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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or a third party.

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

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

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

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

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

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

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

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

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

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




How to Use This Manual

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

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

XXX Register

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

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



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

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

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

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

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

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

008F16

UART2 Bus Conflict Detect Interrupt Control Register (BCN2IC)

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

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

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

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

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

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

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

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

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

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

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

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

012916 015916

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

012B16 015B16

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

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

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

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

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

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

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

013916 Group 1 Receive CRC Code Register (GIRCRC) 016916

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

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

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

014016 . . 017016 .

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

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

014616 017616

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

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

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

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

014E16
014F1e

Group 2 Waveform Generation Register 7 (G2PQO7)

017E1e6
017F16

Group 3 SI/O Receive Buffer Register (G3RB)

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

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

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

018216 . . 01B216

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

018416 . . 01B416

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

018616 . . 01B616

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

018816 . . 01B816

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

018A16 . . 01BA16

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

018C16 . . 01BCi6

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

018E16 . . 01BE16

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

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

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

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

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

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

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

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

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

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

019A16 . . 01CA16 .

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

019C16 . . 01CCi16 .

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

019E16 . . 01CE16 .

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

01A016 . . 01DO016

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

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

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

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

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

01A916 01D916

01AA16 01DA16

01AB16 01DB16

01AC16 01DC16

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

01AEz16 01DE16

01AF16 01DF16

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

020016 . CANO Message Slot 0 Control Register (COMCTLOQ)/| 346/
020116 | CANO Control Register0 (COCTLRO) 326 | 023016 | ~No Local Mask Register A Standard IDO (COLMARO) | 343
020216 . CANO Message Slot 1 Control Register (COMCTL1)/
020316 | CANO Status Register (COSTR) 331 | 023116 | - AN Local Mask Register A Standard ID1 (COLMAR1) | 344/
020416 . CANO Message Slot 2 Control Register (COMCTL2)/| 346/
020516 | CANO Extended ID Register (COIDR) 333 | 1023216 | - AN Local Mask Register A Extended 1D0 (COLMAR?)
020616 . . . CANO Message Slot 3 Control Register (COMCTL3)/
020716 | CANO Configuration Register (COCONR) 334 | 023316 | - AN Local Mask Register A Extended ID1 (COLMAR3)| 345
020816 ) . CANO Message Slot 4 Control Register (COMCTL4)/| 346/
020916 | CANO Time Stamp Register (COTSR) 336 | 92346 | CANO Local Mask Register A Extended ID2 (COLMAR4)
020A16 | CANO Transmit Error Count Register (COTEC) 023516 | CANO Message Slot 5 Control Register (COMCTLS5)
020B16 | CANO Receive Error Count Register (COREC) 337 023616 | CANO Message Slot 6 Control Register (COMCTL6)| 346
020C16 . 023716 | CANO Message Slot 7 Control Register (COMCTL7)
020D16 CANO Slot Interrupt Status Register (COSISTR) 338 CANO Message Slot 8 Control Register (COMCTL8)/| 346/
020E16 023816 | - ANO Local Mask Register B Standard 1D0 (COLMBRO)| 343
020F16




Quick Reference by Address

Address

Register

Page

02C016
02Cl16

X0 Register YO Register (XOR,YOR)

02C216
02C316

X1 Register Y1 Register (X1R,Y1R)

02C416
02C516

X2 Register Y2 Register (X2R,Y2R)

02C616
02C716

X3 Register Y3 Register (X3R,Y3R)

02C816
02C916

X4 Register Y4 Register (X4R,Y4R)

02CA16
02CB16

X5 Register Y5 Register (X5R,Y5R)

02CC16
02CD1s6

X6 Register Y6 Register (X6R,Y6R)

Address Register Page

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

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

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

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

CANO Acceptance Filter Support Register (COAFS)| 354

024516

02CE16
02CF16

X7 Register Y7 Register (X7R,Y7R)

02D016
02D116

X8 Register Y8 Register (X8R,Y8R)

02D216
02D316

X9 Register Y9 Register (X9R,Y9R)

02D416
02D516

X10 Register Y10 Register (X10R,Y10R)

02D616
02D716

X11 Register Y11 Register (X11R,Y11R)

02D816
02D916

X12 Register Y12 Register (X12R,Y12R)

02DA16
02DB16

X13 Register Y13 Register (X13R,Y13R)

02DC16
02DD1s6

X14 Register Y14 Register (X14R,Y14R)

02DE16
02DF16

X15 Register Y15 Register (X15R,Y15R)

246

02EO016

XY Control Register (XYC)

245

02E116

02E216

02E316

02E416

UART1 Special Mode Register 4 (ULSMR4)

180

02E516

UART1 Special Mode Register 3 (ULSMR3)

179

02E616

UART1 Special Mode Register 2 (UISMR2)

178

02E716

UART1 Special Mode Register (U1SMR)

177

02E816

UART1 Transmit/Receive Mode Register (UIMR)

02E916

UART1 Baud Rate Register (U1BRG)

175

02EA16
02EB16

UART1 Transmit Buffer Register (U1TB)

174

02EC16

UART1 Transmit/Receive Control Register 0 (U1CO0)

176

02ED16

UART1 Transmit/Receive Control Register 1 (U1C1)

177

02EE16
02EF16

UART1 Receive Buffer Register (U1RB)

174

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

Address Register Page Address Register Page
02F016 032016

02F116 032116

02F216 032216

02F316 032316

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

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

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

030116 033116

030216 033216

030316 Timer Al-1 Register (TA11) 033316

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

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

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

031616 034616

031716 034716 Timer AO Register (TAO)

031816 034816

031916 034916 Timer Al Register (TAL)

031A16 034A16

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

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

031E1e 034E16| _ .

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

Blank spaces are reserved. No access is allowed.
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Quick

Reference by Address

Blank spaces are reserved. No access is allowed.

Address Register Page Address Register Page
035016 038016

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

035216 038216

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

035416 038416

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

035616 | Timer AO Mode Register (TAOMR) 038616 )

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

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

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

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

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

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

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

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

036016 039016

036116 039116

036216 039216

036316 039316

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

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

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

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

036E16 039E16

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

037016

037116

037216

037316

037416

037516

037616 | PLL Control Register 0 (PLCO) 72

037716 | PLL Control Register 1 (PLC1) 73

037816 | DMAO Cause Select Register (DMOSL)

037916 | DMA1 Cause Select Register (DM1SL)

037A16 | DMA2 Cause Select Register (DM2SL) 116

037B16 | DMA3 Cause Select Register (DM3SL)

037C16 )

037D16 CRC Data Register (CRCD) 243

037E16 | CRC Input Register (CRCIN)

037F16

B-9



Quick Reference by Address

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

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

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

03A516 03D516

03A616 03D616

03A716 03D716

03A816 03D816

03A916 03D916

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

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

03AE16 03DE16

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

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

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

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

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

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

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

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

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

03BE16 03EE16

03BF16 03EF16

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

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

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

03C416 | Port P8 Register (P8) 03F416

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

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

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

03C816 | Port P10 Register (P10) 03F816

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

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

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

03CCazie|Port P12 Register (P12) 03FC16

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

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

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

Blank spaces are reserved. No access is allowed.
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RENESAS

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

1. Overview

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

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

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

1.1 Applications
Automobiles, audio, cameras, office equipment, communications equipment, portable equipment, etc.
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.2 Performance Overview

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

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

Characteristic

Performance

M32C/83 | M32C/83T

CPU Basic Instructions

108 instructions

Minimum Instruction Execution Time

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

Operating Mode

Single-chip mode, Memory expansion
mode and Microprocessor mode

Single-chip mode

Address Space

16 Mbytes

Memory Capacity

See Table 1.3

Peripheral | I/O Port

123 1/O pins and 1 input pin

Function |Multifunction Timer

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

Intelligent 1/0

Time measurement function: 16 bits x 12 channels

Waveform generating function: 16 bits x 28 channels

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

Serial /10

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

CAN Module

1 channel Supporting CAN 2.0B specification

A/D Converter

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

D/A Converter

8 bits x 2 channels

DMAC 4 channels

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

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

CRC Calculation Circuit

CRC-CCITT

XIY Converter

16 bits x 16 bits

Watchdog Timer

15 bits x 1 channel (with prescaler)

Interrupt

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

Clock Generation Circuit

4 circuits

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

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

Oscillation Stop Detect Function

Main clock oscillation stop detect function

Electrical |Supply Voltage
Charact-
eristics

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

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

not through VDC)

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

Power Consumption

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

in wait mode)

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

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

0.4 pA (Vce=5V, stop mode)

0.4 pA (Vcc=3.3 V, stop mode)

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

in wait mode)

0.4 pA (Vce=5V, stop mode)

Flash Program/Erase Supply Voltage

33+03Vor50+05V 50x05V

Memory |Program and Erase Endurance

100 times

Operating Ambient Temperature

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

Package

144-pin plastic molded LQFP

NOTES:

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

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

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

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

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

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

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

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

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

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

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

0.4 pA (Vcec=5V, stop mode)

0.4 pA (Vcc=3.3 V, stop mode)

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

Memory | Program and Erase Endurance 100 times

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

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.

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

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

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

R M M M L M M

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

Peripheral Functions

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

S S SR S S S S —
Vo ¥ ¥ Yo ¥s ¥ ¥ | ¥s
N— _
——
(Notel)

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

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

1. Overview

1.4 Product Information

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

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

As of January, 2006

Type Number Package Type C;g\,(\:/ilty C;gzz/lity Remarks
M30835FJGP PLQPO0144KA-A (144P6Q-A)
M30833FJGP PLQPO0O100KB-A (100P6Q-A) 512K 31K Flash Memory
M30833FJFP PRQP0100JB-A (100P6S-A)
Table 1.3 M32C/83 Group (2) (T Version, M32C/83T) As of January, 2006
Type Number Package Type C;glz:/ilty Caig::/lity Remarks
Flash Memory
M30833FJTGP PLQPO100KB-A (100P6Q-A) | 512K 31K (Hi; rY reerlsi:b”i“ty
85°C Version)

Please contact our sales office for V version information.

30 83

_GP
L

Package Type:

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

Classification:
Blank = General Industrial Use
T =T Version

ROM Capacity:
J =512 Kbytes

Memory Type:
F = Flash Memory Version

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

M32C/83 Group

M16C Family

Figure 1.2 Product Numbering System

Rev. 1.31 Jan.31, 2006
REJ09B0034-0131
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

1.5 Pin Assignment

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

Ds/Plo

ANO7/ D7/ P07

ANOs / D6 / P06

ANOs / Ds / P0s

ANO4 /D4 / P04

P114

OUTC13/P113

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

ANO2 / D2 / P02

ANO1/D1/P01

ANOo / Do / P00

INPCO7 / AN157 / P157

INPCOs / AN156 / P156

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

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

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

Ki3/ AN7/ P107

Ki2 / ANs / P106

Kii/ANs / P10s

Klo/ AN4 / P104

AN3/ P103

AN2/ P102

AN1/P101

AVss

ANo/ P100

VREF

Avce

STxD4 / SCL4 / RxD4 | ADTRG / P97

Bttt sttt it tstestestettesestesd

<—p P11/D9

[1]
[2]
(=]

<—p P12/D10

J107]

«—p P16/D14/INT4

«—p P15/D13/INT3
«—p P17/D15/INTS

o
S
=

102

(5]
7]

NOTES:

-

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

SRxD4 / SDA4 /| TxD4 | ANEX1 / P96 ati

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

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

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

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

«—p P20/A0 (/Do) /AN20

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

5583885 ¢ 00pppgssss
STTTTIT T 23333%%F5%%
1223283 & 223382 a<3<%
T332 T STeEssssss
S8g83tern2sgS988d 923y
JA8ILLRIG88TTNNTNBEBaS
faanaaadesaaaaacaneea

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

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

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

a

<

o

a

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

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

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

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

[79] «—» P37/A15 (MA7) (/D15)

[ 78]

[30]
[31]

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

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

[75]

[33]

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

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

-—p= P42/A18 (MA10)

Vee
<—p= P43/A19 (MA11)

| 73]

[34]
[36]

-—

CLK2/V/TAlout /P72

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

PEOIELERETLLELsesdetttitesdsttitesy

PLQPO144KA-A
(144P6Q-A)

P44/ CS3/A20 (MA12)

P45/ CS2 1 A21

P46/ CS1 / Az2
P47/CS0/A23

P125/ OUTC35

P126/ OUTC36
P127/OUTC37

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

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

Vee

P132 / OUTC26

Vss

P133/ OUTC23

P54/ HLDA / ALE

P55/ HOLD

P56/ ALE / RAS

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

P60/ CTSO0/ RTS0 / 550
P61/ CLKO

P62/ RxDO / SCLO / STXDO
P63/ TXDO / SDAO / SRXDO
P64t

P65/ CLKL

Vss

P66/ RxD1/ SCLL/ STXD1
Vee

P67/ TxD1/ SDAL/ SRxD1
P702 3

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

1. Overview

Table 1.4 Pin Characteristics for 144-Pin Package

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

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

10 P144

11 P143 INPC17/OUTC17

12 P142 INPC16/OUTC16

13 P141 OUTC1s

14 P140 OUTC14

15 [BYTE

16 |CNVss

17 | Xcin/VeonTt | P87

18 | Xcout P86

19 |RESET

20 | XouTt

21 | Vss

22 | XIN

23 |Vcc

24 P8s NMi

25 P84 | INTZ

26 P83 | INTL CANIN

27 P82 | INTO CANout OUTC32/ISRxD3

28 P81 TA4INU OUTC30/ISTXD3

29 P8o TA4ouT/U INPCO02/ISRxDO/BEOIN

30 P77 TA3IN CANIN INPC01/0OUTCO01/ISCLKO

31 P76 TA3ouTt CANouTt INPC00/OUTCO00/ISTXxDO/BEOoOUT

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

33 P74 TA2ouT/W INPC11/OUTC11/ISCLK1

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

35 P72 TAlout/V CLK2

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

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

38 P67 TxD1/SDA1/SRxD1

39 |Vce

40 P66 RxD1/SCL1/STxD1

41 |Vss

42 P65 CLK1

43 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2

44 P63 TxDO/SDA0/SRxD0O

45 P62 RxDO/SCL0/STxDO

46 P61 CLKO

47 P60 CTSO0/RTS0/SS0

48 P137 ouTC27

NOTES:
1. Bus control pins in M32C/83T cannot be used.
Rev. 1.31 Jan.31,2006 Page7 of 488 RENESAS
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

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

Eig Colg‘itr:"' Port Int(;rir#pt Timer Pin UART/CAN Pin Intelligent 1/0 Pin Arl‘fi‘:]‘)g Bus Control Pin®
49 P13e OUTC21/ISCLK2
50 P13s OUTC22/ISRxD2/IEIN
51 P134 OUTC20/ISTxD2/IEout
52 P57 RDY
53 P56 ALE/RAS
54 P55 HOLD
55 P54 HLDAJALE
56 P133 OUTC23
57 | Vss
58 P132 OUTC2s
59 [ Vcc
60 P131 OUTC2s
61 P130 OUTC24
62 P53 CLKout/BCLK/ALE
63 P52 RD/DW
64 P51 WRH/BHE/CASH
65 P50 WRL/WR/CASL
66 P127 OUTC37
67 P12s OUTC3s
68 P12s OUTC3s
69 P47 CS0/Az3
70 P4s CS1/A2
71 P4s CS2/Az1
72 P44 CS3/A20(MA12)
73 P43 A19(MA11)
74 | Vcc
75 P42 A18(MA10)
76 [ Vss
77 P41 A17(MA9)
78 P40 A16(MAB)
79 P37 A15(MA7)(/D1s)
80 P36 A14(MA6)(/D14)
81 P3s A13(MAs)(/D13)
82 P34 A12(MA4)(/D12)
83 P33 A11(MA3)(/D11)
84 P32 A10(MA2)(/D10)
85 P31 Ag(MA1)(/Dg)
86 P124 OUTC34
87 P123 OUTC33
88 P122 OUTC32/ISRxD3
89 P121 OUTC31/ISCLK3
90 P120 OUTC30/ISTXD3
91 [ Vcc
92 P30 As(MAO0)(/Ds)
93 [ Vss
94 P27 AN27 A7(/D7)
95 P26 AN26 As(/De)
96 P25 AN25 As(/Ds)
NOTES:
1. Bus control pins in M32C/83T cannot be used.
Rev. 1.31 Jan.31,2006 Page 8 of 488 RENESAS
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

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

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

115 P113 OUTC13

116 P112 INPC12/OUTC12/ISRXD1/BE1iN

117 P111 INPC11/OUTC11/ISCLK1

118 P11o OUTC10/ISTxD1/BElout

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

124 P156 INPCOs AN156

125 P155 INPC05/OUTCO5 AN155

126 P154 INPC04/OUTCO04 AN154

127 P153 INPCO3 AN153

128 P152 INPCO02/ISRxDO/BEQIN AN152

129 P151 INPC01/OUTCO01/ISCLKO AN151

130]| Vss

131 P150 INPC00/OUTCO00/ISTXDO/BEQouT AN150

132]| Vcc

133 P107 | Kis AN7

134 P10s | Kl2 ANg

135 P10s | Kz ANs

136 P10s4 | Klo AN4

137 P103 AN3

138 P102 AN2

139 P101 AN1

140]| AVss

141 P100 ANo

142 | VREF

143]| AVcc

144 P97 RxD4/SCL4/STxD4 ADTRG

NOTES:

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

Rev. 1.31 Jan.31, 2006
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1. Overview

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

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

(

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

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

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

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

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

> P47/ CS0/A23

49 |4 P45/ CS2/A21
48 (¢ P46/ CS1/A22

50 [« P44 / CS3 / A20 (MA12)

m
o
@
Far}

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

[43 J&—> P53/ CLKOUT / BCLK / ALE

[42 |4 P54/

HLDA/ALE
HOLD

CTSO/RTS0/SS0

RDY

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

34 |&—» P64

36 |« P62/ RxDO0 / SCLO / STXDO

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

[40 J«—> P56 / ALE / RAS

[41 e P55/

N

S EERREEEEEEEEERRRE I

O

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

J

O

O

\

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

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

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

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

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

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

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

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

6T | +—>£8d / TLNI/ NINVD

8T | +—>8d / ZINI

LT]<— 58d / IAN

9T | <— A

ST | <— NIX

VT | <— SSA

[€T]— 1nox

2T | +— 1353y

TT | €4 98d / LNODX

OT |<— 8d / NIOX / LNODOA

[ 6 |4— ssand

'8 |«— 31A9

[ 2 ] «—>06d /NiogL/ €510

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

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

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

| € |« v6d / TV /NivaL/ ¥SLO / ¥SLY | bSS

[ 2 |« 6d / 0XaNY/ #3710

[ T |« 96d / TXINV/ vXL/ tVAS | yQXHS

81
82

D7/ANO7 / Pom—»[:(
D6 / ANO6 / PO <—[82 |
D5 / ANOS / PO <83 |
D4 / ANO4 / P04 <—>[84 |
D3/ ANO3 / P03 4—>[ 85 |
D2/ ANO2 / PO2 86 |
D1/ANO1 / PO1<—»[87 |
Do / ANOo / POo <88 |

KI3/AN7 / P107 4

[89]

[o0]

[o1]

[o2]

ANz /P103<+—»[93]
ANz / P102 +—>[ 94|
AN1/ P1014—95 |
Avss —»[96 |

ANo / P1004—»[97 |
Vrer —»[98 |
AVce —b@

(P97 «—[100

Ki2 /AN6 / P106 ¢

Kl1/ANS5 / P105 <4

Klo / AN4 / P104 €

PRQP0100JB-A
(100P6S-A)

RENESAS

Page 10 of 488

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

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

NOTES:

Figure 1.4 Pin Assignment for 100-Pin Package
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1. Overview

P56/ ALE / RAS

P60/ CTS0/RTS0/SS0

P50/ WRL / WR / CASL
P52/ RD / DW
P61/ CLKO

P54/ HLDA/ALE

P55/ HOLD

P47/CS0/A23
P51/ WRH / BHE / CASH

P44/ CS3 / A20 (MA12)

P45/ CS2/A21
P46/ CS1/A22

P57/ RDY
P62/ RxDO0 / SCLO / STXDO

P53/ CLKouT / BCLK /ALE
P63/ TxDO0 / SDAO / SRxDO
P64)

P66 / RxD1/ SCL1 / STXD1
P67/ TxD1/ SDAL / SRXD1

P42/ A18 ( MA10)
P43 /A19 ( MA11)

P65/ CLK1

50
29
27
26
25
24
23
22
21
20
39
38
37
36
35
34
33
32
3L
30
29

[28 |« P70(2. 4)

48
26 |« P72/ TAlOUT /V / CLK2

27 |« p713.4)

J

6YN ) LTV / Tvd €[ 15
8YIN ) 9TV / 0vd €[ 25

O

(v1a/) (9vW) v1v / 9ed
(e1a/) (svwW) eTv/ sed
(z1a/) (vwn) ety / ved
(mtas) (evw) v/ eed
(ota/) (evn ) oty / zed

(6as) (tvw)ev/1ed

(8ays) (ovw)8v/oed

LZNY/ (2Q/) Y] L2d
9ZNV/ (9a /) 9v/92d
SZNV/ (sa/)sv/sed

€ZNV/ (ea/)ev/ezd
2ZNv/ (ea/)ev/eed
TeNY/ (ta/) v/ ted
0zNY/ (oa/)ov/ozd

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

O

O

/

r

SRxD4 / SDA4 / TxD4 / ANEX1 / P96 «—[ 99

AVss —p( 94

AN30 / P100<—[ 0
AVce —p|

VREF —|
STxD4 / SCL4 / RxD4 / ADTRG / P97 <= 98

D8/ Plog—p| 78

D7/ ANO7 / PO7 <¢—|
D6 / ANO6 / P06 <=
D5/ ANO5 / PO5 ¢

D10/ Pl24—p| 76
D9 /Plie—p[77

D3/ANO3/ P03<—>|§
D2 /ANO2 / POZQ—D'E
D1/ANO1/ POlQ—b@
AN33/ P103<—>|E
AN32/ PlOZG—b@
AN31/ PlOl(—b@

D4 /ANO4 / PO4<—( 82
Do / ANOO / PO0%—[ 86
KI3 /AN37 / P107<4—>[ 8
Klo / AN34 / P104<—| 90

Kl2 / AN36 / P106 <—|

Kl1/AN35 / P105 <

CLK4 / ANEXO / P95 <—[10

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

M_AlvmE\2;55\%\E\@\SuSo:oém:SoEm
2 | 4% v.d [ LNOZYL/ M/ TTOdNI / TTOLNO / THTISI

[€2 | 4> s.d/NigvL/ M/ 2TOdNI/ 2TOLNO / TAXYSI / NIT3E
[22 | 4> 9.d/ 1n0gVL/00DdNI / 00DLNO / 0AXLSI / LNO0TE / LNONYD
[Tz |« 22d/NigYL/ T0DdNI / TODLNO / 0%1DSI / NINYD

02 | <> 08d / LNOYYL / N/ 20DdNI/ 0QXSI / Nio38

6T | 4> 18d / NIpVL/ 1/ 0EDLNO / EAXLSI

8T | 4> 28d / OLNI/ LNONVD / 2€DLNO / £XHSI

[ZT] 4> £8d/ TLNI/NINVD

[9T |« v8d / ZLNI

ST|<— sgd/IAN

T |€— 20A

€T |€— NIX

T | €— SSA

17 ]—> 1nox

0T |<— 1353y

[ 6 |« 98d/1noox

M_T 18d / NIDX / LNOOA

[ 2 |<— ssano

[0 |« 31Ag

'S |« 06d /Ni0EL/ €D

[ v | 4> 16d /NITEL/ €QXd / €10S / EAXLS / ZAXISI /NITI

[ € | 4> 26d/NizaL/€QxL/ €YAS / £0XYS / 02DLNO / ZXLSI /103l
[ 2 |« e6d/0va/NiEBL/ ESLD / ESLY / €SS

T [*> v6d/TVA/NIyEL/¥SLD/ ySLY / ¥SS

PLQPO100KB-A
(100P6Q-A)

RENESAS

3. P71/ TAOIN/ TB5IN / RxD2 / SCL2 / STxD2 / OUTC22 / ISRXD2 / IEIN
Page 11 of 488

2. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
4. P70 and P71 are ports for the N-channel open drain output.

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

NOTES:

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

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package

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

1. Overview

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

Package
Pin N% Ccl)jr?rt{ol Port Intgriaupt Timer Pin | UART/CAN Pin Intelligent 1/O Pin Anslilr?g Bus Control Pin®
FP| GP
51| 49 P43 A19(MA11)
52| 50 P42 A18(MA10)
53| 51 P41 A17(MAg)
54| 52 P40 A16(MASg)
55| 53 P37 A15(MA7)(/D15)
56 | 54 P3s A14(MA6)(/D14)
57| 55 P35 A13(MAs5)(/D13)
58 | 56 P34 A12(MA4)(/D12)
59| 57 P33 A11(MA3)(/D11)
60 | 58 P32 A10(MA2)(/D10)
61| 59 P31 A9(MA1)(/D9)
62| 60| Vcc
63| 61 P30 As(MAO0)(/Ds)
64| 62| Vss
65| 63 P27 AN27 A7(/D7)
66 | 64 P26 AN26 As(/Ds)
67| 65 P25 AN25 As(/Ds)
68| 66 P24 AN24 A4(/D4)
69 | 67 P23 AN23 A3(/D3)
70| 68 P22 AN22 A2(/D2)
71| 69 P21 AN21 A1(/D1)
72| 70 P20 AN20 Ao(/Do)
73| 711 P17 |INT5 D15
74| 72 Pls |INT4 D14
75| 73 Pls | INT3 D13
76| 74 P14 D12
771 75 P13 D11
78| 76 P12 D1o
79| 77 P11 [B):]
80| 78 Plo Ds
81| 79 P07 ANO7 D7
82| 80 P0s ANOs De
83| 81 P0Os ANOs Ds
84| 82 P04 ANO4 D4
85| 83 P03 ANO3 D3
86| 84 P02 ANO2 D2
87| 85 P01 ANO1 D1
88| 86 P0Oo ANOo Do
89| 87 P107 | Kis AN7
90| 88 P10s | K2 ANs
91| 89 P10s | K1 ANs
92| 90 P104 | Klo AN4
93| 91 P103 AN3
941 92 P102 AN2
95| 93 P101 AN1
96 | 94| AVss
971 95 P100 ANo
98 | 96 | VREF
99| 97 | Avcc

100 | 98 P97 RxD4/SCL4/STxD4 ‘ADTRG

NOTES:

1. Bus control pins in M32C/83T cannot be used.
Rev. 1.31 Jan.31, 2006 Page 13 of 488 KENESAS
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M32C/83 Group (M32C/83, M32C/83T)

1. Overview

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

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

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

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

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

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

RTSOtoRTS4| O Output pins for data reception control

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

RxDO to RxD4 I Inputs serial data

TxDOto TxD4| O Outputs serial data

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

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

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

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

1. Overview

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

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

|2 Input O : Output

NOTE:

I/O : Input and output

1. Available in the 144-pin package only.

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

1. Overview

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

Classsfication

Symbol

I/O Type

Function

1/0 Ports

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

I/0

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

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

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

@)

110

1/0 ports having equivalent functions to PO

P8o to P84
P8s, P87

I/0

1/0 ports having equivalent functions to PO

Input Port

P8s

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

| @ Input O : Output

NOTE:

1/0 : Input and output

1. Available in the 144-pin package only.

Rev. 1.31 Jan.31, 2006
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M32C/83 Group (M32C/83, M32C/83T) 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

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

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

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

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

2.1 General Registers

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

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

2.1.2 Address Registers (A0 and Al)

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

2.1.3 Static Base Register (SB)

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

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

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

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

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

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

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

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

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

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

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

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

flag is set to "1".

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

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

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

interrupt numbers 0 to 31 is executed.

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

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

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

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

3. Memory

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

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

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

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

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

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

The special page vectors are allocated addresses FFFE0016 to FFFFDBA1s6. It is used for the JMPS instruc-
tion and JSRS instruction. Refer to the Renesas publication Software Manual for details.

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

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

1. In memory expansion and microprocessor modes

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

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

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

Figure 3.1 Memory Map
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M32C/83 Group (M32C/83, M32C/83T)

4. Special Function Registers (SFR)

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

000016

000116

000216

000316

000416

Processor Mode Register 01)

PMO

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

000516

Processor Mode Register 1

PM1

0X00 00002

000616

System Clock Control Register 0

CMO

0000 X0002

000716

System Clock Control Register 1

CM1

0010 00002

000816

Wait Control Register(2)

WCR

1111 11112

000916

Address Match Interrupt Enable Register

AIER

XXXX 00002

000A16

Protect Register

PRCR

XXXX 00002

000B16

External Data Bus Width Control Register(®

DS

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

000C16

Main Clock Division Register

MCD

XXX0 10002

000D16

Oscillation Stop Detection Register

CMm2

0016

000E16

Watchdog Timer Start Register

WDTS

XX16

000F16

Watchdog Timer Control Register

WDC

000X XXXX2

001016
001116
001216

Address Match Interrupt Register 0

RMADO

00 00 0016

001316

001416
001516
001616

Address Match Interrupt Register 1

RMAD1

00 00 0016

001716

VDC Control Register for PLL

PLV

XXXX XX012

001816
001916
001A16

Address Match Interrupt Register 2

RMAD2

00 00 0016

001B16

VDC Control Register 0

VDCO

0016

001C1s6
001D1s6
001E16

Address Match Interrupt Register 3

RMAD3

00 00 0016

001F16

002016

002116

002216

002316

002416

002516

002616

002716

002816

002916

002A16

002B16

002C16

002D16

002E16

002F16

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

NOTES:

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

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

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

X: Indeterminate

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

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

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

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

008116 CAN Interrupt 2 Control Register CAN2IC XXXX X0002
008216

008316

008416

008516

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

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

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

Address Register Symbol Value after RESET

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

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

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

009316 | Key Input Interrupt Control Register KUPIC XXXX X0002

009416 | Timer BO Interrupt Control Register TBOIC XXXX X0002

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

009616 | Timer B2 Interrupt Control Register TB2IC XXXX X0002

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

009816 | Timer B4 Interrupt Control Register TB4IC XXXX X0002

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

009A16 | INT4 Interrupt Control Register INT4IC XX00 X0002

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

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

009D16 CAN Interrupt 0 Control Register CANOIC XXXX X0002

009E16 | INTO Interrupt Control Register INTOIC XX00 X0002

009F16 | Exit Priority Control Register RLVL XXXX 00002

00AO16 | Interrupt Request Register 0 I100IR 0000 000X2

00Al16 | Interrupt Request Register 1 II01IR 0000 000X2

00A216 | Interrupt Request Register 2 I102IR 0000 000X2

00A316 | Interrupt Request Register 3 I103IR 0000 000X2

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

00A516 | Interrupt Request Register 5 IIO5IR 0000 000X2

00A616 | Interrupt Request Register 6 I106IR 0000 000X2

00A716 | Interrupt Request Register 7 I107IR 0000 000X2

00A816 | Interrupt Request Register 8 I108IR 0000 000X2

00A916 | Interrupt Request Register 9 I109IR 0000 000X2

00AA16 | Interrupt Request Register 10 I1010IR 0000 000X2

00AB16 | Interrupt Request Register 11 I1011IR 0000 000X2

00AC16

00AD16

00AE16

00AF16

00BO016 | Interrupt Enable Register 0 IIO0IE 0016

00B1l16 | Interrupt Enable Register 1 IIO1IE 0016

00B216 | Interrupt Enable Register 2 I102IE 0016

00B316 | Interrupt Enable Register 3 IIO3IE 0016

00B416 | Interrupt Enable Register 4 I104IE 0016

00B516 | Interrupt Enable Register 5 IIO5IE 0016

00B616 | Interrupt Enable Register 6 IIO6IE 0016

00B716 | Interrupt Enable Register 7 IIO7IE 0016

00B816 | Interrupt Enable Register 8 II08IE 0016

00B916 | Interrupt Enable Register 9 IIO9IE 0016

00BA16 | Interrupt Enable Register 10 11010IE 0016

00BB16 | Interrupt Enable Register 11 IIO11IE 0016

00BC16

00BD16

00BE16

00BF16

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

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

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

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

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

00F716

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

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

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

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

013716

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

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

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

015116 | Group 2 Waveform Generating Control Register 1 G2POCR1 0016

015216 | Group 2 Waveform Generating Control Register 2 G2POCR2 0016

015316 | Group 2 Waveform Generating Control Register 3 G2POCR3 0016

015416 | Group 2 Waveform Generating Control Register 4 G2POCR4 0016

015516 | Group 2 Waveform Generating Control Register 5 G2POCR5 0016

015616 | Group 2 Waveform Generating Control Register 6 G2POCR6 0016

015716 | Group 2 Waveform Generating Control Register 7 G2POCR7 0016

015816

015916

015A16

015B16

015C1s6

015D16

015E16

015F16

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

016316 | Group 2 Base Timer Control Register 1 G2BCR1 0016

016416 | Base Timer Start Register BTSR XXXX 00002
016516

016616 | Group 2 Function Enable Register G2FE 0016

016716 | Group 2 RTP Output Buffer Register G2RTP 0016

016816

016916

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

017616

017716

017816 | Input Function Select Register IPS 0016

017916

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

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

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

01A516

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

01A916

01AA16

01AB16

01AC16

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

01AF16

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

020F16

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

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

021016 _ 0016

021116 CANO Slot Interrupt Mask Register COSIMKR 00162

021216

021316

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

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

021616

021716 | CANO Baud Rate Prescaler COBRP 0000 00012

021816

021916

021A16

021B16

021C16

021D16

021E16

021F16

022016 ‘

022116

022216

022316

022416

022516

022616

022716

022816 | CANO Global Mask Register Standard IDO COGMRO XXX0 00002

022916 | CANO Global Mask Register Standard ID1 COGMR1 XX00 00002

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

022B16 | CANO Global Mask Register Extended ID1 COGMR3 0016

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

022D16

022E16

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

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

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

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

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

023416 CANO Local Mask Register A Extended I1D2 COLMAR4 XX00 000022

023516 | CANO Message Slot 5 Control Register COMCTL5 0016

023616 | CANO Message Slot 6 Control Register COMCTL6 0016

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

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

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

NOTES:

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

4. Special Function Registers (SFR)

Address

Register

Symbol

Value after RESET

023916

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

COMCTLY/
COLMBR1

0000 000022
XX00 00002

023A16

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

COMCTL10/
COLMBR2

0000 000022
XXXX 000022

023B16

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

COMCTL11/
COLMBR3

0016(2)
0016

023C1s6

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

COMCTL12/
COLMBR4

0000 000022
XX00 00002

023D16

CANO Message Slot 13 Control Register

COMCTL13

0016(2)

023E16

CANO Message Slot 14 Control Register

COMCTL14

0016(2

023F16

CANO Message Slot 15 Control Register

COMCTL15

(Note 1)

024016

CANO Slot Buffer Select Register

COSBS

)
0016(2)
0016(2)

024116

CANO Control Register 1

COCTLR1

XX00 00XX2()

024216

CANO Sleep Control Register

COSLPR

XXXX XXX02

024316

024416
024516

CANO Acceptance Filter Support Register

COAFS

00162
0116

024616

024716

024816

024916

024A16

024B16

024C1s6

024D16

024E16

024F16

025016

025116

025216

025316

025416

025516

025616

025716

025816

025916

025A16

025B16

025C16

025D16

025E16

025F16

026016

026116
to
02BF16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

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

4. Special Function Registers (SFR)

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

02E216

02E316

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

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

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

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

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

030F16

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

031716

031816

031916

031A16

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

031F16 | External Interrupt Cause Select Register IFSR 0016

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

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
032016

032116

032216

032316

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

033116

033216

033316

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

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

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

4. Special Function Registers (SFR)

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

036116

036216

036316

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

037116

037216

037316

037416

037516

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

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

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

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

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

039116

039216

039316

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

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

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

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

039E16

039F16

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

<144-pin package>

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

03A316

03A416

03A516

03A616

03A716

03A816

03A916

03AA16

03AB16

03AC16

03AD16

03AE16

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

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

03BB16

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

03BF16

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

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

<144-pin package>

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

03D516

03D616

03D716

03D816

03D916

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

03DE16

03DF16

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

03ED16

03EE16

03EF16

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

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16 | Port Control Register PCR XXXX XXX02

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

<100-pin package>

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

03B1l16 | Function Select Register A1 PS1 0016

03B216 | Function Select Register BO PSLO 0016

03B316 | Function Select Register B1 PSL1 0016

03B416 | Function Select Register A2 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

03893 | [ T[T T T T T ere 2
03BA16
03BB16
03BC16
03BD16
03BE16
03BF16
03CO016 | Port P6 Register P6 XX16
03C116 | Port P7 Register P7 XX16
03C216 | Port P6 Direction Register PD6 0016
03C316 | Port P7 Direction Register PD7 0016
03C416 | Port P8 Register P8 XX16
03C516 | Port P9 Register P9 XX16
03C616 | Port P8 Direction Register PD8 00X0 00002
03C716 | Port P9 Direction Register PD9 0016
03C816 | Port P10 Register P10 XX16
oscowe | | [ [ [[[[[II[[TIILTILLTLTIIT PO I]]]]mote2
03CA16| Port P10 Direction Register PD10 0016
03CB16 (Note 1)
03CCa1s
03CD1s6
03CE16
03CF16

(Note 2)

(Note 2)

(Note 2)

(Note 1)

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

4. Special Function Registers (SFR)

<100-pin package>

Address

Register

Symbol

Value after RESET

03D016

03D116

03D216

03D316

03D416

03D516

03D616

03D716

03D816

03D916

03DA16

Pull-up Control Register 2

PUR2

0016

03DB16

Pull-up Control Register 3

PUR3

0016

03DC1s6

03DD16

03DE16

03DF16

03EO16

Port PO Register

PO

XX16

03E1l16

Port P1 Register

P1

XX16

03E216

Port PO Direction Register

PDO

0016

03E316

Port P1 Direction Register

PD1

0016

03E416

Port P2 Register

P2

XX16

03E516

Port P3 Register

P3

XX16

03E616

Port P2 Direction Register

PD2

0016

03E716

Port P3 Direction Register

PD3

0016

03E816

Port P4 Register

P4

XX16

03E916

Port P5 Register

P5

XX16

03EA16

Port P4 Direction Register

PD4

0016

03EB16

Port P5 Direction Register

PD5

0016

03EC16

03ED16

03EE16

03EF16

03FO016

Pull-Up Control Register 0

PURO

0016

03F116

Pull-Up Control Register 1

PUR1

XXXX 00002

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16

Port Control Register

PCR

XXXX XXX02

X: Indeterminate

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

(Note 3)

(Note 1)

(Note 2)
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M32C/83 Group (M32C/83, M32C/83T)

5. Reset

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

5.1 Hardware Reset

5.1.1 Reset on a Stable Supply Voltage

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

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

5.1.2 Power-on Reset

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

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

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

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

0.2Vcc or below

I ov -

5. Reset

4>: :<7
Supply a clock with 20 or more cycles to
The above applies to Vcc = 5V the XIN pin
Figure 5.1 Reset Circuit
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M32C/83 Group (M32C/83, M32C/83T)

5. Reset

———» 20 or more XIN cycles

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

e I

-

RESET 40 to 45 BCLK cycles
-

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

Microprocessor |
mode BYTE =“L"®| |

Content of reset vector

Address ( FFFFFC16 )( FFFFFE1s )(
o M 1 R
WR

o | A

oo FrRFRCe Con;ent of reset vector

Addressw . : L

NOTES:

FFFFFE1s

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

Figure 5.2 Reset Sequence
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M32C/83 Group (M32C/83, M32C/83T)

5. Reset

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

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

NOTES:

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

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

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

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

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

Figure 5.3 CPU Register after Reset
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6. Processor Mode

NOTE

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

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

6.1.1 Single-chip Mode

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

6.1.2 Memory Expansion Mode

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

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

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

6.2.1 Applying Vss to CNVss Pin

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

6.2.2 Applying Vcc to CNVss Pin

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

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

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

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

NOTES:

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

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

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

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

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

« Set the PMO05 to PM04 bits to "002" in mode 0.
« Do not set the PM05 to PM04 bits to "012" in mode 2.

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

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

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

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

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

Figure 6.1 PMO Register
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Processor Mode Register 1()

(CS3 to CSO for P44 to P47)

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

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

0 : No wait state

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

©7)

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

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

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

. Set the PM13 bit to "1" (2 wait states) to access CAN-associated registers (addresses 01E0Q16 to

024516).

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

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

A WODN

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

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

NOTE

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

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

Table 7.1 Bus Settings

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

External Data Bus Width Control Register(®

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

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

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

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

7.1.3 Selecting Separate/Multiplexed Bus

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

7.1.3.1 Separate Bus

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

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

7.1.3.2 Multiplexed Bus

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

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

Table 7.2 Processor Mode and Port Function

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

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

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

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

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

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

7.2.1 Address Bus and Data Bus

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

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

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

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

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

Example 1:

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

Access  Access

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

i=0to3 k=0to 3

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

Example 3:

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

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

Address Bus

XAdd ressX

Chip-Select Signal
Csk

'
r
'
'
'
'

T
'
'
'
'
'
"
'
'

i=0to 3 k=0to 3

(See Figure 6.3 for i and k)

NOTES:

Example 2:

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

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

Example 4:

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

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

k=0to 3

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

Figure 7.2 Address Bus and Chip-Select Signal Outputs (Separate bus)
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7. Bus

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

external memory.

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

WRH).

Table 7.3 RD, WRL and WRH Signals

Data Bus RD WRL WRH Status of External Data Bus

L H H Read data

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

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

NOTES:

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

Table 7.4 RD, WR and BHE Signals

Data Bus RD WR BHE Ao Status of External Data Bus

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

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

8 Bits H L Not used H/L Write 1-byte data
L H Not used H/L Read 1-byte data
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7. Bus

7.2.4 Bus Timing

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

« Write cycle with the separate bus and no wait state

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

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

b7 b6 b5 b4 b3 b2 bl bO

Wait Control Register(®: 2 3)

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

NOTES:

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

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

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

Figure 7.3 WCR Register
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7. Bus

Table 7.5 Software Wait State and Bus Cycle

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

1 3 BCLK cycles

Internal 0 1 BCLK cycle
ROM/RAM 2 BCLK cycles

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

102 3 BCLK cycles
External 112 4 BCLK cycles

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

i=0,2,4,6 j=i+1
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7. Bus

(1) Separate Bus with No Wait State
Bus cycle(®)

Bus cycle(1)

- S - 3
< <

> >

BCLK |

Write Signal

Read Signal

Data Bus

{ Input }

Address Bus(®) X Address

- .

Chip-Select Signal(2: 3)

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

Bus cycle()

-<
<

-<
> - >

BCLK |

Write Signal

Read Signal

Data Bus

 (om

) (inpu
/

Address Bus(@

X Address

Chip-Select Signal(@ 3)

X X Address L

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

-
-<

Bus cycle(®)

Y
A
Y

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

Chip-Select Signal@ 3)|

NOTES:

instruction queue buffer.

select signal may be output continuously.

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

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

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

(1) Separate Bus with 3 Wait States

(2) Multiplexed Bus with 2 Wait States

}4 Bus cycle®

Bus cycle® Bus cycle(®)

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

Chip-Select Signal? 3 |

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

|< L |-

Bus cycle®

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

Bus cycle(1)

BCLK |

Write Signal

Read Signal

Address Bus < Address X ><

Address >—

Address Bus/
Data Bus(®

Address X Data output >< XAddress)

ALE

Chip-Select

{Input)

Signal@s | |

NOTES:

instruction queue buffer.

select signal may be output continuously.

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

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

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

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

ae [ ] aEe [ ]

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

A8 to Al15 >< Address ><

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

NOTES:

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

Figure 7.6 ALE Signal and Address/Data Bus

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

Table 7.6 Microcomputer States in a Wait State®

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

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

(1) Separate Bus with 2 Wait States

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

BCLK _/ \ / \

T

(=0t0 3) : /\
*

=
RS, '

« !

tsu(RDY : BCLK)

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

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

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

® 7 | / i ;
e

tsu(RDY - BCLK)

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

/ﬁfff/ : Wait states inserted by program

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

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

Figure 7.7 RD Signal Output Extended by RDY Signal

7.2.7 HOLD Signal

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

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

HOLD > DMAC > CPU

Figure 7.8 Order of Bus Priority
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7. Bus

Table 7.7 Microcomputer Status in a Hold State

ltem Status

Oscillation On

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

CSOto CS3

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

HLDA Output "L"

Internal Peripheral Circuits On (excluding the watchdog timer)

ALE Signal Output "L"

7.2.8 External Bus State when Accessing Internal Space

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

Table 7.8 External Bus State when Accessing Internal Space

Item State when accessing SFR, internal ROM and internal RAM

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

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

7.2.9 BCLK Output

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

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

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

Table 7.9 RAS, CASL, CASH and DW Signals

Data Bus Width RAS CASL CASH DW Data Bus State

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

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

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

8. Clock Generation Circuit

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

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

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

Table 8.1 Clock Generation Circuit Specifications

Iltem

Main Clock
Oscillation Circuit

Sub Clock
Oscillation Circuit

On-chip Oscillator

PLL Frequency
Synthesizer

Use

» CPU clock source
* Peripheral function
clock source

* CPU clock source
* Timer A and B
clock source

* CPU clock source
« Peripheral function
clock source

¢ CPU clock source
« Peripheral function
clock source

Clock Frequency

Up to 32 MHz

32.768 kHz

Approximatly 1 MHz

20 MHz to 32 MHz (
See Table 8.2)

Connectable

e Ceramic resonator

« Crystal oscillator

* Low pass filter

be input

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

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

Oscillator or « Crystal oscillator

Additional Circuit

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

Restart Function

Oscillator State | Oscillating Stopped Stopped Stopped

After Reset

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

cannot be used
when using the PLL
frequency
synthesizer
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Figure 8.1 Clock Generation Circuit
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M32C/83 Group (M32C/83, M32C/83T) 8. Clock Generation Circuit

System Clock Control Register 0

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

| | | | | 1 | | | | CMO 000616 0000 X0002
A A - Bit N Funcii RW
Py or 4 4 4 1 i | Symbol it Name unction
A A b1 b0
Porob b1 t{ CMoo . 00 1/O port P53 RW
[ Clock Output Function 01:0 f
A Select Bit® 1 - Outputs fe
[ e 10: Outputs fg RW
A CcMmo1 11: Outputs f32
In Wait Mode, 0 : Peripheral clock does not stop in
Pl L. CM02 | Peripheral wait mode RW
Function Clock Stop Bit 1 : Peripheral clock stops in wait
P mode®
e (b3) Reserved Bit Setto "1l RW
. . 0 : I/O port function
I I emmmsssssssas=sd RW
o CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function(®)
Main Clock (XiN-XouT) 0 : Main clock oscillates
P TTTTTTTmmmmTTT CMO5 Stop Bit®) 1 : Main clock stops(® RW
] CMO6 Watchdog Timer _ 0 : Watchdog timer interrupt RW
: Function Select Bit 1: Reset(?)
0: Clock selected by the CM21 bit |
O CMO7 | System Clock Select Bit®)|  divided by MCD register setting

1: Sub clock

NOTES:

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

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

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

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

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

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

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

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

Figure 8.2 CMO Register
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System Clock Control Register 1)

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

| |0 | 1 | 0 | 0 | 0 | 0 | | CcM1 000716 0010 00002
Syﬁqitbd Bit Name Function RW
All Clock Stop 0 : Clock oscillates
CMI0 | - ontrol Bit® 1 : All clocks stop (stop mode)®) RW
Pl e Reserved Bit Set to "0" RW
N (b4 - bl)
R —— |Reserved Bit Setto "1" RW
(b5)
L RN —— | Reserved Bit Set to "0" RW
5 (b6)
: 0 : Main clock
R m17 | CPU Clock Select

c Bit 2(4) 1:PLL clock RW

NOTES:

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

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

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

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

Figure 8.3 CM1 Register

Rev. 1.31 Jan.31,2006 Page 68 of 488 RENESAS
REJ09B0034-0131



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

Main Clock Division Register(!)

000 1 1:Divide-by-3 mode
Main Clock Division g 8 10 8 D!Vge-gy-g moge
o MCD2 | select Bit@ 11 0 Divide-by-6 mode RW
0 10 0 0 : Divide-by-8 mode

0101 0 : Divide-by-10 mode

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

Pt MCD3 01100 : Divide-by-12 mode RW
H 01110: Divide-by-14 mode
H L] MCD4 0 0 0 0 O : Divide-by-16 mode RW
(Note 3)

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

NOTES:

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

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

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

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

Figure 8.4 MCD Register
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Oscillation Stop Detect Register(!)

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

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

(b7 - b4) Reserved Bit Setto "0 RW

NOTES:

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

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

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

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

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

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

interrupt is generated.

Figure 8.5 CM2 Register
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Count Source Prescaler Register

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

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

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

0: Divider stops

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

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

Clock Prescaler Reset Flag

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

LMM CPSRF 034116 OXXX XXXX2

Bit
' Symbol

Bit Name Function RW

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

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

Clock Prescaler Reset

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

Figure 8.6 TCSPR and CPSRF Registers
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PLL Control Register 0

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

| | 0 |0 | 1 N | | | PLCO 037616 0011 X1002
A : .
i1 1| symbol Bit Name Function RW
: ¢ | PLCOO RW

Programmable Counter

o PLCOL Select Bt

See Table 8.2 RW

O ALLELL PLCO2 RW

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

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

NOTES:

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

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

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

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

VDC Control Register for PLL®

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

0 : Cut off power to PLL

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

RW

Reserved Bit Set to "0" RwW

)

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

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

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

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

f f f f 0 0 PLC1 037716 XXXX 00002

A Bit . .

Probr bt | symbol Bit Name Function RW

Piob bbb b IReservedBit Setto 0" RW

A (b0)

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

Vo e PLC11 .

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

PLL Clock Division 0 : Divide-by-2

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

R — —— | Reserved Bit Set to "0" RW

R (b3)

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

NOTES:

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

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

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

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

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

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

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

o A4

Rd® Cout

Vss l
NOTE:

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

Xout | Open

Figure 8.9 Main Clock Circuit Connection
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8.1.2 Sub Clock
Sub clock oscillation circuit generates the sub clock. The sub clock becomes a clock source for the CPU
clock and a count source for the timers A and B. The same frequency, fc, as the sub clock can be output from
the CLKouUT pin.
The sub clock oscillation circuit is configured by connecting a crystal oscillator between the XciN and
Xcourt pins. The circuit has a built-in feedback resistor. The feedback resistor is separated from the
oscillation circuit in stop mode to reduce power consumption. The externally generated clock can be
applied to the XcIN pin. Figure 8.10 shows an example of a sub clock circuit connection. Circuit constants
vary with each oscillator. Use the circuit constant recommended by each oscillation manufacturer.
The sub clock stops after reset. The feedback resistor is separated from the oscillation circuit. When the
PD8_6 and PD8_7 bits in the PD8 register are set to "0" (input mode) and the PU25 bit in the PUR2
register is set to "0" (no pull-up), set the CM04 bit in the CMO register to "1" (XcIN-XcouT oscillation
function). The sub clock oscillation circuit starts oscillating. To apply the external clock to the XCIN pin, set
the CMO04 bit to "1" when the PD8_6 bit is set to "0" and the PU25 bit to "0". The clock applied to the XcIN
pin becomes the clock source for the sub clock.
When the CMO7 bit in the CMO register is set to "1" (sub clock) after the sub clock oscillation has stabi-
lized, the sub clock becomes the CPU clock.
All clocks, including the sub clock, stop in stop mode. Refer to 8.5 Power Consumption Control for
details.
XCIN shares pins with VCONT and XcouT shares pins with P86. The sub clock and PLL frequency synthe-
sizer cannot be used simultaneously.

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

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

Xcour J\/\/\,L{ e

Rcd® Ccout

Vss ;
NOTE:

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

Xcout | Open

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

8.1.3.1 Oscillation Stop Detect Function

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

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

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

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

8.1.3.2 How to Use Oscillation Stop Detect Function

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

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

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

« To enter wait mode while the oscillation stop detect interrupt function is in use, set the CMO02 bit to
"0" (peripheral function clock does not stop in wait mode).

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

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

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

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

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

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

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

)
>

End CM21 to CM23 bits : Bits in CM2 register

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

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

VCONT W

P86

Vss

Microcomputer

R1
NOTES:

C1 —C2

OpF, C2=0.1 UF, R1=1 kQ®

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

Figure 8.12 External Circuit with PLL Frequency Synthesizer

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

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

Gse PLL clock as CPU clock sourcD

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

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

Wait 20 to 50ms

Set the CM17 bit to "1"

(PLL clock as CPU clock source)

= O

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

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

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

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

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

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

Table 8.3 CPU Clock Source and Bit Settings

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

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

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

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

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

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

8.3.2 faD

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

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

NOTES:
1. When the CM17 bit is set to "1" (PLL clock as CPU clock source), the PLL clock is the main clock.
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8.3.3 fc32

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

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

Table 8.4 CLKouT Pin in Single-Chip Mode

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

« Before Entering Wait Mode

(1) Set the I flag to "0"

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

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

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

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

(6) If the CPU clock source is the PLL clock, set the CM17 bit in the CM1 register to "0" (main clock),
the PLCO7 bit in the PLCO register to "0" (PLL off), and the PLVO0O bit in the PLV register to
"0"(cut off power to PLL)

(7) Set the I flag to "1"

(8) Execute the WAIT instruction

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

Table 8.6 Pin Status in Wait Mode

Pin Memory Expansion Mode Single-Chip Mode
Microprocessor Mode
Address Bus, Data Bus, CS0 to CS3, Maintains state immediately
BHE before entering wait mode
RD, WR, WRL, WRH, DW, CASL, CASH “H (@)
RAS "Hr @)
HLDA, BCLK "H"
ALE "L
Port Maintains state immediately before entering wait mode
CLKouTt When fc is selected Outputs clock
When fs, f32 are selected | The clock is output when the CMO02 bit in the CMO register is set to
"0" (peripheral function clock not stop in wait mode).
Maintains state immediately before entering wait mode when the
CMO2 bit is set to "1" (peripheral function clock stopped in wait
mode).
NOTES:

1. When performing a self-refresh operation using the DRAMC, CAS and RAS become low ("L").
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

8.5.2.4 Exiting Wait Mode
Wait mode is exited by the hardware reset, NMI interrupt or peripheral function interrupts.
When the hardware reset or NMI interrupt, but not the peripheral function interrupts, is used to exit wait
mode, set the ILVL2 to ILVLO bits for the peripheral function interrupts to "0002" (interrupt disabled)
before executing the WAIT instruction.
The CMO2 bit affects the peripheral function interrupts. When the CMO02 bit is set to "0" (peripheral
function clock does not stop in wait mode), all peripheral function interrupts can be used to exit wait
mode. When the CMO02 bit is set to "1" (peripheral function clock stops in wait mode), peripheral
functions using the peripheral function clock stop. Therefore, the peripheral function interrupts cannot
be used to exit wait mode. However, peripheral function interrupts caused by an external signal can
be used to exit wait mode.
The CPU clock used when exiting wait mode by the peripheral function interrupts or NMI interrupt is
the same CPU clock used when WAIT instructions are executed.
Table 8.7 shows interrupts to be used to exit wait mode and usage conditions.
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Table 8.7 Interrupts to Exit Wait Mode

Interrupt When CM02=0 When CM02=1
NMI Interrupt Available Available
Serial I/O Interrupt Available when the internal and external | Available only when the external clock is used

clocks are used

Key Input Interrupt Available Available

A/D Conversion Interrupt | Available in single or single-sweep mode | Do not use

Timer A Interrupt Available in all modes Available in event counter mode or when
Timer B Interrupt the count source is fc32

INT Interrupt Available Available

CAN Interrupt Available Do not use

Intelligent I/O Interrupt | Available Do not use

8.5.3 Stop Mode

In stop mode, all oscillators and resonators stop. The CPU clock and peripheral function clock, as well as
the CPU and peripheral functions operated by these clocks, also stop. The least power required to
operate the microcomputer is in stop mode. The internal RAM holds its data if the voltage applied to the
Vcc pin is 2.5V or more.

Interrupts used to exit stop mode are NMI interrupt, key input interrupt, and INT interrupt.

8.5.3.1 Entering Stop Mode
Stop mode is entered when setting the CM10 bit in the CM1 register to "1" (all clocks stops). The
MCD4 to MCDO bits in the MCD register become set to "010002" (divide-by-8 mode).
Enter stop mode after setting the followings.

« Initial Setting
Set each interrupt priority level after setting the minimum interrupt priority level required to exit stop
or wait mode, controlled by the RLVL2 to RLVLO bits in the RLVL register, to "7".
- Before Entering Stop Mode

(1) Set the I flag to "0"

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

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

(4) Set IPL in the FLG register. Then set the exit priority level to the same level as IPL

(Interrupt priority level of the interrupt used to exit stop mode > interrupt priority level to exit stop
mode > interrupt priority level of the interrupts not used to exit stop mode)

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

(6) Select the main clock as the CPU clock

» When the CPU clock source is the sub clock,
Set the CMO5 bit in the CMO register to "0" (main clock oscillates) and CMO07 bit in the CMO
register to "0" (clock selected by the CM21 bit divided by MCD register setting)

» When the CPU clock source is the PLL clock,
Set the CM17 bit in the CM1 register to "0" (main clock) and the PLCO7 bit in the PLCO register to
"0" (PLL off)

» When the CPU clock source is the on-chip oscillator clock,
Set the MCD4 to MCDO bits to "010002" (divide-by-8 mode), the CMO05 bit to "0" (main clock
oscillates), and the CM21 it in the CM2 register to "0" (clock selected by the CM17 bit)
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(7) The oscillation stop detect function is used, set the CM20 bit in the CM2 register to "0" (oscilla
tion stop detect function disabled)
(8) Set the I flag to "1"
(9) Set the CM10 bit to "1" (all clocks stops)
« After Exiting Stop Mode
Set the interrupt priority level required to exit stop mode to "7" immediately after exiting stop mode.

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

8.5.3.3 Pin Status in Stop Mode
Table 8.8 lists pin status in stop mode.

Table 8.8 Pin Status in Stop Mode

Pin Memory Expansion Mode Single-Chip Mode
Microprocessor Mode(?)
Address Bus, Data Bus, CS0 to CS3, BHE | Maintains state immediately before
entering stop mode

RD, WR, WRL, WRH, DW, CASL, CASH "H (@)
RAS "He (D)
HLDA, BCLK "H"
ALE "H"
Port Maintains state immediately before entering stop mode
CLKouTt When fc selected "H"

When f8, f32 selected Maintains state immediately before entering stop mode
XIN High-impedance
Xout "H"
XCIN, XcouT High-impedance
NOTES:

1. When performing a self-refresh operation using DRAMC, CAS and RAS become low ("L").
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.
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Reset

ilation 4 )
All oscillation is stopped v N CPU operation is stopped
— Note 2 i i
st d | CM10=1 (Note 2) ( Middle-speed mode (Note 2) WAIT instruction > Wait mod
Op mode (divide-by-8 mode) [ mervant ait mode
Interrupt J
N * (Note 1)
\oeree
High-speed / 7 (Note 2) WAIT instruction
Stop mode - . 3 - 1 Wait mode
p -t CM10-1 middle-speed mode [ g Interrupt
(Note 2) - i
A
Note 1
( ) v

WAIT instruction ]
=1 Wait mode
Interrupt

( )
Low-speed/ low-power
consumption mode

(Note 3)

-

On-chip oscillator /
- On-chip oscillator low-
power consumption ) -

; Normal operation mode —)

WAIT instruction

=1 Wait mode
Interrupt

IR

NOTES:

1. See Figure 8.15.

2. When the CM17 bit is set to "1" (PLL clock as CPU clock source), set the CM17 bit to "0"(main clock as CPU clock
source) before the PLCO7 bit is set to "0" (PLL off). Set the PLVOO bit to "0" (no power to PLL) before the
microcomputer enters wait mode or stop mode.

3. When the PLL frequency synthesizer is used, the microcomputer cannot enter low-speed and low-power consumption
mode.

Figure 8.14 Status Transition in Wait Mode and Stop Mode
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9. Protection

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

control.

Figure 9.1 shows the PRCR register. Each bit in the PRCR register protects the following registers:
» The PRCO bit protects the CM0, CM1, CM2, MCD, PLCO and PLCL1 registers;
» The PRCL1 bit protects the PMO, PM1, PM2, INVCO and INVCL1 registers;
» The PRC2 bit protects the PD9 and PS3 registers;
» The PRC3 bit protects the PLV and VDCO registers.

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

Protect Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
f f z f PRCR 000A16 XXXX 00002
Bit . .
Symbol Bit Name Function RW
Enables writing to CM0, CM1, CM2,
. MCD, PLCO, PLC1 registers
Protect Bit O oo
PRCO ! 0 : Write disable RW
1: Write enable
: Enables writing to PMO, PM1, INVCO,
H . INVC1 registers
------ PRC1 |ProtectBit 1 LY RwW
¢ 0 : Write disable
1 : Write enable
' ) Enables writing to PD9, PS3 registers
H— PRC2 | Protect Bit 2% 0 : Write disable RW
1: Write enable
Enables writing to PLV, VDCO and
: ) VDCL1 registers RW
------------- PRC3 Protect Bit 3 0: Write disab|e
1 : Write enable
___________________________ Nothing is assigned. When write, set to "0". _
(b7 - b4) | When read, its content is indeterminate.

NOTES:
1. The PRC2 bit can be set to "0" by

writing to a desired address after the PRC2 bit is set to "1".

The PRCO, PRC1 and PRC3 bits are not automatically set to "0". Set t0"0" by program.

Figure 9.1 PRCR Register
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10. Interrupts

10.1 Types of Interrupts
Figure 10.1 shows types of interrupts.

[] Undefined Instruction (UND Instruction)
[] Overflow (INTO Instruction)
Software [] BRK Instruction
[] (Non-Maskable Interrupt) [] BRK2 Instruction®
E [] INT Instruction
l
Interrupt ] [] NM™I
L Special [] Watchdog Timer
] [] Oscillation Stop Detect
0 E (Non-Maskable Interrupt) [] Single-Step®
U [] Address Match
Hardwar
ardware E [] DMACII
O Peripheral Function®
(Maskable Interrupt)
NOTES:
1. The peripheral functions in the microcomputer are used to generate the peripheral interrupt.
2. Do not use this interrupt. For development support tools only.

Figure 10.1 Interrupts

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

« Non-maskable Interrupt
The | flag does not enable nor disable an interrupt .
The interrupt priority order based on interrupt priority level cannot be changed.

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

10.2.1 Undefined Instruction Interrupt

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

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

10.2.3 BRK Interrupt

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

10.2.5 INT Instruction Interrupt

The INT instruction interrupt occurs when the INT instruction is executed. The INT instruction can select
software interrupt numbers 0 to 63. Software interrupt numbers 7 to 54, and 57 are assigned to the vector
table used for the peripheral function interrupt. Therefore, the microcomputer executes the same service
routine when the INT instruction is executed as when a peripheral function interrupt occurs.

When the INT instruction is executed, the FLG register and PC are saved to the stack. PC also stores the
relocatable vector of the specified software interrupt number. Where the stack is saved varies, depend-
ing on the software interrupt number. ISP is selected as the stack for the software interrupt numbers 0 to
31 (the U flag is set to "0"). SP, which is set before the INT instruction is executed, is selected as the stack
for the software interrupt numbers 32 to 63 (the U flag is not changed).

With the peripheral function interrupt, the FLG register is saved and the U flag is set to "0" (ISP select)
when an interrupt request is acknowledged. With software interrupt numbers 32 to 54 and 57, the SP to
be used varies, depending on whether the interrupt is generated by the peripheral function interrupt
request or by the INT instruction.

10.3 Hardware Interrupts
Special interrupts and peripheral function interrupts are available as hardware interrupts.

10.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

10.3.1.1 NMI Interrupt
The NMI interrupt occurs when a signal applied to the NMI pin changes from an "H" signal to an "L"
signal. Refer to 10.8 NMI Interrupt for details.

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

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

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

10.3.1.5 Address Match Interrupt
The address match interrupt occurs immediately before executing an instruction that is stored into an
address indicated by the RMAD:I register (i=0 to 3) when the AIERI bit in the AIER register is set to "1"
(address match interrupt enabled). Set the starting address of the instruction in the RMADI register.
The address match interrupt does not occur when a table data or addresses of the instruction other
than the starting address, if the instruction has multiple addresses, is set. Refer to 10.10 Address
Match Interrupt for detalils.
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10.3.2 Peripheral Function Interrupt
The peripheral function interrupt occurs when a request from the peripheral functions in the microcom-
puter is acknowledged. The peripheral function interrupts and software interrupt numbers 7 to 54 and
57 for the INT instruction use the same interrupt vector table. The peripheral function interrupt is a
maskable interrupt.
See Table 10.2 about how the peripheral function interrupt occurs. Refer to the descriptions of each
function for details.

10.4 High-Speed Interrupt
The high-speed interrupt executes an interrupt sequence in five cycles and returns from the interrupt in 3
cycles.
When the FSIT bit in the RLVL register is set to "1" (interrupt priority level 7 available for the high-speed
interrupt), the ILVL2 to ILVLO bits in the interrupt control registers can be set to "1112" (level 7) to use the
high-speed interrupt.
Only one interrupt can be set as the high-speed interrupt. When using the high-speed interrupt, do not set
multiple interrupts to interrupt priority level 7. Set the DMAII bit in the RLVL register to "0" (interrupt priority
level 7 available for interrupts).
Set the starting address of the high-speed interrupt service routine in the VCT register.
When the high-speed interrupt is acknowledged, the FLG register is saved to the SVF register and PC is
saved to the SVP registers. The program is executed from an address indicated by the VCT register.
Execute the FREIT instruction to return from the high-speed interrupt service routine.
The values saved to the SVF and SVP registers are restored to the FLG register and PC by executing the
FREIT instruction.
The high-speed interrupt and the DMA2 and DMA3 use the same register. When using the high-speed
interrupt, neither DMA2 nor DMAS is available. DMAO and DMAL1 can be used.

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

MSB LSB

Vector Address + 0 Low-order bits of an address

Vector Address + 1 Middle-order bits of an address

Vector Address + 2 High-order bits of an address

Vector Address + 3 0016
Figure 10.2 Interrupt Vector
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10.5.1 Fixed Vector Tables
The fixed vector tables are allocated addresses FFFFDC16 to FFFFFF16. Table 10.1 lists the fixed vector
tables. Refer to 25.2 Functions to Prevent Flash Memory from Rewriting for fixed vectors of the flash
memory.

Table 10.1 Fixed Vector Table

Vector Addresses

Interrupt

Generated by

Address (L) to Address (H)

Remarks

Reference

Undefln_ed FEFEDC16 to EEFFDF16 M32C/80 series
Instruction software manual
Overflow FFFFEO16 to FFFFE316

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

BRK Instruction |FFFFE416 to FFFFE716

Address Match

FFFFEB816 to FFFFEB16

FFFFEC16 to FFFFEF16

Reserved space

Watchdog Timer

FFFFFO16 to FFFFF316

These addresses are used for the
watchdog timer interrupt and the
oscillation stop detect interrupt

Clock oscillation circuit,
Watchdog timer

FFFFF416 to FFFFF716

Reserved space

NMI

FFFFF816 to FFFFFB16

Reset

FFFFFCi6 to FFFFFF16

Reset

10.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes from the starting address set in the INTB register. Table
10.2 lists the relocatable vector tables.

Set an even address as the starting address of the vector table set in the INTB register to increase
interrupt sequence execution rate.
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Table 10.2 Relocatable Vector Tables

Interrupt Generated by

Vector Table Address
Address(L) to Address(H)(1)

Software
Interrupt Number

Reference

BRK Instruction®

+0 to +3 (000016 to 000316)

0

M32C/80 Series

Reserved Space +4 to +27 (000416 to 001B16) 1to 6 Software Manual
A/D1 +28 to +31 (001C16 to 001F16) 7 A/D Converter
DMAO +32 to +35 (002016 to 002316) | 8 DMAC
DMA1 +36 to +39 (002416 to 002716) | 9

DMA2 +40 to +43 (002816 to 002B16) 10

DMA3 +44 to +47 (002C16 to 002F16) 11

Timer AO +48 to +51 (003016 to 003316) 12 Timer A
Timer Al +52 to +55 (003416 to 003716) 13

Timer A2 +56 to +59 (003816 to 003B16) 14

Timer A3 +60 to +63 (003C16 to 003F16) | 15

Timer A4 +64 to +67 (004016 to 004316) 16

UARTO Transmission, NACK®) +68 to +71 (004416 to 004716) 17 Serial I/O
UARTO Reception, ACK®) +72 to +75 (004816 to 004B16) | 18

UART1 Transmission, NACK®) +76 to +79 (004C16 to 004F16) | 19

UART1 Reception, ACK®) +80 to +83 (005016 to 005316) 20

Timer BO +84 to +87 (005416 to 005716) 21 Timer B
Timer B1 +88 to +91 (005816 to 005B16) | 22

Timer B2 +92 to +95 (005C16 to 005F16) | 23

Timer B3 +96 to +99 (006016 to 006316) | 24

Timer B4 +100 to +103 (006416 to 006716) | 25

INTS +104 to +107 (006816 to 006B16) | 26 Interrupt
INT4 +108 to +111 (006C16 to 006F16)| 27

INT3 +112 to +115 (007016 to 007316) | 28

INT2 +116 to +119 (007416 to 007716) | 29

INT1 +120 to +123 (007816 to 007B16) | 30

INTO +124 to +127 (007C16 to 007F16)| 31

Timer B5 +128 to +131 (008016 to 008316) | 32 Timer B
UART2 Transmission, NACK®3) +132 to +135 (008416 to 008716) | 33 Serial I/O
UART2 Reception, ACK®) +136 to +139 (008816 to 008B16) | 34

UART3 Transmission, NACK®3) +140 to +143 (008C16 to 008F16)| 35

UART3 Reception, ACK®) +144 to +147 (009016 to 009316) | 36

UART4 Transmission, NACK®3) +148 to +151 (009416 to 009716) | 37

UART4 Reception, ACK®3) +152 to +155 (009816 to 009B16) | 38
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Table 10.2 Relocatable Vector Tables

(Continued)

Stop Condition Detect, (UART2)®),

Fault Error(®

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

+252 to +255 (00FC16 to 00FF16)

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

Stop Condition Detect,

(UART3/UARTO0)®), Fault Error®

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

Stop Condition Detect,

(UART4/UART1)®), Fault Error®

A/DO +168 to +171 (00A816 to 00AB16) | 42 A/D Converter

Key Input +172 to +175 (O0OAC16 to 00AF16)| 43 Interrupts

Intelligent I/O Interrupt O +176 to +179 (00B016 to 00B316) |44 Intelligent I/O

Intelligent I/O Interrupt 1 +180 to +183 (00B416 to 00B716) |45 CAN

Intelligent I/O Interrupt 2 +184 to +187 (00B816 to O0BB16) | 46

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

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

Intelligent I/O Interrupt 5 +196 to +199 (00C416 to 00C716) | 49

Intelligent I/O Interrupt 6 +200 to +203(00C816 to 00CB16) |50

Intelligent I/O Interrupt 7 +204 to +207(00CC16 to 00CF16) | 51

Intelligent I/O Interrupt 8 +208 to +211(00D016 to 00D316) |52

Intelligent I/O Interrupt 9, CAN O +212 to +215 (00D416 to 00D716) | 53

Intelligent I/O Interrupt 10, CAN 1 +216 to +219 (00D816 to 00DB16) | 54

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

Intelligent I/O Interrupt 11, CAN 2 +228 to +231 (00E416 to O0OE716) | 57 Intelligent I/O
CAN

Reserved Space +232 to +255 (00E816 to O0FF16) |58 to 62 -

INT Instruction® +0 to +3 (000016 to 000316) to |0 to 63 Interrupts

NOTES:

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

2. The | flag does not disable interrupts.

3. In 12C mode, NACK, ACK or start/stop condition detection causes interrupts to be generated.
4. When the SS pin is selected, fault error causes an interrupt to be generated.

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

UARTS.

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

UART4.
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10.6 Interrupt Request Reception
Software interrupts and special interrupts occur when conditions to generate an interrupt are met.
The peripheral function interrupts are acknowledged when all conditions below are met.

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

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

10.6.1 | Flag and IPL

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

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

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

Table 10.3 Interrupt Priority Levels
IPL2 IPL1 IPLO Interrupt Priority Levels

0 0 Level 1 and above

Level 2 and above

Level 3 and above

Level 4 and above

Level 5 and above

Level 6 and above

Level 7 and above

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

0
0
0
1
1
1
1

= ok |lo|r |o

All maskable interrupts are disabled

10.6.2 Interrupt Control Register and RLVL Register

The peripheral function interrupts use interrupt control registers to control each interrupt. Figures 10.3
and 10.4 show the interrupt control register. Figure 10.5 shows the RLVL register.
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Interrupt Control Register

1: Interrupt requested®

b7 b6 b5 b4 b3 b2 bl b0  Symbol Address After Reset
5 5 5 5 TAOIC to TA4IC 006C16, 008C16, 006E16, 008E16, 007016 XXXX X0002
ey — 1 TBOIC to TB5IC 009416, 007616, 009616, 007816, 009816, 006916  XXXX X0002
Do {1 1 SOTICtoS4TIC 009016, 009216, 008916, 008B16, 008D16 XXXX X0002
Do ! 1 1 SORICtoS4RIC 007216, 007416, 006B16, 006D16, 006F16 XXXX X0002
Do i 1 1 BCNOICtoBCN4IC 007116, 009116, 008F1s, 007116, 009116 XXXX X0002
Do {1 i DMOICtoDM3IC 006816, 008816, 006A1s, 008A16 XXXX X0002
Do i 1 1 ADOIC,AD1IC 007316, 008616 XXXX X0002
P P11 KUPIC 009316 XXXX X0002
Do P 1 1 l00IC to IOSIC 007516, 009516, 007716, 009716, 007916, 009916  XXXX X0002
Do i 1 1 OBICtollOILIC  007Bis, 009B1s, 007D16, 009D16, 007F16, 008116 XXXX X0002
: ! 1 1 CANOICOto CAN2IC 009Di6, 007F16, 008116 XXXX X0002
SyI|31|1tbo| Bit Name Function RW
ool P b2 b1 b0

oo o " veo 000 : Level 0 (interrupt disabled) RW
001:Levell

Interrupt Priority Level | 010:Level2

oo [ ILVL1 Select Bit 011:Level3 RW
T H 100:Level 4

101:Level5

T LR ILVL2 110:Level6 RW
111:Level7

é é é ------------- IR Interrupt Request Bit 0 No interrupt requested RW

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

NOTES:
1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNL1IC register shares an address with the BCN4IC register.
3. The IIO9IC register shares an address with the CANOIC register.
The 11010IC register shares an address with the CAN1IC register.
The 11011IC register shares an address with the CAN2IC register.
4. The IR bit can be set to "0" only (do not set to "1").

Figure 10.3 Interrupt Control Register (1)

Rev. 1.31 Jan.31, 2006 Page 96 of 488 RENESAS
REJ09B0034-0131



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

10. Interrupts

b7 b6 b5 b4 b3 b2 bl bo

DD T T LT ] sm

Interrupt Control Register

Address After Reset

N INTOIC to INT2IC 009E16, 007E16, 009C16 XX00 X0002
T INT3IC to INT5IC®) 007C16, 009A16, 007A16 XX00 X0002
N : .
P10 1 0 1 1| symbol Bit Name Function RW
SR A
N R 000 : Level 0 (interrupt disabled) RW
I 001:Levell
Interrupt Priority Level | 010:Level2
[ ILVL1 Select Bit 011:Level3 RW
Pl elect Bl 100: Level 4
R R 101:Level5
HE-- - ILVL2 110:Level6 RW
oo 111:Level 7
Voo . 0 : Requests no interrupt
R EEEEREEERREE IR Interrupt Request Bit . RW
oo ptieq 1: Requests an interrupt(@
Plob — . . e
E POL | Polarity Switch Bit 0: Selects falling edge or "L RW
. 1: Selects rising edge or "H"
R Level Sensitive/Edge 0: Edge sensitive
P LVS | sensitive Switch Bit 1: Level sensitive® RW
Nothing is assigned. When write, set to "0".

(b7 - b6) | When read, its content is indeterminate. o

NOTES:

INT5IC registers to "0002".

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

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

Figure 10.4 Interrupt Control Register (2)

10.6.2.1 ILVL2 to ILVLO Bits

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

the higher interrupt priority is.

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

10.6.2.2 IR Bit

The IR bit is automatically set to "1" (interrupt requested) when an interrupt request is generated. The
IR bit is automatically set to "0" (no interrupt requested) after an interrupt request is acknowledged and
the program in the corresponding interrupt vector is executed.

The IR bit can be set to "0" by program. Do not set to "1".
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Exit Priority Register

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

0: Interrupt priority level 7 is used

Rt DMAII | DMAC Il Select Bit® for interrupt _ RW
1: Interrupt priority level 7 is used

for DMAC Il transfer®)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
DD X[ ][] rw 009F1s XXXX 00002
R SRR B Bit . .
Poror o [ symbol Bit Name Function RW
S
P b rr o - RLVLO 000:Level 0 RW
A _ _ 001:Levell
. Stop/Wait Mode Exit 010: Level 2
s RLVL1 | Minimum Interrupt Priority| 011 : Level 3 RW
- Level Control Bit® 100: Level 4
oo 101:Level5
- T RLVL2 110:Level6 RW
E E E E E 111:Level?7
0: Interrupt priority level 7 is used
R High-Speed Interrupt i
A S O FSIT | 9{ Bit(g) P for normal interrupt RW
Voo e 1: Interrupt priority level 7 is used
HE for high-speed interrupt

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

NOTES:

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

2. When the FSIT bit is set to "1", interrupt priority level 7 becomes the high-speed interrupt. In this
case, set only one interrupt to interrupt priority level 7 and the DMA 11 bit to "0".

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

4. After reset, the DMA Il bit is indeterminate. When using an interrupt, set the interrupt control register
after setting the DMA I bit to "0".

Figure 10.5 RLVL Register

10.6.2.3 RLVL2 to RLVLO Bits
When using an interrupt to exit stop or wait mode, refer to 8.5.2 Wait Mode and 8.5.3 Stop Mode for
details.
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10.6.3 Interrupt Sequence
The interrupt sequence is performed between an interrupt request acknowledgment and interrupt routine
execution.
When an interrupt request is generated while an instruction is executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following
cycle. However, in regards to the SCMPU, SIN, SMOVB, SMOVF, SMOVU, SSTR, SOUT or RMPA
instruction, if an interrupt request is generated while executing the instruction, the microcomputer sus-
pends the instruction to start the interrupt sequence.
The interrupt sequence is performed as follows:

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

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

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

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

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

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

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

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

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

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

Interrupt request is generated  Interrupt request is acknowledged

{} {B — Time
ya /

Instruction in an
interrupt routine

Instruction Interrupt sequence

@ (b)

- g L

Interrupt response time

¢ P

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

Figure 10.6 Interrupt Response Time

Time (a) varies depending on the instruction being executed. The DIV instruction requires the longest
time (a); 40 cycles when an immediate value or register is set as the divisor .
When the divisor is a value in the memory, the following value is added.

* Normal addressing 2+ X
* Index addressing 13+ X
« Indirect addressing 5+ X+2Y
« Indirect index addressing 16+ X+2Y

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

Table 10.4 lists time (b).
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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 to even addresses.

2. Vectors are fixed to even addresses.

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

edged interrupt.

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

priority level.

Table 10.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt Sources

Level that is Set to IPL

Watchdog Timer, NMI, Oscillation Stop Detect

7

Reset

0

Software, Address Match

Not changed
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10.6.6 Saving a Register

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

Addr
ddress MSB

The Stack
LSB

]

Content of
previous stack

Content of
previous stack

Stack state before an interrupt request is acknowledged

The Stack
Address MNB
PC
m-6 t
m-5 PCwm
m—a PChx
> m-3 0016
m—2 FLGL
m—1 FLGH
[SP]
SP value before m Content of
interrupt is previous stack
generated Content of
m+1 previous stack

Stack state after an interrupt request is acknowledged

[SP]
New SP value

Figure 10.7 Stack States

10.6.7 Restoration from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt service routine, the FLG register and PC,
which have been saved to the stack, are automatically restored. The program, executed before an interrupt
request has been acknowledged, starts running again. Refer to 10.4 High-Speed Interrupt for the high-
speed interrupt.
Restore registers saved by program in an interrupt service routine by the POPM instruction or others
before the REIT and FREIT instructions. Register bank is switched back to the bank used prior to the
interrupt sequence by the REIT or FREIT instruction.
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10.6.8 Interrupt Priority
If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether an
interrupt request is generated or not), the interrupt with the highest priority is acknowledged.
Set the ILVL2 to ILVLO bits to select the desired priority level for maskable interrupts (peripheral function
interrupt).
Priority levels of special interrupts such as reset (reset has the highest priority) and watchdog timer are
set by hardware. Figure 10.8 shows priority levels of hardware interrupts.
The interrupt priority does not affect software interrupts. The microcomputer jumps to the interrupt rou-
tine when the instruction is executed.

Oscillation Stop Detect _ _
Reset > NMI > Watchdog > Peripheral Function > Address Match

Figure 10.8 Interrupt Priority

10.6.9 Interrupt Priority Level Select Circuit
The interrupt priority level select circuit selects the highest priority interrupt when two or more interrupt
requests are sampled at the same sampling point.
Figure 10.9 shows the interrupt priority level select circuit.
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ngh Each Interrupt Priority Level
---------------------------------------- i Level O (initial value)
| A/D1 Converter |
: PN
N -
b DMAL |~
: NS
b DMA2 =
: PN
| DMA3 | Each Interrupt Priority Level
: NS g
| Timer AO | | A/DO Converter
: NS :
: | Timer Al | : : | Key Input Interrupt
: N :
| Timer A2 | | n
: f H Intelligent I/O Interrupt 0
: NS :
| Timer A3 | v | Intelligent I/O Interrupt 1
| Timer A4 | | Intelligent I/O Interrupt 2
: N :
| UARTO Transmission/NACK | | Intelligent 1/O Interrupt 3
| UARTO Reception/ACK | | Intelligent /O Interrupt 4
: PN i
: [_UART1 Transmission/NACK | Co Intelligent /O Interrupt 5
: 4 i
: | UART1 Reception/ACK | ] : | Intelligent I/O Interrupt 6
[ Timer BO |- E Intelligent /O Interrupt 7
: NS :
[ Timer B1 [~ b Intelligent /O Interrupt 8
: [ Timer B2 | : Intelligent I/0 Interrupt 9
: : "4 : /CAN Interrupt 0
[ Timer B3 [— : Intelligent 1/O Interrupt 10
: : N /CAN Interrupt 1
O Timer B4 [— Intelligent 1/O Interrupt 11
N /CAN Interrupt 2
b iNT5 = | e
: [ NTZ = [ RLVL2 to RLVLO Bits
; NZ Interrupt
D INT3 [— re?(uestllsd g
' : acknowledged.
: PN To CLK
| INT2 [—
i | | Y [ 1PL
: INT1 :
: ' v Interrupt
: | INTO |— [ | Flag request is
: NS acknowledged.
: | Timer B5 | ; | Address Match To CPU
\/ Watchdog Timer,
5 [ uART2 Transmission/NACK | Oscillation Stop Detect
i [ UART2 Reception/ACK _ |— | NMI
P [ DMAC I
: | UART3 Transmission/NACK |
: : \/ [ Reset
E UART3 Reception/ACK [—
: PN
C UART4 Transmission/ [—
: NACTK NS
C UART4 Reception/ACK [—
: ' N\
| Bus Conflict/Start, Stop :
Condition(UART2) . "4
i [Bus Conflict/Start, Stop Condition( |
i UARTO,3) i v
Bus Conflict/Start, Stop

Y : Condition(UART1,4)

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

Figure 10.9 Interrupt Priority Level Select Circuit

Rev. 1.31 Jan.31, 2006 Page 104 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 10. Interrupts

10.7 INT Interrupt

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

With an edge sensitive triggering, when the IFSRI bit in the IFSR register is set to "1" (both edges), an
interrupt occurs on both rising and falling edges of the external input. If the IFSRI bit is set to "1", set the
POL bit in the corresponding register to "0" (falling edge).

With a level sensitive triggering, set the IFSRi bit to "0" (single edge). When the INTi pin input level reaches
the level set in the POL bit, the IR bit in the INTIIC register is set to "1". The IR bit remains set to "1" even
if the INTI pin level is changed. The IR bit is set to "0" when the INTi interrupt is acknowledged or when "0"
is written by program.

Figure 10.10 shows the IFSR register.

External Interrupt Request Cause Select Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | | IFSR 031F16 0016
Bit Bit Name Function
P b o: 1 i i i | Symbol RW
INTO Interrupt Polarity | O : One edge
IFSRO | Select Bit® 1 : Both edges RW
INT1 Interrupt Polarity | O : One edge
Vo e IFSR1 .
A Select Bit® 1: Both edges RW
INT2 Interrupt Polarity | O: One edge
- L IFSR2 .
R Select Bit® 1: Both edges RW
INT3 Interrupt Polarity | O : One edge
IFSR3 | select Bit® 1: Both edges RW
INT4 Interrupt Polarity | O : One edge
T AGRRRCEELEEEE IFSR4
HE Select Bit() 1 : Both edges RW
INTS Interrupt Polarity | O : One edge
P T IFSRS | Select Bit® 1: Both edges RW
0 : UARTS bus conflict, start condition
detect, stop condition detect, fault
- UARTO, UART3 error detect
IFSR6 Interrupt Cause Select |1 : UARTO bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect
0 : UART4 bus conflict, start condition|
detect, stop condition detect, fault
' UART1, UART4 error detect
i IFSR7 Interrupt Cause Select |1 : UART1 bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect
NOTES:
1.Set this bit to "0" to select level sensitive.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

Figure 10.10 IFSR Register
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M32C/83 Group (M32C/83, M32C/83T) 10. Interrupts

10.8 NMI Interrupt
The NMI interrupt occurs when the signal applied to the P85/NMI pin changes from an "H" signal to an "L"
signal. The NMI interrupt is a non-maskable interrupt. Although the P85/NMI pin is used as the NMI inter-
rupt input pin, the P8_5 bit in the P8s register indicates input level for this pin.
NOTES:
When the NMI interrupt is not used, connect (pull-up) the NMI pin to Vcc via a resistor. Because the NMI
interrupt cannot be ignored, the pin must be connected.

10.9 Key Input Interrupt
Key input interrupt request is generated when one of the signals applied to the P104 to P107 pins in input
mode is on the falling edge. The key input interrupt can be also used as key-on wake-up function to exit wait
or stop mode. To use the key input interrupt, do not use P104 to P107 as A/D input ports. Figure 10.11
shows a block diagram of the key input interrupt. When an "L" signal is applied to any pins in input mode,
signals applied to other pins are not detected as a request signal for an interrupt.
When the PSC_7 bit in the PSC register) is set to "1" (key input interrupt disabled), no key input interrupt
occurs regardless of interrupt control register settings. When the PSC_7 bit is set to "1", no input from a
port pin is available even when in input mode.
NOTES:

1. Refer to 24. Programmable I/O Ports for details on the PSC register.

PU31 bit in PURS register
Pull-up ]
transistor PD10_7 bit KUPIC Register

PSC_7bit PD10_7 bit

\Vau

P107/KI3 O

Pull-up

transistor PD10_6 bit

Interrupt Control 3 Key Input Interrupt
Circuit Request

P106/Kl2 O T 'JI/\

Pull-up
transistor

o—+ &

Pull-up PD10_4 bit
transistor

P104/Klo O—- & @_

PD10_5 bit

P105/Kl1

Figure 10.11 Key Input Interrupt
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10. Interrupts

10.10 Address Match Interrupt
The address match interrupt occurs immediately before executing an instruction that is stored into an ad-
dress indicated by the RMAD: register (i=0 to 3). The address match interrupt can be set in four addresses.
The AIERI bit in the AIER register determines whether the interrupt is enabled or disabled. The | flag and
IPL do not affect the address match interrupt.
Figure 10.12 shows registers associated with the address match interrupt.
Set the starting address of an instruction in the RMAD:I register. The address match interrupt does not
occur when a table data or addresses other than the starting address of the instruction is set.

b23 b16 b15

Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bl bO

ST

b8 b7 b0

Address Match Interrupt Register i

Symbol Address After Reset
AIER 000916 XXXX 00002
Bit Bit Name Function RW
Symbol
Address Match 0 : Disables the interrupt
AIERO . . P RW
Interrupt O Enable Bit 1: Enables the interrupt
Address Match 0 : Disables the interrupt
AIERL 1 1 Enable Bi i RW
nterrupt 1 Enable Bit 1 : Enables the interrupt
Address Match - Di i
AIER2 _ 0 : Disables the_lnterrupt RW
Interrupt 2 Enable Bit | 1 : Enables the interrupt
Address Match : Di i
AIER3 _ 0 : Disables the'lnterrupt RW
Interrupt 3 Enable Bit 1: Enables the interrupt
Nothing is assigned. When write, set to "0". .
(b7 - b4) | When read, its content is indeterminate.
Symbol Address After Reset
RMADO 001216 - 001016 00000016
RMAD1 001616 - 001416 00000016
RMAD2 001A16 - 001816 00000016
RMAD3 001E16 - 001C16 00000016
Function Setting Range RW
Addressing Register for the Address Match Interrupt 00000016 to FFFFFF16 RW

Figure 10.12 AIER Register and RMADO to RMAD3 Registers
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M32C/83 Group (M32C/83, M32C/83T) 10. Interrupts

10.11 Intelligent I/O Interrupt and CAN Interrupt
The intelligent I/O interrupt and CAN interrupt are assigned to software interrupt numbers 44 to 54, and 57.
Figure 10.13 shows a block diagram of the intelligent I/O interrupt and CAN interrupt. Figure 10.14 shows
the 1IOIIR register (i=0to 11). Figure 10.15 shows the IIOIIE register.
When using the intelligent I/O interrupt or CAN interrupt, set the IRLT bit in the IIOIIE register to "1" (inter-
rupt request for interrupt used).
Various interrupt requests cause the intelligent I/O interrupt to occur. When an interrupt request is gener-
ated with intelligent I/O or CAN functions, the corresponding bit in the IIOIIR register is set to "1" (interrupt
requested). When the corresponding bit in the IIOIIE register is set to "1" (interrupt enabled), the IR bit in
the corresponding IIOIIC register is set to "1" (interrupt requested).
After the IR bit setting changes from "0" to "1", the IR bit remains set to "1" when a bit in the IIOiIR register
is set to "1" by another interrupt request and the corresponding bit in the IIOIIE register is set to "1".
Bits in the IIOIIR register are not set to "0" automatically, even if an interrupt is acknowledged. Set each bit
to "0" by program. If these bits remain set to "1", all generated interrupt requests are ignored.
CAN interrupt uses bit 7 in the 1I09IR to IIO11IR registers and bit 7 in the IIO9IE to IIO11IE registers. IIO9IR
to lIO11IR registers share addresses with the CANOIC to CAN2IC registers. Refer to 22.3 CAN Interrupt

for details.
) o IRLT Bitin
IIO|IRReg|ster IIOIlE Register
: : 0p=—
: Bit 1 : KO;D—V\ . .
Interrupt Request® 1 15 : — Intelligent 1/O Interrupt i Request
H 0 :
: Bit 2 : 1 K:C _D_
1)t —— .
Interrupt Request® : : o -
. : 0 : :
: Bit 7 : L ch B
: I '
Interrupt Request(®) ; : o .
IIOIlE Register(d
: Bitl NOTES:
1. See Figures 10.14 and 10.15 for details on bits 1 to 7 in
] : the IOIIR register and bits 1 to 7 in the IIOIIE register.
Bit 2 2. Bits 1 to 7 in the IIOIlR register are not set to "0"
automatically even if an interrupt request is generated.
Set to "0" by program.
3. Do not change the IRLT bit and the interrupt enable bit in
Bit 7 : the lIOIIE register simultaneously.
: i=0to 11

Figure 10.13 Intelligent I/O Interrupt and CAN Interrupt

When using the intelligent 1/O interrupt or CAN interrupt to activate DMAC I, set the IRLT bit in the IIOIlE
register to "0" (an interrupt used for DMAC, DMAC II) to enable the interrupt request that the 11OIIE register
requires.
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Interrupt Request Register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | 1IO0IR to 1I011IR See below 0000 000X2
A Bit )
E E E E E E E E Symbol Function RW
_ R Nothing is assigned. When write, set to "0". _
Vo o (b0) When read, its content is indeterminate.
R A (Note 1) | 0: Requests no interrupt RW
e eeaad (Note 1) 1: Requests an interrupt (Note 2) | RW
R R it (Note 1) RW
T TRETTTEY (Note 1) RW
O AL EEEEE (Note 1) RW
P e (Note 1) RW
e (Note 1) RW
NOTES:
1. See table below for bit symbols.
2. Only "0" can be set (nothing is changed even if "1" is set).
Bit Symbols for the Interrupt Request Register
Symbol | Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1100IR 00AO16 - - SIOORR | GORIR - PO13R TMO2R -
1I101IR 00Al16 - - SIO0TR | GOTOR - PO14R TMOOR/PO0OOR -
1102IR 00A216 - - SIO1RR | GIRIR - TM12R/PO12R - -
1103IR 00A316 - - SIO1TR | G1TOR PO27R PO10R TMO3R -
1104IR 00A416 SRTOR | SRT1R - BT1R PO32R |TM17R/PO17R | TMO4R/PO04R -
1105IR 00A516 - - - SIO2RR PO33R PO21R TMO5R/PO0O5R -
1106IR 00AG616 - - - SIO2TR PO34R PO20R TMO6R -
1I07IR 00A716 IEOR - - BTOR PO35R PO22R TMO7R -
1108IR 00A816 IEIR IE2R - BT2R PO36R PO23R TM11R/PO11R -
1109IR 00A916 CANOR - - SIO3RR PO31R PO24R PO15R -
IIO10IR | 00AA16 | CANI1R - - SIO3TR PO30R PO25R TM16R/PO16R -
II011IR | 00AB16 | CAN2R - - BT3R PO37R PO26R TMO1R/POO0O1R -
BTIR : Intelligent 1/O Group i Base Timer Interrupt Request Bit (i=0 to 3)
TMmJR : Intelligent 1/O Group m Time Measurement j Interrupt Request Bit (j=0 to 7)(m=0,1)
POIjR : Intelligent 1/0 Group i Waveform Generation Function j Interrupt Request Bit
SIOIRR/SIOITR : Intelligent I/O Group i Communication Function Interrupt Request Bit (RR:receive, TR:transmit)
GmMRIR/GMTOR Intelligent I/O Group m HDLC Data Processing Function Interrupt Request Bit
(RIR:input to receive, TOR:input to transmit)
SRTmMR : Intelligent 1/0 Group m Special Communication Function Interrupt Request Bit
IEKR : Intelligent 1/O Group 2 IEBus Communication Function Interrupt Request Bit (k = 0 to 2)
CANKR : CAN Communication Function Interrupt Request Bit
- : Reserved bit. Setto "0".

Figure 10.14 IIO0IR to 1I011IR Registers
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10. Interrupts

Interrupt Enable Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | IIOOIE to 1O11IE See below 0016
oo Bit . .
oo Symbol Bit Name Function RW
IRLT Interrupt Request 0 : Interrupt request is used for DMAC, DMAC Il RW
oor o Select Bit® 1: Interrupt request is used for interrupt
E E E E 0 : Disables an interrupt by bit 1 in IIOiIR register
HEH - (Note 1) D ) . ) ; RW
- 1: Enables an interrupt by bit 1 in lIOIIR register
E E E E 0 : Disables an interrupt by bit 2 in 110iIR register
HE R (Note 1)  — . proy bit2n 1o 9 RW
- 1: Enables an interrupt by bit 2 in l1OiIR register
0 : Disables an interrupt by bit 3 in 11OiIR register
T (Note 1) _— ) ptby o A g RW
- 1: Enables an interrupt by bit 3 in 1IOIIR register
E E E E 0 : Disables an interrupt by bit 4 in 110iIR register
[ RRRLELEELEEE (Note 1) _— . Proy L ; g RW
- 1: Enables an interrupt by bit 4 in lIOiIR register
E E E 0 : Disables an interrupt by bit 5 in IIOiIR register
R CCRETITLERRPRL (Note 1) S [ieTTupE by Bt 5 In FOUR FEAISTEr) pw
HE 1: Enables an interrupt by bit 5 in lIOiIR register
0 : Disables an interrupt by bit 6 in IIOiIR register
R LLLICCETIICLERPID (Note 1) S ' [mierrupt by BItS In FOI regiser) v
H 1: Enables an interrupt by bit 6 in lIOIIR register
0 : Disables an interrupt by bit 7 in 1IOiIR register
---------------------------- (Note 1) —_— . . proyoR i o= 9 RW
1: Enables an interrupt by bit 7 in lIOiIR register
NOTES:
1. See table below for bit symbols.
2. If an interrupt request is used for interrupt, set bit 1 to 7 to "1" after the IRLT bit is set to "1".
Bit Symbols for the Interrupt Enable Register
Symbol | Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IIOOIE | 00BO16 - - SIOORE | GORIE - PO13E TMO2E IRLT
IIOlIE | 00Blis - - SIOOTE | GOTOE - PO14E TMOOE/POOOE | IRLT
lIO2IE | 00B216 - - SIOLIRE | GIRIE - TM12E/PO12E - IRLT
IIO3IE | 00B316 - - SIOITE | GITOE | PO27E PO10E TMO3E IRLT
lIO4IE | 00B416 | SRTOE | SRT1E - BT1E PO32E | TM17E/PO17E | TMO4E/POO4E | IRLT
IIO5IE | 00B516 - - - SIO2RE | PO33E PO21E TMOSE/POOSE | IRLT
IIO6IE | 00BG16 - - - SIO2TE | PO34E PO20E TMOGE IRLT
IIO7IE | 00B716 | I|EOE - - BTOE PO35E PO22E TMO7E IRLT
IIOBIE | 00B816 | IELE IE2E - BT2E PO36E PO23E TM11E/PO11E | IRLT
IIO9IE | 00B916 | CANOE - - SIO3RE | PO31E PO24E PO15E IRLT
IIO10IE | 00BA1s | CAN1E - - SIO3TE | POS30E PO25E TM16E/PO16E | IRLT
lIO11IE | 00BB1s | CAN2E - - BT3E PO37E PO26E TMO1E/POO1E | IRLT
BTIE : Intelligent 1/O Group i Base Timer Interrupt Enable Bit (i=0 to 3)
TMmjE : Intelligent 1/O Group m Time Measurement j Interrupt Enable Bit (j=0 to 7)(m=0,1)
POIJE : Intelligent 1/O Group i Waveform Generation Function j Interrupt Enable Bit
SIOIRE/SIOITE : Intelligent I/O Group i Communication Function Interrupt Enable Bit (RE:receive, TE:transmit)
GmRIE/GmTOE : Intelligent I/O Group m HDLC Data Processing Function Interrupt Enable Bit
(RIE:input to receive, TOE:input to transmit)
SRTmE : Intelligent 1/O Group m Special Communication Function Interrupt Enable Bit
IEKE : Intelligent 1/O Group 2 IEBus Communication Function Interrupt Enable Bit (k=0 to 2)
CANKE : CAN Communication Function Interrupt Enable Bit
- : Reserved bit. Setto "0".

Figure 10.15 IIOOIE to IIO11IE Registers
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11. Watchdog Timer

The watchdog timer detects a program which is out of control. The watchdog timer contains a 15-bit counter
which is decremented by the CPU clock that the prescaler divides. The CMO06 bit in the CMO register
determines whether the watchdog timer interrupt request or reset is generated when the watchdog timer
underflows. The CMO06 bit can be set to "1" (reset) only. Once the CMO06 bit is set to "1", it cannot be
changed to "0" ( watchdog timer interrupt) by program. The CMO06 bit is set to "0" only after reset.

When the main clock, on-chip oscillator clock, or the PLL clock runs as the CPU clock, the WDC?7 bit in the
WNDC register determines whether the prescaler divides by 16 or by 128. When the sub clock runs as the
CPU clock, the prescaler divides by 2 regardless of the WDC?7 bit setting. Watchdog timer cycle is calcu-
lated as follows. Marginal errors, due to the prescaler, may occur in watchdog timer cycle.

When the main clock, on-chip oscillator clock, or PLL clock is selected as the CPU clock:

Divide by 16 or 128 prescaler x counter value of watchdog timer (32768)

Watchdog timer cycle =
9 y CPU clock

When the sub clock is selected as the CPU clock,

Divided by 2 prescaler x counter value of watchdog timer (32768)
CPU clock

Watchdog timer cycle =

For example, if the CPU clock frequency is 30MHz and the prescaler divides by 16, watchdog timer cycle is
approximately 17.5 ms.

The watchdog timer is reset when the WDTS register is set and when a watchdog timer interrupt request is
generated. The prescaler is reset only when the microcomputer is reset. Both watchdog timer and prescaler
stop after reset. They begin counting when the WDTS register is set.

Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.

The watchdog timer and prescaler stop in stop mode, wait mode and hold state. They resume counting
from the value held when the mode or state is exited.

Figure 11.1 shows a block diagram of the watchdog timer. Figure 11.2 shows registers associated with the
watchdog timer.

Prescaler

""""""" i cMo7=0

1/16 |WDC7=0

H : 0 )
: 3 » Yr\(tatrcrhd?gRTlmert
CPU Clock i : - / errupt Reques
—— - . +O — Watchdog Timer
HOLD Signal H : o

1
: : P> Reset
L omor=1 CMo6
= U2 = o
Write to WDTS Registet —————————— Set to
7FFF16
Internal Reset Signal ol> ®

CMO06, CMO7 : Bits in CMO register
WDC?7 : Bit in WDC register

Figure 11.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | 0 | 0 | | | | | | wDC 000F16 000X XXXX2
L ob bbb T B . .
Porob o | symbol Bit Name Function RW
Pl il High-Order Bit of Watchdog Timer RO
N (b4 - bO)
R R Reserved Bit Set to "0" RW
: (b6 - b5)
: . 0 : Divide-by-16
--------------------------- WDC?7 |Prescaler Select Bit 1 Divide-by-128 RW
Watchdog Timer Start Register
b7 bo Symbol Address After Reset
| | WDTS 000E16 Indeterminate
Function RW
The watchdog timer is reset to start counting by a write instruction to the
"""""""" WDTS register. Default value of the watchdog timer is always set to WO
"7TFFF16" regardless of the value written.

Figure 11.2 WDC Register and WDTS Register
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System Clock Control Register 0)

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

| | | | | 1 | | | | CMO 000616 0000 X0002
S . et RW
bbb bbb symbol it Name unction
R A b1 b0
Poror o1 e CMOO . 00 : 1/0 port P53 RW
- Clock Output Function : f
- Select Bit® 01 : Outputs fc
A € 10 : Outputs f8 aw
R Cmo1 11: Outputs f32
In Wait Mode, 0 : Peripheral clock does not stop in
s CM02 | Peripheral wait mode RW
[ Function Clock Stop Bit 1 : Peripheral clock stops in wait
P mode®
. (b3) Reserved Bit Setto "1 RW
A o 0 : 1/O port function
V% 4 femeememmmaeeaas RW
- CMO4 | Port Xc Switch Bit 1 : XcIN-XcouT oscillation function®
Main Clock (XIN-XouT) 0 : Main clock oscillates
[ . RW
. EMOS | 5t0p Bit® 1 : Main clock stops(®
S CMO6 Watchdog Timer ' 0 : Watchdog timer interrupt RW
: Function Select Bit 1: Reset(”)
0: Clock selected by the CM21bit | .
L CMO7 | System Clock Select Bit®)]|  divided by MCD register setting

1: Sub clock

NOTES:

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

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), set the CM01 to CMOO bits to
"002". When the PM15 to PM14 bits in the PM1 register is set to "012" (ALE output to P53), set the
CMO01 to CMOO bits to "002". When the PMO7 bit is set to "1" (function selected in the CM01 to CM00
bits) in microprocessor or memory expansion mode, and the CMO1 to CMO0O bits are set to "002", an
"L" signal is output from port P53 (port P53 does not function as an 1/O port).

. fc32 does not stop. When the CMO02 bit is set to "1", the PLL clock cannot be used in wait mode.

. When setting the CM04 bit to "1" (XcIN-XcouT oscillation), set the PD8_7 to PD8_6 bits to "002" (with

port P87 and P86 input mode) and the PU25 bit in the PUR2 register to "0" (no pull-up).

5. When entering the low-power consumption mode or on-chip oscillator low-power consumption mode,
the CMO5 bit stops the main clock. The CMO5 bit cannot detect whether the main clock stops or not.
To stop the main clock, set the CMO5 bit to "1" after the CMO07 bit is set to "1" with a stable sub clock
oscillation or after the CM21 bit in the CM2 register is set to "1" (on-chip oscillator clock). When the
CMOS5 bit is set to "1", XouT becomes "H". The built-in feedback resistor remains on. Xin is pulled up
to Xout ("H" level) via the feedback resistor.

6. When the CMO5 bit is set to "1", the MCD register is set to "0816" (divide-by-8 mode). In on-chip

oscillation mode, the MCD register is not divided by eight even if the CMO5 bit terminates XIN-XouT.

. Once the CMO6 bit is set to "1", it cannot be set "0" by program.

. After the CMO04 bit is set to "1" with a stable sub clock oscillation, set the CMO07 bit to "1" from "0".

After the CMO5 bit is set to "0" with a stable main clock oscillation, set the CMO07 bit to "0" from "1".
Do not set the CMO7 bit and CM04 or CMO05 bits simultaneously.

W

@ ~

Figure 11.3 CMO Register
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12. DMAC

This microcomputer contains four DMAC (direct memory access controller) channels that allow data to be
sent to memory without using the CPU. DMAC transmits a 8- or 16-bit data from a source address to a
destination address whenever a transmit request occurs. DMAO and DMA1 must be prioritized when using
DMAC. DMAC2 and DMACS3 share registers required for high-speed interrupts. High-speed interrupts
cannot be used when using three or more DMAC channels.

The CPU and DMAC use the same data bus, but DMAC has a higher bus access privilege than the CPU.
The cycle-steal method employed by DMAC enables high-speed operation between a transfer request and
the complete transmission of 16-bit (word) or 8-bit (byte) data. Figure 12.1 shows a mapping of registers to
be used for DMAC. Table 12.1 lists specifications of DMAC. Figures 12.2 to 12.5 show registers associ-
ated with DMAC.

Because the registers shown in Figure 12.1 are allocated to the CPU, use the LDC instruction to write to the
registers. To set DCT2, DCT3, DRC2, DRC3, DMA2 and DMAS registers, set the B flag to "1" (register
bank 1) and set RO to R3, A0, Al registers with the MOV instruction.

To set DSA2 and DSA3 registers, set the B flag to "1" and set the SB, FB, SVP, VCT registers with the LDC
instruction. To set the DRA2 and DRAS3 registers, set the SVP, VCT registers with the LDC instruction.

DMAC-Associated Registers

DMDO DMA Mode Register 0
DMD1 DMA Mode Register 1
DCTO DMA 0 Transfer Count Register
DCT1 DMA 1 Transfer Count Register
DRCO DMA 0 Transfer Count Reload Register(l)
DRC1 DMA 1 Transfer Count Reload Register()
DMAO DMA 0 Memory Address Register
DMA1 DMA 1 Memory Address Register
DSA0 DMA 0 SFR Address Register
DSA1 DMA 1 SFR Address Register
DRAO DMA 0 Memory Address Reload Register(1)
DRA1 DMA 1 Memory Address Reload Register(!)
When Three or More DMAC Channels are Used, When Three or More DMAC Channels are Used,
the Register Bank 1 is Used as DMAC Registers the High-Speed Interrupt Register is Used as DMAC
Registers
DCT2 (RO) DMA2 Transfer Count Register SVF Flag Save Register
DCT3 (R1) DMAZ3 Transfer Count Register DRA2 (SVP) DMA2 Memory Address Reload Register(t)
DRC2 (R2) DMA?2 Transfer Count Reload Register() DRA3 (VCT) DMA3 Memory Address Reload Register(2)
DRCS (R3) DMAS3 Transfer Count Reload Register(t When using DMA2 and DMAZ3, use the CPU registers shown in parentheses ().

DMAZ2 (A0) DMA2 Memory Address Register

DMAS3 (A1) DMA3 Memory Address Register

DSA2 (SB) DMA2 SFR Address Register

DSA3 (FB) DMAS3 SFR Address Register
NOTES:

1. Registers are used for repeat transter, not for single transfer.

Figure 12.1 Register Mapping for DMAC
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DMAC starts a data transfer by setting the DSR bit in the DMIiSL register (i=0 to 3) or by using an interrupt
request, generated by the functions determined by the DSEL 4 to DSELO bits in the DMIiSL register, as a
DMA request. Unlike interrupt requests, the | flag and interrupt control register do not affect DMA. There-
fore, a DMA request can be acknowledged even if an interrupt is disabled and cannot be acknowledged. In
addition, the IR bit in the interrupt control register does not change when a DMA request is acknowledged.

Table 12.1 DMAC Specifications

Iltem Specification
Channels 4 channels (cycle-steal method)
Transfer Memory Space » From a desired address in a 16M-byte space to a fixed address in a

16M-byte space
» From a fixed address in a 16M-byte space to a desired address in a
16M-byte space

Maximum Bytes Transferred 128K bytes (when a 16-bit data is transferred) or 64K bytes (when an 8-
bit data is transferred)
DMA Request Factors() Falling edge or both edges of input signals to the INTO to INT3 pins

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UART4 transmit and receive interrupt requests
A/D conversion interrupt request

Intelligent 1/O interrupt request

CAN interrupt request

Software trigger
Channel Priority DMAO > DMA1 > DMA2 > DMA3 (DMAO has highest priority)
Transfer Unit 8 bits, 16 bits
Destination Address Forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Transfer Mode | Single Transfer |Transfer is completed when the DCTi register (i = 0 to 3) is set to "000016"
Repeat Transfer |When the DCTi register is set to "000016", the value of the DRCi register
is reloaded into the DCTi register and the DMA transfer is continued
DMA Interrupt Request Generation Timing| When the DCTi register changes "000116" to "000016"

DMA Startup | Single Transfer |DMA starts when a DMA request is generated after the DCTi register is
set to "000116" or more and the MDil to MDO bits in the DMDj register (j
=0to 1) are set to "012" (single transfer)

Repeat Transfer| DMA starts when a DMA request is generated after the DCTi register is
set to "000116" or more and the MDil to MDiO bits are set to "112" (re-
peat transfer)

DMA Stop Single Transfer |DMA stops when the MDil to MDiO bits are set to "002" (DMA disabled)
or when the DCTi register is set to "000016" (0 DMA transfer) by DMA
transfer or write

Repeat Transfer | DMA stops when the MDil to MDiO bits are set to "002" or when the
DCTi register is set to "000016" and the DRCi register set to "000016"

Reload Timing to the DCTi When the DCTi register is set to "000016" from "000116" in repeat trans-
or DMAI Register fer mode

DMA Transfer Cycles Minimum 3 cycles between SFR and internal RAM

NOTES:

1. The IR bit in the interrupt control register does not change when a DMA request is acknowledged.
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DMAI Request Factor Select Register (i=0 to 3)

it@
Request Bit (When read, its content is always "0")

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| |><| | | | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
Syﬁwifaol Bit Name Function RW
bbb L oseo RW
A DSEL1 RW
DMA Request Cause See Table 12.2 about DMiSL
T DSEL2 . L . RW
oo Select Bit(®) register (i = 0 to 3) function
A DSEL3 RW
R R SRERRLIEEEEED DSEL4 RW
Software DMA When a software trigger is selected, a DMA
R SSREELELELLEEEEE DSR request is generated by setting this bit to "1" | RW

Nothing is assigned. When write, set "0".
(b6) When read, its content is indeterminate.

0 : Not requested

1: Requested RW

--------------------------- DRQ | DMA Request Bit(2 3)

NOTES:

1. Change the DSEL4 to DSELO bit settings while the MDil to MDiO bits in the DMAO or DMD1
register are set to "002" (DMA disabled). Also, set the DRQ bit to "1" simultaneously when the
DSEL4 to DSELO bit settings are changed.

e.g., MOV.B #083h, DMISL ; Set timer A0

2. When the DSR bit is set to "1", set the DRQ bit to "1" simultaneously.
e.g., OR.B #0AOh, DMiSL

3. Do not set the DRQ bit to "0".

Figure 12.2 DMOSL to DM3SL Registers
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Table 12.2 DMiSL Register (i = 0 to 3) Function

Setting Value

DMA Request Cause

b4 b3 b2 bl b0

DMAO

DMA1 DMA2

DMA3

00O00O

Software Trigger

Falling edge of INTO

Falling edge of INT1 | Falling edge of INT2

Falling edge of INT3(1)

Both edges of INTO

Both edges of INT1 | Both edges of INT2

Both edges of INT3(1)

Timer AO Interrupt Request

Timer Al Interrupt Request

Timer A2 Interrupt Request

Timer A3 Interrupt Request

Timer A4 Interrupt Request

Timer BO Interrupt Request

Timer B1 Interrupt Request

Timer B2 Interrupt Request

Timer B3 Interrupt Request

Timer B4 Interrupt Request

Timer B5 Interrupt Request

UARTO Transmit Interrupt Request

UARTO Receive or ACK Interrupt Request®

UART1 Transmit Interrupt Request

UART1 Receive or ACK Interrupt Request®

UART?2 Transmit Interrupt Request

UART?2 Receive or ACK Interrupt Request®

UART3 Transmit Interrupt Request

UART3 Receive or ACK Interrupt Request(®

UART4 Transmit Interrupt Request

UART4 Receive or ACK Interrupt Request®

A/DO Interrupt Request

A/D1 Interrupt Request | A/DO Interrupt request

A/D1 Interrupt Request

Rrlir|lr|r|rR|rP|rP|rP|rP|rP|o|o|o|o|o|o|o|o|lo|lo|lo|lo|lo|lo|lo]|o
Rr|lr|lo|lo|lo|lo|lo|lo|o|o|r|r|r|r|r|r|r|r|o|o|o|o|jo|o|o
o|lo|lr|r|lr|r|lo|lo|lo|o|lr|r|r|r|lo|jo|o|o|r|r|r|r|lo|lo]|o
olo|r|r|lo|lo|lr|r|lo|lo|r|r|o|o|r|r|lo|o|r|r|o|lo|r|r|lo
r|lo|lr|lO|rRP|O|rRr|O|rR|O|rR|O|rR|O|rR|O|rR|O|rR|O|R|O|R|O|K

Intelligent I/O Intelligent I/O Intelligent I/O Intelligent I/O
Interrupt 0 Request Interrupt 7 Request Interrupt 2 Request Interrupt 9 Request(“)
11010 Intelligent /0 Intelligent /0 Intelligent /0 Intelligent /0
Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request Interrupt 10 Request(s)
11011 Intelligent 1/O Intelligent 1/O Intelligent 1/O Intelligent 1/O
Interrupt 2 Request Interrupt 9 Request® Interrupt 4 Request | Interrupt 11 Request®
11100 Intelligent /0 Intelligent /0 Intelligent /0 Intelligent /0
Interrupt 3 Request Interrupt 10 Request(s) Interrupt 5 Request Interrupt 0 Request
11101 Intelligent 1/O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 4 Request Interrupt 11 Request(e) Interrupt 6 Request Interrupt 1 Request
11110 Intelligent /O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 5 Request Interrupt 0 Request Interrupt 7 Request Interrupt 2 Request
11111 Intelligent /O Intelligent /O Intelligent 1/O Intelligent 1/O
Interrupt 6 Request Interrupt 1 Request Interrupt 8 Request Interrupt 3 Request
NOTES:

1. If the INT3 pin is used as data bus in the memory expansion mode or microprocessor mode, a DMAS interrupt

request cannot be generated by an input signal to the INT3 pin.

N

(the POL bit in the INT]IC register, the LVS bit, the IFSR register) is not affected and vice versa.

() I &) IF SN OV)

(Note 2)

(Note 2)

. The falling edge and both edges of input signal into the INT] pin (j = 0 to 3) cause a DMA request. The INT interrupt

. The UKSMR register and UKSMR2 register (k = 0 to 4) switch the UART] receive to ACK or ACK to UARTK receive.
. The same setting is used to generate an intelligent I/O interrupt 9 request and a CAN interrupt O request.

. The same setting is used to generate an intelligent I/O interrupt 10 request and a CAN interrupt 1 request.
. The same setting is used to generate an intelligent 1/O interrupt 11 request and a CAN interrupt 2 request.
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b7 b6 b5 b4 b3 b2 bl bO

DMA Mode Register 0()

NOTES:

b7 b6 b5 b4 b3 b2 bl bO

1. Use the LDC instruction to set the DMDO register.

DMA Mode Register 1(1)

Symbol Address After Reset
DMDO CPU Internal Register 0016
Bit Bit Name Function RW
Symbol
bl b0
MDO0O 00 : DMA disabled RW
Channel O Transfer g1 - Single transfer
Mode Select Bit 10 : Do not set to this value RW
MDO1 11 : Repeat transfer
Channel O Transfer |0 : 8 bits
BW X . RwW
0 Unit Select Bit 1: 16 bits
RWO Channel O Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
b5 b4
MD10 00 : DMA disabled RW
:\:Ahznngl Il Tr:;?sfer 0 1 : Single transfer
ode Select Bit . ;
MD11 1 0: Do not set to this value RW
11 : Repeat transfer
Channel 1 Transfer |0 : 8 bits
BW1 RwW
Unit Select Bit 1:16 bits
RW1 Channel 1 Transfer |0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
Symbol Address After Reset
DMD1 CPU Internal Register 0016
Bit Bit Name Function RW
Symbol
b1 b0
MD20 0 0 : DMA disabled RwW
Channel 2 Transfer | g1 - Single transfer
Mode Select Bit 1 0 : Do not set to this value RW
MD21 11 : Repeat transfer
Channel 2 Transfer |0 : 8 bits
BW2 Unit Select Bit 1:16 bits RW
RW2 Channel 2 Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address
b5 b4
MD30 00 : DMA disabled RW
fﬂhznngl IS'I'traBr?tsfer 01 : Single transfer
ode Select Bi . ;
MD31 1 0: Do not set to this value RW
11 : Repeat transfer
Channel 3 Transfer |0 : 8 bits
BW3 Unit Select Bit 1: 16 bits RW
RW3 Channel 3 Transfer | 0 : Fixed address to memory (forward direction) RW
Direction Select Bit | 1 : Memory (forward direction) to fixed address

NOTES:

1. Use the LDC instruction to set the DMD1 register.

Figure 12.3 DMDO Register, DMD1 Register
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b15

b8 b7 b0

b15

NOTES:
. When the DCTi register to "000016", no data transfer occurs regardless of a DMA request.
. Use the LDC instruction to set the DCTO and DCT1 registers.
. To set the DCT2 register, set the B flag in the FLG register to "1" (register bank 1) and set RO

Symbol
DCT0()
DCT1@
DCT2(bank1;R0)(3)
DCT3(bank1;R1)4)

DMAI Transfer Count Register (=0 to 3)

Address

(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)

After Reset
XXXX16
XXXX16
000016
000016

Function

Setting Range RW

Set the number of transfers

000016 to FFFF16(1) | RW

register. Use the MOV instruction to set the RO register.

set the R1 register.

b8 b7 b0

Symbol

DRCO®

DRC1(®)
DRC2(bank1;R2))
DRC3(bank1;R3)®)

DMAI Transfer Count Reload Register (i=o0 to 3)

Address

(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)
(CPU Internal Register)

. To set the DCT3 register, set the B flag to "1" and set R1 register. Use the MOV instruction to

After Reset
XXXX16
XXXX16
000016
000016

Function

Setting Range RW

Set the number of transfers

000016 to FFFF16 RW

NOTES:
1. Use the LDC instruction to set the DRCO and DRC1 registers.
2. To set the DRC2 register, set the B flag in the FLG register to "1" (register bank 1) and set R2

register. Use the MOV instruction to set the R2 register.

R3 register.

3. To set the DRC3 register, set the B flag to "1" and set R3 register. Use the MOV instruction to set the

Figure 12.4 DCTO to DCT3 Registers and DRCO to DRC3 Registers
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DMAI Memory Address Register (=0 to 3)

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DMA0® (CPU Internal Register) XXXXXX16
L v L DMA1® (CPU Internal Register) XXXXXX16
' DMA2(bank1;A0)®) (CPU Internal Register) 00000016
' DMA3(bank1;A1)4) (CPU Internal Register) 00000016
Function Setting Range RW
Set a source memory address or destination 00000016 to FFFFFF16 RW
memory address(?) (16-Mbyte space)
NOTES:

1. When the RWKk bit (k=0 to 3) in the DMDj register (j=0, 1)is set to "0" (fixed address to memory), a
destination address is selected. When the RWk bit is set to "1" (memory to fixed address), a source
address is selected.

2. Use the LDC instruction to set the DMAO and DMAL registers.

3. To set the DMAZ2 register, set the B flag in the FLG register to "1" (register bank 1) and set AO
register. Use the MOV instruction to set the AO register.

4. To set the DMAS register, set the B flag to "1" and set Al register. Use the MOV instruction to set the
1 register.

DMAI SFR Address Register (=0 to 3)

b23 b16 b1S b8 b7 b0 Symbol Address After Reset
| i | | DSA0@ (CPU Internal Register) XXXXXX16
L v L DSA1@) (CPU Internal Register) XXXXXX16
' DSA2(bank1;SB)®@) (CPU Internal Register) 00000016
' DSA3(bankl;FB)4) (CPU Internal Register) 00000016
Function Setting Range RW
Set a source fixed address or destination fixed 00000016 to FFFFFF16 RW
address() (16-Mbyte space)
NOTES:

1. When the RWk bit (k=0 to 3) in the DMDj register (j=0, 1) is set to "0" (fixed address to memory), a
source address is selected. When the RWK bit is set to "1" (memory to fixed address), a destination
address is selected.

2. Use the LDC instruction to set the DSAO and DSAL1 registers.

3. To set the DSA2 register, set the B flag in the FLG register to "1" (register bank 1) and the set the SB
register. Use the LDC instruction to set the SB register.

4. To set the DSAS3 register, set the B flag to "1" and set the FB register. Use the LDC instruction to set
the FB register.

DMAIi Memory Address Reload Register) (i=o o 3)

1. Use the LDC instruction to set the these registers.
2. To set the DRAZ register, set the SVP register.
3. To set the DRA3 register, set the VCT register.

b23 b16 b15 b8 b7 b0 Symbol Address After Reset
| i | | DRAO (CPU Internal Register) XXXXXX16
L v L DRA1 (CPU Internal Register) XXXXXX16
' DRA2(SVP)) (CPU Internal Register) XXXXXX16
' DRA3(VCT)®) (CPU Internal Register) XXXXXX16
Function Setting Range RW
Set a source memory address or destination 00000016 to FFFFFF16 RW
memory address (16-Mbyte space)
NOTES:

Figure 12.5 DMAO to DMA3 Registers, DSAO to DSA3 Registers and DRAO to DRA3 Registers
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12.1 Transfer Cycles
Transfer cycle contains a bus cycle to read data from a memory or the SFR area (source read) and a bus
cycle to write data to a memory space or the SFR area (destination write). The number of read and write
bus cycles depends on source and destination addresses. In memory expansion mode and microprocessor
mode, the number of read and write bus cycles also depends on the DS register. Software wait state
insertion and the RDY signal make a bus cycle longer.

12.1.1 Effect of Source and Destination Addresses
When a 16-bit data is transferred with a 16-bit data bus, and the source address starts with an odd
address, source read cycle has one more bus cycle compared to a source address starting with an even
address.
When a 16-bit data is transferred with a 16-bit data bus and the destination address starts with an odd
address, destination write cycle has one more bus cycle compared to a destination address starting with
an even address.

12.1.2 Effect of the DS Register

In an external space in memory expansion or microprocessor mode, transfer cycle varies depending on
the data bus used at the source and destination addresses. See Figure 7.1 for details about the DS
register.

(1) When an 8-bit data bus (the DSi bit in the DS register is set to "0" (i=0 to 3)), accessing both source
address and destination address, is used to transfer a 16-bit data, 8-bit data is transferred twice.
Therefore, two bus cycles are required to read the data and another two bus cycles to write the data.

(2) When an 8-bit data bus (the DSi bit in the DS register is set to "0" (i=0 to 3)), accessing source
address, and a 16-bit data bus, accessing destination address, are used to transfer a 16-bit data, 8-
bit data is read twice but is written once as 16-bit data. Therefore, two bus cycles are required for
reading and one bus cycle is for writing.

(3) When a 16-bit data bus, accessing source address, and an 8-bit data bus, accessing destination
address, are used to transfer a 16-bit data, 16-bit data is read once and 8-bit data is written twice.
Therefore, one bus cycle is required for reading and two bus cycles is for writing.

12.1.3 Effect of Software Wait State

When the SFR area or memory space with software wait states is accessed, the number of cycles is
incremented by software wait states.

Figure 12.6 shows an example of a transfer cycle for the source-read bus cycle. In Figure 12.6, the
number of source-read bus cycles is illustrated under different conditions, provided that the destination
address is an address of an external space with the destination write bus cycle as two BCLK cycles (=one
bus cycle). In effect, the destination-write bus cycle is also affected by each condition and the transfer
cycles change accordingly. To calculate a transfer cycle, apply respective conditions to both destination-
write bus cycle and source-read bus cycle. As shown in example (2) of Figure 12.6, when an 8-bit data
bus, accessing both source and destination addresses, is used to transfer a 16-bit data, two bus cycles
each are required for the source-read bus cycle and destination-write bus cycle.

12.1.4 Effect of RDY Signal

In memory expansion or microprocessor mode, the RDY signal affects a bus cycle of source address or
destination address is allocated address in an external space. Referto 7.2.6 RDY Signal for details.
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(1) When 8-bit data is transferred
or when 16-bit data is transferred from an even source address by a 16-bit data bus

BCLK

Address -
Bus CPU Use Source Destination CPU Use

RD Signal
WR Signal

bDjl;a CPU Use >< Source >< Destination >< CPU Use

(2) When 16-bit data is transferred from an odd source address
or when 16-bit data is transferred from source by an 8-bit data bus

BCLK

Address o

Bus CPU Use Source Source + 1 Destination CPU Use
RD Signal

WR Signal
gs;a CPU Use >< Source ><Source + 1>< Destination >< CPU Use

(3) When one wait state is inserted into the source-read bus cycle under the conditions in (1)

BCLK

gﬂgress CPU Use >< Source >< Destination >< CPU Use

RD Signal

WR Signal

Data A
Bus CPU Use Source Destination CPU Use

(4) When one wait state is inserted into the source-read bus cycle under the conditions in (2)

BCLK

éggress CPU Use >< Source >< Source + 1 >< Destination >< CPU Use
RD Signal

WR Signal ‘
Data -
Bus CPU Use Source Source + 1 Destination CPU Use

NOTES:
1. The above applies when the destination-write bus cycle is 2 BCLK cycles (1 bus cycle).
However, if the destination-write bus cycle is placed under these conditions, it will change to
the same timing as the source-read bus cycle illustrated above.

Figure 12.6 Transfer Cycle Examples with the Source-Read Bus Cycle
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12.2 DMAC Transfer Cycles
The number of DMAC transfer cycle can be calculated as follows.

Any combination of even or odd transfer read and write addresses are possible. Table 12.3 lists the number
of DMAC transfer cycles. Table 12.4 lists coefficient j, k.

Transfer cycles per transfer = Number of read cycle x j + Number of write cycle x k

Table 12.3 DMAC Transfer Cycles

Single-Chip Mode Memory Expansion Mode
Transfer Unit Bus Width |Access Address _ Microprocessor Mode
Read Write Read Write
Cycle Cycle Cycle Cycle
16-bit Even 1 1 1 1
8-bit transfers Odd 1 1 1 1
(BWi bit in the DMDp|  8-bit Even — — 1 1
register = 0) Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers Odd 2 2 2 2
(BWi bit = 1) 8-bit Even — — 2 2
Odd — — 2 2
i=0to3,p=0to 1
Table 12.4 Coefficient j, k
Internal Space BExtemal Space
Internal ROM or | Internal ROM or SFR Separate Separate | Separate | Separate | Multiplexed | Multiplexed
Internal RAM Internal RAM with Area Bus with no | Bus with 1 | Bus with 2 | Bus with 3 | Bus with 2 | Bus with 3
with no wait state | a wait state wait state wait state | wait states | wait states | wait states | wait states
ji=1 j=2 j=2 j=1 j=2 j=3 j=4 j=3 j=4
k=1 k=2 k=2 |k=2 k=2 k=3 k=4 k=3 k=4

12.3 Channel Priority and DMA Transfer Timing
When multiple DMA requests are generated in the same sampling period, between the falling edge of the
CPU clock and the next falling edge, the DRQ bit in the DMISL register (i = 0 to 3) is set to "1" (requested)
simultaneously. Channel priority in this case is : DMAO > DMA1 > DMA2 > DMAS3.
Figure 12.7 shows an example of the DMA transfer by external factors.
In Figure 12.7, the DMAO request having the highest priority is received first to start a transfer when a DMAO
request and DMAL request are generated simultaneously. After one DMAO transfer is completed, the bus
privilege is returned to the CPU. When the CPU has completed one bus access, the DMAL transfer starts.
After one DMAL transfer is completed, the privilege is again returned to the CPU.
In addition, DMA requests cannot be counted up since each channel has one DRQ bit. Therefore, when
DMA requests, as DMAL in Figure 12.7, occur more than once before receiving bus privilege, the DRQ bit
is set to "0" as soon as privilege is acquired. The bus privilege is returned to the CPU when one transfer is
completed.
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When DMA transfer request signals are applied to INTO and INT1 simultaneously
and a DMA transfer with minimum cycle occurs.

BCLK
DMAO — ) —

P Lo . P ! priviledge
7 Dy (7| e

INTO

DRQ Bit
in DMAO
Register

INT1

DRQ Bit
in DMA1
Register

AL

Figure 12.7 DMA Transfer by External Factors
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13. DMAC I

The DMAC Il performs memory-to-memory transfer, immediate data transfer and calculation transfer, which
transfers the sum of two data added by an interrupt request from any peripheral functions.
Table 13.1 lists specifications of the DMAC II.

Table 13.1 DMAC Il Specifications

ltem Specification
DMAC Il Request Factor Interrupt requests generated by all peripheral functions when the ILVL2 to
ILVLO bits are set to "1112"
Transfer Data  Data in memory is transferred to memory (memory-to-memory transfer)
* Immediate data is transferred to memory (immediate data transfer)
» Data in memory (or immediate data) + data in memory are transferred to
memory (calculation transfer)

Transfer Block 8 bits or 16 bits
Transfer Space 64-Kbyte space in addresses 0000016 to OFFFF16(: 2)
Transfer Direction Fixed or forward address

Selected separately for each source address and destination address

Transfer Mode Single transfer, burst transfer
Chained Transfer Function| Parameters (transfer count, transfer address and other information) are
switched when transfer counter reaches zero
End-of-Transfer Interrupt | Interrupt occurs when a transfer counter reaches zero
Multiple Transfer Function | Multiple data can be transferred by a generated request for one DMA Il transfer
NOTES:
1. When transferring a 16-bit data to destination address OFFFFu1s, it is transferred to OFFFF16 and
1000016. The same transfer occurs when the source address is OFFFF16.
2. The actual space where transfer can occur is limited due to internal RAM capacity.

13.1 DMAC Il Settings
DMAC Il can be made available by setting up the following registers and tables.
* RLVL register
*« DMAC Il Index
« Interrupt control register of the peripheral function causing a DMAC Il request
« The relocatable vector table of the peripheral function causing a DMAC Il request
« IRLT bit in the IOIIE register (i = 0 to 11) if using the intelligent I/O or CAN interrupt
Refer to 10. Interrupts for details on the IIOIIE register

13.1.1 RLVL Register

When the DMAII bit is set to "1" (DMAC Il transfer) and the FSIT bit to "0" (normal interrupt), the DMAC I
is activated by an interrupt request from any peripheral function with the ILVL2 to ILVLO bits in the inter-
rupt control register set to "1112" (level 7).

Figure 13.1 shows the RLVL register.
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Exit Priority Register

Nothing is assigned. When write, set to "0".
(b4) When read, its content is indeterminate.

0: Interrupt priority level 7 is used

I DMAII | DMAC Il Select Bit® for interrupt _ RW
1: Interrupt priority level 7 is used

for DMAC Il transfer®)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
DOL DT[] =w 009Fs
A I BN Funct
tor oo o | Symbol It Name unction RW
SR N
oo or o1 - RLVLO 000:Level 0 RW
A _ ) 001:Levell
A Stop/Wait Mode Exit 010: Level 2
O RLVL1 | Minimum Interrupt Priority| 011 : Level 3 RW
- Level Control Bit® 100: Level 4
A 101:Level5
- Y L bbll RLVL2 110:Level6 RW
oo 111:Level7
0: Interrupt priority level 7 is used
T R High-Speed Interrupt i
S FSIT | g gt Bit(% P for normal interrupt RW
F- - e 1: Interrupt priority level 7 is used
- B for high-speed interrupt

Nothing is assigned. When write, set to "0".
(b7 - b6) When read, its content is indeterminate.

NOTES:

1. The microcomputer exits stop or wait mode when the requested interrupt priority level is higher than
the level set in the RLVL2 to RLVLO bits. Set the RLVL2 to RLVLO bits to the same value as IPL in
the FLG register.

2. When the FSIT bit is set to "1", interrupt priority level 7 becomes the high-speed interrupt. In this
case, set only one interrupt to interrupt priority level 7 and the DMA 1l bit to "0".

3. Set the ILVL2 to ILVLO bits in the interrupt control register after setting the DMAII bit to "1". Do not
change the DMAII bit setting to "0" after setting the DMAII bit to "1". Set the FSIT bit to "0" when the
DMAII bit to "1".

4. After reset, the DMA Il bit is indeterminate. When using an interrupt, set the interrupt control register
after setting the DMA I bit to "0".

Figure 13.1 RLVL Register
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13.1.2 DMAC Il Index
The DMAC Il index is a data table which comprises 8 to 18 bytes (maximum 32 bytes when the multiple
transfer function is selected). The DMAC Il index stores parameters for transfer mode, transfer counter,
source address (or immediate data), operation address as an address to be calculated, destination ad-
dress, chained transfer address, and end-of-transfer interrupt address.
This DMAC Il index must be located on the RAM area.
Figure 13.2 shows a configuration of the DMAC Il index. Table 13.2 lists a configuration of the DMAC Il
index in transfer mode.

Memory-to-Memory Transfer, Immediate Transfer, Multiple Transfer
Calculation Transfer ) )
16 bits 16 bits
< » < »
DMAC Il Index
Starting Address (BASE)| Transfer Mode (MOD) BASE Transfer Mode (MOD)
BASE +2 | Transfer Counter (COUNT) BASE + 2 | Transfer Counter (COUNT)
BASE + 4 | Transfer Source Address (or immediate data) (SADR) BASE + 4 | Transfer Source Address (SADR1)
BASE + 6 Operation Address(®) (OADR) BASE + 6 | Transfer Destination Address (DADR1)
BASE + 8 | Transfer Destination Address (DADR) BASE + 8 | Transfer Source Address (SADR2)
BASE + 10 | Chained Transfer Address(® (CADRO) BASE + 10| Transfer Destination Address (DADR?2)
BASE + 12 | Chained Transfer Address(® (CADR1) 2
BASE + 14 | End-of-Transfer Interrupt Address(®) (IADRO) BASE + 28| Transfer Source Address (SADR?)
BASE + 16 | End-of-Transfer Interrupt Address(®) (IADR1) BASE + 30| Transfer Destination Address (DADR7)
NOTES:

1. This data is not required when not using the calculation transfer function.
2. This data is not required when not using the chained transfer function.
3. This data is not required when not using the end-of-transfer interrupt.

The DMAC Il index must be located on the RAM. Necessary data is set front-aligned. For example, if not using a calculation
transfer function, set destination address to BASE+6. (See Table 13.2)
Starting address of the DMAC Il index must be set in the interrupt vector for the peripheral function interrupt causing a DMAC Il request.

Figure 13.2 DMAC Il Index

The followings are details of the DMAC Il index. Set these parameters in the specified order listed in
Table 13.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 13.3 shows a configuration for transfer mode.
» Transfer counter (COUNT)
Two-byte data is required to set the number of transfer.
» Transfer source address (SADR)
Two-byte data is required to set the source memory address or immediate data.
* Operation address (OADR)
Two-byte data is required to set a memory address to be calculated. Set this data only when using
the calculation transfer function.
e Transfer destination address (DADR)
Two-byte data is required to set the destination memory address.
* Chained transfer address (CADR)
Four-byte data is required to set the starting address of the DMAC 1l 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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13. DMACII

Table 13.2 DMAC Il Index Configuration in Transfer Mode

Memory-to-Memory Transfer Calculation Transfer Multiple Transfeq
/Immediate Data Transfer
Chained Transfer| Not Used Used Not Used Used Not Used Used Not Used Used Not Available
:Enrtlg;?lj-l;l;ransfer Not Used | Not Used Used Used Not Used | Not Used Used Used Not Available
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
DMAC I 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
Index ' !
CADR1 IADR1 CADR1 10 bytes || CADRO IADRO CADRO I I
12 bytes | 12 bytes IADRO CADR1 IADR1 CADR1 SADRI
IADR1 14 bytes 14 bytes IADRO DADRI
16 bytes IADRL | i=1to 7
Max 32 bytes
18 bytes | (when i=7)
Transfer Mode (MOD)®
Bit . Function Function
Symbol|  BitName (MULT=0) (MULT=1) RW
Transfer Unit 0: 8 hits
SIZE Select Bit 1: 16 bits RW
Transfer Data 0: Immediate data .
IMM Select Bit 1: Memory Setto"l RW
Transfer Source 0: Fixed address
UPDS Direction Select Bit| 1: Forward address RW
Transfer Destination| O: Fixed address
UPDD Direction Select Bit| 1: Forward address RW
OPER/ | Calculation Transfer| 0: Not used tgtgtg b  set RW
(2) i ; . : Do not se
CNTO¥ | Function Select Bit | 1: Used to this value
. 1: O
BRST/ | Burst Transfer 0: Single transfer g (1) 0: TvUi?:ee RW
CNT1®)| Select Bit 1: Burst transfer :
INTE/ | End-of-Transfer 0: Interrupt notused |11 0 6 times RW
CNT2®)| Interrupt Select Bit | 1: Use interrupt 111:7times
Chained Transfer | 0: Chained transfer not used
CHAIN . "o RW
Select Bit 1: Use chained transfer Setto"0
Nothing is assigned. When write, set to "0". .
(b14 - b8)| When read, its content is indeterminate.
Multiple Transfer | 0: Multiple 1: Use multiple
MULT Select Bit transfer not used transfer RW
NOTES:
1. MOD must be located on the RAM.
2. When the MULT bit is set to "0" (no multiple transfer), bits 4 to 6 becomes the OPER, BRST, INTE
bits. When the MULT bit is set to "1" (multiple transfer), bits 4 to 6 becomes the CNTO to CNT2 bits.

Figure 13.3 MOD
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13.1.3 Interrupt Control Register for the Peripheral Function
For the peripheral function interrupt activating a DMAC Il request, set the ILVL2 to ILVLO bits to "1112"
(level 7).

13.1.4 Relocatable Vector Table for the Peripheral Function

Set the starting address of the DMAC Il index in the interrupt vector for the peripheral function interrupt
activating a DMAC Il request.
When using the chained transfer, the relocatable vector table must be located in the RAM.

13.1.5 IRLT Bit in the IOIIE Register (i=0 to 11)

When the intelligent I/O interrupt or CAN interrupt is used to activate DMAC I, set the IRLT bit in the IIOIlE
register of the interrupt to "0".

13.2 DMAC Il Performance
The DMAC Il function is selected by setting the DMA Il bit to "1" (DMAC Il transfer). DMAC Il request is
activated by all peripheral function interrupts with the ILVL2 to ILVLO bits set to "1112" (level 7). These
peripheral function interrupt request signals become DMAC Il transfer request signals and the peripheral
function interrupt cannot be used.
When an interrupt request is generated by setting the ILVL2 to ILVLO bits to "1112" (level 7), the DMAC Il is
activated regardless of what state the | flag and IPL is in.

13.3 Transfer Data

The DMAC Il transfers 8-bit or 16-bit data.

« Memory-to-memory transfer : Data is transferred from a desired memory location in a 64-Kbyte space
(Addresses 0000016 to OFFFF16) to another desired memory location in the same space.

« Immediate data transfer : Immediate data is transferred to a desired memory location in a 64-Kbyte space.

« Calculation transfer : Two 8-bit or16-bit data are added together and the result is transferred to a desired
memory location in a 64K-byte space.

When a 16-bit data is transferred to the destination address OFFFF1s, it is transferred to OFFFF16 and

1000016. The same transfer occurs when the source address is OFFFF16 .

13.3.1 Memory-to-Memory Transfer

Data transfer between any two memory locations can be:
« a transfer from a fixed address to another fixed address
« a transfer from a fixed address to a relocatable address
« a transfer from a relocatable address to a fixed address
« a transfer from a relocatable address to another relocatable address

When a relocatable address is selected, the DMAC Il increments address, after a transfer, for the next
transfer. In a 8-bit transfer, the transfer address is incremented by one. In a 16-bit transfer, the transfer
address is incremented by two.

When a source or destination address exceeds address OFFFF16 as a result of address incrementation,
the source or destination address returns to address 00000016 and continues incrementation. Maintain
source and destination address at address OFFFF16 or below.
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13.3.2 Immediate Data Transfer
The DMAC Il transfers immediate data to a desired memory location. A fixed or relocatable address can
be selected as the destination address. Store the immediate data into SADR. To transfer an 8-bit imme-
diate data, write the data in the low-order byte of SADR (high-order byte is ignored).

13.3.3 Calculation Transfer

After two memory data, or an immediate data and memory data are added together, the calculated result
is transferred to a desired memory location. SADR must have one memory location address to be calcu-
lated or immediate data. OADR must have the other memory location address to be calculated. Fixed or
relocatable address can be selected as source and destination addresses when using a memory +
memory calculation transfer. If the transfer source address is relocatable, the operation address also
becomes relocatable. Fixed or relocatable address can be selected as the transfer destination address
when using an immediate data + memory calculation transfer.

13.4 Transfer Modes
In DMAC I, single and burst transfers are available. The BRST bit in MOD selects transfer method, either
the single transfer or burst transfer. COUNT determines how many transfers occur. No transfer occurs
when COUNT is set to "000016". All interrupts are ignored while transfer is in progress.

13.4.1 Single Transfer
For every transfer request factor, the DMAC Il transfers one transfer unit of 8-bit or 16-bit data once.
When the source or destination address is relocatable, the DMAC Il increments the address, after a
transfer, for the next transfer.
COUNT is decremented every time a transfer occurs. When using the end-of-transfer interrupt, the inter-
rupt is acknowledged when COUNT reaches "0".

13.4.2 Burst Transfer
For every transfer request factor, the DMAC Il continuously transfers data the number of times deter-
mined by COUNT. The DMAC Il decrements COUNT every time a transfer occurs. The burst transfer
ends when COUNT reaches "0". The end-of-transfer interrupt is acknowledged when the burst transfer
ends if using the end-of-transfer interrupt. All interrupts are ignored while the burst transfer is in progress.

13.4.3 Multiple Transfer

The MULT bit in MOD selects the multiple transfer. When using the multiple transfer, select the memory-
to-memory transfer. One transfer request factor initiates multiple transfers. The CNT2 to CNTO bits in
MOD selects the number of transfers from "0012" (once) to "1112" (7 times). Do not set the CNT2 to
CNTO bits to "0002".

The transfer source and destination addresses for each transfer must be allocated alternately to ad-
dresses following MOD and COUNT. When the multiple transfer is selected, the calculation transfer,
burst transfer, end-of-transfer interrupt and chained transfer cannot be used.

Rev. 1.31 Jan.31, 2006 Page 130 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 13. DMACII

13.4.4 Chained Transfer

The CHAIN bit in MOD selects the chained transfer.

The following process initiates the chained transfer.

(1) Transfer, caused by a transfer request factor, occurs according to the content of the DMAC Il index.
The vectors of the request factor indicates the address where the DMAC Il index is allocated. For each
request, the BRST bit in MOD selects either single or burst transfer.

(2) When COUNT reaches "0", the contents of CADR1 to CADRO are written to the vector of the request
factor. When the INTE bit in the MOD is set to "1," the end-of-transfer interrupt is generated simulta-
neously.

(3) When the next DMAC Il transfer request is generated, transfer occurs according to the contents of the
DMAC Il index indicated by the vector rewritten in (2).

Figure 13.4 shows the relocatable vector and DMACII index of when the chained transfer is in progress.
For the chained transfer, the relocatable vector table must be located in the RAM.

RAM
INTB
Relocatable vector
-a— Peripheral I/O interrupt vector causing DMAC Il request
Default value of DMAC Il is BASE(1).
BASE(1)
DMAC Il
Index(1)
(CADR1 to BASE(2) — The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Starts at BASE(2) when next request conditions
are met.
Transferred according to the DMAC Il Index.
BASE(2) 4—,
DMAC I
Index(2)
(CADR1 to BASE(3) — The above vector is rewritten to BASE(3)
CADRO) when a transfer is completed.

Figure 13.4 Relocatable Vector and DMAC Il Index

13.4.5 End-of-Transfer Interrupt

The INTE bit in MOD selects the end-of-transfer interrupt. Set the starting address of the end-of-transfer
interrupt service routine in the IADR1 to IADRO bits. The end-of-transfer interrupt is generated when
COUNT reaches "0."
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13.5 Execution Time
DMAC Il execution cycle is calculated by the following equations:

Multiple transfers: t =21 + (11 + b + ¢) x k cycles
Other than multiple transfers:t=6+ (26 +a+b +c +d)xm + (4 + €) x n cycles

a: If IMM = 0 (source of transfer is immediate data), a = 0;
if IMM = 1 (source of transfer is memory), a =-1
b: If UPDS = 1 (source transfer address is a relocatable address), b = 0;
if UPDS = 0 (source transfer address is a fixed address), b =1
c: If UPDD =1 (destination transfer address is a relocatable address), ¢ = 0;
if UPDD = 0 (destination transfer address is a fixed address), c = 1
d: If OPER = 0 (calculation function is not selected), d = 0;
if OPER = 1 (calculation function is selected) and UPDS = 0 (source of transfer is immediate data or fixed
address memory), d = 7;
if OPER = 1 (calculation function is selected) and UPDS = 1 (source of transfer is relocatable address
memory), d = 8
e: If CHAIN = 0 (chained transfer is not selected), e = 0; if CHAIN = 1 (chained transfer is selected), e = 4
m: BRST = 0 (single transfer), m = 1; BRST =1 (burst transfer), m = the value set in COUNT
n: If COUNT =1, n =0; if COUNT =2 or more,n=1
k: Number of transfers set in the CNT2 to CNTO bits

The equations above are approximations. The number of cycles may change with CPU state, bus wait
state, and DMAC Il index allocation.

The first instruction from the end-of-transfer interrupt service routine is executed in the 8th cycle after the
DMAC Il transfer is completed.

If the end-of-transfer interrupt (transfer counter = 2) occurs with no chained transfer function
after a memory-to-memory transfer occurs with a relocatable source address, fixed destination address,
single transfer and double transfer:

=1 b=0 c=1 d=0 e=0 m=1

First DMAC Il transfer t=6+26x1+4x1=36 cycles
Second DMAC Il transfer t=6+26x1+4x0=32 cycles

DMAC Il transfer request DMAC Il transfer request
DMAC Il transfer DMAC Il transfer Processing the end-of-transfer
Program . . Program - :
ogra (First time) ogra (Second time) interrupt
36 cycles 32 cycles 7 cycles

Transfer counter = 2 Transfer counter = 1

Decrement a transfer counter Decrement a transfer counter

Transfer counter = 1 Transfer counter = 0

Figure 13.5 Transfer Cycle

When an interrupt request which acts as a DMAC Il transfer request factor and another interrupt request
with higher priority (e.g., NMI or watchdog timer) are generated simultaneously, the interrupt with higher
priority takes precedence over the DMAC Il transfer. The pending DMAC Il transfer starts after the interrupt
sequence has been completed.
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14. Timer

The microcomputer has eleven 16-bit timers. Five timers A and six timers B have different functions. Each
timer operates independently. The count source for each timer is the clock for timer operations including
counting and reloading, etc. Figures 14.1 and 14.2 show block diagrams of timer A and timer B configuration.

Main clock,
PLL clock or

- f1

On-chip
oscillator
clock

o v

CST (Note 1

~

f1 fg fan fC32

W vy B

f2n

Set the CPSR hit
in the CPSRF register to "1"

Clock prescaler

TCK1 to TCKO
00

01
o)
10 o\c

00: Timer mode
10: One-shot timer mode
11: PWM mode

PEEIDS 100§

TAoN )

\O TMOD1 to TMODO
0 —l

Timer AO interrupt

TAIN ()

Timer Al interrupt

TA2N ()

Timer A2 interrupt

TAIN ()

Timer A3 interrupt

TAaN (O

NOTES:

Timer A4 interrupt

01: Event counter mode

11| TA4TGH to TA4TGL

—1o Timer AO I >
Noise 01 K)
filter 00 o 01: Event counter mode
11[ TAOTGH to TAOTGL
oKL to TCKO 00: Timer mode
o1 10: One-shot tiemr mode
10 O 11: PWM mode
O 1 TMOD1 to TMODO
ollo [ - I~ 1
—| imer
Noise “a_g/o S |
filter 00l o 01: Event counter mode
11| TA1TGH to TA1TGL
TCK1 to TCKO 00: Timer mode
00 10: One-shot timer mode
01 o\c 11: PWM mode
10
11 O 0 TMOD1 to TMODO
T ° —I Timer A2 |
Noise “ﬁo(o ° |
filter 00 o 01: Event counter mode
11| TA2TGH to TA2TGL
00l CK1 to TCKO 00: Timer mode
01 10: One-shot timer mode
012 11: PWM mode
12 1 TMOD1 to TMODO
=10 o - 3 1
imer -
Noise “a_?(o ° 1
filter 00 o 01: Event counter mode
11] TASTGH to TA3TGL
0o JCK1 to TCKO 00: Timer mode
o1 10: One-shot timer mode
0 &c 11: PWM mode
11 O 1 K TMOD1 to TMODO
*+—0 o - 1
o—l Timer A4 -
? Noise “H_?(o O ]
filter 00|
Q

}

Timer B2 overflow
or underflow

CST: Bit in TCSPR register
TCK1 to TCKO, TMOD1 to TMODO : Bits in TAIMR register
TAIGH to TAIGL: Bits in ONSF register or TRGSR register (i=1 to 4)

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.1 Timer A Configuration
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Main clock, {1
PLL clock or
; Clock prescaler
On-chip clock ¢ 1/8 f8 P
R R a——
. Reset
CST (Note 1) Set the CPSR bit in
the CPSRF register to "1"
f1 fs fan fc32  Timer B2 overflow or underflow
(to a count source of the timer A)
00 TCK1 to TCKO
oL 00: Timer mode
0 &c 10: Pulse width measurement mode
e TMOD1 to TMODO ) )
—_— —O *1° T B0 Timer BO interrupt
IN Noise O imer .
G fiter | | 0 ?C\Kol ©
01:Event counter mode
00TCK1 to TCKO
o1 00: Timer mode
10 O 10: Pulse width measurement mode
O
115 1 \c TMODL e 000 Timer B1 interrupt
TBI1IN [Noise | o Timer B1 L
O {?> filter [ 1o 22 0
TCK1 01:Event counter mode
00 TCK1 to TCKO
o1 00: Timer mode
10 ° 10: Pulse width measurement mode
e T TMOD1 to TMODO ) )
10 Py Timer B2 interrupt
Noise Timer B2 -
TB2IN O @ filter 50O 8]
TCK1 01:Event counter mode

TCK1 to TCKO

8(1) 00: Timer mode
0 O 10: Pulse width measurement mode
11° TMOD1 to TMODO ) )
=10 g - Timer B3 interrupt
[Noise | Timer B3 .
83N () {?> filter [T 0O Q
TCK1 01:Event counter mode
00 TCK1 to TCKO
0L 00: Timer mode
01 ° 10: Pulse width measurement mode
11 © 1 TMOD1 to TMODO ) )
¢—0 K [¢) Ti B4 Timer B4 interrupt
Noise imer |
84N () > ioise 100 )
TCK1 01:Event counter mode
TCK1 to TCKO
00 00: Timer mode
% &c 10: Pulse width measurement mode
o] TMOD1 to TMODO . .
oo 1 - Timer B5 interrupt
IW' |_O Timer B5 '
I
85N () {?> fier [ | g0 0
TCK1 01:Event counter mode

CST : Bitin TCSPR register
TCK1 to TCKO, TMOD1 to TMODO : Bits in TBIMR register (i=0 to 5)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR reaister select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.2 Timer B Configuration
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14. Timer (Timer A)

14.1 Timer A
Figure 14.3 shows a block diagram of the timer A. Figures 14.4 to 14.7 show registers associated with the
timer A.
The timer A supports the following four modes. Except in event counter mode, all timers AO to A4 have the
same function. The TMOD1 to TMODOQO bits in the TAIMR register (i=0 to 4) determine which mode is used.

» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts an external pulse or an overflow and underflow of other timers.
* One-shot timer mode: The timer outputs one valid pulse until the counter reaches "000016".
* Pulse width modulation mode: The timer continuously outputs desired pulse widths.
Table 14.1 lists TAiouUT pin settings when used as an output. Table 14.2 lists TAiIN and TAIOUT pin settings
when used as an input.

j=i-1, except j=4 if i=0
k=i+1, except k=0 if i=4

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select

Select clock
T T T T T T T T hl
H :S_ High-Order Bits of Data Bus
: Select Count Source H A
. H I.ow-Order Bits of Data Bus
Doy 00 TCK11t0 TCKO . Timer :TMOD1 to TMOD0=00, MR2=0 :Sl N oiow & high-
' 1 o1l + One-Shot Timer ~ :TMOD1to TMODO0=10 D1 10 TMODO, order order
! f8 E-Q * Pulse Width Modulation:TMOD1 to TMODO=11 \ro ; L bits bits
: == ! -
p fan®-7TO « Timer(gate function):TMODL to TMOD0=00, ' | Reload Register |
v fecz2 —1—0 MR2=1 o 1 7N N
E » Event counter:TMOD1 to TMOD0=01 o ‘E-L 11 |
o] Polarity S RRRRERRRREE - D—| Counter
H ’ Selector ' Increment / decrement
' TAIN ' Always decrement except
' in event counter mode
E 00 : 00
' 01 : o1
! TB2 Overflow 0 O ' 1
i TA]j Overflow® FO ' Decrement —
' TAk Overflow® —O ; o1
' TAITGH to TAITGL ' o)
e e e e e e ' 0 TMOD1 to TMODO
TAIUD —KO
1
O
Pulse Output MR2
TAiout
O | I Toggle Flip Flop I
i=0to 4 TAi  Addresses TAj TAk

no division (n=0) or divide-by-2n (n=1 to 15).

2. Overflow or underflow

TCK1 to TCKO, TMOD1 to TMODO, MR2 to MR1 : Bits in TAIMR register
TAITGH to TAITGL: Bits in ONSF register if i=0 or bits in TRGSR register if i=1 to 4

Timer AO 034716 034616 Timer A4 Timer Al
Timer A1 034916 034816 Timer AO Timer A2
Timer A2 034B16 034A16 Timer Al Timer A3
Timer A3 034D16 034C16 Timer A2 Timer A4
Timer A4 034F16 034E16 Timer A3 Timer AO

TAIS: Bits in the TABSR register
TAIUD: Bits in the UDF register

Figure 14.3 Timer A Block Diagram
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Timer Ai Register (i=0 to 4)®
b15 b8 b7 b0 Symbol Address After Reset

| TAO to TA2 034716-034616, 034916-034816, 034B16-034A16

fj : f1, fs, fon, fc32
NOTES:

Indeterminate

PWM cycle: (28-1)x(m+1) / fj

"H" width of PWM pulse: (m+1)n/fj

(Low-order
address bits)

TA3, TA4 034D16-034C16, 034F16-034E16 Indeterminate
Mode Function Setting Range |RW
. If setting value is n, count source
Timer Mode is divided by n+1. 000016 to FFFF16 |RW
If setting value is n, count source
is divided by FFFF16 - n+1 when
II\E/Ivednt(zc)ounter the counter is incremented 000016 to FFFF16 [RW
ode and by n+1 when the counter is
decremented.
One-Shot Timer [If setting value is n, count source 3
Mode® is divided by n, then stops. 000016 to FFFF16(%) | WO
) If count source frequency is fj
Pulse Width and setting value of the TAi
Modulation Mode® | register is n, 000016 to FFFE16@) | WO
(16-Bit PWM) PWM cycle: (216-1) ! fj
"H" width of PWM pulse: n / fj
If i;)_unt s?urceffrrlgq#endcy iz ftj _ 0016 to FE16®)
) setting value of high-order bits in _—
Pulse Width the TAI register is n and setting (High-order
Modulation Mode® |value of low-order bits in the TAI address bits)
(8-Bit PWM) register is m, 0016 to FF16®)  |WO

1. Use 16-bit data for reading and writing.

2. The TAi register counts how many pulses are input externally or how many times another timer
counter overflows and underflows.

3. Use the MOV instruction to set the TAi register.

4. When the TAi register is set to "000016", the counter does not start and the timer Ai interrupt request
is not generated.

5. When the TAi register is set to "000016", the pulse width modulator does not operate and the TAiouT
pin is held "L". The TAi interrupt request is also not generated. The same situation occurs in 8-bit
pulse width modulator mode if the 8 high-order bits in the TAi register are set to "0016".

Figure 14.4 TAO to TA4 Registers
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14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

HEEENSEE

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
TAOMRO to TA4MR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit N Functi RW
Symbol it Name unction
b1b0
TMODO 0 0 : Timer mode RW
Operation Mode 0 1 : Event counter mode
Select Bit 1 0 : One-shot timer mode
TMOD1 11 : Pulse width modulation RW
(PWM) mode
(b2) Nothing is assigned. When write, set to "0". —
MR1 RW
MR2 Function varies depending on RW
operation mode
MR3 RW
TCKO . . . RW
Count Source Function varies depending on
Select Bit operation mode
TCK1 RW
Symbol Address After Reset
TABSR 034016 0016
Bit Bit Name Function RW
Symbol
TAOS Timer AO Count 0 : Stops counti_ng RW
Start Flag 1: Starts counting
TALS Timer Al Count 0 : Stops countlAng RW
Start Flag 1: Starts counting
TA2S Timer A2 Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting
TA3S Timer A3 Count 0 : Stops countlAng RW
Start Flag 1 : Starts counting
TA4S Timer A4 Count 0 : Stops countl'ng RW
Start Flag 1: Starts counting
TBOS Timer BO Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting
TB1S Timer B1 Count 0 : Stops countl'ng RW
Start Flag 1: Starts counting
TB2S Timer B2 Count 0 : Stops countl_ng RW
Start Flag 1: Starts counting

Figure 14.5 TAOMR to TA4AMR Registers and TABSR Register
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14. Timer (Timer A)

Up/Down Flag®

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
UDF 034416 0016
Sy?]iwtbol Bit Name Function RW
TAOUD | Timer AO Up/Down Flag (1) :?f:?éinn;i?t (Note 2) [ RW
TA1UD | Timer Al Up/Down Flag (1) aiféfnrgi?t (Note 2) [ RW
TA2UD | Timer A2 Up/Down Flag g : aifé%n;i?t (Note 2) | RW
TA3UD | Timer A3 Up/Down Flag 2 aifé%r:i?t (Note 2) [ RW
TA4UD | Timer A4 Up/Down Flag 2 : :?gfé%”;f}?t (Note 2) | RW
) 0 : Disables two-phase pulse signal
TA2P ;E?seer g\lz r-g\ll Cféf;'liiim processing function WO
>'9 | ) 911: Enables two-phase pulse signal
Function Select Bit processing function (Note 3)
Timer A3 Two-Phase 0 : Disables two-phase pulse signal
) . processing function
TA3P Ezfsigr']gg::ezoéﬁssmg 1: Enables two-phase pulse signal wo
processing function (Note 3)
) 0 : Disables two-phase pulse signal
TAdP. | Puise Signal Processing | | P1ocesSing fnction wo
FunctiongSeIect Bit 911 Enables two-phase pulse signal
processing function (Note 3)

NOTES:

1. Use the MOV instruction to set the UDF register.

2. This bit is enabled when the MR2 bit in the TAIMR register (i=0 to 4) is set to "0" (the UDF register
causes increment/decrement switching) in event counter mode.

3. Set this bit to "0" when not using the two-phase pulse signal processing function.

NOTES:

One-Shot Start Flag

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
ONSF 034216 0016
Bit Bit Name Function RW
Symbol
Timer AO One-Shot 0:In an idle state
TAOOS Note 1) | RW
Start Flag 1: Starts the timer ( )
Timer Al One-Shot 0 :In an idle state
TA10S : : Note 1) | RW
Start Flag 1 : Starts the timer (Note 1)
Timer A2 One-Shot 0:In an idle state
TA20S Note 1) | RW
Start Flag 1: Starts the timer (Note 1)
Timer A3 One-Shot 0:In an idle state
TA30S RW
Start Flag 1 : Starts the timer (Note 1)
Timer A4 One-Shot 0:In anidle state
. Note 1
TA40S Start Flag 1: Starts the timer (Note 1) | RwW
.| 0: Disables Z-phase input
TAZIE | Z-Phase Input Enable Bit 1: Enables Z-phase input RW
b7 b6
TAOTGL 0 0 : Selects an input to the TAOIN pin| Ry
Timer A0 Event/Trigger | 0 1 : Selects the TB2 overflows(?
Select Bit 10 : Selects the TA4 overflows(@
TAOTGH 11 : Selects the TA1 overflows(@ RW

1. When read, the bit is set to "0".
2. Overflow or underflow.

Figure 14.6 UDF Register and ONSF Register
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
|||||||| | TRGSR 034316 0016
Syl?ri1tbol Bit Name Function RW
R A bob1
Poror o n o M| TALTGL | _ 00 : Selects an input to the TALIN pin | RW
;mlwertﬁéil_.t Bvent/Trigger | o 1 . selects the TB2 overflows®
e TALTGH electbl 10 : Selects the TAO overflows(®) RW
11 : Selects the TA2 overflows®
Pobo b b3 b2
Rk TA2TGL| ) 0 0 : Selects an input to the TA2IN pin| RW
A ;'”I‘ef /’E‘f Event/Trigger | ¢ 1 : Selects the TB2 overflows(®)
- elect Bit . )
e TA2TGH 1 0 : Selects the TAl overflows ) RW
o 11 : Selects the TA3 overflows()
N osia
O TA3TGL [ ) 00 : Selects an input to the TA3IN pin | RW
- ;Inrertpést Event/Trigger | ¢ 1 : Selects the TB2 overflows(V)
. elect Bi . [h)
R TA3TGH 1 0 : Selects the TA2 overflows RW
P 1 1: Selects the TA4 overflows(®)
b7 b6
i TA4TGL - A4 Event/Tri 0 0 : Selects an input to the TA4IN pin| RW
Sgreecrt Bit VENUINGger 16 1 : selects the TB2 overflows®
e TAATGH 10 : Selects the TA3 overflows® RW
11 : Selects the TAO overflows(®)
NOTES:
1. Overflow or underflow.
Count Source Prescaler Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset @
}S 2§ }S TCSPR 035F16 0XXX 00002
Sy%iﬁtbol Bit Name Function RW
Y RW
o CNTL If sgtting value is n, fn is the . RW
[ Divide Ratio Select Bit main clock, PLL clock or on-chip
oscillator clock divided by 2n.
T CNT2 Not divided if n=0. RW
Pl e CNT3 RW
I Nothing is assigned. When write, set to "0". _
(b6 - b4) [ When read, its content is indeterminate.
. . . 0 : Stops divider
CST | Operation Enable Bit 1 - Starts divider RW
NOTES:
1. Set the CST bit to "0" before the CNT3 to CNTO bits are rewritten.
2. The TCSPR register maintains values set before reset, even after software reset or watchdog timer
reset has performed.

Figure 14.7 TRGSR Register and TCSPR Register
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Table 14.1 Pin Settings for Output from TAiouT Pin (i=0to 4)

Pin Setting
PS1, PS2 Registers PSL1, PSL2 Registers PSC Register
P70/TAO0UT(D) PS1 0=1 PSL1 0=1 PSC 0=0
P72/TAlouT PS1 2=1 PSL1 2=1 PSC 2=0
P74/TA20uT PS1 4=1 PSL1_4=0 PSC _4=0
P76/TA30UT PS1_6=1 PSL1_6=1 PSC_6=0
P8o/TA4ouT PS2_0=1 PSL2_0=0 -
NOTES:

1. P70/TAOOUT is a port for the N-channel open drain output.

Table 14.2 Pin Settings for Input to TAiIN and TAiouT Pins (i=0 to 4)

Pin Setting
PS1, PS2 Registers PD7, PD8 Registers
P70/TAOOUT PS1_0=0 PD7_0=0
P71/TAOIN PS1_1=0 PD7_1=0
P72/TAlouT PS1_2=0 PD7_2=0
P73/TALIN PS1 3=0 PD7_3=0
P74TA20uT PS1_4=0 PD7_4=0
P75/TA2IN PS1_5=0 PD7_5=0
P76TA30UT PS1_6=0 PD7_6=0
P77/TA3IN PS1_7=0 PD7_7=0
P80/TA40UT PS2_0=0 PD8_0=0
P81/TA4IN PS2_1=0 PD8_1=0
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.1 Timer Mode
In timer mode, the timer counts an internally generated count source (see Table 14.3). Figure 14.8 shows
the TAIMR register (i=0 to 4) in timer mode.

Table 14.3 Specifications in Timer Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation » The timer decrements a counter value

When the timer counter underflows, content of the reload register is reloaded into the

count register and counting resumes.

Divide Ratio 1/(n+1)  n: setting value of the TAi register (i=0to 4) 000016 to FFFF16
Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)

Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter underflows

TAIIN Pin Function Programmable I/O port or gate input

TAiouT Pin Function Programmable I/O port or pulse output

Read from Timer The TAi register indicates counter value

Write to Timer » When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,

the value written to the TAIi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function  Gate function

Input signal to the TAIIN pin determines whether the timer counter starts or stops counting
* Pulse output function

The polarity of the TAiouT pin is inversed whenever the timer counter underflows

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4) (Timer Mode)

b7 b6 b5 b4 b3 b2 bl bO

NOTES:

Symbol Address After Reset
TAOMR to TAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
Symbol
TMODO RW
Operation Mode %180_ Ti g
Select Bit - Himer mode
TMOD1 RW
H Nothing is assigned. When write, set to "0". —
b4 b3
MR1 0 X : Gate function disabled® RW
Gate Function (TAIIN pin is a programmable I/0 pin)
Sel . 1 0 : Timer counts only while the
elect Bit TAIN pin is held "L"
MR2 11 : Timer counts only while the RW
TAIIN pin is held "H"
MR3 | Setto "0"in timer mode RW
b7 b6
TCKO 00:f1 RW
Count Sc_Jurce 01:fs
Select Bit 10: f2n®@
TCK1 11:fc32 RW

1. X can be set to either "0" or "1".

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.8 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.2 Event Counter Mode
In event counter mode, the timer counts how many external signals are applied or how many times
another timer overflows and underflows. The timers A2, A3 and A4 can count externally generated two-
phase signals. Table 14.4 lists specifications in event counter mode (when not handling a two-phase
pulse signal). Table 14.5 lists specifications in event counter mode (when handling a two-phase pulse
signal with the timer A2, A3 and A4). Figure 14.9 shows the TAIMR (i=0 to 4) register in event counter
mode.

Table 14.4 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count Source « External signal applied to the TAIIN pin (i = 0 to 4) (valid edge can be selected by
program)

» Timer B2 overflow or underflow signal, timer Aj overflow or underflow signal (j=i-1,
except j=4 if i=0) and timer Ak overflow or underflow signal (k=i+1, except k=0 if i=4)

Counting Operation « External signal and program can determine whether the timer increments or decre-
ments the counter

* When the timer counter underflows or overflows, the content of the reload register is
reloaded into the count register and counting resumes. When the free-running count
function is selected, the timer counter continues running without reloading.

Divide Ratio * 1/(FFFF16 - n + 1) for counter increment
« 1/(n + 1) for counter decrement n : setting value of the TAi register 000016 to FFFF16

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)

Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter overflows or underflows

TAIIN Pin Function Programmable I/O port or count source input

TAiouT Pin Function Programmable 1/O port, pulse output or input selecting a counter increment or decrement
Read from Timer The TAI register indicates counter value

Write to Timer « When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
« While counting,

the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function * Free-running count function
Content of the reload register is not reloaded even if the timer counter overflows or
underflows

 Pulse output function
The polarity of the TAiouT pin is inversed whenever the timer counter overflows or

underflows
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Table 14.5 Specifications in Event Counter Mode (when processing two-phase pulse signal on
timer A2, A3 and A4)

Item Specification
Count Source Two-phase pulse signal applied to the TAIIN pin, or TAIIN and TAIoUT pin (i = 2 to 4)
Counting Operation * Two-phase pulse signal determines whether the timer increments or decrements a

counter value

* When the timer counter overflows or underflows, content of the reload register is
reloaded into the count register and counting resumes. With the free-running count
function, the timer counter continues running without reloading.

Divide Ratio e 1/ (FFFF16 - n + 1) for counter increment
e 1/ (n + 1) for counter decrement  n : setting value of the TAi register 000016 to FFFF16

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting)
Counter Stop Condition The TAIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| The timer counter overflows or underflows

TAIIN Pin Function Two-phase pulse signal is applied

TAiouT Pin Function Two-phase pulse signal is applied

Read from Timer The TAi register indicates counter value

Write to Timer « When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
« While counting,

the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

Selectable Function®) * Normal processing operation (the timer A2 and timer A3)

While a high-level ("H") signal is applied to the TAjouT pin (j = 2 or 3), the timer incre-
ments a counter value on the rising edge of the TAjIN pin or decrements a counter
value on the falling edge.

TAjouT
TAjIN 5 § § i i Q

Increment Increment Increment Decrement Decrement Decrement

« Multiply-by-4 processing operation (the timer A3 and timer A4)
While an "H" signal is applied to the TAkouT pin (k = 3 or 4) with the rising edge of the
TAKIN pin, the timer counter increments a counter value on the rising and falling edges of
the TAkouT and TAKIN pins.
While "H" is applied to the TAkouT pin on the falling edge of the TAKIN pin, the timer
decrements a counter value on the rising and falling edges of the TAkouT and TAKIN pins.

TAkOUT §i§i§_i§i§i

Increment on all edges Decrement on all edges

NOTES:
1. Only timer A3 operation can be selected. The timer A2 is for the normal processing operation. The
timer A4 is for the multiply-by-4 operation.
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

Timer Ai Mode Register (i=0 to 4) (Event Counter Mode)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | 0 | | |><| 0 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X0016

Bit Function Function
A Syn|1bo| Bit Name (When not using two-phase| (When using two-phase | RW
Voo pulse signal processing) | pulse signal processing)
"+ TMODO ) b1b0 RW
- R Operation Mode 1
A . 0 1 : Event counter mode(®
HE- - Select Bit
- TMOD1 RW
R I s b2) Nothing is assigned. When write, set to "0". RW
0 : Counts falling edges
- Count Polarity of an external signal ey
- MR1 Select Bit® 1 Counts rising edges Setto"0 RW
- of an external signal
Increment/Decrement | O * Setting of the UDF
R MR2  [Switching Cause register Set to "1" RW
P Select Bit 1: Input signal to
HEH TAiouT pin®
e EREREELITEE MR3 Set to "0" in event counter mode RW

e TCKO Count Operatlpn 0: Reloadlng RW

Type Select Bit 1 : Free running
: Two-Phase Pulse 0: EOLT;OF;:OC%S'”Q
e TCK1 |Signal Processing Set to "0" . perat RW
Operation Select Bit45) 1 Multplied-by-4
P processing operation

NOTES:

1. The TAITGH to TAITGL bits in the ONSF or TRGSR register determine the count source in the event
counter mode.

2. The MRL1 bit is enabled only when counting how many times external signals are applied.

3. The timer decrements a counter value when "L" is applied to the TAiouT pin and the timer increments
a counter value when "H" is applied to the TAiouT pin.

4. The TCK1 bit is enabled only in the TASMR register.

5. For two-phase pulse signal processing, set the TAjP bit in the UDF register (j=2 to 4) to "1" (two-
phase pulse signal processing function enabled) and the TAITGH and TAITGL bits to "002" (input to
the TAjIN pin).

Figure 14.9 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.2.1 Counter Reset by Two-Phase Pulse Signal Processing
The timer counter is reset to "0" by a Z-phase input when processing a two-phase pulse signal.
This function can be used in timer A3 event counter mode, two-phase pulse signal processing, free-
run type or multiply-by-4 processing. The Z-phase signal is applied to the INT2 pin.
When the TAZIE bit in the ONSF register is set to "1" (Z-phase input enabled), the timer counter can
be reset by a Z-phase input. To reset the timer counter by a Z-phase input, set the TA3 register to
"000016" beforehand.
Z-phase input is enabled when the edge of the signal applied to the INT2 pin is detected. The POL bit
in the INT2IC register can determine edge polarity. The Z-phase must have a pulse width of one timer
A3 count source cycle or more. Figure 14.10 shows two-phase pulses (A-phase and B-phase) and
the Z-phase.
Z-phase input resets the counter in the next count source following Z-phase input. Figure 14.11 shows
the counter reset timing.
Timer A3 interrupt request is generated twice when a timer A3 overflow or underflow, and a counter
reset by INT2 input occur at the same time. Do not use the timer A3 interrupt request when this
function is used.

TA3ouT ‘ ‘
(A-phase) 1 ‘ | ‘ |

TA3IN
(B-phase)

comsone [T LTI

<>
Pulse width of one count source cycle NOTES:
or more is required 1. When the rising edge of INT2 is selected.

Figure 14.10 Two-phase Pulse (A-phase and B-phase) and Z-phase

TA30uUT 4|—|—|7

(A-phase)

e s N S

(B-phase) |

Count source |_| |_| |_| |_| |_| |_|

INTZ®

(Z-phase)

Counter value X m Xm+1>< 1 X 2 X 3 >< 4 X 5
*

Timer counter is reset at this timing NOTES:
1. When the rising edge of INT2 is selected.

Figure 14.11 Counter Reset Timing
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.3 One-shot Timer Mode

In one-shot timer mode, the timer operates only once for each trigger (see Table 14.6). Once a trigger
occurs, the timer starts and continues operating for a desired period. Figure 14.12 shows the TAIMR
register (i=0 to 4) in one-shot timer mode.

Table 14.6 Specifications in One-shot Timer Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation The timer decrements a counter value

* When the timer counter reaches "000016", it stops counting after reloading.

« If a trigger occurs while counting, content of the reload register is reloaded into the
count register and counting resumes.

Divide Ratio 1/n  n: setting value of the TAi register (i=0 to 4) 000016 to FFFF16

but the timer counter does not run if n=000016

Counter Start Condition The TAIS bit in the TABSR register is set to "1" (starts counting) and following triggers
occur:
« External trigger input
* The timer overflow or underflow signal
« The TAIOS bit in the ONSF register is set to "1" (timer started)
Counter Stop Condition « After the timer counter has reached "000016" and is reloaded
* When the TAIS bit is set to "0" (timer stopped)

Interrupt Request Generation Timing| The timer counter reaches "000016"

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Programmable I/O port or pulse output

Read from Timer The value in the TAi register is indeterminate when read
Write to Timer * When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,
the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

b7 b6 b5 b4 b3 b2 bl bO

LI fof | D<a]o]

NOTES:

Timer Ai Mode Register (i=0 to 4) (One-Shot Timer Mode)

Symbol Address After Reset
TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
Symbol
TMODO b1b0 RW
Operation Mode . .
Select Bit 1 0 : One-shot timer mode
TMOD1 RW
H Nothing is assigned. When write, set to "0". —
MR1 External Trigger Select | 0 : Falling edge of input signal to TAiIN pin| RW
Bit(®) 1 : Rising edge of input signal to TAIIN pin
) ) 0 : The TAIOS bit is enabled
MR2 | Trigger Select Bit 1: Selected by the TAITGH and TAITGL | RW
bits
MR3 Set to "0" in the one-shot timer mode RW
b7b6
TCKO 00:f1 RW
Count Squrce 01:fs
Select Bit 10:fon®@
TCK1 11:fc32 RW

1. The MR1 bit setting is enabled only when the TAITGH to TAITGL bits in the TRGSR register are set
to "002" (input to the TAiIN pin). The MR1 bit can be set to either "0" or "1" when the TAITGH and
TAITGL bits are set to "012" (TB2 overflow and underflow), "102" (TAi overflow and underflow) or
"112" (TAi overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.12 TAOMR to TA4MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

14.1.4 Pulse Width Modulation Mode
In pulse width modulation mode, the timer outputs pulse of desired width continuously (see Table 14.7).
The counter functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 14.13
shows the TAIMR register (i=0 to 4) in pulse width modulation mode. Figures 14.14 and 14.15 show
examples of how a 16-bit pulse width modulator operates and of how an 8-bit pulse width modulator
operates.

Table 14.7 Specifications in Pulse Width Modulation Mode

Item Specification
Count Source f1, fs, fan(), fc32
Counting Operation The timer decrements the counter

(The counter functions as an 8-bit or a 16-bit pulse width modulator)
 The timer reloads on the rising edge of PWM pulse and continues counting.
» The timer is not affected by the trigger that is generated during counting.
16-Bit PWM e "H" width = n / fj n : setting value of the TAi register 000016 to FFFE16

fi : Count source frequency

« Cycle = (216-1) / fj fixed
8-Bit PWM ¢ "H" width =n x (m+1) / fj

n : setting value of high-order bit address of the TAi register 0016 to FE16
+ Cycles = (28-1) x (m+1) / fj

m : setting value of low-order bit address of the TAI register 0016 to FF16

Counter Start Condition « External trigger is input
* The timer overflows and underflows
* The TAIS bit in the TABSR register is set to "1" (start counting)

Counter Stop Condition The TAIS bit is set to "0" (stop counting)

Interrupt Request Generation Timing| On the falling edge of the PWM pulse

TAIIN Pin Function Programmable I/O port or trigger input

TAiouT Pin Function Pulse output

Read from Timer The value in the TAi register is indeterminate when read
Write to Timer * When the timer counter stops,

the value written to the TAi register is also written to both reload register and counter
* While counting,
the value written to the TAi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer A)

b7 b6 b5 b4 b3 b2 bl bO

Timer Ai Mode Register (i=0 to 4) (Pulse Width Modulator Mode)

Symbol Address After Reset

| _ | _ | _ | _ | _ |><| 1 | 1 | TAOMR to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit Name Function RW
P11 1 111 1| Symbol
Pib b Tmopo . o150 RW
Operano_n Mode 11 : Pulse width modulation (PWM)
- Select Bit
A mode
A A RRIE TMOD1 RW
et —— | Nothing is assigned. When write, set to "0". -
A (b2)
P ____________ MRl | EXternal Trigger Select |0 Falling edge of input signal to TAIN pin| o\,
Bit() 1 : Rising edge of input signal to TAiIN pin
_ _ 0 : The TAIS bit is enabled
Dol n e MR2 [ Trigger Select Bit 1: Selected by the TAITGH and TAITGL | RW
HE — bits
T S MR3 | 16/8-Bit PWM Mode  |0: Functions as a 16-bit pulse width modulator| 1\
Select Bit 1: Functions as an 8-bit pulse width modulator
P b7 b6
LRy TCKO 00: f1 RW
' Count Source 01:fs
Select Bit 10:fon®@
e L LR, TCK1 11 :fc32 RW

NOTES:

1. The MR1 bit setting is enabled only when the TAITGH to TAITGL bits in the TRGSR register are set
to "002" (input to the TAiIN pin). The MR1 bit can be set to either "0" or "1" when the TAITGH and
TAITGL bits are set to "012" (TB2 overflow and underflow), "102" (TAi overflow and underflow) or
"112" (TAi overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.13 TAOMR to TA4AMR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer A)

When the reload register is set to "000316" and an external
trigger (rising edge of input signal to the TAIIN pin) is selected

1/fix(216-1)

Count source
Input signal H } | }\ ;
to TAIIN pin oL 1 ! |

+ No trigger is generated by this signal
PWM pulse output H ‘
from TAiouT pin | L _____ |

wpr
IR bitin TAIIC register ’—L 4|—L
fj: Count source \ /

(2) .
=0 (f1‘4f8' fan(®), fca) Set to "0" by an interrupt request acknowledgement or by program
i=0 to

---=a

g

NOTES:
1. n =000016 to FFFE16.
2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.14 16-bit Pulse Width Modulator Operation

When 8 high-order bits of the reload register are set to "0216",
8 low-order bits of the reload register are set to "0216" and
an external trigger (falling edge of input signal to the TAIIN pin) is selected

1/fix(m+1) x(28 —-1)

SN 111 e

Input signal to TAIN pin H }
"y :

Underflow signal of ~“H'————r—r—r—4r—r—r——"-----
8-bit prescaler(?) oL

— -

PWM pulse output H !
from TAiouT pin oL : T
agr l—
IR bitin TAIC register —

1/fix(m+1)xn@®

fi: Count sotirce frequency Set to "0" by an interrupt request
(f1, fs, fn(®), fc32) acknowledgement or by program

i=0to 4

NOTES:

1. 8-bit prescaler counts a count source.

2. 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.

3. m = 0016 to FF16, n = 0016 to FE16

4. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (
n=1to 15).

Figure 14.15 8-bit Pulse Width Modulator Operation
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

14.2 Timer B
Figure 14.16 shows a block diagram of the timer B. Figures 14.17 to 14.19 show registers associated with
the timer B. The timer B supports the following three modes. The TMOD1 to TMODO bits in the TBIMR
register (i=0 to 5) determine which mode is used.
» Timer mode : The timer counts an internal count source.
» Event counter mode : The timer counts pulses from an external source or overflow and underflow of
another timer.
* Pulse period/pulse width measurement mode : The timer measures pulse period or pulse width of an
external signal.
Table 14.18 lists TBIIN pin settings.

S High-order Bits of Data Bus
Select Clock Source S Low-order Bits of Data Bus
TCK1 to 8 high-
8 low-order
TCKO . order
f1 00 00: Timer \Z ] [b'ts U ik
01: Pulse Period and Pulse Reload Regist
o1 eload Register
f6 —lo \: Width Measurement  MOD1 to TMODO | y |
fan 20| o io 1 [ J t [
fczz 11l o TCKL (él; Ccount _I ] Counter |
vent Counter
TBj Overflow (Note2,3) 1 'e) O [ 4
{ TBIS |
: Polarity Switching 0
B
N O— and Edge Pulse T
[ Counter Reset Circuit | 1
. TBI Address TBj
i=0to5 Timer BO 035116 035016 Timer B2
NOTES: o ) Timer Bl 035316 035216 Timer BO
1. The CNT3 to CNTO bits in the TCSPR register select no Timer B2 035516 035416 Timer B1
division (n=0) or divide-by-2n (n=1 to 15). Timer B3 031116 031016 Timer B5
2. The timer counter overflows or underflows. Timer B4 031316 031216 Timer B3
3. j=i-1, except j=2 when i=0 j=5 when i=3 Timer B5 031516 031416 Timer B4
TCK1 to TCKO, TMOD1 to TMODO : Bits in TAIMR register
TBIS : Bits in the TABSR and the TBSR register

Figure 14.16 Timer B Block Diagram

Timer Bi Register® (i=0 to 5)

b15 b8 b7 o  Symbol Address After Reset
| TBOto TB2 035116 - 035016, 035316 - 035216, 035516 - 035416  Indeterminate
TB3to TB5 031116 - 031016, 031316 - 031216, 031516 - 031416  Indeterminate

Mode Function Setting Range |RW
: Timer Mode If setting value is n, a count source| ggoo16 to FFFF1s [RW
: is divided by n+1
Event Counter If setting value is n, a count source
L e y 000016 to FFFF16 |[RW
Mode is divided by n+1@
Pulse Period/Pulse | A count source is incremented
Width Measurement| between one valid edge and _ RO
Mode another valid edge of TBiIN pulse

NOTES:
1. Use 16-bit data for read and write operations.
2. The TBi register counts the number of external input pulses or the number of times another
timer counter overflows and underflows.

Figure 14.17 TBO to TB5 Registers

Rev. 1.31 Jan.31, 2006 Page 152 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
| i | | i | | | | | | TBOMR to TB5SMR  035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Bit Bit Name Function RW
Pt or o141 i [ Symbol
R o150
Porof o1 - TMODO 00 : Timer mode RW
R Operation Mode 0 1 : Event counter mode
. Select Bit 10 : Pulse period measurement mode,
- - - . TMOD1 pulse width measurement mode | rw
11 : Do not set to this value
S T A MRO RW
O MR1 Function varies depending on RW
R MR2 operation mode @2 RW
R SGLGRLICLRTELPE MR3 RW
. TCKO RW
Count Source Function varies depending on
' Select Bit operation mode
e TCK1 RW
NOTES:
1. Only MR2 bits in the TBOMR and TB3MR registers are enabled.
2. Nothing is assigned in the MR2 bit in the TBIMR, TB2MR, TB4MR and TB5MR registers.
When write, set to "0". When read, its content is indeterminate.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
| | | | | | | | | TABSR 034016 0016
Bit Bit Name Function RW
P11 f b 1| Symbol
E E E E E E E .| Taos Timer AO Count 0 : Stops countl.ng RW
- Start Flag 1 : Starts counting
T TALS Timer Al Count 0 : Stops countl'ng RW
- Start Flag 1 : Starts counting
. TA2S Timer A2 Count 0 : Stops counti_ng RW
oo Start Flag 1: Starts counting
e TA3S Timer A3 Count 0 : Stops countl'ng RW
: N Start Flag 1 : Starts counting
R TA4S Timer A4 Count 0 : Stops countlAng RW
oo Start Flag 1: Starts counting
. TBOS Timer BO Count 0: Stops counti_ng RW
I Start Flag 1: Starts counting
b heemeemeeseeeeee———. TB1S Timer B1 Count 0: Stops countlAng RW
: Start Flag 1: Starts counting
e TB2S Timer B2 Count 0 : Stops countl.ng RW
Start Flag 1 : Starts counting

Figure 14.18 TBOMR to TB5MR Registers, TABSR Register
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

Timer B3, B4,B5 Count Start Flag

b7 b6 b5 b4 b3 b2 bl bO

CAR R TB4S

Symbol Address After Reset
TBSR 030016 000X XXXX2
Bit ; ;
Symbol Bit Name Function RW
. Nothing is assigned. When write, set to "0". _
(b4 - bo) [ When read, its content is indeterminate.
Timer B3 Count 0 : Stops counting
TB3S Start Flag 1: Starts counting RW
Timer B4 Count 0 : Stops counting RW
Start Flag 1: Starts counting
Timer B5 Count 0 : Stops counting
TB5S Start Flag 1: Starts counting RW

Figure 14.19 TBSR Register

Table 14.8 Settings for the TBiIN Pins (i=0 to 5)

Port Name | Function Setting
PS1, PS3( Registers PD7, PD9()) Registers
P9o TBOIN PS3_0=0 PD9 0=0
P91 TB1IN PS3 1=0 PD9_1=0
P92 TB2IN PS3_2=0 PD9_2=0
P93 TB3IN PS3_3=0 PD9_3=0
P94 TB4IN PS3 4=0 PD9_4=0
P71 TB5IN PS1_1=0 PD7_1=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (
write enable). Do not generate an interrupt or a DMA transfer between the instruction to set the
PRC2 bit to "1" and the instruction to set the PD9 and PS3 registers.
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

14.2.1 Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 14.9). Figure 14.20
shows the TBIMR register (i=0 to 5) in timer mode.

Table 14.9 Specifications in Timer Mode

Item

Specification

Count Source

f1, fs, fan(), fc32

Counting Operation

The timer decrements a counter value
* When the timer counter underflows, content of the reload register is reloaded into the
count register and counting resumes

Divide Ratio

1/(n+1)

n: setting value of the TBi register (i=0 to 5)

000016 to FFFF16

Counter Start Condition

The TBIS bits in the TABSR or TBSR registers are set to "1" (starts counting)

Counter Stop Condition

The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing

The timer counter underflows

TBiIN Pin Function

Programmable I/O port

Read from Timer

The TBi register indicates counter value

Write to Timer

* When the timer counter stops,

* While counting,

the value written to the TBi register is also written to both reload register and counter

the value written to the TBi register is written to the reload register

(It is transferred to the counter at the next reload timing)

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

b7 b6

bS5 b4 b3 b2 bl bo

o] |1 [o]o]

Symbol

Address

Timer Bi Mode Register (i=0 to 5) (Timer Mode)

After reset
TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

Bit
Symbol

Bit Name

Function

RW

--| TMODO

Operation Mode

------ TMOD1

Select Bit

b1b0
0 0 : Timer mode

RW

RW

MRO

Disabled in timer mode.

MR1

Can be setto "0" or "1".

RW

RW

MR2

TBOMR, TB3MR registers:
Set to "0" in timer mode

TB1MR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0".
When read, its content is indeterminate.

RW

MR3

Set to "0" in timer mode

RW

TCKO

Count Source

TCK1

Select Bit

b7 b6
00:f1

01:f8
10: fan®
11:fc32

RW

RW

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.20 TBOMR to TB5MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

14.2.2 Event Counter Mode

In event counter mode, the timer counts how many external signals are applied or how many times
another timer overflows and underflows. (See Table 14.10) Figure 14.21 shows the TBiMR register (i=0
to 5) in event counter mode.

Table 14.10 Specifications in Event Counter Mode

Item Specification

Count Source « External signal applied to the TBiIN pin (i = 0 to 5) (valid edge can be selected by
program)
« TBj overflows or underflows (j=i-1, except j=2 when i=0, j=5 when i=3)

Counting Operation « The timer decrements a counter value
When the timer counter underflows, content of the reload register is reloaded into the

count register to continue counting

Divide Ratio 1/(n+1) n : setting value of the TBi register 000016 to FFFF16
Counter Start Condition The TBIS bit in the TABSR or TBSR register is set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing | The timer counter underflows

TBIIN Pin Function Programmable 1/O port or count source input

Read from Timer The TBi register indicates the value of the counter

Write to Timer * When the timer counter stops,

the value written to the TBi register is also written to both reload register and counter
* While counting,
the value written to the TBi register is written to the reload register

(It is transferred to the counter at the next reload timing)
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M32C/83 Group (M32C/83, M32C/83T)

14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5) (Event Counter Mode)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| i | i | 0 | i | i | i | 0 | 1 | TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
Sy?#bol Bit Name Function RW
i 1111 =1 TMODO | operation Mode %T c ; RW
- ; : Event counter mode
E E E E E E [ TMOD1 Select Bit RW
S R b3 02
Dol e MRO 00 : Counts falling edges of external signal | Ry
H Count Polarity Select 01: Counts rising edges of external signal
Bit® 10: Counts falling and rising edges of
T MR1 external signal RW
11 : Do not set to this value
TBOMR and TB3MR registers: B
oror Set to "0" in event counter mode
R MR2 | TBIMR, TB2MR, TB4MR and TB5MR registers:
A Nothing is assigned. When write, set to "0". -
Vo When read, its content is indeterminate.
R MR3 Disabled in event counter mode. When write, set to "0". -
HE When read, its content is indeterminate.
- ....................... Disabled in event counter mode.
TCKO Can be set to "0" or "1". RW
] Count Source 0 : Input signal from the TBIIN pin
TCKL 1 Select Bit 1: TBj overflows or underflows(® RW
NOTES:
1. The MRO and MR1 bits are enabled when the TCK1 bit is set to "0" (input signal from the TBiIN pin).
The MRL1 bit can be set to either "0" or "1", when the TCK1 bit is set to "1" (timer overflow or
underflow).
2. j=i — 1, except j=2 when i=0 and j=5 when i=3.

Figure 14.21 TBOMR to TB5MR Registers
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

14.2.3 Pulse Period/Pulse Width Measurement Mode
In pulse period/pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal. (See Table 14.11) Figure 14.22 shows the TBIMR register (i=0 to 5) in pulse period/pulse
width measurement mode. Figure 14.23 shows an example of an operation timing when measuring a
pulse period. Figure 14.24 shows an example of the pulse width measurement.

Table 14.11 Specifications in Pulse Period/Pulse Width Measurement Mode

Item Specification
Count Source f1, fs, f2n(®, fc32
Counting Operation * The timer increments a counter value

Counter value is transferred to the reload register on the valid edge of a pulse to be
measured. It is set to "000016" and the timer continues counting

Counter Start Condition The TBIS bit (i=0 to 5) in the TABSR or TBSR register is set to "1" (starts counting)
Counter Stop Condition The TBIS bit is set to "0" (stops counting)

Interrupt Request Generation Timing| » On the valid edge of a pulse to be measured(@

* The timer counter overflows
The MR3 bit in the TBIMR register is set to "1" (overflow) simultaneously. When the
TBIS bit is set to "1" (start counting) and the next count source is counted after setting
the MR3 bit to "1" (overflow), the MR3 bit can be set to "0" (no overflow) by writing to
the TBIMR register.

TBIIN Pin Function Input for a pulse to be measured

Read from Timer The TBi register indicates reload register values (measurement results)(?)

Write to Timer Value written to the TBi register can be written to neither reload register nor counter
NOTES:

1. No interrupt request is generated when the pulse to be measured is on the first valid edge after the
timer has started counting.

2. The TBi register is in an indeterminate state until the pulse to be measured is on the second valid
edge after the timer has started counting.

3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Timer Bi Mode Register (i=0 to 5)
(Pulse Period / Pulse Width Measurement Mode)

b7 b6 b5 b4 b3 b2 bl bo

TBOMR, TB3MR registers:
Set to "0" in pulse period/pulse width measurement mode

Prmmmmmmmmnes MRZ | TBIMR, TB2MR TB4MR, TB5MR registers:
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.

Symbol Address After reset

| | | i | | | | 1 | 0 | TBOMR to TBSMR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002
A A T - -
bbbttt | symbol Bit Name Function RW
bt b b [TMoDo ; b1b0 _ RW
T T Operation Mode 10 : Pulse period measurement mode,
e T™oD1 | Select Bit pulse width measurement mode | Ry
Pl b3b2
R P MRO 0 0 : Pulse period measurement 1 RW
Measurement Mode 0 1 : Pulse period measurement 2
voor o Select Bit . ;
P ] MR1 10 : Pulse width megsurement RW
Do 11 : Do not set to this value(Note 1)

0 : No overflow

R i . 5
MR3 | Timer Bi Overflow Flag®)| 1 . gyerflow RO

b7 b6
------------------------ TCKO 00:f1 RW

Count Source 01:fs
Select Bit 10:fn®
11:fc32

R AARRRRRLELLLEEEEELEEEED TCK1 RW

NOTES:
1. The MR1 to MRO bits selects the following measurements.
Pulse period measurement 1 (MR1 to MRO bits = 002) :
Measures between the falling edge and the next falling edge of a pulse to be measured
Pulse period measurement 2 (MR1 to MRO bits = 012) :
Measures between the rising edge and the next rising edge of a pulse to be measured
Pulse width measurement (MR1 to MRO bits = 102) :
Measures between a falling edge and the next rising edge of a pulse to be measured and
between the rising edge and the next falling edge of a pulse to be measured
2. The MR3 bit is indeterminate when reset.
When the timer overflows, the MR3 bit is set to "1" (overflow) simultaneously. When the TBIS bit is
set to "1" (start counting) and the next count source is counted after the MR3 bit is set to "1", the
MR3 bit is set to "0" (no overflow) by writing again.
The MR3 bit cannot be set to "1" by program.
3. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 14.22 TBOMR to TB5MR Registers

Rev. 1.31 Jan.31, 2006 Page 1590f 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 14. Timer (Timer B)

Count source -

Pulse to be measured

Transferred Transferred
v/ (indeterminate value) (measured value)
transfer timing | (Note 1) | " |

/ (Note 1)

Timing that the counter
reaches "000016"

Counter to reload register : |_| |_|

TBSR register

. X . uln |
IR bit in TBIIC register |
g uon - !
Set to "0" by an interrupt request acknowledgement or by program

MR3 bit in TBIMR e

register “0” -

TBIS bitin TABSRor i

i=0to 5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

Figure 14.23 Pulse Period 1 Measurement

Count source --

Pulse to be measured

v T

I I
! I
i I
! I
I I
i I
| 1
1 Transferred 1 Transferred Transferred i
! I
I

d I
I

I

I

]

I

Transferred
/1 (indeterminate (measured value) | 4 (measured ,f (measured value)
/' value) /1 value) i

Counter to reload register
transfer timing 1 |_|

1/, (Note 1) i/(Note 1) ‘/(Note i)/,(Note 1) 1/1(Note 2)
[ [ ] —

Timing that the counter
reaches "000016"

s g | 1 |
TBIS bit in TABSR or ! ‘ ‘
TBSR register “Q” 4

IR bit in TBIIC register
"o | . |
> A A |
Set to "0" by an interrupt request acknowledgement or by program.
MR3 bit in TBIMR

register “r .

i=0to5

NOTES:
1. The counter is reset when a measurement is completed.
2. The timer counter overflows.

=

Figure 14.24 Pulse Width Measurement
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M32C/83 Group (M32C/83, M32C/83T) 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 control timer
functions.

Table 15.1 Three-Phase Motor Control Timer Functions Specification

Iltem Specification
Three-Phase Waveform Output Pin | Six pins (U, U, V, V, W, W)
Forced Cutoff(!) Apply a low-level signal ("L") to the NMI pin
Timers to be Used Timer A4, Al, A2 (used in one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode)
Carrier wave cycle control
Dead time timer (three 8-bit timers share reload register)
Dead time control

Output Waveform Triangular wave modulation, Sawtooth wave modification
Can output a high-level waveform or a low-level waveform for one cycle
Can set positive-phase level and negative-phase level separately

Carrier Wave Cycle Triangular wave modulation: count source x (m+1)x 2
Sawtooth wave modulation: cournt source x (m+1)
m: setting value of the TB2 register, 000016 to FFFF16
Count source: f1, fs, f2n®, fc32

Three-Phase PWM Output Width Triangular wave modulation: count source x nx 2

Sawtooth wave modulation: count source x n
n : setting value of the TA4, TA1 and TA2 register (of the TA4, TA41, TA1, TA11,
TA2 and TA21 registers when setting the INV11 bit to "1"), 000116 to FFFF16
Count source: f1, fs, f2n®, fc32

Dead Time Count source X p, or no dead time
p: setting value of the DTT register, 0116 to FF16
Count source: f1, or f1 divided by 2

Active Level Selected from a high level ("H") or low level ("L")

Positive and Negative-Phase Con- | Positive and negative-phases concurrent active disable function
current Active Disable Function Positive and negative-phases concurrent active detect function

Interrupt Frequency For the timer B2 interrupt, one carrier wave cycle-to-cycle basis through 15

time- carrier wave cycle-to-cycle basis can be selected

NOTES:

1. Forced cutoff by the signal applied to the NMI pin is available when the INVO02 bit is set to "1" (three-
phase motor control timer functions) and the INV03 bit is set to "1" (three-phase motor control timer
output enabled).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Table 15.2 Pin Settings

Pin Setting
PS1, PS2 Registers(!) | PSL1, PSL2 Registers PSC Register
P72/v PS1 2=1 PSL1_2=0 PSC_2-=1
P73V PS1_3=1 PSL1 3=1 PSC_3=0
P74/W PS1_4=1 PSL1 4=1 PSC 4 =0
P75/W PS1 5=1 PSL1_5=0 —
P8o/U PS2 0=1 PSL2 0=1 -
P81/U PS2_1=1 PSL2_1=0 —_

NOTES:
1. Setthe PS1_2to PS1_5 and PS2_0 to PS2_1 bits in the PS1 and PS2 registers to "1" after
the INVO2 bit is set to "1".
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M32C/83 Group (M32C/83, M32C/83T)
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Figure 15.1 Three-Phase Motor Control Timer Functions Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 0

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
INVCO 030816 0016
Bit : :
Symbol Bit Name Function RW
0: The ICTB2 counter is incremented by one on the
INVOO Interrupt Enable Output rising edge of the timer A1 reload control signal RW
Polarity Select Bit(3) 1: The ICTB2 counter is incremented by one on the
falling edge of the timer A1 reload control signal
0: ICTB2 counter is incremented by one
Interrupt Enable Output
INVO1 | o ecifiF():ation Bit2 3)p whenever the timer B2 counter underflows | RW
P 1: Selected by the INVOO bit
(4,5, 6) 0: No three-phase control timer functions
INVO2 | Mode Select Bit 1: Three-phase control timer function RW
. 0: Disables three-phase control timer output
INVO3 | Output Control Bit® 7 P . PUH R
1: Enables three-phase control timer output
Positive and Negative- | . enaples concurrent active output
INVO4 | Phases Concurrent Active 1: Disables concurrent active output RW
Disable Function Enable Bit | P
Positive and Negative- .
INVO5 | Phases Concurrent Active 2: EOI d?t?md RW
Output Detect Flag(®) - betecte
INVO6 Modulation Mode 0: Triangular wave modulation mode RW
Select(® 10) 1: Sawtooth wave modulation mode
Transfer trigger is generated when the
) INVO7 bit is set to "1". Trigger to the dead
INVO7 | Software Trigger Select time timer is also generated when setting the RW
INVO6 bit to "1". Its value is "0" when read.

NOTES:

1. Set the INVCO register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
Rewrite the INVOO to INV02 and INVO6 bits when the timers A1,A2, A4 and B2 stop.

2. Set the INVOL1 bit to "1" after setting the ICTB2 register .

3. The INVOO and INVOL1 bits are enabled only when the INV11 bit is set to "1" (three-phase mode 1). The ICTB2
counter is incremented by one every time the timer B2 counter underflows, regardless of INVOO and INVO1 bit
settings, when the INV11 bit is set to "0" (three-phase mode).

When setting the INVO1 bit to "1", set the timer A1 count start flag before the first timer B2 counter underflow.
When the INVOO bit is set to "1", the first interrupt is generated when the timer B2 counter underflows n-1 times,
if n is the value set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2
counter underflows.

4. Set the INVO2 bit to "1" to operate the dead time timer, U-, V-and W-phase output control circuits and the ICTB2
counter.

5. Set pins after the INV02 bit is set to "1". See Table 15.2 for pin settings.

6. When the INVO2 bit is set to "1" and the INVO3 bit to "0", U, U, V, V, W and W pins, including pins shared with
other output functions, are placed in high-impedance states.

7. The INVO3 bit is set to "0" when the followings occurs :

- Reset
- A concurrent active state occurs while INVO4 bit is set to "1"
- The INVO3 bit is set to "0" by program
- A signal applied to the NMI pin changes "H" to "L"
8. The INVO05 bit can not be set to "1" by program. Set the INVO04 bit to "0", as well, when setting the INVO5 bit to "0".

9. The following table describes how the INV06 bit works.
Item INVO6 = 0 INVO6 = 1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing to Transfer from the IDBO Transferred once by generating a Transferred every time a transfer trigger
and IDB1 Registers to Three-Phase | transfer trigger after setting the IDBO | is generated
Output Shift Register and IDB1 registers
Timing to Trigger the Dead Time [ On the falling edge of a one-shot pulse | By a transfer trigger, or the falling edge of
Timer when the INV16 Bit=0 of the timer A1, A2 or A4 a one-shot pulse of the timer A1, A2 or A4
INV13 Bit Enabled when the INV11 bit=1 and the | Disabled
INVO6 bit=0

Transfer trigger : Timer B2 underflows and write to the INVO7 bit, or write to the TB2 register when INV10 = 1
10. When the INVO6 bit is set to "1", set the INV11 bit to "0" (three-phase mode 0) and the PWCON bit in the
TB2SC register to "0" (timer B2 counter underflows).

Figure 15.2 INVCO Register
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Three-Phase PWM Control Register 1(1)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | INVC1 030916 0016
Bit : -
Symbol Bit Name Function RW

0: Timer B2 counter underflows

Timer Al, A2 and A4

1: Timer Al reload control signal is "1"

=1 INV10 ) . 1: Timer B2 counter underflows RW
Start Trigger Select Bit and write to the TB2 register

I INVIL Timer Al-1, A2-1, A4-1 | O: Three-phase mode 0 RW
Control Bit(2 3) 1: Three-phase mode 1

INV12 Dead Time Timer 0:f1 RW
Count Source Select Bit | 1 : f1 divided-by-2

é e INV13 |Carrier Wave Detect |:|ag(4) 0: Timer Al reload control S|gnal is "0 RO

0 : Active "L" of an output waveform

---------------- INV14. | Output Polarity Control Bit| ) = ‘o tyn (o0 waveform

. . . 0: Enables dead time
P ELLLITTET INV15 |Dead Time Disable Bit | . .\ 04 time RW

0: Falling edge of a one-shot pulse of
Dead Time Timer Trigger| the timer AL, A2, A4®)

PooTTTTTTTTmmRnnmmmem INV16 Select Bit 1: Rising edge of the three-phase output RW

shift register (U-, V-, W-phase)

N —— | Reserved Bit Set to "0" RW
(b7)

NOTES:
1. Rewrite the INVCL1 register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
The timers A1, A2, A4, and B2 must be stopped during rewrite.
2. The following table lists how the INV11 bit works.

Item INV11=0 INV11=1

Mode Three-phase mode 0 Three-phase mode 1

TA11, TA21 and TA41 Registers | Not used Used

Disabled. The ICTB2 counter is
incremented whenever the timer B2 | Enabled
counter underflows

INVOO and INVO1 Bits
in the INVCO Register

INV13 Bit Disabled Enabled when INV11=1 and INV06=0

3. When the INVO06 bit is set to "1" (sawtooth wave modulation mode), set the INV11 bit to "0" (three-
phase mode 0). Also, when the INV11 bit is set to "0", set the PWCON bit in the TB2SC register to "0"
(timer B2 counter underflows).

4. The INV13 bit is enabled only when the INVO06 bit is set to "0" (Triangular wave modulation mode) and
the INV11 bit to "1" (three-phase mode 1).

5. If the following conditions are all met, set the INV16 bit to "1".

* The INV15 bit is set to "0" (dead time timer enabled)
 The Dijj bit (i=U, V or W, j=0, 1) and DiBj bit always have different values when the INVO3 bit
is set to "1". (The positive-phase and negative-phase always output opposite level signals.)
If above conditions are not met, set the INV16 bit to "0".

Figure 15.3 INVC1 Register
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Three-Phase Output Buffer Register itV (i=0, 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
IDBO, IDB1 030A16, 030B16 XX11 11112

A S S T O I L ; .
Poron | symbol Bit Name Function RW
i1 1 1 1 1 1 %] DU |U-Phase Output Bufferi| Write output level RwW
O LD DUBi | U-Phase Output Buffer i | 0- Active level RW
- B B - —| 1: Inactive level
Poor o meeeeeeaad DVi V-Phase Output Buffer i RW
R DVBi | V-Phase Output Buffer i | When read, the value of the three- | RW
S S S DWi | W-Phase Output Buffer j| Phase shift register is read. RW
R CICELELLPIPIPEIEIE DWBIi | W-Phase Output Buffer i RW
Nothing is assigned. When write, set to "0".
--------------------------- — . o RO

(b7 - b6) When read, its content is "0.

NOTES:
1. Values of the IDBO and IDBL1 registers are transferred to the three-phase output shift register by a
transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output
signal first. Then the value written in the IDB1 register on the falling edge of timers Al, A2 and A4 one-
shot pulse determines each phase output signal.

Dead Time Timer( 2

b7 b0 Symbol Address After Reset
| | DTT 030C16 Indeterminate
Function Setting Range RW

If setting value is n, the timer stops when counting
n times a count source selected by the INV12 bit
after start trigger occurs. Positive or negative 1to 255 \WYe]
phase, which changes from inactive level to active
level, shifts when the dead time timer stops.

NOTES:
1. Use the MOV instruction to set the DTT register.
2. The DTT register is enabled when the INV15 bit in the INVCL1 register is set to "0" (dead time
enabled). No dead time can be set when the INV15 bit is set to "1" (dead time disabled). The INV06
bit in the INVCO register determines start trigger of the DTT register.

Figure 15.4 IDBO, IDB1 and DTT Registers
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Timer B2 Interrupt Generation Frequency Set Counter(l. 2.3)

b7 b0
|><| | Symbol Address After Reset
r ICTB2 030D16 Indeterminate
Function Setting Range | RW

When the INVO1 bit is set to "0" (the ICTB2 counter
increments whenever the timer B2 counter underflows)
and the setting value is n, the timer B2 interrupt is
generated every nth time timer B2 counter underflow
"""" occurs. 1to 15 WO
When the INVOL1 bit is set to "1" (selected by the INVOO
bit) and setting value is n, the timer B2 interrupt is
generated every nth time timer B2 counter underflow
meeting the condition selected in the INVOO bit occurs.

Feessssssssssssssssssssssssssssss.
Messsssssssssssssssssssssssnnnnnnn
[ R R pa———

--------------- Nothing is assigned. When write, set to "0". -

NOTES:

1. Use the MOV instruction to set the ICTB2 register.

2. If the INVO1 bit in the INVCO register is set to "1", set the ICTB2 register when the TB2S bit is set to "0" (timer B2
counter stopped).
If the INVO1 bit is set to "0" and the TB2S bit to "1" (timer B2 counter start), do not set the ICTB2 register when
the timer B2 counter underflows.

3. If the INVOO bit is set to "1", the first interrupt is generated when the timer B2 counter underflows n-1
times, n being the value set in the ICTB2 counter. Subsequent interrupts are generated every n times
the timer B2 counter underflows.

Timer Ai, Ai-1 Register (=1, 2, 4)(1:2.3.4.5.6,7)

b15 b8 b7 b0 Symbol Address After Reset
| | TAL TA2, TA4 034916 - 034816, 034B1s - 034A16, 034F16 - 034E16 Indeterminate
TALL, TA21, TA41 030316 - 030216, 030516 - 030416, 030716 - 030616 Indeterminate

Function Setting Range RW

If setting value is n, the timer stops when the nth count
source is counted after a start trigger is generated.
R Positive phase changes to negative phase, and vice
versa, when the timers A1, A2 and A4 stop.

000016 to FFFF16 | WO

NOTES:
1. Use a 16-bit data for read and write..
2. If the TAI or TAI1 register is set to "000016", no counters start and no timer Ai interrupt is generated.
3. Use the MOV instruction to set the TAi and TAil registers.
4. When the INV15 bit in the INVCL1 register is set to "0" (dead timer enabled), phase switches from an
inactive level to an active level when the dead time timer stops.
5. When the INV11 bit is set to "0" (three-phase mode 0), the value of the TAi register is transferred to
the reload register by a timer Ai start trigger.
When the INV11 bit is set to "1" (three-phase mode 1), the value of the TAil register is first
transferred to the reload register by a timer Ai start trigger. Then, the value of the TAi register is
transferred by the next trigger. The values of the TAil and TAi registers are transferred alternately to
the reload register with every timer Ai start trigger.
6. Do not write to these registers when the timer B2 counter underflows.
7. Follow the procedure below to set the TAIl register.
(1) Write value to the TAIl register.
(2) Wait one timer Ai count source cycle.
(3) Write the same value as (1) to the TAi1l register.

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TB2SC 035E16 XXXX XXX02
Bit . .
Symbol Bit Name Function RW

0 : Timer B2 underflow
1 : Timer A output in odd-number RW
times

. Timer B2 Reload Timing
PWCON Switching Bit®)

S e

Nothing is assigned. When write, set to "0". -
When read, its content is "0."

NOTES:
1. When setting the INV11 bit to "0" (three-phase mode 0) or the INVO06 bit to "1" (sawtooth wave
modulation mode), set the PWCON bit to "0".

Figure 15.5 ICTB2 Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers and TB2SC Register
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M32C/83 Group (M32C/83, M32C/83T)

15. Three-Phase Motor Control Timer Functions

Timer B2 Register®

b15 b8 b7 bo Symbol Address After Reset
| : TB2 035516 - 035416 Indeterminate
Function Setting Range | RW
: If setting value is n, count source is divided by n+1.
H . . 000016 to FFFF16 | RW
--------------- The timers A1, A2 and A4 start every time an underflow occurs.
NOTES:
1. Use a 16-bit data for read and write.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TRGSR 034316 0016
A Bit - :
Poro Symbol Bit Name Function RW
oo TALTGL | Timer A1 Event/Trigger Set to "012" (TB2 underflow) before using | RW
R TALTGH | Select Bit a V-phase output control circuit RW
it TA2TGL | Timer A2 Event/Trigger  |Set to "012" (TB2 underflow) before using | RW
R TA2TGH | Select Bit a W-phase output control circuit RW
b5 b4
E ---------------- TA3TGL . . 0 0: Selects an input to the TA3IN pin RW
: Timer Agf Event/Trigger 0 1: Selects TB2 overflow(?)
Fewnmmmnmmaaaad TA3TGH Select Bit 1 0: Selects TA2 overflow® RW
1 1: Selects TA4 overflow®
TA4TGL | Timer A4 Event/Trigger Set to "012" (TB2 underflow) before using | RW
P TA4TGH | Select Bit a U-phase output control circuit RW
NOTES:
1. Overflow or underflow
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
LT ] TABSR 034016 0016
oo Bit . .
toi b 0 v 0 b | Symbol Bit Name Function RW
A Timer AO Count 0 : Stops counting
Y ) RW
- - TAOS | gtart Flag 1 : Starts counting
A Timer A1 Count 0 : Stops counting
o e »on mme=es ) RW
- T TALS | start Flag 1 : Starts counting
Timer A2 Count 0 : Stops counting
o e @ mmemsseees ) RW
oo TA2S Start Flag 1 : Starts counting
Timer A3 Count 0 : Stops counting
. . . LR EEEE LR ) RW
- TA3S Start Flag 1: Starts counting
Timer A4 Count 0 : Stops counting
. . n TEEEEEmEssssssss . RW
HE TA4S Start Flag 1: Starts counting
Timer BO Count 0 : Stops counting
v Tmmmmmmmmmmmmsnnes ) RW
HE TBOS | siar Flag 1 : Starts counting
Timer B1 Count 0 : Stops counting
e TB1S ) RW
H Start Flag 1 : Starts counting
Timer B2 Count 0 : Stops counting
--------------------------- TB2S . RW
Start Flag 1 : Starts counting

Figure 15.6 TB2, TRGSR and TABSR Registers
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Timer Ai Mode Register (i=1, 2, 4)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | |o|1| |><|1|o| TAIMR, TA2MR, TA4MR 035716, 035816, 035A16 0000 0X002
Syl?rl]tbm Bit Name Function RW

. Set to "102" (one-shot timer
-4 TMODO :

Operathn Mode mode) with the three-phase motor RW
I TMOD1 | Select Bit control timer function

F a Nothing is assigned. When write, set to "0". —

Set to "0" with the three-phase motor
8 ) RW
control timer function

Set to "1"(selected by the
PR TR MR2 | Trigger Select Bit TRGSR register) with the three- RW
phase motor control timer function

[T ETTTETER MR1 [ External Trigger Select Bit

e R LT MR3 | Set to "0" with the three-phase motor control timer function RW
: b7b6

R EEEEEEEEE bbb TCKO 00:f1 RW

Count Source SelectBit | 0 1:fs

: 10:fan@

-------------------------- TCK1 11 fea RW
NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Timer B2 Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
[ 1] o] | Jo]o] TBomr 035D16 00XX 00002

Pl el - -
Py b n bbb | symbol Bit Name Function RW
TMODO ration M Set to "002" (timer mode) when. using
A Ope ath ode the three-phase motor control timer | RW
P R TMOD1 | SelectBit function
T T S R S MRo | Disabled when using the three-phase motor control timer function.
When write, set to "0". —
T ey MR1 | When read, its content is indeterminate.
R AAREERLERELE MR2 [ Setto "0" when using three-phase motor control timer function RW
A MR3 | Nothing is asggned. V\{hgn write, set to 0". RW
N When read, its content is indeterminate.
b7b6
T L LT P LT R EEET RS TCKO 00:f1 RW
Count Source SelectBit | 0 1:fs
: 10:fn@®
--------------------------- TCK1

11:fc32 RW

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

Figure 15.7 TA1IMR, TA2MR, TA4MR Registers and TB2MR Register

Rev. 1.31 Jan.31, 2006 Page 169 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

The three-phase control timer function is available by setting the INVO02 bit in the INVCO register to "1".
The timer B2 is used for carrier wave control and timers A4, A1, A2 for three-phase PWM output (U, U, V,
V, W, W) control. An exclusive dead time timer controls dead time. Figure 15.8 shows an example of the
triangular modulation waveform. Figure 15.9 shows an example of the sawtooth modulation waveform.

Triangular waveform as a Carrier Wave

Triangular Wave_.',\
Signal Wave —» !

TB2S Bitin
TABSR Register

|

Timer B2

Timer Al
Reload Control Signal(®)

Timer A4 ]'l

Start Trigger Signal(l)

TA4 Register@ — m__ X

TA41 Register® — m X

Timer A4 ‘
One-Shot Pulse® |

Rewrite the IDBO and IDB1 registers

U-Phase Output

Signal(l)

[ 1l
I_i_’ Y\Transfer a counter

. value to the three-phase
I

U-Phase Output T [ 1 # reqi
| | 1 . sShift register

Signal(l) \I_lw ! 1 1 1 1 !T\’ ! ; !

U-Phase ‘ ‘ — 0o 1 m l

INV14 =0 m 1 | I—J | |—| o 1

("L" active) | _ l l "o — T o 1

0-Phase o - B [T ‘: ‘

| 1 L = :-¢- Dead time L o 1

VL4 < 1 U-Phase b 1 1L | 1l K 1

("H" active) | i i i } . i—»i 4— Dead time i i o |
U-Phase L i L !

INVOO, INVO1: Bits in the INVCO register
INV11, INV14: Bits in the INVC1 register

NOTES:
1. Internal signals. See Figure 15.1.
2. Applies only when the INV11 bit is set to "1" (three-phase mode).

The above applies to INVCO = 00XX11XX2 and INVC1 = 010XXXX02 (X varies depending on each system.)
Examples of PWM output change are

(a) When INV11=1 (three-phase mode 1) (b) When INV11=0 (three-phase mode 0)
- INV01=0 and ICTB2=216 (The timer B2 interrupt is - INV01=0, ICTB2=116 (The timer B2 interrupt is generated
generated with every second timer B2 underflow) or whenever the timer B2 underflows)
INVO1=1, INVOO=1and ICTB2=116 (The timer B2 interruptis - Default value of the timer: TA4=m A
generated on the falling edge of the timer A1 reload control The TA4 register is changed whenever the timer B2
signal) interrupt is generated.
- Default value of the timer: TA41=m, TA4=m First ime: TA4=m. Second time: TA4=0.
The TA4 and TA41 registers are changed whenever the Third time: TA4=n. Fourth time: TA=p.
timer B2 interrupt is generated. Fifth time: TA4=p.
First time: TA41=n, TA4:=n. - Default value of the IDBO and IDB1 registers:
Second time: TA41=p, TA4=p. DU0=1, DUB0=0, DU1=0, DUB1=1
- Default value of the IDBO and IDB1 registers They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by
DUO0=1, DUB0=0, DU1=0, DUB1=1 the sixth timer B2 interrupt.

They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0
by the third timer B2 interrupt.

Figure 15.8 Triangular Wave Modulation Operation
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M32C/83 Group (M32C/83, M32C/83T) 15. Three-Phase Motor Control Timer Functions

Sawtooth Waveform as a Carrier Wave

Sawtooth Wave —,

sven~— L1 ~ VaRvd

Timer A4 Start
Trigger Signal(®)

I
I
I
I
I
|
Timer B2 :
I
I
I
I
I
I
I

Timer A4 One-Shot l ‘ | | | | |
Pulse(d) |_

| | |

} i Rewrite the IDBO

} 1 and IDB1 registers
| | |
|

I I
Transfer the counter to the
three-phase shift register

I I

Signal(l)

U-Phase Output
Signal(l)

U-Phase Output | |

— ~+—Dead time

T

INV14 =0
("L" active) U-Phase

m

—» |&— Dead time

INV14 =1
("H" active)

U-Phase '

INV14: Bits in the INVCL1 register
NOTES:
1. Internal signals. See Figure 15.1.
The above applies to INVCO = 01XX110X2 and INVC1 = 010XXX002 (X varies depending on each system.)
The examples of PWM output change are
- Default value of the IDBO and IDBL1 registers: DU0=0, DUB0O=1, DU1=1, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 by the timer B2 interrupt.

Figure 15.9 Sawtooth Wave Modulation Operation
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O

16. Serial I/O

Serial 1/0O consists of five channels (UARTO to UART4).

Each UARTI (i=0 to 4) has an exclusive timer to generate the transfer clock and operates independently.
Figure 16.1 shows a UARTI block diagram.

UARTI supports the following modes :

- Clock synchronous serial /0 mode

- Clock asynchronous serial I/0 mode (UART mode)

- Special mode 1 (12C mode)

- Special mode 2

- Special mode 3 (Clock-divided synchronous function, GCI mode)
- Special mode 4 (Bus conflict detect function, IE mode)

- Special mode 5 (SIM mode)

Figures 16.2 to 16.9 show registers associated with UARTI.

Refer to the tables listing each mode for register and pin settings.
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O

H TxD
RxD Polarity i i
i i . - - TxDi
RxDi O Switching Circuit Clock Asynchronous ssv?t'iﬂf%g
Receive SMD2 to SMDO Circuit
6010, 100, 101, 110 - Receive _
Selecting Clock Source 001_%_* c R;ecleg_e it Clock TRr,ansmltI (Note 1)
, Clock Synch T 1 ontrol Circui eceive
f 00 FK%IR UIBRG ock Synchronous Type [—o ! : Unit
s 0L, \o o [nside Register Clock Asynchronous -
10 Transmit ! Transmit
f2n@—24—o I -
CLK1 to CLKO 1 010, 100, 101, 110 _KO__ Transmit Clock
- Clock Synchronous Type | o Control Circuit
Outside 00
Clock Synchronous Type
(when internal clock is selected)
o]
1
CKPOL Clock Synchronous Type (T:IDCK Synchronous  ERBIR
(when internal clock is selected) 'YP€ .
CLK (when external clock is
. Polarity )/‘ selected)
CLKi O syirahi .
Switching \I
Circuit CTS/RTS R
CTSIRTS  "CTS/RTS disabled
selected M
CRD i
cTsi/RTSI O ot <l RTSI
CRS |0
CRD CTS/RTS disabled —_—
0 CTSi
[o—ol
o ° . . .
m : setting value of UiBRG register
Vss NOTES:
1. P70 and P71 are ports for the N-channel open drain output, but
not for the CMOS output.
10POL 2. The CNT3 to CNTO bits in the TCSPR register select no division
No inverse (n=0) or divide-by-2n (n=1 to 15).
RxDi O—
Inverse
Clock
Synchronous Type
Clock
Asynchronous
Type (7 bits)
Clock Clock
Clock Asynchronous Asynchronous
Synchronous Type (8 bits) Type (7 bits) UARTI Receive Register
Type 0 0
Clock' 1 i
2SP PAR Asynchronous Clock gl?wi:khronous Type
enabled Type Asynchropous Clock
SMD2 to SMDO Type (9 bits) Asynchronous
Type (8 bits)
Clock
Asynchronous
Type (9 bits)
o io0oio0oio0oio0io0io0 :D8| |D7:D6:DS:D4§D3:D2:D1:D0|U|RBReg|Ster
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
High-order bits of data bus
Low-order bits of data bus
| Logic Inverse Circuit + MSB/LSB Conversion Circuit |
| Ds | | D7 | De | Ds i Da i D3 | D2 | D1 i Do | UiTB Register
Clock
Asynchronous
Type (8 bits)
Clock
Asynchronous
Clock Type (9 bits)
PRYE SMD2 to SMDO
STPS PAR  Clock ;_\SV"C';’E”tO“S Clock
2sP enabled Asynchronous Type ype i its) SyﬂChﬂi"UUS Type
1
R ‘
ol : —o i
0 Clock 0 0 Clock UARTi Transmit Register
Synchronous Clock Asynchronous
disabled | Type Asynchronous Ty;)Jle (7 bits)
Type (7 bits)
0 Clock
Asynchronous
Type (8 bits)
Clock Error Signal Output .
Synchronous Type disable 'OPOS No inverse
0
. Error Signal TxD Data O i
aep bt
PAR: Parity bit UiERE 1 | Qutput Circuit T | 'nverse Circuit
i=0to 4 Error Signal Output Inverse
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in UiMR register enable
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in UiCO register
UIERE: Bit in UiC1 register

Figure 16.1 UARTI Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 16.

Serial I/O

UARTI Transmit Buffer Register (i=o to 4)")

b15 b8 b7 bo Symbol Address After Reset
UOTB to U2TB 036B16-036A16, 02EB16-02EA16, 033B16-033A16 Indeterminate
U3TB, U4TB 032B16-032A16, 02FB16-02FA16 Indeterminate
SyE’:tbOI Function RW
(b7 - bO) Transmit data (D7 to Do) WO
—— | Transmit data (Ds WO
08) (Ds)
Nothing is assigned.
When write, set to "0". _
(b15 - b9)| When read, its content is indeterminate.

NOTES:
1. Use the MOV instruction to set the UiTB register.

UARTI Receive Buffer Register (i=0 to 4)

b8 b7 b0 Symbol Address After Reset

§§| UORB to U2RB 036F16 - 036E16, 02EF16 - 02EE16, 033F16 - 033E16 Indeterminate
U3RB, U4RB  032F16 - 032E16, 02FF16 - 02FE16 Indeterminate
Bit Bit Name Function RW

Symbol
P _ Received data (D7 to Do) RO

(b7 - b0)
—_— e Received data (Ds) RO

(b8)

Nothing is assigned. When write, set to "0".
(b10 - b9) | When read, its content is indeterminate.

Arbitration Lost 0: Not detected (win)

ABT
Detect Flag® 1: Detected (lose)

RW

0: No overrun error occurs

e @ RO
OER  |Overrun Error Flag 1: Overrun error occurs

e FER Framing Error 0: No framing error occurs RO
Flag(@ 3) 1: Framing error occurs
E ___________________________ PER Parlty Error Flag(z, 3) 0 NO parlty €rror occurs RO
1: Parity error occurs
----------------------------- SUM Error Sum F|ag(2: 3) 0: No error occurs RO

1: Error occurs

NOTES:

1. The ABT bit can be set to "0" only.

2. When the SMD2 to SMDO bits in the UiMR register is set to "0002" (serial /0 disable) or the RE bit
in the UiC1 register is set to "0" (receive disable), the OER, FER, PER and SUM bits are set to "0"
(no error occurs).
When all OER, FER and PER bits are set to "0" (no error), the SUM bit is set to "0" (no error).
Also, the FER and PER bits are set to "0" by reading low-order bits in the UiRB register.

3. These error flags are disabled when the SMD2 to SMDO bits in the UiMR register are set to "0012"
(clock synchronous serial 1/0 mode, special mode 2, or special mode 3) or to "0102" (12C mode).
When read, the contents are indeterminate.

Figure 16.2 UOTB to U4TB Registers and UORB to U4RB Registers
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O

UARTI Baud Rate Register (=0 to 4)(1+ 2 3)

b7 b0 Symbol Address After Reset
| | UOBRG to U4BRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate

Function Setting Range RW

If the setting value is m, the UiBRG register

"""""""" divides a count source by m+1 0016 to F16 wo

NOTES:
1. Use the MOV instruction to set the UIBRG register.
2. Set the UiBRG register data transmit and receive is stopped.
3. Set the UiBRG register after setting the CLK1 and CLKO bits in the UiCO register.

UARTI Transmit/Receive Mode Register (i=0 to 4)

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | | UOMR to U4AMR 036816, 02E816, 033816, 032816, 02F816 0016

S R S ) P Bit Name Function RW
A b2 b1 b0
Dol b bbb s SMDO 0 0 0: Serial I/O disabled RW
- 0 0 1: Clock synchronous serial /O mode
A : 01 0: 12C mode
AR - B Serial /0 Mode Select
A SMD1 | gyt 10 0: UART mode, 7-bit transfer data | RW
O 10 1: UART mode, 8-hit transfer data
FE - BRI 1 1 0: UART mode, 9-bit transfer data
SMb2 Do not set value other than the above RW
Internal/External Clock| O : Internal clock
R R LREEEY KDIR . RW
Voo ¢ Select Bit 1 : External clock
Stop Bit Length Select |0 : 1 stop bit
N STPS | it 1: 2 stop bits RW
: Enables when PRYE =1
Do Remmmeeemeeeeeeeees PRY (I;).dd/Even Parity Select 0 : Odd parity RW
Pl it 1 : Even parity
R O PRYE | Parity Enable Bit 0: Disables a parity RW
' 1: Enables a parity
L TxD,RxD Input/Output |0: Not inversed

IOPOL Polarity Switch Bit 1: Inverse RW

Figure 16.3 UOBRG to U4BRG Registers and UOMR to U4MR Registers
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O

b7 b6 b5 b4 b3 b2 bl bO

UARTI Transmit/Receive Control Register 0O (=0 to 4)

Symbol Address After Reset
UOCO to U4CO0 036C16, 02EC16, 033C16, 032C16, 02FC16 0000 10002
Bit Bit Name Function RW
Symbol
b0 bl
CLKO | 0 0: Selects f1 RW
ngRG go:mtt Bit@) 0 1: Selects f8
CLK1 ource Select BIt™ 1 o: selects f2n(2)
1 1: Do not set to this value RW
moT/oTC .| Enabled when CRD=0
CST/RTS Funct 1ent (
CRS Select Bi unetion 0 : Selects CTS function RW
elect Bit 1: Selects RTS function
0 : Data in the transmit register
Transmit Register (during transmission)
TXEPT Empty Flag 1: No data in the transmit register RO
(transmission is completed)
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 Data Output Select CMOS 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
CLK Polarity received on the rising edge
CKPOL Select Bit 1: Data is transmitted on the rising edge of RW
the transfer clock and data is received
on the falling edge
Transfer Format |0 : LSB first
FORM . . RW
UFORM Select Bit®) 1: MSB first

NOTES:
1. P70/TxD2 are ports for the N-channel open drain output, but not for the CMOS output.
2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
3. The UFORM bit is enabled when the SMD2 to SMDO bits in the UiMR register are set to "0012"

(clock synchronous serial I/O mode), or "1012" (UART mode, 8-bit transfer data).

Set this bit to "1" when the SMD2 to SMDO bits are set to "0102" (12C mode), and to "0" when the
SMD2 to SMDO bits are set to "1002"(UART mode, 7-bit transfer data) or "1102"(UART mode, 9-bit

transfer data).

4. If the CLK1 and CLKO bits are changed, set the UIBRG register.

Figure 16.4 UOCO to U4CO Registers
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O

b7 b6 b5 b4 b3 b2 bl bo

UARTI Transmit/Receive Control Register 1 (i=0to 4)

| | | | | | | | | Symbol Address After Reset
— 1 UOC1 to U4C1 036D16, 02ED16, 033D16, 032D16, 02FD16 0000 00102
Syﬁitbol Bit Name Function RW
FE A Transmit 0: Transmit disable
e TE Enable Bit 1: Transmit enable RW
N - Transmit Buffer |0: Data in the UiTB register RO
Empty Flag 1: No data in the UiTB register
Receive 0: Receive disable
RE Enable Bit 1: Receive enable RW
____________ RI Receive 0: No data in the UiRB register RO
H Complete Flag |1: Data in the UiRB register
UARTi Transmit | . : ; ; -
KEEEEEEEEEEEEEEE UiIRS |Interrupt Cause 2: _’I\_IO datg |n'thelU|TB re;glst;:r_l(_';(IEP_lr)_ 1 RW
Select Bit : Transmission is completed ( =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
e eeeeeeenaeead . Data Logic 0: Not inversed
ViLCH Select Bit 1: Inverse RW
Clock-Divided gloscr-divided s%nchr'onous stop bit (special mode 3)
: : Stops synchronizing
R SCLKSTPB Synchrlonous 1: Starts synchronizing
) Stop Bit/ ) . . RW
JUIERE ) Error signal output enable bit (special mode 5)
Error Signal Output 0: Not output
ble Bit® ; P
Enal 1: Output

NOTES:

1. Set the SCLKSTPB/UIERE bit after setting the SMD2 to SMDO bits in the UiMR register.

2. The UILCH bit is enabled when the SMD2 to SMDO bits are set to "0012" (clock synchronous serial
1/0 mode), "1002"(UART mode, 7-bit transfer data), or "1012" (UART mode, 8-bit transfer data).
Set this bit to "0" when the SMD2 to SMDO bits are set to “0102" (12C mode) or "1102"(UART mode,
9-bit transfer data)

UARTI Special Mode Register (i=o to 4)

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | UOSMR to U4SMR 036716, 02E716, 033716, 032716, 02F 716 0016

P b P e _ .
I L+ ¢ & 1| Symbol Bit Name Function RW
A A Except 2
H Pobob i oM | 1c Mode selectpit | O EXCePtIC mode RW
HE FE 1: 1°C mode
Arbitration Lost Detect | 0: Update per bit
N ABC Flag Control Bit 1: Update per byte RW
P 0: Stop condition detected
I e iti “
[ o BBS Bus Busy Flag 1: Start condition detected (Busy) RW
SCLL Sync Output 0: Disabled
LSYN | Enable Bit 1: Enabled RW
L Bus Conflict Detect 0: Rising edge of transfer clock
ABSCS Sampling Clock Select Bit| 1: Timer Aj underflow( RW
L Auto Clear Function Select | 0: No auto clear function
H ACSE Bit for Transmit Enable Bit | 1: Auto clear at bus conflict RW
Transmit Start 0: Not related to RxDi
P Tmmmmmmemmesseseennene. SSS . . . . . RW
H Condition Select Bit | 1: Synchronized with RxDi
: Clock Divide
--------------------------- . Note 3

SCLKDV 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,
UART4: timer A4 underflow signal.

3. Refer to notes for the SULHIM bit in the UiSMR2 register.

Figure 16.5 UOC1 to U4C1 Registers and UOSMR to U4SMR Registers
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16. Serial I/O

REJ09B0034-0131

UARTI Special Mode Register 2 (i=0to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | UOSMR2 to U4SMR2 036616, 02E616, 033616, 032616, 02F616 0000 00002
Sylraritbol Bit Name Function RW
Porov 1 k| jIcM2 [I12C Mode Select Bit2 | (Note 1) RW
A 0: Disabled
- i RW
- CSC |Clock Synchronous Bit 1: Enabled
Plob 0: Disabled
Vb e i i RW
I SWC | SCL Wait Output Bit 1: Enabled
H . 0: Output
P4 4 1 tmmssssaaaaas RW
Pl ALS | SDA Output Stop Bit 1: No output
R T ste nitialize B 0: Disabled RW
UARTI Initialize Bit 1: Enabled
S S SWC2 | SCL Wait Output Bit2 | O Transfer clock RW
- 1: 0 output
I 0: Output
TR CEEEICEE LI CITEECETERE SDHI | SDA Output Inhibit Bit . RW
H utput inhibit B 1: No output (high-impedance)
External Clock
SUIHIM Synchronous Enable Bit (Note 2) RW
NOTES:
1. Refer to 16.3 Special mode 1 (12C Mode).
2. The external clock synchronous function can be selected by combining the SU1HIM bit and the
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 U4ASMR2 Registers
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16. Serial I/O

b7 b6 b5 b4 b3 b2 bl

b0

NOTES:
1. Setthe 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 I2C 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.

UARTI Special Mode Register 3 (i=0to 4)

Symbol Address After Reset
UOSMR3 to U4SMR3 036516, 02E516, 033516, 032516, 02F516 0016
Bit Bit Name Function RW
Symbol
SS Pin Function 0: Disablesi_s pin function
SSE | Enable Bit® 1: Enables SS pin function RW
Clock-Phase 0: No clock delay
CKPH Set Bit 1: Clock delay RW
0: Selects the TxDi and RxDi pins
Serial Input Port (master mode)
DINC Set Bit 1: Selects the STxDi and SRxDi pins RW
(slave mode)
Clock Output 0: CMOS output
NODC Select Bit 1: N-channel open drain output RW
0: No error
2
ERR | Fault Error Flag® | 1. £rror RW
b7 b6 b5
DLO 000 : No delay RW
001 : 1-to-2 cycles of BRG count source
o 010 : 2-to-3 cycles of BRG count source
pL1 | SDAiDigital Delay | 011 : 3-to-4 cycles of BRG count source RW
Time Set Bit® 4 100 : 4-to-5 cycles of BRG count source
101 : 5-to-6 cycles of BRG count source
DL2 110 : 6-to-7 cycles of BRG count source
111 : 7-to-8 cycles of BRG count source RW

Figure 16.7 UOSMR3 to U4SMR3 Registers

Rev. 1.31 Jan.31, 2006 Page 1790f 488

REJ09B0034-0131

RENESAS



M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O

b7 b6 b5 b4 b3 b2 bl bo

UARTI Special Mode Register 4 (=0 to 4)

NOTES:

Symbol Address After Reset
UOSMR4 to U4SMR4 036416, 02E416, 033416, 032416, 02F 416 0016
Sy?ritbol Bit Name Function RW
sreg) SO |0 e Rw
remineq S T | ¢ G w
stoneq| SonConn |Gl ”
stspseL | SCL SOA Ouput | Selects the stardstop onditon RW
generation circuit
ACKD |ACK Data Bit 2 Q%K RW
Acre | AU OU |0 Sern 1t w
scu |00 9|0 D o
SWEs | g | T SeL L hold enabled W
1. When each condition is generated, the STAREQ, RSTAREQ or STPREQ bit is set to "0".
When a condition generation is incomplete, the bit remains unchanged as "1".

Figure 16.8 UOSMR4 to U4SMR4 Registers
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16. Serial I/O

b7 b6 b5 b4 b3 b2 bl bo

External Interrupt Request Cause Select Register

Symbol Address After Reset
IFSR 031F16 0016
Bit Bit Name Function
Symbol RW
INTO Interrupt Polarity | O: One edge
IFSRO .
Select Bit( 1: Both edges RW
INT1 Interrupt Polarity | O: 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 | O : One edge
IFSR4
Select Bit() 1 : Both edges RW
INTS Interrupt Polarity | O : One edge
IFSRS | o Ject Bit® 1: Both edges RwW
0 : UARTS3 bus conflict, start condition
detect, stop condition detect, fault
UARTO, UART3 error detect
IFSR6 Interrupt Cause Select |1 : UARTO bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect
0 : UART4 bus conflict, start condition
detect, stop condition detect, fault
UART1, UART4 error detect
IFSR7 Interrupt Cause Select |1 : UART1 bus conflict, start condition RW
Bit detect, stop condition detect, fault
error detect

NOTES:
1.Set this bit to "0" to select level sensitive.
When setting this bit to "1", set the POL bit in the INTIIC register (i = 0 to 5) to "0" (falling edge).

Figure 16.9 IFSR Register
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (Clock Synchronous Serial 1/0O)

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 registers to be used and settings.
Tables 16.3 to 16.5 list pin settings. When UARTI (i=0 to 4) operation mode is selected, the TxDi pin outputs
an "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 I/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):

- iz 1) m :setti i i
2(m+1) fi=f1, fs, fan\*) m :setting value of the UiBRG register 0016 to FF16.

» The CKDIR bit is set to "1" (external clock selected) : an input from the CLKi pin
Transmit/Receive Control » Selected from the CTS function, RTS function or CTS/RTS function disabled
Transmit Start Condition « To start transmitting, the following requirements must be met(?):
- Set the TE bit in the UiC1 register to "1" (transmit enable)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply an "L" signal to the CTSi pin when the CTS function is selected
Receive Start Condition « To start receiving, the following requirements must be met(@):
- Set the RE bit in the UiC1 register to "1" (receive enable)
- Set the TE bit to "1" (transmit enable)
- Set the Tl bit to "0" (data in the UiTB register)
Interrupt Request Generation Timing | « Transmit interrupt timing can be selected from the followings:
- 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

* Receive interrupt timing
When data is transferred from the UARTI receive register to the UIiRB register (reception completed)
Error Detect « Overrun error®

This error occurs when the seventh bit of the next received data is read before reading
the UiRB register
Selectable Function * CLK polarity
Transferred data is output and input on either the rising edge or falling edge of the
transfer clock
* LSB first / MSB first
Data is transmitted or received in either bit 0 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 or 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 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 indeterminate. The IR bit in the SiRIC register does not change to "1"
(interrupt requested).
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/0 (Clock Synchronous Serial 1/0)

Table 16.2 Registers to be Used and Setting Value in Clock Synchronous Serial I/O Mode

Register Bit Function

uiTB Oto7 Set transmit data

UiRB Oto7 Received data can be read
OER Overrun error flag

UIBRG Oto7 Set bit rate

UiIMR SMD2 to SMDO Set to "0012"
CKDIR Select the internal clock or external clock
IOPOL Set to "0"

UiCo CLK1 to 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
Tl Transmit buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UIRRM Set to "1" when using continuous receive mode
UILCH Set to "1" when using data logic inverse
SCLKSTPB Set to "0"

UiSMR Oto7 Set to "0016"

UiSMR2 Oto7 Set to "0016"

UiSMR3 Oto2 Set to "0002"
NODC Select clock output format
4t07 Set to "00002"

UiSMR4 | Oto7 Set to "0016"

i=0to 4
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/0 (Clock Synchronous Serial 1/0)

Table 16.3 Pin Settings in Clock Synchronous Serial I/O Mode (1)
Port Function Setting
PSO0 Register PSLO Register PD6 Register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PS0_0=1 - -
P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PSO_1=1 - -
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 - -
P64 ‘CTS1 input PS0_4=0 - PD6_4=0
RTSI output PSO_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PSO_5=1 - -
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - -
Table 16.4 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1 2=1 PSL1_2=0 PSC_2=0 -
P73 ‘CTSZ input PS1_3=0 - - PD7_3=0
'RTS2 output PS1 3=1 PSL1 3=0 PSC_3=0 -
NOTES:

1. P70 and P71 are ports for the N-channel open drain output.

Table 16.5 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register(®)
P90 CLK3 input PS3_0=0 - PD9_0=0
CLK3 output PS3 0=1 - -
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 -
P93 CTS3 input PS3_3=0 PSL3_3=0 PD9_3=0
'RTS3 output PS3 3=1 - -
P94 ‘CTS4 input PS3_4=0 PSL3 4=0 PD9 _4=0
'RTS4 output PS3_4=1 - -
P95 CLK4 input PS3 5=0 PSL3 5=0 PD9_5=0
CLK4 output PS3_5=1 - -
P96 TxD4 output PS3 6=1 - -
P97 RxD4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/0 (Clock Synchronous Serial 1/0)

(1) Transmit Timing (Internal clock selected)

Tc

Transfer Clock |||| |||| ||||| |||| |||| || |||| ||||| ||

L "1" :
TE bit in UiC1 | |
register "0 Data is set in the UiTB register

Tl bitin UiC1 "1
register "0 | 1 (b\

Data is transferred from the UiTB register to the UARTI transmit register

CTSi —I__| TCLK \'l_l

Pulse stops because CTSi = H

L

Pulse stops because TE bit = 0

CLKi

@@@@@@@@@@@@@@@@@@@@@ >

e ::;::—! |—| |—| —

L ] T
X I

Set to "0" by an interrupt request acknowledgement or by program

The above applies to the following settings: Te=2(m+1)f
* The CKDIR bit in the UIMR register is set to "0" (internal clock selected)
« The CRD bit in the UiCo register is set to "0" (RTS/CTS function enabled)
The CRS bit is set to "0" (CTS function selected)
« The CKPOL bit the in UiCo register is set to "0" (data transmitted on the
falling edge of the transfer clock)
« The UiIRS bit in the UiC1 register is set to "0" (no data in the UiTB register)

fi : Count source frequency set in the UIBRG register (f1, f8, f2n(1))
m : Setting value of the UiBRG register
i=0to4
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) Receive Timing (External clock selected)

RE bit in UiC1 L
register "0" J

TE bit in UiC1 E ) ) ) )
register g _l Dummy data is set in the UiTB register

Tl bit in UiC1 " : ;I{
register "0" .

Vo Data is transferred from the UiTB register to the UARTI transmit register

RS v L |

L h
i —»'—‘4— 1/ fext : \ Becomes "L" when the UiRB register is read
CLKi :
RxDi
Data transferred from UARTI register to UiRB registér Read by the UiRB register

RI bit in UiC1 "1 a0 W/ |
register ugn
IR bit in SIRIC " ‘
register ugn |

P

Set to "0" by an interrupt request acknowledgement or by program

OERbitin URB 1 :
register g |

The above applies to the following settings: Meet the following conditions while "H" is applied to the CLKi
* The CKDIR bit in the UIMR register is set to "1" (external clock selected) pin before receiving data:
* The CRD bit in the UiCo register is set to "0" (RTS/CTS function enabled) « Set the TE bit in the UiC1 register to "1" (transmit enable)
The CRS bit is set to "1" (RTS function selected) « Set the RE bit in the UiC1 register to "1" (receive enable)
* The CKPOL bit in the UiCO register is set to "0" « Write dummy data to the UiTB register

(Data is received on the rising edge of the transfer clock)
fext: External clock frequency =0 to 4

Figure 16.10 Transmit and Receive Operation
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (Clock Synchronous Serial 1/0O)

16.1.1 Selecting CLK Polarity

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)

|
I 9 ) &) Y ) Y G
/

RXDi X Do X D1 X D2 X D3 X pa X Ds X Ds X D7

NOTES:
1. The CLKi pin is held high ("H") when no data is transferred.

2. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB first)
and the UILCH bit in the UiC1 register is set to "0" (not inversed).

(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)

ST o B O e B e o O e B B o
TXDi X Do X D1 X Dz/)X Ds X D4 X Ds X Ds X D7
RXDi X Do X b1 X D2 X Ds X pa 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 UIiLCH 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)

e L) L)L LU L
TXDi ><Do>< D1><D2 D3><D4><D5><Ds><D7
RXDi X Do X D1 X D2 X Ds X Da X Ds X Ds X D7

NOTES:

1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UILCH bit in the UiC1 register is set to "0" (not inversed).

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)
e LI LU

TXDi X D7 X Ds X Ds X Da X Ds X D2 X D1 X Do

RXDi X D7 X Ds X Ds X Da X D3 X D2 X D1 X Do

NOTES:
2. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising
edge) and the UILCH bit in the UiC1 register is set to "0" (not inversed).

Figure 16.12 Transfer Format
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/0 (Clock Synchronous Serial 1/0)

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 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 "H" | | | | | | | | | |
o

TxDi "H"
(no inver);e)l HL ‘( Do X D1 X D2 X D3 X Da X Ds X Ds X D7

(2) When the UILCH bit in the UiC1 register is set to "1" (inverse)

Transfer clock "H" | | | | | | | | | |
e

(inv;arr);lt:e))i HI_ \(WXWXWXEXWXEXWXW

NOTES:
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is transmitted on
the falling edge) and the UFORM bit in the UiC register is set to "0" (LSB first).

Figure 16.13 Serial Data Logic Inverse
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

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) :
fil16(m+1) fj=f1, fs, f2n() m: 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 | e To start transmitting, the following requirements must be met:
- Set the TE bit in the UiC1 register to "1" (transmit enable)
- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
- Apply an "L" signal to the CTSi pin when the CTS function is selected
Receive Start Condition | ¢ To start receiving, the following requirements must be met:
- Set the RE bit in the UiC1 register to "1" (receive enable)
- The start bit is detected
Interrupt Request » Transmit interrupt timing can be selected from the followings:
Generation Timing - 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 bit is set to "1" (transmission completed) :
when data transmission from the UARTI transfer register is completed
* Receive interrupt timing
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 character
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 / MSB first
Data is transmitted or received in either bit O or in bit 7
*Serial data logic inverse
Logic values of data to be transmitted or received data are inversed. The start bit and
stop bit are not inversed
*TxD, RxD 1/O polarity switching

TxD pin output and RxD pin input are inversed

NOTES:
1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
2. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register remains unchanged
as "1" (interrupt requested).
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

Table 16.7 lists registers to be used and settings. Tables 16.8 to 16.10 list pin settings. When UARTiI (i=0
to 4) operation mode is selected, the TxDi pin outputs an "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
example of a transmit operation in UART mode. Figure 16.15 shows an example of a receive operation in
UART mode.

Table 16.7 Registers to be Used and Settings in UART

Register Bit Function
UiTB 0to 8 Set transmit data(1)
UiRB O0to8 Received data can be read®
OER, FER, Error flags
PER, SUM
UIBRG Oto7 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 / RxD /O polarity
UiCOo CLKO, CLK1 Select count source for the UiBRG register
CRS Select either CTS or RTS when using either
TXEPT Transfer register empty flag
CRD Enables or disables the CTS or RTS function
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Select the LSB first or MSB first when a transfer data is 8 bits long
Set to "0" when transfer data is 7 bits or 9 bits long
UiC1 TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM Set to "0"
UiLCH Select whether or not data logic is inversed when transfer data length is 7 or
8 bits. Set to "0" when transfer data length is 9 bits.
UIERE Set to either "0" or "1"
UiSMR Oto7 Set to "0016"
UiSMR2 Oto7 Set to "0016"
UiSMR3 Oto7 Set to "0016"
UiSMR4 Oto7 Set to "0016"
NOTES:

1. Use bits 0 to 6 when transfer data is 7 bits long, bits 0 to 7 when 8 bits long, bits 0 to 8 when 9 bits long.
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M32C/83 Group (M32C/83, M32C/83T)

16. Serial I/O (UART)

Table 16.8 Pin Settings in UART (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register

P60 ‘CTSO input PS0_0=0 - PD6_0=0

'RTSO output PS0_0=1 - -
P61 CLKO input PS0_1=0 - PD6_1=0
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 - —
P64 CTS1 input PS0_4=0 - PD6_4=0

'RTS1 output PSO_4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - —

Table 16.9 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register

P70 TxD2 output PS1 0=1 PSL1_0=0 PSC _0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1 2=0 - — PD7_2=0
P73 ‘CTS2 input PS1_3=0 - - PD7_3=0

RTS2 output PS1_3=1 PSL1_3=0 PSC_3=0 -
NOTES:

1. P70 and P71 are ports for the

Table 16.10 Pin Settings (3)

N-channel open drain output.

Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register(®)
P90 CLK3 input PS3_0=0 - PD9_0=0
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3_2=1 PSL3_2=0 -
P93 CTS3input PS3_3=0 PSL3_3=0 PD9_3=0
'RTS3 output PS3_3=1 - -
P94 CTS4 input PS3_4=0 PSL3_4=0 PD9_4=0
'RTS4 output PS3 _4=1 - -
P9s CLK4 input PS3_5=0 PSL3_5=0 PD9_5=0
P96 TxD4 output PS3 6=1 - —
P97 RxD4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers set immediately after the PRC2 bit in the PRCR register is set to "1" (write enable).
Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 and PS3 registers.
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

(1) 8-bit Data Transmit Timing (with a parity and 1 stop bit)

The transfer clock stops momentarily, because an "H" signal is applied to the CTS pin,
when the stop bit state is verified.
Tc The transfer clock resumes running as soon as an "L" signal is applied to the CTS pin

e .
mansercos U U LTI UL LU e
—_—

X

TE bit in UiC1 v J |
register "o ;

Data is set in the UiTB register

Tibitin UiC1 "1" _I_Jj/ >\—|

register "o

s -
CTSi . |

Data is transferred from the UiTB register to the UARTI transmit register

o |
Start bit Stop Pulse stops because the TE bit is set to "0"

TxDi

TXEPT bitin UiCO 1"
register g

g g | |\ | /|

Set to "0" by an interrupt request acknowledgement or by program

i=0to 4
The above timing applies under the following conditions: Tc=16 (m+1)/fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "1" (parity enabled) fi: count source frequency set in the UiBRG register (f1, 8, f2n(1))
* The STPS bit in the UiMR register is set to "0" (1 stop bit) fEXT: count source frequency set in the UiBRG register (external
*» The CRD bit in the UiCo register is set to "0" and the CRS bit is set clock)
to "0" (CTS function selected) m: setting value of the UiBRG register
« The UIilRS bit in the UiC1 register is set to "1" NOTE:
(transmission completed) 1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0)

or divide-by-2n (n=1 to 15).

(2) 9-bit Data Transmit Timing (with no parity and 2 stop bits)
Tc

AL .
Transfr Clock UuuiUiiuiuiuurrrriuyrruy iy
—

TE bit in UiC1
o

register Data is set in the UiTB register

Tl bit in UiC1 | qﬁ \

register "0"

Data is transferred from the UiTB register to the UARTI transmit register

Start Stop i Stop
bit bit i, bit
TXDi STADK KKK KOKOKKoY 5P 5P \STAPN DN DNDNDNNDNONDY s <
TXEPT bitin Uico ¥ ’
register g
IR bit in SiTIC " —| _l
register "o
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above timing applies under the following conditions: Tc=16 (m+ 1) /fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "0" (parity disabled) fi: count source frequency set in the UiBRG register (f1, f8, f2n(1))
» The STPS bit in the UiMR register is set to "1" (2 stop bits) fEXT: count source frequency set in the UiBRG register (external
« The CRD bit in the UiCO register is set to "1" (CTS function clock)
disabled) m: setting value of the UiBRG register
« The UIIRS bit in the UiC1 register is set to "0" (no data in the NOTE:
transmit buffer) 1. The CNT3 to CNTO bits in the TCSPR register select no division

(n=0) or divide-by-2n (n=1 to 15).

Figure 16.14 Transmit Operation
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

8-bit Data Reception Timing (with no parity and 1 stop bit)

i UrG regerer  MUNIMMAMATANARAATATANARAAMANANARAAMA.  AMAAARAAATAAI
in UIBRG register . .

RE bitin UiC1
register

Sl

S Stop bit

Start bit { Do E@ ..... @ \_
Determine if it
is "L

RxDi

Capture a received data

JJjj S I

Transfer Clock !
Start receiving when the transfer clock is Data is transferred from the URTi receive

Rl bit in UiC1 "1 ggnervated on the falling edge of the start bit register to the UiRB register \ﬁ
register "0t T '
- uHu 1 f T
RTSi
"Lt —I_I Change to "L" by reading the UiRB register /'I_
IR bit in SIRIC 1 ;
register 0
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
NOTES:

1. The above applies when the PRYE bit in the UIMR register is set to "0" (parity disabled),
the SRPS bit in the UiIMR 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 | o UiBRG: n (bps) of UBRG: n (bps) of UBRG: n (bps)
1200| 18 103 (67h) 1202 155 (96h) 1202 207 (CFh) 1202
2400| f8 51 (33h) 2404 77 (46h) 2404 103 (67h) 2404
4800| f8 25 (19h) 4808 38 (26h) 4808 51 (33h) 4808
9600 fl 103 (67h) 9615 155 (96h) 9615 207 (CFh) 9615
14400 fl 68 (44h) 14493 103 (67h) 14423 138 (8Ah) 14388
19200 f1 51 (33h) 19231 77 (46h) 19231 103 (67h) 19231
28800 | f1 34 (22h) 28571 51 (33h) 28846 68 (44h) 28986
31250 f1 31 (1Fh) 31250 47 (2Fh) 31250 63 (3Fh) 31250
38400 f1 25 (19h) 38462 38 (26h) 38462 51 (33h) 38462
51200 f1 19 (13h) 50000 28 (1Ch) 51724 38 (26h) 51282
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

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 f Di X\ D2) D3 ) Da) Ds)f Ds X\ D7 X P ) SP

RxDi \ sT{ Do) D1 X\ D2\ Ds ) Dsaf\Ds)Ds\Dr)f PJsP

(2) When the UFORM Bit in the UiCO Register is set to "1" (MSB first)

TXDi \ sT{ D7\ Ds ) Ds Y Ds Y Ds D2 D1 Do) P Ysp

RxDi \stT{ D7 DsDs Y\ Da)DsYD2YDiDo) P ) sP

NOTES: _ o . o _ ST : Start bit
1. The above applies when the CKPOL bit in the UiCO register is set to "0" (data is P : Parity bit

transmitted on the falling edge of the transfer clock and received on the rising edge) SP : Stop bit
and the UILCH bit in the UiC1 register is set to "0" (no inverse).

Figure 16.16 Transfer Format

16.2.3 Serial Data Logic Inverse

After the UILCH bit in the UiC1 register is set to "1", data logic is inversed when writing to the UiTB register
(i=0 to 4) and reading from 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) = 0 (no inverse)

Transfer Clock

(noinv—e!—r);lg)i T \ ST /Do YD1 X D2 X D3 Y D4 Y Ds X Ds X D7 X P ) SP

(2) When the UILCH bit in the UiC1 register = 1 (inverse)

Transfer Clock “H“

(nverse) - \.ST (5o \or )0z )\ 55 \ o ) D=\ ms N or ) P ) 5P

NOTES:
1. The above applies to when the UFORM bit in the UiCO register is set to "0" (LSB first),
the STPS bit in the UiIMR bit is set to "0" (1 stop bit) and the PRYE bit is set to "1" (parity enabled).

Figure 16.17 Serial Data Logic Inverse
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M32C/83 Group (M32C/83, M32C/83T) 16. Serial I/O (UART)

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 /O polarity inverse.

(1) When the IOPOL bit in the UiMR register (i=0 to 4) is set to "0" (no inverse)

Transfer Clock Hl | | | | | | | | | | | | | | | | | | |

=

S

(noinvl—r);lg)| L \ ST (Do Di) D2} Ds ) Ds) Ds) Ds \ D7\ P ) SP
i H

(noinvsr)'(sg) L \ ST,( Do X DlX D2X D3X D4X D5X Ds X D7X P y SP

(2) When the IOPOL bit in the UiMR register is set to "1" (inverse)

LML L L

z

Transfer Clock

r

invereey - — ST (00 {01}z )0 e X5 N0 (o7 J P ) 5P
PN BT -0 5 67 (60 7 63 0 O R s

NOTES: _ . _ o ST : Start bit
1. The above applies when the UFORM bit in the UiCO register is set to "0" (LSB P : Even parity

first), the STPS bit in the UIMR bit is set to "0" (1 stop bit) and the PRYE bitis set gp - Stop bit
to "1" (parity enabled).

Figure 16.18 TxD, RxD /O Polarity Inverse
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16.3 Special Mode 1 (I2C Mode)
12C mode is a mode to communicate with external devices with a simplified I2C . Table 16.12 lists specifi-
cations of 12C mode. Table 16.13 lists registers to be used and 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 and interrupts. Tables 16.14 to 16.16 list pin settings.

As shown in Table 16.14, I2C mode is entered when the SMD2 to SMDO bits in the UiMR register is set to
"0102" and the IICM bit in the UIMR register is setto "1". SDAI output changes after SCLi becomes low ("L")

and stabilizes due to a SDAI 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

The update timing of the ABT bit in the UiRB register can be selected.
Refer to 16.3.3 Arbitration.
« SDAI digital delay
Selected from no digital delay or 2 to 8 cycle delay of the count source of BRG.
Refer to 16.3.5 SDA Output.
* Clock phase setting
Selected from clock delay or no clock delay.
Refer to 16.3.4 Transfer Clock.
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spAi O+

scLi On

i=0to 4
NOTES:

—>
Filter

(Notel)

o—

o—}——Timer
10— o—1/0

————— To DMAI

IICM=0 or lICM2=1

Transmit Register UARTI Transmission

Filter

UARTI o g:cu}éér;terrupt
IcM=1 and a
1ICM2=0
L » To DMAI
Arbitration
1ICM=0 or
1ICM licM2=1
° i i UARTI R ti
of Receive Register | Reception
UARTI —> ACK Interrupt Request
| 1ICM=1 and DMAI Request
_| Detects Start Condition I— _D_ 1ICM2=0
S Bus
r | r Q[ busy
_| Detects Stop Condition I NACK
_ 1 D
Falling edge — LSYN bit T
detect
D o
>T ACK
(Note 1) 110 R |Data Register oth Pulse
0) i Internal Clock 1 Bus Conflict
(o} UARTI — Start Condition Detect
lICM=1 CLK Bus Conflict Stop Condition Detect
1 licMm Control Petect 1ICM Interrupt Request
o UARTi
0 _./C

Falling Edge of 9th Pulse
swcC

cLki Ot—o< o< ——

(Note 1)

(o

UARTI

IICM=0
Lo~ o 110

Timer

IICM : Bit in the UiSMR register
1ICM2 : Bit in the UiSMR2 register

1. Set the PS;j (j=0,1,3), PSLj or PSC register to determine.

Port reading

* When the IICM bit is set to "1", port pin can be read
regardless of the direction register being set to "1".

Figure 16.19 1°C Mode Block Diagram

Rev. 1.31 Jan.31, 2006 Page 196 of 488

REJ09B0034-0131

RENESAS



M32C/83 Group (M32C/83, M32C/83T)

Table 16.13 Registers To Be Used and Settings (I1°C Mode)

Register Bit Function
Master Slave
uiTB Oto7 Set transmit data
UiRB Oto7 Received data can be read
8 ACK or NACK bit can be read
ABT Arbitration lost detect flag |Disabled
OER Overrun error flag
UiBRG O0to7 Set bit rate |Disabled
UiIMR SMD2 to SMDO Set to "0102"
CKDIR Set to "0" |Set to "1"
IOPOL Set to "0"
UiCo CLK1 to CLKO Select count source of the UiBRG register |Disab|ed
CRS Disabled because CRD =1
TXEPT Transfer register empty flag
CRD, NCH Setto "1"
CKPOL Set to "0"
UFORM Set to "1"
UiC1 TE Set to "1" to enable data transmission
Tl Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiRRM, UILCH, Setto "0"
UIERE
UiSMR IICM Setto "1"
ABC Select an arbitration lost detect timing |Disab|ed
BBS Bus busy flag
3to7 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 output fixed "L" from the SDAI on the falling edge of the ninth bit of
the transfer clock
ALS Set to "1" to terminate SDA 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 a start condition
SWC2 Set to "1" to forcibly output an "L" signal from SCL
SDHI Set to "1" to disable SDA output
SU1HIM Setto "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 start condition Not used. Set to "0"
RSTAREQ Set to "1" when generating restart condition
STPREQ Set to "1" when generating stop condition
STSPSEL Set to "1" when using a condition generating function
ACKD Select ACK or NACK
ACKC Set to "1" to output ACK data
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 output fixed "L" from SCLi
on the falling edge of the ninth bit of
the transfer clock
IFSR IFSR6, IFSR7 Set to "1"
i=0to 4
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16. Serial I/O (Special Function)

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=010z, [ICM=1)

1ICM2=0 IICM2=1

(NACK/ACK interrupt) (UART transmit / UART receive interrupt)
CKPH=0 CKPH=1 CKPH=0 CKPH=1

(No clock delay) | (Clock delay) | (No clock delay) | (Clock delay)

Interrupt Numbers 39 to
41 Generated®
(See Figure 16.20)

Start condition or stop condition detect (See Table 16.17)

Interrupt Number 17, 19,
33, 35 and 37
Generated®

(See Figure 16.20)

UARTI Transmission -
Transmission started or
completed (selected by
the UIIRS register)

No Acknowlegement Detect
(NACK) -
Rising edge of 9th bit of SCLi

UARTI

Transmission -
Rising edge of
9th bit of SCLi

UARTI Transmission -
Next falling edge after the
9th bit of SCLi

Interrupt Numbers 18, 20,
34, 36 and 38
Generated®

(See Figure 16.20)

UARTI Reception -
Receiving at 8th bit
CKPOL=0(rising edge)
CKPOL=1(falling edge)

Acknowlegement Detect (ACK) -
Rising edge of 9th bit of SCLi

UARTI Reception -
Falling edge of 9th bit of SCLi

Data Transfer Timing from
the UART Receive Shift
Register to the UIRB Register

CKPOL=0(rising edge)
CKPOL=1(falling edge)

Rising edge of 9th bit of SCLi

Falling edge of
9th bit of SCLi

Falling edge and rising edge
of 9th bit of SCLi

UARTI Transmit Output

Delay No delay Delay
P63, P67, P70, P92, P96 . .
Pin Functions TxDi output SDAI input and output
P62, P66, P71, P91, P97 RxDi input SCLi input and output

Pin Functions

P61, P65, P72, P9o, P95
Pin Functions

Select CLKi input or
output

— (Not used in 12C mode)

Noise Filter Width

15ns

200ns

Reading RxDi and SCLi
Pin Levels

Can be read if port
direction bit is set to "0"

Can be read regardless of the port direction bit

Default Value of TxDi,
SDAI Output

CKPOL=0 (H)
CKPOL=1 (L)

Values set in the port register before entering I?°C mode®

SCLi Default and End
Value

H L

H

L

DMA Generated
(See Figure 16.20)

UARTI reception

Acknowlegement detect
(ACK)

UARTI Reception -
Falling edge of 9 bit of SCLi

Store Received Data

1st to 8th bits of the
received data are stored
into bits 0 to 7 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 UIRB 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 UiIRB
registerts® are read as bit 7
to 1. Bit 8 in the UIRB
register is read as bit 0

i=0to 4
NOTES:

1. Follow the procedures below to change how an interrupt is generated.
(a) Disable interrupt of corresponding interrupt number.
(b) Change how an interrupt is 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 1/0O 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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1st
bit

2nd
bit

3rd
bit

4th
bit

5th
bit

6th
bit

7th
bit

8th
bit

oth
bit
SCLi

¢

ACK interrupt (DMA
request) or NACK interrupt

t

b1s

(1) When the IICM2 bit is set to "0" (ACK or NACK interrupt) and the CKPH bit is set to "0" (No clock delay)

b9 b8 b7 b0

Data is transferred to the UiRB register [_]™ |

[D8[D7[D6[Ds[D4[D3[ D2 D1[ Do

(2) When IICM2 is set to "0" and CKPH is set to "1" (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

T [ s A
spai X D7 X Ds X Ds X D X D2 Dz X D1 X Do De(ACK or NACK)
t

ACK interrupt (DMA
request) or NACK interrupt

b15

Contents of the UiRB register

b9 b8 b7 b0

Data is transferred to the UiRB register [ | [

[D8[D7]D6[Ds[D4[D3[ D2 D1[Do]

(3) When IICM2 is set to "1" (UART transmit or receive interrupt) and CKPH is set to "0"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

TR I I O O A I I R I I A

+1

Receive interrupt  Transmit interrupt
(DMA request)

Contents of the UiRB register

SCLi

spai __X_D7 X De X Ds X D4 X D3 X Dz X D1 X Do XDs(ACK or NACK)
byt

Transmit interrupt

Receive interrupt
(DMA request)

f

Data is transferred to the UiRB register.

b15 b9 b8 b7 b0 b15 b9 b8 b7

? b1s b9 b8 b7 bo

Data is transferred to the UiRB register [ ]~ [ ]po[ - o7[De[Ds[D4[D3[D2] DY

(4) When IICM2 is set to "1" and CKPH is set to "1" Contents of the UIRB register
1st 2nd 3rd 4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit

Data is transferred to the UiRB register.

b0

[Do] - [D7[De[D5[D4[D3[D2[D1] [ | |

[D8[D7]D6 [Ds[D4[D3]D2[D1]Do]

. Contents of the UiRB register
i=0to 4

1ICM2 : Bit in the UiSMR?2 register
CKPH : Bit in the UiSMR3 regiser

The above timing applies to the following setting :
* CKDIR bit in the UiMR register = 1 (select slave)

Contents of the UiRB register

Figure 16.20 UiRB Register Transfer and Interrupt Timings

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 - -

SDAO input PS0_3=0 - PD6_3=0
P66 SCL1 output PS0_6=1 PSLO_6=0 -

SCL1 input PS0_6=0 - PD6_6=0
P67 SDAZ1 output PS0_7=1 - -

SDAL input PS0_7=0 - PD6_7=0
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Table 16.16 Pin Settings (2)

Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 SDA2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
SDAZ2 input PS1_0=0 - - PD7_0=0
P71 SCL2 output PS1_1=1 PSL1_1=0 PSC_1=0
SCL2 input PS1_1=0 - - PD7_1=0
NOTES:

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 PD9 Register()

P91 SCL3 output PS3 1=1 PSL3 1=0 -

SCL3 input PS3 1=0 ; PD9_1=0
P92 SDA3 output PS3 2=1 PSL3 2=0 -

SDA3 input PS3 2=0 - PD9 2=0
P96 SDA4 output PS3_6=1 - -

SDAA4 input PS3 6=0 - PD9 _6=0
P97 SCL4 output PS3 7=1 PSL3 7=0 -

SCL4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction
to set the PD9 and PS3 registers.

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 is held high ("H") and the SDAI pin changes high ("H") to low
("L"). The stop condition detect interrupt is generated when the SCLi pin is held high ("H") and the SDAI
pin changes low ("L") to high ("H"). The start condition detect interrupt shares interrupt control registers
and vectors with the stop condition detect interrupt. The BBS bit in the UiSMR register determines which
interrupt is requested.

3to 6 cycles < setup time(®)
3to 6 cycles < hold time(?)

Hold time

| Setuptime !

SCLi

SDAI
(Start condition) | !

SDAI
(Stop condition)

i=0to 4
NOTES:
1. These cycles are main clock generation frequency cycles (XIN).

Figure 16.21 Start Condition or Stop Condition Detect
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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 when the STPREQ bit in the UiSMR4 is set to "1" (start).
The start condition is output when the STAREQ bit is set to "1" and the STSPSEL bit in the UiSMR4
register is set to "1" (start or stop condition generation circuit selected). The restart condition is output
when the RSTAREQ bit and STSPSEL bit are set to "1". The stop condition is output 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.

Table 16.18 STSPSEL Bit Function

Function STSPSEL =0 STSPSEL =1
Start condition and stop condition Program with a port determines The STAREQ bit, RSTAREQ bit and
output how the start condition or stop STPREQ bit determine how the start
condition is output condition or stop condition is output
Timing to generate a start condition The start condition and stop Start condition and stop condition
and stop condition interrupt request condition are detected generation are completed

(1) In slave mode,
CKDIR is set to "1" (external clock)
STSPSEL is set to "0" (no start condition and stop condition output)

SCLi
SDAI

Start condltlon detect Stop cond|t|on detect
interrupt interrupt

(1) In master mode,
CKDIR is set to "0" (internal clock)
STSPSEL is set to "1" (start condition and stop condition output)

Setting value of 0
the STSPEL bit —)(—)(—)(—)(—

SCLi
SDAI
STAREQ 1

STPRE 1
(start) Start condition detect (start) Q= Stop Cond|t|0n detect

interrupt 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 SCLi, 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" as soon as a data discrepancy is
detected. The ABT bit is set to "0" if not detected. When the ABC bit is set to "1", the ABT bit is set to "1"
(detected-arbitration is lost) 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" (not detected-arbitration is won)
between an ACK detection in the first byte data and the next byte data to be transferred. When the ALS
bit in the UiISMRZ2 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 16.22

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 signal input 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 output an "L" signal 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 forcibly 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 is input to and output from the SCLi pin.
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 output an "L" signal 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 in bits 7 to 0 (D7 to Do) in the UiTB register (i=0 to 4) are output 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
SMDO bits in the UiMR register are set to "0002" (serial /O 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 in the SDHI bit on the rising edge of the URTi 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 (Ds) 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 [ICM bit in the UiSMR register is set to "1" and the CKPH bit 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 UiSMRA4 register is set to "1" (ACK data output), the SDAI pin outputs the value set in the
ACKD bit.
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 pin is 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 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 clock is input and when data of the first bit is output. The value remains the
same value as when start condition was detected.

- the receive shift register is reset and the first bit starts receiving when the next clock is input.

- the SWC bit is set to "1" (SCL wait output enabled). The SCLi pin becomes low ("L") on the falling edge
of the ninth bit of the transfer clock.

If UARTI transmission and reception are started with this function, the TI 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 registers to be used and settings. Tables 16.20 to 16.22 list pin settings.

Table 16.19. Special Mode 2 Specifications

Iltem 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/2(m+1)

fi=f1, fs, fand m : setting value of the UIBRG register 0016 to FF16
The CKDIR bit to "1" (external clock selected) : input clock from the CLKi pin
Transmit/Receive Control | SSi input pin function

Transmit Start Condition | *To start transmitting, the following requirements must be met? :

- Set the TE bit in the UiC1 register to "1" (transmit enable)

- Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
Receive Start Condition |+ To start receiving, the following requirement must be met® :

- Set the RE bit in the UiC1 register to "1" (receive enable)

- Set the TE bit to "1" (receive enable)

- Set the Tl bit to "0" (data in the UiTB register)

Interrupt Request * Transmit interrupt timing can be selected from the followings:

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

* Receive interrupt timing
When data is transferred from the UARTIi receive register to the UiRB register (reception completed)
Error Detection «Overrun error®®
This error occurs when the seventh bit of the next received data is read before reading the
UiRB register
Fault error
In master mode, the fault error occurs an "L" signal is applied to the SSi pin
Selectable Function * CLK polarity
Select from the rising edge or falling edge of the transfer clock when transferred data is output and input
* LSB first / MSB first
Data is transmitted or received in either bit 0 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, RxD I/O polarity Inverse
TxD pin output and RxD pin input are inversed. All I/O data levels are also inversed
* Clock phase
Select from one of 4 combinations of transfer data polarity and phases
« SSi input pin function
Output pin is placed in a high-impedance state to avoid data conflict between master and other
masters or slaves

NOTES:

1. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).

2. To start transmission/reception when selecting the external clock, these conditions must be met after the CKPOL bit
in the UiCO register is set to "0" (data is transmitted on the falling edge of the transfer clock and data is received on the
rising edge) and the CLKi pin is held high ("H"), or when the CKPOL bit is set to "1" (Data is transmitted on the rising
edge of the transfer clock and data is received on the falling edge) and the CLKi pin is held low ("L").

3. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register does not change to "1"
(interrupt requested).
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Table 16.20. Registers To Be Used and Settings in Special Mode 2

Register Bit Function

uiTB Oto7 Set transmit data

UiRB Oto7 Received data can be read
OER Overrun error flag

UIBRG Oto7 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"

uiCco CLKO, CLK1 Select count source for the UIBRG register
CRS Disabled since CRD =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 UiISMR3 register

UFORM Select either LSB first or MSB first

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 how the UARTI transmit interrupt is generated
UIRRM Set to "1" to enable continuous receive mode
UILCH, SCLKSTPB| Set to "0"

UiISMR Oto7 Set to "0016"

UiISMR2 Oto7 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 Setto "0"
ERR Fault error flag
5t07 Set to "0002"

UiSMR4 Oto7 Set to "0016"

IFSR IFSR6, IFSR7 Select how fault error occurs

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 SSO 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) | PSO_7=1 - -
SRxD1 input (slave) PS0_7=0 - PD6_7=0

Table 16.21 Pin Settings (2)

Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register

P70@) | TxD2 output (master) | PS1_0=1 PSL1_0=0 PSC _0=0 -

SRxD2 input (slave) PS1_0=0 - - PD7_0=0
P71@) | RxD2 input (master) | PS1_1=0 - - PD7_1=0

STxD2 output (slave) | PS1_1=1 PSL1 1=1 PSC_1=0 -
P72 CLK2 input (slave) PS1 2=0 - — PD7_2=0

CLK2 output (master) | PS1_2=1 PSL1_2=0 PSC_2=0 -
P73 SS2 input PS1_3=0 - - PD7_3=0
NOTES:

1. P70 and P71 are ports for the N-channel open drain output.

Table 16.23 Pin Settings (3)

Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register()
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 SS3 input PS3_3=0 PSL3_3=0 PD9_3=0
P94 SS4 input PS3_4=0 PSL3_4=0 PD9_4=0
P95 CLK4 input (slave) PS3_5=0 PSL3_5=0 PD9_5=0
CLK4 output (master) | PS3_5=1 - -
P96 TxD4 output (master) | PS3_6=1 - -
SRxD4 input (slave) PS3_6=0 PSL3_6=0 PD9_6=0
P97 RxD4 input (master) PS3 7=0 - PD9_7=0
STxD4 output (slave) | PS3_7=1 PSL3_7=1 -
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do not
generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to set
the PD9 and PS3 registers.
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16.4.1 SSi Input Pin Function (i=0 to 4)
When the SSE bit in the UiISMR3 register is set to "1" (SS function enabled), the SSi input pin function is
selected, activating the pin function.
The DINC bit in the UiISMR3 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 an "H" signal is applied to the SSi pin, the STxDi and SRxDi pins are placed in a high-imped-
ance state and the transfer clock input to the CLKi pin is ignored. When a low-level signal ("L") 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 an "H" signal is applied to the SSi pin, serial communication is available due to transmission
privilege. The master outputs the transfer clock. When an "L" signal is applied to the SSi pin, it indi-
cates that another master is active and TxDi, RxDi and CLKi pins are placed in a high-impedance
state. Moreover, a fault error occurs and the IR bit in the BCNIIC register is set to "1" (interrupt
requested). The ERR bit in the UiISMR3 register indicates whether a fault error occurs.
In master mode, software interrupt numbers 39, 40 and 41 are used for the fault error interrupt. The
fault error interrupt is generated when the ERR bit changes "0" to "1". The fault error interrupt of
UARTO and of UART3 share an interrupt vector. The fault error interrupt of UART1 and of UART4
share an interrupt vector. The IFSR6 and IFSR7 bits in the IFSR register determine which fault error
interrupt is used.
Communication is not terminated even if a fault error is generated while communicating. To stop
communication, the SMD 2 to SMDO bit in the UIMR register is set to "0002" (serial I/O disabled).

Microcomputer Microcomputer
P13
Pl2 [——

P93(SS3) P93(SS3)
P90(CLK3)}—, P90(CLK3)
P91(RxD3) [ P91(STxD3)
P92(TxD3) P92(SRxD3)

Master N 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 ("H"), the STxDi pin is
placed in a high-impedance state. When the SSi pin becomes low ("L"), the first data is output. The
serial transmission is synchronized with the transfer clock. Figure 16.26 shows the transmit and
receive timing.

Input Signal to the "H"
SS Pin in the Master "
Clock Output "He — — — I _ - -

(CKPOL=0, CKPH=0) ="

Clock Output "y
(CKPOL=1, CKPH=0) w»

Clock Output e
(CKPOL=1, CKPH=1) =

Clock Output e I -
(CKPOL=0, CKPH=1) =~ L L L L L L

Data Output Timing t':x po X bt X D2 X Ds  Da X Ds X Ds 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)
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Input Signal to the "H*
SS Pin oL | l_
Clock Input e
pviactieypennu s N N I
(CKPOL=1, CKPH=0) "L"

- "He
Data Output Timing® " —<:_X DOX D1X D2X D3X D4X Ds X Dé X D7 ——
- impe High-

impedance impedance

et Input Timing e T O

NOTES:
1. P70 is a port 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)

e
Input Signal to the p w | |

SS Pin

(CKPOL=0, CKPH=1) "L"

(CKPOL=1, CKPH=1) "~

=

=

iming@® "H"
Data Output Timing . —( Do X D1 X D2 X D3 X D4 X Ds X D6 X D7 >—
L" High- High-
impedance impedance
Data Input Timing T T T T T T T T

NOTES:
1. P70 is a port for the N-channel open drain output and must be pulled up externally for data output.

Figure 16.26 Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=1)
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16.5 Special Mode 3 (GCIl Mode)
In GCI mode, the external clock is synchronized with the transfer clock used in the clock synchronous serial
I/O mode.
Table 16.24 lists specifications of GCl mode. Table 16.25 lists registers to be used and settings. Tables
16.25 to 16.27 list pin settings.

Tablel16.24 GCI 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 "1" (external clock selected):
an input from the CLKi pin

Clock Synchronization Function | The CTSi pin inputs a trigger

Transmit/Receive Start | When a trigger signal is applied to the CTSi pin under the following conditions:
Conditions « Set the TE bit in the UiC1 register to "1" (transmit enable)

« Set the RE bit in the UiC1 register to "1" (receive enable)

« Set the Tl bit in the UiC1 register to "0" (data in UiTB register)

Interrupt Request Transmit interrupt timing can be selected from the followings:

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)

e The UiIRS bit is set to "1" (transmit completed):
when a data transmission from the UARTI transfer register is completed
Receive interrupt timing

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.

NOTES:
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register does not change to

"1" (interrupt requested).
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Table 16.25 Registers To Be Used and Settings in GCI Mode

Register Bit Function
UiTB Oto7 Set transmit data
UiRB Oto7 Received data
OER Overrun error flag
UIBRG Oto7 Set to "0016"
UiIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "1"
IOPOL Set to "0"
uiCo CLK1 to CLKO Set to "002"
CRS Disabled because CRD =1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select the output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
uic1 TE Set to "1" to enable data transmission and reception
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM, UiLCH Set to "0"
SCLKSTPB Setto "0"
UiSMR Oto6 Set to "00000002"
SCLKDIV See Table 16.29
UiSMR2 Oto6 Set to "00000002"
SU1HIM See Table 16.29
UiSMR3 Oto2 Set to "0002"
NODC Setto "0"
4t07 Set to "00002"
UiSMR4 Oto7 Set to "0016"
i=0to 4
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Table 16.26 Pin Settings in CGI Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register

P60 ‘CTSO0 input® PS0_0=0 - PD6_0=0
P61 CLKO input PSO_1=0 - PD6_1=0
P62 RxDO input PS0_2=0 — PD6_2=0
P63 TxDO output PS0_3=1 — -
P64 CTST input® PS0_4=0 - PD6_4=0
P65 CLK1 input PS0_5=0 — PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PS0_7=1 — -
NOTES:

1. CTS input is used to input a trigger.

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 to input a trigger.

Table 16.28 Pin Settings (3)
Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register(®)

P90 CLKS3 input PS3_0=0 - PD9_0=0
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 -
P93 ‘CTS3 input® PS3_3=0 PSL3 3=0 PD9_3=0
P94 ‘CTS4 input® PS3_4=0 PSL3_4=0 PD9_4=0
P95 CLK4 input PS3 5=0 PSL3_5=0 PD9_5=0
P96 TxD4 output PS3 6=1 — -
P97 RxD4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do not
generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to set
the PD9 and PS3 registers.

2. CTS input is used to input a trigger.
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To generate the internal clock synchronized with the external clock, first set the SU1HIM bit in the
UiSMR2 register (i=0 to 4) and the SCLKDIV bit in the UiSMR register to values shown in Table 16.29.
Then apply a trigger signal to the CTSi pin. Either the same clock cycle as the external clock or external
clock divided by two can be selected as the transfer clock. The SCLKSTPB bit in the UiC1 register
controls the transfer clock. Set the SCLKSTPB bit accordingly, to start or stop the transfer clock during an
external clock operation. Figure 16.27 shows an example of the clock-divided synchronous function.

Table 16.29 Clock-Divided Synchronous Function Select

SCLKDIV Bitin SU1HIM Bit in Clock-Divided Synchronous Function Example of Waveform
UiSMR Register | UiSMR2 Register
0 0 Not synchronized -
0 1 Same division as the external clock Ain Figure 16.27
1 Oor1l Same division as the external clock B in Figure 16.27
divided by 2
i=0to 4

External Clock
from the CLKi Pin

Trigger Signal

from the CTSi Pin ' ' ' '
1 2 3 4 5 6 7 8

Transfer Clock

I>\ The SCLKSTPB bit in the UiC1 register

A, B : See Table 16.29.

A stops the clock
TXDi 1123456 7)38
I ¥
Transfer Clock I N I I N B A I | I 1 L
: N
TxDi I 1+ T 2 Y 3 1 4 Y 5 Y 6 Y 7 Y s
i=0to 4

Figure 16.27 Clock-Divided Synchronous Function
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16.6 Special Mode 4 (IE Mode)
In IE mode, devices connected with the IEBus can communicate in UART mode.

Table 16.30 lists registers to be used and settings. Tables 16.30 to 16.32 list pin settings.

Table 16.30. Registers To Be Used and Settings in IE Mode

Register Bit Function
uiTB 0to8 Set transmit data
UiRB 0to 8 Received data can be read
OER, FER, Error flags
PER, SUM
UIBRG Oto7 Set bit rate
UIMR SMD2 to SMDO Set to "1102"
CKDIR Select the internal clock or external clock
STPS Set to "0"
PRY Disabled because PRYE=0
PRYE Set to "0"
IOPOL Select TxD and RxD I/O polarity
UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Disabled because CRD=1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
UiC1 TE Set to "1" to enable data transmission
TI Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM, UILCH, Set to "0"
SCLKSTPB
UiSMR 0to3 Set to "00002"
ABSCS Select bus conflict detect sampling timing
ACSE Set to "1" to automatically clear the transmit enable bit
SSS Select transmit start condition
SCLKDIV Set to "0"
UiSMR2 Oto7 Set to "0016"
UiSMR3 Oto7 Set to "0016"
UiSMR4 | Oto7 Set to "0016"
IFSR IFSR6, IFSR7 Select how the bus conflict interrupt occurs
i=0to 4
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16. Serial I/O (Special Function)

Table 16.31 Pin Settings in IE Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PS0_1=1 - -
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 — -
P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PSO_5=1 - -
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 — —
Table 16.32 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1_2=1 PSL1_2=0 PSC_2=0 -
NOTES:

1. P70 and P71 are ports for the N-channel open drain output.

Table 16.33 Pin Settings (3)

Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register()
P90 CLKS3 input PS3_0=0 - PD9_0=0
CLK3 output PS3 0=1 — -
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 -
P9s CLK4 input PS3_5=0 PSL3_5=0 PD9_5=0
CLK4 output PS3 5=1 - -
P96 TxD4 output PS3_6=1 — -
P97 RxD4 input PS3_7=0 - PD9_7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.
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If the output level of the TxDi pin (i=0 to 4) differs from the input level of the RxDi pin, an interrupt request is
generated.

UARTO and UART3 are assigned software interrupt number 40. UART1 and UART4 are assigned number
41. When using the bus conflict detect function of UARTO or UART3, of UART1 or UART4, set the IFSR6
bit and the IFSR7 bit in the IFSR register accordingly.

When the ABSCS bit in the UiISMR register is set to "0" (rising edge of the transfer clock), it is determined,
on the rising edge of the transfer clock, if the output level of the TxD pin and the input level of the RxD pin
match. When the ABSCS bit is set to "1" (timer Aj underflow), it is determined when the timer Aj (timer A3
in UARTO, timer A4 in UART1, timer AO in UART2, timer A3 in UART3, the timer A4 in UART4) overflows.
Use the timer Aj in one-shot timer mode.

When the ACSE bit in the UiISMR register is set to "1" (automatic clear at bus conflict) and the IR bit in the
BCNIIC register to "1" (discrepancy detected), the TE bit is set to "0" (transmit disable).

When the SSS bit in the UiSMR register is set to "1" (synchronized with RxDi), the TxDi pin starts transmit-
ting data on the falling edge of the RxDi pin. Figure 16.28 shows bits associated with the bus conflict detect
function.
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(1) The ABSCS Bit in the UiISMR Register (Bus conflict and sampling clock selected)

(i=0 to 4)
Bus conflict is detected on the rising edge of the transfer clock when ABSCS is set to "0"
lu
Transfer Clock
ST Do D1 D2 D3 Da Ds De D7 Ds SP
TxDi
RXDi |
Trigger signal is applied to the TAjIN pin T
Timer Aj

When ABSCS is set to "1", bus conflict is detected when the timer Aj underflows
(in the one-shot mode). An interrupt request is generated.

Timer Aj: timer A3 in UARTO or UARTS3, timer A4 in UART1 or UART4, timer AO in UART2
(2) The ACSE Bit in the UiSMR Register (Transmit enable bit is automatically cleared)

Transfer Clock

ST Do D1 D2 D3 Da Ds De D7 Ds SP
TxDi
RxDi |

IR bit in
BCNIIC register |

TE bitin
UiC1 register |

(3) The SSS bit in the UiISMR Register (Transmit start condition selected)

When SSS is set to "0", data is transmitted after one transfer clock cycle if data transmission is enabled.

Transfer Clock
ST Do D1 D2 D3 Da Ds De D7 Ds SP

TXDi % | |

transmit enable conditons are met

When SSS is set to "1", data is transmitted on the rising edge of RxDi(%)

CLKi
ST Do D1 D2 D3 Da Ds De D7 Ds SP

TxDi (Note 2) ‘[) | |
RXDi / | |

NOTES:
1. Data is transmitted on the falling edge of RxDi when IOPOL is set to "0".
Data is transmitted on the rising edge of RxDi when IOPOL is set to "1".
2. Data transmission condition must be met before the falling edge of RxD.

Figure 16.28 Bit Function Related Bus Conflict Detection
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16.7 Special Mode 5 (SIM Mode)

In SIM mode, SIM interface devices can communicate in UART mode. Both direct and inverse formats are
available and the TxDi pin (i=0 to 4) can output an "L" signal when a parity error is detected.
Table 16.34 lists specifications of SIM mode. Table 16.35 lists registers to be used and register settings in

SIM mode. Tables 16.36 to 16.38 list the pin settings.
Tablel6.34 SIM Mode Specifications

Item

Specification

Transfer Data Format

* Transfer data: 8-bit UART mode
* One stop hit
* In direct format
Parity: Even
Data logic: Direct
Transfer format: LSB first
* In inverse format
Parity: Odd
Data logic: Inverse

Transfer format: MSB first

Transfer Clock

The CKDIR bit in the UiMR register (i=0 to 4) is "0" (internal clock selected):
fil16(m+1)@  fj=f1, fs, f2n® m : setting value of the UIBRG register 0016 to FF16

Do not set the CKDIR bit to "1" (external clock selected)

Transmit/Receive Control

The CRD bit in the UiCO register is set to "1" (CTS, RTS function disabled)

Other Setting Items

The UIIRS bit in the UiC1 register is set to "1" (transmission completed)

Transmit Start Condition

To start transmitting, the following requirements must be met:
« Set the TE bit in the UiC1 register to "1" (transmit enable)
« Set the Tl bit in the UiC1 register to "0" (data being in the UiTB register)

Receive Start Condition

To start receiving, the following requirements must be met:
 Set the RE bit in the UiC1 register to "1" (receive enable)
« Detect the start bit

Interrupt Request

Generation Timing

Transmit interrupt timing

e The UilRS bit is set to "1" (transmission is completed):
when data transmission from the UARTI transfer register is completed

Receive interrupt timing

when data is transferred from the UARTI receive register to the UiRB register (reception completed)

Error Detection

« Overrun error()

This error occurs when the eighth bit of the next data is received before reading the UiRB register
« Framing error

This error occurs when the number of the stop bit set is not detected
« Parity error

This error occurs when the number of "1" in parity bit and character bits differ from
the number set.

« Error sum flag

The SUM bit is set to "1" when an overrun error, framing error or parity error occurs.

NOTES:

1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SIRIC register does not change to

"1" (interrupt requested).

2. The CNT3 to CNTO bits in the TCSPR register select no division (n=0) or divide-by-2n (n=1 to 15).
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. Serial I/O (Special Function)

Table 16.35 Registers To Be Used and Settings

Register Bit Function
uiTB Oto7 Set transmit data
UiRB Oto7 Received data can be read
OER, FER, Error flags
PER, SUM
UIBRG Oto7 Set bit rate
UIMR SMD2 to SMDO Set to "1012"
CKDIR Set to "0"
STPS Set to "0"
PRY Set to "1" for direct format or "0" for inverse format
PRYE Set to "1"
IOPOL Set to "0"
UiCo CLK1 to CLKO Select count source for the UiBRG register
CRS Disabled because CRD=1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Set to "1"
CKPOL Set to "0"
UFORM Set to "0" for direct format or "1" for inverse format
UiC1 TE Set to "1" to enable data transmission
Tl Transfer buffer empty flag
RE Set to "1" to enable data reception
RI Reception complete flag
UiIRS Setto "1"
UiRRM Set to "0"
UILCH Set to "0" for direct format or "1" for inverse format
UIERE Setto "1"
UiSMR 0to3 Set to "0016"
UiSMR2 Oto7 Set to "0016"
UiSMR3 Oto7 Set to "0016"
UiSMR4 Oto7 Set to "0016"
i=0to 4
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16. Serial I/O (Special Function)

Table 16.36 Pin Settings in SIM Mode (1)

Port Function Setting
PSO0 Register PSLO Register PD6 Register
P62 RxDO input PS0_2=0 — PD6_2=0
P63 TxDO output PS0_3=1 — —
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PS0_7=1 — —
Table 16.37 Pin Settings (2)
Port Function Setting
PS1 Register PSL1 Register PSC Register PD7 Register
P70 TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p71(1) RxD2 input PS1_1=0 - - PD7_1=0
NOTES:

1. P70 and P71 are ports for the N-channel open drain output.

Table 16.38 Pin Settings (3)

Port Function Setting
PS3 Register(l) PSL3 Register PD9 Register(®)
P91 RxD3 input PS3 1=0 - PD9 1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 -
P96 TxD4 output PS3 6=1 — —
P97 RxD4 input PS3 7=0 - PD9 _7=0
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to
set the PD9 and PS3 registers.

Figure 16.29 shows an example of a SIM interface operation. Figure 16.30 shows an example of a SIM
interface connection. Connect TxDi to RxDi for a pull-up.
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(1) Transmit Timing

Tc
|
Transfer Clock | U UUUU L
TEbitinthe Uic1 J : :
: Data is written to
t nen
register 0 : the UiTB register /(Note n
Tl bitin the UiIC1 ~ "1" i g Y
register ‘ q

..0.. \
: Data is transferred from the UiTB

: register to the UARTI transmit register
o i
-F[):rDiiy Error Signal & @@@@@@@@6 s A Y @@@@@@@@G S
returned from

Receiving End An "L" signal is applied from the SIM /
card due to a parity error

Y

00 000 0.0 0N 0.0 0.0 Co0 0/
TXEPT bit in the An interrupt routine An interrupt routine detects

"1 —— detects "H" or "L" "H" or "L"

UiCO register

IR bit in the SITIC 1"

register
’ o \ /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies under the following conditions: Te=16(m+1)/f _ i @
« The PRYE bit in the UiMR register is set to "1" (parity enabled) fj._coun.t source frequency of the UIBRG register (f1, s, f2nt%))
« The STPS bit in the UIMR register is set to "0" (1 stop bit) m: setting value of the UIBRG register

« The UiIRS bit in the UiC1 register is set to "1" (interrupt request generated
when transmission completed)

(2) Receive Timing

Transfer Clock || i‘l ||| ||| |||| | ||| |||||||| ||

RE bitin the Uic1 1"

register "o :
Start Parity E Stop
;I’rans{hmei‘tWaveform bit bit E bit
Transmiting End— \sT XX o)X oXoXoXoX o) P Ysp yooooeeeeeco
TXDi

TxDi outputs "L" due to /
a parity error

e
SARXXXX XXX XY\

Signal Line Level® — \sT @@@@@@@@6 A

RI bitin the UIC1 ~ "1"

register g ~_

IR bit in the "1
SIiRIC register

Y

Read the UiRB register —

g /
Set to "0" by an interrupt request acknowledgement or by program
i=0to 4
The above applies under the following conditions: Tc=16(m+1)/fj
« The PRYE bit in the UiMR register is set to "1" (parity enabled) fi: count source frequency of the UiBRG register (f1, fg, f2n(4)
« The STPS bit in the UiIMR register is set to "0" (1 stop bit) m: setting value of the UiBRG register
NOTES:

1. Data transmission starts when BRG overflows after a value is set to the UiTB register on the rising edge of the TI bit.

2. Because the TxDi and RxDi pins are connected, a composite waveform, consisting of transmit waveform from the TxDi
pin and parity error signal from the receiving end, is generated.

3. Because the TxDi and RxDi pins are connected, a composite waveform, consisting of transmit waveform from the
transmitting end and parity error signal from the TxDi pin, is generated.

4. The CNT3 to CNTO bits in the TCSPR register selects no division (n=0) or divide-by-2n (n=1 to 15).

Figure 16.29 SIM Interface Operation
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Microcomputer

TxDi J
RxDi

SIM card

i=0to 4

Figure 16.30 SIM Interface Connection

16.7.1 Parity Error Signal
16.7.1.1 Parity Error Signal Output Function
When the UIERE bit in the UIC1 register (i=0 to 4) is set to "1", the parity error signal can be output.
The parity error signal is output when a parity error is detected upon receiving data. TxDi outputs an
"L" signal in the timing shown in Figure 16.31. When reading the UiRB register during a parity error

output, the PER bit in the UiRB register is set to "0" and TxDi again outputs an "H" signal simulta-
neously.

16.7.1.2 Parity Error Signal

To determine whether the parity error signal is output, the port that shares a pin with RxDi is read by
using a transmit complete interrupt routine.

RxDi

eI

\ ST { Do) Di) D2) D3 ) Da Y Ds ) De Y D7 X P ) SP

TxDi i-
XDi o Hi-Z \_/—
——

Recieve  "1"
Complete Flag o

NOTES: . .
1. The above applies to direct format conditions (PRY=1, UFORM=0, UiLCH=0). ST : Start b't.
P : Even parity
SP : Stop bit
i=0to 4

Figure 16.31 Parity Error Signal Output Timing (LSB First)
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16.7.2 Format
16.7.2.1 Direct Format
Set the PRYE bit in the UIMR register (i=0 to 4) to "1", the PRY bit to "1", the UFORM bit in the UiCO
register to "0" and the UILCH bit in the UIC1 register to "0". When data are transmitted, data set in
UiTB register are transmitted with the even-numbered parity, starting from Do. When data are re-
ceived, received data are stored in the UiRB register, starting from Do. The even-numbered parity
determines whether a parity error occurs.

16.7.2.2 Inverse Format
Set the PRYE bit to "1", the PRY bit to "0", the UFORM bit to "1" and the UIiLCH bit to "1". When data
are transmitted, values set in the UiTB register are logically inversed and are transmitted with the
odd-numbered parity, starting from D7. When data are received, received data are logically inversed
to be stored in the UiRB register, starting from D7. The odd-numbered parity determines whether a
parity error occurs.

(1) Direct Format

e
TXDi ': \__ f Do X D:fDzfDsfDafDsfDsKDrX P/

P : Even parity

(2) Inverse Format

Transfer Clock " | | | | | | | | | | |
uo

LN 1 5 63 620 (65 667 66 0
P :Odd parity

i=0to 4

Figure 16.32 SIM Interface Format
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17. A/D Converter

The A/D converter consists of two 10-bit successive approximation A/D converters, each with a capacitive
coupling amplifier.

The result of an A/D conversion is stored into the A/D register corresponding to selected pins.

Table 17.1 lists specifications of the A/D converter. Figure 17.1 shows a block diagram of the
A/D converter. Table 17.2 lists the differences between A/DO and A/D1 conversions, which share the same
conversion method. A/DO and A/D1 can perform conversions simultaneously. Table 17.3 lists settings of
the following pins; ANo to AN7, ANOo to ANO7, AN20 to AN27, AN150 to AN157, ANEXO, ANEX1 and
ADTRG. Figures 17.2 to 17.7 show registers associated with the A/D converter.

NOTE

In this section, the 144-pin package is given as the example.
The AN150 to AN157 pins are not included in the 100-pin package.
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Table 17.1 A/D Converter Specifications

Item

Specification

A/D Conversion Method

Successive approximation (with a capacitive coupling amplifier)

Analog Input Voltage()

0V to Avcc (Vce)

Operating Clock, @ap®

fAD, fAD/2, fAD/3, fAD/4

Resolution

Select from 8 bits or 10 bits

Operating Mode

One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,

repeat sweep mode 1

Analog Input Pins®

34 pins
8 pins each for AN (ANo to AN7), ANO (ANOo to ANO7), AN2 (AN20 to AN27),
AN15 (AN150 to AN157)
2 extended input pins (ANEXO and ANEX1)

A/D Conversion Start Condition

Software trigger

e The ADST bit in the ADICONO (i=0, 1) register is set to "1" (A/D conversion
started) by program

* The PST bit in the ADOCONZ2 register is set to "1" (A/DO and A/D1 start a
conversion simultaneously) by program

External trigger (re-trigger is enabled)

When a falling edge is applied to the ADTRG pin after the ADST bit is set to "1" by
program
Hardware trigger (re-trigger is enabled)
One of the following interrupt requests is generated after the ADST bit is set to
"1" by program:
* The timer B2 interrupt request of the three-phase motor control timer functions
(after the ICTB2 counter completes counting)
 The intelligent I/O interrupt request
Channel 1 in the group 2 (A/DO0), channel 1 in the group 3 (A/D1)

Conversion Rate Per Pin

« Without the sample and hold function
8-bit resolution : 49 JAD cycles
10-bit resolution : 59 BAD cycles

» With the sample and hold function
8-bit resolution : 28 JAD cycles
10-bit resolution : 33 BAD cycles

NOTES:

1. Analog input voltage is not affected by the sample and hold function status.
2. @AD frequency must be under 16 MHz when Vcc=5V.
@D frequency must be under 10 MHz when Vcc=3.3V.
Without the sample and hold function, the @AD frequency must be 250 kHz or more.
With the sample and hold function, the @AD frequency must be 1 MHz or more.
3. Avcc = VREF = Vcc, A/D input voltage (for ANo to AN7, ANOo to ANO7, AN20 to AN27, AN150 to AN157, ANEXO

and ANEX1) < Vcc.

Table 19.2 Difference between A/DO and A/D1

Item

A/DO A/D1

Analog Input Pins(®)

AN (ANo to AN7) Select from ANO (ANOo to ANO7),

AN2 (AN20 to AN27) or AN15 (AN150 to AN157)

Extended Analog Input Pins

ANEXO0, ANEX1 Not provided

External Op-Amp®)

Enabled Disabled

Intelligent I/O used as a Trigger

Channel 1 in group 2 Channel 1 in group 3

NOTES:

1. When the ADS bit in the ADOCONZ2 register is set to "0" (channel replacement disabled)
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|
OOU—O AN20 '
|
10 OO AN21 :
Software trigger O '
g9 |D 0" Ot5rs AN22 !
= 00 '
ADTRG O——x O OO ANz (Note 1) !
. \
TB2 interrupt request 0o Lo — A/Di trigger 10" OO AN24 :
«Intelligent 1/O group2 —%0 TRG bitin 10" OO AN2s ,
channel 1 interrupt request (A/DO) TRGL1 to TRGO bits in ADICONO register ol O AN2 '
«Intelligent 1/0 group3 ADICON2 register 110 ° |
channel 1 interrupt request (A/D1) -O/O-lu—O AN27 .
|
—O0 :
logmer 500 ANOo !
|
e : 10 OO ANDL :
o o———O '
E OPAL to OPAO bits in | 010 ANOz2 ;
' ADOCONL register 1 10" OO ANO03 .
! ! (Note 1) |
| | |
i | 10" O————0 ANO4 ‘
| | |
' ANEX1 O oo ! 10" O————0 ANOs :
I 015 1 -O/O- '
] 1 —O '
! ANEXO0 C)—X1 : 110 ANOs ;
0
: ! toggel m ANO7 '
| | |
1 1 1
: ANo 000 : -O/U-ODO AN150 !
| ANL O—— i APS1 to APSO bits in [O 00— AN151 '
: 001 : AD1CON2 recisler’r _o/ 001 :
i AN2 O——————— I Oo—O AN152 !
AN o0 oo™ e :
o———H | O .
i ® 011 T | ! ou : (Note 2) !
| AN4 O—————— 0, O1 0d o1 i 10" 0r—O AN154 :
| oo ] TN L "\% 4 ADSbitin 100 '
! ANs 0—101 ADOCON2 register to—C Omor O AN15s .
I ) i |
i ANs o o -o/o-110 AN156 '
O CH2 to CHO bits in - —O '
: AN7 111 ADOCONO register i : \ / igi?o(i‘%%s;i‘lzr -O/O- 111 AN157 :
’_;1 |
: Comparator 0 ! i Comparator 1 '
1 1
! ADOO register  [¢— P —»| AD10 register ,
1 ! 1 !
' ADO1 register  |[¢— ' ! —»| AD11 register '
1 1
i ADO2 register  |¢—] ' i | AD12 register '
- ! o ) !
E ADOS3 register  [¢— g ! i @ [—» AD13 register '
o
' ADO4 register  f¢— % i i & > AD14 register |
1 = 1 = '
| ADO5 register  j¢— i 1 —» AD15 register .
1 1 '
' ADOG6 register  [¢—{ | \ —» AD16 register :
' 1 | |
' ADO7 register  [¢— P —»{ AD17 register .
' L 1 | L '
| 1 | '
i . Successive i 1 Successive i h
' ADOCONO register _ conversion register P conversion register ~ AD1CONO register '
o LIITITT] [OITTTTITTH P o[ [TTTTTITT] LOIIIIII]
33 | — !
: 'VVVVVVVVV I : VVVVVVVVVV_ 1
! l_l_l_l_l_l_l.l?l_‘ Resistor ladder Pl Resistor ladder W.l 1
| Pt |
| ADOCON1 register ! | AD1CON1 register ,
| \ h
g Jd )
JADO @ADL
° 2
13 ol L8 | o0 |k
TO 3 0 TO 3 0
fAD 12 12 s fAD 12 12
0

Lo

CSKaO bit in ADOCONO register CSKO bit in AD1CONO register
CSK1 bit in ADOCONL1 register CSK1 bit in AD1CONL1 register

i=0,1
NOTES:
1. These pins are available in single-chip mode.
2. These pins are provided in the 144-pin package.

Figure 17.1 A/D Converter Block Diagram
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17. A/D Converter

Table 17.3 Pin Settings

Port Function Bit and Setting
Name PD10, PDO, PD2, PS30), PS9 PSL3, IPS PURO, PURS3,
PD15, PD9®) Registers Registers Registers PURA4 Registers
P100 ANo PD10_ 0=0 - - PU30=0
P101 AN1 PD10_1=0
P102 AN2 PD10 2=0
P103 ANS3 PD10 3=0
P104 AN4 PD10_4=0 PU31=0
P10s5 ANS5 PD10 5=0
P106 AN6 PD10_6=0
P107 AN7 PD10_7=0
POo ANO0oD) PDO 0=0 - - PUOO = 0
PO1 ANO1(D) PDO_1=0
P02 ANO02(D) PDO 2=0
P03 ANO3(®) PDO 3=0
P04 ANO04D) PDO 4=0 PUO1 =0
POs ANOs(D) PDO 5=0
POs ANO06D) PDO 6=0
PO7 ANO7() PDO_7=0
P20 AN20) PD2 0=0 - - PUO4 =0
P21 AN21(1) PD2 1=0
P22 AN22(1) PD2 2=0
P23 AN23() PD2_3=0
P24 AN241) PD2_4=0 - - PUO5 = 0
P25 AN25(1) PD2_5=0
P26 AN26(D) PD2_6=0
P27 AN27(D) PD2_7=0
P150 AN150(2) PD15 0=0 PS9 0=0 IPS2=1 PU42 =0
P151 AN151(2) PD15_1=0 PS9 1=0
P152 AN152(2) PD15 2=0 -
P153 AN15 32 PD15 3=0 -
P154 AN154(2) PD15 4=0 PS9 4=0 PU43 =0
P155 AN155(2) PD15 5=0 PS9 5=0
P156 AN156(2) PD15 6=0 -
P157 AN157(2) PD15_7=0 -
P95 ANEXO0 PD9 5=0 PS3 5=0 PSL3 5=1 PU27 =0
P96 ANEX1 PD9 6=0 PS3. 6=0 PSL3 6=1
P97 ADTRG PD9 7=0 PS3 7=0 - -
NOTES:

1. This pin is available in single-chip mode.

2. This pin is provided in the 144-pin package.

3. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do not
generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the instruction to set
the PD9 and PS3 registers.
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17. A/D Converter

A/DO Control Register 0(1)

b7 b6 b5 b4 b3 b2 bl bo

NOTES:

------------------------ ADST

LR LR e LR L EEEE LR CKSO | pit6

p— CH1

Symbol Address After Reset
ADOCONO 039616 0016
Bit Bit Name Function
Symbol RwW
b2 bl b0
CHO 000:ANo RW
001:AN1
Analog Input Pin 010 EANZ
. 011:AN3 RwW
Select Bt 3.4 100 :AN4
101:ANs
CH2 110:ANs RW
111:AN7
b4 b3
PR MDO _ 0 0 : One-shot mode RW
A/D Operation 01 : Repeat mode
Mode Select Bit 0?)| 1 0 : Single sweep mode
MD1 11: Repeat sweep mode 0 or 1 RW
TRG Tri Select Bi 0 : Software trigger RW
rigger SelectBit | 4 . Eyternal trigger, hardware trigger®
A/D Conversion 0 : A/D conversion stops RW
Start Flag 1 : A/D conversion starts(®
Frec&uency Select 0 : Select from fab/3 or fap/4 RW
1 : Select from fap/1 or fab/2

1. When the ADOCONO register is rewritten during the A/D conversion, the conversion result is
indeterminate.

2. Analog input pins must be set again after changing A/D operation mode.

3. This bit is disabled in single sweep mode, repeat sweep mode 0 and repeat sweep mode 1.

4. Set the PSC_7 bit in the PSC register to "1" (AN4 to AN7) to use the P10 pin as a analog input pin.

5. To set the TRG bit to "1", select the cause of trigger by setting the TRG1 and TRGO bits in the
ADOCONZ2 register. Then set the ADST bit to "1" after the TRG bit is set to "1".

6. ZAp frequency must be under 16 MHz when Vcc=5V.
@AD frequency must be under 10 MHz when Vcc=3.3V.
Combination of the CKS0 and CKS1 bits selects @AD.

CKSO0 | CKS1 B AD
0 0 fap divided by 4
0 1 faD divided by 3
1 0 fap divided by 2
1 1 faD
Figure 17.2 ADOCONO Register
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17. A/D Converter

b7 b6 b5 b4 b3 b2 bl bO

A/DO Control Register 1(1)

Symbol Address After Reset
ADOCON1 039716 0016
Bit BitN Functi
Symbol it Name unction RW
bo b1
SCANO ) 0 0 : ANo, AN1 (ANo) RW
AID S""e_e(gp'” 0 1 : ANo to AN3 (ANo, AN1)
AN Select Bit 10: ANo to AN5 (ANo to AN2) w
SC 11 :ANo to AN7 (ANo to AN3)
MD2 A/D Operation 0 : Any mode other than repeat sweep mode 1 RW
Mode Select Bit 1 |1 : Repeat sweep mode 1
8/10-bit Mode 0 : 8-bit mode
BITS . RW
Select Bit 1: 10-bit mode
Frequency Select | O : Select from fap/2 or fap/4
CKkS1 Bit(‘% 1: Select from fap/1 or fap/3 RW
VREF Connection | O : No VREF connection)
VCUT | it 1 : VREF connection RW
b6 b7
OPAQ | External Op-Amp | 0 0 : ANEXO and ANEX1 are not used® | RW
Connection Mode | 0 1 : Signal into ANEXO is A/D converted
Bit® 1 0: Signal into ANEX1 is A/D converted
OPA1 , . RW
11 : External op-amp connection mode

NOTES:

indeterminate.

"012"or "102".

1. When the ADOCONL1 register is rewritten during the A/D conversion, the conversion result is

2. This bit is disabled in one-shot mode and repeat mode. Pins in parentheses are those most
commonly used in the A/D conversions when the MD2 bit is set to "1".

3. PAD frequency must be under 16 MHz when Vcc=5V. @AD frequency must be under 10 MHz
when Vcc=3.3V. Combination of the CKS0 and CKS1 bits selects @aD (see the ADOCONO register).
4. Do not set the VCUT bit to "0" during the A/D conversion. This is a reference voltage for the A/DO.

It does not affect D/A conversion.
5. In single sweep mode and repeat sweep mode 0 or 1, the OPA1 and OPAO bits cannot be set to

6. When the OPA1 to OPAO bits is set to "002", set the PSL3_5 bit in PSL3 register to "0" (other than
ANEXO0) and the PSL3_6 bit to "0" (other than ANEX1).

Figure 17.3 ADOCONL1 Register
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A/DO Control Register 2(1)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | 0 | 0 | 0 | | ADOCON2 039416 X000 00002
Bit Bit Name Function RW
oo HE Symbol
_ . A/D Conversion 0 : Without the sample and hold function RW
oo : Method Select Bit |1 : With the sample and hold function
T S S Y - Reserved Bit Setto "0" RW
P (b3 - b1)
ADs | A/D Channel Replace |0 : Disables channel replacement W
. Select Bit® 1 : Enables channel replacement®
I b6 bS
00 : Selects ADTRG
T TRGO 0 1: Selects a timer B2 interrupt RW
[ External Trigger request of the three-phase motor
Vo R ‘C control timer functions (after
equest Lause ICTB2 counter completes
[ Select Bit counting)
R PP TRG1 1 0: Selects the intelligent I/O group 2 | RW
' channel 1 interrupt
11: Do not set to this value
Simultaneous When this bit is set_ to 1 A/DO and
"""""""""""""" PST (2,3, 4) A/D1 start conversions simultaneously. [ WO
Start Bit'< = . o .
When read, its content is indeterminate.

NOTES:

1. When the ADOCONZ2 register is rewritten during the A/D conversion, the conversion result is
indeterminate.

2. Do not set the APS1 and APSO bits to "1" while either A/DO or A/D1 is operating.

3. The PST bit is enabled when the TRG bit in the ADOCONO register is set to "0" (software trigger).
Do not set the PST bit to "1" when the TRG bit is set to "1" (external trigger).

4. Set both A/DO and A/D1 to the same setting.

5. If the ADS bit is set to "1", do not select single sweep mode or repeat sweep mode as the A/D
operation mode.

A/DO Register i (i=0to 7)

b15 b8 b7 b0 Symbol Address After Reset
NXNXN)Q i | ADOO to ADO2 038116 - 038016, 038316 - 038216, 038516 - 038416  Indeterminate
AN A ' H ADO3 to ADO5 038716 - 038616, 038916 - 038816, 038B16 - 038A16 Indeterminate
o : ADO6 to ADO7  038D16 - 038C16, 038F16 - 038E16 Indeterminate
Function RW
Peeeenaed 8 low-order bits in an A/D conversion result RO
R In 10-bit mode : 2 high-order bits in an A/D conversion result RO
e In 8-bit mode : When read, its contents is indeterminate.
T Nothing is assigned. When write, set to "0". .
When read, its content is indeterminate.

Figure 17.4 ADOCON2 Register, ADOO to ADO7 Registers
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A/D1 Control Register 0(1)

Mode Select Bit 0?)| 1 0 : Single sweep mode

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| | | | | | | | | AD1CONO 01D616 0016
Bit Bit Name Function
i1 1 1 1 i i | Symbol RW
A b2b100
PP cno 000 ANio RW
[ 001:ANi1
- R R Analog Inout Pi 010:ANi2
T S nalog Input Pin 011:ANi
- el H1 . . 13 RW
- c Select Bit? 3456 | 140 ANia
A 101:ANis
Pl b e CH2 110:ANis _ RW
Pl 111:ANiz (i=0, 2, 15)
R b4 b3
- MDO . 0 0 : One-shot mode RW
A/D Operation 0 1 : Repeat mode

Pt MD1 11 : Repeat sweep mode O or 1 RW
e TRG | Trigger Select Bit fl) :grtev;l:;t:iriggggeer,r hardware trigger(” RW
R osr | ADgmuen | 0 ABemesonsm
e ceon | gy tes | 0 stestonuonoia

NOTES:
1. When the AD1CONO register is rewritten during the A/D conversion, the conversion result is
indeterminate.
. Set analog input pins again after changing A/D operation mode.
. This bit is disabled in single sweep mode, repeat sweep mode 0 and repeat sweep mode 1.
. The APS1 to APSO bit in the AD1CONZ2 register select i=0, 2 or 15.
.i=0 or 2 is available in single-chip mode only.
. i=15 is available in the 144-pin package.
. To set the TRG bit to "1", select the cause of trigger by setting the the TRG1 and TRGO bits in the
AD1CONZ2 register. Then set the ADST bit to "1" after the TRG bit is set to "1".
8. & AD frequency must be under 16 MHz when Vcc=5V.
& AD frequency must be under 10 MHz when Vcc=3.3V.
Combination of the CKS0 and CKS1 bits selects @AD.

~NOoO o~ WN

CKSO0 | CKs1 & AD
0 0 faD divided by 4
0 1 fap divided by 3
1 0 faD divided by 2
1 1 fap
Figure 17.5 AD1CONO Register
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17. A/D Converter

A/D1 Control Register 1)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

|>q><| | | | | | | AD1CON1 01D716 XX00 00002
e Bit . )
Prof o b 1t | symboal Bit Name Function RW
Pl o
Pl 1111 T SCANO _ 0 0 : ANio,ANi1 (ANio) RwW
A A/D Sweep PIn 101 : ANio to ANia (ANio,ANiL)
A A A SCANL Select Bit = 1.0 : ANio to ANis (ANio to ANi2) W
- 1 1 : ANio to ANi7 (ANio to ANi3) (i=0, 2, 15)
A/D Operation 0 : Any mode other than repeat sweep
P R MD2 . mode 1 RW
A Mode SelectBit1 | 1 . pepeat sweep mode 1
A 10-bit M 8-bi
T T T T giTs | 8/10-bit Mode 0 : 8-bit mode W
Voo Select Bit 1: 10-bit mode
Frequency Select | o : Select from fap/2 or fap/4
. CKSL | git®) : RW
oo 1: Select from fap/1 or fap/3
| 0: VREF not connected®
Pp mmmmmsmmssmsessameee VCUT | VREF Connection Bit . RW
v 1 : VREF connected
; _______________________ Nothing is assigned. When write, set to "0". -

(b7 - b6) | When read, its content is indeterminate.

NOTES:

indeterminate.

4. =15 is available in the 144-pin package.

It does not affect the D/A conversion.

1. When the AD1CONL1 register is rewritten during the A/D conversion, the conversion result is

2. This bit is disabled in one-shot mode and repeat mode. Pins in parentheses are those most
commonly used for A/D conversions when the MD2 bit is set to "1" (repeat sweep mode 1).
3. The APS1 to APSO bits in the AD1CONZ2 register select i=0, 2 or 15.

5. @ AD frequency must be under 16 MHz when Vcc=5V. @b frequency must be under 10 MHz when
Vcc=3.3V. Combination of the CKS0 and CKS1 bits selects @AD (see the AD1CONO register).
6. Do not set the VCUT bit to "0" during the A/D conversion. This is a reference voltage for the A/D1.

Figure 17.6 AD1CON1 Register
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17. A/D Converter

b7 b6 b5 b4 b3 b2 bl bo

NOTES:

indeterminate.

A/D1 Control Register 2()

Symbol Address After Reset
AD1CON2 01D416 X00X X0002
Bit Bit Name Bit name RW
Symbol
SMP A/D Conversion 0 : Without the sample and hold function RW
Method Select Bit 1 : With the sample and hold function
b2 bl
APS0 00 : AN150 to AN157(2) RW
Analog Ipput Port 01 : Do not set to this value
Select Bit 1.0 : ANOo to ANO7(®)
APS1 11 : AN20 to AN27( RW
Nothing is assigned. When write, set to "0". B
(b4 - b3) [ When read, its content is indeterminate.
b6 b5
0 0 : Selects ADTRG
TRGO 0 1: Selects a timer B2 interrupt RW
. request of the three-phase motor
External Trigger control timer functions (after the
Request Cause ICTB2 counter completes
Select Bit counting) _
TRG1 10: Selects thg Intelligent 1/0 group 3 RW
channel 1 interrupt
11 : Do not set to this value
—— | Nothing is assigned. When write, set to "0". _
(b7) When read, its content is indeterminate.

A/D1 Register j (j=0to 7)

1. When the AD1CON2 register is rewritten during the A/D conversion, the conversion result is

2. AN150 to AN157 are provided in the 144-pin package.
3. ANOO to ANO7, AN20 to AN27 are available in single-chip mode only.

Symbol Address After Reset
AD10to AD12 01C116-01CO016, 01C316-01C216, 01C516 - 01C416 Indeterminate
AD13to AD15 01C716-01C616, 01C916 - 01C816, 01CB16 - 01CA16 Indeterminate
AD16 to AD17 01CD1s - 01CCz16, 01CF16 - 01CE16 Indeterminate
Function RW
8 low-order bits in an A/D conversion result RO
In 10-bit mode : 2 high-order bits in an A/D conversion result RO
In 8-bit mode : When read, its content is indeterminate.
Nothing is assigned. When write, set to "0". .
When read, its content is indeterminate.

Figure 17.7 AD1CON2 Register, AD10 to AD17 Register

Rev. 1.31 Jan.31, 2006 Page 233 of 488

REJ09B0034-0131

RENESAS




M32C/83 Group (M32C/83, M32C/83T) 17. A/D Converter

17.1 Mode Description

17.1.1 One-shot Mode
In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table 17.4
lists specifications of one-shot mode.

Table 17.4 One-shot Mode Specifications

Iltem Specification
Function Analog voltage, applied to a pin selected by the CH2 to CHO bits in the ADICONO
register (i=0, 1), is converted to a digital code once.
Start Condition When the TRG bit in the ADICONO register is set to "0" (software trigger),
* The ADST bit in the ADICONO register is set to "1" (A/D conversion starts) by
program

* The PST bit in the ADOCON2 register is set to "1" (A/DO and A/D1 start a
conversion simultaneously) by program
When the TRG bit is set to "1" (external trigger, hardware trigger),
« A falling edge is applied to the ADTRG pin after the ADST bit is set to "1" by
program
* One of the following interrupt requests is generated after the ADST bit is set to
"1" by program:
- The timer B2 interrupt request of three-phase motor control timer functions
(after the ICTB2 counter completes counting) is generated
- The intelligent 1/O interrupt request is generated
Channel 1 in the group 2 (A/DO), channel 1 in the group 3 (A/D1)
Stop Condition » A/D conversion is completed (the ADST bit is set to "0" when the internal trigger is

selected)
» The ADST bit is set to "0" (A/D conversion stopped) by program

Interrupt Request Generation Timing | A/D conversion is completed

Analog Voltage Input Pins Select one from ANo to AN7, ANEXO0, or ANEX1

Select one from ANjo to ANj7 (j=0, 2, 15)

Reading of A/D Conversion Result | The ADik register (k=0 to 7) corresponding to selected pin

17.1.2 Repeat Mode
In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
17.5 lists specifications of repeat mode.

Table 17.5 Repeat Mode Specifications

Iltem Specification
Function Analog voltage, applied to a pin selected by the CH2 to CHO bits in the ADICONO
register (i=0, 1), is converted to a digital code once.
Start Condition Same as one-shot mode
Stop Condition The ADST bit in the ADICONOQO register is set to "0" (A/D conversion stopped) by
program

Interrupt Request Generation Timing | Not generated

Analog Voltage Input Pins Select one from ANo to AN7, ANEXO0, or ANEX1

Select from ANjo to ANj7 (j=0, 2, 15)

Reading of A/D Conversion Result | The ADik register (k=0 to 7) corresponding to selected pins
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17.1.3 Single Sweep Mode

In single sweep mode, analog voltage that is applied to selected pins is converted one-by-one to a digital
code. Table 17.6 lists specifications of single sweep mode.

Table 17.6 Single Sweep Mode Specifications

Item

Specification

Function

Analog voltage, applied to pins selected by the SCAN1 to SCANO bits in the
ADICONO register (i=0, 1), are converted one-by-one to a digital code

Start Condition

Same as one-shot mode

Stop Condition

» A/D conversion is completed (the ADST bit in the ADICONO register is set to "0"
when the internal trigger is selected)
* The ADST bit is set to "0" (A/D conversion stopped) by program

Interrupt Request Generation Timing

Sweep operation is completed

Analog Voltage Input Pins

Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), ANo to
AN7 (8 pins)

Select from ANjo (j=0, 2, 15) to ANj1 (2 pins), ANjo to ANj3 (4 pins), ANjo to ANjs (6
pins), or ANjo to ANj7 (8 pins)

Reading of A/D Conversion Result

The ADik register (k=0 to 7) corresponding to selected pins

17.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital code.
Table 17.7 lists specifications of repeat sweep mode 0.

Table 17.7 Repeat Sweep Mode 0 Specifications

Item

Specification

Function

Analog voltage, applied to pins selected by the SCAN1 to SCANO bits in the
ADICONO register (i=0, 1), are repeatedly converted to a digital code

Start Condition

Same as one-shot mode

Stop Condition

The ADST bit in the ADICONO register is set to "0" (A/D conversion stopped) by program

Interrupt Request Generation Timing

Not generated

Analog Voltage Input Pins

Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), ANo to
AN7 (8 pins)

Select from ANjo (j=0, 2, 15) to ANj1 (2 pins), ANjo to ANj3 (4 pins), ANjo to ANjs5 (6
pins), or ANjo to AN;j7 (8 pins)

Reading of A/D Conversion Result

The ADik register (k=0 to 7) corresponding to selected pins
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M32C/83 Group (M32C/83, M32C/83T) 17. A/D Converter

17.1.5 Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltage selectively applied to eight pins is repeatedly converted to a
digital code. Table 17.8 lists specifications of repeat sweep mode 1.

Table 17.8 Repeat Sweep Mode 1 Specifications
Item Specification
Function Analog voltage selectively applied to 8 pins selected by the SCAN1 to SCANO bits
in the ADICONL register (i=0,1) is repeatedly converted to a digital code.
e.g., When ANjo is selected (j =none, 0, 2, 15), analog voltage is converted to a
digital code in the following order:
ANjo— ANj1— ANjo— ANij2— ANjo = AN;j3 ....... etc.

Start Condition Same as one-shot mode

Stop Condition The ADST bit in the ADICONL register is set to "0" (A/D conversion stopped) by
program

Interrupt Request Generation Timing | Not generated

Analog Voltage Input Pins ANjo to ANj7 (8 pins)

Prioritized Pins Select from ANo (1 pin), ANo to AN1 (2 pins), ANo to AN2 (3 pins), or ANo to AN3 (4
pins)

Select from ANjo (j=0, 2, 15) (1 pin), ANjo to ANj1 (2 pins), ANo to AN2 (3 pins),
ANjo to AN;j3 (4 pins)
Reading of A/D Conversion Result| The ADik register (k=0 to 7) corresponding to selected pins

17.2 Function
17.2.1 Resolution Select Function

The BITS bit in the ADICONL1 (i=0, 1) register determines the resolution. When the BITS bit is set to "1"
(10-bit precision), the A/D conversion result is stored into bits 0 to 9 in the ADij register (j =0 to 7). When
the BITS bit is set to "0" (8-bit precision), the A/D conversion result is stored into bits 0 to 7 in the ADij
register.

17.2.2 Sample and Hold
When the SMP bit in the ADICON2 register is set to "1" (with the sample and hold function), A/D conver-
sion rate per pin increases to 28 @AD cycles for 8-bit resolution and 33 BAD cycles for 10-bit resolution.
The sample and hold function is available in all operating modes. Start the A/D conversion after selecting
whether the sample and hold function is to be used or not.

17.2.3 Trigger Select Function
The TRG bit in the ADICONO register and the TRG1 to TRGO bits in the ADICON2 register determine the
trigger to start the A/D conversion. Table 17.9 lists settings of the trigger select function.
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Table 17.9 Trigger Select Function Settings

Bit and Setting Trigger

ADICONO Register| ADICON2 Register
TRG =0 - Software trigger

The A/Di starts the A/D conversion when the ADST bit in the
ADICONO register is set to "1"

- Two-circuit simultaneous start

A/DO and A/D1 start the A/D conversion simultaneously when the
PST bit in the ADOCONZ2 register is set to "1" by program (Refer to
17.2.4 Two-Circuit Simultaneous Start)

TRG = 1@ TRG1 to TRGO = 002 | External trigger(?

Falling edge of a signal applied to ADTRG
TRG1 to TRGO = 012 | Hardware trigger(?

The timer B2 interrupt request of three-phase motor control timer
functions (after the ICTB2 counter completes counting)
TRG1 to TRGO = 102 | Hardware trigger(®

The intelligent I/O interrupt request is generated

Channel 1 in the group 2 (A/D0), channel 1 in the group 3 (A/D1)

i=0,1
NOTES:
1. The A/Di starts the A/D conversion when the ADST bit is set to "1" (A/D conversion started) and a trigger is
generated.
2. The A/D conversion is restarted if an external trigger or a hardware trigger is inserted during the A/D conversion.
(The A/D conversion in process is aborted.)

17.2.4 Two-Circuit Simultaneous Start (Software Trigger)

A/DO and A/D1 start simultaneously when the PST bit in the ADOCON2 register is set to "1" (two-circuit
simultaneous start).

Do not set the PST bit to "1" while either A/DO or A/D1 is performing an A/D conversion, or if the TRG bit
is set "1" (external trigger).

Do not set the ADST bit to "1" (A/D conversion started) when using the PST bit.

17.2.5 Pin Input Replacement Function
When the ADS bit in the ADOCON2 register is set to "1" (channel replacement enabled), channels of the
A/DO can be replaced with channels of the A/D1 and vice versa.
Voltage applied to the ANj (j = 0 to 7) pin is converted to digital code in the A/D1 and the conversion result
is stored into the AD1j register. Voltage applied to the ANOj, AN2j or AN15j pin is converted to digital code
in the A/DO and the conversion results are stored into the ADOj register.
To set the ADS bit to "1", set the MD1 to MDO bits in the ADOCONO register to "002" (one-shot mode) or
"012" (repeat mode). Single sweep, repeat sweep 0, and repeat sweep 1 modes cannot be used. Set the
OPAL1 to OPAO bits in the ADOCONL register to "002" (no ANEX0 and ANEX1 used). Set the same value to
both ADOCONO register and AD1CONO register, and to both ADOCONL1 register and AD1CONL1 register.
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17.2.6 Extended Analog Input Pins

In one-shot mode and repeat mode, the ANEXO and ANEX1 pins can be used as analog input pins. The
OPAL1 to OPAO bits in the ADOCONL1 register select which pins to use as analog input pins. An A/D
conversion result for the ANEXO pin is stored into the ADOO register. The result for the ANEX1 pin is
stored into the ADOL1 register.

17.2.7 External Operation Amplifier (Op-Amp) Connection Mode

In external op-amp connection mode, multiple analog voltage can be amplified by one external op-amp
using extended analog input pins ANEX0 and ANEX1.

When the OPAL to OPAO bits in the ADOCONL1 register are set to "112" (external op-amp connection),
voltage applied to the ANo to AN7 pins are output from ANEXO0. Amplify this output signal by an external
op-amp and apply it to ANEX1.

Analog voltage applied to ANEX1 is converted to a digital code and the A/D conversion result is stored
into the corresponding ADij register (i=0, 1; j=0 to 7). A/D conversion rate varies depending on the
response of the external op-amp. Do not connect the ANEXO pin to the ANEX1 pin directly.

Figure 17.8 shows an example of an external op-amp connection.

Table 17.10 Extended Analog Input Pin Settings

ADOCONL1 Register ANEXO Function ANEX1 Function
OPAl OPAO
0 0 Not used Not used
P95 as an analog input Not used
1 0 Not used P96 as an analog input
1 1 Output to an external op-amp Input from an external op-amp

Microcomputer

[ Resistor ladder F—
|+ I*I*I*I*I*I+I+I*I+I+

Successive conversion register

Analog —
input

ANEXO0

| I ANEX1
External op-amp

Comparator

17. A/D Converter

Figure 17.8 External Op-Amp Connection
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17.2.8 Power Consumption Reducing Function

When the A/D converter is not used, the VCUT bit in the ADICONL register (i=0, 1) isolates the resistor
ladder of the A/D converter from the reference voltage input pin (VREF). Power consumption is reduced by
shutting off any current flow into the resistor ladder from the VREF pin.

When using the A/D converter, set the VCUT bit to "1" (VREF connection) before setting the ADST bit in
the ADICONO register to "1" (A/D conversion started). Do not set the ADST bit and VCUT bit to "1"
simultaneously, nor set the VCUT bit to "0" (no VREF connection) during the A/D conversion. The VCUT
bit does not affect the VREF performance of the D/A converter.

17.2.9 Analog Input Pin and External Sensor Equivalent Circuit
Figure 17.9 shows an example of the analog input pin and external sensor equivalent circuit.

Microcomputer

Sensor equivalent :
circuit ‘
RO | _
: R(7.8k ) Sampling time
: >—\/\/\/‘f (the time needed until the capacitor is fully
VIN : charged after closing switch)
3 C (2.0pF) 3
T Ve Sample and hold function is enabled : @D
V4 3
Sample and hold function is disabled : (piD

Figure 17.9 Analog Input Pin and External Sensor Equivalent Circuit
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18. D/A Converter

The D/A converter consists of two separate 8-bit R-2R ladder D/A converters.

Digital code is converted to an analog voltage when a value is written to the corresponding DAI registers
(i=0,1). The DAIE bit in the DACON register determines whether the D/A conversion result is output or not.
Set the DAIE bit to "1" (output enabled) to disable a pull-up of a corresponding port.

Output analog voltage (V) is calculated from value n (n=decimal) set in the DAI register.

v = VREEXN (n = 0 to 255)
256

VREF : reference voltage (not related to VCUT bit setting in the ADICONL1 register)

Table 18.1 lists specifications of the D/A converter. Table 18.2 lists pin settings of the DAO and DAL pins.
Figure 18.1 shows a block diagram of the D/A converter. Figure 18.2 shows the D/A control register. Figure
18.3 shows a D/A converter equivalent circuit.

When the D/A converter is not used, set the DAI register to "0016" and the DAIE bit to "0" (output disabled).

Table 18.1 D/A Converter Specifications

Item Specification
D/A Conversion Method | R-2R
Resolution 8 bits
Analog Output Pin 2 channels

Table 18.2 Pin Settings

Port Function Bit and Setting
PD9 Register(®) PS3 Register(l) PSL3 Register
P93 DA0 output PD9_3-0 PS3 3-0 PSL3 3=1
P94 DA1 output PD9_4=0 PS3_4=0 PSL3_4=1
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write
enable). Do not generate an interrupt or a DMA transfer between the instruction to set the PRC2 bit to "1"
and the instruction to set the PD9 and PS3 registers.
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18. D/A Converter

Low-Order Bits of Data Bus

DAO Register

:

R-2R Resistor Ladder

DAOE 0

o0+ bAo

DALl Register

:

DA1E 0

R-2R Resistor Ladder

Figure 18.1 D/A Converter

o~ 0+ bA1

1

DAOE, DA1E: Bits in the DACON register
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D/A Control Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
DACON 039C16 XXXX XX002
A T ) :
Prob b b b | symbol Bit Name Function RW
Poio i it Ll pAOE | D/AO Output Enable it | O ¢ Disables an output RW
Voo 1: Enables an output
AR R T S DA1E |D/A1 Output Enable Bit 0: Disables an output RW
F- R - 1: Enables an output
_ _________ Nothing is assigned. When write, set to "0". L
(b7 - b2) | When read, its content is indeterminate.
D/A Register i (i=0, 1)
b7 bo Symbol Address After Reset
| | DAO, DAL 039816, 039A16 Indeterminate
Function Setting Range | RW
L Output value of D/A conversion 0016 to FF16 RW
Figure 18.2 DACON Register, DAO and DA1 Registers
DAOE
r %o R R R R R R R 2R
DA0 O—W\—o0
np
2R
MSB,..|. .. SR S N R N N RS S SR - LSB
D/A register O | OT
AVss O
VREFAO
NOTES:

1. The above applies when the DAO register is set to "2A16".

2. This circuitry is the same for D/AL.

3. To reduce power consumption when the D/A converter is not used, set the DAIE bit (i=0, 1) to "0"
(output disabled) and the DAI register to "0016" to stop current from flowing into the R-2R resistor.

4. This VREF is not related to VCUT bit setting in the ADOCON1 and AD1CON1 registers.

Figure 18.3 D/A Converter Equivalent Circuit
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19. CRC Calculation

The CRC (Cyclic Redundancy Check) calculation detects an error in data blocks. A generator polynomial
of CRC_CCITT (X16 + X12 + X5 + 1) generates CRC code.

The CRC code is a 16-bit code generated for a block of data of desired length. This block of data is in 8-bit
units. The CRC code is set in the CRCD register every time one-byte data is transferred to the CRCIN
register after a default value is written to the CRCD register. CRC code generation for one-byte data is
completed in two cycles.

Figure 19.1 shows a block diagram of a CRC circuit. Figure 19.2 shows registers related to CRC. Figure
19.3 shows an example of the CRC calculation.

q High-order bits of data bus §

|11

S Low-order bits of data bus S

: : 8 high-
[ HS low-order bits order bits

CRCD register

i Ll

CRC code generation circuit
X16+X12+X5+ 1

CRCIN register

| 1]

Figure 19.1 CRC Calculation Block Diagram

CRC Data Register

b15 bg b7 bo Symbol Address After Reset
| i | CRCD 037D16- 037C16 Indeterminate
Function Setting Range RW

After default value is written to the CRCD
register, the CRC code can be read from the
CRCD register by writing data to the CRCIN
register. Bit position of the default value is
inversed. The inversed value is read as the CRC
code.

000016 to FFFF16 RwW

CRC Input Register

b7 b0 Symbol Address After Reset
| | CRCIN 037E16 Indeterminate
Function Setting Range RW
--------------- Data |an{t. . 0016 to FF16 RW
Inverse bit position of data.

Figure 19.2 CRCD Register and CRCIN Register
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M32C/83 Group (M32C/83, M32C/83T) 19. CRC Calculation

CRC Calculation and Setup Procedure to Generate CRC Code for "80C416"

QO CRC Calculation for M32C

CRC Code : a remainder of a division, value of the CRCIN register with inversed bit position

generator polynomial
Generator Polynomial ; X*® + X2+ x® + 1 (1 0001 0000 0010 00012)

O Setting Steps
(1) Inverse a bit position of "80C416" per byte by program

"8016" —="0116", "C416"—"2316"
b15 b0

(2) Set "000016" (default value)—» | CRCD register

Bit position of the CRC code for "8016"
(91881s) is inversed to "118916", which is
stored into the CRCD register in 3rd cycle.

b7 b0
(3) Set "0116" — |:| CRCIN register
b0

b15

118916 | CRCD register

b7 bo
(4) Set "2316" — |:| CRCIN register
Bit position of the CRC code for "80C416"
(825016) is inversed to "0A4116", which is
stored into the CRCD register in 3rd cycle.
b1s b0
0A4116 | CRCD register

O Details of CRC Calculation
As shown in (3) above, bit position of "0116" (000000012) written to the CRCIN register is inversed and becomes
"100000002".
Add "1000 0000 0000 0000 0000 00002", as "100000002" plus 16 digits, to "000016" as the default value of the
CRCD register to perform the modulo-2 division.

1000 1000 Modulo-2 Arithmetic is
10001 0000 0010 0001 {1000 0000 0000 0000 0000 0000 +—— data calculated on the law below.
/ 1000 1000 0001 0000 1 0+0=0
1000 0001 0000 1000 O 0+1=1
Generator Polynomial 1000 1000 0001 0000 1 1+0=1
1001 0001 1000 1000 1+1=0
-1=1

CRC Code

"0001 0001 1000 10012 (118916)", the remainder "1001 0001 1000 10002 (918816)" with inversed bit position, can
be read from the CRCD register.

When going on to (4) above, “2316 (001000112)" written in the CRCIN register is inversed and becomes
"110001002".

Add "1100 0100 0000 0000 0000 00002", as "110001002" plus 16 digits, to "1001 0001 1000 10002" as a
remainder of (3) left in the CRCD register to perform the modulo-2 division.

"0000 1010 0100 00012 (0A4116)", the remainder with inversed bit position, can be read from CRCD register.

Figure 19.3 CRC Calculation
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M32C/83 Group (M32C/83, M32C/83T)

20. XY Conversion

20. X/Y Conversion

The X/Y conversion rotates a 16 x 16 matrix data by 90 degrees and inverses high-order bits and low-order
bits of a 16-bit data. Figure 20.1 shows the XYC register.
The 16-bit XiR register (i=0 to 15) and 16-bit YjR register (j=0 to 15) are allocated to the same address. The
XiR register is a write-only register, while the YjR register is a read-only register. Access the XiR and YjR
registers from an even address in 16-bit units. Performance cannot be guaranteed if the XiR and YiR

registers are accessed in 8-bit units.

X/Y Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
XYC 02EO16 XXXX XX002
Bit . ;
Symbol Bit Name Function RW
xyco | Read-Mode Set Bit 0: Data conversmn. RW
1 : No data conversion
[ XYC1 Write-Mode Set Bit 0: N_O bl_t alignment convgrsmn RW
1 : Bit alignment conversion
___________________________ Noting is assigned. When write, set to "0".
(b7 -b2) | When read, its content is indeterminate.

Figure 20.1 XYC Register
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M32C/83 Group (M32C/83, M32C/83T)

20. XY Conversion

The XYCO bit in the XYC register determines how to read the Yj|R register.

By reading the YjR register when the XYCO bit is set to "0" (data conversion), bit j in the XOR to X15R
registers can be read simultaneously.

For example, bit 0 in the XOR register can be read if reading bit O in the YOR register, bit 0 in the X1R
register if reading bit 1 in the YOR register..., bit 0 in the X14R register if reading bit 14 in the YOR register
and bit 0 in the X15R register if reading bit 15 in the YOR register.

Figure 20.2 shows the conversion table when the XYCO bit is set to "0". Figure 20.3 shows an example of

the X/Y conversion.

Address to be read
AN
C [ e T \
2222235555555 553
DD D.L2.2.90 00N 0 000NN
CLLLLS QB EEEEE80 S
rrrxrrf prprrrore
AdAd A AT OO0ONOOTMANAO
>>>>>>>>>>>>>>>>
[ XOR register _%
X1R register A
X2R register
X3R register @
X4R register X%
X5R register 2
X6R register E
Address to ,< X7R register =
be written X8R register ®
X9R register S
X10R register c
X11R register %)
X12R register m
X13R register
X14R register \
\_ X15R register 0
b15 < » b0 <
Bits in the XiR register
Figure 20.2 Conversion Table when Setting the XYCO Bit to "0"
/ B ‘
ZnZdZiSasngayavds Z2:fZd8assegia9z=g
XOR register —> YOR register <
X1R register Y1R register
X2R register Y2R register
X3R register Y3R register
X4R register Y4R register
X5R register Y5R register
X6R register : Y6R register
X7R register HU Y7R register e
X8R register Y8R register
X9R register YOR register
X10R register Y10R register
X11R register Y11R register
X12R register Y12R register
X13R register Y13R register
X14R register Y14R register
X15R register - Y15R register
A
Figure 20.3 X/Y Conversion
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M32C/83 Group (M32C/83, M32C/83T) 20. XY Conversion

By reading the YjR register when the XYCO bit in the XYC register is set to "1" (no data conversion), the
value written to the XiR register can be read directly. Figure 20.4 shows the conversion table when the
XYCO bit is setto "1."

[ XOR register, YOR register
X1R register, Y1R register
X2R register, Y2R register
X3R register, Y3R register
X4R register, Y4R register
X5R register, Y5R register

. X6R register, Y6R register

Address to be written / X7R register, Y7R register

Address to be read X8R register, Y8R register
X9R register, YOR register
X10R register, Y10R register
X11R register, Y11R register
X12R register, Y12R register
X13R register, Y13R register
X14R register, Y14R register

\_ X15R register, Y15R register

bl5 < » b0
Bits in the XiR register i=0 to 15
Bits in the YjR register j=0to 15

Figure 20.4 Conversion Table when Setting the XYCO Bit to "1"

The XYCL1 bit in the XYC register selects bit alignment of the value in the XiR register.

By writing to the XiR register while the XYCL1 bit is set to "0" (no bit alignment conversion), bit alignment is
written as is. By writing to the XiR register while the XYC1 bit is set to "1" (bit sequence replaced), bit
alignment is written inversed.

Figure 20.5 shows the conversion table when the XYC1 bit is set to "1".

b15 bo
patatobewiten | | | | [ [ [ [ ][ ][] ]]]

BitsinXiRregister | | | | | | [ [ [ [ | | [ [ ]]]
(i=0 to 15)

Figure 20.5 Conversion Table when Setting the XYC1 Bit to "1"
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

21. Intelligent 1/O

The intelligent 1/O is a multifunctional 1/O port for time measurement, waveform generation, clock synchro-
nous serial I/0, clock asynchronous serial I/0 (UART), IEBus(!) communications, HDLC data processing

and more.

The intelligent I/O consists of four groups. Each group has one 16-bit base timer for free-running operation,
eight 16-bit registers for time measurement and waveform generation and two 8-bit shift registers (or one
16-bit shift register) for communications.
Table 21.1 lists functions and channels of the intelligent 1/O.

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.

Table 21.1 Intelligent I/O Functions and Channels

Waveform Generation

(2 channels)

(3 channels)

(3 channels)

(2 channels)

. Group 0, 1
Function Group 0 Group 1 Group 2 Group 3 cascaded
Time Measurement® 8 channels 4 channels 8 channels

(3 channels)® | (2 channels) (3 channels)
Digital Filter 8 channels 4 channels Not Not 8 channels

(3 channels) |(2 channels) | available Available (3 channels)
Trigger Input Prescaler 2 channels 2 channels 2 channels
Trigger Input Gate 2 channels 2 channels 2 channels

4 channels 8 channels |8 channels |8 channels |8 channels

(3 channels)

Single-phase Waveform Output

Phase-delayed Waveform Output Available Available Available
SR Waveform Output ) )
- - Available Available
Bit Modulation PWM Mode
Not Not Not
RTP Mode Available | Available Available
Parallel RTP Mode
Communication 8 bits fixed Variable 8 or 16 bits NOt.
Available
Clock Synchronous Serial I/O Mode Available Available
UART Mode Available Not Not
HDLC Data Processing Mode Available Not Available
Available
IEBus Mode Not Available Available
NOTES:

1. Time measurement function and waveform generation function share pins
2. The number of channels available in the 100-pin package are indicated in parentethese ().

The time measurement function and waveform generation function can be selected for each channel.

The communication function is available by a combination of multiple channels.
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O

Figures 21.1 to 21.4 show block diagram of the intelligent 1/O groups 0 to 3.

Request by matching the base timer with the GOPOO register

Request from the groupl
Request from the INT pin

BTOS:D I
. u BTS Reset
1 —uly
o Divider fsto

Group0 base timer reset

Two-phase 10l o by 2(n+1) Base timer [——{> Base timer interrupt request®®
pulse signal DIV4 to DIVO
is applied BCKL 1o BCKO 0 - Overflow of base timer bit 15
MOD2 to MODO
INPCOO Digital L11.0 3] CGOTMO, GOPOO OUTCOO/ISTXDO
el DF1 to DFO register
CTS1to CTSO F’Vt\‘/jMl
output
MOD3Z to MODO
INPCO1 o Edge GOTM1, GOPO1 OUTCO/ISCLKO
/1SCLKO select register
CTS1to CTSO
INPCO2 o | Edge GOTM2, GOPO2 ||
1 1SRxDO filter select register
meFl 10 DR\ | ST 1o CTs0 l‘[ > m
fBTOy
l bigrar |11 || || [Edge GOTM3, GOPO3
INPCO3 OO B B
filter DF1 T DFO select register
o 00 CTS1to CTSO
e —
INPCO4 D'\gltal 1u:f1 .‘. | || Edge GO'_I'M4, GOPO4 0 OUTCO4
ilter DF1 10 DFO select register
[] 00 ||CTSL0CTSO PWM (Note 1)
R
Digital | 11:f1 || [ Edge GOTMS, GOPO5
(Note 1) < INPCOs - ‘OD T selec register | 0 OUTCOs
I CTS1to CTSO
r -101 % o
BTO)
INPCOs Digital [11:f1 &‘_.‘ ||| Edge l Gate I GOTM6, GOPO6
filter DF1 S BFO select | |function|1! function |7 lregisler
[] 0 | |CTST0CTSO GDT PR ;LDw
0
10:f8To|
INPCO? [ Digital |11:f1 b || [Eage l Gate IE Prescaler b GOTM?, GOPO7
filter select [ [function| 1 function |1l register
DF1 10 DFO| | A=r="T30 GT PR
ChoO to ch7 .
interrupt request signal
Waveform generation match
signal for groupl .
(For cascaded connection)
Time measurement trigger
for the grotg)l i
(For cascaded connection)
Transmit interrupt request
" (SIOOTR)®
ot regster o Transmit data._ Transmission
(Transmit buffer register) generation circuit generation circuit
Transmit |
M Bit insert circuit
register
treagr;:‘rg( I I Transmit latch g
T T Data I
‘ Sart bt selector
al 1l
cho Transmit Clock‘w?it generation circuit]
control
cha | Clock | operatoncock Gircuit GOTO register
selector HDLC data transmit
generation circuitj Transmit interrupt request
ch1 register_| (GOTOR)®
ch2 | Clock
ch3 { selector
External lock

lﬂece\ve operation clock

IRETETHTE

Receive data
generation circuit

1 — Data GORB register
Bit insert selector
Polarity check Receive Receive interrupt request
inverse | Start bit buffer | (SIOORR)®
RXSL
IPOL GODR register check E—
(Receive data register) - register
Stop bit
Shift check
register
L_| Special Special communication
interrupt interrupt request
L

check (SRTOR)®

GORI register

| Receive
buffer

Receive
register

]

I q
q
GOCMP3 register

Comparator
HDLC data receive
interrupt request
NOTES: DIV4 to DIVO bits, BCKL to BCKO bits : Bits in the GOBCRO register ~ (GORIR)®
1. These pins are not connected to external pins in the 100-pin package. BTS : Bit in the GOBCRL register
2. Each register enters a reset state after the GOBCRO register supplies the BTOS : Bit in BTSR register
clock. CTS1 to CTSO, DF1 to DFO, GT, PR : Bits in the GOTMCR;j register (j = 0 to 7)
3. See Figure 10.14. MOD?2 to MODO : Bits in the GOPOCR] register

TXSL, RXSL : Bits in the GOEMR register
OPOL, IPOL : Bits in the GOCR register

Figure 21.1 Intelligent I/O Group 0 Block Diagram

Rev. 1.31 Jan.31, 2006 Page 249 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Request from the group0
Request from the INT pin

1l

Request by matching the base timer with the G1POO register

Groupl base timer reset

BT1S.
BTS overflow of bit 15 in
BCK1 10 BCKO the group0 base timer )
f1 —1—0 — f 1
BT1
Two-phase puise 1| —© b}I/) '%’('ﬂfrl) T30t Base timer {—» Base timer interrupt request (BT1R)®
signal is applied —o DIV4 0 DIVO ! | o .
o ! ' {— Overflow of bit 15 in the base timer
Waveform generation match signal from ! N
the group 0 (For cascaded connection) T 1
Time measurement trigger from ! 1
the group 0 (For cascaded connection) : 1
1 1
' 1
1
T —
S G1TMO, G1POO 00010010 fOB2 10 MBS DL/
3ol register (Note 1) O/ISTX]
[ o BElout
1 0 ' — |PWM 5T
: L1 | output|
INPC11/ Edge 301 G1TML, G1PO1 0000 0l0f5H 6 OUTCLYISCLKL
ISCLK1 select o register T‘D* L | 111 |
CTS1to CTSO + J; : MOD2
1ol 1 to MODO
INPC12 / Edge 30— G1TM2, G1PO2 0 OUTC12
ISRXDL select 1Yo | register T‘D-
1 PWM
CTS1to CTSO : & : output
. G1TM3, GIPO3 N
register 1 0 OUTC13
G1TM4, G1PO4
register © OUTC14
PWM
output]
G1TMS5, G1PO5
register © OuTC1s >(Note 2)
10:f8T1 —
INPC1s Digital |11:f1 G1TM6, G1PO6 0 OUTCls
filter register
DF1 to DFO PWM
(Note 2)
00 output]
l E]gi .‘ G1TM7, G1PO7
INPC17 oe] Digital o0 ™7, 0 ouTCl7 )
filter DF1 to DFO register —
CTS1to CTSO
CAS ChO to ch7 .
interrupt request signal
Transmit interrupt request
. (SIOLTR)®
ETransmlt data Transmission
G1TB register - generation circuit
(Transmit buffer register) generation circut
Transmit
Bit insert circuit
Transmit I . register TXSL
register | '—l Transmit latch o| Polarity
rw— Data Ly inverse
Y Start bit selector
Clock wait eneration circuit
cho Transmit control o
ch3 | Clock | operation clock circuit G1TO register
Exteral dock| selector Stop bit )
generation circuit Transmit HDLC data transmit
register interrupt request
C:i (G1TOR)®
<l Clock
ch3 | selector Transmit
Extemal dock buffer
l Receive operation clock

G1RI register

Receive
buffer

Receive
register

Polarity

———— | Arbitration

Receive data

Reception

generation circuit

inverse |

IPOL

(Receive data register)

G1DR register

Shift
register

EEare
Bit insert selector
check

Start bit

check

Stop bit

check

G1RB register

Receive interrupt

Receive
buffer

buffer
register

Special

request
(SIO1RR)™

Special communication

interrupt
check

-

b

G1CMP3 register

Comparator

interrupt request
(SRT1R)®

HDLC data receive

NOTES:

1. The G1TMO register can be used in a 32-bit cascaded connection only.
2. These pins are not connected to external pins in the 100-pin package.
3. Each register is in a reset state after the GIBCRO register supplies the
clock.
4. See Figure 10.14.

DIV4 to DIVO, BCK1 to BCKO : Bits in the G1IBCRO register

CAS, BTS : Bits in the GIBCR1 register
BT1S : Bit in the BTSR register
CTS1 and CTSO, DF1 and DFO, GT, PR : Bits in the GLTMCR]j register (j = 0to 7)

MOD2 to MODO : Bits in the GLPOCR]j register
TXSL, RXSL : Bits in the GIEMR register

interrupt request
(G1RIR)"®

Figure 21.2 Intelligent I/O Group 1 Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O

Request from the groupl
Request from the communication function

Request by matching the base
timer with the G2POO register
BT2S

BTS Group2 base|

BCK1 to BCKO timer reset
1 Divider |fsT2 .
fi by 2(n+1) Base timer |——>Base timer interrupt request BT2R®
DIV4 to DIVO ;
1> Overflow of bit 15 Re?' “tme |p°"
in the base timer output value
Bit dulati | 1 000 to 010, MOD2 to MODO
| G2POO register |>,7<| it modu'ation 100 0oUTC20
ISCLK20 PWM | PWM ISTXD2/IEout
0 output 111
= - " icontrol| 000 to 010, MOD2 to MODO
l Digital - 2. | ) <| Bit modulation | _||||||L] 100
IEN/ISRXD20O y oo G2POL1 register i ouTC21
filter DF 9 PWM | /ISCLK2
111
| G2PO2 register I I Bit m;)\?/l:\l/latlon I — O 0uUTC22
PWM
outpuit|
- - control
| G2PO3 register I I Bit mPo\g/L’l\Latlon I —] O 0uUTC23 A
| G2PO4 register I I Bit m;)\i;'l\llallon I — O 0OuUTC24
PWM
outpuit|
icontrol|
| G2PO5 register I I Bit mPo\g/L’l\Latlon I — O 0uUTC25 > (Note 1)
| G2POB6 register I I Bit mF?\%,L,'\La"O” I — o ouTczs
PWM
output|
icontrol|
| G2PO7 register I I Bit m;\%/%auon li* o ourczr |
»-\Naveform generation
interrupt request
PO2jR®
Clock Bit . . Output control
| selector |_| counter |—0—| Transmit reglsterH function
v L OPOL
Transmit parity [ Transmit Polarity
calculation inverse

Arbitration
>—| ACK calculation lost detection
::IT‘ |E start bit interrupt request (IEOR to IE2R)®

[—> |E transmit interrupt request (IEOR to IE2R)®
Receive parity IE, serial I/O |—— IE receive interrupt request (IEOR to IE2R)®
IPOL calculation interrupt control —— Clock synchronous serial I/0O

Polarity 1 mode transmit interrupt request (SIO2TR)®

inverse |

[
’_|Receive registerr | G2RB register

Clock synchronous serial I/0
mode receive interrupt request(SIO2RR)®

. Statement lengthf
| ID detection detect function
Address detect
function
NOTES: DIV4 to DIVO, BCK1 to BCKO : Bits in the G2BCRO register
1. In the 100-pin package, these pins are not connected to external pins. BTS : Bit in the G2BCR1 register
2. Each register enters a reset state after the G2BCRO register supplies the ~ BT2S : Bit in the BTSR register
clock. OPOL, IPOL : Bits in the G2CR register

3. See Figure 10.14. DF : Bit in the IECR register

MOD2 to MODO : Bits in the G2POCR;j register (j = 0 to 7)

Figure 21.3 Intelligent I1/O Group 2 Block Diagram
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Request from group2

- . Request by matching the base
Request from communication function timer with the G3POO register
BT3S

BTS

Group3 base

BCKL1 to BCKO timer reset

Divider
by 2(n+1)
DIV4 to DIVO

f1

> Overflow of the bit 15
in the base timer

Base timer |——> Base timer interrupt request (BT3R)®

Real time port
output value

Mode controller

. I I Bit modulation I 000 to 010, 100 MODz2 to MODO
G3POO0 register [ PWM [ : go OUTC30/ISTxD3
PWM
output] 111
| [ Bitmodulation | contol MOD2 to MODO
Do——-———— : = (1)
ISCLK3' | G3POL1 register I I PWM I 988 10010, OUTC31/ISCLK3
111
ISRXD3 O— | G3PO2 register } i Bit m:\m;a“on } — O OUTC32
PWM
output]
| [ Bitmodulation | control N
| G3PO3 register I I PWM I —] O OUTC33
| G3PO4 register I { Bit m;x‘,‘\;at'on } — 0 0OUTC34
PWM
G3MK4 register output]
control
| G3PO5 register I { Bit m:\%\;anon } — O OUTC35 > (Note 1)
G3MKS5 register
| G3PO6 register I i Bit mpo\xlﬂanon } O OUTC36
PWM
G3MKB register output]
control
) | [ Bit modulation L |
| G3PO7 register I PWM '7 O ouTC37 )
G3MK?7 register 3 Waveform generation
interrupt request
(PO3R)®
Transmission -
Clock : f :
selector G3TB register | Trarnesgnig{esrhm |—| m\)l':r"sté’l_
n Transmit interrupt
Shift counter request
Transmit operation clock (SIO3TR)®

Receive interrupt
» request

register

Reception
Receive operation clock Mode controller
N
»>
Shift counter
IPOL
|Po|arity| [ Receive shift
|inverse|

(SIO3RR)®

NOTES:
1. In the 100-pin package, these pins are not connected to external pins.
2. Each register enters a reset state after the G3BCRO register supplies the
clock.

DIV4 to DIVO, BCK1 to BCKO : Bits in the G3BCRO register

BTS : Bit in the G3BCR1 register
BT3S : Bitin the BTSR register

MOD2 to MODO : Bits in the G3POCR;j register (j=0to 7)
OPOL, IPOL : Bits in the G3CR register

Figure 21.4 Intelligent I/O Group 3 Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O

Figures 21.5 to 21.15 show registers associated with the intelligent 1/0O base timer, the time measurement
function and waveform generation function. (For registers associated with the communication function, see
Figures 21.32 to 21.38, Figures 21.42 to 21.45, Figures 21.47 to 21.49.)

Group i Base Timer Register (i=0 to 3)©

b15 b8 b7 bo Symbol Address After Reset
| GOBT,G1BT 0OOE1l16 - O0OEO16, 012116 - 012016 Indeterminate
G2BT,G3BT 016116 - 016016, 01Al16 - 01A016 Indeterminate
Function Setting Range | RW

® \When the base timer is counting:
When read, the value of the counter can be read.
When write, the counter starts counting from the
value written. When the base timer is reset, the | 990016 to FFFF16 | RW
GIiBT register is set to "000016"(1).

* When the base timer is reset:
The GIBT register is set to "000016" but the
value is indeterminate. No value is written(1).

NOTES:

1. Each base timer stops only when the BCK1 to BCKO bits in the GIBCRO register are set to "002" (clock
stopped). The base timer counts when the BCK1 to BCKO bits are set to a value other than "002".
When the BTiS bit in the BTSR register and the BTS bit in the GiBCRL1 register are set to "0", the base
timer is reset continually, remaining set to "000016". This, in effect, places the base timer in a "no
counting” state. When either BTiS bit or BTS bit is set to "1", this state is cleared and counting starts.

2. The GIBT register reflects the value of the base timer with a delay of one half fBTi cycle.

Group i Base Timer Control Register 0 (i=0 to 3)®

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | | | | | | | | GOBCRO to G3BBCRO 00EZ216, 012216, 016216, 01A216 0016

Bit

Symbol Bit Name Function RW
R b1b0

i 1 *| BCKO 00: RW
o Count Source Clock stops )

I . 0 1: Do not set to this value

o Select Bit . . s

P 1 0: Two-phase pulse signal is applied®
[y BCK1 RW

11:f1

_________ If setting value is n (n = 0 to 31),
DIVo count source is divided by 2(n + 1). RW
No division if n=31.

PR DIV1 RW
: b6 b5 b4 b3 b2
: (n=0) 00000 : Divide-by-2
S o] Dy | Sount Source (n=1) 0000 1 : Divide-by-4 RW
: Divide Ratio (n=2) 000 10 : Divide-by-6
Select Bit :
. (n=30) 1111 0: Divide-by-62
: DIV3 (n=31) 11111 : No division RW
e RRRRCELELLITELELEL DIV4 RW
Base Timer 0 : Bit 15 overflows
"""""""""""""" IT | Interrupt Select Bit | 1 : Bit 14 overflows RW

NOTES:
1. When the CAS bit in the GIBCRL1 register is set to "1" (32-bit time measurement, waveform gene-
ration function), set the GOBCRO register and G1BCRO register to the same value.
2. This setting can be used only when the UD1 to UDQO bits in the GjBCR1 register (j=0, 1) of group 0
or 1 are set to "102" (two-phase signal processing mode). Do not set the BCK1 to BCKO bits to
"102" in other modes or in group 2 or 3.

Figure 21.5 GOBT to G3BT Register and GOBCRO to G3BCRO Register
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M32C/83 Group (M32C/83, M32C/83T)

Group i Base Timer Control Register 1 (i=0,1)

21. Intelligent I/O

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
|| [ | [o] | || wooBcryciBCRL 00E316, 012316 0016
A T - -
P b r 1 11| symbol Bit Name Function RW
0: The base timer is not reset by
R RSTO Base Timer Reset synchronizing with the base timer reset| .,
R Cause Select Bit 0 | 1: The base timer is reset by synchronizing
Poron o with the base timer reset(%)
0: The base timer is not reset by
- rsT1 |B@se Timer Reset matching with the GIPOO register RW
T Cause Select Bit 1 | 1: The base timer is reset by matching
Pono with the GiPOO register(?)
0: The base timer is not reset by
A RST?2 Base Timer Reset applying "L" to the INTi pin RW
P b T Cause Select Bit 2 | 1: The base timer is reset by applying
oo “L" to the INTi pin®
S S —— | Reserved Bit Set to "0" RW
I (b3
Base Timer 0: Base timer is reset
- BTS |start it © 1: Base timer starts counting RW
b6bs )
FE uDO 00 : Counter increment mode RW
Counter Increment/ | 0 1 - Counter increment/decrement mode
R . | 10 : Two-phase pulse signal processing
e UDL Decrement Control Bit mode( RW
: 1 1 : Do not set to this value
Groups 0 and 1 0: 16-bit time measurement or
R CAs |cascaded Connection waveform generation function RW
Function Select Bit | 1: 32-bit time measurement or
waveform generation function®)

NOTES:
. In group 0, the base timer is reset by synchronizing with the group 1 base timer reset. In group 1,

the base timer is reset by synchronizing with the group 0 base timer reset.

. The base timer is reset two fBTi clock cycles after the base timer matches the value set in the GiPOO

register. (See Figure 21.13 for details on the GiPOO register.) When the RST1 bit is set to "1", the
value of the GiPQj register (j=1 to7) for the waveform generation function and communication
function must be set to a smaller value than that of the GiPOO register.

. In group 0, the base timer is reset when "L" is applied to the INTO pin. In group 1, the base timer is

reset when "L" is applied to the INT1 pin.

. When the CAS bit is set to "1" (32-bit time measurement, waveform generation function), set the

GOBCRL1 register to "8116" and the G1BCRL1 register to "1000 0XX02".

. When starting the group 0 or 1 base timer separately, set the BTS bit to "1" after the BTKS bit (k=0 to

1) in the BTSR register is set to "0".

. When starting the base timers in multiple groups simultaneously, use the BTSR register. Set the

BTS bit to "0".

. In two-phase pulse signal processing mode, the base timer is not reset, even when the RST1 bit is

set to "1", if the counter is decremented two clock cycles after the base timer matches the value set
in the GiPOO register

Figure 21.6 GOBCR1 and G1BCR1 Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Group 2 Base Timer Control Register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| Jofo] Jo] [ [ ] o28cre 016315 0016

Bit .
Symbol Bit Name

Function

RW

0 : The base timer is not reset by synchronizing
with the group 1 base timer reset

1: The base timer is reset by synchronizing
with the group 1 base timer reset

RW

0 : The base timer is not reset by matching
with the G2POO0 register

1: The base timer is reset by matching with
the G2POO register(t)

RW

0 : The base timer is not reset by a reset
request from the communication function

1: The base timer is reset by a reset request
from the communication function

RW

Set to "0"

RW

0 : Base timer is reset
1: Base timer starts counting

RW

Set to "0"

RW

Parallel Real-Time
........................... PRP | Port Function
Select Bit(@

Base Timer
i1 4 1 1 1 1 . RSTO [ResetCause
Select Bit 0
Base Timer
I RST1 |Reset Cause
B A Select Bit 1
Base Timer
O RST2 |Reset Cause
Select Bit 2
R LCLEEtE —— |Reserved Bit
Poron (b3)

Base Timer
BTS | start Bit@ 2
R RRRIILEEELLI LI —— |Reserved Bit
: (b6 - b5)

0 : RTP output mode
1: Parallel RTP output mode

RW

NOTES:

set to "0".

BTS bit to "0".

1. The base timer is reset two fBT2 clock cycles after the base timer matches the value set in the G2POO0
register. (See Figure 21.13 for details on the G2POO register.) When the RST1 bit is set to "1", the
value of the G2POi register (i=1 to7), for the waveform generation function and communication
function, must be set to a smaller value than that of the G2POO register.

2. The PRP bit is valid when the RTP bit in the G2POCRI register is set to "1" (not used)

3. When starting the group 2 base timer, set the BTS bit to "1" after the BT2S bit in the BTSR register is

4. When starting the base timers in multiple groups simultaneously, use the BTSR register. Set the

Figure 21.7 G2BCR1 Register
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Group 3 Base Timer Control Register 1

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

| Jofo] Jo] [ [ ] ocs8cre 01A316 0016
AR - .
DL 1 r b | symbol Bit Name Function RW
Base Timer 0: TT; tbhase tlmerzlst,)not rtgset by s;inchronlzmg
i i i} i '+{ RSTO |ResetCause |, ‘_’r"L N € group £ base '”k‘)er reseh a RW
Select Bit 0 : The base timer is reset. y synchronizing
e with the group 2 base timer reset
Base Timer 0: Tr_le base timer is no_t reset by matching
A R with the G3POO register
Voo o o e RST1 |Reset Cause ) . . . . RW
[ | . 1 : The base timer is reset by matching with
Pobob b Select Bit 1 the G3POO register(
Base Timer 0 : The base timer is not reset by a reset
. ' ' ' ' ' I . . .
H - request from the communication function
- B B L EEEEE LD RST2 ) i RW
- zelset (;guzse 1: The base timer is reset by a reset request
A elect Bit from the communication function
T T PO —— |Reserved Bit | Setto"0" RW
HE (b3)
Base Timer 0 : Base timer is reset
BTS Start Bit(3. 4 1 : Base timer starts counting RW
I RORLELLELE —— _|Reserved Bit Set to "0" RW
: (b6 - b5)
: Parallel Real-Time|
: 0 : RTP output mode
T PRP|Port Function 1: Parallel ETP output mode R

Select Bit@ : P

NOTES:

setto "0".

bit to "0".

1. The base timer is reset after two fBT3 clock cycles after the base timer matches the value set in the
G3POO0 register. (See Figure 21.13 for details on the G3POO register.) When the RST1 bit is set to
"1", the value of the G3POi register (i=1 to7), for the waveform generation function and communication
function, must be set to a smaller value than that of the G2POO register.

2. The PRP bit is valid when the RTP bit in the G3POCRI register is set to "1" (not used)

3. When starting the group 3 base timer, set the BTS bit to "1" after the BT3S bit in the BTSR register is

4. When starting the base timers in multiple groups simultaneously, use the BTSR register. Set the BTS

Figure 21.8 G3BCRL1 Register
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Base Timer Start Register(l- 2

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset

5 5 5 5 BTSR 016416 XXXX 00002

P [ it Functi AW

Py v v v v | Symbol it Name unction

T Group 0 Base Timer 0 : Base timer reset

Vv 4 4 4 4+ -] BTOS . . . RW

. Start Bit 1: Base timer starts counting

R BT1S Group 1 Base Timer 0: Base t!mer reset . RW

- Start Bit 1: Base timer starts counting

R BT2S Group 2 Base Timer 0 : Base t!mer reset . RW

R Start Bit 1 : Base timer starts counting

R BT3S Group 3 Base Timer 0 : Base t!mer reset . RW

HE- Start Bit 1: Base timer starts counting

R S _ Nothing is assigned. When write, set to "0". _
(b7 - b4)| When read, its content is indeterminate.

NOTES:

GiBCRL1 register.

individually.

start the base timer twice.

counting).

1. Set registers as follows before using the intelligent 1/O:
(1) Set the G2BCRO register to supply the clock to the group 2 base timer
(2) Set all BTOS to BT3S bits in the BTSR register to "0" (base timer reset)

(3) Set other registers associated with the intelligent I/O
The BTIS bit (i=0 to 3) allows the base timers in multiple groups to start counting simultaneously.
When starting the base timers separately, set the BTiS bit to "0" before setting the BTS bit in the

2. Use the following procedure to start base timers in multiple groups simultaneously (including groups
1 and 2 cascaded connections). This procedure is not required when starting the base timers

« Set the BCK1 to BCKO bits and DIV4 to DIVO bits in the GiBCRO register (i=0 to 3) of the groups to
be started simultaneously, to the same value.
« After the BCK1 to BCKO bits or DIV4 to DIVO bits are changed, use the following procedure to

(1) Set the BTiS bit in the BTSR register to "1" (base timer starts counting).
(2) Set the BTIS bit to "0" (base timer stops counting) after one f8Ti clock cycle.
(3) After waiting at least one additional fBTi clock cycle, set the BTiS bit to "1" (base timer starts

Figure 21.9 BTSR Register
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

b7 b6 b5 b4 b3 b2 bl bO

Group i Time Measurement Control Register j (i=0,1; j=0 to 7))

Symbol Address After Reset
GOTMCRO to GOTMCR3 00D816, 00D916, 00DA16, 00DB16 0016
GOTMCR4 to GOTMCR7 00DC16, 00DD16, 00DE16, 00DF16 0016
G1TMCRO to GITMCR3 011816, 011916, 011A16, 011B16 0016
G1TMCR4 to GITMCR7  011Cis, 011D16, 011E16, 011F16 0016
Syl?#bol Bit Name Function RW
b1l bO
CTSO ] 0 0 : No time measurement RW
Time Measurement -
. ) 0 1 :Rising edge
Trigger Select Bit 1 0 EFalling edge
CTs1 : g edg RW
1 1 :Both edges
b3 b2
DFO Didital Filter Functi 0 0 : No digital filter RW
1grta ' er Function 0 1 : Do not set to this value
Select Bit 1 0:f8Ti
DF1 ) RW
1 1:f1
GT Gate Function 0 : Gate function is not used RW
Select Bit2 4 1 : Gate function is used
: 0 : Not cleared
Gate Function Clear -
GOC | select Bt 3 9 1: The gate is cleared when the base| RW
elect bi timer matches the GiPOKk register
Gate Function Clear The gate is cleared by setting the
GSC | it 3 GSC bit to "1 RW
PR Prescaler Function 0 : Not used RW
Select Bit(? 1: Used

NOTES:

b7 bo

NOTES:

prescaler is divided

Symbol
GOTPR6 to GOTPR7
G1TPR6 to G1TPR7

1. If the CAS bit in the GIBCR1 register is set to "0" (16-bit time measurement function), the GITMCRO
and G1TMCR3 to GITMCRS registers cannot be used. When write, set these registers to "0016".
If the CAS bit is set to "1" (32-bit time measurement function), set the same values in the GOTMCR]
and G1TMCR]j registers.
2. These bits are in the GITMCR6 and GiTMCRY7 registers.
Set all bits 4 to 7 in the GITMCRO to GiTMCRS5 registers to "0".
3. These bits are enabled only when the GT bit is set to "1"
4. If the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement function), set the GT bit
to "0". The gate function cannot be used.
5. The GOC bit is set to "0" after the gate function is cleared. See Figure 18.13 for details on the
GiPOKk register (k=4 when j=6; k=5 when j=7).

Group i Time Measurement Prescale Register j (i=0,1; j=6,7)

Address After Reset
00E416, 00E516 0016
012416, 012516 0016

Function

Setting Range

RW

If the setting value is n, the value of the base timer
is stored into GiTMj register whenever a trigger

input is counted by n+1()

0016 to FF16

RW

by n+1.

1. The first prescaler, after the PR bit in the GITMCR]j register is changed from "0" (prescaler function
used) to "1" (prescaler function not used), may be divided by n rather than n+1. The subsequent

Figure 21.10 GOTMCRO to GOTMCR7, G1TMCRO to G1ITMCR7, GOTPR6, GOTPR7, G1TPR6, and
G1TPR7 Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Group i Time Measurement Register j (i=0,1; j=0 to 7)
bi5 b8 b7 b0 - Symbol Address After Reset

GOTMO to GOTM2 00C116 - 00C0O16, 00C316 - 00C216, 00C516 - 00C416 Indeterminate
GOTM3 to GOTM5 00C716 - 00C616, 00C916 - 00C816, 00CB16 - 00CA16 Indeterminate
GOTM6 to GOTM7 00CD16 - 00CC16, 00CF16 - 00CE16 Indeterminate
G1TMO to G1ITM2 010116 - 010016, 010316 - 010216, 010516 - 010416  Indeterminate
G1TM3 to G1TM5 010716 - 010616, 010916 - 010816, 010B16 - 010A16  Indeterminate
G1TM6 to GITM7 010D16 - 010C16, 010F16 - 010E16 Indeterminate

Setting Range RW

Function

The value of the base timer is stored every
trigger input. When the CAS bit in the GIBCR1
............... register is set to "1" (32-bit time measurement), RO
16 low-order bits are stored into the GOTM;j
register and 16 high-order bits are into stored the
G1TM,j register.

Group i Waveform Generation Control Register j (i=0 to 1; j=0 to 7)®

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
— T T GOPOCRO to GOPOCR3 00DO016, 00D116, 00D216, 00D316 0X00 X0002
A : GOPOCR4 to GOPOCR7 00D416, 00D516, 00D616, 00D716  0XOO0 X0002
A : G1POCRO to GIPOCR3 011016, 011116, 011216, 011316 0X00 X0002
A : G1POCR4 to GIPOCR7 011416, 011516, 011616, 011716 0X00 X0002
R D . .
A ! | symbol Bit Name Function RW
ol b2b1b0 Sinal ¢ g
- B H 000: Single waveform output mode
MODO 001: SR waveform output mode® | RW
[ A 010: Phase-delayed waveform
- ) output mode
e Mopi | Operation Mode 011: Do not set to this value RW
Select Bit 100: Do not set to this value
H - 101: Do not set to this value
[ 110: Do not set to this value®
- 111: Use a communication function | ryw
Mobz2 output®
S Nothing is assigned. When write, set to "0". _
Voo (b3) |When read, its content is indeterminate.
VL Output Initial Value 0: Outputs "L" as default value RW
oo T Select Bit 1: Outputs "H" as default value
A . . 0: Reloads the GiPOj register when
T S rip | GiPOI Register Value value is written RW
HEH Reload Timing Select Bit| 1: Reloads the GiPOj register when
the base timer is reset
R Nothing is assigned. When write, set to "0". .
(b6) | When read, its content is indeterminate.
_ __________________________ Ny |Inverse Output Function | 0: Output is not inversed RW

Select Bit® 1: Output is inversed

NOTES:

1. Groups 0 and 1 have 16-bit and 32-bit waveform generation functions.

If the CAS bit in the GIBCR1 register is set to "0" (16-bit waveform generation function), the
GOPOCR2 to GOPOCR3 and GOPOCR 6 to GOPOCRY registers cannot be used. When write, set
these registers to "0016".

If the CAS bit is set to "1" (32-bit waveform generation function), set the same values in the GOPOCR]j
and G1POCR; registers.

2. This setting is valid only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels output
waveforms. Odd channels output no waveform.

3. To receive data in UART mode of group 0 and 1, set the GIPOCR2 register to "0000 01102".

4. This setting is valid only for channels 0 and 1. To use ISTxDi, set the MOD2 to MODO bits in the
GIiPOCRO register to "1112". To use ISCLK:i for an output, set the MOD2 to MODO bits in the
GIiPOCR1 register t0"1112". Do not set the MOD2 to MODO bits to "1112" except in the channels 0
and 1 and for the communication function.

5. The inverse output function is the final step in the waveform generation process. If the INV bit is set to
"1", the output signal is "H" when the IVL bit is set to "0" and "L" when the IVL bit is set to "1".

Figure 21.11 GOTMO to GOTM7, G1TMO to G1TM7, Registers and GOPOCRO to GOPOCR7, G1IPOCRO

to G1IPOCR7 Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

b7 b6 b5 b4 b3 b2 bl bO

Group i Waveform Generation Control Register j (i=2 to 3; j=0 to 7)

| | | | | | | | | Symbol Address After Reset
— G2POCRO to G2POCR3 015016, 015116, 015216, 015316 0016
- G2POCR4 to G2POCR7 015416, 015516, 015616, 015716 0016
- G3POCRO to G3POCR3 019016, 019116, 019216, 019316 0016
- G3POCR4 to G2POCR7 019416, 019516, 019616, 019716 0016
N T - .
Poror o rr v | symbol Bit Name Function RW
N b2b100
- - 000: Single waveform output mode
MODO 001: SR waveform output mode® | W
e 010: Inverse waveform output mode
Operation Mode 011: Do not set to this value
A MOD1 | gelect Bit® 1 00: Bit-modulation PWM mode RW
101: Do not set to this value
- 1 10: Do not set to this value
R MOD2 111: Use a communication function | pyy
R output®
" 0: Not triggered by matching the base
S e Parallel Real time Port timer with the GiPOO to GiPO7 registers
PRT | Output Trigger 1: Triggered by matching the base timer | RW
ool Select Bit(¥) with the GiPOO to GiPO7 registers
T Output Initial Value 0: Outputs "L" as default value
I VL : - RW
- Select Bit 1: Outputs "H" as default value
- . . 0: Reloads the GiPOj register when
- GiPOj Rggl;ter Value counter is written to
P RLD | Reload Timing 1: Reloads the GiPOj register when | RW
Select Bit the base timer is reset
. . 0: Not used
I S RLLCELITEETCETLEPE RTP Real-tlmg Port Function 1: Used (RTP output mode or parallel| Rw
Select Bit RTP output mode)
] Inverse Output Function | 0: Output is not inversed
INV o g RW
Select Bit® 1: Output is inversed

NOTES:

1. This setting is valid only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels output
waveforms. Odd channels output no waveforms.

2. This setting is valid only for channels 0 and 1 in the groups 2 and 3. To use ISTxD2 or IEourT, set the
MOD2 to MODO bits in the G2POCRO register to "1112". To use ISCLK2 for an output, set the MOD2
to MODO bits in the G2POCR1 register to "1112". Do not set the MOD2 to MODO bits to "1112" except
in the channels 0 and 1.

To use ISTxD3, set the MOD2 to MODO bits in the G3POCRO register to "1112". To use ISCLK3 for an
output, set the MOD2 to MODO bits in the G3BPOCR1 register to"1112". Do not set the MOD2 to
MODO bits to "1112" except in the channels 0 and 1.

3. The inverse output function is the final step in the waveform generation process. If the INV bit is set to
"1" (output inversed), the output signal is "H" when the IVL bit is set to "0" (outputs "L" as an initial
value) and "L" when the IVL bit is set to "1" (outputs "H" as an initial value).

4. The PRT bit is valid when the RTP bit is set to "1" (real-time port function used) and the PRP bit in the
GiBCRL1 register is set to "1" (parallel RTP output mode).

5. When the RTP bit is set to "1", the value written to the MOD2 to MODO bits is ignored.

Figure 21.12 G2POCRO0 to G2POCR7 and G3POCRO0 to G3POCR7 Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Symbol
b15 b8 b7 b0

GOPO3 to GOPO5
GOPO6 to GOPO7
G1POO0 to G1PO2
G1PO3 to G1PO5
G1PO6 to G1PO7
G2P0O0 to G2P0O2
G2PO3 to G2PO5
G2PO6 to G2PO7
G3POO0 to G3PO2
G3PO3 to G3PO5
G3PO6 to G3PO7

| GOPOO to GOPO2

Group i Waveform Generation Register j (i=0 to 3; j=0 to 7)

Address

00CD16-00CC16, 00CF16-00CE16
010116-010016, 010316-010216, 010516-010416
010716-010616, 010916-010816, 010B16-010A16
010D16-010C16, 010F16-010E16
014116-014016, 014316-014216, 014516-014416
014716-014616, 014916-014816, 014B16-014A16
014D16-014C16, 014F16-014E16
018116-018016, 018316-018216, 018516-018416
018716-018616, 018916-018816, 018B16-018A16
018D16-018C16, 018F16-018E16

After Reset

00C116-00C016, 00C316-00C216, 00C516-00C416 Indeterminate
00C716-00C616, 00C916-00C816, 00CB16-00CA16 Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate

Function Setting Range

RW

to "0",

* When the RLD bit in the GIiPOCR; register is set

value written is immediately reloaded into the
GiPOj register to output, for example, a waveform
reflecting the value

* When the RLD bit is set to "1",
the value is reloaded when the base timer is
reset. The value written can be read until reload.

000016 to FFFF16

RW

b15 b8 b7 bo Symbol
G3MK4, G3MK5 019916-019816, 019B16-019A16
G3MKG6, G3MK7 019D16-019C16, 019F16-019E16

Group 3 Waveform Generation Mask Register j (j=4 to 7)

Address After Reset
Indeterminate

Indeterminate

Function Setting Range

RW

When one or more bit k (k=0 to 15) in this
register is set to "1", the bit k in the group 3 base
timer is masked. The masked value is compared
to the G3PQj register(?),

000016 to FFFF16

RW

NOTES:

1. This function is enabled in single-phase waveform output mode or phase-delayed waveform output
mode. Set the G3MK:i register to "000016" in other modes.

Figure 21.13 GOPOO to GOPO7, G1POO0 to G1PO7, G2P0O0 to G2P0O7, G3POO0 to G3PO7 Registers
and G3MK4 to G3MK7 Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O

Group i Function Select Register (i=0, 1)

b7 b6 b5 b4 b3 b2 bl bo

NOTES:

Group i Function Enable Register (i=0 to 3)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
GOFS, G1FS 00E716, 012716 0016
Bit Bit N Functi RW
Symbol it Name unction
Channel 0 Time Measurement/| 0 : Selects the waveform generation
FSCO |Waveform Generation function RW
Function Select Bit 1: Selects the time measurement
Channel 1 Time Measurement/| ~ function
FSC1 | Waveform Generation RwW
Function Select Bit
Channel 2 Time Measurement/
FSC2 |Waveform Generation RW
Function Select Bit
Channel 3 Time Measurement/
FSC3 |Waveform Generation RW
Function Select Bit
annel 4 Time Measuremen
Fsca Ch | 4 Time M t/ .y
Waveform Generation
Function Select Bit
Channel 5 Time Measurement/
FSC5 | Waveform Generation RW
Function Select Bit
Channel 6 Time Measurement/
FSC6 | Waveform Generation RW
Function Select Bit
Channel 7 Time Measurement/
FSC7 | Waveform Generation RW
Function Select Bit
1. No 16-bit waveform generation function is provided for channels 2, 3, 6 and 7 of the group 0.
No 16-bit time measurement function is provided for channels 0, 3, 4 and 5 of the group 1.
When the CAS bit in the GIBCRL1 register is set to "1" (32-bit time measurement or waveform
generation function), set the same values in the GOFS and G1FS registers.
Symbol Address After Reset
GOFE to G3FE  00E616, 012616, 016616, 01A616 0016
Bit Bit N Functi RW
Symbol it Name unction
\FEo | Ehannel 0 Function 0 : Disables functions for channel j | gy
Enable Bit 1 : Enables functions for channel j
Channel 1 Function (=0to7)
IFE1 Enable Bit RW
Channel 2 Function
IFE2 Enable Bit RW
Channel 3 Function
IFE3 Enable Bit RW
Channel 4 Function
IFE4 | Enable Bit RW
Channel 5 Function
IFES Enable Bit RW
Channel 6 Function
IFE6 Enable Bit RW
IFE7 Channel 7 Function RW
Enable Bit

Figure 21.14 GOFS and G1FS Registers and GOFE to G3FE Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Base Timer)
Group i RTP Output Buffer Register (i=2, 3)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | | G2RTP, G3RTP 016716, 01A716 0016

Sy?rgtbol Bit Name Function RW
.| RTPO |Channel 0 RTP Output Buffer| ¢ - outputs "L" RW
I A RTP1 [Channel 1 RTP Output Buffer| 1 : Outputs "H" RW
SR RTP2 |Channel 2 RTP Output Buffer RW
SR RTP3  [Channel 3 RTP Output Buffer RW
S—— RTP4 |Channel 4 RTP Output Buffer RW
Lereemeereenaas RTP5 |Channel 5 RTP Output Buffer RW
e RTP6 |Channel 6 RTP Output Buffer RW
AR RTP7 |Channel 7 RTP Output Buffer RW

Figure 21.15 G2RTP AND G3RTP Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Base Timer)

21.1 Base Timer

The base timer is a free-running counter that counts an internally generated count source.

Table 21.2 lists specifications of the base timer. Figures 21.5 to 21.9 show registers associated with the
base timer. Figure 21.16 shows a block diagram of the base timer. Figure 21.17 shows an example of a
cascaded connection. Figure 21.18 shows an example of the base timer in counter increment mode. Figure
21.19 shows an example of the base timer in counter increment/decrement mode. Figure 21.20 shows an
example of two-phase pulse signal processing mode.

Table 21.2 Base Timer Specifications

Item Specification

Count Source (fTi) (i=0 to 3) f1 divided by 2+1) (Group 0 to 3),

two-phase pulse input divided by 2+1) (Group 0 and 1)
7. determined by the DIV4 to DIVO bits in the GiBCRO register
=0 to 31; however no division when /=31

The base timer increments the counter

The base timer increments/decrements the counter

Two-phase pulse signal processing

Counting Operation

Counter Start Condition * When starting the base timer of each group separately, set the BTS bit in

the GIBCR1 register to "1" (base timer starts counting)
» When starting the base timer of multiple groups simultaneously, set the
BTiS bit in the BTSR register to "1" (base timer starts counting)

Counter Stop Condition Set the BTiS bit in the BTSR register to "0" (base timer reset) and the BTS

bit in the GiBCR1 register to "0" (base timer reset)

Base Timer Reset Condition » Synchronized with the base timer reset in different groups:
GroupO : synchronized with group 1 base timer reset
Groupl : synchronized with group 0 base timer reset
Group?2 : synchronized with group 1 base timer reset
Group3 : synchronized with group 2 base timer reset

» Matching values in the base timer and GiPOO register

« "L" signal applied to the external interrupt pin
Group 0 : INTO pin
Group 1 : INT1 pin

* Reset request from communication function (Group 2 and 3)

Value when the Base Timer is Reset

"000016"

Interrupt Request

The BTIiR bit in the interrupt request register is set to "1" (interrupt requested)
when bit 14 or bit 15 in the base timer overflows (See Figure 10.14.)

Read from Base Timer

» The GIiBT register indicates counter value while the base timer is running

» The GIiBT register is indeterminate when the base timer is reset

Write to Base Timer

When a value is written while the base timer is running, the counter
immediately starts counting from this value. No value can be written while
the base timer is reset.

Selectable Function

» Cascaded connection (Group 0 and 1)

Group 1 base timer is incremented every time bit 15 in the group 0 base
timer overflows (See Figure 21.17)

» Counter increment/decrement mode (Group 0 and 1)

The base timer starts when the BTS bit or the BTIiS bit is set to "1". After
incrementing to "FFFF16", the counter is then decremented back to
"000016". If the RST1 bit in the GIBCR1 register is set to "1" (the base timer
is reset by matching with the GiPOO register), the counter decrements after
the base timer matches the GiPOO register. The base timer increments the
counter again when the counter becomes "000016." (See Figure 21.19.)
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Base Timer)

Table 21.2 Base Timer Specifications (Continued)

Iltem Specification

Selectable Function » Two-phase pulse processing mode (Group 0 and 1)
Two-phase pulse signals from P76 and P77 pins in group 0, and P8o
and P81 pins in group 1 are counted (See Figure 21.20)

P76,P80§*§*§ *§*§i

The timer increments  The timer decrements

counter on all edge counter on all deges
fari
BCK1 to BCKO
11 Base timer
N _O—<) Divider © b0 to b13 :b14: b15|
o 14l

Apply two-phase 10 by 2(n+1) |14

pulse signal ( —10 \ )

Group0,1) Overflow signal
BTiS bit in BTSR register 0 _O\O_ » Base timer
BTS bit in GIBCR1 register ') interrupt request

1

T (See the BTiR bit in Figure 10.14)

Other base timer reset

Base timer reset

Matching with the GiPOO register

RST2
Apply "L" to the INTi pin (Group0,1) —@— NOTES:

1. Divider is reset when both BTiS bit and BTS bit are set to "0".
i=0to3
BCK1 to BCKO, IT : Bits in the GiBCRO register
RST2 to RSTO : Bits in the GiIBCR1 register

Request from communication
function (Group2,3)

Figure 21.16 Base Timer Block Diagram

Table 21.3 Base Timer Associated Register Settings
(for Time Measurement Function, Waveform Generation Function, and Communication Function)

Register Bit Function
G2BCRO - Supplies operation clock to the BTSR register. Set to "0111 11112".
BTSR - Set to "0000 00002"
GiBCRO BCK1 to BCKO Select count source
DIV4 to DIVO Select divide ratio of count source
IT Selects the base timer interrupt
GiBCR1 RST2 to RST1 Select factors for a base timer reset
BTS Used to start the base timer independently
UD1 to UDO Select how to count (Group 0 and 1)
CAS Selects cascaded connection (Group 0 and 1)
GiBT - Read or write base timer value
Set the following registers to set the RST1 bit to "1" (base timer reset by matching the base timer with the G1POO register).
GiPOCRO MOD2 to MODO | Set to "0002" (single-phase waveform output mode)
GiPOO - Set reset cycle
GiFS FSCO Set to "0" (waveform generation function)
GiFE IFEO Set to "1" (channel operation start)

i : Bit configurations and functions vary with each group
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M32C/83 Group (M32C/83, M32C/83T) 21. Intellig

ent 1/0 (Base Timer)

Request from groupl Request from group0

Request by matching the base timer Request by matching the base timer
with the GOPOO register with the G1POO register

Request from the INT pin Request from the INT pin

BTOS BT1S
BTS W BTS
0
1 fBT1
f1 Divider Group0 | 1 l ; bfsr:z)ltji'rjnler
Two-phase pulse 10 by 2(n+1) base timer | 0

v € | Bit 15 overflow in -
signal is applied BCK1 to BCKO the groupO base timer CAS

INPC1k triggered by o
the time measurementh G1TMj register
o

CAS

INPCOj triggered by o l
the time measurement

GOTMj register

GOPQ;j register

j=0t0 7, k=1,2,6,7 BTOS, BT1S : Bits in the BTSR register
BTS, CAS : Bits in the GiBCR1 register (i=0,1)
BCK1 to BCKO : Bits in the GiIBCRO register (i = 0,1)

G1PQ;j register

Waveform generation
match signal

Figure 21.17 Cascaded Connection

(1) The IT in the GIBCRO register (i=0,1) is set to "0" (bit 15 in the base timer overflows)

FFFF6| — — — — — — — — —

Base Timer i

800016 | — — — /— — — — — — - - =

000016

b15 overflow signal ; m

T Write “0" by program

’—l / if setting to "0"

s

BTkR bit in 110jIR register

S

j=4,7,8,11 k=0to 3

The above applies under the following conditions:

* The RST1 bit in the GIBCR1 register is set to "0" (the base timer is not reset by matching the base
timer with the GiPOO register)

» The UD1 to UDO bits in the GIBCR1 register are set to "002" (counter increment mode)

(2) The IT in the GIBCRO register (i=0,1) is set to "1" (bit 14 in the base timer overflows)
FFFFi| — — — — — — — — —

co0w|——— —— — — A~ — |- — — — — — — —

Base Timer i
800016 |- — — — - — =

400016 |- — —

000016

b14 overflow signal

—— R ISR B

BTKR bit in [IOjIR register

1
1

— — N~ Write "0" by program

if setting to "0"

j=4,7,8,11 k=0to 3

The above applies under the following conditions:

» The RST1 bit in the GIBCR1 register is set to "0" (the base timer is not reset by matching the base
timer with the GiPOO register)

« The UD1 to UDO bits in the GIBCR1 register are set to "002" (counter increment mode)

Figure 21.18 Counter Increment Mode (Group 0 and 1)
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M32C/83 Group (M32C/83, M32C/83T)

(1) When the IT bit in the GiBCRO register (i= 0 to 1) is set to "0" (bit 15 in the base timer overflows)

FFFF6 | - = - = = = = = = A — ~" — - - - — — — — — — — — — — — —
Base Timer i
800016 [— — — — /= — — — — — — — — — X — — — — — — — — 7
, ot : | :
b15 overflow signal oo + |
. . . "1 ' Write "0" by program
BTkR bit in lIOjIR register 0 [ + if setting to "0"

j=4,7,8,11;k=0to 3

The above applies under the following conditions:

* The RST1 in the GIBCR1 register is set to "0" (the base timer is not reset by matching the GiPOO register).
» The UD1 to UDO bits in the GIBCRL1 register are set to "012" (counter increment/decrement mode).

(2) When the IT bit in the GIBCRO register (i= 0 to 1) is set to "1" (bit 14 in the base timer overflows)

FFFF1s

CO00016

Base Timer i
800016

400016

000016

b14 overflow signal

BTkR bit in 11OjIR register

Write "0" by program

if setting to "0"
j=4,7,8,11; k=010 3
The above applies under the following conditions:
« The RST1 in the GIBCR1 register is set to "0" (the base timer is not reset by matching the GiPOO register).
« The UD1 to UDO bits in the GIBCRL1 register are set to "012" (counter increment/decrement mode).

(3) When the RST1 bit in the GIBCR1 register (i= 0 to 1) is set to "1" (the base timer is reset by matching with the GiPOO register)
800216

800016

Base Timer i

000016 TJ/,—\/,—\-EI_‘/\/

j=4,7,8,11; k=0to 3

The above applies under the following conditions:

« Value of GiPOO register: "800016"

« The UD1 to UDO bits in the GIBCRL1 register are set to "012" (counter increment/decrement mode).

Figure 21.19 Counter Increment/ Decrement Mode (Group 0 and 1)
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Base Timer)

(1) When the base timer is reset while the base timer increments the counter

~
GroupO : P76 o
Groupl : P8o
(A-phase) o~ !
Input waveform < «—
- 'minlps !
Group0: P77 ™M : P >
Groupl:P81 : minlps :
_ (B-phase)

( When selects no divisif(?: ': J—I |—I T_I I—I _I |—I —I

with the divider by 2(n+1)

Group0: INTO "H' :
Groupl:INT1
(Z-phase) L

7 N
A 4

The base timer starts counting

Base Timer i D( m ><m+lX 0 >< 1 >< 2 >C

Set to "0" in this timing Set to "1" in this timing

(2) When the base timer is reset while the base timer decrements the counter

e GroupO : P76

"
Groupl : P8o —|
(A-phase) v

—> i
Input waveform < - i :
Group0: P77 ™M .
Groupl : P81 i min 1 ps :
g (B-phase)
BT "H" r i :
When selects no division —| ﬂ |—| —| |_|
( with the divider by 2(n+1) L 1 !
Group0: INTO M~ (Note 1) »
Groupl: INT1 o
(Z-phase) H

The base t:imer starts counting

0 >§<FFFF@<FFFE1}<

Base Timer i D( m >< m-1

Set to "0" in this timing Set to "FFFF16" in this timing

i=0, 1
NOTES:
1. 1.5 fBTi clock cycles or more are required.

Figure 21.20 Base Timer Operation in Two-phase Pulse Signal Proccessing Mode (Group 0 and 1)
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Time Measurement Function)

21.2 Time Measurement Function (Group 0 and 1)
When external trigger is applied, the value of the base timer is stored into the GiTMj register (i=0 to 1; j=0 to
7). Table 21.4 shows specifications of the time measurement function. Table 21.5 lists pin settings of the
time measurement function. Table 21.6 lists settings of time measurement function associated registers.
Figures 21.21 and 21.22 show operating examples of the time measurement function. Figure 21.23 shows
an operating example of the prescaler function and gate function.

Table 21.4 Time Measurement Function Specifications

Item Specification
Measurement Channel Group 0: Channels 0 to 7

Group 1: Channels 1, 2,6, 7

Trigger Input Polarity Rising edge, falling edge or both edges of the INPCij pin(®)

Measurement Start Condition The IFEj bit in the GIFE register is set to "1" (channel j function enabled)
when the FSCj bit (i=0 tol; j=0 to 7) in the GIiFS register is set to "1" (time

measurement function selected)

Measurement Stop Condition The IFEj bit is set to "0" (channel j function disabled)

Time Measurement Timing * No prescaler : every time a trigger signal is applied
* Prescaler (for channel 6 and channel 7):

every G/TPRk register (k=6, 7) +1 times a trigger signal is applied

Interrupt Request Generation Timing | The TMijR bit in the interrupt request register (See Figure 10.14) is set to "1"
(interrupt requested) at time measurement timing

INPCij Pin Function(l) Trigger input pin

Selectable Function « Digital filter function

The digital filter samples a trigger input signal level every f1 or fBTi cycles
and passes pulse signals, matching trigger input signal level, three times
* Cascaded connection function

Group 0 and group 1 are connected to operate as a 32-bit base timer

* Prescaler function (for channel 6 and channel 7)
Time measurement is executed every G/TPRk register value +1times a
trigger signal is applied

* Gate function (for channel 6 and channel 7)
After time measurement by the first trigger input, trigger input cannot be
received. However, trigger input can be received again by matching the
base timer with the GiPOp register, or by setting the GSC bit in the
GITMCRK register to "1", when the GOC bit in the GiITMCRK register is set
to "1" (gate cleared by matching the base timer with the GiPOp register
(p=4 when k=6, p=5 when k=7))

NOTES:
1. INPCO0o to INPCO7, INPC11 to INPC12, INPC16 to INPC17 pins (INPCOo to INPCO7 pins during cascaded connection)
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Time Measurement Function)

Table 21.5 Pin Settings for Time Measurement Function

Pin® Bit and Setting
PS1, PS2, PS5, PS8, PS9 PD7, PD8, PD11, PD14, PD15| IPS Register
Registers Registers
P74/INPC11 PS1 4=0 PD7_4=0 IPS1=0
P75/INPC12 PS1 5=0 PD7 5=0
P76/INPCO0 PS1 6=0 PD7_6=0 IPSO =0
P77/INPCO1 PS1 7=0 PD7_7=0
P80/INPCO2 PS2 0=0 PD8_ 0=0
P111/INPC11(D) PS5 1=0 PD11_1=0 IPS1 =1
P112/INPC12(1) PS5 2=0 PD11.2=0
P142/INPC16() PS8 2=0 PD14 2=0 —
P143/INPC17(1) PS8 3=0 PD14 3=0
P150/INPCO0() PS9 0=0 PD15 0=0 IPSO=1,IPS2=0
P151/INPCO1(D) PS9 1=0 PD15_1=0
P152/INPC02(1) — PD15 2=0
P153/INPCO3(D) — PD15 3=0 IPS2=0
P154/INPCO4() PS9 4=0 PD15_4=0
P155/INPCOs(1) PS9 5=0 PD15 5=0
P156/INPCOs(D) — PD15 6 =0
P157/INPCO7(D) — PD15_7=0

NOTES:
1. This port is provided in the 144-pin package only.
2. Apply trigger to INPCOj pin (j=0 to 7) when the CAS bit in the GIBCR register is set to "1" (32-bit time measurement
function). Trigger input to INPC1k pin (k=1, 2, 6, 7) is invalid.

Table 21.6 Time Measurement Function Associated Register Settings

Register Bit Function
GiTMCR]j CTS1to CTSO Select a time measurement trigger
DF1 to DFO Select the digital filter function

GT, GOC, GSC Select the gate function

PR Select the prescaler function
GiTPRk - Setting value of the prescaler
GiFS FSCj Set to "1" (time measurement function)
GIiFE IFEj Set to "1" (channel j function enabled)
i=0tol; j=0to7; k=6,7

Bit configurations and functions vary with channels and groups used.
Registers associated with the time measurement function must be set after setting registers associated with the base timer.
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Input FL{ !_| |_| l_|
to the INPCij pin ' ' ;
FFFF16 |--------- RRRETEEEE s B LU
n f--------d fmmmmmmm e : E
Base timer i ' ' |
p e ) b i
m |- ? E ,
000016 :
GiTMj register X m n X p
E Write O by program if setting' to "0"
TMijR bit - /

i=0,1 j=0to 7 (exceptj=1, 2, 6, 7 when i=1)
TMIjR bit : Bits in the 11OO0IIR to 11O8IR and [I010IR to IIO11IR registers

The above applies under the following conditions:
o The CTS1 to CTSO bits in the GITMCR]j register are set to "012" (rising edge). The PR
bit is set to "0" (no prescaler used) and the GT bit is set t0"0" (no gate function used).
e The RTS2 to RTSO bits in the GiIBCR1 register are set to "0002" (no base timer reset).
The UD1 to UDO bits are set to "002" (counter increment mode) and the CAS bit is set
to "0" (16-bit time measurement or waveform generation function).

To set the base timer to "000016" (setting the RST1 hit to "1" and the RST0 and RST2 bits
to "0") when the base timer matches the GiPOO register, the base timer is set to "000016"
after it reaches the value set in the GiPOO register + 2.

Figure 21.21 Time Measurement Function (1)
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(1) When selecting the rising edge as a time measurement trigger
(The CTS1 to CTSO bits in the GiTMCR register (i=0,1, j=0 to 7)=012)

fBTiM

Base timer (o2 XX KmeaX mezX nedX nef o neeX ne7X meoX n+aXn+10Ka)raX 13041

(Note 3)

"
INPCij pin input \_Z % T—
TMiR bit® o

kWnte '0" by program
\J Delayed by max. 1 clock \J (7 if setting to "0"

GiTM,j register X n X n+5 X n+8

NOTES:
1. If the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement), the group 1 base timer
increments counter every time the group 0 base timer overflows.
2. Bits in the IIO0IR to IO8IR, 1I010IR to II011R registers. The TMOjR bit if the CAS bit is set to "1".
3. Input pulses applied to the INPCij pin require 1.5 fBTi clock cycles or more.

=

(2) When selecting both edges as a time measurement trigger
(The CTS1 to CTSO bits=112)

fBTiM)

Base timer i (2 XX _n KmeaX me2X nesX s nssXneo X n+7X oK n+aXn+10e 1K1K 130419

e
INPCij pin input
L

TMijR bit® o

- V\y\ >
Write "0" by program
y \/ v_VY \/ v if setting to "0"
GiTMj register X n X n+2 XEX n+6 X n+8 X n+12

NOTES:
1. If the CAS bit in the GIBCRL1 register is set to "1" (32-bit time measurement), the group 1 base timer increments
the counter whenever the group 0 base timer overflows.
2. Bits in the 1IO0IR to 1I08IR, 1O10IR to IIO11R registers. The TMOJR register if the CAS bit is set to "1".
3. No interrupt is generated if the microcomputer receives a trigger signal when the TMijR bit is set to "1".
Howver, the value of the GiTMj register changes.

(3) Trigger signal when using the digital filter
(The DF1 to DFO bits in the GiITMCR register =102 or 112)

fi or fBTI
: ‘ | | | |
e : ‘ ‘
worn o (1 11 —
> v < ' ' ; Maximum 3.5 fi or fgTi(})
Trigger signal e Signal, which does not match , clock cycles
after passing the three times, is stripped off
digital filter - The trigger signal is delayed
by the digital filter
NOTES:

1. f8Ti when the DF1 to DFO bits are set to "102", and f1 when to "112".

Figure 21.22 Time Measurement Function (2)
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Time Measurement Function)

(1) With the prescaler function
(When the GITPR] register (i=0, 1, j=6, 7) =021s, the PR bit in the GITMCR register=1)

fBTi()

Base timer i (22X n KmeaXnez) gl el nesX nseX mer)X i) o) 10(raaX+12X0 #1319

"
INPCjj pin input /I L | |
Internal time H (4—‘ ZJ—‘
measurement -,

\/ \/

=

I

trigger

Prescaler(@ 2 X 1 X 0 X 2
Write "0" by program

TMijR bit® 1 [ j Tsetting o 0" ]

\j \/
GiTMj register X n >< n+12

NOTES:
1. If the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement), the group 1 base timer
increments the counter every time the group 0 base timer overflows.
2. This applies to the second or later prescaler cycles after the PR bit in the GITMCR]j register is set to "1".
3. Bits in the IIO0IR to IO8IR, IIO10IR to IIO11IR registers. The TMOJR register if the CAS bit is set to "1".

(2) With the gate function
(The gate function is cleared by matching the base timer with the GiPOK register.
the GT bit in the GITMCR]j register=1, the GOC bit=1)

Value of the GiPOk register-------------==

Base timer i

000016
IFEj bitin GIFE "1~
register ugr
e
INPCij pin input m

L

This trigger input is disabled

T [

Internal time e due to the gate function.
measurement o I_[
trigger L
GiPOKk register e h
match signal L
-, M
Gate control H
signal®@ L
9 S Gate Gate cleared e A Gate
TMIiR bit® Write "0" by program if setting to "0’
j [ [
V, V.
GiTMj register X X
NOTES:

1. If the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement), the group 1 base timer
increments the counter every time the group O base timer overflows.
2. Bits in the IIO0IR to 1108IR, II010IR to [IO11IR registers. The TMOJR register if the CAS bit is set to "1".

Figure 21.23 Prescaler Function and Gate Function
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21.3 Waveform Generation Function
Waveforms are generated when the value of the base timer matches the GiPOj register (i=0 to 3; j=0 to 7).
The waveform generation function has the following six modes :
« Single-phase waveform output mode (group 0 to 3)
» Phase-delayed waveform output mode (group O to 3)
« Set/Reset waveform output (SR waveform output) mode (group O to 3)
« Bit modulation PWM output mode (group 2 and 3)
» Real-time port output (RTP output) mode (group 2 and 3)
« Parallel real-time port output (parallel RTP output) mode (group 2 and 3)
Table 21.7 lists pin settings of the waveform generation function. Table 21.8 lists registers associated with
the waveform generation function.

Table 21.7 Pin Settings for Waveform Generation Function (1/2)
Pin Bit and Setting
PSO0 to PS2, PS5 to PS9 Registers | PSLO, PSL1, PSL2, PSL3 Registers | PSC Register

P64/OUTC21 PSO 4=1 PSLO 4=1 -

P70/0UTC20 PS1 0=1 PSL1 0=0 PSC_0=1
P71/0UTC22 PS1 1=1 PSL1 1=0 PSC_ 1=1
P73/0UTC10 PS1 3=1 PSL1 3=0 PSC 3=1
P74/0UTC11(2 PS1 4=1 PSL1 4=0 PSC 4=1
P75/0UTC12(@ PS1 5=1 PSL1 5=1 -

P76/0OUTC00( PS1 6=1 PSL1 6=0 PSC_6=0

P77/0UTC01(2) PS1 7=1 - -

P81/OUTC30 PS2_1=1 PSL2_1=1 -
P82/0UTC32 PS2 2=1 PSL2_2=0 -
P92/0OUTC20 PS3 2=1 PSL3_2=1 -

P110/0UTC1012 | PS5 0=1 - -

P111/0UTC1112) |pS5 1=1

P112/0UTC1212) | PS5 2=1

P113/0UTC1312 |pS5 3=1

P120/OUTC30) |[PS6 0=1 - -

P121/0UTC311)  |PS6_1=1

P122/0UTC321)  |[PS6 2=1

P123/0UTC33W) |[PS6 3=1

P124/OUTC340) | PS6_4=1

P125/0UTC35W) | PS6 5=1

P126/OUTC36) | PS6 6=1

P127/0UTC37)  |PS6 7=1

P130/0UTC240)  |PS7 . 0=1 - -

P131/0UTC251)  |PS7_1=1

NOTES:
1. This port is provided in the 144-pin package only.
2. When the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement function), the OUTC1,j pin (j=0 to 7)
outputs a waveform and the OUTCOK pin (k=0, 1, 4, 5), set as above, outputs a 16-bit low-order waveform.
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Table 21.7 Pin Settings for Waveform Generation Function (2/2)

Pin Bit and Setting
PSO0 to PS2, PS5 to PS9 Registers | PSLO, PSL1, PSL2, PSL3 Registers | PSC Register

P132/0UTC26() | PS7_2=1 - .

P133/0UTC23) | PS7 3=1

P134/0UTC20) | PS7 4=1

P13s/0UTC221) | PS7 5=1

P13s/OUTC21D) | PS7 6=1

P137/0UTC271)  |PS7 7=1

P140/0UTC1412 | PS8 0=1 - -

P141/0UTC1512) | PS8 1=1

P142/0UTC1612 | PS8 2=1

P143/0UTC1712) | PS8 3=1

P150/0UTC0012 | PS9 0=1 - -

P151/0UTC0112 | pPS9 1=1

P154/0UTC0412 | PS9 4=1

P155/0UTCO05(12) | PS9 5=1

NOTES:
1. This port is provided in the 144-pin package only.
2. When the CAS bit in the GIBCRL1 register is set to "1" (32-bit time measurement function), the OUTC1j pin (j=0 to 7)
outputs a waveform and the OUTCOK pin (k=0, 1, 4, 5), set as above, outputs a 16-bit low-order waveform.

Table 21.8 Waveform Generation Function Associated Register Settings

Register Bit Function
GiPOCR]j MOD2 to MODO Select waveform output mode
PRTMD Set to "1" when using the parallel RTP output mode
IVL Select default value
RLD Select reload timing of GiPQj register value
RTPMD Set to "1" when using the RTP output or the parallel RTP output mode
MOD2 to MODO bits are invalid when the RTP bit is set to "1"
INV Select inversed output
G2BCR1 PRP Set to "1" when using the parallel RTP output mode
G3BCR1
GiPOj - Select output waveform inverse timing
G3MK4 to - Set masked values of the base timer and G3P0O4 to G3PO7 registers
G3MK7 (group 3 only)
GiFS FSCj Set to "0" (waveform generation function) (group 0 and 1 only)
GIiFE IFE] Setto "1" (enables channel j function)
G2RTP RTPO to Set RTP output value in RTP output or parallel RTP output mode
G3RTP RTP7

i=0to3; j=0to7
Bit configurations and functions vary with channels and groups used.
Set registers associated with the waveform generation function after setting registers associated with the base timer.
NOTES:
1. This bit is in the G2POCR]j and G3POCR;j registers only.
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21.3.1 Single-Phase Waveform Output Mode (Group 0 to 3)
Output signal level of the OUTCij pin (i=0 to 3; j=0 to 7) becomes high ("H") when the value of the base
timer matches that of the GiPOj register . The "H" signal switches to an "L" signal when the base timer
reaches "000016". If the IVL bit in the GIPOCR] register is set to "1" (outputs "H" as default value), an "H"
signal is output when waveform output starts. If the INV bit is set to "1" (output inversed), the level of the
waveform being output is inversed. See Figure 21.24 for details on single-phase waveform mode opera-
tion. Table 21.9 lists specifications of single-phase waveform mode.

Table 21.9 Single-phase Waveform Output Mode Specifications

Item Specification

Output Waveform(3) « Free-running operation

(the RST2 to RSTO bits in the GIBCR1 (i=0 to 3) register are set to "0002")

Cycle 65536
fBTi

"L" width m_
fBTi

"H" width _65536-m
fBTi

m : setting value of the GiPOj register (j=0 to 7), 000016 to FFFF16

» The base timer is reset by matching the base timer with the GiPOO register
(the RST1 bit is set to "1", and the RSTO and the RST2 bit are set to "0")

n+2
Cycle fBTi
"L width m

fBTi
"H"width _n+2-m

fBTi

m : setting value of the GiPOj register (j=1 to 7), 000016 to FFFF16
n : setting value of the GiPOO register, 000116 to FFFD16
If m = n+2, the output level is fixed to "L"

Waveform Output Start Condition(®) | The IFEj bit in the GIiFE register is set to "1" (channel j function enabled)

Waveform Output Stop Condition | The IFE] bit is set to "0" (channel j function disabled)

Interrupt Request The POIjR bit in the interrupt request register is set to "1" (interrupt requested)
when the value of the base timer matches that of the GiPOj register. (See
Figure 10.14)

OUTCij Pin®® Pulse signal output pin

Selectable Function « Default value set function : Set starting waveform output level

« Inversed output function : Waveform output level is inversed and output from
the OUTCij pin

» Cascaded connection function: Connect group 0 and group 1 to operate as a
32-bit base timer

NOTES:
1. Set the FSCj bit in the GIFS register to "0" (waveform generation function selected) when using channels shared by
both time measurement function and waveform generation function
2. OUTCO0o0, OUTCO01, OUTCO04, OUTCO5, OUTC10 to OUTC17, OUTC20 to OUTC27, and OUTC30 to OUTC37 pins
(OUTC1o0 to OUTC17 pins when using group 0 and group 1 cascaded connection)
3. When the INV bit in the GiIPOCR;j register is set to "1" (output inversed), the "L" width and "H" width are inversed
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(1) Free-Running Operation
(The RST2 to RSTO bits in the GiBCRL1 register are set to "0002")

FFFF16 |---------c-mmmmmmmm e e
Base Timer i
22 T S %
000016
Cooom 65536-m :
v feri faTi ' i
uHu : !
OUTCij pin® 4l—l—,
"Lt Ny :
' ' 65536 i '
9y LT e '
OUTCij pin®@ oL :
L : Write "0" by program :
POIjR bit in the 1 [~ if setting to "0" ]
110IIR register 0

i=0 to 3; j=0to 7 (however, i=0 when j=0, 1, 4, 5)
m : Setting value of the GiPOj register (000016 to FFFF16)

POijR bit: Bits in the 1IO0IR to 1I011IR register
NOTES:

1. Waveform output when the INV bit in the GIPOCR; register is set to "0" (not inversed)
and the IVL bit is set to "0" (output "L" as default value).

2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set to "1"
(output "H" as default value).

The above applies applies under the following conditions:

* The RST2 to RSTO hits in the GiIBCR1 register are set to "0002" (no base timer reset),
the UD1 to UDO bits to "002" (counter increment mode), and CAS bit to "0"
(16-bit waveform generation function)

(2) The Base Timer is Reset when the Base Timer Matches the GiPOO Register
(The RST1 hit is set to "1", and the RSTO and RST2 bits are set to "0")

[ R iy

Base Timer i
1212 T S e
000016 | . .
Pooomo L ni2em : 5 :
| feri | feri ! i ' '
OUTCij pin o | ) f d
: Doz i i
! fsTi  Write "0" by ! !
. . wqn | program if | |
POIjR bit in the 1 [T | setngto"0" [ | .
1I0IIR register 0"

i=0to 3; j=1to 7 (however, i=0 when j=1, 4, 5)

m : Setting value of the GiPOj register (000016 to FFFF16)
n : Setting value of the GiPOO register (000116 to FFFD16)
PQOIjR bit: Bits in the [IO0IR to IO11IR register

The above diagram applies under the following conditions:
* The IVL bit in the GIPOCR] register is set to "0" (outputs "L" as default value). The INV
bit is set to "0" (not inverse).
» The UD1 to UDO bits in the GIBCR1 register are set to "002" (counter increment mode),
and the CAS bit to "0" (16-hit waveform generation function)
*m<n+2

Figure 21.24 Single-Phase Waveform Output Mode
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21.3.2 Phase-Delayed Waveform Output Mode (Group 0 to 3)
Output signal level of the OUTCij pin (i=0 to 3; j=0to 7) is inversed every time the value of the base timer
matches that of the GiPOj register. Table 21.10 lists specifications of phase-delayed waveform mode.
Figure 21.25 shows an example of phase-delayed waveform mode operation.

Table 21.10 Phase-delayed Waveform Output Mode Specifications

Item

Specification

Output Waveform

» Free-running operation

(the RST2 to RSTO bits in the GIBCR1 register (i=0 to 3) are set to "0002")

65536 x 2
Cycl _—
ycle fBTi
"H" and "L" width : 65536
fBTi

Setting value of the GiPOj (j=0 to 7) register is 000016 to FFFF16

* The base timer is reset by matching the base timer with the GiPOO register
(the RST1 bitis set to "1", and the RSTO and RST2 bit are set to "0")

Cvel 2(n+2)

ycle fBTi

"H" and "L" width n+2
fBTi

n : setting value of the GiPOO register, 000116 to FFFD16
Setting value of the GiPOj (j=1 to 7) register is 000016 to FFFF16

If GIPQj register = n+2, the output level is not inversed

Waveform Output Start Condition®)

The IFE;j bit (j=0 to 7) in the GIiFE register is set to "1" (channel j function
enabled)

Waveform Output Stop Condition

The IFE;j bit is set to "0" (channel j function disabled)

Interrupt Request

The PQIjR bit in the interrupt request register is set to "1" (interrupt requested)
when the value of the base timer matches that of the GiPOj register. (See
Figure 10.14)

OUTC1j Pin

Pulse signal output pin

Selectable Function

« Default value set function : Set starting waveform output level

« Inversed output function : Waveform output level is inversed and output from
the OUTCij pin

» Cascaded connection function: Connect group 0 and group 1 to operate as a
32-bit base timer

NOTES:

1. Set the FSCj bit in the GIFS register to "0" (waveform generation function selected) when using channels shared by
both time measurement function and waveform generation function

2. OUTCO00, OUTCO1, OUTCO04, OUTCO5, OUTC10 to OUTC17, OUTC20 to OUTC27, and OUTC30 to OUTC37 pins
(OUTC1o to OUTC17 pins when using group 0 and group 1 cascaded connection)

Rev. 1.31 Jan.31, 2006 Page 278 of 488 RENESAS

REJ09B0034-0131

21. Intelligent I/O (Waveform Generation Function)



M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent /O (Waveform Generation Function)

(1) Free-Running Operation
(The RST2 to RSTO bits in the GiIBCRL1 register are set to "0002")

[ o e T R Y R i
Base Timer i
2 T < T I
000016
! 65536 ! 65536 !
' fBTi ' feti '
g ; ! d
Inverse —
OUTCij pin® " 4!\ Inverse !‘/ |
: " 65536X2 :
H 4i Inverse : for |
OUTCij pin®@ u ./ !\ Inverse
i \4Vrite "0" by program |
nqn : if setting to "0" ' .
POIjR bit 0" e

i=0 to 3; j=0to 7 (however, i=0 when j= 0, 1, 4, 5)
m : Setting value of the GiPQj register (000016 to FFFF16)
POijR bit: Bits in the 11O0IR to II011IR registers

NOTES:

1. Waveform output when the INV bit in the GIPOCR; register is set to "0" (not inversed) and
the IVL bit is set to "0" (output "L" as initial value).

2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set to "1"
(output "H" as initial value).

The above diagram applies under the following condition:
* The RST2 to RSTO bits in the GIBCRL register are set to "0002" (no base timer reset),
the UD1 to UDO bits to "002" (counter increment mode), and the CAS bit to "0"
(16-bit waveform generation function).

(2) The Base Timer is Reset when the Base Timer Matches the GiPOO Register
(The RST1 hit is set to "1", and the RSTO and RST2 bits are set to "0")

[ R i e H
Base Timer i
02 T St < N
000016
m ! n+2 ! n+2 !
Teri ! fBTi ! fBTi !
OUTCij pin o ~Inverse |~ Inverse -
L ] : + Inverse
E Write "0" by E _2(fn +_2) E
o ' programif BT '
PO1jR bit setting to "0"
v e . me

i=0 to 3; j=0 to 7 (however, i=0 when j=1, 4, 5)

m : Setting value of the GiPOj register (000016 to FFFF16)
n : Setting value of the GiPOO register (000116 to FFFD16)
POIjR bit: Bits in the I1O0IR to IIO11IR registers

The above diagram applies under the following conditions:
* The IVL bit in the GiIPOCR] register is set to "0" (outputs "L" as initial value). The INV bit is set
to0 "0" (not inversed).
» The UD1 to UDO bits in the G1BCRL1 register are set to "002" (counter increment mode) and
the CAS bit to "0" (16-bit waveform generation function).
e m<n+2

Figure 21.25 Phase-delayed Waveform Output Mode
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21.3.3 Set/Reset Waveform Output (SR Waveform Output) Mode (Group 0 to 3)
Output signal level of the OUTCIj pin (i=0 to 3; j=0, 2, 4, 6) becomes "H" when the value of the base timer
matches that of the GiPOj register. The "H" signal switches to an "L" signal when the value of the base
timer matches that of the GiPOKk register (k=j+1) or when the base timer is set to "000016". If the IVL bit
in the GIPOCR;j register (j=0 to 7) is set to "1" (outputs "H" as initial value), an "H" signal is output when
waveform output starts. If the INV bit is set to "1" (output is inversed), the level of the waveform being
output is inversed. Table 21.11 lists specifications of SR waveform mode. Figure 21.26 shows an ex-
ample of a SR waveform mode operation.

Table 21.11 SR Waveform Output Mode Specifications (1/2)

Item Specification

Output Waveform(® « Free-running operation

(the RST2 to RSTO bits in the GIBCR1 register are set to "0002")

(A)m<n
"Hwidth  ; ——1L
fBTi
“Uwidth ;. _m®& - 65536-n®
fBTi fBTi
(2)m=n
"Hwidth 65536 - m
fBTi
"L width ;T
fBTi

m : setting value of the GiPOj register (j=0, 2, 4, 6)
n : setting value of the GiPOKk register (k=j+1)
m, n=000016 to FFFF16
« The base timer is reset by matching the base timer with the GiPOO register(l)
(the RST1 bit is set to "1", and the RSTO and RST2 bits are set to "0")

() m<n<p+2

"H" width ; M
fBTi(3) @
"L width _m= , _pr2-m
fBTi fBTi

(2)m<p+2<n

W width - 220
fBTi

“L" width m
fBTi

(3) If m = p+2, the output level is fixed to "L"
m : setting value of the GiPOj register (j=2, 4, 6)
n : setting value of the GiPOKk register (k=j+1)

p : setting value of the GiPOO register

m, n=000016 to FFFF16 p=000116 to FFFD16

NOTES:
1. When the GiPOO register resets the base timer, the channel 0 and 1 SR waveform generation functions are not

available.
2. When the INV bit in the GIPOCR] register is set to "1" (output inversed), the "L" width and "H" width are inversed.
3. Waveform from base timer reset until when output level becomes "H".

4. Waveform from when output level becomes "L" until base timer reset.
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Table 21.11 SR Waveform Output Mode Specifications (2/2)

Item Specification

Waveform Output Start Condition® | The IFEq bit (q=0 to 7) in the GiFE register is set to "1" (channel q function
enabled)

Waveform Output Stop Condition | The IFEq bit is set to "0" (channel g function disabled)

Interrupt Request The PQOIjR bit in the interrupt request register is set to "1" (interrupt requested)
when the value of the base timer matches that of the GiPOj register.

The POIkR bit in the interrupt request register is set to "1" (interrupt requested)
when the value of the base timer matches that of the GiPOk register. (See
Figure 10.14)

OUTCij Pin® Pulse signal output pin

Selectable Function « Default value set function : Set starting waveform output level

« Inversed output function : Waveform output level is inversed and output from
the OUTCij pin

« Cascaded connection function: Connect group 0 and group 1 to operate as a
32-bit base timer

NOTES:
5. Set the FSCj bit in the GiFS register to "0" (waveform generation function selected) when using channels shared by
both time measurement function and waveform generation function
6. OUTCOo, OUTCO04, OUTC1lo, OUTC12, OUTC14, OUTC16, OUTC20, OUTC22, OUTC24, OUTC26, OUTC3p,
OUTC32, OUTC34, and OUTC36 pins
(OUTC10, OUTC12, OUTC14, and OUTC1s pins when using group 0 and group 1 cascaded connection)
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(1) Free-Running Operation
(The RST2 to RSTO bits in the GIBCRL1 register are set to "0002")

[ T i R Rl
LN A 1
Base Timer i i i
R S |
000016 : :
©n-m i 65536-n+m ! i
v i o foTi 4 1
" . "H" I 1 ¢ :
OuTCij pin® I I I e
" 65536 g :
H feTi ! H

OUTCij pin®@ |—|

Write "0" by program

pd setting to "0"
Write "0" by program

POIkR bit g | .~ if setting to "0" |—|

i=0, 3; j=0, 2, 4, 6 (however, i=0 when j=0, 4); k=j+1

m : Setting value of the GiPOj register (000016 to FFFF16)
n : Setting value of the GiPOK register (000016 to FFFF16)
POIjR, POIKR bits: Bits in the IIOOIR to IO11IR registers

POIR bit

RS - -

NOTES:
1. Waveform output when the INV bit in the GIPOCR; register is set to "0" (not inversed) and
the IVL bit is set to "0" (output "L" as default value).
2. Waveform output when the INV bit is set to "0" (not inversed) and the IVL bit is set to "1"
(output "H" as default value).

The diagram above applies under the following condition:
* The RST2 to RSTO bits in the GiIBCR1 register are set to "0002" (no base timer reset),
the UD1 to UDO bits to "002" (counter increment mode), and the CAS bit to "0"
(16-bit waveform generation function).
e m<n

(2) The Base Timer is Reset when the Base Timer Matches the GiPOO Register
(The RST1 bit is set to "1", and the RST0 and RST2 bits are set to "0")

Base timeri m

000016
n-m p+2-n+m
faTi fBTi
A "H" '
OuTCijpin . M‘_
: = E E ;
' ' fBri ' ' ' :
"1 ; Write "0" by program: ! ! ;
POIjR bit g | .~ if setting to "0" : ] :
" 1 Write "0" by program: 1
1 \ ! e
POIkR bit "o | .~ if setting to "0 f ] '—\_

i=0to 3; j=2, 4, 6 (however, i=0 when j=4); k=j+1
m : Setting value of the GiPOj register (000016 to FFFF16)
n: Setting value of the GiPOKk register (000016 to FFFF16)
p: Setting value of the GiPOO register (000116 to FFFD16)
POIjR, POIkR bits: Bits in the IIO0IR to IIO11IR registers
The diagram above applies under the following conditions:
* The IVL bit in the GIPOCRK register is set to "0" (outputs "0" as default value). The INV bit is set
to "0" (not inversed).
» The UD1 to UDO bits in the GIBCR1 register are set to "002" (counter increment mode) and
the CAS bit to "0" (16-bit waveform generation function).
e m<n<p+2

Figure 21.26 SR Waveform Output Mode
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21.3.4 Bit Modulation PWM Output Mode (Group 2 and 3)

In bit modulation PWM output mode, PWM output has a 16-bit resolution. Pulses are output in repetitive
cycles, each cycle consisting of span t repeated 1024 times. Span t, itself, has a cycle of % . The six
high-order bits in the GiPQj register (i=2 to 3; j=0 to 7) determine the "L" base width. The 10 low-order bits
determine the number of span t, within a cycle, in which "L" width is extended by the minimum resolution bit
width (1 clock cycle). If the INV bit is set to "1" (output is inversed), the level of the waveform being output
is inversed.

Table 21.12 lists specifications of bit modulation PWM output mode. Table 21.13 lists the number of
modulated span and minimum resolution bit width altered span t. Figure 21.27 shows an example of bit

modulation PWM mode operation.

Table 21.12 Bit Modulation PWM Output Mode Specifications

Item Specification
Output Waveform(1:2) PWM-repeated cycle T: 02236 (= _64_y1024)
64 fBTi fBTi
Cycle of spant:. ——
fBTi nl
"L" width: of m spans -
fBTi
n' of (1024-m) spans
Average "L" output width: X (n+ m,
g P ©ofeTi 1024

n: Setting values (six high-order bits) of the GiPOj register (i=2 to 3; j=0to 7)
0016 to 3F16

m: Setting values (ten low-order bits) of the GiPQj register 0016 to 3FF16

Waveform Output Start Condition | The IFEj bit in the GIFE register is set to "1" (channel j function enabled)

Waveform Output Stop Condition | The IFEj bit is set to "0" (channel j function disabled)

Interrupt Request The POI|R bit in the interrupt request register is set to "1" when the value of the
six low-order bits of the base timer matches those set in the six high-order bits
of the GiPQj register (see Figure 10.14).

OUTCij Pin Pulse signal output pin

Selectable Function  Default value set function : Set starting waveform output level

« Inversed output function : Waveform output level is inversed and output from
the OUTCij pin

NOTES:
1. Set the RST2 to RSTO bits in the GIBCR1 register to "0002" when using the bit modulation PWM mode.
2. When the INV bit in the GIPOCR] register is set to "1" (output inversed), the "L" width and "H" width are inversed.

Table 21.13. Number of Modulated Spans and Minimum Resolution Bit Width Extended Span t

Number of Modulated Spans Minimum Resolution Bit Width Extended Span t
00 0000 00002 none
00 0000 00012 t512
00 0000 00102 t256, t768
00 0000 01002 t128, 1384, 1640, t896
00 0000 10002 t64, 1192, t320, t448, t576, t704, t832, t960
10 0000 00002 t1, t3, t5, t7, eee 11019, t1021, t1023
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Base width Modulated span
n=0 to 63 (3F16) m=0 to 1023 (3FF16)

b15 b10'b9 b0

GiPOj register

PWM-repeated cycle T

- >
. 3F16
i the base tmer . " /l/\/l/l/l/ W/
in the base timer .
<>
n
OUTCij pin
< t1 . t2 t3 t510,-7 " t511 ' 51 1513  t514 11022 11023 11024
1 span ," “L" width of m span out of 1024 is extended by

minimum resolution bit width

1
1
'
1
. 1 ~
1
1
1
1

. 3F ‘ ' N
6 low-order bits 1:
in the base timer
0016
feri

Internal signal

OUTCij pin
"L" level 3 L" level 3
POIjR bit I_l m
AaN AN
Write "0" by program Write "0" by program
if setting to "0" if setting to "0"

m=1;i=2t0 3;j=0to 7
POIjR bit : Bits in the 1I03IR to [IO11IR registers

The above applies to the following conditions.
« The IVL bit in the GIPOCR is set to "0" (default value output as "L")
* The INV bit is set to "0" (no output inversed)

Figure 21.27 Bit Modulation PWM Mode
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent /O (Waveform Generation Function)

21.3.5 Real-Time Port (RTP) Output Mode (Group 2 and 3)
The OUTCiIj pin outputs the value set in the GIRTP register in one-byte units by matching the value of the
base timer with that of the GiPQj register (i=2 to 3, j=0to 7). Table 21.14 lists specifications of RTP output
mode. Figure 21.28 shows a block diagram of the RTP output function. Figure 21.29 shows an example
of RTP output mode operation.

Table 21.14 RTP Output Mode Specifications
Item Specification

Waveform Output Start Condition | The IFEj bit in the GIFE register (i=2 to 3, j=0to 7) is set to "1" (channel j function
enabled)

Waveform Output Stop Condition | The IFE]j bit is set to "0" (channel j function disabled)

Interrupt Request The POIjR bit in the interrupt request register is set to "1" when the value of
the base timer matches that of the GiPOj register (000016 to FFFF16(1).
(See Figure 10.14.)

OUTCij Pin RTP output pin

Selectable Function  Default value set function : Set starting waveform output level

« Inversed output function : Waveform output level is inversed and output from
the OUTCij pin

NOTES:
1. Set the GiPOO register to 000116 to FFFD16 when setting the base timer to "000016" (the RST1 bit in the GIBCR1
register is set to "1", and the RSTO and RST2 bits are set to "0") while the values in the base timer and the GiPOO
register match

| Base Timer | GiRTP register

oy Real-time Port Output
I
@ -RTPO :. — | pgl——» OUTCio

I GiPOO register |

i
i
i
i

.
; : :
: .
i
i
'

[

[

[

[

[

[

[

[

[

[

M

: -ﬁ—RTPG DQ—— OUTCis
p LT

:

f[rred: o ourcir
L]

; :

[

=
=
M

I GiPOG6 register }

ane

I GiPO7 register ]

Figure 21.28 Real-time Port Output Function Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Waveform Generation Function)

(1) Free-running operation
(RST2 to RSTO bits in the GIBCRL register are set to "0002")

L e T s e el -
Base timer i [l R e et R R TR LT P -
000016 : :
RTPj bit fo X 1y X 0N ! X 1
| <: ]
OUTCijpin ™ m } 65535 ;
: E ¥Vrite "0" by program E
S if setting to "0"
POIRbit - o oetng
i=2t03,j=0to 7

m : Setting value of the GiPQj register (000016 to FFFF16)
PQOIjR bit : Bits in the IIO3IR to IIO11IR registers
The above applies to the following conditions.
e The IVL bit in the GiIPOCR; register is set to "0" (output "L" as an initial value). The INV
bit is set to "0" (no output inversed).
e RST2to RSTO bits in the GIBCR1 register are set to "0002" (no base timer reset).

(2) The base timer is reset when the base timer matches the GiPOO register
(The RST1 hit is set to "1" and both RSTO and RST2 bits are set to "0")

FFFFie
IR e -

Basetimeri mbpb--------ccmo e L _

000016
RTPj bit o X 1 X 0~ FX 1 X
oUTCijpin . ! < — L»
Lo m ' n+2 § '
POIR bit .. ~
Write "0" by program
if setting to "0"
i=2t03,j=1t0 7

m : Setting value of the GiPQj register (000016 to FFFF16)
n: Setting value of the GiPOO register (000116 to FFFD16)
PQOIjR bit : Bits in the IIO0IR to IO11IR registers
The above applies to the following condition.
® The IVL bit in the GIPOCR]j register is set to "0" (output "L" as an initial value). The INV
bit is set to "0" (no output inversed).
e m<n+2

Figure 21.29 Real-time Port Output Mode
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent /O (Waveform Generation Function)

21.3.6 Parallel Real-Time Port Output Mode (Group 2 and 3)
The OUTCiIj pin outputs the value set by the GIRTP register in one-byte units when the value of the base
timer matches that of the GiPQj register (i=2 to 3, j=0 to 7). Table 21.15 lists specifications of the parallel
RTP output mode. Figure 21.30 shows a block diagram of the parallel RTP output function. Figure 21.31
shows an example of the parallel RTP output mode operation. (See Figure 21.7 for the G2BCR1 register
and Figure 21.8 for the G3BCR1 register.)

Table 21.15 Parallel RTP Output Mode Specifications

Item Specification

Waveform Output Start Condition | The IFEj bit in the GIFE register (i=2 to 3, j=0to 7) is set to "1" (channel j function

enabled)

Waveform Output Stop Condition | The IFE]j bit is set to "0" (channel j function disabled)

Interrupt Request The POIjR bit in the interrupt request register is set to "1" when value of the
base timer matches that of the GiPOj register (000016 to FFFF16(1). (See
Figure 10.14.)

OUTCij Pin RTP output

Selectable Function « Default value set function: Set starting waveform output level

« Inverse output function: Waveform output level is inversed and output from
the OUTCij pin

NOTES:
1. Set the GiPOO register to 000116 to FFFD16 when setting the base timer to "000016" (the RST1 bit in the GIBCR1
register is set to "1", and the RSTO0 and RST2 bits are set to "0") while the values in the base timer and the GiPOO
register match

GIiRTP register

Real-time Port Output

' ;
Base Timer ! [rrpo]-4 D OUTCio
| e
' .
[l 4 M
. D _ i [rrea] bd— » OUTCi1
| GiPOO register ! Rk
T H 4 —
| GiPO1 register E RTP2 E D Q——» OUTCi2
i 1 i H E —T
I GiPO2 register : ! —
[ ¢ | RTP3|H D Q| OUTCi3
I GiPO3 register f :’ foe ]t
_ | _ 1 . —
| GiPOA4 register E RTp4} i b g——» OUTCi4
T H o] T
[ GiPOS5 register : : —
- ¢ [ rTPs| D g——» OUTCis
[ GiPOB6 register : E’ N e
T : : —
| GiPO7 register : RTPe} ; pg——» OUTCis
: T A
i=2t0 3 H ; ;
: @ . - D Q'—> OUTCi7
v T

Figure 21.30 Parallel RTP Output Function Block Diagram
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Waveform Generation Function)

(1) Free-running operation

FFFFL6 [~ mm = mmmmm e e e e e e e e e e e e

Base timer i

000016

OUTCio pin 4| . | .

OUTCi1 pin S S 5 |
OUTCi2 pin ; ; | '
OUTCis pin : : j !
POIOR bit 1 : j n
POILR bit M
POI2R bit [ ]
m : Setting value of the GiPOO register i=2,3

n : Setting value of the GiPOL1 register
p : Setting value of the GiPO2 register
POIOR, POI1R, POIi2R bit : Bits in the IIO3IR to II011IR registers

The above applies to the following conditions.
® The IVL in the of GIPOCR register is set to "0" (output "L" as an initial value).
The INV bit is set to "0" (no output inversed).
o AllRSTO to RST2 bits in the GIBCRL1 register are set to "0002" (no base timer reset).
em<n<p

Figure 21.31 Parallel RTP Output Mode
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

21.4 Communication Unit 0 and 1 Communication Function

The communication function is available when two 8-bit shift registers are used with either timer measure-
ment function or waveform generation function.

In the intelligent 1/O groups 0 and 1, 8-bit clock synchronous serial I/O, 8-bit clock asynchronous serial /0
(UART) and HDLC data processing are available.

Figures 21.32 to 21.38 show registers associated with the communication function.

Group i Receive Input Register (i=0,1)

b7 bo Symbol Address After Reset
| GORI,G1RI 00EC16, 012C16 Indeterminate
Function Setting Range RW

R Set data to be transmitted to a received 0016 to FF16 WO

data generation circuit
Group i Transmit Output Register (i=0,1)
b7 bo Symbol Address After Reset
| | GOTO, G1TO 00EE16, 012E16 Indeterminate
Function RW
--------------- Can read data transmitted by a transmitted data generation circuit RO

Figure 21.32 GORI to G1RI Registers and GOTO to G1TO Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

Group i SI/O Communication Control Register (i=0,1)

b7 b6 b5 b4 b3 b2 bl b0

Flag 1: Data in the GiRB register

Nothing is assigned. When write, set to "0".
(b3) | When read, its contents is indeterminate.

| | | | |><| | | | Symbol Address After Reset
- GOCR, G1CR 00EF16, 012F16 0000 X0002
A N . )
i i 1 i 1| symbol Bit Name Function RW
R R Transmit Buffer 0 : Data in the GiTB register
- Tl . . . RO
oo Empty Flag 1 : No data in the GiTB register
0 : Data in the transmit register
F- - Transmit Register (during transmission)
oo TXEPT Empty Flag 1: No data in the transmit register RO
oo (transmit completed)
Receive Complete |0 : No data in the GiRB register
Do e RI RO

T E LR LR LT TE Transmit Enable Bit : Transm!t disable RW
: Transmit enable

= O

T e e PP LR PP LT RE Receive Enable Bit 0: Rece!ve disable RW
' 1: Receive enable
ISRXD Input Polarity | 0 : No inverse
IPOL Switch Bit 1: Inverse® RW
ISTXD Output Polarity| 0 : No inverse
OPOL Switch Bit 1: Inverse® RW
NOTES:

1. Set to "1" when using UART mode

Figure 21.33 GOCR to G1CR Registers

Rev. 1.31 Jan.31, 2006 Page 290 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O (Group 0, 1 Communication Function)

Group i SI/O Receive Buffer Register (i=0,1)
b15 b8 b7 bo Symbol Address After Reset
GORB, G1RB 00E916-00E816, 012916-012816 XX00 XXXX XXXX XXX2
Syﬁitbol Bit Name Function RW
(b7 - b0) Received data RW
Nothing is assigned. B
(b1l - b8) | When read, its content is indeterminate.
0 : No overrun error
Overrun Error Fla
OER g 1: Overrun error found RO
. 0 : No framing error
Framing Error Fla
FER d d 1 : Framing error found RO
Nothing is assigned. _
(b15 - b14)| When read, its content is indeterminate.
Group i SI/O Communication Mode Register (i=0,1)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | 0 | 0 | | | | GOMR,G1IMR 00ED16, 012D16 0016
Syl?”rlwtbol Bit Name Function RW
A b1b0
Prorr bt GMDO o 0 0: UART mode RW
. Communication Mode |0 1: Clock synchronous serial 1/0
Select Bit mode
A GMD1 1 0: Special communication mode® [ Rw
O 1 1: HDLC data processing mode
Internal/External Clock | 0 : Internal clock
CKDIR | select Bit 1 : External clock RW
Stop Bit Length 0 : 1 stop bit
STPS | select Bit 1: 2 stop bits RW
I RRRLLELEELE Reserved Bit Setto "0" RW
o (b5 - b4)
Transfer Direction 0: LSB first
: UFORM | o lect Bt 1: MSB first RW
0 : No data in the transmit
e RS Transmit Interru.pt buffer ('!'I=.1) ' RW
Cause Select Bit 1 : Transmission is completed
(TXEPT=1)
NOTES:
1. Do not set except when using in motor vehicles

Figure 21.34 GORB to G1RB Registers and GOMR to G1MR Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O (Group 0, 1 Communication Function)

Group i SI/O Expansion Mode Register (i=0,1)®)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
GOEMR,G1EMR 00FCz16, 013C16 0016

R A Bit Bit N Functi RW
A Symbol it Name unction
bbb L svope Synchropous Mode 0 : No re-synchronous mode used RW
O Select Bit 1: Re-synchronous mode
A CRC Default Value | 0 Set to "000016"
A A CREV Select Bit 1: Set to "FFFF16" RW
A S S S ACRC | CRC Reset SelectBit | 0 Nt reset RW
A 1: Reset®
A Bit Stuffing Error 0 : Not used
R BSINT ) RW
oo Interrupt Select Bit 1: Used
Receive Source 0 : ISRxDi pin
E RXSL ) ) ; . RW
oo S Switch Bit 1: GiRl register
Transmit Source 0 : ISTxDi pin
TXSL Switch Bit 1: GiTO register RW
Pl b7 b6
I RACLLETTEEPETLEEPET CRCO 0 0 :XB+X*+X+ RW
: CRC Generation XXX+ .
Pol ial Select Bit 0 1 :Do not set to this value
P olynomial Select bl 1 0 : X¥64x154x241

CRCL 11 XB4x124x541 RW

NOTES:

1. The GIEMR register is used in special communication mode or HDLC data processing mode. Do not
use in clock synchronous serial I/O mode or UART mode.
2. The CRC is reset when a data in the GICMP3 register matches a received data.

Group i SI/O Expansion Transmit Control Register (i=0,1)1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

2 ;2 ;2 ; GOETC,G1ETC 00FF16, 013F16 0000 OXXX2
A A A I . -
bbb | symbol Bit Name Function RW
Nothing is assigned. When write, set to "0". _
(b2 - b0) When read, its content is indeterminate.
A SOF SOF Tran§m|t 0 : No request to transmlt SOF RW
T Request Bit 1: Request to transmit SOF
Transmit CRC 0 : Not used
A T TCRCE Enable Bit 1:Used RW
R o |0 Not used
S S —— ABTE | Arbitration Enable Bit otuse RW
P 1: Used
Transmit Bit Stuffing 0:"1"is not inserted
TBSFO "1" Insert Select Bit 1:"1"is inserted RW
Transmit Bit Stuffing 0:"0"is not inserted
--------------------------- TBSF1 . o RW

"0" Insert Select Bit 1:"0"is inserted

NOTES:

1. The GIETC register is used in special communication mode or HDLC data processing mode. Do not
use in clock synchronous serial I/O mode or UART mode.

Figure 21.35 GOEMR to G1EMR Registers and GOETC to G1ETC Registers
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O (Group 0, 1 Communication Function)

Group i SI/O Expansion Receive Control Register (i=0,1)%

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
L] ] GOERC,GIERC  00FDis, 013D16 0016
SR N A N T . .
Popr bbb | Symbol Bit Name Function RW
: The GIDR register (transmit data register) is
- Data Compare not compared with the GICMPO register
v+ 4+ 1 1+ 4+ & % CMPOE | FunctionO . ) . h . RW
[ Select Bit : The GIDR register is compared with the
AT R - GiCMPO register
: The GIDR register (transmit data register) is
- Data Compare not compared with the GICMP1 register
R R R R EEEEE CMP1E | Function 1 . ; . h . RW
[ Select Bit : The GIDR register is compared with the
AT S-S GiCMP1 register
: The GIDR register (transmit data register) is
H R Data Compare not compared with the GICMP2 register
T CMP2E | Function 2 . . S . RW
[ Select Bit : The GIDR register is compared with the
GICMP2 register
: The GiDR register (transmit data register) is
Voo Data Compare not compared with the GICMP3 register
o CMP3E | Function 3 . ; R . RW
oo Select Bit : The GIDR register is compared with the
GICMP3 register®
Receive CRC : Not used
R RCRCE | Enable Bit - Used RW
Receive Shift . : : ;
I T RSHTE | Operation : Disables receive Sh_lft operat'lon RW
Enable Bit : Enables receive shift operation
Receive Bit
I Stuffing :"1" is not deleted
R LR EEEEEEEEE RBSFO | ;.. . RW
: 1" Delete :"1" is deleted
: Select Bit
Receive Bit )
L e emmemememeememm————. RBSFE1 "St'l:lf'flng ) !s not deleted RW
0" Delete :"0" is deleted
Select Bit

NOTES:

1. The GIERC register is used in special communication mode or HDLC data processing mode.
Set to "0010 00002" in clock synchronous serial I/O mode. Do not use in UART mode.
2. When the ACRC bit in the GIEMR register is set to "1" (CRC reset function used), set the CMP3E bit

to "1".

Figure 21.36 GOERC to G1ERC Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

Group i SI/O Special Communication Interrupt Detect Register (i=0,1)(-?)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
L] [ || XX ocorreure  ooress, 013ess 0000 00XX2
Sy?#bol Bit Name Function RW
Nothing is assigned. When write, set to "0". _
(b1-bo) | When read, its content is indeterminate.
Bit Stuffing Error | 0 : Not detected
. . . . LY BSERR RW
Detect Flag 1: Detected
Arbitration Lost | 0 : Not detected
. ABT | Detect Flag 1 : Detected RW
Int tc 0 : The GIDR register (receive data register)
e IREO [r)1 ?rrup_ ta_ause does not match the GICMPO register RW
- € e”}‘;)”a lon 1: The GIDR register matches the GICMPO
Flag 0 register
0 : The GIDR register (receive data register)
S VOO REL | Deetubt CAUSE | ™ does not match the GICMP1. register W
. Flag 1 1: The GIDR register matches the GiICMP1
register
0 : The GIDR register (receive data register)
A IRF2 :g;?;mtngggﬁ © does not match the GICMP?2 register RW
Flag 2 1: The GIDR register matches the GICMP2
H register
0 : The GIDR register (receive data register)
R IRF3 g‘é?;ﬁtng?gﬁ € does not match the GICMP3 register RW
%) 1: The GiDR register matches the GiICMP3
Flag 3 register

NOTES:
1. The GIETC register is used in special communication mode or HDLC data processing mode. Do not
use in clock synchronous serial I/O mode or UART mode.
2. The SRTIR bit in the 1I04IR register is set to "1" if the BSERR bit, ABT bit or the IRFO to IRF3 bits is
setto "0".

Group i Transmit Buffer (Receive Data) Register (i=0,1)(1)

b7 b0 Symbol Address After Reset
| | GO0TB,GODR 00EA16 Indeterminate
H G1TB,G1DR 012A16 Indeterminate
Function RW
Set data to be transmitted.
Values written in these registers are written to the GiTB register. WO
""""""" Data read from these registers in HDLC data processing mode are (RO)

values written in the GiDR register

NOTES:
1. The GITB register and the GIiDR register share addresses.

Figure 21.37 GOIRF to G1IRF Registers and GOTB to G1TB Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

Group i Data Compare Register j (i=0,1; j=0 to 3)

b7 b0 Symbol Address After Reset
| GOCMPO to GOCMP3 00F016, 00F116, 00F216, 00F316 Indeterminate
G1CMPO to GICMP3 013016, 013116, 013216, 013316 Indeterminate

Function Setting Range RW

S Data to be compared 0016 to FF16 RW

NOTES:
1. Set the GIMSKO register to use the GICMPO register.
Set the GIMSK1 register to use the GICMP1 register.

Group i Data Mask Register j (i=0,1; j=0,1)

b7 b0 Symbol Address After Reset
| | GOMSKO0,GOMSK1 00F416, 00F516 Indeterminate
G1MSKO0,G1MSK1 013416, 013516 Indeterminate

Function Setting Range RW

Masked data for received data

"""""""" Set bits not being compared to "1" 0016 to FF16 RW
Group i Transmit CRC Code Register (i=0,1)
b15 b8 b7 bo Symbol Address After Reset
| H GOTCRC, G1TCRC 00FB16-00FA16, 013B16-013A16 000016
Function RW
SECEEEEEEEEEEEE Result of the transmit CRC calculation(1:2) RO

NOTES:
1. Calculation results are reset by setting the TE bit in the GiCR register to "0" (transmit disabled).
Default value is determined by setting the CRCV bit in the GIEMR register.
2. Transmit CRC calculation is performed with every bit of transmit data transmitted while the TCRCE
bit in the GIETC register is set to "1" (used).

Group i Receive CRC Code Register (i=0,1)

b15 b8 b7 bo Symbol Address After Reset
| ' GORCRC, G1RCRC  00F916-00F816, 013916-013816 Indeterminate
Function RW
O Result of the receive CRC calculation® 2 3) RO
NOTES:

1. The calculation result is reset by setting the RCRCE bit in the GIERC register to "0" (not used). If the
the ACRC bit in the GICMP;j register is set to "1" (reset), the result is reset by matching the data in
the GICMP;j register with the received data.

2. The result is reset to the default value selected by the CRCV bit in the GIEMR register before
reception starts.

3. Receive CRC calculation occurs with every bit of transmit data transmitted while the RCRCE bit in
the GIERC register is set to "1" (used).

Figure 21.38 GOCMPO to GOCMP3 Registers, GICMPO0 to GI1CMP3 Registers, GOMSKO0 to GOMSK1
Registers, GIMSKO to GIMSK1 Registers, GOTCRC to G1TCRC Registers, and
GORCRC to G1RCRC Registers
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M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

21.4.1 Clock Synchronous Serial /0 Mode (Groups 0 and 1)

In clock synchronous serial I/O mode, data is transmitted and received with the transfer clock. When the
internal clock is selected as the transfer clock, the channel 0 and channel 3 waveform generation func-
tions generate the internal clock. ISTxDi (i=0, 1), ISCLKI, and ISRxDi share pins with INPCio to INPCi2
and OUTCio to OUTCiz2.

Table 21.16 lists specifications of clock synchronous serial I/O mode. Table 21.17 lists registers to be
used and their settings. Tables 21.18 to 21.21 list pin settings. Figure 21.39 shows an example of a
transmit and receive operation.

Table 21.16 Clock Synchronous Serial I/O Mode Specifications (Groups 0 and 1)

Item Specification
Transfer Data Format Transfer data : 8 bits long
fBTi
Transfer Clock(®: 2) When the CKDIR bit in the GiMR register (i=0, 1) is set to "0" (internal clock) : Z(n+2)

n : setting value of the GiPOO register, 000016 to FFFF16
* The GiPOO register determines the bit rate and the transfer clock is generated in
phase-delayed waveform output mode by the channel 3 waveform generation func-

tion.
When the CKDIR bit is set to "1" (external clock) : input from the ISCLKi pin
Transmit Start Condition Set registers associated with the waveform generation function, the GiMR register and the

GIERC register. Then set as written below after at least one transfer clock cycle:

« Set the TE bit in the GiCR register to "1" (transmit enable)

* Set the TI bit in the GICR register to "0" (data in the GiTB register)

Receive Start Condition Set registers associated with the waveform generation function, the GiMR register and

GIERC register. Then set as written below after at least one transfer clock cycle:

* Set the RE bit in the GICR register to "1" (receive enable)

 Set the TE bit to "1" (transmit enable)

« Set the TI bit to "0" (data in the GIiTB register)

Interrupt Request « While transmitting, one of the following conditions can be selected to set the SIOITR

bit to "1" (see Figure 10.14):

— The IRS bit in the GiIMR register is set to "0" (no data in the GiTB register) and data
is transferred to the transmit register from the GiTB register

— The IRS bit is set to "1" (transmission completed) and data transfer from the
transmit register is completed

» While receiving, the following condition can be selected to set the SIOIRR bit to "1"
(see Figure 10.14):
Data is transferred from the receive register to the GiRB register

Error Detection Overrun error(®)
This error occurs when the 8th bit of the next data is received before reading the GiRB register
Selectable Function * LSB first/MSB first
Select either bit O or bit 7 to transmit/receive data
 ISTxDi and ISRxDi I/O polarity inverse

ISTxDi pin output level and ISRxDi pin input level are inversed

NOTES:
1. The transfer clock must be fBTi divided by six or more.
2. In clock synchronous serial I/O mode, set the RSHTE bit in the GIERC register (i=0, 1) to "1" (receive
shift operation enabled).
3. When an overrun error occurs, the GiRB register is indeterminate.

When the OPOL bit in the GiCR register is set to "0" (no ISTxDi output polarity inversed), the ISTxDi pin
outputs an "H" signal after selecting operation mode until transfer starts. When the OPOL bit is set to "1",
the ISTxDi pin outputs an "L" signal.
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M32C/83 Group (M32C/83, M32C/83T)

21. Intelligent I/O (Group 0, 1 Communication Function)

Table 21.17 Registers to be Used and Settings

Register Bit Function
GiBCRO BCK1to BCKO | Setto "112"
DIV4 to DIVO Select divide ratio of count source
IT Set to "0"
GiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 01112"
GiPOCR1 7t00 Set to "0000 01112"
GiPOCR3 7t00 Set to "0000 00102" (M)
GiPOO 15t0 0 Set the bi%Brglte
1
2x(setting value + 2) = transfer clock frequency®)
GiPO3 15t0 0 Set to a value smaller than the GiPOO register(l)
GiFS FSC3,1,0 Set to "0"
GiFE IFE3,1,0 Set to "1"
GIERC 7t00 Set to "0010 00002"
GiIMR GMD1 to GMDO | Set to "012"
CKDIR Select the internal clock or external clock
STPS Set to "0"
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is generated
GIiCR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE Set to "1" to enable transmission and reception
RE Set to "1" to enable reception
IPOL Select ISRxD input polarity (usually set to "0")
OPOL Select ISTxD output polarity (usually set to "0")
GiTB 7t00 Write data to be transmitted
GiRB 15to 0 Received data and error flag are stored
i=0to 1
NOTES:

1. The CKDIR bit in the GiIMR register is set to "0" (internal clock)

Table 21.18 Pin Settings (1)

Port Function Bit and Setting Register(l)
Name PS1 Register | PSL1 Register | PSC Register|PD7 Register | IPS Register
P73 ISTxD1 output [PS1_3=1 PSL1_3=0 PSC_3=1 |- - G1POCRO
P74 ISCLK1 input [PS1_4=0 |- - PD7_4=0 IPS1=0 -

ISCLK1 output [PS1_4=1 PSL1 4=0 PSC 4=1 |- - G1POCR1
P75 ISRXxD1input [PS1.5=0 |- - PD7_5=0 IPS1=0 -
P76 ISTxDO output [PS1_6=1 PSL1 6=0 PSC_6=0 |- - GOPOCRO
P77 ISCLKO input |PS1_7=0 - - PD7_7=0 IPSO=0 -

ISCLKO output [PS1_7=1 |- - - - GOPOCR1

NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 21.19 Pin Settings (2)

Port Function Bit and Setting Register
Name PS2 Register | PD8 Register | IPS register
P80 ISRxDO input  |PS2_0=0 PD8 0=0 IPSO=0 -
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21. Intelligent I/O (Group 0, 1 Communication Function)

Table 21. 20 Pin Settings (3)

Port Function Bit and Setting Register(l)
Name PS5 Register| PD11 Register| IPS Register
P11o |ISTxD1 output |[PS5 0=1 |- - G1POCRO
P111 |ISCLK1linput |PS5 1=0 PD11_1=0 IPS1=1 -
ISCLK1 output |PS5_1=1 |- - G1POCR1
P112 |ISRxDlinput |PS5 2=0 PD11.2=0 IPS1=1 -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 21. 21 Pin Settings (4)

Port Function Bit and Setting Register(l)
Name PS9 Register | PD15 Register | IPS Register
P150 |ISTxDO output |PS9_ 0=1 |- - GOPOCRO
P151 |ISCLKO input |PS9 1=0 PD15 2=0 IPSO=1 -
ISCLKO output |PS9_1=1 |- - GOPOCR1
P152 |ISRxDOinput |PS9 2=0 PD15 2=0 IPSO=1 -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

SIOIRR bit

Write to the GIiTB register

n+2

Base timer i

ISCLKi pin output
(transmit clock in the
channel 3 generation
function)

ISTxDi pin output
(data to be transmitted)

SIOITR bit
when IRS=0
(no data in the
transmit buffer)

SIOITR bit
when IRS=1
(transmission completed)

ISRXDi pin input
(received data)

The base timer is reset by the channel 0
waveform generation function

***** /|

Vs

/\/
/ :

5

-

-

Bito X  Bit1 [  Bit2
: Write "0 by program
if setting to "0"
: : Dl
: : : i Write "0" by program
! ! ! ! 1 if setting to "0"
X Bito X Bitl Y  Bit2 Bité X Bit7 X

:

The above applies under the following conditions:
» The CKDIR bit in the GIMR register is set to "0" (internal clock)
» The UFORM bit in the GiIMR register is be set to "0" (LSB first) i
* The IPOL and OPOL bits in the GIiCR register are set to "0" (no inverse)

/

Write "0" by program if setting to "0"

n : Setting value of the GiPOO register
m : Setting value of the GiPO3 register
:0,1

SIOITR bit : Bit in the 1IOjIR register (j = 1,3)
SIOIRR bit : Bit in the IIOKIR register (k = 0,2)
IRS bit : Bit in the GIMR register

Figure 21.39 Transmit and Receive Operation
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21.4.2 Clock Asynchronous Serial I/O Mode (UART) (Groups 0 and 1)
In clock asynchronous serial I/O mode (UART), data is transmitted at a desired bit rate and in a desired
transfer data format. Table 21.22 lists specifications of UART mode groups 0 and 1. Table 21.23 lists
registers to be used and their settings. Tables 21.24 to 21.27 list pin settings. Figure 21.40 shows an
example of transmit operation. Figure 21.41 shows an example of receive operation.

Table 21.22 UART Mode Specifications

Item Specification
Transfer Data Format » Character Bit (transfer data) : 8 bits long
« Start bit : 1 bit long
« Stop bit : select length from 1 bit or 2 bits
Transfer Clock(®: 2) When the CKDIR bit in the GiMR register (i=0, 1) is set to "0" (internal clock) : %

n : setting value of the GiPOO register, 000016 to FFFF16.

e The GiPOO register determines the bit rate.
Transmit clock is generated in phase-delayed waveform output mode of the chan-
nel 3 waveform generation function.
Receive clock is generated with the channel 2 time measurement function.

Transmit Start Condition Set the registers associated with the waveform generation function, the GiMR register and
GIERC register. Then, set as written below after at least one transfer clock cycle.

* Set the TE bit in the GICR register to "1" (transmit enable)

 Set the TI bit in the GiCR register to "0" (data in the GiTB register)

Receive Start Condition Set the registers associated with the waveform generation function, the GiMR register and
GIERC register. Then, set as written below after at least one transfer clock cycle.

* Set the RE bit in the GICR register to "1" (receive enable)

* Detect the start bit

Interrupt Request « While transmitting, one of the following conditions can be selected to set the SIOITR
bit to "1" (see Figure 10.14):
— The IRS bit in the GiIMR register is set to "0" (no data in the GiTB register) and
data is transferred to the transmit register from the GiTB register.
— The IRS bit is set to "1" (transmission completed) and data transfer from the
transmit register is completed
» While receiving, the following condition can be selected to set the SIOIRR bit to "1"
(see Figure 10.14) :
Data is transferred from the receive register to the GiRB register (data reception is

completed)

Error detection « Overrun error(®)
This error occurs when the final stop bit of the next data is received before reading
the GiRB register

* Framing Error
This error occurs when the number of the stop bits set is not detected

Selectable function * Stop bit length

The length of the stop bit is selected from 1 bit or 2 bits
* LSB first/MSB first

Select either bit O or bit 7 to transmit/receive data

NOTES:
1. The transfer clock must be fBTi divided by six or more.
2. Set the GIPOCR2 register and the GITMCR2 register.
3. When an overrun error occurs, the GiRB register is indeterminate.
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Table 21.23 Registers to be Used and Settings

Register Bit Function

GiBCRO BCK1to BCKO | Setto "112"

DIV4 to DIVO Select divide ratio of count source

IT Set to "0"
GiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 01112"
GiPOCR2 7t00 Set to "0000 01102"
GiPOCR3 7t00 Set to "0000 00102"
GiTMCR2 7t00 Set to "0000 00102"
GiPOO 15t0 0 Set bit rate

BT
2 x (setting value + 2) = transfer clock frequency

GiPO3 15to 0 Set to a value smaller than the GiPOO register
GiFS FSC3 to FSCO Set to "01002"
GiFE IFE3 to IFEO Set to "11012"
GiIMR GMD1 to GMDO | Set to "002"

CKDIR Set to "0"

STPS Select stop bit length

UFORM Select LBS first or MSB first

IRS Select how the receive interrupt is generated
GIiCR TI Transmit buffer empty flag

TXEPT Transmit register empty flag

RI Receive complete flag

TE Set to "1" to enable transmission

RE Set to "1" to enable reception

IPOL Set to "1"

OPOL Set to "1"
GiTB 7t00 Write data to be transmitted
GiRB 15to 0 Received data and error flag are stored
i=0to 1
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21. Intelligent I/O (Group 0, 1 Communication Function)

Table 21.24 Pin Settings in UART Mode (1)

Port Function Bit and Setting Register(l)

Name PS1 Register | PSL1 Register | PSC Register|PD7 Register | IPS Register

P73 ISTxD1 output [PS1_3=1 PSL1 3=0 PSC_3=1 |- - G1POCRO

P75 ISRXD1input [PS1 5=0 |- - PD7_5=0 IPS1=0 -

P76 ISTxDO output [PS1_6=1 PSL1 6=0 PSC_6=0 |- - GOPOCRO
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication

function used).

Table 21.25 Pin Settings (2)

Port Function Bit and Setting Register
Name PS2 Register | PSL2 Register | PD8 Register [IPS Register
P80 ISRxDO input |[PS2_0=0 |- PD8 0=0 |[IPSO=0 -
Table 21.26 Pin Settings (3)
Port Function Bit and Setting Register(l)
Name PS5 Register| PD11 Register | IPS Register
P11o |[ISTxD1 output |PS5 0=1 |- - G1POCRO
P112 |ISRxD1linput |PS5 2=0 PD11_2=0 IPS1=1 -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication

function used).

Table 21.27 Pin Settings (4)

Port Function Bit and Setting Register(l)
Name PS9 Register |PD15 Register |IPS Register
P150 |ISTxDO output [PS9 0=1 |- - GOPOCRO
P152 |ISRxDO input |- PD15 2=0 IPSO=1 -

NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication

function used).
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Tc
Transfer clock ||||| |||||| |||||||| || ||| ||l||| |||||| |||||| |||
ISTXDi pin - \STARK XXX 0Dy sP STADK KKK KooK oy P
X Set data in the GiTB register Set data in the GiTB register
Tl bit ' f{
g . |
TXEPT bit
g
e ! ]
SIOITR bit g - 1
' \ Write "0" by program
. if setting to "0"
The above applies under the following conditions: i:0,1
* The STPS bit in the GIMR register is set to "0" (1 stop bit)
* The UFORM bit in the GiIMR register is set to "0" (LSB first) TI, TXEPT bit : Bits in the GiCR register
« The INV bits in the GIPOCRO to GiPOCRY registers are set to "0" (no inverse) SIOITR bit : Bitin the 110jIR register (j = 1,3)
« The IRS bit in the GiIMR register is set to "0" (no data in the transmit buffer)

Figure 21.40 Transmit Operation

Transfer clock

ISRXDi pin

RI bit 0"

SIOIRR bit

TERREEES S EEEERRR

o

Ii?ead the GiDRB register

ﬁ/ _

I [

The above applies under the following conditions: i:0,1
« The STPS bit in the GiIMR register is set to "0" (1 stop bit)
* The UFORM bit in the GiMR register is set to "0" (LSB first) SIOIRR bit : Bit in the 1IOKIR register (k = 0,2)
« The INV bits in the GIPOCRO to GiPOCR?7 registers are set to "0" (no inverse) RI bit : Bit in the GiCR register

\ Write "0" by program /

if setting to "0"

Figure 21.41 Receive Operation
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21.4.3 HDLC Data Processing Mode (Group 0 and 1)
In HDLC data processing mode, bit stuffing, flag detection, abort detection and CRC calculation are
available for HDLC control. The channel 0 and 1 are used to generate the transfer clock. No pins are
used.
To convert data, data to be transmitted is written to the GIiTB register (i=0,1) and the data conversion
result is restored after data conversion. If any data are in the GiTO register after data conversion, the
conversion is terminated. If no data is in the GiTO register, bit stuffing processing is executed regardless
of there being no data in the transmit output buffer. A CRC value is calculated every time one bit is
converted. If no data is in the GiRlI register, received data conversion is terminated.
Table 21.28 list specifications of the HDLC data processing mode. Table 21.29 lists registers to be used
and their settings.

Table 21.28 HDLC Processing Mode Specifications

Item Specification
Input Data Format 8-bit data fixed, bit alignment is optional
Output Data Format 8-bit data fixed
Transfer Clock When the CKDIR bit in the GiMR register (i=0, 1) is set to "0" (internal clock) : ;Tzi

n : setting value of the GiPOO register 000016 to FFFF16
» The GiPOO register determines bit rate.
The transfer clock is generated in phase-delayed waveform output mode of the

channel 1 waveform generation function.

When the RSHTE bit in the GIERC register is set to "1" (reception shift operation
enabled), the transfer clock is generated in the receiver

1/0 Method * While transmitting,
value set in the GiTB register is converted in HDLC data processing mode and
transferred to the GiTO register

* While receiving,
value set in the GiRI register is converted in HDLC data processing mode and
transferred to the GiRB register. The value in the GiRI register is also transferred to

the GIiDR register (received data register).

Bit Stuffing While transmitting, "0" following five consecutive "1" is inserted.
While receiving, "0" following five consecutive "1" is deleted.

Flag Detection Write the flag data "7E16" to the GICMP3 register to use the special communication
interrupt (the SRTIR bit in the 1104IR register)

Abort Detection Write the masked data "0116" to the GiIMSKk(k=0, 1) register

CRC The CRC1 to CRCO bits are set to "112" (X16+X12+X5+1)

The CRCV bit is set to "1" (set to "FFFF16")

* While transmitting, CRC calculation result is stored into the GiTCRC register.
The TCRCE bit in the GIETC register is set to "1" (transmit CRC used).
The CRC calculation result is reset when the TE bit in the GiCR register is set to "0"
(transmit disabled)®).

» While receiving, CRC calculation result is stored into the GIRCRC register.
The RCRCE bit in the GIERC register is set to "1" (receive CRC used).
The CRC calculation result is reset by comparing the flag data "7E16" and matching
the result with the value in the GICMP3 register. The ACRC bit in the GIEMR regis-

ter is set to "1" (CRC reset)@
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Table 21.28 HDLC Processing Mode Specifications (Continued)

Item Specification
Data Processing The following conditions are required to start transmit data processing:
Start Conditions * The TE bit in the GiCR register is set to "1" (transmit enable)

« Data is written to the GiTB register
The following conditions are required to start receive data processing:
* The RE bit in the GiCR register is set to "1" (receive enable)
 Data is written to the GiRI register
Interrupt Request(®) During transmit data processing,
(1) One of the following conditions can be selected to set the GITOR bit in the interrupt
request register to "1" (interrupt request) (see Figure 10.14)
— When the IRS bit in the GIMR register is set to "0" (no data in the GiTB register)
and data is transferred from the GiTB register to the transmit register (transmit start)
- When the IRS bit is set to "1" (transmission completed) and data transfer from
the transmit register to the GiTO register is completed
(2) When data, which is already converted to HDLC data, is transferred from the
receive register of the GiTO register to the transmit buffer, the GiTOR bit is set
to "1"
During received data processing,
(1) When data is transferred from the GiRI register to the GiRB register (reception
completed), the GIRIR bit is set to "1" (See Figure 10.14)
(2) When received data is transferred from the receive buffer of the GiRI register to
the receive register, the GiRIR bit is set to "1"
(3) When the GiTB register is compared to the GiICMPj register (j=0 to 3), the SRTIR
bit is set to "1"

NOTES:
1. Set the CRCYV bit and ACRC bit in the GIEMR register to "1".
2. The CRC calculation circuit is reset after the GIRCRC register stores CRC data.
3. See Figure 10.14 for details on the GiTOR bit, GiRIR bit and SRTIR bit.
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Table 21.29 Registers to be Used and Settings

Register Bit Function
GiBCRO BCK1 to BCKO Select count source
DIV4 to DIVO Select divide ratio of count source
IT Select the base timer interrupt
GiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 00002"
GiPOCR1 7t00 Set to "0000 00002"
GiPOO 15to 0 Set bit rate
GiPO1 15to 0 Set the timing of the rising edge of the transfer clock.
Timing of the falling edge (high-level signal ("H") width of the transfer clock) is
fixed.
Setting value of GiPO1 < Setting value of GiPOO .
GiFS FSC1 to FSCO Set to "002"
GiFE IFE1 to IFEO Set to "112"
GiIMR GMD1 to GMDO |Set to "112"
CKDIR Set to "0"
UFORM Set to "0"
IRS Select how the transmit interrupt is generated
GIEMR 7t00 Setto "1111 01102"
GIiCR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE Transmit enable bit
RE Receive enable bit
GIETC SOF Set to "0"
TCRCE Select whether the transmit CRC is used or not
ABTE Set to "0"
TBSFO, TBSF1 |Transmit bit stuffing
GIERC CMP2E to CMPOE |Select whether received data is compared or not
CMP3E Set to "1"
RCRCE Select whether receive CRC is used or not
RSHTE Set to "1" to use it in the receiver
RBSFO0, RBSF1 |Receive bit stuffing
GilRF BSERR, ABT Set to "0"
IRF3 to IRFO Select how an interrupt is generated
GiCMPO, 7t00 Write "FE16" to abort processing
GiCMP1
GiCMP2 7t00 Data to be compared
GiCMP3 7t00 Write "7E16"
GiMSKO, 7t00 Write "0116" to abort processing
GiMSK1
GIiTCRC 15to 0 Transmit CRC calculation result can be read
GiRCRC 15to 0 Receive CRC calculation result can be read
GiTO 7t00 Data, which is output from a transmit data generation circuit, can be read
GiRI 7t00 Set data input to a receive data generation circuit
GiRB 7t00 Received data is stored
GiTB 7t00 For transmission : write data to be transmitted
For reception : received data for comparison is stored
i=0,1
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21.5 Group 2 Communication Function
The communication function is available when two 8-bit shift registers are used with the waveform genera-
tion function.
In the intelligent 1/O group 2, the variable clock synchronous serial I/0 or IEBus(®) communication function
is available. Figures 21.42 to 21.45 show registers associated with the communication function.
NOTES:
1. IEBus is a trademark of NEC Electronics Corporation.

Group 2 SI/O Transmit Buffer Register

b15 b8 b7 bo
DQQ Symbol Address After Reset
T G2TB 016D16-016C16 Indeterminate
Bit Bit Name Function RW
' Symbol
eeaeas —— | Transmit Buffer Data to be transmitted RO
(b7 - b0)
' b10 b9 b8
................ SZ0 0 0 0 :8bitslong RW
0 0 1 :1bhitslong
0 1 0 :2hitslong
""""""""" sz1 |Transfer BitLength 0 1 1 : 3 bitslong RW
Select Bit 1 0 0 :4bitslong
1 0 1 :5bhitslong
------------------- s72 1 1 0 :6bitslong RW
1 1 1 :7bhitslong

Nothing is assigned. When write, set to "0".
(b12 - b11)| When read, its content is indeterminate.

e, A ACK Function 0 : Adds no ACK bit RW

Select Bit 1 : Adds the ACK bit after last transmit bit
0 : Adds the parity bit after a data to be
Parity Calculation transmitted
pC Continuing Bit®) | 1 : Carries over a parity to a data to be RW
transmitted
P Parity Function 0 : No parity RW
--------------------- Select Bit 1 : Parity (even parity only)
NOTES:
1. Set the P bit to "0" before setting the PC bit to "1"
Group 2 SI/O Receive Buffer Register
b0 Symbol Address After Reset
G2RB 016F16 - 016E16 Indeterminate
Bit Bit Name Function RW
' Symbol
feenaaes (67 -bo) | Receive Buffer Received data RO

Nothing is assigned. When write, set to "0".
(b1l - b8) | When read, its content is indeterminate.
0 : No overrun error

....................... OER 1
' Overrun Error Flag® 1: Overrun error found RO

Nothing is assigned. When write, set to "0".
(b15 - b13)[ When read, its content is indeterminate.

NOTES:
1. The OER bhit is set to "0" when the GMD1 to GMDO bits in the G2MR register are set to "002"
(communication unit reset) or the RE bit in the G2CR register is set to "0" (receive disable).

Figure 21.42 G2TB and G2RB Register
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Group 2 SI/O Communication Mode Register

b7 b6 b5 b4 b3 b2 bl bO

| | I><I><I><| | | | Symbol Address After Reset
— e e G2MR 016A16 00XX X0002
Pl [ B . .
Poob b bt | symbol Bit Name Function RW
B B
T 00 : Communication unit is reset
- GMDO Communication Mode (The OER bit is set to "0")(%) RW
- Select Bit 01 : Clock synchronous serial I/0
PiE b mode
e GMD1 10 : IE mode® RW
- 11 : Do not set to this value
cKpIR | Mternal/Extemal Clock | 0 Internal clock B
Select Bit 1 : External clock
N A A Nothing is assigned. When write, set to "0".
Pl (b5 - b3) When read, its content is indeterminate.
Transfer Format 0: LSB first
N UFORM | o 1ect Bit 1: MSB first RW
Transmit Interrupt 0 : No data is in the transmit buffer
"""""""""""""" IRS | Cause Select Bit 1 : Transmission is completed RW

NOTES:
1. Run the base timer clock for one or more cycles after the GMD1 to GMDO bits are set to "002"
(communication unit reset).
2. Set the GMD1 to GMDO bits to "012" (clock synchronous serial I/O mode) or "102" (IE mode) while
the base timer clock is stopped.

Group 2 SI/O Communication Control Register

b7 b6 b5 b4 b3 b2 bl bo

| | | | |><I | | | Symbol Address After Reset
AN G2CR 016B16 0000 X0002
o Bit . )
- Symbol Bit Name Function RW
Pl . |10 : Transmit disabled
[ - TE  |Transmit Enable Bit | ., . . RW
H- 1: Transmit enabled
0 : Data is in the transmit register
R TXEPT Transmit Register (during trar?smlssmn) . . RO
oo Empty Flag 1: No data is in the transmit register
Pl (transmission is completed)
- Transmit Buffer 0 : Data is in the G2TB register RO
I Empty Flag 1: No data is in the G2TB register
Nothing is assigned. When write, set to "0". .
(b3) When read, its content is indeterminate.
0 : Receive disabled
H ; il
----------------- RE |Receive Enable Bit! |~ o - 0 RW
RI Receive Complete [0 : No data is in the G2RB register RO
""""""""""" Flag 1: Data is in the G2RB register
OPOL ISTxD Output Polarity| 0 : No inverse RW
"""""""""""" Switch Bit 1: Inverse
ISRXD Input Polarity [ 0 : No inverse
------------------------- IPOL Switch Bit(1) 1 : Inverse RW

NOTES:
1. The group 2 base timer may be reset when rewriting the RE or IPOL bit. To avoid resetting, set the
RST2 bit in the G2BCR1 register to "0" (no base timer reset by a reset request from the
communication function).

Figure 21.43 G2MR and G2CR Register

Rev. 1.31 Jan.31, 2006 Page 307 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 0, 1 Communication Function)

Group 2 IEBus Control Register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
|_._|_._|2§|2§|X|_._|_._|_._| IECR 017216 00XX X0002

1 : Busy state (start condition is detected)

Nothing is assigned. When write, set to "0".
(b5 - b3) | When read, its content is indeterminate.

Sy?T;tbol Bit Name Function RW
0 : Disables IEBus®

P - T IEB it@) RW
IEBus Enable Bit 1: Enables IEBUS

IEBus Transmit Start |0 : Transmission is completed

IETS Request Bit 1 : Transmission is started RwW
R IEBBS | IEBus Busy Flag 0 Idle state .

Digital Filter 0 : No digital filter
pooTTTTmemmmememamseses DF | select Bit 1: Digital filter RW
: IEBus Mode 0: Mode 1
"""""""""""""" IEM | select Bit 1: Mode 2 RW

NOTES:

1. Set the IEB bit while the base timer clock is stopped.
2. After the IEB bit is set to "0", keep "0" for at least 1 fBT2 cycle. Set the BCK1 to BCKO bits in the
G2BCRO register to "002" (clock stop) when setting the IEB bit to "1".

Group 2 IEBus Address Register

bi§ o8 b7 b0 Symbol Address After Reset
|><|><]><|><I i | IEAR 017116 - 017016 Indeterminate
Function RW
IR Address data RW
L ERRRRRRREREE Address data RW
______________________ Nothing is assigned. When write, set to "0".
When read, its content is indeterminate.

Figure 21.44 IECR and IEAR Registers
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Group 2 IEBus Transmit Interrupt Cause Determination Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
MZ{L_L_L_L_LJ IETIF 017316 XXX0 00002

- - - Bit X ]

Plob b bbb | symbol Bit Name Function RW

Normal Complete 0 : Transmission is completed in error

oo n o TP IETNE ) P 1 : Transmission is completed as RW

R ag expected

_____ IEACK | ACK E Flag® 0 : No error found RW

- rroriag 1: Error found

Maximum Transfer Byte| 0 : No error found

A IETMB

HE Error Flag(®) 1 : Error found RW

I 0 : No error found

e IETT | Timing Error Flag®

HE-E g =rrorHlag 1: Error found RW

ol ] IEABL | Arbitration Lost Flag® 0 : No error found

- roftration Lost Flag 1: Error found RW

____________________ Nothing is assigned. When write, set to "0". -

(b7 - b5) | When read, its contents is indeterminate.

NOTES:
1. This bit can be set to "0" by program, but cannot be set to "1". Set to "0" by setting the IEB bit in
the IECR register to "0" (IEBus disabled to use).

Group 2 IEBus Receive Interrupt Cause Determination Register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset

f é f IERIF 017416 XXX0 00002
Do Bit . )
i1 1| symbol Bit Name Function RW
Normal Completed 0 : Transmission is completed in error
¢+ =1 IERNF o P 1 : Transmission is completed as RW
P Flag expected

0 : No error found
[ i (1)
IEPAR | Parity Error Flag 1 - Error found RW

Max. Transfer Byte 0 : No error found

R R IERMB
Error Flag(®) 1 : Error found

RW

FHRE A IERT | Timing Error Flag®) 0: No emor found RW
1: Error found

Other Cause Receive 0 : No error found

P Reeseeeeeeeeeeed IERETC | completed Flag® 1 : Error found

RW

Nothing is assigned. When write, set to "0".
(b7 - b5) When read, its contents is indeterminate.

NOTES:
1. This bit can be set to "0" by program, but not to "1". Set to "0" by setting the IEB bit in the IECR
register to "0" (IEBus disabled to use).

Figure 21.45 IETIF and IERIF Registers
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21.5.1 Variable Clock Synchronous Serial 1/0 Mode (Group 2)
In variable clock synchronous serial I/O mode, data is transmitted and received using the transfer clock.
The length of data transferred is selected from 1 to 8 bits. Table 21.30 lists specifications of the group 2
variable clock synchronous serial I/O mode. Table 21.31 lists registers to be used and their settings.
Tables 21.32 to 21.35 lists pin settings. Figure 21.46 shows an example of a transmit and receive

operation.

Table 21.30 Variable Clock Synchronous Serial I/O Mode Specifications (Group 2)

Item

Specification

Transfer Data Format

« Transfer data length : 1 to 8 bits

Transfer Clock(®)

fBT2

* When the CKDIR bit in the G2MR register is set to "0" (internal clock) : P

n : setting value of the G2POO0 register 000016 to FFFF16
The G2POO register determines bit rate and the transfer clock is generated in
phase-delayed waveform output mode of the channel 2 waveform generation func-
tion.

« When the CKDIR bit is set to "1" (external clock) : input from the ISCLK2 pin(®

Transmit Start Condition

* To start transmitting, the following conditions are required :
- Set the TE bit in the G2CR register to "1" (transmit enable)
- Write data to the G2TB register

Receive Start Condition

« To start receiving, the following conditions are required :

- Set the RE bit in the G2CR register to "1" (receive enable)
- Set the TE bit in the G2CR register to "1" (transmit enable)
- Write data to the G2TB register

Interrupt Request

» While transmitting, one of the following conditions can be selected to set the
SIO2TR bit in the 1106IR register to "1" (see Figure 10.14):
- The IRS bit in the G2MR register is set to "0" (no data in the G2TB register):
when data is transferred from the G2TB register to the transmit register.
- The IRS bit is set to "1" (reception completed):
when data transfer from the transmit register is completed
» While receiving, the following condition can be selected to set the SIO2RR bit in the
IIO5IR register to "1" (interrupt request) (see Figure 10.14):
when data is transferred from the receive register to the G2RB register (data recep-

tion is completed)

Error Detection

Overrun error(®
This error occurs when receiving the j bit (j=1 to 8) of the next data (transfer data
length: j bits) before reading the G2RB register

Selectable Function

* LSB first/MSB first

Select either bit O or bit 7 to transmit/receive data
* ISTxD2 and ISRxD2 I/O polarity inverse

ISTXD2 pin output level and ISRxD2 pin input level are inversed
« Data transfer bit length

Select from 1 to 8 bits

NOTES:

1. The transfer clock must be f8T2 divided by six or more when both transfer clock and transfer data are
transmitted. Under conditions other than this, the transfer clock must be f872 divided by 20 or more.

2. Transfer clocks must be fBT2 divided by 20 or more.

3. When an overrun error occurs, the G2RB register is indeterminate.
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Table 21.31 Register to be Used and Settings

Register Bit Function

G2BCRO BCK1to BCKO | Setto "112"

DIV4 to DIVO Select divide ratio of count source

IT Set to "0"
G2BCR1 7t00 Set to "0001 00102"
G2POCRO 7t00 Set to "0000 01112"
G2POCR1 7t00 Set to "0000 01112"
G2BCR2 7t00 Set to "0000 00102"
G2PO0 15to 0 Set bit rate

fBT2
2 x (setting value + 2) = transfer clock frequency

G2P0O2 15to 0 Set to a value smaller than the G2POO0 register
G2FE IFE2 to IFEO Set to "1112"
G2MR GMD1 to GMDO | Set to "012"

CKDIR Select internal or external clock

UFORM Select either LSB first or MSB first

IRS Select how the transmit interrupt is generated
G2CR TE When transmission is enabled, set to "1"

TXEPT Transmit register empty flag

TI Transmit buffer empty flag

RE When reception is enabled, set to "1"

RI Receive complete flag

OPOL ISTxD2 output polarity inverse (usually set to "0")

IPOL ISRxD2 input polarity inverse (usually set to "0")
G2TB 15to 0 Write transfer bit length and transmit data
G2RB 15to 0 Received data and error flag are stored
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Table 21.32 Pin Settings (1)

Port Function Bit and Setting Register(?)
Name PS1 Register| PSL1 Register|PSC Register| PD7 Register | IPS Register
P70) [ISTxD2 output [PS1 0=1 |[PSL1 0=0 |[PSC 0=1 |- - G2POCRO
P71 ISRxD2 input |PS1_1=0 |- - PD7_1=0 |IPS5t04=002| -

NOTES:

1. P70 is a port for the N-channel open drain output.
2. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function is used).

Table 21.33 Pin Settings (2)

Port Function Bit and Setting Register(?)
Name PS3 Register@| PSL3 Register | PD9 RegisterD| IPS Register
P91 |ISRxD2 input | PS3_1=0 - PD9 1=0 IPS5 to 4=012| -
P92 [ISTxD2 output | PS3_2=1 PSL3 2=1 - - G2POCRO
NOTES:

1. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write
enable). Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1"
and the instruction to set the PD9 and PS3 registers.

2. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 21.34 Pin Settings (3)

Port Function Bit and Setting Register(l)
Name PSO0 Register | PSLO Register |PD6 Register | IPS Register
P64 |ISCLK2 input [PS0_4=0 |- PD6_4=0 [IPS6=0 -
ISCLK2 output |PS0_4=1 PSLO_4=1 - - G2POCR1
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 21.35 Pin Settings (4)

Port Function Bit and Setting Register(l)
Name PS7 Register| PD13 Register | IPS Register
P134 |ISTxD2 output |[PS7_4=1 |- - G2POCRO
P135 |[ISRxD2input [PS7_5=0 PD13 5=0 IPS5t0 4 =102| -
P136 |ISCLK2 input [PS7_6=0 PD13 6=0 IPS6 =1 -
ISCLK2 output |[PS7_6=1 |- - G2POCR1
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).
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The base timer is reset by
the channel 0 waveform
generation function

k+2

Base timer 2
1/

Set data in the
transmit register
(8-bit data)

Set data in the
transmit register
(4-bit data)

Transmit/Receive clock
by the channel 2
waveform generation

First write to

transmit buffer ( b'to [ bits | b|t2

Second write to
transmit buffer

bito | bnlOX b|t11)

( bit 0 x bltlx bit 2

Received data

i

bits | bite | btz | bits x b|t9x bn1ox bit 11 )

l

Transfer to the receive register Transfer to the receive register

t: Value set in the channel 2 waveform generation register
Value set in the channel 3 waveform generation register

Figure 21.46 Transmit and Receive Operation
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21.5.2 IEBus Mode (Group 2)
Table 21.36 lists specifications of IEBus mode. Table 21.37 lists registers to be used and settings.
Tables 21.38 to 21.40 lists pin settings.

Table 21.36 IEBus Mode Specifications

Item Specification
Transfer Data Format « Transfer data length: 1 to 8 bits
o . . . fBT2
Transfer Clock * When the CKDIR bit in the G2MR register is set to "0" (internal clock) : FI)

n : setting value of the G2POO register, 000016 to FFFF16.
The G2POO0 register determines bit rate and the transfer clock is generated
in phase-delayed waveform output mode of the channel 2 waveform generation
function.
The G2PO2 register = (n+2)/2(1)
« When the CKDIR bit is set to "1" (external clock) : input from the ISCLK2 pin(®
Transmit Start Condition To start transmitting, the following conditions are required :
« Set the TE bit in the G2CR register to "1" (transmit enable)
» Write data to G2TB register
Receive Start Condition To start receiving, the following requirements must be met:
* Set the RE bit in the G2CR register to "1" (receive enable)
« Set the TE bit in the G2CR register to "1" (transmit enable)
» Write data to the G2TB register
Interrupt Request » While transmitting, the following conditions can be selected to set the SIO2TR bit in
the 11O6IR register to "1" (see Figure 10.14):
- The IRS bit in the G2MR register is set to "0" (no data in the G2TB register):
when data is transferred to the transmit register from the G2TB register (transmis-

sion started)

- The IRS bit is set to "1" (transmission completed):
when data transfer from the transmit register to the G2TO register is completed

» While receiving, the following condition can be selected to set the SIO2RR bit in the
IIO5IR register to "1" (see Figure 10.14):
when data is transferred from receive register to the G2RB register (data reception
is completed)

Error Detection Overrun error(®

This error occurs when receiving the j bit (j=1 to 8) of the next data (transfer data
length: j bits) before reading the G2RB register

Selectable Function » LSB first/MSB first select

Select either bit O or bit 7 to transmit/receive data
* ISTxD2 and ISRxD2 I/O polarity inverse

ISTXD2 pin output and ISRxD2 pin input levels are inversed
« Data transfer bit length

Select from 1 to 8 bits

NOTES:
1. The transfer clock must be f8T2 divided by six or more when both transfer clock and transfer data are
transmitted. Under conditions other than this, the transfer clock must be f872 divided by 20 or more.
2. Transfer clock must be input f872 divided by 20 or more.
3. When an overrun error occurs, the G2RB register is indeterminate.
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Table 21.37 Registers to be Used and Settings

Register Bit Function
G2BCRO BCK1to BCKO | Setto "112"
DIV4 to DIVO Select divide ratio of count source
IT Set to "0"
G2BCR1 7t00 Set to "000100102"
G2POCRO MOD2 to MODO| Setto "1112"
to G2POCR7 | PRT Set to "0"
IVL Set to "0"
RLD Set to "0"
RTP Set to "0"
INV Set to "0"
G2PO0 to 15to 0 Set compared data for waveform generation
G2PO7
G2FE 7t00 Set bit of corresponding channel to "1"
G2MR GMD1 to GMDO| Select serial /O mode
CKDIR Select internal clock or external clock
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is generated
G2CR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE When transmission is enabled, set to "1"
RE When reception is enabled, set to "1"
IPOL ISRxD2 input polarity inverse (usually set to "0")
OPOL ISTxD2 output polarity inverse (usually set to "0")
IECR IEB Set to "1"
IETS When transmission starts, set to "1"
IEBBS Select IEBus busy flag
DF Select whether the digital filter is available or not
IEM Select mode
IEAR 11t00 Set address data
IETIF IETNF Normal complete flag when transmitting
IEACK ACK error flag when transmitting
IETMB Maximum transfer byte error flag when transmitting
IETT Timing error flag when transmitting
IEABL Arbitration lost flag when transmitting
IERIF IERNF Normal complete flag when receiving
IEPAR Parity error flag when receiving
IERMB Maximum transfer byte error flag when receiving
IERT Timing error flag when receiving
IERETC Other cause receive completed flag when receiving
G2RB 7t00 Received data and error flag are stored
OER Overrun error flag
G2TB 7t00 Write transfer bit length and data to be transmitted
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21. Intelligent I/O (Group 2 Communication Function)

Table 21.38 Pin Settings (1)

Port Function Bit and Setting Register(?)
Name PS1 Register | PSL1 Register | PSC Register| PD7 Register | IPS Register
P70) | IEouT output | PS1_0=1 PSL1. 0=0 |PSC 0=1 |- - G2POCRO
P71 IEIN input PS1_1=0 - - PD7_1=0 IPS51t0 4 =002 -
NOTES:
1. P70 is a port for the N-channel open drain output.
2. Set the MOD2 to MODO bits in the G2POCRO register to "1112".
Table 21.39 Pin Settings (2)
Port Function Bit and Setting Register(l)
Name PS3 Register® | PSL3 Register | PD9 Registerl®) [ IPS Register
P91 | IEIN input PS3_1=0 - - IPS5t0 4 =012 -
P92 | IEoUT output [PS3_2=1 PSL3 2=1 PD9 2=0 - G2POCRO
NOTES:

1. Set the MOD2 to MODO bits in the G2POCRO register to "1112".
2. Set the PD9 and PS3 registers immediately after the PRC2 bit in the PRCR register is set to "1" (write
enable). Do not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1"
and the instruction to set the PD9 and PS3 registers.

Table 21.40 Pin Settings (3)

Port Function Bit and Setting Register(l)
Name PS7 Register | PSL7 Register | IPS Register
P134 | IEOUT output | PS7_4=1 - - G2POCRO
P135 | IEIN input PS7.5=0 PD13 5=0 IPS5t04=102| -

NOTES:

1. Set the MOD2 to MODO bits in the G2POCRO register to "1112".
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21.6 Group 3 Communication Function
The communication function is available when two 16-bit shift registers are used with the waveform gen-
eration function.
In the intelligent I/O group 3, 8-bit or 16-bit synchronous communication function is available. Figures
21.47 to 21.49 show registers associated with the communication function.

Group 3 SI/O Transmit Buffer Register

b15 b8 b7 b0 Symbol Address After Reset
| : G3TB 017D16 - 017C16 Indeterminate
Bit Name Function RW

Data to be transmitted (8 low-order bits) | WO

CI— Transmit Buffer
Data to be transmitted (8 high-order bits)| WO

Group 3 SI/O Receive Buffer Register

b15 b8 b7 b0 Symbol Address After Reset
| i | G3RB 017F16 - 017E16 Indeterminate
Bit Name Function RW
Received data (8 low-order bits) RO

faeesnnnnnnesd Receive Buffer
Received data (8 high-order bits) RO

Figure 21.47 G3TB Register and G3RB Register
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Group 3 SI/O Communication Mode Register

Nothing is assigned. When write, set to "0".
(b3) |When read, its content is indeterminate.

N e eemeeemmmaaaad RE Receive Enable Bit 0: Receive disabled RW

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | |><|><| | | | | G3MR 017A16 00XX 00002
S N Funct W
bt b bt | symbol it Name unction
RN A b1 50
Vororor o r v ]l GMDO 0 0: Communication unit is reset RW
R c ation Mod (The ROER bit is set to "0")
Voo ommunication Mode | o 4. cjock synchronous serial I/0 mode
T Select Bit :
A GMD1 1 0: Do not set to this value RW
oo 1 1: Do not set to this value
Internal/External Clock | O : Internal clock
CKDIR Select Bit 1 : External clock RW
A Transfer Data Length |0 : 16 bits long
. TLD _ ) RW
oo Select Bit 1: 8 bits long
. ________________ Nothing is assigned. When write, set to "0". .
P (b5 - b4) | When read, its content is indeterminate.
Transfer Format 0 : LSB first
UFORM Select Bit 1: MSB first RW
IRS Transmit Interrupt 0 : No data is in the transmit buffer RW
Cause Select Bit 1 : Transmission is completed
Group 3 SI/O Communication Control Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | |><] | | | G3CR 017B16 0000 X0002
I Bit _ _
iy 0 0 0 1| Symbol Bit Name Function RW
. . : Transmit disabl
T TE Transmit Enable Bit 0:Trans .t disable RW
HE - 1: Transmit enable
0 : Data is in transmit register
P Txgpy |Transmit Register (during transmission) RO
[ Empty Flag 1: No data is in the transmit register
(transmission is completed)
Tl Transmit Buffer 0 : Data is in the G3TB register RO
R Empty Flag 1: No data is in the G3TB register

' 1: Receive enabled
RI Receive Complete |0 : No data is in the G3RB register RO
po TRt Flag 1: Data is in the G3RB register
P OPOL IST?<D Ogtput Polarity| 0 : No inverse RW
Switch Bit 1:Inverse
___________________________ poL |'SRxD Input Polarity | 0 : No inverse RW

Switch Bit 1: Inverse

Figure 21.48 G3MR Register and G3CR Register
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Group 3 SI/O Communication Flag Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
MMJ G3FLG 01AD16 XXXX XXX02

R S R Bit Bit N Functi RW

Plob bbb | symbol it Name unction

A A A Receive Overrun 0 : No error found

v+ 4+ 1 a4 1 1 =-1 ROER RO

S Error Flag® 1 : Error found

Nothing is assigned. When write, set to "0".
(b7 - b1) When read, its content is indeterminate.

NOTES:
1. The ROER bit is set to "0" when the RE bit in the G3CR register is set to "0".

Figure 21.49 G3FLG Register
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21.6.1 8-bit or 16-bit Clock Synchronous Serial I/O Mode (Group 3)

In 8-bit or 16-bit clock synchronous serial I/O mode, data is transmitted and received using the transfer
clock. When the internal clock is selected as the transfer clock, the channel 0 and channel 2 waveform
generation functions generate the transfer clock. 1ISTxD3, ISCLK3 and ISRxD3 share pins with OUTC30
to OUTC32 and are available in the 144-pin package only.

Table 21.41 lists specifications of clock synchronous serial I/O mode. Table 21.42 lists registers to be
used and their settings. Tables 21.43 and 21.44 list pin settings. Figure 21.50 and 21.51 shows an
example of transmit and receive operation.

Table 21.41 Clock Synchronous Serial I/O Mode (Group 3)

Iltem Specification
Transfer Data Format * Transfer data : 8 bits or 16 bits long
Transfer Clock® * When the CKDIR bit in the G3MR register is set to "0" (internal clock) : _fB18

: . 2(n+2)
n : setting value of the G3POO0 register, 000116 to FFFD16

— The G3POO register determines the bit rate and the transfer clock is generated in phase-
delayed waveform output mode of the channel 2 waveform generation function.

* When the CKDIR bit is set to "1" (external clock) : input from the ISCLK3 pin

Transmit Start Condition® | Set registers associated with the waveform generation function and the G3MR register.
Then, set as written below after waiting at least one transfer clock cycle.

« Set the TE bit in the G3CR register to "1" (transmit enable)

« Set the TI bit in the G3CR register to "0" (data in the G3TB register)

Receive Start Condition Set registers associated with the waveform generation function and the G3MR register.
Then, set as written below after waiting at least one transfer clock cycle.

« Set the RE bit in the G3CR register to "1" (receive enable)

« Set theTE bit to "1" (transmit enable)

« Set the TI bit to "0" (data in the G3TB register)

Interrupt Request « While transmitting, one of the following conditions can be selected to set the
SIO3TR bit in the 11010IR register to "1" (see Figure 10.14) :

- When the IRS bit in the G3MR register is set to "0" (no data in the transmit buffer),

one transfer clock cycle after data transmission starts

- When the IRS bit is set to "1" (reception completed),
15 transfer clock cycles after data transmission starts in 16-bit clock synchronous
serial /0 mode (set the DLS bit in the G3MR register to "0"), or
7 transfer clock cycles after data transmission starts in 8-bit clock clock synchronous
serial /0 mode (set the DLS bit to "1").

» While receiving, the following condition can be selected to set the SIO3RR bit in the
II09IR register to "1" (see Figure 10.14) :
15.5 transfer clock cycles after data transmission starts in 16-bit clock synchronous
serial I/O mode, or
7.5 transfer clock cycles after data transmission starts in 8-bit clock synchronous
serial I/0 mode

Error Detection « Overrun error(®)

This error occurs in 16-bit clock synchronous serial /O mode when the 15th bit of

the next data is received before reading the G3RB register.

This error occurs in 8-bit clock synchronous serial I/O mode when the 7th bit of the

next data is received before reading the G3RB register.

Selectable Function * LSB first/MSB first
Select either bit 0 or bit 7 to transmit/receive data

« ISTxD3 and ISRxD3 I/O polarity inverse

ISTXD3 pin output level and ISRxD3 pin input level are inversed

NOTES:
1. The transfer clock must be fB8T3 divided by six or more.

2. Transmit interrupt request is generated when the TE bit is set to "1". Set the interrupt-associated
registers after setting the TE bit.
3. When an overrun error occurs, the G3RB register is indeterminate.
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Table 21.42 Registers to be Used and Settings

Register Bit Function
G3BCRO BCK1 to BCKO |[Setto "112"
DIV4 to DIVO Select divide ratio of count source
IT Set to "0"
G3BCR1 7t00 Set to "0001 00102"
G3POCRO 7t00 Set to "0000 01112"
G3POCR1 7t00 Set to "0000 01112"
G3POCR2 7t00 Set to "0000 00102"
G3POO0 15t00 Set bit rate
fBT3
2 x (setting value + 2) - transfer clock frequency
G3PO2 15t0 0 Set to a value smaller than the G3POO register
G3FE 7t00 Set to "0000 01112"
G3MR GMD1 to GMDO |Set to "012"
CKDIR Select the internal clock or external clock
TLD Select transfer data length
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is generated
G3CR TE Set to "1" to enable transmission
TXEPT Transmit register empty flag
TI Transmit buffer empty flag
RE Set to "1" to enable reception
RI Receive complete flag
OPOL ISTxD3 output polarity inverse (usually set to "0")
IPOL ISRXD3 input polarity inverse
G3TB 15to 0 Write transmit data
G3RB 15t00 Received data is stored
Table 21.43 Pin Setting in Clock Synchronous Serial I/O Mode (Group 3)
Port Function Bit and Setting Register(l)
Name PS2 Register | PSL2 Register | PD8 Register | IPS Register
P81 ISTxD3 output | PS2_1=1 PSL2 1 =1 - - G3POCRO
P82 ISRXD3 input PS2 2=0 - PD8 2=0 IPS7=0 -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).

Table 21.44 Pin Setting (Continued)

Port Function Bit and Setting Register(l)
Name PS6 Register | PD12 Register | IPS Register
P120 ISTXD3 output PS6_0=1 - - G3POCRO
P121 ISCLKS3 input PS6 1=0 PD12_1=0 - -
ISCLKS3 output PS6 1=1 - - G3POCR1
P122 ISRxD3 input PS6 2=0 PD12_ 2=0 IPS7=1 -
NOTES:

1. Set the MOD2 to MODO bits in the corresponding register to "1112" (output of the communication
function used).
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Write to the G3TB register

The base timer is reset by the channel 0
waveform generation function

NA AN

!

n+2
Base Timer 3

ISCLKS3 pin output

(transmit clock in the
channel 2 waveform
generation function)

—

Bto X Btz Y Btz \{ Bte Y Btz X

Write "0" by program
if setting to "0"

ISTxD3 pin output
(data to be transmitted)

SIO3TR bit
When IRS=0
(no data in the
transmit buffer)

SIO3TR bit
When IRS=1
(transmission completed)

Write "0" by program
if setting to "0"

[

Bit6 [ Bit 7 X

SIO3RR bit /

Write "0" by program if setting to "0"

ISRXD3 pin input
(received data)

Bito X Bitz X Bit2

— ]
—

The above timing applies under the following settings. n : Setting value of the G3POO register
* The CKDIR bit in the G3MR register is set to "0" (internal clock) m : Setting value of the G3PO2 register
« The UFORM bit in the G3MR register is set to "0" (LSB first)
« The IPOL bit and OPOL bit in the G3CR register are set to "0" (no inverse)
* The TLD bit in the G3CR register is set to "1" (8 bits long)

SIO3TR bit : Bit in the 11010IR register
SIO3RR bit : Bit in the 1I09IR register
IRS bit : Bit in the G3MR register

Figure 21. 50 Transmit and Receive Operation (8-bit Length)

Rev. 1.31 Jan.31,2006 Page 322 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 21. Intelligent I/O (Group 3 Communication Function)

Write to the G3TB register

The base timer is reset by the channel 0
waveform generation function

avavavavdl

1

n+2

Base Timer 3

ISCLKS3 pin output
(transmit clock in the
channel 2 WG function)

ISTxD3 pin output

(data to be ranemitted) Bito X Bit 1 ) Bit2 || Bit 14 [ Bit15 X

Write "0" by. program
if setting to "0"

SIO3TR bit
when IRS=0
(no data in the
transmit buffer)

SIO3TR bit
when IRS=1
(transmission completed)

o

Write "0" by program
if setting to "0"

Bito X Bitl )\  Bit2 Bitl14 )  Bit15 X

SIO3RR bit

/ / Write "0" by program if setting to "0"

ISRxD3 pin input
(received data)

The above timing applies under the following settings. n : Setting value of the G3POO register
* The CKDIR bit in the G3MR register is set to "0" (internal clock) m : Setting value of the G3PO2 register
* The UFORM bit in the G3MR register is set to "0" (LSB first)
* The IPOL bit and OPOL bit in the G3CR register are set to "0" (no inverse)
* The TLD bit in the G3CR register is set to "1" (16 bits long)

SIO3TR bit : Bit in the 11010IR register
SIO3RR bit : Bit in the II09IR register
IRS bit : Bit in the G3MR register

Figure 21. 51 Transmit and Receive Operation (16-bit Length)
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22. CAN Module

The CAN (Controller Area Network) module incorporated in the M32C/83 group is a Full CAN module,
compatible with CAN Specification 2.0 Part B. Table 22.1 lists specifications of the CAN module.

Table 22.1 CAN Module Specifications

Item Specification
Protocol CAN Specification 2.0 Part B
Message Slots 16 slots
Polarity Dominant: "L"
Recessive: "H"
Acceptance Filter Global mask: 1 mask (for message slots 0 to 13)
Local mask: 2 masks (for message slots 14 and 15 respectively)
Baud Rate Baud rate = Tq clock c;llcle XTqperbit Max. 1 Mbps
Tq clock cycle = %

Tq per bit =SS + PTS +PBS1+PBS2
Tg: Time quantum
BRP: Setting value in the COBRP and C1BRP registers, 1-255
SS:  Synchronization Segment; 1 Tq
PTS: Propagation Time Segment; 1 to 8 Tq
PBS1: Phase Buffer Segment 1; 2to 8 Tq
PBS2: Phase Buffer Segment 2; 2 to 8 Tq

Remote Frame Automatic Message slot that receives the remote frame transmits the data frame
Answering Function automatically
Time Stamp Function Time stamp function with a 16-bit counter. Count source can be selected
from the CAN bus bit clock divided by 1, 2, 3 or 4.

BasicCAN Mode BasicCAN function can be used with the CANi message slots 14 and 15.
Transmit Abort Function Transmit request is aborted
Loopback Function Frame transmitted by the CAN module is received by the same CAN module
Forcible Error Active The CAN module is forced into an error active state
Clear Function

NOTES:

1. Use an oscillator with maximum 1.58% oscillation tolerance.

Figure 22.1 shows a block diagram of the CAN module. Figure 22.2 shows CANi message slot buffer (the
message slot buffer) (i=0,1) and CANi message slot (the message slot) j (j=0 to 15). Table 22.2 lists pin
settings of the CAN module.

The message slot cannot be accessed directly from the CPU. Allocate the message slot j to be used to the
message slot buffer 0 or 1. The message slot j is accessed via the message slot buffer address. The
CiSBS register selects the message slot j to be allocated. Figure 22.2 shows the 16-byte message slot
buffer and message slot.
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Data Bus

Iz U i

Iz 1 U

U

COSLPR COCTLRO, 1 COGMRO to 4 COEIMKR COEISTR COSLOTO_0 to15
register registers registers register register registers COAFS
I I I I COSLOTL 0 tol5 register
f COBRP COCONR COLMARO to 4 COSIMKR COSISTR registers
register register registers register register
I I
COIDR COLMBRO o 4 COsTR
register registers g
COTEC o COSBS
COMCTLO to 15 register register
registers II COREC
! register
— Interrupt
H. — —Interrupt request
> control circuit
—>
cANourO——  CAN protocol Accrfi’l’tf:‘rnce
controller IMessage
_bit ti slots 0 to 15
CANIN O— Ver 2.0B > 16-bit timer
COTSR
register

Figure 22.1 CAN Module Block Diagram

CANO message slot buffer O (addresses 01EO16 to 01EF16)
CANO message slot buffer 1 (addresses 01F016 to 01FF16)

CANO message slot buffer 0 standard IDO (COSLOTO_0)
CANO message slot buffer 0 standard ID1 (COSLOTO_1)
CANO message slot buffer 0 extended 1D0 (COSLOTO_2)
CANO message slot buffer 0 extended ID1 (COSLOTO_3)
CANO message slot buffer 0 extended ID2 (COSLOTO_4)
CANO message slot buffer 0 data length code (COSLOTO_5)
CANO message slot buffer 0 data 0 (COSLOTO_6)

CANO message slot buffer 0 data 1 (COSLOTO_7)

CANO message slot buffer 0 data 2 (COSLOTO_8)

CANO message slot buffer 0 data 3 (COSLOTO_9)

CANO message slot buffer 0 data 4 (COSLOTO_10)

CANO message slot buffer 0 data 5 (COSLOTO0_11)

CANO message slot buffer 0 data 6 (COSLOTO_12)

CANO message slot buffer 0 data 7 (COSLOTO0_13)

CANO message slot buffer 0 time stamp high-ordered (COSLOTO_14
CANO message slot buffer 0 time stamp low-ordered (COSLOTO_15)

| CANO message slot buffer 1 time stamp low-ordered (COSLOT1_15

CANO message slot 0 to 15

CANO message slot 0 standard IDO
CANO message slot 0 standard ID1
CANO message slot 0 extended IDO
CANO message slot 0 extended ID1
CANO message slot 0 extended ID2

CANO message slot 0 data 0
CANO message slot 0 data 1
CANO message slot 0 data 2
CANO message slot 0 data 3
CANO message slot 0 data 4
CANO message slot 0 data 5
CANO message slot 0 data 6
CANO message slot 0 data 7

CANO message slot 0 data length code

CANO message slot 0 time stamp high
CANO message slot 0 time stamp low

L[]
CANO message slot 15 time stamp low-ordered ®

Figure 22.2 Message Slot Buffer and Message Slot

Table 22.2 Pin Settings

Port | Function Bit and Setting
PS1, PS2 PSL1, PSL2 PSC Registers IPS Registers PD7, PD8
Registers Registers Registers
P76 | CANout | PS1_6=1 PSL1_6=0 PSC_6=1 - -
P77 | CANIN PS1_7=0 - - IPS3=0 PD7_7=0
P82 | CANout | PS2_2=1 PSL2_2=1 - - -
P83 | CANIN - - - IPS3=1 PD8_3=0
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22.1 CAN-Associated Registers
Figures 22.3 to 22.26 show registers associated with CAN. To access the associated registers, set the
MCD4 to MCDO bits in the MCD register to "100102" (no division of CPU clock), the PM13 bit in the PM1
register to "1" (2 wait states), and the CMO7 bit in the CMO register to "0" (XIN-XouUT selected).

22.1.1 CANO Control Register 0 (COCTLRO Register)

CANO Control Register 0

b15 b8 b7 b0 Symbol Address After Reset™®
COCTLRO 020116 - 020016 XXXX 0000 XX01 0X012
: Bit . _
' Symbol Bit Name Function RW
. 0: CAN module reset exited
: { RESETO [ CAN Reset Bit0 .
1: CAN module is reset® RW
LOOPBACK Loop Back Mode 0: Disables Loop back function RW
Select Bit 1: Enables Loop back function
Nothing is assigned. When write, set to "0". _
(b2) When read, its content is indeterminate.
BASICCAN Basic CAN Mode 0 : Disables BasicCAN mode function RW
Select Bit 1: Enables BasicCAN mode function
CAN Reset Bit 1 0: CAN module reset exited
RESET1 esetEl 1: CAN module is reset(® RW
ﬁ Reserved Bit Setto "0". RwW
Nothing is assigned. When write, set to "0". _
' (b7 - b6) [When read, its content is indeterminate.
H b9 b
H TSPREO | 0 0: Selects the CAN bus bit clock RW
: Time Stamp 0 1: Selects the CAN bus bit clock divided by 2
i H Prescaler Select Bit . . i
i : TSPRE1L 1 0: Selects the CAN bus bft clock dfv!ded by 3 RW
I H 1 1: Selects the CAN bus bit clock divided by 4
e TsreseT| Time Stamp When this bit is S-%tot(c))o 1"' tAh: COhTSR W
HEE Counter Reset Bit re.glst.er‘ is set to . 16". After that,
i this bit is automatically set to "0".(®
Error C When this bit is set to "1", the COTEC
ECRESET Rrror Bqunter and COREC registers are set to "0016". RW
eset Bit After that, this bit is automatically set to "0".(®)
Nothing is assigned. When write, set to "0". _
(b15 - b12)| When read, its content is indeterminate.

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
2. Set the RESETO bit and RESET1 bit to the same value simultaneously.
3. This bit can be set to "1" by program, but cannot be set to "0".

Figure 22.3 COCTLRO Register
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22.1.1.1 RESETO Bit and RESET1 Bit
When both RESETO and RESET1 bits are set to "1", the CAN module is immediately reset regard-
less of ongoing CAN communication.
After the RESETO and RESET1 bits are set to "1" and the CAN module reset is completed, the
COTSR register is set to "000016". The COTEC and COREC registers are set to "0016" and the
STATE_ERRPAS and STATE_BUSOFF bits in the COSTR register are set to "0" as well.
When both RESETO and RESET1 bits are changed "1" to "0", the COTSR register starts counting.
CAN communication is available after 11 continuous recessive bits are detected.

NOTES:

1. Set the same value in both RESETO and RESET1 bits simultaneously.

2. Set CAN configuration upon confirming that the STATE_RESET bit in the COSTR register is set
to "1" (CAN module reset completed) after setting the RESETO and RESET1 bits to "1".

3. The CANouUT pin outputs an "H" signal as soon as the RESETO0 and RESET1 bits are set to "1".
CAN bus error may occur when the RESETO and RESET1 bits are set to "1" while the CAN
frame is transmitting.

4. For CAN communication, set the PS1, PS2, PSL1, PSL2, PSC, and IPS registers when the
STATE_RESET bit is set to "1" (CAN module reset completed).

22.1.1.2 LOOPBACK Bit
When the LOOPBACK bit is set to "1" (loopback function enabled) and the receive message slot has
a matched ID and frame format with a transmitted frame, the transmitted frame is stored to the
receive message slot.
NOTES:
1. No ACK for the transmitted frame is returned.
2. Change the LOOPBACK bit only when the STATE_RESET bit is set to "1" (CAN module reset
completed).

22.1.1.3 BASICCAN Bit

When the BASICCAN bit is set to "1", the message slots 14 and 15 enter BasicCAN mode.

In BasicCAN mode, the message slots 14 and 15 are used as dual-structured buffers. The message

slot 14 and 15 alternately store a received frame having matched ID detected by acceptance filtering.

The ID in the message slot 14 and the COLMARO to COLMARA4 registers are used for acceptance

filtering when the message slot 14 is active (the next received frame is to be stored in the message

slot 14). The ID in the message slot 15 and the COLMBRO to COLMBRA4 registers are used when the

message slot 15 is active. Both data frame and remote frame can be received.

When entering BasicCAN mode, set the same ID in two message slots and set the same values in

the COLMARO to COLMARA4 registers and in the COLMBRO to COLMBRA4 registers.

Follow the procedure below to enter BasicCAN mode.

(1) Set the BASICCAN bit to "1".

(2) Set IDs in the message slots 14 and 15. Set the COLMARO to COLMARA4 registers and COLMBRO
to COLMBR4 registers. (Set to the same values.)

(3) Set the IDE14 and 15 bits in the COIDR register to select a frame format (standard or extended)
for the message slots 14 and 15. (Set to the same format.)

(4) Setthe REMACTIVE bit in the COMCTL14 and COMCTL15 registers in the message slots 14 and
15 to "0" (data frame received) and the RECREQ bit to "1" (request to receive).
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NOTES:
1. Change the BASICCAN bit only when the STATE_RESET bit is set to "1" (CAN module reset
completed).
2. The message slot 14 is the first slot to become active after the RESETO and RESET1 bits are
set to "0".
3. The message slots 0 to 13 are not affected by entering BasicCAN mode.

22.1.1.4 TSPRE1, TSPREO Bits
The TSPRE1 and TSPREO bits determine which count source is used for the time stamp counter.
NOTES:
1. Change the TSPRE1 to TSPREO bits only when the STATE_RESET bit is set to "1" (CAN
module reset completed).

22.1.1.5 TSRESET Bit
When the TSRESET bit is set to "1" (counter reset), the COTSR register is set to "000016". The
TSRESET bit is automatically set to "0" after the COTSR register is set to "000016".

22.1.1.6 ECRESET Bit
When the ECRESET bit is set to "1", the COTEC and COREC registers are set to "0016". The CAN
module forcibly goes into an error active state.
The ECRESET bit is automatically set to "0" after the CAN module enters an error active state.
NOTES:
1. In an error active state, the CAN module is ready to communicate when 11 continuous reces-
sive bits are detected on the CAN bus.
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22.1.2 CANO Control Register 1 (COCTLR1 Register)

CANO Control Register 1
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset™®
DOToTo] JoDK]  cocrimr  ozans XX00 00X0
TSR Bit . .
i | symbol Bit Name Function RW
. Nothing is assigned. When write, set to "0". -
(b1 - bo) | When read, its content is indeterminate.
--------- —— | Reserved Bit Setto "0" RW
(b2)
' 0 : Selects the message slot control
e eeeena- BANKSEL| CANO Bank Switch Bit register RW
1: Selects the masked register
-------------------- —— | Reserved Bit Set to "0" RW
(b5 - b4)
___________________________ Nothing is assigned. When write, set to "0". .
(b7 - b6) | When read, its content is indeterminate.
NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.4 COCTLR1 Register

22.1.2.1 BANKSEL Bit
The BANKSEL bit in the COCTLRL1 register selects the registers allocated to addresses 022016 to
023F1s.
The COMCTLO to COMCTL15 registers can be accessed by setting the BANKSEL bit to "0". The
COGMRO to COGMR4 registers, COLMARO to COLMARA4 registers and COLMBRO to COLMBRA4 reg-
isters can be accessed by setting the BANKSEL bit to "1".
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22.1.3 CANO Sleep Control Register (COSLPR Register)

CANO Sleep Control Register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset

MMJ COSLPR 024216 XXXX XXX02

Sy?rhtbOI Bit Name Function RW
H .| 0: Ent | d
=-1 SLEEP | Sleep Mode Control Bit niers sieep mode (Note 1) [ RW

1 : Exits sleep mode

Nothing is assigned. When write, set to
(b7 - b1) | When read, its content is indeterminate.

g,

NOTES:

be accessed.

1. Set up CAN module configuration after CAN sleep mode is exited. While the CAN module is in sleep
mode, no SFR (addresses 01E016 to 024516) for the CAN module, except the COSLPR register, can

Figure 22.5 COSLPR Register

22.1.3.1 SLEEP Bit

When the SLEEP bit is set to "0", the clock supplied to the CAN module stops running and enters

sleep mode.

When the SLEEP bit is set to "1", the clock supplied to the CAN module starts running and exits sleep

mode.
NOTES:

1. Enter sleep mode after the STATE_RESET bit in the COSTR register is set to "1" (CAN module

reset completed).
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22.1.4 CANO Status Register (COSTR Register)

CANO Status Register
b15 b8 b7 bo Symbol Address After reset®
§ § COSTR 020316 - 020216 X000 0X01 0000 00002
R EEE Bit . .
A I Symbol Bit Name Function RW
ééééé éEég b3 b2 b1 b0
S Pt MBOXO 0 0 0 0:Message slot 0 RO
0 0 0 1:Message slot 1
P 0 0 1 0:Message slot 2
"R B T | LI MBOXl
Active Slot 0 0 1 1:Message slot3 RO
Determination Bit
HE R R R R R Ll MBOX2 RO
11 0 1:Message slot 13
R . MBOX3 1 1 1 0:Message slot 14 RO
11 1 1:Message slot 15
TRMSUCC Transmit Complete 0: Transmission is not completed RO
State Flag 1: Transmission is completed
RECSUCC Receive Complete 0: Reception is not completed RO
State Flag 1: Reception is completed
. : Not transmittin
[ A TR TR PP LT TRMSTATE | Transmit State Flag 0 ot.ta smitt .g . RO
Praaaaaa 1: During transmission
R S GLEEE T RECSTATE |Receive State Flag 0 Ot, ecewving RO
P 1: During reception
RN 0: CAN module is operating
T TATE_RESET|CAN R Fl .
HE R s -RESET| C eset State Flag 1: CAN module reset is completed RO
R 0: Mode except Loop back mode
R L LR L LR L LR e STATE_LOOPBACK| Loop Back State Flag ) p P RO
HEE 1: Loop back mode
R Nothing is assigned. When write, set to "0". B
(b20) When read, its content is indeterminate.
R . 0: Mode except BasicCAN mode
AR TEEEPEEPEEEPEPEEPERE TATE_BASICCAN| B AN Fl .
HEE S _BASICC asicC State Flag 1: BasicCAN mode RO
S STATE_BUSERROR| CAN Bus Error State Flag| > Mo 870" occurs RO
r 1: Error occurs
P . 0: No error passive state
R EEELELEEEEEEEEE STATE_ERRPAS| Error Passive State Flag . RO
t 1: Error passive state
i 0: No bus-off state
T TR PP TP LR PERPERPERT LR TATE_BUSOFF| Bus-off Fl
: S _BUSO us-off State Flag 1: Bus-off state RO
R Nothing is assigned. When write, set to "0". -
(b15) When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

supplying a clock to the CAN module after reset.

Figure 22.6 COSTR Register

22.1.4.1 MBOX3 to MBOXO Bits
The MBOX3 to MBOXO bits store relevant slot numbers when the CAN module has completed trans-
mitting data or storing received data.

22.1.4.2 TRMSUCC Bit
The TRMSUCC bit is set to "1" when the CAN module has transmitted data as expected.
The TRMSUCC hit is set to "0" when the CAN module has received data as expected.
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22.1.4.3 RECSUCC Bit
The RECSUCC bit is set to "1" when the CAN module has received data as expected. (Whether
received message has been stored in the message slot or not is irrelevant.) If the received message
is transmitted in loopback mode, the TRMSUCC bit is set to "1" and the RECSUCC bit is set to "0".
The RECSUCC bit is set to "0" when the CAN module has transmitted data as expected.

22.1.4.4 TRMSTATE Bit
The TRMSTATE bit is set to "1" when the CAN module is performing as a transmit node.
The TRMSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts performing as
a receive node.

22.1.4.5 RECSTATE Bit
The RECSTATE bit is set to "1" when the CAN module is performing as a receive node.
The RECSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts performing as
a transmit node.

22.1.4.6 STATE_RESET Bit
After both RESETO and RESET1 bits are set to "1" (CAN module reset), the STATE_RESET bit is
setto "1" as soon as the CAN module is reset.
The STATE_RESET bit is set to "0" when the RESETO and RESET1 bits are set to "0".

22.1.4.7 STATE_LOOPBACK Bit
The STATE_ LOOPBACK bit is set to "1" when the CAN module is in loopback mode.
The STATE_LOOPBACK bit is set to "1" when the LOOPBACK bit in the COCTLRO register is set to "1"
(loop back function enabled).
The STATE_LOOPBACK bit is set to "0" when the LOOPBACK bit is set to "0" (loop back function
disabled).

22.1.4.8 STATE_BASICCAN Bit
The STATE_BASICCAN bit is set to "1" when the CAN module is in BasicCAN mode.
Refer to 22.1.1.3 BASICCAN Bit for BasicCAN mode.
The STATE_BASICCAN bit is set to "0" when the BASICCAN bit is set to "0" (BasicCAN mode
function disabled).
The STATE_BASICCAN bit is set to "1" when the BASICCAN bit is set to "1" (BasicCAN mode
function enabled), the REMACTIVE bits in the COMCTL14 and COMCTL15 registers in the message
slot 14 and 15 are set to "0" (data frame received) and the RECREQ bit is set to "1" (request to
receive the frame).

22.1.4.9 STATE_BUSERROR Bit
The STATE_BUSERROR bit is set to "1" when an CAN communication error is detected.
The STATE_BUSERROR bit is set to "0" when the CAN module has transmitted or received data as
expected. Whether a received message has been stored into the message slot or not is irrelevant.
NOTES:
1. When the STATE_BUSERROR bit is set to "1", the STATE_BUSERROR bit remains un-
changed even if both RESET 0 and RESET1 bits are set to "1" (CAN module reset).

22.1.4.10 STATE_ERRPAS Bit
The STATE_ERRPAS bit is set to "1" when the value of the COTEC or COREC register exceeds 127
and places the CAN module in an error-passive state.
The STATE_ERRPAS bit is set to "0" when the CAN module in an error passive state is placed in
another error state.
The STATE_ERRPAS bit is set to "0" when both RESETO and RESET1 bits are set to "1" (CAN
module is reset).

22.1.4.11 STATE_BUSOFF Bit
The STATE_BUSOFF bit is set to "1" when the value of the COTEC register exceeds 255 and the
CAN module in a bus-off state.
The STATE_BUSOFF bit is set to "0" when the CAN module in a bus-off state is placed in an error-
active state.
The STATE_BUSOFF bit is set to "0" when both RESETO0 and RESET1 bits are set to "1" (CAN

module reset).
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22.1.5 CANO Extended ID Register (COIDR Register)

CANO Extended ID Register

b15 b8 b7 bo Symbol Address After Reset®
COIDR 020516 - 020416 000016

Sy?\iﬁtbol Bit Name Function RW
. IDE15 |Extended ID15 (message slot 15) Standard or extended RW
IDE14 |Extended ID14 (message slot 14) format is set by the RwW
IDE13 | Extended ID13 (message slot 13) Zlc:)rtresponding message | pw
IDE12 |Extended ID12 (message slot 12) 0: Standard format RW
IDE11 [Extended ID11 (message slot 11) 1: Extended format RW
IDE10 |Extended ID10 (message slot 10) RW
IDE9 [Extended ID9 (message slot 9) RW
IDE8 |[Extended ID8 (message slot 8) RW
IDE7 |[Extended ID7 (message slot 7) RW
IDE6 | Extended ID6 (message slot 6) RW
IDE5 [Extended ID5 (message slot 5) RW
IDE4 |Extended ID4 (message slot 4) RW
R IDE3 [ Extended ID3 (message slot 3) RW
R IDE2 [Extended ID2 (message slot 2) RW
S IDE1 [Extended ID1 (message slot 1) RW
A IDE0 | Extended IDO (message slot 0) RW

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.7 COIDR Register

Bits in the COIDR register determine the frame format in the message slot corresponding to each bit.
The standard format is selected when the bit is set to "0".
The extended format is selected when the bit is to set "1".
NOTES:
1. Set each bit in the COIDR register when neither transmit request nor receive request from the
message slot is generated.
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22.1.6 CANO Configuration Register (COCONR Register)

NOTES:

CANO Configuration Register

supplying a clock to the CAN module after reset.

SJW: reSynchronization Jump Width

Symbol Address After Reset®
COCONR 020716 - 020616 0000 0000 0000 XXXX2
Bit . )
Symbol Bit Name Function RwW
Nothing is assigned. When write, set to "0". B
(b3 -b0) | When read, its content is indeterminate.
. 0: Sampled once
SAM Sampling Number 1: Sampled three times RW
b7 b6 b5
PTSO 00 0:PTS=1Tq RW
0 0 1:PTS=2Tq
; : 01 0:PTS=3Tq
— Propagation Time 01 1:PTS = 4Tq RW
Segment 1 0 0: PTS=5Tq
10 1:PTS=6Tq
11 1:PTS=8Tq
b10b9 b8
PBS10 0 0 0: Do not set to this value RW
0 0 1:PBS1=2Tq
0 1 0:PBS1=23Tq
ppsiy | nase Buffer 0 1 1:PBSL = 4Tq RW
Segmentl |1 0 0:PBS1="5Tq
10 1:PBS1=6Tq
PBS12 110:PBS1=7Tq RW
11 1:PBS1=8Tq
b13b12b11
PBS20 0 0 0: Do not set to this value RW
0 0 1:PBS2=2Tq
0 1 0:PBS2=23Tq
ppsz1 | nase Buffer 0 1 1:PBS2 = 4Tq RW
Segment2 |1 0 0: PBS2 =5Tq
10 1:PBS2=6Tq
PBS22 11 0:PBS2=7Tq RW
11 1:PBS2=8Tq
b15 b14
SJWO0 . _ RW
reSynchronization 0 0:SJW=1Tq
) 0 1:SJW=2Tq
Jump Width 1 0:SJW =3Tq
Siwi 1 1:SIW=4Tq RW
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
PTS: Propagation Time Segment, PBS1: Phase Buffer Segment 1, PBS2: Phase Buffer Segment 2,

Figure 22.8 COCONR Register
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22.1.6.1 SAM Bit
The SAM bit determines the number of sample points to be taken per bit.
When the SAM bit is set to "0", only one sample is taken per bit at the end of the Phase Buffer
Segment 1 (PBS1) to determine the value of the bit.
When the SAM bit is set to "1", three samples per bit are taken; one time quantum and two time
guanta before the end of PBS1, and at the end of PBS1. The sample result value which is detected
more than twice becomes the value of the bit sampled.

22.1.6.2 PTS2 to PTSO Bits
The PTS2 to PTSO bits determine PTS width.

22.1.6.3 PBS12 to PBS10 Bits
The PBS12 to PBS10 bits determine PBS1 width. Set the PBS12 to 10 bits to "0012" or more.

22.1.6.4 PBS22 to PBS20 Bits
The PBS22 to PBS20 bits determine PBS2 width. Set the PBS22 to PBS20 bits to "0012" or more.

22.1.6.5 SJW1 to SJWO Bits
The SJW1 to SIWO bits determine SJW width. Set the SJW1 to SIWO bits to a value equal to or less
than that of the PBS12 to PBS10 bits and PBS22 to PBS20 bits.

Table 22.3 Bit Timing when CPU Clock = 30 MHz

Baud Rate BRP Tq Clock Cycles (ns) Tq Per Bit PTS+PBS1 PBS2 Sample Point
1Mbps 1 66.7 15 12 2 87%
1 66.7 15 11 3 80%
1 66.7 15 10 4 73%
2 100 10 7 2 80%
2 100 10 6 3 70%
2 100 10 5 4 60%
500Kbps 2 100 20 16 3 85%
2 100 20 15 4 80%
2 100 20 14 5 75%
3 133.3 15 12 2 87%
3 133.3 15 11 3 80%
3 133.3 15 10 4 73%
4 166.7 12 9 2 83%
4 166.7 12 8 3 75%
4 166.7 12 7 4 67%
5 200 10 7 2 80%
5 200 10 6 3 70%
5 200 10 5 4 60%
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22.1.7 CANO Time Stamp Register (COTSR Register)

CANO Time Stamp Register

b5 b8 b7 bo Symbol Address After reset(?)
| i | COTSR 020916 - 020816 000016
Function RW
REELELEEREREREE Value of Time Stamp RO
NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.9 COTSR Register

The COTSR register is a 16-bit counter. The TSPREO and TSPREL1 bits in the COCTLRO register
select the CAN bus bit clock divided by 1, 2, 3 or 4 as the count source for the COTSR register.
When data transmission or reception is completed, the value of the COTSR register is automatically
stored into the message slot.
The COTSR register starts a counter increment when the RESETO and RESET1 bits in the COCTLRO
register are set to "0".
The COTSR register is set to "000016":

« at the next count timing after the COTSR register is set to "FFFF16";

» when the RESETO and RESET1 bits are set to "1" (CAN module reset) by program, or

» when the TSRESET bit is set to "1" (COTSR register reset) by program.
In loopback mode, when either data frame receive message slot or remote frame receive message
slot is available to store the message, the value of the COTSR register is also stored into the mes-
sage slot when data reception is completed. The value of the COTSR register is not stored when data
transmission is completed.

22.1.8 CANO Transmit Error Count Register (COTEC Register)

CANO Transmit Error Count Register

b7 bo Symbol Address After Reset®
| | COTEC 020A16 0016
Function RW
REEEEEEEEREREEE Counter Value of Transmit Errors RO
NTOES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.10 COTEC Register

In an error active or an error passive state, the count value of a transmission error is stored into the
COTEC register. The counter is decremented when the CAN module has transmitted data as ex-
pected or is incremented when an transmit error occurs.

In a bus-off state, an indeterminate value is stored into the COTEC register. The COTEC register is
set to "0016" when the CAN module is placed in an error active state again.
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22.1.9 CANO Receive Error Count Register (COREC Register)

CANO Receive Error Count Register

b7 bo Symbol Address After Reset®
| | COREC 020B16 0016
Function RW
REEEELEEEREREEE Counter Value of Receive Error RO
NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.11 COREC Register

In an error active or an error passive state, a count value of the reception error is stored into the
COREC register. The counter is decremented when the CAN module has received data as expected
or is incremented when a receive error occurs.

The COREC register is set to 127 when the COREC register is 128 (error passive state) or more and
the CAN module has received as expected.

In a bus-off state, an indeterminate value is stored into the COREC register. The COREC register is
set to "0016" when the CAN module is placed in an error active state again.

22.1.10 CANO Baud Rate Prescaler (COBRP Register)

CANO Baud Rate Prescaler

b7 bo Symbol Address After reset®
| | COBRP 021716 0116
Function Setting Range | RW

] If setting value is n, the CPU clock is divided 0116 to FE16@ | RW

by (n+1).

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

2. Do not set to "0016" (divide-by-1).

Figure 22.12 COBRP Register

The COBRP register determines the Tq clock cycle of the CAN bit timing. The baud rate is obtained
from Tq clock cycle x Tq per bit.
Tq clock cycle = (BRP+1) / f1

1
Baud rate = ~TqClock cycle x Tq per bit
Tq per bit= SS + PTS + PBS1 + PBS2
Tq: Time quantum BRP: Setting value of the COBRP register; 1-255
SS: Synchronization Segment; 1 Tq PTS: Propagation Time Segment; 1 to 8 Tq

PBS1: Phase Buffer Segment 1; 2 to 8 Tq PBS2: Phase Buffer Segment 2; 2 to 8 Tq
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22.1.11 CANO Slot Interrupt Status Register (COSISTR Register)

CANO Slot Interrupt Status Register

NOTES:

supplying a clock to the CAN module after reset.

Symbol Address After Reset(®)
COSISTR 020D16 - 020C16 000016
Bit . .

Symbol Bit Name Function RW

sis1s | Message Slot15 Interrupt | petermines whether an interrupt of a | gy
Request Status Bit corresponding message slot is
Message Slot 14 Interrupt | requested or not.

SIs14 . . RwW
Request Status Bit 0: No interrupt requested (Note 2)
Message Slot 13 Interrupt 1: Interrupt requested

SIS13 . RW
Request Status Bit
Message Slot 12 Interrupt

SIs12 . RwW
Request Status Bit
Message Slot 11 Interrupt

SIs11 . RW
Request Status Bit
Message Slot 10 Interrupt

SIS10 . RwW
Request Status Bit
Message Slot 9 Interrupt

SIS9 . RwW
Request Status Bit
Message Slot 8 Interrupt

SIS8 . RwW
Request Status Bit
Message Slot 7 Interrupt

sis7 9 nerrup RW
Request Status Bit
Message Slot 6 Interrupt

sis6 9 nerrup RW
Request Status Bit
Message Slot 5 Interrupt

sis5 9 nerrup RW
Request Status Bit
Message Slot 4 Interrupt

sis4 g nerrup RW
Request Status Bit
Message Slot 3 Interrupt

sis3 9 nerrup RW
Request Status Bit
Message Slot 2 Interrupt

sis2 9 nerrup RW
Request Status Bit
Message Slot 1 Interrupt

SIS1 . RwW
Request Status Bit
Message Slot 0 Interrupt

SISO . RW
Request Status Bit

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
2. Set to "0" by program. If itis set to "1", the value before setting to "1" remains.

Figure 22.13 COSISTR Register
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When using the CAN interrupt, the COSISTR register indicates which message slot is requesting an
interrupt. The SISi bits (i=0 to 15) are not automatically set to "0" (no interrupt requested) when an
interrupt is acknowledged. Set the SIS;j bits to "0" by program(d).

Refer to 22.3 CAN Interrupt for details.

22.1.11.1 Message Slot for Transmission

The SISi bit is set to "1" (interrupt requested) when the COTSR register is stored into the message slot
i after data transmission is completed.

22.1.11.2 Message Slot for Reception

The SISi bit is set to "1" when the received message is stored in the message slot i after data reception
is completed.

NOTES:
1. Use the MOV instruction, instead of the bit clear instruction, to set the SISi bit to "0". Bits in the
COSISTR register, which are not being changed to "0", must be to "1".
For example: To set the SISO bit to "0"
Assembly language: mov.w #07FFFh, COSISTR
C language: cOsistr = OX7FFF;
2. If the automatic answering function is enabled in the remote frame receive message slot, the
SISi bit is set to "1" after the remote frame is received and after the data frame is transmitted.
3. In the remote frame transmit message slot, the SISi bit is set to "1" after the remote frame is
transmitted and after the data frame is received.
4. The SISi bit is set to "1" if the SISi bit is set to "1" by an interrupt request and "0" by program
simultaneously.
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22.1.12 CANO Slot Interrupt Mask Register (COSIMKR Register)

CANO Slot Interrupt Mask Register

Symbol Address After Reset®
COSIMKR 021116 - 021016 000016
il Bit . ) RW
:| Symbol Bit Name Function
Slot 15 Interrupt i i
4 simis p _ Determines whether the |r?terrupt RW
Request Mask Bit request of the corresponding
Slot 14 Interrupt message slot is enabled or masked.
SIM14 . . . RwW
Request Mask Bit 0: Masks (disables) an interrupt request
i Slot 13 Interrupt 1: Enables an interrupt request W
Request Mask Bit
Slot 12 Interrupt
SIM12 .
Request Mask Bit RW
lot 11 Interrupt
SiM11 Slo errup RW

Request Mask Bit

SIM10 Slot 10 Interrupt RW
Request Mask Bit

SIM9 Slot 9 Interrupt RW
Request Mask Bit

SIVs Slot 8 Interrupt RW
Request Mask Bit

Slot 7 Interrupt

SiM7 Request Mask Bit RW
M6 | eques Mask i W
SMS | eques Mask i W
S| cqueat sk i Rw
SMS | D queat Mask i Rw
SN2 |2 cqueat sk i Rw
SN |2 queat Mask i RW
SIMO Slot 0 Interrupt RW

Request Mask Bit

NOTES:
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.14 COSIMKR Register

The CiSIMKR register determines whether an interrupt request that is generated by a data transmission
or reception in the corresponding message slot is enabled or disabled. When the SIMi bit (i=0 to 15) is
set to "1", an interrupt request generated by a data transmission or reception in the corresponding
message slot is enabled. Refer to 22.3 CAN Interrupt for details.
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22. CAN Module

22.1.13 CANO Error Interrupt Mask Register (COEIMKR Register)

CANO Error Interrupt Mask Register

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset(
|><|><|><|><|><I | | | COEIMKR 021416 XXXX X0002
A Bit ) .
Symbol Bit Name Function RW
s BOIM Bus-off .Interrupt 0: Masks (d|sap|es) an interrupt request | oy,
Mask Bit 1: Enables an interrupt request
_____ EPIM Error-passive Interrupt | 0: Masks (disables) an interrupt request RW
Mask Bit 1: Enables an interrupt request
________ BEM | CAN bus-error Interrupt| 0: Masks (disables) an interrupt request RW
Mask Bit 1: Enables an interrupt request
U S Nothing is assigned. When write, set to "0". .
(b7 - b3) [ When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying the clock to the CAN module after reset.

Figure 22.15 COEIMKR Register

22.1.13.1 BOIM Bit

The BOIM bit determines whether an interrupt request is enabled or disabled when the CAN module is
placed in a bus-off state. When the BOIM bit is set to "1", the bus-off interrupt request is enabled.

22.1.13.2 EPIM Bit

The EPIM bit determines whether an interrupt request is enabled or disabled when the CAN module is
placed in an error passive state. When the EPIM bit is set to "1", the error passive interrupt request is

enabled.

22.1.13.3 BEIM Bit

The BEIM bit determines whether an interrupt request is enabled or disabled when a CAN bus error

occurs. When the BEIM bit is set to "1", the CAN bus error interrupt request is enabled.

Refer to 22.3 CAN Interrupt for details.
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22. CAN Module

22.1.14 CANO Error Interrupt Status Register (COEISTR Register)

CANO Error Interrupt Status Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset®
W—.—H—J COEISTR 021516 XXXX X0002
Bit . )
Symbol Bit Name Function RW
: Bus-Off Interrupt 0: No interrupt is requested
i BoIs P pis red RW
Status Bit(?) 1: Interrupt is requested
Error-Passive Interrupt | 0: No interrupt is requested
------ EPIS ) P IpLIS feq RW
Status Bit 1: Interrupt is requested
CAN Bus-Error Interrupt | 0: No interrupt is requested
--------- BEIS (o . RW
Status Bit(?) 1: Interrupt is requested
___________________________ Nothing is assigned. When write, set to "0". B
(b7 - b3) | When read, its content is indeterminate.

NOTES:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying the clock to the CAN module after reset.
2. Set to "0" by program. Ifitis set to "1", the value before setting to "1" remains.

Figure 22.16 COEISTR Register

When using the CAN interrupt, the COEISTR register indicates the cause of the generated error inter-
rupt. The BOIS, EPIS and BEIS bits are not automatically set to "0" (no interrupt requested) even if an
interrupt is acknowledged. Set these bits to "0" by program(®),
Refer to 22.3 CAN Interrupt for details.

22.1.14.1 BOIS Bit

The BOIS bit is set to "1" when the CAN module is placed in a bus-off state.

22.1.14.2 EPIS Bit

The EPIS bit is set to "1" when the CAN module is placed in an error passive state.

22.1.14.3 BEIS Bit

The BEIS bit is set to "1" when a CAN bus error is detected.

NOTES:

1. Use the MOV instruction, instead of the bit clear instruction, to set each bit in the CoEISTR register
to "0". Bits not being changed to "0" must be set to "1".
For example: To set the BOIS bit to "0"
mov.b#006h, COEISTR

Assembly language:
C language:

cOeistr = 0x06;
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22.1.15 CANO Global Mask Register, CANO Local Mask Register A and CANO Local Mask
Register B (COGMRj (j=0 to4), COLMAR] and COLMBR] Registers)

The COGMR], COLMAR]j and COLMBR;j registers are used for acceptance filtering.
The COGMRj register determines whether the IDs in the message slots 0 to 13 are verified. The
COLMAR; register determines whether the ID in the message slot 14 is verified. The COLMBR] register
determines whether the ID in the message slot 15 is verified.
* When bits in these registers are set to "0", each ID bit, standard ID O to 1 bit and extended IDO to
2 bit in the CANO message slots i (i=0 to 15) corresponding to the bits in the above registers, is
masked while acceptance filtering. (The corresponding bits are assumed to have matching IDs.)
* When bits in these registers are set to "1", corresponding ID bits are compared with received IDs
while acceptance filtering. If the received ID matches the ID in the message slot i, the received
data having the matching ID is stored into that message slot.
NOTES:
1. Change the COGMR; register only when the message slots 0 to 13 have no receive request.
2. Change the COLMAR] register only when the message slot 14 has no receive request.
3. Change the COLMBR;j register only when the message slot 15 has no receive request.

CANO Global Mask Register Standard IDO)
CANO Local Mask Register A Standard IDO®
CANO Local Mask Register B Standard IDO®

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset®
5 5 5 COGMRO 022816 XXX0 00002
S - A COLMARO 0230160 XXX0 00002
COLMBRO 023816 XXX0 00002
Bit . .

Symbol Bit Name Function RW

*-{ SID6M |Standard ID6 RW

EEEERE SID7M | Standard ID7 RW

e SID8M | Standard ID8 0: No ID is checked RW

1: ID is checked

R SIDOM | Standard ID9 RW

L SID10M | Standard ID10 RW

Nothing is assigned. When write, set to "0".
(b7 - b5) [ When read, its content is indeterminate.

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMARQO register shares the same address with the COMCTLO register.
4. The COLMBRO register shares the same address with the COMCTLS register.

Figure 22.17 COGMRO, COLMARO and COLMBRO Registers
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CANO Global Mask Register Standard ID1()
CANO Local Mask Register A Standard ID1(®)
CANO Local Mask Register B Standard ID1®

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset®
2 g 2 g COGMR1 022916 XX00 00002

A COLMAR1 0231160 XX00 00002

A COLMBR1 0239164 XX00 00002

A Bit _ _

Por bbb 1| symbol Bit Name Function RW

:.| sipom |standard ID0 RW

Pl ol Feeee SIDIM |Standard ID1 RW

E E E E E (AR SID2M | Standard ID2 0: No ID is checked RW

I 1: ID is checked

[ RREELELLL SID3M | Standard ID3 RW

SR PEPEPIPIPEPORPED SID4M | Standard ID4 RW

R . SID5M | Standard ID5 RW

_______________________ — | Nothing is assigned. When write, set to "0". B
(b7 - b6) [When read, its content is indeterminate.

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMARL1 register shares the same address with the COMCTL1 register.
4. The COLMBRL1 register shares the same address with the COMCTL9 register.

CANO Global Mask Register Extended IDO®
CANO Local Mask Register A Extended IDO)
CANO Local Mask Register B Extended IDO)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset(®

MM*LL'_LJ COGMR2 022A16 XXXX 00002

A COLMAR2 023216® XXXX 00002

A COLMBR2 023A16" XXXX 00002

T I , ,

Por bbbt b ] symbol Bit Name Function RW

P b b L) EID14M | Extended ID14 RW

A A EID15M | Extended ID15 0: No ID is checked RwW

1: ID is checked

e EID16M | Extended ID16 RW

Pl e EID17M |Extended ID17 RW

________________ —— | Nothing is assigned. When write, set to "0". o

(b7 - 4) | When read, its content is indeterminate.

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMAR?2 register shares the same address with the COMCTL2 register.
4. The COLMBR2 register shares the same address with the COMCTL10 register.

Figure 22.18 COGMR1, COLMAR1 and COLMBR1 Registers and
COGMR2, COLMAR2 and COLMBR2 Registers
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CANO Global Mask Register Extended ID1%)
CANO Local Mask Register A Extended ID1(})
CANO Local Mask Register B Extended ID1(%)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset®

| | | | | | | | . | COGMR3 022B16 0016
O COLMAR3 023316 0016
O COLMBR3 023B16* 0016
- Bit ] )
no b | symbol Bit Name Function RW
i1 i 1 1 i1t EIDeM |Extended ID6 RW
I EID7M |Extended ID7 RW
R R s EID8M |Extended ID8 RW
. EIDOM |Extended ID9 0: No ID is checked RW
HE - 1: ID is checked
A EID10M | Extended ID10 ' RW
S EID11M | Extended ID11 RW
O SEERERLRELLEEEEEEEEE EID12M | Extended ID12 RW
L EID13M | Extended ID13 RW

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMARS register shares the same address with the COMCTL3 register.
4. The COLMBRS register shares the same address with the COMCTL11 register.

CANO Global Mask Register Extended ID2(%)
CANO Local Mask Register A Extended ID2(1)
CANO Local Mask Register B Extended 1D2(1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset®
: ;: ; COGMR4 022C16 XX00 00002

e COLMAR4 023416 XX00 00002

e COLMBR4 023C16™ XX00 00002
AN . .

oo bbb | symbol Bit Name Function RW
Pobi bbbt L) EipoM | Extended IDO RW
R R A B R EPS EIDIM |Extended ID1 RW
A N f—— EID2M |Extended ID2 0: No ID is checked RW
A S R S S EID3M |Extended ID3 111D is checked RW
Do e EID4M |Extended ID4 RW
- PPN EIDSM |Extended ID5 RW
Nothing is assigned. When write, set to "0".
""""""""""""""" (b7 - b6) | When read, its content is indeterminate. o

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMARA4 register shares the same address with the COMCTLA register.
4. The COLMBR4 register shares the same address with the COMCTL12 register.

Figure 22.19 COGMR3, COLMAR3 and COLMBR3 Registers and
COGMR4, COLMAR4 and COLMBR4 Registers
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22.1.16 CANO Message Slot i Control Register (COMCTLIi Register) (i=0 to 15)

CANO Message Slot i Control Register (i=o to 15)1)

b7 b6 b5

b4 b3 b2 bl b0

NOTES:
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

Symbol Address After Reset @
COMCTLO to COMCTL3 023016®, 023116, 023216, 023316 0000 00002
COMCTL4 to COMCTL7 023416®, 023516, 023616, 023716 0000 00002
COMCTLS8 to COMCTL11 023816, 023916, 023A16, 023B16® 0000 00002
COMCTL12 to COMCTL15 023C16®, 023D16, 023E16, 023F16 0000 00002
Bit . .
Symbol Bit Name Function RW
anwsﬁxe, Eleceive Complete | When transmitting When receiving
a . H 4 . i 4
When ananit g mit Complete |0 Not tra_nsmltted( ) 0: Not r_ecelved( ) RW
SENTDATA | Flag 1: Transmit complete 1: Receive complete
V\m% {%Cﬂ\f’ Receiving Flag When transm!tt.lng When recelylng
When ransmit| 7, itting Fl 0: Stops transmitting 0: Stops receiving RO
TRMACTIVE | Transmitting Flag | 1. 1ransmits 1: Stores received data
. 0: No overrun error occurs
MSGLOST]| Overwrite Flag . (Note 4)| RW
1: Overrun error occurs
In modes other than BasicCan mode
Remote Frame 2 g:ﬁ;{:?zme
REMACTIVE| Transmit/Receive In BasicCan mode RO
Status Flag 0: Receives the data frame (status)
1: Receives the remote frame (status)
Automatic 0: Enables automatic answering of the remote
Answering frame
RSPLOCK] pisable Mode 1: Disables automatic answering of the remote RW
Select Bit frame
Remote Frame [0: Transmits/receives the data frame
REMOTE . . . RW
o Set Bit 1: Transmits/receives the remote frame
i 0: No request to receive the frame
RECREQ| Recelve _ 9 ) RW
Request Bit 1: Request to receive data
i 0: No request to transmit the frame
TRMREQ Transmit . q : RW
Request Bit 1: Request to transmit data

supplying a clock to the CAN module after reset.
3. The COMCTLO to COMCTLA4 registers each share addresses with the COMARO to COMAR4
registers.
4. Each bit can be set to "0" by program. Ifitis set to "1", the value before setting to "1" remains.

Figure 22.20 COMCTLO to COMCTL15 Registers

Table 22.4 COMCTLI Register (i= 0 to 15) Settings and Transmit/Receive Mode

Settings for the COMCTLI Register
TRMREQ | RECREQ |REMOTE | RSPLOCK| REMACTIVE| MSGLOST | TRMACTIVE | SENTDATA| Transmit/Receive Mode
INVALDATA | NEWDATA
0 0 0 0 0 0 0 No frame is transmitted or received
0 1 0 0 0 0 0 0 Data frame is received
0 1 1 1 0 0 0 0 Remote frame is received
or (The data frame is transmitted
0 after receiving the remote frame.
1 0 0 0 0 0 0 0 Data frame is transmitted
1 0 1 0 0 0 0 0 Remote frame is transmitted
(The data frame is received after
transmitting the remote frame)
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22.1.16.1 SENTDATA/NEWDATA Bit
The SENTDATA/NEWDATA bit indicates that the CAN module has transmitted or received the CAN
message. Set the SENTDATA/NEWDATA bit to "0 " (not transmitted or not received) by program
before data transmission and reception is started. The SENTDATA/NEWDATA bit is not set to "0"
automatically. When the TRMACTIVE/INVALDATA bit is set to "1" (during transmission or storing
received data), the SENTDATA/NEWDATA bit cannot be set to "0".
SENTDATA : The SENTDATA bit is set to "1" (transmit complete) when a data transmission is
completed in the transmit message slot.
NEWDATA : The NEWDATA bitis setto "1" (receive complete) when the message to be stored into
the message slot i (i=0 to 15) is received in the receive message slot as expected.

NOTES:

1. To read a received data from the message slot i, set the NEWDATA bit to "0" before reading. If
the NEWDATA bit is set to "1" immediately after reading, this indicates that new received data
has been stored into the message slot while reading and the data read contains an indetermi-
nate value. In this case, discard the data with indeterminate value and then read the message
slot again after the NEWDATA bit is set to "0".

2. When the remote frame is transmitted or received, the SENTDATA/NEWDATA bit remains un-
changed after the remote frame transmission or reception is completed. The SENTDATA/
NEWDATA bit is set to "1" when a subsequent data frame transmission or reception is completed.

22.1.16.2 TRMACTIVE/INVALDATA Bit
The TRMACTIVE/INVALDATA bit indicates that the CAN module is transmitting or receiving a mes-
sage and accessing the message slot i. The TRMACTIVE/INVALDATA bit is set to "1" when the CAN
module is accessing the message slot and to "0 " when not accessing the message slot.
TRMACTIVE : The TRMACTIVE bit is set to "1" (transmitting) when a data transmission is started
in the message slot. The TRMACTIVE bit is set to "0" (stops transmitting) if the
CAN module loses in bus arbitration and a CAN bus error occurs or when a data
transmission is completed.
INVALDATA : The INVALDATA bit is set to "1" (storing received data) when receiving a message
and storing a received data into the message slot i. Data, if read from the message
slot i while this bit is set to "1", is indeterminate.

22.1.16.3 MSGLOST Bit

The MSGLOST bit is valid only when the message slot is set for reception. The MSGLOST bit is set to
"1" (overrun error occurred) when the message slot i is overwritten by a new received message while
the NEWDATA bit set to "1" (already received).

The MSGLOST bit is not automatically set to "0". Set to "0" (no overrun error occurred) by program.

22.1.16.4 REMACTIVE Bit

The COMCTLO to COMCTL15 registers all have the same function when the STATE_BASICCAN bit is
set to "0" (other than BasicCAN mode).

The REMACTIVE bit is set to "1" (remote frame) when the message slot i is set to transmit or receive
the remote frame. The REMACTIVE bit is set to "0" (data frame) after the remote frame has been
transmitted or received.

The functions of the COMCTL14 and COMCTL15 registers change when the STATE_BASICCAN bit is
set to "1" (BasicCAN mode). When the REMACTIVE bit is set to "0", this indicates that a message
stored into the message slot is the data frame. When the REMACTIVE bit is set to "1", this indicates a
message stored into the message slot is the remote frame.
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22.1.16.5 RSPLOCK Bit

The RSPLOCK bit is valid only when remote frame reception shown in Table 22.4 is selected. The
RSPLOCK bit determines whether the received remote frame is processed or not.

When the RSPLOCK bit is set to "0" (automatic answering of the remote frame enabled), the slot
automatically changes to a transmit slot after the remote frame is received, and the message stored
into the message slot is automatically transmitted as the data frame.

When the RSPLOCK bit is set to "1" (automatic answering of the remote frame disabled), message is
not automatically transmitted upon receiving the remote frame.

Set the RSPLOCK bit to "0" to select any transmit/receive mode other than the remote frame recep-
tion.

22.1.16.6 REMOTE Bit

The REMOTE bit selects transmit/receive mode shown in Table 22.4. Set the REMOTE bit to "0" to

transmit or receive data frame. Set to "1" to transmit or receive remote frame.

The followings occur during remote frame transmission or reception.

* Transmitting the remote frame
A message stored into the message slot i (i=0 to 15) is transmitted as the remote frame. After
transmission, the slot automatically becomes ready to receive data frame.
If the data frame is received before the remote frame is transmitted, the data frame is stored into
the message slot i. The remote frame is not transmitted.

* Receiving the remote frame

The message slot receives the remote frame. The RSPLOCK bit determines whether or not to
process the received remote frame.

22.1.16.7 RECREQ Bit

The RECREQ bit selects transmit/receive mode shown in Table 22.4. Set the RECREQ bit to "1"
(receive requested) when data frame or remote frame is received. Set the RECREQ bit to "0" (no
receive requested) when data frame or remote frame is transmitted.

When a data frame is automatically transmitted after a remote frame is received, the RECREQ bit
remains set to "1". Set the RECREQ bit to "0" to transmit a remote frame. After a remote frame is
transmitted, a data frame is automatically received while the RECREQ bit remains set to "0".

When setting the TRMREQ bit to "1" (transmit requested), do not set the RECREQ bit to "1" (receive
requested).

22.1.16.8 TRMREQ Bit

The TRMREQ bit selects transmit/receive mode shown in Table 22.4. Set the TRMREQ bit to "1"
(transmit requested) when data frame or remote frame is transmitted.

Set the TRMREQ bit to "0" (no request to transmit the frame) when data frame or remote frame is received.
When the data frame is automatically received after the remote frame is transmitted, the TRMREQ bit
remains set to "1". Set the TRMREQ bit to "0" to receive the remote frame. After the remote frame is
received, data frame is automatically transmitted while the TRMREQ bit remains set to "0".

If the RECREQ bit is set to "1" (request to receive the frame), do not set the TRMREQ bit to "1" (
request to transmit the frame).
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22.1.17 CANO Slot Buffer Select Register (COSBS Register)

b7 b6 b5 b4 b3 b2 bl bo

CANO Slot Buffer Select Register

Symbol Address After Reset(®
COSBS 024016 0016
Bit . .
Symbol Bit Name Function RW
b3 b2 b1 b0
SBS00 0 0 0 0: Message slot 0 RW
0 0 0 1: Message slot1
0 0 1 0: Message slot 2
SBSO1 | cANO Message 001 1: Message slot3 RW
Slot Buffer 0 : (Note 1)
Number Select Bit : :
SBS02 11 0 0: Message slot 12 RW
110 1: Message slot13
SBS03 111 0: Message slot 14 RW
111 1: Message slot15
b3 b2 b1 bo
SBS10 0 0 0 0: Message slot0 RW
0 0 0 1: Message slot1
SBS1L 0 0 1 0: Message slot 2 RW
CANO Message 0 0 1 1: Message slot 3
e (e
SBS12 11 0 0: Message slot 12 RW
110 1: Message slot13
SBS13 111 0: Message slot 14 RW
111 1: Message slot15

NOTES:

slot.

1. 16 CANO message slots provided. Each message slot can be selected as a transmit or a receive

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 22.21 COSBS Register

22.1.17.1 SBS03 to SBSO00 Bits

If the SBS03 to SBSO00 bits select a number i (i=0 to 15), the message slot i is allocated to the CANO
message slot buffer 0. The message slot i can be accessed via addresses 01E016 to 01EF1s6.

22.1.17.2 SBS13to SBS10 Bits

If the SBS13 to SBS10 bits select a number i, the message slot i is allocated to the CANO message slot
buffer 1. The message slot i can be accessed via addresses 01F016 to 01FF1s.

22.1.18 Message Slot Buffer

The message slot, selected by setting the COSBS register, is read by reading the message slot buffer. A
message can be written in the message slot selected by the COSBS register if the message is written to

the message slot buffer.
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CANO Message Slot Buffer i Standard 1DO (i=0,1)Y
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
5 5 5 COSLOTO_0, COSLOT1_0 01EO16, 01F016 Indeterminate
- R R B Bit . .
Pofop o r b | Symbol Bit Name Function RW
Read or write the standard 1D6
SID6 | Standard ID6 in the message slot j (j=0 to 15) RW
R S SID7 | standard ID7 Read or write the sta.mdard ID7 RW
- in the message slot j
T T R A SID8 | standard 1D8 Read or write the sta}ndard ID8 RW
H- - in the message slot j
E E E E :. ............ S|Dg Standard |D9 Bead or write the Sta.ndard |D9 RW
HEHE- I in the message slot j
E E E :. ............... S|D10 Standard |D10 Read or write the Sta_ndard IDlO RW
HE in the message slot j
_ ___________________ __ |Nothing is assigned. When write, set to "0". .
(b7 - b5) | When read, its content is indeterminate.
NOTES:
1. Select, by setting the COSBS register, the message slot j to be accessed by the COSLOTi_0
register.
CANO Message Slot Buffer i Standard ID1 (i=0,1)!)
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
f f COSLOTO_1, COSLOT1_1 01El1s, 01F1l16 Indeterminate
A N T . .
Pror b b r b | symbol Bit Name Function RW
Read or write the standard IDO
SIDO | Standard DO in the message slot j (j=0 to 15) RW
. SID1 | standard ID1 Read or write the stgndard ID1 RW
H- - in the message slot j
R SID2 | standard 1D2 Read or write the sta}ndard ID2 RW
- in the message slot j
E E E E :. ............ S|D3 Standard |D3 Read or write the Sta_ndard ID3 RW
Vo in the message slot j
R SID4 | Standard 1D4 Read or write the sta_mdard ID4 RW
HE in the message slot j
R R SID5 | standard 1D Read or write the stqndard ID5 RW
HE in the message slot j
Nothing is assigned. When write, set to "0".
(b7 - be) | When read, its content is indeterminate. B
NOTES:
1. Select, by setting the COSBS register, the message slot j to be accessed by the COSLOTi_0
register.

Figure 22.22 COSLOTO_0, COSLOT1_0 Registers and COSLOTO_1, COSLOT1_1 Registers
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b7 b6 b5 b4 b3 b2 bl bO

|

Symbol
COSLOTO_2, COSLOT1_2

Address
01E216, 01F216

CANO Message Slot Buffer i Extended 1DO (i=0,1)(1 2

After Reset
Indeterminate

Syl?rlltbm Bit Name Function RW
E ded ID14 Read or write the extended ID14 RW
EID14 xtende in the message slot j (j=0 to 15)
E ded ID1. Read or write the extended ID15 RW
EID15 xtende 5 in the message slot j
Read or write the extended 1D16
EID16 |[Extended ID16 in the message slot j RW
E ded ID17 Read or write the extended ID17 RW
EID17 xtende in the message slot
Nothing is assigned. When write, set to "0". .
(b7 - ba) | When read, its content is indeterminate.

NOTES:

received data is stored.

b7 b6 b5 b4 b3 b2 bl bo

Symbol
COSLOTO_3, COSLOT1_3

Address
01E316, 01F316

1. If the receive slot is standard ID formatted, the EID17 to EID14 bits are indeterminate when the

2. Select, by setting the COSBS register, the message slot j to be accessed by the COSLOTi_2 register.

CANO Message Slot Buffer i Extended ID1 (=0,1)(% 2

After Reset
Indeterminate

Sy?#bol Bit Name Function RW
EID6 | Extended 1D6 Read or write the exFerlded ID6 RW
in the message slot j (j=0 to 15)
EID7 |Extended ID7 Read or write the ex.tended ID7 RW
in the message slot
R ite th 1D
EID8 | Extended ID8 . ead or write the ex.tended 8 RW
in the message slot j
R ite th ID
EID9 | Extended 1D9 . ead or write the ex.tended 9 RW
in the message slot j
R ite th ID 1
EID10 |Extended ID10 Read or write the extended ID10 | o,
in the message slot
R ite th ID 11
EID11 |Extended ID11 Read or write the extended RW
in the message slot
EID12 | Extended D12 Read or write the ex'tended ID 12 RW
in the message slot j
EID13 | Extended D13 Read or write the ex'tended ID 13 RW
in the message slot j

NOTES:

data is stored.

1. If the receive slot is standard ID formatted, the EID13 to EID6 bits are indeterminate when the received

2. Select, by setting the COSBS register the message slot j to be accessed by the COSLOTi_3 register.

Figure 22.23 COSLOTO_2, COSLOT1_2 Registers and COSLOTO_3, COSLOT1_3 Registers
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CANO Message Slot Buffer i Extended D2 (=012

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
f f COSLOTO_4, COSLOT1_4 01E416, 01F416 Indeterminate
Bit Bit Name Function RW
Symbol

Read or write the extended 1D0
- E ID . . RW
EIDO xtended 1DO in the message slot j (j=0 to 15)

P EID1 | Extended ID1 Read or write the ex.tended ID1 RW
in the message slot j

Read or write the extended ID2

T EEPETE EID2 [Extended ID2 in the message slot j RW

Read or write the extended ID3

e T LELEEL EID3 |Extended ID3 in the message slot j RW

S EID4 | Extended 1D4 Read or write the ex.tended D4 RW
in the message slot j

R EIDs | Extended ID5 Read or write the ex.tended ID5 RW
in the message slot j

Nothing is assigned. When write, set to "0".

(b7 - b6) | When read, its content is indeterminate.

NOTES:
1. If the receive slot is standard ID formatted, the EID 5 to EIDO bits are indeterminate when received data
is stored.
2. Select, by setting the COSBS register, the message slot j to be accessed by the COSLOTi_4 register.

CANO Message Slot Buffer i Data Length Code (i=0,1)®

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
M}SL_LL_LJ COSLOTO_5, COSLOT1.5  O01E516 01F516  Indeterminate
Pl . oo W
v v 1 v n v ¢ | Symbol it Name unction
aw
! RW
A Data L h Set Bi Read or write the data length set bit
ata Length Set Bit in the message slot j (j=0 to 15)
I DLC2 RW
PoE D e DLC3 RW
________________ Nothing is assigned. When write, set to "0". B
(b7 - b4) When read, its content is indeterminate.

NOTES:
1. Select, by setting the COSBS register, the message slot j to be accessed by the COSLOTi_5
register.

Figure 22.24 COSLOTO_4, COSLOT1_4 Registers and COSLOTO_5 and COSLOT1_5 Registers
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CANO Message Slot Buffer i Data k (=0,1 k=0 to 7))

b7 b0

Symbol Address
| | COSLOTO_qg(g=k+6,k=0 to 3
COSLOTO_q(q=k+6,k=4 to 7
COSLOT1_g(g=k+6,k=0to 3

COSLOT1 qg(g=k+6,k=4107

01E616, 01E716, 01E816, 01E916
01EAu16, 01EB16, 01EC16, 01ED16
01F616, 01F716, 01F816, 01F916
01FAu1s6, 01FB16, 01FCa6, 01FD16

After Reset
Indeterminate
Indeterminate
Indeterminate
Indeterminate

Function

Setting Range

RW

Read or write data k in the message slot j (j=0 to 15)

0016 to FF16

RW

NOTES:

COSLOTi_q register.

b7 b0 Address

01EEz16, 01FE16

Symbol
| | COSLOTO_14, COSLOT1_14

1. Select, by setting the COSBS register, the data k in the message slot j to be accessed by the

CANO Message Slot Buffer i Time Stamp High-Ordered (i=0,1)"

After Reset
Indeterminate

Function

Setting Range

RW

Read or write the time stamp high-ordered
in the message slot j (j=0 to 15)

0016 to FF16

RW

NOTES:

accessed by the COSLOTi_14 register.

b7 b0

Address
01EF16, 01FF16

Symbol
| | COSLOTO_15, COSLOT1_15

1. Select, by setting the COSBS register, the time stamp high-ordered in the message slot j to be

CANO Message Slot Buffer i Time Stamp Low-Ordered (i=0,1)"

After Reset
Indeterminate

Function

Setting Range

RW

Read or write the time stamp low-ordered
in the message slot j (j=0 to 15)

0016 to FF16

RW

NOTES:

accessed by the COSLOTi_15 register.

1. Select, by setting the COSBS register, the time stamp low-ordered in the message slot j to be

Figure 22.25 COSLOTO_6 to COSLOTO_13, COSLOT1_6 to COSLOT1_13, COSLOTO_14,
COSLOT1_14, COSLOTO_15 and COSLOT1_15 Registers
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22.1.19 CANO Acceptance Filter Support Register (COAFS Register)

CANO Acceptance Filter Support Register

b15 bg b7 bo Symbol Address After Reset®
| E COAFS 024516 - 024416 010016
Function Setting Range | RW
EEETEEEPITREREY Generates data to determine a received ID 000016 to FFFF16 | RW
NOTES:

and supplying the clock to the CAN module after reset.

Write

Read

Data used to search a data table is
generated from a received ID in stan-
dard format. The table search with this
data determines whether or not a re-
ceived ID is valid.

Write to

the COAFS register

Read from

the COAFS register

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited)

b0

b15
smz‘sml‘smo

SIDlO‘SID9‘SID8‘SID7‘SIDG|

N><‘SID5‘SID4‘SID3
%/—)
3-8 decoding
b15 b8

b7

b0

|CSID7‘CSID6‘CSIDS‘CSIM‘ CSIDS‘CSIDZ‘ CSIDl‘CSIDO

SIDlO‘SID9‘SIDS‘SID7‘SID6‘SID5‘SID4‘SID3|

b7 b6 b5 b4 b3 b2 bl b0
Ton+001s | 00716 | 00616 | 00516 | 00416 | 00316 | 00216 | 00116 | 00016
P "0 | "o [ "o" | 0" [ "0 [ "0" | "1* | "0"
Too+0116 | 00F26] 0016 [00D16] 00C15 | 00B16] 00AIs [ 00916 | 00816
P "1 "o [ "0 | 0" [ "o [ "o" [ "0" | "0"
- A
1 /\v /\J
Top+DELs | 8F718] 67616 [6F516] 6F41s [ 6F316] 67216 [6F116] 6F016
P "o" | o [ "o | 0" [ " | "o [ "0" | "0"
' ~_ A\
' o ~N>
Ton+FELs | [F716] 7616 [ 7515 | 7F416 [ 7F316| 7F216 [ 7FL1s | 7TFO16
p R 1T TR T T TR g T RG]
Top+FFy | [FF16] 7FE1s[7FD16[7FCis| 7FB16| 7TFA6 | 7F916 [ 7F816
P "0 | "o [ "1 | "0 [ "0 [ "0" | "0" | "0"
L il J
Address search information Bit search information

b15 bo
SID10SID9 SID8 SID7 SID6

[0ioi1i1i0i0i1/1]0i0i0i1{1i0i1i1

<
=
1i1:1i0
=

b8
SID5 SID4 SID3 SID2 SID1 SIDO

SID10 SIDO

Received ID "6"
1:11i0i1

"D

ngu
0:1:1
ngn

H_/
3 bits

Divide it to 8 bits and 3 bits

8 bits

b15
0:0:0:0:1
"0816"

Bit search information

b8

0:0:0

b7
1:1:0:1(1:1:1:0
D" =

Address search information

b0

Bit search information | 7 b3 vo |3 low-order bits of received ID
0116 0000000O01 016
0216 00O0O0OO0O0OT1IO 116
0416 00000100 216
0816 oooo@oo0o0 316
1016 00010000 416
2016 00100000 516
4016 01000000 616
8016 10000000 716

Because the value of
the 3 bits is 3, b3 in the
table on the leftis 1.

(If the value of the 3 bits
is 4, b4 in the table in
the leftis 1.)

Figure 22.26 COAFS Register

The COAFS register enables prompt performance of the table search to determine the validity of a
received ID. This function is for standard-formatted ID only.

Rev. 1.31 Jan.31, 2006 Page 354 of 488

REJ09B0034-0131

RENESAS



M32C/83 Group (M32C/83, M32C/83T) 22. CAN Module

22.2 Timing with CAN-Associated Registers

22.2.1 CAN Module Reset Timing
Figure 22.27 shows an operation example of when the CAN module is reset.

(1) The CAN module can be reset when the STATE_RESET bit in the COSTR register is set to "1" (CAN
module reset completed) after the RESETO and RESET1 bits in the COCTLRO register are set to "1"
(CAN module reset).

(2) Set necessary CAN-associated registers.

(3) CAN communication can be established after the STATE_RESET bit is set to "0" (resetting) after
the RESETO and RESET1 bits are set to "0" (CAN module reset exited) .

Setto "1" by program Set to "0" by program
simultaneously simultaneously

RESETO bit

RESET1 bit - |

STATE_RESET bit !
o :

I

1

1

L}

4<Ierify the STATE_RESET bM CAN counfiguration X A E>< CAN operation

'
. ! : / :

Verify the STATE_RESET bit

Operation (1) Operation (2) Operation (3)

Figure 22.27 Example of CAN Module Reset Operation

22.2.2 CAN Transmit Timing
Figure 22.28 shows an operation example of when the CAN transmits a frame.

(1) When the TRMREQ bit is set to "1" (request to transmit the data frame) while the CAN bus is in as
idle state, the TRMACTIVE bit in the COMCTLI register (i=0 to 15) is set to "1" (during transmis-
sion) and the TRMSTATE bit in the COSTR register is set to "1" (during transmission). The CAN
starts transmitting the frame.

(2) After a CAN frame transmission is completed, the SENTDATA bit in the COMCTLI register is set to "1"
(already transmitted), the TRMSUCC bit in the COSTR register to "1" (transmission completed) and
the SISi bit in the COSISTR register to "1" (interrupt requested). The MBOX3 to MBOXO bits in the
COSTR register store transmitted message slot numbers.
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1)

Start transmtting

Transmission completed

@ Intermission field

CAN bus

/L
1
Bus idle >‘< Transmit frame / Transmit frame

>:< />§< Bus idle

SENTDATA bit

TRMACTIVE bit 1 | Set to "1" by program :|
0 /simultaneously :
TRMREQ bit ™ . X Transmission-completed
o Q: ' message slot number
MBOX3 - . : T F
MBOXO bis - I\ X
TRMSUCC bit ; | :
. nqw ! ] :
TRMSTATE bit '* l : i
- " : ; :
SISi bit . ' :l
) 1/
i=0to 15

Figure 22.28 Example of CAN Data Frame Transmit Operation

22.2.3 CAN Receive Timing

Figure 22.29 shows an operation example of when the CAN receives a frame.
(1) When the RECREQ bit in the COMCTLI register (i=0 to 15) is set to "1" (receive requested), the
CAN is ready to receive the frame at anytime.
(2) When the CAN starts receiving the frame, the RECSTATE bit in the COSTR register is set to "1"

(during reception).

(3) After the CAN frame reception is completed, the INVALDTA bit in the COMCTLI register is set to
"1" (storing received data), the NEWDATA bit in the COMCTLI register is set to "1" (receive com-
plete) and the RECSUCC bit in the COSTR register is set to "1" (reception completed).

(4) After data is written to the message slot, the INVALDATA bit is set to "0" (stops receiving) and the
SISi bit is set to "1" (interrupt requested). The MBOX3 to MBOXO bits store received message slot

numbers.
Start receiving Reception completed Intermission field
o @ 1 @ @
CAN bus Bus idle X \ Receive frame // Receive frame X . X Bus idle
NEWDATA bit " A R
INVALDATA bit ¥ oo
RECREQ bit % |\ Setto 1" by program ‘Reception-completed
0 simultaneously \message slot number

MBOXS3 - \\ . F
MBOXO bits

RECSUCC bit .,

RECSTATE bit ¥

SISi bit

=

" ]

|

i=0to 15

17

Figure 22.29 Example of CAN Data Frame Receive Operation
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22.2.4 CAN Bus Error Timing

Figure 22.30 shows an operation example of when a CAN bus error occurs.
(1) When a CAN bus error is detected, the STATE_BUSERROR bit in the CiSTR register is set to "1",
(error occurred) and the BEIS bit in the CIEISTR register is set to "1" (interrupt requested). The
CAN starts transmitting the error frame.

Error detected
(1)

CAN bus Transmit / receive frame>5<- Error frame
STATE_BUSERROR 1" |
bit - |
) "1 : |
BEIS bit :

g

Figure 22.30 Operation Timing when CAN Bus Error Occurs

22.3 CAN Interrupts
The CANj interrupt (j=0 to 2) is provided as the CAN interrupt. Figure 22.31 shows a block diagram of the
CAN interrupt.
The following factors cause the CAN-associated interrupt request to be generated.
- The CANO slot i (i=0 to 15) completes a transmission
- The CANO slot i completes a reception
- The CANO module detects a bus error
- The CANO module moves into an error-passive state
- The CANO module moves into a bus-off state

The CAN;j interrupt, caused by one of the CANi interrupt request factors listed above, is generated via
the OR circuit.

If an interrupt request factor is established, the corresponding bit in the COSISTR register is set to "1"
(interrupt requested) when the CANO slot k completes a transmission or a reception. The corresponding
bit in the COEISTR register is set to "1" (interrupt requested) when the CANi module detects a bus error,
moves into an error-passive state, or moves into a bus-off state.

The CANO interrupt request signal is set to "1" when the corresponding bit in the COSISTR or COEISTR
is set to "1" and the corresponding bit in the COSIMKR or COEIMKR is set to "1".

When the CANO interrupt request signal changes from "0" to "1", all CANjR bits in the 1109IR to [IO11IR
registers are set to "1" (interrupt requested).

If at least one of the CAN]E bits in the [IO9IE to IIO11IE registers is set to "1" (interrupt enabled), the IR
bits in the corresponding CAN;jIC registers are set to "1" (interrupt requested). The CANO interrupt
request signal remains set to "1" if another interrupt request causes a corresponding bit in the COSISTR
or COEISTR to be set to "1" and the corresponding bit in the COSIMKR or COEIMKR to be set to "1" after
the CANO interrupt request signal changes "0" to "1". The CANjR and IR bits also remain unchanged.
Bits in the COSISTR or COEISTR register and CANjR bits (j=0 to 2) in the IO9IR to IIO11IR registers are
not set to "0" automatically, interrupt acknowledgment notwithstanding. Set these bits to "0" by pro-
gram.

The CANi interrupts are acknowledged when the CAN]R bit in the [IO9IR to II011IR register and the
corresponding bit in the COSISTR or COEISTR register, which are set to enable interrupts though setting
the COSIMKR or COEIMKR register, are set to "0". If these bits remain set to "1", all CAN-associated
interrupt request factors become invalid.
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CANO slot 0 received—
CANO slot 0 transmitted—

CANO slot15 received —
CANO slot15 transmitted —

CANO bus error detection BEIS bit .

CANO transition into
error-passive state

CANO transition into BOIS bit .
bus-off state

SIMO bit

[ > sisisbit |

SIM15 bit

BEIM bit

EPIS bit

EPIM bit

BOIM bit

CANO interrupt

CANOR bit in
1109IR register

CANO(request),

CANOE bit in
IIO9IE register

CANO(enable)

CANIR bitin
11010IR register

CAN1(request)

CANLIE bit in
1I010IE register

CAN1(enable)

CANZ2R bitin
1I011IR register

CAN2(request)

CANZE bit in
IIO11IE register

CAN2(enable)

IR bit in CANOIC
register

IR bitin CAN1IC
register

IR bit in CAN2IC
register

Figure 22.31 CAN Interrupts
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23. DRAMC

The DRAM controller (DRAMC) controls the DRAM area, which ranges from 512 Kbytes to 8 Mbytes. Table

23.1 lists specifications of the DRAMC.

Table 23.1 DRAMC

Specifications

Item

Specification

DRAM Area

512 KB, 1 MB, 2 MB, 4 MB, 8 MB

Bus Control

2CAS/1W

Refresh

CAS-before-RAS refresh, Self refresh

Supported Function

Mode | EDO, fast page mode

Wait State Insertion

1-wait state, 2-wait state

Table 23.2 shows pins associated with DRAMC. Signals listed in Table 23.2 are output by setting the AR2
to ARO bits in the DRAMCONT register for the DRAM area and accessing DRAM. See Table 7.9 for RAS,
CASL, CASH and DW signal operations. Figure 23.1 shows the DRAMCONT register and REFCNT regis-

ter.

Table 23.2 DRAMC-associated Pins

Port Bus for Device Access except DRAM®) Bus for DRAM Access
PO Do to D7 Do to D7
P1 Ds to D15 Ds to D152
P3 As to D15 MAo to MA7
P40 to P44 A1e to A20 MAS to MA12
P50 WRL / WR CASL
P51 WRH / BHE CASH
P52 RD DW
P56 ALE RAS
NOTES:

1. This is an example of the separate bus and 16-bit data bus.
2. This bus is available when the DS2 bit in the DS register is set to "1" (16-bit data bus) and the PM02 bit
in the PMO register is set to "1" (RD/WRL/WRH in R/W mode).
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DRAM Control Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| |><|><|><| | | DRAMCONT 004016 Indeterminate®

A Bit Bit N Functi RW

Symbol it Name unction

A 0 : 2-wait state

A i it@

Pl WT | Wait Select Bit 1: 1-wait state RW
HE : : : : : b3 b2 b1
T . ARO 00 0 : Disables DRAM RW
00 1: Do not set to this value
010:512KB
L AR1 | DRAM Area SelectBit | 011:1MB RW
A 100:2MB
A 101:4MB
Pl e 110:8MB RW
A AR2
oo 11 1: Do not set to this value
; ________________ | Nothing is assigned. When write, set to "0". -

(b6 - b4) | When read, its content is indeterminate.
REF -refresh Mode Bit® 0 : Self-refresh is off RW

""""""""""""""" S Self-refresh Mode Bit 1: Self-refresh is on

Notes:

is written to.

selected.

2. Bus cycle with two waits is 3-2-2....
3. Refer to 23.2.2 Self-refresh for SREF bit setup procedure.
When the SREF bit is set to "1", both RAS and CAS output "L". When any external device,
excluding DRAM, is attached, the WR signal is "L".
4. The DS register determines the data bus width . CASH is indeterminate when the 8-bit data bus is

Itis 2-1-1... with one wait.

DRAM Refresh Interval Set Register

1. Contents of the DRAMCONT register is indeterminate. DRAMC starts operation when this register

b7 bo Symbol Address After Reset
| | REFCNT 004116 Indeterminate
Function Setting Range | RW
: If setting value is n,
REEEEEEEEELEEE . 0016 to FF16 | RW
Refresh interval = CPU clock cycle X (n + 1) X 32

Figure 23.1 DRAMCONT Register and REFCNT Register
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DRAMC is not available when the PM11 to PM10 bits in the PM1 register are set to "112" (mode 3). Setthe
PM11 to PM10 bits to "002," "012" or "102" (mode 0 to 2). When the 16-bit DRAM data bus is selected, set
the PMO2 bit in the PMO register to "1" (RD/WRH/WRL).

Required wait time between DRAM power-on and memory operation, and necessary processing of dummy
cycle for refresh varies with externally attached DRAM specifications.

23.1 DRAMC Multiplexed Address Output
DRAMC outputs signals, which are multiplexed row addresses and column addresses, to address bus As to
A20. Figure 23.2 shows an output format for multiplexed addresses.

23.2 Refresh
23.2.1 Refresh

Refresh method is the CAS-before-RAS refresh. The REFCNT register controls the refresh interval. Re-
fresh signals are not output in a hold state.

The setting value of the REFCNT register is obtained as follows:

The value of the REFCNT register (0016 to FF16) = refresh interval time / (CPU clock frequency X 32) - 1

23.2.2 Self-Refresh

The refresh signal described in 23.2.1 stops while the CPU stops in stop mode, etc. The DRAM self-
refresh function can be activated by setting the self-refresh before the CPU stops. Setting and cancella-
tion procedures for the self-refresh are as follows:

(1) Setting self-refresh (with 1 wait state, 4 Mbytes)
mov.b #00000001b,DRAMCONT ;Set the AR2 to ARO bits to "0002" (DRAM disabled)
mov.b #10001011b,DRAMCONT ;Set the AR2 to ARO bits again and the SREF bit to "1"
(self-refresh on) simultaneously

nop ;Execute the nop instruction twice
nop ;

(2) Cancellation of self-refresh (with 1 wait state, 4M bytes)
mov.b #00000001b,DRAMCONT ;Set the AR2 to O bits to "0002" (self-refresh cancellation)
and the SREF bit to "0" (DRAM disabled) simultaneously
mov.b #00001011b,DRAMCONT ;Setthe AR2 to ARO bits again
mov.b  400h, 400h ;DRAM access is disabled immediately after cancellation.
This is an example of a dummy read operation.

Both RAS and CAS are held "L" during self-refresh. When devices other than DRAM are attached, the
WR signal is held "L". Take procedures such as applying an "H" signal to the CS.
Figures 23.3 to 23.5 show bus timings during DRAM access.
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() In 8-bit Bus Mode

Pin Function MAL12[ MA11] MAIO| MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MAL | MAO
(A20) [ (A19) | (A18) | (A17) | (A16) | (A15) | (A14) | (A13) | (A12) | (A11) | (A10)| (A9) | (A8)
Row Address |(A20) | (A19)| A18 | Al7 | Al6 | A15 | Al4 | A13 | Al12 | All | A10 | A9 | - |

Column Addressl(AZZ)l(AZZ)l A19| A8 | A7 | A6 I A5 | A4 | A3 | A2 | Al I A0 | - |

Address used for 512K-byte and 1M-byte DRAM area o

<
)

Row Address |(A20)| Al19 I Al8 | Al7 | Al6 | Al5 I Al4 | A13 | Al2 | All | Al10 I A9 |

C0|umnAddress|(A22)| A21| A20| A8 | A7 | A6 I A5 | A4 | A3 | A2 | Al I A0 | - |

Address used for 2M-byte and 4M-byte DRAM area

< »
- L

Row Address | A20 I Al19 I Al8 | Al7 | Al6 | Al5 I Al4 | Al3 | Al2 | All | Al10 I A9 |

Column Addressl(Azz)l A22 | A21| A8 | A7 | AB | A5 | A4 | A3 | A2 | AL | A0 |

Address used for 8M-byte DRAM area

< »
.| '

(2) In 16-bit Bus Mode

MA12 | MA11| MA10| MA9 | MA8 | MA7 | MA6 | MA5 | MA4 | MA3 | MA2 | MA1 | MAO

Pin Function a20) | (a19) | (a18) | (a17) | (a16) | (A15) | (Aa14) | (A13) | (A12) | (A1) | (A10) | (A9) | (a8)

Row Address |(A20) | (AlQ)I A18 | A17 | Al6 | Al5 | Al4 I A13 | A12 | All | A0 | (A9) |

Column Addressl(AZZ)l(AZO)I A9 | A8 | A7 | A6 | A5 I A4 | A3 | A2 | Al | (AO)|
Address used for 512K-byte DRAM area

<
% L

Row Address |(A20)| A19 I A18 | A17 | A16 | A15 | Al4 I A13 | A12 | A1l | A10 | (A9) |

CqumnAddressl(A22)| A20 | ‘A9 | A8 | A7 | A6 | A5 I A4 | A3 | A2 | Al | (AO)|

Address used for 1M-byte and 2M-byte DRAM area

.|

Row Address | A20 I Al19 I Al8 | Al7 | Al6 | A15 I Al4 I Al3 | Al2 | All | Al0 I (A9) |

CqumnAddressl A22|A21|E| A8 | A7 | A6 | A5 I A4 | A3 | A2 | Al |(AO)| - |

Address used for 4M-byte and 8M-byte(X) DRAM area

»
.

(): disabled bits, :bits which output addresses changed by data bus width and the
DRAM area
—: indetermimate
NOTES:

1. The above applies when using a 4Mx1 or 4Mx4 memory configuration. When using a 4Mx16
configuration, implement the following combinations:
For row addresses, MAO to MA12; for column addresses, MA2 to MA8, MA11 and MA12.
Or for row addresses, MA1 to MA12; for column addresses, MA2 to MA9, MA11 and MA12.

Figure 23.2 Multiplexed Address Output Pattern

Rev. 1.31 Jan.31, 2006 Page 362 of 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

23. DRAMC

(1) Read cycle (WT bit = 0 with 2 wait states)

N I e R

>< Row Column Column Column
MAD to MA12 address X address 1 X address 2 X address 3

RAS \
CASH \ /_\
CASL

o

Dot0 D15 ( XK XS

>7

(EDO mode)

NOTES:
1. With an 8-bit data bus, only CASL outputs a data enabled to read. CASH outputs an indeterminate data.

(2) Write cycle (WT bit =0)

N I e R

Row Column Column Column
MAO to MA12 X address address 1 X address 2 X address 3

RAS \
CASH \ /_\
CASL

=0
ovoms X X

NOTES:
1. With an 8-bit data bus, only CASL outputs data enabled to read. CASH outputs an indeterminate data.

N;M

Figure 23.3 Bus Timing during DRAM Access (1)
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(1) Read cycle (WT bit = 1 with 1 wait state)

BCLK

Row Column Column Column Column
MAQ to MA12 X address /\address 1 /\address 2 /\address 3 address 4 ><

RAS \ /
— NNV
CASL

C XXX —

(EDO mode)

NOTES:
1. With an 8-bit data bus, only CASL outputs a data enabled to read. CASH outputs an indeterminate data.

(2) Write cycle (WT bit =1)

BCLK

Row Column Column Column Column

MAO to MA12 X address address 1><address 2><address 3 address 4 ><
RAS \ /

s \VAVWAWAYEEEE
CASL

—
I G G G G ———

NOTES:
1. With an 8-bit data bus, only CASL outputs a data enabled to read. CASH outputs an indeterminate data.

Figure 23.4 Bus Timing during DRAM Access (2)
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(1) CAS-before-RAS refresh cycle

BCLK

7 \ a
CASH —\ /7

CASL

"

Dw

NOTES:
1. With an 8-bit data bus, only CASL outputs a data enabled to read.

CASH outputs an indeterminate data.

(1) Self-Refresh cycle

™
=N §

"y

L
-
—

==

Dw

—
f N

NOTES:
1. With an 8-bit data bus, only CASL outputs a data enabled to read.

CASH outputs an indeterminate data.

Figure 23.5 Bus Timing during DRAM Access (3)
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24. Programmable I/O Ports

87 programmable 1/O ports from PO to P10 (excluding P8s) are available in the 100-pin package and 123
programmable 1/O ports from PO to P15 (excluding P8s) are in the 144-pin package. The direction registers
determine each port status, input or output. The pull-up control registers determine whether the ports,
divided into groups of four ports, are pulled up or not. P85 is an input port and no pull-up for this port is
allowed. The P8_5 bit in the P8 register indicates an NMI input level since P85 shares pins with NMI.
Figures 24.1 to 24.4 show programmable I/O port configurations.

Each pin functions as the programmable I/O port, an I/O pin for internal peripheral functions or the bus
control pin.

To use the pins as input or output pins for internal peripheral functions, refer to the explanations for each
function. Refer to 7. Bus when used as the bus control pin.

The registers, described below, are associated with the programmable I/O ports.

24.1 Port Pi Direction Register (PDi Register, i=0 to 15)
Figure 24.5 shows the PDi register.
The PDi register selects input or output status of a programmable I/O port. Each bit in the PDi register
corresponds to a port.
In memory expansion and microprocessor mode, pins being used as bus control pins (A0 to A22, A23, Do to
D15, MAo to MA12, CSO to CS3, WRL/WR/CASL, WRH/BHE, RD/DW, BCLK/ALE/CLKouT, HLDA/ALE,
HOLD, ALE/RAS, and RDY) cannot be controlled by the PDi register. No bits controlling P85 are provided
in the direction registers .

24.2 Port Pi Register (Pi Register, i=0 to 15)
Figure 24.6 shows the Pi register.
The Pi register writes and reads data to communicate with external devices. The Pi register consists of a
port latch to hold output data and a circuit to read pin states. Each bit in the Pi register corresponds to a port.
In memory expansion and microprocessor mode, pins being used as bus control pins (Ao to A22, A23, Do to
D15, MAo to MA12, CSO to CS3, WRL/WR/CASL, WRH/BHE, RD/DW, BCLK/ALE/CLKouT, HLDA/ALE,
HOLD, ALE/RAS, and RDY) cannot be controlled by the Pi register.

24.3 Function Select Register Aj (PSj Register) (j=0to 3, 5t0 9)
Figures 24.7 to 24.11 show the PSj registers.
The PSj register selects either I/O port or peripheral function output if an I/O port shares pins with a periph-
eral function output (excluding DAO and DAL.)
Tables 24.3 to 24.12 list peripheral function output control settings for each pin.
When multiple peripheral function outputs are assigned to a pin, set the PSLk (k=0 to 3) and PSC registers
to select which function is used.

24.4 Function Select Register Bk (PSLk Register) (k=0 to 3)
Figures 24.12 and 24.13 show the PSLO to PSL3 registers.
When multiple peripheral function outputs are assigned to a pin, the PSLO to PSL3 registers select which
peripheral function output is used.
Refer to 24.9 Analog Input and Other Peripheral Function Input for the PSL3_3 to PSL3_6 bits in the
PSL3 register.
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24.5 Function Select Register C (PSC Register)
Figure 24.14 show the PSC register.
When multiple peripheral function outputs are assigned to a pin, the PSC register select which peripheral
function output is used.
Refer to 24.9 Analog Input and Other Peripheral Function Input for the PSC_7 bit in the PSC register.

24.6 Pull-up Control Register 0 to 4 (PURO to PUR4 Registers)
Figures 24.15 to 24.16 show the PURO to PUR4 registers.
The PURO to PURA4 registers select whether the ports, divided into groups of four ports, are pulled up or not.
Ports with bits in the PURO to PURA4 registers set to "1" (pull-up) and the direction registers set to "0" (input
mode) are pulled up.
Set bits in the PURO and PUR1 registers which control PO to P5, running as bus, to "0" (no pull-up) in
memory expansion and microprocessor mode. PO, P1, P40 to P43 can be pulled up when they are used as
input ports in memory expansion mode and microprocessor mode.

24.7 Port Control Register (PCR Register)
Figure 24.17 shows the PCR register.
The PCR register selects either CMOS output or N-channel open drain output as the P1 output format. If
the PCRO bits is set to "1" (N-channel open drain output), N-channel open drain output is selected because
the P-channel in the CMOS port is turned off. This is, however, not a perfect open drain. Therefore, the
absolute maximum rating of the input voltage is from -0.3V to Vcc + 0.3V.
If P1 is used as the data bus in memory expansion and microprocessor mode, set the PCRO bit to "0"
(CMOS output). If P1 is used as a port in memory expansion and microprocessor mode, the PCRO bit
determines the output format.

24.8 Input Function Select Register (IPS Register)
Figure 24.18 shows the IPS registers.
The IPSO0 to IPS1 and IPS3 bits in the IPS register and the IPSA_0 and IPSA_3 bits in the IPSA register
select which pin is assigned the intelligent 1/O or CAN input functions.
Refer to 24.9 Analog Input and Other Peripheral Function Input for the IPS2 bit.

24.9 Analog Input and Other Peripheral Function Input

The PSL3_3to PSL3_6 bits in the PSL3 register, the PSC_7 bit in the PSC register and the IPS2 bit in the
IPS register each separate analog I/O ports from other peripheral functions. Setting the corresponding bit to
"1" (analog 1/0O) to use the analog I/O port (DAO, DAL, ANEXO, ANEX1, AN4 to AN7 or AN150 to AN157)
prevents an intermediate potential from being impressed to other peripheral functions. The impressed inter-
mediate potential may cause increase in power consumption.

Set the corresponding bit to "0" (except analog I/O) when analog I/O is not used. All peripheral function
inputs except the analog 1/O port are available when the corresponding bit is set to "0". These inputs are
indeterminate when the bit is set to "1". When the PSC_7 bit is set to "1", key input interrupt request remains
unchanged regardless of Klo to KI3 pin input level change.
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(Note 1)

Programmable I/O Ports
Select Pull-Up
4 I \ 4
Data Bus —0—1 Port Latch }
4 <
& o—s
A |
e e e e e e e e e 1
" Input to each B | .
| Peripheral Function _a'| —®
e
[ - - - - - - - - - - - - - - - ’T‘
| . C J
' Analog Signal oo
Lo e e e
Option ) _ Circuit (B) _ Circuit (C)
. Peripheral Function
Hysteresis Analog I/F
Port Input
PQOo to PO7 — — O
P20 to P27
P30 to P37
P40 to P47 _ _ _
P50 to P52
P54
P55 - O -
P56 — — —
P57 - (@) -
P83, P84 O O —
P86 - - —
P87 — @) ©)
P100 to P103 - - O
P104 to P107 O O O
P114 _ _ _
P144to P14s
P152, P153 _
P156, P157 o o
O: Available, —: Not available
NOTES:
1. These ports are provided in the 144-pin package only.

Figure 24.1 Programmable I/O Ports (1)
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Programmable 1/0O Ports with the Port Control Register

Select Pull-Up

Data Bus

—

—| Direction Register

—<

>—| Port Latch

PCR Register

A
i Input to each B
' Peripheral Function
1
Option ®*) Circuit (B)
. Peripheral Function
Hysteresis

Port Input

Ploto P14 — —

P15 to P17 O ©]
QO: Available, —: Not available

Programmable I/O Ports with the Function Select Register

Write Signal to INVO3 —p Q

Value written to INVO3 —— T

RESET
NMI

INVO

Select Pull-up

5

INVO3

R

3 : INV02

Output from each
Peripheral Function

PS1 and PS2

Registers

—|Direction Register

]

Data Bus——4

Input to each
Peripheral Funct

>—[ Port Latch

=

ion

Port : P72, P73, P74, P75, P80, P81

Figure 24.2 Programmable I/O Ports (2)
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Programmable I/O Ports with the Function Select Register

| Select Pull-Up
PSO to PS9
Register
[

4
Output from each |

Peripheral Function

Data Bus —Q—' Port Latch }

1 Input to each

i Peripheral Function

—-

| Analog Signal

Option
(A)
Hysteresis
Port

Circuit (B)
Peripheral Function
Input

Circuit (C)
Analog I/F

Circuit (D)

P53

P6o to P67

OO

P70, P71 (Note 1)

P76, P77

P82

P9o to P92

P93 to P9s

P97

O[O|0]o|0|0|0

P11o

P111, P112

)

P113
P120

P121, P122

P123to P127
P130 to P134

Note 2) <
(Note 2) P13s5, P136

P137
P140, P141

P142, P143

O

P150, P151
P154, P155

O |0 O |O] O |0l O |O|0]|0]|0|0|0O]|0

O :Available, —: Not available

NOTES:

1. P70 and P71 are ports for the N-channel open drain output.
2. These ports are provided in the 144-pin package only.

Figure 24.3 Programmable I/O Ports (3)
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable 1/O Port

Input Port (P85)

Data Bus | O
NMI .a'l
Figure 24.4 Programmable I/O Ports (4)
. . . ) 2
Port Pi Direction Register (i=o to 15)®
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
S N N N N N A PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
- E - PD4 to PD7 03EA16, 03EB16, 03C216, 03C316 0016
N PD8 03C616 00X0 00002
e PD9to PD10  03C716(Y, 03CA16 0016
e PD11 03CB164 XXX0 00002
- PD12to PD13 03CE, 03CF16 0016
R PD14 03D216@4 X000 00002
O PD15 03D316®) 0016
Sy?]:tbol Bit Name Function RW
bbi o |PortPio Direction |0 : Input mode (Functions as input port)
A — | Register 1 : Output mode (Functions as output port) | RW
T A pp; 1 |PortPit Direction |0 : Input mode (Functions as input port) W
R —~ | Register 1 : Output mode (Functions as output port)
S T pDi » |PortPizDirection |0 : Input mode (Functions as input port)
R —  |Register 1 : Output mode (Functions as output port) RwW
- S bDi 3 | Port Piz Direction |0 : Input mode (Functions as input port) AW
ool —  |Register 1 : Output mode (Functions as output port)
. Port Pi4 Direction [0 : Input mode (Functions as input port)
o p mmmmemememeeeees PDi_4 ) . RW
N —  |Register 1 : Output mode (Functions as output port)
PDI 5 Port Pis Direction | O : Input mode (Functions as input port)
—  |Register 1 : Output mode (Functions as output port) RW
PDI 6 Port Pis Direction | O : Input mode (Functions as input port) RW
- Register 1 : Output mode (Functions as output port)
PDI 7 Port Pi7 Direction |0 : Input mode (Functions as input port) RW
— | Register 1 : Output mode (Functions as output port)

NOTES:

changed.

3. Set the PD11 to PD15 registers to "FF16" in the 100-pin package.
4. Nothing is assigned to the PD8_5 bit in the PD8 register, the PD11_5 to PD11_7 bits in the PD11
register and the P14_7 bit in the PD14 register. If write, set these bits to "0". When read, their

contents are indeterminate.

1. Set the PD9 register immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 register.

2. In memory expansion and microprocessor mode, the direction register of pins being used as bus
control pins (Ao to A22, A23, Do to D15, MAO to MA12, CSO to CS3, WRL/WR/CASL,
WRH/BHE/CASH, RD/DW, BCLK/ALE/CLKouT, HLDA/ALE, HOLD, ALE/RAS and RDY) cannot be

Figure 24.5 PDO to PD15 Registers
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable I/O Port

b7 b6 b5 b4 b3 b2 bl bO

Port Pi Register (=0 to 15)(. 2)

Symbol Address After Reset
PO to P5 03EO016, 03E116, 03E416, 03E516, 03E816, 03E916 Indeterminate
P6 to P10 03C016, 03C116), 03C416™, 03C516, 03C816 Indeterminate
P11to P15  03C916®, 03CC16, 03CD16, 03D016!, 03D116 Indeterminate
Bit Bit Name Function RW
Symbol
Pi_0 [Port Pio Register RW
Pi_1 [Port Pi1 Register RW
) ) ) Pin levels can be read by reading
Pi_2 | Port Pi2 Register bits corresponding to programmable | RwW
ports in input mode.
) ) ) Pin levels can be controlled by
Pi_3 [Port Pi3 Register writing to bits corresponding to RW
programmable ports in output mode.
Pi_4 [Port Pi4 Register 0:"L" level RW
1:"H" level
Pi_5 |Port Pis Register RW
Pi_6 [Port Pie Register RW
Pi_7 [Port Pi7 Register RW

NOTES:

1. In memory expansion and microprocessor mode, the direction register of pins being used as bus

control pins (Ao to A22, A23, Do to D15, MAO to MA12, CS0 to CS3, WRL/WR/CASL, WRH/BHE/CASH,
'RD/DW, BCLK/ALE/CLKouT, HLDA/ALE, HOLD, ALE/RAS, and RDY) cannot be changed.
2. The P11 to P15 registers are provided in the 144-pin package only.
3. P70 and P71 are ports for the N-channel open drain output. The pins go into a high-impedance state
when P70 and P71 output a high-level signal ("H").
4. The P8s bit is for read only.
5. Nothing is assigned to the P11_5 to P11_7 bits in the P11 register and the P14_7 bit in the P14
register. If write, set these bits to "0". When read, their contents are indeterminate.

Figure 24.6 PO to P15 Registers
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable 1/O Port

b7 b6 b5 b4

b7 b6 b5 b4

Function Select Register AO

b3 b2 bl b0 Symbol Address After Reset
| | | | PSO 03BO016 0016
Bit Bit Name Function
+ + o+« [ Symbol RW
Port P60 Output : /0 port
PS0_0 Function Select Bit |1 : RTSO RW
Port P61 Output . 1/O port
PS0_1 Function Select Bit |1 : CLKO output RW
P Port P62 Output - 1/0 port
PS0_2 Function Select Bit |1 : Selected by the PSLO_2 bit RW
s PS0_3 Port F?63 Output |9 I/0 port RW
Function Select Bit |1 : TxDO/SDAO output
Port P64 Output : 1/0 port
PS0_4 Function Select Bit |1 : Selected by the PSLO_4 bit RW
______________ Port P65 Output 1 1/0 port
PS0_5 Function Select Bit |1 : CLK1 output RW
Port P66 Output : /0 port
PS0_6 Function Select Bit |1 : Selected by the PSLO_6 bit RW
Port P67 Output : 1/O port
.............. ] . RW
PS0_7 Function Select Bit |1 : TxD1/SDA1 output
Function Select Register Al
b3 b2 bl bo Symbol Address After Reset
| | | | PS1 03B116 0016
Bit Bit Name Function
[ Symbol RW
oo Port P70 Output . 1/0 port
PS10 Function Select Bit| 1 : Selected by the PSL1_0 bit RW
Port P71 Output . 1/O port
P T PSL1 Function Select Bit| 1 : Selected by the PSL1_1 bit RW
Port P72 Output . 1/0 port
PSSl 2 Function Select Bit| 1 : Selected by the PSL1_2 bit RW
Port P73 Output : 1/O port
PS1.3 Function Select Bit| 1 : Selected by the PSL1_3 bit RW
Port P74 Output . 1/O port
-------------- PS1 4 )
— | Function Select Bit| 1 : Selected by the PSL1_4 bit RW
______________ Port P75 Output . 1/O port
PS1.5 Function Select Bit| 1 : Selected by the PSL1_5 bit RW
Port P76 Output . 1/O port
PS1_6 Function Select Bit| 1 : Selected by the PSL1_6 bit RW
Port P77 Output . 1/0 port
PSL7 | Einction Select Bit| 1 : OUTCO1/ISCLKO output RW

Figure 24.7

PSO Register and PS1 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable I/O Port

b7 b6 b5 b4 b3 b2 bl bo

LoJoP<lofof [ |

o

Function Select Register A2

A

b7 b6 b5 b4 b3 b2 bl bO

Function Select Register A3(1)

Symbol Address After Reset
PS2 03B416 00X0 00002
Bit Bit Name Function RW
Symbol
Port P8o Output 0: /0O port
PS2_0 Function Select Bit | 1 : Selected by the PSL2_0 bit RW
Port P81 Output 0: /0O port
PSZ_]. Function Select Bit 1 : Selected by the PSLZ_l bit RW
Port P82 Output 0: /0O port
PSZ—Z Function Select Bit 1 : Selected by the PSLZ_Z bit RW
Reserved Bit Set to "0" RW
(b4 - b3)
Nothing is assigned. When write, set to "0". o
(b5) When read, its content is indeterminate.
R Bi "0" RW
(b7 - b6) eserved Bit Setto "0
Symbol Address After Reset
PS3 03B516 0016
Bit Bit Name Function RW
Symbol u
Port P9o Output 0: 1/O port
PS3 0 Function Select Bit | 1 : CLK3 output RW
Port P91 Output 0: 1/O port
PS3_1 Function Select Bit | 1 : Selected by the PSL3_1 bhit RW
Port P92 Output 0 : I/O port
PS3_2 . . - I por
- Function Select Bit |1 : Selected by the PSL3_2 bit RW
PS3_3 Port PQs Output . 0: /O port RW
Function Select Bit | 1: RTS3
PS3_4 Port R94 Output ' 0: /O port RW
Function Select Bit | 1: RTS4
Port P95 Output 0: 1/O port
PS3.5 Function Select Bit |1 : CLK4 output RW
PS3 6 Port nge Output ' 0: 1/O port RW
Function Select Bit |1 : TxD4/SDA4 output
Port P97 Output 0: 1/O port
PS3_7 P ’ RW

Function Select Bit

1: Selected by the PSL3_7 bit

NOTES:

1. Set the PD9 register immediately after the PRC2 bit in the PRCR register is set to "1" (write enable). Do
not generate an interrupt or a DMA transfer between the instruction to set to the PRC2 bit to "1" and the
instruction to set the PD9 register.

Figure 24.8 PS2 Register and PS3 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable 1/O Port

Function Select Register A5(1)
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
E E 5 0 PS5 03B916 XXX0 00002
H R Bit Bit N = .
: : Symbol it Name unction RW
Port P110 Output - 1/O port RW
A PS50 | Eunction Select Bit | 1 : OUTC10/ ISTXD1/BE1ouT
L bss 1 | PortPLL1 Output - 1/0 port
A — | Function Select Bit | 1: OUTC11/ISCLK1 output RwW
A b 5 |POP1L2Output |0 1O port
A =~ | Function Select Bit : OUTC12 RW
T b5 5 |POTtPLLs Output |0 1O port W
P — | Function Select Bit |1: OUTC13
[ — Reserved Bit Set to "0" RW
Pl (b4)
Nothing is assigned. When write, set to "0". o
) (b7 - b5y | When read, its content is indeterminate.
NOTES:
1. The PS5 register is provided in the 144-pin package only.
Function Select Register A6(1)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | | PS6 03BC16 0016
- Bit Bit N E .
Py s v | Symbol it Name unction RW
R T T T B Port P120 Output |0 : I/O port
- R . ) RW
e 6.0 Function Select Bit |1 : OUTC30/ISTxD3
Port P121 Output |0 : I/O port
E E E E E E ------ PSG—l Function Select Bit 1: OUTC31/ISCLK3 output RwW
R PS6_2 Port E122 Output‘ 0: 1/0 port RW
H Function Select Bit (1 : OUTC32
Port P123 Output |0 : I/O port
Voo n a1 meeeeeeaeaaas PS6_3
A — | Function Select Bit 1 : OUTC33 RW
Port P124 Output |0 : 1/O port
HE E  RGLERt PS6_4
HEH ~ | Function Select Bit |1 : OUTC34 RW
R Port P125 Output |0 : 1/O port
PS6.5 | kunction Select Bit |1 : OUTC3s RW
Port P126 Output |0 : I/O port
TP e P e PR E LT RW
: PS6.6 | £ nction Select Bit |1 : OUTC3s
Port P127 Output |0 : I/O port
PS6_7 | Function Select Bit |1 : OUTC37 RW
NOTES:
1. The PS6 register is provided in the 144-pin package only.

Figure 24.9 PS5 Register and PS6 Register
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M32C/83 Group (M32C/83, M32C/83T)

24.

Programmable 1/O Port

b7 b6

Function Select Register A7(1)

bS b4 b3 b2 bl bo Symbol Address After Reset

PS7 03BD16 0016

b7 b6 b5 b4

Bit

Symbol Function

Bit Name

RW

Port P130 Output
Function Select Bit

o

. 1/O port

| PS70 . OUTC24

[N

RW

Port P131 Output
Function Select Bit

o

: 1/O port
: OUTC25

PS7 1

=

RW

Port P132 Output
Function Select Bit

o

: 1/O port

PS7.2 - OUTC26

[N

RW

Port P133 Output
Function Select Bit

o

: /O port

ps7_3 - OUTC23

[N

RW

Port P134 Output
Function Select Bit

: /0 port

PS7_4 : OUTC20/ISTXD2/IEouT

= O

RW

Port P135 Output
Function Select Bit

o

. 1/0 port
: OUTC22

PS7 5

[y

RW

Port P136 Output
Function Select Bit

: 1/O port

PS7_6 : OUTC21/ISCLK2 output

= O

RW

o

Port P137 Output
Function Select Bit

: 1/O port

pS7_7 . OUTC27

[y

RW

NOTES:
1. The PS7 register is provided in the 144-pin package only.

Function Select Register A8(1)

b3 b2 bl b0 Symbol Address After Reset

{ofo]o]

PS8 03A016 X000 00002

Bit

Symbol Function

Bit Name

RW

Port P140 Output | 0 : /O port

"| PS80 Function Select Bit | 1 : OUTC14

RW

1/0 port
OUTC1s

Port P141 Output | O

PS8_1 Function Select Bit | 1 :

RW

Port P142 Output [ O:
Function Select Bit | 1 :

1/0O port

Ps8_2 OUTCl1s

RW

Port P143 Output (O :
Function Select Bit | 1 :

1/O port

Ps8_3 OuUTC17

RW

Reserved Bit Set to "0"

(b6 - ba)

RW

Nothing is assigned. When write, set to "0".

(b7) [When read, its content is indeterminate.

NOTES:
1: The PS8 register is provided in the 144-pin package only.

Figure 24.10

PS7 Register and PS8 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable 1/O Port

b7 b6 b5 b4 b3 b2 bl bo

loJo] | Jofof | |

Function Select Register A9()

Symbol Address After Reset
PS9 03Al1e 0016
Bit Bit Name Function
Symbol RW
Port P150 Output (0 : /O port
PS9_0 Function Select Bit| 1 : OUTCO0o/ ISTXDO/BEOoUT RW
Port P151 Output |0 : I/O port
PS9_1 | Eunction Select Bit| 1 : OUTCOL/ ISCLKO output RW
—— | Reserved Bit Set to "0" RW
(b3 - b2)
PS9 4 Port E154 Output. 0:1/0O port RW
Function Select Bit| 1 : OUTCO4
PS9 5 Port E155 Output. 0: /0O port RW
Function Select Bit| 1 : OUTCOs
— | Reserved Bit Set to "0" RW
(b7 - b6)

NOTES:

1. The PSO9 register is provided in the 144-pin package only.

Figure 24.11 PS9 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable I/O Port

b7 b6 b5 b4 b3 b2 bl bO
o] lo] fof lo]o]

Function Select Register BO

b7 b6 b5 b4 b3 b2 bl bO

Function Select Register B1

B L L LLLLLLE LT PP PR PERPEY Nl

NOTES:

Symbol Address After Reset
PSLO 03B216 0016
Bit . .
Symbol Bit Name Function RW
— Reserved Bit Set to "0" RW
(b1 - b0)
Port P62 Output Peripheral | 0 : SCLO
PSLO_2 Function Select Bit 1:STxDO RW
—_— Reserved bit Set to "0" RW
(b3)
Port P64 Output Peripheral | 0 : RTS1
PSLO_4 Function Select Bit 1: OUTC21/ISCLK2 output RW
— Reserved Bit Set to "0" RW
(b5)
Port P66 Output Peripheral | 0 : SCL1 output
PSLO_6 Function Select Bit 1:STxD1 RW
— Reserved Bit Set to "0" RW
(b7)
Symbol Address After Reset
PSL1 03B316 0016
Bit Bit N Functi
Symbol it Name unction RW
Port P70 Output Peripheral |0 : Selected by the PSC_0 bit
PSL1 . . : -
SL1.0 Function Select Bit 1 : TAOOUT output RW
Port P71 Output Peripheral | 0 : Selected by the PSC_1 bit
PSL1 1 . . -
SLL Function Select Bit 1:STxD2 RW
psL1 2 | PortP72 Output Peripheral | g : Selected by the PSC_2 bit RW
— | Function Select Bit 1: TAlouT output
Port P73 Output Peripheral . i
PSL1 3 _ put Ferip 0 : Selected by the PSC_3 bit RW
Function Select Bit 1:V
Port P74 Output Peripheral . ;
PSLL 4 _ put Ferip 0 : Selected by the PSC_4 bit RW
Function Select Bit 1:W
PSL1 5 Port P.75 Output Eerlpheral 0:W RW
— | Function Select Bit 1:0UTC12
Port P76 Output Peripheral |0 : Selected by the PSC_6 bit
PSL1 . . : -
SL1.6 Function Select Bit 1: TA30uT output RW
— |R Bi "0"
©7) eserved Bit Set to "0 RW
1. Set the corresponding PSC _i bit in the PSC register to "0" when setting the PSL1_i bit (i=0 to 4, 6) to "1".

Figure 24.12 PSLO Register and PSL1 Register
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M32C/83 Group (M32C/83, M32C/83T)

24.

Programmable I/O Port

Function Select Register B2
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| 0 | 0 |><| 0 | 0 | | | PSL2 03B616 00X0 00002
Bit Bit Name Function RW
i1 1 1 i | Symbol
Port P80 Output Peripheral | 0 : TA4ouT output
R PSL2_01 Function Select Bit 1:U RW
Port P81 Output Peripheral | g - '
R PP PSL2_1 . . :
Pl —" | Function Select Bit 1: OUTC30/ISTxD3 RW
Port P82 Output Peripheral | 0 : OUTC32
PSL2 2 Function Select Bit 1: CANout RW
R bbb bbb Reserved Bit Set to "0" RW
(b4 - b3)
____________________ Nothing is assigned. When write, set to "0". L
(b5) When read, its content is indeterminate.
--------------------------- ——_. | Reserved Bit Set to "0" RW
(b7 - b6)
Function Select Register B3
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | 0 PSL3 03B716 0016
Bit Bit Name Function
i fof 1t 1t i 1| Symbol RW
ol — Reserved Bit Set to "0" RW
N N A )
A Port P91 Output Peripheral | 0 : SCL3 output
PSL3 1 Function Select Bit 1:STxD3 RW
A PSL3 2 Port Ff92 Output Eerlpheral 0 : TxD3/SDA3 output iy
oo Function Select Bit 1: OUTC20/ISTxD2/IEouT
Port P93 Output Peripheral | 0 : Other than DAO
PSL3_3 | Flinction Select Bit 1: DAO® RW
Port P94 Output Peripheral | 0 : Other than DAL
PSL3_4 | Function Select Bit 1:DA1® RW
Do Port P95 Output Peripheral | 0 : Other than ANEXO
A S S PSL3 5
o — | Function Select Bit 1: ANEXOM RW
] psL3_g |Fort P96 Output Peripheral | 0 : Other than ANEX1 RW
: Function Select Bit 1: ANEX1®
Port P97 Output Peripheral | 0 : SCL4 output
PSL3_7 Function Select Bit 1:STxD4 RW
NOTES:
1. Although DAO, DA1, ANEX0 and ANEX1 can be used when this bit is set to "0", power consumption
may increase.

Figure 24.13 PSL2 Register and PSL3 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable I/O Port

Function Select Register C
b7 b6 bS b4 b3 b2 bl boO Symbol Address After Reset
| | I><| | | | | PSC 03AF16 00X0 00002
Ve Bit . .
Prob b | symbol Bit Name Function RW
S T T O co Port Pjo Output Eerlpheral 0 : TxD2/SDA2 output W
R A Function Select Bit 1: OUTC20/ISTXD2/IEoUT
_____ P 1 Port P71 Output Peripheral |0 : SCL2 output
SC_ Function Select Bit 1:0UTC22 RW
Port P72 Output Peripheral |0 : CLK2 output
A S S PSC_2 . .
Vo SC_ Function Select Bit 1:V RW
Port P73 Output Peripheral |0 : RTS2
PSC_3 Function Select Bit 1: OUTC1o/ISTxD1/BElout RwW
o ] PSC 4 Port Pj4 Output Eerlpheral 0 : TA20uT output RW
- Function Select Bit 1: OUTC11/ISCLK1 output
R Nothing is assigned. When write, set to "0". o
(b5) | When read, its content is indeterminate.
_ _______________________ PSC 6 Port P76 Output Peripheral |0 : OUTCO00/ISTxDO/BEOoUT
— | Function Select Bit 1: CANout RW
_ __________________________ psC 7 Key Input Interrupt Validity |0 : P104 to P107 or Klo to Ki3 B
SC_7 | select Bit 1 : AN4 to AN7(D)
NOTES:
1. Set the ILVL2 to ILVLO bits in the KUPIC register to "0002" (interrupt disabled) when changing the
PSC_7 bit.
Although the AN4 to AN7 pins can be used when this bit is set to "0", power consumption may
increase.

Figure 24.14 PSC Register
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M32C/83 Group (M32C/83, M32C/83T)

24.

Programmable I/O Port

NOTES:

NOTES:

NOTES:
1. P70 and P71 cannot be pulled up.
2. P85 cannot be pulled up.

Pull-Up Control Register 0(1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
PURO 03FO016 0016
Bit . .
Symbol Bit Name Function RW
PUOO | POo to P03 Pull-Up Pull-up setting for corresponding port| RW
PUOL | P04 to PO7 Pull-Up 0 : Not pulled up RW
1: Pulled up

PU02 | Ploto P13 Pull-Up RW
PUO3 | P14 to P17 Pull-Up RW
PU0O4 P20 to P23 Pull-Up RW
PUO5 P24 to P27 Pull-Up RW
PU06 | P3oto P33 Pull-Up RW
PU07 | P34to P37 Pull-Up RW

Pull-Up Control Register 1(1)

b7 b6 b5 b4 b3 b2 bl bo

1. Set each bit in the PURO register to "0" since PO to P5 operate as the address bus in the
memory expansion mode and microprocessor mode. Pull-up or no pull-up setting can be
selected when using these ports as I/O ports.

Symbol Address After Reset
PUR1 03F1l1e XXXX 00002
Bit . .
Symbol Bit Name Function RW
PU10 | P4o to P43 Pull-Up Pull-up setting for corresponding port| RW
PU11 | P4a4to P47 Pull-Up 0 : Not pulled up RW
1: Pulled up
PU12 | P50 to P53 Pull-Up RW
PU13 P54 to P57 Pull-Up RW
Nothing is assigned. When write, set to "0". o
(b7 - b4) | When read, its content is indeterminate.

Pull-Up Control Register 2

b7 b6 b5 b4 b3 b2 bl b0

1. Set each bit in the PURL register to "0" since PO to P5 operate as the address bus in the
memory expansion mode and microprocessor mode. Pull-up or no pull-up setting can be
selected when using these ports as I/0 ports.

Symbol Address After Reset
PUR2 03DA16 0016
Bit . )
Symbol Bit Name Function RW
PU20 | P6o to P63 Pull-Up Pull-up setting for corresponding port| RW
PU21 | P64 to P67 Pull-Up 0: Not pulled up RW
1: Pulled up

PU22 | P72to P73 Pull-up® RW
PU23 | P74to P77 Pull-Up RW
PU24 P8o to P83 Pull-Up RW
PU25 | P84 to P87 Pull-Up®@ RW
PU26 P90 to P93 Pull-Up RW
puU27 | P94 to P97 Pull-Up RW

Figure 24.15 PURO Register, PUR1 Register and PUR2 Register
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M32C/83 Group (M32C/83, M32C/83T)

24. Programmable I/O Port

Pull-Up Control Register 3 <144-pin package>
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | PUR3 03DB16 0016
Bit Bit Name Function
Poff i1 i 1| Symbol RW
i+ 4 ¢ 4 4 | PU30 | P10oto P103 Pull-Up  [Pull-up setting for corresponding port | RW
s PU31 | P104to P107 Pull-Up |0 : Not pulled up RW
H - 1: Pulled up
A PU32 | P1loto P113 Pull-Up RW
Pl e PU33 | P114 Pull-Up RW
bbb mmemmemmemeenee PU34 | P120to P123 Pull-Up RW
R RACLGELTEEPEPLERY PU35 | P124to P127 Pull-Up RW
b s PU36 | P130 to P133 Pull-Up RW
e eeremee e pU37 | P134to P137 Pull-Up RW
Pull-Up Control Register 3 <100-pin package>
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
lofofo]o]o]o] | PUR3 03DB16 0015
Bit Bit Name Function
: E E + + | Symbol RW
6U30 | PL06 to P10s PUILU Pull-up setting for corresponding port
010 P10 PullUp 4 - Not pulled up RW
: P 1: Pulled up
: Pl e PU31 | P104to P107 Pull-Up RW
: SEEEUPEPREPREY —— | Reserved Bit Set to "0" RW
(b7 - b2)
Pull-Up Control Register 4(1)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
5 5 5 5 PUR4 03DC16 XXXX 00002
Bit Bit Name Function
Pobofor ot i [ Symbol RW
oo 4 0 4 % PU40 | P14oto P143 Pull-Up  |Pull-up setting for corresponding port | RW
T PU41 | P14ato P147 Pull-Up |0 Notpulled up RW
A 1: Pulled up
- PU42 | P150to P153 Pull-Up RW
R A it PU43 | P154to P157 Pull-Up RW
________________ Nothing is assigned. When write, set to "0". L
(b7 - b4) | When read, its content is indeterminate.
NOTES:
1. Set the PURA4 register to "0016" in the 100-pin package.

Figure 24.16

PUR3 Register and PUR4 Register
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Port Control Register(!)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
WMJ PCR 03FF16 XXXX XXX02
Bit . )
Symbol Bit Name Function RW

Port P1 Control 0 : CMOS output as P1 output format
Bit 1 : N-channel open drain output® RW

-1 PCRO

Nothing is assigned. When write, set to "0".
(b7 - b1) | When read, its content is indeterminate.

NOTES:

1. Set the PURO bit to "0" since P1 operates as the data bus in memory expansion mode and
microprocessor mode. When using the ports as I/O ports, CMOS port or N-channel open drain
can be selected.

2. This function is designed, not to make port P1 a full open drain, but to turn off the P channel in the
CMOS port.Absolute maximum rating of the input voltage is from -0.3V to Vcc + 0.3V.

Figure 23.17 PCR Register

Input Function Select Register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| | | | | | | | | IPS 017816 0016
SR N T . .
- Symbol Bit Name Function RW
Assigns each function of INPCOo,
Group 0 Inout Pin INPCO01/ISCLKO and INPCO02/ISRxD0O
Db n n bt IPSO Selecg Bit(? /BEOIN to the following ports. RW
0: P76, P77, P80
1:P150, P151, P152
Assigns each function of INPC11
e . /ISCLK1 and INPC12/ISRxD1/BE1IN
A IPS1 Group 1 Input Pin to the following ports
e i ' RW
Select Bit 1 0: P74 P75
1:P111,P112
Port P15 Input Peripheral| 0 : Except AN15()
IPS2 Function Select Bit 1:AN15 RW
CANIN Function 0:P77
A IPS3 | pin sSelect Bit 1:P8s RW
P > bt
. PS4 ) 0 0:P71 RW
|S.RXD2/|EIN‘FunCtI0n 0 1:P91
____________________ PS5 Pin Select Bit 1 0:P13s RW
1 1 : Do not set to this value
ISCLK2 Function 0: P64
IPS6 Pin Select Bit 1:P136 RW
___________________________ ISRxD3 Function 0:P81,P82
IPS7 Pin Select Bit 1:P120,P122 RW
NOTES:
1. Although AN150 to AN157 can be used when the IPS bit is set to "0", the power consumption may
increase.
Figure 24.18 IPS Register
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Table 24.1 Unassigned Pin Settings in Single-chip Mode

Pin Name Setting
PO to P15 Enter input mode and connect each pin to Vss via a resistor (pull-down);
(excluding P8s)(1:2:3-4.6)| or enter output mode and leave pins open
XouT®) Leave pin open
NMI(P85) Connect pin to Vcc via a resistor (pull-up)
AvVcc Connect pin to Vcc
AVss, VREF, BYTE Connect pins to Vss
NOTES:
1. P11 to P15 are provided in the 144-pin package only.
2. If the port enters output mode and is left open, it is in input mode before output mode is entered by
program after reset. While the port is in input mode, voltage level on the pins is indeterminate and
power consumption may increase.
Direction register settings may be changed by noise or failure caused by noise. Configure direction
register settings regulary to increase the reliability of the program.
3. Use the shortest possible wiring to connect the microcomputer pins to unassigned pins (within 2 cm).
4. P70 and P71 must output low-level ("L") signals if they are in output mode. They are ports for the N-
channel open drain outputs.
5. When the external clock is applied to the XIN pin, set the pin as written above.
6. In the 100-pin package, set "FF16" in the following addresses, in addition to the above settings:

Addresses 0003CB16, 0003CE16, 0003CF16, 0003D216, 0003D316

Table 24.2 Unassigned Pin Setting in Memory Expansion Mode and Microprocessor Mode

Pin Name Setting
P6 to P15 Enter input mode and connect each pin to Vss via a resistor (pull-down);
(excluding P8s)(1:2:3-4.6) | or enter output mode and leave pins open
BHE, ALE, HLDA, Leave pin open

XouT®), BCLK

NMI(P8s), RDY, HOLD | Connect pin to Vcc via a resistor (pull-up)

AvVcc Connect pin to Vcc
AVss, VREF Connect pins to Vss
NOTES:

1. P11 to P15 are provided in the 144-pin package only.

2. If the port enters output mode and is left open, it is in input mode before output mode is entered by
program after reset. While the port is in input mode, voltage level on the pins is indeterminate and
power consumption may increase.

Direction register settings may be changed by noise or failure caused by noise. Configure direction
register settings regulary to increase the reliability of the program.

3. Use the shortest possible wiring to connect the microcomputer pins to unassigned pins (within 2 cm).

4. P70 and P71 must output low-level ("L") signals if they are in output mode. They are ports for the N-
channel open drain outputs.

5. When the external clock is applied to the XIN pin, set the pin as written above.

6. In the 100-pin package, set "FF16" in the following addresses, in addition to the above settings:

Addresses 0003CB16, 0003CE16, 0003CF16, 0003D216, 0003D316
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Microcomputer Microcomputer
PO to P15(1) (except for P8s) P6 to P15(1) (except for P8s)
(Input mode) ’\/\/\, (Input mode) ’\/\/\,
(Input mode) —W\f—qp (Input mode) 4\/\/\,—1
(Output mode) Open (Output mode) Open
'NMI(P8s)
NMI(P8s) M _BHE ——
HLDA |——
Xout Open ALEl— 4 open
vee XouT|—
Avce J BOLK f— vee
BYTE HOLD E;?;gg
AVss RDY
VREF Avce
Vss AVss Vss
— VREF
In single-chip mode In memory expansion mode or —

microprocessor mode

NOTES:
1. P11 to P15 are provided in the 144-pin package only.
2. M32C/83T cannot be used in memory expansion mode and microprocessor mode.

Figure 24.19 Unassigned Pin Handling
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24. Programmable I/O Port

Table 24.3 Port P6 Peripheral Function Output Control

PSO Register PSLO Register
Bit 0 |0: P60/CTS0/SSO Setto "0"
1: RTSO
Bit 1 | 0: P61/CLKO (input) Set to "0"
1: CLKO (output)
Bit 2 | 0: P62/RxD0/SCLO (input) 0: SCLO (output)
1: Selected by the PSLO register 1: STxDO
Bit 3 | 0: P63/SRxDO0/SDAO (input) Set to "0"
1: TxDO/SDAO (output)
Bit 4 |0: P64/CTS1/SS1/ISCLK2 (input) 0: RTS1
1: Selected by the PSLO register 1: OUT21/ISCLK2(output)
Bit 5 | 0: P65/CLK1(input) Set to "0"
1: CLK1(output)
Bit 6 | 0: P66/RxD1/SCL1 (input) 0: SCL1(output)
1: Selected by the PSLO register 1: STxD1
Bit 7 | 0: P67/SRxD1/SDA1 (input) Setto "0"
1: TXxD1/SDAL1 (output)

Table 24.4 Port P7 Peripheral Function Output Control

PS1 Register PSL1 Register PSC Register(®)
Bit 0| 0: P70/SRxD2/TAOouT(input)/ SDA2(input) | 0: Selected by the PSC register | 0: TxD2/SDA2(output)
1: Selected by the PSL1 register 1: TAOouT(output) 1. OUTC20/ISTxD2/IEoUT
Bit 1 | 0: P71/TB5IN/TAOIN/RXD2/ISRXD2/IEIN/ 0: Selected by the PSC register | 0: SCL2(output)
SCL2(input)
1: Selected by the PSL1 register 1: STxD2 1: OUTC22
Bit 2 | 0: P72/TALlouT(input)/CLK2(input) 0: Selected by the PSC register | 0: CLK2(output)
1: Selected by the PSL1 register 1: TAlouT(output) 1.V
Bit 3| 0: P73/TALIN/CTS2/SS2 0: Selected by the PSC register | 0: RTS2
1: Selected by the PSL1 register 1V 1: OUTC10/ISTxD1/BE1louT
Bit 4| 0: P74/INPC11/ISCLK1(input)/TA20uT(input)| 0: Selected by the PSC register | 0: TA2ouT(output)
1: Selected by the PSL1 register 1. W 1: OUTC11/ISCLK1(output)
Bit 5| 0: P75/TA2IN/INPC12/ISRXxD1/BE1IN 0: W Set to "0"
1: Selected by the PSL1 register 1. OUTC12
Bit 6 | 0: P76/INPCO0/TA30uT(input) 0: Selected by the PSC register | 0: OUTCO00/ISTxDO/BEOOUT
1: Selected by the PSL1 register 1: TA3ouT(output) 1. CANOouT
Bit 7| 0: P77/TA3IN/CANIN/ISCLKO(input)/INPCO1 | Set to "0" 0: P104 to P107 or KIO to KI3
1: OUTCO01/ISCLKO(output) 1: AN4 to AN7
(No relation to P77)
NOTES:

1. Set the corresponding PSC_i bit to "0" when setting the PSL1_i bit (i=0 to 4, 6) to "1".
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24. Programmable 1/O Port

Table 24.5 Port P8 Peripheral Function Output Control

PS2 Register PSL2 Register
Bit 0 0: P80/INPCO02/ISRxDO/BEOOUT/TA40UT(input) 0: TA4ouT(output)
1: Selected by the PSL2 register 1. U
Bit 1 0: P8L/TA4IN 0:U
1: Selected by the PSL2 register 1: OUTC32/ISTxD3
Bit 2 0: P82/INTO/ISRxD3 0: OUTC32
1: Selected by the PSL2 register 1: CANouT
Bit 3to 7 | Set to "0"

Table 24.6 Port P9 Peripheral Function Output Control

PS3 Register PSL3 Register

Bit 0 0: P90/TBOIN/CLK3(input) Set to "0"
1: CLK3(output)

Bit 1 0: P91/TB1IN/RXD3/ISRXxD2/SCL3(input)/IEIN 0: SCL3(output)
1: Selected by the PSL3 register 1: STxD3

Bit 2 0: P92/TB2IN/SRxD3/SDA3(input) 0: TXxD3/SDA3(output)
1: Selected by the PSL3 register 1: OUTC20/ISTXD2/IEIN

Bit 3 0: P93/TB3IN/CTS3/SS3/DA0(output) 0: Except DAO
1: RTS3 1: DAO

Bit 4 0: P94/TB4IN/CTS4/SS4/DA1(output) 0: Except DA1
1: RTS4 1: DAl

Bit 5 0: P95/ANEXO0/CLK4(input) 0: Except ANEXO
1: CLK4(output) 1: ANEXO

Bit 6 0: P96/SRXxD4/ANEX1/SDA4(input) 0: Except ANEX1
1: TxD4/SDA4(output) 1: ANEX1

Bit 7 0: P97/RxD4/ADTRG/SCLA4(input) 0: SCL4(output)
1: Selected by the PSL3 register 1: STxD4

Table 24.7 Port P10 Peripheral Function Output Control

PSC Register

Bit 7 0: P104 to P107 or Klo to Ki3
1: AN4 to AN7
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24. Programmable I/O Port

Table 24.8 Port P11 Peripheral Function Output Control

PS5 Register
Bit 0 0: P11o
1: OUTC10/ISTxD1/BE1OUT
Bit 1 0: P111/INPC11/ISCLK1(input)
1: OUTC11/ISCLK1(output)
Bit 2 0: P112/INPC12/ISRxD1/BE1IN
1: OUTC12
Bit 3 0: P113
1: OUTC13
Bit4to 7 |[Setto"0"

Table 24.9 Port P12 Peripheral Function Output Control

PS6 Register

Bit 0 0: P120
1: OUTC30/ISTxD3
Bit 1 0: P121/ISCLK3(input)
1: OUTC31/ISCLK3(output)
Bit 2 0: P122/ISRxD3
1: OUTC32
Bit 3 0: P123
1: OUTC33
Bit 4 0: P124
1: OUTC34
Bit 5 0: P12s
1: OUTC3s
Bit 6 0: P126
1: OUTC3s
Bit 7 0: P127
1: OUTC37
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24. Programmable I/O Port

Table 24.10 Port P13 Peripheral Function Output Control

PS7 Register

Bit O 0: P130
1: OUTC24
Bit 1 0: P131
1: OUTC2s
Bit 2 0: P132
1: OUTC2s6
Bit 3 0: P133
1: OUTC23
Bit 4 0: P134
1: OUTC20/ISTxD2/IEoUT
Bit 5 0: P135/ISRXD2/IEIN
1: OUTC22
Bit 6 0: P136/ISCLK2(input)
1: OUTC21/ISCLK2(output)
Bit 7 0: P137
1: OUTC27

Table 24.11 Port P14 Peripheral Function Output Control

PS8 Register

Bit O 0: P14o0
1: OUTC14
Bit 1 0: P141
1: OUTC1s
Bit 2 0: P142/INPC16
1: OUTCl1s
Bit 3 0: P143/INPC17
1: OUTC17
Bit4to 7 |Setto" Q"

Table 24.12 Port P15 Peripheral Function Output Control

PS9 Register

Bit O 0: P150/INPCO0/AN150
1: OUTCO0/ISTXDO/BEOOUT

Bit 1 0: P151/INPCO1/AN151/ISCLKO(input)
1: OUTCO01/ISCLKO(output)

Bit2to 3 | Setto "0"

Bit4 0: P154/INPC04/AN154
1: OUTCO4

Bit4 0: P155/INPCO5/AN155
1: OUTCOs

Bit6to7 |Setto" 0"
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25. Flash Memory Version

25. Flash Memory Version

Aside from the built-in flash memory, the flash memory version microcomputer has the same functions as the
masked ROM version.
In the flash memory version, rewrite operations to the flash memory can be performed in three modes: CPU
rewrite mode, standard serial I/O mode and parallel I/O mode.

Table 25.1 lists specifications of the flash memory version. See Tables 1.1 and 1.2 for the items not listed in

Table 25.1.

Table 25.1 Flash Memory Version Specifications

Item

Specification

Supply Voltage

4.2V to 5.5V (f(XIN) = 32MHz, no wait)
3.0V to 5.5V (f(XIN) = 20MHz, no wait)

Program and Erase Voltage

4.2V to 5.5V (through VDC), 3.0V to 3.6V (not through VDC)
CPU clock=12.5MHz (1 wait state), CPU clock=6.25MHz (ho wait)

Flash Memory Rewrite Mode

3 modes (CPU rewrite, standard serial 1/0, parallel I/O)

Erase Block

User ROM Area

See Figure 25.1

Boot ROM Area

1 block (8 Kbytes)(1)

Program Method

Per page (256 bytes)

Erase Method

All block erase, erase per block

Program and Erase Control Method

Software commands control programming and erasing on the flash memory

Protect Method

The lock bit protects each block in the flash memory

Number of Commands

8 commands

Program and Erase Endurance

100 cycles®

Data Retention

10 years

ROM Code Protection

Standard serial I/O mode and parallel I/O mode supported

NOTES:

1. The rewrite control program for standard serial I/O mode is stored in the boot ROM area before ship-
ment. This space can be rewritten in parallel I/O mode only.

Table 25.2 Flash Memory Rewrite Mode Overview

Flash Memory . .
Rewrite Mode CPU Rewrite Mode Standard Serial /O Mode Parallel /O Mode
Function Software command execution | A dedicated serial A dedicated parallel
by CPU rewrites the user ROM | programmer rewrites the user | programmer rewrites the
area. ROM area. boot ROM area and user
Standard serial 1/0 mode 1: ROM area.
Clock synchronous serial I/0
Standard serial /0O mode 2:
UART
Space which User ROM area User ROM area User ROM area
can be Boot ROM area
Rewritten
Operating Single-chip mode Boot mode Parallel /0O mode
Mode Memory expansion mode
Boot mode
Programmer None Serial programmer Parallel programmer
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25. Flash Memory Version

25.1 Memory Map

The flash memory contains a user ROM area, with space to store microcomputer operating programs in
single-chip mode or memory expansion mode, and a separate 8-Kbyte boot ROM area. Figure 25.1 shows
a block diagram of the flash memory.
The user ROM area is divided into several blocks, each of which can be protected (locked) from program
and erase. The user ROM area can be rewritten in CPU rewrite, standard serial I/0 and parallel I/O modes.
The boot ROM area is allocated in the same addresses as the user ROM area. It can only be rewritten in
parallel I/O mode (refer to 25.5 Parallel I/O Mode). A program in the boot ROM area is executed after a
hardware reset occurs while an "H" signal is applied to the CNVss and P50 pins and an "L" signal is applied
to the P55 pin (refer to 25.1.1 Boot Mode). A program in the user ROM area is executed after a hardware
reset occurs while an "L" signal is applied to the CNVss pin. Consequently, the boot ROM area cannot be

read.

F8000016 Block 10 : 64 Kbytes
F9000016 Block 9 : 64 Kbytes
FA000016 Block 8 : 64 Kbytes
FB000016 Block 7 : 64 Kbytes
FCO000016 Block 6 : 64 Kbytes
FDO00016 Block 5 : 64 Kbytes
FEO00016

Block 4 : 64 Kbytes

NOTES:

FF000016 1. The boot ROM area can be rewritten in parallel 1/O

Block 3 : 32 Kbytes mode

only. (Refer to 25.5.1 Boot Mode)
FF800016 . 2. When specifying a block, use the highest-order even
. Block 2 : 8 Kbytes address in the block to be specified.
16 Block 1 : 8 Kbytes

FFCO0016 Block 0 : 16 Kbytes FFEO0016 8 Kbytes
FFFFFF16 FFFFFF16

User ROM Area Boot ROM Area

Figure 25.1 Flash Memory Block Diagram
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25.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset is performed while an "H" signal is applied
to the CNVss and P50 pins and an "L" signal is applied to the P55 pin. The program in the boot ROM area
is executed.

In boot mode, the FMROS5 bit in the FMRO register selects access to either the boot ROM area or the user
ROM area.

The rewrite control program for standard serial I/O mode (refer to 25.4 Standard Serial I/O Mode) is
stored in the boot ROM area before shipment.

The boot ROM area can be rewritten in parallel I/O mode only. If any rewrite control program using erase-
write mode is written in the boot ROM area, the flash memory can be rewritten according to the system
implemented.

25.2 Functions to Prevent the Flash Memory from Rewriting
The flash memory has the ROM code protect function for parallel I/O mode and the ID code verify function
for standard 1/0 mode to prevent the flash memory from reading or rewriting.

25.2.1 ROM Code Protect Function
The ROM code protect function prevents the flash memory from reading and rewriting in parallel I/0
mode. Figure 25.2 shows the ROMCP register. The ROMCP register is located in the user ROM area.
The ROM code protect function is enabled when the ROMCP1 bit is set to "002". The ROM code protect
function is disabled when the ROMCR bit is set to "002", regardless of the ROMCP1 bit setting.
Therefore, set the ROMCR bit to "112" and the ROMCP1 bit to "002" when setting up the ROM code
protect function.
Once the ROM code protect function is enabled, the ROMCR bit cannot be changed in parallel I/O mode.
Rewrite the ROMCR bit to "002" in standard serial /O mode or CPU rewrite mode when disabling the
ROM code protect function.

25.2.2 1D Code Verify Function

Use the ID code verify function in standard serial I/O mode. The ID code sent from the serial programmer
is compared with the ID code written in the flash memory for a match. If the ID codes do not match,
commands sent from the serial programmer are not accepted. However, if the four bytes of the reset
vector are "FFFFFFFF16", ID codes are not compared, and all commands are accepted.

The ID codes are 7-byte data stored consecutively, starting with the first byte, into addresses
OFFFFDF16, OFFFFE316, OFFFFEB16, OFFFFEF16, OFFFFF316, OFFFFF716 and OFFFFFB16. The flash
memory must have a program with the ID codes set in these addresses.
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ROM Code Protect Control Address®

b5 b4

0 0 : Disables ROM code protection
0 1: Enables the ROMCP bit

1 0: Enables the ROMCP bit RW
11 : Enables the ROMCP bit

RW

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset

| | | | |1 |1 | 1 | 1 | ROMCP OFFFFFF16 FF16
SRR R N BT . .
Db bt 1| symbol Bit Name Function RW
Do heedeelondd Reserved Bit Setto "1" RW
T (b3 - b0)

ROM Code Protect
Reset Bit®)

--------------- ROMCR

b7 b6
0 0 : Enables ROM code protection | RW

PP ROMCP1 ROM Code Protect 0 1 : Enables ROM code protection
Level 1 Set Bit(2) 10 : Enables ROM code protection
11 : ROM code protection inactive

RW

NOTES:

1. When the ROMCR bit is set to "002", the ROM code protect level 1 is disabled. When the ROM code
protect level 1 is enabled, the ROMCR bit cannot be changed in parallel /O mode. Change the
ROMCR bit in standard serial /O mode, etc.

2. When the ROM code protect level 1 is enabled, the flash memory is protected against reading or
rewriting in parallel I/O mode.

3. The ROMCP register can be written with the page program command.

4. When a value of the ROMCP address is "0016" or "FF16", the ROM code protect function is disabled.

Figure 25.2 ROMCP Register

Address ¢%/
FFFFDC16 to FFFFDF16 ID1 :Undefined Instruction Vector
FFFFEO16 to FFFFE316 ID2 . Overflow Vector

FFFFE416 to FFFFE716 RK Instruction Vector

B
Address Match Vector

FFFFE816 to FFFFEB16 ID3

FFFFEC16 to FFFFEF16 ID4

FFFFFO16 to FFFFF316 ID5 ' Watchdog Timer Vector
FFFFF416 to FFFFF716 ID6

FFFFF816 to FFFFFB16 ID7 : NMI Vector

N
Reset Vector

FFFFFC16 to FFFFFF16

— v
——
4 bytes
Figure 25.3 Address to Store ID Code
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25.3 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten when the CPU executes software commands.
The user ROM area can be rewritten with the microcomputer mounted on a board, without using a parallel
or serial programmer.

Write the rewrite control program to either the user ROM area or the boot ROM area, beforehand. No
program in the flash memory can be executed in CPU rewrite mode. Therefore, transfer rewrite control
program to an area other than flash memory (internal RAM, etc.), and execute.

CPU rewrite mode can be entered when the microcomputer is in single-chip, memory expansion, and boot
mode.

Software commands, listed in Table 25.3, can be used in CPU rewrite mode. Refer to 25.3.3 Software
Command for details of each command.

Read or write commands and data from or to even addresses in the user ROM area, in 16-bit units. The 8
high-order bits (D15 to Ds) are ignored when writing command codes.

Table 25.3 Software Commands

Software Command First Bus Cycle Second Bus Cycle Third Bus Cycle
Mode | Address (Dg?éam) Mode | Address | (Dt Doy Mode | Address (Dllg?(t)aDO)

Read Array Write X XXFF16
Read Status Register Write X xx7016 Read X SRD
Clear Status Register Write X xx5016
Page Program Write X xx4116 Write WA WD Write | WA+2 WD
Block Erase Write X xx2016 Write BA xxDO016
Erase All Unlocked Block Write X XXA716 Write X xxDO016
Lock Bit Program Write X XX7716 Write BA xxD016
Read Lock Bit Status Write X XX7116 Read BA Ds

SRD: Data in the SRD register (D7 to Do)

WA:  Address to be written (Increment A7 to Ao by 2 from "0016" to "FE16".)
WD:  16-bit write data

BA: Highest-order block address (Ao = 0)

De: Lock bit (De=1: unlock, De=0: locked)

X: Any even address in the user ROM area (Ao = 0)
XX: 8 high-order bits of command code (ignored)
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25.3.1 Flash Memory Control Register 0 (FMRO Register)
Figure 25.4 shows the FMRO register.

Flash Memory Control Register 0

0 : Enables the lock bit
_________ D i+(1, 3, 4)
H FMRO2 | Lock Bit Disable Bit 1 Disables the lock bit RW

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

DX o] [ ][] Fwro 005716 XX00 00012
Bit Bit Name Function RW
i+ 1 1 1 [ Symbol
é é é é é RY/BY Signal 0:BUSY (auto—writi‘ng, auto-erasing)
v+ o+ o+ =-{ FMROO ) 1: READY (auto-write completed, auto-erase [ RO
roor Status Bit
T T completed)
oo CPU Rewrite Mod - Di i
A FMRO1 eY\/(fll g) oae 0 : Disables CPU rewrite mode RW
HE Select Bit™ 1: Enables CPU rewrite mode

By setting the bit to "1" just after setting it to "0",
Y RLLEEEEY FMRO3 | Flash Memory Reset Bit®) |a flash memory access is interrupted to reset the [ RW
flash memory control circuit

[ S Reserved Bit Set to"0" RW
(b4)

User ROM Area Select
; . X 0: Access the boot ROM area
-------------------- FMRO5 | Bit (Available in boot RW
2 6 1: Access the user ROM area
mode only)®? ©)

Noting is assigned. When write, set to "0".
(b7 - b6) When read, its content is indeterminate.

NOTES:

1. Set this bit to "1" immediately after setting it to "0". Do not generate an interrupt or a DMA transfer
between setting the bit to "0" and setting it to "1". Write "0" to this bit when setting it to "0".

2. Set the FMRO5 bit by program in a space other than the flash memory.

3. When the FMRO1 bit is set to "0", the FMRO02 bit is also set to "0" simultaneously.

4. The FMRO2 bit can be set only when the FMROL1 bit is set to "1".

5. When the FMROL1 bit is set "0", set the FMRO03 bit to "0".
Access the FMRO3 bit when the FMRO1 bit is set to "1".

6. Set the FMRO5 bit while applying "H" to the NMI pin.

Figure 25.4 FMRO Register

25.3.1.1 FMRO0O Bit
The FMROO bit indicates the write status machine (WSM) operation state during an auto write and
auto erase operation. The FMROO bit is set to "0" during an auto write or auto erase operation and is
set to "1" when an auto write or auto erase operation is completed. The FMROO bit changes while
executing the page program, block erase, erase all unlocked block or lock bit program command.
Determine whether the auto write or erase operation is completed by reading the FMROO bit . The
FMROO bit is changed by the above commands only.

25.3.1.2 FMRO01 Bit

Commands can be accepted when the FMROL1 bit is set to "1" (CPU rewrite mode). To set the FMRO1
bit to "1", set to "1" immediately after setting it to "0". To set the FMRO1 bit to "0", set it to "0".

CPU rewrite mode is entered by setting the FMRO1 bit to "1" and programs in the flash memory cannot
be executed. Execute an instruction written to this bit in a space (internal RAM, etc.) other than the
flash memory.

If a command for CPU rewrite mode is executed in boot mode, set the FMROS5 bit to "1" (user ROM
area access).
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25.3.1.3 FMRO02 Bit

The lock bit set for each block can be disabled by setting the FMRO02 bit to "1" (lock bit disabled).
(Refer to 25.3.3 Data Protect Function.) The lock bit is enabled by setting the FMRO02 bit to "0" (lock
bit enabled). The FMRO02 bit can be set when the FMROL1 bit is set to "1". To set the FMRO02 bit to "1",
set it to "1" immediately after setting it to "0". To set the FMRO2 bit to "0", set it to "0".

The FMRO02 bit does not change the lock bit state, but disables the lock bit function. If the block erase
or erase all unlocked block command is executed while the FMRO2 bit is set to "1", the lock bit state
changes "0" (locked) to "1" (unlocked) after command execution is completed.

25.3.1.4 FMRO3 Bit
By setting the FMRO3 bit to "0" following "1", access to the user ROM area is interrupted to reset the
flash memory control circuit. The flash memory enters read array mode after reset. The FMRO0O bit is
setto "1" (READY) and the Status register is set to "8016". (Refer to 25.3.2 Status Register.)
When the FMRO3 bit resets the flash memory control circuit during an auto write or auto erase opera-
tion, an auto write or auto erase operation is interrupted. Data in the block is invalid.
To set the FMRO3 bit to "0", set it to "0" immediately after setting it to "1".

25.3.1.5 FMROS5 Bit
The FMRO5 bit selects the boot ROM or user ROM area in boot mode. Set to "0" to access (read) the
boot ROM area or to "1" (user ROM access) to access (read, write or erase) the user ROM area.
Execute an instruction written to the FMRO5 bit in a space (internal RAM, etc.) other than the flash

memory.
In modes other than boot mode, the user ROM area is accessed (read) regardless of the FMRO5 bit
setting.
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25.3.2 Status Register
The write state machine (WSM) in the flash memory controls programming and erasing of the flash
memory. The status register indicates whether or not the WSM is operating as expected, and whether or
not a program or erase operation is completed as expected. Refer to 25.3.6 Full Status Check for
details on each error.
Table 25.4 lists the status register.
The status register can be read by the read status command (Refer to 25.3.5 Software Command).

Table 25.4 Status Register

Definition

Symbol Status Name

0 1
SRO (Do) Reserved bit - -
SR1 (D1) Reserved bit - -
SR2 (D2) Reserved bit - -
SR3 (D3) Block status after program Completed as expected | Error (excessive write error)
SR4 (D4) Program status Completed as expected | Error (program error)
SR5 (Ds) Erase status Completed as expected | Error (erase error)
SR6 (Ds) Reserved bit - -
SR7 (D7) Write state machine (WSM) status BUSY READY

D7 to Do : These data bus are read when the read status register command is executed.

25.3.2.1 Block Status After Program (SR3)
The SR3 bit is set to "1" when a page program command execution is completed with an excessive
write error. The SR3 bit is set to "0" when the clear status command is executed.
The SR3 bit is set to "0" after reset or after setting the FMRO03 bit to "0" following "1".

25.3.2.2 Program Status (SR4)
The SR4 bit is set to "1" when a program error occurs while the page program or lock bit program
command is being executed. The SR4 bit is set to "0" when the clear status command is executed.
The SR4 bit is set to "0" after reset or after setting the FMRO03 bit to "0" following "1".

25.3.2.3 Erase Status (SR5)
The SR5 bit is set to "1" when an erase error occurs while the block erase or erase all unlocked block
command is being executed. The SR5 bit is set to "0" when the clear status command is executed.
The SR5 bit is set to "0" after reset or after setting the FMRO03 bit to "0" following "1".

25.3.2.4 Write State Machine (WSM) Status (SR7)

The SR7 bit indicates the WSM operation state. The SR7 bit is set to "0" during auto write or auto
erase and to "1" when an auto write or auto erase operation is completed. The SR7 bit changes while
the page program, block erase, erase all unlocked block or lock bit program command is being ex-
ecuted. The SR7 bit changes with the above commands only. The SR7 bit is set to "1" after reset or
after setting the FMRO3 bit to "0" following "1",.

The FMROO bit indicates the WSM status. Read the FMROO bit to determine whether the auto write or
erase operation is completed.
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25.3.3 Data Protect Function
Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMRO02 bit
to "0" (lock bit enabled). The lock bit individually protects (locks) each block against program and erase.
This prevents data from being inadvertently written to or erased from the flash memory.
* When the lock bit status is set to "0", the block is locked (block is protected against program and erase).
* When the lock bit status is set to "1", the block is not locked (block can be programmed or erased).

The lock bit status is set to "0" (locked) by executing the lock bit program command and to "1" (unlocked)
by erasing the block. The lock bit status cannot be set to "1" by any commands.
The lock bit status can be read by the read lock bit status command.

The lock bit function is disabled by setting the FMRO02 bit to "1". All blocks are unlocked. However,
individual lock bit status remains unchanged. The lock bit function is enabled by setting the FMRO02 bit to
"0". Lock bit status is retained.

If the block erase or erase all unlocked block command is executed while the FMRO2 bit is set to "1", the
target block or all blocks are erased regardless of lock bit status. The lock bit status of each block is set to
"1" after an erase operation has been completed.

Refer to 25.3.5 Software Commands for details on each command.
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25.3.4 How to Enter and Exit CPU Rewrite Mode
Figure 25.5 shows how to enter and exit CPU rewrite mode.
No program in the flash memory can be executed in CPU rewrite mode. Execute rewrite control program
in a space other than the flash memory (internal RAM, etc.) after transferring the program to that space.

¢ r - ‘Rewrite control program = ========ccecenacaannn '
Single-chip mode,
Memory expansion mode,
Boot mode

v

Set the PMO, PM1 and MCD register(1)

v

Transfer the rewrite control program in
CPU rewrite mode to space other than
the flash memory

v

Jump to the rewrite control program
transferred to space other than the flash
memory. (On the following steps, use the
rewrite control program in space other than
the flash memory.)

In boot mode only
Set the FMRO05 bit to "1" (User ROM area
accessed)

Set the FMRO1 bit to "1" (CPU rewrite
mode enabled) following "0"

v

| | Execute software commands | |

v

Set the FMRO3 bit to "0" after executing a
read array command or after setting the

FMRO3 bit to "1" (2)

v

Set the FMROL1 bit to "0" (CPU rewrite mode
disabled)
In boot mode only

Set the FMRO5 bit to "0" (boot ROM area

accessed)(3)

Jump to a desired address in the
flash memory

NOTES:
1. Set the MCD register to the following CPU clock frequency:
When the PM12 bit in the PM1 register is set to "0" (no internal access wait), 6.25 MHz or less
When the PM12 bit in the PM1 register is set to "1" (internal access wait), 12.5 MHz or less
2. Exit CPU rewrite mode after excuting the read array command or resetting the flash memory.
3. When CPU rewrite mode is exited while the FMRO5 bit is set to "1", the user ROM area can be accessed.

Figure 25.5 How to Enter and Exit CPU Rewrite Mode
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25.3.5 Software Commands

Read or write commands and data from or to even addresses in the user ROM area, in 16-bit units. When
writing a command code, 8 high-order bits (D15 to Ds) are ignored.

25.3.5.1 Read Array Command
The read array command reads the flash memory.
Read array mode is entered by writing command code "xxFF16" in the first bus cycle. Content of a
specified address can be read after the next bus cycle.
The microcomputer remains in read array mode until another command is written. Therefore, contents
from multiple addresses can be read consecutively.

25.3.5.2 Read Status Register Command
The read status register command reads the status register (refer to 25.3.7 Status Register for details).
By writing command code "xx7016" in the first bus cycle, the status register can be read in the second
bus cycle. Read an even address in the user ROM area.

25.3.5.3 Clear Status Register Command
The clear status register command clears the status register. By writing "xx5016" in the first bus cycle,
the SR5 to SR3 bits in the status register (see Table 25.4) are set to "0".

25.3.5.4 Page Program Command
The page program command executes programs in 128-word (256-byte) units.
After writing command code "xx4116" in the first bus cycle, write data to the 2nd through 129th bus
cycles in 16-bit units. Increment by two, from "0016" to "FE16", the 8 low-order bits of the write address.
Auto write, programming and verification of data, is performed when 128 word data has been written.
Do not access the flash memory or execute the next command during auto write operation.
The FMROO bit in the FMRO register indicates whether an auto program operation is completed.
After an auto write operation is completed, the Status register indicates whether the auto write opera-
tion is completed as expected or not. (Refer to 25.3.6 Full Status Check.)
Figure 25.6 shows a flow chart of the page program command programming. When programming a
space which is already programmed, execute erase (block erase) before programming. If the page
program command is executed to a space already programmed, no program error occurs but the page
is indeterminate.
The lock bit can protect blocks from being programmed. (Refer to 25.3.3 Data Protect Function.)
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( Start )

!

Write command code
"xx4116"

Write data to the
address to be written

Address to be written

<«— address to be written + 2

n=n+2

1

FMROO bit =17
(auto write operation
completed?)

NO

Full status check

.................. See Figure 25.11

Page program
operation is
completed

Figure 25.6 Program Command
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25.3.5.5 Block Erase Command
The block erase command erases each block.
By writing command code "xx2016" in the first bus cycle and "xxD016" to the highest-order even address
of a block in the second bus cycle, an auto erase operation (erase and verify) starts in the specified
block. Do not access the flash memory or execute the next command during auto erase operations.
The FMROO bit in the FMRO register indicates whether an auto erase operation has been completed.
After the completion of an auto erase operation, the Status register indicates whether or not the auto
erase operation has been completed as expected. (Refer to 25.3.6 Full Status Check.)
Figure 25.7 shows a flow chart of the block erase command programming.
The lock bit can protect blocks from being erased. (Refer to 25.3.6 Data Protect Function.)

[ Start ]
|

Write command code
"xx2016"

!

Write "xxDO016" to the
highest-order block address

<&
<
4

FMROQO bit = 1?
(auto erase operation
completed?)

NO

Full status check | f----------------- See Figure 25.11

!

Block erase
operation is
completed

Figure 25.7 Block Erase Command
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25.3.5.6 Erase All Unlocked Block Command
By writing command code "xxA716" in the first bus cycle and "xxD016" in the second bus cycle, an auto
erase (erase and verify) operation will run in all blocks. Do not access the flash memory or execute
the next command during auto erase operations.
The FMROO bit in the FMRO register indicates whether an auto erase operation is completed.
After the completion of an auto erase operation, the Status register indicates whether or not the auto
erase operation is completed as expected.
Figure 25.8 shows a flow chart of the erase all unlocked block command programming.
The lock bit can protect each block from being erased. (Refer to 25.3.6 Data Protect Function.)

[ Start ]
!

Write command code
"XXA716"

'

Write "xxD016"

A

FMROQO bit = 1?
(auto erase operation
completed?)

NO

l YES

Full status check | f-=----=---------- See Figure 25.11

!

All unlocked block
erase operation is
completed

Figure 25.8 Erase All Unlocked Block Command
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25.3.5.7 Lock Bit Program Command
The lock bit program command sets the lock bit for a specified block to "0" (locked).
By writing command code "xx7716" in the first bus cycle and "xxD016" to the highest-order even ad-
dress of a block in the second bus cycle, auto write operation starts, and the lock bit for the specified
block is set to "0". Do not access the flash memory or execute the next instructions during the lock bit
program operation.
The FMRO0O bit in the FMRO register indicates whether or not the lock bit program operation has been
completed. After the completion of a lock bit program operation, the Status register indicates whether
or not the operation has been completed as expected. (Refer to 25.3.6 Full Status Check.)
Figure 25.9 shows a flow chart of the lock bit program command programming.
Refer to 25.3.6 Data Protect Function for details on how to set the lock bit function to "0" (unlocked).

[ Start j
.

Write command code
"XX7716"

'

Write "xxDO016" to the highest-
order block address

<
<

FMROO bit = 1?
(auto write operation
completed?)

NO

l YES

Full status check | [-====-"===""==--" See Figure 25.11

!

Lock bit program
operation is
completed

Figure 25.9 Lock Bit Program Command
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25.3.5.8 Read Lock Bit Status Command
The read lock bit status command reads the lock bit state of a specified block.
By writing command code "xx7116" in the first bus cycle and reading the highest-order address (how-
ever, Ao=0) of a block in the second bus cycle, the lock bit state information of a specified block is read
out to the data bus (Ds).
Figure 25.10 shows a flow chart of the read lock bit status command programming.

[ Start ]
|

Write command code
"xx7116"

}

Read the value in the
highest-order block address

g
YES v
[ Blocks are Iocked] [ No block is Iocked]

Figure 25.10 Read Lock Bit Status Command
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25.3.6 Full Status Check
If an error occurs when a program or erase operation is completed, the SR3 to SR5 bits in the status
register are setto "1", indicating a specific error. Therefore, execution results can be confirmed by verify-
ing these bits (full status check).
Table 25.5 lists errors and status register state. Figure 25.12 shows a flow chart of the full status check

and handling procedure for each error.

Table 25.5 Errors and Status Register State

Status Register

SR5

SR4

SR3

Error

Error Occurrence Conditions

1

1

0

Command sequence
error

» An incorrect command is written

« A value other than "xxD016" or "xxFF16" is written in the sec-
ond bus cycle of the lock bit program, block erase or erase
all unlocked block command®)

Erase error

« The block erase command is executed on a locked block?

» The block erase or erase all unlocked block command is
executed on an unlock block but the erase operation is not
completed as expected

Program error

» The page program command is executed on a locked
block(@)

» The page program command is executed in an unlocked
block but the program operation is not completed as ex-
pected

» The lock bit program command is executed but the pro-
gram operation is not completed as expected

Excessive write error

Excessive write occurs after the page program command
is executed

NOTES:

1. The flash memory enters read array mode when command code "xxFF16" is written in the second bus
cycle of these commands. The command code written in the first bus cycle becomes invalid.

2. If the FMRO02 bit is set to "1" (lock bit disabled), no error occurs even under the conditions listed above.
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Write command code
"Xx7016"

Read even address
in user ROM area

Command sequence )
error “77 (1) Execute the clear status register command,
and set the SR4 and SR5 bits to "0".

(2) Execute the correct command again.
NOTE: If similar error occurs, that block cannot be used.

Erase error .-~ (1) Execute the clear status register command and set the SR5 bit to "0".
(2) Execute the lock bit read status command, and set the FMRO2 bit to "1" if
the lock bit in the block where the error occurred is set to "0" (locked).
(3) Execute the block erase or erase all unlocked block command again.
NOTE: If similar error occurs, that block cannot be used.
If the lock bit is set to "1" (unlocked) in (2) above, that block cannot

be used.

--- [When a page program operation is executed]

(1) Execute the clear status register command and set the SR4 bit to "0".
YES (2) Execute the read lock bit status command, and set the FMRO2 bit to "1" if
the lock bit in the block where the error occurred is set to "0" (locked) .

(3) Execute the page program command again.
NOTE: If similar error occurs, that block cannot be used.
If the lock bit is set to "1" (unlocked) in (2) above, that block cannot
be used.
[When a lock bit program operation is executed]
(1) Execute the clear status register command and set the SR4 bit to "0".
(2) Set the FMRO02 bit to "1".
(3) Execute the block erase command to erase the block where the error
occurred.
(4) Execute the lock bit program command again.
NOTE: If similar error occurs, that block cannot be used.

SR4=0? Program error

Excessive write error] --- (1) Execute the clear status register command and set the SR3 bit to "0".
(2) Execute the block erase command to erase the block where the error
occurred.
(3) Execute the page program command again.
NOTE: If similar error occurs, that block cannot be used.

Completed

NOTE: When any of the SR5 to SR3 bits are set to "1", the page program, block erase, erase all unlocked block and lock bit program
commands cannot be accepted.
Execute the clear status register command before each command.

Figure 25.11 Full Status Check and Handling Procedure for Each Error
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25.3.7 Precautions in CPU Rewrite Mode
25.3.7.1 Operating Speed
Set the MCD register to the following CPU clock before entering CPU rewrite mode .
When the PM12 bit in the PM register is set to "0" (no wait state), 6.25MHz or less
When the PM12 bit in the PM register is set to "1" (wait state), 12.5MHz or less

25.3.7.2 Prohibited Instructions
In CPU rewrite mode, programs cannot be executed, nor can interrupt vectors be read in the flash
memory. Execute the rewrite control program after the program is transferred to a space other than
the flash memory. (See Figure 25.5.)
The following instructions cannot be used because the CPU tries to read data in the flash memory: the
UND instruction, INTO instruction, JMPS instruction, JSRS instruction and BRK instruction.

25.3.7.3 Interrupts

» To use interrupts having vectors in a relocatable vector table, the vectors must be relocated to the
RAM area.

« The NMI and watchdog timer interrupts are available since the FMROL1 is forcibly reset when either
interrupt occurs. Allocate the jump addresses for each interrupt service routine and write to the fixed
vector table. Flash memory rewrite operation is aborted when the NMI or watchdog timer interrupt
occurs. Execute the rewrite program again after exiting the interrupt routine.

» The address match interrupt is not available since the CPU tries to read data in the flash memory.

25.3.7.4 Reading and Writing Commands and Data
Read or write 16-bit commands and data from or to even addresses in the user ROM area.

25.3.7.5 Reset
Reset is always enabled.

25.3.7.6 Access Prohibited
Write the FMRO1 bit and FMRO5 bit in a space other than the flash memory.

25.3.7.7 How to Access
To set the FMRO1 bit and FMRO02 bits to "1", set to "1" immediately after setting to "0". Do not generate
an interrupt or a DMA transfer between the instruction to set the bits to "1" and the instruction to set the
bits to "0". Set the FMROL1 bit to "1" after an "H" signal is applied to the P85/NMI pin.

25.3.7.8 Rewriting in the User ROM Area
If the supply voltage drops while in CPU rewrite mode, when rewriting the block where the rewrite
control program is stored, the flash memory cannot be rewritten because the rewrite control program
is not correctly rewritten. If this error occurs, rewrite the user ROM area while in standard serial 1/0
mode or parallel I/O mode.
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25.4 Standard Serial I/O Mode
In standard serial I/O mode, the serial programmer supporting the M32C/83 group can be used to rewrite
the flash memory user ROM area, while the microcomputer is mounted on a board. For more information
about the serial programmer, contact your serial programmer manufacturer. Refer to the user's manual
included with your serial programmer for instructions.

Standard serial /0O mode includes:
« Standard serial I/O mode 1 (clock synchronous)
« Standard serial I/O mode 2 (clock asynchronous)

25.4.1 Pin Function

Table 25.6 lists pin descriptions (flash memory standard serial /O mode). Figures 2.12 to 25.14 show pin
connections in serial /0 mode.

25.4.2 1D Code Verify Function

The ID code verify function determines whether the ID codes sent from the serial programmer matches
those written in the flash memory. (Refer to 25.2 Functions to Prevent Flash Memory from Rewrit-

ing.)
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Table 25.6 Pin Description (Flash Memory Standard Serial /0 Mode)

Symbol Function 1/0 Type Description
\Y/ele! Power Supply | Apply 4.2 V to 5.5 V to the Vcc pin
Vss Input Apply 0 V to the Vss pin
CNVss CNVss | Connect this pin to Vcc
RESET Reset Input I Reset input pin. Apply 20 or more clock cycles to the XIN pin while "L"
is applied to the RESET pin.
XIN Clock Input | Connect a ceramic resonator or crystal oscillator between XIiN and
XouTt Clock Output o XouT. To use the external clock, input the clock from XIN and leave
XOouT open.
BYTE BYTE Input | Connect this pin to Vss or Vcc
AVcc Analog Power | Connect AVcc to Vcc
AVss Supply Input | Connect AVss to Vss
VREF Reference | Reference voltage input pin for the A/D converter.
Voltage Input
POo to P07 Input Port PO | Apply "H" or "L" to this pin, or leave open
Ploto P17 Input Port P1 | Apply "H" or "L" to this pin, or leave open
P20 to P27 Input Port P2 | Apply "H" or "L" to this pin, or leave open
P30 to P37 Input Port P3 | Apply "H" or "L" to this pin, or leave open
P40 to P47 Input port P4 | Apply "H" or "L" to this pin, or leave open
P50 CE Input I Apply "H" to this pin.
B EPMInput | | |Apply'L"tothispin.
| P51toP54  [InputPortP5 | 1 | Apply "H"or"L"to this pin, o leave open
P56, P57
P60 to P63 Input Port P6 | Apply "H" or "L" to this pin, or leave open
[ Pea | BUSY Output | O | Standard serial /O mode 1: BUSY signal outputpin
Standard serial /O mode 2: Program running verify monitor
[ Pes | SCLKInput | | |Standard serial /O mode 1: Serial clock inputpin -~ |
Standard serial /O mode 2: Apply “L" to this pin
[ P6s | RD | | |senraldatainputpin
(P67 | ™ | O |Serialdataoutputpin®
P70to P77 Input Port P7 | Apply "H" or "L" to this pin, or leave open
P8o to P84 Input Port P8 | Apply "H" or "L" to this pin, or leave open
P86, P87
pes | NMiinput | | |Commectthispintovec
P9o to P97 Input Port P9 | Apply "H" or "L" to this pin, or leave open
P10o0 to P107 Input Port P10 | Apply "H" or "L" to this pin, or leave open
P110 to P114® | Input Port P11 I Apply "H" or "L" to this pin, or leave open
P120 to P127( | Input Port P12 I Apply "H" or "L" to this pin, or leave open
P130 to P137(@ | Input Port P13 I Apply "H" or "L" to this pin, or leave open
P140 to P146(3) | Input Port P14 I Apply "H" or "L" to this pin, or leave open
P150 to P157( | Input Port P15 I Apply "H" or "L" to this pin, or leave open

NOTES:

1. In standard serial /O mode 1, apply an "L" signal to the TxD pin while applying "L" to the RESET pin.
Connect P67 to Vss via a resistor. P67 becomes a data output pin after reset. Adjust the value of the
pull-down resistor on your system so as not to affect data transfer.

2. These pins are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T) 25. Flash Memory Version

Mode settings

Signal Value
CNVss Vce

EPM Vss
RESET Vss >> Ve
CE Vce

@
bdbdbelrelpelfAFbAbrolesleelpledpodbdbalezlbaleolbelbep b dre
M32C/83 Group ] _
(M32C/83, M32C/83T) %
Flash Memory Version E
(PRQP0100JB-A(100P6S-A)) 0
O ok =
39 5 9 e o o e
Vss
| =
N
Connect to|

oscillation
circuit

o>y

Figure 25.12 Pin Connections in Standard Serial /0O Mode (1)
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M32C/83 Group (M32C/83, M32C/83T) 25. Flash Memory Version

Mode settings

Signal Value
CNVss Vce

EPM Vss
RESET Vss >> Vce
CE Vee

KWWPWMW@@MMGW@MMHG‘W@WW#’&PW@@@\

O

CE

y

[zl ==

M32C/83 Group
(M32C/83, M32C/83T)

Flash Memory Version
(PLQPO100KB-A(100P6Q-A))

EPM

llollolle

o[l

UL

@
ol

SCLK

X

BIEEREIEEREEEEEEEEEREEEEEEEE

[ollalallellellollolloll
188l

ELQHMH““HN
O

Vss

o O

N
% Connect to
@ -
N osc.lllat‘lon
circuit

Figure 25.13 Pin Connections in Standard Serial /0O Mode (2)
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M32C/83 Group (M32C/83, M32C/83T) 25. Flash Memory Version

Mode settings

Signal Value
CNVss Vee
EPM Vss

RESET Vss >> Vce
CE Vee

O e | R || | H H 4‘ H 7H H H
80| 79[| 78| 77]|76] 75 74|
| e i

O

B

]

M32C/83 Group
(M32C/83, M32C/83T)
Flash Memory Version
(PLQPO144KA-A(144P6Q-A))

i
3

BUSY

SCLK

|

=

RxD

B

e e

O O

8 )

B

LK)

] [e]

N

Connect to|

oscillation
circuit

CNVss
RESET

Figure 25.14 Pin Connections in Standard Serial /0 Mode (3)
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M32C/83 Group (M32C/83, M32C/83T)

25. Flash Memory Version

25.4.3 Precautions in Standard Serial I/O Mode
« Serial /0 mode cannot be used after boot ROM area is written i

« If an user reset signal becomes "L" in serial I/O mode, break connection between the user reset signal

and the RESET pin by using, for example, a jumper selector.

n parallel I/O mode.

25.4.4 Circuit Application in Standard Serial /0 Mode

Figure 25.15 shows an example of a circuit application in standard serial I/O mode 1. Figure 25.16 shows
an example of a circuit application in serial I/O mode 2. Refer to the user's manual of your serial program-

mer to handle pins controlled by the serial programmer.

Microcomputer

Clock Input SCLK P50(C_E)
Data Output TxD P55(EPM)
BUSY Output BUSY

Data Input RxD CNVss

o
—
User Reset NMI
Signal

WWWJM

NOTES:
with the serial programmer.

mode.

1. Control pins and external circuitry vary with serial programmer. Refer to the user's manual included
2. In this example, a selector is used to switch between single-chip mode and standard serial 1/0

3. In standard serial I/O mode 1, if the user reset signal becomes "L" while in serial /O mode, break
connection between the user reset signal and the RESET pin using, for example, a jumper selector.

Figure 25.15 Circuit Application in Standard Serial 1/O Mode 1

Microcomputer

H

| SCLK
CNVss
NMI
P50(CE)
? P55(EPM)

NOTES:

mode.

1. In this example, a selector is used to switch between single-chip mode and standard serial I/O

Figure 25.16 Circuit Application in Standard Serial 1/O Mode 2
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M32C/83 Group (M32C/83, M32C/83T) 25. Flash Memory Version

25.5 Parallel 1/0O Mode
In parallel I/O mode, the user ROM area and the boot ROM area (see Figure 25.1) can be rewritten by a
parallel programmer supporting the M32C/83 Group. Contact your parallel programmer manufacturer for
more information on the parallel programmer. Refer to the user's manual included with your parallel pro-
grammer for instructions.

25.5.1 Boot ROM Area

Within the boot ROM area, 8K bytes equal one block.

The rewrite control program in standard serial I/O mode is written in the boot ROM area before shipment.
Do not rewrite the boot ROM area if using a serial programmer.

In parallel /0O mode, the boot ROM area is allocated to addresses OFFE00016 to OFFFFFF16. Rewrite
only this address range when rewriting the boot ROM area. (Do not access addresses other than ad-
dresses OFFE00016 to OFFFFFF16.)

25.5.2 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten in parallel /O
mode. (Refer to 25.2 Functions to Prevent Flash Memory from Rewriting.)

25.5.3 Precautions on Parallel I/0 Mode

Standard serial I/O mode cannot be used if rewriting the boot ROM area in parallel I/O mode. (Refer to
25.4 Standard Serial I/O Mode.)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

26. Electrical Characteristics

26.1 Electrical Characteristics (M32C/83)

Table 26.1 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vce Supply Voltage Voc=AVce -0.3t06.0 \%
AVcc Analog Supply Voltage Vec=AVce -0.3t06.0 \%
Vi Input Voltage |RESET, CNVss, BYTE, P0o-P07, P10-P17, P20-P27, -0.3 to Vcct+0.3 \%

P30-P37, P40-P47, P50-P57, P60-P67, P72-P77, P8o-
P87, P90o-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157Y, Vrer, XN
P70, P71 -0.3t0 6.0 \%
Vo Output Voltage |P0o-P07, P1lo-P17, P20-P27, P30-P37, P40-P47, P5o- -0.3 to Vcct0.3 \%
P57, P60-P67, P72-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137, P140-
P14, P150-P157(1), Xourt

Pd Power Dissipation Topr=25° C 500 mwW
Topr Operating Ambient Temperature -20to 85 °C
Tstg Storage Temperature -65 to 150 °C
NOTES:

1. P11 to P15 are provided in the 144-pin package.
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

Table 26.2 Recommended Operating Conditions (Vcc = 3.0V to 5.5V at Topr = - 20 to 85°C)

Symbol Parameter Standard Unit
Min Typ Max
Vce Supply Voltage (Through VDC) 3.0 5.0 55 Y
Supply Voltage (Not through VDC) 3.0 3.3 3.6 \%
AVcc Analog Supply Voltage Ve Y
Vss Supply Voltage 0 \Y
AVss Analog Supply Voltage 0 \%
VIH Input High ("H") |P20-P27, P30-P37, P40-P47, P50-P57, P60-P67, P72-P77, P8o- | 0.8Vcc Vce \Y/
Voltage P83, P90-P97, P100-P107, P110-P114, P120-P127, P130-
P137, P140-P146, P150-P15/4, Xiv, RESET, CNVss, BYTE
P70, P71 0.8Vce 6.0
P0o-P07, P1o-P17 (in single-chip mode) 0.8Vce Vee \
P0o-P07, P1o-P17 0.5Vce \Ye© \Y
(in memory expansion mode and microprocesor mode)
ViL Input Low ("L") |P20-P27, P30-P37, P40-P47, P50-P57, P60-P67, P70-P77, P8o- 0 0.2Vcc \Y
Voltage P87®, P90-P97, P100-P107, P110-P114, P120-P127, P130-
P137, P140-P14s, P150-P1574, Xin, RESET, CNVss, BYTE
P0o-P07, P10-P17 (in single-chip mode) 0.2Vec | V
P0o-P07, P1o-P17 0 0.16Vec| V
(in memory expansion mode and microprocesor mode)
|oH(peak) Peak Output P0o-P07, P1lo-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -10.0 mA
High ("H") P67, P72-P77, P80-P84, P86, P87, P90-P97, P100-P107, P11c-
Current® P11s, P120-P127, P130-P137, P140-P146, P150-P1579
loH(avg) Average Output |POc-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -5.0 mA
High ("H") P67, P72-P77, P80-P84, P86, P87, P90-P97, P100-P107, P11o-
Current® P11s, P120-P127, P130-P137, P140-P146, P150-P1579
loL(peak) Peak Output P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 10.0 mA
Low ("L") P67, P70-P77, P80-P84, P8s, P87, P90-P97, P100-P107, P11c-
Current® P114, P120-P127, P130-P137, P140-P14s, P150-P157%
loL(avg) Average Output |POo-P07, P10o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 5.0 mA
Low ("L") P67, P70-P77, P80-P84, P85, P87, P90-P97, P100-P107, P11o-
Current® P114, P120-P127, P130-P137, P140-P14s, P150-P157%
(XIN) Main Clock Through VDC Vce=4.2 to 5.5V 0 32 | MHz
Input Vce=3.0 to 4.3V 0 20 MHz
Frequency Not through VDC Voc=3.0 t0 3.6 0 20 | MHz
f(XaN) Sub Clock Oscillation Frequency 32.768 50 kHz
NOTES:

1. Typical values when average output current is 100ms.
2. Total loupesk) for PO, P1, P2, P8s, P87, P9, P10, P11, P14 and P15 must be 80mA or less.
Total loHpeak for PO, P1, P2, P86, P87, P9, P10, P11, P14 and P15 must be -80mA or less.

Total lowpeak for P3, P4, P5, P6, P7, P8oto P84, P12 and P13 must be 80mA or less.

Total loHpeak) for P3, P4, P5, P6, P72to P77, P8oto P84, P12 and P13 must be -80mA or less.
3. ViHand Vi reference for P87 applies when P87 is used as a programmable input port.
It does not apply to P87 used as Xon.
4. P11 to P15 are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

Table 26.3 Electrical Characteristics (Vcc=4.2 to 5.5V, Vss=0V
at Topr=—20 to 85°C, f(XIN)=32MHz unless otherwise specified)

Vce=5V

Symbol

Parameter

Condition

Standard

Unit

Min

Typ

Max

VoH

Output High ("H")
Voltage

PO00-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P72-P77, P80-P84, P86, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157Y

loH=-5mA

Vce - 2.0

P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P84, P86, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P14s, P150-P157Y

lo=-200pA

Vcec - 0.3

Xour

lor=-1mA

3.0

Xoout

No load applied

3.3

<

Output Low ("L")
Voltage

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P1579

lo.=5mA

2.0

P00-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157Y

l0.=200pA

0.45

Xout

lo.=1mA

2.0

Xoour

No load applied

V1+VT-

Hysteresis

HOLD, RDY, TAON-TA4IN, TBOINTB5SIN, INTO-

INT5, ADTrG, CTS0-CTS4, CLKO-CLK4,
TAOouT-TA4our, NMI, KIO-KI3, RXD0O-RxD4,
SCLO-SCL4, SDAO-SDA4

0.2

1.0

RESET

0.2

1.8

liH

Input High ("H")
Current

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P1579, Xin, RESET, CNVss,
BYTE

VI=5V

5.0

HA

IiL

Input Low (L")
Current

P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P157Y, Xin, RESET, CNVss,
BYTE

V=0V

HA

RpPuLLUP

Pull-up Resistance

PO00-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P72-P77, P80-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157Y

Vi=0V

30

50

167

kQ

Rfxin

Feedback Resistance

XIN

15

MQ

Rfxcn

Feedback Resistance

XcN

10

MQ

VRAM

RAM Standby Voltage

Through VDC

2.5

Power Supply
Current

Measurement conditions:

In single-chip mode, output no division

f(XiN)=32 MHz, square wave,

40

54

mA

pins are left open and other

pins are connected to Vss. Topr=25° C

f(Xan)=32 kHz, with a wait state,

470

HA

Topr=25° C when the clock
stops

0.4

20

HA

NOTES:

1. P11 to P15 are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Table 26.4 A/D Conversion Characteristics (Vcc = AVcc = VREF = 4.2 to 5.5V, Vss = AVss = 0V
at Topr =-20 to 85°C, f(XIN) = 32MHz unless otherwise specified)

o Standard )
Symbol Parameter Measurement Condition Unit
Min | Typ | Max
- Resolution VrRe=Vce 10 | Bits
ANo to AN7 3 LSB
ANExo, ANEx1 - LSB
INL Integral Nonlinearity Error VrRe=Vec=5V
External op-amp . LSB
connection mode - LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
RLADDER Resistor Ladder VReEF=Vce 8 40 | kQ
tconw 10-bit Conversion Time 2.1 ps
tconw 8-bit Conversion Time 1.8 us
tsavp Sample Time 0.2 us
VREF Reference Voltage 2 Veec | V
Via Analog Input Voltage 0 VREF | V
NOTES:

1. Divide f(Xn), if exceeding 16 MHz, to keep @AD frequency at 16 MHz or less.

Table 26.5 D/A Conversion Characteristics (VcCc = VREF = 4.2 to 5.5V, VSs = AVss = 0V
at Topr = -20to 85°C, f(XIN) = 32MHz unless otherwise specified)

Symbol Parameter Measurement Condition . Standard Unit
Min | Typ | Max
- Resolution 8 | Bits
- Absolute Accuracy 10| %
tsu Setup Time 3 us
Ro Output Resistance 4 10 | 20 | kQ
IVREF m%fft”é“u"rfe';fwer Supply (Note 1) 15 | mA
NOTES:

1. Measurement results when using one D/A converter. The DA register (i=0, 1) of the
D/A converter not being used is set to "0016". The resistor ladder in the A/D converter is exclued.
Ivrer flows even if the VCUT bit in the ADICONL register is set to "0" (no VRer connection).

Table 26.6 Flash Memory Version Electrical Characteristics

Standard
Parameter Unit
Min Typ Max
Program Time (per page) 8 120 ms
Block Erase Time (per block) 50 600 ms

NOTES:
1. Vce= 4.2 to 5.5V (through VDC), 3.0 to 3.6V (not through VDC) at Topr= 0 to 60° C, unless
otherwise specified
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Vce=5V
Timing Requirements (Vcc = 4.2 to 5.5V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 26.7 External Clock Input

Symbol Parameter Standard Unit
Min Max

tc External Clock Input Cycle Time 33 ns

tw(H) External Clock Input High ("H") Pulse Width 13 ns

tw() External Clock Input Low ("L") Pulse Width 13 ns

tr External Clock Rise Time 5 ns

tf External Clock Fall Time 5 ns
Table 26.8 Memory Expansion and Microprocessor Modes

Symbol Parameter 'Standard Unit
Min Max

taclrooe) |Data Input Access Time (RD standard, with no wait state) (Note 1)| ns
taclippp |Data Input Access Time (AD standard, CS standard, with no wait state) (Note 1)| ns
tac2rooe) |Data Input Access Time (RD standard, with a wait state) (Note 1)| ns
tac2ppp |Data Input Access Time (AD standard, CS standard, with a wait state) (Note 1)| ns
tac3rooe) | Data Input Access Time (RD standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac3eoos bDjl;? Input Access Time (AD standard, CS standard, when accessing a space with the multiplexed (Note 1)| ns
tac4raspp |Data Input Access Time (RAS standard, when accessing a DRAM space) (Note 1)| ns
tacdcaspp |Data Input Access Time (CAS standard, when accessing a DRAM space) (Note 1)| ns
tac4crooe) |Data Input Access Time (CAD standard, when accessing a DRAM space) (Note 1)| ns
tsupssck) |Data Input Setup Time 26 ns
tsurovsak) |RDY Input Setup Time 26 ns
tsuopBek) [HOLD Input Setup Time 30 ns
th(roDB) Data Input Hold Time 0 ns
thcasos) Data Input Hold Time 0 ns
theckroy)  |RDY Input Hold Time 0 ns
thecHo) |[HOLD Input Hold Time 0 ns
td@eckHDs |HLDA Output Delay Time 25 ns
NOTES:

1. Values can be obtained from the following equations, according to BCLK frequecncy. Insert a wait state or lower
the operation frequency, f(scLk), if the calculated value is negative.

10°
tac1(RD - DB) = Teco X2 35 [ns]
10°
tac1(AD - DB) = feo 35 [ns]
9
tac2(RD — DB) = % -35 [ns] (m=3 with 1 wait state, m=5 with 2 wait states
(BCL:) and m=7 with 3 wait states)
10 Xn . . . .
tac2(AD - DB) = W -35 [ns] (n=2 with 1 wait state, n=3 with 2 wait states
o and n=4 with 3 wait states)
tac3(RD - DB) = % -35 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
9
tac3(AD - DB) = % -35 [ns] (n=5 with 2 wait states and n=7 with 3 wait states)
9
tac4(RAS — DB) = % —35 [ns] (m=3 with 1 wait state and m=5 with 2 wait states)
9
tac4(CAS —DB) = % —35 [ns] (n=1 with 1 wait state and n=3 when 2 wait states)
9
tac4(CAD - DB) = % —35 [ns] (I=1 with 1 wait state and =2 with 2 wait states)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Timing Requirements
(Vcc =4.2t0 5.5V, Vss = 0V at Topr =-20 to 85°C unless otherwise specified)

Table 26.9 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min Max
[ TAIN Input Cycle Time 100 ns
tW(TAH) TAIN Input High ("H") Pulse Width 40 ns
tW(TAL) TAIN Input Low (L") Pulse Width 40 ns
Table 26.10 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min Max
tca TAIN Input Cycle Time 400 ns
tw(TAH) TAIN Input High ("H") Pulse Width 200 ns
tW(TAL) TAIN Input Low ("L") Pulse Width 200 ns

Table 26.11 Timer A Input (External Trigger Input in One-Shot Timer Mode)

Standard
Symbol Parameter Unit
Min Max
tcn TAIN Input Cycle Time 200 ns
twTaH) TAIN Input High ("H") Pulse Width 100 ns
tw(TAL) TAIN Input Low ("L") Pulse Width 100 ns

Table 26.12 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min Max
tW(TAH) TAIN Input High ("H") Pulse Width 100 ns
tw(TAL) TAIN Input Low (L") Pulse Width 100 ns

Table 26.13 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard
Symbol Parameter Unit
Min Max
tcwup) TAiour Input Cycle Time 2000 ns
twurH) TAiour Input High ("H") Pulse Width 1000 ns
twuey TAiour Input Low ("L") Pulse Width 1000 ns
tsuwpy) | TAiour Input Setup Time 400 ns
thanup) TAiour Input Hold Time 400 ns

Rev. 1.31 Jan.31, 2006 Page 421 of 488 RENESAS
REJO9B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Timing Requirements
(Vcc =4.2t0 5.5V, Vss = 0V at Topr =-20 to 85°C unless otherwise specified)

Table 26.14 Timer B Input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter - Unit
Min Max
tcam TBi Input Cycle Time (counted on one edge) 100 ns
tw(teH) TBin Input High ("H") Pulse Width (counted on one edge) 40 ns
tw(reL) TBi Input Low ("L") Pulse Width (counted on one edge) 40 ns
tcm) TBi Input Cycle Time (counted on both edges) 200 ns
tw(rH) TBi Input High ("H") Pulse Width (counted on both edges) 80 ns
tw(rsL) TBi Input Low ("L") Pulse Width (counted on both edges) 80 ns
Table 26.15 Timer B Input (Pulse Period Measurement Mode)
Standard )
Symbol Parameter - Unit
Min Max
tcm TBim Input Cycle Time 400 ns
tw(tBH) TBi Input High ("H") Pulse Width 200 ns
tw(TsL) TBim Input Low ("L") Pulse Width 200 ns
Table 26.16 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min Max
tc(m) TBiN Input Cycle Time 400 ns
tw(BH) TBim Input High ("H") Pulse Width 200 ns
tw(msy TBim Input Low ("L") Pulse Width 200 ns
Table 26.17 A/D Trigger Input
Standard .
Symbol Parameter Unit
Min Max
tcap) ADTrG Input Cycle Time (required for re-trigger) 1000 ns
twiapL) ADra Input Low ("L") Pulse Width 125 ns
Table 26.18 Serial I/0
Standard )
Symbol Parameter - Unit
Min Max
teex CLKi Input Cycle Time 200 ns
tw(ckH) CLKi Input High ("H") Pulse Width 100 ns
tw(cky CLKi Input Low ("L") Pulse Width 100 ns
tdcQ TxDi Output Delay Time 80 ns
thc TxDi Hold Time 0 ns
tsuo-q RxDi Input Set Up Time 30 ns
thc RxDi Input Hold Time 90 ns
Table 26.19 External Interrupt INTI Input
Standard .
Symbol Parameter - Unit
Min Max
twinH INTi Input High ("H") Pulse Width 250 ns
tWONL INTi Input Low ("L") Pulse Width 250 ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Switching Characteristics
(Vcc =4.2to 5.5V, Vss = OV at Topr = —20 to 85°C unless otherwise specified)

Table 26.20 Memory Expansion Mode and Microprocessor Mode (with No Wait State)

Symbol Parameter M%f#(;ﬁirgﬁnt 'Standard Unit
Min Max
tdeakap) | Address Output Delay Time 18 ns
theok-ap) | Address Output Hold Time (BCLK standard) -3 ns
thro-AD) Address Output Hold Time (RD standard) 0 ns
thmwr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdeokcs) | Chip-select Signal Output Delay Time 18 ns
theokcs) | Chip-select Signal Output Hold Time (BCLK standard) -3 ns
throcs) Chip-select Signal Output Hold Time (RD standard) 0 ns
thwrcs) Chip-select Signal Output Hold Time (WR standard) |See Figure 26.1] (Note 1) ns
tdeokAe) | ALE Signal Output Delay Time 18 ns
theokaE) | ALE Signal Output Hold Time -2 ns
tdeokrp)  |RD Signal Output Delay Time 18 ns
theokrp  |RD Signal Output Hold Time -5 ns
tdeokwr) | WR Signal Output Delay Time 18 ns
theck-wr) | WR Signal Output Hold Time -3 ns
tdoBwWR) Data Output Delay Time (WR standard) (Note 1) ns
thwwrDB) Data Output Hold Time (WR standard) (Note 1) ns
twwr) WR Output Width (Note 1) ns
NOTES:
1. Values can be obtained from the following equations, according to BCLK frequency.
10°
td(DB - WR) = W —-20 [ns]
th(WR - DB) = 10 ° -10 [ng]
f(BCLK) X 2
th(WR — AD) = A -10 [ng]
f(BCLK) X 2
10°
th(WR - CS) = W —10 [ns]
tw(WR) = A —15 [ns]
f(BCLK) X 2
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr =20 to 85°C unless otherwise specified)

Table 26.21 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory)

Symbol Parameter M%&g‘]’éﬁgﬁm Standard Unit
Min Max

tdeok-ap) | Address Output Delay Time 18 ns
theck-ap) | Address Output Hold Time (BCLK standard) -3 ns
th(ro-AD) Address Output Hold Time (RD standard) 0 ns
thwr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdeckcs | Chip-select Signal Output Delay Time 18 ns
theckcs) | Chip-select Signal Output Hold Time (BCLK standard) -3 ns
throcs) Chip-select Signal Output Hold Time (RD standard) 0 ns
tharcs) Chip-select Signal Output Hold Time (WR standard)  |See Figure 26.1] (Note 1) ns
tdeck-ae) | ALE Signal Output Delay Time 18 ns
theck-aE | ALE Signal Output Hold Time -2 ns
tdeckrp)  |RD Signal Output Delay Time 18 ns
theckrp |RD Signal Output Hold Time -5 ns
tdeckwr) | WR Signal Output Delay Time 18 ns
theck-wr) | WR Signal Output Hold Time -3 ns
tdoBwR) Data Output Delay Time (WR standard) (Note 1) ns
thprDB) Data Output Hold Time (WR standard) (Note 1) ns
tWWR) WR Output Width (Note 1) ns
NOTES:

1. Values can be obtained from the following equations, according to BCLK frequency.

td(DB - WR) = 10°Xn_ -20 [ns] (n=1 with 1 wait state, n=2 with 2 wait states

fiecLky . and n=3 with 3 wait states)
10
th(WR - DB) = W —-10 [ns]
10°
th(WR - AD) = W —-10 [ns]
th(WR - CS) = A —-10 [ng]
f(BCLK) X 2
tw(WR) = M - 15 [ns] (n=1 with 1 wait state, n=3 with 2 wait states
f(BCcLK) X 2

and n=5 with 3 wait states)

Vce=5V

Rev. 1.31 Jan.31, 2006 Page 424 of 488
REJ09B0034-0131

RENESAS



M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr = -20to 85°C unless otherwise specified)

Table 26.22 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting a Space with the
Multiplexed Bus)

Symbol Parameter Mecaf#éﬁi'gﬁm Standard Unit
Min Max
tdeakap) | Address Output Delay Time 18 ns
theok-ap) | Address Output Hold Time (BCLK standard) -3 ns
th(ro-AD) Address Output Hold Time (RD standard) (Note 1) ns
thwr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdeakcs) | Chip-select Signal Output Delay Time 18 ns
theakcs) | Chip-select Signal Output Hold Time (BCLK standard) -3 ns
thro-cs) Chip-select Signal Output Hold Time (RD standard) (Note 1) ns
thwwrcs) Chip-select Signal Output Hold Time (WR standard) |See Figure 26.1| (Note 1) ns
tdeakro) |RD Signal Output Delay Time 18 ns
theakap) |RD Signal Output Hold Time -5 ns
tdeakwr) | WR Signal Output Delay Time 18 ns
theokwr) | WR Signal Output Hold Time -3 ns
tdoBwWR) Data Output Delay Time (WR standard) (Note 1) ns
thmwrDB) Data Output Hold Time (WR standard) (Note 1) ns
tdeokAE) | ALE Signal Output Delay Time (BCLK standard) 18 ns
theokaE) | ALE Signal Output Hold Time (BCLK standard) -2 ns
tdoALp) ALE Signal Output Delay Time (address standard) (Note 1) ns
th(aLE-AD) ALE Signal Output Hold Time (address standard) (Note 1) ns
tdzroap) | Address Output High-Impedance Time 8 ns
NOTES:
1. Values can be obtained from the following equations, according to BCLK frequency.
th(RD - AD) = 10 -10 [ns]
f(BCLK) X 2
th(WR - AD) = A -10 [ng]
f(BCLK) X 2
th(RD - CS) = A —-10 [ng]
f(BCLK) X 2
th(WR - Cs) = i -10 [ns]
f(BCLK) X 2
10°X m _ _ . .
WdOB-WR)= —————~ —25 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
f(BCLK) X 2
10°
th(WR — DB) = —f(BCLK) X2 " 10 [ng]
td(AD - ALE) = __10° -20 [ns]
f(BCLK) X 2
10 °
th(ALE — AD) = W —-10 [ns]
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=5V

Switching Characteristics
(Vcc =4.210 5.5V, Vss = 0V at Topr =-20to 85°C unless otherwise specified)

Table 26.23 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting the DRAM Space)

Symbol Parameter M((a:%s#éﬁirgr?nt .Standard Unit
Min Max
td@cLk-rAD) | Row Address Output Delay Time 18 ns
thecLk-rAD) | Row Address Output Hold Time (BCLK standard) -3 ns
td@cLk-cap) | Column Address Output Delay Time 18 ns
thcLk-cap) | Column Address Output Hold Time (BCLK standard) -3 ns
th(ras-raD) |Row Address Output Hold Time after RAS Output (Note 1) ns
td@ecLk-rAs) |RAS Output Delay Time (BCLK standard) 18 ns
thscLk-ras) |RAS Output Hold Time (BCLK standard) See Figure 26.1| -3 ns
trP RAS High ("H") Hold Time (Note 1) ns
td@ecLk-cas) | CAS Output Delay Time (BCLK standard) 18 ns
thcLk-cas) | CAS Output Hold Time (BCLK standard) -3 ns
td@cLk-ow) |DW Output Delay Time (BCLK standard) 18 ns
thecLk-ow) |DW Output Hold Time (BCLK standard) -5 ns
tsups-cas) |CAS Output Setup Time after DB Output (Note 1) ns
thecik-oB) |DB Signal Output Hold Time (BCLK standard) -7 ns
tsu(cas-ras) | CAS Output Setup Time before RAS Output (refresh) (Note 1) ns
NOTES:
1. Values can be obtained from the following equation, according to BCLK frequency.
10°
th(RAS — RAD) = W -13 [ns]
tRP = & -20 [ns]
feCLK) X 2
tsu(DB — CAS) = _10° -20 [ns]
f(BCLK)
9
tsu(CAS — RAS) = __10 13 [ns]
f(BCLK) X 2
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

PO O
P1

P2 30pF
P3

=)

P5
P6

P7

P8
P9

P10
P11
P12
P13 Note 1
P14
P15

NOTES:

1. P11 to P15 are provided in the 144-pin package only.

Figure 26.1 PO to P15 Measurement Circuit
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode (with no wait state)
Read Timing

BCLK
td(BCLK-ALE) i{hBCLK-ALE) | : E
18.ns.max » € -2ns.min ! : :
ALE 5 , E : E
I td(BCLK-CS) I, th(BCLK-CS) :
<> 18ns.max® “» -3ns.min | :
o5 TN W \ T
Vo tcyc | ‘> ¢ N(RD-CS)
«— " p ' Ons.min;

th(BCLK-AD)

ADi ;4_. 18ns.max(:1) ’4—» 3ns.min

BHE X 5 A § X X
| td(BCLK-RD) Ly ¢ th(RD-AD)
1 18ns.max <« » 1" Ons.min |

RD : P\ j :

: 5 th(BCLK-RD)
: -5ns.min

N |-

—
tac1(AD-DB)(

R e D S o S S S G S

E tSU(DB-BCLK) '¢—pi i«»! th(RD-DE)
! 26ns.min() N 1

)

! ' Ons.min ! :
NOTES:
1. Values guaranteed only when the microcomputer is used independently.
A maximum of 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).
2. Varies with operation frequency:
tac1(RD-DB)=(tcyc/2-35)ns.max
tac1(AD-DB)=(tcyc-35)ns.max

Write Timing (written in 2 cycles with no wait state)

BCLK
1 18ns.max ! 4 ' f h | A
td(BCLK-ALE) _,,! i th(BCLK-ALE) : : | f :
- ' -2ns.min | : : " : :
ALE iy b : : c/ D\ i :
! td(BCLK-CS) : ! th(BCLK-CS) ! 5
> 18ns.max: ' E §<—>: -3ns.min | ' E
csi T\ : : s ] ! ; s
3 teyc! R L th(WR-CS)® | E E
! td(BCLK-AD) ! P | th(BCLK-AD) E :
. € 18ns.maxi ' Lo ““» _3nsmin ! i
ADi : : : — : : : :
BHE : X H H [ - : X i H
: : : v 1 th(WR-AD)®) ! ' ' :
; | WECLKWR) | (o) ( ) | : : :
: : 18NS.MaXig—pg— 1 pi Vo ! ' :
WR,WRL, : T —\i Vo : n - '
WRH ; : A i/ th(BCLK-WR) : : ;
: : ' y le-3nsmin i : : '
; L1 td(DB-WR)® i ith(WR-DB)® ! ; ! 5
TR — - ; i Y A A—
NOTES:
3. Varies with operation frequency: Measurement Conditions:
td(DB-WR)=(tcyc-20)ns.min *Vcc=4.2 to 5.5V
th(WR-DB)=(tcyc/2-10)ns.min « Input high and low voltage: VIiH=2.5V, VIL=0.8V
th(WR-AD)=(tcyc/2-10)ns.min « Output high and low voltage: VoH=2.0V, VoL=0.8V
th(WR-CS)=(tcyc/2-10)ns.min
tw(WR)=(tcyc/2-15)ns.min
Figure 26.2 Vcc=5V Timing Diagram (1)
Rev. 1.31 Jan.31, 2006 Page 428 of 488 RENESAS

REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

BCLK

DB

Notes :

Memory Expansion Mode and Microprocessor Mode (with a wait state)
Read Timing

1. Value guaranteed only when the microcomputer is used independently.

2. Varies with operation frequency:

Write Timing (written in 2 cycles with no wait state)

BCLK 18ns.max :
' td(BCLK-ALE) : : : i :
- - e th(BCLK- ALE) : : : : :
ALE g :[—\g '\ -2ns.min E g g [\ E g
| d(BCLK-CS) : ! th(BCLK-CS) ; E
. 18ns.maxi : > 3ns.min | :
csi \ | | 5 E / E 5 5
B toyc, - ! th(WR-CS)® ! : E i
< >, | ——— > . ! i
i td(BCLK- -AD) : C © th(BCLK-AD) ; '
) > 1gnsmaxi : . > snsmin ' .
ADi ; ; : — : : : :
BRE X ; j L ‘ X : : :
E ! {d(BCLK-WR) , tw(WR)® | th(WR-AD)® | ; ;
WR TR : : 18ns.max < pa——p :‘—'_’ : ' :
WRH : : : 4_/ th(BCLK-WR) ; 5
; : . : > & -3ns.min . i ! :
; i1 td(DB-WR)® ; ; th(WR- DB)(3 R ! : ;
R o G z D e
NOTES: Measurement condi.tions

3. Varies with operation frequency:
td(dB-WR)=(tcyc x n-20)ns.min
(n=
th(wRr-DB)=(tcyc/2-10)ns.min
th(WR-AD)=(tcyc/2-10)ns.min
th(wr-Cs)=(tcyc/2-10)ns.min
tw(wR)=(tcyc/2 x n-15)ns.min
(n=

18ns.max

td(BCLK-ALE)
>

th(BCLK-ALE) | :
34- -2ns.min

, td(BCLK-CS)
» 18ns.max(®)

th(BCLK-CS)
-3ns.mir_1

<>

37 th(RD- cs)
. Ons.min

td(BCLK -AD) ! : 'th(BCLK -AD)
+ 18ns.max®)

td(BCLK-RD)
18ns. max"-h

h—:» -3ns.min E

: i¢ th(RD-AD)
v Ons min |

fac2(RD-DB)®) ! th(BCLK-RD)

tac2(AD-DB)@ bl

--------H-i_-z----’ -------------- ----- '{—j """" s <I>

§ tSU(DB-BCLK) ‘ot apih(RD-DB)

] aefing 5ns min

]‘---------><

26ns.min@®" 11 i0ons.min

A maximum of 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).

tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state, m=5 with 2 wait states and m=7 with 3 wait states.)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2 with 1 wait state, n=3 with 2 wait states and n=4 with 3 wait states.)

*Vcec=4.2 t0 5.5V

« Input high and low voltage:
VIH=2.5V, VIL=0.8V

* Output high and low voltage:
VOoH=2.0V, VoL=0.8V

1 with 1 wait state, n=2 with 2 wait states and n=3 with 3 wait states)

1 with 1 wait state, n=3 with 2 wait states and n=5 with 3 wait states)

Figure 26.3 Vcc=5V Timing Diagram (2)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(with a wait state, when accessing an external memory and using the multiplexed bus)

Read Timing ‘
td(BCLK -ALE) i . th(BCLK-ALE)

,<—>: -2ns.min | i
ALE iy ; \ 5
c

td(BCLK-CS) :

th(BCLK-CS)
' -3ns.min |

'<—> 18ns.max !

| td(AD-ALEYD | | th(ALE-AD)® 3 E

L e, - L :

ADI X Address Lo >t """""""""""""" (Data mput ------- 1---{  Address
/DB Do E T széﬁgrﬁa? «— ! th(RD-DB) |
| Htd(BCLK- AD) E X ¥ ; Itsu(DB BZ%IF]I;)mmE i Ons. mln, th(BCLK -AD) ]

i > 18ns.max! Lo tac3(RD-DB)(1) : Co <> _3ns.min !
ADi : X . - : : o : X .
BHE > : : 5 — — — :
| < T T T g : ;4_ '. :

; tac3(AD-DB)® | td(BCLK-RD) ! ! th(BCLK-RD)! | th(RD-AD)® ;

: : 4—»' 18ns.max ! Bps.min > : !

D e e — a ¥ a e

NOTES:

1. Varies with operation frequency:
td(AD-ALE)=(tcyc/2-20)ns.min

th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-cS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 2 wait states and m=5 with 3 wait states)
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 with 2 wait states and n=7 with 3 wait states)

Write Timing (written in 2 cycles with no wait state)

BCLK \
118ns.max i | i i i i
td(BCLK-ALE) : : th(BCLK ALE) . 1 ! ' '
—>! >+ -2ns.min '
R \ e 5 | | -/ A\
' ' ' teye | 5 i ! 1th(BCLK-CS)
P thWR- CS)<2

- 1 18ns. max

CSi b\ :
td(AD-ALE)@ ! ! th(ALE-AD)®
H .<—>.<—>

ADI Address X ; ;Dataoutput
/DB ' : e : '

<—>vtd(BCLK CS|) < ; > ; > 3nsmin |

X Address

: td(DB-WR)®
'td(BCLK-AD) ( )g th(WR-DB)® th(BCLK- AD)

ADi ' 18ns.max! N—’ -3ns.min ;
i . . '
BHE : X ; X
i ‘ H H e
! td(BCLK-WR) ! th(BCLK WR) th(WR-AD)®)
_!NB_I”RL, : “_’f 18ns.max§ -3ns.min - 7 :
WRH | | o 5 e e
NOTES: Measurement Conditions:
2. Varies with operation frequency: e \Vcc=4.2 to 5.5V

td(AD-ALE)=(tcyc/2-20)ns.min
th(ALE-AD)=(tcyc/2-10)ns.min, th(WR-AD)=(tcyc/2-10)ns.min
th(wR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-10)ns.min
td(DB-WR)=(tcyc/2 x m-25)ns.min

« Input high and low voltage:
VIH=2.5V, VIL=0.8V

« Output high and low voltage:
VoH=2.0V. VoL=0.8V

Figure 26.4 Vcc=5V Timing Diagram (3)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(When accessing the DRAM area)

Read Timing .

i tcyc X : : '
o ' " 11td(BCLK-CAD
td(BCLK-RAD) th(BCLK—RAD)It—Ht(i(BC c(l) )
le»i18ns.max _-3ns.minses | oS M

t:h(BCLK—CAD) ;

i & -3ns.min

MAi X Row address : x Column address X X
o th(RAS-RAD)® ! } : i ; P tRP® R
! A i : i e : i -
RAS | \ P f 5 f ) : 5 L
: ; ' : - : e th(BCLK-RAS) ! oo
| | LJIBCLCRAS)  td(BCLK-CAS) | > e IBCLCRAS) |
CASL E : 518ns.ma:1x E id—h 18ns.m:ax(1) i i : E i i
CASH ! P P i : i l ! i i
| Do P : : ; 5 '« th(BCLK-CAS) | ;
! b b : ; : t 1 -3ns.min 5 ;
bW | A I R ’ ! g | i |
i b P : tac4(CAS-DB)? ; l :
i b Lo f tac4(CAD-DB)?: | i i 5 ;

i P : tac4(RAS-DB)? R i ;
S R N i R
: i i 2 | tsu(DB-BCLK) «—»} «»ith(CAS-DB) | i

' ' ' ' " 26ns.min® ' ons.min
NOTES:

1. Values guaranteed only when the microcomputer is used independently.
A maximum of 35ns is guaranteed for the following combinations.

td(BCLK-RAS) + tsu(DB-BCLK)
td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

2. Varies with operation frequency:
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state and m=5 with 2 wait states)
tac4(CAs-DB)=(tcyc/2 x n-35)ns.max (n=1 with 1 wait state and n=3 with 2 wait states)
tac4(CAD-DB)=(tcyc x |-35)ns.max (I=1 with 1 wait state and =2 with 2 wait states)
th(RAS-RAD)=(tcyc/2-13)ns.min
trRP=(tcyc/2 x 3-20)ns.min

Measurement Conditions:

*Vcec=4.2 to 5.5V

« Input high and low voltage: ViH=2.5V, VIL=0.8V

« Output high and low voltage: VoH=2.0V, VoL=0.8V

Figure 26.5 Vcc=5V Timing Diagram (4)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(When accessing the DRAM area)

Write Timing

BCLK / )

L teyc R
td(BCLK-RAD) |« Id(BCLK-CAD) | th(BCLK-CAD) i
18ns.max  th(BCLK-RAD) : 1 18ns.max | ‘el 3 : !
<> i -3ns.minwes: ! ! I ; i -3ns.min :
MAi . X Rowaddress! X : Column address X Y
' th(RAS-RAD)® ! - i - o tRP®) .
— : A 5 : ; - >
RAS : o\ , , : [ \_
: | td(BCLK-RAS) td(BCLK-CAS); : - 4 th(BCLK-RAS) !
*>118ns.max > ns.max 1 -3ns.min
CASL —\ ¥

1+ th(BCLK-CAS)

td(ECLK-DW) -3ns.min

— "_" 18ns.max
DW \

—* 1< th(BCLK-DW)

S

5 | tsupB-CcAS)V | “5ns.min
‘Hiz ' ' .
oo it S N
i ! 1“—> th(BCLK-DB)
I ! -7ns.min
NOTES:

1. Varies with operation frequency:
th(RAS-RAD)=(tcyc/2-13)ns.min

tRP=(tcyc/2 x 3-20)ns.min
tsu(DB-CAS)=(tcyc-20)ns.min

Measurement Conditions:
*Vcc=4.2 t0 5.5V
« Input high and low voltage: VIiH=2.5V, VIL=0.8V
 Output high and low voltage: VoH=2.0V, VoL=0.8V

Figure 26.6 Vcc=5V Timing Diagram (5)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
Refresh Timing (CAS-before-RAS refresh)

BCLK

td(BCLK-RAS) ' foye > |

- ': 18ns.max

: , : ~ __th(BCLK-RAS)
tsu(CAS-RAS)W) : ; : -

| , -3ns.min

: D e——— ;
CASL | T\ .
CASH itd(BCLK'CA;SQ)—»: i ! ! > '« th(BCLK-CAS)

' ' | ' ' -3ns.min
18ns.max , , ' ! ! !

NOTES :

1. Varies with operation frequency:
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh Timing (Self-refresh)

BCLK

td(BCLK-RAS),
18ns.max 4>

_—

RAS | o (e . L :
; b : ) : >« th(BCLK-RAS)
| tsU(CASRAS)®D ! i i 5 i -3ns.min
L e : : ' ' :
CASL 1 \ ! 5 4 ! :
CASH | ! ; : : i : " -
> {d(BCLK-CAS) ; ; /o ; Relan t.*;‘,?f,hﬁ]c“s)
18ns.max ' ' (( : ‘
DW : | ' /4
NOTES:

2. Varies with operation frequency:
tsu(CAS-RAS)=(tcyc/2-13)ns.min
Measurement Conditions:
* Vce=4.2 to 5.5V
* Input high and low voltage: VIH=2.5V, VIL=0.8V
* Output high and low voltage: VoH=2.0V, VoL=0.8V

Figure 26.7 Vcc=5V Timing Diagram (6)
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

|

(Counter increment/
decrement input)

In event counter mode

|

tc(TA) N
tw(TAH)
TAIIN input
B tw(TAL) N
tc(UP) N
tw(UPH)
TAIOUT input
tw(uPL) N
TAIOUT input

X

TAIN mpUt_ . th(Tin—UP) ) S\ Tsu(UP-Tin)
(When counting on the falling edge) @~———
TAIIN input
(When counting on the rising edge) N
tc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
tc(AD) N
tw(ADL)
ADTRG input J
tc(CK) N
tw(CKH)
CLKi
tw(CKL) .
th(C—Q)
TxDi >< ><
td(c-Q) tsu(D-C) < > th(C-D)
RxDi 4 \*\
tw(INL)
INTi in
NMI input ]L /_
\

2 clock cycles + 300ns 2 clock cycles + 300ns

ore more ("L" width)  or more
Figure 26.8 Vcc=5V Timing Diagram (7)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(Valid only with a wait state)

BCLK VAR YA A A A

RD

(Separate bus) \ ", ................ /W

WR, WRL, WRH e
(Separate bus) \ E /

RD SRR
(Multiplexed bus) \ /

WR, WRL, WRH S —
(Multiplexed bus) \ ; /

RDY input

tsu(RDY-BCLK) th(BCLK-RDY)

(Valid with a wait state or with no wait state)

BCLK

{su(HOLD-BCLK) !

<~
HOLD input_\ (,/

HLDA output N YN
td(‘BCLK—HL‘DA) 93 k *) <— td(BCLK-HLDA)

Po.PLP2, —— w2

P3, P4, —

P50 to P52 | | | | : |

Measurement Conditions:

*VCCc=4.2105.5V

« Input high and low voltage: VIH=4.0V, VIL=1.0V

« Output high and low voltage: VOH=2.5V, VOL=2.5V

Figure 26.9 Vcc=5V Timing Diagram (8)
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

Vce=3.3V

Table 26.24 Electrical Characteristics (Vcc=3.0 to 3.6V, Vss=0V at Topr = -20 to 85°C,
f(XIN)=20MHz unless otherwise specified)
Symbol Parameter Condition Standard Unit
Min | Typ | Max
VoH Output High ("H") P0o-P07, P1lo-P17, P20-P27, P30-P37, P4o-P47, loH=-1mA Vce-0.6 \Y
Voltage P50-P57, P60-P67, P72-P77, P80-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157(1
Xout loH=-0.1mA 2.7 \%
Xcout No load applied 3.3 \
VoL Output Low ("L") P0o-P07, P1lo-P17, P20-P27, P30-P37, P4o-P47, lo,=1mA 0.5 \Y
Voltage P50-P57, P60-P67, P70-P77, P80-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157(1)
Xout lo,=0.1mA 05| V
Xcout No load applied 0 \%
VT+VT  |Hysteresis HOLD, RDY, TAOIN-TA4iN, TBOIN-TB5iN, INTO- 0.2 1.0 | V
INT5, ADTrG, CTSO-CTS4, CLKO-CLK4, TAOouT-
TA4out, NMI, KIO-KI3, RXxDO-RxD4, SCLO-SCL4,
SDAO-SDA4
RESET 0.2 1.8 \Y%
I+ Input High ("H") PQo-P07, P1o-P17, P20-P27, P30-P37, P40-P47, V=3V 4.0 | A
Current P50-P57, P60-P67, P70-P77, P80-P87, P9o-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s6, P150-P157(1, Xin, RESET, CNVss,
BYTE
IiL Input Low ("L") P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, Vi=0V -4.0 | HA
Current P50-P57, P60-P67, P70-P77, P80-P87, P9o-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P157(W), Xin, RESET, CNVss,
BYTE
RpuLLup  |Pull-up Resistance PQo-P07, P1o-P17, P20-P27, P30-P37, P40-P47, Vi=0V 66 120 | 500 | kQ
P50-P57, P60-P67, P72-P77, P80o-P84, P8s, P87,
P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P14s6, P150-P157(1
RfxiN Feedback Resistance |XiN 3.0 MQ
Rfxcin Feedback Resistance |Xcin 20.0 MQ
VRAM RAM Standby Through VDC 25 \%
Voltage Not through VDC 2.0 Vv
Icc Power Supply Measurement condition: f(XiN)=20 MHz, square wave, 26 | 38 | mA
Current In single-chip mode, output no division
pins are left open and other s =35 k17 “with a wait state, 5.0 A
pins are connected to Vss. not through VDC, Topr=25° C
f(Xcin)=32 kHz, with a wait state, 340 HA
through VDC, Topr=25° C
Topr=25° C when the clock stops 0.4 | 20 | BA
NOTES:

1. P11 to P15 are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Vce=3.3V
Table 26.25 A/D Conversion Characteristics (Vcc = AVcc = VREF = 3.0to 3.6V, Vss=AVss= 0V
at Topr = -20to 85°C, f(XIN) = 20MHz unless otherwise specified)

Symbol Parameter M%zf#éﬁgﬁm : Standard Unit
Min | Typ | Max

- Resolution Vrer=Vce 10 | Bits

INL Integral Nonlinearity Error No S&H function (8-bit) | Vocc=Vre=3.3V +2 |LSB

DNL Differential Nonlinearity Error |No S&H function (8-bit) +1 |LSB

- Offset Error No S&H function (8-bit) +2 |LSB

- Gain Error No S&H function (8-bit) +2 |LSB
RLADDER Resistor Ladder VrReE=Vce 8 40 | kQ
tcon 8-bit Conversion Time 4.9 Hs
VReEF Reference Voltage 3.0 Vec |V
Via Analog Input Voltage 0 Vrer | V

S&H: Sample and hold
NOTES:

1. Divide f(Xi), if exceeding 10 MHz, to keep @AD frequency at 10 MHz or less.

Table 26.26 D/A Conversion Characteristics (Vcc = VREF = 3.0 to 3.6V, Vss = AVss = 0V
at Topr =-20 to 85°C, f(XIN) = 20MHz unless otherwise specified)

- Standard )
Symbol Parameter Measurement Condition Unit
Min | Typ | Max

- Resolution 8 | Bits

- Absolute Accuracy 10| %

tsu Setup Time 3 us
Ro Output Resistance 4 10 | 20 | kQ
IVREF Reference Power Supply Input Current (Note 1) 1.0 | mA

NOTES:

1. Measurement results when using one D/A converter. The DAI register (i=0, 1) of the D/A converter not
being used is set to "0016". The resistor ladder in the A/D converter is exclued.
Ivrer flows even if the VCUT bit in the ADICONL1 register is set to "0" (no VRer connection).

Table 26.27 Flash Memory Version Electrical Characteristics

Standard
Parameter Unit
Min Typ Max
Program Time (per page) 8 120 ms
Block Erase Time (per block) 50 600 ms

NOTES:

1. Vcc= 4.2 to 5.5V (through VDC), 3.0 to 3.6V (not through VDC) at Topr= 0 to 60° C, unless
otherwise specified
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Vcc=3.3V
Timing Requirements (Vcc = 3.0 to 3.6V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 26.28 External Clock Input

Symbol Parameter Standard Unit
Min Max

tc External Clock Input Cycle Time 50 ns

tw(H) External Clock Input High ("H") Pulse Width 22 ns

tw(w) External Clock Input Low ("L") Pulse Width 22 ns

tr External Clock Rise Time 5 ns

tf External Clock Fall Time 5 ns
Table 26.29 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter .Standard Unit
Min Max

taclrooe) |Data Input Access Time (RD standard, with no wait state) (Note 1)| ns
taclaoop |Data Input Access Time (AD standard, CS standard, with no wait state) (Note 1)| ns
tac2rooe) |Data Input Access Time (RD standard, with a wait state) (Note 1)| ns
tac2qoop |Data Input Access Time (AD standard, CS standard, with a wait state) (Note 1)| ns
tac3rope) | Data Input Access Time (RD standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac3oop | Data Input Access Time (AD standard, CS standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac4rasop |Data Input Access Time (RAS standard, when accessing a DRAM space) (Note 1)| ns
tac4dasop |Data Input Access Time (CAS standard, when accessing a DRAM space) (Note 1)| ns
tac4capoe) |Data Input Access Time (CAD standard, when accessing a DRAM space) (Note 1)| ns
tsupseck) | Data Input Setup Time 30 ns
tsuroy-ec) |RDY Input Setup Time 40 ns
tsu¢opeak) [HOLD Input Setup Time 60 ns
th(roDB) Data Input Hold Time 0 ns
th(caspp) Data Input Hold Time 0 ns
theckroy)  |RDY Input Hold Time 0 ns
theck+Hop) |[HOLD Input Hold Time 0 ns
tdeckHoa) |HLDA Output Delay Time 25 ns
NOTES:

1. Values can be obtained from the following equations, according to BCLK frequency. Insert a wait state or lower
operation frequency, f(ecx), if the calculated value is negative.

10°
tacl(RD - DB) = o S~ 35 [ng]
10°
tac1(AD - DB) = feo 35 [ns]
9
_DB)= ———— -35 ns] (m=3 with 1 wait state, m=5 with 2 wait states
tac2(RD - DB) flOX)EnZ 3 with 1 wai 5 with 2 wai
(BCL:) and m=7 with 3 wait states)
107 Xn . . . .
tac2(AD - DB) = W -35 [ns] (n=2 with 1 wait state, n=3 with 2 wait states
o and n=4 with 3 wait states)
tac3(RD - DB) = % -35 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
9
tac3(AD - DB) = % -35 [ns] (n=5 with 2 wait states and n=7 with 3 wait states)
9
tac4(RAS — DB) = % —35 [ns] (m=3 with 1 wait state and m=5 with 2 wait states)
9
tac4(CAS —DB) = % —35 [ns] (n=1 with 1 wait state and n=3 when 2 wait states)
9
tac4(CAD - DB) = % —35 [ns] (I=1 with 1 wait state and =2 with 2 wait states)
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

Timing Requirements

Vce=3.3V

(Vcc =3.0to 3.6V, Vss =0V at Topr =20 to 85°C unless otherwise specified)

Table 26.30 Timer A Input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter Unit
Min Max
tcan) TAIN Input Cycle Time 100 ns
tw(raH) TAIN Input High ("H") Pulse Width 40 ns
twiray TAIN Input Low ("L") Pulse Width 40 ns
Table 26.31 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min Max
tca TAiN Input Cycle Time 400 ns
tw(TAH) TAiN Input High ("H") Pulse Width 200 ns
tw(ray TAIN Input Low ("L") Pulse Width 200 ns
Table 26.32 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard
Symbol Parameter Unit
Min Max
tca TAiN Input Cycle Time 200 ns
tw(TAH) TAiN Input High ("H") Pulse Width 100 ns
tw(ray TAIN Input Low ("L") Pulse Width 100 ns

Table 26.33 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min Max
tw(TAH) TAin Input High ("H") Pulse Width 100 ns
tw(ray TAIN Input Low ("L") Pulse Width 100 ns

Table 26.34 Timer A Input (Counter Increment/decrement Input in

Event Counter Mode)

Standard
Symbol Parameter Unit
Min Max
tcup) TAiout Input Cycle Time 2000 ns
tw(uPH TAiout Input High ("H") Pulse Width 1000 ns
tw(ury TAiout Input Low ("L") Pulse Width 1000 ns
tsuupmyy | TAiouT Input Setup Time 400 ns
theinup) TAiout Input Hold Time 400 ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vcc=3.3V

Timing Requirements
(Vcc =3.0to 3.6V, Vss = 0V at Topr =-20 to 85°C unless otherwise specified)

Table 26.35 Timer B input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter - Unit
Min Max
tcas) TBiiN Input Cycle Time (counted on one edge) 100 ns
tW(TBH) TBim Input High ("H") Pulse Width (counted on one edge) 40 ns
tw(TBL) TBi Input Low ("L") Pulse Width (counted on one edge) 40 ns
tcam) TBi Input Cycle Time (counted on both edges) 200 ns
tW(TBH) TBi Input High ("H") Pulse Width (counted on both edges) 80 ns
tw(TBL) TBi Input Low (L") Pulse Width (counted on both edges) 80 ns
Table 26.36 Timer B input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min Max
tc(ms) TBiiN Input Cycle Time 400 ns
tW(TBH) TBi Input High ("H") Pulse Width 200 ns
tw(TBL) TBi Input Low ("L") Pulse Width 200 ns
Table 26.37 Timer B input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min Max
[(g) TBi Input Cycle Time 400 ns
tW(TBH) TBi Input High ("H") Pulse Width 200 ns
[ g:=0) TBin Input Low ("L") Pulse Width 200 ns
Table 26.38 A/D Trigger Input
Standard .
Symbol Parameter Unit
Min Max
tc(ap) ADre Input High ("H") Pulse Width (required for re-trigger) 1000 ns
twiany) ADre Input Low (“"L") Pulse Width 125 ns
Table 26.39 Serial I/O
Standard .
Symbol Parameter - Unit
Min Max
tcg CLKi Input Cycle Time 200 ns
twickH) CLKi Input High ("H") Pulse Width 100 ns
tw(cky) CLKi Input Low ("L") Pulse Width 100 ns
tdco TxDi Output Delay Time 80 ns
thco TxDi Hold Time 0 ns
tsuoo) RxDi Input Set Up Time 30 ns
thco RxDi Input Hold Time 90 ns
Table 26.40 External Interrupt INTI input
Standard .
Symbol Parameter - Unit
Min Max
tW(NH) INTi Input High ("H") Pulse Width 250 ns
twany INTi Input Low ("L") Pulse Width 250 ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss = 0V at Topr =-20 to 85°C, unless otherwise specified)

Table 26.41 Memory Expansion Mode and Microprocessor Mode (with No Wait State)

Symbol Parameter M%%S#éﬁirgr? nt Standard Unit
Min Max
tdeokap) | Address Output Delay Time 18 ns
theokap) | Address Output Hold Time (BCLK standard) 0 ns
th(ro-AD) Address Output Hold Time (RD standard) 0 ns
thmwr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdeokes) | Chip-select Signal Output Delay Time 18 ns
theokes) | Chip-select Signal Output Hold Time (BCLK standard) 0 ns
throcs) Chfp-select ngnal Output Hold Tfme (RD standard) See Figure 26.1 0 ns
thmwrcs) Chip-select Signal Output Hold Time (WR standard) (Note 1) ns
tdeokAE) | ALE Signal Output Delay Time 18 ns
theokAE) | ALE Signal Output Hold Time -2 ns
tdeckrp)  |RD Signal Output Delay Time 18 ns
theokrp)  |RD Signal Output Hold Time -3 ns
tdeakwr) | WR Signal Output Delay Time 18 ns
theck-wr) | WR Signal Output Hold Time 0 ns
tdoBwWR) Data Output Delay Time (WR standard) (Note 1) ns
thwrDB) Data Output Hold Time (WR standard) (Note 1) ns
tWWR) WR Output Width (Note 1) ns
NOTES:
1. Values can be obtained from the following equations according to the BCLK frequency.
9
tdOB-WR)= —————— —20 [ns]
f(BCLK)
th(WR - DB) = A —-10 [ng]
f(BcLK) X 2
10°
th(WR — AD) = W —-10 |[ng]
10°
th(WR - CS) = —f(BCLK) X2 10 [ns]
10°
tw(WR) = —f(BCLK) X2 15 [ns]
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vcc=3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss =0V at Topr =-20to 85°C unless otherwise specified)

Table 26.42 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory)

Symbol Parameter M%&g‘]’éﬁgﬁm Standard Unit
Min Max

tdeok-ap) | Address Output Delay Time 18 ns
theck-ap) | Address Output Hold Time (BCLK standard) 0 ns
th(ro-AD) Address Output Hold Time (RD standard) 0 ns
thwr-AD) Address Output Hold Time (WR standard) (Note 1) ns
tdeckcs | Chip-select Signal Output Delay Time 18 ns
theckcs | Chip-select Signal Output Hold Time (BCLK standard) 0 ns
throcs) Chip-select Signal Output Hold Time (RD standard) 0 ns
thwrcs | Chip-select Signal Output Hold Time (WR standard)  |See Figure 26.1f (Note 1) ns
tdeck-ae) | ALE Signal Output Delay Time 18 ns
theck-a | ALE Signal Output Hold Time -2 ns
tdeckrp |RD Signal Output Delay Time 18 ns
theckrp |RD Signal Output Hold Time -3 ns
tdeckwr) | WR Signal Output Delay Time 18 ns
theck-wr) | WR Signal Output Hold Time 0 ns
tdoBwR) Data Output Delay Time (WR standard) (Note 1) ns
thprDB) Data Output Hold Time (WR standard) (Note 1) ns
tWWR) WR Output Width (Note 1) ns
NOTES:

1. Values can be obtained from the following equations, according to BCLK frequency.

10°Xn _ _ . .
tdpB-WR)= ————— - 20 [ns] (n=1 with 1 wait state, n=2 with 2 wait states
f(BCLK) . .
109 and n=3 with 3 wait states)
th(WR - DB) = W -10 [ns]
th(WR — AD) = A —-10 [ns]
f(BCcLK) X 2
th(WR - CS) = A —-10 [ns]
f(BCLK) X 2
10°Xn , , : .
tw( WR) = m —15 [ns] (n=1 with 1_Wa|t sta_te, n=3 with 2 wait states
and n=5 with 3 wait states)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vce=3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 26.43 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting a Space with the
Multiplexed Bus)

Symbol Parameter M%?#éﬁirgﬁ nt Standard Unit
Min Max
tdeokap) | Address Output Delay Time 18 ns
theokap) | Address Output Hold Time (BCLK standard) 0 ns
thro-AD) Address Output Hold Time (RD standard) (Note 1) ns
thpwrAD) Address Output Hold Time (WR standard) (Note 1) ns
tdeokcs) | Chip-select Signal Output Delay Time 18 ns
theokes) | Chip-select Signal Output Hold Time (BCLK standard) 0 ns
throcs) Chip-select Signal Output Hold Time (RD standard) (Note 1) ns
thmrcs) Chip-select Signal Output Hold Time (WR standard)  |See Figure 26.1| (Note 1) ns
tdeokrp)  |RD Signal Output Delay Time 18 ns
theok-ap)  |RD Signal Output Hold Time -3 ns
tdeokwr) | WR Signal Output Delay Time 18 ns
theokwr) | WR Signal Output Hold Time 0 ns
tdoBwR) Data Output Delay Time (WR standard) (Note 1) ns
thwr-oe)  |Data Output Hold Time (WR standard) (Note 1) ns
tdeok-aE) | ALE Signal Output Delay Time (BCLK standard) 18 ns
theokaE | ALE Signal Output Hold Time (BCLK standard) -2 ns
tdapA) ALE Signal Output Delay Time (address standard) (Note 1) ns
thaLE-AD) ALE Signal Output Hold Time (address standard) (Note 1) ns
tdzroap) | Address Output High-Impedance Time 8 ns
NOTES:
1. Values can be obtained from the following equations, according to BCLK frequency.
th(RD — AD) = A —-10 [ns]
f(BCLK) X 2
th(WR - AD) = i —-10 [ns]
f(ecLk) X 2
th(RD - CS) = 1709 -10 [ns]
f(BCLK) X 2
th(WR - CS) = i —-10 [ns]
f(ecLk) X 2
10°X m
tdoB-WR) = ——————— —25 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
f(BCLK) X 2
10°
th(WR - DB) = W —10 [ns]
td(AD — ALE) = & —-20 [ns]
f(BCLK) X 2
10°
th(ALE — AD) = W —10 [ns]
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics
Vcc=3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss = 0V at Topr =20 to 85°C unless otherwise specified)

Table 26.44 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting the DRAM Area)

Symbol Parameter M((e:a:)s#éﬁirggnt Standard Unit
Min Max

td@cLk-rAD) |[Row Address Output Delay Time 18 ns
thecLk-rap) [Row Address Output Hold Time (BCLK standard) 0 ns
td@cLk-cap) | Column Address Output Delay Time 18 ns
thecLk-cap) | Column Address Output Hold Time (BCLK standard) 0 ns
th(ras-raD) |Row Address Output Hold Time after RAS Output (Note 1) ns
td@ecLk-ras) |RAS Output Delay Time (BCLK standard) 18 ns
thecLk-ras) |[RAS Output Hold Time (BCLK standard) See Figure 26. 0 ns
trP RAS High ("H") Hold Time (Note 1) ns
td@ecLk-cas) | CAS Output Delay Time (BCLK standard) 18 ns
thecik-cas) | CAS Output Hold Time (BCLK standard) 0 ns
td@ecLk-bw) |DW Output Delay Time (BCLK standard) 18 ns
thecik-bw) |[DW Output Hold Time (BCLK standard) -3 ns
tsups-cas) |CAS Output Setup Time after DB output (Note 1) ns
thecwk-be) |DB Signal Output Hold Time (BCLK standard) -7 ns
tsu(cas-ras) | CAS Output Setup Time before RAS Output (refresh) (Note 1) ns
NOTES:

1. Values can be obtained from the following equations, according to the BCLK frequency.

10°
th(RAS - RAD) = W —-13 [ns]
10°Xx 3
tRP = 7f(BCLK) <2 " 20 [ns]
tsu(DB - CAS) = Lg -20 [ns]
f(BCLK)
10°
tsu(CAS — RAS) = 7f(scu<) X2 " 13 [ns]
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode (with no wait state)
Read Timing

BCLK \ \
td(BCLK-ALE) | i i : 5 5 ;
18ns.max 1 th(BCLK-ALE) : : ' : : '
- > -2ns.min | : : : : :

ALE A - : ! : :

 td(BCLK-CS) i th(BCLK-CS) : 5 5 ;

1 18ns.max® <> Ons.min : : ' '

csi -\ i Y | | e e ;
Voo tcyc > ¢ th(RD-CS) : ; ; :

D ; > 11 Ons.min ! ; ; .

td(BCLK-AD) e Any | : 5 5 ;

i 18ns.max® E}Eﬁ?grl{gnﬁr?) 5 ; ; ; :

ADi Y ' I : : : : :

s A ) G ; : : :
! ! td(BCLK-RD) "> < th(RD-AD) ; ; E g
1 18ns.max <+ i1 Ons.min ' : | '

RD P b . i 5
i tac2(RD-DB)@ |, th(BCLK-RD) '
: A i - -» : ' i ]

— '
tac2(AD-DB)® :

: Hiz | ‘ : : 5 ' 5
S e n e S O G

i tsu(DB-BCLK) i«—»! i«»! th(RD-DB) : ! ! :

' 30ns.min® : ' Ons.min' ' : :

-3ns.min |
! 1

NOTES:
1. Values guaranteed only when the microcomputer is used independently.
A maximum of 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).
2. Varies with operation frequency:
tac2(RD-DB)=(tcyc/2-35)ns.max
tac2(AD-DB)=(tcyc-35)ns.max

Write Timing

BCLK

{td(BCLK-ALE) | ' 5 5 :
18ns.max  —pi ¢ (N(BCLK-ALE) ' ' : : :
Bns I . . . , .

ALE : : : ‘ —2ns.m|ni : : /—:‘\ , :

. td(BCLK-CIS) : th(BCLK-CS)

< 18ns.max; : : > Ons.min | : '

csi o\ ; ; : A i ; !
e teyc! . Ll th(wR-CS)® ! 5 : 5

! 1td(BCLK-AD) ; o ! Ith(BCLK-AD) : :

ADI <> 18ns.max; : L <> ons.min_: : :
i ; : : L L) : ! :
BHE ' X ; ; - : X - : :

5 | HBCLKWR) | fuwr)® 1o NWR-ADI®D:
18ns.max «—>a——— 1) .

WRWRL, — : —\ L7 ! : ; 5
WRH i : . +~/: th(BCLK-WR : : 5

' ! ) ' —> < Ons.min ! i : . '
! ; : td(DB-WR)® ! th(WR-DB)® : : :
R . B e e oeeeeeeeenss
NOTES: Measurement Conditions:
1. Varies with operation frequency. * Vce=3.0to 3.6V

td(DB-WR)=(tcyc-20)ns.min « Input high and low voltage: ViH=1.5V, ViL=0.5V

th(wRr-DB)=(tcyc/2-10)ns.min  Output high and low voltage: VoH=1.5V, VoL=1.5V

th(WR-AD)=(tcyc/2-10)ns.min

th(wRr-CS)=(tcyc/2-10)ns.min

tw(WR)=(tcyc/2-15)ns.min

Figure 26.10 Vcc=3.3V Timing Diagram (1)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode (with a wait state)
Read Timing :

ST S W 2 U S A
i 18ns.max 1 ' ! ' i \ i
td(BCLK-ALE) | th(BCLK-ALE) : : ; '

gl > i+ -2ns.min |
th(BCLK-CS)

Ons.min:

ALE v A

_ ! 18ns.max(V)
csi o\ :

7 e t(RD-CS

[ Ons.min

|« [(BCLKCS) ; ; ;

Yo

td(BCLK-AD) ! , | th(BCLK-AD) !
<> 18ns.max® ! ' <> Ons.min

ADi
BHE

td(BCLK-RD) | E E ist i« th(RD-AD)
18ns.max < ; ' ' ' Ons.min_:

: — th(BCLK-RD)
! tac2(RD-DB) | <+ -3ns.min

€
¢

tac2(AD-DB)® '

Hi-z -. : CD ;

tsu(DB-BCLK) i«—» F—»fth(RD_Dg)

30ns.min® * ' Ons.min}

DB e

S T [ —

NOTES:
1. Values guaranteed only when the microcomputer is used independently. A maximum of 35ns is guaranteed
for td(BCLK-AD)+tsu(DB-BCLK).
2. Varies with operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state, m=5 with 2 wait states and m=7 with 3 wait states)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2 with 1 wait state, n=3 with 2 wait states and n=4 with 3 wait states)

Write Timing | .

' td(BCLK-ALE)! -
4—1 —L i« th(BCLK-ALE)

td(BCLK-WR) ! tw(WR)W
18ns.max ¢ Pe——>) '

WRWRL, — : — / : i
WRH f 5 . | th(BCLK-WR) i

ALE é \  -2ns.min i i /—.h\
| td(BCLK-CS) ! i | th(BCLK-CS)
_ R 18ns.maxi ! :‘—" Ons.min
Csi o\ ' : : L] !
e teye ! . 1 th(WR-CS)® ! i
| td(BCLK-AD) l P ! ,th(BCLK-AD)
. < 18ns.max; L < ons.min_:
ADL Y T T
BHE - - :

—>i « Ons.min |
: {h(WR-DB)®)

>
L

td(Dé-WR)(l)

oo S—

Measurement Conditions:
*Vcc=3.0to 3.6V

(5] <

NOTES:

1. Varies with operation frequency.
td(DB-WR)=(tcyc x n-20)ns.min

(n=1 with 1 wait state, n=2 with 2 wait states and n=3 with 3 wait * Input high and low voltage:
states) VIH=1.5V, ViL=0.5V
th(WR-DB)=(tcyc/2-10)ns.min « Output high and low voltage:
th(WR-AD)=(tcyc/2-10)ns.min VOH=1.5V, VoL=1.5V

th(wR-CS)=(tcyc/2-10)ns.min

tw(wR)=(tcyc/2 x n-15)ns.min

(n=1 with 1 wait state, n=3 with 2 wait states and n=5 with 3 wait
states)

Figure 26.11 Vcc=3.3V Timing Diagram (2)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(with a wait state, when accessing an external memory and using the multiplexed bus)

Read Timing

ok /N /o f /O

[(BCLK-ALE) | tpCLK ALE) 5
» 18ns.max "% ons min | ‘
> . Amin | :
ALE . P\ :
c

td(BCLK-CS)

th(BCLK-CS)
' i ' Ons.min

th(RD-CS)® /—_

td(AD-ALE)®

‘-’5 18ns.max

v

'

' '
'

A '

' T

' '

' '

' < >
<

' '

' '

' '

' '

' '

' '

) 1 th(ALE-AD)®
— i :

ADI- X Address ) """""""""""" REED Data input }----""" 1---{  Address
/DBI — T —/1 tdz(RD-AD) : ! e th(RD-DB) .
L ! ; Th Bnsmax | tsu(DB-BCLK)! | Ons.min; :
! !'td(BCLK-AD) Dl ; 1 tsyDB-BCLK); i Ons.min: th(BCLK-AD)
ADi E‘—ﬂ 18ns.max ' P tac3(RD-DB)® ! 30ns.min > Ons.min
BHE A i - § A A i
L e . : : . > D e—————» ;
1 - taC3(AD—DB)(l) ' td(BCLK-RD) ! ' th(BCLK—RD)E i th(RD-AD).(l) '
— : : 4> 18ns.max; ! -3ns.min Bl : :
RD e e R ; § ; ;

NOTES:
1. Varies with operation frequency.
td(AD-ALE)=(tcyc/2-20)ns.min
th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CcS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 2 wait states and m=5 with 3 wait states)
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 with 2 wait states and n=7 with 3 wait states)

Write Timing

ee /N /[ _/
1 td(BCLK-ALE) ! th(BCLK-ALE)
18ns. Ul i
ons-max ) < -2ns.min

ALE |

i« th(BCLK-CS)
th(WRr-cs)®: | Ons.min 1
M—:—b:/i:

i« 1d(BCLK-CS) i:

— ™\ 18ns.max: ! :
Csi P\ 5 :

tcyc

\ 4

| td(AD-ALE)Y  th(ALE-AD)®),
Lo S — . F

ADi_ """" ( Alddress
/DBi g

Data output

'
'
]
'
'
'
'
'
T
'
'
L
0

X Addresls

J A I R

(

' td(BCLK-AD) ;
. 18ns.max; !

th(WR-DB)® '

td(DB-WR):l) :
i th(BCLK-AD)

v '
' '
' '
' '
' '
' '
' '
' '
' '
' '
' '
T T
' '
' '
' '
L '
T '
' '
' '
' '
' '
] ]
' '
' '
' '
' '
' '
T T
' '
' '
L L
0 0
' '
' '
' '
' '
' '
' '
' '
' '
' '
! '
T T
' '
' '
' '
' '
' '

: : E < Ons.min !
ADi , , . v —\ .
T G s ; A
: : : > :
5 ; td(BCLK-WR) ith(BCLK-WR) | | th(WR-AD)0 i
WRWRL,— i = T i
WRH ! i L E i i i i
NOTES: Measurement Conditions:
1. Varies with operation frequency. *Vce=3.0to 3.6V
td(AD-ALE)=(tcyc/2-20)ns.min * Input high and low voltage:
th(ALE-AD)=(tcyc/2-10)ns.min, th(WR-AD)=(tcyc/2-10)ns.min VIH=1.5V, VIL=0.5V

th(WR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-10)ns.min
td(DB-WR)=(tcyc/2 x m-25)ns.min
(m=3 with 2 wait states and m=5 with 3 wait states)

« Output high and low voltage:
VoH=1.5V, VoL=1.5V

Figure 26.12 Vcc=3.3V Timing Diagram (3)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Vce=3.3V
Memory Expansion Mode and Microprocessor Mode
(With 2 wait states, when accessing the DRAM area)

Read Timing

BCLK

: teyc :

th(BCLK-CAD)

" . td(BCLK-CAD) :

td(BCLK;RAD) th(?CLK-RAD) Il : 18ns.max®) E ! AL E

18ns.max® | Onsmin @ i1 : {  Onsmin; ;

. -~> ; - i ! - H !
MAi X Row address: X Column address X ' X

tRPQ

'
'

>
h

b — ]

RAS T\ P

‘_ th(BCL_K-RAS)
Ons.mln

o th(RAS-RAD)®) | ,

td(BCLK-RAS)

td(BCLK-CAS)

»18ns.max®): ‘€»'18ns.max® :

tsu(DB-BCLK) ‘«—»! ra-pith(CAS-DB)

CASL — - — N :
CASH Do P P : " th(BCLK-CAS) !
' b Lo . : © Ons.min :
bw- Do P o tac4(CAS-DB)@ E f
; P Do . “facacrpoB@: E ; 5
: Do ! 7 tac4(RAS-DB)® R :
YR S S ;r | | SR S

Ons.min

NOTES:

1. Values guaranteed only when the microcomputer is used independently. A maximum of 35ns is
guaranteed for the followings:
td(BCLK-RAS) + tsu(DB-BCLK)
td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

2. It varies with the operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state and m=5 with 2 wait states)
tac4(CAs-DB)=(tcyc/2 x n-35)ns.max (n=1 with 1 wait state and n=3 with 2 wait states)
taca(CAD-DB)=(tcyc x I-35)ns.max (I=1 with 1 wait state and |1=2 with 2 wait states)
th(RAS-RAD)=(tcyc/2-13)ns.min
trRP=(tcyc/2 x 3-20)ns.min

Measurement Conditions:
*Vce=3.0to 3.6V
« Input high and low voltage: ViH=1.5V, ViL=0.5V
« Output high and low voltage: VoH=1.5V, VoL=1.5V

Figure 26.13 Vcc=3.3V Timing Diagram (4)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
(With 2 wait states, when accessing the DRAM area)

Write Timing

BCLK | ' / \ / \ / U

I L

o , : 5 : : | : l

td(li;:L[(-RAD) th(BCLK-RAD). }/1d(BCLK-CAD) | i th(BCLK-CAD) i

nsm | Ons.min g i 18nsmax | @ Ons.min; .

MAi . X Rowaddress: X : Column address X : i X E
] th(RAS-RAD)® | E 3 i tRPY =

- e th(BCLK-RAS)

td(BCLK-RAS)  td(BCLK-CAS);

RAS L\ .

! f‘ﬂlsns.m?x =+ 18ns.max : : | Ons.mlln ;
cAsL : : L\ I : ¥ : i :
CASH ! i . P ' : = ' : !

S I : ' b : : 1+ th(BCLK-CAS) :
td(BCLK-DW) : b ; ! : Ons.min ; !
> : Lo - : : - ! -

— 18ns.max ' Vo ! | o : ; .
w1\ | L | Y | |

P ! : L ! : » i+ th(BCLK-DW) | 5

i ! o tsuDB-CAS)® | 5 i ! -3ns.min i :

Hiz : : Z : — i :
DB e { : : : : ) S fremeaeees foeeee

: 3 : : i 5 14— {h(BCLK-DB) |

' ' : : ' : ' -7ns.min

NOTES: Measurement Conditions:

1. Varies with operation frequency. ¢ Vce=3.0 to 3.6V
th(RAS-RAD)=(tcyc/2-13)ns.min « Input high and low voltage:
tRP=(tcyc/2 x 3-20)ns.min VIH=1.5V, ViL=0.5V
tsu(DB-CAS)=(tcyc-20)ns.min ¢ Output high and low voltage:

VoH=1.5V, VoL=1.5V

Figure 26.14 Vcc=3.3V Timing Diagram (5)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Memory Expansion Mode and Microprocessor Mode
Refresh Timing (CAS-before-RAS refresh)

BCLK

td(BCLK-RAS) 3 teye g

-
. + 18ns.max

| T | "~ th(BCLK-RAS
tsu(CAS-RAS)W) : ; : - ¢ )
-~ : : ' '

! ' Ons.mini
CASL ! T\

Oons.min
18ns.max '

NOTES:
1. Varies with operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh Timing (Self-refresh)

BCLK

td(BCLK-RAS),
18ns.max 4>

-3 R I U U /20 RS N Y

. tsuCAS-RAS)® | 4 th(BCLICRAS) 7 7
; i . ; ' Ons.r:nlln
CASL 1 \ b : /4 .
CASH ! : : ; : : it -
«>tdBCLKCAS) | N | = e
18ns.max (( ' o
ow | | | 4
NOTES:

1. Varies with operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Measurement Conditions:
*Vcc=3.0to 3.6V
« Input high and low voltage: VIH=1.5V, VIL=0.5V
« Output high and low voltage: VoH=1.5V, VoL=1.5V

Figure 26.15 Vcc=3.3V Timing Diagram (6)
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics

Vce=3.3V
tc(TA) N
tw(TAH)
TAIIN input \
_ tw(TAL) N
tc(UP) N
tw(UPH)
<>
TAIOUT input \ _
tw(uPL) N
TAIOUT input
(Counter increment/ ><
decrement input)
In event counter mode
TAIIN input ¢ ¢
(When counting on falling edge) _h@-UP) , <>\ _{suUP-TiN)
TAIIN input
(When counting on rising edge) e
tc(TB)

tw(TBH)

TBIIN input

tw(TBL)

tc(AD) N
tw(ADL)

ADTRG input J

L tc(CK) N
tw(CKH)
CLKi
tw(CKL) N thic-0
TXDi >< ><
td(c—Q) tsu(b-C) < > th(C-D)
RxDi /{ *

tw(INL)

INTI input
tw(INH) |

NMI input ]L /_

2 clock cycles + 300ns 2 clock cycles + 300ns
or more ("L" width) or more

Figure 26.16 Vcc=3.3V Timing Diagram (7)
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics

(Valid only with a wait state)

BCLK

RD
(Separate bus) \

Memory Expansion Mode and Microprocessor Mode

S S

WR, WRL, WRH
(Separate bus) \

RD
(Multiplexed bus) \

WR, WRL, WRH
(Multiplexed bus) \

RDY input

tsu(RDY-BCLK)

(Valid with a wait state and no wait state)

th(BCLK-RDY)

Measurement Conditions:

*VCC=3.0to0 3.6V

« Input high and low voltage: ViH=2.4V, VIL=0.6V
 Output high and low voltage: VoH=1.5V, VoL=1.5V

BCLK
tsu(HOLD —BCLK) th(BCLK-HOLD)
<> 3 i
HOLD input ,/ o
HLDA output ! 3
} } » %
PO, P1, P2, td(BCLK—HLDA) '[d(BCLK HLDA)
P3, P4, :1 VA Hi—z & 1
P50 to P52 ‘ ‘ '

Figure 26.17 Vcc=3.3V Timing Diagram (8)

Rev. 1.31 Jan.31, 2006 Page 452 of 488 RENESAS

REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics (M32C/83T)

26.2 Electrical Characteristics (M32C/83T)

Table 26.45 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vee Supply Voltage Vec=AVcc -0.3t0 6.0 \%
AVcc Analog Supply Voltage Voc=AVce -0.3t0 6.0 \%
Vi Input Voltage |RESET, CNVss, BYTE, P0Oo-P07, P1o-P17, P20-P27, -0.3 to Vcct0.3 \Y

P30-P37, P40-P47, P50-P57, P60-P67, P72-P77, P8o-
P87, P90-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P14s6, P150-P1579, Vrer, XiN
P70, P71 -0.3t06.0 \Y
Vo Output Voltage |P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50 -0.3 to Vec+0.3 \Y
P57, P60-P67, P72-P77, P80-P84, P8e, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137, P140-
P14, P150-P1579, Xour

Pd Power Dissipation Topr=25° C 400 mw
Topr Operating Ambient Temperature T version -40 to 85 °C
Tstg Storage Temperature -65 to 150 °C
NOTES:

1. P11 to P15 are provided in the 144-pin package.
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics (M32C/83T)

Table 26.46 Recommended Operating Conditions
(Vcc=4.2 to 5.5V, Vss=0V at Topr = -40 to 85°C (T version) unless otherwise specified)

Standard .
Symbol Parameter - Unit
Min. Typ. Max.
Vo Supply Voltage 4.2 5.0 55 \%
AVce Analog Supply Voltage Vec \%
Vss Supply Voltage \%
AVss Analog Supply Voltage 0 \%
ViH Input High ("H")  |P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- | 0.8Vcc Vcc \Y
Voltage P67, P72-P77, P80-P87®), P90o-P97, P100-P107, P110-P114,
P120-P127, P130-P137, P140-P14s, P150-P1574, X,
RESET, CNVss, BYTE
P70, P71 0.8Vcec 6.0
ViL Input Low ("L") P0o0-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 0 0.2Vce \Y
Voltage P67, P70-P77, P80-P873, P90-P97, P100-P107, P110-P114,
P120-P127, P130-P137, P140-P14s, P150-P1574, X,
RESET, CNVss, BYTE
|oH(peak) Peak Output P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -10.0 mA
High ("H") P67, P72-P77, P80-P84, P86, P87, P90-P97, P100-P107, P110-
Current® P114, P120-P127, P130-P137, P140-P146, P150-P1574
|oH(@avg) Average Output |P0o-P07, P10o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -5.0 mA
High ("H") P67, P72-P77, P80-P84, P86, P87, P90-P97, P100-P107, P110-
Current® P11s, P120-P127, P130-P137, P140-P14s, P150-P1579
loL(peak) Peak Output Low [P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P60 10.0 mA
("L") Current® P67, P70-P77, P80-P84, P86, P87, P90-P97, P100-P107, P110-
P114, P120-P127, P130-P137, P140-P146, P150-P1574
loLavg) Average Output |POc-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 5.0 mA
Low ("L") P67, P70-P77, P80-P84, P86, P87, P90-P97, P100-P107, P110-
Current® P114, P120-P127, P130-P137, P140-P14s, P150-P1579
f(XIN) Main Clock Input [Vcc=4.2 to 5.5V 0 32 MHz
Frequency
f(XaN) Sub Clock Oscillation Frequency 32.768 50 kHz
NOTES:

1. Typical values when average output current is 100ms.
2. Total loLpesk) for PO, P1, P2, P86, P87, P9, P10, P11, P14 and P15 must be 80mA or less.
Total loHpeak) for PO, P1, P2, P8s, P87, P9, P10, P11, P14 and P15 must be -80mA or less.

Total loupeak) for P3, P4, P5, P6, P7, P8oto P84, P12 and P13 must be 80mA or less.

Total loHpeak) for P3, P4, P5, P6, P72to P77, P8oto P84, P12 and P13 must be -80mA or less.
3. VHand Vi reference for P87 applies when P87 is used as a programmable input port.
It does not apply when P87 is used as Xcn.

4. P11 to P15 are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics (M32C/83T)

Table 26.47 Electrical Characteristics (Vcc=4.2to 5.5V, Vss=0V
at Topr = —40 to 85°C(T version), f(XIN)=32MHz unless otherwise specified)

Vce=5V

Symbol

Parameter

Condition

Standard

Min

Typ

Max

Unit

VoH

Output High ("H")
Voltage

P0o-P07, P10-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P72-P77, P8o-P84, P8s,
P87, P90-P97, P100-P107, P110-P114, P120-
P127, P130-P137, P140-P146, P150-P157Y

loH=-5mA

Vee-2.0

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P72-P77, P80-P84, P8s,
P87, P90-P97, P100-P107, P110-P114, P120-
P127, P130-P137, P140-P146, P150-P157/0

lor=-200pA

Vec-0.3

Xour

loH=-1mA

3.0

Xoout

No load applied

3.3

Voo

Output Low ("L")
Voltage

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P8o-P84, P8s,
P87, P90-P97, P100-P107, P110-P114, P120-
P127, P130-P137, P140-P14s, P150-P157Y

lo=5mA

2.0

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P84, P8s,
P87, P90-P97, P100-P107, P110-P114, P120-
P127, P130-P137, P140-P146, P150-P157Y

lo.=200pA

0.45

Xour

lo.=1mA

2.0

Xcout

No load applied

V1+VT-

Hysteresis

HOLD, RDY, TAON-TA4IN, TBON-TB5IN,
INTO-INT5, ADTre, CTS0-CTS4, CLKO-
CLK4, TAOour-TA4our, NMI, KI0-KI3, RxDO-
RxD4, SCLO-SCL4, SDA0-SDA4

0.2

1.0

RESET

0.2

18

I+

Input High ("H")
Current

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-
P137, P140-P14s, P150-P1579, X, RESET,
CNVss, BYTE

Vi=5V

5.0

HA

I

Input Low ("L")
Current

P0o0-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P70-P77, P80-P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130
P137, P140-P14s, P150-P157Y, Xin, RESET,
CNVss, BYTE

Vi=0V

UA

RpuLLUP

Pull-up Resistance

P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47,
P50-P57, P60-P67, P72-P77, P8o-P84, P8s,
P87, P90o-P97, P100-P107, P110-P114, P120-
P127, P130-P137, P140-P146, P150-P1570

Vi=0V

30

50

167

kQ

RfxiN

Feedback Resistance

XIN

15

MQ

Rfxcin

Feedback Resistance

XciN

10

MQ

VRav

RAM Standby Voltage

2.5

Power Supply
Current

Measurement conditions:

In single-chip mode, output |no division

f(XiN)=32 MHz, square wave,

40

54

mA

pins are left open and other

pins are connected to Vss Topr=25° C

f(XaN)=32 kHz, with a wait state,

470

HA

Topr=25° C when the clock stops

0.4

20

UA

NOTES:

1. P11 to P15 are provided in the 144-pin package only.
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics (M32C/83T)

Vce=5V

Table 26.48 A/D Conversion Characteristics (Vcc = AVcc = VREF = 4.2 to 5.5V, Vss = AVss = 0V

at Topr = —40 to 85°C (T version), f(XIN) = 32MHz unless otherwise specified)

i Standard )
Symbol Parameter Measurement Condition Unit
Min | Typ | Max
- Resolution VREF=Vcc 10 | Bits
ANo to AN7 3 LSB
ANExo, ANEXx1 - LSB
INL Integral Nonlinearity Error VRer=Vcc=5V
External op-amp . LSB
connection mode B LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 |LSB
RLADDER Resistor Ladder VRer=Vcc 8 40 | kQ
tconv 10-bit Conversion Time 2.1 us
tconv 8-bit Conversion Time 1.8 us
tsamp Sample Time 0.2 us
VREF Reference Voltage Vcc | V
Via Analog Input Voltage VRer | V
NOTES:

1. Divide f(XiN), if exceeding 16 MHz, to keep @AD frequency at 16 MHz or less.

Table 26.49 D/A Conversion Characteristics (Vcc = VREF = 4.2 to 5.5V, VSs = AVss = OV
at Topr = —-40to 85°C (T version), f(XIN) = 32MHz unless otherwise specified)

Symbol Parameter Measurement Condition . Standard Unit
Min | Typ | Max
- Resolution 8 | Bits
- Absolute Accuracy 10| %
tsu Setup Time 3 us
Ro Output Resistance 4 10 | 20 | kQ
IVREF ﬁl%ﬁrecnu‘;‘feﬁfwer Supply (Note 1) 15 [ mA
NOTES:

1. Measurement results when using one D/A converter. The DAI register (i=0, 1) of the
D/A converter not being used is set to "0016". The resistor ladder in the A/D converter is exclued.
Ivrer flows even if the VCUT bit in the ADICON1 register is set to "0" (no VREF connection).

Table 26.50 Flash Memory Version Electrical Characteristics

Standard
Parameter Unit
Min Typ Max
Program Time (per page) 8 120 ms
Block Erase Time (per block) 50 600 ms

NOTES:

1. Vcc= 4.2 to 5.5V at Topr= 0 to 60° C, unless otherwise specified
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M32C/83 Group (M32C/83, M32C/83T)

26. Electrical Characteristics (M32C/83T)

Timing Requirements (Vcc = 4.2 to 5.5V, Vss = 0V at Topr = —40 to 85°C (T version) unless veessv
otherwise specified)
Table 26.51 External Clock Input

Symbol Parameter Standard Unit

Min Max
tc External Clock Input Cycle Time 33 ns
tw(H) External Clock Input High ("H") Pulse Width 13 ns
tw) External Clock Input Low (L") Pulse Width 13 ns
tr External Clock Rise Time ns
tf External Clock Fall Time ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics (M32C/83T)

Vce=5V
Timing Requirements

(Vcc =4.2t0 5.5V, Vss = 0V at Topr = —40 to 85°C (T version) unless otherwise specified)

Table 26.52 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min Max
tca TAiN Input Cycle Time 100 ns
tw(TAH) TAiN Input High ("H") Pulse Width 40 ns
tw(TAy TAIN Input Low ("L") Pulse Width 40 ns
Table 26.53 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min Max
tcan) TAIN Input Cycle Time 400 ns
tw(raH) TAiN Input High ("H") Pulse Width 200 ns
tw(ray TAIN Input Low ("L") Pulse Width 200 ns

Table 26.54 Timer A Input (External Trigger Input in One-Shot Timer Mode)

Standard
Symbol Parameter Unit
Min Max
tcan) TAIN Input Cycle Time 200 ns
twiTaH) TAiN Input High ("H") Pulse Width 100 ns
tw(ray TAIN Input Low ("L") Pulse Width 100 ns

Table 26.55 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min Max
tw(raH) TAiN Input High ("H") Pulse Width 100 ns
tw(ray TAIN Input Low ("L") Pulse Width 100 ns

Table 26.56 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard
Symbol Parameter Unit
Min Max
tcup) TAiour Input Cycle Time 2000 ns
tw(urH) TAiour Input High ("H") Pulse Width 1000 ns
tw(ury TAiour Input Low ("L") Pulse Width 1000 ns
tsuwpmyy | TAiour Input Setup Time 400 ns
thnup) TAiour Input Hold Time 400 ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics (M32C/83T)

o _ Vce=5V
Timing Requirements

(Vcc =4.2t0 5.5V, Vss =0V at Topr =—40 to 85°C (T version) unless otherwise specified)

Table 26.57 Timer B Input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter - Unit
Min Max
tcam TBi Input Cycle Time (counted on one edge) 100 ns
tw(TBH) TBim Input High ("H") Pulse Width (counted on one edge) 40 ns
tw(rel) TBim Input Low ("L") Pulse Width (counted on one edge) 40 ns
tcm) TBi Input Cycle Time (counted on both edges) 200 ns
tw(rH) TBi Input High ("H") Pulse Width (counted on both edges) 80 ns
tw(rsL) TBim Input Low ("L") Pulse Width (counted on both edges) 80 ns
Table 26.58 Timer B Input (Pulse Period Measurement Mode)
Standard )
Symbol Parameter - Unit
Min Max
tcam TBim Input Cycle Time 400 ns
tw(tH) TBim Input High ("H") Pulse Width 200 ns
tw(TBL) TBim Input Low ("L") Pulse Width 200 ns
Table 26.59 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min Max
tc(m) TBiN Input Cycle Time 400 ns
tw(BH) TBim Input High ("H") Pulse Width 200 ns
tw(meL TBim Input Low ("L") Pulse Width 200 ns
Table 26.60 A/D Trigger Input
Standard .
Symbol Parameter Unit
Min Max
tc) ADTrG Input Cycle Time (required for re-trigger) 1000 ns
twiapL) ADre Input Low ("L") Pulse Width 125 ns
Table 26.61 Serial 1/0
Standard )
Symbol Parameter - Unit
Min Max
(o] CLKi Input Cycle Time 200 ns
twi(ckH) CLKi Input High ("H") Pulse Width 100 ns
twi(cky) CLKi Input Low ("L") Pulse Width 100 ns
tdcQ TxDi Output Delay Time 80 ns
thc TxDi Hold Time 0 ns
tsuo-q RxDi Input Set Up Time 30 ns
thc RxDi Input Hold Time 90 ns
Table 26.62 External Interrupt INTI Input
Standard .
Symbol Parameter - Unit
Min Max
tWONH) INTi Input High ("H") Pulse Width 250 ns
twony INTi Input Low ("L") Pulse Width 250 ns
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics (M32C/83T)

PO e O
P1
P2 30pF
P3

P4 ;

P5
P6
P7

P8
P9

P10
P11
P12
P13 Note 1
P14
P15

NOTES:
1. P11 to P15 are provided in the 144-pin package only.

Figure 26.18 PO to P15 Measurement Circuit
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M32C/83 Group (M32C/83, M32C/83T) 26. Electrical Characteristics (M32C/83T)

o
tw(TAH)
TAIIN input \
tw(TAL)
tc(UP) N
tw(UPH)
<>
TAIOUT input \ _
tw(uPL) N
TAIOUT input
(Counter increment/ ><
decrement input)
In event counter mode
TAIIN input
(When counting on the falling edge) _n(Mn-UP) | <>\ [suUP-Tny
TAIIN input
(When counting on the rising edge) S E—
tc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
tc(AD)
tw(ADL)
- e ———
ADTRG input J
tc(CK) N
tw(CKH)
CLKi
tw(CKL) N
th(c-Q)
TxDi >< ><
M tsu(D-C) < >/th(c-D)
RxDi /‘ *
tw(INL)
D —
INTi input
NMI input # /_
\
2 clock cycles + 300ns 2 clock cycles + 300ns
or more ("L" width) or more

Figure 26.19 VCC =5V Timing Diagram(1)
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Processor Mode)

27. Precautions

27.1 Processor Mode
27.1.1 Microprocessor Mode

SFR, internal RAM and external space can be accessed when in microprocessor mode. The internal
ROM cannot be accessed.

The internal ROM cannot be accessed, despite entering memory expansion mode or single-chip mode ,
if the microcomputer begins operation in microprocessor mode while the CNVss is held high ("H") after
reset.
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Bus)

27.2 Bus
27.2.1 HOLD Signal

When entering microprocessor mode or memory expansion mode from single-chip mode and using
HOLD input, set the PM01 to PMOO bits to "112" (microprocessor mode) or to "102" (memory expansion
mode) after setting the PD4_0 to PD4_7 bits in the PD4 register and the PD5_0 to PD5_2 bits in the PD5
register to "0" (input mode).

P40 to P47 (A16 to A22, A23, CSO to CS3, MAS8 to MA12) and P50 to P52 (RD/WR/BHE, RD/WRL,WRH) do
not enter a high-impedance state even when an "L" signal is applied to the HOLD pin, if the PMO1 to
PMOO bits are set to "112" (microprocessor mode) or to "102" (memory expansion mode) after setting the
PD4_0 to PD4_7 bits in the PD4 register and the PD5_0 to PD5_2 bits in the PD5 register to "1" (output
mode) in single-chip mode.

27.2.2 External Bus

The internal ROM cannot be read when an "H" signal is applied to the CNVss pin and the hardware reset
(hardware reset 1 or hardware reset 2) occurs.
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M32C/83 Group (M32C/83, M32C/83T)

27. Precautions (SFR)

27.3 SFR

27.3.1 100-Pin Package

Set address space for 03CB16, 03CE16, 03CF16, 03D216, 03D316 to "FF16" after reset when using the

100-pin package. 03DC16 must be set to "0016" after reset.

27.3.2 Register Settings

Table 27.1 lists registers containing bits which can only be written to. Set these registers with immediate
values. When establishing the next value by altering the present value, write the present value to the
RAM as well as to the register. Transfer the next value to the register after making changes in the RAM.

Table 27.1 Registers with Write-only Bits

Register Address Register Address
WDTS register 00OE16 U2BRG register 033916

GORI register OOEC1s6 U2TB register 033B16, 033A16
G1RI register 012C16 UDF register 034416

G2TB register

016D16, 016C16

TAO register(D)

034716, 034616

G3TB register

017D1e6, 017C16

TA1 register(l)

034916, 034816

U4BRG register

02F916

TA2 register(l)

034B16, 034A16

U4TB register

02FB16, 02FA16

TA3 register(l)

034D16, 034C16

TAL11 register

030316, 030216

TA4 register(l)

034F16, 034E16

TA21 register

030516, 030416

UOBRG register

036916

TAA41 register

030716, 030616

UOTB register

036B16, 036A16

DTT register 030C16 U1BRG register 02E916
ICTB2 register 030D16 U1TB register 02EB16, 02EA16
U3BRG register 032916 ADOCONZ2 register 039416

U3TB register

032B16, 032A16

NOTES :

1. In one-shot timer mode and pulse width modulation mode only.
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Clock Generation Circuit)

27.4 Clock Generation Circuit
27.4.1 PLL Frequency Synthesizer
Stabilize supply voltage when using the PLL frequency synthesizer. The ripple of supply voltage at 5V
must be less than 10kHz in frequency, 0.5V (peak to peak) in voltage fluctuation range, and 1V/ms in
voltage fluctuation rate. The ripple of supply voltage at 3.3V must be less than 100Hz in frequency, 0.2V
(peak to peak) in voltage fluctuation range, and 0.1V/ms in voltage fluctuation rate.

27.4.2 Power Consumption Control

« When resetting the microcomputer to exit stop mode, apply an "L" signal to the RESET pin until the main
clock oscillation stabilizes.

» Write at least 4 NOP instructions after the WAIT instruction or instructions to set the CM10 bit in the CM1
register to "1" (all clocks stop). When entering wait mode or stop mode, the instruction queue reads
ahead to instructions following the WAIT instruction and instructions to set the CM10 bit to "1", and the
program stops. The next instruction may be executed before entering wait mode or stop mode, depend-
ing on the combination of instructions and their execution timing.

« The followings are suggestions for reducing power consumption when programming or designing sys-
tems:
Ports: 1/0O ports maintains the same state despite the microcomputer entering wait mode or stop
mode. Current flows through active output ports. Feedthrough current flows through input ports in a
high-impedance state. Set unused ports as input ports and stablize electrical potential before entering
wait mode or stop mode.

A/D Converter: If the A/D conversion is not performed, set the VCUT bit in the ADOCONL1 register to
"0"(no VREF connection). Set the VCUT bit to "1" (VREF connection) and wait at least 1us before
starting the A/D conversion.

D/A Converter: Set the DAI bit (i=0 to 1) in the DACON register to "0" (output disabled) and set the
DAi register to "0016" when the D/A conversion is not performed.

Peripheral Function Stop: Set the CMO02 bit in the CMO register while in wait mode to stop unneces-
sary peripheral functions. However, this does not reduce power consumption because the peripheral
function clock (fc32) generating from the sub clock does not stop. When in low-speed mode and low-
power consumption mode, do not enter wait mode when the CMO02 bit is set to "1" (peripheral clock
stops in wait mode).

External Clock: When an external clock is selected as the CPU clock, set the CMO05 bit in the CMO
register to "1" (main clock stops). This disables the XouT pin and reduces power consumption. (When
using an external clock input, the clock is applied regardless of the CMO5 bit setting.)
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Clock Generation Circuit)

27.4.3 Wait Mode

When entering wait mode, the instruction queue reads ahead to instructions following the WAIT instruc-
tion, and the program stops. Write at least 4 NOP instructions after WAIT instruction.

27.4.4 Stop Mode

* If stop mode is exited by any reset, apply an "L" signal to the RESET pin until a main clock oscillation is
stabilized enough.

* When entering stop mode, the instruction queue reads ahead to instructions following the instruction
setting the CM10 bit in the CM1 register to "1" (all clocks stopped), and the program stops. When the
microcomputer exits stop mode, the instruction lined in the instruction queue is executed before the
interrupt routine for recovery is done.

Write the JMP.B instruction as follows, after the instruction setting the CM10 bit to "1".

e.g., bsetO, prer ; protection removed
fset | ; | flag set
bset 0, cm1 ; all clocks stopped (stop mode)
jmp.b LABEL_001 ; jmp.b instruction executed (no instruction between jmp.b and LABEL)
LABEL_001;
nop ; hop (1)
nop ; nop (2)
nop ; hop (3)
nop ; nop (4)
mov.b #0, prcr ; Protection set
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Protection)

27.5 Protection

The PRC2 bit in the PRCR register is changed to "0" (write disable) when an instruction is written to any
address after the PRC2 bit is set to "1" (write enable). Write instruction immediately after setting the PRC2
bit to "1" to change registers protected by the PRC2 bit. Do not generate an interrupt or a DMA transfer
between the instruction to set the PRC2 bit to "1" and the following instruction.
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Interrupts)

27.6 Interrupts

27.6.1 ISP Setting
After reset, the ISP is set to "00000016". The program runs out of control if an interrupt is acknowledged
before the ISP is set. Therefore, the ISP must be set before an interrupt request is acknowledged. Set the
ISP to an even address, which allows interrupt sequences to be executed at a higher speed.
To use NMI interrupt, set the ISP at the beginning of the program. The NMI interrupt can be acknowl-
edged after the first instruction has been executed after reset.

27.6.2 NMI Interrupt
« NMI interrupt cannot be denied. Connect the NMI pin to Vcc via a resistor (pull-up) when not in use.
» The P8_5 bit in the P8 register indicates the NMI pin value. Read the P8_5 bit only to determine the pin
level after a NMI interrupt occurs.
« H" and "L" of a signal applied to the NMI pin must be over 2 CPU clock cycles + 300 ns wide.

27.6.3 INT Interrupt

» Edge sensitive
"H" and "L" of a signal applied to the INTO to INT5 pins must be at least 250 ns wide, regardless of the
CPU clock.

* Level sensitive
"H" and "L" of a signal applied to the INTO to INT5 pins must be at least 1 CPU clock cycle + 200 ns
wide. For example, "H" and "L" must be at least 234ns wide if XIN=30MHz with no division.

« The IR bit may change to "1" (interrupt requested) when switching the polarity of the INTO to INT5 pins.
Set the IR bit to "0" (no interrupt requested) after selecting the polarity. Figure 27.1 shows an example
of the switching procedure for the INT interrupt.

Set the ILVL2 to ILVLO bits in the INTIIC
register (i = 0 to 5) to "0002" (level 0)
(INT interrupt disabled)

( Set the POL bit in the INTIIC register )

( Set the IR bit in the INTIIC register to "0" )

Set the ILVL2 to ILVLO bits to "0012" (level 1)
to "1112" (level 7)
(INT interrupt request acknowledgement enabled)

Figure 27.1 Switching Procedure for INT Interrupt
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M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Interrupts)

27.6.4 Watchdog Timer Interrupt
Reset the watchdog timer after a watchdog timer interrupt occurs.

27.6.5 Changing Interrupt Control Register
To change the interrupt control register while the interrupt request is disabled, follow the instructions
below.

Changing Bits Except IR Bit
When an interrupt request occurs while executing an instruction, the IR bit may not be set to "1"
(interrupt requested) and the interrupt may be ignored. If this is a problem, use the following instruc-
tions to change the register: AND, OR, BCLR, BSET

Changing IR bit
The IR bit may not change to "0" (no interrupt requested) depending on the instructions written. If this
is a problem, use the following instruction to change the register: MOV

27.6.6 Changing lIOiIR Register (i=0to 11)

Use the following instructions to set bits 1 to 7 in the IIOIIR register to "0" (no interrupt requested).
AND, BCLR

27.6.7 Changing RLVL Register

The DMAII bit is indeterminate after reset. When using the DMAII bit to generate an interrupt, set the
interrupt control register after setting the DMACII bit to "0" (interrupt priority level 7 available for inter-
rupts).
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27.7 DMAC
» Set DMAC-associated registers while the MDil to MDiO bits (i=0 to 3) in the channel to be used are set
to "002" (DMA disabled). Set the MDi1 to MDIiO bits to "012" (single transfer) or "112" (repeat transfer) at
the end of the setup procedure to start DMA requests.

* Do not set the DRQ bit in the DMISL register to "0" (no request).
When a DMA request is generated but the receiving channel is not ready to receive(!), the DMA transfer
does not occur and the DRQ bit is set to "0".

NOTES:
1. The MDil to MDIiO bits are set to "002" or the DCTi register is set to "000016" (transferred 0
times).

* To start a DMA transfer by a software trigger, set the DSR bit and DRQ bit in the DMISL register to "1"
simultaneously.

e.g.,
OR.B #0A0h,DMIiSL  Set the DSR and DRQ bits to "1" simultaneously.

*» Do not generate a channel i DMA request when setting the MDil to MDIO bits in the DMDj register (j=0,1)
corresponding to channel i to "012" (single transfer) or "112" (repeat transfer), if the DCTi register of
channeliis setto "1".

» Select the peripheral function which causes the DMA request after setting the DMA-associated registers.
If none of the conditions above (setting INT interrupt as DMA request source) apply, do not write "1" to
the DCTi register.

« Enable DMA() after setting the DMISL register (i=0 to 3) and waiting 6 BCLK cycles or more by pro-
gram.

NOTES:
2. DMA is enabled when the values set in the MDil to MDIiO bits in the DMDj register are changed
from "002" (DMA disabled) to "012" (single transfer) or "112" (repeat transfer).
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27.8 Timer
27.8.1 Timers Aand B
The timers stop after reset. Set the TAiIS(i=0 to 4) bit or TBjS(j=0 to 5) bit in the TABSR register or TBSR
register to "1" (starts counting) after setting operation mode, count source and counter.
Set the following registers and bits while the TAIS bit or TBjS bit is set to "0" (stops counting).
* TAIMR, TBjMR register
* TAI, TBj register
* UDF register
* TAZIE, TAOTGL, TAOTGH bits in the ONFS register
* TRGSR register

27.8.2 Timer A

27.8.2.1 Timer A (Timer Mode)
(a) The TAIS bit (i=0 to 4) in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS
bit to "1" (starts counting) after selecting operation mode and setting the TAi register.

(b) The TAi register indicates the counter value during counting at any given time. However, the
counter will read "FFFF16" when reloading. The setting value can be read after setting the TAi regis-
ter while the counter is stopped and before the counter starts counting.

(c) TAlouT, TA2ouT and TA4ouT pins are placed in high-impedance states when an "L" signal is
applied to the NMI pin while INV03 to INVO2 bits in the INVCO register are set to "112" (forced cutoff
of the three-phase output by an "L" signal applied to the NMI pin)

27.8.2.2 Timer A (Event Counter Mode)
(a) TAIS (i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set the TAIS bit to
"1" (starts counting) after selecting operation mode and setting the TAi register.

(b) The TAI register indicates the counter values during counting at any given time. However, the
counter will read "FFFF16" during underflow and "000016" during overflow, when reloading. The
setting value can be read after setting the TAi register while the counter is stopped and before the
counter starts counting.

(c) The TAlout, TA2ouT and TA4ouT pins are placed in high-impedance states when an "L" signal is
applied to the NMI pin while the INVO3 to INVO2 bit in the INVCO register are set to "112" (forced
cutoff of the three-phase output by an "L" signal applied to the NMI pin).

27.8.2.3 Timer A (One-shot Timer Mode)
(a) TAIS (i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set TAIS bit to "1"
(starts counting) after selecting operation mode and setting the TAi register.

(b) The followings occur when setting the TABSR register to "0" (stops counting) while counting:
« The counter stops counting and the microcomputer reloads contents of the reload register.
» The TAiouT pin becomes low ("L").
e The IR bit in the TAIIC register is set to "1" (interrupt requested) after 1 CPU clock cycle.

(c) The output of the one-shot timer is synchronized with an internal count source. When set to an
external trigger, there is a delay of 1 count source cycle maximum, from trigger input to the TAIIN pin
to the one-shot timer output.
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(d) The IR bit is set to "1" when the timer operation mode is selected as follows:
« one-shot timer mode is selected after reset.
« timer mode is switched to one-shot timer mode.
« event counter mode is switched to one-shot timer mode.
Therefore, set the IR bit to "0" by program when generating a timer Ai interrupt (IR bit), if the timer
operation mode is selected as is described above.

(e) When a trigger is generated while counting, the reload register reloads and continues counting
after the counter has downcounted once following a re-trigger. To generate a trigger while counting,
wait at least 1 count source cycle after the previous trigger has been generated and generate a re-
trigger.

(f) The TAlout, TA20uT and TA4ouUT pins are placed in high-impedance states when an "L" signal is
applied to the NMI pin while the INVO3 to INVO02 bits in the INVCO register is set to "112" (forced
cutoff of the three-phase output by an "L" signal applied to the NMI pin).

(9) If an external trigger input is selected to start counting in timer A one-shot timer mode, do not
provide another external trigger input again for 300 ns before the timer A counter value reaches
"000016". One-shot timer may stop counting.

27.8.2.4 Timer A (Pulse Width Modulation Mode)
(a) TAIS(i=0 to 4) bit in the TABSR register is set to "0" (stops counting) after reset. Set TAIS bit to "1"
(starts counting) after selecting an operating mode and setting the TAi register.

(b) The IR bit is set to "1" when the timer operation mode is selected as follows:
* PWM mode is selected after reset.
« timer mode is switched to PWM mode.
* event counter mode is switched to PWM mode.
Therefore, set the IR bit to "0" by program when generating a timer Ai interrupt (IR bit), if the timer
operation mode is selected as is described above.

(c) The followings occur when the TAIS bit is set to "0" (stops counting) while PWM pulse is output:
» The counter stops counting.
 The IR bit changes to "1" and the output level changes to low ("L") when TAiouT pin is held high ("H").
* The IR bit and the output level remain unchanged when TAiouT pin is held low ("L").

(d) The TAlouT, TA20uUT and TA40uUT pins are placed in high-impedance states when an "L" signal is
applied to the NMI pin while the INV03 to INVO02 bits in the INVCO register are set to "1" (three-phase
output forced cutoff enabled).
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27.8.3 Timer B
27.8.3.1 Timer B (Timer Mode, Event Counter Mode)
(a) TBIS (i=0 to 5) bit is set to "0" (stops counting) after reset. Set TBIS bit to "1" (starts counting) after
selecting an operation mode and setting the TBi register.
The TBOS to TB2S bits are the bits 5 to 7 in the TABSR register. The TB3S to TB5S bits are bits 5
to 7 in the TBSR register.

(b) The TBi register indicates the counter value during counting at any given time. However, the
counter will read "FFFF16" when reloading . The setting value can be read after setting the TBi
register while the counter stops and before the counter starts counting.

27.8.3.2 Timer B (Pulse Period/Pulse Width Measurement Mode)
(a) The IR bit in the TBIIC register is set to "1" (overflow) when the valid edge of a pulse to be mea-
sured is input and when the timer Bi counter overflows. The MR3 bit in the TBIMR register deter-
mines the interrupt source within an interrupt service routine.

(b) Count overflow on a different timer if an interrupt source cannot be determined by the MR3 bit,
such as when a pulse to be measured is input at the same time the timer overflows.

(c) To set the MR3 bit in the TBIMR register to "0" (no overflow), set when the TBiS bit is set to "1"
(count starts) and at least one count is counted after the MR3 bit is set to "1" (overflow).

(d) The IR bit in the TBIIC register is used to detect overflow only. Use the MR3 bit only to determine
interrupt source within an interrupt service routine.

(e) Indeterminate values are transferred to the reload register during the first valid edge input following
the start of the count. Timer B interrupt request is not acknowledged at this time.

(f) The counter value is indeterminate at the start of a count. Therefore, the MR3 bit may change to "1"
(overflow) and cause timer B interrupt requests to be generated, until a valid edge is input after the
count begins.

(9) The IR bit may be set to "1" (interrupt requested) if the MR1 to MRO bits in the TBIMR register are
set to a different value after a count begins. If the MR1 to MRO bits are rewritten, but to the same
value as before, the IR bit remains unchanged.

(h) Pulse width measurement measures pulse width continuously. Use program to determine whether
measurement results are high ("'H") or low ("L").
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27.9 Three-Phase Motor Control Timer Functions
27.9.1 Changing TAi and TAIl (i=1, 2, 4) Registers
Do not write to the TAi and TAIl registers at the same time timer B2 underflows. Follow the procedure
below when rewriting the TAil register.
(1) Write value to the TAI1 register
(2) Wait 1 timer Ai count source cycle
(3) Write the same value to the TAIl register again
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27.10 Serial 1/0

27.10.1 Clock Synchronous Serial 1/0 Mode
27.10.1.1 Transmission / Reception
When the RTS function is used while an external clock is selected, the output level of the RTSi pin is
held low ("L") indicating that the microcomputer is ready for reception. The transmitting microcomputer
is notified that reception is possible. The output level of the RTSi pin becomes high ("H") when recep-
tion begins. Therefore, connecting the RTSi pin to the CTSi pin of the transmitting microcomputer
synchronizes transmission and reception. The RTS function is disabled if an internal clock is selected.

The RTS2 pin and CLK2 pin are placed in high-impedance states when an "L" signal is applied to the
NMI pin while the INVO2 to INVOL1 bits in the INVCO register are set to "112" (forced cutoff of the three-
phase output by low-level signal ("L") applied to NMI pin).

27.10.1.2 Transmission
When an external clock is selected while the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising edge) and the external
clock is held high ("H") or when the CKPOL bit is set to "1" (data is transmitted on the rising edge of the
transfer clock and received on the falling edge) and the external clock is held low ("L"), meet the
following conditions:
* 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 UIiBT register)
 Apply "L" signal to the CTSi pin if the CTS function is selected

27.10.1.3 Reception
Activating the transmitter in clock synchronous serial /O mode generates the shift clock. Therefore,
set for transmission even if the microcomputer is used for reception only. Dummy data is output from
the TxDi pin while receiving.

If an internal clock is selected, the shift clock is generated when the TE bit in the UiC1(i=0 to 2)
registers is set to "1" (receive enable) and dummy data is set in the UiTB register. If an external clock
is selected, the shift clock is generated when the external clock is input into CLKi pin while the TE bit
is set to "1" (receive enable) and dummy data is set in the UiTB register.

When receiving data consecutively while the RE bit in the UiC1(i=0 to 2) register is set to "1" (data in
the UiRB register) and the next data is received by the UARTI reception register, an overrun error
occurs and the OER bit in the UiRB register becomes "1" (overrun error). In this case, the UiRB
register is indeterminate. When overrun error occurs, program both reception and transmission regis-
ters to retransmit earlier data. The IR bit in the SiRIC does not change when an overrun error occurs.

When receiving data consecutively, feed dummy data to the low-order byte in the UiTB register every
time a reception is made.

When an external clock is selected while the CKPOL bit in the UiCO register is set to "0" (data is
transmitted on the falling edge of the transfer clock and received on the rising edge) and the external
clock is held high ("H") or when the CKPOL bit is set to "1" (data is transmitted on the rising edge of the
transfer clock and received on the falling edge) and the external clock is held low ("L"), meet the
following conditions:

« Set the RE bit in the UiC1 register to "1" (receive enabled)

 Set the TE bit in the UiC1 register to "1" (transmit enabled)

« Set the Tl bit in the UiC1 register to "0" (data in the UiTB register)
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27.10.2 UART Mode
* Set the UIERE bit in the UiC1 register after setting the UiIMR register.
» The RTS2 and CLK2 pins will enter a high-impedance state when an "L" signal is applied to the NMI
pin while the INV03 to INVO02 bits in the INVCO register are set to "112" (forced cutoff of the three-
phase output by an "L" signal applied to the NMI pin).

27.10.3 Special Mode 2

The RTS2 and CLK2 pins will enter high-impedance states when an "L" signal is applied to the NMI pin
while the INVO3 to INVO2 bits in the INVCO register are set to "112" (forced cutoff of the three-phase
output by an "L" signal applied to the NMI pin).

Rev. 1.31 Jan.31, 2006 Page 4760f 488 RENESAS
REJO9B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (A/D Converter)

27.11 A/D Converter
» Set the ADICONO (i=0,1) (bit 6 excluded), ADICON1, and ADICON2 registers while the A/D conversion
is stopped (before trigger is generated).

» Wait a minimum of 1us before starting the A/D conversion when changing the VCUT bit in the ADICON1
register from "0" (VREF no connection) to "1" (VREF connection). Change the VCUT bit from "1" to "0"
after the A/D conversion is completed.

* Insert capacitors between pins AVcc, VREF, analog input pin ANjk (j=none, 0, 2, 15; k=0 to 7) and AVss
to prevent latch-ups and malfunctions due to noise and to minimize conversion errors. The same ap-
plies to pins Vcc and Vss. Figure 27.2 shows the procedure.

Microcomputer

L

AVcc
Vce VREF @
C4 c1 co——
ﬁ Vss AVss
C3
Anjk [T~
777

Note 1: C1>0.47uF, C220.47puF, C3=100pF, C4=0.1pF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

Figure 27.2 Use of Capacitors to Reduce Noise

« Set the bit in the port direction register, which corresponds to the pin being used as the analog input, to
"0" (input mode). Set the bit in the port direction register, which corresponds to the ADTRG pin, to "0"
(input mode) if the TRG1 to TRGO bits in the ADICON2 register are set to "002" (ADTRG).

« When generating a key input interrupt, do not use the AN4 to AN7 pins as analog input pins (key input
interrupt request is generated when the A/D input voltage becomes "L").

* When the sample and hold function is not activated, @AD frequency must be 250kHz or more. If the
sample and hold function is activated, @AaDp frequency must be 1MHz or more.

« Setthe CH2 to CHO bits in the ADICONO register or the SCAN1 to SCANO bits in the ADICONL1 register
to select analog input pins again when changing A/D conversion mode.
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* Wrong values are stored in the ADij register (i=0,1; j=0 to 7) if the CPU reads the ADij register while the
ADij register is storing results from a completed A/D conversion. This occurs when the CPU clock is set
to a divided main clock or a sub clock.

In one-shot mode or single sweep mode, read the corresponding ADij register after verifying that the A/
D conversion has been completed. The IR bit in the ADIIC register can determine the completion of the
A/D conversion.

In repeat mode, repeat sweep mode 0 and repeat sweep mode 1, use an undivided main clock as the
CPU clock.

 Conversion results of the A/Di is indeterminate if the ADST bit in the ADICONO register (i=0,1) is set to
"0" (A/D conversion stopped) and the conversion is forcibly terminated by program. The ADij register
(j=0 to 7) not performing an A/D conversion may also be indeterminate.
If A/Di is forcibly terminated, do not use any values obtained from the ADij registers.
If either A/DO or A/D1 is forcibly terminated while the ADS bit in the ADICONZ2 register is set to "0"
(channel replacement disabled), the other A/D converter, A/Di, will perform normally. The values of ADij
registers not performing an A/D conversion remain unchanged.
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27.12 Intelligent I/O

27.12.1 Register Setting

Operations controlled by the values written to the GIiBT (i=0 to 3), GiBCR1, BTSR, GjTMCRO to
GjTMCRY7 (j=0,1), GiTPR6, GiTPR7, GjTMO to GjTM7, GIPOCRO to GiPOCR?7, GiPOO0 to GiPO7, G3MK4
to G3MK7, GjFS, GiFE, G2RTP, and G3RTP registers are affected by the count source (faTi) set in the
BCK1 to BCKO bits in the GiBCRO register.

Set the BCK1 to BCKO bits before setting the GiBT, GiBCR1, BTSR, GjTMCRO to GjTMCR7, GiTPR6,
GiTPR7, GjTMO to GjTM7, GIPOCRO to GiPOCR7, GiPOO to GiPO7, G3MK4 to G3MK7, GjFS, GiFE,
G2RTP, and G3RTP registers.

Operations controlled by the values written to the GjRI, GjTO, GIiCR, GiRB, GiMR, GJEMR, GJETC,
GJERC, GjIRF, GiTB, GjCMPO0 to GjCMP3, GjMSKO0, GjMSK1, GjTCRC, GjRCRC, IECR, IEAR, IETIF,
IERIF, and G3FLG registers are affected by the transfer clock. Set transfer clock before setting the GjRl,
GjTO, GIiCR, GiRB, GiMR, GJEMR, GJETC, GJERC, GjIRF, GiTB, GjCMPO0 to GjCMP3,
GjMSKO0,GjMSK1, GJTCRC, GJRCRC, IECR, IEAR, IETIF, IERIF, and G3FLG registers.

27.12.2 BTSR Register Setting
The BTSR register is a located in the intelligent 1/O group 2. When starting the base timer using the BTiS
bit in the BTSR register, set the BTiS bit to "1" (base timer starts counting) after selecting the count source
for the intelligent I/O group 2. If the BTIS bit is not being used, set the BTiS bit to "0" (base timer reset)
after selecting the count source for the intelligent 1/O group 2.
Set only either the BTiS bit or the BTS bit in the GIBCRL1 register to "1" when starting the base timer. If
both BTiS bit and the BTS bit are set to "0", both bits must be set "0" when stopping the base timer.

Rev. 1.31 Jan.31, 2006 Page 479 of 488 RENESAS
REJO9B0034-0131



M32C/83 Group (M32C/83, M32C/83T)

27. Precautions (Programmable I/O Port)

27.13 Programmable 1/O Port
Because ports P72 to P75, P80, and P81 have the three-phase PWM output forced cutoff function, they are
affected by the three-phase motor control timer function and the NMI pin when these ports are set for output
functions (port output, timer output, three-phase PWM output, serial /0O output, intelligent I/O output).
Table 27.2 shows the relationship between the INVCO register setting, the NMI pin input level and the state

of output ports.

Table 27.2 INVCO Register and the NMI Pin

Setting Value of INVCO Register Input Level States of P72 to P75, P80, and P81
INVO2 bit INVO3 bit to NMI Pin Pins (when setting an output pin)
0 (not using three-phase i i Output functions selected in the PS1,
motor control function) PSL1, PSC, PS2, and PSL2, registers
1 (using three-phase motor | 0 (three-phase PWM ) High-impedance
control timer function output disabled)
1 (three-phase PWM |H Output functions selected in the PS1,
output enabled)® PSL1, PSC, PS2, and PSL2, registers
L (forcibly High-impedance
terminated)

NOTES :

1. The INVO3 bit is set to "0" after an "L" signal is applied to the NMI pin.

The input threshold voltage differs with programmable I/O ports and peripheral functions. Therefore, if the
level of the voltage applied to a pin shared by both programmable I/O ports and peripheral functions is not
within the recommended operating condition, VIH and VIL (neither "H" nor "L"), the level determined will
differ with the programmable 1/O ports and peripheral functions.
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27.14 Flash Memory Version

27.14.1 Differences Between Flash Memory Version and Masked ROM Version
Due to differences in internal ROM and layout pattern, flash memory version and mask ROM version
have varying electrical characteristics such as attributes, performance margins, noise endurance capac-
ity, and noise radiation. When switching to masked ROM version, administer system evaluation tests
equal to those held on the flash memory version.
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27.15 Noise
Connect a bypass capacitor (approx. 0.1uF) between Vcc and Vss by shortest path, using thick wires.

Rev. 1.31 Jan.31,2006 Page 4820f 488 RENESAS
REJ09B0034-0131



M32C/83 Group (M32C/83, M32C/83T) 27. Precautions (Low Voltage Operations)

27.16 Low Voltage Operations

The voltage down converter (VDC) is a circuit used to step down external supply voltage to the internal
operation voltage of 3.3V. Disconnect the VDC when applying a 3.3V supply voltage to reduce power
consumption.

Figure 27.3 shows the procedure for disconnecting the VDC.

Perform these settings immediately after reset, while the CPU clock is divided by 8. Do not set the VDCO
register (001B16) to other values. Furthermore, do not write to the VDCO register when applying a supply
voltage of 3.3V or more.

Set PRC3 bit in PRCR register to "1" (write enable)

Set VDCO register to "0OF16"

Set VDCO register to "8F16"

Set PRC3 bit in PRCR register to "0" (write disable)

Figure 27.3 VDC Disconnection Procedure

Rev. 1.31 Jan.31, 2006 Page 483 of 488 RENESAS
REJO9B0034-0131



M32C/83 Group (M32C/83, M32C/83T) Package Dimensions

Package Dimensions

PLQO144KA-A (144P6Q-A) Plastic 144pin 20 X 20 mm body LQFP
JEITA Package Code RENESAS Code | Previous Code [ MASS[Typ] |
P-LQFP144-20x20-0.50 | PLQPO144KA-A_ | 144P6Q-A/ FP-144L/ FP-144LV | 1.2g

NOTE)
1. DIMENSIONS "*1" AND "+2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

b

He

Dimension in Millimeters
Symbol | Min | Nom| Max

Terminal cross section D [19.9]20.0]20.1
E 119.9]/20.0]20.1
A | — | 14| —

Hp | 21.8]22.0| 22.2
He | 21.8]22.0| 22.2
Al — | — |17
A1 10.05] 0.1 ]0.15

N by [017]0.22][0.27

Rl insy T R

R I ¢ ]0.09]0.145| 0.20

< L c1 0.125

Ly [ 0° ] — | 8

€ [ — 05| —

Detail F X —_ — 1 0.08

y | —|—10.10

Zo | — [125] —

Ze | — |125] —

L [035] 05065

L[ —T[10]—

PRQP0100JB-A (100P6S-A) Plastic 100pin 14 X 20 mm body LQFP
JEITA Package Code [ RENESAS Code |  Previous Code | MASS[Typ] |
P-QFP100-14x20-0.65 | PRQP0100JB-A | 100P6S-A | 169 |

Hp

EHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
O

81 50
NOTE)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

*2
He

Dimension in Millimeters
Symbol T Min [ Nom | Max
D |19.8]20.0]20.2

E 113.8]/14.0]14.2
A2 | — |28 | —
Hp | 22.,5|22.8 | 23.1
He | 16.5[16.8 | 17.1

TR ER R e A EE e 000E

;H

HARAARARARAARARARAAA

< O
i (LLLLLLELEEELLLLGLLLLLELL] S
! Zp Index mark

100

%

< \ A — | — [305

L T 7\ V. Al 0 (0402
< ~ b, [0.25] 03 | 0.4
Ul E . ¢ [013]0.45] 02

" i o [ — [ 10°

- = ) _ e [ 05065 08

y T— [ — 010

Zo | — (0575 —

Ze | — (0825 —
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PLQPO0100KB-A (100P6Q-A) Plastic 100pin 14 X 14 mm body LQFP
JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ.] |
P-LQFP100-14x14-0.50 | PLQPO100KB-A | 100P6Q-A/FP-100U/FP-100UV |  0.6g

Ho

"y

HRRRRARARARRRRARRARARRRRE

O

NOTE)
1. DIMENSIONS "*1" AND "+2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

~
3
3

RARARARRARARAARARAARARARR

by

Dimension in Millimeters
Sl © Symbel [ Min | Nom| Max
D 113.9[14.0] 141
E 113.9]14.0] 141
Terminal cross section A | — | 14 | —
Hp | 15.8] 16.0 | 16.2
He [ 15.8] 16.0 | 16.2
Al—]—117
A1 10.05] 0.1 ]0.15

EEEEECEREEELEEEEREEELEL !

: % 9

LLASCELEEELLELLLEELELLLL

100

2 Index mark by [0.15]0.20] 0.25
> F b | — 048] —
I ( ¢ | 0.09]0.145] 0.20
W awinlalilifalitilatatatalatatatatatatitali nﬂﬁﬁﬁ <€ m:] 3 of 3 (;1 o Ofs &
=n I j‘;“ € | — 05| —
3 3 x | — | — [0.08
—-E —- g - ML y |— | — |o0.08
Detail F L | — 10| —
. Ze | — |10 | —
L [0.35] 0.5 |0.65
L | —[10] —
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Register Index

A COSLOTO_0 350
COSLOTO_1 350
COSLOTO_2 351
COSLOTO_3 351
COSLOTO_4 352
COSLOTO 5 352
COSLOTO_6 to COSLOTO_13 353
COSLOTO_ 14 353
COSLOTO_15 353
COSLOT1_0 350
COSLOT1_1 350
B COSLOT1_2 351
COSLOT1_3 351
COSLOT1_ 4 352
C COSLOT1 5 352
COSLOT1_6to COSLOT1_13 353

ADOO to ADO7 230
ADOCONO 228
ADOCON1 229
ADOCON2 230
AD10 to AD17 233
AD1CONO 231
ADICON1 232
AD1CON2 233
AIER 107

BTSR 257

COAFS 354
COBPR 337 COSLOT1_14 353
COCONR 334 COSLOT1_ 15 353
COCTLRO 326 COSLPR 330
COCTLR1 329 COSTR 331
COEIMKR 341 COTEC 336
COEISTR 342 COTSR 336
COGMRO 343 CM0 67, 113
COGMR1 344 CM1 68
COGMR2 344 CM2 70
COGMR3 345 CPSRF 71
COGMR4 345 CRCD 243
COIDR 333 CRCIN 243
COLMARO 343 D

COLMAR1 344
COLMAR2 344
COLMAR3 345
COLMAR4 345
COLMBRO 343
COLMBR1 344
COLMBR2 344
COLMBR3 345
COLMBR4 345
COMCTLO to COMCTL15 346

DAO to DA1 242

DACON 242

DCTOto DCT3 119
DMOSL to DM3SL 116
DMAO to DMA3 120
DMDO to DMD1 117, 118
DRAO to DRA3 120
DRAMCONT 360

DRCO to DRC3 119

DS 52
COREC 337 DSAO to DSA3 120
COSBS 349 o 1066
COSIMKR 340
COSISTR 338
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F
FMRO 395
G

GOBCRO to G3BCRO 253
GOBCR1 and G1BCR1 254
GOBT to G3BT 253
GOCMPO to GOCMP3 295
GOCR to G1CR 290
GOEMR to GIEMR 292
GOERC to G1IERC 293
GOETC to G1ETC 292
GOFE to G3FE 262

GOFS and G1FS 262
GOIRF to G1IRF 294
GOMR to GIMR 291
GOMSKO to GOMSK1 295
GOPOO TO GOPO7 261
GOPOCRO to GOPOCR7 259
GORB to GIRB 291
GORCRC to GIRCRC 295
GORI to GIRI 289

GOTBto G1TB 294
GOTCRC to G1TCRC 295
GOTMO to GOTM7 259
GOTMCRO to GOTMCR7 258
GOTO to G1TO 289
GOTPR6 and GOTPR7 258
G1CMPO to GICMP3 295
G1MSKO to GIMSK1 295

G3MK4 to GAMK7 261
G3MR 318

G3POO0 to G3PO7 261
G3POCRO to G3POCR7 260
G3RB 317

G3TB 317

ICTB2 167
IDBO to IDB1 166
IEAR 308

IECR 308

IERIF 309

IETIF 309

IFSR 105, 181
IIOOIE to IIO11IE 110
IIOOIR to 1IO11IR 109
Interrupt Control 96, 97
INVCO 164

INVC1 165

IPS 383

M

MCD 69
O

ONSF 138
P

POto P15 372

PCR 383
G1POO0 to G1IPO7 261 PDO to PD15 371
G1POCRO to GIPOCR7 259 PLCO 72
G1TMO to GITM7 259 PLC1 73
G1TMCRO to GITMCR7 258 PLV 72
G1TPR6 and G1TPR7 258 PMO 49
G2BCR1 255 PM1 50
G2CR 307 PRCR 88
G2MR 307 PSO 373
G2POO0 to G2PO7 261 PS1 373
G2POCRO to G2POCR7 260 PS? 374
G2RB 306 PS3 374
G2RTP and G3RTP 263 PS5 375
G2TB 306 PSE 375
G3BCR1 256 PS7 376
G3CR 318 PS8 376
G3FLG 319
Rev. 1.31 Jan.31, 2006 page 487 of 488 RENESAS

REJ09B0034-0131

Register Index



M32C/83 Group (M32C/83, M32C/83T)

Register Index

PS9 377

PSC 380

PSLO 378
PSL1 378
PSL2 379
PSL3 379
PURO 381
PUR1 381
PUR2 381
PUR3 382
PUR4 382

R

REFCNT 360
RLVL 98, 126
RMADO to RMAD7 107
ROMCP 393

T

TAO to TA4 136

TAOMR to TAAMR 137, 142, 145, 148, 150

TAL, TA2, TA4, TA1l, TA21, TA41 167
TAIMR, TA2MR, TAAMR 169

TABSR 137, 153, 168

TBOto TB5 152

TBOMR to TB5MR 153, 155, 157, 159

TB2 168

TB2MR 169
TB2SC 167
TBSR 154
TCSPR 71, 139
TRGSR 139, 168

U

UOBRG to U4BRG 175
UOCO to U4C0O 176
UOClto U4Cl 177
UOMR to U4AMR 175
UORB to U4RB 174
UOSMR to U4SMR 177
UOSMR2 to U4SMR2 178
UOSMR3 to U4SMR3 179
UOSMR4 to U4SMR4 180
UOTB to U4TB 174

UDF 138

w

WCR 58
WDC 112
WDTS 112

X

XOR to X15R 245
XYC 245

Y

YOR to Y15R 245
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Rev.
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Page

Summary

1.01

2002-12

All

Full-fledged revision
» Modify the notation system of registers and bits

23

Reset
« Delete the figure “Device’s internal status after a reset is cleared”.

65

System Clock

» Modify the figure “Clock Generation Circuit”.
« Add descriptions about the ‘PLL clock’.

* Modify the figure “Status Transition”.

88

Interrupt

* Modify the figure “Intelligent I/O Interrupt and CAN Interrupt”.
« Add tables ‘registers to be used and settings'.

* Change symbols of the bits in the interrupt request register.
» Change symbols of the bits in the interrupt enable register.

137

Timer A
» Modify the figure “Timer A Configuration”.
» Add tables ‘registers to be used and settings’.

154

Timer B
» Modify the figure “Timer B Configuration”.
» Add tables ‘registers to be used and settings’.

163

Three-Phase Control Timer Function
» Change the bit name, the ‘INV17bit’ in the INVC1 register to reserved bit.

174

Serial I/O

» Modify the figure “UARTi Block Diagram”.

» Add the table ‘registers to be used and settings’ in each mode.

 Add distributions about the ‘clock-divided synchronous function (GCI mode)'.
» Add descriptions about the ‘bus conflict detect function (IE mode)’.

264

Intelligent 1/O

» Modify the figure “Intelligent I/O Group 0 Block Diagram”.

» Modify the figure “Intelligent I/O Group 1 Block Diagram”.

» Modify the figure “Intelligent I/O Group 2 Block Diagram”.

» Modify the figure “Intelligent I/O Group 3 Block Diagram”.

» Add the table ‘registers and settings’ associated with each function and mode.

* Add a bit function of ‘the BCKO to BCK1 bit in the GOBCRO to G3BCRO register’.
-Group Oand 1

« Add descriptions about the ‘HDLC data processing mode’. -Group 0 and 1

« Add distributions about the ‘IEBus mode’. -Group2

< Add descriptions about the ‘8-bit and 16-bit clock synchronous serial 1/0O
function’.  -Group3
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Rev. Date Description
Page Summary
338 A/D Convertor
» Modify the figure “A/D Convertor Block Diagram”.
» Add the table ‘pin settings’.
355 D/A Convertor
» Add the table ‘pin settings’.
394 Usage Precaution
» Add descriptions about the ‘PLL synthesizer'.
» Add descriptions about the ‘“Timer A’ and ‘Timer B'.
» Add descriptions about the ‘Low-Voltage Operation’.
1.02| 2003-1 Overview
2-3 » Add -40 to 85°C to ‘Operating ambient temperature’ row in Table 1.1.1 and 1.1.2.
3 » Delete 8-bit or 16-bit clock synchronous serial 1/0:1 channel (group3) on
‘Peripheral function’ row in Table 1.1.2.
SFR
33 » Modify 00?0 X0002 to 0000 X0002 on ‘value after RESET’ column on ‘017B16’
row.
System Clock
78 » Modify 0 to 1 on ‘PLCOQ’ column and ‘10MHz’ row in Table 1.8.2.
78 » Modify the PLC02 to PLCO bits and the PLCO5 to PLCO04 bits to the PLCO register
in the third step in Figure 1.8.13.
80 * Modify 1 to 0 on ‘CMO00’ column and ‘BCLK output’ row in Table 1.8.5.
DMAC
117 * Add the note 3 in Figure 1.11.2.
Timer
141 * Modify TA4 and TA1 to TAO and TA2 on the TA1TGL and TA1TGH in the top
figure of Table 1.14.5.
* Modify TA4 and TA1 to TA1 and TA3 on the TA2TGL and TA2TGH in the top
figure of Table 1.14.5.
* Modify TA4 and TA1 to TA2 and TA4 on the TA3TGL and TA3TGH in the top
figure of Table 1.14.5.
* Modify TA4 and TA1 to TA3 and TAO on the TAATGL and TA4TGH in the top
figure of Table 1.14.5.
Serial I/O
186 * Modify PD7_0=0 to PD7_2=0 on ‘PD7 register’ column and ‘CLK2 input’ row in
Table 1.18.4.
192 » Modify PD7_0=0 to PD7_2=0 on ‘PD7 register’ column and ‘CLK2 input’ row in
Table 1.19.4.
206 « Modify a function description on ‘UIRRM’ row in Table 1.20.9.
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207 * Modify PD7_2=0 to PD7_0=0 on ‘PD7 register’ column and ‘SRxD2 input’ row in
Table 1.20.11.
* Modify PD7_0=0 to PD7_2=0 on ‘PD7 register’ column and ‘CLK2 input’ row in
Table 1.20.11.
216 * Modify PS3_4=0 to PS3_5=0 on ‘PS3 register’ column and ‘CLK4 input’ row in
Table 1.20.23.
CAN Module
226 * Modify PSL2_2=0to PSL2_1=0 on ‘PSL1 and PSL2 registers’ column and ‘P82’
row in Table 1.21.2.
Intelligent 1/O
296 » Modify Setting value of the GiPOO register to Setting value of the GiPOK register
as n and m on the second figure in Figure 1.22.26.
304 * Modify RxD to ISRxD on ‘IPOL’ row and TxD to ISTxD on ‘OPOL’ row in Figure
1.22.33.
315 * Modify IPS=1 to IPS1=1 on IPS registers column and ‘P112’ row in Table
1.22.26.
317 * Modify TCRCRC to TCRCE on ‘CRC’ row in Table 1.22.28.
* Delete SIOITR and SIOIRR and add SRTIR in note 3 in Table 1.22.28.
320 » Modify IER to OER in note 1 in the second figure of Figure 1.22.42.
324 * Modify SIOITR to SIO2TR and SIO5RR to SIO2RR in Table 1.22.30 and 1.22.36.
334 * Modify GICR to G3CR in Table 1.22.41.
DRAMC
364 * Modify SRDF to SREF in note 3 in Figure 1.27.1.
385 * Modify IOUTC10 to OUTC10 on ‘PSC_3' row in Figure 1.28.14.
388 * Modify PO to P5 to P1 in note 1 in Table 1.28.17.
Programable 1/0 Port
390 * Modify INPC1 to INPC11 on ‘PS1 register’ column and ‘Bit 4’ row in Table 1.28.4.
391 * Modify INPCo to INPCO2 on ‘PS2 register’ column and ‘Bit 0’ row in table 1.28.5.
393 * Modify ISCLK input to ISCLKO input on ‘Bit 1’ row in table 1.28.12.
Usage Precaution
394 + Modify PMO to PMOO in “HOLD Signal”
« Modify all SP to ISP in (1) SP Setting of “Interrupts”.
398 » Modify all TAi to TBi in 1. Timer Mode and Event Counter Mode of “Timer B”.
400 » Modify the CAN module to the microcomputer in “Resetting CNVSS Pin with H".
« Delete a discription of ‘Difference between Flash Memory version and Masked
ROM’
Electric Charactistics
429 » Modify IOH=5mA to IOL=5mA on ‘VOL' row and ‘Mesurement Condition’ column

in Table 1.31.3.
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1.10

2004-3

All Pages

Chapter numbers, section numbers, etc., added; Table and Figure numbers
modified; Chapter sequence modified; Word Phrasing in Revision History
changed

2,3

4
5
9,13

15to 18

Overview

* Tables 1.1 and 1.2 M32C/83 Group Performance
Shortest Instruction Execution Time modified: 31.3ns(f(BCLK)=30MHz
changed to 31.3ns(f(BCLK)=32MHz, 50ns(f(BCLK)=20MHz added;
Performance details of Multifunction Timer, Intelligent I/O, Clock Generating
Circuit, and Electrical Characteristics revised,;
Oscillator Stop Detect Function added;
32MHz added to Supply Voltage and Power Consumption
Note 3 added

* Figure 1.1 M32C/83 Block Diagram modified

» Table 1.3 M32C/83 Group Product deleted

» Tables 1.4 and 1.5 Pin Characteristics VREF pin changed from “analog pin”
to “control pin”

» Table 1.6 Pin Description SDAO to SDA4 changed from “output” to “input”;
Descriptions of A/D-related pin functions revised

20

Centeral Processing Unit
* Figure 2.1 CPU Register modified

23

Memory
 Figure 3.1 Memory Map Product deleted; Diagram modified

24 to 45

SFR

Value after reset and lisiting sequence modified

« “? : Indetermination” changed to “X : Indeterminate”

* Notation “Users cannot use any symbols with *” deleted

» Register names, symbols, and Values after RESET of addresses 001F16 to
002516, 003016 to 003516, 005516 to 005616, 01AC16, and 01AE16 to 01BF16
deleted

* Notations added to PMO and TCSPR registers

* Value after reset in the RLVL register modified

46
47
48
49

50

Reset

* Figure 5.1 Reset Circuit modified

* Figure 5.2 Reset Sequence Diagram modified; Note 1 added
* 5.3 Watchdog Timer Reset added

* Figure 5.3 CPU Register after Reset modified

Processor Mode

*6.2.2 Applying Vcc to CNVss Pin Contents added

C-4




REVISION HISTORY M32C/83 GROUP (M32C/83, M32C/83T) Hardware Manual

Rev. Date Description
Page Summary
Bus
55 ¢ 7.1.3.2 Multiplexed Bus revised
60 ¢ 7.2.4 Bus Timing revised
64 7.6 RDY Signal revised
65 « Figure 7.7 RD Signal Output Extended by RDY Signal modified
Clock Generating Circuit
Chapter name changed from “System Clock “ to “Clock Generating Circuit”
67 e Table 8.1 Clock Generation Circuit Specifications
Main clock clock frequency modified; “Ceramic oscillator” changed to “Ceramic
resonator”; Reference point added to PLL Frequency Synthesizer
68 * Figure 8.1 Clock Generation Circuit revised
69 e Figure 8.2 CMO Register Bit 3 function changed from “Nothing is assigned” to
“Reserved Bit”
72 * Figure 8.5 CM2 Register CM21 bit function modified; Note 5 revised
75 * Figure 8.8 PLC1 Register Note 3 revised; Note 4 added
77 *8.1.2 Sub Clock revised
79 * Figure 8.11 Switching Procedure form On-chip Oscillator Clock to Main
Clock modified
*8.1.4 PLL Clock revised
» Table 8.2 Bit Settings to Use PLL Clock as CPU Clock Source Setting added
for when f(XIN) is 8MHz
80  Figure 8.13 Procedure to Use PLL Clock as CPU Clock Source modified
81 * 8.2 CPU Clock and BCLK revised
84 * 8.5.2.2 Before Entering Wait Mode revised
85 *8.5.2.5 Entering Wait Mode added
86 < 8.5.3 Stop Mode revised
«8.5.3.1 Before Entering Stop Mode revised
« 8.5.3.3 Exiting Stop Mode revised
87 * 8.5.3.4 Entering Stop Mode added
88  Figure 8.15 Status Transition modified
Interrupts
93 e Table 10.1 Fixed Vector Table Point of reference changed
95 » Table 10.2 Relocatable Vector Tables Reserved Space added
99 e Figure 10.5 RLVL Register Value after reset changed; Note 3 revised; Note 4
added
*10.6.2.3 RLVL2 to RLVLO Bits revised
103 e Figure 10.8 Interrupt Priority “Oscillation Stop Detect” added
104  Figure 10.9 Interrupt Priority Level Select Circuit modified
106 * 10.8 NMI Interrupt revised
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108 *“10.11 Intelligent I/O and CAN Interrupt” changed to “10.11 Intelligent 1/O
Interrupt and CAN Interrupt”
» Precautions pertaining to Interrupts are compiled into one chapter, “27.
Precaution”
Watchdog Timer
111 Contents revised
DMAC
115 * 12. DMAC revised
114 » Table 12.1 DMAC Specifications CAN interrupt added to DNA Request
Factors; Note 1 revised
» Precautions pertaining to DMAC are compiled into one chapter, “27.
Precaution”
DMAC II
125 » Table 13.1 DMAC Il Specifications Note 2 added
126 » Figure 13.1 RLVL Register Values after reset modified; Note 3 revised; Note 4
added
129 » 13.3 Transfer Data Contents added
130 » 13.4.2 Burst Transfer revised
* 13.4.4 Chain Transfer revised
132 » 13.5 Execution Time revised
Timer
135 *14.1 Timer A Contents added
140 » Table 14.1 Pin Settings for Output from TAiouT Pin (i= 0 to 4) modified
149 »14.1.4 Pulse Width Modulation Mode Settings changed for 16-bit PWM and
8-bit PWM
152 *14.2 Timer B Contents added
159 » Figure 14.22 TBOMR to TB5MR Registers (Pulse Period/ Pulse Width
Measurement Mode) Values after reset modified
Three-Phase Motor Control Timer Function
161 » Table 15.1 Three-Phase Motor Control Timer Functions Specification
modified
162 * Figure 15.1 Three-Phase Motor Control Function Block Diagram modified
163 * Figure 15.2 INVCO Register modified
164 * Figure 15.3 INVC1 Register modified
166 * Figure 15.5ICTB2 Register, TA1, TA2, TA4, TA11, TA21 and TA41 Registers
and TB2SC Register Notes 2 and 3 added to ICTB2 register; Note 7 added to
TAi and TAIl registers
168 * Figure 15.7 TAIMR Register (i=1, 2, 4) MR1 bit function modified
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169 * Figure 15.8 Triangular Wave Modulation Operation modified
170 * Figure 15.9 Sawtooth Wave Modulation Operation modified
Serial I/O
173 e Figure 16.2 UOTB to U4TB Registers and UORB to U4RB Registers Note 3
added to UORB to U4RB registers
175 * Figure 16.4 UiCO Register Note 3 added to UFORM bit
176 e Figure 16.5 UiC1 Register Note 2 added to UiLCH bit; Note 1 added to
SCLKSTPB (UiERE) bit
181 * Table 16.1 Clock Synchrnous Serial I/O Mode Specifications Explanation of
CLK Polarity in Selectable Functions revised
182 to 219| « Tables 16.2, 16.7, 16.12, 16.19, 16.24, and 16.34 Registers to be Used and
Settings Points of reference deleted
183 » Table 16.3 Pin Settings in Clock Synchronous Serial /0O Mode (1) revised
184 * Figure 16.10 Transmit and Receive Operation modified
188 * Table 16.7 Registers to be Used and Settings in UART Mode Function of the
UIERE bit in the UiC1 register modified
189 » Table 16.8 Pin Settings in UART (1) revised
190 * Figure 16.14 Transmit Operation modified
192 * Figure 16.17 Serial Data Logic Inverse modified
195 « Table 16.12 Registers to be Used and Settings (I2C Mode) Setting values for
master and slave indicated separately
196 « Table 16.13 12C Mode Functions “P61, P65, P72, P90, P75 Pin Functions”
changed to “P61, P65, P72, P90, P95 Pin Functions”
197,198 | « Tables 16.14 to 16.16 Pin Settings in 12C Mode modified
200 * 16.3.4 Transfer Clock revised
203 e Table 16.19 Registers to be Used and Settings in Special Mode 2 Functions
of the UFORM bit in the UiCO register and the UiRRM bit in the UiC1 register
modified
204 » Table 16.20 Pin Settings in Special Mode 2 (1) revised
e Table 16.21 Pin Settings in Special Mode 2 (2) revised
» Table 16.22 Pin Settings in Special Mode 2 (3) revised
208 » Table 16.23 GCI Mode Specifications Explanations of Transmit/Receive Start
Conditions revised
210 e Table 16.25 Pin Settings in GCI Mode (1) revised
* Table 16.26 Pin Settings in GCI Mode (2) revised
e Table 16.27 Pin Settings in GCI Mode (3) revised
213 e Table 16.31 Pin Settings in IE Mode (2) revised
e Table 16.32 Pin Settings in IE Mode (3) revised
219 * Figure 16.29 SIM Interface Operation modified
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221  Figure 16.32 SIM Interface Format modified
A/D Converter
Sequence of content modified
223 » Table 17.1 A/D Converter Specifications Explanaition of A/D Conversion
Start Conditions revised; @ A/D frequency modified
226, 227 | « Figure 17.2 ADOCONO Register, Figure 17.3 ADOCONL1 Register ¢ A/D
frequency modified
229,230 | « Figure 17.5 AD1CONO Register, Figure 17.6 AD1CON1 Register ¢ A/D
frequency modified
232 » Table 17.4 One-shot Mode Specifications Explanation of Start Condition
revised
235 » Table 17.9 Trigger Select Function Settings Table modified; Note 2 added
237 * Figure 17.9 Analog Input Pin and External Sensor Equivalent Circuit
Capacitance of the capacitor modified
238 to 247| Sequence of the following Chapters have been changed: D/A Converter, CRC
Calculation, XY Conversion
Intelligent 1/O
248 » Figure 21.2 Intelligent 1/O Group 1 Block Diagram modified
251 » Figure 21.5 GOBT to G3BT Registers and GOBCRO to G3BCRO Registers
Note 2 added to GOBT to G3BT registers, Note 3 deleted from GOBCRO to
G3BCRO registers
252 » Table 21.2 Base Timer Specifications Explanation of Counter increment/
decrement mode in Selectable Function modified
263 » Tables 21.3, 21.6, 21.8, 21.17, 21.23, 21.29, 21.31, 21.37, and 21,42
Associated Register Settings Point of reference deleted
266 * Figure 21.18 Counter Increment Mode (Group 0 and 1) modified
265 e Figure 21.19 Counter Increment/Decrement Mode (Group 0 and 1) modified
266 e Figure 21.20 Base Timer Operation in Two-Phase Pulse Signal Processing
Mode Note 1 revised
267 *21.2 Time Measurement Function (Group 0 and 1) Contents added
270 * Figure 21.22 Time Measurement Function (2) modified
271 » Figure 21.23 Prescaler Function and Gate Function Diagram modified; Note
2 of Gate Function deleted
272 » Table 21.7 Pin Settings for Waveform Generation Function modified
273 » Table 21.8 Waveform Generation Function Associated Register Settings
Note 1 added
274 » 21.3.1 Single-Phase Waveform Output Mode (Group 0 to 3) revised
» Table 21.9 Single-Phase Waveform Output Mode Specifications revised
275  Figure 21.24 Single-Phase Waveform Output Mode modified
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276 e Table 21.10 Phase-Delayed Waveform Output Mode Specifications revised
277 * Figure 21.25 Phase-Delayed Waveform Output Mode modified
278 « 21.3.3 Set/Reset Waveform Output (SR Waveform Output) Mode revised
» Table 21.11 SR Waveform Output Mode Specifications revised
280 * Figure 21.26 SR Waveform Output Mode modified
281 « 21.3.4 Bit-Modulation PWM Output Mode revised
e Table 21.12 Bit Modulation PWM Output Mode revised
» Figure 21.27 Bit Modulation PWM Mode Pulse numbering added
283 «21.3.5 Real-Time Port (RTP) Output Mode (Group 2 and 3) revised
* Table 21.14 RTP Output Mode Specifications Note 1 added
284 * Figure 21.29 Real-Time Port Output Mode modified
285 * 21.3.6 Parallel Real-Time Port Output Mode (Group 2 and 3) revised
e Table 21.15 Parallel RTP Output Mode Note 1 added
286 * Figure 21.31 Parallel RTP Output Mode modified
290 e Figure 21.35 GOEMR to G1EMR Registers and GOETC to G1ETC Registers
Note 1 added
291 * Figure 21.36 GOERC to G1ERC Registers Note 1 added
292 * Figure 21.37 GOIRF to G1IRF Registers and GOTB to G1TB Registers Notes
1 and 2 in GOIRF to G1IRF registers revised; Note 1 added to GOTB to G1TB
registers
293 e Figure 21. 38 GOCMPO to GOCMP3 Registers, GICMPO to G1CMP3
Registers, GOMSKO0 to GOMSK1 Registers, GIMSKO to G1IMSK1 Registers,
GOTCRC to G1TCRC Registers, and GORCRC to G1IRCRC Registers Note 1
revised and Note 2 added to GOTCRC to G1TCRC registers; Note 3 in GORCRC
to G1RCRC registers revised
294 * Table 21.16 Clock Synchronous Serial 1/O Mode Specifications (Group 0
and 1) Explanation of transfer clock revised
297 * Table 21.22 UART Mode Specifications (Group 0 and 1) Explanation of
transfer clock and Note 2 revised
301 * Table 21.28 HDLC Processing Mode Specifications (Group 0 and 1)
Explanation of transfer clock revised
308 » Table 21.30 Variable Clock Synchronous Serial /0O Mode Specifications
(Group 2) Explanation of transfer clock revised
312 » Table 21.36 IE Bus Mode Specification Explanation of transfer clock revised
318 » Table 21.41 Clock Synchronous Serial I/O Mode (Group 3) Explanation of
transfer clock revised
CAN
322 Bit symbols of each register are now capitalized (e.g. ResetO is changed to

RESETO)
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325 «22.1.1.3 BASICCAN Bit revised
344 *22.1.16 CANi Message Slotj Control Register (CiMCTLj Register) (i=0, 1;
j=0to 15) Funtion of the INVALDATA/TRMACTIVE bit when set to “1” changed
to “Transmits”; Note 4 in REMACTIVE deleted; RW modified to RO
» Table 22.4 COMCTLI Register (i=0 to 15) Setting and Transmit/Receive
Mode Hyphens (-) changed to “0”
345 » 22.1.16.4 REMACTIVE Bit revised
346 *22.1.16.5 RSPLOCK Bit revised
Programmable 1/0O Port
364 * 24.4 Function Select Register Bk (PSLk Register) (k=0 to 3) revised
365 » 24.5 Function Select Register C (PSC Register) revised
» 24.7 Port Control Register (PCR Register) revised
367  Figure 24.2 Programmable 1/O Ports (2) modified
369 » Figure 24.5 PDO to PD15 Registers Note 4 added
371 * Figure 24.7 PSO Register and PS1 Register PSO register revised
372 » Figure 24.8 PS2 Register and PS3 Register PS3 register revised
376 » Figure 24.12 PSLO Register and PSL1 Register Note 1 added to PSL1
register
377 » Figure 24.13 PSL2 Register and PSL3 Register PSL3 register revised
378 * Figure 24.14 PSC Register revised
379 » Figure 24.15 PURO Register, PUR1 Register and PUR2 Register Note 1
revised
383 » Table 24.3 Port P6 Peripheral Function Output Control Bits 3 and 7
modified
» Table 24.4 Port P7 Peripheral Function Output Control Note 1 added to
PSC register; Bit 0 modified
384 e Table 24.6 Port P9 Peripheral Function Output Control Bit 2 and 6 modified
Flash Memory Version
387 » Table 25.1 Flash Memory Version Specifications Supply voltage modified
389 » 25.2.1 ROM Code Protect Function revised
» 25.2.2 ID Code Check Function revised
393  25.3.1.3 FMRO02 Bit revised
395 » 25.3.3 Data Protect Function revised
397 » 25.3.5.3 Clear status Register revised
405 * 25.3.7.8 Rewriting the User ROM Area
406 * 25.4.2 ID Code Check Function revised
412 » 25.5.2 ROM Code Protect Function revised
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Electrical Characteristics
413 e Table 26.1 Absolute Maximum Ratings VREF, XIN P70 and P71 deleted and
XouT added to Output Voltage
414 e Table 26.2 Recommended Operation Conditions (Vcc= 3.0V to 5.5V at
Topr=-20 to 85°C) Maximum value of 50MHz added to f(XciN) Sub Clock
Oscillation Frequency
416 » Table 26.4 A/D Conversion Characteristics @AD frequency modified
416, 434 | « Tables 26.6 Flash Memory Version Electrical Characteristics added
Precautions
450 to 472  Overall structure modified
1.20| 2004-6 |All pages| Words standardized: On-chip oscillator, A/D converter and D/A converter
Interrupts
111 * Figure 10.15 IIOOIE to 1IO11IE Registers Note 2 added
Watchdog Timer
112 e Figure 11.1 Watchdog Timer Block Diagram modified
Electrical Characteristics
432 » Figure 26.8 Vcc=5V Timing Diagram (7) Figure modified
449 * Figure 26.16 Vcc=3.3V Timing Diagram (7) Figure modified
1.31| 2006-1 [All Pages| M32C/83T version added; Package code changed: 144P6Q-A to PLQPO144KA-
A, 100P6Q-A to PLQP0100KB-A, 100P6S-A to PRQP0100JB-A
All Pages| Word standardized: Clock Generation Circuit , On-chip Oscillator, A/D Converter,
D/A Converter, XY Conversion, Low -power consumption
Overview
1 » 1.1 Applications Automobile added
2,3 e Tables 1.1 and 1.2 M32C/83 Group (M32C/83, M32C/83T) Performance
5 e Table 1.3 M32C/83 Group (1) (M32C/83) Information updated
e Table 1.3 M32C/83 Group (2) (M32C/83T) M32C/83T product information
added
e Figure 1.2 Product Numbering System Classification modified
* Table 1.4 Pin Characteristics for 144-Pin Package Note 1 added
e Table 1.5 Pin Characteristics for 100-Pin Package Note 1 added
» Table 1.6 Pin Description modified, notes added
Memory
21 * Figure 3.1 Memory Map maodified; Note 2 modified, notes 3 and 4 added
Special Function Registers (SFR)
22 to 23| e« Note 2 added
Reset
45 * Figure 5.2 Reset Sequence Note 2 added
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Processor Mode
48 » Chapter Note added
49 » Figure 6.1 PMO Register Note 9 added
50  Figure 6.2 PM1 Register Note 6 added
Bus
52 « Chapter note added
* Figure 7.1 DS Register Note 2 added
54 » Table 7.2 Processor Mode and Port Function Note 3 modified
58 » Table 7.3 WCR Register Note 3 added
Clock Generation Circuit
67 * Figure 8.2 CMO Register Function of the CMO07 bit modified
68  Figure 8.3 CM1 Register Note mark position changed
71 * Figure 8.6 TCSPR and CPSRF Register Note 2 added for TCSPR register
74 * Figure 8.9 Main Clock Circuit Connection modified
75 * Figure 8.10 Sub Clock Connection Circuit modified
76 «8.1.3.2 How to Use Oscillation Stop Detect Function partially modified
78 » Figure 8.12 External Circuit with PLL Frequency Synthesizer modified
80 » Table 8.5 BLCK/CLKOUT Pin in Memory Expansion Mode and
Microprocessor Mode Note 4 added
81 «8.5.1 Normal Operation Mode Description partially modified
82 * 8.5.2 Wait Mode modified
83 » Table 8.6 Pin States in Wait Mode Note 2 added
84-85 | «8.5.3 Stop Mode maodified
85 e Table 8.8 Pin Status in Stop Mode Note 2 added
86 » Figure 8.14 Status Transition in Wait Mode and Stop Mode The mode
between stop mode and low-speed mode, low-power consumption mode
changed; Note 2 deleted
Interrupts
97 * Figure 10.4 Interrupt Control Register (2) Note mark position changed
98 e Figure 10.5 RLVL Register Note 3 modified
109 e Figure 10.14 1I00IR to IIO11IR Registers partially modified
110 * Figure 10.15 IIOOIE to IIO11IE Registers partially modified
Watchdog Timer
113 * Figure 11.3 CMO Register Function of the CMO07 bit modified
DMAC
115 e Table 12.1 DMAC Specifications Specification of DMA Transfer Cycles
partially modified
119 * Figure 12.4 DCTO to DCT3 Registers Notes 3 and 4 modified; DRCO to DRC3

Registers Notes 2 and 4 modified
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120 * Figure 12.5 DMAO to DMA Registers Notes 3 and 4 modified; DSAO to DSA3
Registers Notes 3 and 4 modified
DMACII
126 » Figure 13.1 RLVL Register Note 3 modified
140 » 13.4.2 Burst Transfer partially added
Timer
139 * Figure 14.7 TCSPR Register Note 2 added
141-156 | « Table 14.4 Specification in Event Counter Mode (when not processing two -
phase pulse signal) to Table 14.7 Specifications in Pulse Width Modulation
Mode; Table 14.9 Specifiations in Timer Mode and Table 14.10
Specifications in Event Counter Mode Condition for “Write to Timer” modified
Serial I/O
173 * Figure 16.1 UARTI Block Diagram modified between transmit control circuit
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