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Keep safety first in your circuit designs!

Renesas Technology Corporation puts the maximum effort into making semiconductor prod-
ucts 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 (iii) prevention against any malfunction or mishap.

Notes regarding these materials

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

Renesas Technology Corporation assumes no responsibility for any damage, or infringe-
ment of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

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 Corporation without notice
due to product improvements or other reasons. It is therefore recommended that custom-
ers contact Renesas Technology Corporation or an authorized Renesas Technology Cor-
poration product distributor for the latest product information before purchasing a product
listed herein.

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

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 Corporation assumes no responsibility for any dam-
age, liability or other loss resulting from the information contained herein.

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

The prior written approval of Renesas Technology Corporation is necessary to reprint or
reproduce in whole or in part these materials.

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.

Please contact Renesas Technology Corporation 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 M16C/6N Group (M16C/6NL, M16C/6NN) of
microcomputers.
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

b7 b6 b5 b4 b3 b2 bl bO *q
0|0§ 1 }’

Symbol Address AftepReset

*
XXX XXX / 5
Bit . .
Symbol Bit Name Function RW
b1b0 Y =
XXX0 0 0: XXX RW >/ 2
. : Do not set a value
XXX 11: XXX RW
__________ - Nothing is assigned. When write, set to "0", - .
(b2) | When read, its content is indeterminate. | ——*3
L (b4?b3) Reserved Bit —_— | Set to "0" WO /*4

R ELEEEEEEE R RS XXX5 , , i / RW
Function varies depending on

! XXX Bit mode of operation
AR EEEE XXX6 RW
ST XXX7 | XXX Bit ARy RO
“1
Blank:Set to “0” or “1” according to the application
0: Setto“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 to this 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.
*5

Follow the text in each manual for binary and hexadecimal notations.



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
performance 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.

NOTE:
1. Before using this material , please visit our website to verify that this is the most updated document
available.
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SFR Page Reference

Address Register Symbol | Page Address Register Symbol | Page
0000h 0040h
0001h 0041h | CANO Wake-up Interrupt Control Register | CO1WKIC 61
0002h 0042h | CANO Successful Reception Interrupt Control Register | CORECIC 61
0003h 0043h | CANO Successful Transmission Interrupt Control Register | COTRMIC 61
0004h | Processor Mode Register 0 PMO 28 0044h ITNTS Iréterlr upt Cont(r:ol Regl;léter_ ITNB-I;JS;g g?
0005h | Processor Mode Register 1 PM1 29 0045h Sllr/TgE;I S Interrupt Gontro _emster
- nterrupt Control Register S5IC 61
0006h | System Clock Control Reg!ster 0 CMO 33 0046h Timer B4 Interrupt Control Register TB4IC 61
0007h | System Clock Control Register 1 CM1 34 UART1 Bus Collision Detection Interrupt Control Register [UTBCNIC | 61
0008h 0047h Timer B3 Interrupt Control Register TB3IC 61
0009h [Address Match Interrupt Enable Register | AIER 75 UARTO Bus Collision Detection Interrupt Control Register | UOBCNIC | 61
000Ah | Protect Register PRCR 55 0048h SI/O4 Interrupt Control Register S41C 62
000Bh INTS5 Interrupt Control Register INT5IC 62
000Ch | Oscillation Stop Detection Register CM2 35 0049h mﬁi Irt1terrurtJtCCor:ter)IRRegi?ter ISI\?'II'SIC gg
000Dh nterrupt Control Register
000Eh | Watchdog Timer Start Register WDTS 77 882@: %Amgulsn?”ﬁm [t’egdi?]f;r'”tle’gm Cif’s"{g'rReqiStef gfﬂ%?(';‘“c g]
000Fh { Watchdog Timer Control Register __{WDG 771 [004Ch [ DMA Interrupt Gonirol Register [ DM1Ic |61
0010h ) 004Dh | CANO Error Interrupt Control Register | CO1ERRIC | 61
0011h | Address Match Interrupt Reg|ster 0 RMADO 75 004Eh A/D Conversion |ntel’rupt Control Reqistel’ ADIC 61
0012h Key Input Interrupt Control Register KUPIC 61
0013h 004Fh | UART2 Transmit Interrupt Control Register | S2TIC 61
0014h 0050h | UART2 Receive Interrupt Control Register | S2RIC 61
0015h | Address Match Interrupt Register 1 RMAD1 75 0051h | UARTO Transmit Interrupt Control Register | SOTIC 61
0016h 0052h | UARTO Receive Interrupt Control Register | SORIC 61
0017h 0053h | UART1 Transmit Interrupt Control Register | S1TIC 61
0018h 0054h | UART1 Receive Interrupt Control Register | S1RIC 61
0019h 0055h | Timer AO Interrupt Control Register | TAOIC 61
001Ah 0056h T!mer A1 Interrupt Control Reg!ster TA1IC 61
001Bh 0057h Timer A2 Interrupt Control Register TA2IC 62
- INT7 Interrupt Control Register INT7IC 62
001Ch [ PLL Control Register 0 PLCO 38 0058h | 1imer A3 Interrupt Control Register [ TA3IC 62
001Dh INT6 Interrupt Control Register INT6IC 62
001Eh | Processor Mode Register 2 PM2 37 0059h | Timer A4 Interrupt Control Register | TA4IC 61
001Fh 005Ah Timer BO Interrupt Control Register TBOIC 61
0020h S1/06 Interrupt Control Register S6IC 61
0021h | DMAO Source Pointer SARO 82 005Bh |Tr\ij¢§r| B1 Interrgpt C°|n;{°| Register |TNBT12;?C gg
2oh nterrupt Control Register
8823h 005Ch | Timer B2 Interrupt Control Register TB2IC 61
0024h 0052;1 :HP :nterrupt gontro: Eeqister mﬁ):g gg
L ) 005 1 Interrupt Control Register
0025h | DMAO Destination Pointer DARO 82 005Fh [INTZ Interrupt Control Register INT2IC 62
0026h 0060h
0028h f p\1AQ Transfer Counter TCRO 82 0062h . ifi
0029h 0063h CANO Message Box 0: Identifier / DLC
002Ah 0064h
002Bh 0065h
002Ch | DMAO Control Register DMOCON | 81 0066h
002Dh 0067h
002Eh 0068h
002Fh 88222 CANO Message Box 0: Data Field
0030h
) 006Bh
0031h | DMA1 Source Pointer SAR1 82 006Ch
0033h 006Eh .
0034h 006Eh CANO Message Box 0: Time Stamp 200
0035h | DMA1 Destination Pointer DAR1 82 0070h 201
0036h 0071h
0037h 307201 GANO Message Box 1: Identifier / DLC
0036h DMAT1 Transfer Counter TCR1 82 0074h
0039h 0075h
003Ah 0076h
003Bh 0077h
003Ch | DMA1 Control Register DM1CON 81 0078h
003Dh 0079h .
003Eh 007AN CANO Message Box 1: Data Field
003Fh 007Bh
007Ch
The blank areas are reserved. 007Dh
88;&2 CANO Message Box 1: Time Stamp
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Address Register Symbol | Page Address Register Symbol | Page
0080h 90Con

0081h 00C1h

882§E CANO Message Box 2: Identifier / DLC 888§E CANO Message Box 6: Identifier / DLC
0084h 00Cah

0085h 00C5h

0086h 00C6h

0087h 00C7h

0088h 00C8h

8822: CANO Message Box 2: Data Field 8889;; CANO Message Box 6: Data Field
008Bh 00CBh

008Ch 00CCh

008Dh 00CDh

882E: CANO Message Box 2: Time Stamp gggE: CANO Message Box 6: Time Stamp
0090h 00DOh

0091h 00D1h

882§E CANO Message Box 3: Identifier / DLC 888§E CANO Message Box 7: Identifier / DLC
0094h 00D4h

0095h 00D5h

0096h 00D6h

0097h 00D7h

0098h ooDah

8832'; CANO Message Box 3: Data Field 888%‘1 CANO Message Box 7: Data Field
009Bh 00DBh

009Ch 00DCh

009Dh 00DDh

88852 CANO Message Box 3: Time Stamp 200 888:5: CANO Message Box 7: Time Stamp 200
00AOh 201 00EOh 201
00ATh 00ETh

88252 CANO Message Box 4: Identifier / DLC 88522 CANO Message Box 8: Identifier / DLC
00A4h 00E4h

00A5h 00E5h

00A6h 00E6h

00A7h 00E7h

00A8h 00E8h

Sgﬁi'; CANO Message Box 4: Data Field 885%‘1 CANO Message Box 8: Data Field
00ABh 00EBh

00ACh 00ECh

ggﬁﬁ: CANO Message Box 4: Time Stamp gggﬁ: CANO Message Box 8: Time Stamp
00BOh 00FOh

00B1h 00F1h

88322 CANO Message Box 5: Identifier / DLC 88E§E CANO Message Box 9: Identifier / DLC
00B4h 00F4h

00BSh 00F5h

00B6h 00F6h

00B7h 00F7h

00B8h 00F8h

gggi?] CANO Message Box 5: Data Field 88:222 CANO Message Box 9: Data Field
00BBh 00FBh

00BCh 00FCh

00BDh 00FDh

882&: CANO Message Box 5: Time Stamp S&EEL‘ CANO Message Box 9: Time Stamp
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Address Register Symbol | Page Address Register Symbol | Page
0100h 0140h

0101h 0141h

81 8§E CANO Message Box 10: Identifier / DLC 81;@ CANO Message Box 14: Identifier /DLC

0104h 0144h

0105h 0145h

0106h 0146h

0107h 0147h

0108h 0148h

g} 82: CANO Message Box 10: Data Field 8122: CANO Message Box 14: Data Field

010Bh 014Bh

010Ch 014Ch

010Dh 014Dh

81 gE: CANO Message Box 10: Time Stamp 812&: CANO Message Box 14: Time Stamp 200
0110h 0150h 201
0111h 0151h

81@ CANO Message Box 11: Identifier / DLC 81 ggﬂ CANO Message Box 15: Identifier /DLC

0114h 0154h

0115h 0155h

0116h 0156h

0117h 0157h

0118h 0158h

811%‘1 CANO Message Box 11: Data Field 81 gi: CANO Message Box 15: Data Field

011Bh 015Bh

811 E: CANO Message Box 11: Time Stamp 200 81 gE: CANO Message Box 15: Time Stamp

0120h 201 0160h

0121h 0161h

81 ggﬂ CANO Message Box 12: Identifier / DLC 81 gg: CANO Global Mask Register COGMR 202
0124h 0164h

0125h 0165h

0126h 0166h

0127h 0167h

oteen 0168h CANO Local Mask A Register COLMAR 202
0129h CANO Message Box 12: Data Field 0169h

012Ah ' 016Ah

012Bh 016Bh

81 EEE CANO Message Box 12: Time Stamp 81 SE: CANO Local Mask B Register COLMBR | 202
0130h 0170h

0131h 0171h

81 ggﬂ CANO Message Box 13: Identifier / DLC 81 ;g:

0134h 0174h

0135h 0175h

0136h 0176h

0137h 0177h

0138h 0178h

g} gi: CANO Message Box 13: Data Field 81 ;i:

013Bh 017Bh

013Ch 017Ch

013Dh 017Dh

81 gEE CANO Message Box 13: Time Stamp 81 ;E:

The blank areas are reserved.
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Address Register Symbol | Page Address Register Symbol | Page
0180h 01COh | Timer B3, B4, B5 Count Start Flag TBSR 107
0181h 01C1h
L S1C2 Timer A1-1 Register TAT 118
812;: 81522 Timer A2-1 Register TA21 118
glgs: 8183: Timer A4-1 Register TA41 118
0188h 01C8h | Three-Phase PWM Control Register 0 | INVCO 115
0189h 01C9h | Three-Phase PWM Control Register 1| INVC1 116
018Ah 01CAh| Three-Phase Output Buffer Register 0 | IDBO 117
018Bh 01CBh| Three-Phase Output Buffer Register 1 | IDB1 117
018Ch 01CCh| Dead Time Timer DTT 117
018Dh 01CDh| Timer B2 Interrupt Occurrence Frequency Set Counter | ICTB2 119
018Eh 01CEh
018Fh 01CFh| Interrupt Cause Select Register 2 IFSR2 72
813?2 813?: Timer B3 Register TB3 116
812§E 81322 Timer B4 Register TB4 106
an 21040 Timer B5 Register TB5 106
0196h 01D6h | SI/0O6 Transmit/Receive Register S6TRR 172
0197h 01D7h
0198h 01D8h | SI/06 Control Register SeC 172
0199h 01D9%h | SI/O6 Bit Rate Generator S6BRG 172
019Ah 01DAh|SI/O3, 4, 5, 6 Transmit/Receive Register | S3456TRR | 173
019Bh 01DBh| Timer B3 Mode Register TB3MR 106
019Ch 01DCh| Timer B4 Mode Register TB4MR | 198
019Dh 01DDh| Timer B5 Mode Register TB5MR 111
019Eh 01DEh| Interrupt Cause Select Register 0 IFSRO 70
019Fh 01DFh| Interrupt Cause Select Register 1 IFSR1 71
01A0h 01EOh | SI/O3 Transmit/Receive Register S3TRR 172
01A1h 01E1h
01A2h 01E2h | SI/0O3 Control Register S3C 172
01A3h 01E3h | SI/03 Bit Rate Generator S3BRG 172
01A4h 01E4h | SI/04 Transmit/Receive Register S4TRR 172
01A5h 01E5h
01A6h 01E6h | SI/04 Control Register S4C 172
01A7h 01E7h | SI/O4 Bit Rate Generator S4BRG 172
01A8h 01E8h | SI/O5 Transmit/Receive Register S5TRR 172
01A%9h 01E9h
01AAh 01EAh| SI/O5 Control Register S5C 172
01ABh 01EBh| SI/O5 Bit Rate Generator S5BRG 172
01ACh 01ECh| UARTO Special Mode Register 4 UOSMR4 133
01ADh 01EDh| UARTO Special Mode Register 3 UOSMRS3 132
01AEh 01EEh | UARTO Special Mode Register 2 UOSMR2 132
01AFh 01EFh | UARTO Special Mode Register UOSMR 131
01B0Oh 01FOh | UART1 Special Mode Register 4 U1SMR4 133
01B1h 01F1h |UART1 Special Mode Register 3 U1SMR3 132
01B2h 01F2h | UART1 Special Mode Register 2 U1SMR2 132
01B3h 01F3h [ UART1 Special Mode Register U1SMR 131
01B4h 01F4h | UART2 Special Mode Register 4 U2SMR4 133
01B5h | Flash Memory Control Register 1 FMR1 241 01F5h | UART2 Special Mode Register 3 U2SMR3 132
01B6h 01F6h | UART2 Special Mode Register 2 U2SMR2 132
01B7h | Flash Memory Control Register 0 FMRO 241 01F7h | UART2 Special Mode Register U2SMR 131
01B8h 01F8h | UART2 Transmit/Receive Mode Register | U2MR 129
01B9h | Address Match Interrupt Register 2 RMAD2 75 01F9h [ UART2 Bit Rate Generator U2BRG 128
01BAh 01FAh . .
01BBh | Address Match Interrupt Enable Register 2 | AIER2 75 01FBhn | JART2 Transmit Buffer Register u2TB 128
01BCh 01FCh | UART2 Transmit/Receive Control Register 0 | U2C0O 129
01BDh| Address Match Interrupt Register 3 RMAD3 75 01FDh | UART2 Transmit/Receive Control Register 1| U2C1 130
81 SEE 81 EE: UART2 Receive Buffer Register U2RB 128

The blank areas are reserved.
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Address Register Symbol | Page Address Register Symbol | Page
0200h | CANO Message Control Register 0 COMCTLO 0240h
0201h | CANO Message Control Register 1 COMCTLA 0241h
0202h | CANO Message Control Register 2 COMCTL2 0242h . .
0203h [ CANO Message Control Register 3 [COMCTL3 0243n | ©ANO Acceptance Filter Support Register | COAFS | 209
0204h | CANO Message Control Register 4 COMCTL4 0244h
0205h | CANO Message Control Register 5 COMCTL5 0245h
0206h | CANO Message Control Register 6 COMCTL6 0246h
0207h | CANO Message Control Register 7 COMCTL7 203 0247h
0208h | CANO Message Control Register 8 COMCTLS 0248h
0209h | CANO Message Control Register 9 COMCTL9 0249h
020Ah | CANO Message Control Register 10 | COMCTL10 024Ah
020Bh | CANO Message Control Register 11 | COMCTL11 024Bh
020Ch | CANO Message Control Register 12 | COMCTL12 024Ch
020Dh | CANO Message Control Register 13 | COMCTL13 024Dh
020Eh | CANO Message Control Register 14 | COMCTL14 024Eh
020Fh | CANO Message Control Register 15 | COMCTL15 024Fh
851?2 CANO Control Register COCTLR 204 gggg:
8;15: CANO Status Register COSTR 206 82222
22141 | GANO Siot Status Register COSSTR | 207 8;2;:
821?2 CANO Interrupt Control Register COICR 207 8;23:
8218: CANO Extended ID Register CODR | 207 gggg:
gglg: CANO Configuration Register COCONR 208 gzggﬂ
021Ch | CANO Receive Error Count Register | CORECR 209 025Ch
021Dh | CANO Transmit Error Count Register | COTECR 209 025Dh
021Eh ) ) 025Eh | Peripheral Clock Select Register PCLKR 36
021Fh | ©ANO Time Stamp Register COTSR | 209 05Fh | GAND Glock Seleat Registe?’ CCLKR 37
0220h 0260h
0221h 0261h
0222h 0262h
0223h 0263h
0224h 0264h
0225h 0265h
0226h 0266h
0227h 0267h
0228h 0268h
0229h 0269h
022Ah 026Ah
022Bh 026Bh
022Ch 026Ch
022Dh 026Dh
022Eh 026Eh
022Fh 026Fh
ggg?: CAN1 Control Register C1CTLR 205 02t700h
0232h 0372h
0233h 0373h
0234h 0374h
0235h 0375h
0236h 0376h
0237h 0377h
0238h 0378h
023%h 037%h
023Ah 037Ah
023Bh 037Bh
023Ch 037Ch
023Dh 037Dh
023Eh 037Eh
023Fh 037Fh

The blank areas are reserved.
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Address Register Symbol Page Address Register Symbol Page
0380h | Count Start Flag TABSR 92,107,120 03C0h )

ADO
0381h | Clock Prescaler Reset Flag CPSRF 93,107 03C1n | A/D Register 0
0382h | One-Shot Start Flag ONSF 93 03C2h )

AD1
0383h | Trigger Select Register TRGSR 93,120 03c3n | A/D Register 1
0384h | Up/Down Flag UDF 92 03C4h )
0385h 03C5n | A/D Register 2 AD2
0386h | - . 03C6h )
0387h Timer AO Register TAO 91 03C7h A/D Register 3 AD3 180
0388h |- . 91 03C8h )
0389h Timer A1 Register TA1 118 03Coh A/D Register 4 AD4
038Ah | . . 91 03CAh )
038Bh Timer A2 Register TA2 118 03CBh A/D Register 5 AD5
038Ch | . . 03CCh )
038Dh Timer A3 Register TA3 91 03CDh A/D Register 6 AD6
038Eh | . . 91 03CEh )
038Fh Timer A4 Register TA4 118 03CEh A/D Register 7 AD7
0390h | . . 03D0h
0391h Timer BO Register TBO 106 03D1h
0392h | . . 03D2h
0393h Timer B1 Register TB1 106 03D3h
0394h | _. ) 106 03D4h | A/D Control Register 2 ADCON2 180
0395h Timer B2 Register TB2 118 03D5h
0396h | Timer AO Mode Register TAOMR |91 03D6h | A/D Control Register 0 ADCONO | 179,182,184
0397h | Timer A1 Mode Register TAIMR |94 [121 03D7h | A/D Control Register 1 ADCONT1 | 186,188,190
0398h | Timer A2 Mode Register TA2MR |96 |98,121 03D8h | D/A Register 0 DAO 195
0399h | Timer A3 Mode Register TABMR |101 |98 03D%h
039Ah | Timer A4 Mode Register TA4MR |103 | 98,121 03DAh| D/A Register 1 DA1 195
039Bh | Timer BO Mode Register TBOMR [106,108 03DBh
039Ch | Timer B1 Mode Register TB1MR [109,111 03DCh| D/A Control Register DACON 195
039Dh | Timer B2 Mode Register TB2MR 121 03DDh
039Eh | Timer B2 Special Mode Register | TB2SC 119 03DEh| Port P14 Control Register PC14 231
039Fh 03DFh| Pull-Up Control Register 3 PUR3 233
03AO0h | UARTO Transmit/Receive Mode Register | UOMR 129 03EOQh | Port PO Register PO 231
03A1h | UARTO Bit Rate Generator UOBRG 128 03E1h | Port P1 Register P1 231
03A2h . ) 03E2h | Port PO Direction Register PDO 230
03A3h UARTO Transmit Buffer Register | UOTB 128 03E3h | Port P1 Direction Register PD1 230
03A4h | UARTO Transmit/Receive Control Register 0 | UOCO 129 03E4h | Port P2 Register P2 231
03A5h | UARTO Transmit/Receive Control Register 1 | UOC1 130 03E5h | Port P3 Register P3 231
03A6h . . 03E6h | Port P2 Direction Register PD2 230
03A7n | VARTO Receive Buffer Register { UORB 128 03E7h | Port P3 Direction Register | PD3 230
03A8h | UART1 Transmit/Receive Mode Register | UTMR 129 03E8h | Port P4 Register P4 231
03A9h | UART1 Bit Rate Generator U1BRG 128 03E9h | Port P5 Register P5 231
03AAh . ) 03EAh | Port P4 Direction Register PD4 230
03ABh UARTH Transmit Buffer Register | U1TB 128 03EBh | Port P5 Direction Register PD5 230
03ACh | UART1 Transmit/Receive Control Register 0 | U1CO 129 03ECh| Port P6 Register P6 231
03ADh | UART1 Transmit/Receive Control Register 1 | U1C1 130 03EDh| Port P7 Register P7 231
03AEh . ) 03EEh | Port P6 Direction Register PD6 230
03AFh UARTT Receive Buffer Register | U1RB 128 03EFh | Port P7 Direction Register PD7 230
03BO0h | UART Transmit/Receive Control Register 2 | UCON 131 03FO0h | Port P8 Register P8 231
03B1h 03F1h | Port P9 Register P9 231
03B2h 03F2h | Port P8 Direction Register PD8 230
03B3h 03F3h | Port P9 Direction Register PD9 230
03B4h 03F4h | Port P10 Register P10 231
03B5h 03F5h | Port P11 Register P11 231
03B6h 03F6h | Port P10 Direction Register PD10 230
03B7h 03F7h | Port P11 Direction Register PD11 230
03B8h | DMAQ Request Cause Select Register | DMOSL 80 03F8h | Port P12 Register P12 231
03B%h 03F9h | Port P13 Register P13 231
03BAh | DMA1 Request Cause Select Register | DM1SL 81 03FAh | Port P12 Direction Register PD12 230
03BBh 03FBh | Port P13 Direction Register PD13 230
03BCh ) 03FCh | Pull-up Control Register 0 PURO 232
03BDh CRC Data Register CRCD 196 03FDh | Pull-up Control Register 1 PURT 232
03BEh | CRC Input Register CRCIN 196 03FEh | Pull-up Control Register 2 PUR2 232
03BFh 03FFh | Port Control Register PCR 233

The blank areas are reserved.
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LENESAS Under development
This document is under development and its contents are subject to change

M16C/6N Group (M16C/6NL, M16C/6NN)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.1.02
Jul 01, 2005

1. Overview

The M16C/6N Group (M16C/6NL, M16C/6NN) of single-chip microcomputers are built using the
high-performance silicon gate CMOS process using an M16C/60 Series CPU core and are packaged in
100-pin and 128-pin plastic molded LQFP. These single-chip microcomputers operate using sophisticated
instructions featuring a high level of instruction efficiency. With 1 Mbyte of address space, they are capable
of executing instructions at high speed. Being equipped with one CAN (Controller Area Network) module in
M16C/6N Group (M16C/6NL, M16C/6NN), the microcomputer is suited to car audio and industrial control
systems. The CAN module complies with the 2.0B specification. In addition, this microcomputer contains a
multiplier and DMAC which combined with fast instruction processing capability, makes it suitable for control
of various OA and communication equipment which requires high-speed arithmetic/logic operations.

1.1 Applications

Car audio and industrial control systems, other

Rev.1.02 Jul 01,2005 page 1 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 1. Overview

1.2 Performance Outline
Tables 1.1 and 1.2 list a performance outline of M16C/6N Group (M16C/6NL, M16C/6NN).

Table 1.1 Performance Outline of M16C/6N Group (100-pin Version: M16C/6NL)

ltem Performance
CPU Number of Basic Instructions |91 instructions
Minimum Instruction Execution Time |41.7ns (f(BCLK) = 24MHz, 1/1 prescaler, without software wait)
Operation Mode Single-chip mode
Address Space 1 Mbyte
Memory Capacity See Table 1.3 Product List
Peripheral Port Input/Output: 87 pins, Input: 1 pin
Function Multifunction Timer Timer A: 16 bits X 5 channels

Timer B: 16 bits X 6 channels
Three-phase motor control circuit

Serial /0 3 channels

Clock synchronous, UART, I2C-bus ), IEBus @

2 channels

Clock synchronous
A/D Converter 10-bit A/D converter: 1 circuit, 26 channels
D/A Converter 8 bits X 2 channels
DMAC 2 channels
CRC Calculation Circuit CRC-CCITT
CAN Module 1 channel with 2.0B specification
Watchdog Timer 15 bits X 1 channel (with prescaler)
Interrupt Internal: 30 sources, External: 9 sources

Software: 4 sources, Priority level: 7 levels

Clock Generating Circuit 4 circuits

* Main clock oscillation circuit (*)

» Sub clock oscillation circuit (*)

* On-chip oscillator

» PLL frequency synthesizer

(*) Equipped with a built-in feedback resistor
Oscillation Stop Detection  |Main clock oscillation stop and re-oscillation detection function

Function

Electrical Supply Voltage VCC = 3.0t0 5.5V

Characteristics (f(BCLK) = 24MHz, 1/1 prescaler, without software wait)
Power Mask ROM [19mA (f(BCLK) = 24MHz, PLL operation, no division)

(
Consumption |Flash Memory |21mA (f(BCLK) = 24MHz, PLL operation, no division)
Mask ROM |3pA  (f(BCLK) = 32kHz, Wait mode, Oscillation capacity Low)
Flash Memory |0.8pA (Stop mode, Topr = 25°C)
Flash Memory | Program/Erase Supply Voltage 3.3 £ 0.3V or 5.0 £ 0.5V

Version Program and Erase Endurance|100 times

110 I/0 Withstand Voltage 5.0V

Characteristics | Output Current 5mA

Operating Ambient Temperature -40 to 85°C

Device Configuration CMOS high performance silicon gate
Package 100-pin plastic mold LQFP

NOTES:

1. I’*C-bus is a registered trademark of Koninklijke Philips Electronics N.V.
2. |IEBus is a registered trademark of NEC Electronics Corporation.
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M16C/6N Group (M16C/6NL, M16C/6NN) 1. Overview

Table 1.2 Performance Outline of M16C/6N Group (128-pin Version: M16C/6NN)

ltem Performance
CPU Number of Basic Instructions |91 instructions
Minimum Instruction Execution Time |141.7ns (f(BCLK) = 24MHz, 1/1 prescaler, without software wait)
Operation Mode Single-chip mode
Address Space 1 Mbyte
Memory Capacity See Table 1.3 Product List
Peripheral Port Input/Output: 113 pins, Input: 1 pin
Function Multifunction Timer Timer A: 16 bits X 5 channels

Timer B: 16 bits X 6 channels
Three-phase motor control circuit

Serial I/0 3 channels

Clock synchronous, UART, I2C-bus "), IEBus @

4 channels

Clock synchronous
A/D Converter 10-bit A/D converter: 1 circuit, 26 channels
D/A Converter 8 bits X 2 channels
DMAC 2 channels
CRC Calculation Circuit CRC-CCITT
CAN Module 1 channel with 2.0B specification
Watchdog Timer 15 bits X 1 channel (with prescaler)
Interrupt Internal: 32 sources, External: 12 sources

Software: 4 sources, Priority level: 7 levels

Clock Generating Circuit 4 circuits

» Main clock oscillation circuit (*)

» Sub clock oscillation circuit (*)

* On-chip oscillator

» PLL frequency synthesizer

(*) Equipped with a built-in feedback resistor
Oscillation Stop Detection  |Main clock oscillation stop and re-oscillation detection function

Function

Electrical Supply Voltage VCC = 3.0t0 5.5V

Characteristics (f(BCLK) = 24MHz, 1/1 prescaler, without software wait)
Power Mask ROM [19mA (f(BCLK) = 24MHz, PLL operation, no division)

(BCLK
Consumption |Flash Memory |21mA (f(BCLK) = 24MHz, PLL operation, no division)
Mask ROM |3pA  (f(BCLK) = 32kHz, Wait mode, Oscillation capacity Low)
Flash Memory |0.8pA (Stop mode, Topr = 25°C)
Flash Memory | Program/Erase Supply Voltage 3.3 £ 0.3V or 5.0 £ 0.5V

Version Program and Erase Endurance|100 times

110 I/0 Withstand Voltage 5.0V

Characteristics | Output Current 5mA

Operating Ambient Temperature -40 to 85°C

Device Configuration CMOS high performance silicon gate
Package 128-pin plastic mold LQFP

NOTES:

1. I’C-bus is a registered trademark of Koninklijke Philips Electronics N.V.
2. IEBus is a registered trademark of NEC Electronics Corporation.
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M16C/6N Group (M16C/6NL, M16C/6NN) 1. Overview

1.3 Block Diagram
Figure 1.1 shows a block diagram of M16C/6N Group (M16C/6NL, M16C/6NN).

8 A8 A8 A8 A8 A8 8
I Y Y \i Y
[ PortPO | | PortP1| [ PortP2 | | PortP3 | | PortP4 | | PortP5 | | PortP6 | I
3
Internal peripheral functions A/D converter System clock generating circuit % - i
| (10 bits X 8 channels ITTTTTTTXINXOUT T b
Expandable up to 26 channels) XCIN-XCOUT |
Timer (16 bits) PLL frec_we_ncy synthesizer -
UART or On-chip oscillator ; B _
Output (timer A): 5 Clock synchronous serial /O Clock synchronous serial /O = :
Input (timer B): 6 (8 channels) (8 bits X 4 channels) ) B
I
Three-phase motor CRC arithmetic circuit (CCITT) CAN module ﬁ
control circuit (Polynomial: X'®+X"2+X5+1) (1 channel) =4
o] e —
|
Watchdog timer M16C/60 series CPU core Memory @
(15b1) ROH | ROL [ SB |
| RiH | RIL_H T ROM g
DMAC o e RAM @ = Il I
(2 channels) T ﬁ
INTB
A0 h
Al H PC - a
I D/A converter FB i Multiplier ]
(8 bits X 2 channels) T FLG B el I
= ©
2] |
[Port P14]| [Port P13] [Port P12]| [Port P11 ]
A® A® ® A0
NOTES:
1: ROM size depends on microcomputer type. | P Y8 8 Vs
2: RAM size depends on microcomputer type.
3: Ports P11 to P14 are only in the 128-pin version.
4: 8 bits X 2 channels in the 100-pin version.
Figure 1.1 Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 1. Overview

1.4 Product List

Table 1.3 lists the M16C/6N Group (M16C/6NL, M16C/6NN) products and Figure 1.2 shows the type numbers,
memory sizes and packages.

Table 1.3 Product List As of Jul. 2005
Type No. ROM Capacity |RAM Capacity| Package Type Remarks

M306NLFHGP 384 K + 4 Kbytes| 31 Kbytes PLQPO100KB-A | Flash memory

M306NNFHGP PLQPO0128KB-A | version

M306NLFJGP (D) [512 K + 4 Kbytes |31 Kbytes PLQP0100KB-A

M306NNFJGP PLQPO0128KB-A

M306NLME-XXXGP 192 Kbytes 16 Kbytes PLQPO100KB-A | Mask ROM version

M306NNME-XXXGP PLQPO0128KB-A

M306NLMG-XXXGP 256 Kbytes 20 Kbytes PLQP0100KB-A

M306NNMG-XXXGP PLQPO0128KB-A

(D): Under development

Type No. M30 6N G — XXX GP

TIT1TT T L

Package type:
GP: Package PLQP0100KB-A, PLQP0128KB-A

ROM No.
Omitted on flash memory version

ROM capacity:
E: 192 Kbytes
G: 256 Kbytes
H: 384 Kbytes
J : 512 Kbytes

Memory type:
M : Mask ROM version
F : Flash memory version

Shows the number of CAN module, pin count, etc.

6N Group
M16C Family
Figure 1.2 Type No., Memory Size, and Package
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M16C/6N Group (M16C/6NL, M16C/6NN)

1. Overview

1.5 Pin Configuration
Figures 1.3 and 1.4 show the pin configuration (top view).

PIN CONFIGURATION (top view)
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P1_2 ~am [76]

P1_1 <t [77]
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PO_7/ANO_7 = (73]
PO_6/ANO_6 ~-»= [80]
PO_5/ANO_5 e [81]
PO_4/ANO_4 - [£2]
PO_3/ANO_3 ~-»= [83]
PO_2/ANO_2 ~&-»= [84]
PO_1/ANO_1 ~-»= [85]
PO_0/ANQ_Q ~=-» [86]

O

P10_6/ANG/KI2 -~ 88|
P10_5/AN5/KI1 et |89 (M1 GC/6NL)
P10_4/AN4/KI0 = [20]
P10_3/AN3 ~a—w [91]

P10_2/AN2 - |92]

P10_1/AN{ -t~ [93]

AVSS —»= [94]

P10_0/ANQ ~et—= (95|

VREF —»= [96

AVCC —= L97]
P9_7/ADTRG/SIN4 -~ (98]
P9_6/ANEX1/CTX0/SOUT4 ~#= (99|
P9_5/ANEX0/CRX0/CLK4 ~—w- [100]

O

P10_7/AN7/KI3 - [&7] M16C/6N Group
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XOUT ~— [I]
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P8_2/INTO - [ |
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P8_4/INT2/ZP -t

BYTE —# [o]
CNVSS — - [V

P8_3/INT1

RESET —

P8_6/XCOUT -

P8 _7/XCIN

P9_3/DAO/TB3IN -t

P9_2/TB2IN/SOUT3 ~at—im

P9_O/TBOIN/CLK3 -

P9_4/DA1/TB4IN <t

(1) P9_1/TB1IN/SIN3 ~a-p

NOTE:
1. P7_1 and P9_1 are N channel open-drain pins.

[E]
(SIN4) - [3]

P7_7/TA3IN < [T

=]

P8_1/TA4IN/U -

P7_3/CTS2/RTS2/TA1IN/V ~t

(SOUT4) ~a-w~ [T
(CLK4) -+ [X]

P7_6/TA30UT ~a-» (B

P7_5/TA2IN/W/
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P7_4/TA20UT/WI/
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—oNoOO~®WN
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i

o
<
~

00
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[N

~a» P5_7/CLKOUT

~a P6_0/CTSO/RTSO

= P6_1/CLKO

—a P6_2/RXD0/SCLO

-~ P6_3/TXD0/SDAO

-~ P6_4/CTS1/RTS1/CTS0/CLKSH
> P_5/CLK1

-~ P6_6/RXD1/SCL1

- P6_7/TXD1/SDA1

~a— P7_0/TXD2/SDA2/TAOOUT
~at- P7_1/RXD2/SCL2/TAOIN/TB5IN (1)
~a P7_2/CLK2/TA1OUT/V

Package: PLQP0100KB-A

Figure 1.3 Pin Configuration (Top View) (1)
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M16C/6N Group (M16C/6NL, M16C/6NN)

1. Overview

PIN CONFIGURATION (top view)
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NOTE: Package: PLQP0128KB-A
1. P7_1 and P9_1 are N channel open-drain pins.
Figure 1.4 Pin Configuration (Top View) (2)
Rev.1.02 Jul 01,2005 page 7 of 314 RENESAS

REJ09B0126-0102



Under development

This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN)

1. Overview

1.6 Pin Description

Tables 1.4 and 1.5 list the pin descriptions.

Table 1.4 Pin Description (100-pin and 128-pin Versions) (1)

Signal Name Pin Name I/0 Type Description
Power supply [VCC1, VCC2, I Apply 3.0 to 5.5V to the VCC1 and VCC2 pins and 0V to the
input VSS VSS pin. The VCC apply condition is that VCC2 = VCC1 .
Analog power |AVCC, AVSS | Applies the power supply for the A/D converter. Connect the
supply input AVCC pin to VCC1. Connect the AVSS pin to VSS.
Reset input RESET I The microcomputer is in a reset state when applying “L” to the
this pin.
CNVSS CNVSS I Connect this pin to VSS.
External data |[BYTE I Connect this pin to VSS.
bus width
select input
Main clock XIN I I/0 pins for the main clock oscillation circuit. Connect a ceramic
input resonator or crystal oscillator between XIN and XOUT ©.
Main clock XOuT O To use the external clock, input the clock from XIN and leave
output XOUT open.
Sub clock XCIN I I/0O pins for a sub clock oscillation circuit. Connect a crystal
input oscillator between XCIN and XCOUT @,
Sub clock XCOUT (0] To use the external clock, input the clock from XCIN and leave
output XCOUT open.
Clock output CLKOUT 0] The clock of the same cycle as fC, {8, or {32 is output.
INT interrupt input| INTO to INT8 © [ Input pins for the INT interrupt.
NMI interrupt  |NMI I Input pin for the NMI interrupt.
input
Key input KIO to KI3 [ Input pins for the key input interrupt.
interrupt input
Timer A TAOOUT to TAAOUT| /O |These are timer A0 to timer A4 1/O pins.
TAOIN to TA4IN I These are timer AO to timer A4 input pins.
ZP | Input pin for the Z-phase.
Timer B TBOIN to TB5IN I These are timer BO to timer B5 input pins.
Three-phase motor |U, U, V, V, W, W (@] These are Three-phase motor control output pins.
control output
Serial 1/0 CTS0 to CTS2 I These are send control input pins.
RTSO to RTS2 o) These are receive control output pins.
CLKO to CLK6 ©® I/O |These are transfer clock 1/0O pins.
RXDO0 to RXD2 I These are serial data input pins.
SIN3 to SIN6 @ | These are serial data input pins.
TXDO to TXD2 (0] These are serial data output pins.
SOUT3 to SOUT6 @ ) These are serial data output pins.
CLKS1 0] This is output pin for transfer clock output from multiple pins function.
[2C mode SDAO to SDA2 I/0 These are serial data 1/0 pins.
SCLO to SCL2 /0 |These are transfer clock 1/0O pins. (except SCL2 for the
N-channel open drain output.)
I: Input O: Output I/0O: Input/Output
NOTES:

1. In this manual, hereafter, VCC refers to VCC1 unless otherwise noted.
2. Ask the oscillator maker the oscillation characteristic.
3. INT6 to INT8, CLK5, CLK6, SIN5, SIN6, SOUT5, SOUT6 are only in the 128-pin version.
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M16C/6N Group (M16C/6NL, M16C/6NN)

1. Overview

Table 1.5 Pin Description (100-pin and 128-pin Versions) (2)

Signal Name Pin Name I/0 Type Description
Reference VREF I Applies the reference voltage for the A/D converter and D/A
voltage input converter.
A/D converter |ANO to AN7 I Analog input pins for the A/D converter.
ANO_0 to ANO_7
AN2_0 to AN2_7
ADTRG I This is an A/D trigger input pin.
ANEXO /0 |This is the extended analog input pin for the A/D converter,
and is the output in external op-amp connection mode.
ANEXA1 | This is the extended analog input pin for the A/D converter.
D/A converter |DAO, DA1 (0] These are the output pins for the D/A converter.
CAN module CRXO0 I This is the input pin for the CAN module.
CTX0 O This is the output pin for the CAN module.
I/0 port PO_0to PO_7 I/0 8-bit I/0O ports in CMOS, having a direction register to select
P1_ 0toP1_7 an input or output.
P2_0to P2_7 Each pin is set as an input port or output port. An input port
P3_0to P3_7 can be set for a pull-up or for no pull-up in 4-bit unit by
P4_0to P4_7 program.
P5_0to P5_7 (except P7_1 and P9_1 for the N-channel open drain output.)
P6_0to P6_7
P7 0to P7 7
P8 0to P8 4
P8 6, P8 7
P9 _0to P9 7
P10_0to P10_7
P11 Oto P11 7 ™
P12 0to P12 7 ™
P13_0to P13_7 ™
P14_0,P14_1 ™
Input port P8_5 | |Input pin for the NMI interrupt.
Pin states can be read by the P8_5 bit in the P8 register.
I: Input O: Output I/0: Input/Output
NOTE:

1. Ports P11 to P14 are only in the 128-pin version.
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M16C/6N Group (M16C/6NL, M16C/6NN) 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)
Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, A0, A1 and FB
comprise a register bank. There are two register banks.

p31 b15 b8 b7 b0
i R2 ROH (R0's high bits)| ROL (R0's low bits) []
g
! R3 R1H (R1's high bits)| R1L (R1's low bits) [
"""""""""""""" || ~Data Registers (1)
R2
R3 1
A0 [
|| ~Address Registers (1)
Al
FB | Frame Base Registers ()
b19 b15 b0
| INTBH | INTBL | Interrupt Table Register

The upper 4 bits of INTB are INTBH and the lower 16 bits of INTB are INTBL.

b19 b0

| PC | Program Counter

b15 b0
USP User Stack Pointer
ISP Interrupt Stack Pointer

SB Static Base Register

b15 b0

| FLG | Flag Register
btg._ - N b8 b7 bo!
L[ e [ [ ][ Ju[i]ofe[s]z[p]c]

Carry Flag

Debug Flag

Zero Flag

Sign Flag

Register Bank Select Flag
Overflow Flag

Interrupt Enable Flag
Stack Pointer Select Flag
Reserved Area

Processor Interrupt Priority Level
Reserved Area

NOTE:
1. These registers comprise a register bank. There are two register banks.

Figure 2.1 CPU Registers

2.1 Data Registers (R0, R1, R2, and R3)
The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to
R3 are the same as RO.
The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely R2 and RO can be combined for use as a 32-bit
data register (R2R0). R3R1 is the same as R2R0.

2.2 Address Registers (A0 and A1)
The AO register consists of 16 bits, and is used for address register indirect addressing and address
register relative addressing. They also are used for transfers and arithmetic/logic operations. A1 is the
same as AO.
In some instructions, A1 and A0 can be combined for use as a 32-bit address register (A1A0).
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M16C/6N Group (M16C/6NL, M16C/6NN) 2. Central Processing Unit (CPU)

2.3 Frame Base Register (FB)
FB is configured with 16 bits, and is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB is configured with 20 bits, indicating the start address of an interrupt vector table.

2.5 Program Counter (PC)
PC is configured with 20 bits, indicating the address of an instruction to be executed.

2.6 User Stack Pointer (USP), Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)
SB is configured with 16 bits, and is used for SB relative addressing.

2.8 Flag Register (FLG)
FLG consists of 11 bits, indicating the CPU status.

2.8.1 Carry Flag (C Flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)

This flag is used exclusively for debugging purpose. During normal use, it must be set to “0”.

2.8.3 Zero Flag (Z Flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, it is “0”.

2.8.4 Sign Flag (S Flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, it is “0”.

2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when this flag is “0” ; register bank 1 is selected when this flag is “1”.

2.8.6 Overflow Flag (O Flag)
This flag is set to “1” when the operation resulted in an overflow; otherwise, it is “0”.

2.8.7 Interrupt Enable Flag (I Flag)

This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is “0”, and are enabled when the | flag is “1”. The | flag is
set to “0” when the interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is “0” ; USP is selected when the U flag is “1”.
The U flag is set to “0” when a hardware interrupt request is accepted or an INT instruction for software
interrupt Nos. 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from level
0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt request is enabled.

2.8.10 Reserved Area
When white to this bit, write “0”. When read, its content is indeterminate.

Rev.1.02 Jul 01,2005 page 11 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 3. Memory

3. Memory
Figure 3.1 shows a memory map of the M16C/6N Group (M16C/6NL, M16C/6NN). The address space
extends the 1 Mbyte from address 00000h to FFFFFh.
The internal ROM is allocated in a lower address direction beginning with address FFFFFh. For example, a
512-Kbyte internal ROM is allocated to the addresses from 80000h to FFFFFh.
As for the flash memory version, 4-Kbyte space (block A) exists in 0F000h to OFFFFh. 4-Kbyte space is
mainly for storing data. In addition to storing data, 4-Kbyte space also can store programs.
The fixed interrupt vector table is allocated to the addresses from FFFDCh to FFFFFh. Therefore, store the
start address of each interrupt routine here.
The internal RAM is allocated in an upper address direction beginning with address 00400h. For example, a
31-Kbyte internal RAM is allocated to the addresses from 00400h to 07FFFh. In addition to storing data, the
internal RAM also stores the stack used when calling subroutines and when interrupts are generated.
The SFR is allocated to the addresses from 00000h to 003FFh. Peripheral function control registers are
located here. Of the SFR, any area which has no functions allocated is reserved for future use and cannot be
used by users.
The special page vector table is allocated to the addresses from FFEOOh to FFFDBh. This vector is used by
the JMPS or JSRS instruction. For details, refer to M16C/60 and M16C/20 Series Software Manual.

00000h
SFR
00400h / FFEOOh
Internal RAM
XXXXXh
Reserved area
; Special page
OF000h Internal ROM vector table
(data area) (1) ]
OFFFFh
10000h
FFFDCh £ Undefined instruction 3
B Overflow
Internal RAM Internal ROM (1) Reserved area E " BRK instruction
Capacity | Address XXXXXh || Capacity |Address YYYYYh E_ Address match
16 Kbytes 043FFh 192 Kbytes D0000K E_Single step
," I Oscillation stop and re-oscillation]
20 Kbytes 053FFh 256 Kbytes C0000h YYYYYh F O detection /watchdog tmer 3
Internal ROM L&)
31 Kbytes 07FFFh 384 Kbytes A0000h 3 NV
(program area)
512 Kbytes 80000h e R — Reset
NOTES:
1. As for the flash memory version, 4-Kbyte space (block A) exists.
2. Shown here is @ memory map for the case where the PM13 bit in the PM1 register is "1".
If the PM13 bit is set to "0", 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
3. When using the masked ROM version, write nothing to internal ROM area.

Figure 3.1 Memory Map
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

4. Special Function Register (SFR)

SFR (Special Function Register) is the control register of peripheral functions.
Tables 4.1 to 4.12 list the SFR information.

Table 4.1 SFR Information (1)

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00001000b
0006h System Clock Control Register 0 CMO 01001000b
0007h System Clock Control Register 1 CM1 00100000b
0008h
0009h Address Match Interrupt Enable Register AIER XXXXXX00b
000Ah Protect Register PRCR XX000000b
000Bh
000Ch | Oscillation Stop Detection Register (1) CM2 0X000000b
000Dh
000Eh | Watchdog Timer Start Register WDTS XXh
000Fh | Watchdog Timer Control Register WDC 00XXXXXXb
0010h 00h
0011h Address Match Interrupt Register 0 RMADO 00h
0012h X0h
0013h
0014h 00h
0015h Address Match Interrupt Register 1 RMAD1 00h
0016h X0h
0017h
0018h
0019h
001Ah
001Bh
001Ch | PLL Control Register 0 PLCO 0001X010b
001Dh
001Eh | Processor Mode Register 2 PM2 XXX00000b
001Fh
0020h XXh
0021h DMAO Source Pointer SARO XXh
0022h XXh
0023h
0024h XXh
0025h DMAO Destination Pointer DARO XXh
0026h XXh
0027h
0028h DMAO Transfer Counter TCRO XXh
0029h XXh
002Ah
002Bh
002Ch | DMAO Control Register DMOCON 00000X00b
002Dh
002Eh
002Fh
0030h XXh
0031h DMAT1 Source Pointer SAR1 XXh
0032h XXh
0033h
0034h XXh
0035h DMAT1 Destination Pointer DAR1 XXh
0036h XXh
0037h
0038h XXh
00390 DMAT1 Transfer Counter TCR1 Xh
003Ah
003Bh
003Ch | DMA1 Control Register DM1CON 00000X00b
003Dh
003Eh
003Fh

X: Undefined

NOTES:

1. The CM20, CM21, and CM27 bits in the CM2 register do not change at oscillation stop detection reset.
2. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.2 SFR Information (2)

Address Register Symbol After Reset
0040h
0041h CANO Wake-up Interrupt Control Register CO01WKIC XXXXX000b
0042h CANO Successful Reception Interrupt Control Register CORECIC XXXXX000b
0043h CANO Successful Transmission Interrupt Control Register COTRMIC XXXXX000b
0044h INT3 Interrupt Control Register INT3IC XX00X000b
Timer B5 Interrupt Control Register TB5IC
0045h SI/O5 Interrupt Control Register () S5I1C XXXXX000b
Timer B4 Interrupt Control Register TB4IC
0046h UART1 Bus Collision Detection Interrupt Control Register U1BCNIC XXXXX000b
Timer B3 Interrupt Control Register TB3IC
0047h UARTO Bus Collision Detection Interrupt Control Register UOBCNIC XXXXX000b
S1/04 Interrupt Control Register S4I1C
0048 I"NT5 Interrupt Control Register INT5IC XX00X000b
S1/03 Interrupt Control Register S3IC
0049h  I"\NT4 Interrupt Control Register INT4IC XX00X000b
004Ah UART2 Bus Collision Detection Interrupt Control Register U2BCNIC XXXXX000b
004Bh | DMAO Interrupt Control Register DMOIC XXXXX000b
004Ch | DMAT1 Interrupt Control Register DM1IC XXXXX000b
004Dh | CANO Error Interrupt Control Register CO1ERRIC XXXXX000b
A/D Conversion Interrupt Control Register ADIC
004ER Key Input Interrupt Control Register KUPIC XXXXX000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXXX000b
0050h UART2 Receive Interrupt Control Register S2RIC XXXXX000b
0051h UARTO Transmit Interrupt Control Register SOTIC XXXXX000b
0052h UARTO Receive Interrupt Control Register SORIC XXXXX000b
0053h UART1 Transmit Interrupt Control Register S1TIC XXXXX000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXXX000b
0055h Timer AO Interrupt Control Register TAOIC XXXXX000b
0056h | Timer A1 Interrupt Control Register TA1IC XXXXX000b
Timer A2 Interrupt Control Register TA2IC
0057h  INT7 Interrupt Control Regster INT7IC XX00X000b
Timer A3 Interrupt Control Register TA3IC
0058N | "INT6 Interrupt Control Register (" INT6IC XX00X000b
0059h | Timer A4 Interrupt Control Register TA4IC XXXXX000b
Timer BO Interrupt Control Register TBOIC
005Ah SI/06 Interrupt Control Register () S6IC XXXXX000b
Timer B1 Interrupt Control Register TB1IC
005Bh  [INT8 Interrupt Control Register () INT8IC XX00X000b
005Ch | Timer B2 Interrupt Control Register TB2IC XXXXX000b
005Dh | INTO Interrupt Control Register INTOIC XX00X000b
005Eh INT1 Interrupt Control Register INT1IC XX00X000b
005Fh INT2 Interrupt Control Register INT2IC XX00X000b
0060h XXh
0061h XXh
88252 CANO Message Box 0: Identifier / DLC §§E
0064h XXh
0065h XXh
0066h XXh
0067h XXh
0068h XXh
882%‘1 CANO Message Box 0: Data Field §§E
006Bh XXh
006Ch XXh
006Dh XXh
gggEE CANO Message Box 0: Time Stamp §§E
0070h XXh
0071h XXh
88;32 CANO Message Box 1: Identifier / DLC iiﬂ
0074h XXh
0075h XXh
0076h XXh
0077h XXh
0078h XXh
88;,32 CANO Message Box 1: Data Field §§E
007Bh XXh
007Ch XXh
007Dh XXh
88;52 CANO Message Box 1: Time Stamp §§E
X: Undefined
NOTES:

1. These registers exist only in the 128-pin version.
2. The blank area is reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.3 SFR Information (3)

Address Register Symbol After Reset
0080h XXh
0081h XXh
0082h " XXh

ANO M :
0083h CANO Message Box 2: Identifier / DLC Xh
0084h XXh
0085h XXh
0086h XXh
0087h XXh
0088h XXh
0089h . . XXh
008Ah CANO Message Box 2: Data Field XXh
008Bh XXh
008Ch XXh
008Dh XXh
008Eh LT XXh
008Fh CANO Message Box 2: Time Stamp Xh
0090h XXh
0091h XXh
0092h . " XXh
0093h CANO Message Box 3: Identifier / DLC Xh
0094h XXh
0095h XXh
0096h XXh
0097h XXh
0098h XXh
0099h . . XXh
009Ah CANO Message Box 3: Data Field XXh
009Bh XXh
009Ch XXh
009Dh XXh
009Eh LT XXh
009Fh CANO Message Box 3: Time Stamp Xh
00AOh XXh
00A1h XXh
00A2h . " XXh
00A3h CANO Message Box 4: Identifier / DLC Xh
00A4h XXh
00A5h XXh
00A6h XXh
00A7h XXh
00A8h XXh
00A9h . ) XXh
00AAR CANO Message Box 4: Data Field XXh
00ABh XXh
00ACh XXh
00ADh XXh
00AEh - XXh
00AFh CANO Message Box 4: Time Stamp Xh
00BOh XXh
00B1h XXh
00B2h . " XXh
00B3h CANO Message Box 5: Identifier / DLC Xh
00B4h XXh
00B5h XXh
00B6h XXh
00B7h XXh
00B8h XXh
00B9%h . ) XXh
00BAR CANO Message Box 5: Data Field XXh
00BBh XXh
00BCh XXh
00BDh XXh
00BEh - XXh
00BFh CANO Message Box 5: Time Stamp Xh
X: Undefined
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.4 SFR Information (4)

Address Register Symbol After Reset
00C0h XXh
00C1h XXh
00C2h " XXh

AN :
00C3h CANO Message Box 6: Identifier / DLC Xh
00C4h XXh
00C5h XXh
00C6h XXh
00C7h XXh
00C8h XXh
00C%h . . XXh
00CAh CANO Message Box 6: Data Field XXh
00CBh XXh
00CCh XXh
00CDh XXh
00CEh LT XXh
00CFh CANO Message Box 6: Time Stamp XXh
00DOh XXh
00D1h XXh
00D2h . - XXh
00D3h CANO Message Box 7: Identifier / DLC Xh
00D4h XXh
00D5h XXh
00D6h XXh
00D7h XXh
00D8h XXh
00D9h . ; XXh
00DAR CANO Message Box 7: Data Field XXh
00DBh XXh
00DCh XXh
00DDh XXh
00DEh LT XXh
00DFh CANO Message Box 7: Time Stamp Xh
00EOh XXh
00E1h XXh
00E2h . " XXh
00E3h CANO Message Box 8: Identifier / DLC Xh
00E4h XXh
00E5h XXh
00E6h XXh
00E7h XXh
00E8h XXh
00E%h . ) XXh
00EAR CANO Message Box 8: Data Field XXh
00EBh XXh
00ECh XXh
00EDh XXh
00EEh - XXh
O0EFh CANO Message Box 8: Time Stamp Xh
00FOh XXh
00F1h XXh
00F2h . " XXh
00F3h CANO Message Box 9: Identifier / DLC Xh
00F4h XXh
00F5h XXh
00F6h XXh
00F7h XXh
00F8h XXh
00F9h . ) XXh
00FAR CANO Message Box 9: Data Field XXh
00FBh XXh
00FCh XXh
00FDh XXh
00FEh - XXh
00FFh CANO Message Box 9: Time Stamp YXh
X: Undefined
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.5 SFR Information (5)

Address Register Symbol After Reset
0100h XXh
010t1h XXh
0102h i i XXh
0103h CANO Message Box 10: Identifier / DLC XXh
0104h XXh
0105h XXh
0106h XXh
0107h XXh
0108h XXh
0109h . ) XXh
010Ah CANO Message Box 10: Data Field XXh
010Bh XXh
010Ch XXh
010Dh XXh
010Eh LT XXh
0T0Fh CANO Message Box 10: Time Stamp Xh
0110h XXh
0111h XXh
0112h i i XXh
0113h CANO Message Box 11: Identifier / DLC XXh
0114h XXh
0115h XXh
0116h XXh
0117h XXh
0118h XXh
011%h . ) XXh
011Ah CANO Message Box 11: Data Field XXh
011Bh XXh
011Ch XXh
011Dh XXh
011Eh T XXh
011Fh CANO Message Box 11: Time Stamp XXh
0120h XXh
0121h XXh
0122h . i XXh
01230 CANO Message Box 12: Identifier / DLC Xh
0124h XXh
0125h XXh
0126h XXh
0127h XXh
0128h XXh
0129h . ) XXh
012Ah CANO Message Box 12: Data Field XXh
012Bh XXh
012Ch XXh
012Dh XXh
012Eh - XXh
012Fh CANO Message Box 12: Time Stamp XXh
0130h XXh
0131h XXh
0132h . - XXh
0133h CANO Message Box 13: Identifier / DLC XXh
0134h XXh
0135h XXh
0136h XXh
0137h XXh
0138h XXh
0139h . . XXh
013Ah CANO Message Box 13: Data Field XXh
013Bh XXh
013Ch XXh
013Dh XXh
013Eh - XXh
013Fh CANO Message Box 13: Time Stamp XXh

X: Undefined
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.6 SFR Information (6)

Address Register Symbol After Reset
0140h XXh
0141h XXh
0142h . i XXh
01430 CANO Message Box 14: Identifier /DLC XXh
0144h XXh
0145h XXh
0146h XXh
0147h XXh
0148h XXh
0149h . ) XXh
014Ah CANO Message Box 14: Data Field Xh
014Bh XXh
014Ch XXh
014Dh XXh
014Eh T XXh
014Fh CANO Message Box 14: Time Stamp XXh
0150h XXh
0151h XXh
0152h . " XXh
01530 CANO Message Box 15: Identifier /DLC XXh
0154h XXh
0155h XXh
0156h XXh
0157h XXh
0158h XXh
0159h ) XXh
015Ah CANO Message Box 15: Data Field Xh
015Bh XXh
015Ch XXh
015Dh XXh
015Eh T XXh
015Fh CANO Message Box 15: Time Stamp XXh
0160h XXh
0161h XXh
0162h ) XXh
0163h CANO Global Mask Register COGMR XXh
0164h XXh
0165h XXh
0166h XXh
0167h XXh
0168h ) XXh
0169h CANO Local Mask A Register COLMAR XXh
016Ah XXh
016Bh XXh
016Ch XXh
016Dh XXh
812:3: CANO Local Mask B Register COLMBR ii:
0170h XXh
0171h XXh
0172h
0173h
0174h
0175h
0176h
0177h
0178h
0179h
017Ah
017Bh
017Ch
017Dh
017Eh
017Fh

X: Undefined
NOTE:

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.7 SFR Information (7)

Address Register Symbol After Reset
0180h
0181h
0182h
0183h
0184h
0185h
0186h
0187h
0188h
0189h
018Ah
018Bh
018Ch
018Dh
018Eh
018Fh
0190h
0191h
0192h
0193h
0194h
0195h
0196h
0197h
0198h
0199h
019Ah
019Bh
019Ch
019Dh
019Eh
019Fh
01AOh
01A1h
01A2h
01A3h
01A4h
01A5h
01A6h
01A7h
01A8h
01A9h
01AAh
01ABh
01ACh
01ADh
01AEh
01AFh
01B0Oh
01B1h
01B2h
01B3h
01B4h
01B5h | Flash Memory Control Register 1 (1) FMR1 0X00XX0Xb
01B6h
01B7h | Flash Memory Control Register 0 (1) FMRO 00000001b
01B8h 00h

01B9h | Address Match Interrupt Register 2 RMAD2 00h

01BAh X0h

01BBh | Address Match Interrupt Enable Register 2 AIER2 XXXXXX00b
01BCh 00h

01BDh | Address Match Interrupt Register 3 RMAD3 00h

01BEh X0h

01BFh

X: Undefined

NOTES:
1. These registers are included in the flash memory version. Cannot be accessed by users in the mask ROM version.
2. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.8 SFR Information (8)

Address Register Symbol After Reset
01Coh | Timer B3, B4, B5 Count Start Flag TBSR 000XXXXXb
01C1h
81g§2 Timer A1-1 Register TA1 §§:
818‘512 Timer A2-1 Register TA21 §§:
8183: Timer A4-1 Register TA41 §§:
01C8h | Three-Phase PWM Control Register 0 INVCO 00h
01C9h | Three-Phase PWM Control Register 1 INVC1 00h
01CAh | Three-Phase Output Buffer Register 0 IDBO 00h
01CBh | Three-Phase Output Buffer Register 1 IDB1 00h
01CCh | Dead Time Timer DTT XXh
01CDh | Timer B2 Interrupt Occurrence Frequency Set Counter ICTB2 XXh
01CEh
01CFh_| Interrupt Cause Select Register 2 IFSR2 X0000000b
01DOh . : XXh
01D1h Timer B3 Register TB3 XXh
01D2h . : XXh
01D3h Timer B4 Register TB4 XXh
01D4h . : XXh
01D5h Timer B5 Register TB5 XXh
01D6h | SI/O6 Transmit/Receive Register (1) S6TRR XXh
01D7h
01D8h | SI/O6 Control Register (1) S6C 01000000b
01D9h | SI/O6 Bit Rate Generator (1) S6BRG XXh
01DAh | SI/03, 4, 5, 6 Transmit/Receive Register (2) S3456TRR XXXX0000b
01DBh | Timer B3 Mode Register TB3MR 00XX0000b
01DCh | Timer B4 Mode Register TB4MR 00XX0000b
01DDh | Timer B5 Mode Register TB5MR 00XX0000b
01DEh | Interrupt Cause Select Register 0 IFSRO 00h
01DFh | Interrupt Cause Select Register 1 IFSR1 00h
01EOh | SI/O3 Transmit/Receive Register S3TRR XXh
01Eth
01E2h | SI/O3 Control Register S3C 01000000b
01E3h | SI/O3 Bit Rate Generator S3BRG XXh
01E4h | SI/O4 Transmit/Receive Register S4TRR XXh
01E5h
01E6h | SI/O4 Control Register S4C 01000000b
01E7h | SI/O4 Bit Rate Generator S4BRG XXh
01E8h | SI/O5 Transmit/Receive Register (1) S5TRR XXh
01E%h
01EAh | SI/O5 Control Register (1) S5C 01000000b
01EBh | SI/O5 Bit Rate Generator (1) S5BRG XXh
01ECh | UARTO Special Mode Register 4 UOSMR4 00h
01EDh | UARTO Special Mode Register 3 UOSMRS3 000X0X0Xb
01EEh | UARTO Special Mode Register 2 UOSMR2 X0000000b
01EFh | UARTO Special Mode Register UOSMR X0000000b
01FOh | UART1 Special Mode Register 4 U1SMR4 00h
01F1h UART1 Special Mode Register 3 U1SMR3 000X0X0Xb
01F2h | UART1 Special Mode Register 2 U1SMR2 X0000000b
01F3h UART1 Special Mode Register U1SMR X0000000b
01F4h | UART2 Special Mode Register 4 U2SMR4 00h
01F5h UART2 Special Mode Register 3 U2SMRS3 000X0X0Xb
01F6h | UART2 Special Mode Register 2 U2SMR2 X0000000b
01F7h UART2 Special Mode Register U2SMR X0000000b
01F8h UART2 Transmit/Receive Mode Register U2MR 00h
01F9h UART2 Bit Rate Generator U2BRG XXh
01FAh . ) XXh
01FBh UART2 Transmit Buffer Register u2T1B xXh
01FCh | UART2 Transmit/Receive Control Register 0 U2co 00001000b
01FDh | UART2 Transmit/Receive Control Register 1 uU2C1 00000010b
01FEh ) . XXh
01FFh UART2 Receive Buffer Register U2RB xXh

X: Undefined
NOTES:

1. These registers exist only in the 128-pin version.
2. The S5TRF and S6TRF bits in the S3456TRR register are used in the 128-pin version.
3. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN)

4. Special Function Register (SFR)

Table 4.9 SFR Information (9)

Address Register Symbol After Reset
0200h CANO Message Control Register 0 COMCTLO 00h
0201h CANO Message Control Register 1 COMCTLA 00h
0202h CANO Message Control Register 2 COMCTL2 00h
0203h CANO Message Control Register 3 COMCTL3 00h
0204h CANO Message Control Register 4 COMCTL4 00h
0205h CANO Message Control Register 5 COMCTL5 00h
0206h CANO Message Control Register 6 COMCTL6 00h
0207h CANO Message Control Register 7 COMCTL7 00h
0208h CANO Message Control Register 8 COMCTLS8 00h
0209h CANO Message Control Register 9 COMCTL9 00h
020Ah CANO Message Control Register 10 COMCTL10 00h
020Bh | CANO Message Control Register 11 COMCTL11 00h
020Ch | CANO Message Control Register 12 COMCTL12 00h
020Dh CANO Message Control Register 13 COMCTL13 00h
020Eh | CANO Message Control Register 14 COMCTL14 00h
020Fh CANO Message Control Register 15 COMCTL15 00h
0210h . X0000001b
0211h CANO Control Register COCTLR XXOX0000b
0212h ’ 00h
0213h CANO Status Register COSTR X00000016
0214h . 00h
0215h CANO Slot Status Register COSSTR oon
0216h . 00h
0217h CANO Interrupt Control Register COICR oon
0218h . 00h
0219h CANO Extended ID Register COIDR oon
021Ah . . ) XXh
021Bh CANO Configuration Register COCONR Xh
021Ch | CANO Receive Error Count Register CORECR 00h
021Dh | CANO Transmit Error Count Register COTECR 00h
021Eh | 5 ANQ Time Stamp Register COTSR 00h
021Fh 00h
0220h
0221h
0222h
0223h
0224h
0225h
0226h
0227h
0228h
0229%h
022Ah
022Bh
022Ch
022Dh
022Eh
022Fh
0230h ) X0000001b
0231h CANT1 Control Register C1CTLR XXOX0000b
0232h
0233h
0234h
0235h
0236h
0237h
0238h
0239h
023Ah
023Bh
023Ch
023Dh
023Eh
023Fh

X: Undefined
NOTE:

1. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 4. Special Function Register (SFR)

Table 4.10 SFR Information (10)

Address Register Symbol After Reset
0240h
0241h
82:22 CANO Acceptance Filter Support Register COAFS ;;:
0244h
0245h
0246h
0247h
0248h
0249h
024Ah
024Bh
024Ch
024Dh
024Eh
024Fh
0250h
0251h
0252h
0253h
0254h
0255h
0256h
0257h
0258h
0259h
025Ah
025Bh
025Ch
025Dh
025Eh | Peripheral Clock Select Register PCLKR 00h
025Fh CANO Clock Select Register CCLKR 00h
0260h
0261h
0262h
0263h
0264h
0265h
0266h
0267h
0268h
0269h
026Ah
026Bh
026Ch
026Dh
026Eh
026Fh
0270h
to
0372h
0373h
0374h
0375h
0376h
0377h
0378h
037%9h
037Ah
037Bh
037Ch
037Dh
037Eh
037Fh

X: Undefined

NOTE:
1. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN)

4. Special Function Register (SFR)

Table 4.11 SFR Information (11)

Address Register Symbol After Reset
0380h Count Start Flag TABSR 00h
0381h Clock Prescaler Reset Flag CPSRF OXXXXXXXb
0382h One-Shot Start Flag ONSF 00h
0383h | Trigger Select Register TRGSR 00h
0384h Up/Down Flag UDF 00h (1)
0385h
0386h ’ ’ XXh
0387h Timer AO Register TAO XN
0388h ’ ’ XXh
0389h Timer A1 Register TA1 XN
038Ah ) . XXh
038Bh Timer A2 Register TA2 XN
038Ch ’ ’ XXh
038Dh Timer A3 Register TA3 XN
038Eh ) . XXh
038Fh Timer A4 Register TA4 XN
0390h ) . XXh
0391h Timer BO Register TBO XN
0392h ) . XXh
0393h Timer B1 Register TB1 XN
0394h ) . XXh
0395h Timer B2 Register TB2 XN
0396h Timer AO Mode Register TAOMR 00h
0397h Timer A1 Mode Register TATMR 00h
0398h Timer A2 Mode Register TA2MR 00h
0399h Timer A3 Mode Register TASMR 00h
039Ah Timer A4 Mode Register TA4MR 00h
039Bh Timer BO Mode Register TBOMR 00XX0000b
039Ch | Timer B1 Mode Register TB1MR 00XX0000b
039Dh | Timer B2 Mode Register TB2MR 00XX0000b
039Eh Timer B2 Special Mode Register TB2SC XXXXXX00b
039Fh
03A0h UARTO Transmit/Receive Mode Register UOMR 00h
03A1h UARTO Bit Rate Generator UOBRG XXh
03A2h ; " XXh

uoTB
03A3h UARTO Transmit Buffer Register Xh
03A4h | UARTO Transmit/Receive Control Register 0 uoco 00001000b
03A5h UARTO Transmit/Receive Control Register 1 uoC1 00XX0010b
03A6h | ;ARTO Receive Buffer Register UORB XXh
03A7h XXh
03A8h UART1 Transmit/Receive Mode Register U1MR 00h
03A%9h UART1 Bit Rate Generator U1BRG XXh
03AAh ; " XXh
U1TB
03ABh UART1 Transmit Buffer Register Xh
03ACh | UART1 Transmit/Receive Control Register 0 U1Co 00001000b
03ADh | UART1 Transmit/Receive Control Register 1 Ui1Ct 00XX0010b
03AEh . ‘ XXh
U1RB
03AFh UART1 Receive Buffer Register Xh
03B0Oh UART Transmit/Receive Control Register 2 UCON X0000000b
03B1h
03B2h
03B3h
03B4h
03B5h
03B6h
03B7h
03B8h DMAO Request Cause Select Register DMOSL 00h
03B%h
03BAh | DMA1 Request Cause Select Register DM1SL 00h
03BBh
03BCh ) XXh
03BDh CRC Data Register CRCD XXh
03BEh | CRC Input Register CRCIN XXh
03BFh
X: Undefined
NOTES:

1. The TA2P to TA4P bits in the UDF register are set to "0" after reset. However, the contents in these bits are indeterminate when read.

2. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN)

4. Special Function Register (SFR)

Table 4.12 SFR Information (12)

Address Register Symbol After Reset
828?: A/D Register 0 ADO iig
8gg§2 A/D Register 1 AD1 iig
82822 A/D Register 2 AD2 iig
8283: A/D Register 3 AD3 iig
ggggﬂ A/D Register 4 AD4 iig
gggg: A/D Register 5 AD5 iig
ggggg A/D Register 6 AD6 iig
gggE: A/D Register 7 AD7 iig
03D0h
03D1h
03D2h
03D3h
03D4h | A/D Control Register 2 ADCON2 00h
03D5h
03D6h | A/D Control Register 0 ADCONO 00000XXXb
03D7h | A/D Control Register 1 ADCON1 00h
03D8h | D/A Register 0 DAO 00h
03D%h
03DAh | D/A Register 1 DA1 00h
03DBh
03DCh | D/A Control Register DACON 00h
03DDh
03DEh | Port P14 Control Register (1) PC14 XX00XXXXb
03DFh | Pull-Up Control Register 3 (1) PUR3 00h
03EOh Port PO Register PO XXh
03E1h Port P1 Register P1 XXh
03E2h | Port PO Direction Register PDO 00h
03E3h | Port P1 Direction Register PD1 00h
03E4h Port P2 Register P2 XXh
03E5h | Port P3 Register P3 XXh
03E6h Port P2 Direction Register PD2 00h
03E7h | Port P3 Direction Register PD3 00h
03E8h Port P4 Register P4 XXh
03E9h | Port P5 Register P5 XXh
03EAh Port P4 Direction Register PD4 00h
03EBh | Port P5 Direction Register PD5 00h
03ECh | Port P6 Register P6 XXh
03EDh | Port P7 Register P7 XXh
03EEh | Port P6 Direction Register PD6 00h
03EFh | Port P7 Direction Register PD7 00h
03F0h Port P8 Register P8 XXh
03F1h Port P9 Register P9 XXh
03F2h Port P8 Direction Register PD8 00X00000b
03F3h Port P9 Direction Register PD9 00h
03F4h | Port P10 Register P10 XXh
03F5h | Port P11 Register (1) P11 XXh
03F6h Port P10 Direction Register PD10 00h
03F7h | Port P11 Direction Register (1) PD11 00h
03F8h | Port P12 Register (1) P12 XXh
03F9h | Port P13 Register (1) P13 XXh
03FAh | Port P12 Direction Register (1) PD12 00h
03FBh | Port P13 Direction Register (1) PD13 00h
03FCh__| Pull-up Control Register 0 PURO 00h
03FDh | Pull-up Control Register 1 PUR1 00h
03FEh | Pull-up Control Register 2 PUR2 00h
03FFh Port Control Register PCR 00h

X: Undefined

NOTES:
1. These registers exist only in the128-pin version.

2. The blank areas are reserved and cannot be accessed by users.
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M16C/6N Group (M16C/6NL, M16C/6NN) 5. Reset

5. Reset

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

5.1 Hardware Reset

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

Figure 5.1 shows an example of the reset circuit. Figure 5.2 shows a reset sequence. Table 5.1 lists pin
states while the RESET pin is held low (“L”). Figure 5.3 shows CPU register states after reset. Refer to 4.
SFR for SFR states after reset.

5.1.1 Reset on a Stable Supply Voltage
(1) Apply “L” to the RESET pin
(2) Apply 20 or more clock cycles to the XIN pin
(3) Apply “H” to the RESET pin

5.1.2 Power-on Reset
(1) Apply “L” to the RESET pin
(2) Raise the supply voltage to the recommended operating level
(3) Insert td(P-R) ms as wait time for the internal voltage to stabilize
(4) Apply 20 or more clock cycles to the XIN pin
(5) Apply “H” to the RESET pin

5.2 Software Reset
The microcomputer resets pins, the CPU and SFR when the PMO03 bit in the PMO register is set to “1”
(microcomputer reset). Then the microcomputer executes the program in an address determined by the reset vector.
Set the PM03 bit to “1” while the main clock is selected as the CPU clock and the main clock oscillation is stable.
In the software reset, the microcomputer does not reset a part of the SFR. Refer to 4. SFR for details.

5.3 Watchdog Timer Reset
The microcomputer resets pins, the CPU and SFR when the PM12 bit in the PM1 register is set to “1” (reset
when watchdog timer underflows) and the watchdog timer underflows. Then the microcomputer executes
the program in an address determined by the reset vector.
In the watchdog timer reset, the microcomputer does not reset a part of the SFR. Refer to 4. SFR for details.

5.4 Oscillation Stop Detection Reset
The microcomputer resets and stops pins, the CPU and SFR when the CM27 bit in the CM2 register is “0”
(reset at oscillation stop, re-oscillation detection), if it detects main clock oscillation circuit stop. Refer to 7.5
Oscillation Stop and Re-Oscillation Detection Function for details.
In the oscillation stop detection reset, the microcomputer does not reset a part of the SFR. Refer to 4. SFR
for details.
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M16C/6N Group (M16C/6NL, M16C/6NN)

5. Reset

VCC

ov

RESET

i ov

NOTE

Recommended
operation ,
voltage

0.2VCC or

below 0.2VCC or below

—>» i<4— Supply a clock with td(P-R) +20
v or more cycles to the XIN pin

1. Use the shortest possible wiring to connect external circuit.

Figure 5.1 Example Reset Circuit

VCcC

More than
20 cycle
are needed

td(P-R)

A

RESET { BCLK 28cycles
BCLK «
FFl:FCh Content of reset vector
A ]
Address ( X FFFFEh X X
Figure 5.2 Reset Sequence
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M16C/6N Group (M16C/6NL, M16C/6NN)

5. Reset

Table 5.1 Pin Status When RESET Pin Level is “L”

Pin Name

Status (CNVSS = VSS)

PO, P1, P2, P3, P4, P5, P6, P7, Input port
P8_0to P8 4, P8 6, P8 7, P9, P10,
P11, P12, P13, P14 0, P14 _1®

NOTE:

1. P11, P12, P13, P14_0 and P14_1 pins are only in the 128-pin version.

b15 b0
0000h
0000h
0000h
0000h
0000h
0000h
0000h

b19 b0
00000h

Content of addresses FFFFEh to FFFFCh

b15 b0
0000h
0000h
0000h
b15 b0
| 0000h
tz'l_@___——" b8 b7 b0
HEEEEEEEEEEEEN
IPL Ul OBSZDGC

Data Register (R0)

Data Register (R1)

Data Register (R2)

Data Register (R3)
Address Register (A0)
Address Register (A1)
Frame Base Register (FB)

Interrupt Table Register (INTB)
Program Counter (PC)

User Stack Pointer (USP)
Interrupt Stack Pointer (ISP)
Static Base Register (SB)

Flag Register (FLG)

Figure 5.3 CPU Register Status After Reset
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M16C/6N Group (M16C/6NL, M16C/6NN) 6. Processor Mode

6. Processor Mode

Three processor mode is available single-chip mode only.
Figures 6.1 and 6.2 show the processor mode related registers. Figure 6.3 shows the memory map.

Processor Mode Register 0 (V)
b7 b6 b5 b4 b3 b2 bl bo S bol Add After R t
ymbo ress er Rese
|0|°|0|0||0|0|0 PMO 0004h 00h
¢+ 1+ v o | Bit Symbol Bit Name Function RW
] 1 1 1 1 1 1 1 b1 b0
E . . . . . . - PMO00 0 0 : Single-chip mode RW
vooror o Processor Mode Bit ? 2) b ¢ set |
E E E E E E ' PMO1 11: O Nnot set a value RW
E E E E E (R (b_2) Reserved Bit Set to "0" RW
Setting this bit to "1" resets the
Rl PMO03 Software Reset Bit microcomputer. When read, its RW
oo content is "0".
b d b (b7fb4) Reserved Bit Set to "0" RW
NOTE:
1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable).

Figure 6.1 PMO Register

Rev.1.02 Jul 01,2005 page 28 of 314 RENESAS
REJ09B0126-0102



Under development

This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN)

6. Processor Mode

Processor Mode Register 1 (1)

b7 b6 b5 b4 b3 b2 bl bo

1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable).
2. Set the PM10 bit to "0" for Mask ROM version.

| | | | | | | | Symbol Address After Reset
_ofojof | o] PM1 0005h 00001000b
© 1+ o+ 1| Bit Symbol Bit Name Function RW
A , 0: Block A disable
1 1 1 1 1 1 1 - 2
oo PM10 Data Block Enable Bit (2) 1 Block A enable RW
E E E E E E e (b_1) Reserved Bit Setto "0" RW
A pMi2 | Watchdog Timer Function | O : Watchdog timer interrupt RW
oo Select Bit 1 : Watchdog timer reset (3)
E E E E E Internal Reserved Area
. PM13 Expansion Bit (4) See NOTE 6 RW
' R (b6jb 4 | Reserved Bit Setto "0" RW
. o 0 : No wait state
...................... 5
PM17 | Wait Bit 1 With wait state (1 wait) RW
NOTES:

For the flash memory version, when the PM10 bit is set to "1", addresses 0F000h to OFFFFh can be used as
internal ROM area. In addition, the PM10 bit is automatically set to "1" while the FMRO1 bit in the FMRO register

is set to "1" (CPU rewrite mode).

or internal ROM.

3. The PM12 bit is set to "1" by writing a "1" in a program. (writing a "0" has no effect.)

4. Be sure to set this bit to "0" except for products with internal ROM area over 192 Kbytes.
The PM13 bit is automatically set to "1" when the FMRO1 bit is "1" (CPU rewrite mode).

5. When the PM17 bit is set to "1" (with wait state), one wait state is inserted when accessing the internal RAM

6. The access area is changed by the PM13 bit as listed in the table below.

Access area

PM13 =0

PM13 =1

RAM

Up to addresses 00400h to 03FFFh (15 Kbytes)

The entire are is usable

Internal [ROM

Up to addresses D0000h to FFFFFh (192 Kbytes)

The entire are is usable

Figure 6.2 PM1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 6. Processor Mode
Single-chip mode
00000h
SFR
00400h PM13 bit in PM1 register = 0 (")
Internal RAM Internal RAM Internal ROM
XXXXXh Capacity [Address XXXXXh | Capacity |Address YYYYYh
16 Kbytes 03FFFh 192 Kbytes| ~ D000Oh
20 Kbytes 03FFFh 256 Kbytes D0000h
31 Kbytes 03FFFh 384 Koytes|  D000ON
512 Kbytes DO000h
Can not use
PM13 bit = 1
Internal RAM Internal ROM
Capacity [Address XXXXXh | Capacity |Address YYYYYh
YYYYYh 16 Kbytes 043FFh 192 Kbytes| ~ D000ON
20 Kbytes 053FFh 256 Kbytes C0000h
Internal ROM 31 Kbytes 07FFFh 384 Kbytes A0000h
FFFFFh 512 Kbytes 80000h
NOTES:
1. If the PM13 bit in the PM1 register is set to "0", 15 Kbytes of the internal RAM and 192
Kbytes of the internal ROM can be used.
2. For the mask ROM version, set the PM10 bit in the PM1 register to "0" (block A disable).

Figure 6.3 Memory Map
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M16C/6N Group (M16C/6NL, M16C/6NN)

7. Clock Generating Circuit

7. Clock Generating Circuit

7.1 Types of Clock Generating Circuit
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 7.1 lists the clock generating circuit specifications. Figure 7.1 shows the clock generating circuit.
Figures 7.2 to 7.8 show the clock-related registers.

Table 7.1 Clock Generating Circuit Specifications

It Main Clock Sub Clock On-chio Oscillat PLL Frequency
em Oscillation Circuit | Oscillation Circuit n-chip Lscitiator Synthesizer
Use of Clock |+ CPU clock source |+ CPU clock source | gPU ﬂOCkI s%ource » CPU clock source
. i ; . . * Peripheral function | . .
Peripheral function | « Clock source of Timer clock source Peripheral function
clock source A B » CPU and peripheral | clock source
function clock sources
when the main clock
stops oscillating
Clock 0to 16 MHz 32.768 kHz About 1 MHz 16 MHz, 20 MHz,
Frequency 24 MHz
Usable *Ceramic oscillator |<Crystal oscillator |- -
Oscillator *Crystal oscillator
Pins to Connect | XIN, XOUT XCIN, XCOUT - -
Oscillator
Oscillation Stop|Available Available Available Available
and Re-Oscillation
Detection Function
Oscillation Status | Oscillating Stopped Stopped Stopped
After Reset
Other Externally derived clock can be input - -
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M16C/6N Group (M16C/6NL, M16C/6NN)

7. Clock Generating Circuit

Sub clock oscillation circuit 110 ports CM01-CM00=00b
XCIN XCOUT PMO01-PM00=00b, CM01-CM00=01b OQ
PM01-PM00=00b, CMO1rCM00:10b_o CLKOUT
O PMO01-PM00=00b,
CMo4 = c32 CM01-CM00=11b
Sub clock b 3
SIS
fCANO
By CCLKO,1 and 2
lb—' >—On PCLKO=1
D f2 {0
PCLK0=0
N
I/D 32
On-chip oscillator d
clock PCLKO=1
r fAD
PCLK0=0
{151 PCLK1=1
Oscillation stop, f2sl
re-oscillation” PCLK1=0
detection circuit ~_[8SI0
1>
CM10=1 D 32810
(stop mode) b
b [c |d
CMO07=0
O CM21=1 [—'@0—4 Divider [ CPU clock
Main clock CM21-0 BCLK
CMo5 oscillation circuit 0 oMt
cmozw
—d_)
WAIT instrucion——R | i
b c d
RESET 1/32
Software reset
NMI
O CM17-CM16=11b
Interrupt request level
judgment output e
PM00, PMO1 : Bits in PMO register CM17-CM16-00b o} Details of divider
CM00, CM01, CM02, CM04, CM05, CM06, CMO7 : Blts in CMO register
CM10, CM11, CM16, CM17 : Bits in CM1 register
PCLKO, PCLK1 : Bits in PCLKR register
CM21, CM27 : Bits in CM2 register
CCLKO to CCLK2 : Bits in CCLKR register
Oscillation stop, re-oscillation detection circuit
L2 :
: CM27 = 0 [Reset . '
i |Pulse generating circuit Charde generatingl—p ((j)stCIIIta}tlon sto? ;
Main clock —] for clock edge detection | | disch%r' o circuit election rese :
' |and charge, o 9 — o :
i |discharge control cireul O—— Osciliation stop, =3 Oscillation stop,
: CM27 = 1 |re-oscillation detection re-oscillation detection i
: interrupt generating interrupt signal H
: circuit :
: I—> CM21 switch signal :
PLL frequency synthesizer
| |
| L |
! Progranr:tm?ble > Voltage L PLL clock
| counte Phase Charge control |
) | comparator pump oscillator i
Main clock —. > (VCO) !
| |
| |
| Internal |
i lowpass filter I
| |
Figure 7.1 Clock Generating Circuit
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

System Clock Control Register 0 ()

b7 b6 b5 b4 b3 b2 bl bo

| | | | | Symbol Address After Reset

S I N I CMO 0006h 01001000b
bbb 11| Bit Symbol Bit Name Function RW
i i i i i i i L CMO00 Clock Ogtput Function 850 /0 port P5_7 RW
A Select Bit | 01:1C output
P oMoy |(valid only in single-chip | 10 fg output
P i _____ mode) 11 : 32 output RW
A 0 : Do not stop peripheral function
O WAIT Mode Peripheral clock in wait mode
A CMO2 | ion Clock Stop Bit | 1 : Stop peripheral function clock | AW
oL in wait mode (2
e XCIN-XCOUT Drive 0:LOW
A CMo3 Capacity Select Bit (3) 1:HIGH AW
oo 0:1/0 port P8_6, P8_7
et CMo4 Port XC Select Bit (3) 1 : XCIN-XCOUT generation RW
o function (4)
P . . 0:0n
[ CMo5 Main Clock Stop Bit ) 6) ()] 1 . 54 (8) (9) RW
Main Clock Division Select| 0 : CM16 and CM17 valid
e CMO gito ) (10) (12) 1 Division by 8 mode RW
! 0 : Main clock, PLL clock,
B ety CMo7 System Clock Select or on-chip oscillator clock RW

Bit (6) (11) _
1 : Sub clock

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).

2. The fC32 clock does not stop. During low-speed or low power dissipation mode, do not set this bit to "1"
(peripheral clock turned off when in wait mode).

3. The CMO03 bit is set to "1" (high) while the CMO04 bit is set to "0" (I/O port) or when entered to stop mode.

4. To use a sub clock, set this bit to "1". Also make sure ports P8_6 and P8_7 are directed for input, with no
pull-ups.

5. This bit is provided to stop the main clock when the low power dissipation mode or on-chip oscillator low
power dissipation mode is selected. This bit cannot be used for detection as to whether the main clock stopped
or not. To stop the main clock, set bits in the following order.

(1) Set the CMO07 bit to "1" (sub clock select) or the CM21 bit in the CM2 register to "1" (on-chip oscillator select)
with the sub clock stably oscillating.
(2) Set the CM20 bit in the CM2 register to "0" (oscillation stop, re-oscillation detection function disabled).
(3) Set the CMO05 bit to "1" (stop).
6. To use the main clock as the clock source for the CPU clock, set bits in the following order.
(1) Set the CMO05 bit to "0" (oscillate)
(2) Wait until the main clock oscillation stabilizes.
(8) Setthe CM11, CM21 and CMO07 bits all to "0".

7. When the CM21 bit = 0 (on-chip oscillator turned off) and the CMO05 bit = 1 (main clock turned off), the CM06
bit is fixed to "1" (divide-by-8 mode) and the CM15 bit is fixed to "1" (drive capability High).

8. During external clock input, set the CMO05 bit to "0" (oscillate).

9. When the CMO05 bit is set to "1", the XOUT pin goes "H". Furthermore, because the internal feedback resistor
remains connected, the XIN pin is pulled "H" to the same level as XOUT via the feedback resistor.

10. When entering stop mode from high- or medium-speed mode, on-chip oscillator mode or on-chip oscillator
low power dissipation mode, the CMO06 bit is set to "1" (divide-by-8 mode).

11. After setting the CM04 bit to "1" (XCIN-XCOUT oscillator function), wait until the sub clock oscillates stably
before switching the CMOQ7 bit from "0" to "1" (sub clock).

12. To return from on-chip oscillator mode to high-speed or medium-speed mode, set the CM06 and CM15 bits
both to "1".

Figure 7.2 CMO Register

Rev.1.02 Jul 01,2005 page 33 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

System Clock Control Register 1 ()

b7 b6 b5 b4 b3 b2 bl bo

| | | |0 | 0 | Ol | | Symbol Address After Reset

i I e B N CM1 0007h 00100000b
oo 0 v v Bit Symbol Bit Name Function RW
e All Clock Stop Control 0 : Clock on
' ll ll ll ' ] ' 1
S CMI0 15i @) @) 1 : All clocks off (stop mode) RW
or o . 0 : Main clock

r--- -4 4

oo CM11 System Clock Select Bit 1 (4) 1 PLL clock ©) RW
S S (b4jb2) Reserved Bit Set to "0" RW
R XIN-XOUT Drive Capacity | 0 : LOW
P CM15 | select Bit (6) 1:HIGH RW
E E b7 b6
H CM1i6 . . 0 0 : No division mode RW
: Main Clock Division 0 1 : Division by 2 mode
5 Select Bit 1 (7) 10 : Division by 4 mode
"""""""""""""" CMm17 11 : Division by 16 mode RW

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable)

2.1f the CM10 bit is "1" (stop mode), XOUT goes "H" and the internal feedback resistor is disconnected.
The XCIN and XCOUT pins are placed in the high-impedance state. When the CM11 bit is set to "1" (PLL
clock), or the CM20 bit in the CM2 register is set to "1" (oscillation stop, re-oscillation detection function enabled),
do not set the CM10 bit to "1".

3. When the PM22 bit in the PM2 register is set to "1" (watchdog timer count source is on-chip oscillator clock),
writing to the CM10 bit has no effect.

4. Effective when the CMO07 bit is "0" and the CM21 bit is "0".

5. After setting the PLCO07 bit in the PLCO register to "1" (PLL operation), wait until tsu(PLL) elapses before
setting the CM11 bit to "1" (PLL clock).

6. When entering stop mode from high- or medium-speed mode, or when the CMO5 bit is set to "1" (main clock
turned off) in low-speed mode, the CM15 bit is set to "1" (drive capability high).

7. Effective when the CMO06 bit is "0" (CM16 and CM17 bits enabled).

Figure 7.3 CM1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

b7 b6 b5 b4 b3 b2 b1 b0

Oscillation Stop Detection Register ()

Symbol Address After Reset
| , N 0j0] | . | . | . cM2 000Ch 0X000000b (2
bbb 1| Bit Symbol Bit Name Function RW
A I 0 : Oscillation stop, re-oscillation
DL LY e R o ection | detection function disabled | L
poor o r e Enable Bit () @) (@) 1 : Oscillation stop, re-oscillation
i i i i i i i detection function enabled
I 0 : Main clock or PLL clock
T System Clock Select : ; .
e CM21 B% 2 (2) (5) (6) (7) (8) (1) 1: On-chlp oscnllator cIocI§ . RW
I (On-chip oscillator oscillating)
i i i i i i Oscillati_on Stop, | 0: E]/Ioa;n&:tlggtlégtop, re-oscillation
i i i i i _________ cmze E@-Oéylllanon Detection 1 : Main clock stop, re-oscillation RW
P 9 detected
T R . 0 : Main clock oscillating
i i i i O CM23 XIN Monitor Flag (10) 1 Main clock turned off RO
i i i___i_ _______________ (b5-b4) Reserved Bit Set to "0" RW
i i - Nothing is assigned. When write, set to "0". B
P b (b6) When read, its content is indeterminate.
i Operation Select Bit 0 : Oscillation stop detection reset
o CcMm27 (behavior if oscillation stop, |1 : Oscillation stop, re-oscillation RW
re-oscillation is detected) (2) detection interrupt

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).

2. The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset.

3. Set the CM20 bit to "0" (disable) before entering stop mode. After exiting stop mode, set the CM20 bit back

to "1" (enable).

4. Set the CM20 bit to "0" (disable) before setting the CMO05 bit in the CMO register.

5. When the CM20 bit is "1" (oscillation stop, re-oscillation detection function enabled), the CM27 bit is "1"
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the CM21 bit
is set to "1" (on-chip oscillator clock) if the main clock stop is detected.

If the CM20 bit is "1" and the CM23 bit is "1" (main clock turned off), do not set the CM21 bit to "0".

Effective when the CM07 bit in the CMO register is "0".

8. Where the CM20 bit is "1" (oscillation stop, re-oscillation detection function enabled), the CM27 bit is "1"
(oscillation stop, re-oscillation detection interrupt), and the CM11 bit is "1" (the CPU clock source is PLL clock),
the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is "0" under these
conditions, an oscillation stop, re-oscillation detection interrupt request is generated at main clock stop detection;
it is, therefore, necessary to set the CM21 bit to "1" (on-chip oscillator clock) inside the interrupt routine.

9. This bit is set to "1" when the main clock is detected to have stopped and when the main clock is detected to
have restarted oscillating. When this bit changes state from "0" to "1", an oscillation stop and re-oscillation
detection interrupt request is generated. Use this bit in an interrupt routine to discriminate the causes of
interrupts between the oscillation stop and re-oscillation detection interrupt and the watchdog timer interrupt.
This bit is set to "0" by writing "0" in a program. (Writing "1" has no effect. Nor is it set to "0" by an oscillation
stop, re-oscillation detection interrupt request acknowledged.)

If an oscillation stop or a re-oscillation is detected when the CM22 bit = 1, no oscillation stop and re-oscillation

detection interrupt requests are generated.

10. Read the CM23 bit in an oscillation stop and re-oscillation detection interrupt handling routine to determine
the main clock status.

11. When the CM21 bit = 0 (on-chip oscillator turned off) and the CMO05 bit = 1 (main clock turned off), the CM06
bit is fixed to "1" (divide-by-8 mode) and the CM15 bit is fixed to "1" (drive capability High).

No

Figure 7.4 CM2 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

Peripheral Clock Select Register ()

b7 b6 b5 b4 b3 b2 bl b0

| | | | 0 l 0 l 0 l l | Symbol Address After Reset

SN NS N il K St E PCLKR 025Eh 00h
¢ v v | Bit Symbol Bit Name Function RW
P b Timers A, B, and A/D Clock 0 : Divide-by-2 of fAD, 2
A Select Bit 1:AD, f1
A PCLKO (Clock source for the timers A, B, RW

P the dead time timer and A/D)

[ T SI/0 Clock Select Bit 0:f2SIO
e PCLK1 (Clock source for UARTO to UART2,| 1 - #1SIO RW
N SI/03 to SI/06) ()
L (b4-b2) Reserved Bit Set to "0" RW
R RRRLELELECELES PCLK5 Pin Function Swirch Bit ? g\%gﬂg%%% e (4) RW
______________________ Software Interrupt Number/SFR | 0: Normal mode
' PCLKG Location Switch Bit 1: Swiching mode (2) RW
. . 0: Normal mode
"""""""""""""""""" PCLK7 | A/D Clock Direct Input Bit 1 Swiching mode (@) RW

NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).
2. If this bit is set to "1", the software interrupt number and SFR location can be changed as follows.
(1) Software interrupt number of the key input interrupt in the vector table can be changed from 14 to 13.
- No.13 is changed from the CANO error interrupt to the CANO error/key input interrupt.
- No.14 is changed from the A/D/key input interrupt to the A/D interrupt.
(2) Address of the KUPIC register in the SFR can be changed from 004Eh to 004Dh.
- Address 004Dh is changed from the CO1ERRIC register to the CO1ERRIC/KUPIC register.
- Address 004Eh is changed from the ADIC/KUPIC register to the ADIC register.
3. When this bit = 1, the A/D clock is set to divide-by-1 of fAD mode regardless of whether the PCLKO bit is set.
4. When the PCLKS5 bit and the SM43 bit in the S4C register = 1, the pin function of SI/O4 can be changed as follows.
* P8_0/TA40OUT/U/(SIN4)
« P7_5/TA2IN/W/(SOUT4)
- P7_4/TA20UT/W/(CLK4)
5. SI/O5 and SI/O6 are only in the 128-pin version.

Figure 7.5 PCLKR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit
CANO Clock Select Register ()
b7 b6 b5 b4 b3 b2 bl bo
| ] | 0 | 0 | 0 | | | Symbol Address After Reset
SIS Kt i S S S K - CCLKR 025Fh 00h
v+ 4| Bit Symbol Bit Name Function RW
e b2 b1 b0
e CCLKO 000 No division RW
R T T 00 1 : Divide-by-2
P 01 0 : Divide-by-4
. 7 4+ 1 1 . =---] CCLK1 | CANO Clock Select Bits (2)| 0 1 1 : Divide-by-8 RW
. 1 00: Divide-by-16
I S R 101:
R CCLK2 ] 1 (1) }Do not set a value RW
_________ CANO CPU Interface 0: CANO CPU interface operating
Poror o CCLK3 Sleep Bit (3) 1: CANO CPU interface in sleep RW
R CCEEEEEEEEE (b6-b4) | Reserved Bit Set to "0" RW
B ALEEEECEECEEEEEE (b7) Reserved Bit Setto "1" RW
NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to "1" (Write enabled).
2. Set to this bit after setting the C1CTLR register to "0020h", and set only when the Reset bit in the COCTLR
register = 1 (Reset/Initialization mode).
3. Before setting this bit to "1", set the Sleep bit in the COCTLR register to "1" (Sleep mode enabled).

Figure 7.6 CCLKR Register

Processor Mode Register 2 ()

b7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
ofo| |o PM2 001Eh XXX00000b
o ¢+ + | BitSymbol Bit Name Function RW
; Specifying Wait when 0 : 2 waits
A PM20 Accessing SFR at PLL 11 wait RW
: Operation ()
R (b1) Reserved Bit Set to "0" RW
A 0 : CPU clock is used for the
' WDT Count Source watchdog timer count source
A PM22 Protective Bit (3) (4) 1 : On-chip oscillator clock is used for | RW
R the watchdog timer count source
i i i D — (b4jb3) Reserved Bit Set to "0" RW

- Nothing is assigned. When write, set to "0".
(b7-b5) When read, their contents are indeterminate.

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable).

2. The PM20 bit become effective when the PLC07 bit in the PLCO register is set to "1" (PLL on). Change the PM20
bit when the PLCO7 bit is set to "0" (PLL off). Set the PM20 bit t "0" (2 waits) when PLL clock > 16MHz.

3. Once this bit is set to "1", it cannot be set to "0" in a program.

4. Setting the PM22 bit to "1" results in the following conditions:
* The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer count source.
* The CM10 bit in the CM1 register is disabled against write. (Writing a "1" has no effect, nor is stop mode entered.)
+ The watchdog timer does not stop when in wait mode or hold state.

Figure 7.7 PM2 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit
PLL Control Register 0 ()
b7 b6 b5 b4 b3 b2 bl bo
ololi Symbol Address After Reset
AL N L PLCO 001Ch 0001X010b
N =1 Symbol Bit Name Function RW
E E : E E E E E b2 b1 b0
poroo | PLCOoO 000 : Do not set a value RW
e 00 1 : Multiply by 2
S B R . 010 : Multiply by 4
e PLCO1 PLL Mult'lplylng Factor 01 1 : Multiply by 6 RW
Select Bit (2) 100:
} ? 8 Do not set a value
R PLC02 : RW
P 111
- Nothing is assigned. When write, set to "0". _
P T (b3) | When read, its content is indeterminate.
e (b4) | Reserved Bit Setto "1" RW
R ——— (bgjb5) Reserved Bit Setto "0" RW
: : PLL Off
R PLCO7 |Operation Enable Bit (3) (1) “PLL 8n RW
NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).
2. This bit can only be modified when the PLCO7 bit = 0 (PLL turned off). The value once written to this bit
cannot be modified.
3. Before setting this bit to "1", set the CM07 bit in the CMO register to "0" (main clock), set the CM17 to
CM16 bits in the CM1 register to "00b" (main clock undivided mode), and set the CMO06 bit in the CMO
register to "0" (CM16 and CM17 bits enable).

Figure 7.8 PLCO Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

The following describes the clocks generated by the clock generating circuit.

7.1.1 Main Clock

The main clock is generated by the main clock oscillation circuit. This clock is used as the clock source for
the CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XOUT pins. The main clock oscillator circuit contains a feedback resistor,
which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillator circuit may also be configured by feeding an externally
generated clock to the XIN pin. Figure 7.9 shows the examples of main clock connection circuit.

After reset, the main clock divided by 8 is selected for the CPU clock.

The power consumption in the chip can be reduced by setting the CMO05 bit in the CMO register to “1”
(main clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or
on-chip oscillator clock. In this case, XOUT goes “H”. Furthermore, because the internal feedback resis-
tor remains on, XIN is pulled “H” to XOUT via the feedback resistor. Note, that if an externally generated
clock is fed into the XIN pin, the main clock cannot be turned off by setting the CMO05 bit to “1” unless the
sub clock is selected as a CPU clock. If necessary, use an external circuit to turn off the clock.

During stop mode, all clocks including the main clock are turned off. Refer to 7.4 Power Control.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XIN XOouT XIN XOuT

Open
Rd (1 ?

Externally derived clock
+—0
= VCC
Len L cour vss LI LT LT

NOTE:
1.Place a damping resistor if required. The resistance will vary depending on the oscillator
and the oscillation drive capacity setting. Use the value recommended by each
oscillator the oscillator manufacturer.
When the oscillation drive capacity is set to low, check that oscillation is stable.
Also, place a feedback resistor between XIN and XOUT if the oscillator manufacturer
recommends placing the resistor externally.

Figure 7.9 Examples of Main Clock Connection Circuit
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.1.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for
the CPU clock, as well as the timer A and timer B count sources. In addition, an fC clock with the same
frequency as that of the sub clock can be output from the CLKOUT pin.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XCIN and
XCOUT pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the
oscillator circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub
clock oscillator circuit may also be configured by feeding an externally generated clock to the XCIN pin.
Figure 7.10 shows the examples of sub clock connection circuit.

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscilla-
tor circuit.

To use the sub clock for the CPU clock, set the CM07 bit in the CMO register to “1 ” (sub clock) after the
sub clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to 7.4 Power Control.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XCIN XCOUT XCIN XCOUT

Open
RCd (" T

Externally derived clock
+—0
CCIN vee nEnEnEE
T T_ccout
p— — VSS

NOTE:

1. Place a damping resistor if required. The resistance will vary depending on the oscillator
and the oscillation drive capacity setting. Use the value recommended by each
oscillator the oscillator manufacturer.

When the oscillation drive capacity is set to low, check that oscillation is stable.
Also, place a feedback resistor between XCIN and XCOUT if the oscillator manufacturer
recommends placing the resistor externally.

Figure 7.10 Examples of Sub Clock Connection Circuit
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.1.3 On-chip Oscillator Clock

This clock, approximately 1 MHz, is supplied by a on-chip oscillator. This clock is used as the clock
source for the CPU and peripheral function clocks. In addition, if the PM22 bit in the PM2 register is “1”
(on-chip oscillator clock for the watchdog timer count source), this clock is used as the count source for
the watchdog timer (refer to 10.1 Count Source Protective Mode).

After reset, the on-chip oscillator is turned off. It is turned on by setting the CM21 bit in the CM2 register
to “1” (on-chip oscillator clock), and is used as the clock source for the CPU and peripheral function
clocks, in place of the main clock. If the main clock stops oscillating when the CM20 bit in the CM2 register
is “1” (oscillation stop, re-oscillation detection function enabled) and the CM27 bit is “1” (oscillation stop,
re-oscillation detection interrupt), the on-chip oscillator automatically starts operating, supplying the nec-
essary clock for the microcomputer.

7.1.4 PLL Clock

The PLL clock is generated by a PLL frequency synthesizer. This clock is used as the clock source for the
CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL frequency synthe-
sizer is activated by setting the PLC07 bit to “1” (PLL operation). When the PLL clock is used as the clock
source for the CPU clock, wait a fixed period of tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CM1 register to “1”.
Before entering wait mode or stop mode, be sure to set the CM11 bit to “0” (CPU clock source is the main
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to “0”
(PLL stops). Figure 7.11 shows the procedure for using the PLL clock as the clock source for the CPU.
The PLL clock frequency is determined by the equation below.

PLL clock frequency = f(XIN) X (multiplying factor set by the PLC02 to PLCOO bits in the PLCO register)

(However, PLL clock frequency = 16 MHz, 20 MHz or 24 MHz)

The PLCO2 to PLCOO bits can be set only once after reset. Table 7.2 shows the example for setting PLL
clock frequencies.

Table 7.2 Example for Setting PLL Clock Frequencies

XIN Multiply |PLL Clock
(MHz) |PLC02[PLCO1|PLC00 Fact‘;ry Mz
8 0 | o 1 2 6

4 0 1 0 4
10 | 0 | o 1 2
5 0 1 0 4 20
12 [ o | o 1 2
6 0 1 0 4 24
4 0 1 1 6

NOTE:

1. PLL clock frequency = 16 MHz , 20 MHz or 24 MHz

Rev.1.02 Jul 01,2005 page 41 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

( Using the PLL clock as the clock source for the CPU >

Set the CMO07 bit to "0" (main clock), the CM17 to CM16
bits to "00b" (main clock undivided), and the CMO06 bit to "0"
(CM16 and CM17 bits enabled). (1)

Set the PLC02 to PLCOO bits (multiplying factor).

(When PLL clock > 16 MHz)
Set the PM20 bit to "0" (2-wait state).

Set the PLCO7 bit to "1" (PLL operation).

Wait until the PLL clock becomes stable (tsu(PLL)).

Set the CM11 bit to "1" (PLL clock for the CPU clock source).

( END )

NOTE:
1. PLL operation mode can be entered from high-speed mode.

Figure 7.11 Procedure to Use PLL Clock as CPU Clock Source
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.2 CPU Clock and Peripheral Function Clock

Two type clocks: CPU clock to operate the CPU and peripheral function clocks to operate the peripheral
functions.

7.2.1 CPU Clock and BCLK

These are operating clocks for the CPU and watchdog timer.

The clock source for the CPU clock can be chosen to be the main clock, sub clock, on-chip oscillator clock
or the PLL clock.

If the main clock or on-chip oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CM06 bit in
the CMO register and the CM17 to CM16 bits in the CM1 register to select the divide-by-n value.

When the PLL clock is selected as the clock source for the CPU clock, the CMO06 bit should be set to “0”
and the CM17 to CM16 bits to “00b” (undivided).

After reset, the main clock divided by 8 provides the CPU clock.

Note that when entering stop mode from high- or medium-speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CMO05 bit in the CMO register is set to “1” (main clock
turned off) in low-speed mode, the CM06 bit in the CMO register is set to “1” (divide-by-8 mode).

7.2.2 Peripheral Function Clock (f1, f2, 18, 32, f1SIO, f2SIO, f8SIO, f32SI0, fAD, fCANO, fC32)
These are operating clocks for the peripheral functions.
Two of these, fi (i = 1, 2, 8, 32) and fiSIO are derived from the main clock, PLL clock or on-chip oscillator
clock by dividing them by i. The clock fi is used for timers A and B, and fiSIO is used for serial /0. The 8
and 32 clocks can be output from the CLKOUT pin.
The fAD clock is produced from the main clock, PLL clock or on-chip oscillator clock, and is used for the
A/D converter.
The fCANO clock is derived from the main clock, PLL clock or on-chip oscillator clock by dividing them by
1 (undivided), 2, 4, 8 or 16, and is used for the CAN module.
When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to “1” (peripheral
function clock turned off during wait mode), or when the microcomputer is in low power dissipation mode,
the fi, fiSIO, fAD, and fCANO clocks are turned off ().
The fC32 clock is derived from the sub clock, and is used for timers A and B. This clock can be used when
the sub clock is activated.

NOTE
1.fCANO clock stops at “H” in CANO sleep mode.

7.3 Clock Output Function

The 18, f32 or fC clock can be output from the CLKOUT pin. Use the CM01 to CMOO bits in the CMO register
to select.
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.4 Power 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.

7.4.1 Normal Operation Mode
Normal operation mode is further classified into seven sub modes.
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the CPU
clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits are
turned off, the power consumption is further reduced.
Before the clock sources for the CPU clock can be switched over, the new clock source to which switched
must be oscillating stably. If the new clock source is the main clock, sub clock or PLL clock, allow a
sufficient wait time in a program until it becomes oscillating stably.
Note that operation modes cannot be changed directly from low-speed or low power dissipation mode to
on-chip oscillator or on-chip oscillator low power dissipation mode. Nor can operation modes be changed
directly from on-chip oscillator or on-chip oscillator low power dissipation mode to low-speed or low power
dissipation mode. Where the CPU clock source is changed from the on-chip oscillator to the main clock,
change the operation mode to the medium-speed mode (divide-by-8 mode) after the clock was divided by
8 (the CMO6 bit in the CMO register was set to “1”) in the on-chip oscillator mode.

7.4.1.1 High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is activated, fC32 can be used as
the count source for timers A and B.

7.4.1.2 PLL Operation Mode
The main clock multiplied by 2, 4 or 6 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is activated, f{C32 can be used as the count source for timers A and B. PLL
operation mode can be entered from high speed mode. If PLL operation mode is to be changed to wait
or stop mode, first go to high speed mode before changing.

7.4.1.3 Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is activated, fC32 can be
used as the count source for timers A and B.

7.4.1.4 Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit in the CM2 register is set to “0” (on-chip oscillator turned off), and the
on-chip oscillator clock is used when the CM21 bit is set to “1” (on-chip oscillator oscillating).
The fC32 clock can be used as the count source for timers A and B.

7.4.1.5 Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock provides
the CPU clock. The fC32 clock can be used as the count source for timers A and B.
Simultaneously when this mode is selected, the CM06 bit in the CMO register becomes “1” (divide-by-8
mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium
speed (divide-by-8) mode is to be selected when the main clock is operated next.
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.4.1.6 On-chip Oscillator Mode
The on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock. The on-chip
oscillator clock is also the clock source for the peripheral function clocks. If the sub clock is activated,
fC32 can be used as the count source for timers A and B.

7.4.1.7 On-chip Oscillator Low Power Dissipation Mode
The main clock is turned off after being placed in on-chip oscillator mode. The CPU clock can be
selected like in the on-chip oscillator mode. The on-chip oscillator clock is the clock source for the
peripheral function clocks. If the sub clock is activated, f{C32 can be used as the count source for timers
A and B. When the operation mode is returned to the high- and medium-speed modes, set the CMO06 bit
in the CMO register to “1” (divide-by-8 mode).

Table 7.3 lists the setting clock related bit and modes.

Table 7.3 Setting Clock Related Bit and Modes

Modes CM2 Register CM1 Register CMO Register
CM21 CM11  |CM17,CM16 | CMO07 CMo06 CMO05 CMo04

PLL Operation Mode 0 1 00b 0 0 0 -
High-Speed Mode 0 0 00b 0 0 0 -
Medium-|divided by 2 0 0 01b 0 0 0 -
Speed |divided by 4 0 0 10b 0 0 0 -
Mode |divided by 8 0 0 - 0 1 0 -

divided by 16 0 0 11b 0 0 0 -
Low-Speed Mode - 0 - 1 - 0 1
Low Power 0 0 - 1 1M 1M 1
Dissipation Mode
On-chip |divided by 1 1 0 00b 0 0 0 -
Oscillatordivided by 2 1 0 01b 0 0 0 -
Mode [divided by 4 1 0 10b 0 0 0 -

divided by 8 1 0 - 0 1 0 -

divided by 16 1 0 11b 0 0 0 -
On-chip Oscillator 1 0 (NOTE 2) 0 (NOTE 2) 1 -
Low power Dissipation
Mode
- “0” or “1”
NOTES:

1. When the CMO05 bit is set to “1” (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and the CMO06 bit is set to “1” (divide-by-8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in on-chip oscillator mode.
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M16C/6N Group (M16C/6NL, M16C/6NN) 7. Clock Generating Circuit

7.4.2 Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the
watchdog timer. However, if the PM22 bit in the PM2 register is “1” (on-chip oscillator clock for the watchdog
timer count source), the watchdog timer remains active. Because the main clock, sub clock and on-chip
oscillator clock all are on, the peripheral functions using these clocks keep operating.

7.4.2.1 Peripheral Function Clock Stop Function
If the CMO02 bit in the CMO register is “1” (peripheral function clocks turned off during wait mode), the f1,
f2, 18, 132, f1SI0O, f8SI0, 132SI0, fAD and fCANO clocks are turned off when in wait mode, with the power
consumption reduced that much. However, fC32 remains on.

7.4.2.2 Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
When the CM11 bit = 1 (CPU clock source is the PLL clock), be sure to set the CM11 bit in the CM1
register to “0” (CPU clock source is the main clock) before going to wait mode. The power consumption
of the chip can be reduced by setting the PLCO7 bit in the PLCO register to “0” (PLL stops).

7.4.2.3 Pin Status During Wait Mode
Table 7.4 lists the pin status during wait mode.

Table 7.4 Pin Status During Wait Mode
Pin Single-Chip Mode
I/0O Ports Retains status before wait mode
CLKOUT |[When fC selected Does not stop
When {8, f32 selected *CMO02 bit = 0: Does not stop
*CMO02 bit = 1: Retains status before wait mode

7.4.2.4 Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral function
interrupt.
If the microcomputer is to be moved out of wait mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “000b” (interrupt disabled) before executing
the WAIT instruction.
The peripheral function interrupts are affected by the CMO02 bit. If the CMO02 bit is “0” (peripheral function
clocks not turned off during wait mode), peripheral function interrupts can be used to exit wait mode. If
the CMO02 bit is “1” (peripheral function clocks turned off during wait mode), the peripheral functions
using the peripheral function clocks stop operating, so that only the peripheral functions clocked by
external signals can be used to exit wait mode.
Table 7.5 lists the interrupts to exit wait mode.
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7. Clock Generating Circuit

Table 7.5 Interrupts to Exit Wait Mode

Interrupt

CMO02 Bit=0

CMO02 Bit = 1

NMI Interrupt

Can be used

Can be used

Serial 1/O Interrupt

Can be used when operating with
internal or external clock

Can be used when operating with
external clock

Key Input Interrupt

Can be used

Can be used

A/D Conversion Interrupt

Can be used in one-shot mode or
single sweep mode

- (Do not use)

Timer A Interrupt
Timer B interrupt

Can be used in all modes

Can be used in event counter mode
or when the count source is fc32

INT Interrupt

Can be used

Can be used

CANO Wake-up Interrupt

Can be used in CAN sleep mode

Can be used in CAN sleep mode

If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the
following before executing the WAIT instruction.

(1) Set the ILVL2 to ILVLO bits in the interrupt control register, for peripheral function interrupts used to

exit wait mode.

The ILVL2 to ILVLO bits in all other interrupt control registers, for peripheral function interrupts not

used to exit wait mode, are set to “000b” (interrupt disable).
(2) Set the I flag to “1”.

(3) Start operating the peripheral functions used to exit wait mode.
When the peripheral function interrupt is used, an interrupt routine is performed as soon as an
interrupt request is acknowledged and the CPU clock is supplied again.

When the microcomputer exits wait mode by the peripheral function interrupt, the CPU clock is the same
clock as the CPU clock executing the WAIT instruction.
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7.4.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to VCC is VRAM or more, the internal

RAM is retained.

However, the peripheral functions clocked by external signals keep operating. The following interrupts

can be used to exit stop mode.
« NMI interrupt
* Key interrupt
« INT interrupt

» Timer A, Timer B interrupt (when counting external pulses in event counter mode)
« Serial I/0 interrupt (when external clock is selected)
* CANO Wake-up interrupt (when CAN sleep mode is selected)

7.4.3.1 Entering Stop Mode

The microcomputer is placed into stop mode by setting the CM10 bit in the CM1 register to “1” (all clocks
turned off). At the same time, the CMO06 bit in the CMO register is set to “1” (divide-by-8 mode) and the
CM15 bit in the CM1 register is set to “1” (main clock oscillator circuit drive capability high).

Before entering stop mode, set the CM20 bit in the CM2 register to “0” (oscillation stop, re-oscillation

detection function disabled).

Also, if the CM11 bit in the CM1 register is “1” (PLL clock for the CPU clock source), set the CM11 bit to
“0” (main clock for the CPU clock source) and the PLCO7 bit in the PLCO register to “0” (PLL turned off)

before entering stop mode.

7.4.3.2 Pin Status in Stop Mode

Table 7.6 lists the pin status in stop mode.

Table 7.6 Pin Status in Stop Mode

Pin

Single-Chip Mode

I/0O Ports

Retains status before stop mode

CLKOUT [When fC selected

nHu

When f8, {32 selected

Retains status before stop mode
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7.4.3.3 Exiting Stop Mode
Stop mode is exited by a hardware reset, NMI interrupt or peripheral function interrupt.
When the hardware reset or NMI interrupt is used to exit wait mode, set all ILVL2 to ILVLO bits in the
interrupt control registers for the peripheral function interrupt to “000b” (interrupt disabled) before setting
the CM10 bit in the CM1 register to “1”.
When the peripheral function interrupt is used to exit stop mode, set the CM10 bit to “1” after the following
settings are completed.
(1) The ILVL2 to ILVLO bits in the interrupt control registers, for the peripheral function interrupt used to
exit stop mode, must have larger value than that of the RLVL2 to RLVLO bits.
The ILVL2 to ILVLO bits in all other interrupt control registers, for the peripheral function interrupts
which are not used to exit stop mode, must be set to “000b” (interrupt disabled).
(2) Set the | flag to “1”.
(3) Start operation of peripheral function being used to exit wait mode.
When exiting stop mode by the peripheral function interrupt, the interrupt routine is performed when
an interrupt request is generated and the CPU clock is supplied again.
When stop mode is exited by the peripheral function interrupt or NMI interrupt, the CPU clock source is
as follows, in accordance with the CPU clock source setting before the microcomputer had entered stop
mode.
* When the sub clock is the CPU clock before entering stop mode: Sub clock
» When the main clock is the CPU clock source before entering stop mode: Main clock divided by 8
» When the on-chip oscillator clock is the CPU clock source before entering stop mode:
On-chip oscillator clock divided by 8
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7. Clock Generating Circuit

Figure 7.12 shows the state transition from normal operation mode to stop mode and wait mode. Figure
7.13 shows the state transition in normal operation mode.
Table 7.7 shows a state transition matrix describing allowed transition and setting. The vertical line shows
current state and horizontal line show state after transition.

All oscillators stopped

®)

CM10=1
o B—
Stop Mode
Interrupt

Reset

CMO07 =0 Interrupt

CMO06 = 1

CM05 =0 <
CM11=0 Stop Mode CM10=1
CM10=1®)

©)

©)

[ ? CM10=1
Stop Mode |«

CMO05, CM06, CMO07: Bits in CMO register
CM10, CM11: Bits in CM1 register

NOTES:

Interrupt

CM10=1)
Stop Mode

Interrupt (4)

On-chip Oscillator Mode, —
I\ On-chip Oscillator Dissipation Mode |g——|

N Normal Mode ——— 8

1. Do not go directly from PLL operation mode to wait or stop mode.
2.PLL operation mode can be entered from high-speed mode. Similarly, PLL operation mode can be changed back to high-speed mode.
3. Write to the CM0 and CM1 registers per 16 bits with the CM21 bit in the CM2 register = 0 (on-chip oscillator stops).

Since the operation starts from the main clock after exiting stop mode, the time until the CPU operates can be reduced.
4.The on-chip oscillator clock divided by 8 provides the CPU clock.
5.Before entering stop mode, be sure to set the CM20 bit in the CM2 register to "0" (oscillation stop, re-oscillation detection function disabled).

4 1\ WAIT CPU operation stopped
instruction
o Medium-Speed Mode ——» .
—! " — Wait M
/v( (divided-by-8 mode) ]j Interrupt
/ A 4
WAIT
Va S dv \| instructiontl
igh-Speed Mode, P .
»L Medium-Speed Mode [ = { Interrupt l Wait Mode ]
y
When
low When '(NOTES 1,2)
power low-
dissipation| | speed PLL Operation Mode
mode mode
™ v v
\( WAIT
Low-Speed Mode, \ instruction Wait Mode
»|  Low Power Dissipation Mode /¢ Ll
P\ P YA
Interrupt
WAIT

instruction

i

Interrupt

Wait Mode

Figure 7.12 State Transition to Stop Mode and Wait Mode
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»~—Main Clock Oscillation ’ )
h On-chip Oscillator
Ve Clock Oscillation ——
Ve T T Mode Med 4 Mode Medium-Speed Mode Medium-Soeed Mode) On-chip Oscillator On-chip Oscillator
igh-" P P! P p i
PLL operation mode High-Speed Mode : divide by 2) (divide by 4) (divide by 8) (divide by 16) Mode Low Power Dissipation Mode
CPU clock ) PLCO7 = 16 ("CPUclock ) 1 (~ CPU clock CPU clock CPU clock CPU clock CPU clock CPU clock
SfPLL) (M1 =160 S H(XIN) N sfany2 S H(XIN)Y/4 S 1(XIN)/8 S H(XIN)/16 CM21=0®1  {(Ring) 1CM95=01 {Ring)
cMo7=0 | CMO07 =0 I CMO07 =0 CMO07 =0 CMO07 =0 CMO07 =0 f(Ring)/2 f(Ring)/2
CM06 = 0 p CMO6=0 | 1| CMO6=0 CMO06 = 0 CMO6 = 1 CMO6 =0 f(Ring)/4 f(Ring)/4
CM17 =0 CP,;%OZS& CM17 =0 V| Cmi7=0 CM17 =1 CM17 =1 CM21 =1 f(Ring)/8 CMo5=1()|  f(Ring)/8
CMi6-0 ) S0P \omie=0 J | \_OM16 -1 CM16=0 CMis-1 )] (Ring)/16 f(Ring)/16
7' 4 4
4 _ _ N\
CM04 = 1(CM04 =0 CM04 =1 CM04 =0 CMO4 = 1 CMO4 = 1
CM04 =0 CM04 =0
(High-Speed mode : MediqrrySpeed Mode Medigm—Speed Mode Mediu‘m:Speed Mode Medi‘urf\rSpeed Mode))
v : (divide by 2) (divide by 4) (divide by 8) (divide by 16)
CPUclock ) PLCO7=1 | ( CPUclock ) 1 (~ CPU clock CPU clock CPU clock CPU clock CPU clock CPU clock
SPLL)  [gM11=16 S F(XIN) VTN S H(XIN)Y/4 SH(XIN)/8 SH(XINY/16 CM21 =06 {(Ring)  [CMO5=0]  {Ring)
cMo7=0 |, | cmo7=0 CM07 =0 CM07 =0 CM07 =0 f(Ring)/2 f(Ring)/2
B CMo6=0 | 1| CMO6=0 CMO06 = 0 CMO06 = 1 CMO06 = 0 f(Ring)/4 f(Ring)/4
PLCO07 =0 CM17 =0 ! CM17 =0 CM17 =1 CM17 =1 CM21 =1 f(Rin (CM05 =1 (1) f(Rin
CMiT=0® ' (Ring)/8 (Ring)/8
L\ cmi6=0 J | \_CM16=1 CM16 =0 CM16 =1 J f(Ring)/16 #(Ring)/16
PLL operation mode + On-chip Oscillator On-chip Oscillator
CMO07 =1 3 CMO07 =0 (2 (4) Mode Low Power Dissipation Mdde
Low-Speed Mode Low-Speed Mode
g CM21 =0
( CPU clock: f(XCIN) ¢ { CPU clock: f(XCIN)
»
CMO07 =0 J oM21 = 1 14 CMO07 =0
. J
CMO05 =1 (1) (9) CM05 =0 N\ J
y Low Power Dissipation Mode
CPU clock: f(XCIN)
CMO07 =0
CMO6 = 1
CM15=1
\—Sub clock oscillation J

CMO04, CM05, CM06, CM07: Bits in CMO register
CM11, CM15, CM16, CM17: Bits in CM1 register

CM20, CM21 : Bits in CM2 register
PLCO7 : Bit in PLCO register
NOTES:

1. Avoid making a transition when the CM20 bit is set to "1" (oscillation stop, re-oscillation detection function enabled).
Set the CM20 bit to "0" (oscillation stop, re-oscillation detection function disabled) before transiting.

Wait for the main clock oscillation stabilization time.

Switch clock after oscillation of sub clock is sufficiently stable.

Change the CM17 and CM16 bits before changing the CMO06 bit.

Transit in accordance with arrow.

The PM20 bit in the PM2 register become effective when the PLCO7 bit is set to "1" (PLL on). Change the PM20 bit when the PLCO7 bit is
set to "0" (PLL off). Set the PM20 bit to "0" (2 waits) when PLL clock > 16 MHz.

PM20 bit to "0" (SFR accessed with two wait states) before setting the PLCO7 bit to "1" (PLL operation).

PLL operation mode can only be changed to high-speed mode.

Set the CMO6 bit to "1" (division by 8 mode) before changing back the operation mode from on-chip oscillator mode to high- or middle-speed mode.
When the CM21 bit = 0 (on-chip oscillator turned off) and the CMO05 bit = 1 (main clock turned off), the CMO06 bit is fixed to "1" (divide-by-8 mode)
and the CM15 bit is fixed to "1" (drive capability High).

I

© o N

Figure 7.13 State Transition in Normal Operation Mode
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Table 7.7 Allowed Transition and Setting

State after transition
High-Speed Mode, || ow-Speed |Low Power [PLL Operation [On-chip Oscillator [On-¢hip Oscillator} - g0 Wait
Medium-Speed ® e Low Power
Mode Mode Dissipation Mode | Mode (2) Mode Dissipation Mode Mode Mode
High-Speed Mode,

. NOTE 8 9) ™ - 13) @ 15 - 16) ¥ 17
Medium-Speed Mode ( ) ©) (13) (19) (16) (17
Low-Speed
Mode @ (®) anoe) - - - (16) ™ | (17)
Low Power 10 16) ™ 17

o Dissipation Mode (10) (16) (17
© PLL Operation 12y @
&£ |Mode @ (12) - - - - - -
EJ On-chip Oscillator
= (14) @ - - - (NOTE 8) (11) ™ (16) M (17)
8 Mode
On-chip Oscillator Low
- - - - 10 NOTE 8 16) 17
Power Dissipation Mode (10) ( ) (16) (7
Stop Mode
P (18)® | (18) (18) - (18)® | (18)® -
Wait Mode
(18) (18) (18) - (18) (18) -
-: Cannot transit
NOTES:
1. Avoid making a transition when the CM20 bit = 1 (oscillation stop, re- St 5 -
oscillation detection function enabled). Set the CM20 bit to “0” (oscillation etting peration
stop, re-oscillation detection function disabled) before transiting. (1)|CM04=0 Sub clock turned .Oﬁ
. . . . i (2) | CM04=1 Sub clock oscillating
2. On-chip oscillator clock oscillates and stops in low-speed mode. In this ——
) . ) ) (3)|CM06=0 CPU clock no division
mode, the on-chip oscillator can be used as peripheral function clock. Sub CM17=0 mode
clock oscillates and stops in PLL operation mode. In this mode, sub clock CM16=0
can be used as peripheral function clock. (4)|CM06=0 CPU clock division by 2
3. PLL operation mode can only be entered from and changed to high-speed CM17=0 mode
mode. CM16=1
4. Set‘the CMO06 bit to 1 (divisior? by 8 mode) before transiting from on-chip (5)| CM06=0 CPU clock division by 4
oscillator mode to high- or medium-speed mode. CM17=1 mode
5. When exiting stop mode, the CMO06 bit is set to “1” (division by 8 mode). CM16=0
6. If the CMO5 bit is set to “1” (main clock stop), then the CMO6 bit is set to “1” (6) | CM06=0 CPU clock division by 16
(division by 8 mode). CM17=1 mode
7. A transition can be made only when sub clock is oscillating. CM16=1 __
8. State transitions within the same mode (divide-by-n values changed or sub (7) | CM06=1 CPL" clock division by 8 mode
clock oscillation turned on or off) are shown in the table below. (8)| CM07=0 Main clock, PLL clock
— or on-chip oscillator
Sub Clock Oscillating Sub Clock Turned Off clock selected
No |Divided|Divided|Divided|Divided| No |Divided|Divided|Divided|Divided| |(9)| CMO7=1 Sub clock selected
Division| by 2 | by 4 | by 8 |by 16|Division| by 2 | by 4 | by 8 by 16[ |(10)] CM05=0 Main clock oscillating
= i — — — — (11)|CM05=1 Main clock turned off
= NIOIDMSIOH (4) | ) | (1) | (6) ] (1) (12)| PLCO7=0 Main clock selected
% |Dividedby2| (3) G| D6 -1Mm]-]-1- CM11=0
% Divided by 4| (3) | (4) (7) | 6) | - - ()| - - (13) EIKAC127:11 PLL clock selected
o . =
g [DvidedbyB) (3) | (4) | (5) © | -1 =1 = 1M]| - | [fcMzi-o  [Main clock or
& |Diidedby16] (3) | (4) | (5) | (7) - - - -1 () PLL clock selected
S |NoDivision| (2) | = | - - | - 4) 1 (5) | (7) | (6) (15)| CM21=1 Onl-chi%oscillator clock
38 o selecte
g D!v!ded y2) -1 @)1 -1 -1-10) ) [ @) |6 (16)| CM10=1 Transition to stop mode
'y [Dvidedbyd| - | - (@] - | - [ (3)](4) (7) | (6) | [(i7)|WAIT Transition to wait mode
S |Dvidedbys| - | - [ - [@ ] - [ (3| @)|® (6) 5 Est:ic“o” = . -
2 [ ardware xit stop mode or wai
& |Didedby16| - | = | = | = | (@) | (B) | (4) | (B) | (7) interrupt mode P
9. ( ):setting method. See right table. CMo04, CM05, CM06, CMO7: Bits in CMO register
CM10, CM11, CM16, CM17: Bits in CM1 register
CM20, CM21 : Bits in CM2 register
PLCO7 : Bit in PLCO register
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7.5 Oscillation Stop and Re-oscillation Detection Function
The oscillation stop and re-oscillation detection function is such that main clock oscillation circuit stop and
re-oscillation are detected. At oscillation stop, re-oscillation detection, reset or oscillation stop, re-oscillation
detection interrupt request are generated. Which one is to be generated can be selected using the CM27 bit
in the CM2 register.
The oscillation stop and re-oscillation detection function can be enabled or disabled using the CM20 bit in
the CM2 register.
Table 7.8 lists a specification overview of the oscillation stop and re-oscillation detection function.

Table 7.8 Specification Overview of Oscillation Stop and Re-oscillation Detection Function
ltem Specification

Oscillation Stop Detectable Clock and | f(XIN) > 2 MHz

Frequency Bandwidth
Enabling Condition for Oscillation Stop [ Set CM20 bit to “1” (enable)
and Re-oscillation Detection Function
Operation at Oscillation Stop, *Reset occurs (when CM27 bit = 0)

Re-oscillation Detection +Oscillation stop, re-oscillation detection interrupt occurs (when the CM27 bit =1)

7.5.1 Operation When CM27 Bit = 0 (Oscillation Stop Detection Reset)
Where main clock stop is detected when the CM20 bit is “1” (oscillation stop, re-oscillation detection
function enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset; refer to 4. SFR,
5. Reset).
This status is reset with hardware reset. Also, even when re-oscillation is detected, the microcomputer
can be initialized and stopped; it is, however, necessary to avoid such usage (During main clock stop, do
not set the CM20 bit to “1” and the CM27 bit to “0”).

7.5.2 Operation When CM27 Bit = 1 (Oscillation Stop, Re-oscillation Detection Interrupt)
Where the main clock corresponds to the CPU clock source and the CM20 bit is “1” (oscillation stop, re-oscillation
detection function enabled), the system is placed in the following state if the main clock comes to a halt:
« Oscillation stop, re-oscillation detection interrupt request is generated.

» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the clock source for
CPU clock and peripheral functions in place of the main clock.

« CM21 bit = 1 (on-chip oscillator clock is the clock source for CPU clock)

» CM22 bit = 1 (main clock stop detected)

» CM23 bit = 1 (main clock stopped)

Where the PLL clock corresponds to the CPU clock source and the CM20 bit is “1”, the system is placed
in the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to “1”
(on-chip oscillator clock) inside the interrupt routine.

« Oscillation stop, re-oscillation detection interrupt request is generated.

* CM22 bit = 1 (main clock stop detected)

* CM23 bit = 1 (main clock stopped)

» CM21 bit remains unchanged

Where the CM20 bit is “1”, the system is placed in the following state if the main clock re-oscillates from
the stop condition:

« Oscillation stop, re-oscillation detection interrupt request is generated.

« CM22 bit = 1 (main clock re-oscillation detected)

« CM23 bit = 0 (main clock oscillation)

* CM21 bit remains unchanged
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7.5.3 How to Use Oscillation Stop and Re-oscillation Detection Function

 The oscillation stop, re-oscillation detection interrupt shares the vector with the watchdog timer interrupt.
If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read the
CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.

» Where the main clock re-oscillated after oscillation stop, the clock source for CPU clock and peripheral
function must be switched to the main clock in the program. Figure 7.14 shows the procedure to switch
the clock source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt request occurrence, the CM22 bit
becomes “1”. When the CM22 bit is set at “1”, oscillation stop, re-oscillation detection interrupt are
disabled. By setting the CM22 bit to “0” in the program, oscillation stop, re-oscillation detection interrupt
are enabled.

« If the main clock stops during low speed mode where the CM20 bit is “1”, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In this
case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred, the
peripheral function clocks now are derived from the on-chip oscillator clock.

 To enter wait mode while using the oscillation stop and re-oscillation detection function, set the CM02
bit to “0” (peripheral function clocks not turned off during wait mode).

+ Since the oscillation stop and re-oscillation detection function is provided in preparation for main clock
stop due to external factors, set the CM20 bit to “0” (oscillation stop, re-oscillation detection function
disabled) where the main clock is stopped or oscillated in the program, that is where the stop mode is
selected or the CMO5 bit is altered.

« This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit to “0”.

C Switch the main clock )

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

Set the CMO6 bit to "1" (divide-by-8)

Set the CM22 bit to "0" (main clock stop,
re-oscillation not detected)

Set the CM21 bit to "0"
(main clock for the CPU clock source) (1)

C I;nd )

CMO06 bit : Bit in CMO register
CM21, CM22, CM 23 bits: Bits in CM2 register

NOTE:
1. If the clock source for CPU clock is to be changed to PLL clock,
set to PLL operation mode after set to high-speed mode.

Figure 7.14 Procedure to Switch Clock Source from On-chip Oscillator to Main Clock
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8. Protection

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 8.1 shows the PRCR register. The following lists the registers protected by the
PRCR register.

» The PRCO bit protects the CM0, CM1, CM2, PLCO, PCLKR and CCLKR registers;

» The PRC1 bit protects the PM0, PM1, PM2, TB2SC, INVCO and INVC1 registers;

 The PRC2 bit protects the PD7, PD9, S3C, S4C, S5C and S6C registers .

NOTE:
1. The S5C and S6C registers are only in the 128-pin version.

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be set to “0” (write
protected). The registers protected by the PRC2 bit should be changed in the next instruction after setting
the PRC2 bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in which the
PRC2 bit is set to “1” and the next instruction. The PRCO and PRC1 bits are not automatically set to “0” by
writing to any address. They can only be set to “0” in a program.

Protect Register

b7 b6 b5 b4 b3 b2 bl b0

|><|><I | | | | | | Symbol Address After Reset
. 0 0 0 . PRCR 000Ah XX000000b
Bit Symbol Bit Name Function RW

Enable write to CM0, CM1, CM2,
PLCO, PCLKR, CCLKR
- PRCO Protect Bit 0 registers RW
0 : Write protected
1 : Write enabled
Enable write to PMO, PM1, PM2,
TB2SC, INVCO, INVCA
----- PRC1 Protect Bit 1 registers RW
0 : Write protected
1 : Write enabled
Enable write to PD7, PD9, S3C,
S4C, S5C, S6C registers (2)

P PRC2 Protect Bit 2 0 : Write protected RW
H 1 : Write enabled (1)
S S (b5fb3) Reserved Bit Set to "0" RW

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

"""""""""""""" (67-06) | When read, their contents are indeterminate.

NOTES:

1. The PRC2 bit is set to "0" by writing to any address after setting it to "1". Other bits are not set to "0" by writing
to any address, and must therefore be set in a program.

2. The S5C and S6C registers are only in the 128-pin version.

Figure 8.1 PRCR Register
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9. Interrupt

9.1 Type of Interrupts
Figure 9.1 shows the types of interrupts.

[ Undefined instruction (UND instruction)
Overflow (INTO instruction)

1 BRK instruction

INT instruction

- Software
(Non-maskable interrupt)

Interrupt 2 r NMI

DBC @

Oscillation stop and re-oscillation detection
! Watchdog timer

Single step @

| Address match

Special
(Non-maskable interrupt)

- Hardware

Peripheral function ™
(Maskable interrupt)

NOTES:
1. The peripheral functions in the microcomputer are used to generate the peripheral interrupt.
2. Do not normally use this interrupt because it is provided exclusively for use by development
support tools.

Figure 9.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority can be changed by priority level.

* Non-Maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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9.2 Software Interrupts

A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

9.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

9.2.2 Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the operation

resulted in an overflow). The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.2.3 BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

9.2.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63 can
be specified for the INT instruction. Because software interrupt Nos. 1 to 31 are assigned to peripheral
function interrupts, the same interrupt routine as for peripheral function interrupts can be executed by
executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is set
to “0” (ISP selected) before executing an interrupt sequence. The U flag is restored from the stack when
returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not change state
during instruction execution, and the SP then selected is used.
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9.3 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.

9.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

9.3.1.1 NMI Interrupt
An NMl interrupt is generated when input on the NMI pin changes state from high to low. For details,
refer to 9.7 NMI Interrupt.

9.3.1.2 DBC Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

9.3.1.3 Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize the
watchdog timer. For details about the watchdog timer, refer to 10. Watchdog Timer.

9.3.1.4 Oscillation Stop and Re-oscillation Detection Interrupt
Generated by the oscillation stop and re-oscillation detection function. For details about the oscillation
stop and re-oscillation detection function, refer to 7. Clock Generating Circuit.

9.3.1.5 Single-Step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

9.3.1.6 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO to RMADS registers that corresponds to one of the AIERO or AIER1 bit in the
AIER register or the AIER20 or AIER21 bit in the AIER2 register which is “1” (address match interrupt
enabled). For details, refer to 9.10 Address Match Interrupt.

9.3.2 Peripheral Function Interrupts
The peripheral function interrupt occurs when a request from the peripheral functions in the microcomputer
is acknowledged. The peripheral function interrupt is a maskable interrupt. See Table 9.2 Relocatable
Vector Tables about how the peripheral function interrupt occurs. Refer to the descriptions of each
function for details.
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9.4 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 9.2 shows the interrupt vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 High-order address

Vector address (H) 0000 0000

Figure 9.2 Interrupt Vector

9.4.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDCh to FFFFFh. Table 9.1 lists the fixed
vector tables. In the flash memory version of microcomputer, the vector addresses (H) of fixed vectors are
used by the ID code check function. For details, refer to 20.2 Functions to Prevent Flash Memory from
Rewriting.

Table 9.1 Fixed Vector Tables

Vector table Addresses
Interrupt Source Address (L) to Address (H) Reference
Undefined Instruction (UND instruction) [FFFDChto FFFDFh |M16C/60, M16C/20 Series Software
Overflow (INTO instruction) FFFEOh to FFFE3h [Manual
BRK Instruction @ FFFE4h to FFFE7h
Address Match FFFE8h to FFFEBh [9.10 Address Match Interrupt
Single Step " FFFEChto FFFEFh
Oscillation Stop and Re-oscillation Detection,| FFFFOh to FFFF3h [7. Clock Generating Circuit
Watchdog Timer 10. Watchdog Timer
DBC ™ FFFF4h to FFFF7h
NMI FFFF8h to FFFFBh |9.7 NMI Interrupt
Reset FFFFChto FFFFFh (5. Reset
NOTES:
1. Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

2. If the contents of address FFFE7h is FFh, program execution starts from the address shown by the
vector in the relocatable vector table.

9.4.2 Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a relocatable vector
table area. Table 9.2 lists the relocatable vector tables. Setting an even address in the INTB register results
in the interrupt sequence being executed faster than in the case of odd addresses.
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Table 9.2 Relocatable Vector Tables

| s Vector Address ") Software Ref
nterrupt Source Address (L) to Address (H) | Interrupt Number eterence
BRK Instruction @ +0 to +3 (0000h to 0003h) 0 M16C/60, M16C/20 Series
Software Manual
CANO Wake-up % +4 to +7 (0004h to 0007h) 1 18. CAN Module
CANO Successful Reception +8 to +11 (0008h to 000Bh) 2
CANO Successful Transmission +12 to +15 (000Ch to 000Fh) 3
INT3 +16 to +19 (0010h to 0013h) 4 9.6 INT Interrupt
Timer B5, SI/05 (1" +20 to +23 (0014h to 0017h) 5 12. Timers
Timer B4, UART1 Bus Collision Detection ®© | +24 to +27 (0018h to 001Bh) 6 14. Serial 1/0
Timer B3, UARTO Bus Collision Detection ¥ © | +28 to +31 (001Ch to 001Fh) 7
S104, INT5 © +32 to +35 (0020h to 0023h) 8 14. Serial I/0
SI103, INT4 © +36 to +39 (0024h to 0027h) 9 9.6 INT Interrupt
UART2 Bus Collision Detection © +40 to +43 (0028h to 002Bh) 10 14. Serial 1/0
DMAO +44 to +47 (002Ch to 002Fh) 11 11. DMAC
DMA1 +48 to +51 (0030h to 0033h) 12
CANO Error (19 (19) +52 to +55 (0034h to 0037h) 13 18. CAN Module
A/D, Key Input ) (10 +56 to +59 (0038h to 003Bh) 14 15. A/D Convertor, 9.8 Key Input Interrupt
UART2 Transmission, NACK2 © +60 to +63 (003Ch to 003Fh) 15 14. Serial 1/0
UART2 Reception, ACK2 © +64 to +67 (0040h to 0043h) 16
UARTO Transmission, NACKO ® +68 to +71 (0044h to 0047h) 17
UARTO Reception, ACKQ © +72 10 +75 (0048h to 004Bh) 18
UART1 Transmission, NACK1 © +76 to +79 (004Ch to 004Fh) 19
UART1 Reception, ACK1 ® +80 to +83 (0050h to 0053h) 20
Timer AO +84 to +87 (0054h to 0057h) 21 12. Timers
Timer A1 +88 to +91 (0058h to 005Bh) 22
Timer A2, INT7 "2 +92 to +95 (005Ch to 005Fh) 23 12. Timers
Timer A3, INT6 '3 +96 to +99 (0060h to 0063h) 24 9.6 INT Interrupt
Timer A4 +100 to +103 (0064h to 0067h) 25 12. Timers
Timer BO, SI/06 ¥ +104 to +107 (0068h to 006Bh) 26 12. Timers, 14. Serial I/O
Timer B1, INT8 (¥ +108to +111 (006Ch to 006Fh) 27 12. Timers, 9.6 INT Interrupt
Timer B2 +112 to +115 (0070h to 0073h) 28 12. Timers
INTO +116 to +119 (0074h to 0077h) 29 9.6 INT Interrupt
INT1 +120 to +123 (0078h to 007Bh) 30
INT2 +124 to +127 (007Ch to 007Fh) 31
INT Instruction Interrupt @ +128 to +131 (0080h to 0083h) 32 M16C/60, M16C/20 Series
to to Software Manual
+252 o + 255 (00FCh to 00FFh) 63
NOTES:

1. Address relative to address in INTB.
These interrupts cannot be disabled using the | flag.
Use the IFSRO07 bit in the IFSRO register to select.
Use the IFSRO06 bit in the IFSRO register to select.
Use the IFSR17 bit in the IFSR1 register to select. When using SI/O4, set the IFSRO03 bit in the IFSRO register to “1” (SI/0O4) simultaneously.
Use the IFSR16 bit in the IFSR1 register to select. When using SI/O3, set the IFSROO0 bit in the IFSRO register to “1” (SI/O3) simultaneously.
Use the IFSRO1 bit in the IFSRO register to select.
During I°C mode, NACK and ACK interrupts comprise the interrupt source.
Bus collision detection: During IE mode, this bus collision detection constitutes the cause of an interrupt.
During I°C mode, a start condition or a stop condition detection constitutes the cause of an interrupt.
10. Set the IFSR02 bit in the IFSRO register to “0”.
11. Use the IFSR04 bit in the IFSRO register to select.
S1/05 is only in the 128-pin version. In the 100-pin version, set the IFSR04 bit to “0” (Timer B5).
12. Use the IFSR20 bit in the IFSR2 register to select.
INT7 is only in the 128-pin version. In the 100-pin version, set the IFSR20 bit to “0” (Timer A2).
13. Use the IFSR21 bit in the IFSR2 register to select.
INT6 is only in the 128-pin version. In the 100-pin version, set the IFSR21 bit to “0” (Timer A3).
14. Use the IFSRO05 bit in the IFSRO register to select.
S1/06 is only in the 128-pin version. In the 100-pin version, set the IFSR05 bit to “0” (Timer BO).
15. Use the IFSR22 bit in the IFSR2 register to select.
INT8 is only in the 128-pin version. In the 100-pin version, set the IFSR22 bit to “0” (Timer B1).
16. If the PCLK®6 bit in the PCLKR register is set to “1”, software interrupt number 13 can be changed to CANO error or key input
interupt, and software interrupt number 14 can be changed to A/D interrupt. (The software interrupt number of key input is
changed from 14 to 13.) Use the IFSR26 bit in the IFSR2 register to select when selecting CANO error or key input.

© O NGO~ WN
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9.5 Interrupt Control
The following describes how to enable/disable the maskable interrupts, and how to set the priority in which
order they are accepted. What is explained here does not apply to non-maskable interrupts.
Use the | flag in the FLG register, IPL, and the ILVL2 to ILVLO bits in the each interrupt control register to
enable/disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in the

each interrupt control register.
Figures 9.3 and 9.4 show the interrupt control registers.

Interrupt Control Register ()
Symbol Address After Reset
CO1WKIC 0041h XXXXX000b
CORECIC 0042h XXXXX000b
COTRMIC 0043h XXXXX000b
TB5IC/S5IC () 0045h XXXXX000b
TB4IC/U1BCNIC (2) 0046h XXXXX000b
TB3IC/UOBCNIC () 0047h XXXXX000b
U2BCNIC 004Ah XXXXX000b
DMOIC, DM1IC 004Bh, 004Ch XXXXX000b
CO1ERRIC ©) 004Dh XXXXX000b
ADIC/KUPIC (6) 004Eh XXXXX000b
SOTIC to S2TIC 0051h, 0053h, 004Fh XXXXX000b
SORIC to S2RIC 0052h, 0054h, 0050h XXXXX000b
b7 b6 b5 b4 b3 b2 bl b0 TAOQIC, TA1IC 0055h, 0056h XXXXX000b
|><|><|><|><I | | | | TA4IC 0059h XXXXX000b
NN/NAN T TBOIC/S6IC () 005Ah XXXXX000b
T TB2IC 005Ch XXXXX000b
Lo ror 04| Bit Symbol Bit Name Function RW
. b2 b1 b0
A R A A ILVLO 000 : Level O (interrupt disabled) | RW
Lo 001: Level 1
L [ memmeenyiem (910 Lotz -
Lo Select Bit 100: Level 4
A 101: Level 5
S ILVL2 110: Level 6 RW
E E E E E 111: Level 7
E E E E femmmmm--- IR Interrupt Request Bit ? :2:::;32: ?gédzgtlﬁjsted RW 4)
Lo - Noting is assigned. When write, set to "0".
_____________________ (b7-b4) When read, their contents are indeterminate. N
NOTES:
1. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that
register. For details, refer to 22.7 Interrupt.
2. Use the IFSRO07 bit in the IFSRO register to select.
3. Use the IFSRO06 bit in the IFSRO register to select.
4. This bit can only be reset by writing "0" (Do not write "1").
5. Use the IFSR04 bit in the IFSRO register to select.
The S5IC register is only in the 128-pin version. In the 100-pin version, set the IFSR04 bit to "0" (Timer B5).
6. If the PCLKB® bit in the PCLKR register is set to "1", CO1ERRIC/KUPIC register can be assigned in an address
004Dh, and the ADIC register can be assigned in an address 004Eh. (SFR location of the KUPIC register is
changed from address 004Eh to address 004Dh.)
7. Use the IFSRO5 bit in the IFSRO register to select.
The S6IC register is only in the 128-pin version. In the 100-pin version, set the IFSRO05 bit to "0" (Timer BO).

Figure 9.3 Interrupt Control Registers (1)
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Interrupt Control Register ()
Symbol Address After Reset
INT3IC 0044h XX00X000b
S4IC/INT5IC (6) 0048h XX00X000b
S3IC/INT4IC () 0049h XX00X000b
b7 b6 b5 b4 b3 b2 bl b0 INTOIC to INT2IC 005Dh to 005Fh XX00X000b
|><|><| 0 | | | | | | TA2IC/INT7IC (®) 0057h XX00X000b
— T T TASIC/INT6IC (9 0058h XX00X000b
A TB1IC/INT8IC (10) 005Bh XX00X000b
bbb Bit Symbol Bit Name Function RW
I b1 0
e AR 000: Level O (interrupt disabled) | RW
A 001: Level1
- - 010: Level2
A ILVL1 Interrupt.Pnorlty Level 011: Level 3 RW
- Select Bit 100: Level 4
101: Level5
R S R ILVL2 110: Level 6 RW
P 111: Level 7
. 0 : Interrupt not requested
e IR Interrupt Request Bit 1 |nterrugt requegted RW @
. . 0 : Selects falling edge (3) (4) (5)
! ! E --------------- POL POIanty SeleCt Bit 1: Se|ects rising edge RW
Pl e (b5) Reserved Bit Setto "0" RW
- Nothing is assigned. When write, set to "0".
""""""""""""" (b7-b6) When read, their contents are indeterminate. -
NOTES:

1. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that
register. For details, refer to 22.7 Interrupt.

2. This bit can only be reset by writing "0" (Do not write "1").

3. Ifthe IFSR10 to IFSR15 bits in the IFSR1 register and the IFSR23 to IFSR25 bits in the IFSR2 register are
"1" (both edges), set the POL bit in the INTOIC to INT8IC register to "0" (falling edge). INT6IC to INT8IC registers
are in the 128-pin version.

4. Set the POL bit in the S3IC register to "0" (falling edge) when the IFSR0O bit in the IFSRO register = 1 and the
IFSR16 bit in the IFSR1 register = 0 (SI/O3 selected).

5. Set the POL bit in the S4IC register to "0" (falling edge) when the IFSR03 bit in the IFSRO register = 1 and the
IFSR17 bit in the IFSR1 register = 0 (SI/O4 selected).

6. Use the IFSR17 bit in the IFSR1 register to select.

7. Use the IFSR16 bit in the IFSR1 register to select.

8. Use the IFSR20 bit in the IFSR2 register to select.

The INT7IC register is only in the 128-pin version. In the 100-pin version, set the IFSR20 bit to "0" (Timer A2).

9. Use the IFSR21 bit in the IFSR2 register to select.

The INTB6IC register is only in the 128-pin version. In the 100-pin version, set the IFSR21 bit to "0" (Timer A3).
10. Use the IFSR22 bit in the IFSR2 register to select.
The INT8IC register is only in the 128-pin version. In the 100-pin version, set the IFSR22 bit to "0" (Timer B1).

Figure 9.4 Interrupt Control Registers (2)
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9.5.1 | Flag

The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (enabled) enables the
maskable interrupt. Setting the | flag to “0” (disabled) disables all maskable interrupts.

9.5.2 IR Bit
The IR bit is set to “1” (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is set
to “0” (interrupt not requested).
The IR bit can be set to “0” in a program. Note that do not write “1” to this bit.

9.5.3 ILVL2 to ILVLO Bits and IPL
Interrupt priority levels can be set using the ILVL2 to ILVLO bits.
Table 9.3 shows the settings of interrupt priority levels and Table 9.4 shows the interrupt priority levels
enabled by the IPL.

The following are conditions under which an interrupt is accepted:
I flag =1
- IR bit = 1
- interrupt priority level > IPL

The | flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect one
another.

Table 9.3 Settings of Interrupt Priority Levels Table 9.4 Interrupt Priority Levels Enabled by IPL

ILVL2 to ILVLO Bits [ Interrupt Priority Level |Priority Order IPL Enabled Interrupt Priority Levels
000b Level O (Interrupt disabled) - 000b Interrupt levels 1 and above are enabled
001b Level 1 Low 001b Interrupt levels 2 and above are enabled
010b Level 2 010b Interrupt levels 3 and above are enabled
011b Level 3 011b Interrupt levels 5 and above are enabled
100b Level 4 100b Interrupt levels 5 and above are enabled
101b Level 5 101b Interrupt levels 6 and above are enabled
110b Level 6 110b Interrupt levels 7 and above are enabled
111b Level 7 High 111b All maskable interrupts are disabled
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9.5.4 Interrupt Sequence

An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.

If an interrupt request is generated during execution of an instruction, the processor determines its priority
when the execution of the instruction is completed, and transfers control to the interrupt sequence from
the next cycle. If an interrupt request is generated during execution of either the SMOVB, SMOVF, SSTR
or RMPA instruction, the processor temporarily suspends the instruction being executed, and transfers
control to the interrupt sequence.

The CPU behavior during the interrupt sequence is described below. Figure 9.5 shows time required for
executing the interrupt sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 000000h. 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) The I, D and U flags in the FLG register become as follows:

» The | flag is set to “0” (interrupt disabled)

» The D flag is set to “0” (single-step interrupt disabled)

» The U flag is set to “0” (ISP selected)

However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) The temporary register within the CPU is saved to the stack.

(5) The PC is saved to the stack.

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

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

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

NOTE:
1. Temporary register cannot be modified by users.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
S nlinighnlinlighnlinipinininknininhininknh
Address bus X%%%r&ss >< Indeterminate (1) >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Interrupt ; SP-2 SP-4 vec vec+2
Data bus XinformationX Indeterminate (1 Xcontents Xcontents Xcontems >< contents ><

RD U—Y Indeterminate (1) Y u u
WR @ u u

NOTES:
1. The indeterminate state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to accept instructions.
2. The WR signal timing shown here is for the case where the stack is located in the internal RAM.

Figure 9.5 Time Required for Executing Interrupt Sequence
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9. Interrupt

9.5.5 Interrupt Response Time
Figure 9.6 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of a time from when an interrupt request is generated till when
the instruction then executing is completed ((a) on Figure 9.6) and a time during which the interrupt

sequence is executed ((b) on Figure 9.6).

Interrupt request generated

;

Interrupt request acknowledged

4} — Time
A /
Instruction Interrupt sequence _ Instruction in
interrupt routine
/ (a) (b) 7
[t -tk -

Interrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) A time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

8-bit Bus, without Wait

20 cycles

Interrupt Vector Address SP Value 16-bit Bus, without Wait
Even Even 18 cycles
Odd 19 cycles
Odd Even 19 cycles
Odd 20 cycles

Figure 9.6 Interrupt response time

9.5.6 Variation of IPL when Interrupt Request is Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set

in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed
in Table 9.5 is set in the IPL. Table 9.5 shows the IPL values of software and special interrupts when they

are accepted.

Table 9.5 IPL Level that is Set to IPL When A Software or Special Interrupt is Accepted

Interrupt Sources

Value that is Set to IPL

Oscillation Stop and Re-oscillation Detection, Watchdog Timer, NMI

7

Software, Address Match, DBC, Single-Step

Not changed
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9.5.7 Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits in the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved. Figure
9.7 shows the stack status before and after an interrupt request is accepted.
The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Stack Stack
MSB LSB MSB LSB
Address Address
m-4 m-4 PCL [—[SP]
New SP value
m-3 m-3 PCM
m-2 m-2 FLGL
m-1 m-1 FLGH PCH
m Content of previous stack |«¢— [SP] m Content of previous stack
SP value before
m+ 1 | Content of previous stack interrupt request m+ 1| Content of previous stack
is accepted.
Stack status before interrupt request is acknowledged Stack status after interrupt request is acknowledged
PCL : 8 low-order bit of PC
PCM : 8 middle-order bits of PC
PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH: 4 high-order bits of FLG

Figure 9.7 Stack Status Before and After Acceptance of Interrupt Request

The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP (),
at the time of acceptance of an interrupt request, is even or odd. If the SP (Note) is even, the FLG register
and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time. Figure 9.8
shows the operation of the saving registers.

NOTE:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated
by the U flag. Otherwise, it is the ISP.

(1)SP contains even number (2)SP contains odd number
Address Stack Sequence in which order Address Stack Sequence in which order
registers are saved registers are saved
[SP] - 5 (Odd) [SP] - 5 (Even)
[SP] - 4 (Even) PCL :] (2) Saved simultaneously, [SP] - 4 (Odd) PCL [— (3)
all 16 bits
[SP] - 3 (Odd) PCM [SP] - 3 (Even) PCM [— (4) Saved,8 bits
atatime
[SP] - 2 (Even) FLGL :] (1) Saved simultaneously, [SP] - 2 (Odd) FLGL naly
[SPI-1(0dd) | FLGH PCH all 16 bits [SP]-1(Even) | FLGH PCH  le— (2)
[SP]  (Even) Finished saving registers [SP]  (Odd) Finished saving registers
in two operations. in four operations.

PCL : 8 low-order bit of PC
PCM : 8 middle-order bits of PC
PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH: 4 high-order bits of FLG

NOTE:
1. [SP] denotes the initial value of the SP when interrupt request is acknowledged. After registers are saved, the SP content is [SP] minus 4.

Figure 9.8 Operation of Saving Registers
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9.5.8 Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt
sequence are restored from the stack by executing the REIT instruction at the end of the interrupt routine.
Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

9.5.9 Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request that
has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using the ILVL2
to ILVLO bits. However, if two or more maskable interrupts have the same priority level, their interrupt
priority is resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 9.9
shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High
NMI A
DBC

Oscillation Stop and Re-oscillation Detection
Watchdog Timer

Peripheral Function

Single Step v

Address Match Low

Figure 9.9 Hardware Interrupt Priority

9.5.10 Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 9.10 shows the circuit that judges the interrupt priority level.
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__Prioriy level of each Inerupt__ (initalvatue)  pighest

A

| Timer B2

[ Timer B0, S1/06 (2)

[ Timer A3, INT6 @)

| Timer A1

[ UART1 Reception, ACK1

| UARTO Reception, ACKO

[ uART2 Reception, ACK2

[ T2

| o

[ Timer B1, INT8 (2)

| Timer A4

[ Timer A2, INT7 2

| Timer AO

[ UART1 Transmission, NACK1

[ AD Conversion, Key Input (1)

| DMA1 Priority of peripheral function interrupts

(if priority levels are same)

[ UART2 Bus Collision Detection

[ Sl/04, INT5

|Timer B4, UART1 Bus Collision Detection

[ iNT3

| CANO Successful Reception

[ UART2 Transmission, NACK2

| CANO Error (, Key Input) (1)

[ DMAO

[ SU/03, INT4

[Timer B3, UARTO Bus Colision Detection

| Timer B5, SIO5 (2

| CANO Successful Transmission

i [ UARTO Transmission, NACKO

N (N A B E (A B

[ CANO Wake-up

Y

Lowest

Interrupt request level resolution output to clock generating circuit

. (Figure 7.1 Clock Generating Circuit)
| Flag .’ Interrupt request accepted
Address Match S

Oscillation Stop and Re-oscillation Detection

Watchdog Timer
DBC
NMI

NOTES:
1. If the PCLK® bit in the PCLKR register is set to "1", the priority level of key input interrupt can be changed.
2. The SI/05, SI/06 and INT6 to INT8 registers are only in the 128-pin version.

Figure 9.10 Interrupts Priority Select Circuit
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9.6 INT Interrupt
INTi interrupt (i = 0 to 8) (" is triggered by the edges of external inputs. The edge polarity is selected using
the IFSR10 to IFSR15 bits in the IFSR1 register and the IFSR23 to IFSR25 bits in the IFSR2 register.
INT4 share the interrupt vector and interrupt control register with SI/03, INT5 share with SI/O4, INT6 share
with Timer A3, INT7 share with Timer A2, INT8 share with Timer B1. To use the INT4 to INT8 interrupts ",
set the each bits as follows.
* To use the INT4 interrupt: Set the IFSR16 bit in the IFSR1 register to “1” (INT4).
+ To use the INT5 interrupt: Set the IFSR17 bit in the IFSR1 register to “1” (INT5).
* To use the INT6 interrupt: Set the IFSR21 bit in the IFSR2 register to “1” (INT6). "

» To use the INT7 interrupt: Set the IFSR20 bit in the IFSR2 register to “1” (INT

o £

@

» To use the INT8 interrupt: Set the IFSR22 bit in the IFSR2 register to “1” (INT8
After modifying the IFSR16, IFSR17, IFSR20, IFSR21 and IFSR22 bits, set the corresponding IR bit to “0”
(interrupt not requested) before enabling the interrupt.

m
)

~

NOTE:
1. INT6 to INT8 interrupts are only in the 128-pin version.

Figures 9.11 to 9.13 show the IFSRO, IFSR1 and IFSR2 registers.
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M16C/6N Group (M16C/6NL, M16C/6NN) 9. Interrupt
Interrupt Request Cause Select Register 0
b7 b6 b5 b4 b3 b2 bl bo
| | | | | 1 | 0| | 1 | Symbol Address After Reset
AR IFSRO 01DEh 00h
Bit Symbol Bit Name Function RW
IFSR00 IsnétleérCLthBtitRequest Cause (1) gﬁ ggt set a value RW
] e [emewetonse foipomenon | gy
] o | emescase [0 cMomeuroror |
------------ FSRO3 | arorrupt Request Cause 92000t seta value RW
---------------- FSRo4 | gerrupt Request Cause 9: Simer BS RW
S FsRos | lerruet Request Cause | 0: Timer B0 AW
"""""""""""" IFSR06 lSnéleerE:lIJthitR(f)queSt Cause ? UQ?I'rOBb?Js collision detection RW
"""""""""""""" IFSRO7 Isrgtlaégpgiﬁ%quest Cause ? Ei/-r\T?eTr1 Egltjs collision detection RW

NOTES:

(Timer B5).

(Timer BO).

1.When the PCLK® bit in the PCLKR register = 0, A/D conversion and key input share the vector and
interrupt control register. When using the A/D conversion interrupt, set the IFSRO1 bit to "0" (A/D
conversion). When using the key input interrupt, set the IFSR01 bit to "1" (key input).

2.Timer B5 and SI/O5 share the vector and interrupt control register. When using the timer B5 interrupt,
set the IFSR04 bit to "0" (Timer B5). When using SI/O5 interrupt, set the IFSR04 bit to "1" (S1/O5).
The SI/O5 interrupt is only in the 128-pin version. In the 100-pin version, set the IFSR04 bit to "0"

3.Timer BO and S1/O6 share the vector and interrupt control register. When using the timer B0 interrupt,
set the IFSR05 bit to "0" (Timer B0). When using SI/O6 interrupt, set the IFSRO5 bit to "1" (S1/O6).
The SI/0O6 interrupt is only in the 128-pin version. In the 100-pin version, set the IFSR05 bit to "0"

4. Timer B3 and UARTO bus collision detection share the vector and interrupt control register.
When using the timer B3 interrupt, set the IFSR06 bit to "0" (Tmer B3).
When using UARTO bus collision detection, set the IFSR06 bit to "1" (UARTO bus collision detection).
5.Timer B4 and UART1 bus collision detection share the vector and interrupt control register.
When using the timer B4 interrupt, set the IFSR07 bit to "0" (Timer B4).
When using UART1 bus collision detection, set the IFSR07 bit to "1" (UART1 bus collision detection).

Figure 9.11 IFSRO Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 9. Interrupt

Interrupt Request Cause Select Register 1

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address After Reset
IFSR1 01DFh 00h
1 |_Bit Symbol Bit Name Function RW
| psmio | BT eruptPolarty | 0:Crecde A
A
] pomiz |2 emuptPdaty f00reetie A
e PSRt | T3 nterupt Polary Do s (0 AW
S FsRia | BT terupt Polrty ) B s ) Aw
S—— Fenrs [ INTSorpiPoatty 0 :oneede n
SO FSR1e | {nterrupt Request Cause 0:8108 RW
e IFSR17 g‘é’fég‘t’%iﬂfﬁ“e“ Cause ?i%“ © RW

NOTES:

1.When setting this bit to "1" (both edges), make sure the POL bit in the INTOIC to INT5IC register is set
to "0" (falling edge).

2.S1/03 and INT4 share the vector and interrupt control register. When using SI/O3 interrupt, set the
IFSR16 bit to "0" (SI/03). When using INT4 interrupt, set the IFSR16 bit to "1" (INT4).

3.When setting this bit to "0" (S1/03), make sure the IFSR0O bit in the IFSRO register is set to "1" (SI/O3)
simultaneously. And, make sure the POL bit in the S3IC register is set to "0" (falling edge).

4.S1/04 and INT5 share the vector and interrupt control register. When using SI/O4 interrupt, set the
IFSR17 bit to "0" (SI/04). When using INT5 interrupt, set the IFSR17 bit to "1" (INT5).

5.When setting this bit to "0" (S1/04), make sure the IFSR03 bit in the IFSRO register is set to "1" (SI/04)
simultaneously. And, make sure the POL bit in the S4IC register is set to "0" (falling edge).

Figure 9.12 IFSR1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 9. Interrupt
Interrupt Request Cause Select Register 2
b7 b6 b5 b4 b3 b2 bl b

Symbol Address After Reset

IFSR2 01CFh X0000000b
Bit Symbol Bit Name Function RW

Interrupt Request Cause 0 : Timer A2
IFSR20 | Select Bit @) 1:1NT7 RW

_____ Interrupt Request Cause 0 : Timer A3
IFSR21 | Select Bit ) © 1:1NT6 RW

_________ Interrupt Request Cause 0 : Timer B1

IFSR22 | Select Bit ) (©) 1:1NT8 RW

____________ INT6 Interrupt Polarity 0 : One edge
IFSR23 | Switching Bit (1) () 1 : Both edges RW

________________ INT7 Interrupt Polarity 0 : One edge
IFSR24 | Switching Bit (1) ©) 1 Both edges RW

____________________ INT8 Interrupt Polarity 0 : One edge
IFSR25 | Switching Bit (1) ©) 1 Both edges RW

_______________________ Interrupt Request Cause 0 : CANO error
IFSR26 Select Bit (5) 1 : key input RW
___________________________ - Nothing is assigned. When write, set to "0". _
(b7) When read, its content is indeterminate.

NOTES:

1.When setting this bit to "1" (both edges), make sure the POL bit in the INT6IC to INT8IC registers are
set to "0" (falling edge). The INT6IC to INT8IC registers are only in the 128-pin version.
In the 100-pin version, make sure the INT6 to INT8 interrupt polarity switching bitis set to "0" (falling edge).
2.Timer A2 and INT7 share the vector and interrupt control register.
When using the timer A2 interrupt, set the IFSR20 bit to "0" (Timer A2). When using INT7 interrupt,
set the IFSR20 bit to "1" (INT7).
The INT7 interrupt is only in the 128-pin version. In the 100-pin version, set the IFSR20 bit to "0" (Timer A2).
3.Timer A3 and INT6 share the vector and interrupt control register. L
When using the timer A3 interrupt, set the IFSR21 bit to "0" (Timer A3). When using INT6 interrupt,
set the IFSR21 bit to "1" (INT6).
The INT6 interrupt is only in the 128-pin version. In the 100-pin version, set the IFSR21 bit to "0" (Timer A3).
4.Timer B1 and INT8 share the vector and interrupt control register. o
When using the timer B1 interrupt, set the IFSR22 bit to "0" (Timer B1). When using INT8 interrupt,
set the IFSR22 bit to "1" (INT8).
The INT8 interrupt is only in the 128-pin version. In the 100-pin version, set the IFSR22 bit to "0" (Timer B1).
5.When the PCLK® bit in the PCLKR register = 1, CANO error and key input share the vector and
interrupt control register. When using the CANO error interrupt, set the IFSR26 bit to "0" (CANO error).
When using the key input interrupt, set the IFSR26 bit to "1" (key input).
6.When using the INT6 to INT8 interrupts, set these bits after settig the PU37 bit in the PURS register to "1".

Figure 9.13 IFSR2 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 9. Interrupt

9.7 NMI Interrupt

An NMI interrupt request is generated when input on the NMI pin changes state from high to low. The NMI
interrupt is a non-maskable interrupt.

The input level of this NMI interrupt input pin can be read by accessing the P8_5 bit in the P8 register.
This pin cannot be used as an input port.

9.8 Key Input Interrupt

Of P10_4 to P10_7, a key input interrupt request is generated when input on any of the P10_4 to P10_7
pins which has had the PD10_4 to PD10_7 bits in the PD10 register set to “0” (input) goes low. Key input
interrupts can be used as a key-on wake up function, the function which gets the microcomputer out of wait
or stop mode. However, if you intend to use the key input interrupt, do not use P10_4 to P10_7 as analog
input ports. Figure 9.14 shows the block diagram of the key input interrupt. Note, however, that while input
on any pin which has had the PD10_4 to PD10_7 bits set to “0” (input mode) is pulled low, inputs on all other
pins of the port are not detected as interrupts.

PU25 bit in PUR2 register
PuII—L_Jp | KUPIC register
transistor PD10_7 bit in PD10 register
PD10_7 bit in PD10 register
KIZ3 O
Pull- PD10_6 bitin
trgnsﬁfto, PD10 register
Kiz O T Interrupt control circuit rKeeqyuiensF{Ut interrupt
Pull-up PD10_5 bitin
transistor PD10 register
Kt O T
PD10_4 bitin
tprglrl{sLiftor PD10 register
Kio O T

Figure 9.14 Key Input Interrupt Block Diagram

9.9 CANO Wake-up Interrupt

CANO wake-up interrupt request is generated when a falling edge is input to CRX0. The CANO wake-up
interrupt is enabled only when the PortEn bit = 1 (CTX/CRX function) and Sleep bit = 1 (Sleep mode
enabled) in the COCTLR register. Figure 9.15 shows the block diagram of the CANO wake-up interrupt.
Please note that the wake-up message will be lost.

CO1WKIC register
Sleep bit in COCTLR register
PortEn bit in COCTLR register i
L

»| [nterrupt control > CANO wake-up
CRX0 0—O ) circuit interrupt request

Figure 9.15 CANO Wake-up Interrupt Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 9. Interrupt

9.10 Address Match Interrupt

An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMAD:I register (i = 0 to 3). Set the start address of any instruction in the RMADI
register. Use the AIERO and AIER1 bits in the AIER register and the AIER20 and AIER21 bits in the AIER2
register to enable or disable the interrupt. Note that the address match interrupt is unaffected by the | flag
and IPL. For address match interrupts, the value of the PC that is saved to the stack area varies depending
on the instruction being executed (refer to 9.5.7 Saving Registers). (The value of the PC that is saved to
the stack area is not the correct return address.) Therefore, follow one of the methods described below to
return from the address match interrupt.

* Rewrite the content of the stack and then use the REIT instruction to return.

* Restore the stack to its previous state before the interrupt request was accepted by using the POP or

similar other instruction and then use a jump instruction to return.

Table 9.6 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.

Table 9.7 shows the relationship between address match interrupt sources and associated registers.
Figure 9.16 shows the AIER, AIER2, and RMADO to RMADS registers.

Table 9.6 Value of PC That is Saved to Stack Area When Address Match Interrupt Request is Accepted

Instruction at Address Indicated by RMADi Register Value of PC that is Saved to Stack Area
 16-bit operation code Address indicated by RMAD:
* Instruction shown below among 8-bit operation code instructions register + 2

ADD.B:S  #IMM8,dest SUB.B:S  #IMM8,dest AND.B:S  #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest

CMP.B:S  #IMM8,dest PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8
MOV.B:S  #IMM,dest (However, dest = AO or A1)
Instructions other than the above Address indicated by RMADi

register + 1
Value of PC that is saved to stack area: Refer to 9.5.7 Saving Registers.

Table 9.7 Relationship Between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Sources| Address Match Interrupt Enable Bit | Address Match Interrupt Register
Address Match Interrupt 0 [AIERO RMADO
Address Match Interrupt 1 |AIER1 RMAD1
Address Match Interrupt 2 [AIER20 RMAD2
Address Match Interrupt 3 [AIER21 RMAD3
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Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bt bo

Mu Symbol Address After Reset

AIER 0009h XXXXXX00b

Bit Symbol Bit Name Function RW
A Address Match Interrupt 0 | 0 : Interrupt disabled
N AIERO Enable Bit 1 : Interrupt enabled RW
Address Match Interrupt 1 | 0 : Interrupt disabled
Poeor o T AIERT Enable Bit 1 : Interrupt enabled RW
- Nothing is assigned. When write, set to "0". _
""""""""""""""" (b7-b2) When read, their contents are indeterminate.

Address Match Interrupt Enable Register 2

b7 b6 b5 b4 b3 b2 bl bo

Mu Symbol Address After Reset

AIER2 01BBh XXXXXX00b

Bit Symbol Bit Name Function RW
A Address Match Interrupt 2 | 0 : Interrupt disabled
N AIER20 | Enaple Bit 1 : Interrupt enabled RW
Address Match Interrupt 3 | 0 : Interrupt disabled
Poeor o T AlER21 Enable Bit 1 : Interrupt enabled RW
Lo - Nothing is assigned. When write, set to "0". _
""""""""""" (b7-b2) When read, their contents are indeterminate.

Address Match Interrupt Registeri (i = 0 to 3)

Symbol Address After Reset
(b23) (b19) (b16)(b15) (08) RMADO 0012h to 0010h X00000h
b7 . b0 b7 bo b7 5 RMAD1 0016h to 0014h X00000h
| | RMAD2 01BAh to 01B8h X00000h
T3 ; RMAD3  01BEhto01BCh  X00000h
N ; Bit Symbol Function Setting Range RW
P : - Address setting register for address
A - (b1960) | imerrup‘f 9 00000h to FFFFFh | RW
AR - Nothing is assigned. When write, set to "0". _
"""""""""""""" (b23-b20) | When read, their contents are indeterminate.

Figure 9.16 AIER Register, AIER2 Register and RMADO to RMAD3 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 10. Watchdog Timer

10. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recommend
using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit counter
which counts down the clock derived by dividing the CPU clock using the prescaler. Whether to generate a
watchdog timer interrupt request or apply a watchdog timer reset as an operation to be performed when the
watchdog timer underflows after reaching the terminal count can be selected using the PM12 bit in the PM1
register. The PM12 bit can only be set to “1” (watchdog timer reset). Once this bit is set to “1”, it cannot be set
to “0” (watchdog timer interrupt) in a program. Refer to 5.3 Watchdog Timer Reset for details about watchdog
timer reset.

When the main clock, on-chip oscillator clock or PLL clock is selected for CPU clock, the divide-by-n value for
the prescaler can be selected to be 16 or 128. If a sub clock is selected for CPU clock, the divide-by-n value
for the prescaler is always 2 no matter how the WDC7 bit is set. The period of watchdog timer can be
calculated as given below. The period of watchdog timer is, however, subject to an error due to the prescaler.

With main clock, on-chip oscillator clock or PLL clock selected for CPU clock
Prescaler dividing (16 or 128) X Watchdog timer count (32768)
CPU clock

Watchdog timer period =

With sub clock selected for CPU clock

Prescaler dividing (2) X Watchdog timer count (32768)
CPU clock

Watchdog timer period =

For example, when CPU clock = 16 MHz and the divide-by-n value for the prescaler = 16, the watchdog timer
period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset. Note
that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is
activated to start counting by writing to the WDTS register.

In stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is
resumed from the held value when the modes or state are released.

Figure 10.1 shows the block diagram of the watchdog timer. Figure 10.2 shows the watchdog timer-related
registers.

Prescaler CM07 =0

WDC7 =0

1/16
CM07 =0 PM22 =0
WDC7 =1 -
CPU clock 1128 C o PM12 =0

HOLD Watchdog timer
Interrupt request
CMO07 =1 ™
1/2 o} —i Watchdog timer |—4D—-O/g_
L
............... y PM12 = 1

PM22 = 1 i
. . Watchdog timer
On-chip oscillator clock O Reset

Write to WDTS register—l%_\
Internal RESET signal O 4> li/

Hle

Set to
"7FFFh"

("L" active)

CMQO?7 : Bit in CMO register
WDC?7 : Bit in WDC register
PM12 : Bit in PM1 register
PM22 : Bit in PM2 register

Figure 10.1 Watchdog Timer Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 10. Watchdog Timer

Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
| , |0|0| , | , | , HE WDC 000Fh 0OXXXXXXb
oo L Bit Symbol Bit Name Function RW
b Ll p4bo  |High-order Bit of Watchdog Timer RO
T (b6jb5) Reserved Bit Setto "0" RW
i . 0 : Divided by 16
--------------------------- WDC7 Prescaler Select Bit 1: Divided by 128 RW
Watchdog Timer Start Register ()
— — Symbol Address After Reset
WDTS 000Eh Indeterminate

Function RW
The watchdog timer is initialized and starts counting after a write instruction to

--------------- this register. The watchdog timer value is always initialized to "7FFFh" regardless | WO
of whatever value is written.

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

Figure 10.2 WDC Register and WDTS Register

10.1 Count Source Protective Mode
In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer
can be kept being clocked even when CPU clock stops as a result of runaway.
Before this mode can be used, the following register settings are required:
(1) Set the PRC1 bit in the PRCR register to “1” (enable writes to the PM1 and PM2 registers).
(2) Set the PM12 bit in the PM1 register to “1” (reset when the watchdog timer underflows).
(3) Set the PM22 bit in the PM2 register to “1” (on-chip oscillator clock used for the watchdog timer count source).
(4) Set the PRC1 bit in the PRCR register to “0” (disable writes to the PM1 and PM2 registers).
(5) Write to the WDTS register (watchdog timer starts counting).

—_ — — —

Setting the PM22 bit to “1” results in the following conditions:
» The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer

count source.
Watchdog timer count (32768)

on-chip oscillator clock

Watchdog timer period =

» The CM10 bit in the CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode entered.)
» The watchdog timer does not stop when in wait mode or hold state.
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M16C/6N Group (M16C/6NL, M16C/6NN) 11. DMAC

11. DMAC

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8- or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by the
CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of a
cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time after
a DMA request is generated. Figure 11.1 shows the block diagram of the DMAC. Table 11.1 shows the
DMAC specifications. Figures 11.2 to 11.4 show the DMAC related-registers.

{ Address bus \

>

_|:>| DMAO source pointer SARO

:>| DMAQO destination pointer DARO

VY

|DMAO forward address pointer ()

IRV VAV A VI VA V2

—|:>{ DMAQO transfer counter reload register TCRO |:>_ :>| DMA1 source pointer SAR1
|DMAO transfer counter TCRO |:> :>|DMA1 destinat|io|n pointer DAR1
:>| DMAT1 transfer counter reload register TCR1 |:> |DMA1 forward{a/deress p{o}inter U
[ DMA1 transfer counter TCR1 > | DMA latch high-order bits | DMA latch low-order bits
X (O X
¢ Data bus low-order bits . VS
{ Data bus high-order bits v \

NOTE:
1.Pointer is incremented by a DMA request.

Figure 11.1 DMAC Block Diagram

A DMA request is generated by a write to the DSR bit in the DMiSL register (i = 0, 1), as well as by an
interrupt request which is generated by any function specified by the DMS and DSEL3 to DSELO bits in the
DMISL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the | flag
and the interrupt control register, so that even when interrupt requests are disabled and no interrupt request
can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not affect
interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMICON register
=1 (DMA enabled). However, if the cycle in which a DMA request is generated is faster than the DMA
transfer cycle, the number of transfer requests generated and the number of times data is transferred may
not match. For details, refer to 11.4 DMA Request.
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M16C/6N Group (M16C/6NL, M16C/6NN) 11. DMAC

Table 11.1 DMAC Specifications

ltem Specification
No. of Channels 2 (cycle steal method)
Transfer Memory Space * From any address in the 1-Mbyte space to a fixed address

* From a fixed address to any address in the 1-Mbyte space
*From a fixed address to a fixed address

Maximum No. of Bytes Transferred| 128 Kbytes (with 16-bit transfer) or 64 Kbytes (with 8-bit transfer)
DMA Request Factors (V@ Falling edge of INTO or INT1

Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UART1 transfer, UART1 reception interrupt requests
UART2 transfer, UART2 reception interrupt requests
SI/03, SI/04 interrupt requests

A/D conversion interrupt requests

Software triggers

Channel Priority DMAO > DMA1 (DMAO takes precedence)
Transfer Unit 8 bits or 16 bits
Transfer Address Direction forward or fixed (The source and destination addresses cannot both be

in the forward direction.)

Transfer Mode | Single Transfer | Transfer is completed when the DMAI transfer counter underflows

after reaching the terminal count.

Repeat Transfer| When the DMAI transfer counter underflows, it is reloaded with the value
of the DMAI transfer counter reload register and a DMA transfer is
continued with it.

DMA Interrupt Request When the DMAI transfer counter underflowed
Generation Timing
DMA Start Up Data transfer is initiated each time a DMA request is generated when the

The DMAE bit in the DMAICON register = 1 (enabled).
DMA Shutdown| Single Transfer | « When the DMAE bit is set to “0” (disabled)

« After the DMAI transfer counter underflows

Repeat Transfer| When the DMAE bit is set to “0” (disabled)

Reload Timing for Forward When a data transfer is started after setting the DMAE bit to “1” (enabled),
Address Pointer and Transfer | the forward address pointer is reloaded with the value of the SAR: or the
Counter DARI pointer whichever is specified to be in the forward direction and the

DMAI transfer counter is reloaded with the value of the DMAI transfer
counter reload register.

i=0,1
NOTES:
1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the
interrupt control register.
2. The selectable causes of DMA requests differ with each channel.
3. Make sure that no DMAC-related registers (addresses 0020h to 003Fh) are accessed by the DMAC.
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M16C/6N Group (M16C/6NL, M16C/6NN) 11. DMAC
DMAO Request Cause Select Register
b7 b6 b5 b4 b3 b2 bl bo
| | |><|><| | | | | Symbol Address After Reset
1NN L DMOSL 03B8h 00h
i i | BitSymbol Bit Name Function RW
i p i i i | DSk RW
A T T R N oI RW
gN||A Fg?uest Cause See NOTE 1
e DSEL2 | >CectE RW
e DSEL3 RW
oy - Nothing is assigned. When write, set to "0". ~
b (b5-b4) | When read, their contents are "0".
DMS DMA Request Cause | 0 : Basic cause of request RW
Vo Tt Expansion Select Bit 1 : Extended cause of request
A DMA request is generated by setting
: this bit to "1" when the DMS bit is "0"
e DSR gggﬁgngDitMA (basic cause) and the DSEL3 to DSELO | RW
bits are "0001b" (software trigger).
The value of this bit when read is "0".

NOTE:

1. The causes of DMAO requests can be selected by a combination of the DMS bit and the DSEL3 to DSELO bits
in the manner described below.

DSEL3 to DSELO Bits DMS = 0 (basic cause of request) DMS = 1 (extended cause of request)
0000b Falling edge of INTO pin —
0001b Software trigger —
0010b Timer A0 —
0011b Timer A1 —
0100b Timer A2
0101b Timer A3 —
0110b Timer A4 Two edges of INTO pin
0111b Timer BO Timer B3
1000b Timer B1 Timer B4
1001b Timer B2 Timer B5
1010b UARTO transmit —
1011b UARTO receive —
1100b UART2 transmit —
1101b UART2 receive —
1110b A/D conversion —
1111b UART1 transmit —
Figure 11.2 DMOSL Register
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11. DMAC

b7 b6 b5 b4 b3 b2 bl b0

DMA1 Request Cause Select Register

Symbol Address After Reset
DM1SL 03BAh 00h
Bit Symbol Bit Name Function RW
DSELO RW
DSEL1 RW
gNIIA Rg_quest Cause See NOTE 1
DSEL3 RW
- Nothing is assigned. When write, set to "0".
(b5-b4) When read, their contents are "0". -
DMS DMA Request Cause | 0 : Basic cause of request RW
Expansion Select Bit 1 : Extended cause of request
A DMA request is generated by setting
this bit to "1" when the DMS bit is "0"
psp | Software DMA (basic cause) and the DSEL3 to DSELO | RW

Request Bit

bits are "0001b" (software trigger).
The value of this bit when read is "0".

NOTE:

DSEL3 to DSELO Bits DMS = 0 (basic cause of request) DMS = 1 (extended cause of request)
0000b Falling edge of INT1 pin —

0001b Software trigger —

0010b Timer AO —

0011b Timer A1 —

0100b Timer A2 —

0101b Timer A3 SI/03

0110b Timer A4 Sl/04

0111b Timer BO Two edges of INTT pin
1000b Timer B1 —

1001b Timer B2 —

1010b UARTO transmit -

1011b UARTO receive/ACKO —

1100b UART2 transmit —

1101b UART2 receive/ACK2 —

1110b A/D conversion —

1111b UART1 transmit/ACK1 —

b7 b6 b5 b4 b3 b2 bt b0

DMAI Control Register (i = 0, 1)

1. The causes of DMA1 requests can be selected by a combination of the DMS bit and the DSEL3 to DSELO bits
in the manner described below.

Symbol Address After Reset
DMOCON 002Ch 00000X00b
DM1CON 003Ch 00000X00b
Bit Symbol Bit Name Function RW
Transfer Unit Bit 0: 16 bits
DMBIT | Select Bit 1: 8 bits RW
Repeat Transfer Mode 0 : Single transfer
DMASL Select Bit 1 : Repeat transfer RW
. 0 : DMA not requested 1
DMAS DMA Request Bit 1 DMA requested RW (1)
DMAE | DMA Enable Bit 0: Disabled RW
1 : Enabled
Source Address Direction | 0 : Fixed
DSD Select Bit (2) 1 : Forward RW
Destination Address 0 : Fixed
DAD Direction Select Bit (2) 1 : Forward RW
- Nothing is assigned. When write, set to "0". _
(b7-b6) When read, their contents are "0".

NOTES:

1. The DMAS bit can be set to "0" by writing "0" in a program. (This bit remains unchanged even if "1" is written.)
2. At least one of the DAD and DSD bits must be "0" (address direction fixed).

Figure 11.3 DM1SL Register, DMOCON and DM1CON Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 11. DMAC
DMAI Source Pointer (i=0, 1) ™
(b23) (b19)  (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol Address After Reset

NOTE:

(b23)
b7

(b19)
b3

(b16)(b15)
b0 b7

SARO 0022h to 0020h Indeterminate
SART 0032h to 0030h Indeterminate

Function

Setting Range RW

Set the source address of transfer

00000h to FFFFFh RwW

Nothing is assigned. When write, set to "0".
When read, their contents are "0".

1. If the DSD bit in the DMICON register is "0" (fixed), this register can only be written to when the DMAE bit in the
DMIiCON register is "0" (DMA disabled).
If the DSD bit is "1" (forward direction), this register can be written to at any time.
If the DSD bit is "1" and the DMAE bit is "1" (DMA enabled), the DMAI forward address pointer can be read from
this register. Otherwise, the value written to it can be read.

DMAI Destination Pointer (i = 0, 1) ()

(b8)
b b7 b0 Symbol

NOTE:

(b15)
b7

(b8)

b0 b7

Address After Reset
DARO 0026h to 0024h Indeterminate
DAR1 0036h to 0034h Indeterminate

Function

Setting Range RW

{ Set the destination address of transfer

00000h to FFFFFh RW

Nothing is assigned. When write, set to "0".
When read, their contents are "0".

1. If the DAD bit in the DMICON register is "0" (fixed), this register can only be written to when the DMAE bit in the
DMIiCON register is "0" (DMA disabled).
If the DAD bit is "1" (forward direction), this register can be written to at any time.
If the DAD bit is "1" and the DMAE bit is "1" (DMA enabled), the DMAI forward address pointer can be read from
this register. Otherwise, the value written to it can be read.

DMAI Transfer Counter (i = 0, 1)

bo Symbol

Address After Reset
TCRO 0029h, 0028h Indeterminate
TCR1 0039h, 0038h Indeterminate

Function

Setting Range RW

Set the transfer count minus 1.

The written value is stored in the DMAI transfer counter
reload register, and when the DMAE bit in the DMiCON
register is set to "1" (DMA enabled) or the DMAI transfer
counter underflows when the DMASL bit in the DMIiCON
register is "1" (repeat transfer), the value of the DMAI
transfer counter reload register is transferred to the DMAI
transfer counter.

When read, the DMAI transfer counter is read.

0000h to FFFFh RwW

Figure 11.4 SARO and SAR1 Registers, DARO and DAR1 Registers, TCR0 and TCR1 Registers
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11.1 Transfer Cycle
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write)
bus cycle. The number of read and write bus cycles is affected by the source and destination addresses of
transfer. The bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses
If the transfer unit and data bus both are 16 bits and the source address of transfer begins with an odd
address, the source read cycle consists of one more bus cycle than when the source address of transfer
begins with an even address.
Similarly, if the transfer unit and data bus both are 16 bits and the destination address of transfer begins
with an odd address, the destination write cycle consists of one more bus cycle than when the destination
address of transfer begins with an even address.

11.1.2 Effect of Software Wait
For memory or SFR accesses in which one or more software wait states are inserted, the number of bus
cycles required for that access increases by an amount equal to software wait states.

Figure 11.5 shows the example of the cycles for a source read. For convenience, the destination write cycle
is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating transfer cycles, take into consideration each condition for the
source read and the destination write cycle, respectively. For example, when data is transferred in 16- bit unit
using an 8-bit bus ((2) on Figure 11.5), two source read bus cycles and two destination write bus cycles are
required.
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1.

DMAC

(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

BCLK

Address

bus CPU use

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

RD signal

_________________________________________________________

‘ Dummy
><Source >< Destination ><cycle ><

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the
transfer unit is 16 bits and an 8-bit bus is used

WR signal

Data

bus CPU use

CPU use

BCLK

Address

bus CPU use

________________________

RD signal

WR signal

Data

bus CPU use

>< Source ><Source + 1>< Destination >< (I?;Jcrltzemy >< CPU use

(3) When the source read cycle under condition (1) has one wait state inserted

BCLK

/Qggress . CPUuse ><

Source

>< Destination

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

RD signal

WR signal

Data ‘ ‘ ‘ ‘ i Dummy
bus CPU use >< >< Destination >< cycle CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

Source

BCLK

Qggress CPU use ><

Source

>< Source + 1

RD signal

-------------------------

WR signal

Data ‘ ‘ ‘ ‘ 3
bus CPU use ;

Source + 1 >< Destination

Source ><

NOTE:
1. The same timing changes occur with the respective conditions at the destination as at the source.

Dummy x
>< cycle CPU use

Figure 11.5 Transfer Cycles for Source Read
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11. DMAC

11.2 DMA Transfer Cycles

Any combination of even or odd transfer read and write addresses is possible.

Table 11.2 shows the number of DMA transfer cycles. Table 11.3 shows the coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles X j + No. of write cycles X k

Table 11.2 DMA Transfer Cycles

Transfer Unit Access Address No. of Read Cycles No. of Write Cycles
8-bit Transfer Even 1 1
(DMBIT =1) Odd 1 1
16-bit Transfer Even 1 1
(DMBIT = 0) Odd 2 2
Table 11.3 Coefficient j, k

Internal ROM, RAM SFR
No Wait With Wait 1 Wait " 2 Waits "

j 1 2 2 3

k 1 2 2 3
NOTE:

1. Depends on the set value of the PM20 bit in the PM2 register.
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11.3 DMA Enable

When a data transfer starts after setting the DMAE bit in the DMiCON register (i = 0, 1) to “1” (enabled), the

DMAC operates as follows:

(1) Reload the forward address pointer with the SARi register value when the DSD bit in the DMiCON register
is “1” (forward) or the DARI register value when the DAD bit in the DMICON register is “1” (forward).

(2) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to “1” again while it remains set, the DMAC performs the above operation.
However, if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps
below.

Step 1: Write “1” to the DMAE bit and DMAS bit in the DMiCON register simultaneously.

Step 2: Make sure that the DMAI is in an initial state as described above (1) and (2) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

11.4 DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the DMS
and DSEL3 to DSELO bits in the DMISL register (i = 0, 1) on either channel. Table 11.4 shows the timing at
which the DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to “1” (DMA requested) regardless of whether
or not the DMAE bit is set. If the DMAE bit was set to “1” (enabled) when this occurred, the DMAS bit is set
to “0” (DMA not requested) immediately before a data transfer starts. This bit cannot be setto “1” in a
program (it can only be set to “0”).

The DMAS bit may be set to “1” when the DMS or the DSEL3 to DSELO bits change state. Therefore,
always be sure to set the DMAS bit to “0” after changing the DMS or the DSEL3 to DSELDO bits.

Because if the DMAE bit is “1”, a data transfer starts immediately after a DMA request is generated, the
DMAS bit in almost all cases is “0” when read in a program. Read the DMAE bit to determine whether the
DMAC is enabled.

Table 11.4 Timing at Which DMAS bit Changes State
DMAS Bit in DMiCON Register

Timing at which the bit is set to “1” Timing at which the bit is set to “0”

Software Trigger When the DSR bit in the DMISL register | « Immediately before a data transfer starts
is set to “1” * When set by writing “0” in a program
Peripheral Function | When the interrupt control register for
the peripheral function that is selected
by the DSEL3 to DSELO and DMS bits
in the DMiSL register has its IR bit set to “1”.

DMA Factor

Rev.1.02 Jul 01,2005 page 86 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 11. DMAC

11.5 Channel Priority and DMA Transfer Timing
If both DMAO and DMA1 are enabled and DMA transfer request signals from DMAQO and DMA1 are
detected active in the same sampling period (one period from a falling edge to the next falling edge of
BCLK), the DMAS bit on each channel is set to “1” (DMA requested) at the same time. In this case, the DMA
requests are arbitrated according to the channel priority, DMAO > DMAA1.
The following describes DMAC operation when DMAOQO and DMA1 requests are detected active in the same
sampling period.
Figure 11.6 shows an example of DMA transfer effected by external factors.
In Figure 11.6, DMAO request having priority is received first to start a transfer when a DMAO request and
DMAT1 request are generated simultaneously. After one DMAO transfer is completed, a bus arbitration is
returned to the CPU. When the CPU has completed one bus access, a DMA1 transfer starts. After one
DMAT1 transfer is completed, the bus arbitration is again returned to the CPU.
In addition, DMA requests cannot be counted up since each channel has one DMAS bit. Therefore, when
DMA requests, as DMAT1 in Figure 11.6, occurs more than one time, the DMAS bit is set to “0” as soon as
getting the bus arbitration. The bus arbitration is returned to the CPU when one transfer is completed.

An example where DMA requests for external causes are detected active at the same time,
a DMA transfer is executed in the shortest cycle.

e YT UUUULNUOUHUL
DMAO — Gy ?
DMA{ — — ! m— Bus arbitration

CcPU LAY
wNoo |

DMAO

request bit
iz R— ]

DMA1

request bit |

Figure 11.6 DMA Transfer by External Factors
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12. Timers

12. Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function as
either timer A (five) and timer B (six). The count source for each timer acts as a clock, to control such timer

operations as counting, reloading, etc.

Figures 12.1 and 12.2 show block diagrams of Timer A and Timer B configuration, respectively.

fo  PCLKO=0

1/2
1 KO—» f1 orf2

9}
PCLKO =1

« Main clock

¢ PLL clock

» On-chip
oscillator clock

xcIN()

1/4 f32 (prescaler reset)

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

Clock prescaler

Reset

TimerAO interrupt

Timer A1 interrupt

Timer A2 interrupt

Timer A3 interrupt

1 or f2 {8 32 {C32
TCK1 to TCKO
g? O\C TMOD1 to TMODO 00: Timer mode
0 O 10 : One-shot timer mode
e 10 11 : Pulse width measuring mode
&0 [} \u I . 1
TAOINQ @—@ 01—’\0(0 ) | Timer AO I
filter 00l 5 01: Event counter mode
11| TAOTGH to TAOTGL
TCK1 to TCKO
o1 \C TMOD1 to TMODO 00: Timer mode
0 \0) 10 : One-shot timer mode
e 10 11 : Pulse width measuring mode
—O o \Q I - 1
TAIN O Nowse 00—10(0 O | Timer A1 I
IIZ ij'“er 0 o 01: Event counter mode
11| TATTGH t0 TA1TGL
TCK1 to TCKO
g? 3\ TMOD1 to TMODO 00: Timer mode
10 O 10 : One-shot timer mode
e 10 11 : Pulse width measuring mode
¢ [ \Q I : 1
TAZIN O @—'E <ba—g/o O | Timer A2 I
ilter 00| 5 01: Event counter mode
11| TA2TGH to TA2TGL
TCK1 to TCKO
g? x TMOD1 to TMODO 00: Timer mode
10 \®) 10 : One-shot timer mode
1o 0 0\0 11 : Pulse width measuring mode
—O o - 1
TA3IN O @—@ 05—:0(0 0o —I Timer A3 I
filter 00| 5 01: Event counter mode
11| TA3TGH to TA3TGL
TCK1 to TCKO
01 \ TMOD1 to TMODO 00: Timer mode
0 10 : One-shot timer mode
1o 0 xo 11 : Pulse width measuring mode
—O o - 1
TAaN ) ] o | Yoo o100 ___Timer Ad I
filter 0 5 01: Event counter mode
11 TA4TGH to TAATGL

Timer B2 overflow or underflow

PCLKO: Bit in PCLKR register
TCK1 to TCKO, TMOD1 to TMODO: Bits in TAIMR register (i = 0 to 4)
TAITGH to TAITGL: Bits in ONSF register or TRGSR register

NOTE:
1. Be aware that TAOIN shares the pin with RXD2, SCL2 and TB5IN.

Timer A4 interrupt

Figure 12.1 Timer A Configuration
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fo PCLKO=0
. Clock prescaler
« Main clock . 12 Ko—» f1 or fo
* PLL clock o) xcIN() fC32
« On-chip PCLKO =1 . Reset
oscillator clock 1/8 f8 Set the CPSR bit in the ese
CPSREF register to "1"
1/4 f32 (prescaler reset)
1 or f2 18 132 fC32 Timer B2 overflow or underflow (to a count source of theTimer A)
oo TCK1to TCKO ¢
TMOD1 to TMODO
01 S 00: Timer mode
1015 10: Pulse width / period measuring mode
o ; . . Timer BO interrupt
Noise 0_'-0—‘ Timer BO o
T80IN () f—] oise |t—100f o
TCK1 01: Event counter mode
TCK1 to TCKO
00 TMOD1 to TMODO
o1 00: Timer mode
1? 0o 10: Pulse width / period measuring mode
—0 Timer B1 interrupt
Noiss ! ’b Ko Timer B1 >
81IN (O '@-@ H00] o
TCK1 01: Event counter mode
TCK1 to TCKO
00 TMOD1 to TMODO
011 00: Timer mode
1? o 10: Pulse width / period measuring mode
»—0 Timer B2 interrupt
Noi TO“ KC Timer B2 =
T82IN () fioise 1001 o
TCK1 01: Event counter mode
TCK1 to TCKO
00 TMOD1 to TMODO
01 00: Timer mode
1015 10: Pulse width / period measuring mode
v o 3 O\c Timer B3 interrupt
S 10| Timer B3 >
83N O [ Noise |10y o
TCK1 01: Event counter mode
TCK1 to TCKO
00 TTMOD1 to TMODO
01 S 00: Timer mode
1(1) o 10: Pulse width / period measuring mode
b 1o Timer B4 interrupt
A o o Timer B4 =
84N () [ Noise |10 o
TCK1 01: Event counter mode
TCK1 to TCKO
00 TMOD1 to TMODO
o1 00: Timer mode
10 0o 10: Pulse width / period measuring mode
1o - N Timer B5 interrupt
Noise fo Timer B5 >
85N () w 51004 o
TCK1 01: Event counter mode
PCLKO: Bit in PCLKR register
TCK1 to TCKO, TMOD1 to TMODO: Bits in TBiMR register (i = 0 to 5)
NOTE:
1. Be aware that TB5IN shares the pin with RXD2, SCL2 and TAOIN.

Figure 12.2 Timer B Configuration
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12.1 Timer A
Figure 12.3 shows a block diagram of the timer A. Figures 12.4 to 12.6 show the timer A-related registers.
The timer A supports the following four modes. Except in event counter mode, timers AQ to A4 all have the
same function. Use the TMOD1 to TMODO bits in the TAIMR register (i = 0 to 4) to select the desired mode.

» Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts pulses from an external device or overflows and
underflows of other timers.

* One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count “0000h.”

* Pulse width modulation mode: The timer outputs pulses in a given width successively.

Select clock
[ttt ettt ettt el ettt : S High-order Bits of Data Bus S
E Select Clock source ' 2 1 [ e
' TCK1 to TCKO © Timer : TMOD1 to TMODO = 00, MR2 = 0 ! Low-order Bits of Data Bus
b flori 0= +One shot :TMOD1 to TMODO = 10 oD o TMODD,
H f8 —O _ * Pulse width modulation : TMOD1 to TMODO = 11 '
H 132 195 - - I Low-order High-order
' R  Timer (gate function)  : TMOD1 to TMODO = 00, MR2 = 1 ' 8 bits 8 blts
' fC32 ——o0 O '
! « Event counter : TMOD1 to TMODO = 01 ' Reload Register
- '
ol 2 i I IF iﬁ?
| '
' '
' ! - - Counter
'
, o1 ! Increment/Decrement
' TB2 overflow (1) —71O N - - Always counts down except
! 0 To external trigger circuit 00 Y P
' TAj overflow (1) —1-0 o 99 10 in event counter mode
— ' 11
E TAk overflow (1) —O . : Decrement &C
' TAITGH to TAITGL ' o1 o
TAUDL0 % TMOD1 to TMODO
1
)
Pulse output MR2
. | Er=r=—— |
TAIOUT O <d Toggle Flip-Flop
TCK1 to TCKO, TMOD1 to TMODO, MR2 to MR1: Bits in TAIMR register TAI Addresses TAj TAK
TAITGH to TAITGL: Bits in ONSF register If i = 0, bits in TRGSR register if i = 1 to 4 Timer AO  0387h-0386h  Timer A4 Timer A1
TAIS: Bit in TABSR register Timer A1 0389h-0388h  Timer AO Timer A2
TAIUD: Bit in UDF register Timer A2 038Bh-038Ah  Timer A1 Timer A3
Timer A3 038Dh-038Ch  Timer A2 Timer A4
i=0to4 Timer A4 038Fh- 038Eh  Timer A3 Timer AO
j=1i-1exceptj=4wheni=0
k=i+1exceptk=0wheni=4
NOTE:
1. Overflow or underflow
Figure 12.3 Timer A Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
Timer Ai Mode Register (i = 0 to 4)
b7 b6 b5 b4 b3 b2 b1 bo
| l l l l l l l | Symbol Address After Reset
B N N N N A TAOMR to TA4MR  0396h to 039Ah 00h
oo v Bit Symbol Bit Name Function RW
. b16
Cob o b b TMopo 00 : Timer mode RW
AR Operation Mode Select Bit | 0 1 : Event counter mode
1 0 : One-shot timer mode
e TMOD1 11 : Pulse width modulation mode| RW
L e W
e MRl | e with each operation mod RW
E E E L MR2 unction varies with eacnh operation mode RW
Dol e MR3 RW
I ERREEEEEEEEEEEE TCKO i ies wi RW
' Count Source Select Bit Functlgn varies with each
LN TCK1 operation mode RW
Timer Ai Register (i = 0 to 4) (1)
o1s o Symbol Address After Reset
®19) o b0 TAO 0387h to 0386h Indeterminate
| TA1 0389h to 0388h Indeterminate
TA2 038Bh to 038Ah Indeterminate
' TA3 038Dh to 038Ch Indeterminate
; TA4 038Fh to 038Eh Indeterminate
i Mode Function Setting Range RW
i __|Timer Divide the count source by n + 1 where n =
Mode set value 0000h to FFFFh RwW
Event Divide the count source by FFFFh —n + 1
Counter where n = set value when counting up or | 0000h to FFFFh RW
Mode by n + 1 when counting down (2)
One-shot Divide the count source by n where n = set
Timer Mode | value and cause the timer to stop 0000h to FFFFh (3 (4 WO
Pulse Width | Modify the pulse width as follows:
Modulation | PWM period: (216 — 1) /fj
Mode High level PWM pulse width: n / fj 0000h to FFFEh () (6)| WO
(16-bit PWM)| where n = set value, fj = count source
frequency
Pulse Width | Modify the pulse width as follows:
Modulation | PWM period: (28 — 1) X (m + 1)/ fj 00h to FEh
Mode High level PWM pulse width: (m + 1)n/fj | (High-order address) WO
(8-bit PWM) | where n = high-order address set value, 00h to FFh
m = low-order address set value, fj = (Low-order address)
count source frequency
NOTES:
1.The register must be accessed in 16-bit unit.
2.The timer counts pulses from an external device or overflows or underflows in other timers.
3.1f the TAi register is set to "0000h", the counter does not work and timer Ai interrupt requests are
not generated either. Furthermore, if "pulse output" is selected, no pulses are output from the
TAIOUT pin.
4.Use the MOV instruction to write to the TAi register.
5.1f the TAi register is set to "0000h", the pulse width modulator does not work, the output level on
the TAIOUT pin remains low, and timer Ai interrupt requests are not generated either.
The same applies when the 8 high-order bits in the TAi register are set to "00h" while operating as
an 8-bit pulse width modulator.

Figure 12.4 TAOMR to TA4MR Registers and TAO to TA4 Registers
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Count Start Flag
b7 b6 b5 b4 b3 b2 b1 b
| | | | | | | | | Symbol Address After Reset
B I A TABSR 0380h 00h
oo v | Bit Symbol Bit Name Function RW
S TAOS Timer AO Count Start Flag | 0 : Stops counting RW
P TA1S Timer A1 Count Start Flag 1 : Starts counting RW
A T T R S TA2S  |Timer A2 Count Start Flag RW
- TA3S Timer A3 Count Start Flag RW
S GEEOETEEEE TA4S | Timer A4 Count Start Flag RW
Pl e TBOS  |Timer BO Count Start Flag RW
D TB1S | Timer B1 Count Start Flag RW
e TB2S  |Timer B2 Count Start Flag RW
Up/Down Flag ()
b7 b6 b5 b4 b3 b2 bt b
| | | | | | | | | Symbol Address After Reset
e UDF 0384h 00h
oo v | Bit Symbol Bit Name Function RW
vor o v 4 r -l TAOUD | Timer AO Up/Down Flag 0 : Down count RwW
I I S TA1UD | Timer A1 Up/Down Flag | ' - P count RW
e TA2UD | Timer A2 Up/Down Flag Enabled by setting the MR2 bitin | RW
Vo ) the TAIMR register to "0"
_____________ TASUD Timer A3 Up/Down Flag (= switching source in UDF register) RW
e TA4UD | Timer A4 Up/Down Flag during event counter mode. RW
A Tap | Timer A2 Two-Phase Pulse | 0 : Two-phase pulse signal
o Signal Processing Select Bit|  processing disabled WO
b Tiror A3 Two-Phase Pul 1 : Two-phase pulse signal
S imer wo-Fhase Fulse rocessing enabled (2) (3)
' TA3P Signal Processing Select Bit P g WO
] Timer A4 Two-Phase Pulse
TA4P Signal Processing Select Bit WO
NOTES:
1.Use the MOV instruction to write to this register.
2.Make sure the port direction bits for the TA2IN to TA4IN and TA20UT to TA4OUT pins are
set to "0" (input mode).
3.When not using the two-phase pulse signal processing function, set the corresponding bit to
timer A2 to timer A4 to "0".

Figure 12.5 TABSR Register and UDF Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
One-Shot Start Flag
b7 b6 b5 b4 b3 b2 bt bo
| | | | | | | | Symbol Address After Reset
S N N E T ONSF 0382h 00h
Poiop o r b | Bit Symbol Bit Name Function RW
¢+ ¢ 4+ 4 ot TAOOS |Timer AO One-Shot Start Flag | The timer starts counting by setting | RW
T : this bit to "1" while the TMOD1 to
A TA10S | Timer A1 One-Shot Start Flag | 1160 pits in the TAIMR register (i = | AW
e TA20S | Timer A2 One-Shot Start Flag | 0 to 4) = 10b (one-shot timer mode) | RwW
[ - and the MR2 bit in the TAIMR register
i TA30S  |Timer A3 One-Shot Start Flag| _ (TAIOS bit enabled). RW
LR TA40S | Timer A4 One-Shot Start Flag | When read, its content is "0". RW
[ . . 0 : Z-phase input disabled
P TAZIE |Z-phase Input Enable Bit 1 Z-phase input enabled RW
P TAOTGL 00 RW
5 Timer A0 Event/Trigger 00 Input on TAOIN is selected W)
: Select Bit 01:TB2is selected ()
e ] TAOTGH elect Bt 10:TA4 is selected (2) RW
11:TA1 is selected (2
NOTES:
1.Make sure the PD7_1 bit in the PD7 register is set to "0" (input mode).
2.0ver flow or under flow.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | Symbol Address After Reset
I I I TRGSR 0383h 00h
T T S R R =T Symbol Bit Name Function RW
A b1 b0
Porobor o+ TAITGL 00: Input on TA1IN is selected () | RW
A Timer A1 Event/Trigger 01:TB2is selected @
[ Select Bit 10:TAO is selected (2)
oo TATTGH 11:TA2is selected (2) RW
P 030
e TA2TGL . ) 00 : Input on TA2IN is selected (1) RW
A Timer A2 Event/Trigger 01:TB2is selected ()
o Select Bit 10:TA1 is selected ()
R TA2TGH 11 :TA3is selected RwW
P w0
R TA3TGL | _ 00 : Input on TA3IN is selected (1 | RW
- Timer A3 Event/Trigger 01:TB2is selected (2)
R Select Bit 10:TA2 s selected @
P TASTGH 11:TA4 is selected @ RW
I b7 b6
P TTTTTTTmeeT TA4TGL . ) 00 : Input on TA4IN is selected (1) [ RW
: Timer A4 Event/Trigger 01:TB2is selected )
. Select Bit 10:TA3 s selected (@
TAA4TGH 11:TAO is selected (2) RW
NOTES:
1.Make sure the port direction bits for the TA1IN to TA4IN pins are set to "0" (input mode).
2.0ver flow or under flow.
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo S bol Add Af R
NNVNVNVNY NN ymbo ress ter Reset
.MMMMMMM CPSRF 0381h OXXXXXXXb
Bit Symbol Bit Name Function RW
e — Nothing is assigned. When write, set to "0".
poTTTTTT e (b6-b0) | When read, their contents are indeterminate. —
: Setting this bit to "1" initializes the
T SEEEEEEEEEEEEEEEEEREE CPSR Clock Prescaler Reset Flag | prescaler for the timekeeping clock. | Rw
(When read, its content is "0".)

Figure 12.6 ONSF Register, TRGSR Register and CPSRF Register
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M16C/6N Group (M16C/6NL, M16C/6NN)

12.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally. Table 12.1 lists specifications in
timer mode. Figure 12.7 shows TAIMR register in timer mode.

Table 12.1 Specifications in Timer Mode

ltem

Specification

Count Source

f1, f2, 18, 132, f{C32

Count Operation

* Down-count
» When the timer underflows, it reloads the reload register contents and continues counting

Divide Ratio

1/(n+1) n: set value of the TAi register  0000h to FFFFh

Count Start Condition

Set the TAIS bit in the TABSR register to “1” (start counting)

Count Stop Condition

Set the TAIS bit to “0” (stop counting)

Interrupt Request Generation Timing

Timer underflow

TAIiIN Pin Function

I/0 port or gate input

TAIOUT Pin Function

I/0 port or pulse output

Read from Timer

Count value can be read by reading the TAi register

Write to Timer

» When not counting and until the 1st count source is input after counting start
Value written to the TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)

Select Function

+ Gate function
Counting can be started and stopped by an input signal to TAIIN pin

» Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When TAIS bit is set to “0 ” (stop counting), the pin outputs a low.

i=0to4

Timer Ai Mode Register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl b0

| | |0 | | | | O| O| Symbol Address After Reset
TAOMR to TA4MR 0396h to 039Ah 00h
¢+ o+ v+ | Bit Symbol Bit Name Function RW
TMODO | Operation Mode b1 RW
______ TMODA Select Bit 00 : Timer mode AW
0 : Pulse is not output
_________ Pulse Output Function (TAIOUT pin is a normal port pin)
MRo Select Bitp 1 : Pulse is output RW
(TAIOUT pin is a pulse output pin)
00 Gate function not available
"""""" MR1 01:J (TAIIN pin functions as I/0 port) | RW
Gate Function Select Bit |10 : Counts while input on the TAIIN pin
is low (1)
---------------- MR2 11 : Counts while input on the TAIIN pin [ Rw
is high (1)
.................... MR3 Set to "0" in timer mode RW
b7 b6
"""""""""""" TCKO 00:florf2 RW
Count Source Select Bit ? g) : 1[22
--------------------------- TCK1 11-C32 RW
NOTE:

1.The port direction bit for the TAIIN pin is set to "0" (input mode).

Figure 12.7 TAOMR to TA4MR Registers in Timer Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.1.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3 and A4 can count two-phase external signals. Table 12.2 lists specifications
in event counter mode (when not processing two-phase pulse signal). Figure 12.8 shows TAIMR register
in event counter mode (when not processing two-phase pulse signal). Table 12.3 lists specifications in
event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4). Figure
12.9 shows TA2MR to TA4MR registers in event counter mode (when processing two-phase pulse signal
with the timers A2, A3 and A4).

Table 12.2 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
ltem Specification
Count Source » External signals input to TAIIN pin (effective edge can be selected in program)
» Timer B2 overflows or underflows,
Timer Aj overflows or underflows,
Timer Ak overflows or underflows
Count Operation » Up-count or down-count can be selected by external signal or program
* When the timer overflows or underflows, it reloads the reload register
contents and continues counting. When operating in free-running mode,
the timer continues counting without reloading.
Divided Ratio 1/ (FFFFh - n + 1) for up-count
1/(n + 1) for down-count  n: set value of the TAiregister 0000h to FFFFh
Count Start Condition Set the TAIS bit in the TABSR register to “1” (start counting)
Count Stop Condition Set the TAIS bit to “0” (stop counting)
Interrupt Request Generation Timing| Timer overflow or underflow

TAIIN Pin Function I/0 port or count source input

TAIOUT Pin Function I/0 port, pulse output, or up/down-count select input

Read from Timer Count value can be read by reading the TAi register

Write to Timer » When not counting and until the 1st count source is input after counting start

Value written to the TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select Function » Free-run count function
Even when the timer overflows or underflows, the reload register content
is not reloaded to it
» Pulse output function
Whenever the timer underflows or underflows, the output polarity of
TAIOUT pin is inverted.
When TAIS bit is set to “0” (stop counting), the pin outputs a low.

i=0to 4
j=i-1,exceptj=4ifi=0
k=i+1,exceptk=0ifi=4

Rev.1.02 Jul 01,2005 page 95 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

Timer Ai Mode Register (i = 0 to 4)
(When not using two-phase pulse signal processing)

[T Tol [T [o]]

TAOMR to TA4MR 0396h to 039Ah 00h

Bit Symbol Bit Name Function RW
: TMODO . ., | bteo RW
L] TMOD1 Operation Mode Select Bit 0 1 : Event counter mode (1) RW
0 : Pulse is not output
; Pulse Output Function (TAIOUT pin functions as 1/O port) RW
""""" MRO Select Bit 1 : Pulse is output

(TAIOUT pin functions as pulse output pin)

0 : Counts falling edge of external signal RW

E _____________ MR1 i it (2 - .
Count Polarity Select Bit @ { - 5 s rising edge of external signal

o MR2 Up/Down Switching 0 : UDF register RW
Cause Select Bit 1 : Input signal to TAIOUT pin (3)
e MR3 Set to "0" in event counter mode RW
' Count Operation Type 0 : Reload type
"""""""""""" TCKO Select Bit 1 : Free-run type RW
e TCKA1 Can be "0" or "1" when not using two-phase pulse signal processing.| RW

NOTES:
1.During event counter mode, the count source can be selected using the ONSF and TRGSR registers.
2.Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are "00b" (TAIIN pin input).
3.Count down when input on TAIOUT pin is low or count up when input on that pin is high. The port direction
bit for TAIOUT pin is set to "0" (input mode).

Figure 12.8 TAOMR to TA4MR Registers in Event Counter Mode (when not using two-phase pulse
signal processing)
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

Table 12.3 Specifications in Event Counter Mode (when processing two-phase pulse signal with timers A2, A3 and A4)

Item Specification
Count Source » Two-phase pulse signals input to TAIIN or TAIOUT pins
Count Operation » Up-count or down-count can be selected by two-phase pulse signal

* When the timer overflows or underflows, it reloads the reload register
contents and continues counting. When operating in free-running mode,
the timer continues counting without reloading.

Divide Ratio 1/ (FFFFh - n + 1) for up-count

1/ (n + 1) for down-count  n:set value of the TAiregister 0000h to FFFFh

Count Start Condition Set the TAIS bit in the TABSR register to “1” (start counting)

Count Stop Condition Set the TAIS bit to “0” (stop counting)

Interrupt Request Generation Timing | Timer overflow or underflow

TAIiIN Pin Function Two-phase pulse input

TAIOUT Pin Function Two-phase pulse input

Read from Timer Count value can be read by reading the TAi register

Write to Timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
» When counting (after 1st count source input)

Value written to TAi register is written to reload register

(Transferred to counter when reloaded next)
Select Function + Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN
pin when input signals on TAjOUT pin is “H”.

TAJOUT
TAjIN § § § * i *

Up- Up- Up- Down- Down- Down-
count count  count count count  count

» Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAKIN pin goes “H” when the input
signal on TAKOUT pin is “H”, the timer counts up rising and falling edges
on TAKOUT and TAKIN pins. If the phase relationship is such that TAKIN
pin goes “L” when the input signal on TAKOUT pin is “H”, the timer counts
down rising and falling edges on TAKOUT and TAKIN pins.

TAkOUT§i§i§ 1§i§i

- J - J
VT YT
Count up all edges Count down all edges

TAKIN

- ) - J
Y VT

Count up all edges Count down all edges

 Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to “0” by Z-phase input.

i=2to4
ji=2,3
k=3, 4
NOTE:
1.Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed
to multiply-by-4 processing operation.
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Timer Ai Mode Register (i = 2 to 4)
(When using two-phase pulse signal processing)
b6 50 Dt b3 P M1 W Symbol Address After Reset
| | | 0 | 1 | 0| 0 | 0 | 1 | TA2MR to TA4MR ~ 0398h to 039Ah 00h
Bit Symbol Bit Name Function RW
Pob ot TMoDo , RES RW
S TMOD1 Operation Mode Select Bit | g 1 - Event counter mode oW
e MRO RW
A To use two-phase pulse signal processing, set this bit to "0".
T T S MR1 RW
P MR2 To use two-phase pulse signal processing, set this bit to "1". RW
S — MR3 To use two-phase pulse signal processing, set this bit to "0". RW
E ______________________ Count Operation Type 0 : Reload type
TCKO Select Bit 1 : Free-run type RW
Two-Phase Pulse Signal N | . .
B ESERRCCEEEEEEEPELLEEED TCK1 Processing Operation 0 : Normal processing operation RW
Select Bit (1) @) 1 : Multiply-by-4 processing operation
NOTES:
1. The TCK1 bit is valid for the TASMR register. No matter how this bit is set, timers A2 and A4 always operate in normal
processing mode and x4 processing mode, respectively.
2. If two-phase pulse signal processing is desired, following register settings are required:
+ Set the TAIP bit in the UDF register to "1" (two-phase pulse signal processing function enabled).
+ Set the TAITGH and TAITGL bits in the TRGSR register to "00b" (TAIIN pin input).
- Set the port direction bits for TAIIN and TAIOUT to "0" (input mode).

Figure 12.9 TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse
signal processing with timer A2, A3 or A4)
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M16C/6N Group (M16C/6NL, M16C/6NN)

12. Timers

12.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing

This function initializes the timer count value to “0” by Z-phase (counter initialization) input during two-

phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal processing,

free-running type, x4 processing, with Z-phase entered from the ZP pin.

Counter initialization by Z-phase input is enabled by writing “0000h” to the TA3 register and setting the

TAZIE bit in the ONSF register to “1” (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be selected
to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse width
applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 12.10 shows

the relationship between the two-phase pulse (A phase and B phase) and the Z-phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this

function.

T30UT
(A phase) r

TA3IN |
(B phase)

|
| |
| —_—
T T |
I
|
|

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

ZP (1)

| ¢ > ' Input equal to or greater than one clock cycle
of count source

Timer A3 Xom Xma X 1 X 2 X 8 X 4 X5

NOTE:
1. This timing diagram is for the case where the POL bit in the INT2IC register = 1 (rising edge).

Figure 12.10 Two-phase Pulse (A phase and B phase) and Z Phase
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.1.3 One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. When the trigger occurs, the timer
starts up and continues operating for a given period. Table 12.4 lists specifications in one-shot timer
mode. Figure 12.11 shows the TAIMR register in the one-shot timer mode.

Table 12.4 Specifications in One-shot Timer Mode

ltem Specification
Count Source f1, f2, 8, 32, f{C32
Count Operation * Down-count

» When the counter reaches 0000h, it stops counting after reloading a new value
« If a trigger occurs when counting, the timer reloads a new count and restarts counting
Divide Ratio 1/n n : set value of the TAi register 0000h to FFFFh
However, the counter does not work if the divide-by-n value is set to 0000h.
Count Start Condition The TAIS bit in the TABSR register = 1 (start counting) and one of the following
triggers occurs.
» External trigger input from the TAIIN pin
* Timer B2 overflow or underflow,

Timer Aj overflow or underflow,

Timer Ak overflow or underflow
* The TAIOS bit in the ONSF register is set to “1” (timer starts)
Count Stop Condition * When the counter is reloaded after reaching “0000h”
* TAIS bit is set to “0” (stop counting)
Interrupt Request Generation Timing | When the counter reaches “0000h”

TAIIN Pin Function I/O port or trigger input

TAIOUT Pin Function I/0 port or pulse output

Read from Timer An indeterminate value is read by reading the TAi register

Write to Timer * When not counting and until the 1st count source is input after counting start

Value written to the TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select Function * Pulse output function
The timer outputs a low when not counting and a high when counting.

i=0to4
j=i-1,exceptj=4ifi=0
k=i+1,exceptk=0ifi=4
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
Timer Ai Mode Register (i = 0 to 4)
b7 b6 b5 b4 b3 b2 b1 b0
| | | 0 | 110 | Symbol Address After Reset
B I Tkl N N N TAOMR to TA4MR  0396h to 039Ah 00h
10 i i [(oisymbol Bit Name Function AW
L TIMODO ] raton Mode Select it | i RW
S TMODA1 peration Viode Select bit| 1 0 : One-shot timer mode RW
0 : Pulse is not output
A Pulse Output Function (TAiouT pin functions as /O port)
ooy T MRO Select Bit 1 : Pulse is output RW
R (TAiouT pin functions as a pulse output pin)
MR1 External Trigger Select | 0 : Falling edge of input signal to TAiIN pin (2 AW
A Bit (1) 1 : Rising edge of input signal to TAIIN pin (2
T . , 0 : TAIOS bit is enabled
B MR2 | Trigger Select Bit 1 Selected by TATTGH to TAITGL bits AW
S MR3 Set to "0" in one-shot timer mode RW
b 5756
i TCKO 00:f1orf2 RW
Count Source Select Bit ? é ;22
R ERREEEEEEEEEEEED TCK1 111032 RwW
NOTES:
1. Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are "00b" (TAIiIN pin input).
2.The port direction bit for the TAIIN pin is set to "0" (input mode).

Figure 12.11 TAiMR Register in One-shot Timer Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.1.4 Pulse Width Modulation (PWM) Mode
In pulse width modulation mode, the timer outputs pulses of a given width in succession. The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator.
Table 12.5 lists specifications in pulse width modulation mode. Figure 12.12 shows TAIMR register in
pulse width modulation mode.
Figures 12.13 and 12.14 show examples of how a 16-bit pulse width modulator operates and how an 8-bit
pulse width modulator operates, respectively.

Table 12.5 Specifications in Pulse Width Modulation Mode

Item Specification
Count Source f1, f2, {8, 32, f{C32
Count Operation * Down-count (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new value at a rising edge of PWM pulse and continues counting
» The timer is not affected by a trigger that occurs during counting

16-bit PWM * High level width n /fj n : set value of the TAi register
* Cycle time (2'6-1) / fj fixed fj : count source frequency (f1, 2, 8, £32, f{C32)
8-bit PWM * High level width n X (m+1) /fj n : set value of the TAi register high-order address

« Cycle time (28-1) X (m+1) / fj m : set value of the TAi register low-order address
Count Start Condition * The TAIS bit in the TABSR register is set to “1” (start counting)
» The TAIS bit = 1 and external trigger input from the TAIIN pin
» The TAIS bit = 1 and one of the following external triggers occurs
Timer B2 overflow or underflow,
Timer Aj overflow or underflow,
Timer Ak overflow or underflow
Count 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 I/0O port or trigger input

TAIOUT Pin Function Pulse output

Read from Timer An indeterminate value is read by reading the TAi register

Write to Timer * When not counting and until the 1st count source is input after counting start

Value written to the TAi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to the TAi register is written to only reload register

(Transferred to counter when reloaded next)

i=0to4
j=i-1,exceptj=4ifi=0
k=i+1,exceptk=01ifi=4
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | ] | ] | ] | Symbol Address After Reset
11 A TAOMR to TA4MR  0396h to 039Ah 00h
P bt b | Bit Symbol Bit Name Function RW
poiof i b i b+ TMODO |operation Mode b1 b0 RW
AR TMODT | Selact Bit 11 : Pulse width modulation mode —y
oo 0 : Pulse is not output _
S T MRO Pulse Output Function _ (TAIOUT pin is a normal port pin) RW
I Select Bit (3) 1 : Pulse is output
Coor o (TAIOUT pin is a pulse output pin)
: i i ! : External Trigger Select 0: Falllng edge of input signal to TAIIN p|n (2) RW
P T MR1 Bit (1) 1 : Rising edge of input signal to TAIIN pin (2)
Pl . . 0 : Write "1" to TAIS bit in the TABSR register
A MR2  [Trigger Select Bit 1 Selected by TAITGH to TAITGL bits RW
MR 16/8-Bit Pulse Width 0 : Functions as a 16-bit pulse width modulator RW
Voo T 3 Modulation Mode Select Bit| 1 : Functions as an 8-bit pulse width modulator
E : b7 b6
T P R TCKO 00:f1orf2 RW
Count Source Select Bit | 01:18
. 10:132
TeK1 11:fC32 RW
NOTES:
1. Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are "00b" (TAIIN pin input).
2.The port direction bit for the TAIIN pin is set to "0" (input mode).
3.Set to "1" (pulse is output), PWM pulse is output.

Figure 12.12 TAOMR to TA4MR Registers in Pulse Width Modulation Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

Count source
Input signal to H” } | }\
TAIIN pin L }

PWM pulse output "H" ‘ ‘

from TAIOUT pin = w» - . I
IR bit in TAIIC "

register wo— L o ______

i—0to4 Set to "0" upon accepting an interrupt request or by writing in program

%

fj: Frequency of count source (f1, f2, 8, 32, {C32)

NOTES:
1.n =0000h to FFFEh.
2. This timing diagram is the following case.
¢ TAi register = 0003h
¢ The TAITGH and TAITGL bits in the ONSF or TRGSR register = 00b (TAIIN pin input)
* The MR1 bit in the TAIMR register = 1 (rising edge)
* The MR2 bit in the TAIMR register = 1 (trigger selected by the TAITGH and TAITGL bits)

Figure 12.13 Example of 16-bit Pulse Width Modulator Operation

N 111

Input signal to "H
TAIIN pin ‘ .

Underflow signal of ~ "H"  —— ——— — — — — —
8-bit prescaler (2) o

1/fi X (m+1)Xn ;

-~

PWM pulse output "H”

from TAIOUT pin o | o
IR bit in TAIIC

register "0"

i=0to4 Set to "0" upon accepting an interrupt request or by writing in program
fi: Frequency of count source (1, f2, {8, f32, fC32)
NOTES:

1. The 8-bit prescaler counts the count source.
2. The 8-bit pulse width modulator counts the output from the 8-bit prescaler underflow signal.
3.m = 00h to FFh; n = 00h to FEh.
4. This timing diagram is the following case.
¢ TAi register = 0202h
*The TAITGH and TAITGL bits in the ONSF or TRGSR register = 00b (TAIIN pin input)
*The MR1 bit in the TAIMR register = 0 (falling edge)
*The MR2 bit in the TAIMR register = 1 (trigger selected by the TAITGH and TAITGL bits)

Figure 12.14 Example of 8-bit Pulse Width Modulator Operation
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.2 Timer B
Figure 12.15 shows a block diagram of the timer B. Figures 12.16 and 12.17 show the timer B-related
registers.
Timer B supports the following three modes. Use the TMOD1 and TMODO bits in the TBiMR register (i=0
to 5) to select the desired mode.
 Timer mode : The timer counts an internal count source.
» Event counter mode : The timer counts pulses from an external device or over
flows or underflows of other timers.
* Pulse period/pulse width measuring mode : The timer measures pulse period or pulse width of an
external signal.

High-order Bits of Data Bus S
Select clock source 1 [
00 TCK110 TCKO 00 Timer Low-order Bits of Data Bus e

f1 orf2 —1 10: Pulse period measurement mode,
8 ﬂg&c pulse v?/idth measurement mode TMODT to TMODO ;
f32 1015 Low-order High-order

11 8 bits 8 bits
fC32 ——0 TCKA1 |
1

) Reload Register |
TBj overflow (1) rO 01: Event counter
TaiIN O-{Polarity Switching 0 o/c

and Edge Pulse Counter |
4
I Counter Reset Circuit I
TCK1 to TCKO, TMOD1 to TMODO: Bits in TBiMR register TBi Addresses TBj
g

TBiS: Bit in TABSR register or TBSR register Timer BO  0391h-0390h Timer B2

Timer B1  0393h-0392h Timer BO
i=0to5 Timer B2  0395h- 0394h  Timer B1
j=i-1exceptj=2wheni=0,j=5wheni=3 Timer B3 01D1h-01DOh  Timer B5

Timer B4 01D3h-01D2h  Timer B3
NOTE: TimerB5 01D5h-01D4h  Timer B4

1. Overflow or underflow

Figure 12.15 Timer B Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
Timer Bi Mode Register (i = 0 to 5)
b7 66 bS5 b4 b3 b2 b1 b0 Symbol Address After Reset
| | | TBOMRtoTB2MR 039Bhto039Dh  00XX0000b
T T TB3MR to TBSMR 01DBhto 01DDh  00XX0000b
Bit Symbol Bit Name Function RW
b1 b0
TMODO 00 : Timer mode RW
) | 01: Event counter mode
Operation Mode Select Bit| 1 0 : Pulse period measurement mode,
: TMOD1 pulse width measurement mode RW
""" 11 : Do not set a value
-------- MRO RW
............. MR1 RW
) L ) RW (1)
________________ MR2 Function varies with each operation mode | WV
- @
-------------------- MR3 RO
"""""""""""" TCKO Count Source Select Bit Function varies with each operation RW
--------------------------- TCK1 mode RW
NOTES:
1. Timer BO, timer B3.
2. Timer B1, timer B2, timer B4, timer B5.
Timer Bi Register (i = 0 to 5) (1) Symbol Address After Reset
TBO 0391h, 0390h Indeterminate
(b15) (b8) TB1 0393h, 0392h Indeterminate
b7 b0b7 £o TB2 0395h, 0394h Indeterminate
| TB3 01D1h,01D0h  Indeterminate
: TB4 01D3h, 01D2h Indeterminate
: TB5 01D5h, 01D4h Indeterminate
Mode Function Setting Range |RW
- Timer Mode Divide the count source by n + 1 0000h to FFFFh |RW
where n = set value
Event Counter | Divide the count source by n + 1 0000h to FEFEh  |RW
Mode where n = set value (2)
Pulse Period Measures a pulse period or width
Modulation Mode, RO
Pulse Width
Modulation Mode
NOTES:
1.The register must be accessed in 16-bit unit.
2.The timer counts pulses from an external device or overflows or underflows of other timers.

Figure 12.16 TBOMR to TB5MR Registers and TBO0 to TB5 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address After Reset
S N N N N A A TABSR 0380h 00h
pob o or oo b Bit Symbol Bit Name Function RW
TAOS Timer A0 Count Start Flag | 0 : Stops counting RW
O TA1S  |Timer A1 Count Start Flag 1+ Starts counting RW
Ve TA2S Timer A2 Count Start Flag RwW
R — TA3S | Timer A3 Count Start Flag RW
P o] TA4S Timer A4 Count Start Flag RW
T TBOS Timer BO Count Start Flag RW
D TB1S  |Timer B1 Count Start Flag RW
S TB2S | Timer B2 Count Start Flag RW
Timer B3, B4, B5 Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
TBSR 01COh 000XXXXXb
t ¢ i 1 % ¢ 1 1| BitSymbol Bit Name Function RW
; - Nothing is assigned. When write, set to "0".
. (b4-b0) When read, their contents are indeterminate. -
. TB3S | Timer B3 Count Start Flag |0 : Stops counting RW
e ——— TB4S Timer B4 Count Start Flag 1+ Starts counting RW
--------------------------- TB5S Timer B5 Count Start Flag RW
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
CPSRF 0381h OXXXXXXXb
¢ o o | Bit Symbol Bit Name Function RW
R R S - Nothing is assigned. When write, set to "0". _
(b6-b0) When read, their contents are indeterminate.
: Setting this bit to "1" initializes the
B REEELLEEEELEERD CPSR Clock Prescaler Reset Flag [Prescaler for the timekeeping clock.| gy
(When read, the value of this bit is "0".)

Figure 12.17 TABSR Register, TBSR Register and CPSRF Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally.
Table 12.6 lists specifications in timer mode. Figure 12.18 shows TBiMR register in timer mode.

Table 12.6 Specifications in Timer Mode

Item Specification
Count Source f1, f2, {8, 32, f{C32
Count Operation * Down-count

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide Ratio 1/(n+1) n: set value of the TBi register 0000h to FFFFh

Count Start Condition Set the TBiS bit ") to “1” (start counting)

Count Stop Condition Set the TBIiS bit to “0” (stop counting)

Interrupt Request Generation Timing | Timer underflow

TBiIN Pin Function I/0 port
Read from Timer Count value can be read by reading the TBi register
Write to Timer » When not counting and until the 1st count source is input after counting start

Value written to the TBi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to the TBi register is written to only reload register

(Transferred to counter when reloaded next)

i=0to5
NOTE:
1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S
bits are assigned to the bit 5 to bit 7 in the TBSR register.

Timer Bi Mode Register (i = 0 to 5)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
| | | | | | | 0 | 0 | TBOMR to TB2MR  039Bh to 039Dh 00XX0000b
N A TB3MR to TBSMR  01DBh to 01DDh 00XX0000b
Bit Symbol Bit Name Function RW
TMOD b1b0 RwW
H oDo Operation Mode Select Bit | 0 0 : Timer mode
L---- TMODH1 RW
Pt MRO Has no effect in timer mode RW
e MR1 Can be setto "0" or "1" RW

TBOMR, TB3MR registers
Set to "0" in timer mode

P MR2 | TB1MR, TB2MR, TB4MR, TB5MR registers
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.

When write in timer mode, set to "0".

"""""""""" MR3 When read in timer mode, its content is indeterminate.

RO

b7 b6

R TCKO 00:f1orf2 RW

Count Source Select Bit |0 1:18
10:132 RW

11:fC32

e SSSGRERE e ELEREES TCK1

Figure 12.18 TBOMR to TB5MR Registers in Timer Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.2.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Table 12.7 lists specifications in event counter mode. Figure 12.19 shows TBiMR register in
event counter mode.

Table 12.7 Specifications in Event Counter Mode

ltem Specification
Count Source « External signals input to TBIIN pin (effective edge can be selected in program)
» Timer Bj overflow or underflow
Count Operation * Down-count

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide Ratio 1/(n+1) n: set value of the TBi register ~ 0000h to FFFFh

Count Start Condition Set TBIS bit (" to “1” (start counting)

Count Stop Condition Set TBiS bit to “0” (stop counting)

Interrupt Request Generation Timing [ Timer underflow

TBIiIN Pin Function Count source input
Read from Timer Count value can be read by reading the TBi register
Write to Timer * When not counting and until the 1st count source is input after counting start

Value written to the TBi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to the TBi register is written to only reload register

(Transferred to counter when reloaded next)

i=0to5
j=i-1,exceptj=2ifi=0,j=5ifi=3
NOTE:

1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S
bits are assigned to the bit 5 to bit 7 in the TBSR register.

Timer Bi Mode Register (i= 0 to 5)

b7 06 bS b4 b3 b2 bl bO Symbol Address After Reset
| [o[1] TBOMRtoTB2MR  039Bh to 039Dh 00XX0000b
. TB3MR to TBSMR  01DBh to 01DDh 00XX0000b
Bit Symbol Bit Name Function RW
TMODO o tion Mode Select Bit b1 60 RW
H eration Mode Select Bi .
. TMOD1 p 0 1: Event counter mode AW
H b3 b2
[ MRO 0 0 : Counts falling edge of external signal RW
Count Polarity Select 01 : Counts rising edge of‘elxternal signal
H Bit (1) 10 : Counts falling and rising edges of
o] MR1 external signal RW
11 : Do not set a value
TBOMR, TB3MR registers RW
: Setto’0”ineventcountermode ||
O ELCIEEREE MR2 TB1MR, TB2MR, TB4MR, TB5MR registers
Nothing is assigned. When write, set to "0". -
When read, its content is indeterminate.
: When write in event counter mode, set to "0".
"""""""""" MR3 When read in event counter mode, its content is indeterminate. RO
Has no effect in event counter mode.
........................ TCKO Can be set to "0" or "1". RW
! 0 : Input from TBIIN pin (2)
H . 1 : TBj overflow or underflow
........................... TCK1 Event Clock Select Bit (i=i—1, exceptj=2ifi=0, RW
j=5ifi=3)

NOTES:
1. Effective when the TCK1 bit = 0 (input from TBIIN pin). If the TCK1 bit = 1 (TBj overflow or underflow), these bits can
be set to "0" or "1".
2. The port direction bit for the TBiIN pin must be set to "0" (input mode).

Figure 12.19 TBOMR to TB5MR Registers in Event Counter Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

12.2.3 Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal. Table 12.8 lists specifications in pulse period and pulse width measurement mode. Figure
12.20 shows TBiMR register in pulse period and pulse width measurement mode. Figure 12.21 shows
the operation timing when measuring a pulse period. Figure 12.22 shows the operation timing when
measuring a pulse width.

Table 12.8 Specifications in Pulse Period and Pulse Width Measurement Mode

ltem Specification
Count Source f1, f2, 8, 32, fC32
Count Operation * Up-count

« Counter value is transferred to reload register at an effective edge of
measurement pulse. The counter value is set to “0000h” to continue counting.

Count Start Condition Set the TBiS bit ) to “1” (start counting)

Count Stop Condition Set the TBIiS bit to “0” (stop counting)

Interrupt Request Generation Timing | « When an effective edge of measurement pulse is input @

» Timer overflow. When an overflow occurs, the MR3 bit in the TBiMR
register is set to “1” (overflow) simultaneously. The MR3 bit is set to “0”
(no overflow) by writing to the TBIMR register at the next count timing or
later after the MRS3 bit was set to “1”. At this time, make sure the TBiS bit
is set to “1” (start counting).

TBiIN Pin Function Measurement pulse input

Read from Timer Contents of the reload register (measurement result) can be read by reading
TBi register ©

Write to Timer Value written to the TBi register is written to neither reload register nor counter

i=0to5

NOTES:

1.The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S
bits are assigned to the bit 5 to bit 7 in the TBSR register.

2. Interrupt request is not generated when the first effective edge is input after the timer started counting.

3. Value read from the TBi register is indeterminate until the second valid edge is input after the timer
starts counting.
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M16C/6N Group (M16C/6NL, M16C/6NN) 12. Timers

Timer Bi Mode Register (i = 0 to 5)
b7 b6 b5 b4 b3 b2 bl b Symbol Address After Reset

| | | | | | | 1 | 0 | TBOMR to TB2MR  039Bh to 039Dh 00XX0000b
e S e TB3MR to TBSMR  01DBh to 01DDh 00XX0000b
vor v | Bit Symbol Bit Name Function RW
P bbb b i TMODO . 100
A Operation Mode 1 0 : Pulse period / pulse width RW
R TMOD1 | Select Bit measurement mode RW
A bate
N 0 0 : Pulse period measurement
(Measurement between a falling edge and the
. MRO next falling edge of measured pulse) RW
01 : Pulse period measurement
[ Measurement Mode (Measurement between a rising edge and the next
Select Bit rising edge of measured pulse)
R 1 0 : Pulse width measurement
MR1 (Measurement between a falling edge and the RW
. next rising edge of measured pulse and between
A a rising edge and the next falling edge)
oo 11 : Do not set a value
oo TBOMR and TB3MR registers RW
P | Setto '0" in pulse period and pulse width measurement mode | 77
P e MR2 TB1MR, TB2MR, TB4MR, TB5MR registers
N Nothing is assigned. When write, set to "0". -
When read, its content turns out to be indeterminate.
Timer Bi Overflow 0 : Timer did not overflow
Py T MR3 Flag (1) 1 : Timer has overflown RO
- b7 b6
 URRICELEEEEECEEEE TCKo 00:f1orf2 RW
! Count Source .
. - 01:f8
: Select Bit 1032
--------------------------- TCKA1 111032 RW

NOTE:

1. This flag is indeterminate after reset. When the TBiS bit = 1 (start counting), the MR3 bit is set to "0" (no overflow) by writing to the
TBIMR register at the next count timing or later after the MR3 bit was set to "1" (overflow). The MR3 bit cannot be set to "1" in a
program. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S bits are assigned
to the bit 5 to bit 7 in the TBSR register.

Figure 12.20 TBOMR to TB5MR Registers in Pulse Period and Pulse Width Measurement Mode
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12. Timers

Count source

Measurement pulse

Transfer Transfer !

/" (indeterminate value) / (measured value) |

transfer timin ; L -- ;
9 | (NOTE 1) :/(NOTE 1) | /(NOTE 2)

Timing at which counter

1 [ E—

Reload register« counter |_| |_|
reaches "0000h"

TBiS bit

IR bit in 1"
TBIlC register "o" I_I_ - j
A

e

The TBOS to TB2S bits are assigned to bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S bits
are assigned to bit 5 to bit 7 in the TBSR register.

Set to "0" upon accepting an interrupt request or by writing in program

MR3 bit in "
TBIMR register "o --

i=0to5
NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflown.
3. This timing diagram is for the case where the MR1 to MRO bits in the TBiMR register are "00b" (measure the interval
from falling edge to falling edge of the measurement pulse).

Figure 12.21 Operation Timing When Measuring Pulse Period

Count source

Measurement pulse o

Transfer Transfer i Transfer 1+ Transfer
/1 (mdeterminate/}( (measured value) | (measurey (measured value)
d d d

value) '/ value)

Reload register « counter
transfer timing

" ¢ (NOTE1)| w(NOTET) | x(NOTE 1)q(NOTE 1 NOTE 2
:/( ):/1( ) ‘/( ‘)1( ) /v( )

B I | B S |

Timing at which counter
reaches "0000h"

TBIS bit "

-

IR bit in " _,7
TBIIC register o | | | U_L ‘
> i ;
Set to "0" upon accepting an interrupt request or by !
MR3 bit in "1 writing in program
TBIMR register "o -- I

The TBOS to TB2S bits are assigned to bit 5 to bit 7 in the TABSR register, and the TB3S to TB5S bits
are assigned to bit 5 to bit 7 in the TBSR register.
i=0to5
NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflown.
3. This timing diagram is for the case where the MR1 to MRO bits in the TBiMR register are "10b" (measure the
interval from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge
of the measurement pulse).

Figure 12.22 Operation Timing When Measuring Pulse Width
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13. Three-Phase Motor Control Timer Function

13. Three-Phase Motor Control Timer Function
Timers A1, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 13.1 lists the
specifications of the three-phase motor control timer function. Figure 13.1 shows the block diagram for three-phase
motor control timer function. Also, the related registers are shown on Figures 13.2 to 13.8.

Table 13.1 Three-Phase Motor Control Timer Function Specifications

ltem

Specification

Three-Phase Waveform Output Pin

Six pins (U, U, V, V, W, W)

Forced Cutoff Input "

Input “L” to NMI pin

Used Timers

Timer A4, A1, A2 (used in the one-shot timer mode)

« Timer A4: U- and U-phase waveform control

« Timer A1: V- and V-phase waveform control

« Timer A2: W- and W-phase waveform control

Timer B2 (used in the timer mode)

« Carrier wave cycle control

Dead time timer (3 eight-bit timer and shared reload register)
* Dead time control

Output Waveform

Triangular wave modulation, Sawtooth wave modification
» Enable to output “H” or “L” for one cycle
* Enable to set positive-phase level and negative-phase level respectively

Carrier Wave Cycle

Triangular wave modulation: count source X (m+1) X 2
Sawtooth wave modulation: count source X (m+1)

m: Setting value of the TB2 register, 0 to 65535

Count source: 1, 2, 18, 32, f{C32

Three-Phase PWM Output Width

Triangular wave modulation: count source X n X 2

Sawtooth wave modulation: count source X n
n: Setting value of the TA4, TA1 and TA2 registers (of the TA4,
TA41, TA1, TA11, TA2 and TA21 registers when setting the
INV11 bit to “17), 1 to 65535

Count source: f1, 12, 8, {32, f{C32

Dead Time Count source X p, or no dead time
p: Setting value of the DTT register, 1 to 255
Count source: f1, 2, f1 divided by 2, f2 divided by 2
Active Level Enable to select “H” or “L”

Positive and Negative-Phase Concurrent
Active Disable Function

Positive and negative-phases concurrent active disable function
Positive and negative-phases concurrent active detect function

Interrupt Frequency

For Timer B2 interrupt, select a carrier wave cycle-to-cycle basis
through 15 times carrier wave cycle-to-cycle basis

NOTE:

1. Forced cutoff with NMI input is effective when the IVPCR1 bit in the TB2SC register is set to “1” (three-phase
output forcible cutoff by NMI input enabled). If an “L” signal is applied to the NMI pin when the IVPCR1
bit is “1”, the related pins go to a high-impedance state regardless of which functions of those pins are

being used.

Related pins: « P7_2/CLK2/TA10OUT/V

« P7_3/CTS2/RTS2/TA1INNV

- P7_4/TA20UT/W/(CLK4)
« P7_5/TA2IN/W/(SOUT4)
- P8_0/TA40UT/U(SIN4)

- P8_1/TA4IN/U
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Figure 13.1 Three-Phase Motor Control Timer Function Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Three-Phase PWM Control Register 0 ()

b7 b6 b5 b4 b3 b2 bl

| | | | | | | | | Symbol Address After Reset
INVCO 01C8h 00h

Sylranitbol Bit Name Function RW
0: The ICTB2 counter is incremented by one on the
e Interruot Enable Output rising edge of the timer A1 reload control signal
- INV0O po|a,-it$ Select Bit P 1: The ICTB2 counter is incremented by one on the RW
falling edge of the timer A1 reload control signal (2)
0: ICTB2 counter is incremented by one when
N INVo1 | Interrupt Enable 8)u1put timer B2 underflows RW
S R Specification Bit 1: Selected by the INV00 bit (2
A o (4) 0: No three-phase control timer functions
INV02' | Mode Select Bit 1: Three-phase control timer function () RW
____________ . 0: Disables three-phase control timer output (5)
- INV03 | Output Control Bit 1: Enables three-phase control timer output (6) RW
P Positive and Negative- . .
o . 0: Enables concurrent active output
[ CGEREEEEEEEED INV04 | Phases Concurrent Active | ;. ; RW
Pl Disable Function Enable Bit 1: Disables concurrent active output
Positive and Negative- )
P e INVO5 | Phases Concurrent Active ?: goi d‘itch%d RW
P Output Detect Flag - Detecte
[ INVO6 Modulation Mode 0: Triangular wave modulation mode RW
Select ) 1: Sawtooth wave modulation mode (9)
Transfer trigger is generated when the INV07
P INVO7 Software Trigger Select | bit is set to "1". Trigger to the dead time timer

Bit is also generated when setting the INV06 RW

bit to "1". Its value is "0" when read.

NOTES:

. Set the INVCO register after the PRC1 bit in the PRCR register is set to "1" (write enable).
Rewrite the INVOO to INV0O2 and INV06 bits when the timers A1, A2, A4 and B2 stop.

. The INV0O and INVO1 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 underflows, regardless of INVO0O and INVO1 bit settings,

when the INV11 bit is set to "0" (three-phase mode 0).

When setting the INVO1 bit to "1", set the timer A1 count start flag before the first timer B2 underflow.

When the INVOO bit is set to "1", the first interrupt is generated when the timer B2 underflows n-1 times, if nis

the value set in the ICTB2 counter. Subsequent interrupts are generated every ntimes the timer B2 underflows.

Set the INVO1 bit to "1" after setting the ICTB2 register .

. Set the INVO02 bit to "1" to operate the dead time timer, U-, V-and W-phase output control circuits and ICTB2
counter.

. When the INVO2 bit is set to "1" (three-phase control timer functions) and the INV03 bit to "0" (three-phase
control timer output disabled), U, U, V, V, W and W pins, including pins shared with other output functions, enter
a high-impedance state.

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

- Reset

- A concurrent active state occurs while INV04 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"
The INVO5 bit cannot be set to "1" by program. Set the INV04 bit to "0", as well, when setting the INV05 bit to "0".
. The following table describes how the INVO06 bit works.

INV06 =0
Triangular wave modulation mode

Transferred once by generating a
transfer trigger after setting the IDBO
and IDB1 registers

—_

[$)]

(0]

© N

INVO06 = 1
Sawtooth wave modulation mode

Transferred every time a transfer trigger
is generated

ltem

Mode

Timing to Transfer from the IDBO
and IDB1 Registers to Three-
Phase Output Shift Register

Timing to Trigger the Dead Time
Timer when the INV16 Bit=0

On the falling edge of a one-shot pulse
of the timer A1, A2 or A4

By a transfer trigger, or the falling edge of
a one-shot pulse of the timer A1, A2 or A4

INV13 Bit

Enabled when the INV11 bit=1 and the
INVO06 bit=0

Disabled

©

Transfer trigger : Timer B2 underflows and write to the INVO7 bit, or write to the TB2 register when INV10 = 1

. When the INV06 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" (reload timer B2 with timer B2 underflow).

Figure 13.2 INVCO Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Three-Phase PWM Control Register 1(

b7 b6 b5 b4 b3 b2 bl bo

0 Symbol Address After Reset
— b INVC1 01C9%h 00h
Sy?nitbol Bit Name Function RW
. 0: Timer B2 underflow
A B RS BN 1N\YAT0) ggﬁ%ﬁgbﬁfgggysn 1: Timer B2 underflow and write to | RW
P the timer B2
Timer A1-1, A2-1, A4-1 | O: Three-phase mode 0 ()
A INV11 Control Bit @ 1: Three-phase mode 1 RW
Dead Time Timer 0:florf2
e INV12 | count Source Select Bit | 1 : 1 divided-by-2 or f2 divided-by-2 | RW
A INV13 Carrier Wave Detect 0: Timer A1 reload control signal is "0" RO
Flag 4) 1: Timer A1 reload control signal is "1"
o Output Polarity Control | 0 : Active "L" of an output waveform
S RREREEEEEEEE INV14 | = A RW
P Bit 1 : Active "H" of an output waveform
P ' . . 0: Enables dead time
oy T INV15 | Dead Time Disable Bit | 17 5i 0 o0 o d time RW
0: Falling edge of a one-shot pulse of
v Dead Time Timer the timer A1, A2, A4 ()
v INV16 Trigger Select Bit 1: Rising edge of the three-phase output RW
: shift register (U-, V-, W-phase)
e (b_7) Reserved Bit Set to "0" RW
NOTES:

1. Rewrite the INVC1 register after the PRC1 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
INVOO and INVO1 Bit incremented whenever the timer B2 | Enabled
underflows
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
is reloaded when the timer B2 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" (rising edge of the three-phase output shift
register).

* The INV15 bit is set to "0" (dead time timer enabled)
« The Dij bit (i=U, V or W, j=0, 1) and DiBj bit always have different values when the INV03 bit
is set to "1". (The positive-phase and negative-phase always output opposite level signals.)
If above conditions are not met, set the INV16 bit to "0" (falling edge of a one-shot pulse of the timer A1,
A2, A4d).

Figure 13.3 INVC1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Three-Phase Output Buffer Registeri (i=0, 1) (™

b7 b6 b5 b4 b3 b2 bl bo

| 0 | 0 | | | | Symbol Address After Reset
NN i N N N N IDBO, IDB1 01CAh, 01CBh 00h
A I - -
poror b 0 b [ Symbol Bit Name Function RwW
~{ Dpui U-Phase Output Buffer i [ Write output level RW
e DUBi | U-Phase Output Buffer i | 0: Active level RW
H . —1 1: Inactive level
T T DVi | V-Phase Output Buffer i RwW
A ittt DVBi | V-Phase Output Buffer i | When read, the value of the three- | RW
: i : :_ _______________ DWi W-Phase Output Buffer i phase shift register is read. RW
L e DWBi | W-Phase Output Buffer i RW
_______________________ (b7jb6) Reserved Bit Set to "0" RO
NOTE:
1. Values of the IDB0 and IDB1 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 A1, A2 and A4 one-shot
pulse determines each phase output signal.

Dead Time Timer (1 )

b7

Symbol Address After Reset
. DTT 01CCh Indeterminate
Function Setting Range RW

If setting value is n, the timer stops when counting
ntimes a count source selected by the INV12 bit
in the INVC1 register after start trigger occurs. 110 255 WO
Positive or negative 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 INVC1 register is set to "0" (dead time enabled).
No dead time can be set when the INV15 bit is set to "1" (dead time disabled). The INV06 bit in the INVCO
register determines start trigger of the DTT register.

Figure 13.4 IDB0 and IDB1 Registers and DTT Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Timer Ai, Ai-1 Register (i = 1, 2, 4) W@ @ & ©) 6)

b15 b8 b7 b0 Symbol Address After Reset
' TA1, TA2, TA4 0389h - 0388h, 038Bh - 038Ah, 038Fh - 038Eh  Indeterminate
TA11, TA21, TA41 (7). 01C3h - 01C2h, 01C5h - 01C4h, 01C7h - 01C6h Indeterminate

Function Setting Range RW

If setting value is n, the timer stops when the nth count
_______________ source is counted after a start trigger is generated.
Positive phase changes to negative phase, and vice
versa, when the timers A1, A2 and A4 stop.

0000h to FFFFh WO

NOTES:
. Use a 16-bit data for read and write.
. If the TAi or TAi1 register is set to "0000h", no counters start and no timer Ai interrupt is generated.
. Use the MOV instruction to set the TAi and TAi1 registers.
. When the INV15 bit in the INVC1 register is set to "0" (dead timer enabled), phase switches from an
inactive level to an active level when the dead time timer stops.
. When the INV11 bit in the INVC1 register is set to "0" (three-phase mode 0), the value of the TAi register
is transferred to the reload register by a timer Ai start trigger.
When the INV11 bit is set to "1" (three-phase mode 1), the value of the TAi1 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 TAi1 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 underflows.
7. Follow the procedure below to set the TAi1 register.
(a) Write value to the TAi1 register,
(b) Wait one timer Ai count source cycle, and
(c) Write the same value as (a) to the TAi1 register.

INFAY VRN

o

Timer B2 Register ()

o= b8:b7 = Symbol Address After Reset
: TB2 0395h - 0394h Indeterminate
Function Setting Range | RW
______________ If setting value is n, count source is divided by n+1. 0000h to FFEFh | AW
The timers A1, A2 and A4 start every time an underflow occurs. 0
NOTE:

1. Use a 16-bit data for read and write.

Figure 13.5 TA1, TA2, TA4, TA11, TA21 and TA41 Registers, and TB2 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Timer B2 Interrupt Occurrence Frequency Set Counter (1) () (3)

b7 b0
|><|><|><I><| | Symbol Address After Reset
. ICTB2 01CDh Indeterminate
Function Setting Range | RW

When the INVO1 bit in the INVCO register is set to "0"
(the ICTB2 counter increments whenever the timer B2
underflows) and the setting value is n, the timer B2 interrupt
is generated every nth time timer B2 underflow occurs.
"""" When the INVO1 bit is set to "1" (the INVOO bit selects 11015 WO
count timing of the ICTB2 counter) and setting value is
n, the timer B2 interrupt is generated every nth time
timer B2 underflow meeting the condition selected in
the INVOO bit occurs.

.......................... Nothing is assigned. When write, set to "0". —

NOTES:
1. Use the MOV instruction to set the ICTB2 register.
2. If the INVO1 bit 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 underflows.
3.1f the INVOO bit is set to "1", the first interrupt is generated when the timer B2 underflows n-1 times, n being
the value set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflows.

Timer B2 Special Mode Register (V)

b7 b6 b5 b4 b3 b2 bl bo

|><|><|><|><|><|>q | | Symbol Address After Reset
—L TB2SC 039Eh XXXXXX00b

Symbol Bit Name Function RW

0 : Timer B2 underflow

Timer B2 Reload Timing

i i-|PWCOM

- . 1 : Timer A output at odd-numbered | RW
Switching Bit occurrences (2)
0 : Three-phase output forcible cutoff
by NMI input (high-impedance)
L I\VPCR1 Three-Phase Output Port disabled RW

—_

NMI Control Bit 1 (3) : Three-phase output forcible cutoff
by NMI input (high-impedance)

enabled

- Nothing is assigned. When write, set to "0".
(b7-b2) | When read, their contents are "0".

____________________________

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enabled).

2. 1f the INV11 bit in the INVC1 register is "0" (three-phase mode 0) or the INV06 bit in the INVCO register
is "1" (sawtooth wave modulation mode), set this bit to "0" (timer B2 underflow).

3. Related pins are U(P8_0/TA40UT/(SIN4)), U(P8_1/TA4IN), V(P7_2/CLK2/TA10UT), V(P7_3/CTSZ/R_T_S2/T A1IN),
W(P7_4/TA20UT/(CLK4)), W(P7_5/TA2IN/(SOUT4)). If a low-level signal is applied to the NMI pin when
the IVPCR1 bit = 1, the target pins go to a high-impedance state regardless of which functions of those
pins are being used. -

After forced interrupt (cutoff), input "H" to the NMI pin and set the IVPCR1 bit to "0": this forced cutoff will
be reset.

Figure 13.6 ICTB2 Register and TB2SC Register
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M16C/6N Group (M16C/6NL, M16C/6NN)

13. Three-Phase Motor Control Timer Function

b7 b6 b5 b4 b3 b2 bl bo

Trigger Select Register

NOTES:

2. Overflow or underflow.

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo

1. Set the corresponding port direction bit to "0" (input mode).

Symbol Address After Reset
TRGSR 0383h 00h
Sy?]lwtbol Bit Name Function RW
| TATTGL | Timer A1 Event/Trigger | Set to "01b" (TB2 underflow) before | RW
TA1TGH | Select Bit using a V-phase output control circuit | gy
TA2TGL | Timer A2 Event/Trigger | Set to "01b" (TB2 underflow) before | RW
TA2TGH | Select Bit using a W-phase output control circuit | gy
b5 b4
TA3TGL | , 0 0: Selects an input to the TA3IN pin (1) | RW
Timer A3 Event/Trigger | 4 1. Selects TB2 (@)
Select Bit .
1 0: Selects TA2 (2)

TASTGH 1 1: Selects TA4 (2) RW
TA4TGL | Timer A4 Event/Trigger | Set to "01b" (TB2 underflow) before | RW
TA4TGH | Select Bit using a U-phase output control circuit | gy

Symbol Address After Reset

TABSR 0380h 00h

Sy?'ri:bol Bit Name Function RW
TAOS | Timer A0 Count Start Flag | 0 : Stops counting RW
TA1S |Timer A1 Count Start Flag | | - Starts counting RW
TA2S |Timer A2 Count Start Flag RwW
TA3S | Timer A3 Count Start Flag RW
TA4S | Timer A4 Count Start Flag RW
TBOS |[Timer BO Count Start Flag RW
TB1S [Timer B1 Count Start Flag RW
TB2S |Timer B2 Count Start Flag RW

Figure 13.7 TRGSR Register and TRBSR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 13. Three-Phase Motor Control Timer Function

Timer Ai Mode Register (i =1, 2, 4)

b7 b6 b5 b4 b3 b2 bl b0

| | |0 | ] | 0 | 0| ] | 0 | Symbol Address After Reset
i — , TA1MR, TA2MR, TA4AMR 0397h, 0398h, 039Ah 00h
Sy%l”ntbol Bit Name Function RW

Set to "10b" (one-shot timer mode) | Rw

-4 TMODO i
Operation Mode with the three-phase motor control

------ TMOD1 | Select Bit timer function RW
MRO Pulse Output Function | Set to "0" with the three-phase motor RW
""""" Select Bit control timer function
_____________ MRA External Trigger Set to "0" with the three-phase motor| gy
Select Bit control timer function

Set to "1" (selected by the
e MR2 |Trigger Select Bit TRGSR register) with the three-phase | RW
motor control timer function

.................... MR3 |Set to "0" with the three-phase motor control timer function RW
b7 b6
------------------------ TCKO 00:florf2 RW
Count Source Select Bit ? (1) ]‘:22
--------------------------- TCK1 11fC32 RW

Timer B2 Mode Register

b7 b6 b5 b4 b3 b2 bt b
| | | | 0| | |0 | 0| Symbol Address After Reset
. B I e TB2MR 039Dh 00XX0000b
Sy?rgtbol Bit Name Function RW

Set to "00b" (timer mode) when using| gy
the three-phase motor control timer
function RW
R SRR MRo | Disabled when using the three-phase motor control timer function. | gy
: When write, set to "0".
Pt MR1 | When read, its content is indeterminate. RW

-1 TMODO Operation Mode
______ TMOD1 | Select Bit

 AEEELEELEEEEE MR2 | Setto "0" when using three-phase motor control timer function | RW

When write in three-phase motor control timer function, set to "0".

Lot MR3 | When read in three-phase motor control timer function, RO
its content is indeterminate.
. b7 b6
R bbby TCKO 00:florf2 RW
Count Source Select Bit ? (1) : ;gz
TeKd 11:1C32 AW

Figure 13.8 TA1MR, TA2MR and TA4MR Registers, and TB2MR Register
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M16C/6N Group (M16C/6NL, M16C/6NN)

13. Three-Phase Motor Control Timer Function

The three-phase motor control timer function is enabled by setting the INVO02 bit in the INVCO register to “1”.
When this function is selected, timer B2 is used to control the carrier wave, and timers A4, A1 and A2 are
used to control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated
dead-time timer. Figure 13.9 shows the example of triangular modulation waveform and Figure 13.10

shows the example of sawtooth modulation waveform.

Triangular waveform as a Carrier Wave

Triangular Wave—p»

Signal Wave —» 3

TB2S bit in

]

TABSR register

Timer B2

Timer A1
reload control signal (1)

Timer A4

start trigger signal M

TA4 register @) <

3|

TA4-1 register ) —

Timer A4
one-shot pulse“)

U-phase output

Rewrite the IDBO and IDB1

registers
!

signal(”

U-phase output

I}

W~ Transfer a counter

. value to the three-phase
& shift register

L]

H

signalm

U-phase [
INV14 =0 |

[
|
|
|
|
|
|
L
[
|
|
|
|
|
|
|
|
|
|
T
|
|

INVOO, INVO1: Bits in the INVCO register
INV11, INV14: Bits in the INVC1 register

NOTES:

2.Applies only when the INV11 bit is set to "1" (three-phase mode).

Examples of PWM output change are
(a) When INV11=1 (three-phase mode 1)

- INV01=0 and ICTB2=2h (The timer B2 interrupt is
generated with every second timer B2 underflow) or
INVO1= 1, INV0OO=1 and ICTB2=1h (The timer B2 interrupt is
generated on the falling edge of the timer A reload control
signal)

- Default value of the timer: TA41=m, TA4=m
The TA4 and TA41 registers are changed whenever the
timer B2 interrupt is generated.

First time: TA41=n, TA4=n.
Second time: TA41=p, TA4=p.
- Default value of the IDBO and IDB1 registers
DU0=1, DUB0=0, DU1=0, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0
by the third timer B2 interrupt.

O Dpnase ST R S [ B

T etoeaime 0T

U-phase L 1 | 1l l |

l(!'\ll-\|/"1:c;v1e) 3 3 3 } i—»i 54— Dead time 33 } 1
U-phase L i L 5

1.Internal signals. See Figure 13.1 Three-Phase Motor Control Timer Functions Block Diagram.

The above applies to INVCO = 00XX11XXb and INVC1 = 010XXXX0b (X varies depending on each system.)
(b) When INV11=0 (three-phase mode 0)

- INV01=0, ICTB2=1h (The timer B2 interrupt is generated
whenever the timer B2 underflows)
- Default value of the timer: TA4=m
The TA4 register is changed whenever the timer B2
interrupt is generated.
First time: TA4=m. Second time: TA4=n.
Third time: TA4=n. Fourth time: TA=p.
Fifth time: TA4=p.
- Default value of the IDB0 and IDB1 registers:
DU0=1, DUB0=0, DU1=0, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by
the sixth timer B2 interrupt.

Figure 13.9 Triangular Wave Modulation Operation
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M16C/6N Group (M16C/6NL, M16C/6NN)

13. Three-Phase Motor Control Timer Function

Sawtooth Waveform as a Carrier Wave

Sawtooth Wave —

Signal Wave —» /

Timer B2

Timer A4 Start
Trigger Signal(1) ﬂ

Timer A4 One-Shot l ‘ I
Pulse(!)

' Rewrite the IDBO
1 and IDB1 registers

Transfer the counter to the |
three-phase shift register

U-Phase Output l ‘ |
Signalm

U-Phase Output
Signalm

U-Phase

~— Dead time

INV14 =0 l | —>

("L" active) U-Phase ! ! = !
U-Phase i | i i

INV14 = 1 | —>i 14— Dead time

("H" active) _ | | |
U-Phase | X ‘

INV14: Bits in the INVC1 register
NOTES:

The examples of PWM output change are

1. Internal signals. See Figure 13.1 Three-Phase Motor Control Timer Functions Block Diagram.
The above applies to INVCO = 01XX110Xb and INVC1 = 010XXX00b (X varies depending on each system.)

- Default value of the IDBO and IDB1 registers: DU0=0, DUB0O=1, DU1=1, DUB1=1
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 by the timer B2 interrupt.

Figure 13.10 Sawtooth Wave Modulation Operation
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14. Serial 1/0
Serial 1/0 is configured with 7 channels: UARTO to UART2 and SI/O3 to SI/06 .

NOTE:
1.100-pin version supports 5 channels; UARTO to UART2, SI/O3, S1/04
128-pin version supports 7 channels; UARTO to UART2, SI/O3 to SI/06

14.1 UARTI (i=0to 2)

UARTi each have an exclusive timer to generate a transfer clock, so they operate independently of each other.
Figures 14.1 to 14.3 show the block diagram of UARTI. Figure 14.4 shows the block diagram of the UARTI
transmit/receive.

UARTI has the following modes:

* Clock synchronous serial /O mode

+ Clock asynchronous serial I/O mode (UART mode).

* Special mode 1 (I2C mode)

* Special mode 2

* Special mode 3 (Bus collision detection function, IE mode)
* Special mode 4 (SIM mode) : UART2

Figures 14.5 to 14.10 show the UARTi-related registers.
Refer to tables listing each mode for register setting.
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial /0
18I0 or f2S10
Main clock, PLL clock, or on-chip oscillator clock
f8sIo
(UARTO) 32810
TXDO
" TXD
RXDO HXD_po\a_rnyv — polarity
O reversing cirouit UART reception SMD2 to SMDO reversing
010, 100, 101, 110 Receive Transmit/ circuit
Clock source selection Clock synchronous Reception | clock receive
CLKT10CLKO  oxpiR type 001 control circuit unit
110 or 1281000 —5 Internal  UOBRG [
fBSIOﬁ{) g i UART t issi T it
10h ransmission H ransmif
f32s10 o 57070, 700, 107, 110 | 2| | Transmission | | clock
Extomal Clock synchronous typ control circuit
001
Clock synchronous type
(when internal clock is selected)
0
ey
1
Clock synchronous
CKPOL Clock synchronous type type CKDIR
(when internal clock is selected) ~ (when external clock
CILKty )/I is selected)
polari
CLKO G reversing \I
circuit
'CTS/RTS disabled
CTS/RTS selected % RTSO
CTS0/ 7 |
RTSO oS VSS  CTS/RTS disabled
i _
0 CTS0
CTSo from UART1
CRD
n0: Values set to the UOBRG register
PCLK1: Bit in PCLKR register
SMD2 to SMDO, CKDIR: Bits in UOMR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in U0OCO register
RCSP: Bit in UCON register
Figure 14.1 UARTO Block Diagram
18I0 or f2SI0
Main clock, PLL clock, or on-chip oscillator clock
8SI0
UART1 32810
( ) —— ™o | TXD1
ity reversing olarit ( )
RXD1 polari polarity
circuit UART reception SMD2 to SMDO reversino
010, 100, 101, 110 Receive Transmit/
Clock source selection Clock synchronous HeCS;P‘_iOH_ clock reﬁﬁ;;/e
CLK1 to CLKO CKDIR type 001 control circuit
11810 or f2810— 90 internal ~ U1BRG
8sio—o \ register UART transmission
10 010, 100, 101, 110 H Transmit
32810 ————o [ o
i | Transmission clock
1C|oé:k synchronous 4{:\0__ control circuit
External VP! 001 i
Clock synchronous type
(when internal clock is selected)
0
Clock synchronous type
(when external clock is selected)) 1
CKPOL
Clock synchronous type CKDIR
CLK 0 CLKMDO (when internal clock is selected)
O+ polarity V—‘
CLK1 reversing o
circuit N
Clock output CTS/RTS selected CTS/RTS disabled
CTS1/RTS1/ pin select CRS | e ’RTS1
CTS0/CLKS1 |
0
CLKMD1
CTS0 from UARTO
CRD RCSP
n1: Values set to the U1BRG register
PCLK1: Bitin PCLKR register
SMD2 to SMDO0, CKDIR: Bits in UTMR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in U1CO register
CLKMDO, CLKMD1, RCSP: Bits in UCON register

Figure 14.2 UART1 Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial /0
f1SIO or f2SI0
Main clock, PLL clock, or on-chip oscillator clock
f8SI0
(UARTZ) 32810
™o | TXD2
RXD polarity reversing polarity
RXD2 O_| rity 1 b )
circuit . reversing
UART reception SMD2 to SMDO Transmit airout (1
Receive receive
Clock source selection Clock synchronous Reception clock unit
CLK11t0 CLKO  ckpiR type 001 control circuit
1310 or f2810— 9 Internal  U2BRG {
issio— 1o )\ register i
10 UART transmission Transmit
32810 2 5010, 100, 101, 110 Transmission| | clock
Extornal Clock synchronous control circuit
type 001
Clock synchronous type
(when internal clock ig selected
1
Clock synchronous type CKDIR
CKPOL Clock synchronous type (when external clock is selected)

(when internal clock is selected)

PCLK1: Bitin PCLKR register
SMD2 to SMDO, CKDIR: Bits in U2MR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in U2C0 register

n2: Values set to the U2BRG register

CLK )/‘
larit
CLK2 G rg\?eargir{g AN
circuit
o CTS/RTS disabled
CTS/RTS selected STen
RTS2
CTS2/ 7 <
RTS2 CRS 0 VSS GTS/RTS disabled
CTS2
0
CRD

Figure 14.3 UART2 Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0
10POL
RXDI 0 No reverse
RXD data Fa ]
Reverse Clock
synchronous type
A UART
(7 bits)
PRYE | Giook UART
h (8 bits) )
Gombled |pe EARW bits) UARTi receive register
5 E R B 1
2SP zAaFf)‘ed UART UART cuocl;1
n; synchronous type
SMD2 to SMDO (9 bits) UART
(8 bits)
UART
(9 bits)
0;0;0:0;0;0;0;iD8| |D7;{D6;D5;D4;D3;D2;D1;DO| URBregster
| Logic reverse circuit + MSB/LSB conversion circuit |
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit |
Y <=
[D8| | D7iD6iD5: D4; D3; D2} D1 DO| UTBregister
UART
(8 bits)
UART
(9 bits)
PRYE
STPS P SMD2io SMDO | VAT, Synahronous type
2SP enabled UART
1 1 1 1 ¥ 1
2o »
[se po{se] Lo s N
0 0 0 i it regi
18P AR g}lf‘gl;‘mnous UART UART( bits) UARTI transmit register
disabled type (7 bits) = -
UART rror signal ou
(8 bits) disable IOPOL 6 reverse TXDi
(S:md;l type E | }—O
L ynehronous rror signal TXD data
i=0to2 UIERE 1 output circuit T |reverse circuit
SP: StOp bit Erroglsigna\ output Reverse
. enable
PAR: Parity bit
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in UiMR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in UiCO register
UIERE: Bit in UiC1 register
Figure 14.4 UARTi Transmit/Receive Unit
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M16C/6N Group (M16C/6NL, M16C/6NN)

14. Serial I/0O

UARTi Transmit Buffer Register (i = 0 to 2) (!

(b15) (] Symbol Address After Reset
o 0 o7 o0 uoTB 03A3h to 03A2h Indeterminate
I><|><|><|><[><|><|><I | | u1TB 03ABh to 03AAh Indeterminate
j T T u2TB 01FBh to 01FAh Indeterminate
Sy%tbol Function RW
f (b8?b0) Transmit data WO
] - Nothing is assigned When write, set to "0". _
(b15-b9) [ When read, their contents are indeterminate.
NOTE:
1. Use the MOV instruction to write to this register.
UARTI Receive Buffer Register (i = 0 to 2)
(b15) (b8) Symbol Address After Reset
7 o0 o 0 UORB 03A7h to 03A6h Indeterminate
| | | | | |><|><I | | U1RB 03AFh to 03AEh Indeterminate
R T U2RB 01FFh to O1FEh Indeterminate
Syﬁwitbol Bit Name Function RW
N HE - (b7fb0) - Receive data (D7 to DO) RO
e e Receive data (D8) RO
A O - |Nothing is assigned When write, set to "0". ~
. (b10-b9) [ When read, their contents are "0".
N Arbitration Lost 0 : Not detected
A ABT Detecting Flag (1) 1 : Detected RW
o 0 : No overrun error
A 2
T OER [Overrun Error Flag @) 1 : Overrun error found RO
o ) 0 : No framing error
' ' T e e e e e e e e e e mmmmmmmmmmmmmmmmmm—————— 2
L FER |Framing Error Flag (2 1 - Framing error found RO
P . 0 : No parity error
LI 2
PER | Parity Error Flag (2) 1 - Parity error found RO
: 0 : No error
] (@)
SUM | Error Sum Flag 1 : Error found RO

NOTES:

UARTI Bit Rate Generator Register (i = 0 to 2) (1 @

1. The ABT bit is set to "0" by writing "0" in a program. (Writing "1" has no effect.)
2. When the SMD2 to SMDO bits in the UiMR register = 000b (serial I/O disabled) or the RE bit in the UiC1 register = 0
(reception disabled), all of the SUM, PER, FER and OER bits are set to "0" (no error). The SUM bit is set to "0" (no error)
when all of the PER, FER and OER bits are = 0 (no error).
Also, the PER and FER bits are set to "0" by reading the lower byte of the UiRB register.

2. Use the MOV instruction to write to this register.

1. Write to this register while serial I/O is neither transmitting nor receiving.

Symbol Address After Reset
o7 20 UOBRG 03Ath Indeterminate
U1BRG 03A%h Indeterminate
. U2BRG 01F9h Indeterminate
s Function Setting Range RW
H - Assuming that set value = n, UIBRG
e e o ’ h to FFh
(b7-b0) | divides the count source by n + 1 00h to WO
NOTES:

Figure 14.5 UOTB to U2TB Registers, UORB to U2RB Registers, and UOBRG to U2BRG Registers
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M16C/6N Group (M16C/6NL, M16C/6NN)

14. Serial I/0O

UARTI Transmit/Receive Mode Register (i = 0 to 2)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address After Reset
B I A I A A N UOMR to U2MR 03A0h, 03A8h, 01F8h 00h
oo S\?niwtbol Bit Name Function RW
AR A T,
I SMDO 000 : Serial I/0 disabled RW
A . 00 1 : Clock synchronous serial /O mode
R Serial /0O Mode 010:PCmode @
A SMD1 | Select Bit (1) 100 : UART mode transfer data 7-bitlong | RW
R 101 : UART mode transfer data 8-bit long
A SMD2 110 : UART mode transfer data 9-bit long | gyy
R N T Do not set a value except above
. Internal/External Clock| O : Internal clock
N CKDIR | select Bit 1 : External clock (3) RW
e Stop Bit Length 0 : 1 stop bit
HE A STPS Select Bit 1: 2 stop bits RW
. " Effective when the PRYE bit = 1
RRCEEEEEEEEE PRY ggg/szei? Parity 0 : Odd parity RW
: 1 : Even parity
R . . 0 : Parity disabled
: PRYE |[Parity Enable Bit 1 Parity enabled RW
___________________________ TXD, RXD I/O Polarity | 0 : No reverse
IOPOL Reverse Bit 1 : Reverse RW
NOTES:
1. To receive data, set the corresponding port direction bit for each RXDi pin to "0" (input mode).
2. Set the corresponding port direction bit for SCL and SDA pins to "0" (input mode).
3. Set the corresponding port direction bit for each CLKi pin to "0" (input mode).
UARTI Transmit/Receive Control Register 0 (i = 0 to 2)
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
B N N N N N UoCo to U2CO 03A4h, 03ACh, 01FCh 00001000b
oo P S\?niwtbol Bit Name Function RW
o b1 b0
. CLKO 00 : f1SIO or f2SIO is selected RW
A BRG Count Source | 0 1 : f8SIO is selected
A T Select Bit 10:132SI0 is selected
T CLK1 11 : Do not set a value RW
N PR . Effective when CRD = 0
it CRS gTIS/RE.S (I:)unctlon 0 : CTS function is selected (2 RW
A elect Bit 1 : RTS function is selected
oo 0 : Data present in transmit register
R Transmit Register (during transmission)
P : TXEPT | Empty Flag 1 : No data present in transmit register | RO
oo (transmission completed)
P 5 . | 0: CTS/RTS function enabled
A T CRD TS/RTS Disable Bit | 1 : CTS/RTS function disabled RW
[ (P6_0, P6_4, P7_3 can be used as I/O ports)
HE A 0 : TXDi/SDAi and SCLi pins are CMOS output
R S NCH ggfzc?;fﬂ‘;‘) 1 : TXDi/SDAi and SCLi pins are RW
N channel open-drain output
b 0 : Transmit data is output at falling edge
Vo of transfer clock and receive data is
CLK Polarit input at rising edge
[ CKPOL Select Bit Y 1 : Transmit data is output at rising edge RW
of transfer clock and receive data is
! input at falling edge
L Transfer Format 0 : LSB first
UFORM | Select Bit ) 1 : MSB first RW

NOTES:

1.CTS1/RTS1 can be used when the CLKMD1 bit in the UCON register = 0 (only CLK1 output) and the

RCSP bit in the UCON register = 0 (CTSO0/RTSO0 not separated).
2. Set the corresponding port direction bit for each CTSi pin to "0" (input mode)

3.SCL2(P7_1) is N channel open-drain output. The NCH bit in the U2CO register is N channel open-drain

output regardless of the NCH bit.

4. The UFORM bit is enabled when the SMD2 to SMDO bits in the UiMR register are set to "001b" (clock

synchronous serial I/0 mode), or "101b" (UART mode, 8-bit transfer data).

Set this bit to "1" when the SMD2 to SMDO bits are set to "010b" (12C mode), and to "0" when the SMD2
to SMDO bits are set to "100b" (UART mode, 7-bit transfer data) or "110b" (UART mode, 9-bit transfer data).

Figure 14.6 UOMR to U2MR Registers and U0OCO to U2C0 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial I/O
UART] Transmit/Receive Control Register 1 (j=0, 1)
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset

VNN L] uoC1, U1CH 03A5h, 03ADh 00XX0010b
Svﬁwiéol Bit Name Function RwW
- . . 0 : Transmission disabled
A TE ransmitEnanie it 1 : Transmission enabled RW
e Transmit Buffer 0 : Data present in the UjTB register
e Tl Empty Flag 1 : No data present in the UjTB register | RO
; . 0 : Reception disabled
A RE Receive Enable Bit 1 : Reception enabled RwW
A Rl Receive Complete 0 : No data present in the UjRB register RO
A Flag 1 : Data present in the UjRB register
o - Nothing is assigned. When write, set to "0".
v T (b5-b4) | When read, their contents are indeterminate. -
o . Data Logic 0 : No reverse
UILCH | sglect Bit (1) 1 : Reverse RW
e . Error Signal Output | 0 : Output disabled

UIERE | Enable Bit 1: Output enabled RW

NOTE:

transfer data).

transfer data).

b7 b6 b5 b4 b3 b2 bl bo

UART2 Transmit/Receive Control Register 1

1. The UJLCH bit is enabled when the SMD2 to SMDO bits in the UjMR register are set to "001b" (clock
synchronous serial I/0O mode), "100b" (UART mode, 7-bit transfer data) or "101b" (UART mode, 8-bit

Set this bit to "0" when the SMD2 to SMDO bits are set to "010b" (I2C mode) or "110b" (UART mode, 9-bit

Symbol Address After Reset
U2C1 01FDh 00000010b
Svﬁwiéol Bit Name Function RwW
: : 0 : Transmission disabled
TE Transmit Enable Bit 1 : Transmission enabled RW
Transmit Buffer 0 : Data present in U2TB register
Tl |Empty Flag 1 : No data present in U2TB register RO
RE Receive Enable Bit ? Egggg{:gﬂ gﬁ:ﬁfg RW
Receive Complete 0 : No data present in U2RB register RO
RI Flag 1 : Data present in U2RB register
U2IRS UART2 Transmit Interrupt| O : Transmit buffer empty (TI bit = 1) RW
Cause Select Bit 1 : Transmit is completed (TXEPT bit = 1)
UART2 Continuous | 0 : Continuous receive mode disabled RW
U2RRM | Receive Mode Enable Bit| 1 : Continuous receive mode enabled
Data Logic 0 : No reverse
U2LCH | Select Bit () 1 : Reverse RW
Error Signal Output | 0 : Output disabled
U2ERE | Enable Bit 1: Output enabled RW

NOTE:

transfer data).

transfer data) .

1. The U2LCH bit is enabled when the SMD2 to SMDO bits in the U2MR register are set to "001b" (clock
synchronous serial /0 mode), "100b" (UART mode, 7-bit transfer data) or "101b" (UART mode, 8-bit

Set this bit to "0" when the SMD2 to SMDO bits are set to "010b" (I2C mode) or "110b" (UART mode, 9-bit

Figure 14.7 UOC1, U1C1 Registers and U2C1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial I/0
UART Transmit/Receive Control Register 2
b7 b6 b5 b4 b3 b2 bl bo
| Symbol Address After Reset
I N I I N UCON 03B0h X0000000b
Svlﬁwig)ol Bit Name Function RW
e UOIRs | UARTO Transmit Interrupt| O : Transmit buffer empty (TI bit = 1) RW
. Cause Select Bit 1 : Transmission completed (TXEPT bit = 1)
R T T R A B UART1 Transmit Interrupt| O : Transmit buffer empty (Tl bit = 1) RW
e U1IRS | Cause Select Bit 1 : Transmission completed (TXEPT bit = 1)
A UORRM UARTO Continuous | O : Continuous receive mode disabled AW
A Receive Mode Enable Bit| 1 : Continuous receive mode enabled
R U1RRM UART1 Continuous | 0 : Continuous receive mode disabled RW
. Receive Mode Enable Bit| 1 : Continuous receive mode enabled
Lo Effective when the CLKMD1 bit = 1
T SRRCEEEEEEE CLKMDO gAIRTBC'iIE)K/ CLKS 0 : Clock output from CLK1 RW
R elect bl 1 : Clock output from CLKS1
o 0 : CLK output is only CLK1
E GLDLEEEEEEEEPEE CLKMD1 "S"QS;B?]K(/SLKS 1 : Transfer clock output from multiple | RW
P pins function selected
P 0 : CTS/RTS shared pin
[ SRECEECEEEECEEEEES RCSP %—%‘E}%%fm 1: CTS/RTS separated RW
; (CTSO supplied from the P6_4 pin)
: - Nothing is assigned. When write, set to "0".
"""""""""""""" (b7) When read, its content is indeterminate. B
NOTE:
1. When using multiple transfer clock output pins, make sure the following conditions are met:
*The CKDIR bit in the UTMR register = 0 (internal clock)
UARTI Special Mode Register (i = 0 to 2)
b7 b6 b5 b4 b3 b2 b1 b0
0 Symbol Address After Reset
N Lo L UOSMR to U2SMR 01EFh, 01F3h, 01F7h X0000000b
Sv%if)ol Bit Name Function RW
I T R S S - 2
00 i i i | oM |12 Mode Select Bit | 9 ¢ Qther than G mode RW
Arbitration Lost Detecting| 0 : Update per bit
e ABC [ Flag Control Bit 1 : Update per byte RW
0 : STOP condition detected
A BBS | Bus Busy Flag 1: START condition detected (busy) |7/ "
Pl ey (b_3) Reserved Bit Set to "0" RW
Bus Collision Detect | 0 : Rising edge of transfer clock
oo T ABSCS Sampling Clock Select Bit | 1 : Underflow signal of timer Aj (2) RW
Auto Clear Function | 0 : No auto clear function
T REREEREEEEEEE ACSE |Select Bit of Transmit | 1 : Auto clear at occurrence of bus RwW
Enable Bit collision
o SSS Transmit Start Condition| O : Not synchronized to RXDi RW
Select Bit 1 : Synchronized to RXDi (3)
o - Nothing is assigned. When write, set to "0". _
(b7) [ When read, its content is indeterminate.
NOTES:
1. The BBS bit is set to "0" by writing "0" in a program. (Writing "1" has no effect.).
2. Underflow signal of timer A3 in UARTO, underflow signal of timer A4 in UART1, underflow signal of timer
A0 in UART2.
3. When a transfer begins, the SSS bit is set to "0" (not synchronized to RXDi).

Figure 14.8 UCON Register and UOSMR to U2SMR Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

UARTI Special Mode Register 2 (i = 0 to 2)

b7 b6 b5 b4 b3 b2 bl bo

- Nothing is assigned When write, set to "0".
7| (b0) [When read, its content is indeterminate.

0 : Without clock delay RW
1 : With clock delay

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

Clock Output Select | 0 : CLKiis CMOS output

""""""" NODC Bit P 1 : CLKi is N channel open-drain output RW

- Nothing is assigned. When write, set to "0".
(b4) | When read, its content is indeterminate.
b7 b6 b5
____________________ DLO 0 0 0 : Without delay RW
: 110 2 cycle(s) of UIBRG count source
: 2 to 3 cycles of UIBRG count source
: 3to 4 cycles of UIBRG count source| gy
: 4 to 5 cycles of UIBRG count source
: 5 to 6 cycles of UIBRG count source
: 6 to 7 cycles of UIBRG count source| RW
: 7 to 8 cycles of UIBRG count source

Symbol Address After Reset
L L I 1 1 | UoSMR2to U2SMR2 01EEh, 01F2h, 01F6h X0000000b
ol sy Bit Name Function RW
©oi 1 1 1 | lICM2 [12C Mode Select Bit 2| See Table 14.12 12C Mode Functions | RW
R Clock-Synchronous | 0 : Disabled
S CSC it 1 Enabled RW
S S SWC | SCL Wait Output Bit | 9 ¢ Disabled RW
P  Disabl
R S SR MR ALS | SDA Output Stop Bit ? : Ef:é}:: RW
Lo UARTI Initialization | 0 : Disabled
A STAC |git 1: Enabled RW
o SCL Wait Output 0: Transfer clock
o T SWC2 |t 5 1:"L" output RW
- SDA Output Disable | 0: Enabled
Py SDHI | gjt 1: Disabled (high-impedance) RW
- Nothing is assigned. When write, set to "0".
"""""""""""""" (b7) | When read, its content is indeterminate. -
UARTI Special Mode Register 3 (i = 0 to 2)
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After Reset
i UOSMR3 to U2SMR3 01EDh, 01F1h, 01F5h 000X0X0Xb
Sv%iéol Bit Name | Function RW

e CKPH |Clock Phase Set Bit

SDA:i Digital Delay
Setup Bit (1) (2)

--------------------------- DL2

—_— A aa000
—_ e 00220
e Y G o Y O o RS

NOTES:
1. The DL2 to DLO bits are used to generate a delay in SDAi output by digital means during I2C mode.
In other than I2C mode, set these bits to "000b" (no delay).
2. The amount of delay varies with the load on SCLi and SDAI pins. Also, when using an external clock,
the amount of delay increases by about 100 ns.

Figure 14.9 UOSMR2 to U2SMR2 Registers and UOSMR3 to U2SMR3 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial I/0
UARTI Special Mode Register 4 (i=0to 2)
b7 b6 b5 b4 b3 b2 bl bo
| | Symbol Address After Reset
A 1 1 1 [ [ [ | UOSMR4to U2SMR4 01ECh, 01FOh, 01F4h 00h
Svﬁwiltaol Bit Name Function RW
e Start Condition 0 : Clear
A A STAREQ Generate Bit (1) 1 : Start RW
R T R N B R Restart Condition 0 : Clear
e RSTAREQ| Generate Bit (1) 1 : Start RW
e Stop Condition 0 : Clear
A STPREQ| Generate Bit (1) 1: Start RW
oo SCL,SDA Output 0 : Start and stop conditions not output
R STSPSEL Select Bit 1 : Start and stop conditions output RW
Lo . 0:ACK
: : i ________________ ACKD ACK Data Bit 1: NACK RW
A ACK Data Output 0 : Serial /O data output
P ACKC Enable Bit 1 : ACK data output RW
C ] SCL Output Stop 0 : Disabled
' SCLHI Enable Bit 1 : Enabled RW
e LR 0 : SCL "L" hold disabled
SWC9 [SCL Wait Bit 3 1:SCL "L" hold enabled RW
NOTE:
1. Set to "0" when each condition is generated.

Figure 14.10 UOSMR4 to U2SMR4 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.1 Clock Synchronous Serial I/O Mode

The clock synchronous serial /O mode uses a transfer clock to transmit and receive data. Table 14.1 lists
the specifications of the clock synchronous serial I/O mode. Table 14.2 lists the registers used in clock
synchronous serial /0 mode and the register values set.

Table 14.1 Clock Synchronous Serial /0O Mode Specifications

ltem Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock The CKDIR bit in the UiIMR register = 0 (internal clock) : fj/ 2(n+1)

« fj = f1SI0O, f2SI0, f8SI0, f32SI0. n: Setting value of the UiBRG register  00h to FFh
The CKDIR bit = 1 (external clock) : Input from CLKi pin
Transmission, Reception Control | Selectable from CTS function, RTS function or CTS/RTS function disabled
Transmission Start Condition | Before transmission can start, the following requirements must be met )
» The TE bit in the UiC1 register = 1 (transmission enabled)
» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
« If CTS function is selected, input on the CTSi pin = L
Reception Start Condition Before reception can start, the following requirements must be met
» The RE bit in the UiC1 register = 1 (reception enabled)
» The TE bit in the UiC1 register = 1 (transmission enabled)
» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
Interrupt Request For transmission, one of the following conditions can be selected
Generation Timing * The UiIRS bit @ = 0 (transmit buffer empty): when transferring data from the
UiTB register to the UARTI transmit register (at start of transmission)
 The UiIRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register
For reception
* When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error Detection Overrun error @
This error occurs if the serial 1/0 started receiving the next data before reading the
UiRB register and received the 7th bit of the next data
Select Function + CLK polarity selection
Transfer data input/output can be selected to occur synchronously with the rising or
the falling edge of the transfer clock
« LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
+ Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
+ Switching serial data logic
This function reverses the logic value of the transmit/receive data
* Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set
+ Separate CTS/RTS pins (UARTO)
CTSO0 and RTSO are input/output from separate pins

i=0to2
NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the CKPOL bit in the UiCO register = 1 (transmit data output at the rising edge
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. The UOIRS and U1IRS bits respectively are bits 0 and 1 in the UCON register; the U2IRS bit is bit 4 in the U2C1 register.

3. If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit in the SiRIC register does not
change.
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14. Serial 1/0

Table 14.2 Registers to Be Used and Settings in Clock Synchronous Serial /0 Mode

Register Bit Function

uiT (1 Oto7 Set transmission data

UIRB (M 0to7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set a transfer rate

UIMR (1) SMD2 to SMDO Set to “001b”
CKDIR Select the internal clock or external clock
IOPOL Set to “0”

uiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first

uiC1 TE Set this bit to “1” to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS @ Select the source of UART2 transmit interrupt
U2RRM Set this bit to “1” to use continuous receive mode
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”

UiSMR 0to7 Set to “0”

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto2 Set to “0”
NODC Select clock output mode
4107 Set to “0”

UiSMR4 Oto7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, UTRRM | Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when the CLKMD1 bit = 1
CLKMD1 Set this bit to “1” to output UART1 transfer clock from two pins
RCSP Set this bit to “1” to accept as input the UARTO CTSO signal from the P6_4 pin
7 Set to “0”

i=0to2

NOTES:

1.Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial 1/0 mode.
2.Set the bit 4 and bit 5 in the U0OC1 and U1C1 registers to “0”. The UOIRS, U1IRS, UORRM and
U1RRM bits are in the UCON register.
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14. Serial I/0O

Table 14.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Table
14.3 shows pin functions for the case where the multiple transfer clock output pin select function is

deselected. Table 14.4 lists the P6_4 pin functions during clock synchronous serial I/O mode.

Note that for a period from when the UARTI operation mode is selected to when transfer starts, the TXDi

pin outputs an “H”.
Figure 14.11 shows the transmit/receive timings during clock synchronous serial I/O mode.

Table 14.3 Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)

Pin Name Function Method of Selection
TXDi Serial Data Output | (Outputs dummy data when performing reception only)
(P6_3, P6_7, P7 0)
RXDi Serial Data Input PD6_2 and PD6_6 bits in PD6 register = 0
(P6_2, P6_6, P7_1) PD7_1 bit in PD7 register =0
(Can be used as an input port when performing transmission only)
CLKi Transfer Clock Output | CKDIR bit in UiMR register = 0
(P6_1, P6_5, P7_2) | Transfer Clock Input | CKDIR bit = 1
PD6_1 and PD6_5 bits in PD6 register = 0
PD7_2 bit in PD7 register =0
CTSi/RTSi CTS Input CRD bit in UiCO register = 0
(P6_0, P6_4, P7_3) CRS bit in UiCO register = 0
PD6_0 and PD6_4 bits in PD6 register = 0
PD7_3 bit in PD7 register =0
RTS Output CRD bit=0
CRS bit = 1
I/0 Port CRD bit =1
i=0to2

Table 14.4 P6_4 Pin Functions

Bit set Value
Pin Function U1CO0 Register UCON Register PD6 Register
CRD bit | CRS bit | RCSP bit |[CLKMD1 bit| CLKMDO bit PD6_4 bit
P6_4 1 - 0 0 - Input: 0, Output: 1
CTS1 0 0 0 0 - 0
RTS1 0 1 0 0 - -
CTS0 ™ 0 0 1 0 - 0
CLKSH1 - - - 1@ 1 -
- “0” or “1”
NOTES:

1. In addition to this, set the CRD bit in the UOCO register to “0” (CTS0/RTS0 enabled) and the CRS

bit in the UOCO register to “1” (RTSO selected).
2. When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:
« High if the CLKPOL bit in the U1CO register = 0
* Low if the CLKPOL bit = 1
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

(1) Example of Transmit Timing (when internal clock is selected)
TC

Transfer clock ||| ||| ||| ||| ||| ||| ||| | ||| ||| ||| |||

TE bit in i i | |
UiCH1 register 0" erte data to the UiTB register
Tl bitin " _l Iﬂ( 4)\
UiC1 register "

" Transferred from the UiTB register to the UARTi transmit register
CTSi L | : | TCLK '\|

Stopped pulsing because CTSi=

L

Stopped pulsing because the TE bit = 0
CLKi

TXOi @@@@@@@@@@@@@@@@@@@@@ D7
Do o] 1 ] I
ISR|TkI)I(t) irnegister ; | | | 'j

T AN /

Set to "0" when interrupt request is accepted, or set to "0" in a program
TC =TCLK=2(n + 1) /fj

n: value set to the UiBRG register
i=0to2
The above timing diagram applies to the case where the register bits are set as follows:

* CKDIR bit in UiMR register = 0 (internal clock) -
* CRD bit in UiCO register = 0 (CTS/RTS enabled), CRS bit in UiCO register = 0 (CTS selected)
* CKPOL bit in UiCO register = 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer clock)
* UIRS bit = 0 (an interrupt request occurs when the transmit buffer becomes empty):

UOIRS bit is bit 0 in UCON register

U1IRS bit is bit 1 in UCON register

U2IRS bit is bit 4 in U2C1 register

(2) Example of Receive Timing (when external clock is selected)

" 1 Transferred from the UiTB register to the UARTI transmit register
RTSi | | |_| Even if the reception is completed, the RTS
"L does not change. The RTS becomes "L"

| —>'—‘<— 1/fEXT ™~ when the RI bit éhanges to "0" from "1".
()]

RE bit in "

UiC1 register oJ

TE bitin 1 —l

UiC1 register "0" Write dummy data to the UiTB register
T bit in R I Iﬂ/

UiC1 register ,,O,.—l ! (l)\

CLKi
Receive data is taken in
RXDi
Transferred from UARTI receive register Read out from the UiRB register
RI bit in " to the UIRB register™y,_ |
UiC1 register "o"

IR bit in " —l—
SiRIC register "o
P
Set to "0" when interrupt request is
accepted, or set to "0" in a program

The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
* CKDIR bit in UiMR register = 1 (external clock) * TE bit in UiC1 register = 1 (transmission enabled)

« CRD bit in UiCO register = 0 (CTS/RTS enabled), CRS bit = 1 (RTS selected) « RE bit in UiC1 register = 1 (reception enabled)
« CKPOL bit in UiCO register = 0 (transmit data output at the falling edge and receive ~ « Write dummy data to the UiTB register
data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

fj: frequency of UIBRG count source (f1SIO, f2SI0, f8SI0, f32SI10)

Figure 14.11 Transmit and Receive Operation
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.1.1 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in clock synchronous serial /0 mode,
follow the procedures below.
* Resetting the UiRB register (i = 0 to 2)
(1) Set the RE bit in the UiC1 register to “0” (reception disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “000b” (serial I/O disabled)
(3) Set the SMD2 to SMDO bits in the UiMR register to “001b” (clock synchronous serial /0 mode)
(4) Set the RE bit in the UiC1 register to “1” (reception enabled)

* Resetting the UiTB register (i = 0 to 2)
(1) Set the SMD2 to SMDO bits in the UiMR register to “000b” (serial I/O disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “001b” (clock synchronous serial I/0 mode)
(3) “1” (transmission enabled) is written to the TE bit in the UiC1 register, regardless of the TE bit

14.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i = 0 to 2) to select the transfer clock polarity. Figure 14.12
shows the polarity of the transfer clock.

(1) When the CKPOL bit in the UiCO register = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

ci LIy AL LTI oy

TXDI ><DO>£<D1XD;)XD3><D4><D5><D6><D7

RXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the CKPOL bit in the UiCO0 register = 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

CLKi l (NOTE 2)

|
TXDi ><Do)§(D1XD§)X03><D4><05><DG><D7

RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7
i=0to2

* This applies to the case where the UFORM bit in the UiCO register = 0
(LSB first) and the UiLCH bit in the UiC1 register = 0 (no reverse).

NOTES:
1. When not transferring, the CLKi pin outputs a high signal.
2. When not transferring, the CLKi pin outputs a low signal.

Figure 14.12 Transfer Clock Polarity
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.1.3 LSB First/MSB First Select Function
Use the UFORM bit in the UiCO register (i = 0 to 2) to select the transfer format.
Figure 14.13 shows the transfer format.

(1) When the UFORM bit in the UiCO0 register = 0 (LSB first)

e )LL)
TXDi X po X D1 X b2 X D3 X D4 X D5 X D6 X D7
RXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM bit in the UiCO register = 1 (MSB first)

cw L LI LTI
TXDi X b7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
RXDi X b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO

i=0to2

* This applies to the case where the CKPOL bit in the UiCO0 register = 0
(transmit data output at the falling edge and the receive data taken in at
the rising edge of the transfer clock) and the UiLCH bit in the UiC1
register = 0 (no reverse).

Figure 14.13 Transfer Format

14.1.1.4 Continuous Receive Mode

In continuous receive mode, receive operation becomes enable when the receive buffer register is read.
It is not necessary to write dummy data into the transmit buffer register to enable receive operation in
this mode. However, a dummy read of the receive buffer register is required when starting the operation
mode.

When the UiRRM bit (i = 0 to 2) = 1 (continuous receive mode), the Tl bit in the UiC1 register is set to “0”
(data present in UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit = 1, do not write
dummy data to the UiTB register in a program. The UORRM and U1RRM bits are bit 2 and bit 3 in the
UCON register, respectively, and the U2RRM bit is bit 5 in the U2C1 register.
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14.1.1.5 Serial Data Logic Switching Function
When the UIiLCH bit in the UiC1 register (i = 0 to 2) = 1 (reverse), the data written to the UiTB register has

its logic reversed before being transmitted. Similarly, the received data has its logic reversed when read
from the UiRB register. Figure 14.14 shows serial data logic.

(1) When the UILCH bit in the UiC1 register = 0 (no reverse)

Transfer clock ': | | | | | | | | | |

TXDi "R
(no reverse)I lz ‘( DOX D1 X D2 X D3 X D4 X D5 X DGX D7

(2) When the UILCH bit in the UiC1 register = 1 (reverse)
Transfer clock 'Z | | | | | | | | | |

E VR ) i 7D ol o7 G G

i=0to2

* This applies to the case where the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in
at the rising edge of the transfer clock) and the UFORM bit = O (LSB first).

Figure 14.14 Serial Data Logic Switching

14.1.1.6 Transfer Clock Output From Multiple Pins (UART1)
Use the CLKMD1 to CLKMDO bits in the UCON register to select one of the two transfer clock output
pins. Figure 14.15 shows the transfer clock output from the multiple pins function usage. This function
can be used when the selected transfer clock for UART1 is an internal clock.

Microcomputer

TXD1(P6_7)

CLKS1(P6_4)

CLK1(P6_5) IN IN

CLK CLK

Transfer enabled when Transfer enabled when
the CLKMDO bit in the the CLKMDO bit = 1
UCON register = 0

* This applies to the case where the CKDIR bit in the UTMR register
= 0 (internal clock) and the CLKMD1 bit in the UCON register = 1
(transfer clock output from multiple pins).

Figure 14.15 Transfer Clock Output From Multiple Pins
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.1.7 CTS/RTS Function
When the CTS function is used transmit and receive operation start when “L” is applied to the CTSI/RTSi
(i=0to 2) pin. Transmit and receive operation begins when the CTSI/RTSi pin is held “L”. If the “L” signal
is switched to “H” during a transmit or receive operation, the operation stops before the next data.
When the RTS function is used, the CTSIi/RTSi pin outputs on “L” signal when the microcomputer is
ready to receive. The output level becomes “H” on the first falling edge of the CLKi pin.
« CRD bit in UiCO0 register = 1 ( CTS/RTS function disabled) CTSi/RTSi pin is programmable I/O function
+ CRD bit = 0, CRS bit in UiCO register = 0 (CTS function is selected) CTSi/RTSi pin is CTS function
+ CRD bit = 0, CRS bit = 1 (RTS function is selected) CTSIi/RTSi pin is RTS function

14.1.1.8 CTS/RTS Separate Function (UARTO0)
This function separates CTS0/RTSO0, outputs RTSO from the P6_0 pin, and accepts as input the CTS0
from the P6_4 pin. To use this function, set the register bits as shown below.
+ CRD bit in UOCO register = 0 (enables UARTO CTS/RTS)
+ CRS bit in UOCO register = 1 (outputs UARTO RTS)
+ CRD bit in U1CO register = 0 (enables UART1 CTS/RTS)
+ CRS bit in U1CO register = 0 (inputs UART1 CTS)
+ RCSP bit in UCON register = 1 (inputs CTSO0 from the P6_4 pin)
* CLKMD1 bit in UCON register = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be
used.
Figure 14.16 shows CTS/RTS separate function usage.

Microcomputer IC
TXDO(P6_3) > N
RXDO(P6_2) |~ ouT
CLKO(P6_1) > CLK
RTS0(P6_0) - CTS
CTSO(P6_4) |~ RTS

Figure 14.16 CTS/RTS Separate Function
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.2 Clock Asynchronous Serial /0 (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 14.5 lists the specifications of the UART mode. Table 14.6 lists the registers used in
UART mode and the register values set.

Table 14.5 UART Mode Specifications

ltem

Specification

Transfer Data Format

» Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit

« Parity bit: Selectable from odd, even, or none

« Stop bit: Selectable from 1 or 2 bits

Transfer Clock

* CKDIR bit in UiMR register = 0 (internal clock) : fj/ 16(n+1)

fi = f1SIO, f2SI0, f8SIO, f32SIO. n: Setting value of the UIBRG register 00h to FFh
» The CKDIR bit = 1 (external clock) : fEXT/16(n+1)

fEXT: Input from CLKi pin. n :Setting value of the UiBRG register 00h to FFh

Transmission, Reception Control

Selectable from CTS function, RTS function or CTS/RTS function disabled

Transmission Start Condition

Before transmission can start, the following requirements must be met
» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in UiTB register)

« If CTS function is selected, input on the CTSi pin = L

Reception Start Condition

Before reception can start, the following requirements must be met
» The RE bit in the UiC1 register = 1 (reception enabled)
« Start bit detection

Interrupt Request
Generation Timing

For transmission, one of the following conditions can be selected

« The UIIRS bit " = 0 (transmit buffer empty): when transferring data from the UiTB register
to the UARTI transmit register (at start of transmission)

» The UilRS bit =1 (transfer completed): when the serial I/O finished sending data
from the UARTI transmit register

For reception

* When transferring data from the UARTI receive register to the UiRB register
(at completion of reception)

Error Detection

« Overrun error @
This error occurs if the serial /0O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit of the next data

« Framing error ©
This error occurs when the number of stop bits set is not detected

« Parity error @
This error occurs when if parity is enabled, the number of 1’s in parity and character
bits does not match the number of 1’s set

» Error sum flag
This flag is set to “1” when any of the overrun, framing, or parity errors occur

Select Function

 LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7 can
be selected
« Serial data logic switch
This function reverses the logic of the transmit/receive data. The start and stop bits are not reversed.
» TXD, RXD 1/O polarity switch
This function reverses the polarities of the TXD pin output and RXD pin input.
The logic levels of all /O data is reversed.
+ Separate CTS/RTS pins (UARTO)
CTSO0 and RTSO are input/output from separate pins

i=0to2
NOTES:

1. The UOIRS and U1IRS bits are bits 0 and 1 in the UCON register. The U2IRS bit is bit 4 in the U2C1 register.

2. If an overrun error occurs, the value of the UiRB register will be indeterminate. The IR bit in the SiRIC register does not change.

3. The timing at which the framing error flag and the parity error flag are set is detected when data is transferred from the
UARTI receive register to the UiRB register.
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14. Serial 1/0

Table 14.6 Registers to Be Used and Settings in UART Mode

Register Bit Function
UiTB 0to8 Set transmission data "
UiRB Oto8 Reception data can be read "
OER,FER,PER,SUM| Error flag
UiBRG 0to7 Set a transfer rate
UiMR SMD2 to SMDO Set these bits to “100b” when transfer data is 7-bit long
Set these bits to “101b” when transfer data is 8-bit long
Set these bits to “110b” when transfer data is 9-bit long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TXD/RXD input/output polarity
uiCo CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8-bit long. Set this
bit to “0” when transfer data is 7- or 9-bit long.
uUiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRsS @ Select the source of UART2 transmit interrupt
U2RRM ® Set to “0”
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”
UiSMR Oto7 Set to “0”
UiSMR2 |0to7 Set to “0”
UiISMR3 |0to7 Set to “0”
UiSMR4 |0to7 Set to “0”
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, UTRRM |Set to “0”
CLKMDO Invalid because the CLKMD1 bit = 0
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSO signal from the P6_4 pin
7 Set to “0”
i=0to2
NOTES:

1. The bits used for transmit/receive data are as follows:
« Bit 0 to bit 6 when transfer data is 7-bit long
* Bit 0 to bit 7 when transfer data is 8-bit long
* Bit 0 to bit 8 when transfer data is 9-bit long.
2. Set bit 4 to bit 5 in the U0OC1 and U1C1 registers to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits are included
in the UCON register.
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M16C/6N Group (M16C/6NL, M16C/6NN)

14. Serial 1/0

Table 14.7 lists the functions of the input/output pins during UART mode. Table 14.8 lists the P6_4 pin
functions during UART mode. Note that for a period from when the UARTi operation mode is selected to
when transfer starts, the TXDi pin outputs an “H”.

Figure 14.17 shows the typical transmit timings in UART mode. Figure 14.18 shows the typical receive
timing in UART mode.

Table 14.7 1/0 Pin Functions

Pin Name Function Method of Selection
TXDi Serial Data Output | (Outputs “H” when performing reception only)
(P6_3, P6_7, P7.0)
RXDi Serial Data Input PD6_2 and PD6_6 bits in PD6 register = 0
(P6_2, P6_6, P7_1) PD7_1 bitin PD7 register =0
(Can be used as an input port when performing transmission only)
CLKi 1/0 Port CKDIR bit in UIMR register = 0
(P6_1, P6_5, P7_2)| Transfer Clock Input | CKDIR bit in UIMR register = 1
PD6_1 and PD6_5 bits in PD6 register =0
PD7_2 bitin PD7 register =0
CTSi/RTSi CTS Input CRD bit in UiCO register = 0
(P6_0, P6_4, P7_3) CRS bit in UiCO register = 0
PD6_0 and PD6_4 bits in PD6 register =0
PD7_3 bit in PD7 register =0
RTS Output CRD bit=0
CRS bit = 1
1/0 Port CRD bit = 1
i=0to2
Table 14.8 P6_4 Pin Functions
Bit set Value
Pin Function U1CO0 Register UCON Register PD6 Register
CRD bit CRS bit | RCSP bit |CLKMD1 bit PD6_4 bit
P6_4 1 - 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 -
CTSo ™ 0 0 1 0 0
- “0” or “1”
NOTE:

1.In addition to this, set the CRD bit in the UOCO register to “0” (CTS0/RTS0 enabled) and the CRS
bit in the UOCO register to “1” (RTSO selected).
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

(1) Example of Transmit Timing when Transfer Data is 8-bit Long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTSi is "H" when the stop bit is checked.
TC The transfer clock starts as the transfer starts immediately CTSi changes to "L".

——— s

Transfer clock ||| |||| |||| |H_ﬂ ||||I_I|_|]_||_|I_IUU LIU]—H—”—
TE bit in 1" J | |7
UiC1 register "o Write data to the UiTB register
Tl bit i " —| X
UiCI1t Irr;gister "o m )\
Transferred from UiTB register to UARTI transmit register
ors v L L] ‘—
L Stopped pulsing

Sgiltrt Piirity littop b%cause the TE bit
O STACKDXOAXOKDXOXOKOK Y. 57 \STADKLKOXOKOKOKONOAP) 5P
TXEPT bitin " —
UiCO register "o

IR bit in _l _l
SiTIC register "o"

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

The above timing diagram applies to the case where the register bits are set TC=16(n+1)/fjor16 (n+ 1)/ EXT
asfollows: ) ) fj : frequency of UIBRG count source (f1SIO, f2SI0, f8SIO, f32SI0)
+ PRYE bit in UiMR register = 1 (parity enabled) fEXT : frequency of UIBRG count source (external clock)
* STPS bit in UIMR register = 0 (1 stop bit) . n : value set to UiBRG
* CRD bit in UiCO register = 0 (CTS/RTS enabled), and CRS bit = 0 (CTS selected)
* UiIRS bit = 1 (an interrupt request occurs when transmit completed): i=0to2
UOIRS bit is bit 0 in UCON register
U1IRS bit is bit 1 in UCON register
U2IRS bit is bit 4 in U2C1 register

(2) Example of Transmit Timing when Transfer Data is 9-bit Long (parity disabled, two stop bits)
TC

e
I nnnnnnnnnnnnnnnnnns

UiC1 register "0" J Write data to the UiTB register | |_

Transfer clock

TE bitin
Tl bitin s
iC1 i nyr
UICT register 0 \ Transferred from UiTB register to UARTI
transmit register
Start Stop Stop
bit bit bit
TXDi STADOKD XXX DXOXOSKD7KDEY 5 5P \STADKDKooKDK KX XOX0EysPsP

TXEPT bitin B |
UiCO register

gTTt?g I:agister g |
AN /

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

The above timing diagram applies to the case where the register bits are set TC=16(n+1)/fjor16 (n + 1) / fEXT
as follows: ) o fj : frequency of UIBRG count source (f1SIO, f2SIO, f8SIO, {32SI0)
* PRYE bit in UiMR register = 0 (parity disabled) fEXT: frequency of UiIBRG count source (external clock)

* STPS bit in UiMR register = 1 (2 stop bits)

val iBR
« CRD bit in UICO register = 1 (CTS/RTS disabled) n: value set to UIBRG

* UiIRS bit = 0 (an interrupt request occurs when transmit buffer becomes empty): i=0to2
UOIRS bit is bit 0 in UCON register
U1IRS bit is bit 1 in UCON register
U2IRS bit is bit 4 in U2C1 register
Figure 14.17 Transmit Operation
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

» Example of Receive Timing when Transfer Data is 8-bit Long (parity disabled, one stop bit)

sourcs " IANMAANAANAARAANAARAARMAANAARAANAN.  IAARAARARTAARAARTAANA
source . .

RE bit in "1
UiC1 register  "Q"

— ... .. Stop bit
. {Di. b7 -

Receive data taken in

Start bit

k

Sampled "L"

RXDi

J S L B

Transfer clock !
Reception triggered when transfer clock Transferred from UARTI receive

RI bit in "1" is generated by falling edge of start bit register to UiRB register \ﬁ
UiC1 register  ngn —— :

RS o L I
IR bit in "1 |:

SiRIC register "0" /

i=0to2 Set to "0" by an interrupt request acknowledgement or by program

The above timing diagram applies to the case where the register bits are set as follows:
* PRYE bit in UiMR register = 0 (parity disabled)
» STPS bit in UiMR register = 0 (1 stop bit)

» CRD bit in UiCO register = 0 (CTSI/RTSi enabled) and CRS bit = 1 (RTSi selected)

Figure 14.18 Receive Operation

14.1.2.1 Bit Rates
In UART mode, the frequency set by the UiBRG register (i = 0 to 2) divided by 16 become the bit rates.
Table 14.9 lists example of bit rates and settings.

Table 14.9 Example of Bit Rates and Settings

Bit-rate Count source Peripheral function clock: 16MHz | Peripheral function clock: 24MHz
(bps) of BRG Set value of BRG: n | Actual time (bps)| Set value of BRG: n | Actual time (bps)
1200 f8 103 (67h) 1202 155 (9Bh) 1202
2400 f8 51 (33h) 2404 77 (4Dh) 2404
4800 f8 25 (19h) 4808 38 (26h) 4808
9600 f1 103 (67h) 9615 155 (9Bh) 9615
14400 f1 68 (44h) 14493 103 (67h) 14423
19200 f1 51 (33h) 19231 77 (4Dh) 19231
28800 f1 34 (22h) 28571 51 (33h) 28846
31250 f1 31 (1Fh) 31250 47 (2Fh) 31250
38400 f1 25 (19h) 38462 38 (26h) 38462
51200 f1 19 (13h) 50000 28 (1Ch) 51724
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.2.2 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in UART mode, follow the procedures
below.
* Resetting the UiRB register (i = 0 to 2)
(1) Set the RE bit in the UiC1 register to “0” (reception disabled)
(2) Set the RE bit in the UiC1 register to “1” (reception enabled)

* Resetting the UiTB register (i = 0 to 2)
(1) Set the SMD2 to SMDO bits in the UiMR register to “000b” (Serial 1/0 disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “001b”, “101b”, “110b”.
(3) “1” (transmission enabled) is written to the TE bit in the UiC1 register, regardless of the TE bit

14.1.2.3 LSB First/MSB First Select Function
As shown in Figure 14.19, use the UFORM bit in the UiCO register to select the transfer format. This
function is valid when transfer data is 8-bit long.

(1) When the UFORM bit in the UiCO register = 0 (LSB first)

e U
o \.ST A Do X b1 X D2 X D3 X D4 X 05 X D6 X D7 X P Y sp
i \.ST £ o X bt X b2 X D3 X pa X b5 X D6 X D7 X P ) sP

(2) When the UFORM bit = 1 (MSB first)

i  \ ST A b7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 X P Y sP
roi A\ sT A Dp7X D6 )X D5X p4aX D3 X p2) D1 X Do X P Y sP

i=0to2

ST: Start bit
P: Parity bit
SP: Stop bit

NOTE:
1. This applies to the case where the register bits are set as follows:
e CKPOL bit in UiCO register = 0 (transmit data output at the falling edge and the receive
data taken in at the rising edge of the transfer clock)
¢ UiLCH bit in UiC1 register = 0 (no reverse)
* STPS bit in UiMR register = 0 (1 stop bit)
* PRYE bit in UIMR register = 1 (parity enabled)

Figure 14.19 Transfer Format
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.2.4 Serial Data Logic Switching Function
The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the
received data has its logic reversed when read from the UiRB register. Figure 14.20 shows serial data logic.

(1) When the UILCH bit in the UiC1 register = 0 (no reverse)
Transfer clock t | | | | |
oo o ST {Do J D1\ D2 f D3 X D4} D5 D6 f D7 X P ) sP

(2) When the UIiLCH bit = 1 (reverse)

Transterciock | [T 1L ML LML ML LML L L
o
.

(ovad) ST (DO ) D1 X D2 X D3 X D4 \ D5 \ D6 A D7 P ) sP
i=0to2
ST: Start bit
P: Parity bit
SP: Stop bit
NOTE:

1. This applies to the case where the register bit are set as follows:
e CKPOL bit in UiCO register = 0 (transmit data output at the falling edge of the transfer clock)
* UFORM bit in UiCO register = 0 (LSB first)
* STPS bit in UiMR register = 0 (1 stop bit)
* PRYE bit in UiMR register = 1 (parity enabled)

Figure 14.20 Serial Data Logic Switching

14.1.2.5 TXD and RXD I/O Polarity Inverse Function
This function inverses the polarities of the TXDi pin output and RXDi pin input. The logic levels of all input/output

data (including the start, stop and parity bits) are inversed. Figure 14.21 shows the TXD and RXD input/output
polarity inverse.

(1) When the IOPOL bit in the UiMR register = 0 (no reverse)
TXDi "W
(o reverse) - ST {DOYDIYD2yD3YD4yD5f D6 D7) P ySP

RXDi "H' ST ( DO )Y D1 Y D2 ¥ D3 )Y D4 Y D5 X D6 ¥ D7 P SP
(no reverse) "L

(2) When the IOPOL bit = 1 (reverse)

TXDi W'
LAY =n () Gl 2 D 0 0 () 02 B W
T I ) 1 2 ) 0 2 e 8 B W

(reverse)
i=0to 2
ST: Start bit
P: Parity bit
SP: Stop bit

NOTE:
1. This applies to the case where the register bits are set as follows:
* UFORM bit in UiCO register = 0 (LSB first)
* STPS bit in UiMR register = 0 (1 stop bit)
* PRYE bit in UiMR register = 1 (parity enabled)

Figure 14.21 TXD and RXD /O Polarity Inverse
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14.1.2.6 CTS/RTS Function
When the CTS function is used transmit operation start when “L” is applied to the CTSiI/RTSi (i = 0 to 2)
pin. Transmit operation begins when the CTSi/RTSi pin is held “L”. If the “L” signal is switched to “H”
during a transmit operation, the operation stops before the next data.
When the RTS function is used, the CTSIi/RTSi pin outputs on “L” signal when the microcomputer is
ready to receive. The output level becomes “H” on the first falling edge of the CLKi pin.
« CRD bit in UiCO register = 1 (disables UARTO CTS/RTS function) CTSI/RTSi pin is programmable I/O function
+ CRD bit = 0, CRS bit in UiCO register= 0 (CTS function is selected) CTSi/RTSi pin is CTS function
+ CRD bit = 0, CRS bit = 1 (RTS function is selected) CTSI/RTSi pin is RTS function

14.1.2.7 CTS/RTS Separate Function (UARTO0)
This function separates CTS0/RTSO0, outputs RTS0 from the P6_0 pin, and accepts as input the CTS0
from the P6_4 pin. To use this function, set the register bits as shown below.
+ CRD bit in UOCO register = 0 (enables UARTO CTS/RTS)
+ CRS bit in UOCO register = 1 (outputs UARTO RTS)
+ CRD bit in U1CO register = 0 (enables UART1 CTS/RTS)
+ CRS bit in U1CO register = 0 (inputs UART1 CTS)
+ RCSP bit in UCON register = 1 (inputs CTSO0 from the P6_4 pin)
* CLKMD1 bit in UCON register = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be used.
Figure 14.22 shows CTS/RTS separate function usage.

Microcomputer IC
TXDO(P6_3) | IN
RXDO(P6_2) |~ ouT
RTSO(P6_0) »| CTS
CTSO(P6_4) [« RTS

Figure 14.22 CTS/RTS Separate Function
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14.1.3 Special Mode 1 (I’°C Mode)
I°C mode is provided for use as a simplified I°C interface compatible mode. Table 14.10 lists the specifications
of the I°C mode. Figure 14.23 shows the block diagram for I°C mode. Table 14.11 lists the registers used
in the I°C mode and the register values set. Table 14.12 lists the funcitons in I°C mode. Figure 14.24
shows the transfer to the UiRB register and interrupt timing.

As shown in Table 14.12, the microcomputer is placed in I°C mode by setting the SMD2 to SMDO bits to
“010b” and the IICM bit to “1”. Because SDAI transmit output has a delay circuit attached, SDAI output

does not change state until SCLi goes low and remains stably low.

Table 14.10 1°C Mode Specifications

[tem Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock ¢ During master

The CKDIR bit in the UiMR register = 0 (internal clock) : fj/ 2(n+1)

fj = f1SIO, f2SI0, f8SI0, f32SI0. n: Setting value of the UiBRG register 00h to FFh
¢ During slave

The CKDIR bit = 1 (external clock) : Input from SCLi pin
Transmission Start Condition | Before transmission can start, the following requirements must be met ¥
» The TE bit in the UiC1 register = 1 (transmission enabled)
» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
Reception Start Condition Before reception can start, the following requirements must be met
» The RE bit in the UiC1 register = 1 (reception enabled)
» The TE bit in the UiC1 register = 1 (transmission enabled)
» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Interrupt Request When start or stop condition is detected, acknowledge undetected, and acknowledge
Generation Timing detected
Error Detection Overrun error @

This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the 8th bit of the next data
Select Function * Arbitration lost
Timing at which the ABT bit in the UiRB register is updated can be selected
« SDAI digital delay
No digital delay or a delay of 2 to 8 UiBRG count source clock cycles selectable
« Clock phase setting
With or without clock delay selectable

i=0to2
NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in the high state.
2.1f an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit in the SiRIC
register does not change.
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14. Serial I/0O

Start and stop condition generation block

i=0to2
IICM: Bit in UiSMR register

NOTE:

IICM2, SWC, ALS, SWC2, SDHI: Bits in UISMR2 register
STSPSEL, ACKD, ACKC: Bits in UiSMR4 register

SDAI O+ » DMAO, DMA1 request
STSPSEL=1 SDA(STSP) (UART1: DMAO only)
—SCL(STSP
STSPSEL=0 { ) lICM2=1
Transmission UARTI transmit,
register 45—’ NACK interrupt
UARTi ICM=1 and request
1ICM2=0
ALS
T » DMAO
. Arbitration (UARTO, UART2)
> Noise
Filter
lICM2=1 . ]
Reception register] UARTi receive,
I—IU ART: [o ACK interrupt request,
IICM=1 and DMAT1 request
Start condition licM2=0
detection L
Bus
l' R busy
Stop condition ! NACK
detection
D
Falling edge _‘>T—C'|
SCL detection 5
IICM=0 Port register (1) >—°L ACK
9th bit
Internal clock
. Start/stop condition
IICM=1 UARTI{ o<-SWC2|| cLK »detection
STSPSEL=1| External control interrupt request
Noise clock
Filter UARTi

This diagram applies to the case where the SMD2 to SMDO bits in the UiMR register = 010b and the [ICM bit in the UiSMR register = 1.

1. If the [ICM bit =1, the pins can be read even when the PD6_2, PD6_6 or PD7_1 bit = 1 (output mode).

Figure 14.23 I°C Mode Block Diagram
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Table 14.11 Registers to Be Used and Settings in I2C Mode

. . Function
Register Bit Master | Slave
uiTB (1) Oto7 Set transmission data
UIRB (1) Oto7 Reception data can be read
8 ACK or NACK is set in this bit
ABT Arbitration lost detection flag | Invalid
OER Overrun error flag
UiBRG Oto7 Set a transfer rate [ Invalid
UiIMR (1) SMD2 to SMDO Set to “010b”
CKDIR Set to “0” | Setto “1”
IOPOL Set to “0”
uiCo CLK1, CLKO Select the count source for the UIBRG register | Invalid
CRS Invalid because the CRD bit = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Set to “1”
CKPOL Set to “0”
UFORM Set to “1”
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (2) Invalid
U2RRM (2), Set to “0”
UiLCH, UIERE
UiSMR IICM Set to “1”
ABC Select the timing at which arbitration-lost | Invalid
is detected
BBS Bus busy flag
3to7 Setto “0”
UiSMR2 IICM2 See Table 14.12 I2C Mode Functions
CSC Set this bit to “1” to enable clock synchronization | Set to “0”
SWC Set this bit to “1” to have SCLi output fixed to “L” at the falling edge of the 9th bit of clock
ALS Set this bit to “1” to have SDAI output Set to “0”
stopped when arbitration-lost is detected
STAC Set to “0” Set this bit to “1” to initialize UARTI at
start condition detection
SWC2 Set this bit to “1” to have SCLi output forcibly pulled low
SDHI Set this bit to “1” to disable SDAI output
7 Set to “0”
UiSMR3 0, 2, 4 and NODC Set to “0”
CKPH See Table 14.12 I2C Mode Functions
DL2 to DLO Set the amount of SDAI digital delay
UiSMR4 STAREQ Set this bit to “1” to generate start condition Set to “0”
RSTAREQ Set this bit to “1” to generate restart condition | Set to “0”
STPREQ Set this bit to “1” to generate stop condition Set to “0”
STSPSEL Set this bit to “1” to output each condition Set to “0”
ACKD Select ACK or NACK
ACKC Set this bit to “1” to output ACK data
SCLHI Set this bit to “1” to have SCLi output Set to “0”
stopped when stop condition is detected
SWC9 Setto “0” Set this bit to “1” to set the SCLi to “L” hold
at the falling edge of the 9th bit of clock
IFSRO IFSRO06, ISFRO7 Set to “1”
UCON UOIRS, U1IRS Invalid
2to7 Set to “0”
i=0to2
NOTES:

1. Not all register bits are described above. Set those bits to “0” when writing to the registers in 12C mode.

2. Set the bit 4 and bit 5 in the UOC1 and U1CH1 registers to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits are in the UCON

register.
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Table 14.12 I°C Mode Functions

Clock I2C Mode (SMD2 to SMDO = 010b, [ICM = 1)
Synchronous IICM2 =0 IICM2 = 1
Function Serial 1/0 Mode (NACK/ACK interrupt) (UART transmit/receive interrupt)
(SMD2to SMDO =/ CKPH =0 CKPH =1 CKPH =0 CKPH = 1
001b, IICM = 0) | (No clock delay) | (Clock delay) | (No clock delay) | (Clock delay)

Factor of Interrupt Start condition detection or stop condition detection

Number 6, 7 and (See Table 14.13 STSPSEL Bit Functions)
106G @
Factor of Interrupt |UARTI transmission | No acknowledgment detection UARTI transmission | UARTI transmission
Number 15, 17 and|Transmission started | (NACK) Rising edge of |Falling edge of
19 M ® or completed Rising edge of SCLi 9th bit SCLi 9th bit SCLi next to the
(selected by UilRS) 9th bit
Factor of Interrupt |UARTI reception | Acknowledgment detection (ACK) |UARTi reception
Number 16, 18 and|When 8th bit received | Rising edge of SCLi 9th bit Falling edge of SCLi 9th bit
20 M ® CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)
Timing for Transferring | CKPOL = 0 (rising edge) | Rising edge of SCLi 9th bit Falling edge of |Falling and rising
Data from UART  [CKPOL =1 (falling edge) SCLi 9th bit edges of SCLi 9th
Reception Shift Register bit
to UiRB Register
UARTI Transmission |Not delayed Delayed
Output Delay
Functions of P6_3, | TXDi output SDA.I input/output
P6_7 and P7_0 Pins
Functions of P6_2, [RXDi input SCLi input/output
P6 6 and P7_1 Pins
Functions of P6_1, [CLKi input or - (Cannot be used in I’C mode)
P6_5 and P7_2 Pins |output selected
Noise Filter Width (15 ns 200 ns

Read RXDi and Possible when the | Always possible no matter how the corresponding port direction bit is set
SCLi Pins Levels [corresponding port
direction bit =0
Initial Value of TXDi|CKPOL = 0 (H) | The value set in the port register before setting I°C mode @
and SDAi Outputs |CKPOL =1 (L)
Initial and End - H L H L
Value of SCLi
DMA1 Factor © UARTI reception | Acknowledgment detection (ACK) |UARTI reception

Falling edge of SCLi 9th bit

Store Received 1st to 8th bits of the received data are stored into bit | 1stto 7th bits of the received data are stored into
Data 7 to bit 0 in the UiRB register bit 6 to bit 0 in the UIRB | 1st to 8th bits are
register, 8th bit is stored into | stored into bit 7 to bit
bit 8 in the UiRB register | 0 in UiRB register ©
Read Received The UiRB register status is read Bit 6 to bit 0 in the UiRB
Data register ) are read as bit
7tobit 1. Bit 8 in the UIRB
register is read as bit 0.

i=0to2
NOTES:
1. If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may

inadvertently be set to “1” (interrupt requested). (Refer to 22.7 Interrupts.)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore, always be sure to set
the IR bit to “0” (interrupt not requested) after changing those bits.
+ SMD2 to SMDO bits in UiMR register + IICM bit in UiSMR register
« [ICM2 bit in UiSMR2 register » CKPH bit in UiSMRS3 register

. Set the initial value of SDAI output while the SMD2 to SMDO bits in the UiMR register = 000b (serial I/O disabled).

. Second data transfer to the UiRB register (rising edge of SCLi 9th bit)

. First data transfer to the UiRB register (falling edge of SCLi 9th bit)

. See Figure 14.26 STSPSEL Bit Functions.

. See Figure 14.24 Transfer to UiRB Register and Interrupt Timing.

. When using UARTO, be sure to set the IFSR06 bit in the IFSRO register to “1” (cause of interrupt: UARTO bus collision detection).
When using UART1, be sure to set the IFSRO07 bit in the IFSRO register to “1” (cause of interrupt: UART1 bus collision detection).

NoOORAWN
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(1) HCM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

seci L] LI LT LUy
spai X D7 X b6 X D5 X D4 X D3 X D2 X D1 X Do X D8(ACK, NACK)
t

ACK interrupt (DMA1 request),
NACK interrupt

!

Transfer to UiRB register

bi5 b9 b8 b7 b0
D[ [ Ds [ o7 [ps [ os [ s [os o2 [0 [ oo |
UiRB register

(2) NCM2 = 0, CKPH = 1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

= K

spai X D7 X b6 X D5 X D4 X D3 X D2 X D1 X Do )X D8(ACK, NACK)
}

ACK interrupt (DMA1 request),
NACK interrupt

Transfer to UiRB register
b15 b9 b8 b7 bo
D----l [DB[D7[D6[D5[D4[D3[D2[D1|D0]

UIRB register
(3) HCM2 = 1 (UART transmit/receive interrupt), CKPH =0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sei LI LI LI LT L

spAi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 ) D8(ACK, NACK)
t

Receive interrupt - Transmit interrupt
(DMAT1 request)

Transfer to UiRB register

b15 b9 b8 b7 b0
D[ I DOI — I D7I Dsl DSI DAIDSI D2I D1 ]
(4) ICM2 =1, CKPH = 1 UiRB register
1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit
SCLi
SDAi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO X D8(ACK, NACK)
Receive interrupt Transmit interrupt
(DMAT1 request)
Transfer to UiRB register  Transfer to UiRB register
b15 b9 b8 b7 b0 b15 b9 b8 b7 bo
D----l IDOI—ID7ID$IDSIDAIDSID2ID1] D----l IDBID7IDSIDSIDAIDSIDZIDWIDOI
i=0to2 UiRB register UIRB register

This diagram applies to the case where the following condition is met.
* The CKDIR bit in the UiMR register = 0 (slave selected)

Figure 14.24 Transfer to UiRB Register and Interrupt Timing
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14.1.3.1 Detection of Start and Stop Condition
Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDAI pin changes state from high to
low while the SCLi pin is in the high state. A stop condition-detected interrupt request is generated when
the SDAI pin changes state from low to high while the SCLi pin is in the high state.
Figure 14.25 shows the detection of start and stop condition.
Because the start and stop condition-detected interrupts share the interrupt control register and vector,
check the BBS bit in the UiSMR register to determine which interrupt source is requesting the interrupt.

3 to 6 cycles < duration for setting-up (1)
3 to 6 cycles < duration for holding (1)

. Durationfor ~~ Duration for
! setting-up ! holding |

SCLi |

SDAi : .
(Start condition) : |

SDAI ;
(Stop condition) ! ;

i=0to2

NOTE:
1.When the PCLK1 bit in the PCLKR register = 1, this is the cycle number
of f1S10, and when the PCLK1 bit = 0, this is the cycle number of f2SIO.

Figure 14.25 Detection of Start and Stop Condition

14.1.3.2 Output of Start and Stop Condition
A start condition is generated by setting the STAREQ bit in the UiSMR4 register (i = 0 to 2) to “1” (start).
A restart condition is generated by setting the RSTAREQ bit in the UiSMR4 register to “1” (start).
A stop condition is generated by setting the STPREQ bit in the UiSMR4 register to “1” (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to “1” (start).
(2) Set the STSPSEL bit in the UiSMR4 register to “1” (output).

Table 14.13 and Figure 14.26 show the functions of the STSPSEL bit.
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Table 14.13 STSPSEL Bit Functions

Function STSPSEL Bit=0 STSPSEL Bit =1
Output of SCLi and SDAI Pins Output of transfer clock and Output of a start/stop condition
data according to the STAREQ,

Output of start/stop condition is | RSTAREQ and STPREQ bits
accomplished by a program
using ports (not automatically
generated in hardware)
Start/Stop Condition Interrupt Start/stop condition detection Finish generating start/stop condition
Request Generation Timing

(1) When slave
CKDIR bit = 1 (external clock)

STSPSEL bit

1st_2nd_3rd_4thys5th  6th 7th 8th  9th bit
SCLi
SDAI
Start condition Stop condition
detection interrupt detection interrupt

(2) When master
CKDIR bit = 0 (internal clock), CKPH bit = 1 (clock delayed)

STSPSEL bit | |

Setto "1"in  Setto "0"in Setto "1"in  Setto "0"in
a program a program a program a program
SCLi ist_2nd_3rd_4th//5th _6th _7th 8th  9th bit
SDAI

t

Set STAREQ bit Set STPREQ bit

=1 (start) Start condition =1 (start)
detection interrupt

f

Stop condition
detection interrupt

Figure 14.26 STSPSEL Bit Functions

14.1.3.3 Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising edge
of SCLi. Use the ABC bit in the UiSMR register to select the timing at which the ABT bit in the UiRB
register is updated. If the ABC bit = 0 (updated per bit), the ABT bit is set to “1” at the same time
unmatching is detected during check, and is set to “0” when not detected. In cases when the ABC bit is
set to “17, if unmatching is detected even once during check, the ABT bit is set to “1” (unmatching
detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be updated per byte, set
the ABT bit to “0” (undetected) after detecting acknowledge in the first byte, before transferring the next
byte.

Setting the ALS bit in the UiSMR2 register to “1” (SDA output stop enabled) causes arbitration-lost to
occur, in which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit is
set to “1” (unmatching detected).
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14.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 14.24.
The CSC bit in the UiSMR2 register is used to synchronize the internally generated clock (internal SCLi)
and an external clock supplied to the SCLi pin. In cases when the CSC bit is set to “1” (clock synchronization
enabled), if a falling edge on the SCLi pin is detected while the internal SCLi is high, the internal SCLi
goes low, at which time the value of the UiBRG register is reloaded with and starts counting in the
low-level interval. If the internal SCLi changes state from low to high while the SCLi pin is low, counting
stops, and when the SCLi pin goes high, counting restarts.
In this way, the UARTI transfer clock is comprised of the logical product of the internal SCLi and SCLi pin
signal. The transfer clock works from a half period before the falling edge of the internal SCLi 1st bit to
the rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the UiSMR2 register allows to select whether the SCLi pin should be fixed to or freed
from low-level output at the falling edge of the 9th clock pulse.
If the SCLHI bit in the UiSMR4 register is set to “1” (enabled), SCLi output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the UiSMR2 register = 1 (0 output) makes it possible to forcibly output a low-
level signal from the SCLi pin even while sending or receiving data. Setting the SWC2 bit to “0” (transfer
clock) allows the transfer clock to be output from or supplied to the SCLi pin, instead of outputting a low-
level signal.
If the SWC9 bit in the UiSMR4 register is set to “1” (SCL hold low enabled) when the CKPH bit in the
UiSMRS register = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse next
to the ninth. Setting the SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level output.

14.1.3.5 SDA Output
The data written to bit 7 to bit 0 (D7 to DO) in the UiTB register is sequentially output beginning with D7.
The ninth bit (D8) is ACK or NACK.
The initial value of SDAI transmit output can only be set when [ICM = 1 (I12C mode) and the SMD2 to
SMDO bits in the UiMR register = 000b (serial I/0 disabled).
The DL2 to DLO bits in the UiSMR3 register allow to add no delays or a delay of 2 to 8 UiBRG count
source clock cycles to SDAI output.
Setting the SDHI bit in the UiSMR2 register = 1 (SDA output disabled) forcibly places the SDAI pin in the
high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the UARTi
transfer clock. This is because the ABT bit may inadvertently be set to “1” (detected).

14.1.3.6 SDA Input
When the IICM2 bit = 0, the 1st to 8th bits (D7 to D0) of received data are stored in the bit 7 to bit 0 in the
UiRB register. The 9th bit (D8) is ACK or NACK.
When the IICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in the bit 6 to bit 0 in the
UiRB register and the 8th bit (D0) is stored in the bit 8 in the UiRB register. Even when the 1ICM2 bit = 1,
providing the CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read out by reading the
UiRB register after the rising edge of the corresponding clock pulse of 9th bit.
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14.1.3.7 ACK and NACK
If the STSPSEL bit in the UiSMRA4 register is set to “0” (start and stop conditions not generated) and the
ACKC bit in the UiSMR4 register is set to “1” (ACK data output), the value of the ACKD bit in the UiSMR4
register is output from the SDAI pin.
If the IICM2 bit = 0, a NACK interrupt request is generated if the SDAI pin remains high at the rising edge
of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDAI pin is low at the
rising edge of the 9th bit of transmit clock pulse.
If ACKi is selected for the cause of DMA1 request, a DMA transfer can be activated by detection of an
acknowledge.

14.1.3.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial I/O operates

as described below.

» The transmit shift register is initialized, and the content of the UiTB register is transferred to the trans-
mit shift register. In this way, the serial I/0 starts sending data synchronously with the next clock pulse
applied. However, the UARTI output value does not change state and remains the same as when a
start condition was detected until the first bit of data is output synchronously with the input clock.

* The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the
next clock pulse applied.

» The SWC bit is set to “1” (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UARTI transmission/reception is started using this function, the Tl bit does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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14.1.4 Special Mode 2
Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are
selectable. Table 14.14 lists the specifications of Special Mode 2. Figure 14.27 shows communication
control example for Special Mode 2. Table 14.15 lists the registers used in Special Mode 2 and the
register values set.

Table 14.14 Special Mode 2 Specifications

ltem Specification
Transfer data format Transfer data length: 8 bits
Transfer clock * Master mode

The CKDIR bit in the UiMR register = 0 (internal clock) : fj/ 2(n+1)
fj = f1SIO, f2SI0, f8SIO, f32S10. n: Setting value of the UiBRG register 00h to FFh

« Slave mode
The CKDIR bit = 1 (external clock selected) : Input from CLKi pin

Transmit/receive control Controlled by input/output ports

Transmission start condition | Before transmission can start, the following requirements must be met )

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Reception start condition Before reception can start, the following requirements must be met )

» The RE bit in the UiC1 register = 1 (reception enabled)

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Interrupt Request For transmission, one of the following conditions can be selected

Generation Timing * The UiIRS bit @ = 0 (transmit buffer empty): when transferring data from the UiTB
register to the UARTI transmit register (at start of transmission)

* The UilRS bit =1 (transfer completed): when the serial I/O finished sending data from
the UARTI transmit register

For reception

* When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)

Error detection Overrun error @

This error occurs if the serial I/O started receiving the next data before reading the

UiRB register and received the 7th bit of the next data

Select function Clock phase setting

Selectable from four combinations of transfer clock polarities and phases

i=0to2
NOTES:
1.When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO
register = 0 (transmit data output at the falling edge and the receive data taken in at the rising edge of
the transfer clock), the external clock is in the high state; if the CKPOL bit = 1 (transmit data output at
the rising edge and the receive data taken in at the falling edge of the transfer clock), the external clock
is in the low state.
2. The UOIRS and U1IRS bits respectively are bits 0 and 1 in the UCON register ; the U2IRS bit is bit 4 in the
U2C1 register.
3. If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit in SiRIC register
does not change.
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P7_2(CLK2)
P7_1(RXD2)
P7_0(TXD2)

Microcomputer
(Master)

P9 3

P7_2(CLK2)
P7_1(RXD2)
P7_0(TXD2)

Microcomputer
(Slave)

P9_3
P7_2(CLK2)
P7_1(RXD2)
P7_0(TXD2)

Microcomputer
(Slave)

Figure 14.27 Serial Bus Communication Control Example (UART2)
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Table 14.15 Registers to Be Used and Settings in Special Mode 2

Register Bit Function

uiTe @ Oto7 Set transmission data

URB™ |0to7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set a transfer rate

UIMR """ |SMD2 to SMDO Set to “001b”
CKDIR Set this bit to “0” for master mode or “1” for slave mode
IOPOL Set to “0”

uiCo CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because the CRD bit = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TXDi pin output format
CKPOL Clock phases can be set in combination with the CKPH bit in the UiISMRS register
UFORM Set to “0”

uiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS @ Select UART2 transmit interrupt cause
U2RRM @, Set to “0”
UiLCH, UIERE

UiSMR 0Oto7 Set to “0”

UiSMR2 |[0to7 Set to “0”

UiSMR3 |CKPH Clock phases can be set in combination with the CKPOL bit in the UiCO register
NODC Set to “0”
0,2,4t07 Set to “0”

UiSMR4 [0to7 Set to “0”

UCON UOIRS, U1IRS Select UARTO and UART1 transmit interrupt cause
UORRM, UTRRM | Set to “0”
CLKMDO Invalid because the CLKMD1 bit = 0
CLKMD1, RCSP, 7| Set to “0”

i=0to2

NOTES:

1.Not all register bits are described above. Set those bits to “0” when writing to the registers in Special
Mode 2.
2. Set the bit 4 and bit 5 in the U0OC1 and U1C1 registers to “0”. The UOIRS, U1IRS, UORRM and UTRRM
bits are in the UCON register.
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14.1.4.1 Clock Phase Setting Function

One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit in
the UiSMRS register and the CKPOL bit in the UiCO register.

Make sure the transfer clock polarity and phase are the same for the master and salves to be communicated.
Figure 14.28 shows the transmission and reception timing in master (internal clock).

Figure 14.29 shows the transmission and reception timing (CKPH = 0) in slave (external clock).
Figure 14.30 shows the transmission and reception timing (CKPH = 1) in slave (external clock).

Sk I O O
(CKPOL=0,CKPH=0) "L"
o I O I
(CKPOL=1,CKPH=0)
Clock output ~ "H"
ooy | L] LI LT LI LI LT L
Clock output H—|_|—|_|—|_|—|_|—|_|—|J—|_|_|I
(CKPOL=1,CKPH=1) "
Data output timing  "H"
oL X DOXD1XD2X D3X D4X D5XD6XD7
Data input timing T T T T T T T T

Figure 14.28 Transmission and Reception Timing in Master Mode (Internal Clock)
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Slave control input

Clock input
(CKPOL= 0, CKPH = 0)

Clock input
(CKPOL = 1, CKPH = 0)

Data output timing

Data input timing

"H:—<:XDOXD1XD2X03XD4XD5XDGX D7 )—

-

] [
Uy

S O

Figure 14.29 Transmission and Reception Timing (CKPH = 0) in Slave Mode (External Clock)

(CKPOL = 0, CKPH = 1)

(CKPOL = 1, CKPH = 1)

Data output timing

Data input timing

Slave control input

Clock input

Clock input

=

] [
SN I O
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Figure 14.30 Transmission and Reception Timing (CKPH = 1) in Slave Mode (External Clock)
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14.1.5 Special Mode 3 (IE Mode)
In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.
Table 14.16 lists the registers used in IE mode and the register values set. Figure 14.31 shows the
functions of bus collision detect function related bits.
If the TXDi pin (i = 0 to 2) output level and RXDi pin input level do not match, a UARTi bus collision detect
interrupt request is generated.
Use the IFSR06 and IFSRO07 bits in the IFSRO register to enable the UARTO/UART1 bus collision detect function.

Table 14.16 Registers to Be Used and Settings in IE Mode

Register Bit Function

UiTB Oto8 Set transmission data

UIRB™ |0to8 Reception data can be read
OER,FER,PER,SUM | Error flag

UiBRG Oto7 Set a transfer rate

UiIMR SMD2 to SMDO Set to “110b”
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Invalid because the PRYE bit = 0
PRYE Set to “0”
IOPOL Select the TXD/RXD input/output polarity

uiCo CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because the CRD bit = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TXDi pin output mode
CKPOL Set to “0”
UFORM Set to “0”

UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS @ Select the source of UART2 transmit interrupt
U2RRM @, Set to “0”
UiLCH, UIERE

UiSMR 0to0 3,7 Set to “0”
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to “1” to use the auto clear function of transmit enable bit
SSS Select the transmit start condition

UiSMR2 |0to7 Set to “0”

UiSMR3 |0to7 Set to “0”

UiSMR4 |0to7 Set to “0”

IFSRO IFSRO06, IFSR07 Setto “1”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM Set to “0”
CLKMDO Invalid because the CLKMD1 bit = 0
CLKMD1, RCSP, 7 Set to “0”

i=0to 2

NOTES:

1. Not all register bits are described above. Set those bits to “0” when writing to the registers in IE mode.
2. Set the bit 4 and bit 5 in the U0OC1 and U1C1 registers to “0”. The UOIRS, U1IRS, UORRM and U1RRM
bits are in the UCON register.
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(1) ABSCS Bit in UiSMR Register (bus collision detect sampling clock select)
If ABSCS bit = 0, bus collision is determined at the rising edge of the transfer clock
¥

Transfer clock

ST DO D1 D2 D3 D4 D5 Dé D7 D8 SP

TXDi ]

RXDi |

Input to TAjIN T

Timer Aj

If ABSCS bit =1, bus coIIisibn is determined when timer
Aj (one-shot timer mode) underflows.

Timer Aj: timer A3 when UARTO; timer A4 when UART1; timer AO when UART2

(2) ACSE Bit in UiSMR Register (auto clear of transmit enable bit)

Transfer clock

ST Do D1 D2 D3 D4 D5 D6 D7 D8 SP

I

TXDi

]
RXDi ] |

IR bit in | If the ACSE bit = 1 (automatically
UiBCNIC register clear when bus collision occurs),
the TE bit is set to "0"
. (transmission disabled) when
TE bitin the IR bit in the UIBCNIC register = 1
UiC1 register | (unmatching detected).

(3) SSS Bit in UiSMR Register (transmit start condition select)
If SSS bit = 0, the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock |_1 u 1_1 |_1 1_1 u u

ST Do D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi | |

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (") of RXDi

CLKi

TXDi (NOTE 2)

RXDi / | |

NOTES:
1.The falling edge of RXDi when IOPOL bit = 0; the rising edge of RXDi when IOPOL bit = 1.
2.The transmit condition must be met before the falling edge (1) of RXDi.

i=0to2

This diagram applies to the case where IOPOL bit =1 (reversed)

Figure 14.31 Bus Collision Detect Function-Related Bits
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14.1.6 Special Mode 4 (SIM Mode) (UART2)

Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be
implemented, and this mode allows to output a low from the TXD2 pin when a parity error is detected.
Table 14.17 lists the specifications of SIM mode. Table 14.18 lists the registers used in the SIM mode and
the register values set. Figure 14.32 shows the typical transmit/receive timing in SIM mode.

Table 14.17 SIM Mode Specifications

ltem

Specification

Transfer data format

* Direct format
* Inverse format

Transfer clock

* The CKDIR bit in the U2MR register = 0 (internal clock) : fi/ 16(n+1)

fi = f1SIO, f2SIO, f8SIO, f32SI10. n: Setting value of the U2BRG register 00h to FFh
» The CKDIR bit = 1 (external clock) : fEXT/16(n+1)

fEXT: Input from CLK2 pin. n: Setting value of the U2BRG register ~ 00h to FFh

Transmission start condition

Before transmission can start, the following requirements must be met
» The TE bit in the U2C1 register = 1 (transmission enabled)
» The Tl bit in the U2C1 register = 0 (data present in the U2TB register)

Reception start condition

Before reception can start, the following requirements must be met
» The RE bit in the U2C1 register = 1 (reception enabled)
« Start bit detection

Interrupt request
generation timing ®

* For transmission
When the serial I/O finished sending data from the U2TB transfer register (U2IRS bit = 1)
* For reception
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)

Error detection

« Overrun error "
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit of the next data

« Framing error ©
This error occurs when the number of stop bits set is not detected

* Parity error®
During reception, if a parity error is detected, parity error signal is output from the
TXD2 pin.
During transmission, a parity error is detected by the level of input to the RXD2 pin
when a transmission interrupt occurs

* Error sum flag
This flag is set to “1” when any of the overrun, framing, and parity errors is encountered

NOTES:

1.If an overrun error occurs, the value of the U2RB register will be indeterminate. The IR bit in the S2RIC
register does not change.

2. A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to “1” (transmit is
completed) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM mode, set
the IR bit to “0” (interrupt not requested) after setting these bits.

3. The timing at which the framing error flag and the parity error flag are set is detected when data is
transferred from the UARTI receive register to the UiRB register.
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Table 14.18 Registers to Be Used and Settings in SIM Mode
Register Bit Function
u2tB " 0to7 Set transmission data
U2RB 0to7 Reception data can be read
OER,FER,PER,SUM | Error flag
U2BRG 0to7 Set a transfer rate
U2MR SMD2 to SMDO Set to “101b”
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Set this bit to “1” for direct format or “0” for inverse format
PRYE Set to “1”
IOPOL Set to “0”
u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because the CRD bit = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Set to “0”
CKPOL Set to “0”
UFORM Set this bit to “0” for direct format or “1” for inverse format
u2CH1 TE Set this bit to “1” to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Set to “1”
U2RRM Set to “0”
U2LCH Set this bit to “0” for direct format or “1” for inverse format
U2ERE Set to “1”
U2SMR " 0to3 Set to “0”
U2SMR2 0to7 Set to “0”
U2SMR3 0to7 Set to “0”
U2SMR4 0to7 Set to “0”
NOTE:

1. Not all register bits are described above. Set those bits to “0” when writing to the registers in SIM mode.
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(1) Transmission TC
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back from receiving end An "L" level returns due to the
occurrence of a parity error.

RXD2pin level ) =\ ¢ (DX 1XD2X DX D4XDSXDEX DX P Y/SF h\\ STADoX D1XD2XD3XDaXDsXDeX D7X P

The level is detected by the

intertupt routine.

—

SP

9

TXEPT bitin 1" —— [The level is
U2CO register g detected by the
o The IR bitis set to "1" at the njerrupt foutine.
IRbitin "1 falling edge of transfer clock ~

S2TIC register "o

N el

The above timing diagram applies to the case where data is Set to "0" by an interrupt request acknowledgement or a program

transferred in the direct format.
« STPS bit in U2MR register = 0 (1 stop bit) TC=16(n+1)/fior16 (n+ 1) /fEXT
« PRY bit in U2MR register = 1 (even parity) fi : frequency of U2BRG count source (f1SIO, f2SI10, f8SIO, {32SI0)
« UFORM bit in U2CO0 register = 0 (LSB first) fEXT: frequency of U2BRG count source (external clock)
« U2LCH bit in U2C1 register = 0 (no reverse) n :value set to U2BRG
» U2IRS bit in U2C1 register = 1 (transmit is completed)

NOTE:

1. Because TXD2 and RXD2 are connected, a composite waveform, consisting of the TXD2 output and the parity error signal sent back

from receiving end, is generated.

(2) Reception TC

L

RE bitin "1"
U2C1 register g

Transmit waveform Start Parity: Stop
from transmitting end b bit *_bit
STADOXD1X D2X D3X D4XD5X DEXD7X P ) SP STADOX D1X D2X D3X D4X DSXD6XD7X P Y SP
TXD2

An "L" level is output from TXD2 due to/
the occurrence of a parity error

RXD2 pin level (1)
STADOX D1\ D2X D3X DAXDSADEXD7X P ) SP STADOXD1XD2X D34 D4X D5XDEX D7X P

i

i

Rl bitin "1" ———
U2CO0 register g L

[\
IRbitin "1" Read the U2RB register Read the U2RB register
S2RIC register g |

The above timing diagram applies to the case where data is Set to "0" by an interrupt request acknowledgement or a program
received in the direct format.

» STPS bit in U2MR register = 0 (1 stop bit) TC=16(n+1)/fior16 (n+ 1) /fEXT

* PRY bit in U2MR register = 1 (even parity) fi : frequency of U2BRG count source (f1SIO, f2SI10, f8SIO, {32SI0)

* UFORM bit in U2CO0 register = 0 (LSB first) fEXT: frequency of U2BRG count source (external clock)

* U2LCH bit in U2C1 register = 0 (no reverse) n : value set to U2BRG

* U2IRS bit in U2C1 register = 1 (transmit is completed)

NOTE:
1. Because TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the transmitting end and
parity error signal from receiving end, is generated.

Figure 14.32 Transmit and Receive Timing in SIM Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

Figure 14.33 shows the example of connecting the SIM interface. Connect TXD2 and RXD2 and apply pull-up.

Microcomputer

SIM card

TXD2 .

RXD2

Figure 14.33 SIM Interface Connection

14.1.6.1 Parity Error Signal Output
The parity error signal is enabled by setting the U2ERE bit in the U2C1 register to “1”.
The parity error signal is output when a parity error is detected while receiving data. This is achieved by
pulling the TXD2 output low with the timing shown in Figure 14.32. If the R2RB register is read while
outputting a parity error signal, the PER bit is set to “0” and at the same time the TXD2 output is returned

high.

When transmitting, a transmission-finished interrupt request is generated at the falling edge of the transfer
clock pulse that immediately follows the stop bit. Therefore, whether a parity signal has been returned
can be determined by reading the port that shares the RXD2 pin in a transmission-finished interrupt

service routine.

Figure 14.34 shows the output timing of the parity error signal

franster | ML L L LML L L L L L L L
clock
RXD2 \ ST/ DO )Y D1\ D2)D3)D4)D5)D6)D7) P JSP
e
TXD2 L (NOTE 1) _/
Rl bitin . —
U2C1 register o
This timing diagram applies to the case where the direct format is ST: Start bit
implemented. P: Even Parity
NOTE: SP: Stop bit
1: The output of microcomputer is in the high-impedance state (pulled up externally).

Figure 14.34 Parity Error Signal Output Timing
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

14.1.6.2 Format
When direct format, set the PRY bit in the U2MR register to “1”, the UFORM bit in the U2CO0 register to
“0” and the U2LCH bit in the U2C1 register to “0”.
When inverse format, set the PRY bit to “0”, UFORM bit to “1” and U2LCH bit to “1”.
Figure 14.35 shows the SIM interface format.

(1) Direct format

Trenster LT L L L L L L L LT L L LT L
clock L
™02 \__ (oo Y o1 D2 ) D3 ) D4 \ D5 D6 [ D7 \ P Y

P : Even parity

(2) Inverse format

Transfer ™" | | | | | | | | | | | | |
o

clock

e W o7 (5 658 f7 550 67 (T 0 O
P : Odd parity

Figure 14.35 SIM Interface Format
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M16C/6N Group (M16C/6NL, M16C/6NN)

14. Serial 1/0

14.2 SI/Oi (i=3to 6)
S1/Qi is exclusive clock-synchronous serial 1/0s.

Figure 14.36 shows the block diagram of SI/Oi, and Figures 14.37 and 14.38 show the Sl/Oi-related

registers.Table 14.19 lists the specifications of SI/Oi.

NOTE:
1.100-pin version supports SI/0O3 and SI/O4.
128-pin version supports SI/03, S1/04, SI/O5 and SI/06.

Clock source select
f2SI0 PCLK1=0 SMi1 to SMi0
Q OOb

Main clock, 1 Slo
PLL clock,
or on-chip oscillator clock PCLK1 1 f8SIO 01 b

Data bus

| - f32S10 \;ﬂ

Synchronous
oL 1/(n+1)
. SMi3 SiBRG register
SMi4 SMis SMi6
CLK polarit SI/Oi
CLKiO— revgrsingy //‘4—0—>| SI/O counter i interrupt
circuit request
SMi2
SMi3
souTi () )/}:sms LSB-a— MSB
|
sini O > SITRR register

I

i =310 6 (5and 6 are only in the 128-pin version.)
n = A value set in the SiBRG register.

Figure 14.36 Sl/Oi Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN)

14. Serial I/0O

b7 b6 b5 b4 b3 b2 b1 bo

ey

> w

SI/Qi Control Register (i = 3to 6) M

Symbol Address After Reset
S3C 01E2h 01000000b
S4C 01E6h 01000000b
| S5C (6) 01EAh 01000000b
S6C (6) 01D8h 01000000b
Bit Bit Name Description RW
Symbol
) b1 b0
SMo | ternal Svnch 00 : Selecting f1SI0 or f2SI0 RW
nternal synchronous 01 : Selecting f8SI0
smiq | Clock Select Bit 10 : Selecting f32S10 RW
11 : Do not set a value
SMi2 SOUTi Output Disable 0 : SOUTi output RW
I Bit (4) 1 : SOUTi output disabled (high-impedance)
. . . 0 : Input/output port
5
SMi3 | S /Oi Port Select Bit ©) | 1 56T output, CLKi function RW
0 : Transmit data is output at falling edge of
transfer clock and receive data is input
. ) . at rising edge
SMi4 | CLK Polarity Select Bit 1 : Transmit data is output at rising edge of RW
transfer clock and receive data is input
at falling edge
. Transfer Direction Select | 0 : LSB first
SMi5 | gyt 1 MSB first RW
) Synchronous Clock 0 : External clock (2)
SMi6 | Select Bit 1 : Internal clock () RW
Effective when the SMi3 bit = 0
SMi7 | SOUTI Initial Value Set Bit | 0 : "L" output RW
1:"H" output

NOTES:
. Make sure this register is written to by the next instruction after setting the PRC2 bit in the PRCR register to "1"

(write enabled).

Set the SMi3 bit to "1" (SOUTi output, CLKi function) and the corresponding port direction bit to "0" (input mode).
Set the SMi3 bit to "1" (SOUTi output, CLKi function).
When the SM32, SM52 or SM62 bit = 1, the corresponding pin is placed in the high-impedance state regardless of
which functions of those pins are being used.
S1/04 is effective when the SM43 bit = 1 (SOUT4 output, CLK4 function).

for SOUT4 pin to "0" (input mode).

after setting the PU37 bit in the PUR3 register to "1" (Pins P11 to P14 are usable).

SI/Oi Bit Rate Generator (i = 3 to 6) () @)

.When using SI/04, set the SM43 bit to "1" (SOUT4 output, CLK4 function) and the corresponding port direction bit

. The S5C and S6C registers are only in the 128-pin version. When using the S5C and S6C registers, set these registers

Symbol Address After Reset
b7 bo S3BRG 01E3h Indeterminate
S4BRG 01E7h Indeterminate
| | S5BRG () 01EBh Indeterminate
S6BRG ©) 01D9h Indeterminate
Description Setting Range RW
Assuming that set value = n, SiBRG divides the count 00h to FFh WO
source by n + 1
NOTES:
1. Write to this register while serial I/O is neither transmitting nor receiving.
2. Use the MOV instruction to write to this register.
3. The S5BRG and S6BRG registers are only in the 128-pin version.
SI/Qi Transmit/Receive Register (i = 3 to 6) (@
Symbol Address After Reset
b7 b0 S3TRR 01EOh Indeterminate
| | S4TRR 01E4h Indeterminate
S5TRR () 01E8h Indeterminate
S6TRR () 01D6h Indeterminate
Description RW
Transmission/reception starts by writing transmit data to this register. RW
After transmission/reception finishes, reception data can be read by reading this register.
NOTES:

1. Write to this register while serial I/O is neither transmitting nor receiving.
2. To receive data, set the corresponding port direction bit for SINi to "0" (input mode).
3. The S5TRR and S6TRR registers are only in the 128-pin version.

Figure 14.37 S3C to S6C Registers, SSBBRG to S6BRG Registers, and S3TRR to S6TRR Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial I/0
SI/03, 4, 5, 6 Transmit/Receive Register () (2)

b7 b6 b5 b4 b3 b2 bl bo

| | | Symbol Address After Reset
- S3456TRR 01DAh XXXX0000b
poron o n v L Bit Symbol Bit Name Function RW
S1/03 Transmit/Receive 0 : During transmission/reception
P E b S3TRF Complete Flag 1 : Transmission/reception completed RW
N S1/04 Transmit/Receive 0 : During transmission/reception
A S4TRF Complete Flag 1 : Transmission/reception completed RW
SI/O5 Transmit/Receive 0 : During transmission/reception
S S5TRF Complete Flag 1 : Transmission/reception completed RW
R S1/06 Transmit/Receive 0 : During transmission/reception
[ SETRF Complete Flag 1 : Transmission/reception completed RW
h ________________ - Nothing is assigned. When write, set to "0". _

(b7-b4) When read, their contents are indeterminate.

NOTES:

1. The S3TRF to S6TRF bits can only be reset by writing to "0".
(The S5TRF and S6TRF bits are only in the 128-pin version.)
2. When setting the S3TRF to S6TRF bits to "0", use the MOV instruction to write to the these bits after setting to
"0" the bit set to "0" and setting other bits to "1".

Figure 14.38 S3456TRR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 14. Serial 1/0

Table 14.19 SI/Oi Specifications

ltem Specification
Transfer Data Format Transfer data length: 8 bits
Transfer clock * SMi6 bit in SiC register = 1 (internal clock) : fj/ 2(n+1)

fj = f1SIO, f8SI0, f32SI0. n = Setting value of SiBRG register 00h to FFh
+ SMi6 bit = 0 (external clock) : Input from CLKi pin
Transmission/Reception | Before transmission/reception can start, the following requirements must be met

Start Condition Write transmit data to the SiTRR register @
Interrupt Request * When SMi4 bit in SiC register =0
Generation Timing The rising edge of the last transfer clock pulse !

* When SMi4 bit = 1
The falling edge of the last transfer clock pulse ¥

CLKi Pin Function I/0 port, transfer clock input, transfer clock output
SOUTi Pin Function I/0 port, transmit data output, high-impedance
SINi Pin Function I/0 port, receive data input

Select Function + LSB first or MSB first selection

Whether to start sending/receiving data beginning with bit 0 or beginning
with bit 7 can be selected

 Function for setting an SOUTi initial value set function
When the SMi6 bit in the SiC register = 0 (external clock), the SOUTi pin
output level while not transmitting can be selected.

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling
edge of transfer clock can be selected.

i =310 6 (5 and 6 are only in the 128-pin version.)
NOTES:
1.To set the SMi6 bit in the SiC register to “0” (external clock), follow the procedure described below.

« If the SMi4 bit in the SiC register = 0, write transmit data to the SiTRR register while input on the
CLKi pin is high. The same applies when rewriting the SMi7 bit in the SiC register.

« If the SMi4 bit = 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The
same applies when rewriting the SMi7 bit.

» Because shift operation continues as long as the transfer clock is supplied to the SI/Qi circuit, stop
the transfer clock after supplying eight pulses. If the SMi6 bit = 1 (internal clock), the transfer clock
automatically stops.

2.Unlike UARTO to UARTZ2, SI/Oi is not separated between the transfer register and buffer. Therefore,
do not write the next transmit data to the SiTRR register during transmission.

3.When the SMi6 bit = 1 (internal clock), SOUTi retains the last data for a 1/2 transfer clock period after
completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit data is
written to the SiTRR register during this period, SOUTi immediately goes to a high-impedance state,
with the data hold time thereby reduced.

4.When the SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit = 0, or
stops in the low state if the SMi4 bit = 1.
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14. Serial I/0O

14.2.1 SI/Oi Operation Timing
Figure 14.39 shows the SI/Oi operation timing.

1.5 cycle (max.) (1)

H
SI/Oi internal clock .
) H L
CLKioutput v |—I_|_§>_I_I7J_I_I_I_I_I_I_I_I_I_l_'_
. . |
Signal written to the  "H"
SiTRR register  "L" J_l

SOUTI output

SINi input

IR bit in SilC register !

SITRF bitin ~ "1"
S3456TRR register  "0"

i=3to 6 (5and 6 are only in the 128-pin version.)
* This diagram applies to the case where the bits in the SiC register are set as follows:
« SMi2 = 0 (SOUTI output)
« SMi3 = 1 (SOUTi output, CLKi function)
«SMi4 = 0 (transmit data output at the falling edge and receive data input at the rising edge of the transfer clock)
« SMi5 = 0 (LSB first)
«SMi6 = 1 (internal clock)

NOTES:
1.1f the SMi6 bit = 1 (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to the
SiTRR register.
2. When the SMi6 bit = 1 (internal clock), the SOUTi pin is placed in the high-impedance state after the transfer finishes.

Figure 14.39 SI/Oi Operation Timing

14.2.2 CLK Polarity Selection

The SMi4 bit in the SiC register allows selection of the polarity of the transfer clock.
Figure 14.40 shows the polarity of the transfer clock.

(1) When SMi4 bit in SiC register = 0

CLKi W (NOTE 1)
SOUT ><DO>V“<D1><D2)>< p3 X D4 X D5 X D6 X D7

SINi X po X b1 X p2 X p3 X b4 X D5 X D6 X D7
(2) When SMi4 bit in SiC register = 1

| N
SOUTI X po ¥ D1 X p2)X D3 X D4 X D5 X D6 X D7
SINi X po X p1 X b2 X D3 X pa X D5 X D6 X D7

i =310 6 (5and 6 are only in the 128-pin version.)

*This diagram applies to the case where the bits in the SiC register are set as follows:
+ SMi5 = 0 (LSB first)
* SMi6 = 1 (internal clock)

NOTES:
1. When the SMi6 bit = 1 (internal clock), a high level is output from the CLKi pin if not
transferring data.
2. When the SMi6 bit = 1 (internal clock), a low level is output from the CLKi pin if not
transferring data.

Figure 14.40 Polarity of Transfer Clock
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14. Serial I/0O

14.2.3 Functions for Setting an SOUTi Initial Value
If the SMi6 bit in the SiC register = 0 (external clock), the SOUTi pin output can be fixed high or low when
not transferring . Figure 14.41 shows the timing chart for setting an SOUTi initial value and how to set it.

NOTE:

1. When CANO function is selected, P7_4, P7_5 and P8_0 can be used as input/output pins for SI/O4.
When CANO function is not selected, P9_5, P9_6 and P9_7 can be used as input/output pis for SI/O4.

Signal written to
SiTRR register

SMi7 bit

SMi3 bit

SOUTI (internal)

SOUTI output

NOTES:

(Example) When "H" selected for SOUTI initial value

|

(Setting of the initial value of SOUTI )
output and starting of
Y transmission/reception D

v

Set the SMi3 bit to "0"
(SOUTI pin functions as an 1/O port)

/

Set the SMi7 bit to "1"

Do (SOUTi initial value = H)
P Y
Portoutput | x;/ Do Set the SMi3 bit to "1"
! | el vale - (SOUTI pin functions as SOUTi output)
ooy g .
Setting the SOUTi  Port selection switching H" level is OUtpUt

initial value to "H" @) (I/O port — SOUTi)

i =310 6 (5 and 6 are only in the 128-pin version.)

* This diagram applies to the case where the bits in the SiC register are set as follows:
* SMi2 = 0 (SOUTi output)
* SMi5 = 0 (LSB first)
* SMi6 = 0 (external clock)

1.1f the SMi6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SOUTi output disabled), this output
goes to the high-impedance state.
2.SOUTi can only be initialized when input on the CLKi pin is in the high state if the SMi4 bit in
the SiC register = 0 (transmit data output at the falling edge of the transfer clock) or in the low
state if the SMi4 bit = 1 (transmit data output at the rising edge of the transfer clock).

y from the SOUTi pin

Write to the SiTRR register

Serial transmit/reception starts

Figure 14.41 SOUTi’s Initial Value Setting
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15. A/D Converter

The microcomputer contains one A/D converter circuit based on 10-bit successive approximation method
configured with a capacitive-coupling amplifier. The analog inputs share the pins with P10_0 to P10_7,
P9 5,P9 6,P0 0toP0_7,and P2 0to P2 7. Similarly, ADTRG input shares the pin with P9_7. Therefore,
when using these inputs, make sure the corresponding port direction bits are set to “0” (input mode).
When not using the A/D converter, set the VCUT bit to “0” (VREF unconnected), so that no current will flow
from the VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register’s bits for ANi, ANO_i, and AN2_i pins (i = 0 to 7).
Table 15.1 shows the performance of the A/D converter. Figure 15.1 shows the block diagram of the A/D
converter, and Figures 15.2 and 15.3 show the A/D converter-related registers.

Table 15.1 A/D Converter Performance
ltem Performance

Method of A/D Conversion| Successive approximation (capacitive coupling amplifier)
Analog Input Voltage ™ [0V to AVCC (VCC)
Operating Clock ¢AD ® [ fAD, divide-by-2 of fAD, divide-by-3 of fAD, divide-by-4 of fAD,
divide-by-6 of fAD, divide-by-12 of fAD
Resolution 8 bits or 10 bits (selectable)
Integral Nonlinearity Error| When AVCC = VREF =5V
» With 8-bit resolution: +2L.SB
* With 10-bit resolution
ANO to AN7 input, ANO_0 to ANO_7 input and AN2_0 to AN2_7 input: +3LSB
ANEXO0 and ANEX1 input (including mode in which external operation
amp is selected): 7LSB
When AVCC = VREF = 3.3V
» With 8-bit resolution: +2L.SB
* With 10-bit resolution
ANO to AN7 input, ANO_0 to ANO_7 input and AN2_0 to AN2_7 input: +5LSB
ANEXO0 and ANEX1 input (including mode in which external operation
amp is selected): 7LSB

Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1

Analog Input Pins 8 pins (ANO to AN7) + 2 pins (ANEXO and ANEX1) + 8 pins (ANO_0 to ANO_7)
+ 8 pins (AN2_0 to AN2_7)

A/D Conversion » Software trigger

Start Condition The ADST bit in the ADCONOQO register is set to “1” (A/D conversion starts)

« External trigger (retriggerable)
Input on the ADTRG pin changes state from high to low after the ADST bit
is set to “1” (A/D conversion starts)
Conversion Speed Per Pin | « Without sample and hold function
8-bit resolution: 49 ¢AD cycles, 10-bit resolution: 59 ¢AD cycles
* With sample and hold function
8-bit resolution: 28 ¢AD cycles, 10-bit resolution: 33 ¢AD cycles

NOTES:
1. Does not depend on use of sample and hold function.
2. oAD frequency must be 10 MHz or less.
When sample & hold function is disabled, $AD frequency must be 250 kHz or more.
When sample & hold function is enabled, $AD frequency must be 1 MHz or more.
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D conversion rate selection

1 CKS1
5 CKS2 = ° AD
\ l | | l [ ] ! : q)
{ 12} [ 172 | 0
fADO (13 |t e
0 TRG
Software trigger —%7 A/D trigger
ADTRG O e
VCUT

VREFO 0 o\&_)l Resistor ladder |

assoTR MMMMM
NENEENENNE S ﬁjﬂ]@
Successive conversion register ADCONT register

Y
ADCONO register
'YY
ADO register
AD1 register
AD?2 register
ADS register Decoder

for A/D register

AD4 register
AD5 register
ADS register

AD7 register
~~

S Databus high-order mm]
~~Z ADCON2 register
S Data bus low-order S \—l
PMOO ]
PM01:D ﬂ Y ¥ |VREF

AAAAAAAA

Decoder
for channel
1 selection ViN Comparator
YYVYYVVYVY ‘
Port P10 group | CH2to CHO
ANO o—% ADGSEL1 to ADGSEL0=00b
ANO O—{—=201b, OPA1 to OPA0=00b
Port PO group CH2 to CHO ANO O—W\c Y.
Z000b ANO O ~100b 2 alhia
ANO_0 O e ANO O———357p2 ‘
ANO_1 0O o Obo\o—< ANO O———1752° PMO1 to PM00=00b
ANO 2O =0100 -, ] ANO O——=110b5 ADGSEL1 to ADGSELO=10b
ANO_3 O _?é;go\o« ANO O—|—=T11b OPA1 to OPAO=00b
ANO_4 O =100D "~ | ‘
ANO_5 O “1000 S &N
ANO_6 O = o o —
ANO 70O =111b | PMO1 to PM00=00b
- TEEEEEE’ ADGSEL1 to ADGSELO=10b
OPA1 to OPA0=00b
Port P2 grou CH2 to CHO '
group =000b ,—V—‘
AN2 00 00752 o o]
AN2_1 O o1 Obo\o—< 1
AN2_2 O ;011b°\°_‘ ADGSEL1 to ADGSEL0=00b|®/L R
AN2_3 O —10062 OPA1 to OPAO=11b !
AN2 40 S1015 20 !
AN2 50 =101b, o |
AN2 6 O =T10b 01 to PM00=00b !
AN2 7 O =Ti1b ADGSEL1 to ADGSELO=10b | /e -~~~} ~ =~~~ __ o
— OPA1 to OPAO=11b |
PMO1 to PM00=00b
ADGSELA to ADGSELO=11lo | /& - - -~~~ - - oo oo i
OPA1 to OPAO=11b OPA1 to OPAQ !
ANEX0( OPAO=1 S~ | =01b S
ANEX10 OPAT=1 OPA1=1 [S¥

Figure 15.1 A/D Converter Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset

| | | i | i | i | . | . | . | ADCONO 03D6h 00000XXXb
poiof 104 b | Bit Symbol Bit Name Function RW
A Y e RW
P o . .. | Function varies
Do P CHA1 Analog Input Pin Select Bit with each operation mode RW
i CH2 RW
P T
T MDO 0 0 : One-shot mode RW
A/D Operation Mode 0 1 : Repeat mode
oo Select Bit 0 1 0 : Single sweep mode
T SO MD1 11 : Repeat sweep mode 0 or RW
Repeat sweep mode 1
. : 0 : Software trigger
i, TRG Trigger Select Bit 1. ADTRG trigger RW
. 0 : A/D conversion disabled
p o tmmmmmmmmesesoeeeooe ADST A/D Conversion Start Flag | 4 1 A/p conversion started RW
5 . Refer to NOTE 2 for ADCON2
--------------------------- CKS0 Frequency Select Bit 0 Register RW

NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 ()

b7 b6 b5 b4 b3 b2 bl b0

Function varies
with each operation mode

Symbol Address After Reset
||| | | | ||| ADCON1 03D7h 00h
Bit symbol Bit name Function RW
SCANO RW

A/D Sweep Pin Select Bit

----- SCAN1 RW
. 0 : Any mode other than repeat
L MD2 A/D Ope.ratlon Mode sweep mode 1 RW
Select Bit 1 .
1 : Repeat sweep mode 1
. . 0 : 8-bit mode
"""""" BlTS 8/1 O'B|t MOde SeleCt B|t 1 : 10_blt mOde RW

Refer to NOTE 2 for ADCON2

................ CKS1 Frequency Select Bit 1 Register RW
___________________ it (2) 0 : VREF not connected
VCUT VREF Connect Bit 1 - VREF connected RW
v T OPAQ External Op-Amp Function varies RW
; Connection Mode Bit with each operation mode
--------------------------- OPAT1 RwW

NOTES:
1. 1f the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. 1f the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 pus or more before
starting A/D conversion.

Figure 15.2 ADCONO Register and ADCON1 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 2 (!

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
DDXAX] o] | | | Abconz 03D4h 00h
; ¢ | Bit Symbol Bit Name Function RW
A/D Conversion Method 0 : Without sample and hold
Do SMP | Select Bit 1 With sample and hold RW
EEEEEE
L ADGSELO 00 : Port P10 group is selected RW
A/D Input Group Select Bit | 0 1 : Do not set a value
e 1.0 : Port PO group is selected
oo ADGSEL1 11 : Port P2 group is selected RW
I (b-3) Reserved Bit Set to "0" RW
0 : Selects fAD, divide-by-2 of fAD, or
Voo . divide-by-4 of fAD.
P 2
Dol e CKS2 | Frequency Select Bit2 ) | 1 . gajents divide-by-3 of fAD, divide-by-6| "
o of fAD, or divide-by-12 of fAD.
- Nothing is assigned. When write, set to "0". _
""""""""""""" (b7-b5) When read, their contents are "0".

NOTES:
1. If the ADCONB2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. The ¢AD frequency must be 10 MHz or less. The selected ¢AD frequency is determined by a combination of the
CKSO bit in the ADCONO register, the CKS1 bit in the ADCONT1 register, and the CKS2 bit in the ADCON2 register.

CKS2 | CKS1 | CKSO ®AD
0 0 0 Divide-by-4 of fAD
0 0 1 Divide-by-2 of fAD
0 ! 0 fAD
0 1
1 0 0 Divide-by-12 of fAD
1 0 1| Divide-by-6 of fAD
1 0
! Divide-by-3 of fAD
1 1 1
Symbol Address After Reset
ADO 03C1h to 03COh Indeterminate
AD1 03C3h to 03C2h Indeterminate
. o AD2 03C5h to 03C4h Indeterminate
A/D Registeri(i=01to 7) AD3 03C7h to 03Céh Indeterminate
©15) (b8) AD4 03C9h to 03C8h Indeterminate
b7 b0 b7 b0 AD5 03CBh to 03CAh Indeterminate
I><|><|><|><|><I><| | | AD6 03CDh to 03CCh Indeterminate
N —L : AD7 03CFh to 03CEh Indeterminate
P o i Function
P o i | When BITS bitin ADCON1 When BITS bit is "0" RW
o . ' register is "1" (10-bit mode) (8-bit mode)
o P i | Low-order 8 bits of .
A P A/D conversion result A/D conversion result RO
__________________ High-order 2 bits of When read, the content is RO
N A/D conversion result indeterminate.

Nothing is assigned. When write, set to "0".
When read, their contents are "0".

Figure 15.3 ADCON2 Register, and ADO to AD7 Registers
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.1 Mode Description

15.1.1 One-shot Mode

In one-shot mode, analog voltage applied to a selected pin is A/D converted once. Table 15.2 lists the
specifications of one-shot mode. Figure 15.4 shows the ADCONO and ADCONT1 registers in one-shot mode.

Table 15.2 One-shot Mode Specifications
Item Specification

Function The CH2 to CHO bits in the ADCONO register, the ADGSEL1 to ADGSELO
bits in the ADCONZ2 register and the OPA1 to OPAO bits in the ADCON1
register select a pin Analog voltage applied to the pin is converted to a
digital code once.
A/D Conversion * When the TRG bit in the ADCONO register is “0” (software trigger)
Start Condition The ADST bit in the ADCONO register is set to “1” (A/D conversion starts)
* When the TRG bit is “1” (ADTRG trigger)

Input on the ADTRG pin changes state from high to low after the ADST

bit is set to “1” (A/D conversion starts)

A/D Conversion » Completion of A/D conversion (If a software trigger is selected, the ADST

Stop Condition bit is set to “0” (A/D conversion halted).)
» Set the ADST bit to “0”

Interrupt Request Completion of A/D conversion

Generation Timing

Analog Input Pin Select one pin from ANO to AN7, ANO_0 to ANO_7, AN2_0 to AN2_7,
ANEXO0 to ANEX1

Reading of Result of Read one of the ADO to AD7 registers that corresponds to the selected pin

A/D Converter
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 ("

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset

| , | , | , | 0 | 0 | . | . | . | ADcoNo 03D6h 00000XXXb
P11 b b | Bit Symbol Bit Name Function RW
R T A A o201 b0
A CHo 000 :ANO is selected RW
[ 001 : AN1 is selected
A 010:AN2is selected
A CH1 Analog Input Pin Select Bit| 0 1 1: AN3 is selected RW
100 : AN4 is selected
R 101 :AN5 s selected
R B CH2 110: ANB is selected RW
111 :AN7is selected 2 (3)
Do s MDO A/D Operation Mode b4 b3 RW
P e MD1 Select Bit 0 0 0 : One-shot mode (3) RW
- . 0 : Software trigger
Pl mrmemenemoeneneeey TRG Trigger Select Bit 1 ADTRG trigger RW
. 0 : A/D conversion disabled
p o tmmmmmmmmesesoeeeooe ADST A/D Conversion Start Flag | ;1 © A/p conversion started RW
i , Refer to NOTE 2 for ADCON2
--------------------------- CKSO0 Frequency Select Bit 0 Register RW

NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0to AN_7, and AN2_0 to AN2_7 can be used in same way as ANO to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3. After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.

A/D Control Register 1 (!

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
| | | 1 | | | 0 | | | ADCON{ 03D7h 00h
i1 i b b | Bit Symbol Bit Name Function RW
L0 b1 i SCANO RW
A/D Sweep Pin Select Bit | Invalid in one-shot mode
e SCAN1 RW
_ ________ MD2 A/D Operation Mode Set to "0" when one-shot mode RW
R Select Bit 1 is selected
P . | 0:8-bit mode
E E E E """"""" BITS 8/1 O'B|t MOde SeleCt B|t -1 . 10‘b|t mOde RW
T S S CKS1 Frequency Select Bit 1 Refer to NOTE 2 for ADCON2 |
. Register
e VCUT VREF Connect Bit (2) 1 : VREF connected RW
E E b7 b6
e EERE LR LR, OPAQ E | Op-A 0 0 : ANEX0 and ANEX1 are not used | RW
i Cxterna. p;vl n:jp Bi 0 1 : ANEXO input is A/D converted
L OPA1 onnection Mode Bit 10 : ANEX1 inputis A/D converted |
1 1 : External op-amp connection mode
NOTES:

1. If the ADCON/1 register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. If the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 us or more before
starting A/D conversion.

Figure 15.4 ADCONO Register and ADCON1 Register in One-shot Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.1.2 Repeat Mode
In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code.
Table 15.3 lists the specifications of repeat mode. Figure 15.5 shows the ADCONO and ADCON1 registers
in repeat mode.

Table 15.3 Repeat Mode Specifications
ltem Specification

Function The CH2 to CHO bits in the ADCONO register, the ADGSEL1 to ADGSELO
bits in the ADCONZ2 register and the OPA1 to OPAO bits in the ADCONT1
register select a pin. Analog voltage applied to this pin is repeatedly
converted to a digital code.
A/D Conversion * When the TRG bit in the ADCONO register is “0” (software trigger)
Start Condition The ADST bit in the ADCONO register is set to “1” (A/D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)

Input on the ADTRG pin changes state from high to low after the ADST

bit is set to “1” (A/D conversion starts)

A/D Conversion Set the ADST bit to “0” (A/D conversion halted)

Stop Condition

Interrupt Request None generated

Generation Timing

Analog Input Pin Select one pin from ANO to AN7, ANO_0 to ANO_7, AN2_0 to AN2_7,
ANEXO0 to ANEX1

Reading of Result of Read one of the ADO to AD7 registers that corresponds to the selected pin

A/D Converter
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 ("

b7 b6 b5 b4 b3 b2 bl b0

00 1:ANf1 is selected

Symbol Address After Reset
|| , | , |0|1 L . | . | ADcoNo 03D6h 00000XXXb
Bit Symbol Bit Name Function RW
E E b2 b1 b0
b CHoO 000 :ANO is selected RW

010 :AN2is selected
----- CH1 Analog Input Pin Select Bit| 0 11 : AN3 is selected RW

100 :AN4 is selected

101 :AN5 is selected
R CH2 110 :AN6 is selected RW

i 111 :AN7 is selected @) )

oo MDO | A/D Operation Mode b4bs (3) RW
R S MD1 Select Bit 0 0 1 : Repeat mode AW

0 : Software trigger

e EeRGLEEEE TR TRG Trigger Select Bit 1. ADTRG trigger RW

. 0 : A/D conversion disabled
P ADST | A/D Conversion Start Flag | 1 * A/5 conversion started RW
] CKSO0 Frequency Select Bit 0 Refer to NOTE 2 for ADCON2 RW

Register

NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0to AN_7, and AN2_0 to AN2_7 can be used in same way as ANO to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3. After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction.

A/D Control Register 1 (!

b7 b6 b5 b4 b3 b2 bl b0

Refer to NOTE 2 for ADCON2

Symbol Address After Reset

|||1|||0| | | ADCON{ 03D7h 00h
: 1 1| Bit Symbol Bit Name Function RW
L0 i b r k| SCANO RW
A/D Sweep Pin Select Bit | Invalid in repeat mode
A SCAN1 RW
_ ________ MD2 A/D Operation Mode Set to "0" when repeat mode is RW
[ A Select Bit 1 selected
P . .| 0:8-bit mode
A BITS 8/10-Bit Mode Select Bit 1+ 10-bit mode RW

L EEEEE TR CKS1 Frequency Select Bit 1 Register RW
R REREEEEEEEEED VCUT VREF Connect Bit (2) 1 : VREF connected RW
i b7 b6
LTI OPAO E | Op-A 0 0 : ANEX0 and ANEX1 are not used | RW
i Cxterna. p;\/l n:jp Bi 0 1 : ANEXO input is A/D converted
e OPA1 onnection Mode Bt 10 : ANEX1 input is A/D converted | o\

1 1 : External op-amp connection mode

NOTES:
1.1f the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. 1f the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 pus or more before
starting A/D conversion.

Figure 15.5 ADCONO Register and ADCON1 Register in Repeat Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.1.3 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 15.4 lists the specifications of single sweep mode. Figure 15.6 shows the ADCONO and
ADCONT1 registers in single sweep mode.

Table 15.4 Single Sweep Mode Specifications

ltem

Specification

Function

The SCAN1 to SCANO bits in the ADCONT1 register and the ADGSEL1 to
ADGSELDO bits in the ADCON2 register select pins. Analog voltage applied
to this pins is converted one-by-one to a digital code.

A/D Conversion
Start Condition

* When the TRG bit in the ADCONO register is “0” (software trigger)
The ADST bit in the ADCONO register is set to “1” (A/D conversion starts)
» When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST
bit is set to “1” (A/D conversion starts)

A/D Conversion
Stop Condition

« Completion of A/D conversion (If a software trigger is selected, the ADST
bit is set to “0” (A/D conversion halted).)
 Set the ADST bit to “0”

Interrupt Request
Generation Timing

Completion of A/D conversion

Analog Input Pin

Select from ANO to AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6 pins),
ANO to AN7 (8 pins) "

Reading of Result of
A/D Converter

Read one of the ADO to AD7 registers that corresponds to the selected pin

NOTE:

1.ANO_0 to ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

. .. | 00:ANO, AN1 (2 pins)

A/D Sweep Pin Select Bit 01 : ANO to AN3 (4 pins)
----e SCANT1 1 0 : ANO to AN5 (6 pins) RW
11 : ANO to AN7 (8 pins) (2

Symbol Address After Reset
L , | , | 1 |°| . | . | . | Abcono 03D6h 00000XXXb
porob 0| Bit Symbol Bit Name Function RW
bbb M cHo RW
eee CH1 Analog Input Pin Select Bit | Invalid in single sweep mode RW
i b n
P e MDO A/D Operation Mode babs - RW
R MD1 Select Bit 0 1 0 : Single sweep mode AW
. . 0 : Software trigger
it TRG Trigger Select Bit 1. ADTRG trigger RW
. 0 : A/D conversion disabled
P ADST A/D Conversion Start Flag | 41 A5 conversion started RW
: , Refer to NOTE 2 for ADCON2
........................... CKS0 Frequency Select Bit 0 Register RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 ()
o7 D6 DbS b4 b3 b2 bl 50 Symbol Address After Reset
| | | 1 | | |0| | | ADCON1 03D7h 00h
: | Bit Symbol Bit Name Function RW
b When single sweep mode is selected
: | SCANO b1 b0 RwW

b MD2 A/D Ope.ration Mode Set to "0" when single sweep mode RW
! Select Bit 1 is selected
esonoiene BITS  |8/10-Bit Mode Select Bit ? ?gfgimgge RW
R ; Refer to NOTE 2 for ADCON2
i CKS1 Frequency Select Bit 1 Register RW
' R VCUT VREF Connect Bit (3) 1 : VREF connected RW
E b7 b6
Ty OPAO £ | Ob-A 0 0 : ANEX0 and ANEX1 are not used | RW
C)(;tr?rrlr;itior?_l\/lggjz Bit 01 : Do not set a value
___________________________ OPA1 10 : Do not set a value RW

1 1 : External op-amp connection mode

NOTES:
1. If the ADCONT register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0Oto AN_7, and AN2_0 to AN2_7 can be used in same way as ANO to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 us or more before
starting A/D conversion.

Figure 15.6 ADCONO Register and ADCON1 Register in Single Sweep Mode
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.1.4 Repeat Sweep Mode 0
In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital code.
Table 15.5 lists the specifications of repeat sweep mode 0. Figure 15.7 shows the ADCONO and
ADCONT1 registers in repeat sweep mode 0.

Table 15.5 Repeat Sweep Mode 0 Specifications
ltem Specification

Function The SCAN1 to SCANO bits in the ADCONT1 register and the ADGSEL1 to
ADGSELDO bits in the ADCONZ2 register select pins. Analog voltage applied
to the pins is repeatedly converted to a digital code.
A/D Conversion * When the TRG bit in the ADCONO register is “0” (software trigger)
Start Condition The ADST bit in the ADCONO register is set to “1” (A/D conversion starts)
+ When the TRG bit is “1” (ADTRG trigger)

Input on the ADTRG pin changes state from high to low after the ADST

bit is set to “1” (A/D conversion starts)

A/D Conversion Set the ADST bit to “0” (A/D conversion halted)

Stop Condition

Interrupt Request None generated

Generation Timing

Analog Input Pin Select from ANO to AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6 pins),
ANO to AN7 (8 pins)

Reading of Result of Read one of the ADO to AD7 registers that corresponds to the selected pin

A/D Converter

NOTE:

1.ANO_0 to ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

A/D Sweep Pin Select Bit 8 (1) ﬁmg’tg"x:\g(zlgisrzs)
f----e SCAN1 10 : ANO to AN5 (6 pins) RW
11 : ANO to AN7 (8 pins) (@)

Symbol Address After Reset
| , | , | , | 1 |1 | . | . | . | Abcono 03D6h 00000XXXb
v or oo+ 1| Bit Symbol Bit Name Function RW
bbb M cHo RW
e CH1 Analog Input Pin Select Bit | Invalid in repeat sweep mode 0 RW
R n
S : b3
MDO A/D Operation Mode 11 : Repeat sweep mode 0 or RW
EEEEEEEEEEE MD1 Select Bit 0 Repeat sweep mode 1 RW
. . 0 : Software trigger
it TRG Trigger Select Bit 1. ADTRG trigger RW
. 0 : A/D conversion disabled
P ADST A/D Conversion Start Flag | 41 A5 conversion started RW
: , Refer to NOTE 2 for ADCON2
........................... CKS0 Frequency Select Bit 0 Register RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 ()
b7 b6 DS bf b8 b2 b1 B0 Symbol Address After reset
| | | 1 | | |0 | | | ADCON1 03D7h 00h
: i | Bit Symbol Bit Name Function RW
When repeat sweep mode 0 is selected
v -4 SCANO b1 b RW

o] A/D Operation Mode Set to "0" when repeat sweep
' MD2 Select Bit 1 mode 0 is selected RW
D LR BITS  |8/10-Bit Mode Select Bit | 5 Sopiac RW
e RELLEE CKS1 Frequency Select Bit 1 Refer to NOTE 2 for ADCON2 |
‘ Register
 RSRGECETEPEEERD VCUT  |VREF Connect Bit () 1 : VREF connected RW
b7 b6
b OPAO E | Op-A 0 0 : ANEX0 and ANEX1 are not used | RW
i C)étrfr:r;itiorf’}vlc?:j% Bit 01 : Do not set a value
U OPA1 1.0 : Do not set a value RW

1 1 : External op-amp connection mode

NOTES:
1. If the ADCONT register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0Oto AN_7, and AN2_0 to AN2_7 can be used in same way as ANO to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3. 1f the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 us or more before
starting A/D conversion.

Figure 15.7 ADCONO Register and ADCON1 Register in Repeat Sweep Mode 0
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.1.5 Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltage selectively applied to all pins is repeatedly converted to a digital code.
Table 15.6 lists the specifications of repeat sweep mode 1. Figure 15.8 shows the ADCONO and
ADCONT1 registers in repeat sweep mode 1.

Table 15.6 Repeat Sweep Mode 1 Specifications
ltem Specification
Function The input voltages on all pins selected by the ADGSEL1 to ADGSELDO bits
in the ADCON2 register are A/D converted repeatedly, with priority given
to pins selected by the SCAN1 to SCANO bits in the ADCONT1 register and
ADGSEL1 to ADGSELDO bits.
Example : If ANO selected, input voltages are A/D converted in order of
ANO — AN1 — ANO — AN2 — ANO — ANS, and so on.
A/D Conversion * When the TRG bit in the ADCONO register is “0” (software trigger)
Start Condition The ADST bit in the ADCONO register is set to “1” (A/D conversion starts)
+ When the TRG bit is “1” (ADTRG trigger)
Input on the ADTRG pin changes state from high to low after the ADST
bit is set to “1” (A/D conversion starts)

A/D Conversion Set the ADST bit to “0” (A/D conversion halted)
Stop Condition
Interrupt Request None generated

Generation Timing
Analog Input Pins to be Given| Select from ANO (1 pin), ANO to AN1 (2 pins), ANO to AN2 (3 pins),
Priority when A/D Converted | ANO to AN3 (4 pins) "

Reading of Result of Read one of the ADO to AD7 registers that corresponds to the selected pin
A/D Converter
NOTE:
1.ANO_0 to ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.

Rev.1.02 Jul 01,2005 page 189 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

A/D Sweep Pin Select Bit 8 (1) 2“8 (;‘,5'1”22 pins)

e SCAN{ 10 : ANO to AN2 (3 pins) RW
11 : ANO to AN3 (4 pins) @

Symbol Address After Reset
| , | , | , | 1 |1 | . | . | . | AbcoNo 03D6h 00000XXXb
poof 1 04 b | Bit Symbol Bit Name Function RW
b cHo RW
eee CH1 Analog Input Pin Select Bit | Invalid in repeat sweep mode 1 RW
i e n
S : b3
MDo A/D Operation Mode 1 1 : Repeat sweep mode 0 or RW
EEEEEEEEEEE MD1 Select Bit 0 Repeat sweep mode 1 RW
. . 0 : Software trigger
it TRG Trigger Select Bit 1. ADTRG trigger RW
. 0 : A/D conversion disabled
P ADST A/D Conversion Start Flag | 41 A5 conversion started RW
: , Refer to NOTE 2 for ADCON2
........................... CKS0 Frequency Select Bit 0 Register RW
NOTE:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 ()
b7 b6 b5 b4 b3 b2 bl b0
| | |1 | | |1 | | | Symbol Address After Reset
o 1 ADCON1 03D7h 00h
: | Bit Symbol Bit Name Function RW
b When repeat sweep mode 1 is selected
v -4 SCANO b1 b0 RW

_________ A/D Operation Mode Set to "1" when repeat sweep

MD2 Select Bit 1 mode 1 is selected RW
esonoiene BITS  |8/10-Bit Mode Select Bit ? ?ﬁimgge RW

e ; Refer to NOTE 2 for ADCON2
i CKS1 Frequency Select Bit 1 Register RW
N S VCUT | VREF Connect Bit 1 VREF connected RW

E b7 b6
Db OPAO £ | Op-A 0 0 : ANEXO0 and ANEX1 are not used | RW
C)c()tr?r:gitior?_l\/lc?;% Bit 01 : Do not set a value

___________________________ OPA1 10 : Do not set a value RW

1 1 : External op-amp connection mode

NOTES:
1. If the ADCONT register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0Oto AN_7, and AN2_0 to AN2_7 can be used in same way as ANO to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from "0" (VREF unconnected) to "1" (VREF connected), wait for 1 us or more before
starting A/D conversion.

Figure 15.8 ADCONO Register and ADCON1 Register in Repeat Sweep Mode 1
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.2 Function

15.2.1 Resolution Select Function
The desired resolution can be selected using the BITS bit in the ADCONT register. If the BITS bit is set to
“1” (10-bit conversion accuracy), the A/D conversion result is stored in the bit 0 to bit 9 in the ADi register
(i=0to 7). If the BITS bit is set to “0” (8-bit conversion accuracy), the A/D conversion result is stored in the
bit 0 to bit 7 in the ADi register.

15.2.2 Sample and Hold

If the SMP bit in the ADCONZ2 register is set to “1” (with sample-and-hold), the conversion speed per pin
is increased to 28 ¢AD cycles for 8-bit resolution or 33 ¢AD cycles for 10-bit resolution. Sample-and-hold
is effective in all operation modes. Select whether or not to use the sample and hold function before
starting A/D conversion.

15.2.3 Extended Analog Input Pins
In one-shot and repeat modes, the ANEX0 and ANEX1 pins can be used as analog input pins. Use the
OPA1 to OPAO bits in the ADCONT1 register to select whether or not use ANEX0 and ANEX1.
The A/D conversion results of ANEX0 and ANEX1 inputs are stored in the ADO and AD1 registers,
respectively.

15.2.4 External Operation Amplifier (Op-Amp) Connection Mode
Multiple analog inputs can be amplified using a single external op-amp via the ANXEO and ANEX1 pins.
Set the OPA1 to OPAO bits in the ADCON1 register to “11b” (external op-amp connection mode). The
inputs from ANi (i = 0 to 7) (" are output from the ANEXO pin. Amplify this output with an external op-amp
before sending it back to the ANEX1 pin. The A/D conversion result is stored in the corresponding ADi
register. The A/D conversion speed depends on the response characteristics of the external op-amp.
Figure 15.9 shows an example of how to connect the pins in external operation amp.

NOTE:
1.ANO_i and AN2_i can be used the same as ANi.

Microcomputer
ADGSEL1 to ADGSELO bits in ADCON2 register = 00b
ANO o~o— n
AN1 b~ Resistor ladder
A2 e TEITTLTINE
s
AN3 — [(TTTTITTIT
AN5 ——~o— Successive conversion
ANG —o—o— register
AN7 o~
ADGSEL1 to ADGSELO bits = 10b
ANO_0 o —o—
ANO_1 -
ANO_2 L 5~
ANO_3 o~
ANO_4 -
ANO_5 +—6—~o—
ANO_6 —o~o—f
ANO_7 o~
ADGSEL1 to ADGSELO bits = 11b
AN2_0 S~o—t
AN2_1 ——o—f
AN2 2 -
AN2_3 Lo~
AN2_4 oot
AN2_5 Lo~
AN2_6 +—o—~o—
AN2_7 L 5~
ANEX0
ANEX1I
Comparator
External op-amp

Figure 15.9 External Op-Amp Connection
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M16C/6N Group (M16C/6NL, M16C/6NN) 15. A/D Converter

15.2.5 Current Consumption Reducing Function
When not using the A/D converter, its resistor ladder and reference voltage input pin (VREF) can be
separated using the VCUT bit in the ADCONT1 register. When separated, no current will flow from the
VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.
To use the A/D converter, set the VCUT bit to “1” (VREF connected) and then set the ADST bit in the
ADCONO register to “1” (A/D conversion start). The VCUT and ADST bits cannot be set to “1” at the same time.
Nor can the VCUT bit be set to “0” (VREF unconnected) during A/D conversion.
Note that this does not affect VREF for the D/A converter (irrelevant).

15.2.6 Output Impedance of Sensor under A/D Conversion
To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 15.10 has to be
completed within a specified period of time. T (sampling time) as the specified time. Let output impedance
of sensor equivalent circuit be RO, microcomputer’s internal resistance be R, precision (error) of the A/D
converter be X, and the A/D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).
SR B
VCis generally VC=VIN{1 —e C(RO+R) }

X
Andwhent=T, VC=VIN - ~ VIN=VIN(1 - %)
1 T
~ C(RO+R) X
e = =
Y
1 T- | X
T CRO+R T "TY
Hence, RO =— S N R
Cein X
Y

Figure 15.10 shows analog input pin and external sensor equivalent circuit.

When the difference between VIN and VC becomes 0.1LSB, we find impedance RO when voltage
between pins VC changes from 0 to VIN-(0.1/1024) VIN in time T. (0.1/1024) means that A/D precision
drop due to insufficient capacitor charge is held to 0.1LSB at time of A/D conversion in the 10-bit mode.
Actual error however is the value of absolute precision added to 0.1LSB. When f(XIN) = 10 MHz, T = 0.3
ps in the A/D conversion mode with sample & hold. Output impedance RO for sufficiently charging capacitor
C within time T is determined as follows.

T=03ps,R=78kQ,C=1.5pF, X=0.1,and Y = 1024. Hence,
0.3 X 10° .
RO =— —7.8X103%13.9X 103

1.5X 10" +1n 0.1
1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D converter
turns out to be approximately 13.9 kQ.

Rev.1.02 Jul 01,2005 page 192 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN)

15. A/D Converter

Microcomputer

Sensor equivalent

circuit :
RO | R (7.8 kQ)
M ——O0— N\
VIN] C(1.5 pF)i
T 1 v
777 i

Sampling time

Sample and hold function enabled: TAD

Sample and hold function disabled: ——

Figure 15.10 Analog Input Pin and External Sensor Equivalent Circuit
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M16C/6N Group (M16C/6NL, M16C/6NN) 16. D/A Converter

16. D/A Converter

This is an 8-bit, R-2R type D/A converter. These are two independent D/A converters.
D/A conversion is performed by writing to the DAi register (i = 0, 1). To output the result of conversion, set the
DAIE bit in the DACON register to “1” (output enabled). Before D/A conversion can be used, the corresponding
port direction bit must be set to “0” (input mode). Setting the DAIE bit to “1” removes a pull-up from the
corresponding port.
Output analog voltage (V) is determined by a set value (n : decimal) in the DAI register.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage

Table 16.1 lists the performance of the D/A converter. Figure 16.1 shows the block diagram of the D/A
converter. Figure 16.2 shows the D/A converter-related registers. Figure 16.3 shows the D/A converter
equivalent circuit.

Table 16.1 D/A Converter Performance

Item Performance
D/A conversion Method R-2R method
Resolution 8 bits
Analog Output Pin 2 (DAO and DA1)

Data bus low-order

DAO register

;

R-2R resistor ladder 40/0—0 DAO

DAOE bit

DAT1 register

;

R-2R resistor ladder 40/0—0 DAT

DA1E bit

Figure 16.1 D/A Converter Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 16. D/A Converter

D/A Control Register (!

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset

P or v 1 |Bit Symbol Bit Name Function RW
i 0 i i i1 ] DAOE |D/A0Output Enable Bit 9 83}23} disapled RW
I DA1E  |D/A1 Output Enable Bit 9 83}23} g',f:é’lfg RW
_________ - Nothing is assigned. When write, set to "0".

(b7-b2) | When read, their contents are "0". B

NOTE:
1. When not using the D/A converter, set the DAIE bit (i = 0, 1) to "0" (output disabled) to reduce the unnecessary
current consumption in the chip and set the DAI register to "00h" to prevent current from flowing into the R-2R
resistor ladder.

D/A Registeri (i=0, 1)

b7 b0 Symbol Address After Reset
| DAO 03D8h 00h
T DA1 03DAh 00h
! Function RW
e Output value of D/A conversion RW
NOTE:

1. When not using the D/A converter, set the DAIE bit (i = 0, 1) to "0" (output disabled) to reduce the unnecessary
current consumption in the chip and set the DAI register to "00h" to prevent current from flowing into the R-2R
resistor ladder.

Figure 16.2 DACON Register, DA0 and DA1 Registers

DAIE bit
r 0 R R R R R R R 2R
DA Q—/\A/\/—o%o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LSB
DAi register
Lo
AVSS()
VREF()
i=0,1
NOTE:

1. The above diagram shows an instance in which the DA register is assigned "2Ah".

Figure 16.3 D/A Converter Equivalent Circuit
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17. CRC Calculation

17. CRC Calculation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses a

generator polynomial of CRC-CCITT (X' + X'? + X° + 1) to generate CRC code.

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8-bit
unit. After the initial value is set in the CRCD register, the CRC code is set in that register each time one byte

of data is written to the CRCIN register. CRC code generation for one-byte data is finished in two cycles.

Figure 17.1 shows the block diagram of the CRC circuit. Figure 17.2 shows the CRC-related registers.

Figure 17.3 shows the calculation example using the CRC operation.

Data bus high-order

5

L1

Data bus low-order

5

=1

High-order 8 bits

CRCD register

1

x16 4x12 4x5 41

CRC code generating circuit

CRCIN register

)

\

Figure 17.1 CRC Circuit Block Diagram

CRC Data Register

(b15) (b8)

= 20pT % Symbol Address After Reset
| CRCD 03BDh to 03BCh Indeterminate
: Function Setting Range |RW
i When data is written to the CRCIN register after setting
:---{ the initial value in the CRCD register, the CRC code can | 0000h to FFFFh | RW
be read out from the CRCD register.
CRC Input Register
= 2 Symbol Address After Reset
. CRCIN 03BEh Indeterminate
: Function Setting Range |RW
L Data input 00h to FFh RW

Figure 17.2 CRCD Register and CRCIN Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 17. CRC Calculation

Setup procedure and CRC operation when generating CRC code "80C4h"

® CRC operation performed by the M16C
CRC code: Remainder of a division in which the value written to the CRCIN register with its bit positions reversed is
divided by the generator polynomial
Generator polynomial: X® +X'? +X°+1(1 0001 0000 0010 0001b)
® Setting procedure

(1) Reverse the bit positions of the value "80C4h" by program in 1-byte unit.
"80h" — "01h". "C4h" — "23h"

b15 b0
(2) Write 0000h (initial value) —wm | CRCD register

b7 b0

(8) Write 01h - I:I CRCIN register

Two cycles later, the CRC code for "80h," i.e.,
U 9188h, has its bit positions reversed to become

"1189h" which is stored in the CRCD register.
b15 b0

1189h | CRCD register

(4) Write 23h — I:I CRCIN register
Two cycles later, the CRC code for "80C4h," i.e.,

8250h, has its bit positions reversed to become
"0A41h" which is stored in the CRCD register.
b15 b0

0A41h | CRCD register

® Details of CRC operation
n the case of (3) above, the value written to the CRCIN register "01h (00000001b)" has its bit positions reversed to become

"10000000b". The value "1000 0000 0000 0000 0000 0000b" derived from that by adding 16 digits and the initial value
of the CRCD register, "0000h" are added. The result is divided by the generator polynomial using modulo-2 arithmetic.

Modulo-2 operation is

1000 1000 Dat operation that complies
1 0001 0000 0010 0001 ’1000 0000 0000 0000 0000 0000 - && with the law given below.
A 1000 1000 0001 0000 1 04020
Generator polynomial 1000 0001 0000 1000 O 0O+1=1
1000 1000 0001 0000 1 140=1
1001 0001 1000 1000 -
< 1+1=0

-1=1
CRC code

The value "0001 0001 1000 1001b (1189h)" derived from the remainder "1001 0001 1000 1000b (9188h)" by reversing its
bit positions may be read from the CRCD register.

If operation (4) above is performed subsequently, the value written to the CRCIN register "23h (00100011b)" has its bit
positions reversed to become "11000100b". The value "1100 0100 0000 0000 0000 0000b" derived from that by adding
16 digits and the remainder in (3) "1001 0001 1000 1000b" which is left in the CRCD register are added, the result of which
is divided by the generator polynomial using modulo-2 arithmetic.

The value "0000 1010 0100 0001b (0A41h)" derived from the remainder by reversing its bit positions may be read from
the CRCD register.

Figure 17.3 CRC Calculation
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18. CAN Module

The CAN (Controller Area Network) module for the M16C/6N Group (M16C/6NL, M16C/6NN) of microcomputers
is @ communication controller implementing the CAN 2.0B protocol. The M16C/6N Group (M16C/6NL,
M16C/6NN) contains one CAN module which can transmit and receive messages in both standard (11-bit)
ID and extended (29-bit) ID formats.

Figure 18.1 shows a block diagram of the CAN module.

External CAN bus driver and receiver are required.

Data Bus
i3 i3 T )
| COCONR Register | COCTLR Register COGMR Register COIDR Register
COLMAR Register
COMCTL Register COLMBR Register
I o
CTX
Q ¥ v ¥ l Message Box
slots 0 to 15
Protocol | "} | @202 Y v e
Controller Acceptance Filter Message ID ' '
16 Bit Timer pLC
------------------ Message Data
CRX COTSR Register Time Stamp
Wake-Up
Function
Interrupt
¥ Generation
CORECR Register ¥ v I Function
COTECR Register | COSTR Register | | COSSTR Register | COICR Register | CAND Suceesh] Recepton 1
CANO Successful Transmission Int
-
@ @ @ ﬁ CANO Error Int_
Data Bus CANO Wake-Up Int:
j=0t015
Figure 18.1 CAN Module Block Diagram
CTX/CRX: CAN I/O pins.
Protocol controller: This controller handles the bus arbitration and the CAN protocol services, i.e. bit
timing, stuffing, error status etc.
Message box: This memory block consists of 16 slots that can be configured either as transmitter

or receiver. Each slot contains an individual ID, data length code, a data field
(8 bytes) and a time stamp.

Acceptance filter: This block performs filtering operation for received messages. For the filtering
operation, the COGMR register, the COLMAR register, or the COLMBR register is
used.

16 bit timer: Used for the time stamp function. When the received message is stored in the
message memory, the timer value is stored as a time stamp.

Wake-up function: CANO wake-up interrupt request is generated by a message from the CAN bus.

Interrupt generation function: The interrupt requests are generated by the CAN module. CANO successful
reception interrupt, CANO successful transmission interrupt, CANO error interrupt
and CANO wake-up interrupt.
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18.1 CAN Module-Related Registers
The CANO module has the following registers.

18.1.1 CAN Message Box
A CAN module is equipped with 16 slots (16 bytes or 8 words each). Slots 14 and 15 can be used as
Basic CAN.
* Priority of the slots: The smaller the number of the slot, the higher the priority, in both transmission and
reception.
+ A program can define whether a slot is defined as transmitter or receiver.

18.1.2 Acceptance Mask Registers
A CAN module is equipped with 3 masks for the acceptance filter.
» CANO global mask register (COGMR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slots 0 to 13
» CANO local mask A register (COLMAR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 14
» CANO local mask B register (COLMBR register: 6 bytes)
Configuration of the masking condition for acceptance filtering processing to slot 15

18.1.3 CAN SFR Registers

» CANO message control register j (j = 0 to 15) (COMCTL; register: 8 bits X 16)
Control of transmission and reception of a corresponding slot

» CANi control register (i = 0, 1) (CiCTLR register: 16 bits)
Control of the CAN protocol

» CANO status register (COSTR register: 16 bits)
Indication of the protocol status

» CANO slot status register (COSSTR register: 16 bits)
Indication of the status of contents of each slot

» CANO interrupt control register (COICR register: 16 bits)
Selection of “interrupt enabled or disabled” for each slot

» CANO extended ID register (COIDR register: 16 bits)
Selection of ID format (standard or extended) for each slot

» CANO configuration register (COCONR register: 16 bits)
Configuration of the bus timing

» CANO receive error count register (CORECR register: 8 bits)
Indication of the error status of the CAN module in reception: the counter value is incremented or
decremented according to the error occurrence.

» CANO transmit error count register (COTECR register: 8 bits)
Indication of the error status of the CAN module in transmission: the counter value is incremented or
decremented according to the error occurrence.

» CANO time stamp register (COTSR register: 16 bits)
Indication of the value of the time stamp counter

» CANO acceptance filter support register (COAFS register: 16 bits)
Decoding the received ID for use by the acceptance filter support unit

Explanation of each register is given below.
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18.2 CANO Message Box
Table 18.1 shows the memory mapping of the CANO message box.
It is possible to access to the message box in byte or word.
Mapping of the message contents differs from byte access to word access. Byte access or word access can
be selected by the MsgOrder bit of the COCTLR register.

Table 18.1 Memory Mapping of CANO Message Box

Message Content (Memory Mapping)

Address Byte access (8 bits) Word access (16 bits)
0060h +n+16+0 SID10 to SID6 SID5 to SIDO
0060h +n+ 16 + 1 SID5 to SIDO SID10 to SID6
0060h +n+16 +2 EID17 to EID14 EID13 to EID6
0060h +n+16+3 EID13 to EID6 EID17 to EID14
0060h +n+16 + 4 EID5 to EIDO Data Length Code (DLC)
0060h +n+16 +5 Data Length Code (DLC) EID5 to EIDO
0060h +n+16 +6 Data byte 0 Data byte 1

006016 + n*16 + 7

0060h +n+ 16 + 13

Data byte 1

Data byte 7

Data byte 0

Data byte 6

0060h + n+16 + 14

Time stamp high-order byte

Time stamp low-order byte

0060h +n+ 16 + 15

Time stamp low-order byte

Time stamp high-order byte

n = 0 to 15: the number of the slot
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

Figures 18.2 and 18.3 show the bit mapping in each slot in byte access and word access. The content of
each slot remains unchanged unless transmission or reception of a new message is performed.

b7 b0
| > ><|"><] soto | sog | sos [ so7 | sios |
|><|>< SID5 | SID4 | SID3 | SiD2 | SID1 | SIDo |
|><|><|><|><| EID17 | EID16 | EID15 | EID14 |
| EID13 | EID12 | EID11 | EID10 | EID9 | EID8 | EID7 | EID6 |
|><|>< EID5 | EID4 | EID3 | EID2 | EID1 | EIDO |
| ><7|"><7]"><7] ><] obwes | bwce | bct | bico |
| Data Byte 0 |
| Data Byte 1 |
| Data Byte 7 |

| Time Stamp high-order byte |

| Time Stamp low-order byte |

CAN Data Frame:

| SID1Ot06| SID5t0 0 |EID17t014| EID13to 6 | EID5to 0 | DLC3to 0 IDataByteO I DataByte1|

| Data Byte 7 |

NOTE:
1. When <] is read, the value is the one written upon the transmission slot configuration.
The value is "0" when read on the reception slot configuration.

Figure 18.2 Bit Mapping in Byte Access

b15 b8 b7 b0

D<D<P><Jsin1q sips|sips| sip7| sips| <[ ><| sips|sip4| sis| sip2| sip1|sio|
D<DXPDXPD<[epr7{epieenis|epialenialeteniifo| ens| s | eip7| s |
| ><[><|eps| 04| eips| e1p2| E1D1 | E1D0| << ><[><|pLeg]biez| bt |pLed|

Time Stamp low-order byte

| Data Byte 0 I Data Byte 1 |
| Data Byte 2 I Data Byte 3 |
| Data Byte 4 I Data Byte 5 |
| Data Byte 6 I Data Byte 7 |
| | |

Time Stamp high-order byte

CAN Data Frame:

| SID10to6| SID5 10 0 |EID17to14| EID13t06| EID5 100 | DLC3 100 IDataByteOIDataByte1|

| Data Byte 7 |

NOTE:
1. When <] is read, the value is the one written upon the transmission slot configuration.
The value is "0" when read on the reception slot configuration.

Figure 18.3 Bit Mapping in Word Access
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.3 Acceptance Mask Registers

Figures 18.4 and 18.5 show the COGMR register, the COLMAR register, and the COLMBR register, in which
bit mapping in byte access and word access are shown.

Addresses
b0 CANO

b7
[ ><|"><|"><] sipto | sibe | sips | sb7 | spe |  ote0n
[>><]"><"] sib5s | sipa | sip3 [ sp2 | sib1 [ sibo | 0161h
[><T><_[ ><_| ><_| en17 [ ED16 [ EIDI5 [ EID14| 01620 % COGMR register

| D13 | ED12 | ED11 | ED10 | ED9 [ EDs | ED7 | ED6 | 0163h

[~><]">><] emos | eoa | €3 | ED2 | ED1 | EDO |  ot64n

[ ><]"><"|><] sip1o | sibe | sips |

[><7]"><] sip5s [ sib4 | sip3 | sp2 | sib1 | sibo |  ot67n

[ ><T|><| ><[><] Ep17 | ED16 | ED15 | EID14 | 01687 > COLMAR register
I
I

sip7 | sipe | 0166h

[ Ep13 | ED12 | ED11 | ED10 ]| ED9 | ED8 | ED7 | ED6 |  0169n

[~><|"><] emos [ Ep4 | ED3 | ED2

[ ><7]"><|><] sipto | sibg | sibe | sib7 | sibs | otech Y
[>><]><] sip5 [ sib4 | sip3 | sb2 | sib1 | sibo |  otedn
[><7"><]"><]"><] empi17 | D16 | EID15 | EID14 |  016EN > COLMBR register

ED1 | EDO | 016Ah _J

| ED13 | ED12 | EID11 | ED10 | ED9 | ED8 | ED7 | EDs |  016Fh
[~><"><] Eos | Eo4 | ED3 | ED2 | ED1 | EDO |  oO170n
NOTES:

1. is undefined.
2. These registers can be written in CAN reset/initialization mode of the CAN module.

Figure 18.4 Bit Mapping of Mask Registers in Byte Access

Addresses
b15 b8 b7 b0 CANO

[ <] ><| ><Jsip1q| sips|siD8| siD7| sID6| <[ <] siD5|sID4| sID3| sID2[ SID1|SIDO| 0160N
[ <] <] ><| ></|[eD17|[ED16|ED15[EID14[ED13[EID12[ED11|ED10| EIDS| EID8| EID7| EIDE| 01620 > COGMR register
[ <] ><{es|epa|ED3| ED2| EID1 | EIDO] <[>T < T < <] <7 ><T] ot64n
[ <] ><] ><]sip1d sipe|sips[sip7|sipe| <[ <] sips|sip4| sip3|sip2| sip1]sipo| o1e6h
[ <] <] <] <7|[eDp17[ep16|eD15|ED14[ED13[EID12]ED11|ED10] EIDS| EID8| EID7| EIDS| 0168h > COLMAR register
[ ><{eps|eip4| ED3|EID2[ EID1] EIDO| < [>T [ < | > > <[ ><{[ ><T] o16An
[ <] < ><|sip1qsip9|sip8|sip7|sipe| <"| <] sips|sip4|siD3[siD2|sID1|sIDO| 016CH

[>T <7 <7 <Jeoi7[eptefepisepi4episfepizlept1]epio] Ebo] EDs] EID7[EIDE| 016ER > COLMBR register

[>T ><Tes]ep4] Eps] 2] ED1[EIDO] <[>T <] ><T > <] ><]><] o0170n

NOTES:
1. is undefined.
2. These registers can be written in CAN reset/initialization mode of the CAN module.

Figure 18.5 Bit Mapping of Mask Registers in Word Access
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

18.4 CAN SFR Registers

Figures 18.6 to 18.12 show the CAN SFR registers.

CANO Message Control Register j (j=0to 15) ¥
b7 b6 b5 b4 b3 b2 bt b
Symbol Address After Reset
COMCTLO to COMCTL15 0200h to 020Fh 00h
A Bit Symbol Bit Name Function RW
E E E E E E E E When set to reception slot
o ' ' ' ' ' ' NewData Successful 0: The content of the slot is read or still under RO ™
I , H I H H Reception Flag processing by the CPU.
P P P 1 The CAN module has stored new data in the slot.
Successful When set to transmission slot
. : : . : SentData o 0: Transmission is not started or completed yet. RO ™
I h h . h Transmission Flag | ;. DO
b : : b : 1: Transmission is successfully completed.
E E E E E E E When set to reception slot
I : : I : "Under Reception" | 0: The message is valid.
. i 1 o 1 invaiData Flag 1: The message is invalid. RO
E E E E E E E (The message is being updated.)
-------- "Under When set to transmission slot
o H H - TrmActive | Transmission" 0: Waiting for bus idle or completion of arbitration. RO
Flag 1: Transmitting
E E E E E E When set to reception slot
I , , - ) 0: No message has been overwritten in this slot. ,
I H H Vo Tt MsgLost | Overwrite Flag 1: This slot already contained a message, but it has RO®
E E E E E been overwritten by a new one.
E E E E E Remote Frame 0: Data frame transmission/reception status
P ; | Transmission/ 1: Remote frame transmission/reception status
[ RemActive | Reception Status RW
Vo Flag @
When set to reception remote frame slot
v ! ! Auto Response 0: After a remote frame is received, it will be
. , , RspLock | Lock Mod% answered automatically. AW
. ¢ TTTTTTTTTTTmTTmTTeTees P Select Bit 1: After a remote frame is received, no transmission
will be started as long as this bit is set to "1".
v ' (Not responding)
Remote Frame 0: Slot not corresponding to remote frame
. R Remote | Corresponding 1: Slot corresponding to remote frame RW
P Slot Select Bit
Reception Slot 0: Not reception slot
v TTTTTTTTTT T RecReq Request Bit @) 1: Reception slot RW
: Transmission 0: Not transmission slot
s TrmR
rmieq Slot Request Bit @) 1: Transmission slot RW
NOTES:
1. As for write, only writing "0" is possible. The value of each bit is written when the CAN module enters the respective state.
2. In Basic CAN mode, slots 14 and 15 serve as data format identification flag.
The RemActive bit is set to "0" if the data frame is received and it is set to "1" if the remote frame is received.
3. One slot cannot be defined as reception slot and transmission slot at the same time.
4. This register can not be set in CAN reset/initialization mode of the CAN module.

Figure 18.6 COMCTL| Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

CANO Control Register

b7 b6 b5 b4 b3 b2 bt bO

Symbol Address After Reset

COCTLR 0210h X0000001b
E : : : : : : : Bit Symbol Bit Name Function RW
CAN Module 0: Operation mode
_____ Reset Reset Bit () 1: Reset/initialization mode RW
H H H H H H H Loop Back Mode 0: Loop back mode disabled
A LoopBack | Select Bit 1: Loop back mode enabled RW
Message Order 0: Word access
S S A B MsgOrder | gelect Bit @ 1" Byte access RW
A _ Basic CAN Mode | 0: Basic CAN mode disabled
[ BasicCAN | select Bit @ 1: Basic CAN mode enabled RW
T Bus Error Interrupt  0: Bus error interrupt disabled
BusEIEN | Enable Bit @ 1: Bus error interrupt enabled RW
S| Sleep Mode 0: Sleep mode disabled RW
vy TTTTTTTTTTmmTTTTmmmmm eep Select Bit 2) 9) 1: Sleep mode enabled; clock supply stopped
_______________________________ CAN Port Enable | 0: I/O port function
; PortEn | gt @ ® 1: CTX/CRX function RW
___________________________________ - Nothing is assigned. When write, set to "0". _

(b7) When read, its content is indeterminate.

NOTES:
1. When the Reset bit is set to "1" (CAN reset/initialization mode), check that the State_Reset bit in the COSTR register is set to
"1" (Reset mode).
2. Change this bit only in the CAN reset/initialization mode.
3. When using CANO wake-up interrupt, set these bits to "1".

3
Prescaler (¢ 1.0: Period of 1/4 bit time

1 1: Period of 1/8 bit time
Time Stamp Counter| 0: Nothing is occurred.

(b15) (b8)
b7 b6 b5 b4 b3 b2 bl b
Symbol Address After Reset
COCTLR 0211h XX0X0000b
oo Bit Symbol Bit Name Function RW
b1 b0
. : Time St 0 0: Period of 1 bit time
SR S B TSPreScale |.me Stamp 0 1: Period of 1/2 bit time RW

S TSReset (o cet Bit (1) 1: Force reset of the time stamp counter RW
o Return From Bus Off| 0: Nothing is occurred.
RetBusOff Command Bit 2 1: Force return from bus off RW
______________________ - Nothing is assigned. When write, set to "0". _
(bd) When read, its content is indeterminate.
___________________________ Listen-Only Mode | O: Listen-only mode disabled
RXOnly Select Bit (3) 1: Listen-only mode enabled (4) RW
___________________________________ - Nothing is assigned. When write, set to "0". _
(b7-b6) When read, their contents are indeterminate.

NOTES:
1. When the TSReset bit = 1, the COTSR register is set to "0000h". After this, the bit is automatically set to "0".
2. When the RetBusOff bit = 1, the CORECR and COTECR registers are set to "00h". After this, this bit is automatically set to "0".
3. Change this bit only in the CAN reset/initialization mode.
4. When the listen-only mode is selected, do not request the transmission.

Figure 18.7 COCTLR Register
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

CAN1 Control Register ()

(b15)
b7

"0020h" to this register.

b6

o
o
o
>
o
&
o
o
2
o
S

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

O[1]0]O0JOJO|O0f ciomr 0230h X0000001b
Bit Symbol Bit Name Function RW
S N Y (bd-b0) Reserved Bit Set to "0" RW
b TTTTTTmTmmmmmmememmanenes (b5) Reserved Bit Setto "1" RW
b e e eeeeeememeeeee———- b6) Reserved Bit Set to "0" RW
- Nothing is assigned. When write, set to "0".
"""""""""""""""""" (b7) When read, its content is indeterminate. -

NOTE:

1. Make sure "0020h" is set to this register (addresses 0230h, 0231h). Moreover, make sure the CCLKR register is set after setting

re------ ©
o

r

[S)

Symbol Address After Reset
C1CTLR 0231h XX0X0000b
Bit Symbol Bit Name Function RW
(b3:b0) Reserved Bit Set to "0" RW
- Nothing is assigned. When write, set to "0".
(b4) When read, its content is indeterminate. -
b5) Reserved Bit Set to "0" RW
— Nothing is assigned. When write, set to "0".
(b7-b6) When read, their contents are indeterminate. -

Figure 18.8 C1CTLR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

CANO Status Register

b7 b6 b5 b4 b3 b2 bt b0

Symbol Address After Reset

COSTR 0212h 00h
Bit Symbol Bit Name Function RW
H H H H H H H H b3 b2 b1 b0
N H . H 0000:Slot0
N 000 1:Slot1
it MBOX [ Active Slot Bits () [0 0 1 0:Slot2 RO
oo 1110:Slot14
. : : 111 1:Slot15
Successful 0: No [successful] transmission
' ' ' R LR EEEEEPPEEE TrmSucc | Transmission 1: The CAN module has transmitted a message| RO
Flag (1) successfully.
Successful 0: No [successful] reception
""""""""""""" RecSucc Reception Flag (1) | 1: CAN module received a message successfully. RO
E E Transmission Flag | 0: CAN module is idle or receiver.
v TTTTTTTTTmmmmmmmmmmT TrmState (Transmitter) 1: CAN module is transmitter. RO
Reception Flag 0: CAN module is idle or transmitter.
________________________ RecState (Receiver) 1: CAN module is receiver. RO

NOTE:
1. These bits can be changed only when a slot which an interrupt is enabled by the COICR register is transmitted or received
successfully.

(b15) (b8)

b7 b6 b5 b4 b3 b2 bl b

Symbol Address After Reset

COSTR 0213h X0000001b
[ Bit Symbol Bit Name Function RW
— State_Reset | Reset State FI 0: Operation mode RO
! ! ! ! ! ! ! - eset slate Flag 1: Reset mode
e State_ Loop Back 0: Not Loop back mode RO
i i i i i i LoopBack | State Flag 1: Loop back mode
e State_ Message Order | 0:Word access RO
i i i i i MsgOrder | State Flag 1: Byte access
O State_  |Basic CAN Mode | 0: Not Basic CAN mode o
H H H H BasicCAN | State Flag 1: Basic CAN mode
N State_ Bus Error 0: No error has occurred. RO
i i i BusError | State Flag 1: A CAN bus error has occurred.
R State_ Error Passive 0: CAN module is not in error passive state. RO
i i ErrPass | State Flag 1: CAN module is in error passive state.
L State_ | Error Bus Off 0: CAN module is not in error bus off state. RO
! BusOff State Flag 1: CAN module is in error bus off state.
E __________________________________ — Nothing is assigned. When write, set to "0".

(b7) When read, its content is indeterminate. -
Figure 18.9 COSTR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module
CANO Slot Status Register
(b15) (08)
il 20 b7 Symbol Address After Reset
COSSTR 0215h, 0214h 0000h
Function Setting Values RW
0: Reception slot
: The message has been read.
"""""""""" Efg;tt?i:ucso?ri(tess onds to the slot with the Egzzm::z:g: issl?:o'[ completed. RO
P 1: Reception slot
same number.
The message has not been read.
Transmission slot
Transmission is completed.
CANO Interrupt Control Register (1)
(b15) (08)
b0 b7
B Symbol Address After Reset
COICR 0217h, 0216h 0000h
Function Setting Values RW
Interrupt enable bits: 0: Interrupt disabled
: Each bit corresponds with a slot with the same | 1: Interrupt enabled
] number. RW
Enabled/disabled of successful transmission
interrupt or successful reception interrupt can
be selected.
NOTE:
1. This register can not be set in CAN reset/initialization mode of the CAN module.
CANO Extended ID Register ()
(b15) (b8)
el i Symbol Address After Reset
COIDR 0219h, 0218h 0000h
Function Setting Values RW
i Extended ID bits: 0: Standard 1D
] Each bit corresponds with a slot with the same | 1: Extended 1D
number. RW
Selection of the ID format that each slot handles.
NOTE:
1. This register can not be set in CAN reset/initialization mode of the CAN module.

Figure 18.10 COSSTR Register, COICR Register and COIDR Register
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

CANO Configuration Register
b7 b6 b5 b4 b3 b2 bl b
Symbol Address After Reset
COCONR 021Ah Indeterminate
e Bit Symbol Bit Name Function RW
AR T
o T 0000: Bivige-gm o; ;8?“
o T 0 0 0 1:Divide-by-2 o
A T S S S SN SO I gRp | PrescalerDivision | ) g 3§ 4 pivide-by-3 of CAN RW
' ' ' ' Ratio Select Bits :
oor 1 171 0: Divide-by-15 of fCAN
: , , , 1 1 1 1:Divide-by-16 of fCAN ()
______________________ SAM ngpllng Control 0:0One tm_1e sampllngl AW
' ' ' Bit 1 : Three times sampling
N b7 b6 b5
o 000:1Tq
: H H Propagation Time | 0 0 1:2Tq
R ERE L EEE L L R PR PP PTS Segment Control 010:2Tq RW
Bits
110:7Tq
111:8Tq
NOTE:
1. fCAN serves for the CAN clock. The period is decided by configuration of the CCLKi bit (i = 0 to 2) in the CCLKR register.
(b15) (08)
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
COCONR 021Bh Indeterminate
. Bit Symbol Bit Name Function RW
A 626160
: : : : : : : : 000 : Do not set a value
S Phase Buffer 001:2Tq
T PBS1 Segment 1 010:3Tq RW
' ' ' ' ' Control Bits :
H H H H H 111:8Tq
: : : : : b5 b4 b3
000 : Do not set a value
Vo . H Phase Buffer 001:2Tq
GRELLEEELEEEELEEEELEE, PBS2 | Segment?2 010:3Tq RW
o Control Bits :
P 110:7Tq
; : 111:8Tq
b7 b6
. : Resynchronization | 0 0:1Tq
e e e e ] SJW Jump Width 01:2Tq RW
Control Bits 1 0:3Tq
1 1:4Tq
Figure 18.11 COCONR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module
CANO Receive Error Count Register
b7 b0
Symbol Address After Reset
. CORECR 021Ch 00h
Function Counter Value RW
Reception error counting function
e The value is incremented or decremented 00h to FFh (1) RO
according to the CAN module’s error status.
NOTE:
1. The value is indeterminate in bus off state.
CANO Transmit Error Count Register
b7 b0
Symbol Address After Reset
. COTECR 021Dh 00h
Function Counter Value RW
Transmission error counting function
LR The value is incremented or decremented 00h to FFh RO
according to the CAN module’s error status.
CANO Time Stamp Register
(b15) (08)
b7 b0 b7 b0
Symbol Address After Reset
COTSR 021Fh, 021Eh 0000h
Function Counter Value RW
ERGREECTTTEEREEE Time stamp function 0000h to FFFFh RO
CANO Acceptance Filter Support Register
(b15) (b8)
b7 b0 b7 b0
Symbol Address After Reset
COAFS 0243h, 0242h Indeterminate
Function Setting Values RW
Write the content equivalent to the standard frame
R ID of the received message.
The value is "converted standard frame ID" when Standard frame 1D RW
read.

Figure 18.12 CORECR Register, COTECR Register, COTSR Register and COAFS Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.5 Operational Modes
The CAN module has the following four operational modes.
» CAN Reset/Initialization Mode
* CAN Operation Mode
* CAN Sleep Mode
* CAN Interface Sleep Mode
Figure 18.13 shows transition between operational modes.

MCU Reset \

CAN reset/initialization

CAN operation mode
mode
State_Reset = 1 State Reset =0
when 11 consecutive
Sleep =0 Sleep recessive bits are
and and TEC > 255 detected 128 times
R =1 Reset = 0 or
eset RetBusOff = 1

CCLK3 =1

F
CAN sleep mode
A P

CCLK3 =0

CAN interface

Bus off state
sleep mode

State_BusOff = 1

CCLKS: Bit in CCLKR register
Reset, Sleep, RetBusOff: Bits in COCTLR register
State_Reset, State_BusOff: Bits in COSTR register

Figure 18.13 Transition Between Operational Modes

18.5.1 CAN Reset/Initialization Mode

The CAN reset/initialization mode is activated upon MCU reset or by setting the Reset bit in the COCTLR
register to “1”. If the Reset bit is set to “1”, check that the State_Reset bit in the COSTR register is set to “1”.
Entering the CAN reset/initialization mode initiates the following functions by the module:

« CAN communication is impossible.

* When the CAN reset/initialization mode is activated during an ongoing transmission in operation
mode, the module suspends the mode transition until completion of the transmission (successful,
arbitration loss, or error detection). Then, the State_Reset bit is set to “1”, and the CAN reset/initialization
mode is activated.

» The COMCTL;j (j = 0 to 15), COSTR, COICR, COIDR, CORECR, COTECR and COTSR registers are
initialized. All these registers are locked to prevent CPU modification.

» The COCTLR, COCONR, COGMR, COLMAR and COLMBR registers and the CANO message box retain
their contents and are available for CPU access.
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.5.2 CAN Operation Mode
The CAN operation mode is activated by setting the Reset bit in the COCTLR register to “0”. If the Reset
bit is set to “0”, check that the State_Reset bit in the COSTR register is set to “0”.
If 11 consecutive recessive bits are detected after entering the CAN operation mode, the module initiates
the following functions:

» The module's communication functions are released and it becomes an active node on the network

and may transmit and receive CAN messages.

* Release the internal fault confinement logic including receive and transmit error counters. The module

may leave the CAN operation mode depending on the error counts.
Within the CAN operation mode, the module may be in three different sub modes, depending on which
type of communication functions are performed:

* Module idle : The modules receive and transmit sections are inactive.

* Module receives : The module receives a CAN message sent by another node.

* Module transmits : The module transmits a CAN message. The module may receive its own message
simultaneously when the LoopBack bit in the COCTLR register = 1 (Loop back mode
enabled).

Figure 18.14 shows sub modes of the CAN operation mode.

Module idle
TrmState = 0
RecState = 0

Start
transmission
Finish
transmission

Module receives
TrmState =0
RecState = 1

Module transmits
TrmState = 1
RecState = 0

Lost in arbitration

TrmState, RecState: Bits in COSTR register

Figure 18.14 Sub Modes of CAN Operation Mode

18.5.3 CAN Sleep Mode
The CAN sleep mode is activated by setting the Sleep bit to “1” and the Reset bit to “0” in the COCTLR
register. It should never be activated from the CAN operation mode but only via the CAN reset/initialization
mode.
Entering the CAN sleep mode instantly stops the clock supply to the module and thereby reduces power
dissipation.

18.5.4 CAN Interface Sleep Mode
The CAN interface sleep mode is activated by setting the CCLK3 bit in the CCLKR register to “17. It
should never be activated but only via the CAN sleep mode.
Entering the CAN interface sleep mode instantly stops the clock supply to the CPU Interface in the module
and thereby reduces power dissipation.
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.5.5 Bus Off State

The bus off state is entered according to the fault confinement rules of the CAN specification. When
returning to the CAN operation mode from the bus off state, the module has the following two cases.

In this time, the value of any CAN registers, except COSTR, CORECR and COTECR registers, does not
change.

(1) When 11 consecutive recessive bits are detected 128 times

The module enters instantly into error active state and the CAN communication becomes possible
immediately.

(2) When the RetBusOff bit in the COCTLR register = 1 (Force return from buss off)

The module enters instantly into error active state, and the CAN communication becomes possible
again after 11 consecutive recessive bits are detected.
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

18.6 Configuration CAN Module System Clock
The M16C/6N Group (M16C/6NL, M16C/6NN) has a CAN module system clock select circuit.
Configuration of the CAN module system clock can be done through manipulating the CCLKR register and
the BRP bit in the COCONR register.
For the CCLKR register, refer to 7. Clock Generating Circuit.
Figure 18.15 shows a block diagram of the clock generating circuit of the CAN module system.

CAN modu Divide-by-1 (undivided) 5 |
module  [Divide-by-2 rescaler
—— %
1 O_ systgnj clock Divide-by-4 - fCAN 1o H Baud rate
divider %o prescaler fCANCLK
Value: 1,2, 4, 8,16 | Divide-by-16_— division value
CCLKR register P+
CAN module

fCAN : CAN module system clock
P : The value written in the BRP bit in the COCONR register. P = 0 to 15

fCANCLK : CAN communication clock fCANCLK = fCAN/2(P + 1)

Figure 18.15 Block Diagram of CAN Module System Clock Generating Circuit

18.7 Bit Timing Configuration
The bit time consists of the following four segments:

 Synchronization segment (SS)
This serves for monitoring a falling edge for synchronization.

* Propagation time segment (PTS)
This segment absorbs physical delay on the CAN network which amounts to double the total sum of
delay on the CAN bus, the input comparator delay, and the output driver delay.

* Phase buffer segment 1 (PBS1)
This serves for compensating the phase error. When the falling edge of the bit falls later than expected,
the segment can become longer by the maximum of the value defined in SUW.
 Phase buffer segment 2 (PBS2)
This segment has the same function as the phase buffer segment 1. When the falling edge of the bit
falls earlier than expected, the segment can become shorter by the maximum of the value defined in SJW.
Figure 18.16 shows the bit timing.

Bit time
SS | PTS [ PBST PBS2
l—>, l«—>
SIW SIW
Sampling point
The range of each segment: Bit time = 8 to 25Tq Configuration of PBS1 and PBS2: PBS1 > PBS2
SS=1Tq PBS1 > SJW
PTS = 1Tq to 8Tq PBS2 > 2 when SJW = 1
PBS1 =2Tq to 8Tq PBS2 > SUW when 2 < SUW < 4
PBS2 = 2Tq to 8Tq
SJW = 1Tqto 4Tq
Figure 18.16 Bit Timing
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M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.8 Bit-rate
Bit-rate depends on f1, the division value of the CAN module system clock, the division value of the baud
rate prescaler, and the number of Tq of one bit.
Table 18.2 shows the examples of bit-rate.

Table 18.2 Examples of Bit-rate

Bit-rate 24MHz 20MHz 16MHz 10MHz 8MHz
1Mbps 12Tq (1) 10Tq (1) 8Tq (1) - -
500kbps 12Tq (2) 10Tq (2) 8Tq (2) 10Tq (1) 8Tq (1)
24Tq (1) 20Tq (1) 16Tq (1) - -
125kbps 12Tq (8) 10Tq (8) 8Tq (8) 10Tq (4) 8Tq (4)
16Tq (6) 20Tq (4) 16Tq (4) 20Tqg (2) 16Tq (2)
24Tq (4) - - - -
83.3kbps 12Tq (12) 10Tq (12) 8Tq (12) 10Tq (6) 8Tq (6)
16Tq (9) 20Tq (6) 16Tq (6) 20Tqg (3) 16Tq (3)
24Tq (6) - - - -
33.3kbps 12Tq (30) 10Tq (30) 8Tq (30) 10Tq (15) 8Tq (15)
24Tq (15) 20Tq (15) 16Tq (15) - -

NOTE:
1. The number in () indicates a value of “fCAN division value” multiplied by “baud rate prescaler division value”.

B Calculation of Bit-rate

f1
2 X “fCAN division value " X “baud rate prescaler division value ®” X “number of Tq of one bit”

NOTES:
1.fCAN division value =1, 2, 4, 8, 16
fCAN division value: a value selected in the CCLKR register
2.Baud rate prescaler division value =P + 1 (P: 0 to 15)
P: a value selected in the BRP bit in the COCONR register
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M16C/6N Group (M16C/6NL, M16C/6NN)

18. CAN Module

18.9 Acceptance Filtering Function and Masking Function
These functions serve the users to select and receive a facultative message. The COGMR register, the
COLMAR register, and the COLMBR register can perform masking to the standard ID and the extended 1D
of 29 bits. The COGMR register corresponds to slots 0 to 13, the COLMAR register corresponds to slot 14,
and the COLMBR register corresponds to slot 15. The masking function becomes valid to 11 bits or 29 bits
of a received ID according to the value in the corresponding slot of the COIDR register upon acceptance
filtering operation. When the masking function is employed, it is possible to receive a certain range of IDs.
Figure 18.17 shows correspondence of the mask registers and slots, Figure 18.18 shows the acceptance

function.

Slot #0

Slot #1

Slot #2

Slot #3

Slot #4

Slot #5

Slot #6

| COGMR register Slot #7

Slot #8

Slot #9

Slot #10

Slot #11

Slot #12

Slot #13

COLMAR register

Slot #14

COLMBR register

Slot #15

Figure 18.17 Correspondence of Mask Registers to Slots

ID of the ID stored in The value of the
received message  the slot mask register

Iy
Tl

Mask Bit Values

0: ID (to which the received message
corresponds) match is handled as
"Don’t care".

1:ID (to which the received message
corresponds) match is checked.

} Acceptance Signal

Acceptance judge signal

0: The CAN module ignores the
current incoming message.
(Not stored in any slot)

1: The CAN module stores the
current incoming message in
a slot of which ID matches.

Figure 18.18 Acceptance Function

When using the acceptance function, note the following points.

(1) When one ID is defined in two slots, the one with a smaller number alone is valid.
(2) When it is configured that slots 14 and 15 receive all IDs with Basic CAN mode, slots 14 and 15 receive

all IDs which are not stored into slots 0 to 13.
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18.10 Acceptance Filter Support Unit (ASU)
The acceptance filter support unit has a function to judge valid/invalid of a received ID through table search.
The IDs to receive are registered in the data table; a received ID is stored in the COAFS register, and table
search is performed with a decoded received ID. The acceptance filter support unit can be used for the IDs
of the standard frame only.

The acceptance filter support unit is valid in the following cases.
* When the ID to receive cannot be masked by the acceptance filter.
(Example) IDs to receive: 078h, 087h, 111h
* When there are too many IDs to receive; it would take too much time to filter them by software.

Figure 18.19 shows the write and read of the COAFS register in word access.

Address
CANO
b15 b8 b7 b0
Whenwrite [ | ] sip1g[sipo[sips]sip7[sibs| | [sips|sip4|sip3]sip2[sipi[sipo]| 242n
I 3/8 Decoder i
b15 b8 b7 b0
Whenread | [ | | | | | | [si10]sipg|sips|sip7|sips|sips|sipa|sipa| 242n

Figure 18.19 Write/read of COAFS Register in Word Access
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18.11 Basic CAN Mode

When the BasicCAN bit in the COCTLR register is set to “1” (Basic CAN mode enabled), slots 14 and 15
correspond to Basic CAN mode. In normal operation mode, each slot can handle only one type message at
a time, either a data frame or a remote frame by setting COMCTL; regisrer (j = 0 to 15). However, in Basic
CAN mode, slots 14 and 15 can receive both types of message at the same time.

When slots 14 and 15 are defined as reception slots in Basic CAN mode, received messages are stored in
slots 14 and 15 alternately.

Which type of message has been received can be checked by the RemActive bit in the COMCTL; register.
Figure 18.20 shows the operation of slots 14 and 15 in Basic CAN mode.

Slot 14 | Empty | | P Msg n | | Locked (Msg n) | |Msg n+2 (Msgn Iost)l
A
Slot 15 | Locked (empty) /i’[ Locked (empty) | | Msg n + 1 ”Locked (Msg n+1) |
Msg n Msg n+1 Msg n+2

Figure 18.20 Operation of Slots 14 and 15 in Basic CAN Mode

When using Basic CAN mode, note the following points.

(1) Setting of Basic CAN mode has to be done in CAN reset/initialization mode.

(2) Select the same ID for slots 14 and 15. Also, setting of the COLMAR and COLMBR register has to be the
same.

(3) Define slots 14 and 15 as reception slot only.

(4) There is no protection available against message overwrite. A message can be overwritten by a new
message.

(5) Slots 0 to 13 can be used in the same way as in normal CAN operation mode.
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18.12 Return from Bus Off Function
When the protocol controller enters bus off state, it is possible to make it forced return from bus off state by
setting the RetBusOff bit in the COCTLR register to “1” (Force return from bus off). At this time, the error
state changes from bus off state to error active state. If the RetBusOff bit is set to “1”, the CORECR and
COTECR registers are initialized and the State_BusOff bit in the COSTR register is set to “0” (CAN module
is not in error bus off state). However, registers of the CAN module such as COCONR register and the
content of each slot are not initialized.

18.13 Time Stamp Counter and Time Stamp Function

When the COTSR register is read, the value of the time stamp counter at the moment is read. The period of
the time stamp counter reference clock is the same as that of 1 bit time that is configured by the COCONR
register. The time stamp counter functions as a free run counter.

The 1 bit time period can be divided by 1 (undivided), 2, 4 or 8 to produce the time stamp counter reference
clock. Use the TSPreScale bit in the COCTLR register to select the divide-by-n value.

The time stamp counter is equipped with a register that captures the counter value when the protocol
controller regards it as a successful reception. The captured value is stored when a time stamp value is
stored in a reception slot.

18.14 Listen-Only Mode

When the RXOnly bit in the COCTLR register is set to "1", the module enters listen-only mode.

In listen-only mode, no transmission, such as data frames, error frames, and ACK response, is performed
to bus.

When listen-only mode is selected, do not request the transmission.
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18.15 Reception and Transmission
Table 18.3 shows configuration of CAN reception and transmission mode.

Table 18.3 Configuration of CAN Reception and Transmission Mode

TrmReq|RecReq|Remote [RspLock Communication Mode of Slot
0 0 - - Communication environment configuration mode:
configure the communication mode of the slot.
0 1 0 0 Configured as a reception slot for a data frame.
1 0 1 0 Configured as a transmission slot for a remote frame.

(At this time the RemActive = 1.)

After completion of transmission, this functions as a reception
slot for a data frame. (At this time the RemActive = 0.)
However, when an ID that matches on the CAN bus is detected
before remote frame transmission, this immediately functions
as a reception slot for a data frame.

1 0 0 0 Configured as a transmission slot for a data frame.

0 1 1 1/0 Configured as a reception slot for a remote frame.

(At this time the RemActive = 1.)

After completion of reception, this functions as a transmission
slot for a data frame. (At this time the RemActive = 0.)
However, transmission does not start as long as RspLock bit
remains “1”; thus no automatic response.

Response (transmission) starts when the RspLock bit is set to “0”.
TrmReq, RecReq, Remote, RspLock, RemActive, RspLock: Bits in COMCTL; register (j = 0 to 15)

When configuring a slot as a reception slot, note the following points.

(1) Before configuring a slot as a reception slot, be sure to set the COMCTL; register to “00h”.

(2) Areceived message is stored in a slot that matches the condition first according to the result of reception
mode configuration and acceptance filtering operation. Upon deciding in which slot to store, the smaller
the number of the slot is, the higher priority it has.

(3) In normal CAN operation mode, when a CAN module transmits a message of which ID matches, the
CAN module never receives the transmitted data. In loop back mode, however, the CAN module
receives back the transmitted data. In this case, the module does not return ACK.

When configuring a slot as a transmission slot, note the following points.
(1) Before configuring a slot as a transmission slot, be sure to set the COMCTL; registers to “00h”.
(2) Setthe TrmReq bit in the COMCTL] register to “0” (not transmission slot) before rewriting a transmission slot.
(3) A transmission slot should not be rewritten when the TrmActive bit in the COMCTL;j register is “1”
(transmitting).
If it is rewritten, an indeterminate data will be transmitted.

Rev.1.02 Jul 01,2005 page 219 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 18. CAN Module

18.15.1 Reception
Figure 18.21 shows the behavior of the module when receiving two consecutive CAN messages, that fit
into the slot of the shown COMCTL] register (j = 0 to 15) and leads to losing/overwriting of the first
message.

SOF ACK EOF ! IFS | SOF ACK EOF | IFS |

CANbus i ARRARERRRRRAN ERRRRENRRENE
RecReq bit | |

| ! g
| | (2}
i ! 2 i 5 @
InvalData bit : ( )ﬂ | ( )ﬂ 9
| ! =
! ; =
NewData bit ! (2)‘ ! ! Q
i | @] =
| o
o
MsgLost bit
CANO Successful ® R
Reception Interrupt !

RecState bit of /) u =
2
RecSucc bit V / =
o
%
X o
MBOX bit v Receive slot No. 4 o
j=0to 15

Figure 18.21 Timing of Receive Data Frame Sequence

(1) On monitoring a SOF on the CAN bus the RecState bit in the COSTR register becomes “1” (CAN
module is receiver) immediately, given the module has no transmission pending.

(2) After successful reception of the message, the NewData bit in the COMCTL] register of the receiving
slot becomes “1” (stored new data in slot). The InvalData bit in the COMCTL; register becomes “1”
(message is being updated) at the same time and the InvalData bit becomes “0” (message is valid)
again after the complete message was transferred to the slot.

(3) When the interrupt enable bit in the COICR register of the receiving slot = 1 (interrupt enabled), the
CANO successful reception interrupt request is generated and the MBOX bit in the COSTR register is
changed. It shows the slot number where the message was stored and the RecSucc bit in the COSTR
register is active.

(4) Read the message out of the slot after setting the New Data bit to “0” (the content of the slot is read or
still under processing by the CPU) by a program.

(5) If the NewData bit is set to “0” by a program or the next CAN message is received successfully before
the receive request for the slot is canceled, the MsglLost bit in the COMCTL] register is set to “1”
(message has been overwritten). The new received message is transferred to the slot. Generating of
an interrupt request and change of the COSTR register are same as in 3).
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18.15.2 Transmission
Figure 18.22 shows the timing of the transmit sequence.

SOF ACK EOF | IFS | SOF
CTX || U?iiiiii?iiu
TrmReq bit M 5
(4) %
‘ .
TrmActive bit (1) 2! ) iy
S Y | A 5
=
SentData bit B’ﬂ 3
CANO Successful (3)ﬂ
Transmission Interrupt \
TrmState bit ™) @ ) -
Y [9]
®
e
TrmSucc bit }/ E
,,,,,,,,,,,,,,,,,,, «
)
. o
MBOX bit Transmission slot No. ©
j=0to 15

Figure 18.22 Timing of Transmit Sequence

(1) If the TrmReq bit in the COMCTL; register (j = 0 to 15) is set to “1” (Transmission slot) in the bus idle
state, the TrmActive bit in the COMCTL; register and the TrmState bit in the COSTR register are set to
“1” (Transmitting/Transmitter), and CAN module starts the transmission.

(2) If the arbitration is lost after the CAN module starts the transmission, the TrmActive and TrmState bits
are set to “0”.

(3) If the transmission has been successful without lost in arbitration, the SentData bit in the COMCTL]
register is set to “1” (Transmission is successfully completed) and TrmActive bit is set to “0” (Waiting
for bus idle or completion of arbitration). And when the interrupt enable bits in the COICR register = 1
(Interrupt enabled), CANO successful transmission interrupt request is generated and the MBOX (the
slot number which transmitted the message) and TrmSucc bit in the COSTR register are changed.

(4) When starting the next transmission, set the SentData and TrmReq bits to “0”. And set the TrmReq bit
to “1” after checking that the SentData and TrmReq bits are set to “0”.
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18.16 CAN Interrupt
The CAN module provides the following CAN interrupts.
* CANO Successful Reception Interrupt
» CANO Successful Transmission Interrupt
« CANO Error Interrupt: Error Passive State
Error BusOff State
Bus Error (this feature can be disabled separately)
» CANO Wake-up Interrupt

When the CPU detects the CANO successful reception/transmission interrupt request, the MBOX bit in the
COSTR register must be read to determine which slot has generated the interrupt request.
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19. Programmable 1/O Ports

19. Programmable 1/0O Ports

The programmable input/output ports (hereafter referred to simply as 1/O ports) consist of 87 lines PO to P10
in the 100-pin version and consist of 113 lines PO to P14 in the 128-pin version. Each port can be set for input
or output every line by using a direction register, and can also be chosen to be or not be pulled high every 4
lines. P8 5 is an input-only port and does not have a pull-up resistor. Port P8_5 shares the pin with NMI, so
that the NMI input level can be read from the P8_5 bit in the P8 register.

Table 19.1 lists the number of pins of the 1/O ports of each package. Figures 19.1 to 19.5 show the I/O ports.
Figure19.6 shows the /O pins.

Each pin functions as an 1/0O port or a peripheral function input/output pin.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin is
used as a peripheral function input, SI/04 output or D/A converter output pin, set the direction bit for that pin
to “0” (input mode). Any pin used as an output pin for peripheral functions other than the S1/04 and D/A
converter is directed for output no matter how the corresponding direction bit is set.

Table 19.1 Number of Pins of 1/0 Ports of Each Package

128-pin Version 100-pin Version
I/0O Ports PO 0to PO 7 PO 0to PO 7
P1_0toP1_7 P1_0toP1_7
P2 _0toP2_7 P2 _0toP2_7
P3_0to P3_7 P3_0to P3_7
P4 0toP4_7 P4 0toP4_7
P5 0to P5_7 P5 0to P5_7
P6_0to P6_7 P6_0to P6_7
P7_0to P7_7 P7_0to P7_7
P8 0to P8 4,P8 6,P8 7 P8 0to P8 4,P8 6,P8 7
(P8_5 is an input port) (P8_5 is an input port)
P9 0to P9 7 P9 0toP9 7
P10_0to P10_7 P10_0to P10_7
P11_0to P11_7
P12_0to P12_7
P13_0to P13_7
P14_0, P14_1
Total 113 pins 87 pins
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19.1 PDi Register (100-pin Version: i = 0 to 10, 128-pin Version: i =0 to 13)
Figure19.7 shows the PDi register.
This register selects whether the I/O port is to be used for input or output. The bits in this register correspond
one for one to each port.
No direction register bit for P8_5 is available.

19.2 Pi Register (100-pin Version: i = 0 to 10, 128-pin Version: i = 0 to 13), PC14 Register

Figure19.8 shows the Pi register.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to hold the input/output data and a circuit to read the pin status. For
ports set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register. The data written to the port latch is output from
the pin. The bits in the Pi register correspond one for one to each port.

About the port P14 (128-pin version), Figure19.8 shows the PC14 register.

19.3 PURj Register (100-pin Version: j = 0 to 2, 128-pin Version: j = 0 to 3)
Figures 19.9 and 19.10 show the PUR;j register.
The PUR,; register bits can be used to select whether or not to pull the corresponding port high in 4-bit unit.
The port selected to be pulled high has a pull-up resistor connected to it when the direction bit is set for input

mode.
When using the ports P11 to P14, set the PUR37 bit in the PURS register to “1” (P11 to P14 are usable).

19.4 PCR Register
Figure19.11 shows the PCR register.
When the P1 register is read after setting the PCRO bit in the PCR register to “1”, the corresponding port
latch can be read no matter how the PD1 register is set.

Table 19.2 lists an example connection of unused pins. Figure19.12 shows an example connection of
unused pins.
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19. Programmable /O Ports

Pull-up selection
PO 0to PO_7 (nside dotted-ine Direction register j j
P2 0toP2_7 included) < J_DJ CH
x
—+  Portlatch j—o—o
P3 0to P37 Data bus ort la H
P4 0toP4_7 _|>0_L) o i (NOTE)
P5_0to P5_4, P5_6 /E\I EL -
P11_2to P11_4, P11_6 @ » (inside dotted-line
P12 0to P12_7 @ not included) 51
P13_0toP13_4 @ AN
P14_0,P14_1®
Analog input 5
Pull-up selection
P10t Pl 4 T
<II =
-
I
Data bus —9 Port latch %
N
N
Pull-up selection
P1 5toP1 7 Direction register T
<II =
Data bus —«-—{ Port latch %
N
N
Input to respective peripheral functions*@—
Pull-up selection
| Direction
P5_7 register j*
P6_0, P6_4, P ‘ﬂ@\o
P7 _3to P7_6 N :
P8_0.P8 1 —¢—{ Porttatch | 3™ 5
P9 0 P9 2 Data bus Port latch
< ]
N
Input to respective peripheral functions %7
NOTES
1, e Symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
2. P11 to P14 are only in the 128-pin version.

Figure19.1 1/O Ports (1)
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P6_1,P6 5
P7 2

P8 _2to P8 4

P55
P77
P9 7

P13 5t0 P13_7 @

P11_0, P11_1,P11_5,P11_7 @

Pull-up selection

| Direction
register
Output i
Data bus —¢—{ Port latch | ° _]. ‘o
x
4 Switching ~D°4LD>T " otEY)

between
CMOS and

,51 Nch
N

Input to respective peripheral functions %7

Pull-up selection

—1 Direction register |—
if_o
Data bus —¢—| Port latch |

51
~
~

Input to respective peripheral functions

Pull-up selection

—1 Direction register |—
g 1 1d
N :
£
Data bus —$—] Port latch | }j—o—( )
x
I i (NOTE 1
\Iﬂ >j7 77_7( )
N

EERRE

Input to respective peripheral functions

1, i Symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
2. P11 to P13 are only in the 128-pin version.

Figure19.2 1/0 Ports (2)
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Pull-up selection
Direction register
P6_2, P6_6 B gister | —
e -
~ Fi = ] :
x
Data bus —¢— Portlatch ]
'y
I i (NOTE 1)
~ Switching j_, ”r
between
Q CMOS and Nch
~N
Input to respective peripheral functions @
Pull-up selection
P63, P67 - Direction register j j
P70 pd " -
<L ik
Output—Q_ :
Databus —$/___ Portiaich ¢ oo } :
x
IR ~[>m4\_[>>j | (NOTE 1)
\1 i i
~N
Switching between CMOS and Nch
P x
P8 5 Data bus <4 t O
NMI i i i (NOTE 1)
NMI interrupt input @ S
P7 1.P9. 1 - Direction register |-
pd v
~ ‘
Output—a |
Data bus—¢{ Port latch He % —————O
x
I \_[>0_LD>7 ! (NOTE 2)
< 77T
~N
Input to respective peripheral functions \é}
NOTES
1, i Symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
2. i Symbolizes a parasitic diode.

Figure19.3 1/0 Ports (3)
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19. Programmable /O Ports

P10_0to P10_3 (inside dotted-line
not included)

P10_4 to P10_7 (inside dotted-line
included)

Data bus—¢ Port latch

Pull-up selection

4 J Ld <
Data bus —¢ Port latch
\ [: 5 >0_| T(NOTEU
~N
Analog input o™~

Input to respective peripheral functions

Pull-up selection

)/1—4
~

D/A output enabled
P9 3, P9 4 —{ Direction register jk j
< " f‘
x
Data bus —¢] Port latch } :
x
51 4|>°—LDT ! (NOTE 1)
N\ 1 7
~N
Input to respective peripheral functions @
Analog output
D/A output enabled
Pull-up selection
P9 6 Direction register j
b e -
Data bus —¢ Port latch ST
x
I <[>0_LD—‘ { (NOTE 1)
\1 EL i
~N
Analog input
Pull-up selection
P9 5 Direction register j
e =2
Outpul—c\i\C «
i

T

Input to respective peripheral functions %7

Analog input

1. it Symbolizes a parasitic diode.

Make sure the input voltage on each port will not exceed VCC.

Figure19.4 1/O Ports (4)
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Pull-up selection
be 7 T 5
< = Le @
- e R
Databus — Port latch J +—0O
x
, * (NOTE 1)
#yfc
Y o
V Rf
Pull-up selection
P8 6 —1{_Direction register |4 — j N
< : NS
e | [ v
Data bus —¢—] Port latch ki S ] T ¢ O
% (NOTE 1)
- 4>0—LDW;]7 :
N
i
~N
NOTE
1. e Symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.
Figure19.5 1/0 Ports (5)
-
BYTE T
BYTE signal input | +—0O
X (NOTE1)
777
-
CNVSS *
CNVSS signal input @ + O
X (NOTE1)
77
-
RESET r
RESET signal input 4 +—0
X (NOTE1)
77T
NOTE
1. i Symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed VCC.

Figure19.6 1/0 Pins
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Port Pi Direction Register (i=0to 7,9 to 13) (1)

Symbol Address After Reset

o7 b5 bs bi b3 b2 b1 bo PDO to PD3 03E2h, 03E3h, 03E6h, 03E7h 00h

PD4 to PD7 03EAh, 03EBh, 03EEh, 03EFh 00h

| | | | | | | | | PD9 to PD12 @ 03F3h, 03F6h, 03F7h, 03FAh 00h

e PD13 () 03FBh 00h
po1 o0 r o0 | Bit Symbol Bit Name Function RW
PDi_0 Port Pi_0 Direction Bit | 0 : Input mode RW
A PDi_1 Port Pi_1 Direction Bit (Functions as an input port) RW
e PDi 2 | Port Pi_2 Direction Bit | ' QutPut mode RW

A (Functions as an output port)
el PDi_3 Port Pi_3 Direction Bit RW
e SREELEEs PDi_4 Port Pi_4 Direction Bit RW
Dol e PDi 5 | Port Pi_5 Direction Bit RW
Pt PDi_6 | Port Pi_6 Direction Bit RW
oo PDi_7 Port Pi_7 Direction Bit RW

NOTES:
1. Make sure the PD7 and PD9 registers are written to by the next instruction after setting the PRC2 bit in the
PRCR register to "1" (write enabled).
2. When using the ports P11 to P13, set the PU37 bit in the PUR3 register to "1" (usable).
3. The PD11 to PD13 registers are only in the 128-pin version.

Port P8 Direction Register

b7 b6 b5 b4 b3 b2 b1 b0

| | |><] | | | | | Symbol Address After Reset
N S B N B PD8 03F2h 00X00000b
¢or v | Bit Symbol Bit Name Function RW
i i i i i i i - PD8 0 Port P8_0 Direction Bit | 0 : Input mode RW
Por oo s----1 PD8_1 Port P8_1 Direction Bit (Functions as an input port) RW
R PD8 2 Port P8_2 Direction Bit 1 Output. mode RW
o (Functions as an output port)
e PD8_3 Port P8_3 Direction Bit RW
R SREEEEEEEE PD8 4 Port P8_4 Direction Bit RW
R - Nothing is assigned. When write, set to "0". _
(b5) When read, its content is indeterminate.
b e PD8_6 | Port P8_6 Direction Bit | O : Input mode _ RW
; é)Functlons as an input port)
R N .. | 1 : Output mode

PD8 7 Port P8_7 Direction Bit (Functions as an output port) RW

Figure19.7 PDO to PD13 Registers
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Port Pi Register (i=0to 7, 9to 13) (1
Symbol Address After Reset
b7 bs b5 bs s b2 bi  bo PO to P3 03EOh, 03E1h, 03E4h, 03E5h Indeterminate
P4 to P7 03E8h, 03E9h, 03ECh, 03EDh Indeterminate
| | | | P9 to P12 ) 03F1h, 03F4h, 03F5h, 03F8h Indeterminate
P13 @ 03F9h Indeterminate
¢or o0 v v v | Bit Symbol Bit Name Function RwW
T S Pi_0 Port Pi_0 Bit The pin level on any I/O port which is set | RW
N Pi 1 Port Pi_1 Bit for input mode can be read by reading [ g,y
[ - - . the corresponding bit in this register.
L Pi_2 Port Pi_2 Bit The pin level on any 1/O port which is | RW
T P Pi 3 Port Pi 3 Bit set for output mode can be controlled | gy
. = = by writing to the corresponding bit in
S S —— Pi4 | PortPi_4Bit this register, ponding RW
Do e Pi 5 Port Pi_5 Bit 0:"L"level RW
e Pi6 | PortPi6Bi 1:H" level RW
 RREEREEE L EEREEES Pi_7 Port Pi_7 Bit RW
NOTES:
1. Since P7_1 and P9_1 are N channel open-drain ports, the data is high-impedance.
2. When using the ports P11 to P13, set the PU37 bit in the PURS register to "1" (usable).
If this bit is set to "0" (unusable), the P11 to P13 regisrers are set to "00h".
3. The P11 to P13 registers are only in the 128-pin version.
Port P8 Register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
A P8 03F0h Indeterminate
oo ov oo | Bit symbol Bit name Function RW
e P8_0 Port P8 _0 Bit The pin level on any I/O port which is set | RW
P8 1 Port P8 _1 Bit for input mode can be read by reading |5y
A - - the corresponding bit in this register.
P s Pig_2 Port P8 _2 Bit The pin level on any 1/O port which is | RW
T T T P P8 3 Port P8 3 Bit set for output mode can be controlled | gy
oo — —— by writing to the corresponding bit in
. P8 4 Port P8 _4 Bit this register. (Except for P8_5.) RwW
. P8 5 Port P8 _5 Bit 0:"L"level RO
R —— P8 6 | PortP8_6 Bit 1:"H" level RW
 REEEEEEE e P8 7 |PortP8_7Bit RW
Port P14 Control Regisrer (128-pin version) ()
b7 b6 b5 b4 b3 b2 bl bo
|><|><| | |><|><| | | Symbol Address After Reset
NN [ VNN PC14 03DEh XX00XXXXb
bbbt bt 1| Bit Symbol Bit Name Function RW
A i The pin level on any I/O port which is set
A P P140 Port P14 0 Bit for input m(_)de can bg reaq by reading the RW
A corresponding bit in this register.
A The pin level on any 1/O port which isset for
A output mode can be controlled by writing to
A ) the corresponding bit in this register.
[ P141 Port P14_1 Bit 0:"L" level RW
i i i i i i 1:"H" level
N - Nothing is assigned. When write, set to "0". ~
oo (b3-b2) When read, their contents are indeterminate.
A Port P14_0 Direction| 0 : Input mode
oo FD140 Bit (Functions as an input port) RW
o Direction| 1 : Output mode
b1 R PD141 Eic%rt P14_1 Direction (Functions as an output port) RW
b - Nothing is assigned. When write, set to "0".
""""""""""""""" (b7-b6) When read, their contents are indeterminate. -
NOTE:
1. When using the port P14, set the PU37 bit in the PURS register to "1" (usable).

Figure19.8 PO to P13 Registers and PC14 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 19. Programmable 1/O Ports

Pull-up Control Register 0

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address After Reset

A PURO 03FCh 00h

Bit Symbol Bit Name Function RW
i+ i i i PUoo [ PO_Oto PO_3 Pull-Up 0 : Not pulled high RW
P b -1 PUOT P0_4 to PO_7 Pull-Up 1: Pulled high (1) RW
i PU02  [P1_0to P1_3 Pull-Up RW
it PUO3 P1_4to P1_7 Pull-Up RW
T S — PUO4 | P2_0to P2 3 Pull-Up RW
R CAEEC TR PUO5 P2_4 to P2_7 Pull-Up RW
e —— PUO6 | P3_0to P3_3 Pull-Up RW
R REEEEEEEEEEEEEEEED PU07 | P3 4to P3_7 Pull-Up RW

NOTE:
1. The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.

Pull-up Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address After Reset

S S S S R PUR1 03FDh 00h

Bit Symbol Bit Name Function RW
L PU10 P4_0to P4_3 Pull-Up 0 : Not pulled high RW
P e PU11 P4 4 to P4_7 Pull-Up 1: Pulled high (2) RW
e PU12_ [P5 0to P5_3 Pull-Up RW
R ittt PU13 P5 4 to P5_7 Pull-Up RW
T S — PU4 | P6_0toP6 3 Pull-Up RW
R CAEEC TR PU15 P6_4 to P6_7 Pull-Up RW
T —— PU16 | P7.0,P7_2and P7_3 Pull-Up () RW
bemsmeseeseooeooeooes PU17 P7_4 to P7_7 Pull-Up RW

NOTES:
1. The P7_1 pin does not have pull-up.
2. The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.

Pull-up Control Register 2

b7 b6 b5 b4 b3 b2 bt b0

I><|><| | | | | | | Symbol Address After Reset

S S S B PUR2 03FER 0on

P00 bbb [ Bit Symbol Bit Name Function RW
i op 0 i it i Pu2o | P8 0toP8 3Pull-Up 0 Not pulled high RW
e PU21 P8_4, P8_6 and P8_7 Pull-Up (1) | 1 : Pulled high () RW
A PU22 | P9_0, P9_2 and P9_3 Pull-Up @ RW
e ettt PU23 P9 _4to P9_7 Pull-Up RW
T S — PU24 | P10_0to P10_3 Pull-Up RW
R SCRRRCECEEREES PU25 P10_4 to P10_7 Pull-Up RW
h ______________________ - Nothing is assigned. When write, set to "0". _

(b7-b6) When read, their contents are "0".

NOTES:
1. The P8_5 pin does not have pull-up.
2. The P9_1 pin does not have pull-up.
3. The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.

Figure19.9 PURO Register, PUR1 Register and PUR2 Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 19. Programmable 1/O Ports

Pull-up Control Register 3 (128-pin version)

b7 b6 b5 b4 b3 b2 bt b0

| | | | | | | | | Symbol Address After Reset

A PUR3 03DFh ooh

Bit Symbol Bit Name Function RW
i f i i i1 “{ Puso |P110toP11_3Pull-Up 0 - Not pulled high AW
N PU31 P11_4 to P11_7 Pull-Up 1 : Pulled high (1) RW
e PU32  [P12.0to P12_3 Pull-Up RW
bl PU33 P12_4 to P12_7 Pull-Up RW
T S — PU34 | P13_0to P13 3 Pull-Up RW
T SCRRRCECEEREES PU35 P13_4 to P13_7 Pull-Up RW
T —— PU36 P14_0, P14_1 Pull-Up RW
S — PU37 | P11to P14 Enabling Bit 9 nusable @ RW

NOTES:
1. The pin for which this bit is "1" (pulled high) and the direction bit is "0" (input mode) is pulled high.
2. If the PU37 bit is set to "0" (unusable), the P11 to P14 regisrers are set to "00h".

Figure19.10 PUR3 Register

Port Control Register
b7 b6 b5 b4 b3 b2 bl bo

MM_J Symbol Address After Reset
PCR 03FFh 00h
Bit Symbol Bit Name Function RW

Operation performed when the P1

register is read

0 : When the port is set for input, the
input levels of P1_0 to P1_7 pins

-- PCRO Port P1 Control Bit are read. When set for output, the | RW
port latch is read.

1 : The port latch is read regardless of
whether the port is set for input or

output.
LLLLLLL - Nothing is assigned. When write, set to "0".
""""""""""" (b7-b1) When read, their contents are "0". -
Figure19.11 PCR Register
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M16C/6N Group (M16C/6NL, M16C/6NN) 19. Programmable 1/O Ports

Table 19.2 Unassigned Pin Handling

Pin Name Connection
Ports PO to P7, P8_0 to P8_4, | After setting for input mode, connect every pin to VSS via a resistor (pull-down);
P8 6,P8 7,P9to P14 ® or after setting for output mode, leave these pins open. (V@ ®)
XOUT ® Open
NMI(P8_5) Connect via resistor to VCC (pull-up)
AVCC Connect to VCC
AVSS, VREF, BYTE Connect to VSS

NOTES:

1. When setting the port for output mode and leave it open, be aware that the port remains in input mode
until it is switched to output mode in a program after reset. For this reason, the voltage level on the pin
becomes indeterminate, causing the power supply current to increase while the port remains in input mode.
Furthermore, by considering a possibility that the contents of the direction registers could be changed
by noise or noise-induced runaway, it is recommended that the contents of the direction registers be
periodically reset in software, for the increased reliability of the program.

2. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

3. When the ports P7_1 and P9_1 are set for output mode, make sure a low-level signal is output from the pins.
The ports P7_1 and P9_1 are N-channel open-drain outputs.

4. With external clock input to XIN pin.

5.The ports P11 to P14 are only in the 128-pin version. When not using all of the P11 to p14 pins may be
left open by setting the PU37 bit in the PURS3 register to “0” (P11 to P14 unusable), without causing any

problem.
Microcomputer
Port PO to P14  (Input mode) NN\
(except for P8_5) (1 :
(Input mode) 4\/\/\/—0
(Output mode) — Open vCe
NMI —/\/\/\/j
XOUT —— Open
VCC
AVCC
BYTE
AVSS
VREF
VSS
777
NOTE:
1.The ports P11 to P14 are only in the 128-pin version. When not using all of the P11 to p14 pins
may be left open by setting the PU37 bit in the PURS register to "0" (P11 to P14 unusable),
without causing any problem.

Figure 19.12 Unassigned Pins Handling
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M16C/6N Group (M16C/6NL, M16C/6NN)

20. Flash Memory Version

20. 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, the flash memory can perform in four rewrite mode: CPU rewrite mode, standard
serial /0 mode, parallel I/O mode and CAN I/O mode.

Table 20.1 lists the specifications of the flash memory version. See Tables 1.1 and 1.2 Performance
outline, for the items not listed in Table 20.1). Table 20.2 shows the outline of flash memory rewrite mode.

Table 20.1 Flash Memory Version Specifications
ltem

Flash Memory Operating Mode

Erase Block User ROM Area

Boot ROM Area

Specifications
4 modes (CPU rewrite, standard serial 1/0, parallel I/O, CAN 1/O)
See Figure 20.1 Flash Memory Block Diagram
1 block (4 Kbytes)
In units of word, in units of byte ®
Collective erase, block erase
Program and erase controlled by software command
Lock bit protects each block
8 commands
100 times
Parallel 1/0 , standard serial I/O and CAN I/O modes are supported.

Program Method

Erase Method

Program and Erase Control Method

Protect Method

Number of Commands

Program and Erase Endurance

ROM Code Protection

NOTES:

1. The boot ROM area contains a standard serial I/O mode and CAN I/O mode rewrite control program which is stored in
it when shipped from the factory. This area can only be rewritten in parallel /O mode.

2. Can be programmed in byte units in only parallel I/O mode.

3. Definition of program and erase endurance
The programming and erasure times are defined to be per-block erasure times. For example, assume a case where a 4K-byte
block A is programmed in 2,048 operations by writing one word at a time and erased thereafter. In this case, the block is

reckoned as having been programmed and erased once.
If a product is guaranteed of 100 times of programming and erasure, each block in it can be erased up to 100 times.

[€)

Table 20.2 Flash Memory Rewrite Modes Overview

Rash Memo | cPU Rewrite Mode ! |Standard Serial 110 Mode|  Parallel /0 Mode CAN 1/0 Mode
Function The user ROM area is| The user ROM area is| The boot ROM and user| The user ROM area is
rewritten when the CPU|rewritten using alROM areas are rewritten | rewritten busing a dedicated
executes softwargdedicated serial using a dedicated parallel| CAN programmer.
commands. programmer.
EWO0 mode: Standard serial /O mode 1:| Programmer.
Rewrite in areas other|Clock synchronous
than flash memory @ | serial I/O
EW1 mode: Standard serial I/0 mode 2:
Can be rewritten in the| UART ©
flash memory
Areas which |User ROM area User ROM area User ROM area User ROM area
can be Rewritten Boot ROM area
Operation Single-chip mode Boot mode Parallel /0 mode Boot mode
Mode Boot mode (EWO0 mode)
ROM Programmer| None Serial programmer Parallel programmer CAN programmer
NOTES:

1. The PM13 bit remains set to “1” while the FMRO1 bit in the FMRO register = 1 (CPU rewrite mode enabled). The PM13 bit
is reverted to its original value by setting the FMRO1 bit to “0” (CPU rewrite mode disabled). However, if the PM13 bit is
changed during CPU rewrite mode, its changed value is not reflected until after the FMRO1 bit is set to “0”.

2. When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to “1”. The rewrite control program can
only be executed in the internal RAM area.

3. When using the standard serial /O mode 2, make sure a main clock input oscillation frequency is set to 5 MHz, 10 MHz
or 16 MHz.
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M16C/6N Group (M16C/6NL, M16C/6NN) 20. Flash Memory Version

20.1 Memory Map
The flash memory contains the user ROM area and a boot ROM area. The user ROM area has space to
store the microcomputer operating program a separate 4-Kbyte space as the block A.
Figure 20.1 shows the block diagram of flash memory.
The user ROM area is divided into several blocks, each of which can individually be protected (locked)
against programming or erasure. The user ROM area can be rewritten in all of CPU rewrite, standard serial
I/O mode, parallel I/O mode and CAN I/O mode. Block A is enabled for use by setting the PM10 bit in the
PM1 register to “1” (block A enabled).
The boot ROM area is located at the same addresses as the user ROM area. It can only be rewritten in
parallel /0 mode (refer to 20.1.1 Boot 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 P5_0 pins and an “L” signal is applied to the
P5_5 pin (refer to 20.1.1 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. However, the boot ROM area cannot be read.

corFFFY
00FFFFh Block A: 4 Kbytes

080000h

Block 12: 64 Kbytes

08FFFFh
090000h

Block 11: 64 Kbytes

09FFFFh
0A0000h

Block 10: 64 Kbytes

OAFFFFh
0B0000h

Block 9: 64 Kbytes

0BFFFFh
0C0000h

Block 8: 64 Kbytes

OCFFFFh Jm e
0D0000h /| 0F0000h
!
Block 7: 64 Kbytes / Block 5: 32 Kbytes
!
I
OF7FFFh
ODFFFFh !
F8000h
0E0000h /  OFsoo0 Block 4. 8 Kb
! OF9FFFh ock4: 8 Kortes
Block 6: 64 Kbytes / OFA000h
:I OFBFFFh Block 3: 8 Kbytes
gEggESE ! OFC000h
Block 2: 8 Kbytes
Block 5 to 0 OFDFFFh
(32+8+8+8+4+4) Kbytes g'EQEQ“ Block 1: 4 Kbytes
OFFFFFRL___ | OFFFFFh Block 0: 4 Kbytes OFFFFFh 4 Kbytes
User ROM area Boot ROM area @)
NOTES:

1. Block A can be made usable by setting the PM10 bit in the PM1 register to "1" (block A enabled).
Block A cannot be erased by the erase all unlocked block command. Use the block erase command to
erase it.

2. The boot ROM area can only be rewritten in parallel I/O mode.

3. To specify a block, use an even address in that block.

Figure 20.1 Flash Memory Block Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 20. Flash Memory Version

20.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset occurs while an “H ” signal is applied to the
CNVSS and P5_0 pins and an “L ” signal is applied to the P5_5 pin. A program in the boot ROM area is
executed.

In boot mode, the FMRO5 bit in the FMRO register selects access to the boot ROM area or the user ROM
area.

The rewrite control program for standard serial I/O mode is stored in the boot ROM area before shipment.
The boot ROM area can be rewritten in parallel IO mode only. If any rewrite control program using erase-write
mode (EWO0 mode) is written in the boot ROM area, the flash memory can be rewritten according to the
system implemented.

20.2 Functions to Prevent Flash Memory from Rewriting
The flash memory has a built-in ROM code protect function for parallel I/O mode and a built-in ID code
check function for standard serial I/O mode and CAN I/O mode to prevent the flash memory from reading or
rewriting.

20.2.1 ROM Code Protect Function
The ROM code protect function inhibits the flash memory from being read or rewritten during parallel I/O
mode. Figure 20.2 shows the ROMCP register. The ROMCP register is located in the user ROM area.
The ROM code protect function is enabled when the ROMCR bits are set to other than “11b ”. In this case,
setthe bit5to bit0to “111111b .
When exiting ROM code protect, erase the block including the ROMCP register by the CPU rewrite mode
or the standard serial /0O mode or CAN I/O mode.

20.2.2 ID Code Check Function

Use the ID code check function in standard serial /O mode and CAN 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 “FFFFFFFFh”, ID codes are not compared, allowing all commands to be accepted.
The ID codes are 7-byte data stored consecutively, starting with the first byte, into addresses OFFFDFh,
OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh. The flash memory must have a
program with the ID codes set in these addresses.

Figure 20.3 shows the ID code store addresses.
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M16C/6N Group (M16C/6NL, M16C/6NN) 20. Flash Memory Version

ROM Code Protect Control Address

b7 b6 b5 b4 b3 b2 bl bo

1111171 T4 T+ Symbol Address Value when Shipped
— 1 ROMCP OFFFFFh FFh (1)
i1 i 111 [ Bit Symbol Bit Name Function RW
(b5-b0) Reserved Bit Setto"1" RW
b 6706
. 00: RW
b ROMCP1 ROM Code Protect Level 1| g 1 :}Protect enabled
Set Bit (1) (2) (3) (4) 10: .
11 : Protect disabled

NOTES:

1. If a memory block that including ROMCP register is erased, the ROMCP register is set to "FFh".

2. If the ROMCP1 bit is set to other than "11b" (ROM code protect enabled), the flash memory is disabled
against reading and rewriting in parallel /O mode.

3. When the ROMCP1 bit is set to other than "11b", set the bit 5 to bit 0 to "111111b".
If the bit 5 to bit 0 are set to other than "111111b", ROM code protect function may not become effective
even if the RPMCP1 bit is set to other than "11b".

4. When exiting ROM code protect, erase the block including the ROMCP register by CPU rewrite mode or
standard serial /0 or CAN 1/0 mode.

Figure 20.2 ROMCP Register

/_.W —
Address = I o o

= H

OFFFDFh to OFFFDCh | ID1 :Undefined instruction vector
OFFFE3h to OFFFEOh ID2 EOverrow vector

OFFFE7h to OFFFE4h i BRK instruction vector

OFFFEBh to OFFFESh | D3 i Address match vector

OFFFEFh to OFFFECh | ID4 :Single step vector

OFFFF3h to OFFFFOh | ID5 : Oscilation stop and re-oscillation detection/Watchdog timer vector

OFFFF7h to OFFFF4h ID6 EDBC vector

OFFFFBh to OFFFF8h [ 1D7  NMI vector

OFFFFFh to OFFFFCh |ROMCP: Reset vector

N— U
—

4 bytes

Figure 20.3 Address for ID Code Stored
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M16C/6N Group (M16C/6NL, M16C/6NN)

20. Flash Memory Version

20.3 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 is mounted on a board without using a parallel,
serial or CAN programmer.
In CPU rewrite mode, only the user ROM area shown in Figure 20.1 can be rewritten. The boot ROM area
cannot be rewritten. Program and the block erase command are executed only in the user ROM area.
Erase-write 0 (EWO0) mode and erase-write 1 (EW1) mode are provided as CPU rewrite mode.

Table 20.3 lists the differences between EW0 and EW1 modes.

Table 20.3 EW0 Mode and EW1 Mode

ltem

EWO0 Mode

EW1 Mode

Operation Mode

« Single chip mode
» Boot mode

Single chip mode

Space where Rewrite
Control Program can be
Placed

» User ROM area
* Boot ROM area

User ROM area

Space where Rewrite
Control Program can be
Executed

The rewrite control program must be
transferred to any space other than the
flash memory (e.g., RAM) before being

executed @

The rewrite control program can be
executed in the user ROM area

Space which can be
Rewritten

User ROM area

User ROM area
However, this excludes blocks with the
rewrite control program

Software Command
Restriction

None

* Program and block erase commands
cannot be executed in a block having
the rewrite control program.

« Erase all unlocked block command
cannot be executed when the lock bit in
a block having the rewrite control program
is set to “1” (unlocked) or when the
FMRO2 bit in the FMRO register is set
to “1” (lock bit disabled).

» Read status register command cannot
be used

Modes after Program or
Erasing

Read status register mode

Read array mode

CPU Status during Auto
Write and Auto Erase

Operating

Maintains hold state (I/O ports maintains
the state before the command was
executed)

Flash Memory Status
Detection

*Read the FMR00, FMR06 and FMR07
bits in the FMRO register by program
*Execute the read status register
command to read the SR7, SR5, and
SR4 bits in the status register

Read the FMR00, FMR06 and FMRO7
bits in the FMRO register by program

NOTES:

1. Do not generate an interrupts (except NMI and watchdog timer interrupts) and DMA transfer.
2.When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to “1”. The rewrite
control program can only be executed in the internal RAM area.
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M16C/6N Group (M16C/6NL, M16C/6NN) 20. Flash Memory Version

20.3.1 EW0 Mode
The microcomputer enters CPU rewrite mode by setting the FMRO1 bit in the FMRO register to “1” (CPU
rewrite mode enabled) and is ready to accept commands. EW0 mode is selected by setting the FMR11 bit
in the FMR1 register to “0”. To set the FMRO1 bit to “1”, set to “1” after first writing “0”.
The software commands control programming and erasing. The FMRO register or the status register
indicates whether a program or erase operation is completed as expected or not.

20.3.2 EW1 Mode
EW1 mode is selected by setting FMR11 bit to “1” (by writing “0” and then “1” in succession) after setting
the FMRO1 bit to “1” (by writing “0” and then “1” in succession). (Both bits must be set to “0” first before
setting to “1”.)
The FMRO register indicates whether or not a program or erase operation has been completed as
expected. The status register cannot be read in EW1 mode.
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M16C/6N Group (M16C/6NL, M16C/6NN)

20. Flash Memory Version

20.3.3 FMRO, FMR1 Registers
Figure 20.4 shows FMRO and FMR1 registers.

Flash Memory Control Register 0

b7 b6 b5 b4 b3 b2 bl b0

| | | 0 | | | | Symbol Address After Reset
. FMRO 01B7h 00000001b
P b1 Bit Symbol Bit Name Function RW
BY 0 : Busy (being written or erased) (1)
- RY/BY Fl

FMRO00 /BY Status Flag 1 Ready RO
CPU Rewrite Mode 0 : Disables CPU rewrite mode
e FMRO1 Select Bit (2) 1 : Enables CPU rewrite mode RW
S Lock Bit Disable Select | 0: Enables lock bit
T N FMRO2 | gt (a) 1: Disables lock bit RW
0 Enables flash memory operation
[ R T Flash Memory Stop 1: Stops flash memory operation
FMSTP | git 4 ) (placed in low power dissipation mode, | AW
A flash memory initialized)
S — (b4) Reserved Bit Setto "0" RW
e EMRO5 gﬁ?Z)ROM Area Select 0 : Boot ROM area is accessed AW
(Effective in only boot mode) 1 : User ROM area is accessed
P 0 : Terminated normally
' b e e e e e e e 6
FMR06 Program Status Flag () 1 : Terminated in error RO
: 0 : Terminated normally
M e e ()

FMRO7 Erase Status Flag (© 1 : Terminated in error RO

NOTES:

before writing "1" after writing "0".

other than the flash memory.
To set this bit to "0", in a read array mode.

transfers will occur before writing "1" after writing "0".
4. Write to this bit from a program in other than the flash memory.

6. This bit is set to "0" by executing the clear status command.

Flash Memory Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

1.This status includes writing or reading with the lock bit program or read lock bit status command.
2.To set this bit to "1", write "0" and then "1" in succession. Make sure no interrupts or no DMA transfers will occur

Write to this bit when the NMI pin is in the high state. Also, while in EW0 mode, write to this bit from a program in

3. To set this bit to "1", write "0" and then "1" in succession when the FMRO01 bit = 1. Make sure no interrupts or no DMA

5. Effective when the FMRO1 bit = 1 (CPU rewrite mode). If the FMRO1 bit = 0, although the FMSTP bit can be set to
"1" by writing "1" in a program, the flash memory is neither placed in lo power dissipation state nor initialized.

Write to this bit when the NMI pin is in the high state.

The FMRO01 and FMR11 bits both are set to "0" by setting the FMRO01 bit to "0".

| | | | | | | | | Symbol Address After Reset
o] [o04o) | | | FMR1 01B5h 0X00XXO0Xb
oo b ] Bt Symbol Bit Name Function RW
- . The value in this bit when read is
(b0) Reserved Bit indeterminate. RO
A . 0 : EW0 mode
S 1
Poro FMR11 EW1 Mode Select Bit (1) 1 EW1 mode RW
[ O S . ; The value in this bit when read is RO
(b3-02) Reserved Bit indeterminate.
ERRREEEEEEEEES (b5-b4) Reserved Bit Set to "0" RW
_______________________ . 0 : Lock
FMR16 Lock Bit Status Flag 1 Unlock RO
 SGLESGRREESLTEERSEERRY (b7) Reserved Bit Setto "0" RW
NOTE:

1. To set this bit to "1", write "0" and then "1" in succession when the FMRO1 bit in the FMRO register = 1. Make sure no
interrupts or no DMA transfers will occur before writing "1" after writing "0".

Figure 20.4 FMRO Register and FMR1 Register
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20.3.3.1 FMRO0O Bit
This bit indicates the flash memory operating status. It is set to “0” while the program, block erase, erase
all unlocked block, lock bit program, or read lock bit status command is being executed; otherwise, it is
setto “1”.

20.3.3.2 FMRO1 Bit
The microcomputer can accept commands when the FMRO1 bit is set to “1” (CPU rewrite mode). Set the
FMRO5 bit to “1” (user ROM area access) as well if in boot mode.

20.3.3.3 FMRO02 Bit
The lock bit is disabled by setting the FMRO02 bit to “1” (lock bit disabled). (Refer to 20.3.6 Data Protect
Function.) The lock bit is enabled by setting the FMRO02 bit to “0” (lock bit enabled).
The FMRO02 bit does not change the lock bit status but disables the lock bit function. If the block erase or
erase all unlocked block command is executed when the FMRO02 bit is set to “1”, the lock bit status
changes “0” (locked) to “1” (unlocked) after command execution is completed.

20.3.3.4 FMSTP Bit
This bit resets the flash memory control circuits and minimizes power consumption in the flash memory.
Access to the flash memory is disabled when the FMSTP bit is set to “1”. Set the FMSTP bit by program
in a space other than the flash memory.
Set the FMSTP bit to “1” if one of the followings occurs:
* A flash memory access error occurs while erasing or programming in EW0 mode (FMRO0O bit does not

switch back to “1” (ready))

» Low power dissipation mode or on-chip oscillator low power dissipation mode is entered
Figure 20.7 shows a flow chart illustrating how to start and stop the flash memory before and after
entering low power dissipation mode. Follow the procedure on this flow chart.
When entering stop or wait mode, the flash memory is automatically turned off. When exiting stop or wait
mode, the flash memory is turned back on. The FMRO register does not need to be set.

20.3.3.5 FMRO05 Bit
This 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.

20.3.3.6 FMRO06 Bit
This is a read-only bit indicating an auto program operation state. The FMRO06 bit is set to “1” when a
program error occurs; otherwise, it is set to “0”. Refer to 20.3.8 Full Status Check.

20.3.3.7 FMRO07 Bit
This is a read-only bit indicating the auto erase operation status. The FMRO7 bit is set to “1” when an
erase error occurs; otherwise, it is set to “0”. For details, refer to 20.3.8 Full Status Check.

20.3.3.8 FMR11 Bit
EWO0 mode is entered by setting the FMR11 bit to “0” (EWO0 mode).
EW1 mode is entered by setting the FMR11 bit to “1” (EW1 mode).

20.3.3.9 FMR16 Bit
This is a read-only bit indicating the execution result of the read lock bit status command. When the
block, where the read lock bit status command is executed, is locked, the FMR16 bit is set to “0”.
When the block, where the read lock bit status command is executed, is unlocked, the FMR16 bit is set
to “1”.

Figure 20.5 shows how to enter and exit EW0 mode. Figure 20.6 show how to enter and exit EW1 mode.
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Procedure to enter EW0 mode

l .--Rewrite control program:--{-------=--=-----smmemmnnnnnae .
b In boot mode only
Single-chip mode or boot mode : set the FMRO5 bit to "1" (user ROM area access)
T g I
Transfer the rewrite control program in CPU rewrite : Set the FMRO01 bit to "1" (CPU rewrite mode
mode to a space other than the flash memory ©) H enabled) after writing "0" @
T g )
Set CMO0, CM1, and PM1 registers (1) Execute software commands
T g )
Jump to the rewrite control program transferred to : Execute the read array command @)
a space other than the flash memory. :
(In the following steps, use the rewrite control : 1
program in a space other than the flash memory.) : Set the FMRO1 bit to "0"
| (CPU rewrite mode disabled)
' 1
In boot mode only
Set the FMRO5 bit to "0" (Boot ROM area
accessed) 4
1
Jump to a desired address in the flash memory

NOTES:
1.In CPU rewrite mode, set the CMO06 bit in the CMO register and CM17 to CM16 bits in the CM1 register to CPU

clock frequency of 10 MHz or less. Set the PM17 bit in the PM1 register to "1" (with wait state).
2.Set the FMRO1 bit to "1" immediately after setting it to "0". Do not generate an interrupts or DMA transfer between
setting the bit to "0" and setting it to "1".
Set the bit to "0" if setting to "0". Set this bit in a space other than the flash memory while the NMI pin is held "H".
3.Exit CPU rewrite mode after executing the read array command.
4.When CPU rewrite mode is exited while the FMROS5 bit is set to "1", the user ROM area can be accessed.
5.When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to "1". The rewrite control program
can only be executed in the internal RAM area.

Figure 20.5 Setting and Resetting of EW0 Mode

Procedure to enter EW1 mode
Program in the ROM
1
Single-chip mode (1)

1

Set CMO0, CM1, and PM1 registers @)

1

Set the FMRO1 bit to "1" (CPU rewrite mode
enabled) after writing "0"

Set the FMR11 bit to "1" (EW1 mode) after
writing "0" (EW1 mode) @

1

Execute the software commands

{

Set the FMRO1 bit to "0"
(CPU rewrite mode disabled)

NOTES:

1.In EW1 mode, do not enter the boot mode.

2.In CPU rewrite mode, set the CMO6 bit in the CMO register and the CM17 to CM16 bits in the CM1 register to
CPU clock frequency of 10.0 MHz or less. Set the PM17 bit in the PM1 register to "1" (with wait state).

3.Set the FMRO1 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".
Set the FMR11 bit to "1" immediately after setting it to "0" while the FMRO01 bit is set to "1".
Do not generate an interrupt or a DMA transfer between setting the FMR11 bit to "0" and setting it to "1".
Set the FMRO1 and FMR11 bits while "H" is applied to the NMI pin.

Figure 20.6 Setting and Resetting of EW1 Mode
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Low power dissipation ___|_ ..
l i"" mode program ]
Transfer a low power dissipation mode program Set the FMRO1 bit to "1" after setting it to "0"
to a space other the flash memory H (CPU rewrite mode enabled)
Jump to the low power dissipation mode program i | Set the FMSTP bit to "1" (the flash memory stop1s
transferred to a space other than the flash memory i | operating. ltis in a low power dissipation state) ()
(In the following steps, use the low power dissipation : l
mode in a space other than the flash memory.) :
Switch the clock source of the CPU clock.
Turn main clock stops. )

|

Process in low power dissipation mode or
on-chip oscillator low power dissipation mode )

l

Start Wait Switch
main clock - until oscillation - clock source of
oscillation stabilizes the CPU clock @

I

Set the FMSTP bit to "0" (flash memory operation)

]

Set the FMRO1 bit to "0"
(CPU rewrite mode disabled)

]

Wait until the flash memory circuit
stabilizes (tps ps) @

|

Jump to a desired address in the flash memory

NOTES:
1. Set the FMSTP bit in the FMRO register to "1" after setting the FMRO1 bit in the FMRO register to "1" (CPU rewrite mode).
2.Wait until clock stabilizes to switch clock source of the CPU clock to the main clock or sub clock.
3.Add tps us wait time by program. Do not access the flash memory during this wait time.
4 Before entering wait mode or stop mode, be sure to set the FMRO01 bit to "0" (CPU rewrite disabled).

Figure 20.7 Processing Before and After Low Power Dissipation Mode
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20.3.4 Precautions on CPU Rewrite Mode

20.3.4.1 Operating Speed
Set the CMO06 bit in the CMO register and the CM17 to CM16 bits in the CM1 register to clock frequency
of 10 MHz or less before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the PM17 bit in the
PM1 register to “1” (with wait state).

20.3.4.2 Prohibited Instructions
The following instructions cannot be used in EW0 mode because the CPU tries to read data in flash
memory: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

20.3.4.3 Interrupts (EW0 Mode)

* 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 FMRO and FMR1 registers are forcibly
reset when either interrupt request is generated. Allocate the jump addresses for each interrupt service
routines to the fixed vector table. Flash memory rewrite operation is aborted when the NMI or watchdog
timer interrupt request is generated. 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.

20.3.4.4 Interrupts (EW1 Mode)

+ Do not acknowledge any interrupts with vectors in the relocatable vector table or address match interrupt
during the auto program or auto erase period.

* Do not use the watchdog timer interrupt.

+ The NMl interrupt is available since the FMRO and FMR1 registers are forcibly reset when the interrupt
request is generated. Allocate the jump address for the interrupt service routine to the fixed vector table.
Flash memory rewrite operation is aborted when the NMI interrupt request is generated. Execute the
rewrite program again after exiting the interrupt service routine.

20.3.4.5 How to Access
To set the FMRO1, FMR02 or FMR11 bit to “1”, write “1” after first setting the bit to “0”. Do not generate
an interrupt or a DMA transfer between the instruction to set the bit to “0” and the instruction to set the bit
to “1”. Set the bit while an “H” signal is applied to the NMI pin.

20.3.4.6 Rewriting in User ROM Area (EW0 Mode)
The supply voltage drops while 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 /0O mode or parallel /O mode or CAN I/O
mode.

20.3.4.7 Rewriting in User ROM Area (EW1 Mode)
Avoid rewriting any block in which the rewrite control program is stored.

20.3.4.8 DMA Transfer
In EW1 mode, do not perform a DMA transfer while the FMRO0O bit in the FMRO register is set to “0” (auto
programming or auto erasing).
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20.3.4.9 Writing Command and Data
Write commands and data to even addresses in the user ROM area.

20.3.4.10 Wait Mode
When entering wait mode, set the FMRO1 bit in the FMRO register to “0” (CPU rewrite mode disabled)
before executing the WAIT instruction.

20.3.4.11 Stop Mode
When entering stop mode, the following settings are required:
» Set the FMRO01 bit to “0” (CPU rewrite mode disabled). Disable DMA transfer before setting the CM10
bit to “1” (stop mode).
 Execute the instruction to set the CM10 bit to “1” (stop mode) and then the JMP.B instruction.
Example program BSET 0, CM1 ; Stop mode
JMP.B L1
L1:
Program after exiting stop mode

20.3.4.12 Low Power Dissipation Mode and On-chip Oscillator Low Power Dissipation Mode
If the CMO5 bit is set to “1” (main clock stopped), do not execute the following commands:
* Program
* Block erase
* Erase all unlocked blocks
* Lock bit program software command
* Read lock bit status
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20.3.5 Software Commands
Software commands are described below. The command code and data must be read and written in 16-bit
unit, to and from even addresses in the user ROM area. When writing command code, the high-order 8
bits (D15 to D8) are ignored.
Table 20.4 lists the software commands.

Table 20.4 Software Commands

First Bus Cycle Second Bus Cycle
Software Command Mode Address (Dg?éam) Mode Address (Dg?éam)

Read Array Write X xxFFh - - -
Read Status Register Write X xx70h Read X SRD
Clear Status Register Write X xx50h - - -
Program Write WA xx40h Write WA WD
Block Erase Write X xx20h Write BA xxDO0h
Erase All Unlocked Block " Write X xxA7h Write X xxDOh
Lock Bit Program Write BA XX77h Write BA xxDO0Oh
Read Lock Bit Status Write X xx71h Write BA xxDO0h

SRD:data in SRD register (D7 to D0)
WA: Address to be written (The address specified in the first bus cycle is the same even address as the
address specified in the second bus cycle.)
WD: 16-bit write data
BA: Highest-order block address (must be an even address)
X: Any even address in the user ROM area
xx: High-order 8 bits of command code (ignored)
NOTE
1.1t is only blocks 0 to 12 that can be erased by the erase all unlocked block command.
Block A cannot be erased. The block erase command must be used to erase the block A.

20.3.5.1 Read Array Command (FFh)
The read array command reads the flash memory.
By writing command code “xxFFh” in the first bus cycle, read array mode is entered. Content of a
specified address can be read in 16-bit unit 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.

20.3.5.2 Read Status Register Command (70h)
The read status register command reads the status register (refer to 20.3.7 Status Register (SRD
Register) for detail).
By writing command code “xx70h” 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.
Do not execute this command in EW1 mode.

20.3.5.3 Clear Status Register Command (50h)
The clear status register command clears the status register.
By writing “xx50h” in the first bus cycle, the FMR07, FMRO06 bits in the FMRO register are set to “00b”
and the SR5, SR4 bits in the status register are set to “00b”.
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20.3.5.4 Program Command (40h)
The program command writes 2-byte data to the flash memory.
By writing “xx40h” in the first bus cycle and data to the write address in the second bus cycle, an auto
program operation (data program and verify) will start. The address value specified in the first bus cycle
must be the same even address as the write address specified in the second bus cycle.
The FMRO0O bit in the FMRO register indicates whether an auto program operation has been completed.
The FMROO bit is set to “0” (busy) during auto program and to “1” (ready) when an auto program operation
is completed.
After the completion of an auto program operation, the FMRO06 bit in the FMRO register indicates
whether or not the auto program operation has been completed as expected. (Refer to 20.3.8 Full
Status Check.)
An address that is already written cannot be altered or rewritten.
Figure 20.8 shows a flow chart of the program command programming.
The lock bit protects each block from being programmed inadvertently. (Refer to 20.3.6 Data Protect
Function.)
In EW1 mode, do not execute this command on the block where the rewrite control program is allocated.
In EWO0 mode, the microcomputer enters read status register mode as soon as an auto program operation
starts. The status register can be read. The SR7 bit in the status register is set to “0” at the same time an
auto program operation starts. It is set to “1” when auto program operation is completed. The microcom-
puter remains in read status register mode until the read array command is written. After completion of
an auto program operation, the status register indicates whether or not the auto program operation has
been completed as expected.

[ Start J
v

Write the command code "xx40h"
to an address to be the written

v

Write data to an address
to be written

YES

Full status check

y

Program operation is
completed

NOTE:
1. Write the command code and data to even addresses.

Figure 20.8 Program Command
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20.3.5.5 Block Erase Command
The block erase command erases each block.
By writing “xx20h” in the first bus cycle and “xxD0Oh” to the highest-order even address of a block in the
second bus cycle, an auto erase operation (erase and verify) will start in the specified block.
The FMROO bit in the FMRO register indicates whether an auto erase operation has been completed.
The FMRO0O bit is set to “0” (busy) during auto erase and to “1” (ready) when the auto erase operation is
completed.
After the completion of an auto erase operation, the FMRO07 bit in the FMRO register indicates whether
or not the auto erase operation has been completed as expected. (Refer to 20.3.8 Full Status Check.)
Figure 20.9 shows a flow chart of the block erase command programming.
The lock bit protects each block from being programmed inadvertently. (Refer to 20.3.6 Data Protect
Function.)
In EW1 mode, do not execute this command on the block where the rewrite control program is allocated.
In EW0 mode, the microcomputer enters read status register mode as soon as an auto erase operation
starts. The status register can be read. The SR7 bit in the status register is set to “0” at the same time an
auto erase operation starts. It is set to “1” when an auto erase operation is completed. The micro-
computer remains in read status register mode until the read array command or read lock bit status
command is written.

( Start J
v

Write the command code "xx20h"

v
Write "xxDOh" to the highest-order
block address

YES

Full status check

v

Block erase operation is
completed

NOTE:
1.Write the command code and data to even addresses.

Figure 20.9 Block Erase Command
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20.3.5.6 Erase All Unlocked Block
The erase all unlocked block command erases all blocks except the block A.
By writing “xxA7h” in the first bus cycle and “xxD0h” in the second bus cycle, an auto erase (erase and
verify) operation will run continuously in all blocks except the block A.
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 FMRO7 bit in the FMRO register indicates whether
or not the auto erase operation has been completed as expected.
The lock bit can protect each block from being programmed inadvertently. (Refer to 20.3.6 Data Protect
Function.)
In EW1 mode, do not execute this command when the lock bit for any block storing the rewrite control
program is set to “1” (unlocked) or when the FMRO2 bit in the FMRO register is set to “1” (lock bit
disabled).
In EW0 mode, the microcomputer enters read status register mode as soon as an auto erase operation
starts. The status register can be read. The SR7 bit in the status register is set to “0” (busy) at the same
time an auto erase operation starts. It is set to “1” (ready) when an auto erase operation is completed.
The microcomputer remains in read status register mode until the read array command or read lock bit
status command is written.
Only blocks 0 to 12 can be erased by the erase all unlocked block command. The block A cannot be
erased. Use the block erase command to erase the block A.

20.3.5.7 Lock Bit Program Command
The lock bit program command sets the lock bit for a specified block to “0” (locked).
By writing “xx77h” in the first bus cycle and “xxD0Oh” to the highest-order even address of a block in the
second bus cycle, the lock bit for the specified block is set to “0”. The address value specified in the first bus
cycle must be the same highest-order even address of a block specified in the second bus cycle.
Figure 20.10 shows a flow chart of the lock bit program command programming. Execute read lock bit
status command to read lock bit state (lock bit data).
The FMROO bit in the FMRO register indicates whether a lock bit program operation is completed.
Refer t0 20.3.6 Data Protect Function for details on lock bit functions and how to set it to “1” (unlocked).

[ Start J
v
Write command code "xx77h" to
the highest-order block address
v
Write "xxDOh" to the highest-order
block address

YES

Full status check

v

Lock bit program operation
is completed

NOTE:
1.Write the command code and data to even addresses.

Figure 20.10 Lock Bit Program Command
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20.3.5.8 Read Lock Bit Status Command (71h)
The read lock bit status command reads the lock bit state of a specified block.
By writing “xx71h” in the first bus cycle and “xxD0h” to the highest-order even address of a block in the
second bus cycle, the FMR16 bit in the FMR1 register stores information on whether or not the lock bit
of a specified block is locked. Read the FMR16 bit after the FMROO bit in the FMRO register is set to “1”
(ready).
Figure 20.11 shows a flow chart of the read lock bit status command programming.

[ Start J
v

Write the command code "xx71h"

v
Write "xxDOh" to the highest-order
block address

YES

NO

YES

[ Block is locked ] [ Block is not locked ]

NOTE:
1. Write the command code and data to even addresses.

Figure 20.11 Read Lock Bit Status Command
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20.3.6 Data Protect Function
Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMRO02 bit
in the FMRO register to “0” (lock bit enabled). The lock bit allows each block to be individually protected
(locked) against program and erase. This helps prevent 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 “17, 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 FMRO02 bit is set to “17, the
target block or all blocks are erased regardless of lock bit status. The lock bit status of each block are set
to “1” after an erase operation is completed.

Refer to 20.3.5 Software Commands for details on each command.

20.3.7 Status Register (SRD Register)
The status register indicates the flash memory operation state and whether or not an erase or program
operation is completed as expected. The FMR00, FMR06 and FMRO07 bits in the FMRO register indicate
status register states.
Table 20.5 shows the status register.
In EW0 mode, the status register can be read when the followings occur.
* Any even address in the user ROM area is read after writing the read status register command
» Any even address in the user ROM area is read from when the program, block erase, erase all unlocked
block, or lock bit program command is executed until when the read array command is executed.

20.3.7.1 Sequencer Status (SR7 and FMRO0O Bits)
The sequence status indicates the flash memory operation state. It is set to “0” while the program, block
erase, erase all unlocked block, lock bit program, or read lock bit status command is being executed;
otherwise, it is set to “1”.

20.3.7.2 Erase Status (SR5 and FMRO07 Bits)
Refer to 20.3.8 Full Status Check.

20.3.7.3 Program Status (SR4 and FMRO06 Bits)
Refer to 20.3.8 Full Status Check.
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Table 20.5 Status Register

Bitsin Status (Bits in FMRO| o\ o Contents Value after
Register Register “0” “q Reset
SR7 (D7) |FMRO0O Sequencer status Busy Ready 1
SR6 (D6) |- Reserved - - -
SR5 (D5) |FMRO7 Erase status Terminated normally| Terminated in error 0
SR4 (D4) |FMRO06 Program status Terminated normally| Terminated in error 0
SR3 (D3) |- Reserved - - -
SR2 (D2) |- Reserved - - -
SR1 (D1) |- Reserved - - -
SRO (DO) |- Reserved - - -

D7 to DO: These data bus are read when the read status register command is executed.
NOTE:
1. The FMRO7 bit (SR5) and FMRO06 bit (SR4) are set to “0” by executing the clear status register command.
When the FMRO07 bit (SR5) or FMRO06 bit (SR4) is set to “1”, the program, block erase, erase all
unlocked block, and lock bit program commands are not accepted.
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20.3.8 Full Status Check
If an error occurs when a program or erase operation is completed, the FMR06, FMRO07 bits in the FMRO
register are set to “1”, indicating a specific error. Therefore, execution results can be confirmed by check-

ing these bits (full status check).
Table 20.6 lists errors and FMRO register state. Figure 20.12 shows a flow chart of the full status check

and handling procedure for each error.

Table 20.6 Errors and FMRO Register Status

FRMOO Register
(Status Register)

Status Error Error Occurrence Conditions
FMRO7 bit | FMRO06 bit
(SR5) (SR4)

1 1 Command * Command is written incorrectly
Sequence * A value other than “xxD0Oh” or “xxFFh” is written in the second
error bus cycle of the lock bit program, block erase or erase all

unlocked block command
1 0 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 and auto erase operation is not
completed as expected

0 1 Program error | The program command is executed on locked blocks ?

* The program command is executed on unlocked blocks but
program operation is not completed as expected

* The lock bit program command is executed but program
operation is not completed as expected

NOTES:
1. The flash memory enters read array mode by writing command code “xxFFh” in the second bus cycle of

these commands. The command code written in the first bus cycle becomes invalid.
2. When the FMRO02 bit in the FMRO register is set to “1” (lock bit disabled), no error occurs even under
the conditions above.
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[ Full status check )

FMRO6 =1 YES .
and Command L. (1) E_xecut'('a Ehe clear status register command and set the SR4 and SR5
EFMRO7=1? sequence error bits to "0" (completed as expected).

(2) Rewrite command and execute again.

[ Erase error J - - (1) Execute the clear status register command and set the SR5 bit to "0".

(2) Execute the lock bit read status command. Set the FMRO02 bit in the

FMRO register to "1" (lock bit disabled) if the lock bit in the block where
YES 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.

FMR06=0? NO [ Program error ] = = [When a program operation is executed]
(1) Execute the clear status register command and set the SR4 bit to "0"
(completed as expected).
YES (2) Execute the read lock bit status command and set the FMRO02 bit to "1"
if the lock bit in the block where the error occurred is set to "0".
(3) Execute the program command again.

NOTE: When a similar error occurs, that block cannot be used.
If the lock bit is set to "1" 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 FMRO2 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.

v

[Full status check completed]

FMRO06, FMRO7: Bits in FMRO register

NOTE:
1. When either FMRO06 or FMRO07 bit is set to "1" (terminated by error), the program, block erase, erase all unlocked block, lock bit program
and read lock bit status commands cannot be accepted.
Execute the clear status register command before each command.

Figure 20.12 Full Status Check and Handling Procedure for Each Error
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20.4 Standard Serial 1/0 Mode
In standard serial I/O mode, the serial programmer supporting the M16C/6N Group (M16C/6NL, M16C/
B6NN) can be used to rewrite the flash memory user ROM area in the microcomputer 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.
Table 20.7 lists pin functions for standard serial /0 mode. Figures 20.13 and 20.14 show pin connections
for standard serial I/O mode.

20.4.1 ID Code Check Function
The ID code check function determines whether the ID codes sent from the serial programmer matches
those written in the flash memory. (Refer to 20.2 Functions to Prevent Flash Memory from Rewriting.)
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Table 20.7 Pin Functions for Standard Serial /O Mode

Pin Name I/0 Description
VCC1, VCC2, VSS |Power supply Apply the voltage guaranteed for Program and Erase to VCC1 pin
input and VCC2 to VCC2 pin. The VCC apply condition is that VCC2 =
VCC1. Apply 0 V to VSS pin.
CNVSS CNVSS I [Connectto VCC1 pin.
RESET Reset input | [Reset input pin. While RESET pin is "L" level, input 20 cycles or
longer clock to XIN pin.
XIN Clock input I [Connect a ceramic resonator or crystal oscillator between XIN and
XOUuT Clock output O |XOUT pins. To input an externally generated clock, input it to XIN
pin and open XOUT pin.
BYTE BYTE | | Connect this pin to VCC1 or VSS.
AVCC, AVSS Analog power Connect AVCC to VCC1 and AVSS to VSS, respectively.
supply input
VREF Reference | Enter the reference voltage for A/D and D/A converters from this
voltage input pin.
PO_0to PO_7 Input port PO | |Input “H” or “L” level signal or open.
P1_0to P1_7 Input port P1 | |Input “H” or “L” level signal or open.
P2_0to P2_7 Input port P2 | Input “H” or “L” level signal or open.
P3_0to P3_7 Input port P3 | |Input “H” or “L” level signal or open.
P4 _0to P4_7 Input port P4 | |Input “H” or “L” level signal or open.
P50 CE input | |Input “H” level signal.
P5_1 to P5_4, Input port P5 | |Input “H” or “L” level signal or open.
P5_6, P5_7
P5 5 EPM input | |Input “L” level signal.
P6_0to P6_3 Input port P6 | |Input “H” or “L” level signal or open.
P6_4/RTS1 BUSY output O |Standard serial I/O mode 1: BUSY signal output pin
Standard serial I/O mode 2: Monitors the boot program operation
check signal output pin.
P6_5/CLK1 SCLK input | |Standard serial /O mode 1: Serial clock input pin.
Standard serial I/0 mode 2: Input “L”.
P6_6/RXD1 RXD input | |Serial data input pin
P6_7/TXD1 TXD output O |Serial data output pin ™
P7_0to P7_7 Input port P7 | Input “H” or “L” level signal or open.
P8_0 to P8_4, Input port P8 | |Input “H” or “L” level signal or open.
P8_6, P8_7
P8_5/NMI 'NMI input | | Connect this pin to VCCH.
P9_0to P9_4, P9_7 |Input port P9 | |Input “H” or “L” level signal or open.
P9 5/CRXO0 CRX input | Input “H” or “L” level signal or connect to a CAN transceiver.
P9_6/CTX0 CTX output O |Input “H” level signal, open or connect to a CAN transceiver.
P10_0to P10_7 Input port P10 | |Input “H” or “L” level signal or open.
P11 0to P11_7® |Input port P11 I |Input “H” or “L” level signal or open.
P12 0to P12.7® |Input port P12 I |Input “H” or “L” level signal or open.
P13_0to P13_7 ® [Input port P13 I |Input “H” or “L” level signal or open.
P14 0, P14 1©® Input port P14 I |Input “H” or “L” level signal or open.

NOTES:

1. When using standard serial I/O mode 1, the TXD pin must be held high while the RESET pin is pulled
low. Therefore, connect this pin to VCC1 via a resistor. Because this pin is directed for data output
after reset, adjust the pull-up resistance value in the system so that data transfers will not be affected.

2.The pins P11 to P14 are only in the 128-pin version.
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Mode setup method
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Signal Value
CNVSS |VCCH
EPM VSS
RESET |VSSto VCC1
CE VCC2

Package: PLQP0100KB-A

Figure 20.13 Pin Connections for Standard Serial I/O Mode (1)
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Signal Value
A A CNVSS |VCCH
g g Pw |ves
RESET  |VSSto VCC1
CE VCC2

Package: PLQP0128KB-A

Figure 20.14 Pin Connections for Standard Serial I/O Mode (2)
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20.4.2 Example of Circuit Application in Standard Serial I/0 Mode
Figures 20.15 and 20.16 show example of circuit application in standard serial I/O mode 1 and mode 2,
respectively. Refer to the user’s manual of your serial programmer to handle pins controlled by a serial
programmer.
Note that when using the standard serial /0O mode 2, make sure a main clock input oscillation frequency
is setto 5 MHz, 10 MHz or 16 MHz.

Microcomputer

( SCLKinput )

TXD output

BUSY output

i

RXD input

Reset input

NOTES:

% | P6_6/CLK1 %
% P5_0(CE)
P6_7/TXD1 P S_S(W)
P6_4/RTS1 %
p| P6_6/RXD1 CNVSS
RESET %
User reset P8 5/NMI
signal

1.Control pins and external circuitry will vary according to programmer.
For more information, refer to the programmer manual.

2.In this example, modes are switched between single-chip mode and standard serial
I/0 mode by controlling the CNVSS input with a switch.

3.If in standard standard serial I/O mode 1 there is a possibility that the user reset
signal will go low during standard serial /O mode, break the connection between

the user reset signal and RESET pin by using, for example, a jumper switch.

Figure 20.15 Circuit Application in Standard Serial /0 Mode 1

Microcomputer

TXD output

E

Monitor output

il

RXD input

Reset input

NOTES:

- P6_7/TXD1 P5_5(EPM)
- P6_4/RTSH ;
| P6_6/RXD1 CNVSS
RESET %
User reset P8_5/NMI
signal

1.In this example, modes are switched between single-chip mode and standard serial I/O
mode by controlling the CNVSS input with a switch.

Figure 20.16 Circuit Application in Standard Serial /0O Mode 2
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20.5 Parallel /0 Mode
In parallel I/0 mode, the user ROM area and the boot ROM area can be rewritten by a parallel programmer
supporting the M16C/6N Group (M16C/6NL, M16C/6NN). Contact your parallel programmer manufacturer
for more information on the parallel programmer. Refer to the user's manual included with your parallel
programmer for instructions.

20.5.1 User ROM and Boot ROM Areas
An erase block operation in the boot ROM area is applied to only one 4-Kbyte block. The rewrite control
program in standard serial I/O and CAN I/O modes are written in the boot ROM area before shipment. Do
not rewrite the boot ROM area if using the serial programmer.
In parallel /0 mode, the boot ROM area is located in addresses OFFO00h to OFFFFFh. Rewrite this
address range only if rewriting the boot ROM area. (Do not access addresses other than addresses
OFF000h to OFFFFFh.)

20.5.2 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten in parallel 1/0
mode. (Refer to 20.2 Functions to Prevent Flash Memory from Rewriting.)
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20.6 CAN 1I/0O Mode
In CAN I/0 mode, the CAN programmer supporting the M16C/6N Group (M16C/6NL, M16C/6NN) can be
used to rewrite the flash memory user ROM area in the microcomputer mounted on a board. For more
information about the CAN programmer, contact your CAN programmer manufacturer. Refer to the user's
manual included with your CAN programmer for instructions.
Table 20.8 lists pin functions for CAN I/O mode. Figures 20.17 and 20.18 show pin connections for CAN 1/O
mode.

20.6.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the CAN programmer matches
those written in the flash memory. (Refer to 20.2 Functions to Prevent Flash Memory from Rewriting.)

Table 20.8 Pin Functions for CAN I/O Mode

Pin Name 110 Description
VCC1, VCC2, VSS |Power supply Apply the voltage guaranteed for Program and Erase to VCC1 pin
input and VCC2 to VCC2 pin. The VCC apply condition is that VCC2 =
VCC1. Apply 0 V to VSS pin.
CNVSS CNVSS | |Connectto VCC1 pin.
RESET Reset input | |Reset input pin. While RESET pin is “L” level, input 20 cycles or
longer clock to XIN pin.
XIN Clock input | [Connect a ceramic resonator or crystal oscillator between XIN and
XOUT Clock output O |[XOUT pins. To input an externally generated clock, input it to XIN
pin and open XOUT pin.
BYTE BYTE | |Connect this pin to VCC1 or VSS.
AVCC, AVSS Analog power Connect AVCC to VCC1 and AVSS to VSS, respectively.
supply input
VREF Reference | |Enter the reference voltage for A/D and D/A converters from this
voltage input pin.
PO_0to PO_7 Input port PO | |Input “H” or “L” level signal or open.
P1_0to P1_7 Input port P1 | |Input “H” or “L” level signal or open.
P2_0to P2_7 Input port P2 | |Input “H” or “L” level signal or open.
P3_0to P3_7 Input port P3 | |Input “H” or “L” level signal or open.
P4 _0to P4_7 Input port P4 | |Input “H” or “L” level signal or open.
P5_0 CE input | |Input “H” level signal.
P5_1to P5_4, Input port P5 | |Input “H” or “L” level signal or open.
P5_6, P5_7
P5_5 EPM input | |Input “L” level signal.
P6_0 to P6_4, P6_6 |Input port P6 | |Input “H” or “L” level signal or open.
P6_5/CLK1 SCLK input | |Input “L” level signal.
P6_7/TXD1 TXD output O |Input “H” level signal.
P7_0to P7_7 Input port P7 | |Input “H” or “L” level signal or open.
P8_0 to P8_4, Input port P8 | |Input “H” or “L” level signal or open.
P8_6, P8_7
P8_5/NMI ‘NMI input | |Connect this pin to VCCH.
P9_0to P9 4, P9_7 |Input port P9 | |Input “H” or “L” level signal or open.
P9 5/CRXO0 CRX input | |Connectto a CAN transceiver.
P9_6/CTX0 CTX output O |Connect to a CAN transceiver.
P10_0to P10_7 Input port P10 | |Input “H” or “L” level signal or open.
P11_0to P11_7 " |Input port P11 | |Input “H” or “L” level signal or open.
P12 _0to P12_7 1y |Input port P12 | [Input “H” or “L” level signal or open.
P13_0to P13_7 () |Input port P13 | |Input “H” or “L” level signal or open.
P14_0, P14_1 () Input port P14 | |Input “H” or “L” level signal or open.
NOTE:

1.The pins P11 to P14 are only in the 128-pin version.
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Signal Value
CNVSS |VCC1
EPM VSS
RESET |VSSto VCCH
CE VCC2
SCLK VSS
TXD VCCH

Package: PLQP0100KB-A

Figure 20.17 Pin Connections for CAN I/O Mode (1)
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Package: PLQP0128KB-A

Figure 20.18 Pin Connections for CAN I/O Mode (2)

Rev.1.02 Jul 01,2005 page 264 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN) 20. Flash Memory Version

20.6.2 Example of Circuit Application in CAN I/O Mode

Figure 20.19 shows example of circuit application in CAN I/O mode. Refer to the user’'s manual of your
CAN programmer to handle pins controlled by a CAN programmer.

Microcomputer
% P6_7/TXD1 P5_0(CE)

E
P6_5/CLK1 P5_5(EPM)
CAN transceiver g

CAN_H
( CAN_H )} | P9_5/CRX0 CNVSS
CAN_L _CAN_L | leg— | P9_6/CTX0

wwww

RESET P8_5/NMI

NOTES:
1.Control pins and external circuitry will vary according to programmer.
For more information, refer to the programmer manual.
2.In this example, modes are switched between single-chip mode and CAN I/O mode
by controlling the CNVSS input with a switch.

Figure 20.19 Circuit Application in CAN I/O Mode
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21. Electrical Characteristics

Table 21.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
Vce Supply Voltage (VCC1 = VCC2) VCC = AVCC -0.3t06.5 \Y
AVcc [Analog Supply Voltage VCC = AVCC -0.3t06.5 \
Vi Input RESET, CNVSS, BYTE, —0.3to VCC+0.3 \Y

Voltage |P0O_0toP0_7,P1_0toP1_7,P2_0toP2_7,
P3_0to P3_7,P4 0toP4_7,P5_0toP5_7,
P6_0toP6_7,P7_0,P7_2toP7_7,P8_0to P8 7,
P9_0,P9_2toP9_7,P10_0to P10_7,
P11_0toP11_7,P12_0toP12_7,P13_0to P13 7,
P14_0, P14_1, VREF, XIN

P7_1,P9_1 -0.3t06.5 \Y
Vo Output P0_0to PO_7,P1_0to P1_7,P2_0to P2_7, —-0.3 to VCC+0.3 \
Voltage [P3 0toP3 7,P4 0toP4 7,P5 0toP5 7,
P6_0to P6_7,P7_0,P7_2to P7_7,

P8 0to P8 _4,P8 6,P8_7,P9 0,P9_2toP9_7,
P10_0toP10_7,P11_0toP11_7,P12 0to P12_7,
P13_0to P13_7,P14_0, P14_1, XOUT

P7 1, P9 1 -0.3t06.5 \
Pad Power Dissipation Topr = 25°C 700 mwW
Topr Operating Ambient | When the Microcomputer is Operating —40to 85 °C
Temperature Flash Program Erase 0 to 60
Tstg Storage Temperature —65 to 150 °C

NOTE:
1. Ports P11 to P14 are only in the 128-pin version.
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Table 21.2 Recommended Operating Conditions (1)

Symbol Parameter in. St?rr;iérd Max. Unit
Vee Supply Voltage (VCC1 = VCC2) 3.0 5.0 5.5 \Y%
AVce Analog Supply Voltage Vece \Y
Vss Supply Voltage 0 Vv
AVss Analog Supply Voltage 0 \
Vi HIGH Input |P0_0to PO_7, P1_0to P1_7, P2_0to P2_7,P3_0toP3_7, | 0.8Vcc Vee | V

Voltage P4 0toP4 7,P5 0toP5_7,P6_0to P6_7,P7_0,P7_2to P7_7,

P8_0to P8_7,P9_0,P9_2to P9_7,P10_0to P10_7,

P11_0to P11_7,P12_0to P12_7,P13_0to P13_7,

P14 0, P14_1, XIN, RESET, CNVSS, BYTE

P7_1,P9_1 0.8Vce 6.5 v

Vi LOW Input [P0_0toP0_7,P1_0toP1_7,P2 0toP2_7,P3 0toP3 7, 0 0.2Vec | V

Voltage P4 0toP4_7,P5 0to P5_7,P6_0to P6_7,P7_0toP7_7,

P8_0to P8_7,P9_0to P9 _7,P10_0to P10_7,

P11_0to P11_7,P12_0to P12_7, P13_0to P13_7,

P14_0, P14_1, XIN, RESET, CNVSS, BYTE

|oH(peak) HIGH Peak  P0_0to PO_7, P1_0to P1_7,P2_0to P2_7, P3_0to P3_7, -10.0 | mA

Output Current P4_0to P4 _7,P5 0to P5 7,P6_0to P6_7, P7_0,P7 2to
P7_7,P8_0to P8_4, P8_6, P8_7, P9_0, P9_2to P9_7,
P10_0to P10_7,P11_0to P11_7,P12_0to P12_7,P13_0
to P13_7,P14 0, P14 1

loH(avg) HIGH Average PO_0to PO_7, P1_0to P1_7,P2_0to P2_7, P3_0to P3_7, -5.0 | mA

Output Current P4_0to P4_7,P5 0to P5_7,P6 _0toP6_7,P7_0,P7_2to
P7_7,P8_0to P8_4, P8_6, P8_7, P9_0, P9_2to P9_7,
P10_0to P10_7,P11_0to P11_7,P12_0to P12_7,P13_0
to P13_7,P14_0, P14_1

loL(peak) LOW Peak P0_OtoP0_7,P1 0toP1_7,P2_0toP2_7,P3 _0toP3_7, 10.0 mA

Qutput Current P4_0to P4_7, P5_0to P5_7, P6_0to P6_7, P7_0to P7_7,
P8_0to P8 _4,P8 6,P8_7,P9_0to P9 _7,P10_0to P10_7,
P11 0to P11_7,P12 0to P12 7, P13 0to P13 7,
P14 0, P14_1

loL(avg) LOW Average P0_0to PO_7,P1_0to P1_7,P2_0toP2_7, P3_0to P3_7, 5.0 mA

Output Current P4_0to P4_7,P5 0to P5_7,P6_0to P6_7, P7_0to P7_7,
P8_0to P8 4,P8 6,P8_7,P9 0toP9_7,P10_0to P10_7,
P11_0to P11_7,P12_0to P12_7, P13_0to P13_7,
P14 0, P14 1

NOTES:

1. Referenced to VCC = 3.0 to 5.5V at Topr = —40 to 85°C unless otherwise specified.

2. The mean output current is the mean value within 100 ms.

3. The total loLpeax) for ports PO, P1, P2, P8_6, P8_7, P9, P10, P11, P14_0 and P14_1 must be 80mA max.
The total loLpeax) for ports P3, P4, P5, P6, P7, P8_0 to P8_4, P12 and P13 must be 80mA max.
The total lonpeax for ports PO, P1, and P2 must be —40mA max.
The total lonpeax) for ports P3, P4, P5, P12 and P13 must be —40mA max.
The total lon(peax) for ports P6, P7 and P8_0 to P8_4 must be —40mA max.
The total loHpeax) for ports P8_6, P8_7, P9, P10, P11, P14_0 and P14_1 must be —40mA max.

4. P11 to P14 are only in the 128-pin version.
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M16C/6N Group (M16C/6NL, M16C/6NN) 21. Electric Characteristics

Table 21.3 Recommended Operating Conditions (2)

Standard )
Symbol Parameter in. Typ. Max. Unit
f(XIN) Main Clock Input Oscillation | No Wait|Mask ROM Version |VCC = 3.0 to 5.5V 0 16 |MHz
Frequency @ ©®® Flash Memory Version
f(XCIN) Sub Clock Oscillation Frequency 32.768 50 kHz
f(Ring) On-chip Oscillation Frequency 1 MHz
f(PLL) PLL Clock Oscillation Frequency 16 24 MHz
f(BCLK) CPU Operation Clock |VCC =3.0t05.5V 0 24 | MHz
tsu(PLL) PLL Frequency Synthesizer Stabilization Wait Time 20 ms
fripple) Power Supply Ripple Allowable Frequency (VCC) 10 kHz
Vp-p(ripple) Power Supply Ripple Allowable Amplitude Voltage |[VCC = 5V 0.5 Vv
VCC = 3V 0.3
Veegaviat) | Power Supply Ripple Rising/Falling Gradient VCC =5V 0.3 |V/ms
VCC = 3V 0.3

NOTES:

1. Referenced to VCC = 3.0 to 5.5V at Topr = —40 to 85°C unless
otherwise specified.

2. Relationship between main clock oscillation frequency and supply
voltage is shown right.

3. Execute program/erase of flash memory by VCC =3.3+ 0.3 Vor
VCC=5.0£05V.

4. When using 16MHz and over, use PLL clock. PLL clock oscillation
frequency which can be used is 16MHz, 20MHz or 24MHz.

Main clock input oscillation frequency

16.0 f--------eoenoee

0.0 3.0 55

VCC [V] (main clock: no division)

f(XIN) operating maximum frequency [MHz]

f(ripple) ) f(ripple)
Power Supply Ripple Allowable

Frequency (VCC)

Vp-P(ripple) VCC /\//-\/ IV -P(ri
Power Supply Ripple Allowable Y y e

Amplitude Voltage

A

Figure 21.1 Timing of Voltage Fluctuation
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M16C/6N Group (M16C/6NL, M16C/6NN) 21. Electric Characteristics

Table 21.4 Electrical Characteristics (1)

Symbol Parameter Measuring Condition Min_St?rr;%?rdM ax Unit
Von HIGH Output P0 0to PO 7,P1 0toP1 7, P2 0to P2 7,[lon=-5mA Veoc-2.0 Vee Vv
Voltage P3_0to P3_7, P4 0to P4 7, P5 0to P5_7,
P6 0toP6_7,P7 0,P7 2to P7_7,P8 0to P8 4,
P8 6,P8 7,P9 0,P9 2to P9 7,P10 0to P10 7,
P11 0to P11_7,P12 0to P12 7, P13 Oto P13 7,
P14 0, P14 1
Vou HIGH Output ~ P0_0to PO_7, P1_0to P1_7, P2_0 to P2_7,|lon = —200pA Vce-0.3 Vee |V
Voltage P3_0to P3_7, P4 0to P4 7, P5_0to P5_7,
P6 0toP6_7,P7 0,P7 2to P7_7,P8 0to P8 4,
P8 6,P8 7,P9 0,P9 2to P9 7,P10 0to P10 7,
P11 0toP11_7,P12 0toP12_7,P13 0to P13 7,
P14 0, P14 1
VoH HIGH Output XOUT HIGHPOWER lon = —1TmA 3.0 Vee \
Voltage LOWPOWER lon = —0.5mA 3.0 Voo
HIGH Output ~ XCOUT |HIGHPOWER With no load applied 2.5 \Y
Voltage LOWPOWER With no load applied 1.6
VoL LOW Output P0O_0to P0O_7, P1_0to P1_7, P2_0to P2_7,|loL = 5mA 2.0 Vv
Voltage P3_0to P3_7, P4 0to P4 7, P5 0to P5_7,
P6 _0to P6 7, P7 0to P7 7,P8 0to P8 4,
P8 6,P8 7,P9 0to P9 7, P10 _0to P10_7,
P11 0toP11_7,P12 0toP12_7,P13 0to P13 7,
P14 0, P14 1
VoL LOW Output P0_0to P0O_7, P1_0to P1_7, P2_0 to P2_7,|loL = 200pA 0.45 \Y
Voltage P3 0to P3_7, P4 0to P4 7, P5 0toP5 7,
P6 _0to P6 7, P7 0to P7 7,P8 0to P8 4,
P8 6,P8 7,P9 0to P9 7, P10 _0to P10_7,
P11 0toP11_7,P12 0toP12_7,P13 0to P13 7,
P14 0, P14 1
VoL LOW Output XOUT HIGHPOWER lo = TMA 2.0 Vv
Voltage LOWPOWER lo. = 0.5mA 2.0
LOW Output XCOUT |HIGHPOWER With no load applied 0 Vv
Voltage LOWPOWER With no load applied 0
Vr+-V7-| Hysteresis TAOIN to TA4IN, TBOIN to TB5IN, INTO to INT8, 0.2 1.0 \Y
NMI, ADTRG, CTSO0 to CTS2, SCLO to SCL2,
SDAO0 to SDA2, CLKO to CLK6, TAOOUT to TA4OUT,
KIO to KI3, RXDO0 to RXD2, SIN3 to SING
V1+-V1-| Hysteresis RESET 0.2 2.5 Vv
V1+-V1-| Hysteresis XIN 0.2 0.8 V
liH HIGH Input P0O_0to P0O_7, P1_0to P1_7, P2_0to P2_7,|Vi=5V 50 | pA
Current P37O to P377, P470 to P477, P570 to P577,
P6 0to P6 7, P7 0toP7 7,P8 0to P8 7,
P9 0toP9 7,P10 O0to P10 _7,P11 Oto P11 7,
P12 0toP12_7,P13 0to P13 _7,P14 0,P14 {1,
XIN, RESET, CNVSS, BYTE
I LOW Input PO 0to PO _7,P1 0toP1_7,P2 0to P2 7,|V,=0V -5.0 | pA
Current P3 0toP3 7,P4 0toP4 7,P5 0to P5 7,
P6 _0to P6 7, P7 0toP7 7,P8 0to P8 7,
P9 0toP9 7,P10 0to P10 _7,P11_0toP11_7,
P12 0toP12_7,P13 0to P13 _7,P14 0,P14 {1,
XIN, RESET, CNVSS, BYTE
Reuciue | Pull-up P0O_0to P0O_7, P1_0to P1_7, P2_0to P2_7,|Vi= 0V 30 50 | 170 | kQ
Resistance P3 0toP3 7,P4 0toP4 7,P5 0to P5 7,
P6 0toP6_7,P7 0,P7 2to P7_7,P8 0to P8 4,
P8 6,P8 7,P9 0,P9 2to P9 7,P10 0to P10 7,
P11 0toP11_7,P12 0toP12_7,P13 0to P13 7,
P14 0, P14 1
Rixin Feedback Resistance XIN 1.5 MQ
Rixcin | Feedback Resistance XCIN 15 MQ
VRaAm RAM Retention Voltage At stop mode 2.0 \%
NOTES:

1. Referenced to VCC = 3.0 to 5.5V, VSS = 0V at Topr = —40 to 85°C, f(BCLK) = 24MHz unless otherwise specified.
2. P11 to P14, INT6 to INT8, CLK5, CLK6, SIN5 and SING are only in the 128-pin version.
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M16C/6N Group (M16C/6NL, M16C/6NN) 21. Electric Characteristics

Table 21.5 Electrical Characteristics (2)

. o Standard .
Symbol Parameter Measuring Condition Min. | Typ. | Max. Unit

lcc Power Supply | Output pins are open|Mask ROM f(BCLK) = 24MHz, 19 33 | mA
Current and other pins are VSS. PLL operation,
(VCC=3.0t05.5V) No division
On-chip oscillation, 1 mA
No division
Flash Memory [f(BCLK) = 24MHz, 21 35 | mA
PLL operation,
No division
On-chip oscillation, 1.8 mA
No division
Flash Memory [f(BCLK) = 10MHz, 15 mA
Program VCC =5V
Flash Memory [f(BCLK) = 10MHz, 25 mA
Erase VCC =5V
Mask ROM f(BCLK) = 32kHz, 25 HA
Low power dissipation
mode, ROM @
Flash Memory [f(BCLK) = 32kHz, 25 pA
Low power dissipation
mode, RAM @
f(BCLK) = 32kHz, 420 HA
Low power dissipation
mode,

Flash memory @
Mask ROM On-chip oscillation, 50 HA
Flash Memory |Wait mode
f(BCLK) = 32kHz, 8.5 pA
Wait mode (3),
Oscillation capacity High
f(BCLK) = 32kHz, 3.0 pA
Wait mode (3),
Oscillation capacity Low
Stop mode, 0.8 | 3.0 | pA
Topr = 25°C

NOTES:
1. Referenced to VCC = 3.0 to 5.5V, VSS = 0V at Topr = —40 to 85°C, f(BCLK) = 24MHz unless otherwise specified.
2. This indicates the memory in which the program to be executed exists.
3. With one timer operated using fC32.

Rev.1.02 Jul 01,2005 page 270 of 314 RENESAS
REJ09B0126-0102



Under development
This document is under development and its contents are subject to change.

M16C/6N Group (M16C/6NL, M16C/6NN)

21. Electric Characteristics

Table 21.6 A/D Conversion Characteristics

. - Standard .
Symbol Parameter Measuring Condition Min. | Typ. | Max. Unit
- Resolution VREF = VCC 10 Bit
INL Integral 10 bits VREF |ANEX0, ANEX1 input, ANO to AN7 input, +3 | LSB
Nonlinearity = VCC |ANO_0to ANO_7 input, AN2_0 to AN2_7 input
Error =5V |External operation amp connection mode +7 | LSB
VREF |ANEX0, ANEX1 input, ANO to AN7 input, +5 | LSB
= VCC |ANO_0to ANO_7 input, AN2_0to AN2_7 input
= 3.3V |External operation amp connection mode +7 | LSB
8 bits VREF = AVCC = VCC = 3.3V +2 | LSB
- Absolute 10 bits VREF |ANEX0, ANEX1 input, ANO to AN7 input, +3 | LSB
Accuracy = VCC |ANO_0to ANO_7 input, AN2_0to AN2_7 input
=5V |External operation amp connection mode +7 | LSB
VREF |ANEX0, ANEX1 input, ANO to AN7 input, +5 | LSB
= VCC |ANO_0to ANO_7 input, AN2_0 to AN2_7 input
= 3.3V |External operation amp connection mode +7 | LSB
8 bits VREF = AVCC = VCC = 3.3V +2 | LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
Riaooer  |Resistor Ladder VREF = VCC 10 40 kQ
tconv 10-bit Conversion Time, VREF = VCC = 5V, ¢AD = 10MHz 3.3 ys
Sample & Hold function Available
8-bit Conversion time, VREF = VCC = 5V, ¢AD = 10MHz 2.8 us
Sample & Hold function Available
tsamp Sampling Time 0.3 HS
Vrer Reference Voltage 2.0 Vee Vv
Via Analog Input Voltage 0 Veer | V
NOTES:

1. Referenced to VCC = AVCC = VREF = 3.3 to 5.5V, VSS = AVSS = 0V, —40 to 85°C unless otherwise specified.
2. 0AD frequency must be 10MHz or less.
3. When sample & hold function is disabled, $AD frequency must be 250kHz or more in addition to a limit of NOTE 2.

When sample & hold function is enabled, 6AD frequency must be 1MHz or more in addition to a limit of NOTE 2.

Table 21.7 D/A conversion Characteristics "

Symbol Parameter Measuring Condition Min.St?rr;/f)?rdMax. Unit
- Resolution 8 Bits
- Absolute Accuracy 1.0 %
tsu Setup Time 3 ys
Ro Output Resistance 4 10 20 | kQ
lvrer Reference Power Supply Input Current (NOTE 2) 1.5 | mA

NOTES:

1. Referenced to VCC = AVCC = VREF = 3.3 to 5.5V, VSS = AVSS = 0V, —40 to 85°C unless otherwise specified.

2. This applies when using one D/A converter, with the DA register (i = 0, 1) for the unused D/A converter set to “00h”.
The resistor ladder of the A/D converter is not included. Also, the current Ivrer always flows even though VREF
may have been set to be unconnected by the ADCONT register.
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M16C/6N Group (M16C/6NL, M16C/6NN)

21. Electric Characteristics

Table 21.8 Flash Memory Version Electrical Characteristics

Symbol Parameter Wi, St?r;;érd Viax. Unit
- Word Program Time 30 200 us
- Block Erase Time 1 4

- Erase All Unlocked Blocks Time 1Xn® 4Xn®

- Lock Bit Program Time 30 200 us
tps Flash Memory Circuit Stabilization Wait Time 15 us

NOTES:

1. Referenced to VCC = 4.5 t0 5.5V, 3.0 to 3.6V, Topr = 0 to 60°C unless otherwise specified.

2. n denotes the number of blocks to erase.

Table 21.9 Flash Memory Version Program/Erase Voltage and Read Operation Voltage Characteristics

(at Topr = 0 to 60°C)

Flash Program, Erase Voltage

Flash Read Operation Voltage

VCC =3.3+0.3Vor5.0+0.5V

VCC = 3.0 to 5.5V

Table 21.10 Power Supply Circuit Timing Characteristics

Measuring Standard .
Symbol Parameter Condition Min. | Typ. | Max. unit
ta(p-r) Time for Internal Power Supply Stabilization During Powering-On| VCC = 3.0 to 5.5V 2 ms
td(r-s) STOP Release Time 150 | ps
taw-s) Low Power Dissipation Mode Wait Mode Release Time 150 | ps
ta(P-r) i I
Time for Internal Power Supply VCC /
Stabilization During Powering-On g >

CPU clock

td(r-s) Interrupt for

STOP Release Time or
(b) Wait mode release

taw-s)

(a) Stop mode release |

Low Power Dissipation Mode
Wait Mode Release Time

CPU clock

Figure 21.2 Power Supply Circuit Timing Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN) 21. Electric Characteristics

Timing Requirements
(Referenced to VCC = 5V, VSS = 0V, at Topr = —40 to 85°C unless otherwise specified)

Table 21.11 External Clock Input (XIN Input)

Standard .
Symbol Parameter Min Max. Unit
tc External Clock Input Cycle Time 62.5 ns
twr) External Clock Input HIGH Pulse Width 25 ns
tw(n) External Clock Input LOW Pulse Width 25 ns
tr External Clock Rise Time 15 ns
tr External Clock Fall Time 15 ns
Table 21.12 Timer A Input (Counter Input in Event Counter Mode)
Standard .
Symbol Parameter Min Max. Unit
tera) TAIIN Input Cycle Time 100 ns
tw(TAH) TAIIN Input HIGH Pulse Width 40 ns
tw(ta) TAIIN Input LOW Pulse Width 40 ns
Table 21.13 Timer A Input (Gating Input in Timer Mode)
Standard .
Symbol Parameter Vin Max. Unit
tera) TAIIN Input Cycle Time 400 ns
tw(TAH) TAIIN Input HIGH Pulse Width 200 ns
tw(TAL) TAIIN Input LOW Pulse Width 200 ns
Table 21.14 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard .
Symbol Parameter Nin. Max. Unit
te(ra) TAIIN Input Cycle Time 200 ns
tw(ram) TAIIN Input HIGH Pulse Width 100 ns
tw(TAL) TAIIN Input LOW Pulse Width 100 ns
Table 21.15 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN Input HIGH Pulse Width 100 ns
tw(TAL) TAIIN Input LOW Pulse Width 100 ns

Table 21.16 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard

Symbol Parameter Min Max. Unit
teup) TAIOUT Input Cycle Time 2000 ns
twurh) TAIOUT Input HIGH Pulse Width 1000 ns
twiupy) TAIOUT Input LOW Pulse Width 1000 ns
tsu(uP-TIN) TAIOUT Input Setup Time 400 ns
th(Tin-UP) TAIOUT Input Hold Time 400 ns

Table 21.17 Timer A Input (Two-phase Pulse Input in Event Counter Mode)

Standard

Symbol Parameter i Max. Unit
tera) TAIIN Input Cycle Time 800 ns
tsurain-taoum) [ TAIOUT Input Setup Time 200 ns
tsuraout-TAIN) [ TAIIN Input Setup Time 200 ns
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M16C/6N Group (M16C/6NL, M16C/6NN) 21. Electric Characteristics

Timing Requirements
(Referenced to VCC = 5V, VSS = 0V, at Topr = —40 to 85°C unless otherwise specified)

Table 21.18 Timer B Input (Counter Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(t) TBIIN Input Cycle Time (counted on one edge) 100 ns
tw(tBH) TBIIN Input HIGH Pulse Width (counted on one edge) 40 ns
tw(tBL) TBIIN Input LOW Pulse Width (counted on one edge) 40 ns
te(te) TBIIN Input Cycle Time (counted on both edges) 200 ns
tw(tBH) TBIIN Input HIGH Pulse Width (counted on both edges) 80 ns
tw(tBL) TBIIN Input LOW Pulse Width (counted on both edges) 80 ns
Table 21.19 Timer B Input (Pulse Period Measurement Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(tB) TBIIN Input Cycle Time 400 ns
tw(tBH) TBIIN Input HIGH Pulse Width 200 ns
tw(BL) TBIIN Input LOW Pulse Width 200 ns
Table 21.20 Timer B Input (Pulse Width Measurement Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(t) TBIIN Input Cycle Time 400 ns
tw(TBH) TBIIN Input HIGH Pulse Width 200 ns
tw(TBL) TBIIN Input LOW Pulse Width 200 ns
Table 21.21 A/D Trigger Input
Standard .
Symbol Parameter Min. Max. Unit
tcap) ADTRG Input Cycle Time (trigger able minimum) 1000 ns
tw(apL) ADTRG Input LOW Pulse Width 125 ns
Table 21.22 Serial /0
Standard .
Symbol Parameter in. Max. Unit
te(ck) CLKi Input Cycle Time 200 ns
tw(ckH) CLKi Input HIGH Pulse Width 100 ns
twickw) CLKi Input LOW Pulse Width 100 ns
tdc-q) TXDi Output Delay Time 80 ns
thc-q) TXDi Hold Time 0 ns
tsu(p-c) RXDi Input Setup Time 70 ns
thc-p) RXDi Input Hold Time 90 ns
Table 21.23 External Interrupt INTi Input
Standard .
Symbol Parameter Min. Max. Unit
tw(nH) INTi Input HIGH Pulse Width 250 ns
twine) INTi Input LOW Pulse Width 250 ns
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M16C/6N Group (M16C/6NL, M16C/6NN)

21. Electric Characteristics

(Up/down input)

During event counter mode

XIN input
tr» f<— tW(H) tr» f<— tW(L)
tc
tc(TA)
tw(TAH)
TAIIN input
tw(TAL)
tc(UP)
tw(UPH)
TAIOUT input
tw(UPL)
TAIOUT input

A
A

tsurAIN—TAOUT)

TAIIN input
(When count on falling edge Th(TIN—UP) tsu(UP—TIN)
is selected)
TAIIN input
(When count on rising edge
is selected)
Two-phase pulse input in event counter mode
tema \
. . - N
TAIIN input / N Y

tsu(TAIN—TAOU‘T)

TAIOUT input (tsu(TAOUT—TAIN) S
tsu(TAOUT—TAIN)
te(TB)
tw(TBH)
TBIIN input
tw(TBL)
1
tc(AD)
tw(ADL)
ADTRG input ﬂ
te(CK)
tw(CKH)
CLKi
tw(CKL) thic—Q
TXDi X X
tdc—Q) |, tsu(b—C) th(C—D)
RXDi J( #
tw(INL)
INTi input tw(INH) k /
1
Figure 21.3 Timing Diagram
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M16C/6N Group (M16C/6NL, M16C/6NN)

22. Usage Precaution

22. Usage Precaution

22.1 SFR

There is the SFR which can not be read (containg bits that will result in unknown data when read).
Please set these registers to their previous values with the instructions other than the read modify write

instructions.

Table 22.1 lists the registers contain bits that will result in unknown data when read and Table 22.2 lists the

instruction table for read modify write.

Table 22.1 Registers Contain Bits that Will Result in Unknown Data When Read

Register Name Symbol Address

Timer A1-1 Register " TA11 01C3h, 01C2h
Timer A2-1 Register TA21 01C5h, 01C4h
Timer A4-1 Register " TA41 01C7h, 01C6h
Dead Time Timer DTT 01CCh

Timer B2 Interrupt Occurrences Frequency Set Counter | ICTB2 01CDh

SI/06 Bit Rate Generator @ S6BRG 01D9%h

SI/O3 Bit Rate Generator S3BRG 01E3h

Sl/0O4 Bit Rate Generator S4BRG 01E7h

S1/05 Bit Rate Generator © S5BRG 01EBh
UART2 Bit Rate Generator U2BRG 01F9h

UART2 Transmit Buffer Register Uu2TB 01FBh, 01FAh
Up-Down Flag UDF 0384h

Timer AO Register ©® TAO 0387h, 0386h
Timer A1 Register '@ TA1 0389h, 0388h
Timer A2 Register TA2 038Bh, 038Ah
Timer A3 Register © TA3 038Dh, 038Ch
Timer A4 Register TA4 038Fh, 038Eh
UARTO Bit Rate Generator UOBRG 03A1h

UARTO Transmit Buffer Register uoTB 03A3h, 03A2h
UART1 Bit Rate Generator U1BRG 03A%h

UART1 Transmit Buffer Register UuiTB 03ABh, 03AAh

NOTES:

1.t is affected only in three-phase motor control timer function.
2. These registers are only in the 128-pin version.
3.1t is affected only in one-shot timer mode and pulse width modulation mode.

Table 22.2 Instruction Table for Read Modify Write

Function

Mnemonic

Bit Manipulation |BCLR, BNOT, BSET, BTSTC, BTSTS

Shift RCLC, RORC, ROT, SHA, SHL

Arithmetic ABS, ADC, ADCF, ADD, DEC, EXTS, INC, MUL, MULU, NEG, SBB, SUB
Logical AND, NOT, OR, XOR

Jump ADJNZ, SBJNZ
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M16C/6N Group (M16C/6NL, M16C/6NN) 22. Usage Precaution

22.2 External Clock

Do not stop the external clock when it is connected to the XIN pin and the main clock is selected as the CPU
clock.
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M16C/6N Group (M16C/6NL, M16C/6NN) 22. Usage Precaution

22.3 PLL Frequency Synthesizer
Stabilize supply voltage so that the standard of the power supply ripple is met. (Refer to 21. Electrical
characteristics.)
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M16C/6N Group (M16C/6NL, M16C/6NN) 22. Usage Precaution

22.4 Power Control
When exiting stop mode by hardware reset, set RESET pin to “L” until a main clock oscillation is stabilized.

Set the MRO bit in the TAIMR register (i = 0 to 4) to “0” (pulse is not output) to use the timer A to exit stop
mode.

Insert more than four NOP instructions after an WAIT instruction or a instruction to set the CM10 bit in the
CM1 register to “1” (all clock stopped). When shifting to wait mode or stop mode, an instruction queue reads
ahead to the next instruction to halt a program by an WAIT instruction and an instruction to set the CM10 bit
to “1”. The next instruction may be executed before entering wait mode or stop mode, depending on a
combination of instruction and an execution timing.

In the main clock oscillation or low power dissipation mode, set the CM02 bit in the CMO register to “0” (do
not stop peripheral function clock in wait mode) before shifting to stop mode.

When entering wait mode by executing the WAIT instruction after writing to addresses 03FDh to 03FFh or
internal RAM area, execute the JMP.B instruction between writing to corresponding area and the executing
the WAIT instruction.

If DMA transfer may occur between executing the JMP.B instruction and the WAIT instruction, set the
DMAE bit (DMA enable bit) in the DMiCOM register (i = 0, 1) to “0” (disabled) before ececuting the WAIT

instruction.
Example program MOV.B #55H, 0601H ; Write to internal RAM area
JMP.B L1
L1:
FSET I ; Enable interrupt
WAIT ; Enter to wait mode

When using the interrupt to exit stop mode, the fifth instruction " from the instruction to enter the stop mode
may be executed before executing a program of the interrupt to exit stop mode.
If this execution causes no problem with the system, there are no need for measures to be taken .
If such a situation presents a problem, execute the JMP.B instruction subsequent to the instruction which
sets the CM10 bit to “1” (stop mode).
Example program BSET 0, CM1 ; Stop mode
JMP.B L1
L1:
Program after exiting stop mode
NOTES:
1. Insert more than four NOP instructions after the instruction shifting to wait mode or stop mode.
2. In the flash memory version, be sure to execute the measures. For details, refer to 22.18.2 Stop Mode.

Wait for main clock oscillation stabilization time, before switching the clock source for CPU clock to the main

clock.
Similarly, wait until the sub clock oscillates stably before switching the clock source for CPU clock to the sub
clock.
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Suggestions to reduce power consumption.

Ports
The processor retains the state of each 1/0 port even when it goes to wait mode or to stop mode.
A current flows in active 1/0O ports. A pass current flows in input ports that high-impedance state.
When entering wait mode or stop mode, set non-used ports to input and stabilize the potential.

A/D converter
When A/D conversion is not performed, set the VCUT bit in the ADCON1 register to “0” (VREF not
connection). When A/D conversion is performed, start the A/D conversion at least 1 us or longer after
setting the VCUT bit to “1” (VREF connection).

D/A converter
When not performing D/A conversion, set the DAIE bit (i = 0, 1) in the DACON register to “0” (input
disabled) and DAi register to “00h”.

Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.
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22.5 Oscillation Stop, Re-oscillation Detection Function

If the following conditions are all met, the following restriction occur in operation of oscillation stop,
re-oscillation stop detection interrupt.

Conditions

» CM20 bit in CM2 register =1 (oscillation stop, re-oscillation stop detection function enabled)
* CM27 bit in CM2 register =1 (oscillation stop, re-oscillation stop detection interrupt)

» CMO02 bit in CMO register =0 (do not stop peripheral function clock in wait mode)

 Enter wait mode from high-speed or middle-speed mode

Restriction
If the oscillation of XIN stops during wait mode, the oscillation stop, re-oscillation stop detection interrupt

request is generated after the microcomputer is moved out of wait mode, without starting immediately.

Figures 22.1 and 22.2 show the operation timing at oscillation stop, re-oscillation stop detection.

o —)

fRING (1)
INTO input ))
CPU . : Oscillation stop, re-oscillation [—
operation Wait mode (( X detection interrupt request X INTO interrupt request
XIN stops ‘
Wait mode is released
NOTE:

1. This clock is generated by the on-chip oscillator. It is not supplies after reset.
The operating clock can changes from on-chip oscillator clock (on-chip oscillation oscillating) to BCLK
by using oscicllation stop, re-oscillation detection function or setting the CM21 bit in the CM2 register.

Figure 22.1 Operation Timing at Oscillation Stop, Re-oscillation Stop Detection at Wait Mode
(when moving out of wait mode by using INTO interrupt)

fRING (1) :

CcPU Normal processin 3 Oscillation stop, re-oscillation X Normal processin

operation p g% detection interrupt request p 9
XIN stops

NOTE:

1. This clock is generated by the on-chip oscillator. It is not supplies after reset.
The operating clock can changes from on-chip oscillator clock (on-chip oscillation oscillating) to BCLK
by using oscicllation stop, re-oscillation detection function or setting the CM21 bit in the CM2 register.

Figure 22.2 Operation Timing at Oscillation Stop, Re-oscillation Stop Detection at Normal Processing
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22.6 Protection
Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be set to “0”
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1”. Make sure no interrupts or no DMA transfers will occur between the instruction in

which the PRC2 bit is set to “1” and the next instruction.
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22.7 Interrupt

22.7.1 Reading Address 00000h

Do not read the address 00000h in a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from the address
00000h during the interrupt sequence. At this time, the IR bit for the accepted interrupt is set to “0”.

If the address 00000h is read in a program, the IR bit for the interrupt which has the highest priority among
the enabled interrupts is set to “0”. This causes a problem that the interrupt is canceled, or an unexpected
interrupt request is generated.

22.7.2 Setting SP
Set any value in the SP (USP, ISP) before accepting an interrupt. The SP (USP, ISP) is set to “0000h”
after reset. Therefore, if an interrupt is accepted before setting any value in the SP (USP, ISP), the
program may go out of control.
Especially when using NMI interrupt, set a value in the ISP at the beginning of the program. For the first
and only the first instruction after reset, all interrupts including NMI interrupt are disabled.

22.7.3 NMI Interrupt

» The NMI interrupt cannot be disabled. If this interrupt is unused, connect the NMI pin to VCC via a
resistor (pull-up).

« The input level of the NMI pin can be read by accessing the P8_5 bit in the P8 register. Note that the
P8_5 bit can only be read when determining the pin level in NMI interrupt routine.

+ Stop mode cannot be entered into while input on the NMI pin is low. This is because while input on the
NMI pin is low the CM10 bit in the CM1 register is fixed to “0”.

+ Do not go to wait mode while input on the NMI pin is low. This is because when input on the NMI pin
goes low, the CPU stops but CPU clock remains active; therefore, the current consumption in the chip
does not drop. In this case, normal condition is restored by an interrupt generated thereafter.

« The low and high level durations of the input signal to the NMI pin must each be 2 CPU clock cycles +
300 ns or more.
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22.7.4 Changing Interrupt Generate Factor
If the interrupt generate factor is changed, the IR bit of the interrupt control register for the changed
interrupt may inadvertently be set to “1” (interrupt requested). If you changed the interrupt generate factor
for an interrupt that needs to be used, be sure to set the IR bit for that interrupt to “0” (interrupt not
requested).
Changing the interrupt generate factor referred to here means any act of changing the source, polarity or
timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to set
the IR bit for that interrupt to “0” (interrupt not requested) after making such changes. Refer to the descrip-
tion of each peripheral function for details about the interrupts from peripheral functions.
Figure 22.3 shows the procedure for changing the interrupt generate factor.

( Changing the interrupt source )

| Disable interrupt ) @) |

Change the interrupt generate factor
(including a mode change of peripheral function)

Use the MOV instruction to set the IR bit to "0"
(interrupt not requested)

Enable interrupt ) )
( End of change )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is
to be changed

NOTES:

1.The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2.Use the | flag for the INTi interrupt (i = 0 to 8; 6 to 8 are only in the 128-pin version).
For the interrupts from peripheral functions other than the INTI interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an interrupt
request before changing the interrupt generate factor. In this case, if the maskable
interrupts can all be disabled without causing a problem, use the | flag. Otherwise, use
the corresponding ILVL2 to ILVLO bit for the interrupt whose interrupt generate factor is
to be changed.

3.Refer to 22.7.6 Rewrite Interrupt Control Register for details about the instructions to
use and the notes to be taken for instruction execution.

Figure 22.3 Procedure for Changing Interrupt Generate Factor

22.7.5 INT Interrupt

« Either an “L” level of at least tW(INH) or an “H” level of at least tW(INL) width is necessary for the signal
input to pins INTO to INT8 " regardless of the CPU operation clock.

« If the POL bit in the INTOIC to INT8IC registers @, the IFSR10 to IFSR15 bits in the IFSR1 register or the
IFSR23 to IFSR25 bits ©® in the IFSR2 register are changed, the IR bit may inadvertently set to “1”
(interrupt requested). Be sure to set the IR bit to “0” (interrupt not requested) after changing any of those
register bits.

NOTES:
1. The pins INT6 to INT8 are only in the 128-pin version.
2.The INT6IC to INT8IC registers are only in the 128-pin version.
3. The IFSR23 to IFSR25 bits are effective only in the128-pin version. In the 100-pin version,
these bits are set to “0” (one edge).
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22.7.6 Rewrite Interrupt Control Register

(a) The interrupt control register for any interrupt should be modified in places where no interrupt requests
may be generated. Otherwise, disable the interrupt before rewriting the interrupt control register.

(b) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with
the instruction to be used.
Changing any bit other than IR bit
If while executing an instruction, an interrupt request controlled by the register being modified is
generated, the IR bit of the register may not be set to “1” (interrupt requested), with the result that
the interrupt request is ignored. If such a situation presents a problem, use the instructions shown
below to modify the register.
Usable instructions: AND, OR, BCLR, BSET
Changing IR bit
Depending on the instruction used, the IR bit may not always be set to “0” (interrupt not requested).
Therefore, be sure to use the MOV instruction to set the IR bit to “0”.

(c) When using the | flag to disable an interrupt, refer to the sample program fragments shown below
as you set the | flag. (Refer to (b) for details about rewrite the interrupt control registers in the
sample program fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to “1” (interrupt enabled) before
the interrupt control register is rewritten, owing to the effects of the internal bus and the instruction

queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the interrupt control register is modified

INT_SWITCH1:
FCLR | ; Disable interrupt.
AND.B  #00h, 0055h ; Set the TAOIC register to “00h”.
NOP :
NOP
FSET | ; Enable interrupt.

The number of the NOP instruction is as follows.
* The PM20 bit in the PM2 register = 1 (1 wait) : 2
» The PM20 bit = 0 (2 waits) : 3
* When using HOLD function : 4

Example 2: Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR | ; Disable interrupt.
AND.B  #00h, 0055h ; Set the TAOIC register to “00h”.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupt.

Example 3: Using the POPC instruction to changing the | flag

INT_SWITCHS:
PUSHC FLG
FCLR | ; Disable interrupt.
AND.B  #00h, 0055h ; Set the TAOIC register to “00h”.
POPC FLG ; Enable interrupt.

22.7.7 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt request is generated.
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22.8 DMAC

22.8.1 Write to DMAE Bit in DMiCON Register (i =0, 1)

When both of the conditions below are met, follow the steps below.

Conditions
» The DMAE bit is set to “1” again while it remains set (DMA. is in an active state).
* A DMA request may occur simultaneously when the DMAE bit is being written.

Step 1: Write “1” to the DMAE bit and DMAS bit in the DMiCON register simultaneously .
Step 2: Make sure that the DMAI is in an initial state ® in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

NOTES:

1. The DMAS bit remains unchanged even if “1” is written. However, if “0” is written to this bit, it is set
to “0” (DMA not requested). In order to prevent the DMAS bit from being modified to “0, “1” should be
written to the DMAS bit when “1” is written to the DMAE bit. In this way the state of the DMAS bit
immediately before being written can be maintained.

Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

2. Read the TCRi register to verify whether the DMAI is in an initial state. If the read value is equal to
a value which was written to the TCRi register before DMA transfer start, the DMAI is in an initial
state. (If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register
is “17.) If the read value is a value in the middle of transfer, the DMAI is not in an initial state.
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22.9 Timers

22.9.1 Timer A

22.9.1.1 Timer A (Timer Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR (i =
0 to 4) register and the TAi register before setting the TAIS bit in the TABSR register to “1” (count starts).
Always make sure the TAIMR register is modified while the TAIS bit remains “0” (count stops) regardless
whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, if the counter is read at the same time it is reloaded, the value “FFFFh” is read. Also, if the
counter is read before it starts counting after a value is set in the TAi register while not counting, the set
value is read.

If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on NMI pin enabled), the TA1TOUT, TA20UT and TA4OUT pins go
to a high-impedance state.
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22.9.1.2 Timer A (Event Counter Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i =0 to 4) register, the TAi register, the UDF register, the TAZIE, TAOTGL and TAOTGH bits in the ONSF
register and the TRGSR register before setting the TAIS bit in the TABSR register to “1” (count starts).
Always make sure the TAIMR register, the UDF register, the TAZIE, TAOTGL and TAOTGH bits in the
ONSEF register and the TRGSR register are modified while the TAIS bit remains “0” (count stops) regardless
whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi register.
However, “FFFFh” can be read in underflow, while reloading, and “0000h” in overflow. When setting the
TAi register to a value during a counter stop, the setting value can be read before a counter starts
counting. Also, if the counter is read before it starts counting after a value is set in the TAi register while
not counting, the set value is read.

If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on NMI pin enabled), the TA1TOUT, TA20UT and TA4OUT pins go
to a high-impedance state.
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22.9.1.3 Timer A (One-shot Timer Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i=0to 4) register, the TAi register, the TAOTGL and TAOTGH bits in the ONSF register and the TRGSR
register before setting the TAIS bit in the TABSR register to “1” (count starts).
Always make sure the TAIMR register, the TAOTGL and TAOTGH bits and the TRGSR register are
modified while the TAIS bit remains “0” (count stops) regardless whether after reset or not.

When setting the TAIS bit to “0” (count stop), the followings occur:

* A counter stops counting and a content of reload register is reloaded.

» TAIOUT pin outputs “L”.

« After one cycle of the CPU clock, the IR bit in the TAIIC register is set to “1” (interrupt request).

Output in one-shot timer mode synchronizes with a count source internally generated. When an external
trigger has been selected, one-cycle delay of a count source as maximum occurs between a trigger
input to TAIIN pin and output in one-shot timer mode.

The IR bit is set to “1” when timer operation mode is set with any of the following procedures:

* Select one-shot timer mode after reset.

» Change an operation mode from timer mode to one-shot timer mode.

» Change an operation mode from event counter mode to one-shot timer mode.

To use the Timer Ai interrupt (the IR bit), set the IR bit to “0” after the changes listed above have been
made.

When a trigger occurs, while counting, a counter reloads the reload register to continue counting after
generating a re-trigger and counting down once. To generate a trigger while counting, generate a second
trigger between occurring the previous trigger and operating longer than one cycle of a timer count
source.

When the external trigger is selected as count start condition, do not input again the external trigger
between 300 ns before the counter reachs “0000h”.

If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on NMI pin enabled), the TA1TOUT, TA20UT and TA4OUT pins go
to a high-impedance state.
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22.9.1.4 Timer A (Pulse Width Modulation Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i=0to 4) register, the TAi register, the TAOTGL and TAOTGH bits in the ONSF register and the TRGSR
register before setting the TAIS bit in the TABSR register to “1” (count starts).
Always make sure the TAIMR register, the TAOTGL and TAOTGH bits in the ONSF register and the
TRGSR register are modified while the TAIS bit remains “0” (count stops) regardless whether after reset
or not.

The IR bit is set to “1” when setting a timer operation mode with any of the following procedures:

« Select the pulse width modulation mode after reset.

» Change an operation mode from timer mode to pulse width modulation mode.

» Change an operation mode from event counter mode to pulse width modulation mode.

To use the Timer Ai interrupt (the IR bit), set the IR bit to “0” by program after the above listed changes
have been made.

When setting TAIS bit to “0” (count stop) during PWM pulse output, the following action occurs:
« Stop counting.

» When TAIOUT pin is output “H”, output level is set to “L” and the IR bit is set to “1”.

* When TAIOUT pin is output “L”, both output level and the IR bit remain unchanged.

If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on NMI pin enabled), the TA1TOUT, TA20UT and TA4OUT pins go
to a high-impedance state.
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22.9.2 Timer B

22.9.2.1 Timer B (Timer Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i = 0 to 5) register and TBi register before setting the TBiS bit (" in the TABSR or the TBSR register to
“1” (count starts).
Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops) regardless
whether after reset or not.

NOTE:
1. The TBOS to TB2S bits are the bits 5 to 7 in the TABSR register, the TB3S to TB5S bits are the bits
51to 7 in the TBSR register.

A value of a counter, while counting, can be read in the TBi register at any time. “FFFFh” is read while
reloading. Setting value is read between setting values in the TBi register at count stop and starting a
counter.

22.9.2.2 Timer B (Event Counter Mode)
The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBiIMR
(i = 0to 5) register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to “1”
(count starts).
Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops) regardless
whether after reset or not.

The counter value can be read out on-the-fly at any time by reading the TBi register. However, if this
register is read at the same time the counter is reloaded, the read value is always “FFFFh.” If the TBi
register is read after setting a value in it while not counting but before the counter starts counting, the
read value is the one that has been set in the register.
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22.9.2.3 Timer B (Pulse Period/pulse Width Measurement Mode)
The timer remains idle after reset. Set the mode, count source, etc. using the TBiMR (i = 0 to 5) register
before setting the TBiS bit in the TABSR or TBSR register to “1” (count starts).
Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops) regardless
whether after reset or not. To set the MRS3 bit to “0” by writing to the TBiIMR register while the TBiS bit =
1 (count starts), be sure to write the same value as previously written to the TM0ODO, TMOD1, MRO, MR1,
TCKO and TCK1 bits and a 0 to the MR2 bit.

The IR bit in the TBIlC register goes to “1” (interrupt request), when an effective edge of a measurement
pulse is input or timer Bi is overflowed. The factor of interrupt request can be determined by use of the
MRS bit in the TBIMR register within the interrupt routine.

If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse input
and a timer overflow occur at the same time, use another timer to count the number of times Timer B has
overflowed.

To set the MRS3 bit to “0” (no overflow), set the TBiMR register with setting the TBiS bit to “1” and
counting the next count source after setting the MR3 bit to “1” (overflow).

Use the IR bit in the TBIlC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor within the interrupt routine.

When a count is started and the first effective edge is input, an indeterminate value is transferred to the
reload register. At this time, Timer Bi interrupt request is not generated.

A value of the counter is indeterminate at the beginning of a count. The MR3 bit may be set to “1” and
Timer Bi interrupt request may be generated between a count start and an effective edge input.

For pulse width measurement, pulse widths are successively measured. Use program to check whether
the measurement result is an “H” level width or an “L” level width.
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22.10 Thee-Phase Motor Control Timer Function
If there is a possibility that you may write data to TAi-1 register (i = 1, 2, 4) near Timer B2 overflow, read the
value of TB2 register, verify that there is sufficient time until Timer B2 overflows, before doing an immediate
write to TAi-1 register.
In order to shorten the period from reading TB2 register to writing data to TAi-1 register, ensure that no
interrupt will be processed during this period.
If there is not enough time till Timer B2 overflows, only write to TAi-1 register after Timer B2 overflowed.
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22.11 Serial 1/0

22.11.1 Clock Synchronous Serial /0 Mode

22.11.1.1 Transmission/reception
With an external clock selected, and choosing the RTS function, the output level of the RTSi pin goes to
“L” when the data-receivable status becomes ready, which informs the transmission side that the recep-
tion has become ready. The output level of the RTSi pin goes to “H” when reception starts. So if the RTSi
pin is connected to the CTSi pin on the transmission side, the circuit can transmission and reception
data with consistent timing. With the internal clock, the RTS function has no effect.

If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-imped-
ance state.

22.11.1.2 Transmission
When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO0
register = 0 (transmit data output at the falling edge and the receive data taken in at the rising edge of the
transfer clock), the external clock is in the high state; if the CKPOL bit = 1 (transmit data output at the
rising edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in
the low state.
» The TE bit in the UiC1 register = 1 (transmission enabled)
» The Tl bit in the UiC1 register = 0 (data present in UiTB register)
« If CTS function is selected, input on the CTSi pin = L

22.11.1.3 Reception
In operating the clock synchronous serial I/0O, operating a transmitter generates a shift clock. Fix settings
for transmission even when using the device only for reception. Dummy data is output to the outside
from the TXDi (i = 0 to 2) pin when receiving data.

When an internal clock is selected, set the TE bit in the UiC1 register to “1” (transmission enabled) and
write dummy data to the UiTB register, and the shift clock will thereby be generated. When an external
clock is selected, set the TE bit to “1” and write dummy data to the UiTB register, and the shift clock will
be generated when the external clock is fed to the CLKi input pin.

When successively receiving data, if all bits of the next receive data are prepared in the UARTi receive
register while the Rl bit in the UiC1 register = 1 (data present in the UiRB register), an overrun error
occurs and the OER bit in the UiRB register is set to “1” (overrun error occurred). In this case, because
the content of the UiRB register is indeterminate, a corrective measure must be taken by programs on
the transmit and receive sides so that the valid data before the overrun error occurred will be retransmitted.
Note that when an overrun error occurred, the IR bit in the SiRIC register does not change state.

To receive data in succession, set dummy data in the lower-order byte of the UiTB register every time
reception is made.

When an external clock is selected, the conditions must be met while if the CKPOL bit = 0, the external
clock is in the high state; if the CKPOL bit = 1, the external clock is in the low state.

» The RE bit in the UiC1 register = 1 (reception enabled)

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
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22.11.2 Special Modes

22.11.2.1 Special Mode 1 (I’C Mode)
When generating start, stop and restart conditions, set the STSPSEL bit in the UiSMR4 register to “0”
(start and stop conditions not output) and wait for more than half cycle of the transfer clock before setting
each condition generate bit (STAREQ, RSTAREQ and STPREQ bits) from “0” (clear) to “1” (start).

22.11.2.2 Special Mode 2
If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-phase
output forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-impedance state.

22.11.2.3 Special Mode 4 (SIM Mode)
A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to “1” (transmission
complete) and U2ERE bit in the U2C1 register to “1” (error signal output) after reset. Therefore, when
using SIM mode, be sure to set the IR bit to “0” (no interrupt request) after setting these bits.
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22.11.3Sl/0i(i=3to6) ™"
The SOUTI default value which is set to the SOUTi pin by the SMi7 in the SiC register bit approximately
10ns may be output when changing the SMi3 bit in the SiC register from “0” (I/O port) to “1” (SOUTi output
and CLKi function) while the SMi2 bit in the SiC register to “0” (SOUTi output) and the SMi6 bit is set to “1”
(internal clock). And then the SOUTI pin is held high-impedance.
If the level which is output from the SOUTI pin is a problem when changing the SMi3 bit from “0” to “1”, set
the default value of the SOUTIi pin by the SMi7 bit.

NOTE:
1.SI/O5 and SI/O6 are only in the 128-pin version.
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22.12 A/D Converter
Set the ADCONO (except bit 6), ADCON1 and ADCON2 registers when A/D conversion is stopped (before
a trigger occurs).

When the VCUT bit in the ADCONT1 register is changed from “0” (VREF not connected) to “1” (VREF
connected), start A/D conversion after passing 1 us or longer.

To prevent noise-induced device malfunction or latch-up, as well as to reduce conversion errors, insert
capacitors between the AVCC, VREF, and analog input pins (ANi (i = 0 to 7), ANO_i, and AN2_i) each and
the AVSS pin. Similarly, insert a capacitor between the VCC pin and the VSS pin. Figure 22.4 shows an
example connection of each pin.

Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input mode).
Also, if the TGR bit in the ADCONO register = 1 (external trigger), make sure the port direction bit for the
ADTRG pin is set to “0” (input mode).

When using key input interrupt, do not use any of the four AN4 to AN7 pins as analog inputs. (A key input
interrupt request is generated when the A/D input voltage goes low.)

The ¢AD frequency must be 10 MHz or less. Without sample-and-hold function, limit the ¢AD frequency to
250 kHz or more. With the sample and hold function, limit the ¢AD frequency to 1 MHz or more.

When changing an A/D operation mode, select analog input pin again in the CH2 to CHO bits in the
ADCONO register and the SCAN1 to SCANO bits in the ADCONT1 register.

Microcomputer

-i VCC AVCC

C4a—— VREF

al)

C1 C2—

“

— VSS AVSS
C3

fiile

ANi

J
N

777

ANi: ANi, ANO_i, and AN2_i (i =0 to 7)

NOTES:
1.C12>0.47 uF, C2>0.47 uF, C3 > 100 pF, C4 > 0.1 uF (reference).
2. Use thick and shortest possible wiring to connect capacitors.

Figure 22.4 Use of Capacitors to Reduce Noise
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If the CPU reads the ADi register at the same time the conversion result is stored in the ADi register after
completion of A/D conversion, an incorrect value may be stored in the ADi register. This problem occurs
when a divide-by-n clock derived from the main clock or a sub clock is selected for CPU clock.
» When operating in one-shot or single-sweep mode
Check to see that A/D conversion is completed before reading the target ADi register. (Check the IR bit in
the ADIC register to see if A/D conversion is completed.)
* When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO register to
“0” (A/D conversion halted), the conversion result of the A/D converter is indeterminate. The contents of ADi
registers irrelevant to A/D conversion may also become indeterminate. If while A/D conversion is underway
the ADST bit is set to “0” in a program, ignore the values of all ADi registers.

When setting the ADST bit to “0” in single sweep mode during A/D conversion and A/D conversion is
aborted, disable the interrupt before setting the ADST bit to “0”.
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22.13 CAN Module

22.13.1 Reading COSTR Register

The CAN module on the M16C/6N Group (M16C/6NL, M16C/6NN) updates the status of the COSTR
register in a certain period. When the CPU and the CAN module access to the COSTR register at the
same time, the CPU has the access priority; the access from the CAN module is disabled. Consequently,
when the updating period of the CAN module matches the access period from the CPU, the status of the
CAN module cannot be updated. (See Figure 22.5 When Updating Period of CAN Module Matches
Access Period from CPU.)

Accordingly, be careful about the following points so that the access period from the CPU should not
match the updating period of the CAN module:

(a) There should be a wait time of 3fCAN or longer (see Table 22.3 CAN Module Status Updating Period)
before the CPU reads the COSTR register. (See Figure 22.6 With a Wait Time of 3fCAN Before
CPU Read.)

(b) When the CPU polls the COSTR register, the polling period must be 3fCAN or longer. (See Figure 22.7
When Polling Period of CPU is 3fCAN or Longer.)

Table 22.3 CAN Module Status Updating Period

3fCAN Period = 3 x XIN (Original Oscillation Period) x Division Value of CAN Clock (CCLK)
(Example 1) Condition XIN 16 MHz CCLK: Divided by 1 3fCAN period =3 x62.5nsx1=187.5ns
(Example 2) Condition XIN 16 MHz CCLK: Divided by 2 3fCAN period =3 x62.5ns x 2 =375ns
(Example 3) Condition XIN 16 MHz CCLK: Divided by 4 3fCAN period =3 x 62.5 ns x 4 =750 ns
( )
( )

Example 4) Condition XIN 16 MHz CCLK: Divided by 8 3fCAN period =3 x62.5ns x8=1.5pus
Example 5) Condition XIN 16 MHz CCLK: Divided by 16 3fCAN period =3 x 62.5ns x 16 =3 us
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Juttiuviuituuiuu L

CPU read signal

Updating period of
CAN module

CPU reset signal

COSTR register T T T v T
b8: State_Reset bit H : : H H
0: CAN operation
mode
1: CAN reset/initial- X: When the CAN module’s State_Reset bit updating period matches the CPU’s read

ization mode period, it does not enter reset mode, for the CPU read has the higher priority.

Figure 22.5 When Updating Period of CAN Module Matches Access Period from CPU

. Waittime

CPU read signal —|

Updating period of ] |_| |_| |_| |_|
the CAN module

CPU reset signal

COSTR register o)
b8: State_Reset bit
0: CAN operation
mode . S .

1: CAN reset/initial- O: Updated without fail in period of 3fCAN

ization mode

Figure 22.6 With a Wait Time of 3fCAN Before CPU Read

CPU read signal |_|

“— 4fCAN >
Updating period of 3
the CAN module | 1

CPU reset signal

COSTR register ST )
b8: State_Reset bit H
0: CAN operation
mode X: When the CAN module’s State_Reset bit updating period matches the CPU’s read
1: CAN reset/initial- period, it does not enter reset mode, for the CPU read has the higher priority.
ization mode O: Updated without fail in period of 4(CAN

Figure 22.7 When Polling Period of CPU is 3fCAN or Longer
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22.13.2 Performing CAN Configuration

If the Reset bit in the COCTLR register is changed from “0” (operation mode) to “1” (reset/initialization
mode) in order to place the CAN module from CAN operation mode into CAN reset/initialization mode,
always be sure to check that the State_Reset bit in the COSTR register is set to “1” (reset mode).
Similarly, if the Reset bit is changed from “1” to “0” in order to place the CAN module from CAN reset/
initialization mode into CAN operation mode, always be sure to check that the State Reset bit is set to “0”
(operation mode).
The procedure is described below.
To place CAN Module from CAN Operation Mode into CAN Reset/Initialization Mode

» Change the Reset bit from “0” to “1”.

» Check that the State Reset bit is set to “1”.
To place CAN Module from CAN Reset/Initialization Mode into CAN Operation Mode

» Change the Reset bit from “1” to “0”.

» Check that the State_Reset bit is set to “0”.
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22.13.3 Suggestions to Reduce Power Consumption

When not performing CAN communication, the operation mode of CAN transceiver should be set to

“standby mode” or “sleep mode”.

When performing CAN communication, the power consumption in CAN transceiver in not performing
CAN communication can be substantially reduced by controlling the operation mode pins of CAN

transceiver.

Tables 22.4 and 22.5 show recommended pin connections.

Table 22.4 Recommended Pin Connections (In case of PCA82C250: Philips product)

Standby Mode High-speed Mode
RS P|n (1) “Hn “L”
Power Consumption in | less than 170 uA less than 70 mA
CAN Transceiver @
CAN Communication| impossible possible
Connection
M16C/BNL, M16C/BNN M16C/BNL, M16C/BNN
PCA82C250 PCA82C250

CTX0 ——p{TXD CANH CTX0 ——p{TXD CANH

CRX0 ([¢—]RXD CANL CRX0 [¢—]RXD CANL

Port @) é} Rs Port @ é} Rs

"H" output "L" output

NOTES:

1. The pin which controls the operation mode of CAN transceiver.
2.In case of Ta=25°C

3. Connect to enabled port to control CAN transceiver.

Table 22.5 Recommended Pin Connections (In case of PCA82C252: Philips product)

Sleep Mode Normal Operation Mode
STB Pin ™ “L” “H”
EN P|n (1) uLn “Hu
Power Consumption in | less than 50 uA less than 35 mA
CAN Transceiver @
CAN Communication| impossible possible
Connection
M16C/6NL, M16C/6NN PCA82C252 M16C/6NL, M16C/6NN PCA82C252
CTX0 ——p{TXD CANH CTX0 ———p{TXD CANH
CRX0 [¢———RXD CANL CRXO0 [¢——]RXD CANL
Port @) ? STB Port @) ? STB
Port 3) ? EN Port ) ? EN
"L" output "H" output
NOTES:

1. The pin which controls the operation mode of CAN transceiver.

2.Ta=25°C

3. Connect to enabled port to control CAN transceiver.
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22.13.4 CAN Transceiver in Boot Mode
When programming the flash memory in boot mode via CAN bus, the operation mode of CAN transceiver
should be set to “high-speed mode” or “normal operation mode”. If the operation mode is controlled by
the microcomputer, CAN transceiver must be set the operation mode to “high-speed mode” or “normal
operation mode” before programming the flash memory by changing the switch etc. Tables 22.6 and 22.7
show pin connections of CAN transceiver.

Table 22.6 Pin Connections of CAN Transceiver (In case of PCA82C250: Philips product)

Standby Mode High-speed Mode
RS P|n (1) uHu uLn
CAN Communication| impossible possible
Connection
M16C/BNL, M16C/6NN M16C/6NL, M16C/6NN
PCA82C250 PCA82C250

CTX0 ————p{TXD CANH >< CTX0 ———p{TXD CANH @:

CRX0 [¢———RXD CANL CRX0 [¢———RXD CANL

Port @ %} Rs Port @ Rs

Switch OFF Switch ON

NOTES:

1. The pin which controls the operation mode of CAN transceiver.
2.Connect to enabled port to control CAN transceiver.

Table 22.7 Pin Connections of CAN Transceiver (In case of PCA82C252: Philips product)

Sleep Mode Normal Operation Mode
STB Pin “L” “H”
EN P|n (1) “Ln “Hn
CAN Communication| impossible possible
Connection
M16C/6NL, M16C/BNN PCAB2C252 M16C/6NL, M16C/6NN PCAB2C252
CTX0——pTXD CANH >< CTX0——p TXD CANH B{
CRX0 4?7 RXD CANL CRX0 |¢=—]RXD CANL
Port @ %b STB Port @ STB
Port @ é} EN Port @ EN
Switch OFF Switch ON
NOTES:

1. The pin which controls the operation mode of CAN transceiver.
2. Connect to enabled port to control CAN transceiver.
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22.14 Programmable 1/0 Ports
If a low-level signal is applied to the NMI pin when the IVPCR1 bit in the TB2SC register = 1 (three-phase
output forcible cutoff by input on NMI pin enabled), the P7_2to P7_5, P8_0 and P8 1 pins go to a high-
impedance state.

Setting the SM32 bit in the S3C register to “1” causes the P9_2 pin to go to a high-impedance state.
Setting the SM42 bit in the S4C register to “1” causes the P9_6 pin to go to a high-impedance state .
Setting the SM52 bit in the S5C register to “1” causes the P11_2 pin to go to a high-impedance state ©.
Setting the SM62 bit in the S6C register to “1” causes the P11_6 pin to go to a high-impedance state ©.

NOTES:
1. When using S1/04, set the SM43 bit in the S4C register to “1” (SOUT4 output, CLK4 function) and the
port direction bit corresponding for SOUT4 pin to “0” (input mode).
2.The S5C and S6C registers are only in the 128-pin version. When using these registers, set these
registers after setting the PU37 bit in the PUR3 registger to “1” (Pins P11 to P14 are usable).

The input threshold voltage of pins differs between programmable 1/O ports and peripheral functions.
Therefore, if any pin is shared by a programmable /O port and a peripheral function and the input level at
this pin is outside the range of recommended operating conditions VIH and VIL (neither “high” nor “low”),
the input level may be determined differently depending on which side—the programmable I/O port or the
peripheral function—is currently selected.

When changing the PD14_i bit (i = 0, 1) in the PC14 register from “0” (input port) to “1” (output port), follow
the procedures below.
Setting Procedure
(1) Set P14_i bit :MOV.B #00000001b, PC14  ; P14_i bit setting
(2) Change PD14_i bit to “1” by MOV instruction :MOV.B #00110001b, PC14  ; Change to output port
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22.15 Dedicated Input Pin
When dedicated input pin voltage is larger than VCC pin voltage, latch up occurs.
When different power supplied to the system, and input voltage of unused dedicated input pin is larger than
voltage of VCC pin, connect dedicated input pin to VCC via resistor (approximately 1kQ).
Figure 22.8 shows the circuit connection.
This note is also applicable when VINPUT exceeds VCC during power-up.
The resistor is not necessary when VCC pin voltage is same or larger than dedicated input pin voltage.

/Different power supply \

vce Dedicated AWV
input pin

(e.g. NMI)

M16C/6NL, M16C/6NN

Figure 22.8 Circuit Connection
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22.16 Electrical Characteristic Differences Between Mask ROM and Flash Memory

Version Microcomputers
Flash memory version and mask ROM version may have different characteristics, operating margin, noise
tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern,
etc. When switching to the mask ROM version, conduct equivalent tests as system evaluation tests
conducted in the flash memory version.
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22.17 Mask ROM Version
When using the masked ROM version, write nothing to internal ROM area.
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22.18 Flash Memory Version

22.18.1 Functions to Prevent Flash Memory from Rewriting
ID codes are stored in addresses OFFFDFh, OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and
OFFFFBh. If wrong data are written to theses addresses, the flash memory cannot be read or written in

standard serial /0O mode and CAN I/O mode.
The ROMCP register is mapped in address OFFFFFh. If wrong data is written to this address, the flash

memory cannot be read or written in parallel /O mode.
In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H)

of fixed vectors.

22.18.2 Stop Mode
When entering stop mode, the following settings are required:
* Set the FMRO1 bit to “0” (CPU rewrite mode disabled). Disable DMA transfer before setting the CM10 bit
to “1” (stop mode).
» Execute the instruction to set the CM10 bit to “1” (stop mode) and then the JMP.B instruction.
Example program BSET 0, CM1 ; Stop mode
JMP.B L1
L1:
Program after exiting stop mode

22.18.3 Wait Mode
When entering wait mode, set the FMRO1 bit in the FMRO register to “0” (CPU rewrite mode disabled)
before executing the WAIT instruction.

22.18.4 Low Power Dissipation Mode and On-Chip Oscillator Low Power Dissipation Mode
If the CMO5 bit is set to “1” (main clock stopped), do not execute the following commands:
* Program
* Block erase
* Erase all unlocked blocks
* Lock bit program software command
* Read lock bit status

22.18.5 Writing Command and Data
Write commands and data to even addresses in the user ROM area.

22.18.6 Program Command
By writing “xx40h” in the first bus cycle and data to the write address in the second bus cycle, an auto
program operation (data program and verify) will start. The address value specified in the first bus cycle
must be the same even address as the write address specified in the second bus cycle.

22.18.7 Lock Bit Program Command
By writing “xx77h” in the first bus cycle and “xxDOh” to the highest-order even address of a block in the
second bus cycle, the lock bit for the specified block is set to “0”. The address value specified in the first
bus cycle must be the same highest-order even address of a block specified in the second bus cycle.
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22.18.8 Operation Speed
Set the CMO06 bit in the CMO register and the CM17 to CM16 bits in the CM1 register to clock frequency
of 10 MHz or less before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the PM17 bit in the
PM1 register to “1” (with wait state).

22.18.9 Prohibited Instructions

The following instructions cannot be used in EW0 mode because the CPU tries to read data in flash
memory: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

22.18.10 Interrupt
EWO0 Mode

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 FMR0 and FMR1 registers are forcibly
reset when either interrupt request is generated. Allocate the jump addresses for each interrupt service
routines to the fixed vector table. Flash memory rewrite operation is aborted when the NMI or watchdog
timer interrupt request is generated. 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.

EW1 Mode

+ Do not acknowledge any interrupts with vectors in the relocatable vector table or address match interrupt
during the auto program or auto erase period.

* Do not use the watchdog timer interrupt.

+ The NMl interrupt is available since the FMRO and FMR1 registers are forcibly reset when the interrupt
request is generated. Allocate the jump address for the interrupt service routine to the fixed vector table.
Flash memory rewrite operation is aborted when the NMI interrupt request is generated. Execute the
rewrite program again after exiting the interrupt service routine.

22.18.11 How to Access
To set the FMR0O1, FMRO02 or FMR11 bit to “1”, write “1” after first setting the bit to “0”. Do not generate an
interrupt or a DMA transfer between the instruction to set the bit to “0” and the instruction to set the bit to
“1”. Set the bit while an “H” signal is applied to the NMI pin.

22.18.12 Rewriting in User ROM Area

EWO0 Mode
The supply voltage drops while 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 I/O mode or parallel /O mode or CAN 1/O
mode.

EW1 Mode
Avoid rewriting any block in which the rewrite control program is stored.

22.18.13 DMA Transfer

In EW1 mode, do not perform a DMA transfer while the FMROO bit in the FMRO register is set to “0” (auto
programming or auto erasing).
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22.19 Flash Memory Programming Using Boot Program

When programming the internal flash memory using boot program, be careful about the pins state and
connection as follows.

22.19.1 Programming Using Serial I/O Mode
CTXO0 pin : This pin automatically outputs “H” level.
CRXO0 pin : Connect to CAN transceiver or connect via resister to VCC (pull-up)
Figure 22.9 shows a pin connection example for programming using serial I/O mode.

o vCe
10-pin connector M16C/BNL, M16C/6NN Power

suppl
(1| levee monitor input anp | PP

CLK1(P6_5)

RXD1(P6_6) NMI(P8.5) 'IAN\?
"

TXD1(P6_7)
RTS1(P6_4)
EPM(P5_5)

CE(P5_0)
CNVSS

. I e cTX0(P9_6) —X

RESET

PC card-type <

Flash Programmer CRX0(P9_5)

AARERA

3

\_ ), user reset signal

Figure 22.9 Pin Connection for Programming Using Serial 1/0 Mode

22.19.2 Programming Using CAN 1/O Mode

RTS1 pin : This pin automatically outputs “H” and “L” level.
Figure 22.10 shows a pin connection example for programming using CAN I/O mode.

- ] VCC
10-pin connector M16C/6NL, M16C/6NN Power
suppl
((— | e vee montor input ano |
10 CAN_H
% roa | CTX0(P9_6)
4 CAN L 18202500 __{ GRX0(P9_5)
6 P EPM(P5_5)
5 p——| CE(P5.0) . ;M/\?
PC card-type 4 NMI(P8_S)
CAN Programmer
9 P CNVSS
. W W RTS1(P6_4) —X
RESET
5 =
7 a user reset signal

Figure 22.10 Pin Connection for Programming Using CAN I/O Mode
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22.20 Noise

Connect a bypass capacitor (approximately 0.1 pF) across the VCC1 and VSS pins, and VCC2 and VSS
pins using the shortest and thicker possible wiring. Figure 22.11 shows the bypass capacitor connection.

Bypass Capacitor

Connecting Pattern Connectlng Pattern
VSS VCC2

M16C/6N Group
(M16C/6NL, M16C/6NN)

VSS VCCA
Connecting Pattern Connectlng Pattern

Bypass Capacitor

Figure 22.11 Bypass Capacitor Connection
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Appendix 1. Package Dimensions
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Rev.

Description

Date

Page

Summary

1.00

Sep. 30, 2004

First edition issued

1.01

Nov. 01, 2004

Revised edition issued
* Revised parts and revised contents are as follows (except for expressional change).

267

268

288

Table 21.2 Recommended Operating Conditions (1)

* loH(peak): Unit is revised from “V” to “mA”.
Table 21.3 Recommended Operating Conditions (2)

*NOTE 3: “VCC =3.0 £ 0.3 V" is revised to “VCC =3.3 + 0.3 V",
22.9.1.2 Timer A (Event Counter Mode) is revised.

1.02

Jul. 01, 2005

Revised edition issued
* Revised parts and revised contents are as follows (except for expressional change).

13
19
35
51
74

172

203

204

206

209

220
225
227

Table 1.3 Product List is revised.
Flgure 4.1 SFR Information (1): The value of After Reset in CM2 Register is revised.
Figure 4.7 SFR Information (7): NOTE 1 is revised.
Figure 7.4 CM2 Register: The value of After Reset is revised.
Figure 7.13 State Transition in Normal Operation Mode: NOTE 7 is revised.
9.10 Address Match Interrupt: After of 13th line
* “Note that when using the external bus in 8-bit width, no address match interrupts
can be used for external areas.” is deleted.
Figure 14.37 (upper) SiC Register: NOTE 4 is revised.
Figure 18.6 COMCTL| Registers
* RemActive bit: Function is revised.
* RspLock bit: Bit Name is revised.
*NOTE 2 is revised.
Figure 18.7 COCTLR Registers (upper)
 LoopBack bit: The expression of Function is revised.
*BasicCAN bit: The expression of Function is revised.
Figure 18.7 COCTLR Registers (lower)
* TSPreScale bit: Bit Symbol is revised. (“Bit1, Bit0” is deleted.)
* TSReset bit: The expression of Function is revised.
* RetBusOff bit: The expression of Function is revised.
* RXOnly bit: The expression of Function is revised.
Figure 18.9 COSTR Registers (upper): NOTE 1 is deleted.
Figure 18.9 COSTR Registers (lower)
« State_LoopBack bit: The expression of Function is revised.
« State_BasicCAN bit: The expression of Function is revised.
Figure 18.12 CORECR Register, COTECR Register, COTSR Register and COAFS Register
* CORECR Register: NOTE 2 is deleted.
* COTECR Register: NOTE 1 is deleted.
» COTSR Register: NOTE 1 is deleted.
18.15.1 Reception (1): “(refer to 18.15.2 Transmission)” is deleted.
Figure 19.1 1/0O Ports (1): “P7_0" in 4th figure is deleted.
Figure 19.3 I/0 Ports (3): “P7_0" is added to middle figure.
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Rev. Date Description
Page Summary
1.02 |Jul. 01,2005 229 Figure 19.6 1/0O Pins: NOTE 1 is deleted.
269 Table 21.4 Electrical Characteristics (1)
» Measuring Condition of Vo is revised from “Lo. = —200pA” to “Lo. = 200pA”.
270 Table 21.5 Electrical Characteristics (2): Mask ROM (5th item)
« “f(XCIN)” is changed to “(f(BCLK)).
271 Table 21.6 A/D Conversion Characteristics: “Tolerance Level Impedance” is deleted.
304 22.14 Programmable I/O Ports: last 1 to 2 lines

* (1) Setting Procedure is revised from “#00010000b” to “#00000001b”.
* (2) Setting Procedure is revised from “#00010011b” to “#00110001b”.
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