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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/88 Group (M32C/88T) microcomputer.
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.



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

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

NOTES :
1. Before using this material, please visit the our website to verify that this is the most current document

available.
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Quick

Reference by Address

Address Register Page | |Address Register Page
000016 003016

000116 003116

000216 003216

000316 003316

000416 [Processor Mode Register 0 (PMO) 51 003416

000516 |Processor Mode Register 1 (PM1) 52 003516

000616 [System Clock Control Register 0 (CMO) 56 003616

000716 |System Clock Control Register 1 (CM1) 57 003716

000816 003816

000916 |[Address Match Interrupt Enable Register (AIER) 98 003916 | Address Match Interrupt Register 6 (RMADG6) 98
000A16 |Protect Register (PRCR) 78 003A16

000B16 003B16

000C16 [Main Clock Division Register (MCD) 58 003C16

000D16 |Oscillation Stop Detection Register (CM2) 59 003D16 | Address Match Interrupt Register 7 (RMAD7) 98
000E16 |Watchdog Timer Start Register (WDTS) 003E16

000F16 |Watchdog Timer Control Register (WDC) 104 003F16

001016 004016

001116 |[Address Match Interrupt Register 0 (RMADO) 98 004116

001216 004216

001316 [Processor Mode Register 2 (PM2) 62 004316

001416 004416

001516 |[Address Match Interrupt Register 1 (RMAD1) 98 004516

001616 004616

001716 004716

001816 004816

001916 |[Address Match Interrupt Register 2 (RMAD2) 98 004916

001A16 004A16

001B16 004B16

001C1s6 004C16

001D16 |Address Match Interrupt Register 3 (RMAD3) 98 004D16

001E16 004E16

001F1e 004F16

002016 005016

002116 005116

002216 005216

002316 005316

002416 005416

002516 005516 | Flash Memory Control Register 1 (FMR1) 375
002616 |[PLL Control Register 0 (PLCO) 61 005616

002716 |PLL Control Register 1 (PLC1) 005716 | Flash Memory Control Register 0 (FMRO) 374
002816 005816

002916 |Address Match Interrupt Register 4 (RMAD4) 98 005916

002A16 005A16

002B16 005B16

002C16 005C16

002D16 |Address Match Interrupt Register 5 (RMADS) 98 005D16

002E16 005E16

002F16 005F16

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

Blank spaces are reserved. No access is allowed.

B-2

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 009118 | \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 (11011C)/ 87
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) Intelligent 1/O Interrupt Control Register 3 (1103IC)/
006A16 | DMA2 Interrupt Control Register (DM2IC) 009716 CAN Interrupt 7 Control Register (CAN7IC)
006B16 | UART2 Receive /ACK Interrupt Control Register (S2RIC) 009816 | Timer B4 Interrupt Control Register (TB4IC)
006Cz16 | Timer AO Interrupt Control Register (TAOIC) 009916 | CAN Interrupt 5 Control Register (CANS5IC)
006D16 | UART3 Receive /ACK Interrupt Control Register (S3RIC) 009A16 | INT4 Interrupt Control Register (INT4IC) 88
006E16 | Timer A2 Interrupt Control Register (TA2IC) 009B16
006F16 | UART4 Receive /ACK Interrupt Control Register (S4RIC) 009C1s6 | INT2 Interrupt Control Register (INT2IC) 88
007016 | Timer A4 Interrupt Control Register (TA4IC) Intelligent 1/O Interrupt Control Register 9 (1109IC)/

UARTO Bus Conflict Detect Interrupt Control Register (BCNOIC)/ 009D1s CAN Interrupt O Control Register (CANOIC) 87
007116 UART3 Bus Conflict Detect Interrupt Control Register (BCN3IC) 87 009E16 | INTO Interrupt Control Register (INTOIC) 88
007216 | UARTO Receive/ACK Interrupt Control Register (SORIC) 009F16 | Exit Priority Control Register (RLVL) 89
007316 | A/IDO Conversion Interrupt Control Register (ADOIC) 00AO016 | Interrupt Request Register 0 (IIO0IR)
007416 | UART1 Receive/ACK Interrupt Control Register (S1RIC) 00A116 | Interrupt Request Register 1 (II01IR)

Intelligent 1/O Interrupt Control Register 0 (1100IC)/ 00A216 | Interrupt Request Register 2 (I102IR)
007516 CAN Interrupt 3 Control Register (CAN3IC) 00A316 | Interrupt Request Register 3 (II03IR) 101
007616 | Timer B1 Interrupt Control Register (TB1IC) 00A416 | Interrupt Request Register 4 (1104IR)
007716 | Intelligent I/O Interrupt Control Register 2 (1102IC) 00A516 | Interrupt Request Register 5 (IIO5IR)
007816 | Timer B3 Interrupt Control Register (TB3IC) 00A616 | Interrupt Request Register 6 (II06IR)
007916 | Intelligent I/O Interrupt Control Register 4 (1104IC) 00A716
007A16 | INTS Interrupt Control Register (INT5IC) 88 00A81s6 | Interrupt Request Register 8 (1108IR)
007B16 | CAN Interrupt 8 Control Register (CANSIC) 87 00A916 | Interrupt Request Register 9 (II09IR)
007Cz1s6 | INT3 Interrupt Control Register (INT3IC) 88 00AAu16 | Interrupt Request Register 10 (II010IR) 101
007D1s | Intelligent I/O Interrupt Control Register 8 (108IC) | 87 00AB16 | Interrupt Request Register 11 (II011IR)
007E16 | INT1 Interrupt Control Register (INT1IC) 88 00AC16

Intelligent 1/O Interrupt Control Register 10 (I1010IC)/ 00AD16
007F16 CAN Interrupt 1 Control Register (CAN1IC) 87 00AE16
008016 00AF16
008116 | CAN Interrupt 2 Control Register (CAN2IC) 87 00BO016 | Interrupt Enable Register 0 (IIO0IE)
008216 00B116 | Interrupt Enable Register 1 (IIO1IE)
008316 00B216 | Interrupt Enable Register 2 (IIO2IE)
008416 00B316 | Interrupt Enable Register 3 (IIO3IE) 102
008516 00B416 | Interrupt Enable Register 4 (IIO4IE)
008616 00B516 | Interrupt Enable Register 5 (IIO5IE)
008716 00B616 | Interrupt Enable Register 6 (IIO6IE)
008816 | DMAL Interrupt Control Register (DM1IC) 00B716
008916 | UART2 Transmit /NACK Interrupt Control Register (S2TIC) 00B81s6 | Interrupt Enable Register 8 (IIO8IE)
008A16 | DMA3 Interrupt Control Register (DM3IC) 00B916 | Interrupt Enable Register 9 (IIO9IE)
008B16 | UART3 Transmit /INACK Interrupt Control Register (S3TIC) 00BAu16 | Interrupt Enable Register 10 (IIO10IE) 102
008C16 | Timer AL Interrupt Control Register (TALIC) 87 | [00BB1s| Interrupt Enable Register 11 (IO11IE)
008D16 | UART4 Transmit /INACK Interrupt Control Register (S4TIC) 00BC16
008E16 | Timer A3 Interrupt Control Register (TA3IC) 00BD16
008F16 | UART2 Bus Conflict Detect Interrupt Control Register (BCN2IC) 00BE16

00BF16




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) 280
00C416 00F416 | Data Mask Register 00 (GOMSKO)

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

00C616 00F616 | Communication Clock Select Register (CCS) 281
00C716 00F716

00C816 00F816

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

00CA16 00FA16 280
00CB16 00FB16 Tramsmit CRC Code Register 0 (GOTCRC)

00CC16 00FCazs | SI/O Extended Mode Register 0 (GOEMR) 275
00CD16 00FD1s | SI/O Extended Receive Control Register 0 (GOERC)| 272
00CEz16 O00FE16 | SI/O Special Communication Interrupt Detect Register 0 (GOIRF)| 278
00CF16 00FF16 | SI/O Extended Transmit Control Register 0 (GOETC) | 276
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) 251/
00D816 010816 | Time Measurement Register 14 (G1TM4)/ 252
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) 251
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 SV/O Receive Buffer Register0 (GORB) 273 011916 | Time Measurement Control Register 11 (G1TMCR1)
00EA16 | Transmit Buffer/Receive Data Register 0 (GOTB/GODR) | 279 011A16 | Time Measurement Control Register 12 (G1TMCR?2)
00EB16 011B16 | Time Measurement Control Register 13 (G1TMCR3)
00EC1s6 | Receive Input Register 0 (GORI) 272 011C16 | Time Measurement Control Register 14 (G1TMCR4) 250
00ED16 | SI/O Communication Mode Register 0 (GOMR) 274 011D16 | Time Measurement Control Register 15 (GITMCRS5)
00EE16 | Transmit Output Register 0 (GOTO) 272 011E1e | Time Measurement Control Register 16 (G1TMCR®6)
00EF16 | SI/O Communication Control Register 0 (GOCR) 273 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 ) . 017016 | CAN2 Slot Buffer Select Register (C2SBS) 331
012116 |B2S€ Timer Registerl (G1BT) 248 | [017116 | CAN2 Control Register 1 (C2CTLR1) 299
012216 |Base Timer Control Register 10 (G1BCRO) 017216 | CAN2 Sleep Control Register (C2SLPR) 300
012316 |Base Timer Control Register 11 (G1BCR1) 249 017316
012416 |Time Measurement Prescaler Register 16 (G1TPR6) 017416 . .
012516 |Time Measurement Prescaler Register 17 (G1TPR7) 250 017516 CAN2 Acceptance Filter Support Register (C2AFS) | 336
012616 |Function Enable Register 1 (G1FE) 253 017616
012716 |Function Select Register 1 (G1FS) 252 017716
012816 ) ) 017816 | Input Function Select Register (IPS) 363
012916 SI/O Receive Buffer Register 1 (G1RB) 273 017916 | Input Function Select Register A (IPSA) 364
012A16 | Transmit Buffer/Receive Data Register 1 (G1TB/G1DR)| 279 017A16
012B16 017B16
012C16 |Receive Input Register 1 (G1RI) 272 017C16
012D16 | SI/O Communication Mode Register 1 (G1MR) 274 017D16
012E16 | Transmit Output Register 1 (G1TO) 272 017F16
012F16 |SI/O Communication Control Register 1 (G1CR) 273 018016 | CAN2 Message Slot Buffer 0 Standard ID0 (C2SLOT0_0)
013016 |Data Compare Register 10 (G1CMPO) 018116 | CAN2 Message Slot Buffer 0 Standard ID1 (C2SLOTO0_1) 332
013116 |Data Compare Register 11 (G1CMP1) 018216 | CAN2 Message Slot Buffer 0 Extended ID0 (C2SLOTO_2)
013216 |Data Compare Register 12 (G1CMP2) 018316 | CAN2 Message Slot Buffer 0 Extended ID1 (C2SLOTO_3) 333
013316 |Data Compare Register 13 (G1CMP3) 280 018416 | CAN2 Message Slot Buffer 0 Extended ID2 (C2SLOTO_4)
013416 |Data Mask Register 10 (G1MSKO) 018516 | CAN2 Message Slot Buffer 0 Data Length Code (C2SLOTO_5) 334
013516 |Data Mask Register 11 (G1MSK1) 018616 | CAN2 Message Slot Buffer 0 Data 0 (C2SLOT0_6)
013616 018716 | CAN2 Message Slot Buffer 0 Data 1 (C2SLOTO0_7)
013716 018816 | CAN2 Message Slot Buffer 0 Data 2 (C2SLOTO0_8)
013816 ) ) 018916 | CAN2 Message Slot Buffer 0 Data 3 (C2SLOTO0_9)
013916 |RECEIVE CRC Code Registerl (G1RCRC) 018A16 | CAN2 Message Slot Buffer 0 Data 4 (C2SLOTO_10)
013A16 ) . 280 018B16 | CAN2 Message Slot Buffer 0 Data 5 (C2SLOTO0_11) 335
013816 | 2NSMIt CRC Code Registerl (G1TCRC) 018C16 | CAN2 Message Slot Buffer 0 Data 6 (C2SLOTO_12)
013Cz16 |SI/O Extended Mode Register 1 (G1EMR) 275 018D16 | CAN2 Message Slot Buffer 0 Data 7 (C2SLOT0_13)
013D16 | SI/O Extended Receive Control Register 1 (G1ERC) | 277 018E16 | CAN2 Message Slot Buffer 0 Time Stamp High-Order (C2SLOTO_14)
013E16 |SI/O Special Communication Interrupt Detect Register 1 (G1IRF) | 279 018F16 | CAN2 Message Slot Buffer 0 Time Stamp Low-Order (C2SLOT0_15)
013F16 |SI/O Extended Transmit Control Register 1 (G1ETC)| 276 019016 | CAN2 Message Slot Buffer 1 Standard ID0 (C2SLOT1_0)
014016 019116 | CAN2 Message Slot Buffer 1 Standard ID1 (C2SLOT1_1) 332
014116 019216 | CAN2 Message Slot Buffer 1 Extended IDO (C2SLOT1_2)
014216 019316 | CAN2 Message Slot Buffer 1 Extended ID1 (C2SLOT1_3) 333
014316 019416 | CAN2 Message Slot Buffer 1 Extended ID2 (C2SLOT1_4)
014416 019516 | CAN2 Message Slot Buffer 1 Data Length Code (C2SLOT1_5) 334
014516 019616 | CAN2 Message Slot Buffer 1 Data 0 (C2SLOT1_6)
014616 019716 | CAN2 Message Slot Buffer 1 Data 1 (C2SLOT1_7)
014716 019816 | CAN2 Message Slot Buffer 1 Data 2 (C2SLOT1_8)
014816 019916 | CAN2 Message Slot Buffer 1 Data 3 (C2SLOT1_9)
014916 019A16 | CAN2 Message Slot Buffer 1 Data 4 (C2SLOT1_10)
014A16 019B16 | CAN2 Message Slot Buffer 1 Data 5 (C2SLOT1_11) 335
014B16 019C16 | CAN2 Message Slot Buffer 1 Data 6 (C2SLOT1_12)
014Cz1s 019D16 | CAN2 Message Slot Buffer 1 Data 7 (C2SLOT1_13)
014D16 019E16 | CAN2 Message Slot Buffer 1 Time Stamp High-Order (C2SLOT1_14)

to 019F16 | CAN2 Message Slot Buffer 1 Time Stamp Low-Order (C2SLOTZ_15)
016F16

Blank spaces are reserved. No access is allowed.




Quick

Reference by Address

Blank spaces are reserved. No access is allowed.

Address Register Page Address Register Page
01A016 ) CAN2 Message Slot 0 Control Register (C2MCTLO)/ | 327/
01A116 |CAN? Control Register0 (C2CTLRO) 296 | {01D016 | AN Local Mask Register A Standard D0 (C2LMARQ) | 320
01A216 ) CAN2 Message Slot 1 Control Register (C2MCTL1)/ | 327/
01A316 |CAN? Status Register (C2STR) 801 | OID116 | - aNol ocal Mask Register A Standard ID1 (C2LMARY) | 321
01A416 ) CAN2 Message Slot 2 Control Register (C2MCTL2)/ | 327/
01A516 |CANZ Bxtended ID Register (C2IDR) 804 | |01D216 | AN Local Mask Register A Extended IDO (C2LMAR?)| 322
01A616 . . ) CAN2 Message Slot 3 Control Register (C2MCTL3)/ | 327/
01A716 |CAN? Configuration Register (C2CONR) 805 | 101D316 | AN Local Mask Register A Extended ID1 (C2LMAR3)| 323
01A816 |~ AN2 Time Stamp Register (C2TSR) 308 01D416 CAN2 Message Slot 4 Control Register (C2MCTL4)/ | 327/
01A916 CAN2 Local Mask Register A Extended ID2 (C2LMAR4) | 324
01AA16 |[CAN2 Transmit Error Count Register (C2TEC) 309 01D516 | CAN2 Message Slot 5 Control Register (C2MCTL5)
01AB16 [CAN2 Receive Error Count Register (C2REC) 333 01D616 | CAN2 Message Sot 6 Control Register (C2MCTL6) | 327
01AC16 . 01D716 | CAN2 Message Slot 7 Control Register (C2MCTL7)
01AD16 CAN2 Slot Interrupt Status Register (C2SISTR) 310 CAN2 Message Slot 8 Control register (C2MCTL8)/ | 327/
01AE16 O1DB16 | - AN2 Local Mask Register B Standard ID0 (C2LMBRO)| 320
01AF16 CAN2 Message Slot 9 Control register (C2MCTL9)/ | 327/
01BO16 _ O1D916 | A2 Local Mask Register B Standard ID1 (C2LMBR1)| 321
01B116 CAN2 Slot Interrupt Mask Register (C2SIMKR) 812 CAN2 Message Slot 10 Control register (C2MCTL10)/| 327/
01B216 O1DAL8] - AN2 Local Mask Register B Standard ID2 (C2LMBR2)| 322
01B316 CAN2 Message Slot 11 Control register (C2MCTL11)/| 327/
01B416 [CAN2 Error Interrupt Mask Register (C2EIMKR) 313 01DB1s CAN2 Local Mask Register B Standard ID3 (C2LMBR3)| 323
01B516 |[CAN2 Error Interrupt Status Register (C2EISTR) 314 CAN2 Message Slot 12 Control register (C2MCTL12)/| 327/
01B616 |CAN2 Error Cause Register (C2EFR) 315 01DC1s CAN2 Local Mask Register B Standard ID4 (C2LMBR4)| 324
01B716 [CAN2 Baud Rate Prescaler (C2BRP) 307 01DD16| CAN2 Message Slot 13 Control Register (C2MCTL13)
01B816 01DE16 | CAN2 Message Sot 14 Control Register (C2MCTL14)| 327
01B916 |[CAN2 Mode Register (C2MDR) 316 01DF16 | CAN2 Message Slot 15 Control Register (C2MCTL15)
01BA16 01EO16 | CANO Message Slot Buffer 0 Standard IDO (COSLOTO_0)
01BB16 01E116 | CANO Message Siot Buffer 0 Standard ID1 (COSLOTO_1) | o2
01BC16 01E216 | CANO Message Slot Buffer 0 Extended ID0 (COSLOTO_2)
01BD16 01E316 | CANO Message Siot Buffer 0 Extended ID1 (COSLOTO_3) | —o0
01BE16 01E416 | CANO Message Slot Buffer 0 Extended ID2 (COSLOTO_4)
01BF16 01E516 | CANO Message Slot Buffer 0 Data Length Code (COSLOTO_5) 334
01CO016 ) . 01E616 | CANO Message Slot Buffer 0 Data 0 (COSLOTO_6)
01C116 | CAN2 Single Shot Control Register (C2SSCTLR) | 318 | 17527 TEAND Message Slot Buffer 0 Data 1 (COSLOTO_7)
01C216 01E816 | CANO Message Slot Buffer 0 Data 2 (COSLOTO_8)
01C316 01E916 | CANO Message Slot Buffer 0 Data 3 (COSLOTO0_9)
01C416 ) . 01EA16 | CANO Message Slot Buffer 0 Data 4 (COSLOTO_10)
01C516 | CAN2 Single Shot Status Register (C2SSSTR) | 319 | 57ER TEANG Message Slot Buffer 0 Data 5 (COSLOTO_11)| o0
01C616 01EC16 | CANO Message Slot Buffer 0 Data 6 (COSLOT0_12)
01C716 01ED16 | CANO Message Slot Buffer 0 Data 7 (COSLOTO0_13)
01C816 |CAN2 Global Mask Register Standard IDO (C2GMR0) | 320 01EE16 | CANO Message Slot Buffer 0 Time Stamp High-Order (COSLOT0_14)
01C916 |CAN2 Global Mask Register Standard ID1 (C2GMR1) | 321 01EF16 | CANO Message Slot Buffer 0 Time Stamp Low-Order (COSLOT0_15)
01CA16 [CAN2 Global Mask Register Extended IDO (C2GMR2) | 322

01CBu16 [CAN2 Global Mask Register Extended ID1 (C2GMR3) | 323

01CCz16 [CAN2 Global Mask Register Extended ID2 (C2GMR4) | 324

01CDa1s6

01CE16

01CF16
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Address Register Page
01F016 |CANO Message Slot Buffer 1 Standard IDO (COSLOT1_0)
01F116 |CANO Message Slot Buffer 1 Standard ID1 (COSLOT1_1) 332
01F216 |CANO Message Slot Buffer 1 Extended ID0 (COSLOT1_2)
01F316 |CANO Message Slot Buffer 1 Extended ID1 (COSLOT1_3) 333
01F416 |CANO Message Slot Buffer 1 Extended ID2 (COSLOT1_4)
01F516 |CANO Message Slot Buffer 1 Data Length Code (COSLOT1_5) 334
01F616 |CANO Message Slot Buffer 1 Data 0 (COSLOT1_6)
01F716 |CANO Message Slot Buffer 1 Data 1 (COSLOT1_7)
01F816 |CANO Message Slot Buffer 1 Data 2 (COSLOT1_8)
01F916 |CANO Message Slot Buffer 1 Data 3 (COSLOT1_9)
01FA16 |CANO Message Slot Buffer 1 Data 4 (COSLOT1_10)
01FB16 |CANO Message Slot Buffer 1 Data 5 (COSLOT1_11) 335
01FC16 |CANO Message Slot Buffer 1 Data 6 (COSLOT1_12)
01FD16 |CANO Message Slot Buffer 1 Data 7 (COSLOT1_13)
01FE16 |CANO Message Slot Buffer 1 Time Stamp High-Order (COSLOT1_14)
01FF16 |CANO Message Slot Buffer 1 Time Stamp Low-Order (COSLOT1_15)
020016

020116 CANO Control Register0 (COCTLRO) 296
020216

020316 CANO Status Register (COSTR) 301
020416

020516 CANO Extended ID Register (COIDR) 304
020616

020716 CANO Configuration Register (COCONR) 305
020816 | cANO Time Stamp Register (COTSR) 308
020916

020A16 |CANO Transmit Error Count Register (COTEC) 209
020B16 |CANO Receive Error Count Register (COREC)

020C16

020D16 CANO Slot Interrupt Status Register (COSISTR) 310
020E16

020F16

021016

021116 CANO Slot Interrupt Mask Register (COSIMKR) 312
021216

021316

021416 |CANO Error Interrupt Mask Register (COEIMKR) 313
021516 |CANO Error Interrupt Status Register (COEISTR) 314
021616 |CANO Error Cause Register (COEFR) 315
021716 |CANO Baud Rate Prescaler (COBRP) 307
021816

021916 |CANO Mode Register (COMDR) 316
021A16

021B16

021C16

021D16

021E16

021F16

Address Register Page
022016
022116 CANO Single Shot Control Register (COSSCTLR) | 318
022216
022316
022416
022516 CANO Single Shot Status Register (COSSSTR) 319
022616
022716
022816 |CANO Global Mask Register Standard IDO (COGMRO0) | 320
022916 | CANO Global Mask Register Standard ID1 (COGMR1) | 321
022A16 | CANO Global Mask Register Extended IDO (COGMR2) | 322
022B16 | CANO Global Mask Register Extended ID1 (COGMR3) | 323
022C16 | CANO Global Mask Register Extended ID2 (COGMR4) | 324
022D16
022E16
022F16
CANO Message Slot 0 Control Register (COMCTLOQ)/| 327/
023016 | - ANO Local Mask Register A Standard IDO (COLMARO) | 320
CANO Message Slot 1 Control Register (COMCTL1)/ | 327/
023116 | - ANOLocal Mask Register A Standard ID1 (COLMAR1) | 321
CANO Message Slot 2 Control Register (COMCTL2)/ | 327/
023216 | - ANO Local Mask Register A Extended ID0 (COLMAR2)| 322
CANO Message Slot 3 Control Register (COMCTL3)/ | 327/
023316 | - ANO Local Mask Register A Extended ID1 (COLMAR3)| 323
CANO Message Slot 4 Control Register (COMCTL4)/ | 327/
023416 | - ANO Local Mask Register A Extended 1D2 (COLMAR4)| 324
023516 |CANO Message Slot 5 Control Register (COMCTLS5)
023616 |CANO Message Sot 6 Control Register (COMCTL6)| 327
023716 | CANO Message Slot 7 Control Register (COMCTL7)
CANO Message Slot 8 Control register (COMCTLS8)/| 327/
023816 | ~ANO Local Mask Register B Standard ID0 (COLMBRO)| 320
CANO Message Slot 9 Control Register (COMCTL9)/| 327/
023916 | - ANO Local Mask Register B Standard ID1 (COLMBR1)| 321
CANO Message Slot 10 Control Register (COMCTL10)/| 327/
023A16 | - ANO Local Mask Register B Extended ID0 (COLMBR2)| 322
CANO Message Slot 11 Control Register (COMCTL11)/| 327/
023B16 | - ANO Local Mask Register B Extended ID1 (COLMBR3)| 323
CANO Message Slot 12 Control Register (COMCTL12)/| 327/
023C18 | - ANO Local Mask Register B Extended 1D2 (COLMBR4)| 324
023D16 | CANO Message Slot 13 Control Register (COMCTL13)
023E16 | CANO Message Slot 14 Control Register (COMCTL14) | 327
023F16 | CANO Message Slot 15 Control Register(COMCTL15)

Blank spaces are reserved. No access is allowed.




Quick

Reference by Address

Address Register Page Address Register Page
024016 | CANO Slot Buffer Select Register (COSBS) 331 027016 | CAN1 Message Slot Buffer 1 Standard ID0 (C1SLOT1_0)
024116 | CANO Control Register 1 (COCTLR1) 299 027116 | CAN1 Message Slot Buffer 1 Standard ID1 (C1SLOT1_1) 332
024216 | CANO Sleep Control Register (COSLPR) 300 027216 | CAN1 Message Slot Buffer 1 Extended ID0 (C1SLOT1_2)
024316 027316 | CAN1 Message Slot Buffer 1 Extended ID1 (C1SLOT1_3) 333
024416 ) ) 027416 | CAN1 Message Slot Buffer 1 Extended ID2 (C1SLOT1_4)
024516 CANO Acceptance Filter Support Register (COAFS) | 336 027516 | CAN1 Message Slot Buffer 1 Data Length Code (C1SLOT1_5) 334
024616 027616 | CAN1 Message Slot Buffer 1 Data 0 (C1SLOT1_6)
024716 027716 | CAN1 Message Slot Buffer 1 Data 1 (C1SLOT1_7)
024816 027816 | CAN1 Message Slot Buffer 1 Data 2 (C1SLOT1_8)
024916 027916 | CAN1 Message Slot Buffer 1 Data 3 (C1SLOT1_9)
024A16 027A16 | CAN1 Message Slot Buffer 1 Data 4 (C1SLOT1_10)
024B16 027B16 | CAN1 Message Slot Buffer 1 Data 5 (C1SLOT1_11) 335
024Cz1s6 027C16 | CAN1 Message Slot Buffer 1 Data 6 (C1SLOT1_12)
024D16 027D16 | CAN1 Message Slot Buffer 1 Data 7 (C1SLOT1_13)
024E16 027E16 | CAN1 Message Slot Buffer 1 Time Stamp High-Order (C1SLOT1_14)
024F16 027F16 | CAN1 Message Slot Buffer 1 Time Stamp Low-Order (C1SLOT1_15)
025016 | CAN1 Slot Buffer Select Register (C1SBS) 331 028016

025116 | CAN1 Control Register 1 (CLCTLR1) 209 | |028116 | CANT CoNtrol Register0 (C1CTLRO) 296
025216 | CAN1 Sleep Control Register (C1SLPR) 300 028216

025316 028316 CAN1 Status Register (C1STR) 301
025416 028416

025516 CAN1 Acceptance Filter Support Register (C1AFS) | 336 028516 CANL1 Extended ID Register (C1IDR) 304
025616 028616

025716 028716 CAN1 Configuration Register (CLCONR) 305
025816 028816

025916 028916 CAN1 Time Stamp Register (C1TSR) 308
025A16 028A16 | CAN1 Transmit Error Count Register (C1TEC) 309
025B16 028B16 | CAN1 Receive Error Count Register (C1REC)

025C16 028C16

025D16 028D16 CAN1 Slot Interrupt Control Register (C1SISTR) 310
025E16 028E16

025F16 028F16

026016 | CAN1 Message Slot Buffer 0 Standard ID0 (C1SLOTO0_0) 029016

026116 | CANL Message Slot Buffer 0 Standard ID1 (C1SLOT0_1)| o2 | |029116 | CANY SlotInterrupt Mask Register (C1SIMKR) 312
026216 | CAN1 Message Slot Buffer 0 Extended ID0 (C1SLOTO_2) 029216

026316 | CAN1 Message Slot Buffer 0 Extended ID1 (C1SLOTO_3) 333 029316

026416 | CAN1 Message Slot Buffer 0 Extended ID2 (C1SLOTO_4) 029416 | CAN1 Error Interrupt Mask Register (C1EIMKR) 313
026516 | CAN1 Message Slot Buffer 0 Data Length Code (C1SLOTO_5) 334 029516 | CAN1 Error Interrupt Status Register (CLEISTR) 314
026616 | CAN1 Message Slot Buffer 0 Data 0 (C1SLOTO_6) 029616 | CAN1 Error Factor Register (C1LEFR) 315
026716 | CAN1 Message Slot Buffer 0 Data 1 (C1SLOTO_7) 029716 | CAN1 Baud Rate Prescaler (C1BRP) 307
026816 | CAN1 Message Slot Buffer 0 Data 2 (C1SLOTO_8) 029816

026916 | CAN1 Message Slot Buffer 0 Data 3 (C1SLOTO_9) 029916 | CAN1 Mode Register (CIMDR) 316
026A16 | CAN1 Message Slot Buffer 0 Data 4 (C1SLOTO_10) 029A16

026B16 | CAN1 Message Slot Buffer 0 Data 5 (C1SLOTO0_11) 335 029B16

026C16 | CAN1 Message Slot Buffer 0 Data 6 (C1SLOT0_12) 029C16

026D16 | CAN1 message Slot Buffer 0 Data 7 (C1SLOT0_13) 029D16

026E16 | CAN1 Message Slot Buffer O Time Stamp High-Order (CLSLOTO_14) 029E16

026F16 | CAN1 Message Slot Buffer 0 Time Stamp Low-Order (C1SLOT0_15) 029F16

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

Address

Register

Page

02C016
02Cl1e

X0 Register YO Register (XOR,YOR)

02C216
02C316

X1 Register Y1 Register (X1R,Y1R)

02C416
02C516

X2 Register Y2 Register (X2R,Y2R)

02C616
02C716

X3 Register Y3 Register (X3R,Y3R)

02C816
02C916

X4 Register Y4 Register (X4R,Y4R)

02CA16
02CB16

X5 Register Y5 Register (X5R,Y5R)

02CCi1s6
02CD1s6

X6 Register Y6 Register (X6R,Y6R)

02CE16
02CF16

X7 Register Y7 Register (X7R,Y7R)

02D016
02D116

X8 Register Y8 Register (X8R,Y8R)

02D216
02D316

X9 Register Y9 Register (X9R,Y9R)

02D416
02D516

X10 Register Y10 Register (X10R,Y10R)

02D616
02D716

X11 Register Y11 Register (X11R,Y11R)

02D816
02D916

X12 Register Y12 Register (X12R,Y12R)

02DA16
02DB16

X13 Register Y13 Register (X13R,Y13R)

02DC1s6
02DD1s6

X14 Register Y14 Register (X14R,Y14R)

02DE16
02DF16

X15 Register Y15 Register (X15R,Y15R)

242

Address Register Page
02A016
02A116 CAN1 Single Shot Control Register (CI1SSCTLR) | 318
02A216
02A316
02A416
02A516 CAN1 Single Shot Status Register (C1SSSTR) 319
02A616
02A716
02A816 [CAN1 Global Mask Register Standard IDO (CLGMRO) | 320
02A916 [CAN1 Global Mask Register Standard ID1 (CIGMR1) | 321
02AA16 [CAN1 Global Mask Register Extended IDO (CIGMR2) | 322
02AB16 |[CAN1 Global Mask Register Extended ID1 (CAGMR3) | 323
02AC16 |CAN1 Global Mask Register Extended ID2 (CIGMR4) | 324
02AD16
02AE16
02AF16
CAN1 Message Slot 0 Control Register (CAMCTLOQ)/ | 327/
02B016 | - AN1 Local Mask Register A Standard D0 (CILMARO) | 320
CAN1 Message Slot 1 Control Register (CAMCTL1)/ | 327/
02B116 | cAN1 Local Mask Register A Standard ID1 (CILMAR1) | 321
CAN1 Message Slot 2 Control Register (CAMCTL2)/ | 327/
02B216 | cAN1 Local Mask Register A Extended ID0 (CILMAR2) | 322
CAN1 Message Slot 3 Control Register (CAMCTL3)/ | 327/
02B316 | cAN1 Local Mask Register A Extended ID1 (CILMAR3) | 323
CAN1 Message Slot 4 Control Register (CAMCTL4)/ | 327/
02B416 | cAN1 Local Mask Register A Extended ID2 (C1LMAR4) | 324
02B516 [CAN1 Message Slot 5 Control Register (CIMCTL5)
02B616 [CAN1 Message Slot 6 Control Register (CLMCTL6) | 327
02B716 |[CAN1 Message Slot 7 Control Register (CLMCTL7)
CAN1 Message Slot 8 Control Register (CAMCTL8)/ | 327/
02B816 | - AN1 Local Mask Register B Standard 1D0 (C1LMBRO) | 320
CAN1 Message Slot 9 Control Register (CAMCTL9)/ | 353/
02B916 | cAN1 Local Mask Register B Standard ID1 (CILMBR1) | 321
CAN1 Message Slot 10 Control Register (CLIMCTL10)/ | 327/
02BA16 | cAN1 Local Mask Register B Extended ID0 (CILMBR2) | 322
CAN1 Message Slot 11 Control Register (CLIMCTL11)/ | 327/
02BB16 | cAN1 Local Mask Register B Extended ID1 (C1LMBR3) | 323
CAN1 Message Slot 12 Control Register (CLIMCTL12)/ | 327/
02BC18 | cAN1 Local Mask Register B Extended ID2 (C1LMBR4) | 324
02BD16 [CAN1 Message Slot 13 Control Register (CLMCTL13)
02BE16 [CAN1 Message Slot 14 Control Register (CLMCTL14) | 327

02BF16

CANL1 Message Slot 15 Control Register (CIMCTL15)

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

Address Register Page | |Address Register Page
02EO016 | X/Y Control Register (XYC) 242 031016

02E116 031116 Timer B3 Register (TB3)

02E216 031216

02E316 031316 Timer B4 Register (TB4) 145
02E416 | UART1 Special Mode Register 4 (ULSMR4) 173 031416 | .

02E516 | UARTL Special Mode Register 3 (UISMR3) 172 | |031516| |'Me" BS Register (TB5)

02E616 | UART1 Special Mode Register 2 (U1ISMR2) 171 031616

02E716 | UART1 Special Mode Register (ULSMR) 170 031716

02E816 | UART1 Transmit/Receive Mode Register (ULMR) 031816

02E916 | UART1 Bit Rate Register (U1BRG) 168 031916

02EA16 031A16

02EB16 | VARTL Transmit Buffer Register (U1TB) 187 1 I031B16| Timer B3 Mode Register (TB3MR)

02EC16| UARTL1 Transmit/Receive Control Register 0 (ULC0)| 169 031C16| Timer B4 Mode Register (TB4MR) 146
02ED16| UART1 Transmit/Receive Control Register 1 (U1C1)| 170 031D16| Timer B5 Mode Register (TB5MR)

02EE16 _ , 031E16

02EF16 UARTL Receive Buffer Register (U1RB) 167 031F16| External Interrupt Request Source Select Register (IFSR)| 96
02F016 032016

02F116 032116

02F216 032216

02F316 032316

02F416 | UART4 Special Mode Register 4 (U4SMR4) 173 032416 | UART3 Special Mode Register 4 (U3SMR4) 173
02F516 | UART4 Special Mode Register 3 (U4SMR3) 172 032516 | UART3 Special Mode Register 3 (U3SMR3) 172
02F616 | UART4 Special Mode Register 2 (U4SMR2) 171 032616 | UART3 Special Mode Register 2 (U3SMR2) 171
02F716 | UART4 Special Mode Register (U4SMR) 170 032716 | UART3 Special Mode Register (U3SMR) 170
02F816 | UART4 Transmit/Receive Mode Register (U4MR) 032816 | UART3 Transmit/Receive Mode Register (USMR)
02F916 | UART4 Bit Rate Register (U4BRG) 168 | 032916 | UART3 Bit Rate Register (USBRG) 168
02FA16 032A16

02FB16 UART4 Transmit Buffer Register (U4TB) 167 032B16 UART3 Transmit Buffer Register (U3TB) 167
02FC16 | UART4 Transmit/Receive Control Register 0 (U4C0)| 169 032C16| UART3 Transmit/Receive Control Register 0 (U3C0)| 169
02FD16 | UART4 Transmit/Receive Control Register 1 (U4C1)| 170 032D16| UART3 Transmit/Receive Control Register 1 (U3C1)| 170
02FE16 032E16

02FF16 UART4 Receive Buffer Register (U4RB) 167 032F16 UART3 Receive Buffer Register (U3RB) 167
030016 | Timer B3,B4,B5 Count Start Flag (TBSR) 147 033016

030116 033116

030216 033216

030316 Timer Al-1 Register (TA11) 033316

030416 | . 033416 | UART2 Special Mode Register 4 (U2SMR4) 173
030516 | | 'Mer A2-1 Register (TA21) 160 | 1033516 | UART2 Special Mode Register 3 (U2SMR3) 172
030616 | ) 033616 | UART2 Special Mode Register 2 (U2SMR2) 171
030716 | 1 'Mer A4-1 Register (TA41) 033716 | UART2 Special Mode Register (U2SMR) 170
030816 | Three-Phase PWM Control Register 0 (INVCO) 157 033816 | UART2 Transmit/Receive Mode Register (U2MR)
030916 | Three-Phase PWM Control Register 1 (INVC1) | 158 | |033916 | UART2 Bit Rate Register (U2BRG) 168
030A16 | Three-Phase Output Buffer Register 0 (IDB0O) 033A16 . )

030B16 | Three-Phase Output Buffer Register 1 (IDB1) 159 | |033B16| VARTZ Transmit Buffer Register (U2TB) 167
030C16 | Dead Time Timer (DTT) 033C16| UART2 Transmit/Receive Control Register 0 (U2C0)| 169
030Dz1s6 | Timer B2 Interrupt Generating Frequency Set Counter (ICTB2)| 160 033D16| UART2 Transmit/Receive Control Register 1 (U2C1)| 170
030E16 033E16

030F16 033F16 UART2 Receive Buffer Register (U2RB) 167

Blank spaces are reserved. No access is allowed.
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Quick

Reference by Address

Address Register Page Address Register Page
034016 |Count Start Flag (TABSR) 130 037016

034116 |Clock Prescaler Reset Flag (CPSRF) 60 037116

034216 | One-Shot Start Flag (ONSF) 131 037216

034316 | Trigger Select Register (TRGSR) 132 037316

034416 | Up/Down Flag (UDF) 131 037416

034516 037516

034616 037616

034716 Timer AO Register (TAO) 037716

034816 | ) 037816 | DMAO Request Source Select Register (DMOSL)
034916 | |'Mer AL Register (TA1) 037916 | DMAL Request Source Select Register (DM1SL)
034A16 | ) 037A16 | DMA2 Request Source Select Register (DM2SL) 109
034B16 | | 'MeT A2 Register (TA2) 129 | 1037816 | DMA3 Request Source Select Register (DM3SL)
034C16 037C16

034D16 Timer A3 Register (TA3) 037D16 CRC Data Register (CRCD) 240
034E16 | ) 037E16 | CRC Input Register (CRCIN)

034F16 Timer A4 Register (TA4) 037F16

035016 038016

035116 Timer BO Register (TBO0) 038116 A/DO Register0 (AD00)

035216 038216

035316 Timer B1 Register (TB1) 145 038316 A/DO Registerl (AD01)

035416 038416

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

035616 | Timer AO Mode Register (TAOMR) 038616 )

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

035816 | Timer A2 Mode Register (TA2MR) 130 038816 ) 225
035916 | Timer A3 Mode Register (TA3MR) 038916 | /D0 Register4 (AD04)

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

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

035C16 | Timer B1 Mode Register (TB1IMR) 146 038C16 )

035D16 | Timer B2 Mode Register (TB2MR) 038D16 | /PO Redister6 (ADOG)

035E16 | Timer B2 Special Mode Register (TB2SC) 160 038E16 )

035F16 | Count Source Prescaler Register (TCSPR) 60 038F16 A/DO Register7 (ADO7)

036016 039016

036116 039116

036216 039216 | A/DO Control Register 4 (ADOCON4) 225
036316 039316

036416 | UARTO Special Mode Register 4 (UOSMR4) 173 039416 | A/DO Control Register 2 (ADOCON2) 224
036516 | UARTO Special Mode Register 3 (UOSMR3) 172 039516 | A/DO Control Register 3 (ADOCON3) 223
036616 | UARTO Special Mode Register 2 (UOSMR2) 171 039616 | A/DO Control Register 0 (ADOCONO) 222
036716 | UARTO Special Mode Register (UOSMR) 170 039716 | A/DO Control Register 1 (ADOCON1) 221
036816 | UARTO Transmit/Receive Mode Register (UOMR) 039816 | D/A Register 0 (DAO) 239
036916 | UARTO Bit Rate Register (UOBRG) 168 039916

036A16 ) ) 039A16 | D/A Register 1 (DAL) 239
036B16 UARTO Transmit Buffer Register (UOTB) 167 039B16

036C16 | UARTO Transmit/Receive Control Register 0 (UOC0)| 169 039C1s6 | D/A Control Register (DACON) 239
036D16 | UARTO Transmit/Receive Control Register 1 (UOC1)| 170 039D16

036E16 039E16

036F16 UARTO Receive Buffer Register (UORB) 167 039F16

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

Address Register Page | |Address Register Page
03A016 | Function Select Register A8 (PS8) 355 03D016 | Port P14 Register (P14)

03Al16 | Function Select Register A9 (PS9) 356 03D116 | Port P15 Register (P15) 352
03A216 03D216 | Port P14 Direction Register (PD14)

03A316 03D316 | Port P15 Direction Register (PD15) 351
03A416 03D416

03A516 03D516

03A616 03D616

03A716 | Function Select Register D1 (PSD1) 360 03D716

03A816 03D816

03A916 03D916

03AA16 03DA16 | Pull-Up Control Register 2 (PUR2) 361
03AB16 03DBu16 | Pull-Up Control Register 3 (PUR3)

03AC16 | Function Select Register C2 (PSC2) 359 03DC1s6| Pull-Up Control Register 4 (PUR4) 362
03AD1s6 | Function Select Register C3 (PSC3) 360 03DD16

03AE16 03DE16

03AF1s6 | Function Select Register C (PSC) 359 03DF16

03BO016 | Function Select Register A0 (PS0) 03EO016 | Port PO Register (P0)

03B116 | Function Select Register A1 (PS1) 353 03E1l16 | Port P1 Register (P1) 352
03B216 | Function Select Register BO (PSLO) 03E216 | Port PO Direction Register (PDO)

03B316 | Function Select Register B1 (PSL1) 357 03E316 | Port P1 Direction Register (PD1) 351
03B416 | Function Select Register A2 (PS2) 03E416 | Port P2 Register (P2)

03B516 | Function Select Register A3 (PS3) 354 03E516 | Port P3 Register (P3) 352
03B616 | Function Select Register B2 (PSL2) 03E616 | Port P2 Direction Register (PD2)

03B716 | Function Select Register B3 (PSL3) 358 03E716 | Port P3 Direction Register (PD3) 351
03B816 03EB816 | Port P4 Register (P4)

03B916 | Function Select Register A5 (PS5) 355 03E916 | Port P5 Register (P5) 352
03BA16 03EA16 | Port P4 Direction Register (PD4)

03BB16 03EB16 | Port P5 Direction Register (PD5) 351
03BC16 03EC16

03BD16 03ED16

03BE16 0O3EE16

03BF16 03EF16

03CO01s6 | Port P6 Register (P6) 03FO016 | Pull-up Control Register 0 (PUROQ)

03C11s6 | Port P7 Register (P7) 352 03F116 | Pull-up Control Register 1 (PUR1) 361
03C216 | Port P6 Direction Register (PD6) 03F216

03C316 | Port P7 Direction Register (PD7) 351 03F316

03C41s6 | Port P8 Register (P8) 03F416

03C516 | Port P9 Register (P9) 352 03F516

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

03C716 | Port P9 Direction Register (PD9) 351 03F716

03C816 | Port P10 Register (P10) 03F816

03C916 | Port P11 Register (P11) 352 03F916

03CAu16 | Port P10 Direction Register (PD10) 03FA16

03CB16 | Port P11 Direction Register(PD11) 351 03FB16

03CCa1s6| Port P12 Register (P12) 03FC16

03CDa1s | Port P13 Register (P13) 352 03FD16

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

03CF16 | Port P13 Direction Register (PD13) 351 03FF16 | Port Control Register (PCR) 363

Blank spaces are reserved. No access is allowed.
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LENESAS

M32C/88 Group (M32C/88T)

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

1. Overview

The M32C/88 Group (M32C/88T) microcomputer is a single-chip control unit that utilizes high-performance
silicon gate CMOS technology with the M32C/80 Series CPU core. The M32C/88 Group (M32C/88T) is
available in 144-pin and 100-pin plastic molded LQFP 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/88 Group (M32C/88T)

1. Overview

1.2 Performance Overview

Tables 1.1 and 1.2 list performance overview of the M32C/88 Group (M32C/88T).

Table 1.1 M32C/88 Group (M32C/88T) Performance (144-Pin Package)

Characteristic

Performance

CPU Basic Instructions

108 instructions

Minimum Instruction Execution Time

31.3 ns (f(BCLK)=32 MHz, Vcc=4.2 V10 5.5 V)

Operating Mode

Single-chip mode

Address Space

16 Mbytes

Memory Capacity

See Table 1.3

Peripheral | 1/0 Port

123 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 I/0, HDLC data processing)

Serial I/O

5 Channels
Clock synchronous serial I/O, Clock asynchronous serial 1/0,
IEBus®, 12C bus®

CAN Module

3 channels  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

X/Y Converter

16 bits x 16 bits

Watchdog Timer

15 bits x 1 channel (with prescaler)

Interrupt

40 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

Cold Start-up/Warm Start-up
Determine Function

On-chip (option)

Electrical| Supply Voltage

Vcc=4.2 V10 5.5 V, (f(BCLK)=32 MHz)

Charact- | Power Consumption
eristics

28 mA (Vce=5V, f(BCLK)=32 MHz)
10pA (Vee=5 'V, f(BCLK)=32 kHz, in wait mode)

Flash Program/Erase Supply Voltage

50v+05V

Memory |Program and Erase Endurance

100 times (all space)

Operating Ambient Temperature

—40 to 85°C (T version)
—40 to 105°C (U version)

Package

144-pin plastic molded LQFP

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. 12C bus is a trademark of Koninklijke Philips Electronics N. V.

All options are on a request basis.
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M32C/88 Group (M32C/88T)

1. Overview

Table 1.2 M32C/88 Group (M32C/88T) Performance (100-Pin Package)

Characteristic

Performance

CPU Basic Instructions

108 instructions

Minimum Instruction Execution Time

31.3 ns (f(BCLK)=32 MHz, Vcc=4.2 V 10 5.5 V)

Operating Mode

Single-chip mode

Address Space

16 Mbytes

Memory Capacity

See Table 1.3

Peripheral| 1/0 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 1/0, HDLC data processing)

Serial I/O

5 Channels
Clock synchronous serial I1/0, Clock asynchronous serial 1/0,
IEBus(®), 12C bus®

CAN Module

3 channels  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 I

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

CRC Calculation Circuit

CRC-CCITT

X/Y Converter

16 bits x 16 bits

Watchdog Timer

15 bits x 1 channel (with prescaler)

Interrupt

40 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

Cold Start-up/Warm Start-up
Determine Function

On-chip (option)

Electrical| Supply Voltage

Vcc=4.2 V10 55 V, (f(BCLK)=32 MHz)

Charact- | Power Consumption
eristics

28 mA (Vce=5V, f(BCLK)=32 MHz)
10pA (Vce=5 'V, f(BCLK)=32 kHz, in wait mode)

Flash Program/Erase Supply Voltage

50vV+05V

Memory | Program and Erase Endurance

100 times (all space)

Operating Ambient Temperature

—40 to 85°C (T version)
—40 to 105°C (U version)

Package

100-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.

All options are on a request basis.

Rev. 1.10 Oct. 18, 2005 Page 3 of 435
REJO09B0162-0110

RENESAS




M32C/88 Group (M32C/88T) 1. Overview
1.3 Block Diagram
Figure 1.1 shows a block diagram of the M32C/88 Group (M32C/88T) microcomputer.
[ Potro | [ PortPr | [ PotP2 | [ PortPs | [ PortPa | | PorPs | | Porps |
|
| Peripheral Functions A/D Converter: Clock Generation Circuit
1 circuit XIN - Xout -
Timer (16 bits) Standard: 10 inputs XcIN - XcouT
Timer A: 5 channels Maximum: 34 inputs® On-chip Oscillator S
Timer B: 6 channels PLL Frequency Synthesizer 2 [
UART/Clock Synchronous Serial 1/O: ~ ©
Three-Phase Motor Control Circuit 5 channels | DMAC —
T
Watchdog Timer (15 bits) XIY Converter: DMACII ] I| N
| 16 bits X 16 bits | % -
D/A Converter: CRC Calculation Circuit (CCITT): ||
I 8 bits X 2 channels [ cAn Module: 3 channels | X164x124x5+1 —
3| <—
M32C/80 series CPU Core Memory —
Intelligent /0 ROH [ RoL | FLG | S
=1
RiH [ RiL | | INTB ] ROM 3z 4'\—>O°
Time Measurement: 8 channels R2 ] | ISP ] ||
Wave Generating: 8 channels |
Communication Functions: R3 | 1 usP | RAM 1
Clock Synchronous Serial I/0, A0 | | PC | Y
UART, = I =
| HDLC Data Processing Al T SVE | 2 ©
FB | [ Svp | [~
SB ] | VCT ] | Multiplier |
[ Portp1a || PortPis | | PortPir | [ PortPi2 | [ PortP13 | ‘
" L4 |
Voo¥s ¥ ¥ s
———
(Note 1)
NOTES:

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

Figure 1.1 M32C/88 Group (M32C/88T) Block Diagram
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M32C/88 Group (M32C/88T) 1. Overview

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

Table 1.3 M32C/88 Group (1) (T version, M32C/88T) As of October, 2005
Type Number Package Type C:p?(\:/ilty CaRpg'::/:ty Remarks

M30882FJTGP (D) | PLQPO144KA-A (144P6Q-A)

512K+4K
M30880FJTGP (D) | PLQPO100KB-A (100P6Q-A)

Flash Memory

M30882FHTGP (D) | PLQPO144KA-A (144P6Q-A) T version

384K+4K 18K . o
M30880FHTGP (D) | PLQPO100KB-A (100P6Q-A) (H'gg;f'gb""y
M30882FWTGP (D) | PLQP0O144KA-A (144P6Q-A)

320K+4K
M30880FWTGP (D) | PLQPO100KB-A (100P6Q-A)
(D): Under development
Table 1.3 M32C/88 Group (2) (U version, M32C/88T) As of October, 2005

Type Number Package Type CaRpggty Caig'::/lity Remarks

M30882FJUGP (D) | PLQPO144KA-A (144P6Q-A)

512K+4K
M30880FJUGP (D) | PLQP0100KB-A (100P6Q-A)

Flash Memory

M30882FHUGP (D) | PLQP0144KA-A (144P6Q-A) U version

384K+4K 18K . L
M30880FHUGP (D) | PLQPO100KB-A (100P6Q-A) (H'glht')[;"ét)"“ty
M30882FWUGP (D) | PLQPO0144KA-A (144P6Q-A)

320K+4K
M30880FWUGP (D) | PLQPO0100KB-A (100P6Q-A)

(D): Under development

NOTE:
Contact our sales office if you are interested in the V version.
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M32C/88 Group (M32C/88T) 1. Overview

M30 88 0

H

FHTGP
—E Package Type:
GP = Package PLQP0100KB-A (100P6Q-A)
Package PLQP0144KA-A (144P6Q-A)
Classification:
T =T Version
U = U Version
~ ROM Capacity:
W = 320 Kbytes
H = 384 Kbytes

J =512 Kbytes
Memory Type:

F = Flash Memory Version
RAM Capacity, Pin Count, etc

M32C/88 Group
M16C Family

Figure 1.2 Product Numbering System
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M32C/88 Group (M32C/88T)

1. Overview

1.5 Pin Assignment

Figures 1.3 and 1.4 show pin assignments (top view).

Plo

ANO7 / PO7

ANOs / POs

ANOs / POs

ANO4 / P04

Pll4

OUTC13/INPC13/P113
BELIN/ISRxD1/OUTC12/INPC12/ P112
ISCLK1/OUTC11/INPC11/P111
BE1louT/ISTxD1/0OUTC10/ INPCl0/ P110
ANO3 / PO3

ANO2 / PO2

ANO1 / PO1

ANOo / POo

AN157/ P157

AN156 / P156

AN155/ P155

AN154/ P154

AN153/ P153

ISRxDO / AN152 / P152

ISCLKO / AN151 / P151

Vss

ISTXDO / AN150 / P150

Vee

Kiz / AN7 / P107

Ki2/ ANs / P106

KIL/ANs / P10s

Kio / AN4 / P104

ANz /P103

AN2/P102

AN1/P101

AVss

ANo / P100

VREF

Avce

STxD4 / SCL4 / RxD4 / ADTRG / P97

NOTES:

PR Rt bt tedtettedsettestess

< P11

O

(1]
[2]
(2]

SS3/RTS3/CTS3/TB3IN/DAO/ P93 <= [ 4]

CAN1oUT / SRxD4 / SDA4 / TXD4 | ANEX1 / P96 ettt
CANIWU / CANLIN / CLK4 / ANEXO / P95 at=—bn

SS4/RTS4/CTS4/TB4IN/ DAL/ P94 <t=—p

<« P15/INT3

SRxD3/SDA3/TxD3/TB2IN/ P92 === [5 |
STxD3/SCL3/RxD3/TBLIN/ P91 === [ |

<« Pl6/INT4

(7]

CLK3/TBOIN/ P90 et

< P20/AN20

[99] €= P22/AN22

[94] €= P27/AN27

M32C/88 GROUP
(M32C/88T)

]
]
=
m
]
]
=]

IIIIEBEB 5828833
S48 >aafo>X>aaa
lﬂ.l&mZ\\wX -~~~
IxZImgzo|e SN
582 53 |2|k|k
S 000 x 8 zlzlz
o oo x ~
z2zzz z
~—~~ p=]
~ © 1 o« z
588 F4
8000 S
EEEE =
2222 z
2000 E

z

2

S

1. P70/ TAOouT / TxD2 / SDA2 / SRXD2 / INPC16 / OUTC16
2. P70 and P71 are ports for the N-channel open drain output.

CANOOUT / CAN10UT / INTO / P82«

=]
[z}
]
o}
=
B
B
G
B
B

INPC15/ OUTC15/ U/ TA4IN/ P81 =

ISRXDO / U/ TA40UT / P80 =t

ISCLKO / INPC14 / OUTC14 / CANOIN / CANO2IN / TA3IN / P77 ettmpm
ISTXDO / INPC13/ OUTC13 / CANOOUT / CANO20UT / TA30UT / P76 ettt

BELIN/ISRXD1/OUTC12/INPC12 /W / TA2IN / P75 agmpn

ISCLK1/OUTC11/INPC11/ W / TA20UT / P74 e

BE1out/ISTxD1/OUTC1o/INPClo/SS2/RTS2/CTS2/VITALN/ P73 a=—p

CLK2/V/TAlouT/ P72 «—

@INPC17/OUTC17/ STXD2 / SCL2 / RXD2 / TAOIN / TB5IN / P71 <t

- P13
<« P13s

<« P13

> p137

< P60/ CTS0/ RTS0 /S50 / CAN20UT
=< P61/ CLKO / CAN2IN / CAN2WU
<— P62/ RxDO / SCLO / STXDO

<— P63/ TxDO / SDAO / SRXDO

<> P64/ CTS1/RTS1/SS1

< P65/ CLK1

-+ \/ss

~<— P66/ RxD1/ SCL1/STxD1

“— Vcc

<— P67/ TxD1/ SDAL/ SRxD1

<« p7ot2)

PLQPO144KA-A
(144P6Q-A)

Figure 1.3 Pin Assignment for 144-Pin Package
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M32C/88 Group (M32C/88T)

1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package

IE)II(?. C%?rt]m' Port Int'e;};upt Timer Pin UART/CAN Pin Intelligent 1/0 Pin Analog Pin
1 P9s TXD4/SDA4ISRXD4/CANoUT ANEX1
2 P9s CLK4/CAN1IN/CANIWU ANEX0
3 P94 TB4IN CTS4/RTS4/SS4 DAl
4 P93 TB3IN CTS3/RTS3/SS3 DAO
5 P92 TB2IN TxD3/SDA3/SRxD3
6 P91 TB1IN RxD3/SCL3/STxD3
7 P9 TBOIN CLK3
8 P14e
9 P14s
10 P144
11 P143 INPC17/OUTC17
12 P142 INPC16/OUTC16
13 P141 INPC15/OUTC15
14 P14o INPC14/OUTC14
15 |BYTE
16 [CNVss
17 | Xein P87
18 | Xcout P86
19 |RESET
20 | Xout
21 |Vss
22 [ XIN
23 |Vce
24 P8s NMI
25 P84 INT2
26 P83 | INT1 CANOIN/CAN1IN
27 P82 INTO CANOoUT/CAN1oUT
28 P81 TA4IN/U INPC15/0OUTC15
29 P8o TA4ouT/U ISRXDO
30 P77 TA3IN CANOIN/CANO2IN INPC14/OUTC14/ISCLKO
31 P76 TA30uT CANOOUT/CANO20uUT | INPC13/OUTC13/ISTXDO
32 P7s TA2IN/W INPC12/0OUTC12/ISRXD1/BELIN
33 P74 TA20UT/IW INPC11/OUTC11/ISCLK1
34 P73 TALNNV ~ |CTS2/RTS2/SS2 INPC10/OUTC10/ISTXD1/BElouT
35 P72 TAlout/V |CLK2
36 P71 TB5IN/TAOIN | RXD2/SCL2/STXD2 INPC17/0OUTC17
37 P70 TAOouT | TXD2/SDA2/SRXD2 INPC16/OUTC16
38 |Vece P67 TxD1/SDA1/SRxD1
39 [Vss
40 P66 RxD1/SCL1/STxD1
41
42 P65 CLK1
43 P64 CTS1/RTS1/SS1
44 P63 TxDO/SDAO/SRXDO
45 P62 RxDO/SCLO/STxDO
46 P61 CLKO/CAN2IN/CAN2WU
47 P60 CTSO0/RTS0/SSO/CAN20uT
48 P137
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M32C/88 Group (M32C/88T)

1. Overview

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

Elc?. COFr,]itrﬁOI Port Int%rir#pt Timer Pin UART/CAN Pin Intelligent I/O Pin Analog Pin
49 P136
50 P13s
51 P134
52 P57
53 P56
54 P55
55 P54
56 P133
57 | Vss

58 P132
59 | Vcc

60 P131
61 P130
62 P53
63 P52
64 P51
65 P50
66 P127
67 P126
68 P12s
69 P47
70 P46
71 P45
72 P44
73 | Vcc P43
74

75 | Vss P42
76

77 P41
78 P40
79 P37
80 P36
81 P3s
82 P34
83 P33
84 P32
85 P31
86 P124
87 P123
88 P122
89 P121
90 | Vcc P120
91| Vss

92 P30
93

94 P27 AN27
95 P26 AN26
96 P25 AN2s
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M32C/88 Group (M32C/88T)

1. Overview

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

Rin | control | pory INEIUPY Timer pin | UARTICAN Pin Intelligent /0 Pin Analog Pin

97 P24 AN24

98 P23 AN23

99 P22 AN22

100 P21 AN21

101 P20 AN20

102 P17 | INT5

103 Pls |INT4

104 Pls | INT3

105 P14

106 P13

107 P12

108 P11

109 Plo

110 PO7 ANO7

111 POs ANOs

112 POs ANOs

113 P04 ANO4

114 P1l4

115 P113 INPC13/OUTC13

116 P112 INPC12/OUTC12/ISRXD1/BELIN

117 P1l1 INPC11/OUTC11/ISCLK1

118 P11o INPC10/OUTC10/ISTXD1/BElouT

119 P03 ANO3

120 P02 ANO2

121 PO1 ANO1

122 P00 ANOo

123 P157 AN157

124 P156 AN156

125 P15s AN155

126 P154 AN154

127 P153 AN153

128 P152 ISRXxDO AN152

129 P151 ISCLKO AN151

130]| Vss

131 P150 ISTXDO AN150

132| Vcc

133 P107 | Ki3 AN7

134 P10s | Ki2 ANs

135 P10s | Ki1 ANs

136 P104 | Klo AN4

137 P10s AN3

138 P102 ANz

139 P101 AN1

140 AVss

141 P100 ANo

142 | VREF

143| AVcc

144 P97 RxD4/SCL4/STxD4 ADTRG
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M32C/88 Group (M32C/88T) 1. Overview

[66 ] «—> P24/AN24
[65 ] «—> P25 /AN2s
[64]«—> P26 /AN26
[63] «—> P27/AN27
E(— Vss

[52] «—> P40
[51 ]« Pa

[67]«—> P23/AN23
[53 ]« P37

[73] 4> P1s/iNT3
[72] «—> P16 /iNT4
[71] «—> P17/iNT5
[70] «—> P20/AN20
[69] «—> P21/AN21
[68] «—> P22/AN22

[75 ]« P13
[74] > P14
[61] «—> P30
E(— Vce
[59] «—> P31
[58] 4> P32
[57 |« P33
[56 ]« P3s
[55 ] > P3s
[54 ]« P36

( 3
Pl24—»[76 O 0 P42
Plie—[77] 9 P43
P10 4—p| 78 8 P44

QJ
o
5
&

ANO7 / PO7 4| 79
ANO6 / PO6 €| 80
ANO5 / POs €| 81
ANO4 / POs €[ 82
ANO3 / PO3€—| 83
ANO2 / PO2 €[ 84
ANO1/ PO1<€—[ g5 1 P53 / CLKOUT

ANO0 / PO0<—>[ 85 M32C/88 GROUP

KI3/AN7 / P107 4| 87

SEEES
W U U U T
a a a & 5
N B S YN 5

©
0
a
o

PLEEDTTELITEE T

Ki2 / AN6 / P106 «—>| 88 (M32C/88T) 8 P56
KI1/AN5 / P105<4—>[ 89 7 P57
KIo / AN4 / P104<—[ 90 6 P60/ CTSO0 / RTSO / SSO / CAN20UT
AN3 / P103<4—»[ 01 5 P61/ CLKO / CAN2IN / CAN2WU
AN2/ P102€—[ 92 4 P62 / RxDO / SCLO / STXDO
AN1/P101<—»[03 3 P63/ TxDO / SDAO / SRXDO
AVss —p[0a 2 P64/CTS1/RTS1/SS1
ANo / P100<—»[ 05 1 P65 / CLK1
VREF —[ 06 0 P66/ RxD1/SCL1/STxD1
Avce —»[97 9 P67/ TxD1/ SDAL / SRxD1
STXD4 / SCL4 / RxD4 | ADTRG / P974—>( 03 28 |4—p70t 4

27 J«p71? 9
26 |« P72/ TAloUT/V / CLK2

P9 e—p[99]
CANIWU / CANLIN / CLK4 / ANEXO / P95 4—[100
\

®
O

0 0 0 ] 3 2 23 3 2 5 S 3 e O
YT O N H oW AR O E W Z QY @A d O~ © B o
O DO DO » OOy DY T O ® WO WO~~~
D_!lD_D_D_>_§D_D_V’Q>X>D_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ.ﬂ_n_
I I N
Qo z z z O z E |x SN[H e 2 £ Z2 E Z E >
<< & 5 5 5 2 §|'_|'_|'_<7353&3_
22eee X¢ |ZZ§§&§&§&§§
zZ z > == = zESF FIF~
I H 0O oo S22 =z <2<I>
PERZZ 2352853525
I F X0 Sz—'\zoﬁ\g
Se = = <0880 7@
0|l 92 m \UL\.XUOQGU
G158 0 E-Z2&8zz268 <
0% » E'g;ﬂgozzp
B2 23 580 z:fal
xle g % 55 95583
GlE° " S 33%3
o lo 89 gz3¢2
£ g g g =
03 gl
Saz8 [0}
oz3z2<
533 3
ogae ¢
= © 5
g5 o]
o 2 >
D o la)
NOTES: e =
1. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC16 / INPC16 = 4]
2. P71/ TAOIN/ TB5IN / RxD2 / SCL2 / STXD2 / OUTC17 / INPC17 @ =
3. P96 / ANEX1/ TxD4 / SDA4 | SRXD4 / CAN1OUT 3
4. P70 and P71 are ports for the N-channel open drain output. o
" PLQPO0100KB-A
Figure 1.4 Pin Assignment for 100-Pin Package
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M32C/88 Group (M32C/88T)

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package

Ei(?_ C?D%ml Port Intgri:‘upt Timer Pin UART/CAN Pin Intelligent 1/0 Pin Ar:jz?lnog
1 P94 TB4IN CTS4/RTS4/SS4 DA1
2 P93 TB3IN CTS3/RTS3/SS3 DAO
3 P92 TB2IN TxD3/SDA3/SRxD3
4 P91 TB1iN RxD3/SCL3/STxD3
5 P9o TBOIN CLK3
6 |BYTE
7 | CNVss
8 | XcIN P87
9 | Xcout P8e
10 |RESET
11 | Xout
12 [Vss
13 [ XiNn
14 [Vcc
15 P8s NMI
16 P84 | INT2
17 P83 INTL CANOIN/CAN1IN
18 P82 INTO CANOouT/CAN1ouT
19 P81 TA4IN/U INPC15/OUTC15
20 P8o TA4ouT/U ISRXDO
21 P77 TA3IN CANOIN/CANO2IN INPC14/OUTC14/ISCLKO
22 P76 TA3out CANOouT/CANO20uUT [INPC13/OUTC13/ISTXDO
23 P7s TA2IN/W INPC12/OUTC12/ISRXxD1/BE1IN
24 P74 TA20uT/W INPC11/OUTC11/ISCLK1
25 P73 TALNN CTS2/RTS2/SS2 INPC10/OUTC10/ISTXD1/BE1ouT,
26 P72 TAlout/V |CLK2
27 P71 TBS5IN/TAOIN |RXxD2/SCL2/STxD2  |INPC17/OUTC17
28 P70 TAOouTt TxD2/SDA2/SRxD2 INPC16/OUTC16
29 P67 TxD1/SDA1/SRxD1
30 P66 RxD1/SCL1/STxD1
31 P65 CLK1
32 P64 CTS1/RTS1/SS1
33 P63 TxDO/SDAO/SRXDO
34 P62 RxDO/SCLO0/STxDO
35 P61 CLKO/CAN2IN/CAN2WU
36 P60 CTSO/RTSO/SSO/CAN20uUT
37 P57
38 P56
39 P55
40 P54
41 P53
42 P52
43 P51
44 P50
45 P47
46 P46
47 P45
48 P44
49 P43
50 P42
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M32C/88 Group (M32C/88T)

1. Overview

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

N | Control | oy IMEMUPL. fimer pin | UART/CAN Pin Intelligent 1/0 Pin Analog
51 P41
52 P4o
53 P37
54 P3s
55 P3s
56 P34
57 P33
58 P32
59 P31
60 | Vcc
61 P30
62 Vss
63 P27 AN27
64 P26 AN26
65 P25 AN2s
66 P24 AN24
67 P23 AN23
68 P22 AN22
69 P21 AN21
70 P20 AN20
71 P17 |INTS
72 Pls |INT4
73 P1s |INT3
74 P14
75 P13
76 P12
77 P11
78 P1lo
79 PO7 ANO7
80 P0s ANOs
81 POs ANOs
82 P04 ANO4
83 P03 ANO3
84 P02 ANO2
85 P01 ANO1
86 P00 ANOo
87 P107 | Ki3 AN7
88 P10s | Kl2 ANs
89 P10s | K1 ANs
90 P104 | Klo AN4
91 P103 AN3
92 P102 AN2
93 P101 AN1
94 | AVss
95 P100 ANo
96 | VREF
97 | Avcc
98 P97 RxD4/SCL4/STxD4 ‘ADTRG
99 P9 TXD4/SDA4/SRXD4ICANLoUT ANEX1
100 P9s CLK4/CAN1IN/CANIWU ANEXO0
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M32C/88 Group (M32C/88T) 1. Overview

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

Classsfication | Symbol 1/O Type Function
Power Supply |Vcc I Apply 4.2 to 5.5 V to both Vcc pins.
Vss Apply 0 V to the Vss pin
Analog Power | AVcc Supplies power to the A/D converter. Connect the AVcc pin to Vcc and the
Supply AVss AVSS pin to Vss
Reset Input RESET I The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Switches processor mode. Connect the CNVss pin to Vss
Input to Switch | BYTE I Connect the BYTE pin to Vss
External Data Bus
Width
Main Clock Input | XIN | I/0O pins for the main clock oscillation circuit. Connect a ceramic resonator
Main Clock Output | XouT 5 or crystal oscillator between XIN and XouT. To apply external clock, apply it
to XIN and leave XouT open.
Sub Clock Input | XcIN I I/O pins for the sub clock oscillation circuit. Connect a crystal oscillator
between XcIN and XcouT. To apply external clock, apply it to XcIN and
Sub Clock output | XcouTt @)
leave XcouT open
Clock Output | CLKouT (@) Outputs the clock having the same frequency as fc, fs or f32
INT Interrupt | INTO to I Input pins for the INT interrupt
Input INTS
NMI Interrupt Input | NMI I Input pin for the NMI interrupt
Key Input Interrupt | Klo to KI3 I Input pins for the key input interrupt
Timer A TAOOUT to I/O |I/O pins for the timer AO to A4
TA4ouT (TAOouT is a pin for the N-channel open drain output.)
TAOIN to Input pins for Timer AO to A4
TA4IN
Timer B TBOIN to Input pins for Timer BO to B5
TBS5IN
Three-phase Motor | U, U, V, V, (@) Output pins for the three-phase motor control timer
Control Timer Output | W, W
Serial I/0 CTS0to CTS4 I Input pins for data transmission control
RTSOtoRTS4| O  |Output pins for data reception control
CLKO to I/O |Inputs and outputs the transfer clock
CLK4
RxDO to Inputs serial data
RxD4
TxDO to (@) Outputs serial data
TxD4 (TxD2is a pin for the N-channel open drain output.)
I2C Mode SDAO to I/O |Inputs and outputs serial data
SDA4 (SDAZ2 is a pin for the N-channel open drain output.)
SCLO to Inputs and outputs the transfer clock
SCL4 (SCL2 s a pin for the N-channel open drain output.)
Serial I/0 STxDO to @) Outputs serial data when slave mode is selected
Special Function | STxD4 (STxD2 is a pin for the N-channel open drain output.)
SRxDO to Inputs serial data when slave mode is selected
SRxD4
SSO0 to SS4 I Input pins to control serial 1/0O special function
I : Input O : Output I/0O : Input and output
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M32C/88 Group (M32C/88T)

1. Overview

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

Classsfication | Symbol [I/O Type Function
Reference VREF | Applies reference voltage to the A/D converter and D/A converter
Voltage Input
A/D Converter | ANo to AN7 | Analog input pins for the A/D converter
ANOo to ANO7
AN20 to AN27
ADTRG I Input pin for an external A/D trigger
ANEXO I/O |Extended analog input pin for the A/D converter and output pin in external
op-amp connection mode
ANEX1 I Extended analog input pin for the A/D converter
D/A Converter | DAO, DA1 (@) Output pin for the D/A converter
Intelligent I/O | INPC1o0 to | Input pins for the time measurement function
INPC17
OUTCl1o to (@) Output pins for the waveform generating function
OuUTC17 (OUTC16 and OUTC17 assigned to P70 and P71 are pins for the N-channel open drain output.)
ISCLKO 1/0 |Inputs and outputs the clock for the intelligent I/O communication function
ISCLK1
ISRXDO | Inputs data for the intelligent /O communication function
ISRXD1
ISTXDO 0] Outputs data for the intelligent I/O communication function
ISTXD1
BE1IN I Inputs data for the intelligent /O communication function
BElout 0] Outputs data for the intelligent I/O communication function
CAN CANOIN | Input pin for the CAN communication function
CANO2IN
CAN1IN
CAN2IN
CANOouT (@) Output pin for the CAN communication function
CANO20uT
CAN1out
CAN2ouT
CAN1IWU I Input pin for the CANi wake-up interrupt (i=1, 2)
CAN2WU
I/0 Ports PO0o to PO7 I/O |8-bit I/O ports for CMOS. Each port can be programmed for input or output
Ploto P17 under the control of the direction register. An input port can be set, by
P20 to P27 program, for a pull-up resistor available or for no pull-up resister available in
P30 to P37 4-bit units
P40 to P47
P50 to P57
P60 to P67 1/0 I/0O ports having equivalent functions to PO
P70to P77 (P70 and P71 are ports for the N-channel open drain output.)
P90 to P97
P100 to P107
P8o to P84 1/0 I/0O ports having equivalent functions to PO
P8e, P87
Input Port P85 I Shares a pin with NMI. NMI input state can be got by reading P85
I : Input O : Output I/0O : Input and output
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M32C/88 Group (M32C/88T)

1. Overview

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

Classsfication

Symbol

/0 Type

Function

A/D Converter

AN150 to
AN157

Analog input pins for the A/D converter

I/0 Ports

Plloto
Pl14
P120 to
P127
P13o0 to
P137
P140 to
P146
P150 to
P157

I/0

I/O ports having equivalent functions to PO

| : Input O : Output

I/O : Input and output
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M32C/88 Group (M32C/88T) 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.

b3L b15 bo
General Registers | R2 ROH ROL ]
fmmmmmmmm 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 Registers | . SVE Flag Save Register
SVP PC Save Register
VCT Vector Register
b7 b0
DMAC-associated Registers DMDO
DMA Mode Register
b15 DMD1
DCTO .
DMA Transfer Count Register
DCT1
DRCO )
DMA Transfer Count Reload Register
b23 DRC1
DMAO
DMA Memory Address Register
DMA1
DRAO
DMA Memory Address Reload Register
DRA1
DSAO0
DMA SFR Address Register
DSA1
NOTE:
1. The register bank is comprised of these registers. Two sets of register banks are provided.

Figure 2.1 CPU Register
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M32C/88 Group (M32C/88T) 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/88 Group (M32C/88T) 2. Central Processing Unit (CPU)

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

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

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

2.1.8.8 Stack Pointer Select Flag (U)
ISP is selected when the U flag is set to "0". USP is selected when this flag is set to "1".
The U flag is set to "0" when a hardware interrupt is acknowledged or the INT instruction of software
interrupt numbers 0 to 31 is executed.

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

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

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

Refer to 10.4 High-Speed Interrupt for details.

2.3 DMAC-Associated Registers
Registers associated with DMAC are as follows:
- DMA mode register (DMDO, DMD1)
- DMA transfer count register (DCTO, DCT1)
- DMA transfer count reload register (DRCO, DRC1)
- DMA memory address register (DMAO, DMAL)
- DMA SFR address register (DSA0, DSA1)
- DMA memory address reload register (DRAO, DRA1)

Refer to 12. DMAC for details.
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3. Memory

M32C/88 Group (M32C/88T)

3. Memory
Figure 3.1 shows a memory map of the M32C/88 Group (M32C/88T).
The M32C/88 Group (M32C/88T) provides 16-Mbyte address space addressed from 00000016 to

FFFFFF16.
The internal ROM is allocated from address FFFFFF16 to lower. For example, a 64-Kbyte internal ROM is

addressed from FF000016 to FFFFFF16.
The fixed interrupt vectors are allocated from address FFFFDC16 to FFFFFF16. It stores the starting ad-

dress of each interrupt routine.

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

SFRs, consisting of control registers for peripheral functions such as I/O port, A/D converter, serial 1/0,
timers, is allocated from address 00000016 to 0003FF16. All blank spaces within SFRs are reserved and
cannot be accessed by users.

The special page vectors are addressed from FFFEOO16 to FFFFDB16. It is used for the JIMPS instruction
and JSRS instruction. Refer to the Renesas publication M32C/80 Series Software Manual for detalils.

00000016
SFRs
00040016
Internal RAM
XXXXXX16
Reserved Space /FFFEOQO16
00F00016 ! .
Internal ROM® ! Special Page
| Vector Table
(Data space) |
00FFFF16 ! FFFFDC16}-mmmcmmacaaaaaa]
Internal RAM ! FUndefined Instruction?
Capacity XXXXXX16 i B Overflow ]
18 Kbytes 004BFF16 Reserved Space | ! E BRK Instruction 3
! E Address Match 7
Internal ROM / E ]
Capacity | YYYYYY16 | yyvyyyis ,’ - Watchdog Timer(® 1
320 Kbytes | FB000016 ermal ROM E 1
384 Kbytes | FA000016 ntema ' g NMI E
512 Kbytes F8000016 EFEEFF16 - FFFFFF1s E Reset .
NOTES:
1. Additional 4-Kbyte space is provided in the flash memory version for storing data.
2. Watchdog timer interrupt and oscillation stop detection interrupt share vectors.

Figure 3.1 Memory Map
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M32C/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
000016
000116
000216
000316
000416 | Processor Mode Register(l) PMO 1000 00002(CNVss pin ="L")
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
000B16
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
001816
001916 | Address Match Interrupt Register 2 RMAD2 00000016
001A16
001B16
001C16
001D16 | Address Match Interrupt Register 3 RMAD3 00000016
001E16
001F16
002016
002116
002216
002316
002416
002516
002616 | PLL Control Register 0 PLCO 0001 X0102
002716 | PLL Control Register 1 PLC1 000X 00002
002816
002916 | Address Match Interrupt Register 4 RMAD4 00000016
002A16
002B16
002C16
002D16 | Address Match Interrupt Register 5 RMAD5 00000016
002E16
002F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTE:
1. The PM01 and PMOO bits in the PMO register maintain values set before reset, even after software reset or watch-
dog timer reset has been performed.
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M32C/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
006016
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916 | Address Match Interrupt Register 6 RMADG6 00000016
003A16
003B16
003C16
003D16 | Address Match Interrupt Register 7 RMAD7 00000016
003E16
003F16
004016
004116
004216
004316
004416
004516
004616
004716
004816
004916
004A16
004B16
004C16
004D16
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
005816
005916
005A16
005B16
005C16
005D16
005E16
005F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET

006016

006116

006216

006316

006416

006516

006616

006716

006816 | DMAO Interrupt Control Register DMoIC XXXX X0002

006916 | Timer B5 Interrupt Control Register TB5IC XXXX X0002

006A16 | 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

006Ez16 | 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
Intelligent 1/O Interrupt Control Register 0/ 1100IC/

007516 CAN Interrupt 3 Control Register CAN3IC XXXX X0002

007616 | Timer B1 Interrupt Control Register TB1IC XXXX X0002
Intelligent 1/O Interrupt Control Register 2/ 1102IC/

007716 CAN Interrupt 6 Control Register CANS6IC XXXX X0002

007816 | Timer B3 Interrupt Control Register TB3IC XXXX X0002

007916 | Intelligent I/O Interrupt Control Register 4 11041C XXXX X0002

007Az16 | INT5 Interrupt Control Register INT5IC XX00 X0002

007B16 | CAN Interrupt 8 Control Register CANSIC XXXX X0002

007C16 | INT3 Interrupt Control Register INT3IC XX00 X0002

007Dz1s6 | Intelligent I/O Interrupt Control Register 8 1108IC XXXX X0002

007E16 | INT1 Interrupt Control Register INT1IC XX00 X0002
Intelligent I/O Interrupt Control Register 10/ 11010IC/

007F16 CAN Interrupt 1 Control Register CAN1IC 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 | DMAS3 Interrupt Control Register DM3IC XXXX X0002

008B16 | UART3 Transmit /NACK Interrupt Control Register S3TIC XXXX X0002

008C16 | Timer Al Interrupt Control Register TAlIC XXXX X0002

008D16 | UART4 Transmit /NACK Interrupt Control Register S4TIC XXXX X0002

008Ez16 | 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/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET

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

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

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

009316 | Key Input Interrupt Control Register KUPIC XXXX X0002

009416 | Timer BO Interrupt Control Register TBOIC XXXX X0002
Intelligent I/O Interrupt Control Register 1/ 1101IC/

009516 CAN Interrupt 4 Control Register CAN4IC XXXX X0002

009616 | Timer B2 Interrupt Control Register TB2IC XXXX X0002
Intelligent I/O Interrupt Control Register 3/ 1103IC/

009716 CAN Interrupt 7 Control Register CAN7IC XXXX X0002

009816 | Timer B4 Interrupt Control Register TBA4IC XXXX X0002

009916 | CAN Interrupt 5 Control Register CANSIC XXXX X0002

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/

009D1s CAN Interrupt 0 Control Register CANOIC 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 | Interrupt Request Register 5 1IO5IR 0000 000X2

00A616 | Interrupt Request Register 6 1106IR 0000 000X2

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

00B116 | 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 | Interrupt Enable Register 5 1IO5IE 0016

00B616 | Interrupt Enable Register 6 1106IE 0016

00B716

00B816 | Interrupt Enable Register 8 1108IE 0016

00B916 | Interrupt Enable Register 9 11O9IE 0016

00BAu1s6 | Interrupt Enable Register 10 11010IE 0016

00BB16 | Interrupt Enable Register 11 IIO11IE 0016

00BC16

00BD16

00OBE16

00BF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
00CO016
00C116
00C216
00C316
00C416
00Cb516
00C616
00C716
00C816
00C916
00CA16
00CB16
00CC1s
00CD16
00CE16
00CF16
00DO016
00D116
00D216
00D316
00D416
00D516
00D616
00D716
00D816
00D916
00DA16
00DB16
00DC16
00DD16
0ODE16
00DF16
00EO16
00E116
00E216
00E316
00E416
00ES516
00E616
00E716
00E816 XXXX XXXX2
00E916 S1/O Receive Buffer Register 0 GORB XXXO 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/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
00F016 | Data Compare Register 00 GOCMPO XX16
00F116 | Data Compare Register 01 GOCMP1 XX16
00F216 | Data Compare Register 02 GOCMP2 XX16
00F316 | Data Compare Register 03 GOCMP3 XX16
00F416 | Data Mask Register 00 GOMSKO XX16
00F516 | Data Mask Register 01 GOMSK1 XX16
00F616 | Communication Clock Select Register CCs XXXX 00002
00F716

00F816 XX16
00E916 Receive CRC Code Register 0 GORCRC XX16
00FA16 0016
00EB16 Transmit CRC Code Register 0 GOTCRC 0016
00FC16 | SI/O 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/88 Group (M32C/88T)

4. Special Function Registers (SFRs)

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 Detection 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

to
016F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/88 Group (M32C/88T)

4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
017016 | CAN2 Slot Buffer Select Register C2SBS 0016(1)
017116 | CAN2 Control Register 1 C2CTLR1 X000 00XX2(1)
017216 | CAN2 Sleep Control Register C2SLPR XXXX XXX02
017316

017416 ) ) 0016
017516 CAN2 Acceptance Filter Support Register C2AFS 01160
017616

017716

017816 | Input Function Select Register IPS 0016
017916 | Input Function Select Register A IPSA 0016
017A16

017B16

017Cz1s

017D16

017E16

017F1e

018016 | CAN2 Message Slot Buffer 0 Standard IDO C2SLOTO0_0 XX16
018116 | CAN2 Message Slot Buffer 0 Standard ID1 C2SLOTO0_1 XX16
018216 | CAN2 Message Slot Buffer 0 Extended IDO C2SLOTO0_2 XX16
018316 | CAN2 Message Slot Buffer 0 Extended ID1 C2SLOTO0_3 XX16
018416 | CAN2 Message Slot Buffer 0 Extended 1D2 C2SLOTO0_4 XX16
018516 | CAN2 Message Slot Buffer 0 Data Length Code C2SLOTO0_5 XX16
018616 | CAN2 Message Slot Buffer 0 Data 0 C2SLOTO_6 XX16
018716 | CAN2 Message Slot Buffer 0 Data 1 C2SLOTO0_7 XX16
018816 | CAN2 Message Slot Buffer 0 Data 2 C2SLOTO0_8 XX16
018916 | CAN2 Message Slot Buffer 0 Data 3 C2SLOTO0_9 XX16
018A16 | CAN2 Message Slot Buffer 0 Data 4 C2SLOTO0_10 XX16
018B16 | CAN2 Message Slot Buffer 0 Data 5 C2SLOTO0_11 XX16
018C16 | CAN2 Message Slot Buffer 0 Data 6 C2SLOTO0_12 XX16
018D16 | CAN2 Message Slot Buffer 0 Data 7 C2SLOTO0_13 XX16
018E16 | CAN2 Message Slot Buffer 0 Time Stamp High-Order C2SLOTO0_14 XX16
018F16 | CAN2 Message Slot Buffer 0 Time Stamp Low-Order C2SLOTO0_15 XX16
019016 | CAN2 Message Slot Buffer 1 Standard IDO C2SLOT1_0 XX16
019116 | CAN2 Message Slot Buffer 1 Standard ID1 C2SLOT1 1 XX16
019216 | CAN2 Message Slot Buffer 1 Extended IDO C2SLOT1_2 XX16
019316 | CAN2 Message Slot Buffer 1 Extended ID1 C2SLOT1_3 XX16
019416 | CAN2 Message Slot Buffer 1 Extended 1D2 C2SLOT1 4 XX16
019516 | CAN2 Message Slot Buffer 1 Data Length Code C2SLOT1 5 XX16
019616 | CAN2 Message Slot Buffer 1 Data 0 C2SLOT1_6 XX16
019716 | CAN2 Message Slot Buffer 1 Data 1 C2SLOT1_7 XX16
019816 | CAN2 Message Slot Buffer 1 Data 2 C2SLOT1_8 XX16
019916 | CAN2 Message Slot Buffer 1 Data 3 C2SLOT1_9 XX16
019A16 | CAN2 Message Slot Buffer 1 Data 4 C2SLOT1_10 XX16
019B16 | CAN2 Message Slot Buffer 1 Data 5 C2SLOT1_11 XX16
019C16 | CAN2 Message Slot Buffer 1 Data 6 C2SLOT1_12 XX16
019D16 | CAN2 Message Slot Buffer 1 Data 7 C2SLOT1_13 XX16
019E16 | CAN2 Message Slot Buffer 1 Time Stamp High-Order C2SLOT1_14 XX16
019F16 | CAN2 Message Slot Buffer 1 Time Stamp Low-Order C2SLOT1_15 XX16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTE:

1. Values are obtained by setting the SLEEP bit in the C2SLPR register to "1" (sleep mode exited) after reset and

supplying a clock to the CAN module.
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M32C/88 Group (M32C/88T) 4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
01A016 _ XX01 0X012(2)
01A116 CAN2 Control Register 0 C2CTLRO XXXX 000022)
01A216 _ 0000 00002(?)
01A316 CAN2 Status Register C2STR X000 0X012(2)
01A416 0016

01A516 CAN2 Extended ID Register C2IDR 0016

01A616 _ _ _ 0000 XXXX2(2)
01A716 CAN2 Configuration Register C2CONR 0000 00002(2)
01A816 0016

01A916 CAN2 Time Stamp Register C2TSR 0016

01AA16| CAN2 Transmit Error Count Register C2TEC 0016

01AB16| CAN2 Receive Error Count Register C2REC 0016

01AC16 ) 0016

01AD16 CAN2 Slot Interrupt Status Register C2SISTR 0016

01AE16

01AF16

01B016 _ 00160

01B116 CAN2 Slot Interrupt Mask Register C2SIMKR 00162

01B216

01B316

01B416 | CAN2 Error Interrupt Mask Register C2EIMKR XXXX X0002(2)
01B516 | CAN2 Error Interrupt Status Register C2EISTR XXXX X0002(2)
01B616 | CAN2 Error Cause Register C2EFR 0016

01B716 | CAN2 Baud Rate Prescaler C2BRP 0000 00012
01B816

01B916 | CAN2 Mode Register C2MDR XXXX XX002(2)
01BA16

01BB16

01BC1i6

01BD16

01BE16

01BF16

01C016 _ _ 0016 ‘
01C11s CAN2 Single Shot Control Register C2SSCTLR 00162

01C216

01C316

01C416 _ _ 0016(2)

01C516 CAN2 Single Shot Status Register C2SSSTR 00162

01C616

01C716 (Note 1)
01C816 | CAN2 Global Mask Register Standard IDO C2GMRO XXX0 00002(2)
01C916 | CAN2 Global Mask Register Standard ID1 C2GMR1 XX00 00002
01CA16| CAN2 Global Mask Register Extended IDO C2GMR2 XXXX 00002(2)
01CB16| CAN2 Global Mask Register Extended ID1 C2GMR3 0016

01CC16| CAN2 Global Mask Register Extended ID2 C2GMR4 XX00 00002
01CD16

01CE16

01CF16 Y

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. The BANKSEL bit in the C2CTLR1 register switches functions for addresses 01C016 to 01DF16.
2. Values are obtained by setting the SLEEP bit in the C2SLPR register to "1" (sleep mode exited) after reset and
supplying a clock to the CAN module.
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Address Register Symbol Value after RESET
CAN2 Message Slot 0 Control Register / C2MCTLO/ 0000 00002(?) ‘
01D016 CAN2 Local Mask Register A Standard IDO C2LMARO XXX0 00002(2)
CAN2 Message Slot 1 Control Register / C2MCTL1/ 0000 00002
01D116 CAN2 Local Mask Register A Standard ID1 C2LMAR1 XX00 00002
CAN2 Message Slot 2 Control Register / C2MCTL2/ 0000 00002(@
01b216 CAN2 Local Mask Register A Extended IDO C2LMAR2 XXXX 00002(2)
CAN2 Message Slot 3 Control Register / C2MCTL3/ 0016@
O1D316 | - AN2 local Mask Register A Extended 1D1 C2LMAR3 0016(2)
CAN2 Message Slot 4 Control Register / C2MCTL4/ 0000 00002(@
01D416 CAN2 Local Mask Register A Extended 1D2 C2LMAR4 XX00 000022
01D516 | CAN2 Message Slot 5 Control Register C2MCTL5 0016
01D616 | CAN2 Message Slot 6 Control Register C2MCTL6 0016
01D716 | CAN2 Message Slot 7 Control Register C2MCTL7 0016® (Note 1)
CAN2 Message Slot 8 Control Register / C2MCTLS8/ 0000 00002(@
01D816 CAN2 Local Mask Register B Standard IDO C2LMBRO XXX0 00002(2)
CAN2 Message Slot 9 Control Register / C2MCTLY/ 0000 00002(@
01D916 CAN2 Local Mask Register B Standard ID1 C2LMBR1 XX00 00002@
CAN2 Message Slot 10 Control Register / C2MCTL10/ 0000 00002(@
01DA1s CAN2 Local Mask Register B Extended ID2 C2LMBR2 XXXX 00002(2)
CAN2 Message Slot 11 Control Register / C2MCTL11/ 0016@
O1DB16] - AN2 Local Mask Register B Extended D3 C2LMBR3 0016(2)
CAN2 Message Slot 12 Control Register / C2MCTL12/ 0000 00002(@
01DC16 CAN2 Local Mask Register B Extended 1D4 C2LMBR4 XX00 000022
01DD16| CAN2 Message Slot 13 Control Register C2MCTL13 0016
01DE16| CAN2 Message Slot 14 Control Register C2MCTL14 0016
01DF16 | CAN2 Message Slot 15 Control Register C2MCTL15 0016 '

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

NOTES:

1. The BANKSEL bit in the C2CTLR1 register switches functions for addresses 01C016 to 01DF16.
2. Values are obtained by setting the SLEEP bit in the C2SLPR register to "1" (sleep mode exited) after reset and
supplying a clock to the CAN module.
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Address Register Symbol Value after RESET
01E016 | CANO Message Slot Buffer 0 Standard 1DO COSLOTO_0 XX16

01E116 | CANO Message Slot Buffer 0 Standard ID1 COSLOTO_1 XX16

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

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

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

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

01E616 | CANO Message Slot Buffer 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.
NOTE:
1. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) after reset and
supplying a clock to the CAN module.
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M32C/88 Group (M32C/88T)

4. Special Function Registers (SFRs)

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)
021516 | CANO Error Interrupt Status Register COEISTR XXXX X00022)
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(2) ‘
022116 CANO Single Shot Control Register COSSCTLR 0016
022216
022316
022416 _ _ 0016(2)
022516 CANO Single Shot Status Register COSSSTR 0016
022616
022716
022816 | CANO Global Mask Register Standard IDO COGMRO XXX0 00002(2)
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 000022
022D16
022E16
022F16
CANO Message Slot 0 Control Register / COMCTLO/ 0000 00002 (Note 1)
023016 CANO Local Mask Register A Standard 1DO COLMARO XXX0 00002(2)
CANO Message Slot 1 Control Register / COMCTL1/ 0000 00002
023116 CANO Local Mask Register A Standard ID1 COLMAR1 XX00 000022
CANO Message Slot 2 Control Register / COMCTL2/ 0000 00002@
023216 CANO Local Mask Register A Extended IDO COLMAR2 XXXX 00002(2)
CANO Message Slot 3 Control Register / COMCTL3/ 0016(@
023316 | 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 / COMCTLS8/ 0000 00002
023816 CANO Local Mask Register B Standard 1DO COLMBRO XXX0 00002(2)
CANO Message Slot 9 Control Register / COMCTLY/ 0000 00002
023916 CANO Local Mask Register B Standard ID1 COLMBR1 XX00 00002(2) '

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

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

Address Register Symbol Value after RESET
CANO Message Slot 10 Control Register / COMCTL10/ 0000 00002(2) \

023A16 CANO Local Mask Register B Extended IDO COLMBR2 XXXX 00002
CANO Message Slot 11 Control Register / COMCTL11/ 00162

023B16 | - ANO Local Mask Register B Extended ID1 COLMBR3 0016@
CANO Message Slot 12 Control Register / COMCTL12/ 0000 000022

023C16 | -ANO Local Mask Register B Extended ID2 COLMBR4 XX00 00002(2) (Note 1)

023D16 | CANO Message Slot 13 Control Register COMCTL13 001602

023E16 | CANO Message Slot 14 Control Register COMCTL14 001602

023F16 | CANO Message Slot 15 Control Register COMCTL15 001602

024016 | CANO Slot Buffer Select Register COSBS 0016

024116 | CANO Control Register 1 COCTLR1 X000 00XX2(2)

024216 | CANO Sleep Control Register COSLPR XXXX XXX02

024316

024416 _ ] 00162

024516 CANO Acceptance Filter Support Register COAFS 0116

024616

024716

024816

024916

024A16

024B16

024C16

024D16

024E16

024F16

025016 | CAN1 Slot Buffer Select Register C1SBS 0016

025116 | CAN1 Control Register 1 C1CTLR1 X000 00XX2(3)

025216 | CAN1 Sleep Control Register C1SLPR XXXX XXX02G3)

025316

025416 0016(3)

025516 CAN1 Acceptance Filter Support Register C1AFS 01163

025616

025716

025816

025916

025A16

025B16

025C16

025D16

025E16

025F16

3. Values are obtained by setting the SLEEP bit in the C1SLPR register to "1" (sleep mode exited) after reset and

supplying a clock to the CAN module.
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Address Register Symbol Value after RESET
026016 | CAN1 Message Slot Buffer 0 Standard IDO C1SLOTO0_0 XX16

026116 | CAN1 Message Slot Buffer 0 Standard ID1 C1SLOTO_1 XX16

026216 | CAN1 Message Slot Buffer 0 Extended IDO C1SLOTO_2 XX16

026316 | CAN1 Message Slot Buffer 0 Extended ID1 C1SLOTO_3 XX16

026416 | CAN1 Message Slot Buffer 0 Extended I1D2 C1SLOTO_4 XX16

026516 | CAN1 Message Slot Buffer 0 Data Length Code C1SLOTO_5 XX16

026616 | CAN1 Message Slot Buffer 0 Data 0 C1SLOTO_6 XX16

026716 | CAN1 Message Slot Buffer 0 Data 1 C1SLOTO_7 XX16

026816 | CAN1 Message Slot Buffer 0 Data 2 C1SLOTO_8 XX16

026916 | CAN1 Message Slot Buffer 0 Data 3 C1SLOTO0_9 XX16

026A16 | CAN1 Message Slot Buffer 0 Data 4 C1SLOTO_10 XX16

026B16 | CAN1 Message Slot Buffer 0 Data 5 C1SLOTO_11 XX16

026C16 | CAN1 Message Slot Buffer 0 Data 6 C1SLOTO_12 XX16

026D16 | CAN1 Message Slot Buffer 0 Data 7 C1SLOTO_13 XX16

026E16 | CAN1 Message Slot Buffer 0 Time Stamp High-Order C1SLOTO_14 XX16

026F16 | CAN1 Message Slot Buffer 0 Time Stamp Low-Order C1SLOTO0_15 XX16

027016 | CAN1 Message Slot Buffer 1 Standard IDO C1SLOT1_ 0 XX16

027116 | CAN1 Message Slot Buffer 1 Standard ID1 C1SLOT1 1 XX16

027216 | CAN1 Message Slot Buffer 1 Extended IDO C1SLOT1_ 2 XX16

027316 | CAN1 Message Slot Buffer 1 Extended ID1 C1SLOT1_3 XX16

027416 | CAN1 Message Slot Buffer 1 Extended ID2 C1SLOT1 4 XX16

027516 | CAN1 Message Slot Buffer 1 Data Length Code C1SLOT1 5 XX16

027616 | CAN1 Message Slot Buffer 1 Data 0 C1SLOT1_6 XX16

027716 | CAN1 Message Slot Buffer 1 Data 1 C1SLOT1 7 XX16

027816 | CAN1 Message Slot Buffer 1 Data 2 C1SLOT1_8 XX16

027916 | CAN1 Message Slot Buffer 1 Data 3 C1SLOT1_9 XX16

027A16 | CAN1 Message Slot Buffer 1 Data 4 C1SLOT1_10 XX16

027B16 | CAN1 Message Slot Buffer 1 Data 5 C1SLOT1_11 XX16

027C16 | CAN1 Message Slot Buffer 1 Data 6 C1SLOT1_12 XX16

027D16 | CAN1 Message Slot Buffer 1 Data 7 C1SLOT1_13 XX16

027E16 | CAN1 Message Slot Buffer 1 Time Stamp High-Order C1SLOT1_14 XX16

027F16 | CAN1 Message Slot Buffer 1 Time Stamp Low-Order C1SLOT1_15 XX16

028016 _ XX01 0X012(1)
028116 CAN1 Control Register 0 CI1CTLRO XXXX 00002
028216 _ 0000 00002(1)
028316 CANL1 Status Register C1STR %000 0X012(1)
028416 0016
028516 CAN1 Extended ID Register C1IDR 0016(1)
028616 - _ 0000 XXXX2(1)
028716 CAN1 Configuration Register C1CONR 0000 00002(1)
028816 ) . 00160
028916 CAN1 Time Stamp Register CI1TSR 00161
028A16 | CAN1 Transmit Error Count Register C1TEC 0016(1)
028B16 | CAN1 Receive Error Count Register C1REC 0016(1)
028C16 ) 00160
028D16 CANL1 Slot Interrupt Status Register C1SISTR 00161
028E16

028F16

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

NOTE:

1. Values are obtained by setting the SLEEP bit in the C1SLPR register to "1" (sleep mode exited) after reset and

supplying the clock to the CAN module.
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M32C/88 Group (M32C/88T)

4. Special Function Registers (SFRs)

Address Register Symbol Value after RESET
029016 0016\
029116 CANL1 Slot Interrupt Mask Register C1SIMKR 0016
029216
029316
029416 | CANL1 Error Interrupt Mask Register C1EIMKR XXXX X0002(2)
029516 | CANL1 Error Interrupt Status Register ClEISTR XXXX X0002(2)
029616 | CAN1 Error Factor Register C1EFR 0016
029716 | CAN1 Baud Rate Prescaler C1BRP 0000 00012(2)
029816
029916 | CAN1 Mode Register C1MDR XXXX XX002(2)
029A16
029B16
029C16
029D16
029E16
029F16
02A016 ] _ 00162
02A116 CANL1 Single Shot Control Register C1SSCTLR 0016 ‘
02A216
02A316
02A416 ] _ 00162
02A516 CANL1 Single Shot Status Register C1SSSTR 0016
02A616
02A716
02A816 | CAN1 Global Mask Register Standard IDO C1GMRO XXX0 00002
02A916 | CAN1 Global Mask Register Standard 1D1 C1GMR1 XX00 00002(2)
02AA16 | CAN1 Global Mask Register Extended 1DO C1GMR2 XXXX 00002
02AB16 | CAN1 Global Mask Register Extended ID1 C1GMR3 0016
02AC16 | CAN1 Global Mask Register Extended 1D2 C1GMR4 XX00 000022
02AD16
02AE16
02AF16
CAN1 Message Slot 0 Control Register / CIMCTLO/ 0000 000022 (Note 1)
02B016 CAN1 Local Mask Register A Standard 1DO C1LMARO XXX0 00002
CAN1 Message Slot 1 Control Register / CIMCTL1/ 0000 000022
02B11s CAN1 Local Mask Register A Standard ID1 C1LMAR1 XX00 000022
CAN1 Message Slot 2 Control Register / CIMCTL2/ 0000 000022
02B216 CAN1 Local Mask Register A Extended IDO C1LMAR2 XXXX 000022
CAN1 Message Slot 3 Control Register / C1MCTL3/ 0016
02B316 | -AN1 Local Mask Register A Extended ID1 C1LMAR3 0016(2)
CAN1 Message Slot 4 Control Register / C1IMCTL4/ 0000 000022
02B41s CAN1 Local Mask Register A Extended ID2 C1LMAR4 XX00 000022
02B516 | CAN1 Message Slot 5 Control Register CIMCTL5 0016
02B616 | CAN1 Message Slot 6 Control Register CIMCTL6 0016
02B716 | CAN1 Message Slot 7 Control Register C1MCTL? 0016
CAN1 Message Slot 8 Control Register / C1IMCTLS8/ 0000 00002
02B816 CAN1 Local Mask Register B Standard 1DO C1LMBRO XXX0 000022
CAN1 Message Slot 9 Control Register / C1IMCTLY/ 0000 000022
028916 CAN1 Local Mask Register B Standard 1D1 C1LMBR1 XX00 000022 v

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

NOTES:

1. The BANKSEL bit in the C1CTLRL1 register switches functions for addresses 02A016 to 02BF16.
2. Values are obtained by setting the SLEEP bit in the C1SLPR register to "1" (sleep mode exited) after reset and
supplying a clock to the CAN module.
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X: Indeterminate

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

1. The BANKSEL bit in the C1CTLR1 register switches functions for addresses 02A016 to 02BF16.
2. Values are obtained by setting the SLEEP bit in the C1SLPR register to "1" (sleep mode exited) after reset and
supplying a clock to the CAN module.

Address Register Symbol Value after RESET
CAN1 Message Slot 10 Control Register / C1MCTL10/ 0000 00002(2)

02BA1s CANL1 Local Mask Register B Extended 1DO C1LMBR2 XXXX 00002(2)
CAN1 Message Slot 11 Control Register / C1IMCTL11/ 00162

02BB16 | - AN1 Local Mask Register B Extended ID1 C1LMBR3 0016@
CAN1 Message Slot 12 Control Register / C1IMCTL12/ 0000 00002

02BC16 | - AN1 Local Mask Register B Extended ID2 C1LMBR4 XX00 000022 (Note 1)

02BD16 | CAN1 Message Slot 13 Control Register C1MCTL13 0016

02BE16 | CAN1 Message Slot 14 Control Register C1MCTL14 0016

02BF16 | CAN1 Message Slot 15 Control Register C1MCTL15 0016

02CO016 XX16

02C116 X0 Register YO Register XOR,YOR XX16

02C216 XX16

02C316 X1 Register Y1 Register X1R,Y1R XX16

02C41s6 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

02CC16 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
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Address Register Symbol Value after RESET
02E016 | X/Y Control Register XYC XXXX XX002
02E116

02E216

02E316

02E416 | UART1 Special Mode Register 4 U1SMR4 0016
02E516 | UART1 Special Mode Register 3 U1SMR3 0016
02E616 | UART1 Special Mode Register 2 U1SMR2 0016
02E716 | UART1 Special Mode Register U1SMR 0016
02E816 | UART1 Transmit/Receive Mode Register U1MR 0016
02E916 | UART1 Bit Rate Register U1BRG XX16
02EA16 XX16
02EB16 UART1 Transmit Buffer Register UlTB XX16
02EC16 | UART1 Transmit/Receive Control Register 0 u1co 0000 10002
02ED16 | UART1 Transmit/Receive Control Register 1 UlC1 0000 00102
02EE16 XX16
02EF16 UART1 Receive Buffer Register U1RB XX16
02F016

02F116

02F216

02F316

02F416 | UART4 Special Mode Register 4 U4SMR4 0016
02F516 | UART4 Special Mode Register 3 U4SMR3 0016
02F616 | UART4 Special Mode Register 2 U4SMR2 0016
02F716 | UART4 Special Mode Register U4SMR 0016
02F816 | UART4 Transmit/Receive Mode Register U4MR 0016
02F916 | UART4 Bit Rate Register U4BRG XX16
02FA16 XX16
02EB16 UART4 Transmit Buffer Register U4TB XX16
02FC16 | UART4 Transmit/Receive Control Register O u4co 0000 10002
02FD16 | UART4 Transmit/Receive Control Register 1 U4C1l 0000 00102
02FE1s6 XX16
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

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
031016 XX16
031116 Timer B3 Register TB3 XX16
031216 XX16
031316 Timer B4 Register TB4 XX16
031416 XX16
031516 Timer B5 Register TB5 XX16
031616

031716

031816

031916

031A16

031B16 | Timer B3 Mode Register TB3MR 00XX 00002
031C16 | Timer B4 Mode Register TB4MR 00XX 00002
031D16 | Timer B5 Mode Register TB5MR 00XX 00002
031E16

031F16 | External Interrupt Request Source Select Register IFSR 0016
032016

032116

032216

032316

032416 | UART3 Special Mode Register 4 U3SMR4 0016
032516 | 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 u3Ci1 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 uU2C1 0000 00102
033E16 XX16
033F16 UART?2 Receive Buffer Register U2RB XX16

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

Address Register Symbol Value after RESET
034016 | Count Start Flag TABSR 0016
034116 | Clock Prescaler Reset Flag CPSRF OXXX XXXX2
034216 | One-Shot Start Flag ONSF 0016
034316 | Trigger Select Register TRGSR 0016
034416 | Up/Down Flag UDF 0016
034516

034616 XX16
034716 Timer AO Register TAO XX16
034816 XX16
034916 Timer Al Register TAl XX16
034A16 XX16
034B16 Timer A2 Register TA2 XX16
034C1s6 XX16
034D1s Timer A3 Register TA3 XX16
034E16 XX16
034F16 Timer A4 Register TA4 XX16
035016 ) ) XX16
035116 Timer BO Register TBO XX16
035216 | ) XX16
035316 Timer B1 Register TB1 XX16
035416 | ] XX16
035516 Timer B2 Register TB2 XX16
035616 | Timer AO Mode Register TAOMR 0016
035716 | Timer A1 Mode Register TALIMR 0016
035816 | Timer A2 Mode Register TA2MR 0016
035916 | Timer A3 Mode Register TA3MR 0016
035A16 | Timer A4 Mode Register TAAMR 0016
035B16 | Timer BO Mode Register TBOMR 00XX 00002
035C16 | Timer B1 Mode Register TB1IMR 00XX 00002
035D16 | Timer B2 Mode Register TB2MR 00XX 00002
035E16 | Timer B2 Special Mode Register TB2SC XXXX XXX02
035F16 | Count Source Prescaler Register(!) TCSPR 0XXX 00002
036016

036116

036216

036316

036416 | UARTO Special Mode Register 4 UOSMR4 0016
036516 | UARTO Special Mode Register 3 UOSMR3 0016
036616 | UARTO Special Mode Register 2 UOSMR2 0016
036716 | UARTO Special Mode Register UOSMR 0016
036816 | UARTO Transmit/Receive Mode Register UOMR 0016
036916 | UARTO Bit Rate Register UOBRG XX16
036A16 XX16
036B16 UARTO Transmit Buffer Register uoTB XX16
036C16 | UARTO Transmit/Receive Control Register O uoco 0000 10002
036D16 | UARTO Transmit/Receive Control Register 1 uoC1 0000 00102
036E16 XX16
036F16 UARTO Receive Buffer Register UORB XX16

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

NOTE:

1. The TCSPR register maintains values set before reset, even after software reset or watchdog timer reset has
been performed.
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Address Register Symbol Value after RESET
037016

037116

037216

037316

037416

037516

037616

037716

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

038016 . XXXX XXXX2
038116 A/DO Register 0 ADOO 0000 00002
038216 XX16
038316 A/DO Register 1 ADO1 XX16
038416 XX16
038516 A/DO Register 2 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 00X X2
039316

039416 | A/DO Control Register 2 ADOCON2 XX0X X0002
039516 | A/DO Control Register 3 ADOCON3 XXXX X0002
039616 | A/DO Control Register 0 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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<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
03CAu16 | Port P10 Direction Register PD10 0016
03CBu16 | 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.
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<144-pin package>

Address Register Symbol Value after RESET
03DO016 | 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
03DC1i6| 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

03FC1s6

03FD16

03FE16

03FF16 | Port Control Register PCR XXXX XXX02

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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<100-pin package>

Address Register Symbol Value after RESET
03A016

03Al16

03A216

03A316

03A416

03A516

03A616

03A716 | Function Select Register D1 PSD1 XO0XX XX002
03A816

03A916

03AA16

03AB16

03AC16| Function Select Register C2 PSC2 XXXX X00X2
03AD16| Function Select Register C3 PSC3 XOXX XXXX2
03AE16

03AF16| Function Select Register C pPSC 00X0 00002
03B016 | Function Select Register AO PSO 0016
03B1l16 | Function Select Register A1 PS1 0016
03B216 | Function Select Register BO PSLO 0016
03B316 | Function Select Register B1 PSL1 0016
03B416 | Function Select Register A2 PS2 00X0 00002
03B516 | Function Select Register A3 PS3 0016
03B616 | Function Select Register B2 PSL2 00X0 00002
03B716 | Function Select Register B3 PSL3 0016
03B816

03B916

03BA16

03BB16

03BC16

03BD16

03BE16

03BF16

03CO016| Port P6 Register P6 XX16
03C116| Port P7 Register P7 XX16
03C216| Port P6 Direction Register PD6 0016
03C316| Port P7 Direction Register PD7 0016
03C416| Port P8 Register P8 XX16
03C516| Port P9 Register P9 XX16
03C616 | Port P8 Direction Register PD8 00X0 00002
03C716| Port P9 Direction Register PD9 0016
03C816| Port P10 Register P10 XX16
03C916

03CA16| Port P10 Direction Register PD10 0016
03CB16| Set default value to "FF16"

03CCu1s6

03CD16

03CE16| Set default value to "FF1s"

03CF16| Set default value to "FF16"

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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<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"
03DD16
03DE16
03DF16
03EO16 | Port PO Register PO XX16
03El16 | 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. 1.10 Oct. 18,2005 Page 44 of 435 RENESAS
REJ09B0162-0110



M32C/88 Group (M32C/88T) 5. Reset

5. Reset

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

5.1 Hardware Reset 1

Pins, the CPU and SFRs are reset by setting the RESET pin. If the supply voltage meets the recommended
operating conditions, all pins are reset and become input ports) when a low-level (“L") signal is applied to
the RESET pin. The oscillation circuit is also reset and the main clock starts oscillating. The CPU and SFRs
are reset when a signal applied to the RESET pin changes "L" to high ("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.

NOTE:
1. Whether ports are pulled up or not is indeterminate until intenal supply voltage stabilizes.

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) Wait for fa(P-R)ms to allow 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
Vce
ov
RESET \Vcc
—W— ©
RESET
Pl 0.2vcce
- or below 0.2Vcc or below

uE ov

—> 4— td(P-R) + 20 or more clock cycle
' inout into the XIN pin

Figure 5.1 Reset Circuit
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5. Reset

td(P-R) ms or more 20 or more cycles
is required i are required

RESET

-

oo LML AL AL AL AL UL AL AL AL UL UL

Single-Chip Mode ‘

168 to 173 BCLK cycles

FFFFFC16 Content of reset vector

Address
T
FFFFFE16
Figure 5.2 Reset Sequence
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5.2 Software Reset
Pins, the CPU and SFRs are reset when the PMO03 bit in the PMO register is set to "1" (microcomputer
reset). Then the microcomputer executes the program in an address determined by the reset vector.
Set the PMO3 bit to "1" while the main clock is selected as the CPU clock and the main clock oscillation is
stable.
In the software reset, the microcomputer does not reset a part of SFRs. Refer to 4. Special Function
Registers (SFRs) for details. Processor mode remains unchanged since the PM01 and PMOO bits in the
PMO register are not reset.

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

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

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

General Registers High-speed Interrupt Registers

b15 b0 b15 b0
I:I Flag Register (FLG) b23 XXXX16 Flag Save Register (SVF)
bl,s,,»»—“‘””'""““bs b7 bo! XXXXXX16 PC Save Register (SVP)
[x]o 0 o [x[x]x] ] o o] o[ 0] 0] 0] 0]0] XXXXXX16 Vector Register (VCT)
[
IPL vroeszpbc DMAC-associated Registers
bo_ b7 b0
0016 0016 || Data Register (ROH/ROL) 0016 DMA Mode Register (DMDO)
0016 0016 [| Data Register (RIH/R1L) bis 0016 DMA Mode Register (DMDL1)
000016 Data Register (R2) XXXX16 DMA Transfer Count Register (DCT0)
b23 000016 | Data Register (R3) XXXX16 DMA Transfer Count Register (DCT1)
00000016 1 Address Register (A0) XXXX16 DMA Transfer Count Reload Register (DRCO)
00000015 Address Register (A1) b2 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 (DRA0)
00000016 User Stack Pointer (USP)
. XXXXXX16 DMA Memory Address Reload Register (DRAL)
00000016 Interrupt Stack Pointer (ISP)
. XXXXXX16 DMA SFR Address Register (DSA0)
00000016 Interrupt Table Register (INTB)
XXXXXX16 DMA SFR Address Register (DSA1)
Contents of addresses Program Counter (PC)
FFFFFE16 to FFFFFC16

Figure 5.3 CPU Register States after Reset

Rev. 1.10 Oct. 18, 2005 RENESAS

REJ09B0162-0110

Page 47 of 435



M32C/88 Group (M32C/88T) 6. Cold Start-up/Warm Start-up Determine Function

6. 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 6.1 shows the WDC registser. Figure 6.2 shows a block diagram of the cold start-up/warm start-up
determine function. Figure 6.3 shows its operation exmaple.

Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | 0 | | | | | | WDC 000F16 000X XXXX2
Sy?rgtbol Bit Name Function RW
CECTEEE L EERURY — High-Order Bit of the Watchdog Timer RO
(b4 - bO)
H Cold Start-up/ .
LT L LLPRRY WDC5 | Warm Start-up 0: Cold start-up RW
Determine Flag(®:23) 1: Warm start-up
T PR O PRT ELRPEOEN — Reserved Bit Set to "0" RW
(b6)
R SSSSRIIILELLLLL WDC7 | Prescaler Select Bit 2 B:z:gzszigs RW

NOTES:
1. The WDCS5 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 6.1 WDC Register
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WDCS5 Bit

Write to WDC register —) ~D0—o S Q — COLD/WARM

(Cold Start-up/Warm Start-up)

Hardware Reset 1 when Power-on |—o R

Figure 6.2 Cold Start-up/Warm Start-up Determine Function Block Diagram

5V ___________ 1 JI ____________
Vce / ' w
ov SR

RESET
WDCS5 Bit b T > 100us A 5
ey P ' No change !
0 — —_— evenifthe ~~-"T-""""ToTTo T
! It lied
| Program running started )[/; Hagg_Ea_I[_) ?SI%V
- ' The WDCS5 bit is set to "0"
Reset Sequence (Approx. 20us @16MHz) as soon as enough voltage
is applied to Vcc.
NOTE:

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

Figure 6.3 Cold Start-up/Warm Start-up Determine Function Operation
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7. Processor Mode

NOTE

Use M32C/88T in single-chip mode only.
M32C/88T cannot be used in memory expansion mode and microprocessor mode.

7.1 Types of Processor Mode

Only single-chip mode can be selected as a processor mode. SFRs, internal RAM, and internal ROM can
be accessed. All pins are assigned to input/output ports or peripheral function input/output ports.

7.2 Setting of Processor Mode

The CNVss pin and the PM01 and PMOO bits in the PMO register determine which processor mode is
selected. Apply an low-level ("L") signal to the CNVss pin. Set the PM01 and PMO0O bits to "002" (single-

chip mode).
Figures 7.1 and 7.2 show the PMO register and PM1 register. Figure 7.3 shows a memory map in single-
chip mode.
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b7 b6

Processor Mode Register 01

b5 b4 b3 b2 bl b0 Symbol Address After Reset

1©

| | | | | | PMO 000416 1000 00002 (CNVss = "L")
0000 00112 (CNvss = "H")

0 ~

""""""""""" BCLK Output 1: BCLK is not output

3.

4.

7. Processor Mode

Sy?wgtbol Bit Name Function RW

bl b0
PMO00 0 0: Single-chip mode RW

Processor Mode Bit 3| 0 1: Memory expansion mode(®

1 0: Do not set to this value

) RW
1 1: Microprocessor mode(®

L PO PMO1

0: RD/BHE / WR

A, PM02 | R/W Mode Select Bit — o =
1: RD/WRH/WRL

RW

) The microcomputer is reset when
R AR PM03 | Software Reset Bit this bit is set to "1". When read, its | RW
content is "0".

b5 b4
e PMO04 0 0: Multiplexed bus is not used RW

Multiplexed Bus Space | o 1: Access the CS2 area using the bus

Select Bit(®) 0 1: Access the CS1 area using the bus
"""""""""" PMO5 1 1: Access all CS areas using the bus® | RW

..................... —— | Reserved Bit Set to "0" RW
(b6)

0: BCLK is output(?)

PMO7 RW

Disable Bit(® The CM01 and CMOQO bits in the
CMO register determine pin functions

NOTES:
1.
2.

Rewrite the PMO register after the PRC1 bit in the PRCR register is set to "1"(write enabled).
The PM01 and PMOO bits maintain values set before reset, even after software reset or watchdog
timer reset has performed.
Set the PM01 and PMOO bits to "012" or "112" separately. Rewrite other bits before rewriting the
PMO01 and PMOO bits.
The PM04 and PMO5 bits are available in memory expansion mode or microprocessor mode.

« Set the PM05 and PMO04 bits to "002" in mode 0.

« Do not set the PM05 and PMO04 bits to "012" in mode 2.

. The PM05 and PM04 bits cannot be set to "112" in microprocessor mode since the microcomputer

starts up with the separate bus after reset.

When the PM05 and PM04 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 CSO to CS2 in mode 1, CS0 and CS1 in mode 2 and
CS0 to CS3 in mode 3.

. 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" (I/O port P53). P53 outputs "L".

. When the PMOQ7 bit is set to "0" (BCLK output), set the CM01 and CMOO bits to "002".
. M32C/88T cannot be used in memory expansion mode and microprocessor mode.

Figure 7.1

PMO Register
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7. Processor Mode

Processor Mode Register 1(1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| 0 | 0 | | | | | | | PM1 000516 0016
- R Bit ) .
Pob v 0 b | symbol Bit Name Function RW
P
- R B B B 0 0: Mode 0 (A20 to A23 for P44 to P47)
Popop b1 1 PMIO 0 1: Mode 1 (A20 for P44, RW
External Memory Space | CS2to CSO0 for P4s to P47)
Mode Bit 4 1 0: Mode 2 (A20, A21 for P44, P4s,
- R CS1, CSO for P4s, P47)
T T T PM11 11: Mode 3 RW
(CS3 to CSO for P44 to P47)
Internal Memory 0: No wait state
PM12 Wait Bit 1: Wait state RW
oo 0: 1 wait state
PM13 | SFR Area Wait Bit 1 2 Wait states RW
P b5 b4
E  RLECELITEEE PM14 00: No ALE RW
Pl ALE Pin Select Bit 4 | 0 1: P53/BCLK®)
oo 1 0: P56
Py TrTmmmmmmmmeemeenees PM15 11: P54/HLDA RW
A Reserved Bit Set to "0" RW
(b7-b6)
NOTES:
1. Rewrite the PM1 register after the PRCL1 bit in the PRCR register is set to "1" (write enabled).
2. The PM15 and PM14 bit setting, PM11 and PM10 bit setting are 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/88T cannot be used in memory expansion mode and microprocessor mode.

Figure 7.2 PM1 Register
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M32C/88 Group (M32C/88T)

7. Processor Mode

Single-chip Mode

00000016

SFRs
00040016
Internal RAM
Reserved Space
00F00016
Block A®)
01000016
Not Used
FEEFFEF16 Internal ROM

NOTE:
1. Additional 4-Kbyte space is provided in the flash memory version for storing data.

Figure 7.3 Memory Map in Single-chip Mode
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M32C/88 Group (M32C/88T)

8. Clock Generation Circuit

8. Clock Generation Circuit
8.1 Types of the Clock Generation Circuit

Four circuits are included to generate the system clock signal:

» Main clock oscillation circuit
* Sub clock oscillation circuit
» On-chip oscillator

* PLL frequency synthesizer

Table 8.1 lists specifications of the clock generation circuit. Figure 8.1 shows a block diagram of the clock

generation circuit. Figures 8.2 to 8.8 show registers controlling the clock.

Table 8.1 Clock Generation Circuit Specification

Item

Main Clock
Oscillation Circuit

Sub Clock
Oscillation Circuit

On-chip Oscillator

PLL Frequency
Synthesizer

Use

CPU clock source,
Peripheral function
clock source

CPU clock source,
Timer A and B clock
source

CPU clock source,
Peripheral function
clock source

CPU clock source,
Peripheral function
clock source

Clock Frequency

Up to 32 MHz

32.768 kHz

Approx. 1 MHz

Up to 32 MHz
(See Table 8.3)

Connectable
Osillator or
Additional Circuit

Ceramic resonator
Crystal oscillator

Crystal oscillator

Pins for Oscillator

clock can be applied.

clock can be applied.

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

or for Additional XIN, XouT XCIN, XcouT
Circuit

Oscillation Stop-| 5 ajjaple 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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8. Clock Generation Circuit

M32C/88 Group (M32C/88T)
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up (M32C/88T)

8. Clock Generation Circuit

b7

b6 b5 b4 b3 b2 bl bo

System Clock Control Register 01

Symbol Address After Reset
CMO 000616 0000 10002
Bit Bit Name Function RW
Symbol
b1 bo
CM00 . 0 0: I/O port P53 RW
Clock Output Function 01:0 f
lect Bit? 1: Outputs fc
Selec 1 0: Outputs fs RW
CM01 1 1: Outputs f32
) ) 0: Peripheral clock does not stop in
CMO2 In Waﬁ Mode, Perlphe.rasla wait mode RW
Function Clock Stop Bit®)| 1. peripheral clock stops in wait
mode(®)
CMO3 Xcm-Xpow Drive. " 0 Lc_)w RW
Capacity Select Bit!Y) | 1: High
0: 1/O port function
i i RW
CMO4 | Port Xc Switch Bit 1: XcIN-XcouT oscillation function®)
Main Clock (XIN-XouT) | O: Main clock oscillates
CMOS Stop Bit(>: 9 1: Main clock stops(®) RW
CMO6 Watchdog Timer . 0: Watch(%iog timer interrupt RW
Function Select Bit 1: Reset(”)
CPU Clock Select 0: quck selected by the CM2.1 bit RW
CMO07 Bit 0@. 9. 10) divided by MCD register setting
1: Sub clock

NOTES:

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

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

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

mode.

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

5. When entering low-power consumption mode or on-chip oscillator low-power consumption mode, the
CMO05 bit stops running the main clock. The CMO05 bit cannot detect whether the main clock stops or
not. To stop running the main clock, set the CMO5 bit to "1" after the CMO07 bit is set to "1" with a stable
sub clock oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock).
When the CMO5 bit is set to "1", the clock applied to Xout becomes "H". The built-in feedback resistor

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

6. When the CMO05 bit is set to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). In on-chip oscillation mode, the MCD4 to MCDO bits are not set to "010002" even

if the CMO5 bit terminates XIN-XOUT.
7. Once the CMO6 bit is set to "1", it cannot be set to "0" by program.

8. After the CMO04 bit is set to "1" with a stable sub clock oscillation, set the CMO07 bit to "1" from "0".
After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CMO07 bit to "0" from "1".

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

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

CMO?7 bits do not change even when written.
10. After the CMO7 bit is set to "0", set the PM21 bit to "1".
11. When stop mode is entered, the CM03 bit is set to "1".

Figure 8.2 CMO Register
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M32C/88 Group (M32C/88T) 8. Clock Generation Circuit

System Clock Control Register 1(1

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

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

CMI7 1 it 1645) 1: PLL clock RW

NOTES:

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

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

3. When the CM10 bit is set to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). When the CM20 bit is set to "1" (oscillation stop detect function enabled) or the
CM21 bit to "1" (on-chip oscillator selected), do not set the CM10 bit to "1".

4. The CM17 bit setting is enabled only when the CM21 bit in the CM2 register is set to "0". Use the
procedure shown in Figure 8.12 to set the CM17 bit to "1".

5. If the PM21 bit in the PM2 register is set to "1" (clock change 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 8.3 CM1 Register
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M32C/88 Group (M32C/88T) 8. Clock Generation Circuit

Main Clock Division Register(!)

0 0 0 1 1: Divide-by-3 mode
Main Clock Division g g 10 8 D!v!ge-zy-g moge
o MCD2 | select Bit@ 4 1 1 0:Divide-by-6 mode RW
0 1 0 0 O: Divide-by-8 mode

0 1 0 1 O: Divide-by-10 mode

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

P T MCD3 011 0 0: Divide-by-12 mode RW
H 011 1 0: Divide-by-14 mode
: L] MCDA4 0 0 0 0 0: Divide-by-16 mode RW
H (Note 3)
______ . When read,
(b7 - b5) Reserved Bit its content is indeterminate RO

NOTES:

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

2. When the microcomputer enters stop mode or low-power consumption mode, the MCD4 to MCDO bits
are set to "010002".
The MCD4 to MCDO bits are not set to "010002" even if the CMO05 bit in the CMO register is set to "1"
(XIN-XouT stopped) in on-chip oscillator mode.

3. Bit combinations cannot be set not listed above.

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 CMO07 bit).

Figure 8.4 MCD Register
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Oscillation Stop Detection Register®

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

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

(7 - ba)| ">

NOTES:

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

2. If the PM21 bit in the PM2 register is set to "1" (clock change 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 8.5 CM2 Register
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8. Clock Generation Circuit

Count Source Prescaler Register

Flag When read, its content is "0".

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset(®
5 5 5 TCSPR 035F16 0XXX 00002
Bit Bit Name Function RW
Ve Symbol
Piob b bbb L enTo RW
O CNT1 If setting value is n, f2n is the RW
Division Rate main clock, on-chip oscillator clock
Select Bit) or PLL clock divided by 2n.
b CNT2 When n is set to "0", no division is RW
selected.
P e CNT3 RW
S & 4 Bit When read, .
' (b6 - b4) eserved bi its content is indeterminate
T 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
L_MM 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 8.6 TCSPR and CPSRF Registers
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M32C/88 Group (M32C/88T) 8. Clock Generation Circuit

PLL Control Register 0 2. 5)

b7 b6 b5 b4 b3 b2 bl b0

I A After R
| | 1 |O | 1 |><| | | | Symbo ddress fter Reset
. B 8 U N - PLCO 002616 0001 X0102
: Bit Bit Name Function RW
+ | Symbol
L.] PLCOO RW
b2 b1 b0
bl 0 1 1: Multiply-by-6
______ PLCOL Program_n(w; e Counter | 1 g - Multiply-by-8 RW
Select Bit Do not set to values except the
above
--------- PLCO02 RW
------------- —— [Reserved Bit When read‘, ) ) RO
(b3) its content is indeterminate
----------------- T04) Reserved Bit Setto "1 RW
------------------ —— | Reserved Bit Set to "0" RW
(b5)
------------------------ —— | Reserved Bit Setto "1" RW
(b6)
0: PLL is Off
___________________________ ; i@
PLCO7 |Operation Enable Bit 1: PLL is On RW

NOTES:

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

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

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

4. Set the CM17 bit in the CM1 register to "0" (main clock as CPU clock source) and the PLCO7 bit to "0"
before entering wait or stop mode.

5. Set the PLCO and PLCL1 registers simultaneously in 16-bit units.

PLL Control Register 1(:2.3.4)

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

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

(b7 - b5)

NOTES:
1. Rewrite the PLC1 register after the PRCO bit in the PRCR register is set to "1" (write enabled).
2. If the PM21 bit in the PM2 register is set to "1" (clock change disabled), the PLC1 register does not
change when written.
3. Set the PLC1 register when the PLCO7 bit is set to "0" (PLL off).
4. Set the PLCO and PLC1 registers simultaneously in 16-bit units.

Figure 8.7 PLCO and PLCL1 Registers
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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 (b0)

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

0: Clock selected by the CMO07 bit

ICEEEEEEREEELEEEY PM24 [ CPU Clock Select Bit 3 1: Main Clock RW
P e PM25 | CAN Clock SelectBit | &1 RW

: ock Select bl 1: Main Clock

] b7b6

PM26 0 O: Peripheral function clock RwW

sznICOtug_ttsource 0 1: XIN clock

elect Bi . On-chi ;

___________________________ PM27 1 0: On-chip oscillator clock RW

1 1: 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 enabled).
2. Once the PM22 and PM21 bits are set to "1", they can not be set to "0" by program.
3. When the PM21 bit is set to "1",
the CPU clock keeps running when the WAIT instruction is executed,;
nothing is changed even if following bits are set to either "0" or "1".
« the CMO02 bit in the CMO register (the peripheral function clock is not stopped in wait mode.)
« the CMO5 bit in the CMO register (the main clock is not stopped.)
« the CMO7 bit in the CMO register (a CPU clock source is not changed.)
« the CM10 bit in the CML1 register (the microcomputer does not enter stop mode.)
« the CM17 bit in the CM1 register (a CPU clock source is not changed.)
« the CM20 bit in the CM2 register (oscillation stop detect function settings are not changed.)
« all bits in the PLCO and PLC1 registers (PLL frequency synthesizer function settings are not changed.)
4. When the PM22 bit is set to "1",
the on-chip oscillator clock becomes a count source of the watchdog timer after the on-chip oscillator starts;
write to the CM10 bit is disabled (the microcomputer does not enter stop mode.);
the watchdog timer keeps running when the microcomputer is in wait mode and hold state.

Figure 8.8 PM2 Register
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8.1.1 Main Clock
Main clock oscillation circuit generates the main clock. The main clock becomes clock source of the CPU
clock and peripheral function clock.
The main clock oscillation circuit is configured by connecting an oscillator or resonator between the XIN
and Xour pins. The circuit has a built-in feedback resistor. The feedback resistor is separated from the
oscillation circuit in stop mode to reduce power consumption. An external clock can be applied to the XIN
pin in the main clock oscillation circuit. Figure 8.9 shows an example of a main clock circuit connection.
Circuit constants vary depending on each oscillator. Use the circuit constant recommended by each oscil-
lator manufacturer.
The main clock divided-by-eight becomes a CPU clock source after reset.
To reduce power consumption, set the CMO05 bit in the CMO register to "1" (main clock stopped) after
switching the CPU clock source to the sub clock or on-chip oscillator clock. In this case, the clock applied
to XouT becomes high ("H"). XIN is pulled up by XouT via the feedback resistor which remains on. When
an external clock is applied to the XIN pin, do not set the CMO05 bit to "1".
All clocks, including the main clock, stop in stop mode. Refer to 8.5 Power Consumption Control for
details.

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

XIN I I }— Xin | — External Clock
Oscillator[ ] Vce |—| |—| |—| |—
Vss

o EAM——] 4

Rd®W Cout

Vss 1 Xout | Open
NOTE:

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

Figure 8.9 Main Clock Circuit Connection
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8.1.2 Sub Clock
Sub clock oscillation circuit generates the sub clock. The sub clock becomes clock source of the CPU
clock and for the timers A and B. The same frequency, fc, as the sub clock can be output from the
CLKouT pin.
The sub clock oscillation circuit is configured by connecting a crystal oscillator between the XciN and
Xcourt pins. The circuit has a built-in feedback resistor. The feedback resistor is separated from the
oscillation circuit in stop mode to reduce power consumption. An external clock can be applied to the XcIN
pin. Figure 8.10 shows an example of a sub clock circuit connection. Circuit constants vary depending on
each oscillator. Use the circuit constant recommended by each oscillator manufacturer.
The sub clock stops after reset. The feedback resistor is separated from the oscillation circuit. When the
PD8_6 and PD8_7 bits in the PD8 register are set to "0" (input mode) and the PU25 bit in the PUR2
register is set to "0" (no pull-up), set the CM04 bit in the CMO register to "1" (XcIN-XcouT oscillation
function). The sub clock oscillation circuit starts oscillating. To apply an external clock to the XCIN pin, set
the CMO04 bit to "1" when the PD8_7 bit is set to "0" and the PU25 bit to "0". The clock applied to the XCIN
pin becomes a clock source of the sub clock.
When the CMO7 bit in the CMO register is set to "1" (sub clock) after the sub clock oscillation has stabi-
lized, the sub clock becomes a CPU clock source.
All clocks, including the sub clock, stop in stop mode. Refer to 8.5 Power Consumption Control for
details.

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

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

XcouT WL

Rcd® Ccout

Vss 1 Xcout | Open
NOTE:

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

Figure 8.10 Sub Clock Circuit Connection
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8.1.3 On-Chip Oscillator Clock
On-chip oscillator generates the on-chip oscillator clock. The 1-MHz on-chip oscillator clock becomes a
clock source of the CPU clock and peripheral function clock.
The on-chip oscillator clock stops after reset. When the CM21 bit in the CM2 register is set to "1" (on-chip
oscillator clock), the on-chip oscillator starts oscillating. Instead of the main clock, the on-chip oscillator
clock becomes clock source of the CPU clock and peripheral function clock.
Table 8.2 shows bit settings for on-chip oscillator start condition.

Table 8.2 Bit Settings for On-Chip Oscillator Start Condition

CM2 Register PM2 Register
Used as
CM21 Bit PM22 Bit 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

8.1.3.1 Oscillation Stop Detect Function

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

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

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

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

8.1.3.2 How to Use Oscillation Stop Detect Function

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

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

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

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

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

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

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

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

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

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

|
71

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

CM23 to CM21 bits: Bits in the CM2 Register

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

The PLL frequency synthesizer generates the PLL clock based on the main clock. The PLL clock can be
used as clock source for the CPU clock and peripheral function clock.
The PLL frequency synthesizer stops after reset. When the PLCO7 bit is set to "1" (PLL on), the PLL
frequency synthesizer starts operating. Wait #suy~..) ms for the PLL clock to stabilize.

The PLL clock can either be the clock output from the voltage controlled oscillator (VCO) divided-by-2 or
divided-by-3. When the PLL clock is used as a clock source for the CPU clock or peripheral function
clock, set each bit as is shown in Table 8.3. Figure 8.12 shows the procedure to use the PLL clock as the
CPU clock source.
To enter wait or stop mode, set the CM17 bit to "0" (main clock as CPU clock source), set the PLCO7 bit
in the PLCO register to "0" (PLL off) and then enter wait or stop mode.

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

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

Gse PLL clock as CPU clock source)

Set the PLCO and the PLC1 registers
(Set the PLCO7 bit to "0")

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

Wait tsu(pLL)ms

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

C

End

D

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

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

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

When the main clock, on-chip oscillator clock or PLL clock is selected as a clock source of the CPU clock,
the selected clock divided-by-1 (no division), -2, -3, -4, -6, -8, -10, -12, -14 or -16 becomes the CPU clock.
The MCD4 to MCDO bits in the MCD register select the clock division.

When the microcomputer enters stop mode or low-power consumption mode (except when the on-chip
oscillator clock is the CPU clock), the MCD4 to MCDO bits are set to "010002" (divide-by-8 mode). There-
fore, when the main clock starts running, the CPU clock enters medium-speed mode (divide-by-8).

Table 8.4 CPU Clock Source and Bit Settings

CMO Register | CM1 Register | CM2 Register | 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
NOTE:

1. Refer to 22.2 CAN Clock for details.

8.3 Peripheral Function Clock

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

8.3.1 f1, f8, f32 and f2n

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

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

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

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

8.3.2 faD

fAD is an operating clock for the A/D converter and has the same frequency as either the main clock(®) or
the on-chip oscillator clock. The CM21 bit determines which clock is selected.

If the CMO2 bit is set to "1" (peripheral function stop in wait mode) to enter wait mode, fAD stops. fAD also
stops in low-power consumption mode.

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

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

8.3.4 fcaN

fcaAN has the same frequency as the main clock. It is a clock for the CAN module only.

8.4 Clock Output Function
The CLKouT pin outputs fc, f8 or f32.

In memory expansion mode or microprocessor mode, a clock having the same frequency as the CPU clock
can be output from the BCLK pin as BCLK.
Table 8.5 lists CLKouT pin function in single-chip mode.

Table 8.5 CLKouT Pin in Single-Chip Mode

PMO Register (1) CMO Register (2)
5 5 5 CLKouT Pin Function
PMO7 Bit CMO01 Bit CMOO Bit
— 0 0 P53 1/O port
1 0 1 Outputs fc
1 1 0 Outputs fs
1 1 1 Outputs f32
- : Can be set to either "0" or "1"
NOTES:

1. Rewrite the PMO register after the PRCL1 bit in the PRCR register is set to "1" (write enabled).
2. Rewrite the CMO register after the PRCO bit in the PRCR register is set to "1" (write enabled).
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8.5 Power Consumption Control
Normal operating mode, wait mode and stop mode are provided as the power consumption control.
All mode states, except wait mode and stop mode, are called normal operating mode in this section. Figure
8.13 shows a block diagram of status transition in wait mode and stop mode. Figure 8.14 shows a block
diagram of status transition in all modes.

8.5.1 Normal Operating Mode

The normal operating mode is further separated into six modes.

In normal operating mode, the CPU clock and peripheral function clock are supplied to operate the CPU
and peripheral function. The power consumption control is enabled by controlling a CPU clock fre-
qguency. The higher the CPU clock frequency is, the more processing power increases. The lower the
CPU clock frequency is, the more power consumption decreases. When unnecessary oscillation circuit
stops, power consumption is further reduced.

8.5.1.1 High-Speed Mode
The main clock® becomes the CPU clock and a clock source of the peripheral function clock. When
the sub clock runs, fc32 can be used as a count source for the timers A and B.

8.5.1.2 Medium-Speed Mode
The main clock®) divided-by-2, -3, -4, -6, -8, -10, -12, -14, or -16 becomes the CPU clock. The main
clock® is a clock source for the peripheral function clock. When the sub clock runs, fc32 can be used
as a count source for the timers A and B.

8.5.1.3 Low-Speed Mode
The sub clock becomes the CPU clock . The main clock(®) is a clock source for the peripheral function
clock. fc32 can be used as a count source for the timers A and B.

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

8.5.1.5 On-Chip Oscillator Mode
The on-chip oscillator clock divided-by-1 (no division), -2, -3, 4-, -6, -8, -10, -12, -14, or -16 becomes
the CPU clock. The on-chip oscillator clock is a clock source for the peripheral function clock. When
the sub clock runs, fc32 can be used as a count source for the timers A and B.
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8.5.1.6 On-Chip Oscillator Low-Power Consumption Mode
The microcomputer enters on-chip oscillator low-power consumption mode when the main clock stops
in on-chip oscillator mode . The on-chip oscillator clock divided-by-1 (no division), -2, -3, -4, -6, -8, -10, -
12, -14, or -16 becomes the CPU clock. The on-chip oscillator clock is a clock source for the peripheral
function clock. When the sub clock runs, fc32 can be used as a count source for the timers A and B.
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:
1. The PLL clock, instead of the main clock, when the CM17 bit is set to "1" (PLL clock).
2. Contact your oscillator manufacturer for oscillation stabilization time.

8.5.2 Wait Mode
In wait mode, the CPU clock stops running. The CPU and watchdog timer, operated by the CPU clock,
also stop. When the PM22 bit in the PM2 register is set to "1" (on-chip oscillator clock as watchdog timer
count source), the watchdog timer continues operating. Because the main clock, sub clock and on-chip
oscillator clock continue running, peripheral functions using these clocks also continue operating.

8.5.2.1 Peripheral Function Clock Stop Function
If the CMO2 bit in the CMO register is set to "1" (peripheral function clock stops in wait mode), f1, fs, f32,
fan (when peripheral clock is selected as a count source), and fAD stop in wait mode. Power consump-
tion can be reduced. f2n, when XIN clock or on-chip oscillator clock is selected as a count source, and
fc32 do not stop running.

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

« Initial Setting
Set each interrupt priority level after setting the exit priority level required to exit wait mode, con-
trolled by the RLVL2 to RLVLO bits in the RLVL register, to "7".
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8.

 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.

5.2.3 Pin Status in Wait Mode
Table 8.6 lists pin states in wait mode.

Table 8.6 Pin States in Wait Mode
Pin Single-Chip Mode
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
CMO02 bit is set to "1" (peripheral function clock stops in wait mode).
8.5.2.4 Exiting Wait Mode

Wait mode is exited by the hardware reset, NMI interrupt or peripheral function interrupts.

When the hardware reset or NMI interrupt, but not the peripheral function interrupts, is used to exit wait
mode, set the ILVL2 to ILVLO bits for the peripheral function interrupts to "0002" (interrupt disabled)
before executing the WAIT instruction.

CMO02 bit setting affects the peripheral function interrupts. When the CMO02 bit in the CMO register is
set to "0" (peripheral function clock does not stop in wait mode), all peripheral function interrupts can
be used to exit wait mode. When the CMO02 bit is set to "1" (peripheral function clock stops in wait
mode), peripheral functions using the peripheral function clock stop. Therefore, the peripheral function
interrupts cannot be used to exit wait mode. However, the peripheral function interrupts caused by an
external clock, fc32, or fan whose count source is the XIN clock or on-chip oscillator clock, can be used
to exit wait mode.

The CPU clock used when exiting wait mode by the peripheral function interrupts or NMI interrupt is
the same CPU clock used when the WAIT instruction is executed.

Table 8.7 shows interrupts to be used to exit wait mode and usage conditions.
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Table 8.7 Interrupts to Exit Wait Mode

Interrupt When CM02=0 When CM02=1

NMI Interrupt Can be used Can be used

Can be used when external clock or f2n
(when XIN clock or on-chip oscillator is
selected) is selected

Can be used when either internal

Serial I/O Interrupt or external clock is selected

Key Input Interrupt Can be used Can be used

Can be used in single or single-

Do not use
sweep mode

A/D Conversion Interrupt

Can be used in event counter mode or
Can be used in all modes when count source is fc32 or f2n (when
XIN clock or on-chip oscillator is selected)

Timer A Interrupt
Timer B Interrupt

INT Interrupt Can be used Can be used
CAN Interrupt Can be used Do not use
Intelligent 1/O Interrupt Can be used Do not use

8.5.3 Stop Mode

In stop mode, all oscillators and resonators stop. The CPU clock and peripheral function clock, as well as
the CPU and peripheral functions operated by these clocks, also stop. The least power required to
operate the microcomputer is in stop mode. The internal RAM holds its data when the voltage applied to
the Vcc pinis VRAM or more. If the voltage applied to the Vcc pinis 2.7V or less, the voltage must be Vcc
> VRAM.
The following interrupts can be used to exit stop mode:

« NMI interrupt

* Key Input Interrupt

« INT interrupt

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

frequency, in event counter mode)
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8.5.3.1 Entering Stop Mode
Stop mode is entered when setting the CM10 bit in the 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 enabled)
(6) Select the main clock as the CPU clock
» When the CPU clock source is the sub clock,
(a) set the CMOS5 bit in the CMO register to "0" (main clock oscillates)
(b) set the CMO7 bit in the CMO register to "0" (clock selected by the CM21 bit divided by MCD
register setting)
» When the CPU clock source is the PLL clock,
(a) set the CM17 bit in the CM1 register to "0" (main clock)
(b) set the PLCO7 bit in the PLCO register to "0" (PLL off)
* When main clock direct mode is used,
(a) set the PRC1 bit in the PRCR register to "1" (write enabled)
(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 | flag to "1"
(9) Set the CM10 bit to "1" (all clocks stops)

« After Exiting Stop Mode
Set the exit priority level to "7" as soon as exiting stop mode.

8.5.3.2 Exiting Stop Mode
Stop mode is exited by the hardware reset, NMI interrupt or peripheral function interrupts (key input
interrupt and INT interrupt).
When the hardware reset or NMI interrupt, but not the peripheral function interrupts, is used to exit wait
mode, set all ILVL2 to ILVLO bits in the interrupt control registers for the peripheral function interrupt to
"0002" (interrupt disabled) before setting the CM10 bit to "1" (all clocks stops).
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8.5.3.3 Pin Status in Stop Mode
Table 8.8 lists pin status in stop mode.

Table 8.8 Pin Status in Stop Mode

Pin Single-Chip Mode
Ports Maintains state immediately before entering stop mode
CLKouTt When fc selected "H"
When f8, f32 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

Stop Mode

All oscillation is stopped

__ CM10=1

Reset

( v )

CPU operation is stopped

(Note 2) (~ ) (Note 2) WAIT Instruction

Middle-Speed Mode

-

21 Wait Mode

-l
-«

Stop Mode

NOTES:
1. See Figure 8.14.
2. When the CM17 bit is set to "1" (PLL clock as CPU clock source), set the CM17 bit to "0"(main clock as CPU clock source)
and the PLCO7 bit is set to "0" (PLL off). Then enter wait mode or stop mode.
3. When the CM17 bit is set to "1" (PLL clock as CPU clock source), set the CM17 bit to "0"(main clock as CPU clock source)
and the PLCO7 bit is set to "0" (PLL off). Then enter low-speed or low-power consumption mode.

divide-by-8 mode : l
Interrupt /L ¢ y ) ) Interrupt
rerott * (Note 1)
High-Speed/ ") (Note 2) WAIT Instruction
= - > Wait Mode
- f:ﬁoz)l Middle-Speed Mode  |ug oo
ote
A
Note 1, (Note 3)
( ) v
A )
Low-Speed/Low-Power WAIT Instruction ]
[ Consumption Mode [« ] Wait Mode
Interrupt
. . N
On-Chip Oscillator/On- ]
Chip Oscillator Low-Power WAIT Instruction > -
Consumption Mode | Wait Mode
Interrupt

; Normal Operating Mode —)

Figure 8.13 Status Transition in Wait Mode and Stop Mode
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Figure 8.14 Status Transition
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8.6 System Clock Protect Function
The system clock protect function prohibits the CPU clock from changing clock sources when the main
clock is selected as the CPU clock source. This prevents the CPU clock from stopping the program crash.
When the PM21 bit in the PM2 register is set to "1" (clock change disabled), the following bits cannot be
written to:
* The CMO02 bit, CMO5 bit and CMO07 bit in the CMO register
» The CM10 bit and CM17 bit in the CM1 register
» The CM20 bit in the CM2 register
« All bits in the PLCO and PLC1 registers
The CPU clock continues running when the WAIT instruction is executed.

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

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

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

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

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

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

control.

Figure 9.1 shows the PRCR register. Individual bit in the PRCR register protects the following registers:
» The PRCO bit protects the CM0, CM1, CM2, MCD, PLCO, and PLC1 registers;
» The PRC1 bit protects the PMO, PM1, PM2, INVCO, and INVCL1 registers;
» The PRC2 bit protects the PD9 and PS3 registers.

The PRC2 bit is set to "0" (write disabled) when data is written to a given address after setting the PRC2 bit
to "1" (write enabled). Set the PD9 and PS3 registers immediately after setting the PRC2 bit in the PRCR
register to "1" (write enabled). Do not generate an interrupt or a DMA transfer between the instruction to set
to the PRC2 bit to "1" and the following instruction. The PRCO and PRCL1 bits are not set to "0" even if data
is written to a given address. Set the PRCO and PRC1 bits to "0" by program.

Protect Register

b7 b6 b5 b4 b3 b2 bl bo

NOTE:

Symbol Address After Reset
PRCR 000A16 XXXX 00002
Bit Bit N = i RW
Symbol it Name unction
Enables writing to CM0O, CM1, CM2,
. MCD, PLCO, PLC1 registers
PRCO | Protect Bit 0 0: Write disabled RW
1: Write enabled
Enables writing to PMO, PM1, PM2,
. INVCO, INVCL1 registers
Protect Bit 1 ’ RW
PRCL | Protect Bi 0: Write disabled
1: Write enabled
Enables writing to PD9, PS3 registers
PRC2 | Protect Bit 2(1) 0: Write disabled RW
1: Write enabled
—— | Reserved Bit Set to "0" RW
(b3)
Nothing is assigned. When write, set to "0". o
(b7 - b4)| When read, its content is indeterminate.

1. The PRC2 bit is set to "0" by writing into a given address after the PRC2 bit is set to "1".
The PRCO and PRCL1 bits are not automatically set to "0". Set them to "0" by program.

Figure 9.1 PRCR Register
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10. Interrupts

10.1 Types of Interrupts
Figure 10.1 shows types of interrupts.

[] Undefined Instruction (UND Instruction)
[] Overflow (INTO Instruction)
Software [] BRK Instruction
[] (Non-Maskable Interrupt) [] BRK2 Instruction®
E [] INT Instruction
H
Interrupt ] [] NMI
L] Special [] Watchdog Timer _
[] [] Oscillation Stop Detection
0 E (Non-Maskable Interrupt) [] Single-Step®
H [] Address Match
Har r
ardware E [] 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.

Figure 10.1 Interrupts

* Maskable Interrupt
The | flag enables or disables an interrupt.
The interrupt priority order based on interrupt priority level can be changed.

* Non-Maskable Interrupt
The | flag does not enable nor disable an interrupt .
The interrupt priority order based on interrupt priority level cannot be changed.
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10.2 Software Interrupts

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

10.2.1 Undefined Instruction Interrupt

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

10.2.2 Overflow Interrupt
The overflow interrupt occurs when the O flag in the FLG register is set to "1" (overflow of arithmetic
operation) and the INTO instruction is executed.
Instructions to set the O flag are :
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA, SUB, SUBX

10.2.3 BRK Interrupt

The BRK interrupt occurs when the BRK instruction is executed.

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

10.2.5 INT Instruction Interrupt

The INT instruction interrupt occurs when the INT instruction is executed. The INT instruction can select
software interrupt numbers 0 to 63. Software interrupt numbers 8 to 50, 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 50, 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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10.3 Hardware Interrupts
Special interrupts and peripheral function interrupts are available as hardware interrupts.

10.3.1 Special Interrupts

Special interrupts are non-maskable interrupts.

10.3.1.1 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 10.8 NMI Interrupt for details.

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

10.3.1.3 Oscillation Stop Detection Interrupt
The oscillation stop detection interrupt occurs when the microcomputer detects a main clock oscilla-
tion stop. Refer to 8. Clock Generation Circuit for details.

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

10.3.1.5 Address Match Interrupt
The address match interrupt occurs immediately before executing an instruction that is stored into an
address indicated by the RMAD:I register (i=0 to 7) when the AIERI bit in the AIER register is set to "1"
(address match interrupt enabled). Set the starting address of the instruction in the RMAD:I register.
The address match interrupt does not occur when a table data or addresses of the instruction other
than the starting address, if the instruction has multiple addresses, is set. Refer to 10.10 Address
Match Interrupt for details.

10.3.2 Peripheral Function Interrupt

The peripheral function interrupt occurs when a request from the peripheral functions in the microcom-
puter is acknowledged. The peripheral function interrupts and software interrupt numbers 8 to 50, 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 10.2 about how the peripheral function interrupt occurs. Refer to the descriptions of each
function for details.
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10.4 High-Speed Interrupt
The high-speed interrupt executes an interrupt sequence in five cycles and returns from the interrupt in
three cycles.
When the FSIT bit in the RLVL register is set to "1" (interrupt priority level 7 available for the high-speed
interrupt), the ILVL2 to ILVLO bits in the interrupt control registers can be set to "1112" (level 7) to use the
high-speed interrupt.
Only one interrupt can be set as the high-speed interrupt. When using the high-speed interrupt, do not set
multiple interrupts to interrupt priority level 7. Set the DMAII bit in the RLVL register to "0" (interrupt priority
level 7 available for interrupts).
Set the starting address of the high-speed interrupt routine in the VCT register.

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

The values saved into the SVF and SVP registers are restored to the FLG register and PC by executing the
FREIT instruction.

The high-speed interrupt and the DMA2 and DMAS3 use the same register. When using the high-speed
interrupt, neither DMA2 nor DMAS is available. DMAO and DMAL1 can be used.

10.5 Interrupts and Interrupt Vectors
There are four bytes in one vector. Set the starting address of interrupt routine in each vector table. When
an interrupt request is acknowledged, the interrupt routine is executed from the address set in the interrupt
vectors.
Figure 10.2 shows the interrupt vector.

MSB LSB
Vector Address + 0 Low-order bits of an address

Vector Address + 1 Middle-order bits of an address

Vector Address + 2 High-order bits of an address

Vector Address + 3 0016
Figure 10.2 Interrupt Vector
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10.5.1 Fixed Vector Tables
The fixed vector tables are allocated addresses FFFFDC16 to FFFFFF16. Table 10.1 lists the fixed vector
tables. Refer to 24.2 Functions to Prevent Rewriting of Flash Memory for fixed vectors of flash
memory.

Table 10.1 Fixed Vector Table

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

M32C/80 Series
Software Manual

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

BRK Instruction |FFFFE416 to FFFFE716

Address Match

FFFFEB816 to FFFFEB16

FFFFEC16 to FFFFEF16

Reserved space

Watchdog Timer

FFFFFO16 to FFFFF316

These addresses are used for the
watchdog timer interrupt and oscillation

stop detection interrupt

Reset,
Clock Generation Circuit,
Watchdog Timer

FFFFF416 to FFFFF716

Reserved space

NMI

FFFFF816 to FFFFFB16

Reset

FFFFFC16 to FFFFFF16

Reset

10.5.2 Relocatable Vector Tables
The relocatable vector tables occupy 256 bytes from the starting address set in the INTB register. Table
10.2 lists the relocatable vector tables.
Set an even address as the starting address of the vector table set in the INTB register to increase
interrupt sequence execution rate.
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Table 10.2 Relocatable Vector Tables

Interrupt Generated by Vector Table Address Software Reference
Address(L) to Address(H)®) | Interrupt Number
BRK Instruction(® +0 to +3 (000016 to 000316) 0 M32C/80 Series
Reserved Space +4 to +31 (000416 to 001F16) 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 10.2 Relocatable Vector Tables

(Continued)

Stop Condition Detect (UART2)®),

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

+252 to +255 (00FC16 to O0FF16)

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

Stop Condition Detect (UART3/UARTO)®)

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

Stop Condition Detect (UART4/UART1)(®)

A/DO +168 to +171 (00A816 to 00AB16) |42 A/D Converter
Key Input +172 to +175 (O0OAC16 to 00AF16) |43 Interrupts
Intelligent I/O Interrupt 0, CAN 3 +176 to +179 (00B016 to 00B316) |44 Intelligent I/O
Intelligent I/O Interrupt 1, CAN 4 +180 to +183 (00B416 to 00B716) |45 CAN
Intelligent I/O Interrupt 2, CAN 6 +184 to +187 (00B816 to 00BB16) |46

Intelligent I/O Interrupt 3, CAN 7 +188 to +191 (00BC16 to O0BF16) |47

Intelligent I/O Interrupt 4 +192 to +195 (00CO016 to 00C316) |48

CAN 5 +196 to +199 (00C416 to 00C716) |49 CAN

CAN 8 +200 to +203 (00C416 to 00C716) |50

Reserved Space +204 to +207 (00C816 to 00CF16) |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 CAN
Intelligent I/O Interrupt 10, CAN 1 +216 to +219 (00D816 to 00DB16) |54

Reserved Space +220 to +227 (00DC16 to 00E316) | 55, 56 —

CAN 2 +228 to +231 (00E416 to O0OE716) |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

NOTES:

1. These addresses are relative to those in the INTB register.

2. The | flag does not disable interrupts.

3. In 12C mode, NACK, ACK or start/stop condition detection causes interrupts to be generated.

4. The IFSR6 bit in the IFSR register determines whether these addresses are used for an interrupt in UARTO or in

UARTS.

The IFSR7 bit in the IFSR register determines whether these addresses are used for an interrupt in UART1 or in

UARTA4.
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10.6 Interrupt Request Acknowledgement
Software interrupts and special interrupts occur when conditions to generate an interrupt are met.
The peripheral function interrupts are acknowledged when all conditions below are met.

. Iflag ="1"
« IR bit ="1"
« ILVL2 to ILVLO bits > IPL

The | flag, IPL, IR bit and ILVL2 to ILVLO bits are independent of each other. The | flag and IPL are in the
FLG register. The IR bit and ILVL2 to ILVLO bits are in the interrupt control register.

10.6.1 | Flag and IPL

The | flag enables or disables maskable interrupts. When the | flag is set to "1" (enable), all maskable
interrupts are enabled; when the | flag is set to "0" (disable), they are disabled. The | flag is automatically
set to "0" after reset.

IPL, consisting of three bits, indicates the interrupt priority level from level O to level 7.

If a requested interrupt has higher priority level than indicated by IPL, the interrupt is acknowledged.
Table 10.3 lists interrupt priority levels associated with IPL.

Table 10.3 Interrupt Priority Levels
IPL2 IPL1 IPLO Interrupt Priority Levels

0 0 Level 1 and above

Level 2 and above

Level 3 and above

Level 4 and above

Level 5 and above

Level 6 and above

O | |O | |O

Level 7 and above

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

0
0
0
1
1
1
1

B

All maskable interrupts are disabled

10.6.2 Interrupt Control Register and RLVL Register

The peripheral function interrupts use interrupt control registers to control each interrupt. Figures 10.3
and 10.4 show the interrupt control register. Figure 10.5 shows the RLVL register.
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b7 b6 bS5 b4 b3 b2 bl bo

DDDD T ||

NOTES:

Interrupt Control Register

Symbol Address After Reset
TAOIC to TA4IC 006C16, 008C16, 006E16, 008E16, 007016 XXXX X0002
TBOIC to TB5IC 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, 007116\, 009116 XXXX X0002
DMOIC to DM3IC 006816, 008816, 006A16, 008A16 XXXX X0002
ADOIC 007316 XXXX X0002
KUPIC 009316 XXXX X0002
1100IC to ll04IC 007516, 009516, 007716, 009716, 007916 XXXX X0002
1108IC to ll010IC 007D16, 009D16, 007F16 XXXX X0002
CANOIC to CAN2IC  009D16, 007F16, 008116 XXXX X0002
CANB3IC to CANSIC 007516, 009516, 009916(%) XXXX X0002
CANBGIC to CANSIC 007716, 009716, 007B16(3) XXXX X0002
Sy%lwtbol Bit Name Function RW
b2b1b0
ILVLO 00 0: Level 0 (interrupt disabled) RW
001:Levell
P 010: Level 2
ILVL1 I;\éferrclipgifnonty Level 011:Level3 RW
100: Level 4
101: Level5
ILVL2 110:Level 6 RW
111:Level7
IR Interrupt Request Bit 0: requests no !nterrupt RW
1: requests an interrupt®
Nothing is assigned. When write, set to "0".
(ﬁ4) When read, its content is indeterminate. o
1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNLIC register shares an address with the BCN4IC register.
3. The IIO9IC register shares an address with the CANOIC register.
The 11010IC register shares an address with the CAN1IC register.
The 1100IC register shares an address with the CAN3IC register.
The IIO1IC register shares an address with the CAN4IC register.
The 1102IC register shares an address with the CANGIC register.
The 1I03IC register shares an address with the CAN7IC register.

4. The IR bit can be set to only "0" (do not set to "1").

Figure 10.3 Interrupt Control Register (1)
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Interrupt Control Register

b7 b6 b5 b4 b3 b2 bl bO

DO T LT LT ] sm

Address After Reset
- INTOIC to INT2IC 009E16, 007E16, 009C16 XX00 X0002
A INT3IC to INT5IC 007C16, 009A16, 007A16 XX00 X0002
A N T . .
Pyt r 1| symbol Bit Name Function RW
A b2b1b0
e LAY/ Ko 0 0 0: Level 0 (interrupt disabled) RW
T - R B 001: Levell
T T T i 010: Level 2
e Interrupt Priority Level
A S A R ILVL1 Sn T"uﬁ;. oMy LeVel 1 01 1: Level 3 RW
elect Bit 100: Level 4
101: Level 5
T ILVL2 110: Level 6 RW
111:Level 7
R A . 0: requests no interrupt
IR Interrupt Request Bit 1: requests an interrupt® RW
P T . : oL
I poL | Polarity Switch Bit 0: Selects falling edge or "L RW
. 1: Selects rising edge or "H"
R VS Level Sensitive/Edge 0: Edge sensitive RW
P Sensitive Switch Bit 1: Level sensitive®®)
Nothing is assigned. When write, set to "0".
""""""""""""""" (b7 - b6) | When read, its content is indeterminate. -

NOTES:

1. The IR bit can be set to only "0" (do not set to "1").
2. Set the POL bit to "0" when a corresponding bit in the IFSR register is set to "1" (both edges).
3. When setting the LVS bit to "1", set a corresponding bit in the IFSR register to "0" (one edge).

Figure 10.4 Interrupt Control Register

10.6.2.1 ILVL2 to ILVLO Bits

()

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

the higher interrupt priority is.

When an interrupt request is generated, its interrupt priority level is compared to IPL. This interrupt is
acknowledged only when its interrupt priority level is higher than IPL. When the ILVL2 to ILVLO bits
are set to "0002" (level 0), its interrupt is ignored.

10.6.2.2 IR Bit

The IR bit is automatically set to "1" (interrupt requested) when an interrupt request is generated. The
IR bit is automatically set to "0" (no interrupt requested) after an interrupt request is acknowledged and
an interrupt routine in the corresponding interrupt vector is executed.
The IR bit can be set to "0" by program. Do not set to "1".
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Exit Priority Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
DOI DA T T 1] = oom

RS- S-S B Bit . .

Porobr bttt | Symbol Bit Name Function RW

A b2b1b0

P 3 1 s RLVLO 000: Level 0 RW

_ _ 001:Levell

oo Stop/Wait Mode Exit 010:Level 2

s RLVL1 | Minimum Interrupt Priority| 0 1 1 : Level 3 RW

A Level Control Bit(1) 100: Level 4

O 101:Level5

Vo e RLVL2 110:Level6 RW

A 111:Level7

0: Interrupt priority level 7 is used

- High-Speed Interrupt i

R FSIT | g % B.t(g) P for normal interrupt RW

F- - et ol 1: Interrupt priority level 7 is used

P for high-speed interrupt

................ - Nothing is assigned. When write, set to "0". _

- (b4) When read, its content is indeterminate.

0: Interrupt priority level 7 is used

Pl e DMAIl | DMA Il Select Bit4) forinterrupt _ RW

I 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".

to "0" before setting the interrupt control register.

1. The microcomputer exits stop or wait mode when the requested interrupt priority level is higher than
the level set in the RLVL2 to RLVLO bits. Set the RLVL2 to RLVLO bits to the same value as IPL in

2. When the FSIT bit is set to "1", an interrupt having the interrupt priority level 7 becomes the high-speed
interrupt. In this case, set only one interrupt to the interrupt priority level 7 and the DMAII bit to "0".

3. Set the ILVL2 to ILVLO bits in the interrupt control register after setting the DMAII bit to "1".
Do not change the DMAII bit setting to "0" after setting the DMAII bit to "1". Set the FSIT bit to "0"

4. The DMAII bit becomes indeterminate after reset. To use the DMAII bit for an interrupt setting, set it

Figure 10.5 RLVL Register

10.6.2.3 RLVL2 to RLVLO Bits

When using an interrupt to exit stop or wait mode, refer to 8.5.2 Wait Mode and 8.5.3 Stop Mode for

details.
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10.6.3 Interrupt Sequence
The interrupt sequence is performed between an interrupt request acknowledgment and interrupt routine
execution.
When an interrupt request is generated while an instruction is executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following
cycle. However, in regards to the SCMPU, SIN, SMOVB, SMOVF, SMOVU, SSTR, SOUT or RMPA
instruction, if an interrupt request is generated while executing the instruction, the microcomputer sus-
pends the instruction to start the interrupt sequence.
The interrupt sequence is performed as follows:

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 00000016 (address 00000216 for the high-speed interrupt). Then, the IR bit applicable to
the interrupt information is set to "0" (interrupt requested).

(2) The FLG register, prior to an interrupt sequence, is saved to a temporary register®) within the CPU.

(3) Each bit in the FLG register is set as follows:

» The | flag is set to "0" (interrupt disabled)
» The D flag is set to "0" (single-step disabled)
» The U flag is set to "0" (ISP selected)

(4) A temporary register within the CPU is saved to the stack; or to the SVF register for the high-speed
interrupt.

(5) PC is saved to the stack; or to the SVP register for the high-speed interrupt.

(6) The interrupt priority level of the acknowledged interrupt is set in IPL .

(7) A relocatable vector corresponding to the acknowledged interrupt is stored into PC.

After the interrupt sequence is completed, an instruction is executed from the starting address of the
interrupt routine.

NOTE:
1. Temporary register cannot be modified by users.
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10.6.4 Interrupt Response Time
Figure 10.6 shows an interrupt response time. Interrupt response time is the period between an interrupt
generation and the execution of the first instruction in an interrupt routine. Interrupt response time in-
cludes the period between an interrupt request generation and the completed execution of an instruction
((a) on Figure 10.6) and the period required to perform an interrupt sequence ((b) on Figure 10.6).

Interrupt request is generated Interrupt request is acknowledged

4} 4} —=-Time
y4 /

S Instruction in S

i Interrupt sequence . .
Instruction P q interrupt routine

/ (@) (b)
- > -

Interrupt response time

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

Figure 10.6 Interrupt Response Time

Time (a) varies depending on an instruction being executed. The DIV, DIVX and DIVU instructions
require the longest time (a); 42 cycles when an immediate value or register is set as the divisor.
When the divisor is a value in the memory, the following value is added.

* Normal addressing 12+ X
* Index addressing 3+ X
* Indirect addressing 5+ X+2Y
* Indirect index addressing 16+ X+2Y

X is the number of wait states for a divisor space. Y is the number of wait states for the space that stores
indirect addresses. If X and Y are in an odd address or in 8-bit bus space, the X and Y value must be
doubled.

Table 10.4 lists time (b), shown Figure 10.6.
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Table 10.4 Interrupt Sequence Execution Time

Interrupt Interrupt Vector Address 16-Bit Bus 8-Bit Bus

Peripheral Function Even address 14 cycles 16 cycles
Odd address® 16 cycles 16 cycles

INT Instruction Even address 12 cycles 14 cycles
Odd address® 14 cycles 14 cycles

NMI Even address® 13 cycles 15 cycles

Watchdog Timer

Undefined Instruction

Address Match

Overflow Even address® 14 cycles 16 cycles

BRK Instruction (relocatable vector table) | Even address 17 cycles 19 cycles
Odd address® 19 cycles 19 cycles

BRK Instruction (fixed vector table) Even address® 19 cycles 21 cycles

High-Speed Interrupt Vector table is internal register 5 cycles

NOTES:

1. Allocate interrupt vectors in even addresses.

2. Vectors are fixed to even addresses.

10.6.5 IPL Change when Interrupt Request is Acknowledged
When a peripheral function interrupt request is acknowledged, IPL sets the priority level for the acknowl-

edged interrupt.

Software interrupts and special interrupts have no interrupt priority level. If an interrupt request that has
no interrupt priority level is acknowledged, the value shown in Table 10.5 is set in IPL as the interrupt

priority level.

Table 10.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt Source

Level Set to IPL

Watchdog Timer, NMI, Oscillation Stop Detection

7

Reset

0

Software, Address Match

Not changed
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10.6.6 Saving a Register

In the interrupt sequence, the FLG register and PC are saved to the stack.
After the FLG register is saved to the stack, 16 high-order bits and 16 low-order bits of PC, extended to 32
bits, are saved to the stack. Figure 10.7 shows stack states before and after an interrupt request is
acknowledged.
Other important registers are saved by program at the beginning of an interrupt routine. The PUSHM
instruction can save several registers() in the register bank used.
Refer to 10.4 High-Speed Interrupt for the high-speed interrupt.

NOTE:

1. Can be selected from the RO, R1, R2, R3, A0, 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 10.7 Stack States

10.6.7 Restoration from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC before the
interrupt sequence is performed, which have been saved to the stack, are automatically restored. The pro-
gram, executed before an interrupt request was acknowledged, starts running again. Refer to 10.4 High-
Speed Interrupt for the high-speed interrupt.
Restore registers saved by program in an interrupt routine by the POPM instruction or others before the
REIT and FREIT instructions. Register bank is switched back to the bank used prior to the interrupt
sequence by the REIT or FREIT instruction.

Rev. 1.10 Oct. 18, 2005 Page 93 of 435

REJ09B0162-0110

RENESAS



M32C/88 Group (M32C/88T) 10. Interrupts

10.6.8 Interrupt Priority
If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether an
interrupt request is generated or not), the interrupt with the highest priority is acknowledged.
Set the ILVL2 to ILVLO bits to select the desired priority level for maskable interrupts (peripheral function
interrupt).
Priority levels of special interrupts such as reset (reset has the highest priority) and watchdog timer are
set by hardware. Figure 10.8 shows priority levels of hardware interrupts.
The interrupt priority does not affect software interrupts. Executing instruction causes the microcomputer
to execute an interrupt routine.

AT Oscillation Stop Detection

Reset > NMI > > Peripheral Function > Address Match
Watchdog Timer

Figure 10.8 Interrupt Priority

10.6.9 Interrupt Priority Level Select Circuit
The interrupt priority level select circuit selects the highest priority interrupt when two or more interrupt
requests are sampled at the same sampling point.
Figure 10.9 shows the interrupt priority level select circuit.
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Hig Each Interrupt Priority Level

[ DMA2 |

[ DMA3 |

| Timer AO |

| Timer Al |

| Timer A2 |

| Timer A3 |

| Timer A4 |

[ uARTO Transmission/NACK |

[ uARTOReception/aACK |

[ UART1 Transmission/NACK |

[ uARTLReceptioniack ]

| Timer BO |

| Timer B1 |

| Timer B2 |

| Timer B3 |

| Timer B4 |

| INTO |

[ Timer B5 |

[ uART2 Transmission/NACK |

[ uART2 Reception/acK ]

| UART3 Transmission/NACK |

[ UART3Reception/ACK |

[ uART4 Transmission/NACK |

[ uART4 Reception/ack |

Bus Conflict/Start, Stop
Condition(UART2)

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

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

Lo

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

A R < < < B S

+ Level O (Initial Value)

Each Interrupt Priority Level

A/DO

Key Input Interrupt

Intelligent I/O Interrupt 0
/CAN Interrupt 3

Intelligent I/O Interrupt 1
/CAN Interrupt 4

Intelligent I/O Interrupt 2
/CAN Interrupt 6

Intelligent I/O Interrupt 3
/CAN Interrupt 7

Intelligent I/O Interrupt 4

CAN Interrupt 5

CAN Interrupt 8

Intelligent I/O Interrupt 8

Intelligent I/O Interrupt 9
/CAN Interrupt 0

Intelligent I/O Interrupt 10
/CAN Interrupt 1

CAN Interrupt 2

RLVL2 to RLVLO Bits

IPL

| Flag

Address Match

Watchdog Timer,
Oscillation Stop Detection

NMI

DMAC Il

Interrupt request priority
detection results output
(to clock generation circuit)

Interrupt request
acknowledged
(to CPU)

Figure 10.9 Interrupt Priority Level Select Circuit
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10.7 INT Interrupt

External input generates the INTi interrupt (i = 0 to 5). The LVS bit in the INTIIC register selects either edge
sensitive triggering to generate an interrupt on any edge or level sensitive triggering to generate an inter-
rupt at an applied signal level. The POL bit in the 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 10.10 shows the IFSR register.

b7 b6 b5 b4 b3 b2 bl b0

NOTE:
1. Set this bit to "0" to select a level-sensitive triggering.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

External Interrupt Request Source Select Register

Symbol Address After Reset
IFSR 031F16 0016
Bit Bit Name Function

Symbol RwW
INTO Interrupt Polarity |0: One edge

IFSRO .
Select Bit(® 1: Both edges RW
INT1 Interrupt Polarity |0: One edge

IFSR1 .
Select Bit(® 1: Both edges RW
INT2 Interrupt Polarity |0: One edge

IFSR2 .
Select Bit(® 1: Both edges RW
INT3 Interrupt Polarity |0: One edge

IFSR3 .
Select Bit(® 1: Both edges RW
INT4 Interrupt Polarity | 0: One edge

IFSR4
select bit() 1: Both edges RW
INTS Interrupt Polarity |0: One edge

IFSRS | g qlect Bit® 1: Both edges RW

IFSR6 ISnt(Ierru%t.Source 1: UARTO bus conflict, start condition RW

elect Bit detect, stop condition detect
IFSR7 ISntTrrupl)Bt.Source 1: UART1 bus conflict, start condition RW
elect Bit detect, stop condition detect

Figure 10.10 IFSR Register
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10.8 NMI Interrupt
The NMI interrupt® occurs when a signal applied to the NMI pin changes from a high-level ("H") signal to a
low-level ("L") signal. The NMI interrupt is a non-maskable interrupt. Although the P85/NMI pin is used as
the NMI interrupt input pin, the P8_5 bit in the P8 register indicates the input level for this pin.

NOTE:
1. When the NMI interrupt is not used, connect the NMI pin to Vcc via a resistor. Because the NMI
interrupt cannot be ignored, the pin must be connected.

10.9 Key Input Interrupt

Key input interrupt request is generated when one of the signals applied to the P104 to P107 pins in input
mode is on the falling edge. The key input interrupt can be also used as key-on wake-up function to exit wait
or stop mode. To use the key input interrupt, do not use P104 to P107 as A/D input ports. Figure 10.11
shows a block diagram of the key input interrupt. When an "L" signal is applied to any pins in input mode,
signals applied to other pins are not detected as an interrupt request signal.

When the PSC_7 bit in the PSC register(? is set to "1" (key input interrupt disabled), no key input interrupt
occurs regardless of interrupt control register settings. When the PSC_7 bit is set to "1", no input from a
port pin is available even when in input mode.

NOTE:
2. Refer to 23. Programmable 1/O Ports about the PSC register.

PU31 Bitin the

Pull-up Z PUR3 Register
Transistor ) PD10_7 Bit KUPIC Register

PSC_7Bit PD10_7 Bit

P107/KI3 O o 'I\/lk

Pull-up PD10_6 Bit

Transistor

Interrupt Control Key Input Interrupt

P10e/Kl2 O T '1\:k Circuit > Request

Pull-up

Transistor PD10 5 Bit
P1os/KiL O T Ek

Pull-up ) PD10_4 Bit

Transistor
P104KKlo O—% & \_D

Figure 10.11 Key Input Interrupt
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10.10 Address Match Interrupt

The address match interrupt occurs immediately before executing an instruction that is stored into an ad-
dress indicated by the RMAD:I register (i=0 to 7). The address match interrupt can be set in eight ad-
dresses. The AIERI bit in the AIER register determines whether the interrupt is enabled or disabled. The |

flag and IPL do not affect the address match interrupt.

Figure 10.12 shows registers associated with the address match interrupt.
The starting address of an instruction must be set in the 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 an interrupt
P+ 4 4 a4 a1 =<1 AIERO . .
- Interrupt 0 Enable Bit 1: Enables an interrupt RW
Address Match 0: Disables an interrupt
R - AIER1 ; ) P
oo Interrupt 1 Enable Bit 1: Enables an interrupt RW
Address Match 0: Disables an interrupt
AIER2 Interrupt 2 Enable Bit 1: Enables an interrupt RW
Address Match 0: Disables an interrupt
S LTTLCITTE AIER3 .
oo Interrupt 3 Enable Bit 1: Enables an interrupt RW
________________ AIERA Address Match 0: Disables an interrupt
Do Interrupt 4 Enable Bit | 1: Enables an interrupt RW
AIERS Address Match 0: Disables an interrupt
Interrupt 5 Enable Bit 1: Enables an interrupt RW
Address Match 0: Disables an interrupt
: AIERG Interrupt 6 Enable Bit 1: Enables an interrupt RW
Address Match 0: Disables an interrupt
AIER? Interrupt 7 Enable Bit 1: Enables an 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
1
—————————— Addressing Register for Address Match Interrupt 00000016 to FFFFFF16 RW

Figure 10.12 AIER Register and RMADO to RMAD7 Registers
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10.11 Intelligent I/O Interrupt and CAN Interrupt
The intelligent I/O interrupt and CAN interrupt are assigned to software interrupt numbers 44 to 50, 52 to 54,

and 57.

When using the intelligent 1/O interrupt or CAN interrupt, set the IRLT bit in the IIOIIE register (i=0to 6, 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 10.13 shows a block diagram of the intelligent I/O interrupt and CAN interrupt. Figure 10.14 shows
the 1IOIIR register. Figure 10.15 shows the lIOIIE register.

Interrupt Request®)

Interrupt Request)—

Interrupt Request(l)—

_ -~ (» [RLTBitin the
_NIGiIR Register'”) | 0j|E Register
: i O~
Bit 1 1 K:O‘D—r\ _ )
[ o ! — ) Intelligent I/O Interrupt i Request
0 .
Bit 2 K:C —D_
—— il
. .
. 0
Bit 7 k‘\c H—
1o !
L
IIOIIE Register®
Bitl NOTES:
1. See Figures 10.14 and 10.15 about bits 1 to 7 in the
) IIOIIR register and bits 1 to 7 in the IIOIIE register.
Bit 2 2. Bits 1 to 7 in the IIOIIR register are not set to "0"
automatically even if an interrupt request is
. generated. Setto "0" by program.
3. Do not change the IRLT bit and the interrupt enable bit
Bit 7 in the IIOIIE register simultaneously.
i=0to 6,810 11

Figure 10.13 Intelligent I/O Interrupt and CAN Interrupt
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The CANjk (j=0to 2, k=0 to 2) interrupt and CANn (n=1, 2) wake-up interrupt are provided as the
CAN interrupt. The following registers are required for the CAN interrupts:
* Bits 7 in the 1IO9IR to 1I0O11IR registers and bits 7 in the IIO9IE to IIO11IE registers for the CANOO to
CANO?2 interrupts.
* Bits 7 in the IIO0IR, IIO1IR and IIO5IR registers and bits 7 in the 11OO0IE, 1IO1IE and IIO5IE registers for
the CAN10 to CAN12 interrupts.
* Bits 7 in the 1O2IR, IIO3IR and IIO6IR registers and bits 7 in the 110O2IE, 1IO3IE and IIO6IE registers for
the CAN20 to CAN22 interrupts.
* Bit 6 in the 1IO5IR register and bit 6 in the 11O5IE register for the CAN1 wake-up interrupt.
* Bit 6 in the 1IO6IR register and bit 6 in the 1106IE register for the CAN2 wake-up interrupt.

The CANOIC, CAN1IC, CAN3IC, CAN4IC CANGIC, and CAN7IC registers share addresses with the follow-
ing registers:

» The CANOIC register shares an address with the [IO9IC register.

» The CANLIC register shares an address with the [I010IC register.

» The CANB3IC register shares an address with the [IOO0IC register.

» The CANAIC register shares an address with the IIO1IC register.

» The CANGIC register shares an address with the [I02IC register.

» The CANYIC register shares an address with the II03IC register.
Refer to 22.4 CAN Interrupt for details.

When using the intelligent 1/O interrupt or CAN interrupt to activate DMAC I, set the IRLT bit in the IIOIlE
register to "0" (interrupt used for DMAC, DMAC Il) to enable the interrupt request that the IIOIlE (i=0 to 6, 8
to 11) register requires.
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Interrupt Request Register
b7 b6 bS5 b4 b3 b2 bl bo
Symbol Address After Reset
| ] | | ] | | 0 | | |><| 1100IR to 1I06IR, 1108IR to 11011IR See below 0000 000X2
Toah Bit .
Pl bbb | symbol Function RW
A Nothing is assigned. When write, set to "0". _
A (b0) | When read, its content is indeterminate.
0: requests no interrupt
T T T T S SO (Note 1) q e ) RW
e 1: requests an interrupt
0: requests no interrupt
R A (Note 1) a e ) RW
A 1: requests an interrupt!
R Reserved bit. Set to "0".
T (b3) When read, its content is indeterminate. RW
0: requests no interrupt
P TT (Note 1) d e ) RW
Voo 1: requests an interrupt
0: requests no interrupt
Por mmmmmmmmmmmssmmemnend (Note 1) q . P @ RW
. 1: requests an interrupt
0: requests no interrupt
e EEEEELLEE L (Note 1) d . P @ RW
H 1: requests an interrupt
: 0: requests no interrupt
B CLEC LT P EPETPEPEEPERY (Note 1) d . 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 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIOOIR | 00AO16 | CAN10OR - SIOORR | GORIR - TM13R/PO13R - -
II01IR 00Alis | CAN11R - SIO0TR | GOTOR - TM14R/PO14R - -
IIO2IR | 00A216 | CAN20R - SIOIRR | GIRIR - TM12R/PO12R - -
1103IR 00A316 | CAN21R - SIO1TR | G1TOR - TM10R/PO10R - -
IIO4IR | 00A416 | SRTOR | SRT1R - BT1R - TM17R/PO17R - -
1105IR 00A516 | CAN12R |[CANIWUR - - - - - -
IIO6IR | 00A616 | CAN22R |CAN2WUR - - - - - -
1108IR 00AB816 - - - - - - TM11R/PO11R -
IIO9IR | 00A916 | CANOOR - - - - - TM15R/PO15R -
II010IR | 00AA16 [ CANO1R - - - - - TM16R/PO16R -
IIO11IR | 00AB1s | CANO2R - - - - - - -
BT1R : Intelligent 1/O Base Timer Interrupt Request
TM1jR : Intelligent I/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)
SRTIR . Intelligent 1/O Special Communication Function Interrupt Request
CANKkmR  : CANk Communication Function Interrupt Request (k=0 to 2, m=0 to 2) )
CANNWUR : CANn Wake-up Interrupt Request (n=1, 2) !:O’ 1
- : Reserved Bit. Setto "0". F0to7

Figure 10.14 1100IR to IIO6IR, IIO8IR to 1I011IR Registers
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10. Interrupts

Interrupt Enable Register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | 0 | | | IIO0IE to IIO6IE, IIO8IE to [I0111E See below 0016
- - B Bit . .
H - Symbol Bit Name Function RW
E E E E E E E E__. IRLT Interrupt Request 0: Interrupt request is used for DMAC, DMAC I RW
- Select Bit® 1: Interrupt request is used for interrupt
0: Disables an interrupt by bit 1 in 1IOiIR register
Voo e (Note 1) e ) pLby L . g RW
T - 1: Enables an interrupt by bit 1 in 1IOiIR register
0: Disables an interrupt by bit 2 in 11OIIR register
N et (Note 1) _ ) pLby o ; g RW
ooy oy 1: Enables an interrupt by bit 2 in 1IOIIR register
H IR _— Reserved Bit Set to "0"
P 3) R
E E E E 0: Disables an interrupt by bit 4 in 1IOiIR register
RRRLELEELEEE (Note 1) _ ) pLoY L } g RW
- 1: Enables an interrupt by bit 4 in 1IOiIR register
0: Disables an interrupt by bit 5 in 1IOilR register
R SACLLLLCCCEERR (Note 1) — [ierrupt by Bit 5 In FRIR regIster pw
HE 1: Enables an interrupt by bit 5 in lIOiIR register
é E_ _______________________ (Note 1) 0: Disables an.interrupt by t?it 6lin IIQiIR register RW
H 1: Enables an interrupt by bit 6 in 1IOiIR register
E 0: Disables an interrupt by bit 7 in 1IOiIR register
---------------------------- (Note 1) e . . I . RW
1: Enables an interrupt by bit 7 in 11OIiIR register
NOTES:
1. See table below for bit symbols.
2. If an interrupt request is used for interrupt, set bits 1, 2, 4 to 7 to "1" after the IRLT bit is set to "1".
Bit Symbols for the Interrupt Enable Register
Symbol | Address | Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIOOIE | 00BO16 | CANI1OE - SIOORE | GORIE - TM13E/PO13E - IRLT
IIOlIE | 00Blis [ CAN11E - SIOOTE | GOTOE - TM14E/PO14E - IRLT
IIO2IE | 00B216 | CAN20E - SIOLIRE | GIRIE - TM12E/PO12E - IRLT
IIO3IE | 00B316 [ CAN21E - SIOITE | GITOE - TM10E/PO10E - IRLT
IIO4IE | 00B416 | SRTOE | SRTIE - BT1E - TM17E/PO17E - IRLT
IIO5IE | 00B516 | CAN12E |CAN1WUE - - - - - IRLT
IIO6IE | 00B616 | CAN22E [CAN2WUE R R R R - IRLT
IIOBIE | 00B81s - - - - - - TM11E/PO11E | IRLT
IIO9IE | 00B916 | CANOOE - - - - - TM15E/PO15E | IRLT
1I010IE | 00BA1s | CANOL1E - - - - - TM16E/PO16E | IRLT
II011IE | 00BB1s | CANO2E N N N N N . IRLT
BT1E : Intelligent /O Base Timer Interrupt Enabled
TMI1JE : Intelligent 1/O Time Measurement j Interrupt Enabled
PO1jE : Intelligent /O Waveform Generating Function j Interrupt Enabled
SIOIRE : Intelligent /O Communication Unit i Receive Interrupt Enabled
SIOITE : Intelligent /O Communication Unit i Transmit Interrupt Enabled
GIiTOE : Intelligent /O Communication Unit i HDLC Data Processing Function Interrupt Enabled (TO: Output to Transmit)
GIRIE : Intelligent /O Communication Unit i HDLC Data Processing Function Interrupt Enabled (RI: Input to Receive)
SRTIE : Intelligent 1/O Special Communication Function Interrupt Enabled
CANKmE : CANk Communication Function Interrupt Enabled (k=0 to 2, m=0 to 2) i=0. 1
CANNWUE : CANNn Wake-up Interrupt Enabled (n=1, 2) j=0’to 7
- : Reserved Bit. Set to "0".

Figure 10.15 1IOOIE to IIOGIE, IIO8IE to 1I0O11IE Registers
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11. Watchdog Timer

The watchdog timer monitors the program executions and detects defective program. It allows the micro-
computer to trigger a reset or to generate an interrupt if the program error occurs. The watchdog timer
contains a 15-bit counter, which is decremented by the CPU clock that the prescaler divides. The CMO06 bit
in the CMO register determines whether a watchdog timer interrupt request or reset is generated if the
watchdog timer underflows. 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 11.1 shows a block diagram of the watchdog timer. Figure 11.2 shows registers associated with the
watchdog timer.

Prescaler

\ PM22 =0
=1 5 |

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

: : O™ Reset
"""""""" ' CM06 = 1
On-chip Oscillator Clock O
. ’ PM22=1
Write to WDTS Register Setto
7FFF16
Internal Reset Signal 0I> @
CMO06, CMO07: Bits in the CMO Register
WDC?7: Bit in the WDC Register
PM22: Bit in the PM2 Register
Figure 11.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | 0 | | | | | | | wDC 000F16 000X XXXX2
T - A - Bit . .
P b v 1| symbol Bit Name Function RW
High-Order Bit of the Watchdog Timer RO
N (b4 - b0)
Cold Start-up/ . .
I S WDC5 | Warm Start-up 0: Cold start-up RW
Determine Flag(1:2: 3) 1: Warm start-up
L —— | Reserved Bit Set to "0" RW
; (b6)
] ) 0: Divide-by-16
WDC7 | Prescaler Select Bit 1: Divide-by-128 RW

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 00OE16 Indeterminate

Function RW

The watchdog timer is reset to start counting by a write instruction to the
WDTS register. Default value of the watchdog timer is always set to WO
"7FFF16" regardless of the value written.

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

Figure 11.2 WDC Register and WDTS Register
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11. Watchdog Timer

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

| | | | | | | CMO 000616 0000 10002
S T (S Bit Name Function RW
A b1 bO
Y . 0 0: 1/O port P53 RW
- Clock Output Function ) ;
AR R lect Bit® 0 1 Outputs fc
T R A Selec 1 0: Outputs f8 W
T cmo1 1 1: Outputs f32
) ) 0: Peripheral clock does not stop in
A CMO2 In ngt Mode, Penphe.ragl) wait mode RW
A Function Clock Stop Bit®)| 1: peripheral clock stops in wait
ool mode®)
____________ CMo3 | XciN-Xcout Drive N 0: Low RW
Capacity Select Bit™? | 1: High
0: 1/O port function
Pl 1 lemsssseessasaaad i i RW
HEH CMO4 | Port Xc Switch Bit 1: XcIN-XcouT oscillation function)
Main Clock (XIN-XouT) | O: Main clock oscillates
- X RW
P CMO5 Stop Bit® 9 1: Main clock stops(®
_ _______________________ CMO6 Watchdog Timer ' 0: Watchc;og timer interrupt RW
: Function Select Bit 1: Reset(")
L e eeeeeeeeeeeaeaaas CPU Clock Select 0: quck selected by the CM2'1 bit R

CMO07 Bit 0(@ 9, 10) divided by MCD register setting
1: Sub clock

NOTES:

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

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), set the CM01 and CMO0O bits to
"002". When the PM15 and PM14 bits in the PML1 register are set to "012" (ALE output to P53), set the
CMO01 and CMOO bits to "002". When the PMO7 bit is set to "1" (function selected in the CM01 and
CMOO bits) in microprocessor or memory expansion mode, and the CM01 and CMO0O bits are set to
"002", an "L" signal is output from port P53 (port P53 does not function as an 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.

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 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
CMOS5 bit stops running the main clock. The CMO5 bit cannot detect whether the main clock stops or
not. To stop running the main clock, set the CMO05 bit to "1" after the CMO07 bit is set to "1" with a stable
sub clock oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock).
When the CMO5 bit is set to "1", the clock applied to XouT becomes "H". The built-in feedback resistor
remains ON. XIN is pulled up to Xout ("H" level) via the feedback resistor.

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

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".

w0 ~

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

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

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

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

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

Watchdog timer cycle =

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

« In wait mode or hold state, the watchdog timer continues running. However, the watchdog timer
interrupt cannot be used to exit wait mode.
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12. DMAC

This microcomputer contains four DMAC (direct memory access controller) channels that allow data to be
sent to memory without using the CPU. DMAC transmits a 8- or 16-bit data from a source address to a
destination address whenever a transmit request occurs. DMAO and DMA1 must be prioritized if using
DMAC. DMA2 and DMAS share registers required for high-speed interrupts. High-speed interrupts cannot
be used when using three or more DMAC channels.

The CPU and DMAC use the same data bus, but DMAC has a higher bus access privilege than the CPU.
The cycle-steal method employed on DMAC enables high-speed operation between a transfer request and
the complete transmission of 16-bit (word) or 8-bit (byte) data. Figure 12.1 shows a mapping of registers to
be used for DMAC. Table 12.1 lists specifications of DMAC. Figures 12.2 to 12.5 show registers associ-
ated with DMAC.

Because the registers shown in Figure 12.1 are allocated in the CPU, use the LDC instruction to write to the
registers. To setthe DCT2, DCT3, DRC2, DRC3, DMA2 and DMABS registers, set the B flag to "1" (register
bank 1) and set the RO to R3, A0, Al registers with the MOV instruction.

To set the DSA2 and DSAS registers, set the B flag to "1" and set the SB and FB registers with the LDC
instruction. To set the DRA2 and DRAS3 registers, set the SVP and VCT registers with the LDC instruction.

DMAC-associated Registers

DMDO DMA Mode Register 0
DMD1 DMA Mode Register 1
DCTO DMA 0 Transfer Count Register
DCT1 DMA 1 Transfer Count Register
DRCO DMA 0 Transfer Count Reload Register(!)
DRC1 DMA 1 Transfer Count Reload Register(!)
DMAO DMA 0 Memory Address Register
DMA1 DMA 1 Memory Address Register
DSA0 DMA 0 SFR Address Register
DSA1 DMA 1 SFR Address Register
DRAO DMA 0 Memory Address Reload Register(!)
DRA1 DMA 1 Memory Address Reload Register(l)
When Three or More DMAC Channels are Used, When Three or More DMAC Channels are Used,
the Register Bank 1 is Used as DMAC Registers the High-speed Interrupt Register is Used as DMAC
Registers
DCT2 (R0O) DMA2 Transfer Count Register SVF Flag Save Register
DCT3 (R1) DMA3 Transfer Count Register DRA2 (SVP) DMA2 Memory Address Reload Register(t)
DRC2 (R2) DMA?2 Transfer Count Reload Register(?) DRAL (VCT) DMA3 Memory Address Reload Register(%)
DRC3 (R3) DMAS Transfer Count Reload Register) When using DMA2 and DMA3, use the CPU registers shown in parentheses ().
DMA2 (A0) DMA2 Memory Address Register
DMA3 (A1) DMA3 Memory Address Register
DSA2 (SB) DMA2 SFR Address Register
DSA3 (FB) DMA3 SFR Address Register

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

Figure 12.1 Register Mapping for DMAC
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DMAC starts a data transfer by setting the DSR bit in the DMISL register (i=0 to 3) or by using an interrupt
request, generated by the functions determined by the DSEL 4 to DSELO bits in the DMISL register, as a
DMA request. Unlike interrupt requests, the | flag and interrupt control register do not affect DMA. There-
fore, a DMA request can be acknowledged even if an interrupt is disabled and cannot be acknowledged. In
addition, the IR bit in the interrupt control register does not change when a DMA request is acknowledged.

Table 12.1 DMAC Specifications

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 MDiO bits are set to "112"
(repeat transfer)

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

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

Reload Timing to the DCTi 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 SFRs and internal RAM

NOTE:

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

1: Requested

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

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

NOTES:

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

1. Change the DSEL4 to DSELO bit settings while the MDi1 and MDi0 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 A0

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

e.g.,, OR.B #0AOh, DMiSL

Figure 12.2 DMOSL to DM3SL Registers
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Table 12.2 DMiSL Register (i = 0 to 3) Function

Setting Value

DMA Request Source

b4 b3 b2 bl b0

DMAO

DMA1

DMA2

DMA3

0000

Software trigger

Falling Edge of INTO

Falling Edge of INT1

Falling Edge of INT2

Falling Edge of INT3(®

Both Edges of INTO

Both Edges of INT1

Both Edges of INT2

Both Edges of INT3()

Timer AO Interrupt Request

Timer Al Interrupt Request

Timer A2 Interrupt Request

Timer A3 Interrupt Request

Timer A4 Interrupt Request

Timer BO Interrupt Request

Timer B1 Interrupt Request

Timer B2 Interrupt Request

Timer B3 Interrupt Request

Timer B4 Interrupt Request

Timer B5 Interrupt Request

UARTO Transmit Interrupt Request

UARTO Receive or ACK Interrupt Request(®)

UART1 Transmit Interrupt Request

UART1 Receive or ACK Interrupt Request(®)

UART2 Transmit Interrupt Request

UART2 Receive or ACK Interrupt Request(®

UARTS3 Transmit Interrupt Request

UART3 Receive or ACK Interrupt Request(®

UART4 Transmit Interrupt Request

UART4 Receive or ACK Interrupt Request(®)

A/DO Interrupt Request

RrlRr|lr|lkr|lkr|lr|r|r|r|r|lo|lo|o|o|o|o|o|o|o|o|o|o|o|lo|lo|o
r|lr|lo|lo|lo|lo|o|o|o|o|lr|kr|kr|kr|r|r|r|kr|lo|lo|o|o|o|o|o
o|lo|r|r|lr|lr|o|o|o|o|lr|kr|r|r|o|o|o|lo|r|r|r|r|o|jo|o
o|lo|r|r|lo|lo|r|r|o|o|lr|r|lo|lo|r|r|lo|lo|lr|r|o|o|r|r| o
r|lo|lr|Oo|r|O|r|O|rR|O|rR|O|r|O|rR|O|rR|O|rR|O|rR|O|rR|O|r

Intelligent I/O Intelligent I/O Intelligent /O
Interrupt 0 Request(®) Interrupt 2 Request Interrupt 9 Request(®)
11010 Intelligent I/O Intelligent I1/0O Intelligent /O Intelligent I/O
Interrupt 1 Request(”) Interrupt 8 Request Interrupt 3 Request Interrupt 10 Request®)
11011 Intelligent 1/0O Intelligent I/O Intelligent /O CAN Interrupt 2
Interrupt 2 Request(®) Interrupt 9 Request® Interrupt 4 Request Request
11100 Intelligent /0 Intelligent 1/0 CAN Interrupt 5 Intelligent 1/0
Interrupt 3 Request(®) Interrupt 10 Request(® Request Interrupt 0 Request®)
11101 Intelligent I1/0O CAN Interrupt 2 CAN Interrupt 8 Intelligent /O
Interrupt 4 Request Request Request Interrupt 1 Request(”)
11110 CAN Interrupt 5 Intelligent I/O Intelligent 1/O
Request Interrupt 0 Request(®) Interrupt 2 Request®)
11111 CAN Interrupt 8 Intelligent I/O Intelligent I/O Intelligent /O
Request Interrupt 1 Request(?) Interrupt 8 Request Interrupt 3 Request®)
NOTES:

(Note 2)

(Note 2)

1. If the INT3 pin is used for data bus in memory expansion mode or microprocessor mode, a DMA3 interrupt request
cannot be generated by a signal applied to the INT3 pin.
2. The falling edge and both edges of signals applied to the INT] pin (j=0 to 3) cause a DMA request generation. The
INT interrupt (the POL bit in the INTjIC 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 UARTK receive and ACK interrupt
as a DMA request source.
To use the ACK interrupt for a DMA regest, set the IICM bit in the UKSMR register to "1" and the IICM2 bit in the
UkSMR2 register to "0".

© oo ~NO U

. The same setting is used to generate an intelligent I/O interrupt 9 request and a CAN interrupt 0 request.
. The same setting is used to generate an intelligent I/O interrupt 10 request and a CAN interrupt 1 request.
. The same setting is used to generate an intelligent I/O interrupt O request and a CAN interrupt 3 request.
. The same setting is used to generate an intelligent I/O interrupt 1 request and a CAN interrupt 4 request.
. The same setting is used to generate an intelligent I/O interrupt 2 request and a CAN interrupt 6 request.
. The same setting is used to generate an intelligent I/O interrupt 3 request and a CAN interrupt 7 request.
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DMA Mode Register 00
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | DMDO (CPU Internal Register) 0016
Bit Bit Name Function RW
Py r 1 o+ 1 4 1| Symbol
SRR 5150
P o444 =] MDOO 0 0: DMA disabled RW
e Channel 0 Transfer | g 1- Single transfer
Mode Select Bit 1 0: Do not set to this value RW
MDO1 1 1: Repeat transfer
A BWO Chgnnel 0 Trgnsfer 0:8 b|t§ RW
N Unit Select Bit 1: 16 bits
_ ____________ RWO Channel O Transfer | 0O: Fixed address to memory (forward direction) RW
oo Direction Select Bit | 1: Memory (forward direction) to fixed address
SR e
. MD10 0 0: DMA disabled Rw
- fﬂhznngl IlTraanfer 0 1: Single transfer
- ode Select Bit . ;
T MD11 1 0: Do not set to this value RW
P 1 1: Repeat transfer
N BW1 Chgnnel 1 Trgnsfer 0:8 b|t§ RW
Unit Select Bit 1: 16 bits
_ __________________________ RW1 Channel 1 Transfer | 0: Fixed address to memory (forward direction) RW
Direction Select Bit | 1: Memory (forward direction) to fixed address
NOTE:
1. Use the LDC instruction to set the DMDO register.
DMA Mode Register 13
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | DMD1 (CPU internal register) 0016
Bit Bit Name Function RW
Doy o4 4+ % 1| Symbol
A A o150
Poror b =-f MD20 0 0: DMA disabled RwW
- Channel 2 Transfer | ¢ 1. Single transfer
R Mode Select Bit 1 0: Do not set to this value RW
MD21 1 1: Repeat transfer
Channel 2 Transfer | 0: 8 bits
BW2 Unit Select Bit 1: 16 bits RW
RW2 Channel 2 Transfer | 0: Fixed address to memory (forward direction) RW
Direction Select Bit | 1: Memory (forward direction) to fixed address
oo b5 b4
e MD30 0 0: DMA disabled RW
Channel 3 Transfer | ¢ ;. Single transfer
. Mode Select Bit . ;
R T MD31 1 0: Do not set to this value RW
1 1: Repeat transfer
Channel 3 Transfer | 0: 8 bits
BW3 Unit Select Bit 1: 16 bits RW
_ __________________________ RW3 Channel 3 Transfer | 0: Fixed address to memory (forward direction) RW
Direction Select Bit | 1: Memory (forward direction) to fixed address
NOTE:
1. Use the LDC instruction to set the DMD1 register.

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

b15 b8 b7 b0 Symbol Address After Reset

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

NOTES:

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

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

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

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

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

b15 b8 b7 bo Symbol Address After Reset

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

NOTES:

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

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

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

Figure 12.4 DCTO to DCT3 Registers and DRCO to DRC3 Registers
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DMAI Memory Address Register (=0 to 3)

b23 b16 b15 Symbol Address After Reset
| i DMAO®2) (CPU Internal Register) XXXXXX16
L v DMA1® (CPU Internal Register) XXXXXX16
' DMA2(bank1;A0)®) (CPU Internal Register) 00000016
' DMA3(bank1;A1)4) (CPU Internal Register) 00000016
Function Setting Range RW
Set 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 source fixed address or destination fixed

00000016 to FFFFFF16
(16-Mbyte space)

RW

. When the RWk bit (k=0 to 3) in the DMDj register (j=0, 1)is set to "0" (fixed address to memory), a

source address is selected. When the RWK bit is set to "1" (memory to fixed address), a destination
address is selected.

. Use the LDC instruction to set the DSAO and DSAL1 registers.
. To set the DSA2 register, set the B flag in the FLG register to "1" (register bank 1) and the set the SB

register. Use the LDC instruction to set the SB register.

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

the PB register.

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

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DRAO (CPU Internal Register) XXXXXX16
1 T 1 DRA1 (CPU Internal Register) XXXXXX16
E DRA2(SVP)@) (CPU Internal Register) XXXXXX16
: DRA3(VCT)®) (CPU Internal Register) XXXXXX16

Function Setting Range RW

Set source memory address or destination 00000016 to FFFFFF16 RW

memory address(1) (16-Mbyte space)

NOTES:

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

Figure 12.5 DMAO to DMA3 Registers, DSAO to DSA3 Registers and DRAO to DRA3 Registers
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12.1 Transfer Cycle
Transfer cycle contains a bus cycle to read data from a memory or the SFR area (source read) and a bus
cycle to write data to a memory space or the SFR area (destination write). The number of read and write
bus cycles depends on source and destination addresses.

12.1.1 Effect of Source and Destination Addresses
When a 16-bit data is transferred with a 16-bit data bus and a source address starting with an odd
address, source read cycle is incremented by one bus cycle, compared to a source address starting with
an even address.
When a 16-bit data is transferred with a 16-bit data bus and a destination address starting with an odd
address, a destination write cycle is incremented by one bus cycle, compared to a destination address
starting with an even address.

12.1.2 Effect of Software Wait State

When the SFR area or memory space with software wait states is accessed, the number of CPU clock
cycles is incremented by software wait states.

Figure 12.6 shows an example of a transfer cycle for the source-read bus cycle. In Figure 12.6, the
number of source-read bus cycles is illustrated under different conditions, provided that the destination
address is an address of an external space with the destination-write cycle as two CPU clock cycles
(=one bus cycle). In effect, the destination-write bus cycle is also affected by each condition and the
transfer cycles change accordingly. To calculate a transfer cycle, apply respective conditions to both
destination-write bus cycle and source-read bus cycle.
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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

X

CPU Use

Source >< Destination ><

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

CPU Clock

Address

Bus CPU Use

>< Source ><Source + 1><

CPU Use

Destination ><

RD Signal

WR Signal

Data Bus CPU Use

>< Source ><Source + 1>< Destination ><

CPU Use

(3) When one wait state is inserted into the source-read bus cycle under the conditions in (1)

CPU Clock

Address

Bus CPU Use

Source CPU Use

>< Destination ><

RD Signal

WR Signal

Data Bus CPU Use

X

Source CPU Use

>< Destination ><

(4) When one wait state is

inserted into the source-read bus cycle under the conditions in (2)

CPU Clock

Address

Bus CPU Use

Source

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

RD Signal

WR Signal

Data Bus CPU Use

Source Source + 1

>< >< Destination >< CPU Use

NOTE:

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

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

The number of DMAC transfer cycle can be calculated as follows.
Any combination of even or odd transfer read and write addresses are possible. Table 12.3 lists the number
of DMAC transfer cycles. Table 12.4 lists coefficient j, k.

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

Table 12.3 DMAC Transfer Cycles

Single-chip Mode
Transfer Unit Bus Width :\(;:é:ess
ress Read Cycle Write Cycle

8-bit Transfer 16 Bits Even 1 1
BWi=0

( ) Odd 1 1

8 Bits Even - -

Odd - -

16-bit Transfer 16 Bits Even 1 1
(BWi=1)

Odd 2 2

8 Bits Even - -

Odd - -

BWi: Bit in the DMDp register (i=0 to 3, p=0, 1)

Table 12.4 Coefficient j, k

Internal space

Internal ROM or internal Internal ROM or internal SFR
RAM with no wait state RAM with a wait state area

=1 =2
=1 =2

=~ —-
non
N

i j
k k

12.3 Channel Priority and DMA Transfer Timing
When multiple DMA requests are generated in the same sampling period, between the falling edge of the
CPU clock and the next falling edge, the DRQ bit in the DMISL register (i = 0 to 3) is set to "1" (requested)
simultaneously. Channel priority in this case is : DMAO > DMA1 > DMA2 > DMA3.
Figure 12.7 shows an example of the DMA transfer by external source.
In Figure 12.7, the DMAO request having highest priority is received first to start a transfer when a DMAO
request and DMAL request are generated simultaneously. After one DMAO transfer is completed, the bus
privilege is returned to the CPU. When the CPU has completed one bus access, the DMAL1 transfer starts.
After one DMA1 transfer is completed, the privilege is again returned to the CPU.
In addition, DMA requests cannot be counted up since each channel has one DRQ bit. Therefore, when
DMA requests, as DMAL in Figure 12.7, occur more than once before receiving bus privilege, the DRQ bit
is set to "0" as soon as privilege is acquired. The bus privilege is returned to the CPU when one transfer is
completed.
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When DMA transfer request signals by external source are applied to INTO and
INT1 simultaneously and a DMA transfer with minimum cycle occurs

CPU Clock

DMAO '// ) L L

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

CPU o ‘

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

DMA1 Register 4}

Figure 12.7 DMA Transfer by External Source
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13. DMAC I

DMAC Il performs memory-to-memory transfer, immediate data transfer and calculation transfer, which
transfers the sum of two data added by an interrupt request from any peripheral functions.
Table 13.1 lists specifications of DMAC II.

Table 13.1 DMAC Il Specifications

ltem Specification
DMAC Il Request Source | Interrupt requests generated by all peripheral functions when the ILVL2 to
ILVLO bits are set to "1112"
Transfer Data * Data in memory is transferred to memory (memory-to-memory transfer)
* Immediate data is transferred to memory (immediate data transfer)
 Data in memory (or immediate data) + data in memory are transferred to
memory (calculation transfer)

Transfer Block 8 bits or 16 bits
Transfer Space 64-Kbyte space in addresses 0000016 to OFFFF16(1: 2)
Transfer Direction Fixed or forward address
Selected separately for each source address and destination address
Transfer Mode Single transfer, burst transfer

Chained Transfer Function| Parameters (transfer count, transfer address and other information) are
switched when transfer counter reaches zero
End-of-Transfer Interrupt | Interrupt occurs when a transfer counter reaches zero
Multiple Transfer Function | Multiple data can be transferred by a generated request for one DMAC Il transfer
NOTES:
1. When transferring a 16-bit data to destination address OFFFFus, it is transferred to OFFFF16 and
1000016. The same transfer occurs when the source address is OFFFF16.
2. The actual space where transfer can occurs is limited due to internal RAM capacity.

13.1 DMAC Il Settings
DMAC Il can be made available by setting up the following registers and tables.
* RLVL register
*« DMAC Il Index
« Interrupt control register of the peripheral function causing a DMAC Il request
« The relocatable vector table of the peripheral function causing a DMAC Il request
« IRLT bit in the IIOIIE register (i=0to 5, 8 to 11) if using the intelligent 1/O or CAN interrupt
Refer to 10. Interrupts for details on the IIOIIE register.

13.1.1 RLVL Register

When the DMAII bit is set to "1" (DMAC Il transfer) and the FSIT bit to "0" (normal interrupt), DMAC Il is
activated by an interrupt request from any peripheral function with the ILVL2 to ILVLO bits in the interrupt
control register set to "1112" (level 7).
Figure 13.1 shows the RLVL register.
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b7 b6 b5 b4 b3 b2 bl bo

Exit Priority Register

Symbol Address After Reset
RLVL 009F16 XXXX 00002
Bit . .
Symbol Bit Name Function RW
b2b1b0
RLVLO 000:Level0 RW
] ) 001:Levell
Stop/Wait Mode Exit 010: Level 2
RLVL1 | Minimum Interrupt Priority[ 0 1 1 : Level 3 RW
Level Control Bit(}) 100: Level4
101:Level5
RLVL2 110:Level6 RW
111:Level?
0: Interrupt priority level 7 is used
ESIT ngh's(gfed Interrupt for normal interrupt RW
Set Bit 1: Interrupt priority level 7 is used
for high-speed interrupt
Nothing is assigned. When write, set to "0". B
(b4) When read, its content is indeterminate.
0: Interrupt priority level 7 is used
DMAIl | DMA Il Select Bit) forinterrupt _ RW
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. o

NOTES:

the FLG register.

1. The microcomputer exits stop or wait mode when the requested interrupt priority level is higher than
the level set in the RLVL2 to RLVLO bits. Set the RLVL2 to RLVLO bits to the same value as IPL in

2. When the FSIT bit is set to "1", an interrupt having the interrupt priority level 7 becomes the high-speed
interrupt. In this case, set only one interrupt to the interrupt priority level 7 and the DMAII bit to "0".

3. Set the ILVL2 to ILVLO bits in the interrupt control register after setting the DMAII bit to "1".
Do not change the DMAII bit setting to "0" after setting the DMAII bit to "1". Set the FSIT bit to "0"
when the DMAII bit to "1".

4. The DMAII bit becomes indeterminate after reset. To use the DMAII bit for an interrupt setting, set it
to "0" before setting the interrupt control register.

Figure 13.1 RLVL Register
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13.1.2 DMAC Il Index
The DMAC Il index is a data table which comprises 8 to 18 bytes (maximum 32 bytes when the multiple
transfer function is selected). The DMAC Il index stores parameters for transfer mode, transfer counter,
source address (or immediate data), operation address as an address to be calculated, destination ad-
dress, chained transfer address, and end-of-transfer interrupt address.
This DMAC Il index must be located on the RAM area.
Figure 13.2 shows a configuration of the DMAC Il index. Table 13.2 lists a configuration of the DMAC Il
index in transfer mode.

Memory-to-Memory Transfer, Immediate Transfer, Multiple Transfer
Calculation Transfer ) )
DMAC Il Index < 16 bits > < 16 hits .
(SBtirggg)J Address Transfer Mode (MOD) BASE Transfer Mode (MOD)
BASE + 2 Transfer Counter (COUNT) BASE + 2 | Transfer Counter (COUNT)
BASE + 4 | Transfer Source Address (or immediate data) (SADR) BASE + 4 | Transfer Source Address (SADR1)
BASE + 6 Operation Address(®) (OADR) BASE + 6 | Transfer Destination Address (DADR1)
BASE + 8 Transfer Destination Address (DADR) BASE + 8 | Transfer Source Address (SADR2)
BASE + 10 | Chained Transfer Address® (CADRO) BASE + 10| Transfer Destination Address (DADR2)
BASE + 12 | Chained Transfer Address® (CADR1) °
BASE + 14 | End-of-Transfer Interrupt Address(® (IADRO) BASE + 28| Transfer Source Address (SADRY7)
BASE + 16 | End-of-Transfer Interrupt Address(® (IADR1) BASE + 30| Transfer Destination Address (DADRY7)
NOTES:

1. This data is not required when not using the calculation transfer function.
2. This data is not required when not using the chained transfer function.
3. This data is not required when not using the end-of-transfer interrupt.

The DMAC Il index must be located on the RAM. Necessary data is set front-aligned. For example, if not using a calculation
transfer function, set destination address to BASE+6. (See Table 13.2)
Starting address of the DMAC Il index must be set in the interrupt vector for the peripheral function interrupt causing a DMAC Il request.

Figure 13.2 DMAC Il Index

The followings are details of the DMAC Il index. Set these parameters in the specified order listed in
Table 13.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 13.3 shows a configuration for transfer mode.
» Transfer counter (COUNT)
Two-byte data is required to set the number of transfer.
» Transfer source address (SADR)
Two-byte data is required to set the source memory address or immediate data.
* Operation address (OADR)
Two-byte data is required to set a memory address to be calculated. Set this data only when using
the calculation transfer function.
« Transfer destination address (DADR)
Two-byte data is required to set the destination memory address.
* Chained transfer address (CADR)
Four-byte data is required to set the starting address of the DMAC Il index for the next transfer. Set
this data only when using the chained transfer function.
» End-of-transfer interrupt address (IADR)
Four-byte data is required to set a jump address for end-of-transfer interrupt processing. Set this
data only when using the end-of-transfer interrupt.
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Table 13.2 DMAC Il Index Configuration in Transfer Mode

Memory-to-Memory Transfer . .
Transfer Data /immediate Data Transfer Calculation Transfer Multiple Transfer
Chained Transfer| Not Used Used Not Used Used Not Used Used Not Used Used Not Available
E]rtlgr-rolj‘;[ransfer Not Used | Not Used Used Used Not Used | Not Used Used Used Not Available
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
]
DMAC Il 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
Index I |
CADR1 IADR1 CADRL |1 9 bytes || CADRO IADRO CADRO | I
ADR1 i
12 bytes | 12 bytes IADRO CADR1 IADR1 C SADRI
IADR1 14 bytes 14 bytes IADRO DADRI
16 bytes IADRL ||i=1t0 7
max. 32 bytes
18 bytes | (when i=7)
Transfer Mode (MOD)®
b15 b8 b7 b0

|

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

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

Transfer Destination| 0: Fixed address
PDD | .. . . RW
v Direction Select Bit| 1: Forward address
OPERY/ | Calculation Transfer| 0: Not used bgtglsl b t set RW
HTITETELE ) i N : Do not se
: CNTO'%| Function Select Bit | 1: Used to this value
H . 1
R BRST/ | Burst Transfer 0: Single transfer 8 (l) 0: '(I')wnf:ee RW
CNT1@)| Select Bit 1: Burst transfer -
L INTE/ | End-of-Transfer | 0: Interrupt not used |1 1 0: 6 times RW
CNT2()| Interrupt Select Bit | 1: Use interrupt 111:7times
Chained Transfer | 0: Chained transfer not used
R TTELCTTEPCTTEY CHAIN _ ng RW
. Select Bit 1: Use chained transfer Setto "0
_________'_E_ _______________ Nothing is assigned. When write, set to "0". .
(b14 - b8)| When read, its content is indeterminate.
_____________________________ Multiple Transfer | 0: Multiple 1. Use multiple
MULT Select Bit transfer not used transfer RW

NOTES:
1. MOD must be located on the RAM.
2. When the MULT bit is set to "0" (no multiple transfer), bits 6 to 4 becomes the INTE, OPER and BRST
bits. When the MULT bit is set to "1" (multiple transfer), bits 6 to 4 becomes the CNT2 to CNTO bits.

Figure 13.3 MOD
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13.1.3 Interrupt Control Register for the Peripheral Function
For the peripheral function interrupt activating DMAC I, set the ILVL2 to ILVLO bits to "1112" (level 7).

13.1.4 Relocatable Vector Table for the Peripheral Function

Set the starting address of the DMAC Il index in the interrupt vector for the peripheral function interrupt
activating DMAC II.
When using the chained transfer, the relocatable vector table must be located in the RAM.

13.1.5 IRLT Bit in the IIOIlE Register (i=0 to 6, 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".

13.2 DMAC Il Performance
Function to activate DMAC Il is selected by setting the DMA 1l bit to "1" (DMAC Il transfer). DMAC Il is
activated by all peripheral function interrupts with the ILVL2 to ILVLO bits set to "1112" (level 7). These
peripheral function interrupt request signals become DMAC Il transfer request signals and the peripheral
function interrupt cannot be used.
When an interrupt request is generated by setting the ILVL2 to ILVLO bits to "1112" (level 7), DMAC Il is
activated regardless of what state the | flag and IPL are in.

13.3 Transfer Data

DMAC Il transfers 8-bit or 16-bit data.

« Memory-to-memory transfer : Data is transferred from a desired memory location in a 64-Kbyte space
(Addresses 0000016 to OFFFF16) to another desired memory location in the same space.

« Immediate data transfer : Immediate data is transferred to a desired memory location in a 64-Kbyte space.

« Calculation transfer : Two 8-bit or16-bit data are added together and the result is transferred to a desired
memory location in a 64-Kbyte space.

When a 16-bit data is transferred to the destination address 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.

13.3.1 Memory-to-memory Transfer

Data transfer between any two memory locations can be:
» a transfer from a fixed address to another fixed address
« a transfer from a fixed address to a relocatable address
« a transfer from a relocatable address to a fixed address
« a transfer from a relocatable address to another relocatable address

When a relocatable address is selected, the address is incremented, after a transfer, for the next transfer.
In a 8-bit transfer, the transfer address is incremented by one. In a 16-bit transfer, the transfer address is
incremented by two.

When a source or destination address exceeds address OFFFF16 as a result of address incrementation,
the source or destination address returns to address 0000016 and continues incrementation. Maintain
source and destination address at address OFFFF16 or below.
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13.3.2 Immediate Data Transfer
DMAC Il transfers immediate data to any memory location. A fixed or relocatable address can be se-
lected as the destination address. Store the immediate data into SADR. To transfer an 8-bit immediate
data, write the data in the low-order byte of SADR (high-order byte is ignored).

13.3.3 Calculation Transfer

After two memory data or an immediate data and memory data are added together, DMAC Il transfers
calculated result to any memory location. SADR must have one memory location address to be calcu-
lated or immediate data and OADR must have the other memory location address to be calculated. Fixed
or relocatable address can be selected as source and destination addresses when using a memory +
memory calculation transfer. If the transfer source address is relocatable, the operation address also
becomes relocatable. Fixed or relocatable address can be selected as the transfer destination address
when using an immediate data + memory calculation transfer.

13.4 Transfer Modes
Single and burst transfers are available. The BRST bit in MOD selects transfer method, either single trans-
fer or burst transfer. COUNT determines how many transfers occur. No transfer occurs when COUNT is set
to "000016".

13.4.1 Single Transfer
For every transfer request source, DMAC Il transfers one transfer unit of 8-bit or 16-bit data once. When
the source or destination address is relocatable, the address is incremented, after a transfer, for the next
transfer.
COUNT is decremented every time a transfer occurs. When using the end-of-transfer interrupt, the inter-
rupt is acknowledged when COUNT reaches "0".

13.4.2 Burst Transfer
For every transfer request source, DMAC Il continuously transfers data the number of times determined
by COUNT. COUNT is decremented every time a transfer occurs. The burst transfer ends when COUNT
reaches "0". The end-of-transfer interrupt is acknowledged when the burst transfer ends if using the end-
of-transfer interrupt. All interrupts are ignored while the burst transfer is in progress.

13.5 Multiple Transfer

The MULT bit in MOD selects the multiple transfer. When using the multiple transfer, select the memory-to-
memory transfer. One transfer request source initiates multiple transfers. The CNT2 to CNTO bits in MOD
selects the number of transfers from "0012" (once) to "1112" (7 times). Do not set the CNT2 to CNTO bits to
"0002".

The transfer source and destination addresses for each transfer must be allocated alternately in addresses
following MOD and COUNT. When the multiple transfer is selected, the calculation transfer, burst transfer,
end-of-transfer interrupt and chained transfer cannot be used.

Rev. 1.10 Oct. 18, 2005 Page 123 of 435 RENESAS
REJ09B0162-0110



M32C/88 Group (M32C/88T) 13. DMACII

13.6 Chained Transfer

The CHAIN bit in MOD selects the chained transfer.

The following process initiates the chained transfer.

(1) Transfer, caused by a transfer request source, occurs according to the content of the DMAC Il index.
The vectors of the request source indicates where the DMAC Il index is allocated. For each request, the
BRST bit selects either single or burst transfer.

(2) When COUNT reaches "0", the contents of CADR1 and CADRO are written to the vector of the request
source. When the INTE bit in MOD is set to "1", the end-of-transfer interrupt is generated simulta-
neously.

(3) When the next DMAC Il transfer request is generated, transfer occurs according to the contents of the
DMAC Il index indicated by the peripheral function interrupt vector rewritten in (2).

Figure 13.4 shows the relocatable vector and DMACII index when the chained transfer is in progress.
For the chained transfer, the relocatable vector table must be located in the RAM.

RAM
INTB
Relocatable Vector
-s— Peripheral I/O interrupt vector causing DMAC Il request
Default value of DMAC Il is BASE(1).
BASE(1)
DMAC II
Index(1)
(CADR1 and BASE(2) —» The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Starts at BASE(2) when next request condition
are met.
Transferred according to the DMAC Il Index.
BASE(2) -—,
DMAC Il
Index(2)
(CADR1 and BASE(3) —» The above vector is rewritten to BASE(3)
CADRO) when transfer is completed.

Figure 13.4 Relocatable Vector and DMAC Il Index

13.7 End-of-Transfer Interrupt
The INTE bit in MOD selects the end-of-transfer interrupt. Set the starting address of the end-of-transfer
interrupt routine in IADR1 and IADRO. The end-of-transfer interrupt is generated when COUNT reaches "0."
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13.8 Execution Time
DMAC Il execution cycle is calculated by the following equations:

Multiple transfers: t = 21+ (11 + b + ¢) x k cycles
Other than multiple transfers:t=6+ (26 +a+b +c +d)xm + (4 + €) x n cycles

a: If IMM = 0 (source of transfer is immediate data), a = 0;
if IMM = 1 (source of transfer is memory), a =-1
b: If UPDS = 1 (source transfer address is a relocatable address), b = 0;
if UPDS = 0 (source transfer address is a fixed address), b =1
c: If UPDD =1 (destination transfer address is a relocatable address), ¢ = 0;
if UPDD = 0 (destination transfer address is a fixed address), c =1
d: If OPER = 0 (calculation function is not selected), d = 0;
if OPER = 1 (calculation function is selected) and UPDS = 0 (source of transfer is immediate data or fixed
address memory), d = 7;
if OPER = 1 (calculation function is selected) and UPDS = 1 (source of transfer is relocatable address
memory), d = 8
e: If CHAIN = 0 (chained transfer is not selected), e = 0; if CHAIN = 1 (chained transfer is selected), e = 4
m: BRST = 0 (single transfer), m = 1; BRST =1 (burst transfer), m = the value set in transfer counter
n: If COUNT =1,n=0; if COUNT =2 ormore,n=1
k: Number of transfers set in the CNT2 to CNTO bits

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

The first instruction from the end-of-transfer interrupt routine is executed in the eighth cycle after the DMAC
Il transfer is completed.

If the end-of-transfer interrupt (transfer counter = 2) occurs with no chained transfer function
after a memory-to-memory transfer occurs with a relocatable source address, fixed destination address,
single transfer and double transfer:

a=-1 b=0 c=1 d=0 e=0 m=1

First DMAC Il transfer t=6+26x1+4x1=36 cycles
Second DMAC Il transfer t=6+26x1+4x0=32 cycles

DMAC Il transfer request DMAC Il transfer request
DMAC Il transfer DMAC Il transfer Processing the end-of-transfer
Program . ) Program ) .
9 (First time) 9 (Second time) interrupt
36 cycles 32 cycles 7 cycles

Transfer counter = 2 Transfer counter = 1

Decrement a transfer counter Decrement a transfer counter

Transfer counter = 1 Transfer counter =0

Figure 13.5 Transfer Cycle

When an interrupt request as a DMAC |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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14. Timer

14. Timer

The microcomputer has eleven 16-bit timers. Five timers A and six timers B have different functions. Each
timer functions independently. The count source for each timer becomes the clock for timer operations
including counting and reloading, etc. Figures 14.1 and 14.2 show block diagrams of timer A and timer B

configuration.

f1 f8 fan fC32

TCK1 and TCKO

TAoN O

Clock prescaler

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

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

00
N
O

AN ()

Timer AO interrupt

Timer Al interrupt

TA2n ()

Timer A2 interrupt

TA3N ()

TAaN O

Timer A3 interrupt

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

OOQ

Timer A4 interrupt

01: Event counter mode

11| TA4TGH and TA4TGL

11 1 TMOD1 and TMODO
*—O o N 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
o—o o —| Timer A1 I >
Noise 01] (O
filter 00 o 01: Event counter mode
11| TALTGH and TA1TGL
TCK1 and TCKO 00: Timer mode
00 10: One-shot timer mode
01 & 11: PWM mode
10
1 o} 0 TMOD1 and TMODO
T 2 —I Timer A2 |
Noise "Ho(o ° |
filter 00 o 01: Event counter mode
11| TA2TGH and TA2TGL
00lCK1 and TCKO 00: Timer mode
01 10: One-shot timer mode
m O 11: PWM mode
12 1 TMOD1 and TMODO
p—=1-O o T A3 1
o— —I Imer |
Noise Ol-g/C ° 1
filter 00| o 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
p—10 18 m—— 1 "7
"m_oo/o o O imer I '

i

Timer B2 overflow
or underflow signal

Figure 14.1 Timer A Configuration
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14

. Timer

f1 f8 fan fC32

Clock prescaler

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

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

TBOIN O

TB1IN

|'4 Timer BO interrupt
p———

TB2IN O

|—< Timer B1 interrupt
———

TCK1 and TCKO

|—< Timer B2 interrupt
——>

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

00: Timer mode

10: Pulse width measurement mode

TB3IN Q

TMOD1 and TMODO

]

Timer B3

|“ Timer B3 interrupt
—>

20

:Event counter mode

00: Timer mode

10: Pulse width measurement mode

84N ()

85N ()

TCK1 and TCKO
00

01
10

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

o

\ TMOD1 and TMODO

Timer B4

|" Timer B4 interrupt
———

01:Event counter mode

00: Timer mode
10: Pulse width measur

o1l

écyo

Noise
>

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

i

ement mode

TMOD1 and TMODO

Timer B5

|_< Timer B5 interrupt
————————— >

01:Event counter mode

Figure 14.2 Timer B Configuration
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14.1 Timer A
Figure 14.3 shows a block diagram of the timer A. Figures 14.4 to 14.7 show registers associated with the
timer A.
The timer A supports the following four modes. Except in event counter mode, all timers AO to A4 have the
same function. The TMOD1 and TMODO bits in the TAIMR register (i=0 to 4) determine which mode is
used.
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts an external pulse or an overflow and underflow of other timers.
» One-shot timer mode: The timer outputs one valid pulse until a counter value reaches "000016".
* Pulse width modulation mode: The timer continuously outputs desired pulse widths.
Table 14.1 lists TAiouT pin settings when used as an output. Table 14.2 lists TAiIN and TAIoUT pin settings
when used as an input.

Select clock
R e T 4
E Select Count Source ES High-Order Bits of Data Bus
TCKland -« Timer Mode: TMOD1 and TMOD0=00, MR2=0 T ——
! 00 TCKO * One-Shot Timer Mode: TMOD1 and TMODO0=10 ! S ow-=r 8e: IS of Data Bus STan
' | ——— « Pulse Width Modulation Mode: ' 1 ow- igh-
b oty TMOD1 and TMOD0=11 ~ MOD1 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 MR1: Bits in the TAIMR register
TAITGH and TAITGL: Bits in the ONSF register if i=0 or bits in the TRGSR register if i=1 to 4
TAIS: Bits in the TABSR register
TAIUD: Bits in the UDF register

Figure 14.3 Timer A Block Diagram
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M32C/88 Group (M32C/88T) 14. Timer (Timer A)
Timer Ai Register (i=o to 4
b15 b8 b7 o  Symbol Address After Reset

fj : f1, fs, fon, fc32
NOTES:

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

Indeterminate

PWM cycle: (28-1)x(m+1) / fj

"H" width of PWM pulse: (m+1)n/ fj

(Low-order
address bits)

TA3, TA4 034D16-034C16, 034F16-034E16 Indeterminate
Mode Function Setting Range |RW
) If setting value is n, count source
Timer Mode is divided by n+1. 000016 to FFFF16 [RW
If setting value is n, count source
Event Count is divided by_ FFFF16 - n+1 when
Mve;jn (z)oun " | the counter is incremented 000016 to FFFF16 [RW
ode and by n+1 when the counter is
decremented.
One-shot Timer |If setting value is n, count source 3
Mode® is divided by n, then stops. 000016 to FFFF16( | WO
] If count source frequency is fj
Pulse Width and setting value of the TAi
Modulation Mode(®)| register is n, 000016 to FFFE16() | WO
(16-bit PWM) PWM_cycIe: (216-1) / fj
"H" width of PWM pulse: n / fj
If count source frequency is fj, 0016 to FE16®
) setting value of high-order bits in —
Pulse Width the TAI register is n and setting (High ordgr
Modulation Mode® |value of low-order bits in the TAi address bits)
(8-bit PWM) register is m, 0016 to FF16()  |WO

1. Use 16-bit data for reading and writing.

2. The TAi register counts how many pulse inputs are provided externally or how many times another
timer counter overflows and underflows.

3. Use the MOV instruction to set the TAi register.

4. When the TAi register is set to "000016", the timer counter does not start and the timer Ai interrupt
request is not generated.

5. When the TAi register is set to "000016", the pulse width modulator does not operate and the TAiouT
pin is held "L". The TAi interrupt request is also not generated. The same situation occurs in 8-bit
pulse width modulator mode if the 8 high-order bits in the TAi register are set to "0016".

Figure 14.4 TAO to TA4 Registers
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14. Timer (Timer A)

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai Mode Register (=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

LTI del 1]

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
Symbol
b1b0
TMODO 0 0: Timer mode RW
Operating Mode 0 1: Event counter mode
Select Bit 1 0: One-shot timer mode
TMOD1 1 1: Pulse width modulation RW
(PWM) mode
—— | Reserved Bit Set to "0" RW
(b3)
MR1 RW
MR2 Functlgn 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 countl.ng RW
Start Flag 1: Starts counting
TALS Timer Al Count 0: Stops countl.ng RW
Start Flag 1: Starts counting
TA2S Timer A2 Count 0: Stops countl.ng RW
Start Flag 1: Starts counting
TA3S Timer A3 Count 0: Stops countl.ng RW
Start Flag 1: Starts counting
TA4S Timer A4 Count 0: Stops count|.ng RW
Start Flag 1: Starts counting
TBOS Timer BO Count 0: Stops countl.ng RW
Start Flag 1: Starts counting
TB1S Timer B1 Count 0: Stops countl.ng RW
Start Flag 1: Starts counting
TB2S Timer B2 Count 0: Stops countl.ng RW
Start Flag 1: Starts counting

Figure 14.5

TAOMR to TA4AMR Registers and TABSR Register
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14. Timer (Timer A)

Up/Down Flag®

b7

NOTES:

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | UDF 034416 0016
Bit Bit Name Function RW
H Symbol
Timer AO 0: Decrement
TAOUD Up/Down Flag® 1: Increment RW
Timer A1 0: Decrement
: TALUD 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
e eeemeenaeannd ! : processing function
TA2P PuIse_Slgnal Procgsssmg 1: Enables two-phase pulse signal wo
Function Select Bit®) processing function
Timer A3 Two-Phase 0: Disables two-phase pulse signal
_______________________ ) : processing function
TASP PuIse_S|gnaI Proc_esssmg 1: Enables two-phase pulse signal WO
Function Select Bit® processing function
Timer A4 Two-Phase 0: Disables two-phase pulse signal
___________________________ ! : processing function
TA4P PuIse_S|gnaI Proc_esssmg 1: Enables two-phase pulse signal WO
Function Select Bit® processing function

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.

b6 b5 b4 b3 b2 bl bO

One-Shot Start Flag

Symbol Address After Reset
ONSF 034216 0016
Bit Bit Name Function RW
Symbol
TAQOS | Timer AO ?ne-Shot 0:Inan idle state RW
Start Flag(®) 1: Starts the timer
Ta10s | Timer Al Olne-Shot 0: In an idle state RW
Start Flag® 1: Starts the timer
TA20S Timer A2 ?ne-Shot 0: In an idle state RW
Start Flag(V) 1: Starts the timer
TAz0s | Timer A3 ?ne-Shot 0:In an idle state RW
Start Flag(V) 1: Starts the timer
Timer A4 One-Shot 0: In an idle state
TA40S Start Flag®) 1: Starts the timer RW
.| O: 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
Timer AO Event/Trigger | o 1: Selects TB2 overflows@
Select Bit . ()
TAOTGH 1 0: Selects TA4 overflows , RW
1 1: Selects TA1 overflows(®

NOTES:

1. When read, this bit is set to "0".

2. Overflow or underflow.

Figure 14.6 UDF Register and ONSF Register
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14. 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 b1b0
Porob o n o M| TALTGL | _ 0 0: Selects an input to the TALiN pin | RW
R T'”I"er AL Event/Trigger | 4 1. gelects TB2 overflows(®
S T LU bt 10: Selects TAO overflows® RW
1 1: Selects TA2 overflows(®)
Pobo b b3 b2
N TA2TGL [ ) 0 0: Selects an input to the TA2iN pin | RW
- Timer A2 Event/Trigger | o 1: Selects TB2 overflows(®
- Select Bit . (1)
T O TA2TGH 1 0: Selects TA1 overflows 3 RW
Pl 1 1: Selects TA3 overflows®
S osa
Do e TA3TGL | ) 0 0: Selects an input to the TA3IN pin | RW
A Timer A3 Event/Trigger | o 1: Selects TB2 overflows®
HE Select Bit . 1)
R TA3TGH 1 0: Selects TA2 overflows 3 RW
1 1: Selects TA4 overflows®
b7 b6
i TAATGL - A4 Event/Tri 0 0: Selects an input to the TA4IN pin | RW
: soom gt 99T | 01 Selects TB2 overflows™
e TAATGH 1 0: Selects TA3 overflows() RW
1 1: Selects TAO overflows()
NOTE:
1. Overflow or underflow.
Count Source Prescaler Register
b7 b6 b5 b4 b3 b2 bl bO >
Symbol Address After Reset®
(DDA [ 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
I N B . . - (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
. . 0: Stops a divider
""""""""""""""" CST | Operation Enable Bit psa RW

1: Starts a divider

NOTES:

1. Set the CST bit to "0" before the CNT3 to CNTO bits are rewritten.
2. The TCSPR register maintains values set before reset, even after software reset or watchdog timer

reset has performed.

Figure 14.7 TRGSR Register and TCSPR Register
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14. Timer (Timer A)

Table 14.1 Pin Settings for Output from TAiouT Pin (i=0 to 4)

Pin Setting
PS1, PS2 Registers PSL1, PSL2 Registers PSC Register
P70/TAO0UT(D) PS1 0=1 PSL1_0=1 PSC 0=0
P72/TAlouT PS1 2=1 PSL1 2=1 PSC 2=0
P74/TA20uUT PS1_4=1 PSL1_4=0 PSC_4=0
P76/TA30UT PS1 6=1 PSL1_6=1 PSC_6=0
P8o/TAdouT PS2_0=1 PSL2_0=0 -
NOTE:

1. P70/TAOouUT is a port for the N-channel open drain output.

Table 14.2 Pin Settings for Input to TAiIN and TAiouT Pins (i=0 to 4)

Pin Setting
PS1, PS2 Registers PD7, PD8 Registers
P70/TAOOUT PS1_0=0 PD7_0=0
P71/TAOIN PS1_1=0 PD7_1=0
P72/TAlouT PS1_2=0 PD7_2=0
P73/TALIN PS1_3=0 PD7_3=0
P74TA20uT PS1_4=0 PD7_4=0
P75/TA2IN PS1_5=0 PD7_5=0
P76TA30UT PS1_6=0 PD7_6=0
P77/TA3IN PS1_7=0 PD7_7=0
P8o/TA4ouT PS2_0=0 PD8_0=0
P81/TA4IN PS2_1=0 PD8_1=0
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14.1.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 14.3). Figure 14.8
shows the TAIMR register (i=0 to 4) in timer mode.

Table 14.3 Timer Mode Specifications

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

When the timer counter underflows, content of the reload register is reloaded into the

count register and counting resumes.

Divide Ratio 1/(n+1)  n: setting value of the TAi register (i=0to 4) 000016 to FFFF16
Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)

Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter underflows

TAIIN Pin Function Programmable I/O port or gate input

TAiouT Pin Function Programmable I/O port or pulse output

Read from Timer The TAi register indicates counter value

Write to Timer « While the timer counter stops, the value written to the TAi register is also written to

both reload register and counter
« While counting, the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function * Gate function

Input signal to the TAIIN pin determines whether the timer counter starts or stops counting
« Pulse output function

The polarity of the TAiouT pin is inversed whenever the timer counter underflows

NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/88 Group (M32C/88T) 14. Timer (Timer A)

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

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

| . | . | 0 | . | . | 0 | 0 | O | TAOMR to TAdMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
P4 1 i [ Symbol
Poror o r v TMoDo b0 RW
Operating Mode )
S Select Bit 0 0: Timer mode
Pl b b TMODL RW
S —— | Reserved Bit Set to "0" RW
oo (b2)
Pl bab3
R S MR1 0 X: Gate function disabled® RW
Voo Gate Eunction (TAIIN pin is a programmable I/O pin)
Sel . 1 0: Timer counts only while the
Do b temmmmmmmeeeeeees elect Bit TAIIN pin is held "L"
MR2 1 1: Timer counts only while the RwW
oo TAIIN pin is held "H"
pon T MR3 | Setto "0" in timer mode RW
Pl b7b6
L e TCKO 00: f1 RW
: Count Sgurce 01:fs
Select Bit 10: f2n@
--------------------------- TCK1 11: fs2 RW

NOTES:
1. X can be set to either "0" or "1".
2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.8 TAOMR to TA4MR Registers
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14.1.2 Event Counter Mode
In event counter mode, the timer counts how many external signals are applied or how many times
another timer counter overflows and underflows. The timers A2, A3 and A4 can count externally gener-
ated two-phase signals. Table 14.4 lists specifications in event counter mode (when not handling a two-
phase pulse signal). Table 14.5 lists specifications in event counter mode (when handling a two-phase
pulse signal with the timers A2, A3 and A4). Figure 14.9 shows the TAIMR register (i=0 to 4) in event
counter mode.

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

Count Source « External signal applied to the TAIIN pin (i = O to 4) (valid edge can be selected by program)
« Timer B2 overflow or underflow signal, timer Aj overflow or underflow signal (j=i-1,

except j=4 if i=0) and timer Ak overflow or underflow signal (k=i+1, except k=0 if i=4)

Counting Operation « External signal and program can determine whether the timer increments or decre-
ments a counter value

« When the timer counter underflows or overflows, content of the reload register is
reloaded into the count register and counting resumes. When the free-running count

function is selected, the timer counter continues running without reloading.

Divide Ratio e 1/(FFFF16 - n + 1)for counter increment
e 1/(n + 1)for counter decrement 77: setting value of the TAi register 000016 to FFFF16
Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)
Counter Stop Condition The TAIS bit is set to "0" (stops counting)
Interrupt Request Generation Timing | The timer counter overflows or underflows
TAIIN Pin Function Programmable I/O port or count source input
TAiouT Pin Function Programmable 1/0O port, pulse output or input selecting a counter increment or decrement
Read from Timer The TAi register indicates counter value
Write to Timer * When the timer counter stops, the value written to the TAi register is also written to

both reload register and counter
* While counting, the value written to the TAi register is written to the reload register
(It is transferred to the counter at the next reload timing)

Selectable Function ¢ Free-running count function
Content of the reload register is not reloaded even if the timer counter overflows or
underflows

« Pulse output function
The polarity of the TAiouT pin is inversed whenever the timer counter overflows or

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

Item Specification
Count Source Two-phase pulse signal applied to the TAiIN and TAIouT pins (i= 2 to 4)
Counting Operation * Two-phase pulse signal determines whether the timer increments or decrements a

counter value
* When the timer counter overflows or underflows, content of the reload register is
reloaded into the count register and counting resumes. With the free-running count

function, the timer counter continues running without reloading.

Divide Ratio e 1/ (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

NOTE:
1. Only timer A3 operation can be selected. The timer A2 is for the normal processing operation. The timer A4 is
for the multiply-by-4 operation.
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Timer Ai Mode Register (=0 to 4) (Event Counter Mode)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | 0 | | | 0 | 0 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Function Function
R Synlﬂbol Bit Name (When not processing (When processing RW
E H E T - two-phase pulse signal) | two-phase pulse signal)
bbb bbbt TMODO RW
' oo . b1b0
AR SR Operating Mode
T p 9 0 1: Event counter mode®
R Select Bit
A TMOD1 RW
e —— |Reserved Bit Set to "0" RW
- (b2)
0: Counts falling edges
- Count Polarity of an external signal e
oo MR1 Select Bit® 1: Counts rising edges Setto"0 RW
HE - of an external signal
Increment/Decrement | 0: UDF registser
Do e MR2  |Switching Source setting Setto "1" RW
v Select Bit 1: Input signal to
P TAiout pin®)
e ST CEPCTLEPE MR3 Set to "0" in event counter mode RW
b e TCKO Count Operatlpn 0: Reloadmg RW
: Type Select Bit 1: Free running
Two-Phase Pulse 0: Norrrnz?il ;:ocessmg
"""""""""""""" TCK1 |Signal Processing Set to "0" 1 I?Azﬁi;yoby 4 RW
i it4.5) ' d )
Operation Select Bit processing operation

NOTES:

1. The TAITGH and TAITGL bits in the ONSF or TRGSR register determine the count source in the event
counter mode.

2. MR1 bit setting is enabled only when counting how many times external signals are applied.

3. The timer decrements a counter value when an "L" signal is applied to the TAiouT pin and the timer
increments a counter value when an "H" signal is applied to the TAiouT pin.

4. The TCK1 bit is enabled only in the TA3MR register.

5. For two-phase pulse signal processing, set the TAjP bit in the UDF register (j=2 to 4) to "1" (two-phase
pulse signal processing function enabled). Also, set the TAJTGH and TAJTGL bits to "002" (input to the
TAjIN pin).

Figure 14.9 TAOMR to TA4MR Registers
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14.1.2.1 Counter Reset by Two-Phase Pulse Signal Processing
Z-phase input resets the timer counter when processing a two-phase pulse signal.
This function can be used in timer A3 event counter mode, two-phase pulse signal processing, free-
running count operation type or multiply-by-4 processing. The Z-phase signal is applied to the INT2 pin.
When the TAZIE bit in the ONSF register is set to "1" (Z-phase input enabled), Z-phase input can
reset the timer counter. To reset the counter by a Z-phase input, set the TA3 register to "000016"
beforehand.
Z-phase input is enabled when the edge of the signal applied to the INT2 pin is detected. The POL bit
in the INT2IC register can determine edge polarity. The Z-phase must have a pulse width of one timer
A3 count source cycle or more . Figure 14.10 shows two-phase pulses (A-phase and B-phase) and
the Z-phase.
Z-phase input resets the timer counter in the next count source following Z-phase input. Figure 14.11
shows the counter reset timing.

Timer A3 interrupt request is generated twice continuously when a timer A3 overflow or underflow,
and a counter reset by INT2 input occur at the same time. Do not use the timer A3 interrupt request
when this function is used.

TA3ouT
(A-phase) | | ‘ |

TA3IN
(B-phase)

e (LI L AL
%gs)e) 4|——_|

<>
Pulse width of one count source cycle NOTE:
or more is required 1. When the rising edge of INT2 is selected.

Figure 14.10 Two-Phase Pulse (A-phase and B-phase) and Z-phase

TA3ouT 4|—|—|7

(A-phase)

TA3IN _I—I—I—l—

(B-phase) |

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

NT2 )

(Z-phase)

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

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

14. Timer (Timer A)

Figure 14.11 Counter Reset Timing
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14.1.3 One-Shot Timer Mode
In one-shot timer mode, the timer operates only once for each trigger (see Table 14.6). Once a trigger
occurs, the timer starts and continues operating for a desired period. Figure 14.12 shows the TAIMR
register (i=0 to 4) in one-shot timer mode.

Table 14.6 One-Shot Timer Mode Specifications

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

When the timer counter reaches "000016", it stops counting after reloading.
If a trigger occurs while counting, content of the reload register is reloaded into the

count register and counting resumes.

Divide Ratio 1/n  n:setting value of the TAi register (i=0 to 4) 000016 to FFFF1s,
but the timer counter does not run if n=000016
Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting) and following triggers
occur:

« External trigger input is provided

« Timer counter overflows or underflows

« The TAIOS bit in the ONSF register is set to "1" (timer started)
Counter Stop Condition « After the timer counter has reached "000016" and is reloaded

« When the TAIS bit is set to "0" (stops counting)

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

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Programmable 1/O port or pulse output

Read from Timer The value in the TAi register is indeterminate when read

Write to Timer * When the timer counter stops, the value written to the TAi register is also written to

both reload register and counter
* While counting, the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

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

Timer Ai Mode Register (=0 to 4) (One-Shot Timer Mode)

b7 b6 b5 b4 b3 b2 bl

LI fol | fo]s

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: TAIOS bit setting 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: f2n®@
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 14.12 TAOMR to TA4MR Registers
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14.1.4 Pulse Width Modulation Mode
In pulse width modulation mode, the timer outputs pulse of desired width continuously (see Table 14.7).
The timer counter functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure
14.13 shows the TAIMR register (i=0 to 4) in pulse width modulation mode. Figures 14.14 and 14.15
show examples of how a 16-bit pulse width modulator operates and of how an 8-bit pulse width modulator
operates.

Table 14.7 Pulse Width Modulation Mode Specifications

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

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

4: count source frequency

Cycle = (216-1) /f fixed

8-Bit PWM o "H" width =nx (m+1) /4
 Cycles = (#-1) x (m+1)/
m: setting value of low-order bit address of the TAi register 0016 to FF16
n: setting value of high-order bit address of the TAi register 0016 to FE16
Counter Start Condition « External trigger input is provided
» Timer counter overflows or underflows
« The TAIS bit in the TABSR register is set to "1" (starts counting)
Counter Stop Condition The TAIS bit is set to "0" (stops counting)
Interrupt Request Generation Timing| On the falling edge of the PWM pulse
TAIIN Pin Function Programmable 1/O port or trigger input
TAiouT Pin Function Pulse output
Read from Timer The value in the TAi register is indeterminate when read
Write to Timer * When the timer counter stops, the value written to the TAi register is also written to

both reload register and counter

« While counting, the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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Timer Ai Mode Register (=0 to 4) (Pulse Width Modulator Mode)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

| _ | _ | _ | _ | _ | 0 | 1 | 1 | TAOMR to TAdMR 035616, 035716, 035816, 035916, 035A16 0016
Bit Bit Name Function RW
P14 4 4 4 1 1| Symbol
P b Tmopo . o150 RW
Operatm_g Mode 1 1: Pulse width modulation (PWM)
- Select Bit
N mode
e TMOD1 RW
Al ——— | Reserved Bit Set to "0" RW
A (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: TAIS bit setting is enabled
e SRREELEELEEL MR2 | Trigger Select Bit 1: Selected by the TAITGH and RW
Pl TAITGL bits
T S MR3 | 16/8-Bit PWM Mode |0: Functions as a 16-bit pulse width modulator|
Select Bit 1: Functions as an 8-bit pulse width modulator
P b7b6
TCKO 00 f RW
Count S(_)urce 01:fs
: Select Bit 10: f2n®@
REE R R L TCK1 11: fcaz RW

NOTES:

1. MR1 bit setting is enabled only when the TAITGH and TAITGL bits in the TRGSR register are set to
"002" (input to the TAIIN pin). The MR1 bit can be set to either "0" or "1" when the TAITGH and
TAITGL bits are set to "012" (TB2 overflow and underflow), "102" (TAi overflow and underflow) or
"112" (TAi overflow and underflow).

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

Figure 14.13 TAOMR to TA4MR Registers
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When the reload register is set to "000316" and an external trigger (on rising edge
of a signal applied to the TAIIN pin) is selected

171X (216 — 1)

Count source

. . “yr " ——— ——mm - - - ==
Signal applied | !
to 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
NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.14 16-bit Pulse Width Modulator Operation

When 8 high-order bits of the reload register are set to "0216", 8 low-order bits of
the reload register are set to "0216" and an external trigger (on falling edge of a
signal applied to the TAIIN pin) is selected

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

Signal applied to ha }
TAIIN pin “L ;

R < 1/ X (m+1)

oo i nimimim

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

fj: Count source frequency
(f1, f8, f2n(3), fc32)
m=0016 to FF16, n=0016 to FE16
i=0to 4
NOTES:
1. 8-bit prescaler counts a count source.
2. 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.
3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

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

Figure 14.15 8-bit Pulse Width Modulator Operation
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14.2 Timer B

Figure 14.16 shows a block diagram of the timer B. Figures 14.17 to 14.19 show registers associated with
the timer B. The timer B supports the following three modes. The TMOD1 and TMODO bits in the TBIMR

register (i=0 to 5) determine which mode is used.

» Timer mode : The timer counts an internal count source.
» Event counter mode : The timer counts pulses from an external source or overflow and underflow of

another timer.

* Pulse period/pulse width measurement mode : The timer measures pulse period or pulse width of an

external signal.
Table 14.8 lists TBiIN pin settings.

Select Clock Source

TCK1 and
TCKO

f1 00

fon 19

fc32 11

00: Timer Mode
— - . TMOD1
o1 01: Pulse Period/Pulse Width TM8D0 and
fs —to Measurement Mode
rO
—O

01: Event KO

High-order Bits of Data Bus

Ll

Low-order Bits of Data Bus

8 low-order
11 bits

8 high-
order

Reload Register

it:
|

U]

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

TCK1 _D_| Counter |
TBj Overflow 1 Counter Mode A
ignal@3 o O
Signal(2.3) [ TBiS |
: Polarity Switching 0
TBI O—
i and Edge Pulse
[ Counter Reset Circuit | 1
) TBi Address TBj
i=0to 5 Timer BO 035116 035016 Timer B2
NOTES: o ) Timer B1 035316 035216 Timer BO
1. The CNT3 to CNTO bits in the TCSPR register select no Timer B2 035516 035416 Timer B1
division (n=0) or divide-by-2n (n=1 to 15). Timer B3 031116 031016 Timer B5
2. Overflow signal or underflow signal Timer B4 031316 031216 Timer B3
3. j=i-1, except j=2 when i=0 j=5 when i=3 Timer B5 031516 031416 Timer B4

Figure 14.16 Timer B Block Diagram

Timer Bi Register® (=0 to 5)

b8 b7 ) Symbol Address

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

After Reset

Indeterminate
Indeterminate

Mode Function Setting Range |RW
: Timer Mode If setting value is n, a count source| oogo16 to FFFF16 [RW
: is divided by n+1
Event Counter If setting value is n, a count source
[ v ' 000016 to FFFF16 [RW
Mode is divided by n+1(@
Pulse Period/Pulse | A count source is incremented
Width Measurement| between one valid edge and RO
Mode another valid edge of TBiIN pulse

NOTES:
1. Use 16-bit data for reading and writing.

2. The TBi register counts how many pulse are input externally or how many times another timer

counter overflows and underflows.

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

b7 b6 b5 b4

b3 b2 bl bO

Symbol
TBOMR to TB5MR

Address

After Reset

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

Sy?ri1tbol Bit Name Function RW
S R b1bo
Poror o1 -4 TMODO 0 0: Timer mode RW
- Operating Mode 0 1: Event counter mode
Select Bit 1 0: Pulse period measurement mode,
- TMOD1 pulse width measurement mode | Rw
1 1: Do not set to this value
S S S 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
Pror 4 11| Symbol
bbbl Ta0s Timer AO Count 0: Stops countl'ng RW
. Start Flag 1: Starts counting
e TALS Timer Al Count 0: Stops countl'ng RW
- A Start Flag 1: Starts counting
A TA2S Timer A2 Count 0: Stops countl-ng RW
oo Start Flag 1: Starts counting
e TA3S Timer A3 Count 0: Stops countl'ng RW
oo Start Flag 1: Starts counting
A . TA4S Timer A4 Count 0: Stops count|-ng RW
oo Start Flag 1: Starts counting
T TBOS Timer BO Count 0: Stops countl-ng RW
Vo Start Flag 1: Starts counting
R TB1S Timer B1 Count 0: Stops countl-ng RW
: Start Flag 1: Starts counting
e TB2S Timer B2 Count 0: Stops countl'ng RW

Start Flag 1: Starts counting

Figure 14.18

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

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
TBSR 030016 000X XXXX2
Bit ; ;
Symbol Bit Name Function RwW
. 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
T84S Start Flag 1: Starts counting RW
Timer B5 Count 0: Stops counting
TB5S Start Flag 1: Starts counting RW

Figure 14.19 TBSR Register

Table 14.8 Settings for the TBiIN Pins (i=0 to 5)

Port Name | Function Setting
PS1, PS3() Registers PD7, PD9() Registers
P90 TBOIN PS3_0=0 PD9_0=0
P91 TB1IN PS3_1=0 PD9_1=0
P92 TB2IN PS3_2=0 PD9_2=0
P93 TB3IN PS3_3=0 PD9_3=0
P94 TB4IN PS3_4=0 PD9_4=0
P71 TB5IN PS1_1=0 PD7_1=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to
"1" (write enabled). Do not generate an interrupt or a DMA transfer between the instruction
to set the PRC2 bit to "1" and the instruction to set the PD9 and PS3 registers.
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14.2.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 14.9). Figure 14.20
shows the TBIMR register (i=0 to 5) in timer mode.

Table 14.9 Timer Mode Specifications

Item

Specification

Count Source

f1, fs, fan(), fc32

Counting Operation

¢ The timer decrements a counter value
When the timer counter underflows, content of the reload register is reloaded into the
count register and counting resumes

Divide Ratio

1n+1)

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

000016 to FFFF16

Counter Start Condition

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

Counter Stop Condition

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

Interrupt Request Generation Timing

Timer counter underflows

TBIiIN Pin Function

Programmable 1/O port

Read from Timer

The TBi register indicates counter value

Write to Timer

both reload register and counter

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

* While counting, the value written to the TBi register is written to the reload register
(It is transferred to the counter at the next reload timing)

NOTE:

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

Timer Bi Mode Register (=0 to 5) (Timer Mode)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After reset
| ] | ] |0 | ] | ] | ] |0 | 0| TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Sy?vi\tbol Bit Name Function RW
S R e 1o RW
B Operating Mode )
Plobob b Select Bit 00: Timer mode
e TMOD1 RW
T MRO | pisabled in timer mode. RW
e, MR1 | Canbe setto "0" or "1". RW
P TBOMR, TB3MR registers: RW
I _Setwo'0"intmermode [
i MR2 | TB1IMR, TB2MR TBAMR, TB5MR registers:
Do Nothing is assigned. When write, set to "0". _
T When read, its content is indeterminate.
Pl Temmermenenieeeees MR3 | Setto "0" in timer mode RW
E E b7 b6
e L L EEEEEEEEEEE TCKO 00: f1 RW
: Count S(_)urce 01:fs
Select Bit 10: fon@
--------------------------- TCK1 11: foaz RW
NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.20 TBOMR to TB5MR Registers
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M32C/88 Group (M32C/88T) 14. Timer (Timer B)

14.2.2 Event Counter Mode

In event counter mode, the timer counts how many external signals are applied or how many times
another timer overflows and underflows. (See Table 14.10) Figure 14.21 shows the TBiIMR register (i=0
to 5) in event counter mode.

Table 14.10 Event Counter Mode Specifications

Item Specification

Count Source « External signal applied to the TBiIN pin (i = 0 to 5) (valid edge can be selected by
program)
 TBj overflow or underflow signal (j=i-1, except j=2 when i=0, j=5 when i=3)

Counting Operation « The timer decrements a counter value
When the timer counter underflows, content of the reload register is reloaded into the

count register to continue counting

Divide Ratio /(n+1) n: setting value of the TBi register 000016 to FFFF16

Counter Start Condition The TBIS bits in the TABSR and TBSR register are set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing | The timer counter underflows

TBIIN Pin Function Programmable 1/0O port or count source input

Read from Timer The TBi register indicates counter value

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

both reload register and counter
* While counting, the value written to the TBi register is written to the reload register
(It is transferred to the counter at the next reload timing)
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M32C/88 Group (M32C/88T) 14. Timer (Timer B)

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 0 0: Counts falling edges of external signal| Ry
Pl Count Polarity Select 0 1: Counts rising edges of external signal
oo Bit® 1 0: Counts falling and rising edges of

P e MR1 external signal RW
1 1: 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 1 select Bit 1: TBj overflows or underflows®

RW

NOTES:
1. MRO and MR1 bit settings are enabled when the TCK1 bit is set to "0". The MRL1 bit can be set to
either "0" or "1", when the TCK1 bit is set to "1".
2. j=i-1, except j=2 when i=0 and j=5 when i=3.

Figure 14.21 TBOMR to TB5MR Registers
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M32C/88 Group (M32C/88T) 14. Timer (Timer B)

14.2.3 Pulse Period/Pulse Width Measurement Mode
In pulse period/pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal. (See Table 14.11) Figure 14.22 shows the TBiIMR register (i=0 to 5) in pulse period/pulse
width measurement mode. Figure 14.23 shows an operation example in pulse period measurement
mode. Figure 14.24 shows an operation example in the pulse width measurement mode.

Table 14.11 Pulse Period/Pulse Width Measurement Mode Specifications

Iltem Specification
Count Source f1, fs, f2n(®, fc32
Counting Operation » The timer increments a counter value

Counter value is transferred to the reload register on the valid edge of a pulse to be
measured. It is set to "000016" and the timer continues counting

Counter Start Condition The TBIS bits (i=0 to 5) in the TABSR and TBSR register are set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| * On the valid edge of a pulse to be measured(®

e The timer counter overflows
The MR3 bit in the TBIMR register is set to "1" (overflow) simultaneously. When the
TBIS bit is set to "1" (start counting) and the next count source is counted after setting
the MR3 bit to "1" (overflow), the MR3 bit can be set to "0" (no overflow) by writing to
the TBIMR register.

TBIiIN Pin Function Input for a pulse to be measured

Read from Timer The TBi register indicates reload register values (measurement results)(@)

Write to Timer Value written to the TBi register can be written to neither reload register nor counter
NOTES:

1. No interrupt request is generated when the pulse to be measured is on the first valid edge after the
timer has started counting.

2. The TBi register is in an indeterminate state until the pulse to be measured is on the second valid
edge after the timer has started counting.

3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/88 Group (M32C/88T) 14. Timer (Timer B)

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

b7 b6 b5 b4 b3 b2 bl 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

Syl?ri1tbol Bit Name Function RW
i1 11| TMODO ; b1b0 _ RW
R Operating Mode 1 0: Pulse period measurement mode,
e T™oD1 | Select Bit Pulse width measurement mode | Rw
Pl bab2

R T P MRO 0 0: Pulse period measurement 1 RW
Measurement Mode 0 1: Pulse period measurement 2

o Select Bit® ) ;

o 1 0: Pulse width measurement
R MR1 _ RW
: 1 1: 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. 5verfiow RO

b7b6
P Smmmmmmmmmmmmmemeasase TCKO 00:f1 RW
Count Source 01:fs

' Select Bit 10: f2n®

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 14.22 TBOMR to TB5MR Registers
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14. Timer (Timer B)

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

o " |
TBIS bits in the TABSR :
and TBSR registers "o"q :

Timing that the counter
reaches "000016"

nqe
IR bit in the TBIIC
register 0" A -

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

MR3 bitin the TBIMR ~ + '7
register "0"

i=0to 5

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

Figure 14.23 Operation Example in Pulse Period Measurement Mode

Count source --

Pulse to be measured

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

Timing to transfer value !
from counter to reload 1

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

Timing that the counter
reaches "000016"

TBIS bits in the TABSR
and TBSR registers 0" 4

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

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

i=0to 5

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

Figure 14.24 Operation Example in Pulse Width Measurement Mode
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M32C/88 Group (M32C/88T) 15. Three-Phase Motor Control Timer Functions

15. Three-Phase Motor Control Timer Functions

Three-phase motor driving waveform can be output by using the timers Al, A2, A4 and B2. Table 15.1 lists
specifications of the three-phase motor control timer functions. Table 15.2 lists pin settings. Figure 15.1
shows a block diagram. Figures 15.2 to 15.7 show registers associated with the three-phase motor control
timer functions.

Table 15.1 Three-Phase Motor Control Timer Functions Specification

Item Specification
Three-Phase Waveform Output Pin | Six pins (U, U, V, V, W, W)
Forced Cutoff() Apply a low-level ("L") signal to the NMI pin
Timers to be Used Timer A4, Al, A2 (used in one-shot timer mode):

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode):
Carrier wave cycle control
Dead time timer (three 8-bit timers share reload register):
Dead time control

Output Waveform Triangular wave modulation, Sawtooth wave modulation
Can output a high-level waveform or a low-level waveform for one cycle;
Can set positive-phase level and negative-phase level separately

Carrier Wave Cycle Triangular wave modulation: count source x (m+1)x 2
Sawtooth wave modulation: count source x (m+1)
m. setting value of the TB2 register, 000016 to FFFF16
Count source: f1, fg, f2n®, fc32

Three-Phase PWM Output Width Triangular wave modulation: count source x nx 2

Sawtooth wave modulation: count source x n
n: setting value of the TA4, TA1 and TA2 register (of the TA4, TA41, TA1, TA1l,
TA2 and TA21 registers when setting the INV11 bit to "1"), 000116 to FFFF16
Count source: f1, fs, f2n®, fc32

Dead Time Count source x p, or no dead time
. setting value of the DTT register, 0116 to FF16
Count source: f1, or f1 divided by 2

Active Level Selected from a high level ("H") or low level ("L")

Positive- and Negative-Phase Con- | Positive and negative-phases concurrent active disable function
current Active Disable Function Positive and negative-phases concurrent active detect function

Interrupt Frequency For the timer B2 interrupt, one carrier wave cycle-to-cycle basis through 15

time- carrier wave cycle-to-cycle basis can be selected

NOTES:

1. Forced cutoff by the signal applied to the NMI pin is available when the INV02 bit is set to "1" (three-
phase motor control timer functions) and the INV03 bit is set to "1" (three-phase motor control timer
output enabled).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/88 Group (M32C/88T) 15. Three-Phase Motor Control Timer Functions

Table 15.2 Pin Settings

Pin Setting
PS1, PS2 Registers(1) | PSL1, PSL2 Registers PSC Register
P72/V PS1 2=1 PSL1_2=0 PSC_2=1
P73V PS1_3=1 PSL1_3=1 PSC_3=0
P74/W PS1_4=1 PSL1 4=1 PSC 4 =0
P75/W PS1 5=1 PSL1_5=0 —
P8o/U PS2 0=1 PSL2 0=1 -
P81/U PS2_1=1 PSL2_1=0 —_—

NOTE:
1. Set the PS1_5to PS1_2 bits and PS2_1 and PS2_0 bits in the PS1 and PS2 registers to "1"
after the INVO2 bit is set to "1".
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M32C/88 Group (M32C/88T) 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 0

b7 b6 b5 b4 b3 b2 bl b0

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

R - i
P11 symbol Bit Name Function RW
0: The ICTB2 counter is incremented by one on the
INVOo | Interrupt Enable Output rising edge of the timer 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 enabled).
Rewrite the INV02 to INVOO and INVO6 bits when the timers A1,A2, A4 and B2 stop.

2. Set the INVOL1 bit to "1" after setting the ICTB2 register.

3. The INVO1 and INVOO bit settings are enabled only when the INV11 bit in the INVCL1 register is set to "1"
(three-phase mode 1). The ICTB2 counter is incremented by one every time the timer B2 counter
underflows, regardless of INVO1 and INVOODbit settings, when the INV11 bit is set to "0" (three-phase mode).
When setting the INVOL1 bit to "1", set the timer ALl count start flag before the first timer B2 counter underflows.
When the INVOO bit is set to "1", the first interrupt is generated when the timer B2 counter underflows n-1
times, if n is the value set in the ICTB2 counter. Subsequent interrupts are generated every n times the
timer B2 counter underflows.

4. Set the INVO02 bit to "1" to operate the dead time timer, U-, V-and W-phase output control circuits and ICTB2
counter.

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

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

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

- Reset
- A concurrent active state occurs while the INV04 bit is set to "1"
- The INVO3 bit is set to "0" by program
- An "H" signal applied to the NMI pin changes to an "L" signal
8. The INVO5 bit can not be set to "1" by program. Set the INV04 bit to "0", as well, when setting the INVO5 bit

to "0".
9. The following table describes how the INVO6 bit setting works.
Item INVO6 = 0 INVO6 = 1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing to Transfer from the IDBO | Transferred once by generating a Transferred every time a transfer trigger
and IDB1 Registers to Three- transfer trigger after setting the IDBO | is generated
Phase Output Shift Register and IDB1 registers
Timing to Trigger the Dead Time | On the falling edge of a one-shot pulse | By a transfer trigger, or the falling edge of
Timer when the INV16 Bit=0 of the timer A1, A2 or A4 a one-shot pulse of the timer A1, A2 or A4
INV13 Bit Enabled when the INV11 bit=1 and the | Disabled
INVO6 bit=0

Transfer trigger : Timer B2 counter underflows and write to the INVO7 bit, or write to the TB2 register when INV10 = 1

10. When the INVO6 bit is set to "1", set the INV11 bit to "0" (three-phase mode 0) and the PWCON bit in the
TB2SC register to "0" (timer B2 counter underflows).

Figure 15.2 INVCO Register
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Three-Phase PWM Control Register 19

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

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

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

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

PR INV1L

Dead Time Timer 0:f1

""""" INVA2 | count Source Select Bit | 1: 1 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

) . . 0: Enables dead time
P ELLLITTET INv15 |Dead Time Disable Bit | . .\ 1o 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 enabled).
The timers A1, A2, A4, and B2 must be stopped during rewrite.
2. The following table lists how the INV11 bit setting works.
Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TA11, TA21 and TA41 Registers | Not used Used
) Disabled. The ICTB2 counter is
INVO1 and INVOO Bit incremented whenever the timer B2 | Enabled
in the INVCO Register counter underflows
INV13 Bit Disabled Enabled when INV11=1 and INV06=0

3. When the INVO06 bit in the INVCO registser is set to "1" (sawtooth wave modulation mode), set the
INV11 bit to "0". Also, when the INV11 bit is set to "0", set the PWCON bit in the TB2SC register to
"0" (Timer B2 counter underflows).

4. The INV13 bit setting is enabled only when the INVO6 bit is set to "0" (Triangular wave modulation
mode) and the INV11 bit to "1".

5. If the following conditions are all met, set the INV16 bit to "1".

* The INV15 bit is set to "0"

« The Dij bit (i=U, V or W, j=0, 1) and DiBj bit always have different values when the INVO03 bit in
the INVCO register is set to "1". (The positive-phase and negative-phase outputs always provide
opposite level signals.)

If the above conditions are not met, set the INV16 bit to "0".

Figure 15.3 INVC1 Register
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Three-Phase Output Buffer Register itV (=0, 1)

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

IDBO, IDB1 030A16, 030B16 XX11 11112
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

NOTE:
1. Values of the IDBO and IDBL1 registers are transferred to the three-phase output shift register by a
transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output
signal level first. Then the value written in the IDB1 register on the falling edge of the timers A1, A2
and A4 one-shot pulse determines each phase output signal level.

Dead Time Timer®: 2

b7 bo Symbol Address After Reset
| | DTT 030C16 Indeterminate

Function Setting Range RW

If setting value is n, the timer stops when counting
n times a count source selected by the INV12 bit
after start trigger occurs. Positive or negative 1to 255 \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 15.4 IDBO and IDB1 registers, DTT Register

Rev. 1.10 Oct. 18, 2005 Page 159 of 435 RENESAS
REJ09B0162-0110



M32C/88 Group (M32C/88T) 15. Three-Phase Motor Control Timer Functions

Timer B2 Interrupt Generation Frequency Set Counter(. 2. 3)

b7 b0
I><[><[><| | Symbol Address After Reset
. ICTB2 030D16 Indeterminate
Function Setting Range | RW

When the INVOL1 bit is set to "0" (the ICTB2 counter
increments whenever the timer B2 counter underflows) and
the setting value is n, the timer B2 interrupt is generated
every nth time timer B2 counter underflow occurs.

"""" When the INVO1 bit is set to "1" (the INVOO bit selects 1to 15 WO
count timing of the ICTB2 counter) and setting value is
n, the timer B2 interrupt is generated every nth time
timer B2 counter underflow meeting the condition
selected in the INVOO bit occurs.

Feessssssssssssssssssssssssssss=se.
Meessssssssssssssssssssmnnnnnnnnnn

--------------- 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 INVOL1 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 (=1, 2, 41 2.3.4.5.6)

b15 b8 b7 b0 Symbol Address After Reset
| | TAL, TA2, TA4 034916 - 034816, 034B16 - 034A16, 034F16 - 034E16 Indeterminate
TA1l, 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.
Vemmmmmmmm————— Positive phase changes to negative phase, and vice
versa, when the timers A1, A2 and A4 stop.

000016 to FFFF16 | WO

NOTES:

1. Use a 16-bit data for read and write.

2. If the TAi or TAIl register is set to "000016", no counter starts and no timer Ai interrupt is generated.

3. Use the MOV instruction to set the TAi and TAil registers.

4. When the INV15 bit in the INVC1 register is set to "0" (dead timer enabled), phase switches from an
inactive level to an active level when the dead time timer stops.

5. When the INV11 bit in the INVCL1 register is set to "0" (three-phase mode 0), the value of the TAi
register is transferred to the reload register by a timer Ai start trigger.
When the INV11 bit is set to "1" (three-phase mode 1), the value of the TAil register is first transferred
to the reload register by a timer Ai start trigger. Then, the value of the TAi register is transferred by the
next trigger. The values of the TAil and TAi registers are transferred alternately to the reload register
with every timer Ai start trigger.

6. Do not write to these registers when the timer B2 counter underflows.

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TB2SC 035E16 XXXX XXX02
Pl T e - -
oo i 1| symbol Bit Name Function RW
N : ) . 0: Timer B2 counter underflows
A i | pwcon| [merB2 Rgl(iad Timing 1: Timer A output in odd-number RW
R : Switching Bit) .
- H times
Lendenat

Nothing is assigned. When write, set to "0". -
When read, its content is "0."

NOTE:
1. Set the PWCON bit to "0" when setting the INV11 bit to "0" (three-phase mode 0) or the INVO06 bit to
"1" (sawtooth wave modulation mode).

Figure 15.5 ICTB2 Register, TA1, TA2, TA4, TAl1l, TA21, and TA41 Registers, TB2SC Register
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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.
e PEEETEELD The timers A1, A2, and A4 start every time an underflow occurs. 000016 to FFFF16 | RW
NOTE:
1. Use a 16-bit data for read and write.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TRGSR 034316 0016
A Bit ) .
HE R Symbol Bit Name Function RW
TALTGL | Timer A1 Event/Trigger | Set to "012" (TB2 underflow) before RW
R A T S TALTGH | Select Bit using a V-phase output control circuit [ gy
Pl e TA2TGL | Timer A2 Event/Trigger |Setto "012" (TB2 underflow) before | RW
Pl e TA2TGH | Select Bit using a W-phase output control circuit | gy
I b5ba
. TA3TGL | ) 0 0: Selects an input to the TA3IN pin | RW
Timer A3 Event/Trigger | 1: Selects TB2 overflow(1)
: Select Bit . (1)
PR TASTGH 1 0: Selects TA2 overflow 1 RW
1 1: Selects TA4 overflow(1)
TAATGL [ Timer A4 Event/Trigger | Set to "012" (TB2 underflow) before RW
A TA4TGH | Select Bit using a U-phase output control circuit | gy
NOTE:
1. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
L] TABSR 034016 0016
e Bit ] ,
tor b 0 0 0 | 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
TA1S Start Flag 1: Starts counting RW
Timer A2 Count 0: Stops counting
TA2S | gtart Flag 1: Starts counting RW
Timer A3 Count 0: Stops counting
TA3S | start Flag 1: Starts counting RW
e Timer A4 Count 0: Stops counting
TA4S Start Flag 1: Starts counting RW
R S Timer BO Count 0: Stops counting
TBOS | start Flag 1: Starts counting RW
Timer B1 Count 0: Stops counting
e TBIS | stan Flag 1: Starts counting RW
o Timer B2 Count 0: Stops counting
TB2S Start Flag 1: Starts counting RW

Figure 15.6 TB2, TRGSR, and TABSR Registers
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Timer Ai Mode Register (i=1, 2, 4)

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

| | |o | 1 | 0 |0 | 1 | o| TAIMR, TA2MR, TA4MR 035716, 035816, 035A16 0016
RN . .
i1 11 1| symbol Bit Name Function RW
TMODO |0O ting Mod Set to "102" (on_e—shot timer
oo Splera gl.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

External Trigger Select | Set to "0" when using the three-phase

po T MR1 Bit motor control timer function RW
Set to "1" (selected by the TRGSR
e ERGLCRITLILL MR2 | Trigger Select Bit register) when using the three- RW
: phase motor control timer function
e R LT MR3 | Set to "0" with the three-phase motor control timer function RW
: b7 b6
TR L L L LR R R LD TCKO 00:f1 RW
Count Source Select Bit | 0 1: f8
: 1 0: f2n®
-------------------------- TCK1 11 fes RW

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

Timer B2 Mode Register

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

| | [X[o]o]|ofo]o] TB2MR 035D16 00XX 00002
Voor o Bit . .
Symbol Bit Name Function RW
TMODO | Operating Mode Set to "002" (timer mode) when using
; the three-phase motor control timer | RW
A TMOD1 | Select Bit function
I T S MRO | Disabled when using the three-phase motor control timer function.
When write, set to "0". —
I MR1 | When read, its content is indeterminate.

---------------- MR2 Set to "0" when using three-phase motor control timer function | RW

R MR3 | Nothing is assigned. When write, set to "0".

. L K RW
When read, its content is indeterminate.

b7 b6
femmmmsssssssssssmsm——. TCKO 00:f1 RW
Count Source SelectBit | 0 1: fs

10: fan®

--------------------------- TCK1
11:fc3z RW

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

Figure 15.7 TALIMR, TA2MR, and TA4MR Registers, TB2MR Register

Rev. 1.10 Oct. 18, 2005 Page 162 of 435 RENESAS
REJ09B0162-0110



M32C/88 Group (M32C/88T)

15. Three-Phase Motor Control Timer Functions

The three-phase motor control timer function is available by setting the INV02 bit in the INVCO register to
"1". The timer B2 is used for carrier wave control and the timers A1, A2, A4 for three-phase PWM output
(U, U, V, V, W, W) control. An exclusive dead time timer controls dead time. Figure 15.8 shows an
example of the triangular modulation waveform. Figure 15.9 shows an example of the sawtooth modula-

tion waveform.

Triangular waveform as a Carrier Wave

Triangular Wave —»

Signal Wave —» | \/

TB2S Bit in
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 15.1.

Examples of PWM output change are
(a) When INV11=1 (three-phase mode 1)

- INV01=0 and ICTB2=216 (The timer B2 interrupt is
generated with every second timer B2 underflow) or
INVO1=1, INVOO=1and ICTB2=116 (The timer B2 interrupt is
generated on the falling edge of the timer A reload control
signal)

- Default value of the timer: TA41=m, TA4=m
The TA4 and TA41 registers are changed whenever the
timer B2 interrupt is generated.

First time: TA41=n, TA4:=n.
Second time: TA41=p, TA4=p.
- Default value of the IDBO and 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 individual system.)
(b) When INV11=0 (three-phase mode 0)

—> 4— Dead time
I I

T
| 1
L L1
[ K
| 1
| 1
| 1
| 1
| 1
T

| 1
| 1
| 1
| 1
| 1
T

| 1
| 1

ny I

- INV01=0, ICTB2=116 (The timer B2 interrupt is generated
whenever the timer B2 underflows)
- Default value of the timer: TA4=m
The TAA4 register is changed whenever the timer B2
interrupt is generated.
First time: TA4=m. Second time: TA4=n.
Third time: TA4=n. Fourth time: TA=p.
Fifth time: TA4=p.
- Default value of the IDBO and IDBL1 registers:
DU0=1, DUB0=0, DU1=0, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by
the sixth timer B2 interrupt.

Figure 15.8 Triangular Wave Modulation Operation
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15. Three-Phase Motor Control Timer Functions

Sawtooth Waveform as a Carrier Wave

Sawtooth Wave —

Signal Wave —» /

Timer B2

Timer A4 Start
Trigger Signal(®)

Timer A4 | ‘ |
One-Shot Pulse®

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

NOTE:
1. Internal signals. See Figure 15.1.

The examples of PWM output change are

The above applies to INVCO = 01XX110X2 and INVC1 = 000XXX002 (X varies depending on individual 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 15.9 Sawtooth Wave Modulation Operation
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16. Serial I/O

Serial /O consists of five channels (UARTO to UARTA4).

Each UARTI (i=0 to 4) has an exclusive timer to generate the transfer clock and operates independently.
Figure 16.1 shows a UARTI block diagram.

UARTI supports the following modes :

- Clock synchronous serial /O mode

- Clock asynchronous serial /0 mode (UART mode)

- Special mode 1 (12C mode)

- Special mode 2

- Special mode 3 (Clock-divided synchronous function, GCI mode)
- Special mode 4 (Bus conflict detect function, IE mode)

- Special mode 5 (SIM mode)

Figures 16.2 to 16.9 show registers associated with UARTI.

Refer to the tables listing each mode for register and pin settings.
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16.

Serial I/O

RxD Polarity

RxDi O—

Switching Circuit

Clock Asynchronous

Receive SMD2 to SMDO
010, 100, 101, 110

e I 15

Transmit/
Receive
Unit

TxD
Polarity
Switching
Circuit

O TxDi

UARTI Receive Register

(Note 1)

) Receive
Selecting Clock Source Ogl_%f Receive Clock
fn 00 CKDIR UIBRG Clock Synchronous [—o ' Control Circuit
— '
8 01 lo \ 0 Internal Register Clock Asynchronous : I
fan@ 101 Transmit; - Transmit
ClKiand 1 010, 100, 101, 110 _\O__ Transmit Clock
CLKO Clock Synchronous i _o Control Circuit
001
Clock Synchronous (when
internal clock is selected)
Q
Clock Synchronous
Clock Synchronous . CKDIR
CKPOL - .
(when internal clock is selected) (When external clock is
CLK selected)
CLKi O_ Polarity )/]
! Switching [ AN
Circuit CTS/RTS [
CTSIRTS  "CTS/RTS disabled
selected M
CRD i
cTsi/RTSI O o o}t <] RTSI
CRS |0
CTS/RTS disabled —=
0. CRD isable CTsi
710
m: setting value of the UiBRG register
Vss NOTES:
1. P70 and P71 are ports for the N-channel open drain output, but
not for the CMOS output.
|IOPOL 2. The CNT3 to CNTO bits in the TCSPR register select no division
No inverse (n=0) or divide-by-2n (n=1 to 15).
RxDi O—1
Inverse
Clock
Synchronous
7-bit Clock
Asynchronous
PRYE 5-bit Clock 7-bit Clock
Clock Asynchronous Asynchronous
Synchronous| 0 0

1 T Clock N i
2SP PAR Asynchronous 9-bit Clock gloncckhronous
enabled SMD2 to SMDO Asynchronous 8-bit Clock
Type Asynchronous
9-bit Clock
Asynchronous
oio0oioio0oio0oio0io0 :D8| |D7:D6:Ds:DA§D3:Dz:Dl:D0|U|RBReg|ster
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
High-order bits of data bus
Low-order bits of data bus
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
| Ds | | D7 i De | Ds ! Da ! D3 ! D2 | D1 | Do |UiTBRegister
8-bit Clock
Asynchronous
9-bit Clock
PRYE SMD2 to SMDO ' Asynchronous
STPS PAR Clook © 9-bit Clock Clock
enabled  Asynchronous ASynclhro"ous Sy"‘:h"{"ws
1 1
+O

—o

Clock *
Synchronous

0
7-bit Clock
Asynchronous

0 7-bit Clock
Asynchronous

UARTI Transmit Register

8-bit Clock

Asynchronous
Clock
Synchronous

Error Signal Output

No inverse

disabled
0

) . Error Signal
PAR: Parity bit UERE 1
i=0to 4 Error Signal Output

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in the UiMR register enabled
CLK1 and CLKO, CKPOL, CRD, CRS: Bits in the UiCO register

UIERE: Bit in the UiC1 register

IoPOL
0

1
Inverse

TxD Data

Inverse Circuit

O Txpi

Figure 16.1 UARTI Block Diagram
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UARTI Transmit Buffer Register (i=o to 4))

b15 b8 b7 bo Symbol Address After Reset
UOTB to U2TB 036B16-036A16, 02EB16-02EA16, 033B16-033A16 Indeterminate
U3TB, U4TB 032B16-032A16, 02FB16-02FA16 Indeterminate
Syﬁ’:tbol Function RW
(b7 - bO) Transmit data (D7 to Do) WO
—— | Transmit data (Ds WO
08) (Ds)
Nothing is assigned.
— | When write, set to "0". _
(b15 - b9)| When read, its content is indeterminate.

NOTE:
1. Use the MOV instruction to set the UiTB register.

UARTI Receive Buffer Register (i=0 to 4)

b8 b7 b0 Symbol Address After Reset
§§| UORB to U2RB 036F16 - 036E16, 02EF16 - 02EE16, 033F16 - 033E16 Indeterminate
R : U3RB, U4RB  032F16 - 032E16, 02FF16 - 02FE16 Indeterminate
Bit Bit Name Function RW
HH H Symbol
el - 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 16.2 UOTB to U4TB Registers and UORB to U4RB Registers

Rev. 1.10 Oct. 18, 2005 Page 167 of 435 RENESAS
REJ09B0162-0110



M32C/88 Group (M32C/88T) 16. Serial I/O

UARTI Bit Rate Register (=0 to 4)1 2 3)
b7 bo Symbol Address After Reset
| | UOBRG to U4ABRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate
Function Setting Range RW
If the setting value is m, the UiBRG register 0 FF
divides a count source by m+1 toto FFie WO
NOTES:
1. Use the MOV instruction to set the UIBRG register.
2. Set the UiBRG register while no data transfer occurs.
3. Set the CLK1 and CLKO bits in the UiCO register, and then the UiBRG register.
UARTI Transmit/Receive Mode Register (=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | UOMR to UAMR 036816, 02E816, 033816, 032816, 02F816 0016
Bit Bit Name Functi
pofop b bt b i |Symbol unction RW
A b2 b1 b
Pl b bbb [ SMDOo 0 0 0: Serial I/O disabled RW
N 0 0 1: Clock synchronous serial /O mode
A : 01 0: 12C mode
AR SRR Serial /0O Mode Select
- SMDL | gyt 10 0: UART mode, 7-bit transfer data | RW
A 1 0 1: UART mode, 8-bit transfer data
A - 11 0: UART mode, 9-bit transfer data
SMD2 Do not set value other than the above RW
Internal/External Clock| O: Internal clock
CKDIR Select Bit 1: External clock RW
- STPS S_top Bit Length Select [ 0: 1 stop b!t RW
oo Bit 1: 2 stop bits
oo " Enables when PRYE =1
R Odd/E [ Select .
Pl e PRY | ven Panty Select | 5 odd parity RW
P it 1: Even parity
R S — PRYE | Parity Enable Bit 0: Disables a parity RW
H 1: Enables a parity
e TxD,RxD Input/Output |0: Not inversed
IOPOL Polarity Switch Bit 1: Inverse RW

Figure 16.3 UOBRG to U4BRG Registers and UOMR to U4AMR Registers
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b7 b6 b5 b4 b3 b2 bl bO

Symbol
UOCO to U4CO

Address

036C16, 02EC16, 033C16, 032C16, 02FC16

UARTI Transmit/Receive Control Register O (=0 to 4)

After Reset
0000 10002

Syﬁ'ﬁ)ol Bit Name Function RW
b1 bo
CLKO | 0 0: Selects f1 RW
ngRG goimtt Bit® 0 1: Selects fs
CLK1 ource SEleCt BIt™ 1 . selects f2n@
1 1: Do not set to this value RW
oT/oTC : Enabled when CRD=0
CST/RTS Funct —_— .
CRS Select Bi unction 0: Selects CTS function RW
elect Bit 1: Selects RTS function
_ ' 0: Data in the transmit register
TxepT |Transmit Register (during transmission) RO
Empty Flag 1: No data in the transmit register
(transmission is completed)
CTS/RTS Disable |0: Enables CTS/RTS function
CRD . . —_— = . RW
Bit 1: Disables CTS/RTS function
0: TxDi/SDAi and SCLi are ports for the
NCH D_a(tlz; Output Select CM‘OS output _ 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 received
CLK Polarity on the rising edge
CKPOL Select Bit 1: Data is transmitted on the rising edge of RW
the transfer clock and data is received
on the falling edge
Transfer Format | 0: LSB first
FORM . . RW
UFo Select Bit® 1: MSB first

NOTES:
. P70/TxD2 and P71/SCL2 are ports for the N-channel open drain output, but not for the CMOS output.
. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

. The UFORM bit setting is enabled when the SMD2 to SMDO bits in the UiMR register are set to

"0012" (clock syncronous serial I/O mode) or "1012" (UART mode, 8-bit transfer data).

Set the UFORM bit to "1" when setting the SMD2 to SMDO bits t0"0102" (I2C mode), or to "0" when
setting them to "1002" (UART mode, 7-bit transfer data) or "1102" (UART mode, 9-bit transfer data).
. Set the UiBRG register after the CLK1 and CLKO bit settings are changed.

Figure 16.4 UOCO to U4CO Registers
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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 disabled
TE Enable Bit 1: Transmit enabled RW
T Transmit Buffer |0: Data in the UiTB register RO
Empty Flag 1: No data in the UiTB register
Receive 0: Receive disabled
RE Enable Bit 1: Receive enabled 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 16.5 UOC1 to U4C1 Registers and UOSMR to U4SMR Registers
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16. Serial I/O

b7 b6

UARTI Special Mode Register 2 (=0 to 4)

b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | UOSMR2 to U4SMR2 036616, 02E616, 033616, 032616, 02F616 0016
Syﬁ:{)ol Bit Name Function RW
P11 11 % IcMm2 [ 12C Mode Select Bit 2 (Note 1) RW
Pl 0: Disabled
e [ 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 16.14.

SCLKDIV bit in the UISMR register.

SCLKDIV bit in the

SU1HIM bit in the

External Clock Synchronous Function

UiSMR Register UiSMR2 Register Selection
0 0 No synchronization
0 1 Same division as the external clock
1 Oor1l External clock divided by 2
Figure 16.6 UOSMR2 to UASMR2 Registers
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M32C/88 Group (M32C/88T) 16. Serial I/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
voon fmmmmmmmmmmmmmmmemnd 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
T ECLETTTEPEE pL1 | SDAIDigital Delay | 011: 3-to-4 cycles of BRG count source |
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 16.7 UOSMR3 to U4SMR3 Registers
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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/O 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
NOTE:
1. When each condition is generated, the STAREQ, RSTAREQ, or STPREQ bit is set to "0".
When a condition generation is incompleted, the bit remains unchanged as "1".

Figure 16.8 UOSMR4 to U4SMR4 Registers
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External Interrupt Request Source Select Register

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

| | | | | | | | | IFSR 031F16 0016
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
R R R PEE T IFSR1 .
R S Select Bit() 1: Both edges RW
INT2 Interrupt Polarity | 0: One edge
 at IFSR2 )
A S Select Bit() 1: Both edges RW
INT3 Interrupt Polarity [0: One edge
- L CLLLCLEET IFSR -
P SR3 | select Bit® 1: Both edges RW
INT4 Interrupt Polarity | 0: One edge
S LLLLCLTTTEPTS IFSR4
A s select bit(® 1: Both edges RW
INTS Interrupt Polarity |0: One edge
P IFSRS | Select Bit® 1: Both edges RwW
B UARTO UsRTa |0 UARTS bus cnfit, st codor
------------------------ IFSRe ISnt(Iarruth-Source 1: UARTO bus conflict, start condition RW
H elect Bit detect, stop condition detect
5 UARTL, UARTA |2 omlton detest
--------------------------- IFSR7 ISntTrrLtJ;[)Bt.tSource 1: UART1 bus conflict, start condition RW

elect bi detect, stop condition detect

NOTE:
1. Set this bit to "0" to select a level-sensitive triggering.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

Figure 16.9 IFSR Register
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16.1 Clock Synchronous Serial I/O Mode
In clock synchronous serial /0O mode, data is transmitted and received with the transfer clock. Table 16.1
lists specifications of clock synchronous serial I/O mode. Table 16.2 lists register settings. Tables 16.3 to
16.5 list pin settings. When UARTI (i=0 to 4) operating mode is selected, the TxDi pin outputs a high-level
("H") signal before transfer starts (the TxDi pin is in a high-impedance state when the N-channel open drain
output is selected). Figure 16.10 shows transmit and receive timings in clock synchronous serial /O mode.

Table 16.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer Data Format Transfer data : 8 bits long
Transfer Clock » The CKDIR bit in the UIMR register (i=0 to 4) is set to "0" (internal clock selected):

% f=f1, f8, fnl1) /77:setting value of the UIBRG register, 0016 to FF16
» The CKDIR bit is set to "1" (external clock selected) : an input from the CLKi pin
Transmit/Receive Control Selected from the CTS function, RTS function or CTS/RTS function disabled
Transmit Start Condition To start transmitting, the following requirements must be met(?:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply a low-level ("L") signal to the CTSi pin when the CTS function is selected
Receive Start Condition To start receiving, the following requirements must be met(?):
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- Set the TE bit to "1" (transmit enabled)
- Set the Tl bit to "0" (data in the UiTB register)
Interrupt Request Generation Timing | « While transmitting, the following conditions can be selected:
- The UIIRS bit in the UiC1 register is set to "0" (no data in the transmit buffer):
when data is transferred from the UiTB register to the UARTI transmit register (transfer started)
- The UIIRS hit is set to "1" (transmission completed):
when a data transfer from the UARTI transmit register is completed
» While receiving
When data is transferred from the UARTI receive register to the UIRB register (reception completed)
Error Detection Overrun error®

This error occurs when the seventh bit of the next received data is read before reading
the UiRB register
Selectable Function * CLK polarity
Selectable from the rising edge or falling edge of the transfer clock at transferred data
output or input timing
* LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
* Continuous receive mode
Data can be received simultaneously by reading the UiRB register
« Serial data logic inverse
This function inverses transmitted/received data logically

NOTES:

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

2. To start transmission/reception when selecting the external clock, these conditions must be met after the CKPOL
bit in the UICO register is set to "0" (data is transmitted on the falling edge of the transfer clock and data is received
on the rising edge) and the CLKi pin is held "H", or when the CKPOL bit is set to "1" (data is transmitted on the rising
edge of the transfer clock and data is received on the falling edge) and the CLKi pin is held "L".

3. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not
change to "1" (interrupt requested).
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Table 16.2 Register Settings in Clock Synchronous Serial I/O Mode

Register Bit Function

uiTB 7t00 Set transmit data

UiRB 7t00 Received data can be read
OER Overrun error flag

UIBRG 7t00 Set bit rate

UIMR SMD2 to SMDO Set to "0012"
CKDIR Select the internal clock or external clock
IOPOL Set to "0"

UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Select CTS or RTS when using either
TXEPT Transmit register empty flag
CRD Enables or disables the CTS or RTS function
NCH Select output format of the TxDi pin
CKPOL Select transmit clock polarity
UFORM Select either LSB first or MSB first

UiC1 TE Set to "1" to enable data transmission and reception
TI Transmit buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM Set to "1" when using continuous receive mode
UIiLCH Set to "1" when using data logic inverse
SCLKSTPB Set to "0"

UiSMR 7t00 Set to "0016"

UiSMR2 7t00 Set to "0016"

UiSMR3 2t0 0 Set to "0002"
NODC Select clock output format
7t04 Set to "00002"

UiSMR4 7t00 Set to "0016"

i=0to 4
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16. Serial I/O (Clock Synchronous Serial 1/0)

Table 16.3 Pin Settings in Clock Synchronous Serial I/0 Mode (1)
Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PS0_0=1 PSLO_0=0 -
P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PSO0_1=1 - -
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 - -
P64 ‘CTS1 input PSO_4=0 - PD6_4=0
RTSI output PS0_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PS0_5=1 - -
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - -
Table 16.4 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC _0=0 -
P71 RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1 2=1 PSL1_2=0 PSC_2=0 -
P73 ‘CTSZ input PS1 3=0 - - PD7_3=0
RTS2 output PS1 3=1 PSL1 3=0 PSC_3=0 -
NOTE:

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

Table 16.5 Pin Settings (3)
Port Function Setting
PS3 Register(V) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLK3 input PS3_0=0 - - PD9_0=0
CLK3 output PS3 0=1 - - -
P91 RxD3 input PS3 1=0 - - PD9 1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 - -
PO3 CTS3 input PS3_3=0 PSL3_3=0 - PD9_3=0
'RTS3 output PS3 3=1 - - -
P94 ‘CTS4 input PS3_4=0 PSL3 4=0 - PD9 _4=0
'RTS4 output PS3_4=1 - - -
P9s CLK4 input PS3 5=0 PSL3 5=0 - PD9 5=0
CLK4 output PS3 5=1 - - -
P96 TxD4 output PS3 6=1 - PSC3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9 7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). Do
not generate an interrupt or a DMA transfer between the instruction to set the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.
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(1) Transmit Timing (Internal clock selected)

L

Transfer Clock

TE bitin the UiC1

Uity Uiy

0" —I iData is set in the UiTB register

— =

TXEPT bit in the
UiCO register

e
"or

register
Tibitinthe Ui~ "1"—]
register 0" 4)\
Data is transferred from the UiTB register to the UARTI transmit register
e ;
cTsi o Tox |
"L " Pulse stops because an "H"
| signal is applied to CTSi
CLKi
TxDi

@@@@@@@@@@@@@@@@@@@@@ d

L

Pulse stops because the TE bit is set to "0"

[ [

IR bit in the SIiTIC |_| '_l
register

e
g

i_l

\

Setto "0" by an

The above applies to the following settings:
» The CKDIR bit in the UIMR register is set to "0" (internal clock selected)

The CRS bit is set to "0" (CTS function selected)
* The CKPOL bit the in UiCo register is set to "0" (data transmitted on the
falling edge of the transfer clock)

(2) Receive Timing (External clock selected)

« The CRD bit in the UiCO register is set to "0" (RTS/CTS function enabled)

« The UiIRS bit in the UiC1 register is set to "0" (no data in the UiTB register)

N S

interrupt request acknowledgement or by program

Tc=TCLK=2(m+1)/fj
fi: Count source frequency set in the UIBRG register (f1, f8, f2n(1))
m: Setting value of the UiBRG register
i=0to4
NOTE:
1. The CNT3 to CNTO bits in the TCSPR register select no division (
n=0) or divide-by-2n (n=1 to 15).

U

. Data is transferred from the UiTB register to the UARTI transmit register

=

Date is transferred from the UARTI

-a— the UIRB register is read

RE bitin the Uic1 ¥
register "0" J‘
i
TEbitinthe Uic1 " N —
register "o" Dummy data is set in the UiTB register
i
Tibitin the Uic1 " w
register 0" ;
e
RTSi | I I_I
L | h
1 —>|—|<— 1/ fext :
CLKi ®
RxDi

An "L" signal is applied when

RI bit in the UiIC1 1" receive register to the UiRB register ~a.

register g

IR bit in the SIRIC "1 '

register g |_| |

4
Set to "0" by an interrupt request acknowledgement or by program

OER bit in the uqn

UIRB register g

’I_

The above applies under the following conditions:

The CRS bit is set to "1" (RTS function selected)
« The CKPOL bit in the UiCO register is set to "0"
(Data is received on the rising edge of the transfer clock)

fext: External clock frequency i=0to 4

« The CKDIR bit in the UiMR register is set to "1" (external clock selected)
» The CRD bit in the UiCO register is set to "0" (RTS/CTS function enabled)

The following conditions must be met while an "H" signal is
applied to the CLKi pin before receiving data:
« Set the TE bit in the UiC1 register to "1" (transmit enabled)
« Set the RE bit in the UiC1 register to "1" (receive enabled)
« Write dummy data to the UiTB register

Figure 16.10 Transmit and Receive Operation
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16.1.1 Selecting CLK Polarity Selecting
As shown in Figure 16.11, the CKPOL bit in the UiCO register (i=0 to 4) determines the polarity of the
transfer clock.

(1) When the CKPOL bit in the UiCO register (i=0 to 4) is set to "0"
(Data is transmitted on the falling edge of the transfer clock and data is received on the rising edge)

" |

TXDi E X Do ¥ D1 X D2JX D3 X Da X Ds X Ds X D7
H
L

><D0><D1><D2><D3><D4><D5><D6XD7
NOTES:

1. The CLKi pin is held high ("H") when no data is transferred.
2. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB first)
and the UILCH bit in the UiC1 register is set to "0" (not inversed).

mI

CLKi

RXDi

(2) When the CKPOL bit in the UiCO register is set to "1"
(Data is transmitted on the rising edge of the transfer clock and data is received on the falling edge)

oS S I )
CLK
| wLn

|
TXDi LH X Do ¥ D1 X D2/)>< Ds X Da X Ds X Ds X D7
RXDi [‘ X o X b1 X D2 X Ds X Da X Ds X Ds X D7

NOTES:
3. The CLKi pin is held low ("L") when no data is transferred.
4. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB first)
and the UILCH bit in the UiC1 register is set to "0" (not inversed).

Figure 16.11 Transfer Clock Polarity

16.1.2 Selecting LSB First or MSB First
As shown in Figure 16.12, the UFORM bit in the UiCO register (i=0 to 4) determines a data transfer format.

(1) When the UFORM bit in the UiCO register (i=0 to 4) is set to "0"
(LSB first)

o LU
[' ><Do><D1XD2>(D3><D4><D5><D6><D7
RXDi ::' >< Do >< D1><D2 ><D3 >< Da D6>< D7

NOTE:
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UIiLCH bit in the UiC1 register is set to "0" (not inversed).

CLKi

= I

TXDi

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)
i
H
TXDi Ln
oot o X0 X(Bo X(0s X(u X(0a X(P2 X(or)(Bo

NOTE:
2. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UILCH bit in the UiC1 register is set to "0" (not inversed).

Figure 16.12 Transfer Format
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16.1.3 Continuous Receive Mode
When the UiRRM bit in the UiC1 register (i=0 to 4) is set to "1" (continuous receive mode), the Tl bit is set
to "0" (data in the UiTB register) by reading the UiRB register. When the UiRRM bit is set to "1", do not set
dummy data in the UiTB register by program.

16.1.4 Serial Data Logic Inverse
When the UILCH bit (i=0 to 4) in the UiC1 register is set to "1" (inverse), data logic written in the UiTB
register is inversed when transmitted. The inversed receive data logic can be read by reading the UiRB
register. Figure 16.13 shows a switching example of the serial data logic.

(1) When the UILCH bit in the UiC1 register (i=0 to 4) is set to "0" (not inversed)

Transfer clock T | | | | | | | | | | | |
TxDi "H" ‘(DoXDlXDzXD3XD4XD5XD6XD7)’

(noinverse) w .«

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer clock h | | | | | | | |
o

(inv—err);lg)i T YEXEXEXEXEXEXEXE)’

NOTE:
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is transmitted on
the falling edge) and the UFORM bit in the UiCO register is set to "0" (LSB first).

Figure 16.13 Serial Data Logic Inverse
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16.2 Clock Asynchronous Serial I1/0 (UART) Mode

In UART mode, data is transmitted and received after setting a desired bit rate and data transfer format.
Table 16.6 lists specifications of UART mode.

Table 16.6 UART Mode Specifications
Item Specification
Transfer Data Format « Character bit (transfer data) : selected from 7 bits, 8 bits, or 9 bits long
« Start bit: 1 bit long
« Parity bit: selected from odd, even, or none
« Stop bit: selected from 1 bit or 2 bits long
Transfer Clock » The CKDIR bit in the UiMR register is set to "0" (internal clock selected):
/16(m+1) f=f1,1s, f2n)) 7z setting value of the UiBRG register , 0016 to FF16
* The CKDIR bit is set to "1" (external clock selected):
fEXT/16(m+1) fExT. clock applied to the CLKi pin
Transmit/Receive Control | Select from CTS function, RTS function or CTS/RTS function disabled
Transmit Start Condition | To start transmitting, the following requirements must be met:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply a low-velel ("L") signal to the CTSi pin when the CTS function is selected
Receive Start Condition | To start receiving, the following requirements must be met:
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- The start bit is detected
Interrupt Request While transmitting, the following condition can be selected:
Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (no data in the UiTB register):
when data is transferred from the UiTB register to the UARTI transmit register (transfer started)
- The UIIRS bit is set to "1" (transmission completed):
when data transmission from the UARTI transfer register is completed
While receiving

when data is transferred from the UARTI receive register to the UiRB register (reception completed)
Error Detect « Overrun error(@)

This error occurs when the bit before the last stop bit of the next received data is read
prior to reading the UiRB register (the first stop bit when selecting 2 stop bits)
* Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
When parity is enabled, this error occurs when the number of "1" in parity and charac-
ter bits does not match the number of "1" set
« Error sum flag
This flag is set to "1" when any of an overrun, framing or parity errors occur
Selectable Function * LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
Serial data logic inverse
Logic values of data to be transmitted and received data are inversed. The start bit
and stop bit are not inversed
*TxD and RxD I/O polarity Inverse

TxD pin output and RxD pin input are inversed. All /O data levels are also inversed

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
2. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not
change to "1" (interrupt requested).
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Table 16.7 lists register settings. Tables 16.8 to 16.10 list pin settings. When UARTi (i=0 to 4) operating
mode is selected, the TxDi pin outputs a high-level ("H") signal before transfer is started (the TxDi pin is in
a high-impedance state when the N-channel open drain output is selected). Figure 16.14 shows an ex-
ample of a transmit operation in UART mode. Figure 16.15 shows an example of a receive operation in
UART mode.

Table 16.7 Register Settings in UART Mode

Register Bit Function
UiTB 8100 Set transmit data(!)
UiRB 8t0 0 Received data can be read®
OER, FER, Error flags
PER, SUM
UIBRG 7t00 Set bit rate
UiMR SMD2 to SMDO Set to "1002" when transfer data is 7 bits long
Set to "1012" when transfer data is 8 bits long
Set to "1102" when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select stop bit length
PRY, PRYE Select parity 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 Select the CTS or RTS function enabled or disabled
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Select the LSB first or MSB first when a transfer data is 8 bits long
Set to "0" when transfer data is 7 bits or 9 bits long
UiC1 TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UiRRM Set to "0"
UiLCH Select whether data logic is inversed or not inversed when a transfer data is
7 bits or 8 bits long. Set to "0" when transfer data is 9 bits long
UIERE Set to either "0" or "1"
UiSMR 7t00 Set to "0016"
UiSMR2 7t00 Set to "0016"
UiSMR3 7t00 Set to "0016"
UiSMR4 7t00 Set to "0016"
NOTE:

1. Use bits 0 to 6 when transfer data is 7 bits long, bits 0 to 7 when 8 bits long, bits 0 to 8 when 9 bits long.
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Table 16.8 Pin Settings in UART Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PS0_0=1 PSLO_0=0 -
P61 CLKO input PS0_1=0 - PD6_1=0
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 — -
P64 CTS1 input PS0_4=0 - PD6_4=0
'RTS1 output PSO_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - -
Table 16.9 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
P71 RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
P73 ‘CTS2 input PS1_3=0 - - PD7_3=0
RTS2 output PS1_3=1 PSL1_3=0 PSC_3=0 -
NOTE:

1. P70 and P71 are ports for the

Table 16.10 Pin Settings (3)

N-channel open drain output.

Port Function Setting
PS3 Register(V) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLK3 input PS3 0-0 _ _ PD9_0=0
PO1 RxD3 input PS3_1=0 - - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3 2=0 - -
P93 CTS3 input PS3 3=0 PSL3 3=0 - PD9_3=0
'RTS3 output PS3_3=1 - - -
P94 CTS4 input PS3 _4=0 PSL3 4=0 - PD9 4=0
'RTS4 output PS3 _4=1 - - -
P95 CLK4 input PS3_5=0 PSL3_5=0 — PD9_5=0
P96 TxD4 output PS3 6=1 - PSC3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9_7=0
NOTE:

1. Set the PD9 and PS3 registers setimmediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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Transfer Clock

TE bitinthe Uic1 T
register "0

Tibitinthe ict "%
register

wor
o
CTSi
wp
TxDi
TXEPT bitinthe 1"

UiCO register

IR bit in the SITIC  "1"

Transfer Clock

TE bit in the UiC1
register 0"

Tl bit in the UiC1

transmit buffer)

(1) 8-bit Data Transmit Timing (with a parity and 1 stop bit)

The transfer clock stops momentarily, because an "H" signal is applied to the CTS pin,
when the stop bit state is verified.
Tc The transfer clock resumes running as soon as an "L" signal is applied to the CTS pin

1
L

___ﬂ@@@@@@@ﬁﬁwgﬂ@@@@@@@ﬁﬁ;c W OO

Data is set in the UiTB register

o
Uuuuuuiuuuy vuL
—
N

Data is transferred from the UiTB register to the UARTI transmit register

Parity ‘ | P
Start bit Stop Pulse stops because the TE bit is set to "0"
bit N F bit :

[ [ 1

register g \ /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above timing diagram applies under the following conditions: Tc=16 (m+ 1) /fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "1" (parity enabled) fi: count source frequency set in the UiBRG register (f1, f8, fan(1))
* The STPS bit in the UiMR register is set to "0" (1 stop bit) fEXT: count source frequency set in the UIBRG register (external
* The CRD bit in the UiCo register is set to "0" and the CRS bit is set clock)
to "0" (CTS function selected) m: setting value of the UIBRG register
 The UIiIRS bit in the UiC1 register is set to "1" NOTE:

(transmission completed)

(2) 9-bit Data Transmit Timing (with no parity and 2 stop bits)

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

Tc

L

CUiruirrivriiivriiriiriiuiiut

Data is set in the UiTB register

register "0" \
Data is transferred from the UiTB register to the UARTI transmit register
Start Stop Stop
bit bit , bit
i STAPKDXKONONOXOHKONDY 57 52 \STADKL KON DXLKOHKONKOKR 5P 5P
TXEPTbitinthe 1"~
UiCO register g
IR bit in the SIiTIC |
register
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies under the following conditions: Tc=16 (m+ 1)/fjor 16 (m + 1) / fext
* The PRYE bit in the UiMR register is set to "0" (parity disabled) fi: count source frequency set in the UIBRG register (f1, f8, f2n(1))
* The STPS bit in the UIMR register is set to "1" (2 stop bits) fEXT: count source frequency set in the UiBRG register (external
« The CRD bit in the UiCO register is set to "1" (CTS function clock)
disabled) m: setting value of the UiBRG register
* The UiIRS bit in the UiC1 register is set to "0" (no data in the NOTE:

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

Figure 16.14 Transmit Operation
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RxDi

RTSi

8-bit Data Receive Timing (with no parity and 1 stop bit)

UIBRG register
setting output

RE bit in the
UiC1 register

Transfer Clock

RI bit in the UiC1
register

IR bit in the
SIRIC register

L Stop bit
Start bit ’( Do XE@ _____ @ \_
Verify if an "L"
signal is applied

Capture a received data

JJjj S I

Start 'receiving when the transfer clock is Data is transferred from the UARTIi receive

"1" generated on the falling edge of the start bit register to the UiRB register \ﬁ
||Hu 1 f T
"L -I—I Change to "L" by reading the UiRB register /VI_
1 l_l
0 /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
NOTE:

1. The above applies when the PRYE bit in the UiMR register is set to "0" (parity disabled),
the STPS bit in the UIMR register is set to "0" (1 stop bit) and the CRS bit in the UiCO register is set
to "1" (RTS function selected).

Figure 16.15 Receive Operation

16.2.1 Bit Rate
In UART mode, bit rate is clock frequency which is divided by a setting value of the UIBRG (i=0 to 4)
register and again divided by 16. Table 16.11 lists an example of bit rate setting.

Table 16.11 Bit Rate

Count Peripheral Function Clock: Peripheral Function Clock: Peripheral Function Clock:
Bit Rate Source 16MHz 24MHz 32MHz
(bps) of Setting Value | Actual Bit Rate | Setting Value | Actual Bit Rate | Setting Value | Actual Bit Rate
UIBRG of UBRG: 77 (bps) of UBRG: 77 (bps) of UBRG: 77 (bps)
1200 8 103 (67h) 1202 155 (96h) 1202 207 (CFh) 1202
2400 8 51 (33h) 2404 77 (46h) 2404 103 (67h) 2404
4800 8 25 (19h) 4808 38 (26h) 4808 51 (33h) 4808
9600 f1 103 (67h) 9615 155 (96h) 9615 207 (CFh) 9615
14400 f1 68 (44h) 14493 103 (67h) 14423 138 (8Ah) 14388
19200 f1 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 f1 19 (13h) 50000 28 (1Ch) 51724 38 (26h) 51282
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16.2.2 Selecting LSB First or MSB First

As shown in Figure 16.16, the UFORM bit in the UiCO register (i=0 to 4) determines data transfer format.
This function is available for 8-bit transfer data.

(1) When the UFORM Bit in the UiCO Register (i=0 to 4) is set to "0" (LSB first)

TXDi ': \ ST{ Do D1 D2) Ds)fDs)\Ds) Ds)Dr ) PJsP

RxDi T \ st { Do) D1 ) D2)Ds)Ds)Ds DsXDr )Y P sp

(2) When the UFORM Bit in the UiCO Register is set to "1" (MSB first)

ci o LML LT L LML L L L e
-

COMHe
o \ st [ D7 Y\ Ds { Ds Y\ Da \ Ds D2 D:\ Do) P )sp
e
RXDi . \st{ D7) DsYDs X Da DsY D2 DX Do) P sP
NOTE: ST: Start bit
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is P: Parity bit

transmitted on the falling edge of the transfer clock and received on the rising edge) SP: Stop bit
and the UIiLCH bit in the UiC1 register is set to "0" (no inverse).

Figure 16.16 Transfer Format

16.2.3 Serial Data Logic Inverse
When the UILCH bit (i=0 to 4) in the UiC1 register is set to "1" (inverse), data logic written in the UiTB
register is inversed when transmitted. The inversed receive data logic can be read by reading the UiRB
register. Figure 16.17 shows a switching example of the serial data logic.

(1) When the UILCH bit in the UiC1 register (i=0 to 4) is set to "0" (no inverse)

Transfer Clock

(noinv;err);g)i T \ ST [Do Y D1 Y D2 Ds Y Ds Y Ds Y Ds Y D7 Y P Y SP

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer Clock b

(versey e \LST (Do \ B )2 ) Ds N oe D5 { De D ) P ) 5P

NOTE: .
1. The above applies when the UFORM bit in the UiCO register is set to "0" ( ST: Start bit
LSB first), the STPS bit in the UiMR register is set to "0" (1 stop bit) and the P: Parity bit
PRYE bit is set to "1" (parity enabled). SP: Stop bit

Figure 16.17 Serial Data Logic Inverse
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16.2.4 TxD and RxD 1/O Polarity Inverse

TxD pin output and RxD pin input are inversed. All I/O data level, including the start bit, stop bit and parity
bit, are inversed. Figure 16.18 shows TxD and RxD 1/O polarity inverse.

Transfer Clock

TxDi
(no inverse)

RxDi
(no inverse)

Transfer Clock

(inverse)

RxDi
(inverse)

NOTE:

TxDi

(-

(1) When the IOPOL bit in the UiMR register (i=0 to 4) is set to "0" (no inverse)

e
'K

H
L
"H
L

(2) When the IOPOL bit in the UIMR register is set to "1" (inverse)

L L

1. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB  P: Even parity
first), the STPS bit in the UIMR bit is set to "0" (1 stop bit) and the PRYE bitis ~ SP: Stop bit
set to "1" (parity enabled).

LML
\ ST{ Do) Di)f D2 D3 ) Da)f Ds) Ds X D7} P ) SP

\ ST/ Do) Di) D2) D3 ) D4} Ds) Ds X D7 X P Y SP

/ ST\ Do X Dz \ Dz f Ds k s | Ds s f 7 X_P ) SP

/ ST\ Do X D1 f Dz f Ds D+ \ Ds \ Ds f B7 kP ) SP

ST: Start bit

Figure 16.18 TxD and RxD I/O Polarity Inverse
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16.3 Special Mode 1 (I2C Mode)
I2C mode is a mode to communicate with external devices with a simplified 12C. Table 16.12 lists specifica-
tions of I12C mode. Table 16.13 lists register settings, Table 16.14 lists each function. Figure 16.19 shows
a block diagram of 12C mode. Figure 16.20 shows timings for transfer to the UiRB register (i=0 to 4) and
interrupts. Tables 16.15 to 16.17 list pin settings.

As shown in Table 16.12, I2C mode is entered when the SMD2 to SMDO bits in the UiMR register is set to
"0102" and the IICM bit in the UiISMR register is set to "1". Output signal from the SDAI pin changes after

the SCLi pin level becomes low ("L") and stabilizes due to a SDAI transmit output via the delay circuit.

Table 16.12 1°C Mode Specifications

Item Specifications
Interrupt Start condition detect, stop condition detect, no acknowledgment detect, acknowledgment
detect
Selectable Function * Arbitration lost

Selectable from update timing of the ABT bit in the UiRB register.
Refer to 16.3.3 Arbitration
» SDAI digital delay
Selectable from no digital delay or 2 to 8 cycle delay of the count source of the UIBRG
register. Refer to 16.3.5 SDA Output
* Clock phase setting

Selectable from clock delay or no clock delay. Refer to 16.3.4 Transfer Clock
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spai O+ (Note)

————— To DMA

IICM=0 or lICM2=1

Transmit Register UARTI Transmission

UARTI o g:cu}é;r;terrupt
IIcCM=1 and q
1ICM2=0
N » To DMA
Arbitration
_|> 1ICM=0 or
Filter Ll lIcM2=1
o UARTI Reception
UARTI —> ACK Interrupt Request
| 1ICM=1 and DMA Request
_l Start Condition Detection I— _D_ 1ICM2=0
S Bus
r | r Q[ busy
Stop Condition Detection | NACK
) 1 D
Falling Edge — LSYN bit T
Detection
D o
Note 1 l ACK
ScLi O~ (Note 1) 110 R |Data Register 9th Pulse
:} O) i Internal Clock 1 Bus Conflict )
(e} UARTI — Start Condition Detection
lICM=1 CLK Bus Conflict Stop Condition Detection
1 lCcm Control I?etecuon 1ICM Interrupt Request
o UARTI
1"
Filter Falling Edge of 9th Pulse
SwWC
Port reading
(Note 1) . L .
UARTI * When the IICM bit is set to "1", port pin can be read
o ICM=0 regardless of the direction register being set to "1" (
cLki O+—o<Fo<——fo—o 1o output).

Timer

i=0to 4
NOTE:
1. Set the PSj (j=0,1,3), PSLj, or PSC register to determine.

IICM: Bit in the UiSMR register
1ICM2: Bit in the UiSMR2 register

Figure 16.19 1°C Mode Block Diagram
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Table 16.13 Register Settings in 1°C Mode

Register Bit Function
Master Slave
uiTB 7t00 Set transmit data
UiRB 7t00 Received data can be read
8 ACK or NACK bit can be read
ABT Arbitration lost detect flag | Disabled
OER Overrun error flag
UiBRG 7t00 Set bit rate | Disabled
UiIMR SMD2 to SMDO Set to "0102"
CKDIR Set to "0" |Set to "1"
IOPOL Set to "0"
UiCo CLK1, CLKO Select count source of the UiBRG register |Disab|ed
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD, NCH Setto "1"
CKPOL Set to "0"
UFORM Setto "1"
UiC1l TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiRRM, UiLCH, Set to "0"
UIERE
UiSMR IICM Setto "1"
ABC Select an arbitration lost detect timing |Disab|ed
BBS Bus busy flag
7t03 Set to "000002"
UiSMR2 IICM2 See Table 16.14
CsC Set to "1" to enable clock synchronization |Set to "0"
SWC Set to "1" to fix an "L" signal output from SCLi on the falling edge of the ninth bit
of the transfer clock
ALS Set to "1" to terminate SDAI output when Not used. Set to "0"
detecting the arbitration lost
STC Not used. Set to "0" Set to "1" to reset UARTI
by detecting the start condition
SWC2 Set to "1" for an "L" signal output from SCL forcibly
SDHI Set to "1" to disable SDA output
SU1HIM Set to "0"
UiSMR3 SSE Set to "0"
CKPH See Table 16.14
DINC, NODC, ERR | Set to "0"
DL2 to DLO Set digital delay value
UiSMR4 STAREQ Set to "1" when generating a start condition Not used. Set to "0"
RSTAREQ Set to "1" when generating a restart condition
STPREQ Set to "1" when generating a stop condition
STSPSEL Set to "1" when using a condition generating function
ACKD Select ACK or NACK
ACKC Set to "1" for ACK data output
SCLHI Set to "1" to enable SCL output stop when Not used. Set to "0"
detecting stop condition
SWC9 Not used. Set to "0" Set to "1" to fix an "L" signal output
from SCLi on the falling edge of the
ninth bit of the transfer clock
IFSR IFSR6, IFSR7 Setto "1"
i=0to 4
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Table 16.14 1°C Mode Functions

Function

Clock Synchronous
Serial I/0 Mode
(SMD2 to SMD0=0012,
1ICM=0)

[2C Mode (SMD2 to SMD0=0102, IICM=1)

1ICM2=0 IICM2=1

(NACK/ACK interrupt) (UART transmit/UART receive interrupt)
CKPH=0 CKPH=1 CKPH=0 CKPH=1

(No clock delay) | (Clock delay) | (No clock delay) | (Clock delay)

Source for Interrupt
Numbers 39 to 41®
(See Figure 16.20)

Start condition or stop condition detection (See Table 16.18)

Source for Interrupt
Numbers 17, 19, 33, 35,
and 37®

(See Figure 16.20)

UARTI transmission -
Transmission started or
completed (selected by
the UIIRS register)

No acknowledgement detection
(NACK) -
Rising edge of 9th bit of SCLi

UARTI

transmission -
Rising edge of
9th bit of SCLi

UARTI transmission -
Next falling edge after the
9th bit of SCLi

Source for Interrupt
Numbers 18, 20, 34, 36,
and 38@W

(See Figure 16.20)

UARTi reception -
Receiving at 8th bit
CKPOL=0(rising edge)
CKPOL=1(falling edge)

Acknowledgement detection
(ACK) -
Rising edge of 9th bit of SCLi

UARTI Reception -
Falling edge of 9th bit of SCLi

Data Transfer Timing from
the UART Receive Shift
Register to the UIRB Register

CKPOL=0(rising edge)
CKPOL=1(falling edge)

Rising edge of 9th bit of SCLi

Falling edge of
9th bit of SCLi

Falling edge and rising edge
of 9th bit of SCLi

UARTI Transmit Output

Pin Functions

Delay No delay Delay
P63, P67, P70, P92, P96 . .
Pin Functions TxDi output SDAI input and output
P62, P6s, P71, P91, P97 RxDi input SCLi input and output

P61, P65, P72, P9o, P95
Pin Functions

Select CLKi input or
output

— (Not used in I2C mode)

Noise Filter Width

15ns

200 ns

Reading RxDi and SCLi
Pin Levels

Can be read if port
direction bit is set to "0"

Can be read regardless of the port direction bit

Default Value of TxDi and
SDAI Output

CKPOL=0 (H)
CKPOL=1 (L)

Values set in the port register before entering 12C mode®

SCLi Default and End
Values

H L

H

Source for DMA
(See Figure 16.20)

UARTI reception

Acknowledgement detection
(ACK)

UARTI reception -

Falling edge of 9th bit of SCLi

Store Received Data

1st to 8th bits of the
received data are stored
into bits 7 to 0 in the
UiRB register

1st to 8th bits of the received
data are stored into bits 7 to 0
in the UIiRB register

1st to 7th bits of the received data are stored
into bits 6 to 0 in the UIiRB register. 8th bit is

stored into bit 8 in

the UiRB register.

1st to 8th bits are stored into
bits 7 to 0 in the UIRB
register®

Reading Received Data

The UIRB register status is read

Bits 6 to 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. Use the following procedure to change what causes an interrupt to be generated.
(a) Disable interrupt of corresponding interrupt number.
(b) Change what causes an interrupt to be generated.

(c) Set the IR bit of a corresponding interrupt number to "0" (no interrupt requested).
(d) Set the ILVL2 to ILVLO bits of a corresponding interrupt number.
2. Set default value of the SDAI output when the SMD2 to SMDO bits in the UiMR register are set to "0002"
(serial I/0 disabled).
3. Second data transfer to the UiRB register (on the rising edge of the ninth bit of SCLi).
4. First data transfer to the UiRB register (on the falling edge of the ninth bit of SCLi).
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(1) When the [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 diagram applies under the following condition:
* The CKDIR bit in the UiIMR register is set to "1" (slave)

Figure 16.20 SCLi Timing
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Table 16.15 Pin Settings in I1°C Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register

P62 SCLO output PS0_2=1 PSLO_2=0 -

SCLO input PS0_2=0 - PD6_2=0
P63 SDAO output PS0_3=1 - -

SDAQO input PS0_3=0 - PD6_3=0
P66 SCL1 output PS0_6=1 PSLO_6=0 -

SCL1 input PS0_6=0 - PD6_6=0
P67 SDAZ1 output PS0_7=1 - -

SDA1 input PS0_7=0 - PD6_7=0

Table 16.16 Pin Settings (2)

Setting
Port Function
PS1 Register | PSL1 Register | PSC Register | PD7 Register
SDA2 output PS1 0-1 PSL1_0=0 PSC_0=0 -
P70
SDA2 input PS1 0=0 - - PD7_0=0
SCL2 output PS1 1-1 PSL1_1=1 PSC_1=0 -
P71
SCL2 input PS1 1=0 - - PD7_1=0
NOTE:

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

Table 16.17 Pin Settings (3)

Port Function Setting
PS3 Register(l) PSL3 Register PSC3 Register PD9 Register®)

PO1 SCL3 output PS3_1=1 PSL3_1=0 - _

SCL3 input PS3_1=0 - - PD9_1=0
P92 SDAZ3 output PS3 2=1 PSL3 2=0 - -

SDA3 input PS3_2=0 - - PD9_2=0
P96 SDA4 output PS3_6=1 - PSC3_6=0 -

SDAA4 input PS3_6=0 - - PD9 6=0
P97 SCL4 output PS3 7=1 PSL3_7=0 - -

SCL4 input PS3_7=0 - - PD9_7=0
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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16.3.1 Detecting Start Condition and Stop Condition
The microcomputer detects either a start condition or stop condition. The start condition detect interrupt
is generated when the SCLi (i=0 to 4) pin level is held high ("H") and the SDA. pin level changes "H" to low
("L"). The stop condition detect interrupt is generated when the SCLi pin level is held "H" and the SDAI pin
level changes "L" to "H". The start condition detect interrupt shares interrupt control registers and vectors
with the stop condition detect interrupt. The BBS bit in the UiISMR register determines which interrupt is
requested.

3 to 6 cycles < setup time()
3 to 6 cycles < hold time(®)

' Setup time Hold time

SCLi

SDAI
(Start condition)

SDAI
(Stop condition)

i=0to 4
NOTE:
1. These cycles are main clock generation frequency cycles f(XIN).

Figure 16.21 Start Condition or Stop Condition Detecting

16.3.2 Start Condition or Stop Condition Output

The start condition is generated when the STAREQ bit in the UiSMR4 register (i=0 to 4) is set to "1"
(start). The restart condition is generated when the RSTAREQ bit in the UiISMR4 register is set to "1"
(start). The stop condition is generated the STPREQ bit in the UISMRA4 is set to "1" (start).

The start condition is output when the STAREQ bit is set to "1" and the STSPSEL bit in the UiISMR4
register is set to "1" (start or stop condition generating circuit selected). The restart condition output is
provided when the RSTAREQ bit and STSPSEL bit are set to "1". The stop condition output is provided
when the STPREQ bit and the STSPSEL bit are set to "1".

When the start condition, stop condition or restart condition is output, do not generate an interrupt be-
tween the instruction to set the STAREQ bit, STPREQ bit or RSTAREQ bit to "1" and the instruction to set
the STSPSEL bit to "1". When the start condition is output, set the STAREQ bit to "1" before the
STSPSEL bit is set to "1".

Table 16.18 lists function of the STSPSEL bit. Figure 16.22 shows functions of the STSPSEL bit.
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Table 16.18 STSPSEL Bit Function

Function STSPSEL =0

STSPSEL =1

Start condition and stop
condition output

Program with ports determines how the
start condition or stop condition is
output

The STAREQ bit, RSTAREQ bit and
STPREQ bit determine how the start
condition or stop condition is output

Timing to generate start
condition and stop condition
interrupt requests

Start condition and stop condition are
detected

Start condition and stop condition
generation are completed

(1) In slave mode,
The CKDIR bit is set to "1" (external clock)

SCLi

SDAI

Start condition detect
interrupt

(2) In master mode,
The CKDIR bit is set to "0" (internal clock)

The STSPSEL bit is set to "0" (no start condition and stop condition output)

— e —

Stop condition detect
interrupt

The STSPSEL bit is set to "1" (start condition and stop condition output)

Setting value of 0 1 0 1 0
the STSPEL bit > > > >
SCLi
SDAI
The STPREQ / T
bit is set to "1" Start condition detect The STPREQ Stop condition detect
(start) interrupt ?S“t:alft)set 0"l interrupt
i=0to 4
Figure 16.22 STSPSEL Bit Function
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16.3.3 Arbitration

The ABC bit in the UiSMR register (i=0 to 4) determines an update timing for the ABT bit in the UiRB
register. On the rising edge of the SCLi pin, the microcomputer determines whether a transmit data
matches data input to the SDAI pin.

When the ABC bit is set to "0" (update per bit), the ABT bit is set to "1" (detected-arbitration is lost) as
soon as a data discrepancy is detected. The ABT bit is set to "0" (not detected-arbitration is won) if not
detected. When the ABC bit is set to "1" (update per byte), the ABT bit is set to "1" on the falling edge of
the ninth bit of the transfer clock if any discrepancy is detected. When the ABT bit is updated per byte, set
the ABT bit to "0" between an ACK detection in the first byte data and the next byte data to be transferred.
When the ALS bit in the UiSMR2 register is set to "1" (SDA output stop enabled), the arbitration lost
occurs. As soon as the ABT bit is set to "1", the SDAI pin is placed in a high-impedance state.

16.3.4 Transfer Clock

The transfer clock transmits and receives data as is shown in Figure 16.20.

The CSC bit in the UiISMR2 register (i=0 to 4) synchronizes an internally generated clock (internal SCLi)
with the external clock applied to the SCLi pin. When the CSC bit is set to "1" (clock synchronous en-
abled) and the internal SCLi is held high ("H"), the internal SCLi become low ("L") if sighal applied to the
SCLi pin is on the falling edge. Value of the UiBRG register is reloaded to start counting for low level. A
counter stops when the SCLi pin is held "L" and then the internal SCLi changes "L" to "H". Counting is
resumed when the SCLi pin become "H". The transfer clock of UARTI is equivalent to the AND for signals
from the internal SCLi and the SCLi pin.

The transfer clock is synchronized between a half cycle before the falling edge of first bit of the internal
SCLi and the rising edge of the ninth bit. Select the internal clock as the transfer clock while the CSC bit
is set to "1".

The SWC bit in the UiISMR2 register determines whether the SCLi pin is fixed to be an "L" signal output on
the falling edge of the ninth cycle of the transfer clock or not.

When the SCLHI bit in the UiSMR4 register is set to "1" (enabled), a SCLi output stops when a stop
condition is detected (high-impedance).

When the SWC2 bit in the UiISMR2 register is set to "1" (0 output), the SCLi pin focibly outputs an "L" signal
while transmitting and receiving. The fixed "L" signal applied to the SCLi pin is cancelled by setting the
SWC2 bit to "0" (transfer clock) and the transfer clock input to and output from the SCLi pin are provided.

When the CKPH bit in the UiISMR3 register is set to "1" and the SWC9 bit in the UiSMR4 register is set to
"1" (SCL "L" hold enabled), the SCLi pin is fixed to be an "L" signal output on the next falling edge after the
ninth bit of the clock. The fixed "L" signal applied to the SCLi pin is cancelled by setting the SWC9 bit to
"0" (SCL "L" hold disabled).

16.3.5 SDA Output

Values output set in bits 7 to 0 (D7 to Do) in the UiTB register (i=0 to 4) are provided in descending order
from D7. The ninth bit (D8) is ACK or NACK.

Set the default value of SDAI transmit output when the [ICM bit is set to "1" (12C mode) and the SMD2 to
SMDQO bits in the UIMR register are set to "0002" (serial /0O disabled).

The DL2 to DLO bits in the UiISMR3 register determine no delay in the SDAI output or a delay of 2 to 8
UiBRG register count source cycles.

When the SDHI bit in the UiISMR2 register is set to "1" (SDA output disabled), the SDAI pin is forcibly
placed in a high-impedance state. Do not set the SDHI bit on the rising edge of the UARTI transfer clock.
The ABT bit in the UiRB register may be set to "1" (detected).
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16.3.6 SDA Input
When the IICM2 bit in the UiISMR2 register (i=0 to 4) is set to "0", the first eight bits of received data are
stored into bits 7 to 0 (D7 to Do) in the UiRB register. The ninth bit (D8) is ACK or NACK.
When the IICM2 bit is set to "1", the first seven bits (D7 to D1) of received data are stored into bits 6 to O
in the UiRB register. Store the eighth bit (Do) into bit 8 in the UiRB register.
If the ICM2 bit is set to "1" and the CKPH bit in the UiISMR3 register is set to "1", the same data as that of
when setting the IICM2 bit to "0" can be read. To read the data, read the UiRB register after the rising
edge of the ninth bit of the transfer clock.

16.3.7 ACK, NACK
When the STSPSEL bit in the UiSMR4 register (i=0 to 4) is set to "0" (serial I/O circuit selected) and the
ACKC bit in the UiISMRA4 register is set to "1" (ACK data output), the SDAI pin provides the value output
set in the ACKD bit in the UiSMR4 register.
If the IICM2 bit is set to "0", the NACK interrupt request is generated when the SDAI pin is held high ("H")
on the rising edge of the ninth bit of the transfer clock. The ACK interrupt request is generated when the
SDAI pinis held low ("L") on the rising edge of the ninth bit of the transfer clock.
When ACK is selected to generate a DMA request, the DMA transfer is activated by an ACK detection.

16.3.8 Transmit and Receive Reset
When the STC bit in the UiISMR2 register (i=0 to 4) is set to "1" (UARTI initialization enabled) and a start
condition is detected,

- the transmit shift register is reset and the content of the UiTB register is transferred to the transmit shift
register. The first bit starts transmitting when the next clock is input. UARTI output value remains
unchanged between when the clock is applied and when the first bit data output is provided. The value
remains the same as when start condition was detected.

- the receive shift register is reset and the first bit start receiving when the next clock is applied.

- the SWC bitis setto "1" (SCL wait output enabled). The SCLi pin becomes "L" on the falling edge of the
ninth bit of the transfer clock.

If UARTI transmission and reception are started with this function, the Tl bit in the UiC1 register remains
unchanged. Select the external clock as the transfer clock when using this function.
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16.4 Special Mode 2

In special mode 2, serial communication between one or multiple masters and multiple slaves is available.
The SSi input pin (i=0 to 4) controls the serial bus communication. Table 16.19 lists specifications of special
mode 2. Table 16.20 lists register settings. Tables 16.21 to 16.23 list pin settings.

Table 16.19 Special Mode 2 Specifications

Item Specification
Transfer Data Format | Transfer data : 8 bits long
Transfer Clock » The CKDIR bit in the UiMR register (i=0 to 4) is set to "0" (internal clock selected):

/2(m+1) f=f1,fs, fan(D) m: setting value of the UIBRG register, 0016 to FF16
» The CKDIR bit to "1" (external clock selected) : input from the CLKi pin
Transmit/Receive Control| SSi input pin function
Transmit Start Condition| To start transmitting, the following requirements must be met(®:
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
Receive Start Condition | To start receiving, the following requirement must be met(?):
- Set the RE bit in the UiC1 register to "1" (receive enabled)
- Set the TE bit in the UiC1 register to "1" (transmit enabled)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
Interrupt Request » While transmitting, the following conditions can be selected:
Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (no data in a transmit buffer) :
when data is transferred from the UiTB register to the UARTI transmit register (transmission started)

- The UIIRS register is set to "1" (transmission completed):
when data transmission from UARTI transfer register is completed

» While receiving
When data is transferred from the UARTI receive register to the UiRB register (reception completed)
Error Detection « Overrun error(®)

This error occurs when the seventh bit of the next received data is read before reading
the UiRB register

* Fault error
In master mode, the fault error occurs an "L" signal is applied to the SSi pin
Selectable Function * CLK polarity

Selectable from the rising edge or falling edge of the transfer clock at transferred data
output or input timing

* LSB first or MSB first
Selectable from data transmission or reception in either bit O or in bit 7
« Continuous receive mode
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

Selectable from one of 4 combinations of transfer data polarity and phases
« SSi input pin function

Output pin is placed in a high-impedance state to avoid data conflict between master
and other masters or slaves

NOTES:

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

2. To start transmission/reception when selecting the external clock, these conditions must be met after the
CKPOL bit in the UiCO register is set to "0" (data is transmitted on the falling edge of the transfer clock and data
is received on the rising edge) and the CLKi pin is held high ("H"), or when the CKPOL bit is set to "1" (Data is
transmitted on the rising edge of the transfer clock and data is received on the falling edge) and the CLKi pin is
held low ("L").

3. If an overrun error occurs, the UiRB register is in an indeterminate state. The IR bit setting in the SiRIC register
does not change to "1" (interrupt requested).
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Table 16.20 Register Settings in Special Mode 2

Register Bit Function

uiTB 7t00 Set transmit data

UiRB 7t00 Received data can be read
OER Overrun error flag

UIBRG 7t00 Set bit rate

UIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "0" in master mode or "1" in slave mode
IOPOL Set to "0"

UiCo CLK1, CLKO Select count source for the UiBRG register
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD Set to "1"
NCH Select the output format of the TxDi pin
CKPOL Clock phase can be set by the combination of the CKPOL bit and the CKPH bit in

the UiSMRS register

UFORM Select either LSB first or MSB first

UiCl TE Set to "1" to enable data transmission and reception
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select what causes the UARTI transmit interrupt to be generated
UIRRM Set to "1" to enable continuous receive mode
UILCH, SCLKSTPB| Set to "0"

UiSMR 7t00 Set to "0016"

UiSMR2 7t00 Set to "0016"

UiSMR3 SSE Setto "1"
CKPH Clock phase can be set by the combination of the CKPH bit and the CKPOL bit

in the UiCO register

DINC Set to "0" in master mode or "1" in slave mode
NODC Set to "0"
ERR Fault error flag
7105 Set to "0002"

UiSMR4 7t00 Set to "0016"

i=0to 4
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Table 16.21 Pin Settings in Special Mode 2 (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 SSO0 input PS0_0=0 - PD6_0=0
P61 CLKO input (slave) PS0_1=0 - PD6_1=0
CLKO output (master)) PS0_1=1 - -
P62 RxDO input (master) | PS0_2=0 - PD6_2=0
STxDO output (slave)| PS0_2=1 PSLO_2=1 -
P63 TxDO output (master)| PS0_3=1 - -
SRxDO input (slave) | PS0_3=0 - PD6_3=0
P64 SS1 input PS0_4=0 - PD6_4=0
P65 CLK1 input (slave) PS0_5=0 - PD6_5=0
CLK1 output (master)| PS0_5=1 - -
P66 RxD1 input (master) | PS0_6=0 - PD6_6=0
STxD1 output (slave)| PS0_6=1 PSLO_6=1 -
P67 TxD1 output (master)| PS0_7=1 - -
SRxD1 input (slave) | PS0_7=0 - PD6_7=0
Table 16.22 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output (master) | PS1_0=1 PSL1 0=0 PSC _0=0 -
SRxD2 input (slave) | PS1_0=0 - - PD7_0=0
p71(1) RxD2 input (master) | PS1_1=0 - - PD7_1=0
STxD2 output (slave) | PS1_1=1 PSL1 1=1 PSC_1=0 -
P72 CLK2 input (slave) PS1 _2=0 - — PD7_2=0
CLK2 output (master) | PS1_2=1 PSL1_2=0 PSC_2=0 -
P73 SS2 input PS1_3=0 - - PD7_3=0
NOTE:
1. P70 and P71 are ports for the N-channel open drain output.
Table 16.23 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PSC3 Register PD9 Register(l)
P90 CLKS3 input (slave) PS3_0=0 - - PD9_0=0
CLKS3 output (master) | PS3_0=1 - - -
P91 RxD3 input (master) | PS3_1=0 - - PD9_1=0
STxD3 output (slave) | PS3_1=1 PSL3_1=1 - -
P92 TxD3 output (master) | PS3_2=1 PSL3_2=0 - -
SRxD3 input (slave) | PS3_2=0 - - PD9_2=0
P93 SS3input PS3_3=0 PSL3_3=0 - PD9_3=0
P94 SS4 input PS3_4=0 PSL3_4=0 - PD9_4=0
P9s CLK4 input (slave) PS3_5=0 PSL3_5=0 - PD9_5=0
CLK4 output (master) | PS3_5=1 - - -
P96 TxD4 output (master) | PS3_6=1 - PSC3_6=0 -
SRxD4 input (slave) | PS3_6=0 PSL3_6=0 - PD9_6=0
P97 RxD4 input (master) | PS3_7=0 - - PD9_7=0
STxD4 output (slave) | PS3_7=1 PSL3_7=1 - -
NOTE:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.
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16.4.1 SSi Input Pin Function (i=0 to 4)
When the SSE bit in the UiSMR3 register is set to "1" (SS function enabled), the special mode 2 is
selected, activating the pin function.
The DINC bit in the UiSMR3 register determines which microcomputer performs as master or slave.
When multiple microcomputers perform as the masters (multi-master system), the SSi pin setting deter-
mines which master microcomputer is active and when.

16.4.1.1 When Setting the DINC Bit to "1" (Slave Mode)
When a high-level ("H") signal is applied to the SSi pin, the STxDi and SRxDi pins are placed in a high-
impedance state and the transfer clock applied to the CLKi pin is ignored. When a low-level ("L") signal
is applied to the SSi input pin, the transfer clock input is valid and serial communication is enabled.

16.4.1.2 When Setting the DINC Bit to "0" (Master Mode)
When using the SSi pin functin in master mode, set the UIIRS bit in the UiC1 register to "1" (transmis-
sion completed).
When an "H" signal is applied to the SSi pin, serial communication is available due to transmission
privilege. The master provides the transfer clock output. When an "L" signal is applied to the SSi pin,
it indicates that another master is active. The TxDi and CLKi pins are placed in high-impedance states
and the ERR bit in the UiISMR3 register is set to "1" (fault error) Use the transmit complete interrupt
routine to verify the ERR bit state.
To resume the serial communication after the fault error occurs, set the ERR bit to "0" while applying
the "H" signal to the SSi pin. The TxDi and CLKi pins become ready for signal outputs.

Microcomputer Microcomputer
P13
PlL2[f——

P93(SS3) P93(SS3)
P90(CLK3)}— P90(CLK3)
P91(RxD3) [ P91(STxD3)
P92(TxD3) P92(SRxD3)

Master Slave

Microcomputer

P93(SS3)

P90(CLK3)
P91(STxD3)
P92(SRxD3)

Slave

Figure 16.23 Serial Bus Communication Control with SS Pin
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16.4.2 Clock Phase Setting Function
The CKPH bit in the UiISMR3 register (i=0 to 4) and the CKPOL bit in the UiCO register select one of four
combinations of transfer clock polarity and phases.
The transfer clock phase and polarity must be the same between the master and the slave involved in the
transfer.

16.4.2.1 When setting the DINC Bit to "0" (Master (Internal Clock))
Figure 16.24 shows transmit and receive timing.

16.4.2.2 When Setting the DINC Bit to "1" (Slave (External Clock))

When the CKPH bit is set to "0" (no clock delay) and the SSi input pin is held high ("H"), the STxDi pin
is placed in a high-impedance state. When the SSi input pin becomes low ("L"), conditions to start a
serial transfer are met, but output is indeterminate. The serial transmission is synchronized with the
transfer clock. Figure 16.25 shows the transmit and receive timing.

When the CKPH bit is set to "1" (clock delay) and the SSi input pin is held high, the STxDi pin is placed
in a high-impedance state. When the SSi pin becomes low, the first data is output. The serial transmis-
sion is synchronized with the transfer clock. Figure 16.26 shows the transmit and receive timing.

Signal Applied to "H"
the SS Pin L
Clock Output "He — — — I _ - -

(CKPOL=0, CKPH=0) ="

Clock Output
(CKPOL=1, CKPH=0) »

z

L
il

Clock Output
(CKPOL=1, CKPH=1) =

Data Output Timing t':x po X bt X D2 X Ds  Da X Ds X s X D
Data Input Timing T T T T T T T T

Figure 16.24 Transmit and Receive Timing in Master Mode (Internal Clock)

T

Clock Output e I -
(CKPOL=0, CKPH=1) .~ L L L L L L
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M32C/88 Group (M32C/88T) 16. Serial I/O (Special Function)

Signal Applied to "H
the SS Pin ' | l_
Clock Input e
(CKPOL=1, CKPH=0) ""

. "H"
Data Output Timing® " —<:_>< DOX D1X D2X D3X D4X Ds X Dé X D7 ——
- impe High-

impedance impedance

Dt Input Timing e T O |

NOTE:
1. P70 and P71 are ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 16.25 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=0)

Signal Applied to

e

) L
the SS Pin |
(CKPOL=0, CKPH=0) "L"
o S uUuryuryyun
(CKPOL=1, CKPH=1) "L*

iming® "H" (
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

NOTE:
1. P70 and P71 are ports for the N-channel open drain output and must be pulled up externally
for data output.

Figure 16.26 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=1)
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M32C/88 Group (M32C/88T) 16. Serial I/O (Special Function)

16.5 Special Mode 3 (GCIl Mode)
In GCI mode, the external clock is synchronized with the transfer clock used in the clock synchronous serial

I/O mode.
Table 16.24 lists specifications of GCI mode. Table 16.25 lists registers settings. Tables 16.26 to 16.28 list

pin settings.

Tablel6.24 GCIl Mode Specifications

Item Specification

Transfer Data Format Transfer data : 8 bits long
Transfer Clock The CKDIR bit in the UiIMR register (i=0 to 4) is set to "1" (external clock selected):
input from the CLKi pin

Clock Synchronization Function | Trigger signal input from the CTSi pin

Transmit/Receive Start |To start data transmission and reception, meet the following conditions and then apply a
Condition trigger signal to the CTSi pin:

- Set the TE bit in the UiC1 register to "1" (transmit enabled)

- Set the RE bit in the UIC1 register to "1" (receive enabled)

- Set the Tl bit in the UiC1 register to "0" (Data in the UiTB register)

Interrupt Request » While transmitting, the following condition can be selected:

Generation Timing - The UIIRS bit in the UiC1 register is set to "0" (UiTB register empty):
when data is transferred from the UiTB register to the UARTI transmit register (transmission started)

- The UIIRS bit is set to "1" (Transmit completed):

when a data transmission from the UARTI transfer register is completed
* While receiving,

when data is transferred from the UARTI receive register to the UiRB register (reception

completed)

Error Detection Overrun error(})
This error occurs when the seventh bit of the next received data is read before reading the

UIiRB register.

NOTE:
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit setting in the SiRIC register does not

change to "1" (interrupt requested).
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16.

Serial /0 (Special Function)

Table 16.25 Register Settings in GCI Mode

Register Bit Function
UiTB 7t00 Set transmit data
UiRB 7t00 Received data
OER Overrun error flag
UIBRG 7t00 Set to "0016"
UiIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "1"
IOPOL Set to "0"
uico CLK1, CLKO Set to "002"
CRS Disabled because the CRD bit is set to "1"
TXEPT Transfer register empty flag
CRD 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 16.29
UiSMR2 6t00 Set to "00000002"
SU1HIM See Table 16.29
UiSMR3 2t00 Set to "0002"
NODC Setto "0"
7t04 Set to "00002"
UiSMR4 7t00 Set to "0016"
i=0to 4
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M32C/88 Group (M32C/88T)

16. Serial I/0 (Special Function)

Table 16.26 Pin Settings in GCI Mode (1)

Port Function Setting
PSO0 Register PD6 Register

P60 ‘CTSO input® PS0_0=0 PD6_0=0
P61 CLKO input PS0_1=0 PD6_1=0
P62 RxDO input PS0_2=0 PD6_2=0
P63 TxDO output PS0_3=1 -
P64 CTST input® PS0_4=0 PD6_4=0
P65 CLK1 input PS0_5=0 PD6_5=0
P66 RxD1 input PS0_6=0 PD6_6=0
P67 TxD1 output PSO_7=1 -
NOTE:

1. CTS input is used as a trigger siganl input.

Table 16.27 Pin Settings (2)

Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register

P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1 2=0 - - PD7_2=0
P73 CTSZ input® PS1_3=0 - - PD7_3=0
NOTES:

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

2. CTS input is used as a trigger siganl input.

Table 16.28 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PSL3 Register PD9 Register(®)

P90 CLK3 input PS3_0=0 - - PD9_0=0
P91 RxD3 input PS3_1=0 - - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 - —
P93 CTS3 input® PS3_3=0 PSL3 3=0 - PD9_3=0
P94 CTS4 input® PS3_4=0 PSL3_4=0 - PD9_4=0
P95 CLK4 input PS3 5=0 PSL3_5=0 - PD9_5=0
P96 TxD4 output PS3_6=1 PSL3_6=0 PSL3_6=0 -
P97 RxD4 input PS3_7=0 - - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enabled). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.

2. CTS input is used for a trigger siganl input.
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