode Register 0%
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
— GOEMR 00FC16 0016
TR A A T Bit . .
P o0 v v b 11| Symbol Bit Name Function RW
bt b bt d —— | Reserved Bit Setto "0" RW
A (b0)
A CRC Default Value | 0: Set to "000016"
- RCV . RW
N CRC Select Bit 1: Setto "FFFF16"
T T S—— ACRC | CRC Reset Select Bit | 0 Nt reset RW
P 1: Reset®
oo Bit Stuffing Error 0 : Not used
. BSINT ) RW
oo Interrupt Select Bit 1:Used
S RXSL Re§elve Source 0 : ISRXDO pin RW
oo Switch Bit 1 : GORI register
___________________ Transmit Source 0:1STxDO pin
P TSt Switch Bit 1: GOTO register RW
P b7 b6
R ALLLEEEELEPEEEPPLE CRCO 00 : x8+x4 RW
' CRC Generation XXX+ .
Pol ial Select Bit 0 1 : Do not set to this value
P olynomial Select bl 10 : x64x154x241
CRC1 11 x364x124x541 RW
NOTES:
1. The GOEMR register is used in HDLC data processing mode. It must be in a reset state or set to
"0016" in clock synchronous serial /0O mode.
2. CRC is reset when data in the GOCMP3 register matches received data.
SI/0 Expansion Mode Register 1)
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | Symbol Address After Reset
I I N I A G1EMR 013C16 0016
I . -
Prob b r bt | symbol Bit Name Function RW
Synchronous Mode 0 : Re-synchronous mode not used
v+ 4+ 4 v 1 v '+ SMODE . RW
oo Select Bit 1 : Re-synchronous mode
CRC Default Value 0:"000016" is set
A CREV T Select Bit 1:"FFFF16" is set RW
I A A P ACRC | CRC Reset Select Bit | 2 - Notreset RW
A 1: Reset®
oo Bit Stuffing Error 0 : Not used
o e BSINT ) RW
roro S Interrupt Select Bit 1:Used
Receive Source 0 : ISRxD1 pin
A RXSL Switch Bit 1: G1Rl register RW
I Transmit Source 0 :1STxD1 pin
P TSt Switch Bit 1: G1TO register RW
P b7 b6
R ALLLEEEELEEEEEPPE CRCO 0 0 :X8+x? RW
: CRC Generation P XXX .
: Polvnomial Select bit 0 1 : Do not set to this value
S Y 1 0 :x¥64x154x2+1
CRC1 11 :x¥04x124x5+1 RW
NOTES:
1. The G1EMR register is used in special communication mode or HDLC data processing mode. It
must be in a reset state or be set to "0016" in clock synchronous serial I/O mode or UART mode.
2. CRC is reset when data in the GICMP3 register matches received data.

Figure 22.23 GOEMR and G1EMR Registers
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Communication Function)

SI/O Expansion Transmit Control Register 0

b7 b6 b5 b4 b3 b2 bl bo

|| fo] ofojo]o

Symbol Address After Reset
| GOETC 00FF16 0000 OXXX2

Sy?rztbol Bit Name Function RW
A N R S i "o —
Pl (b3 - bO) Reserved Bit Setto "0
A eReg | Transmit CRC 0 : Not used W
IR CRCE Enabe Bit 1: Used
- SN —— | Reserved Bit Setto "0" RW
P (b5)
_ _______________________ TBSE Transmit Bit Stuffing "1" | 0 : "1" is not inserted RW
H SFO Insert Select Bit 1:"1"is inserted
: Transmit Bit Stuffing "0" | 0 : "0" is not inserted
RELEEE T EEPTTLEEPPELEEPRLE TBSF1 ) o

Insert Select Bit 1:"0"is inserted RW

NOTES:
1. The GOETC register is used in HDLC data processing mode. It must be in a reset state or set to
"0016" in clock synchronous serial /0 mode.

SI/O Expansion Transmit Control Register 1(1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
Z ;Z ;Z ; GlETC 013F16 0000 OXXX2

- Bit . .
- - Symbol Bit Name Function RW
R 4 Bi When read, RO
P (b2 - b0) eserved Bit its content is indeterminate
b heeeeeeeeeees SOE SOF Trangmlt 0 : No request to trangmlt SOF RW
oo Request Bit 1: Request to transmit SOF
Transmit CRC 0 : Not used
E E E ----------------- TCRCE Enable Bit 1: Used RW
R ABTE | Abitration Enable Bit | O \otused RW
I 1:Used
Transmit Bit Stuffing "1"| 0:"1" is not inserted
P TBSFO Insert Select Bit 1:"1"isinserted RW
Transmit Bit Stuffing "0"| 0: "0" is not inserted
--------------------------- TBSF1 . . RW

S Insert Select Bit 1:"0"isinserted

NOTES:
1. The G1ETC register is used in special communication mode or HDLC data processing mode. It
must be in a reset state or set to "0016" in clock synchronous serial I/O mode or UART mode.

Figure 22.24 GOETC and G1ETC Registers

Rev. 1.01 Jul. 07,2005 Page 304 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T)

22. Intelligent I/O (Communication Function)

NOTES:

to "1"

SI/O Expansion Receive Control Register i (i=0,1)})

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
A 1 GOERC, G1ERC 00FD1s, 013D16 0016
Sy?#bol Bit Name Function RW
: The GIDR register (receive data register) is
- CMPOE Eata t{:ong)pare not compared with the GICMPO register RW
unction : The GIDR register is compared with the
P Select Bit GICMPO register
: The GIDR register (receive data register) is
- CMP1E Eata t{:omlpare not compared with the GICMP1 register RW
o T unction : The GIDR register is compared with the
P Select Bit GICMP1 register
: The GIDR register (receive data register) is
o] CMP2E Ejrt]act(if)?]mzpare not compared with the GICMP2 register RW
: Select Bit : The GIDR register is compared with the
: elect 5i GICMP2 register
: The GIDR register (receive data register) is
] CMP3E Ejaact(ié%n;pare not compared with the GICMP3 register RW
Select Bit : The GIDR register is compared with the
elect 5i GICMP3 register(®
Receive CRC : Not used
------------- RCRCE Enable Bit : Used RW
RSHTE gegfgiﬁ)r?hiﬁ : Receive shift operation disabled RW
Er?able Bit : Receive shift operation enabled
Receive Bit Cuqn
o 0:"1"is not deleted
-------------- RBSFO | Stuffing"1" Delete | ; .1 i yajeted RW
Select Bit '
Receive Bit e
0:"0 t deleted
-------------- RBSF1 | Stuffing "0" Delete| "o !S 20| tede € RW
Select Bit : IS delete

1. The GIERC register is used in special communication mode or HDLC data processing mode.
It must be set to "0010 00002" in clock synchronous serial I/O mode.
It must be in a reset state or be set to "0016" in UART mode.

2. When the ACRC bit in the GIEMR register is set to "1" (CRC reset function used), set the CMP3E bit

Figure 22.25 GOERC and G1ERC Registers
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M32C/84 Group (M32C/84, M32C/84T)

22. Intelligent I/O (Communication Function)

SI/O Special Communication Interrupt Detect Register 0 (2
b7 b6 b5 b4 b3 b2 bl bO
| | | | | 0 | | 0 | 0 | Symbol Address After Reset
— GOIRF 00FEz16 0016
R SRR B Bit . .
orobn | symbol Bit Name Function RW
(51-50) Reserved Bit Set to "0" RW
Bit Stuffing Error| O : Not detected
R R Aanet BSERR RW
R R S Detect Flag 1: Detected
PR a Reserved Bit Set to "0" RW
0 : The GODR register (receive data register)
Dol e IRFO g;?g#rﬂtngs c?r? € does not match the GOCMPO register
Pl Flag 0 1 : The GODR register matches the GOCMP0 | RW
oo ag register
0 : The GODR register (receive data register)
T IRF1 ::r)];?;‘l#l)itrlgsgr? € does not match the GOCMP1 register
P Flag 1 1 : The GODR register matches the GOCMP1 | RW
- ag register
0 : The GODR register (receive data register)
P IRE2 g;?;ﬁ;gﬁgﬁ © does not match the GOCMP2 register RW
: Flag 2 1: The GODR register matches the GOCMP2
H ag register
0 : The GODR register (receive data register)
Femmmmm e mm e am—nnaannd IRE3 :;é?gﬁ;gﬁgs € does not match the GOCMP3 register RW
Flag 3 1: The GODR register matches the GOCMP3
ag register
NOTES:
1. The GOIRF register is used in HDLC data processing mode. Do not use in clock synchronous serial
I/0 mode.
2. The SRTOR bit in the [IO4IR register is set to "1" if the BSERR or IRFO to IRF3 bit is set to "1".

Figure 22.26 GOIRF Register
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Communication Function)

SI/O Special Communication Interrupt Detect Register 1(1:2)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | 0 | 0 | GLIRF 013E1s 0016
N L Bit N Functi RW
: Symbol | ame unction

i --fed  —— |Reserved Bit Setto "0" RW
A (b1 - bO) oo
Bit Stuffing Error | O : Not detected
BSERR Detect Flag : Detected RW
P ABT RW

Detect Flag : Detected

: The G1DR register (receive data register)
________________ IRFO g‘é?grlrﬁtngt?gs € does not match the GICMPO register

Flag 0 : The G1DR register (receive data register) RW

ag matches the G1CMPO register

0 : The G1DR register (receive data register)
T IRE1 g‘é?grmtngt?g: € does not match the GICMP1 register

Flao 1 1: The G1DR register (receive data register) RW

ag matches the G1CMP1 register

0 : The G1DR register (receive data register)
does not match the GICMP2 register

0
1
Arbitration Lost | O : Not detected
1
0
1

Interrupt Cause

rrmmnemnmmmmnenees IRF2 Eleterzmlnatlon 1: The G1DR register (receive data register) RW
ag matches the G1CMP?2 register
: 0 : The G1DR register (receive data register)
e IRF3 gtte?;lrjﬁitngglgr? © does not match the GICMP3 register RW
Flag 3 1: The G1DR register (receive data register)
ag matches the G1CMP23 register

NOTES:
1. The G1IRF register is used in special communication mode or HDLC data processing mode. It must
be in a reset state or set to "0016" in clock synchronous serial /O mode or UART mode.
2. The SRTIR bit in the 1I04IR register is also set to "1" if the BSERR, ABT or IRFO to IRF3 bit is set to "1".

Transmit Buffer (Receive Data) Register (i=0,1)

b7 b0 Symbol Address After Reset
| | GOTB, 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 | RW
by writing it to the GIiTB register. In HDLC data processing mode, the
value set in the GiRlI register is transferred to the GiDR register.

Figure 22.27 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

22. Intelligent I/O (Communication Function)

Function Setting Range RW

--------------- Data to be compared 0016 to FF16 RW

NOTES:
1. Set the GIMSKO register to use the GICMPO register.
Set the GIMSK1 register to use the GICMP1 register.

Data Mask Reqgister ij (i=0,1, j=0,1)

b7 b0 Symbol Address After Reset
| | GOMSKO, GOMSK1 00F416, 00F516 Indeterminate
T G1MSKO0, G1IMSK1 013416, 013516 Indeterminate
Function Setting Range RW
Masked data for received data
"""""""" Set incomparable bit to "1" 0016 to FF16 RW
Transmit CRC Code Register i (i=0,1)
b15 b8 b7 b0 Symbol Address After Reset
| : GOTCRC, GITCRC 00FB16-00FA16, 013B16-013A16 000016
Function RW
e EEEEEEED 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 b0 Symbol Address After Reset
| H GORCRC, G1RCRC 00F916-00F816, 013916-013816 Indeterminate
Function RW
AR 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 22.28 GOCMPO to GOCMP3 Registers and G1CMPO to GICMP3 Registers
GOMSKO and GOMSK1 Registers, GIMSKO0 and G1MSK1 Registers

GOTCRC and G1TCRC Registers, GORCRC and G1RCRC Registers
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Communication Function)

Communication Clock Select Register

b7 b6 b5 b4 b3 b2 bl bo

2 g 2 g 2 g 2 g Symbol Address After Reset
; ; ; CCs 00F616 XXXX 00002
R O Bit N Functi RW
bbb bbb | symbol it Name unction
A A b1b0
A CCso Communication |0 O : Do not set to this value RW
Unit 0 Clock 01:f®
SR B R R ccsi | Select Bit 10 -fan RW
oo e 11:18
A b2
CCSZ | communication |0 0 : Clock output from the channel i (i=1,2,3) RW
R R Unit 1 Clock 01:f®
R N ccsy | Select Bit 10 :fn RW
H H 11:1s
Nothing is assigned. When write, set to "0". B
-------------------- (b7 - ba) When read, its contents is indeterminate.

NOTES:
1. This setting is enabled in HDLC data processing mode. Do not set to "012" in other modes.

Figure 22.29 CCS Register
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M32C/84 Group (M32C/84, M32C/84T) 22. Intelligent I/O (Communication Function)

22.4.1 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 communication unit O transfer clock. fs, f2n or the clock generated by channels 0
and 3 can be selected as the communication unit 1 transfer clock.
Table 22.12 lists specifications of clock synchronous serial I/O mode for the communication units 0 and
1. Tables 22.13 and 22.14 list clock settings. Table 22.15 lists register settings. Tables 22.16 to 22.19
list pin settings. Figure 22.29 shows an example of transmit and receive operation.

Table 22.12 Clock Synchronous Serial I/O Mode Specifications (Communication Units 0 and 1)

Item Specification
Transfer Data Format Transfer data : 8 bits long
Transfer Clock(1) See Tables 22.13 and 22.14
Transmit Start Condition Set registers associated with the waveform generating function, the GiMR register and

GIERC register. Then, set as is written below after waiting at least one transfer clock cycle.
* Set the TE bit in the GICR register to "1" (transmit enable)
« 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 register and
GIERC register. Then, set as is written below after waiting at least one transfer clock cycle.
* Set the RE bit in the GICR register to "1" (receive enable)
 Set the TE bit to "1" (transmit enable)
« 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 11.14) :
— 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

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
* ISTxDi and ISRxDi I/O polarity inverse

ISTxDi pin output level and ISRxDi pin input level are inversed

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.

When the OPOL bit in the GICR register is set to "0" (ISTxD output polarity not inversed), the ISTxDi pin
puts in a high-level ("H") signal output after selecting operating mode until transfer starts. When the OPOL
bit is set to "1" (ISTxD output polarity inversed), the ISTxDi pin puts in a low-level ("L") signal output.

Table 22.13 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 - -

NOTES:
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 22.14 Clock Settings (Communication Unit 1)

Transfer Clock® | G1IMR Register CCS Register
CKDIR Bit CCS2 Bit CCS3 Bit
_fem1 (@) 0 0 0
2(/7+2)
f8 0 1 1
f2n(@ 0 0 1
Input from ISCLK1 1 - -
7. Setting value of the G1POO register, 000116 to FFFD16
NOTES:

1. The transfer clock is generated in phase-delayed waveform output mode of the channel 3 waveform
generating function.

2. The CNT3 to CNTO bits in the TCSPR register select no division (/=0) or divide-by-2/7 (/=1 to 15).

3. The transfer clock must be f8T1 divided by six or more.

Table 22.15 Register Settings in Clock Synchronous Serial /0 Mode (Communication Units 0 and 1)

Register Bit Function
Communication Unit 1 Communication Unit O
CCS CCsS1, CCSsO Setting not required when using only | Select transfer clock
communication unit 1
CCS3, CSS2 Select transfer clock Setting not required when using only
G1BCR0®@) BCK1, BCKO Set to "112" (f1) communication unit 0
DIV4 to DIVO Select divide ratio of count source
IT Set to "0"
G1BCR1®) 7t00 Set to "0001 00102"
G1POCRO® | 7t00 Set to "0000 01112"
G1POCR1®@ | 7t00 Set to "0000 01112"
G1POCR3(® | MOD2 to MODO | Set to "0102"(})
IVL Select default output value of ISCLKi()
RLD Set to "0"
INV Select whether ISCLKi puts in an
inversed signal or not()
G1PO0®) 15t00 Set bit rate
fBT1 = transfer clock
2 x (setting value + 2) frequency
G1P03® 15t0 0 Set to a value smaller than the G1IPOO
register(l)
G1FS® FSC3,FSC1,FSCO| Set to "0"()
G1FE®) IFE3,IFEL,IFEO | Setto "1"(M)
GIERC 7t00 Set to "0010 00002"
GiIMR GMD1, GMDO Set to "012"
CKDIR Select the internal clock or external clock
STPS Set to "0"
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is 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
IPOL Select ISRxDi input polarity (usually set to "0")
OPOL Select ISTxDi output polarity (usually set to "0")
GiTB - Write data to be transmitted
GiRB — Received data and error flag are stored
i=0to 1
NOTES:

1. The CKDIR bit in the GIMR register is set to "0" (internal clock).
2. These registers must be set, when f8 or f2n is selected as transfer clock source notwithstanding.
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Table 22.16 Pin Settings in Clock Synchronous Serial I/O Mode (Communication Units 0 and 1)(1)

Setting
Port . . o
Name Function PS1 PSL1 PSC PSD1 PD7 IPS Register
Register Register | Register | Register | Register | Register
P73 ISTxD1 QOutput |PS1_3=1 PSL1_3=0 |PSC_3-1 |- - - G1POCRO
P74 ISCLK1 Input |PS1_4=0 - - - PD7_4=0 |IPS1=0 |-
ISCLK1 Output |PS1_4=1 PSL1 4=0 |PSC_4=1 |- - - G1POCR1
P75 ISRxD1 Input |PS1_5=0 - - - PD7_5=0 |IPS1=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 |IPS0=0 |-
ISCLKO Output |PS1_7=1 PSL1_7=0 |- - - - -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 22.17 Pin Settings (2)

Port Function Setting
Name PS2 Register | PD8 Register | IPS Register
P80 ISRxDO input |PS2_0=0 PD8_0=0 IPS0=0
Table 22.18 Pin Settings (3)
Port Function Setting Register(®)
Name PS5 Register] PD11 Register | IPS Register
P11o0 | ISTxD1 output PS5 0=1 - - G1POCRO
P111 |ISCLK1 input [PS5_1=0 PD11 1=0 IPS1=1 -
ISCLK1 output [PS5_1=1 | - - G1POCR1
P112 |ISRxDlinput [PS5 2=0 |[PD11 2=0 [IPS1=1 -
NOTES:

1. Set the MOD2 to MODOQO bits in the corresponding register to "1112" (communication function output
used).

Table 22.19 Pin Settings (4)

Port Function Setting
Name PS9 Register| PD15 Register | IPS Register
P150 |ISTxDO output |PS9 0=1 - -
P151 |ISCLKO input PS9 1=0 PD15 2=0 IPSO=1
ISCLKO output [PS9 1=1 |- -
P152 |ISRxDO input |- PD15 2=0 IPSO=1
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(1) When the Commumictin Clock is Set to f8, f2n or External Clock
(Communication Units 0 and 1)
Write to the GiTB register

)

fs, fan or J
external clock

TE bit 1

0

Transfer clock Y

ISTxDi pin Output . i : : : :
(data to be transmitted) X Bit 0 X Bit 1 X Bit 2

SIOITR bit . T H
when IRS=0 1 ! | H
(no data in the 0" — !
GiTB register) H

. . Write "0" by program
SIOITR bit ! if setting to "0"
when IRS=1 "0" L

(transmission completed)

S

L

i Write "0" by program
1 if setting to "0"

X

ISRxDi pin Input :
(received data) X Bit 0 X Bit 1 X Bit 2

SIOIRR bit (1)
Write "0" by program if setting to "0"
The above applies to the following conditions: SIOITR bit : Bit in the 110jIR 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 CCSO0 bits or the CCS3 and CCS2 bits in the CCS register  IRS bit : Bit in the GiMR register
are set to "102" or "112" TE bit : Bit in the GICR register
* The UFORM bit in the GiIMR register is set to "0" (LSB first) i=0, 1

* The IPOL and OPOL bits in the GIiCR register are set to "0" (no inverse)

(2) When the Communication Clock is Generated in Channel 3 Phase-Delayed Waveform Output Mode
(Communication Unit 1)
Write to the G1TB register

The base timer is reset by the channel 0
waveform generating function

werme VAN N // NANNS

ISCLK1 pin Output

(transmit clock in the 1 r :
channel 3 generating + | * l + l | * I '
function) h h h h H
ISTxD1 pin Output v - ; . v - Y : ;
(data to be transmitted) X Bit0 X Bit1 X Bit2 .‘7 X
SIOLTR bit 1] ;

when IRS=0 "o : '

(no data in the

G1TB register) Write "0" by program

if setting to "0"

ISRxD1 pin Input - - - y - -
(received data) X Bito X Btz Y  Bit2 Bite ) Bit7 X

o ]
SIO1RR bit "o"
' ° 7/ A

Write "0" by program if setting to "0"

The above applies to the following conditions: n : Setting value of the G1POO register
« The CKDIR bit in the G1MR register is set to "0" (internal clock) m : Setting value of the G1PO3 register
* The CCS3 and CCS2 bits in the CCS register are set to "002" L )
« The UFORM bit in the G1MR register is set to "0" (LSB first) SIO1TR bit : Bit in the II03IR register

« The IPOL and OPOL bits in the GICR register are set to "0" (no inverse) ~ SIO1RR bit: Bit in the lI02IR register
IRS bit : Bitin the GIMR register

Figure 22.30 Transmit and Receive Operation
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22.4.2 Clock Asynchronous Serial I/O (UART) Mode (Communication Unit 1)
In clock asynchronous serial I/O (UART) mode, data is transmitted at a desired bit rate and in a desired
transfer data format. Table 22.20 lists specifications of UART mode in the communication unit 1. Table
22.21 lists clock settings. Table 22.22 lists register settings. Tables 22.23 and 22.24 list pin settings.
Figure 22.30 shows an example of transmit operation. Figure 22.31 shows an example of receive opera-
tion.

Table 22.20 UART Mode Specifications (Communication Unit 1)

Item Specification
Transfer Data Format » Character Bit (transfer data) : 8 bits long
* Start bit : 1 bit long
* Parity bit: selected from odd, even, or none
« Stop bit : selected length from 1 bit or 2 bits
Transfer Clock® See Table 22.21
Transmit Start Condition Set registers associated with the waveform generating function, the GIMR register and

G1ERC register. Then, set as written below after at least one transfer clock cycle.

« Set the TE bit in the G1CR register to "1" (transmit enable)

« Set the TI bit in the G1CR register to "0" (data written to the G1TB register)
Receive Start Condition Set registers associated with the waveform generating function, the GIMR register and

G1ERC register. Then, set as written below after at least one transfer clock cycle.
* Set the RE bit in the G1CR register to "1" (receive enable)
* Detect the start bit

Interrupt Request » While transmitting, one of the following conditions can be selected to set the
SIO1TR bit to "1" (interrupt requested) (See Figure 11.14.) :
— The IRS hit in the G1IMR register is set to "0" (no data in the G1TB register) and data
is transferred to the transmit register from the G1TB 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 the SIO1RR bit is set
to "1":
Data is transferred from the receive register to the G1RB register (data reception
is completed)

Error Detection « Overrun error(?)
This error occurs, when the next data reception is started and the final stop bit of the
next data is received before reading the G1RB register

* Parity error
While parity is enabled, this error occurs when the number of "1" in parity and char-
acter bits does not match the number of "1" set

« Framing error
This error occurs when the number of the stop bits set is not detected

Selectable Function « Stop bit length

The length of the stop bit is selected from 1 bit or 2 bits
 LSB first or MSB first

Select either bit O or bit 7 to transmit or receive data

NOTES:
1. The transfer clock must be fBT1 divided by six or more.
2. When an overrun error occurs, the G1RB register is indeterminate.
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Table 22.21 Clock Settings (Communication Unit 1)

Transfer Clock®)

G1MR Register

CCS Register

CKDIR Bit

CCS2 Bit CCS3 Bit

fBT1
2(#+2)

12

0

0 0

7. Value of the G1POO0 register 000116 to FFFD16

NOTES:

1. Transmit clock is generated in phase-delayed waveform output mode of the channel 3 waveform

generating function.

2. Received clock is generated when phase-delayed waveform mode of the channel 2 waveform gener-

ating function and the channel 2 time measurement function is simultaneously performed.
3. The transfer clock must be f8T1 divided by six or more.

Table 22.22 Register Settings in UART Mode (Communication Unit 1)

Register Bit Function
G1BCRO BCK1, BCKO Set to "112" (f1)
DIV4 to DIVO Select divide ratio of count source
IT Set to "0"
G1BCR1 7t00 Set to "0001 00102"
G1POCRO 7t00 Set to "0000 01112"
G1POCR2 7t00 Set to "0000 01102"
G1POCRS3 7t00 Set to "0000 00102"
G1TMCR2 7t00 Set to "0000 00102"
G1POO 15t0 0 Set bit rate
fBT1
2 x (setting value + 2) = transfer clock frequency
G1PO3 15to 0 Set to a value smaller than the G1POO register
G1FS FSC3 to FSCO Set to "01002"
G1FE IFE3 to IFEO Set to "11012"
G1MR GMD1, GMDO Set to "002"
CKDIR Set to "0"
STPS Select length of stop bit
PRY, PRYE Select either parity enabled or disabled and either odd parity or even parity
UFORM Select either the LSB first or MSB first
IRS Select how the receive interrupt is generated
G1CR 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
IPOL Set to "1"
OPOL Set to "1"
G1TB 7t00 Write data to be transmitted
G1RB 15to 0 Received data and error flag are stored
CCs CCS3, CCs2 Set to "002"
Table 22.23 Pin Settings in UART Mode
Port Function Setting Register(l)
Name PS1 Register| PSL1 Register| PSC Register| PD7 Register| IPS Register
P73 ISTxD1 output |PS1_3=1 PSL1 3=0 PSC_3=1 |- - G1POCRO
P75 ISRXD1input |[PS1 5=0 |- - PD7 5=0 IPS1=0 -

NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (communication function output

used).
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Table 22.24 Pin Settings (Continued)

Port Function Setting Register(l)
Name PS5 Register| PD11 Register | IPS Register
P11o |ISTxD1 output (PS5 0=1 |- - G1POCRO
P112 | ISRxDlinput PS5 2=0 PD11.2=0 IPS1=1 -

NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Tc

e

Internal I|||||||||||||||||||||||||||||||||||||
Transfer clock ! : ' :
ISTXD1 pin T\ XXX XXX oXoryse STADKLXDXOXoXoX oK) s+
' Setdatain G1TB register Set.data in G1TB register
TI bit v ¥
wo .
TXEPT bit | ‘
wo
"1 —|
SIO1TR bit P —
! \ Write "0" by program
if setting to "0"
The above applies to the following conditions: TI, TXEPT bit : Bits in the G1CR register
* The STPS bit in the G1MR register is set to "0" (1 stop bit) SIO1TR bit : Bitin the 1IO3IR register

* The PRYE bit in the G1MR register is set to "0" (parity disabled)

* The UFORM bit in the G1IMR register is set to "0" (LSB first)

« The INV bits in the GIPOCRO to GIPOCRY registers are set to "0" (no inverse)
« The IRS bit in the G1MR register is set to "0" (no data in the G1TB register)

Figure 22.31 Transmit Operation

Internal | | || | || | || |||l || || |||| |||| |||| |||| |||| |||

Transfer clock

ISRxD1 pin 5
"Lt :
Read the G1RB register
e : ¢
RI bit "o - |
wq
SIO1RR bit g I_I
\ Write "0" by program /
if setting to "0"
The above applies to the following conditions: SIO1RR bit : Bit in the 1IO2IR register
* The STPS bit in the GIMR register is set to "0" (1 stop bit) RI bit : Bitin the G1CR register

« The PRYE bit in the G1IMR register is set to "0" (parity disabled)
« The UFORM bit in the G1IMR register is set to "0" (LSB first)
« The INV bits in the GIPOCRO to G1IPOCRY registers are set to "0" (no inverse)

Figure 22.32 Receive Operation
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22.4.3 HDLC Data Processing Mode (Communication Units 0 and 1)

In HDLC data processing mode, bit stuffing, flag detection, abort detection and CRC calculation are avail-
able for HDLC control. f1, fg or f2n can become the communication unit O transfer clock. f1, f8, f2nor clock,
generated in the channel 0 or 1, can become the communication unit 1 transfer clock. No pins are used.
To convert data, data to be transmitted is written to the GIiTB register (i=0,1) and the data conversion
result is restored after data conversion. If any data are in the GiTO register after data conversion, the
conversion is terminated. If no data is in the GiTO register, bit stuffing processing is executed regardless
of there being no data 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 22.25 list specifications of the HDLC data processing mode. Tables 22.26 and 22.27 list clock
settings. Table 22.28 lists register settings.

Table 22.25 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 22.26 and 22.27
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 GiIMSK; 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 GITCRC 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 enable)
« 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 enable)
« Data is written to the GiRI register
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Table 22.25 HDLC Processing Mode Specifications (Continued)

Item Specification
Interrupt Request(®) 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 11.14).

— 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 11.14).

* 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".

NOTES:
1. See Figure 11.14 for details on the GiTOR bit, GiRIR bit and SRTIR bit.

Table 22.26 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 22.27 Clock Settings (Communication Unit 1)

Transfer Clock®) CCS Register
CCS2 Bit CCS3 Bit
fBT1 (2 0 0
2x(m2)
f1 1 0
f8 1 1
f2n(3) 0 1
7. Setting value of the G1POO register, 000116 to FFFD16
NOTES:

1. The transfer clock for reception is generated when the RSHTE bit in the GLERC register is set to "1"
(receive shift operation enabled).

2. The transfer clock is generated in single-phase waveform output mode of the channel 1.

3. The CNT3 to CNTO bits in the TCSPR register select no division (s=0) or divide-by-27 (/=1 to 15).
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Table 22.28 Register Settings in HDLC Processing Mode (Communication Units 0 and 1)

Register Bit Function
G1BCRO BCK1, BCKO Select count source
DIV4 to DIVO Select divide ratio of count source
IT Select the base timer interrupt
G1BCR1®) 7t00 Set to "0001 00102"
G1POCRO®M [ 7t00 Set to "0000 00002"
G1POCR1M [ 7t00 Set to "0000 00002"
G1po0® 15t00 Set bit rate
G1P0o1™® 15t0 0 Set the timing of the rising edge of the transfer clock.
Timing of the falling edge ("H" width of the transfer clock) is fixed.
Setting value of the G1POL1 register < Setting value of the G1POO register
G1FsS® FSC1, FSCO Set to "002"
G1FE® IFE1, IFEO Set to "112"
GiIMR GMD1, GMDO Set to "112"
CKDIR Set to "0"
UFORM Set to "0"
IRS Select how the transmit interrupt is 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 SOF Set to "0"
TCRCE Select whether transmit CRC is used or not
ABTE Set to "0"
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, ABT Set to "0"
IRF3 to IRFO Select how an interrupt is 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, CCSs2 Select the HDLC processing clock
i=0, 1
NOTES:

1. These register settings are required when the CCS3 and CCS2 bit in the CCS register are set to "002"

(clock output from channel j (j=1,2,3)).
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M32C/84 Group (M32C/84, M32C/84T)

23. CAN Module

The CAN (Controller Area Network) module included in the M32C/84 group (M32C/84, M32C/84T) is a Full
CAN module, compatible with CAN Specification 2.0 Part B. One channel, CANO, can be used. Table 23.1
lists specifications of the CAN module.

Table 23.1 CAN Module Specifications

Item Specification
Protocol CAN Specification 2.0 Part B
Message Slots 16 slots
Polarity Dominant: "L"

Recessive: "H"

Acceptance Filter

Global mask: 1 (for message slots 0 to 13)
Local mask: 2 (for message slots 14 and 15 respectively)

Baud Rate

1

Baud rate = o rocicycle x Tq perbit. - Max. 1 Mbps
Tq clock cycle = %

Tq per bit =SS + PTS +PBS1+PBS2
Tg: Time quantum
BRP: Setting value of the COBRP register, 1-255
SS:  Synchronization Segment; 1 Tq
PTS: Propagation Time Segment; 1 to 8 Tq
PBS1: Phase Buffer Segment 1; 2to 8 Tq
PBS2: Phase Buffer Segment 2; 2 to 8 Tq

Remote Frame Automatic
Answering Function

Message slot that receives the remote frame transmits the data frame
automatically

Time Stamp Function

Time stamp function with a 16-bit counter. Count source can be selected
from the CAN bus bit clock divided by 1, 2, 3 or 4

. -1
CAN bus bit clock = CAN bit time

BasicCAN Mode

BasicCAN function can be used with the CANO message slots 14 and 15

Transmit Abort Function

Transmit request is aborted

Loopback Function

Frame transmitted by the CAN module is received by the same CAN module

Forcible Error Active
Transition Function

The CAN modaule is forced into an error active state by resetting an error
counter

Single-Shot Transmit Function

The CAN module does not transmit data again even if arbitration lost or
transmission error causes a transmission failure

Self-Test Function

The CAN module communicates internally and diagnoses its CAN module
state

NOTES:

1. Use an oscillator with maximum 1.58% oscillator tolerance.
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Figure 23.1 shows a block diagram of the CAN module. Figure 23.2 shows CANO message slot (the
message slot) j (j = 0 to 15) and CANO message slot buffer. Table 23.2 lists pin settings of the CAN module.
The message slot cannot be accessed directly from the CPU. Allocate the message slot j to be used to the
message slot buffer 0 or 1. The message slot j is accessed via the message slot buffer address. The
COSBS register selects the message slot j to be allocated. Figure 23.2 shows the 16-byte message slot
buffer and message slot.

CANO Internal Data Bus
g
f1—— CAN Clock Baud Rate
foAN ——o0 Prescaler
Do
PM25 l
P See Figure 23.2 ==--------~
CANOOUT « I ' :
CAN ' :
Self-test ! !
Function Protocol : .
T Acceptance Controller ' | Message Message !
canon - O > Filter — ' Slots Slot '
i 0to 15 Buffer 0,1 | 1

CAN Interrupt

A —> R
Control Circuit nterrupt Request

Figure 23.1 CAN Module Block Diagram
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23. CAN Module

CAN
Protcol
Controller

CANO Message Slot 0
CANO Message Slot 1
CANO Message Slot 2
CANO Message Slot 3
CANO Message Slot 4
CANO Message Slot 5
CANO Message Slot 6
CANO Message Slot 7
CANO Message Slot 8
CANO Message Slot 9
CANO Message Slot 10
CANO Message Slot 11
CANO Message Slot 12
CANO Message Slot 13
CANO Message Slot 14
CANO Message Slot 15

CANO Message Slots j

CANO Message Slot 0 Standard IDO

CANO Message Slot 0 Standard ID1

CANO Message Slot 0 Extended 1DO

CANO Message Slot 0 Extended ID1

CANO Message Slot 0 Extended ID2

CANO Message Slot 0 Data Length Code

CANO Message Slot 0 Data 0

CANO Message Slot 0 Data 1

CANO Message Slot 0 Data 2

CANO Message Slot 0 Data 3

CANO Message Slot 0 Data 4

CANO Message Slot 0 Data 5

CANO Message Slot 0 Data 6

CANO Message Slot 0 Data 7

CANO Message Slot 0 Time Stamp High-Ordered
CANO Message Slot 0 Time Stamp Low-Ordered

e, [ CANO Message Slot 15 Time Stamp Low-Ordered

j=0t0 15

CO0SBS
b3 to b0 cano |
CANO Message 018010
Slot Buffer 0 (16 bytes) 01EF1s
1F
CANO Message O1F015
Slot Buffer 1 (16 b
ot Buffer 1 (16 bytes) 01FF16
CosBS
b7 to b4

CANO Message Slot Buffer O (Addresses 01E016 to 01EF16)

CANO Message Slot Buffer 0 Standard IDO (COSLOTO_O0)
CANO Message Slot Buffer 0 Standard ID1 (COSLOTO_1)
CANO Message Slot Buffer 0 Extended IDO (COSLOTO_2)
CANO Message Slot Buffer 0 Extended ID1 (COSLOTO_3)
CANO Message Slot Buffer 0 Extended ID2 (COSLOTO_4)
CANO Message Slot Buffer 0 Data Length Code (COSLOTO_5)
CANO Message Slot Buffer 0 Data 0 (COSLOTO_6)

CANO Message Slot Buffer 0 Data 1 (COSLOTO_7)

CANO Message Slot Buffer 0 Data 2 (COSLOTO_8)

CANO Message Slot Buffer 0 Data 3 (COSLOTO_9)

CANO Message Slot Buffer 0 Data 4 (COSLOTO_10)

CANO Message Slot Buffer 0 Data 5 (COSLOTO_11)

CANO Message Slot Buffer 0 Data 6 (COSLOTO0_12)

CANO Message Slot Buffer 0 Data 7 (COSLOTO_13)

CANO Message Slot Buffer 0 Time Stamp High-Ordered (COSLOT0_14)
CANO Message Slot Buffer 0 Time Stamp Low-Ordered (COSLOTO_15)|

CANO Message Slot Buffer 1 (Addresses 01F016 to 01FF16)

CANO Message Slot Buffer 1 Standard 1DO (COSLOT1_0)
CANO Message Slot Buffer 1 Standard ID1 (COSLOT1_1)
CANO Message Slot Buffer 1 Extended IDO (COSLOT1_2)
CANO Message Slot Buffer 1 Extended ID1 (COSLOT1_3)
CANO Message Slot Buffer 1 Extended ID2 (COSLOT1_4)
CANO Message Slot Buffer 1 Data Length Code (COSLOT1_5)
CANO Message Slot Buffer 1 Data 0 (COSLOT1_6)

CANO Message Slot Buffer 1 Data 1 (COSLOT1_7)

CANO Message Slot Buffer 1 Data 2 (COSLOT1_8)

CANO Message Slot Buffer 1 Data 3 (COSLOT1_9)

CANO Message Slot Buffer 1 Data 4 (COSLOT1_10)

CANO Message Slot Buffer 1 Data 5 (COSLOT1_11)

CANO Message Slot Buffer 1 Data 6 (COSLOT1_12)

CANO Message Slot Buffer 1 Data 7 (COSLOT1_13)

CANO Message Slot Buffer 1 Time Stamp High-Ordered (COSLOT1_14)

CANO Message Slot Buffer 1 Time Stamp Low-Ordered (COSLOT1_15)|

Internal Data Bus

Figure 23.2 CANO Message Slot and CANO Message Slot Buffer
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23. CAN Module

Table 23.2 Pin Settings

Port Function Bit and Setting

IPS Register PSl_, PS2 PSL_l, PSL2, PSC_, PSC2 PD7,_PD8
Registers Registers Registers Regsiters

P7s CANOout | - PS1_6=1 PSL1_6=0 PSC_6=1 -
P77 CANOIN IPS3=0 PS1_7=0 - - PD7_7=0

P82 CANOout |- PS2_2=1 PSL2_2=1 PSC2_2=0 -
P83 CANOIN IPS3=0 - - - PD8_3=0
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23. CAN Module

23.1 CAN-Associated Registers

Figures 23.3 to 23.18, and Figures 23.20 to 23.33 show registers associated with CAN. To access the
CAN-associated registers, set the CM21 bit in the CM2 register to "0" (main clock or PLL clock as CPU
clock) and the MCD4 to MCDO bits in the MCD register to "100102" (no division mode). Or, set the PM24 bit
in the PM2 register to "1" (main clock direct mode) and the PM25 bit in the PM2 regiseter to "1" (CAN clock).
Two wait states are added into the bus cycle.

Refer to 7. Processor Mode and 9. Clock Generation Circuit.

23.1.1 CANO Control Register 0 (COCTLRO Register)

CANO Control Register 0

1: CAN module is reset(®

b15 b8 b7 b0
DQ@@Q D@qo N Symbol Address After Reset(®
COCTLRO 020116 - 020016 XXXX 0000 XX01 0X012
iil Bit . )
i 1| symbol Bit Name Function RW
. 0: CAN module reset exited
+ 11 RESETO | CAN Reset Bit 0 RW

Loop Back Mode 0: Disables loop back function
LOOPBACK| RW

Select Bit 1: Enables loop back function

Nothing is assigned. When write, set to "0".

(b2) When read, its content is indeterminate.

BASICCAN BasicCAN Mode 0: Disables BasicCAN mode function RW
Select Bit 1: Enables BasicCAN mode function

0: CAN module reset exited

RESET1 | CAN Reset Bit 1 1: CAN module is reset® RW
—— | Reserved Bit Set to "0" RW
(b5)
Nothing is assigned. When write, set to "0". .
(b7 - b6) | When read, its content is indeterminate.
b9 b8
R TSPREO | 00: Selects the CAN bus bit clock RW
: Time Stamp 01: Selects the CAN bus bit clock divided by 2
H Prescaler Select Bit . i i
] TSPREL 10: Selects the CAN bus b!t clock d!v?ded by 3 RW
11: Selects the CAN bus bit clock divided by 4
" 0: Nothing is occurred
Time Stam o .
------------------- TSRESET Counter Rgset Bit 1: This bit is automatically set to "0" after| RW
the COTSR register is set to "000016"()
0: Nothing is occurred
ECRESET Error Counter 1: This bit is automatically set to "0" after RW

the COTEC and COREC registers are
set to "0016")

Nothing is assigned. When write, set to "0".

(b15 - b12)| When read, its content is indeterminate.

Reset Bit

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.
2. Set the RESET1 and RESETO bits to the same value simultaneously.
3. These bits can only be set to "1", not "0", by program.

Figure 23.3 COCTLRO and C1CTLRO Registers
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23.1.1.1 RESET1 and RESETO Bits
When both RESET1 and RESETO bits are set to "1" (CAN module reset), the CAN module is imme-
diately reset regardless of ongoing CAN communication.
After the RESET1 and RESETO bits are set to "1" and the CAN module reset is completed, the
COTSR register is set to "000016". The COTEC and COREC registers are set to "0016" and the
STATE_ERRPAS and STATE_BUSOFF bits in the COSTR register are set to "0" as well.
When both RESET1 and RESETO bit settings are changed "1" to "0", the COTSR register starts
counting. CAN communication is available after 11 continuous recessive bits are detected.
NOTES:

1. Set the same value in both RESET1 and RESETO bits simultaneously.

2. Confirm that the STATE_RESET bit in the COSTR register is set to "1" (CAN module reset
completed) after setting the RESET1 and RESETO bits to "1".

3. The CANouT pin puts out a high-level ("H") signal as soon as the RESET1 and RESETO bits are
setto "1". CAN bus error may occur when the RESET1 and RESETO bits are set to "1" while the
CAN frame is transmitting.

4. For CAN communication, set the PS1, PS2, PSL1, PSL2, PSC, PSC2, IPS, PD7 and PD8
registers when the STATE_RESET bit is set to "1" (CAN module reset completed).

23.1.1.2 LOOPBACK Bit
When the LOOPBACK bit is set to "1" (loopback function enabled) and the receive message slot has
a matched ID and frame format with a transmitted frame, the transmitted frame is stored to the
receive message slot.
NOTES:
1. No ACK for the transmitted frame is returned.
2. Change the LOOPBACK bit setting only when the STATE_RESET bit is set to "1" (CAN module
reset completed).

23.1.1.3 BASICCAN Bit

When the BASICCAN bit is set to "1", the message slots 14 and 15 enter BasicCAN mode.

In BasicCAN mode, the message slots 14 and 15 are used as dual-structured buffers. The message
slots 14 and 15 alternately store a received frame having matched ID detected by acceptance filtering.
ID in the message slot 14 and the COLMARO to COLMARA4 registers are used for acceptance filtering
when the message slot 14 is active (the next received frame is to be stored in the message slot 14).
ID in the message slot 15 and the COLMBRO to COLMBR4 registers are used when the message slot
15 is active. Both data frame and remote frame can be received.

Use the following procedure to enter BasicCAN mode.

(1) Set the BASICCAN bit to "1".

(2) Set the same value into IDs in the message slots 14 and 15.

(3) Set the same value in the COLMARO to COLMARA4 registers and COLMBRO to COLMBR4 regis-
ters.

(4) Set the IDE14 and IDE15 bits in the COIDR register to select a frame format (standard or ex-
tended) for the message slots 14 and 15. (Set to the same format.)

(5) Set the COMCTL14 and COMCTLA15 registers in the message slots 14 and 15 to receive data
frame.
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NOTES:
1. Change the BASICCAN bit setting only when the STATE_RESET bit is set to "1" (CAN module
reset completed).
2. The message slot 14 is the first slot to become active after the RESET1 and RESETO bits are
set to "0".
3. The message slots 0 to 13 are not affected by entering BasicCAN mode.

23.1.1.4 TSPRE1 and TSPREO Bits
The TSPRE1 and TSPREO bits determine which count source is used for the time stamp counter.
NOTES:
1. Change the TSPRE1 and TSPREDO bit settings only when the STATE_RESET bit is set to "1"
(CAN module reset completed).

23.1.1.5 TSRESET Bit
When the TSRESET bit is set to "1", the COTSR register is set to "000016". The TSRESET bit is
automatically set to "0" after the COTSR register is set to "000016".

23.1.1.6 ECRESET Bit
When the ECRESET bit is set to "1", the COTEC and COREC registers are set to "0016". The CAN
module forcibly goes into an error active state.
The ECRESET bit is automatically set to "0" after the CAN module enters an error active state.
NOTES:
1. In an error active state, the CAN module is ready to communicate when 11 continuous reces-
sive bits are detected on the CAN bus.
2. The CANOouT pin provides an "H" signal output as soon as the ECRESET bit is set to "1". The
CAN bus error may occur when setting the ECRESET bit to "1" during CAN frame transmission.
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23.1.2 CANO Control Register 1 (COCTLR1 Register)

b7 b6 b5 b4 b3 b2 bl bo

CANO Control Register 1

Symbol Address After Reset®
|2§|—.—|—9—|—.—|—.—|—9—M COCTLR1 024116 X000 00XX2
Bit . )
Symbol Bit Name Function RW
______ Nothing is assigned. When write, set to "0".
(b1 - bo) | When read, its content is indeterminate.
--------- Reserved Bit Set to "0" RW
(b2)
) ) ] 0: Selects the message slot control
............. BANKSEL | CANi Bank Switch Bit register and single-shot register | RW
1: Selects the mask register
--------------------- —— | Reserved Bit Set to "0" RW
(b5 - b4)
________________________ INTSEL CANi Intgrrupt Mode 0: Outputs 3 types of interrupts via OR RW
Select Bit 1: Outputs 3 types of interrupts separately
____________________________ Nothing is assigned. When write, set to "0".
(b7) When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.4 COCTLR1 Register

23.1.2.1 BANKSEL Bit

The BANKSEL bit in the COCTLRL1 register selects the registers allocated to addresses 022016 to

023F1s6.

The COSSCTLR register, COSSSTR register and the COMCTLO to COMCTL15 registers can be ac-
cessed by setting the BANKSEL bit to "0". The COGMRO to COGMR4 registers, COLMARO to
COLMARA registers and COLMBRO to COLMBRA4 registers can be accessed by setting the BANKSEL

bit to "1".

23.1.2.2 INTSEL Bit

The INTSEL bit determines whether the three types of interrupt outputs (CANO transmit interrupt,
CANO receive interrupt and CANO error interrupt) are provided via OR or is done separately.
Refer to 23.4 CAN Interrupts for details.

NOTES:

1. Change the INTSEL bit setting when the STATE_RESET bit is set to "1" (CAN module reset

completed).
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23.1.3 CANO Sleep Control Register (COSLPR Register)

CANO Sleep Control Register

b7 b6 b5 b4 b3 b2 bl b0

MM Symbol Address After Reset
COSLPR 024216 XXXX XXX02

1 : Exits sleep mode®

Sylilqtbm Bit Name Function RW
H .| 0: Enters sleep mode
=-1 SLEEP | Sleep Mode Control Bit p RW

_ _____ Nothing is assigned. When write, set to "0".
(b7 - b1) [ When read, its content is indeterminate.

NOTES:

1. Perform the initial setting for the CAN module after CAN sleep mode is exited. While the CANO

module is in sleep mode, no SFR (addresses 01E016 to 024516) for CANO, except the COSLPR
register, can be accessed.

Figure 23.5 COSLPR Register

23.1.3.1 SLEEP Bit

When the SLEEP bit is set to "0", the clock supplied to the CAN module stops running and the CAN

module enters sleep mode.

When the SLEEP bit is set to "1", the clock supplied to the CAN module starts running and the CAN

module exits sleep mode.
NOTES:

1. Enter sleep mode after the STATE_RESET bit in the CiSTR register is set to "1" (CAN module

reset completed).
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23.1.4 CANO Status Register (COSTR Register)

CANO Status Register
b15 b8 b7 b0
Symbol Address After Reset™®
N...LL.L.N...LJ |...|...|...|...|...|...|.,.|...| COSTR 020316 - 020216 X000 0X01 0000 00002
SRR R R R H I . . rw
: R i1 Symbol Bit Name Function
SEEE H tzbb0
ror o v MBOX0 0 0 0 0:Message slot 0 RO
0 0 0 1:Messageslot1
I ' 0 0 1 0:Message slot 2
LI I | ) [ MBOXl
Active Slot 0 0 1 1:Message slot 3 RO
Determination Bit
A ----{  MBOX2 RO
Vha o 1 0 1: Message slot 13
1 1 1 0:Message slot 14
Vb h o meeeeas MBOX3 111 1:Message slot15 RO
TRMSUCC Transmit Complete 0: Transmission is not completed o
State Flag 1: Transmission is completed R
RECSUCC Receive Complete 0: Reception is not completed RO
State Flag 1: Reception is completed
T TRMSTATE | Transmit State Flag 0: Not transmitting RO
i 1: During transmission
C I S RECSTATE |Receive State Flag o Not.recelvmg. RO
i 1: During reception
Y 0: CAN module is operating
IR TEEP R PR PP STATE_RESET|CAN R t State Fl .
e = eset state Fag 1: CAN module reset is completed RO
P ‘M xcept L km
e LR L LR STATE_LOOPBACK| Loop Back State Flag 0: Mode except Loop back mode RO
: 1: Loop back mode
i Nothing is assigned. When write, set to "0". .
(b10) When read, its content is indeterminate.
. 0: Mode except BasicCAN mode
---------------------- STATE_BASICCAN| BasicCAN State Fl .
- asic ale Hag 1: BasicCAN mode RO
°N
STATE_BUSERROR| CAN Bus Error State Flag 0:No error occurs RO
1: Error occurs
. °N i
STATE_ERRPAS| Error Passive State Flag 0 No error pgsswe state RO
1: Error passive state
0: No bus-off state
LR LE TR STATE_BUSOFF| Bus-Off State FI
' - us alerag 1: Bus-off state RO
e Nothing is assigned. When write, set to "0". -
(b15) When read, its content is indeterminate.
NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.6 COSTR Register

23.1.4.1 MBOX3 to MBOXO Bits
The MBOX3 to MBOXO bits store relevant slot numbers when the CAN module has completed trans-
mitting data or storing received data.

23.1.4.2 TRMSUCC Bit
The TRMSUCC bit is set to "1" when the CAN module has transmitted data successfully.
The TRMSUCC bit is set to "0" when the CAN module has received data successfully.
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23.1.4.3 RECSUCC Bit
The RECSUCC bit is set to "1" when the CAN module has received data successfully. (Whether
received message has been stored in the message slot or not is irrelevant.) If the received message
is transmitted in loopback mode, the TRMSUCC bit is set to "1" and the RECSUCC bit is set to "0".
The RECSUCC bit is set to "0" when the CAN module has transmitted data successfully.

23.1.4.4 TRMSTATE Bit
The TRMSTATE bit is set to "1" when the CAN module is performing as a transmit node.
The TRMSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts performing as a
receive node.

23.1.4.5 RECSTATE Bit
The RECSTATE bit is set to "1" when the CAN module is performing as a receive node.
The RECSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts performing as a
transmit node.

23.1.4.6 STATE_RESET Bit
After both RESET1 and RESETO bits are set to "1" (CAN module reset), the STATE_RESET bit is set
to "1" as soon as the CAN module is reset.
The STATE_RESET bit is set to "0" when the RESET1 and RESETO bits are set to "0".

23.1.4.7 STATE_LOOPBACK Bit
The STATE_ LOOPBACK bit is set to "1" when the CAN module is in loopback mode.
The STATE_LOOPBACK bit is set to "1" when the LOOPBACK bit in the COCTLRO register is set to "1"
(loop back function enabled).
The STATE_LOOPBACK bit is set to "0" when the LOOPBACK bit is set to "0" (loop back function
disabled).

23.1.4.8 STATE_BASICCAN Bit
The STATE_BASICCAN bit is set to "1" when the CAN module is in BasicCAN mode.
Refer to 23.1.1.3 BASICCAN bit for BasicCAN mode.
The STATE_BASICCAN bit is set to "0" when the BASICCAN bit is set to "0" (BasicCAN mode
function disabled).
The STATE_BASICCAN bit is set to "1" when the BASICCAN bit is set to "1" (BasicCAN mode
function enabled), the REMACTIVE bits in the COMCTL14 and COMCTL15 registers in the message
slots 14 and 15 are set to "0" (data frame received).

23.1.4.9 STATE_BUSERROR Bit
The STATE_BUSERROR bit is set to "1" when an CAN communication error is detected.
The STATE_BUSERROR bit is set to "0" when the CAN module has transmitted or received data
successfully. Whether a received message has been stored into the message slot or not is irrel-
evant.
NOTES:
1. When the STATE_BUSERROR bit is set to "1", the STATE_BUSERROR bit remains un-
changed even if both RESET1 and RESETO bits are set to "1" (CAN module reset).
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23.1.4.10 STATE_ERRPAS Bit
The STATE_ERRPAS bit is set to "1" when the value of the COTEC or COREC register exceeds 127
and the CAN module is placed in an error-passive state.
The STATE_ERRPAS bit is set to "0" when the CAN module in an error-passive state is placed in
another error state.
The STATE_ERRPAS bit is set to "0" when both RESET1 and RESETO bits are set to "1" (CAN
module is reset).

23.1.4.11 STATE_BUSOFF Bit
The STATE_BUSOFF bit is set to "1" when the value of the COTEC register exceeds 255 and the
CAN module is placed in a bus-off state.
The STATE_BUSOFF bit is set to "0" when the CAN module in a bus-off state is placed in an error-
active state.
The STATE_BUSOFF bit is set to "0" when both RESET1 and RESETO bits are set to "1" (CAN
module reset).
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23.1.5 CANO Extended ID Register (COIDR Register)

CANO Extended ID Register®

Symbol Address
COIDR 020516 - 020416

After Reset(®
000016

Bit
Symbol

Bit Name

Function

RW

IDE15

Extended ID15 (Message Slot 15)

IDE14

Extended ID14 (Message Slot 14)

IDE13

Extended ID13 (Message Slot 13)

IDE12

Extended ID12 (Message Slot 12)

IDE11

Extended ID11 (Message Slot 11)

IDE10

Extended ID10 (Message Slot 10)

IDE9

Extended ID9 (Message Slot 9)

IDE8

Extended ID8 (Message Slot 8)

IDE7

Extended ID7 (Message Slot 7)

IDE6

Extended ID6 (Message Slot 6)

[EETTCICICICELELELEE IDES

Extended ID5 (Message Slot 5)

R IDE4

Extended ID4 (Message Slot 4)

P IDE3

Extended ID3 (Message Slot 3)

EECECEEEPPPPEPEEPEPEEPEEDY IDE2

Extended ID2 (Message Slot 2)

R IDE1

Extended ID1 (Message Slot 1)

----------------------------- IDEO

Extended IDO (Message Slot 0)

Standard or extended
format is set by the
corresponding message
slot

0: Standard format

1: Extended format

RW
RW
RW
RW

RW
RW

RW
RW

RW
RW
RW
RW
RW
RW
RW
RW

NOTES:

changed, is set to "0016".

1. Change the COIDR register setting while the COMCTL] (j=0to 15) register, corresponding to bits to be

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.7 COIDR Register

Bits in the COIDR register determine the frame format in the message slot corresponding to each bit.
The standard format is selected when the bit is set to "0".
The extended format is selected when the bit is to set "1".
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23.1.6 CANO Configuration Register (COCONR Register)

CANO Configuration Register

b15 b8 b7 b0
Symbol Address After Reset®
|.,.|.,.|_,.|_.J_,.|_,J.,.|...| UTUM COCONR 020716 - 020616 0000 0000 0000 XXXX2
i i Bit . .
H i [ symbol Bit Name Function RW
Nothing is assigned. When write, set to "0". _
i (b3 -b0) | When read, its content is indeterminate.
i . 0: Sampled once
I S AM _ RW
i S Sampling Number 1: Sampled three times
i b7 b6 bS5
oLy e PTSO 000:1Tq RW
o 00 1:2Tq
P ion Ti 01 0:3Tq
E [ S PTS1 Propagation Time 01 1:4Tq RW
v Segment 10 0:5Tq
o 10 1:6Tq
F P PTS2 110:7Tq
i 11 1:8Tq RW
E E b10b9 b8
P PRTRRY PBS10 0 0 0: Do not set to this value RW
: 00 1:2Tq
: 0 1 0:3Tq
SELRLEEREREREREREE PBS11 Phase Buffer 01 1:4Tq RW
Segment 1 10 0:5Tq
10 1:6Tq
------------------- PBS12 110:7Tq RW
111:8Tq
b13b12b11
--------------------- PBS20 0 0 0: Do not set to this value RW
00 1:2Tq
0 1 0:3Tq
Vo E mememeeeeeeeeeeeeeaaaas PBS21 Phase Buffer 01 1:4Tq RW
H Segment 2 10 0:5Tq
: 10 1:6Tq
AT EEEEEEEEEEEEEEEEEEEEEE PBS22 110:7Tq RW
' 11 1:8Tq
E E b15 b14
e SIW0 ) RW
: reSynchronization 0 0:1Tq
' . 0 1:2Tq
: Jump Width 1 0:3Tq
----------------------------- SIwi 11:4Tq RW

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.8 COCONR Register
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23.1.6.1 SAM Bit
The SAM bit determines the number of sample points to be taken per bit.
When the SAM bit is set to "0", only one sample is taken per bit at the end of the Phase Buffer
Segment 1 (PBS1) to determine the value of the bit.
When the SAM bit is set to "1", three samples per bit are taken; one time quantum and two time
guanta before the end of PBS1, and at the end of PBS1. The sample result value which is detected
more than twice becomes the value of the bit sampled.

23.1.6.2 PTS2 to PTSO Bits
The PTS2 to PTSO bits determine PTS width.

23.1.6.3 PBS12 to PBS10 Bits
The PBS12 to PBS10 bits determine PBS1 width. Set the PBS12 to 10 bits to "0012" or more.

23.1.6.4 PBS22 to PBS20 Bits
The PBS22 to PBS20 bits determine PBS2 width. Set the PBS22 to PBS20 bits to "0012" or more.

23.1.6.5 SIJW1 and SJWO Bits
The SJW1 and SJWO bits determine SJW width. Set the SJW1 and SJWO bits to values less than or
equal to the PBS22 to PBS20 bits and the PBS12 to PBS10 bits.

Table 23.3 Bit Timing when CPU Clock = 30 MHz

Baud Rate BRP |Tq Clock Cycles (ns)| Tq Per Bit PTS+PBS1 PBS2 | Sample Point
1Mbps 1 66.7 15 12 2 87%
1 66.7 15 11 3 80%
1 66.7 15 10 4 73%
2 100 10 7 2 80%
2 100 10 6 3 70%
2 100 10 5 4 60%
500Kbps 2 100 20 16 3 85%
2 100 20 15 4 80%
2 100 20 14 5 75%
3 133.3 15 12 2 87%
3 133.3 15 11 3 80%
3 133.3 15 10 4 73%
4 166.7 12 9 2 83%
4 166.7 12 8 3 75%
4 166.7 12 7 4 67%
5 200 10 7 2 80%
5 200 10 6 3 70%
5 200 10 5 4 60%
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23.1.7 CANO Baud Rate Prescaler (COBRP Register)

b7

b0

CANO Baud Rate Prescaler

Symbol Address After Reset®
COBRP 021716 0000 00012
Function Setting Range | RW
If setting value is n, the CPU clock is divided 0116 to FE16@ | RW

by (n+1).

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after

reset and supplying the clock to the CAN module.

2. Do not set to "0016" (divide-by-1).

Figure 23.9 COBRP Register

The COBRP register determines the Tq clock cycle of the CAN bit time. The baud rate is obtained
from Tq clock cycle x Tq per bit.
Tq clock cycle = (BRP+1) / CAN clock

Baud rate =

1

Tq clcok cycle x Tq per bit

Tq per bit= SS + PTS + PBS1 + PBS2
Tq: Time quantum
SS: Synchronization Segment; 1 Tq

PBS1: Phase Buffer Segment 1; 2 to 8 Tq

BRP: Setting value of the COBPR register; 1-255
PTS: Propagation Time Segment; 1 to 8 Tq

PBS2: Phase Buffer Segment 2; 2 to 8 Tq
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23.1.8 CANO Time Stamp Register (COTSR Register)

CANO Time Stamp Register

b15 b8 b7 b0

| i | Symbol Address After Reset™®
H COTSR 020916 - 020816 000016
Function RW
RERCECEERERERES Value of time stamp RO

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.10 COTSR Register

The COTSR register is a 16-bit counter. The TSPRE1 and TSPREO bits in the COCTLRO register
select the CAN bus bit clock divided by 1, 2, 3 or 4 as the count source for the COTSR register.
When data transmission or reception is completed, the value of the COTSR register is automatically
stored into the message slot.

In loopback mode, when either data frame receive message slot or remote frame receive message
slot is available to store the message, the value of the COTSR register is also stored into the mes-
sage slot when data reception is completed. The value of the COTSR register is not stored when data
transmission is completed.

The COTSR register starts a counter increment when the RESET1 and RESETO bits in the COCTLRO
register are set to "0".
The COTSR register is set to "000016":

« at the next count timing after the COTSR register is set to "FFFF16";

« when the RESET1 and RESETO bits are set to "1" (CAN module reset) by program; or

» when the TSRESET bit is set to "1" (COTSR register reset) by program.

1

CAN bus bit clock = CAN bittime

Rev. 1.01 Jul. 07, 2005 Page 336 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T) 23. CAN Module

23.1.9 CANO Transmit Error Count Register (COTEC Register)

CANO Transmit Error Count Register

b7 b0

| | Symbol Address After Reset®
COTEC 020A16 0016
Function RW
DI Counter value of transmission errors RO
NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.11 COTEC Register

In an error active or an error passive state, the counting value of a transmission error is stored into
the COTEC register. The counter is decremented when the CAN module has transmitted data suc-

cessfully or is incremented when an transmit error occurs.
In a bus-off state, an indeterminate value is stored into the COTEC register. The COTEC register is

set to "0016" when the CAN module is placed in an error active state again.

23.1.10 CANO Receive Error Count Register (COREC Register)

CANO Receive Error Count Register

b7 b0
| | Symbol Address After Reset®
COREC 020B16 0016
Function RW
REEEELEEEREREEE Counter value of receive error RO
NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.12 COREC Register

In an error active or an error passive state, a counting value of the reception error is stored into the
COREC register. The counter is decremented when the CAN module has received data successfully
or it is incremented when a receive error occurs.

The COREC register is set to 127 when the COREC register is 128 (error passive state) or more and

the CAN module has received successfully.
In a bus-off state, an indeterminate value is stored into the COREC register. The COREC register is

set to "0016" when the CAN module is placed in an error active state again.

Rev. 1.01 Jul. 07, 2005 Page 337 of 495 RENESAS
REJ09B0036-0101



M32C/84 Group (M32C/84, M32C/84T)

23. CAN Module

23.1.11 CANO Slot Interrupt Status Register (COSISTR Register)

CANO Silot Interrupt Status Register

NOTES:

reset and supplying the clock to the CAN module.

Symbol Address After Reset(®)
COSISTR 020D16 - 020C16 000016
Bit . .

Symbol Bit Name Function RW

sis1s | Message Slot15 Interrupt | petermines whether an interrupt of | gy
Request Status Bit a corresponding message slot is
Message Slot 14 Interrupt | requested or not.

SIS14 . . RW
Request Status Bit 0: Requests no interrupt (Note 2)
Message Slot 13 Interrupt 1: Requests an interrupt

SIS13 . RW
Request Status Bit
Message Slot 12 Interrupt

SIs12 . RW
Request Status Bit
Message Slot 11 Interrupt

SIS11 . RW
Request Status Bit
Message Slot 10 Interrupt

SIS10 . RwW
Request Status Bit
Message Slot 9 Interrupt

SIS9 . RwW
Request Status Bit
Message Slot 8 Interrupt

SIS8 . RW
Request Status Bit
Message Slot 7 Interrupt

sis7 ssag nerrup RW
Request Status Bit
Message Slot 6 Interrupt

sis6 ssag nerrup RW
Request Status Bit
Message Slot 5 Interrupt

siss ssag nerrup RW
Request Status Bit
Message Slot 4 Interrupt

sis4 s%ag nerrup RW
Request Status Bit
Message Slot 3 Interrupt

sis3 ssad nerrup RW
Request Status Bit
Message Slot 2 Interrupt

sis2 ssag nerrup RW
Request Status Bit
Message Slot 1 Interrupt

SIS1 ) RwW
Request Status Bit
Message Slot 0 Interrupt

SIS0 . RW
Request Status Bit

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
2. Set to "0" by program. Ifitis setto "1", the value before setting to "1" remains.

Figure 23.13 COSISTR Register
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When using the CAN interrupt, the COSISTR register indicates which message slot is requesting an
interrupt. The SISj bits (j=0 to 15) are not automatically set to "0" (no interrupt requested) when an
interrupt is acknowledged. Set the SISj bits to "0" by program.
Use the MOV instruction, instead of the bit clear instruction, to set the SISj bits to "0". The SISj bits,
which are not being changed to "0", must be set to "1".
For example: To set the SISO bit to "0"

Assembly language: mov.w #07FFFh, COSISTR

C language: cOsistr = OX7FFF;
Refer to 23.4 CAN Interrupt for details.

23.1.11.1 Message Slot for Transmission

The SISj bit is set to "1" (interrupt requested) when the COTSR register is stored into the message slot
j after data transmission is completed.

23.1.11.2 Message Slot for Reception

The SISj bitis set to "1" (interrupt requested) when the received message is stored in the message slot
j after data reception is completed.

NOTES:
1.If the automatic answering function is enabled in the remote frame receive message slot, the
SISj bit is set to "1" after the remote frame is received and the data frame is transmitted.
2.In the remote frame transmit message slot, the SISj bit is set to "1" after the remote frame is
transmitted and the data frame is received.
3.The SISj bit is set to "1" if the SISj bit is set to "1" by an interrupt request and "0" by program
simultaneously.
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23.1.12 CANO Slot Interrupt Mask Register (COSIMKR Register)

CANO Slot Interrupt Mask Register(®
b15 b8 b7 b0
Symbol Address After Reset®
|_,_|_,_|_,_|_,_|_,_|_,_|_,_|_,_| |_,_|_,_|_,_|_,_|1_|_,_|_,_|_,_| COSIMKR 021116 - 021016 000016
P e . _ ~
PEEIIIED I EEEETY Symbol Bit Name Function
pitirriririiiiny guis Slot 15 Interrupt Controls whether the inter‘rupt RW
N Request Mask Bit request of the corresponding
P Slot 14 Interrupt message slot is enabled or masked.
H HEH vr--1 SIM14 . . . RW
: o i Request Mask Bit 0: Masks (disables) an interrupt request
L3 Slot 13 Interrupt 1: Enables an interrupt request W
Request Mask Bit
Slot 12 Interrupt
T SiM12 Request Mask Bit RW
R SIM11 Slot 11 Interrupt RW
Request Mask Bit
1o | SOt 10 Interrupt o
T Request Mask Bit
SIM9 Slot 9 Interrupt RW
Request Mask Bit
SIMs Slot 8 Interrupt RW
Request Mask Bit
T Slot 7 Interrupt
HERH IM7 . RW
' i s Request Mask Bit
T Slot 6 Interrupt
H i M . RW
' i SIMe Request Mask Bit
T Slot 5 Interrupt
H i M . RW
' ' SIMS Request Mask Bit
R Slot 4 Interrupt
H H IM4 . RW
' s Request Mask Bit
: Slot 3 Interrupt
H M . RW
' SIM3 Request Mask Bit
: Slot 2 Interrupt
H IM2 . RW
' s Request Mask Bit
: Slot 1 Interrupt
' IM1 . RW
s Request Mask Bit
Slot 0 Interrupt
IM .
SiMo Request Mask Bit RW
NOTES:
1. Change the COSIMKR register setting while the COMCTL] (j=0to 15) register, corresponding to the bit
to be changed, is set to "0016".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.

Figure 23.14 COSIMKR Register

The COSIMKR register determines whether an interrupt request, generated by a data transmission or
reception in the corresponding message slot is enabled or disabled. When the SIMj bit (j=0 to 15) is set
to "1" (no interrupt requested), an interrupt request generated by a data transmission or reception in the
corresponding message slot is enabled. Refer to 23.4 CAN Interrupt for details.
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23.1.13 CANO Error Interrupt Mask Register (COEIMKR Register)

b7 b6 b5 b4 b3 b2 bl bo

CANO Error Interrupt Mask Register

2 :IZ :IZ :IZ : 2 ;I Symbol Address
COEIMKR 021416

After Reset®

XXXX X0002
Bit . )
Symbol Bit Name Function RW
.l Bom Bus-Oﬁ. Interrupt 0: Masks (d|sab.les) aninterrupt request | o\,
Mask Bit 1: Enables an interrupt request
_____ EPIM Error-Passive Interrupt | 0: Masks (disables) an interrupt request RW
Mask Bit 1: Enables an interrupt request
LI gEiM | CAN Bus-Error Interrupt | 0: Masks (disables) an interrupt request | ryy
Mask Bit 1: Enables an interrupt request
___________________________ Nothing is assigned. When write, set to "0".
(b7 - b3) [When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplvina the clock to the CAN module.

Figure 23.15 COEIMKR Register

Refer to 23.4 CAN Interrupt for details.

23.1.13.1 BOIM Bit

The BOIM bit determines whether an interrupt request is enabled or disabled when the CAN module is
placed in a bus-off state. When the BOIM bit is set to "1", the bus-off interrupt request is enabled.

23.1.13.2 EPIM Bit

The EPIM bit determines whether an interrupt request is enabled or disabled when the CAN module is
placed in an error passive state. When the EPIM bit is set to "1", the error passive interrupt request is

enabled.

23.1.13.3 BEIM Bit

The BEIM bit determines whether an interrupt request is enabled or disabled when a CAN bus error

occurs. When the BEIM bit is set to "1", the CAN bus error interrupt request is enabled.
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23.1.14 CANO Error Interrupt Status Register (COEISTR Register)

b7 b6 b5 b4 b3 b2 bl bo

CANO Error Interrupt Status Register

mﬁ_u_,l Symbol Address After Reset®
COEISTR 021516 XXXX X0002
Bit . .
Symbol Bit Name Function RW
: Bus-Off Interrupt 0: No interrupt is requested
BOIS | status Bit® 1: Interrupt is requested RW
Error-Passive Interrupt | 0: No interrupt is requested
------ EPIS "2) P n , RwW
Status Bit 1: Interrupt is requested
CAN Bus-Error Interrupt | 0: No interrupt is requested
--------- BEIS > Pt 1PLIS req RW
Status Bit 1: Interrupt is requested
___________________________ Nothing is assigned. When write, set to "0". o
(b7 - b3) | When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset and supplying the clock to the CAN module.
2. Set to "0" by program. When it is set to "1", the value before setting to "1" remains.

Figure 23.16 COEISTR Register

When using the CAN interrupt, the COEISTR register indicates the source of the generated error inter-
rupt. The BOIS, EPIS and BEIS bits are not automatically set to "0" (no interrupt requested) even if an
interrupt is acknowledged. Set these bits to "0" by program.
Use the MOV instruction, instead of the bit clear instruction, to set each bit in the COEISTR register to
"0". Bits not being changed to "0" must be set to "1".
For example: To set the BOIS bit to "0"

Assembly language: mov.b#006h, COEISTR

C language: cOeistr = 0x06;
Refer to 23.4 CAN Interrupt for details.

23.1.14.1 BOIS Bit
The BOIS bit is set to "1" when the CAN module is placed in a bus-off state.

23.1.14.2 EPIS Bit
The EPIS bit is set to "1" when the CAN module is placed in an error passive state.

23.1.14.3 BEIS Bit
The BEIS bit is set to "1" when a CAN bus error is detected.
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23.1.15 CANO Error Factor Register (COEFR Register)

CANO Error Factor Register

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address After Reset()
SN I S N N BN B COEFR 021616 0016
HE- Bit _ _
Symbol Bit Name Function RW
H 0: Detects no ACK error
' it@
.l ACKE |ACK Error Detect Bit 1: Detects an ACK error RW
. 0: Detects no CRC error
------ RCE RC Error Detect Bit®? RW
CRC CRC Error Detec 1: Detects a CRC error
. : D fi
--------- FORME | FORM Error Detect Bt | 0 DEIECts no form error RW
1: Detects a form error
............. STFE Stuff Error Detect Bit(z) 0: Detects no stuff error RW
1: Detects a stuff error
................ BITEO |Bit Error Detect Bit 0@ 0: Detects no _blt error W_hlle transr.mtmn% H RW
1: Detects a bit error while transmitting "H
.................... BITEL |Bit Error Detect Bit 1@ 0: Detects no plt error whlle transm,tt!ng L RW
1: Detects a bit error while transmitting "L"
________________________ RCVE | Receive Error Detect Bit®@ 0: Detects no error Wh!le rece!v!ng data RW
1: Detects an error while receiving data
0: Detects no error while transmitting data
--------------------------- TRE | Transmit Error Detect Bit®)] . fong RW
1: Detects an error while transmitting data

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after

reset and supplying the clock to the CAN module.
2. Set to "0" by program. Ifitis set to "1", the value before setting to "1" remains.

Figure 23.17 COEFR Register

The COEFR register indicates the cause of error when a communication error is detected. Set the

following bits to "0" by program because they are not changed "1" to "0" automatically.

Use the MOV instruction, instead of the bit clear instruction, to set each bit in the COEFR register to "0".

Bits not being changed to "0" must be set to "1".
For example: To set the ACKE bit to "0"
Assembly language: mov.b#0FEh, COEFR
C language: cOefr = OXFE;

23.1.15.1 ACKE Bit
The ACKE bit is set to "1" when an ACK error is detected.

23.1.15.2 CRCE Bit
The CRC bit is set to "1" when a CRC error is detected.

23.1.15.3 FORME Bit
The FORME bit is set to "1" when a form error is detected.

23.1.15.4 STFE Bit
The STFE bit is set to "1" when a stuff error is detected.

23.1.15.5 BITEO Bit

The BITEO bit is set to "1" when a bit error is detected while transmitting recessive "H".

23.1.15.6 BITE1 Bit
The BITEL bit is set to "1" when a bit error is detected while transmitting dominant "L".

23.1.15.7 RCVE Bit
The RCVE bit is set to "1" when an error is detected while receiving data.

23.1.15.8 TRE Bit
The TRE bit is set to "1" when an error is detected while transmitting data.
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23.1.16 CANO Mode Register (COMDR Register)

CANO Mode Reqgister®

b7 b6 b5 b4 b3 b2 bl bO

After Reset®

Symbol Address
MMXL_LJ COMDR 021916 XXXX XX002
- Bit _ _
Symbol Bit Name Function RW
bl b0 RW
I . 0 0: Normal operating mode
...i.] cmop | CAN Operating Mode | 1. o honitoring mode
Select Bit )
1 0: Self-test mode RW
1 1: Do not set to this value
[ Nothing is assigned. When write, set to "0". B
Trmhmmdmmbe b (b7 - b2)| When read, its content is indeterminate.

NOTES:
module reset completed).

reset and supplying the clock to the CAN module.

1. Set the COMDR register when the STATE_RESET bit in the COSTR register is set to "1" (CAN

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after

Figure 23.18 COMDR Register

23.1.16.1 CMOD Bit
The CMOD bit selects a CAN operating mode.

» Normal operating mode: The CAN module transmits and receives data successfully.

« Bus monitoring mode(?): The CAN module receives data. Output signal from the CANOOUT pin is
fixed as a high-level ("H") signal in bus monitoring mode. The CAN mod
ule transmits neither ACK nor error frame.

* Self-test mode: The CAN module connects the CANOouT pin to the CANOIN pin internally.

The CAN module can communicate without additional device in loop back mode.
Output signal from the CANOouT pin is fixed as an "H" signal in self-test mode while
transmitting data. Figure 23.19 shows an image diagram in self-test mode.

NOTES:

1. Do not generate a transmit request in bus monitoring mode.
The CAN module assumes the ACK bit is set to dominant "L" regardless of the ACK bit setting.
Therefore, when the CRC delimiter is received successfully, the CAN module determines the

data is received with no error regardless of the ACK bit setting.
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CAN Module
Self-test Mode

) CANOIN ( ) < O CANOIN Pin

0 <
ACK Signal
Generation Circuit

)CANOOUT > O CANOOUT Pin

>

Figure 23.19 Self-Test Mode
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23.1.17 CANO Single-Shot Control Register (COSSCTLR Register)

CANO Single-Shot Control Register® 2

NOTES:

be changed, is set to "0016".

Symbol Address After Reset(®)
COSSCTLR 022116 - 022016 000016
Bit . )
Symbol Bit Name Function RW
sscis | Message Slot 15 Single-Shot | 0: single-shot mode not used RW
Control Bit 1: Use single-shot mode
Message Slot 14 Single-Shot
SSC14 ) RW
Control Bit
Message Slot 13 Single-Shot
SSC13 ) RW
Control Bit
Message Slot 12 Single-Shot
SSC12 ) RW
Control Bit
Message Slot 11 Single-Shot
SSC11 ) RW
Control Bit
Message Slot 10 Single-Shot
SSC10 ) RW
Control Bit
SsCo Message Slot 9 Single-Shot
Control Bit RW
ssC8 Message Slot 8 Single-Shot
Control Bit RW
ssc7 MessagelSIot 7 Single-Shot RW
Control Bit
M lot 6 Single-Shot
S5C6 essage.S ot 6 Single-Shot RW
Control Bit
3sC5 MessagelSIot 5 Single-Shot RW
Control Bit
M lot 4 Single-Shot
ssc4 essage.S ot 4 Single-Shot RW
Control Bit
3sC3 MessagelSIot 3 Single-Shot RW
Control Bit
M lot 2 Single-Shot
s5C2 essage.S ot 2 Single-Shot RW
Control Bit
Message Slot 1 Single-Shot
SSC1 ) RW
Control Bit
Message Slot 0 Single-Shot
SSCO . RW
Control Bit
1. Set the COSSCTLR register after the COMCTL] register (j=0 to 15) in a slot, corresponding to the bit to
2.The COSSCTLR register can be accessed only when the BANKSEL bit in the COCTLRL1 register is set
to "0" (message slot control register and single-shot register selected).
3. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset, supplying the clock to the CAN module, and setting the BANKSEL bit to "0".

Figure 23.20 COSSCTLR Register

According to the CAN Specification 2.0B0, if the arbitration lost or transmission error causes a transmit
failure, the microcomputer continues transmitting data until the transmission is completed. The
COSSCTLR register determines whether or not, and from which slot, data is re-transmitted.

In single-shot mode, if the arbitration lost or transmission error causes a transmission failure, data is not
transmitted again. When the SSCj bit (j=0 to 15) is set to "1", the corresponding message slot j is in
single-shot mode.
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23.1.18 CANO Single-Shot Status Register (COSSSTR Register)

CANO Single-Shot Status Register®
Symbol Address After Reset(2)
COSSSTR 022516 - 022416 000016
Bit . .
Symbol Bit Name Function RW
sssi1s | Message Slot15 Single-Shot | 0: No arbitration is lost, or no RW
Status Bit transmit error occurs
Message Slot 14 Single-Shot | 1. Arbitration is lost, or transmit
SSS14 Status Bit error occurs RW
atus Bl (Note 3)
Message Slot 13 Single-Shot
SSS13 ) RwW
Status Bit
Message Slot 12 Single-Shot
SSS12 . RwW
Status Bit
Message Slot 11 Single-Shot
SSS11 ) RwW
Status Bit
Message Slot 10 Single-Shot
SSS10 i RW
Status Bit
Message Slot 9 Single-Shot
SSS9 i RW
Status Bit
Message Slot 8 Single-Shot
SSS8 . RwW
Status Bit
Message Slot 7 Single-Shot
sss7 ge "9 RW
Status Bit
Message Slot 6 Single-Shot
SSS6 g8 9 RW
Status Bit
Message Slot 5 Single-Shot
ssS5 ge "o RW
Status Bit
5554 MessageT Slot 4 Single-Shot RW
Status Bit
M Slot 3 Single-Shot
5553 essagg o ingle-Sho RW
Status Bit
3582 MessageT Slot 2 Single-Shot RW
Status Bit
Message Slot 1 Single-Shot
SSS1 . RwW
Status Bit
Message Slot 0 Single-Shot
SSS0 ) RwW
Status Bit
NOTES:
1. The COSSSTR register can be accessed only when the BANKSEL bit in the COCTLRL1 is set to "0"
(message slot control register and single-shot register selected).
2.Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after reset
and supplying the clock to the CAN module.
3. Set to "0" by program. When itis set it to "1", the value before setting to "1" remains.

Figure 23.21 COSSSTR Register

If the arbitration lost or transmission error causes a transmission failure, the bit corresponding to mes-
sage slot j (j=0 to 15) is set to "1". The SSSj bit is set to "0" by program because it is not set to "0"

automatically.

Use the MOV instruction, instead of the bit clear instruction, to set the SSSj bit to "0". Bits not being

changed to "0" must be set to "1".
For example:
Assembly language:

C language:

To set the SSSO bit to "0"

mov.w #07FFFh, COSSSTR

cOssstr = OX7FFF;
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M32C/84 Group (M32C/84, M32C/84T)

23. CAN Module

23.1.19 CANO Global Mask Register, CANO Local Mask Register A and CANO Local Mask
Register B (COGMRk, COLMARK and COLMBRK Registers) (k=0to 4)

b7 b6 b5 b4 b3 b2 bl bO

CANO Global Mask Register Standard DO
CANO Local Mask Register A Standard IDO®
CANO Local Mask Register B Standard IDO®

Symbol Address After Reset®

COGMRO 022816 XXX0 00002

COLMARO 023016 XXX0 00002

COLMBRO 023816 XXX0 00002

Bit . .
Symbol Bit Name Function RW
SID6M | Standard ID6 RW
SID7M | Standard ID7 RW
SID8M | Standard ID8 0: No ID is verified RW
1: ID is verified
SID9M | Standard ID9 RW
SID10M | Standard 1D10 RW
Nothing is assigned. When write, set to "0". o
(b7 - b5) | When read, its content is indeterminate.

NOTES:

1. The COGMRO, COLMARO and COLMBRO registers can be accessed only when the BANKSEL bit in
the COCTLRL1 register is set to "1" (mask register selected).

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset, supplying the clock to the CAN module, and setting the BANKSEL bit to "1".

3. The COLMARQO register shares the same address with the COMCTLO register.

4. The COLMBRO register shares the same address with the COMCTLS register.

Figure 23.22 COGMRO, COLMARO and COLMBRO Registers
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M32C/84 Group (M32C/84, M32C/84T)

23. CAN Module

b7 b6 b5 b4 b3 b2 bl bo

|

NOTES:

CANO Global Mask Register Standard ID1(D)
CANO Local Mask Register A Standard ID1®
CANO Local Mask Register B Standard ID1®

Symbol Address After Reset®
COGMR1 022916 XX00 00002
COLMAR1 023116 XX00 00002
COLMBR1 023916 XX00 00002
Bit . .
Symbol Bit Name Function RW
SIDOM | Standard IDO RW
SID1M | Standard ID1 RW
SID2M | Standard ID2 RW
0: No ID is verified
1: ID is verified
SID3M | Standard ID3 RW
SID4M | Standard ID4 RW
SID5M | Standard ID5 RW
Nothing is assigned. When write, set to "0". B
(b7 - b6) | When read, its content is indeterminate.

1. The COGMRO, COLMARO and COLMBRO registers can be accessed only when the BANKSEL bit in
the COCTLR1 register is set to "1" (mask register selected).

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after
reset, supplying the clock t