REJ09B0202-0100 Everywhere you imagine. g z ENESAS

= M16C/26A Group(M16C/26A,M16C/26T)

Hardware Manual

RENESAS 16-BIT SINGLE-CHIP MICROCOMPUTER
M16C FAMILY / M16C/Tiny SERIES

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

Rev. 1.00 RenesasTechnology
Revision date: Mar.15, 2005 WWW.renesas.com



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 (i) 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 t
he products contained therein.




How to Use This Manual

1. Introduction
This hardware manual provides detailed information on the M16C/26 group (M16C/26A, M16C/26T) microcom-
puters. Users are expected to have basic knowledge of electric circuits, logical circuits and microcomputers.

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

XXX Register

*1
b7 b6 b5 b4 b3 b2 bl bo

i :

Symbol Address fter
XXX XXX 00h
Bit Symbol Bit Name Function RW
b1b0 L~ *2
XXXO0 0 0: XXX RW )/
XXX Bit 0 1: XXX \\/
H 1 0: Do not set a value
""" XXXL 11: XXX RW
__________ Nothing is assigned. .
(b2) When write, set to "0". When read, its content is indeterminate. | — +—*3
................. — | Reserved Bt — | setto 0" wo
(b4 - b3) *4
: —
: 1
L RLELE XXX5 — | rRw
. Function varies depending on mode
XXX Bit .
of operation
EELTELEEE PP PP EPEEEP e XXX6 RW
T LY P e T CETTEPEETPEE XXX7 | XXX Bit 0: 20X RO
1: XXX
*1
Blank:Set to "0" or "1" according to the application
0: Set to "0"
1 Set to "1"
X: Nothing is assigned
*2

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



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

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

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

available.



Table of Contents

Quick Reference by Address B-1
1. Overview 1
I o o] 1T o= A 0] 1RSSR 1
1.2 PerformancCe OULIINE ........uiiiiiiieeiieee e e e e e e 2
RGN = o Yot [ BTV | = o [PPSR 4
1.4 ProUCTE LISt oottt e e e e e e e e e e e e e e e e e e e aan e 6
I e R @ o} {0 U T = Ao o SRS 9
I T T TS T ] o T o) o o PP 11

2. Central Processing Unit (CPU) 13
2.1 Data Registers (RO, R1, R2.8Nd R3) ...ooiiiiiiiiiiiiiieiieeeeee e 13
2.2 Address RegisSters (AD AN AL) ... e e 13
2.3 Frame Base REQISTEr (FB) ...t 14
2.4 Interrupt Table Register (INTB) .....uuuiiiiiiiieeieeee e 14
2.5 Program COUNTEr (PC) ...coiiiiiiiiieiie ettt eeeeeaaaeas 14
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP) ..., 14
2.7 StatiC BasSe REQGISTEI (SB) ittt e e e e e e aeeeas 14
2.8 Flag RegiSTEr (FLG) .cooiiiiiiiiiit ettt e e e e e e e e e e e e e 14
2.8.1 Carry FIag (C FIag) «..coooeeeeeiiiiiieieeeee ettt 14

2.8.2 Debug Flag (D FIag) ....ccoooeieiiiiiieeeeee ettt 14

2.8.3 ZEr0 Flag (Z FIAg) «eeeeeeeieeeeieei ittt 14

2.8.4 SIgN FIAg (S FIAG) - eeeeiiiiiiiiiieiiie ettt 14

2.8.5 Register Bank Select Flag (B Flag) ......ccccuuvuuiiiiiiiiiiiiiiiiiieeiee 14

2.8.6 OVerflow Flag (O FIag) .....ccooiiiiiiiiiiiiii ettt 14

2.8.7 Interrupt Enable Flag (I FIag) .....ccooooiiiiiiiiiiiieeeeeeeeee e 14

2.8.8 Stack Pointer Select Flag (U Flag) .........uuuuumiiiiiiiiiiiiiiiieeeeeee 14

2.8.9 Processor Interrupt Priority Level (IPL) ... 14
2.8.10 RESEIVEU ATB& ..ceiiiiiiiiiei ettt e e e e e e e e e e e e 14

3. Memory 15
4. Special Function Register (SFR) 16
5. Reset 22
5.1 HArdWare RESEL .....ccooiiiiiiiiiiiiee et 22
5.1.1 Hardware RESELE L ......ooiiiiiiiiiiiiiiieee ettt 22

5.1.2 HArdWare RESELE 2 ......oooiiiiiiiiiiii ettt 22



D2 SO AN RS O ittt et e 23

5.3 WatChdog TIMEr RESEL ...ttt a e e e e e e 23
5.4 Oscillation StOp DeteCtioN RESEL......uuuiiiiiiiiiiiiiiieeee e 23
5.5 Voltage DeteCtioN CirCUIT ....ciiciiiiiiiiiiiiiie et e e e e e e e ea s 25

6. Processor Mode 31
7. Clock Generation CirCUit ......ccoovevveviiiiiiiii e, 32
T. L MAIN CHOCK ittt e ettt et e e e e e e e e e eeeeaeas 39
7.2 SUD CHOCK ettt e et e e e e e e e aeeas 40
7.3 0N-Chip OSCIHIAtOr ClIOCK ... 41
TA PLL ClOCK .ttt e et e e e s e st e e e e e e nnnnneeeeaeaans 41
7.5 CPU Clock and Peripheral FUNCEiON CIOCK .......ccooiiiiiiiiiiiiiiieeeeeee e 43
T.5.1 CPU ClOCK .ttt e e e e e et e e e e e et e e e e e e e ennneees 43

7.5.2 Peripheral Function Clock(f1, f2, fs, f32, f1slo, f2sI0, f8sio, f32sI0, fAD, fC32) ........ 43

7.5.3 ClOCKOULIPUT FUNCTION oottt 43

7.6 POWET CONTIOl oot e et e e e e e e e e e e e as 44
7.6.1 Normal Operation MOAE .......cooiiiiiiiiiiiiie e 44

T.6.2 WRIT MOTE ...ttt ettt e e e e e e e e e e e e e bbb e e e 45

7.6.3 STOP MO ...ttt e e e e e e e e 47

7.7 System Clock Protective FUNCTION .......ooviiiiiiiiiiiiieceee e 51
7.8 Oscillation Stop and Re-oscillation Detect FUNCHION ..........covvviiiiiiiiiiiiiiiiieeeeeeee, 51
7.8.1 Operation When the CM27 bit is set to "0" (Oscillation Stop Detection Reset)...... 52

7.8.2 Operation When the CM27 bit is set to "1" (Oscillation Stop and Re-oscillation Detect Interrupt) ... 52

7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function ................. 53

8. Protection 54
9. Interrupt 55
0.1 TYPE OF INTEITUPTS ..ot e e e e e e e e aaeeas 55
9.1.1 SOTtWAre INTEITUPTS .oiiiieieeeeee ettt e e e e e n e 56

9.1.2 Hardware INTEITUPTS ..oooiiieieeeeee oottt e e e b e 57

9.2 Interrupts and INTEITUPT VECTOT ......uuuiiiiiiiiiiiiiiiiee e 58
9.2.1 Fixed VecCtor TabIes ... 58

9.2.2 Relocatable Vector Tables ... 59

0.3 INTErTUPT CONTIOl e e e e e 60
TR J00 R ! = o TP 63

TR T2 1 = B 2 | ST PERRP 63
9.3.31LVL2 t0 ILVLO BitS @nd IPL ..ot 63

A-2



0.4 INTEITUPT SEQUENCE ..ottt e e e e e e e ettt e e e e e e e e e e e e e e eeeeeennrnnnne
9.4.1 INterrupt RESPONSE TIME ..ot
9.4.2 Variation of IPL when Interrupt Request is Accepted.........coooociiviiiviiiiiineenn.
9.4.3 SAVING REGISTEIS ..ooiiiiiiiiiii ettt
9.4.4 Returning from an Interrupt ROUTINE ........uvviiiiiiiiiii e

9.5 INTEITUPT PIIOTITY coviiiiiieeeee ettt r e e e e e e e e aeeeas
9.5.1 Interrupt Priority ReSOIULION CirCUIT......uuuiiiiiiiiiiiiiiiieeeee e

9.6 INT INTEITUPT cettieeitiie ettt e ettt e st et e et e et e e et e e est e e et e e et e e ssteeesnseeeanteeesaeeennneeanseaennees

oA N LT (=T U o USSR

9.8 KEY INPUL INTEITUPT ..ottt e e e e e e e e e e e eeeenneennaaas

9.9 Address MatCh INTEITUPT ...cooiiei e e e e

10. Watchdog Timer 74

10.1 Count source proteCtive MOAE .......cooiiiiiiiiii i
10.2 Cold start / Warm STANT ........uuiiiiieee e e e e e e

11. DMAC 77

11.1 TranSTer CYCIES ..ot e e e e e e
11.2. DMA TranSTer CYCIES ...uuuiiiiiiiiiiiiiiiii ettt e e
113 DMA ENADIE ... et a e e e e e e e e e
11.4 DMA REQUEST ...ttt e e r e e e e e e e e e e e e r e e e e e e nnnas
11.5 Channel Priority and DMA Transfer TIMIiNG ......cccccuvuriiiiiiiiiiiiieeeeee e

12. Timer 87

D2t R I = SRS
Dt O R T =T o/ o Yo PSPPI
12.1.2. EVeNt COUNTEr MO .....uuiiieii et
12.1.3. ONe-Shot TIMEIr MOE .....uiiiiiiii e

12.1.4. Pulse Width Modulation (PWM) MOGE.........ccuiiiiiiiiiiiiiieeeceeiii e 100
I N U= = TP PPPPRPPRRP 103
12.2.1 TIMEI MO .. i e et e e e e e e e e e e et e e e e eenaes 106
12.2.2 Event CoUNtEr MOAE ......uuiiiiiieiiie et eaeeaaes 107
12.2.3 Pulse Period and Pulse Width Measurement Mode...........cccooeevvviiiiiieeennnn, 108
12.2.4 AID Trigger MOUE ...ccooeiiii i e et e e e e e et e e e e eeaaes 110
12.3 Three-phase Motor Control Timer FUNCLION .........coiiiiiiiiiiii e 112
12.3.1 Position-data-retain FUNCLION .......coouiiiiiiiiiiic e 123
12.3.2 Three-phase/Port Output Switch FUNCLioN .........ccoovviiiiiiiiii e, 125

A-3



13. Serial I/O 127

13. 2. UARTI (IT0 10 2) iiiiiiiiee ettt ettt e e e et e e e e e s nnnnnneeaaeeeas 127
13.1.1. Clock Synchronous serial /O MOdE........cccovviiiiiiiiiiiiiieeeeeeee e 137
13.1.2. Clock Asynchronous Serial I/O (UART) MOde......ccoeiiiiiiiiiiiiiieeeiiiie e 145
13.1.3 Special Mode 1 (12C bus MOAE)(UART2) .....ovceeeeeeeeeeeeeeeeeeee e 153
13.1.4 Special MOAE 2 (UART2) ...ttt e et eeeeaaes 163
13.1.5 Special Mode 3 (IE Bus mode J(UART2) ...oooviiiiiiiiiiie e 168
13.1.6 Special Mode 4 (SIM Mode) (UART2) ..ot 170

14. A/D Converter 175

14.1 OPEratioN MOGES ......uiiiiiiiiiiiiiiii ettt r e e e e e e e e e e aeeeaeaaaaaans 181
14.1.1 ONE-SNOt MOTE ... e e e e e as 181
14.1.2 REPEAL MOTE ..ottt e e e e e e e e e e e e e e s bbb e e e e e ee e 183
14.1.3 Single SWeep MOAE ... 185
14.1.4 Repeat SWEEP MO O ...ttt 187
14.1.5 Repeat SWEEP MO 1 ...ttt 189
14.1.6 Simultaneous Sample Sweep MOUE ... 191
14.1.7 Delayed Trigger MOGE O.........uuuiiiiiiiiiiiiieieeeee e e 194
14.1.8 Delayed Trigger MOGE L.........uuuiiiiiiiiiiiiiiieeeeee e 200

14.2 Resolution SeleCt FUNCLION ...t 206

14.3 Sample and HOI ... 206

14.4 Power Consumption Reducing FUNCLION ........cooiiiiiiiiiiiiiiiiceceeeeeeee e 206

14.5 Output Impedance of Sensor under A/D CONVEISION ......eevvieiiiiiiiieeeeeeiaaeininnnns 207

15. CRC Calculation Circuit 208

G0 I O = G20 1 o Yo o ISP 208

16. Programmable I/O Ports 211

16.1 Port Pi Direction Register (PDi Register,i =1, 6 10 10)....ccccevviiiiiiiiiiiinnniiiiiin, 211

16.2 Port Pi Register (Pi Register, i =1, 6 10 10) .....cccccouiiiiiiiiiiiiiiiieeeeeee e 211

16.3 Pull-up Control Register 0 to Pull-up Control Register 2 (PURO to PUR2 Registers) ........ 211

16.4 POIt CONTIOl REGISTEN ....uiiiiiiiiiiiiiiee ettt a e e e e e e e 212

16.5 Pin Assignment Control register (PACR) ......ooooiiiiiiiiiiiiiee e 212

16.6 Digital DEDOUNCE TUNCHION ....uiiiiiiiiiiiiiiceee e 212

17. Flash Memory Version 225

17.1 Flash Memory PerforManCe ......coouuuiiiiiiiiiiiie et e et e et eaeeanes 225

iV =T 0 T o] VAN 1Y/ =T I U 227

A-4



17.3 Functions To Prevent Flash Memory from Rewriting .........cccccoevevviiiiiiiiinnnnen, 230

17.3.1 ROM Code ProteCt FUNCTION ....uuiiiiiiiiiiiiiieeeeeeee e 230
17.3.2 1D Code CheCk FUNCHION .....uuiiiiiiiiiiiiiiiiiieeeeee et 230
17.4 CPU REWIITE IMOTE ...ouiiiiiiiiiiiiiieeee ettt e e e e e e e e e e e e e e 232
I I 1YL I 1Y o o L= SRR 233
I AV 1Y o o L= TP 233
17.5 REQISTEI DESCIIPTION L.uuttiiiiiiiiiiiiiiiei et e et e e e e e e e e e e e e e e e e e s 234
17.5.1 Flash memory control register 0 (FMRO) .........cooooiiiiiiiiiiiiieiieeeceee e 234
17.5.2 Flash memory control register 1 (FMRL1) ........coooiiiiiiiiiiiiiiieieeeecceeeee e 235
17.5.3 Flash memory control register 4 (FMR4) ... 235
17.6 Precautions in CPU ReWrite MOAE ........oooiiiiiiiiiiiiiiiiie et 240
17.6.1 OPEration SPEEMA .....cooiiiiiiiiiiiit ittt as 240
17.6.2 Prohibited INSTTUCTIONS .....uuiiiiiiiiiiiiiieieee e 240
17.6.3 INEEITUPTS e e e e e e et e e e e e e e e e e e e e eeeees 240
17.6.4 HOW 1O ACCESS . .iiiiiiieiiiieie ettt e e e e e e e e et e e e e e n e e e e e eeees 240
17.6.5 Writing in the USer ROM SPACE .....coovviiiiiiiiiiiiieeeeeittee et 240
17.6.6 DMA TranSTeI .o e e e e e e e as 241
17.6.7 Writing Command and Dat@ ...........ceeeiiiiiiiiiiiieiiiieeiee e 241
17.6.8 WAIT IMOTE ..ottt r e e et e e e e e aeeeas 241
17.6.9 STOP MOAE ... e e e e e e as 241
17.6.10 Low Power Consumption Mode and On-chip Oscillator-Low
Power Consumption MOGE ...........uuiiiiiiiiiiiiiiiiiiie e 241
17.7 SOTtWare COMIMANTS ....uuuiiiiiiiiiiiiiiiiie e e e e e e e e e e e e e e e aaeaeeeaaanns 242
17.7.1 Read Array Command (FFL6)........ccuuiiiiiiiiiiiiiiiiiiiiiiiiiee et 242
17.7.2 Read Status Register Command (7016) ...........cooviiiiiiiiiiiiiiiiiiiiiieeeeeeeee e 242
17.7.3 Clear Status Register Command (5016)...........coooiiiiiiiiiiiiiiiiiiiiiieiieeeeee e 243
17.7.4 Program Command (4016) .....uuuuueeeieiieiiiieeeeeeeee et 243
17.7.5 BIOCK EFASE ..ottt r et e e e e e e e e as 244
17.8 STALUS REGISTEN ...ttt e e et e e e e e e e e e e e e e e e e e e aaanns 246
17.8.1 Sequence Status (SR7 and FMROO BitS ).......cooviiiiiiiiiiiiiiiiiiiieeeeeceeeee e 246
17.8.2 Erase Status (SR5 and FMRO7 BitS) ....cccouiiiiiiiiiiiiiiiiiieieeeeeeeee e 246
17.8.3 Program Status (SR4 and FMROG BitS) .......cccoooiiiiiiiiiiiiiiiiiiiiiiieeeeeeeee e 246
17.8.4 FUll StAtUS CRECK ... 247
17.9 Standard Serial I/O MOAE .......oooiiiiiii et 249
17.9.1 ID Code CheCk FUNCHION .....uuiiiiiiiiiiiiiiiieeeee et 249
17.9.2 Example of Circuit Application in Standard Serial I/O Mode ..................... 253
17.20 Parallel 1/O MOTE ......uuuiiiiiiiiieieeee ettt e e e e e e e e e e e 255
17.10.1 ROM Code ProteCt FUNCTION .....oiiiiiiiiiiiieeeeeeeeeeeee e 255

A-5



18. Electrical Characteristics 256

18.1. NOFMAI VEISTON ..ottt e e e e e e e e e e e e e e e e e e e e e naanns 256
18.2. T VEISION ittt e e e e e e e et et oo e et et e et e e e e e e e e e eaeaeeenaaans 275
19. Usage Precaution 294
19,0 SR oottt e et e e e e e e e b — e e et e e e e e b et e e e e e s e nnanereaaeaans 294
19.1.1 Precaution fOr 48 PiN VEISION ......cciiiiiiiiiiieiieeee e 294
19.1.2 Precaution fOr 42 Pin VEISION ......cuiiiiiiiiiiieieeeee e 294
19.2 PLL FrequencCy SYNTNESIZEN ...ttt 295
19.3 POWET CONTIOL ..t e e e e e e e e e e e e e e e e e e e 296
R I O e o ] (=T o] PP PP PP PP 298
(R RS [ (=T U1 oL PP PP PP 299
19.5.1 Reading address 0000016 .........uueiriiiiiiiiiieeeeeeeeeaaa s e e e e e 299
19.5.2 Setting Tthe SP ... 299
19.5.3 THE NMIINTEITUPL ©oeiiiiieiiie ettt e e et e e tee e et e e snneeennneeennes 299
19.5.4 Changing the Interrupt Generation FaCtOr ...........cccociiiiiiiiiiiiiiiiceeeeeeeeeee 300
19.5.6 Rewrite the Interrupt Control RegIiSter ...t 301
19.5.7 Watchdog TimMer INTEITUPT .....uuuiiiiiiiiiiieieeeee e 302
19.6 DIMAC .ottt ettt e e et e e e e e e e et e e e e e e e hra et e e e e e e nnbraeeeaeeaanns 303
19.6.1 Write to DMAE Bit in DMICON REQISTEr .....ccoooiiiiiiiiiiiiiiiiieeeeeeeeee e 303
R T A ] 1= SO PPPPRPPRRP 304
LO.7.0 THMIBE A ottt ettt e e e e e e e e e e e e e e e e s e e e e a bbbt bbb e e e 304
1O.7.2 THMEE B ettt e e e e e e e e e e e e e e e e bbb e e e e 308
19.8 Serial I/O (Clock-synchronous Serial I/O) ......ccccuiiiiiiiiiiiiiiiiieeeeeeeee e 311
19.8.1 TranSMISSION/TECEPTION ....uuiiiiiiiiiiiiiieie i e e 311
19.8.2 TranNSIMISSION .coeeiiiiiiiiieiiiett ettt et e e e e e e e e e e e e e e s e bbbt b e e e e e e e eeeaaeeeeeas 312
19.8.3 RECEPTION ceiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e aeeas 313
19.9 Serial /O (UART MOAE) ...oueiiiiiiiiiiiiiiee ettt e e e e 314
19.9.1 Special Mode 1 (I2C bUS MOAE) .......ceveviveereeeieecee e en e, 314
19.9.2 SPECIal MOUE 2 .. .. 314
19.9.3 Special Mode 4 (SIM MOUAE) ....uuuiiiiiiiiiiiiiieeee e 314
19.20 A/D CONVEITEI .ttt ettt ettt e e e e e e e e e e e e e e s e sttt b bbb e e e e e et et e e e e e eaeeeeaaasasesaaanns 315
19.11 Programmable 1/O POITS .....oouiiiiiiiieee ittt 317
19.12 Electric Characteristic Differences Between Mask ROM and Flash
Memory Version MiCrOCOMPULEIS ....ooiviiiiiiiieeiiiee e 318
19.13 MASK ROM VEISION ..uuttiiiiiiiiiiiiiiiie ettt et e e e e e e e e e e e e e e e s e a e 318
19.13.1 INterNal ROM @I a .....cccuuuiiiiiiiiiiiiiieeeee et e e e e e e as 318
19.13.2 RESEIVE DIt 318

A-6



19.14 Flash MemMOIY VEISION ....uuuiiiiiiiiiiiie ettt e et e e e e e e e aa e e e eaenes
19.14.1 Functions to Inhibit Rewriting Flash Memory ..........c.cciiiiiiiviiienn.
S I B (o T o N 4 Y Yo L= PP
19.14.3 WAIL MOUE ..t e et r bbb e e e e e e e e e eees

19.14.4 Low power dissipation mode, on-chip oscillator low power dissipation mode

19.14.5 Writing command and data ..........cccuuuiiiiiiiiiiiiiiiecce e
19.14.6 Program COMMAaNG .......coiiiiiiiiiiiiieeeceiii et e et e e e e
19.14.7 Operation SPEEU ......cccuuiiii i
19.14.8 Instructions prohibited in EW0 MOde .........ccooeiiiiiiiiiiiieiceie e
S B e B [ g AT o T o) PP
19.14.10 HOW 10 BCCESS ....iiiiiiiiieieeieeiie e ettt e ettt e e et e e e e e e e et e e e e eenrn e e e
19.14.11 Writing in the user ROM @rea..........ccoeieiiiiiiiiiii e
19.14.12 DMA TrANSTOI et
19.14.13 Regarding Programming/Erasure Times and Execution Time ..........
19.14.14 Definition of Programming/Erasure TIMEeS .........cccceeveeeveiiiiiieeeeeeriieeenn,

19.14.15 Flash Memory Version Electrical Characteristics 10,000 E/W

cycle products (U7, U9Q) ..o

19.14.16 BOOT MOAE ..coiiiiiiiiieeie e et e e e
LS TR T N[0T = PSPPSRI
19.16 INStruction fOr @ DEVICE USE ....ccuviiiiiiiiiiiiie et

Appendix 1. Package Dimensions
Appendix 2. Functional Difference

Appendix 2.1 Differences between M16C/26A and M16C/26T .........ccccceevveevvevnnnnnn.
Appendix 2.2 Differences between M16C/26A and M16C/26 ..........ccccceeveevvevrnnnnnnn.

Register Index

A-7



Quick Reference by Address

Address Register Symbol Page Address Register Symbol | Page
000016 004016

000116 004116

000216 004216

000316 004316

000416 | Processor mode register 0 PMO 31 004415 |INT3 interrupt control register INT3IC 61
000516 | Processor mode register 1 PM1 31 004516

000616 | System clock control register 0 CMO 34 004615

000716 | System clock control register 1 CM1 35 004716

000816 004815 |INTS interrupt control register INT5IC 61
000915 | Address maitch interrupt enable register | AIER 73 004916 | INT4 interrupt control register INT4IC 61
000As | Protect register PRCR 54 004A16 | UART2 Bus collision detection interrupt control register | BCNIC 61
000B1s 004B1s | DMAO interrupt control register DMOIC 61
000Cs6 | Oscillation stop detection register CM2 36 004C1s | DMAL interrupt control register DM1IC 61
000D1s 004D1s | Key input interrupt control register KUPIC 61
000E:s | Watchdog timer start register WDTS 75 004E1 | A/D conversian interrupt contral register | ADIC 61
000F1s | Watchdog timer control register WDC 75 004F1s | JART?2 transmit interrupt control register S2TIC 61
001016 005016 | JART2 receive interrupt control register S2RIC 61

oo11:s | Address match interrupt register O RMADO 73 005116 | UARTO transmit interrupt control register SOTIC 61
001216 005215 || JARTO receive interrupt control register SORIC 61

001316 005315 | UART1 transmit interrupt control register S1TIC 61
001416 005416 | UART1 receive interrupt control register S1RIC 61

001516 | Address match interrupt register 1 RMAD1 73 005515 | Timer AQ interrupt control register TAOIC 61

001616 005616 | Timer Al interrupt control register TAlIC 61

001716 005716 | Timer A2 interrupt control register TA2IC 61

001816 005816 | Timer A3 interrupt control register TA3IC 61

001916 | Voltage detection register 1 VCR1 26 005916 | Timer A4 interrupt control register TA4IC 61

001A:s | Voltage detection register 2 VCR2 26 005A16 | Timer BO interrupt control register TBOIC 61

001B1s 005B1s | Timer B1 interrupt control register TB1IC 61

001Css | PLL control register O PLCO 38 005C1s | Timer B2 interrupt control register TB2IC 61

001D1s 005D1s | INTQ interrupt control register INTOIC 61

001E1 | Processor mode register 2 PM2 37 005E16 |INT1 interrupt control register INT1IC 61

001F1s |Voltage down detection interrupt reqister | D4INT 26 005F1s |INT2 interrupt control register INT2IC 61

002016 006016

002116 | DMAO source pointer SARO 81 006116

002216 006216

002316 006316

002416 006416

002515 | DMAO destination pointer DARO 81 006516

002616 006616

002716 006716

002810 DMAQO transfer counter TCRO 81 00681

002916 006916

002A16 006A16

002B16 006B16

002C1s | DMAQ control register DMOCON 80 006C1s

002D16 006D16

002E1s 006E1s

002F16 006F16

003016 007016

003116 | DMAL source pointer SAR1 81 007116

003216 007216

003316 007316

003416 007416

003516 | DMAL destination pointer DAR1 81 00751

003616 007616

003716 007716

0938 | H\IAL transfer counter TCR1 81 007810

003916 007916

003A16 007A16

003B16 007B1s

003C1s | DMAL control register DM1CON 80 007C16

003D16 007D16

003E1s 007E1s

003F16 007F16

Note: The blank areas are reserved and cannot be accessed by users.
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Quick Reference by Address

Address Register Symbol Page Address Register Symbol Page
008016 034016
008116 034116
908210 034216 | Timer A1-1 register TA11 117
008316 034315
onee 03441 | Timer A2-1 register TA21 117
008516 034516
0086re 03461 | Timer A4-1 register TA41 117
034718
| 0348:6 | Three-phase PWM control register 0 INVCO 114
03491 | Three-phase PWM control register 1 INVC1 115
01B01s 034415 | Three-phase output buffer register 0 IDBO 116
01B116 034B1s | Three-phase output buffer register 1 IDB1 116
018215 034C1c | Dead time timer DTT 116
01B31s | Flash memory control reqgister 4 (Note 2) FMR4 237 034D1s | Timer B2 interrupt occurrence frequency set counter] ICTB2 116
01B416 034E16 | Position-data-retain function contol register | PDRE 124
01B51s | Flash memory control register 1 (Note 2)) FMR1 236 034F1s
01B616 035016
01B716 |Flash memory control register 0 (Note 2)| FMRO 236 035116
01B816 035216
01B916 035316
01BA16 035416
01BBus 035516
01BCis 035616
01BD1s 035716
01BE1s | 035816 | Port function contol register PECR 126
01BF16 035916
035A16
035B16
035C16
025016 035D16
025116 035E16 | Interrupt request cause select register 2 IFSR2A 62
025216 035F:6 | Interrupt request cause select register IFSR 62, 70
025316 036016
025416 036116
025516 036216
025616 036316
025716 036416
025816 036516
025916 036616
025A1 | Three phase protect control register TPRC 126 036716
025B16 036816
025C1s | On-chip oscillator control register ROCR 35 036916
025Dt | pin assignment control register PACR 134, 221 036A16
025E16 Periphef’al clock select register PCLKR 37 036B1s
025F16 036C16
036D16
036E16
036F1s
02EO016 037016
02E116 037116
02E216 037216
02E316 037316
02E416 037415 | UART2 special mode register 4 U2SMR4 136
02E515 037515 | UART?2 special mode register 3 U2SMR3 136
02615 037615 | UART2 special mode register 2 U2SMR2 135
02E716 03775 | UART2 special mode register U2SMR 135
02E816 037815 | UART?2 transmit/receive mode register U2MR 132
02E915 037915 | UART2 bit rate generator U2BRG 131
037A1 | yART2 transmit buffer register U2TB 131
037B1s
037C16 | UART2 transmit/receive control register 0 u2Co 133
033D1s 037D1s | UART2 transmit/receive control register 1 U2C1 134
033E1s | M digital debounce register NDDR 222 037Ess | | o eceive buffer register U2RB 131
033Fss | p17 digital debounce register P17DDR 222 037F1s

Note 1: The blank areas are reserved and cannot be accessed by users.
Note 2: This register is included in the flash memory version.
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Quick Reference by Address

Note : The blank areas are reserved and cannot be accessed by users.

B-3

Address Register Symbol Page Address Register Symbol Page
038016 | Count start flag TABSR 9101,9105, gzzols A/D register 0 ADO 179
lie

038116 | Clock prescaler reset flag CPSRF 91, 105 03C2i5 | A/D register 1 AD1 179
038216_| One-shot start flag ONSF 91 03C316
038315 | Trigger select register TRGSR 91,119 03C41s | A/D register 2 AD2 179
038416 | Up-down flag UDF 90 03C516
038516 03C6is | A/D register 3 AD3 179
038616 03C716
o3a7e. | TIMer AQ register TAO 90 0381 .

A/D register 4 AD4 179
038816 ) : 90, 117 03C916
0389:5 | 1IMer Al register TAl ' 03CAIs ]
038As | . ] 03CB A/D register 5 AD5 179
vasmn. | TIMET A2 register TA2 90, 117 4300 .

A/D register 6 AD6 179
22:&: Timer A3 register TA3 90 gi;:: .
03810 03CFss A/D register 7 AD7 179

Timer A4 register TA4 90, 117

038F1s 03D016
039016 . . 03D116
039116 Timer BO register T80 10 03D21s | A/D trigger control register ADTRGCO 178
039216 | . . 03D31s | A/D convert status register 0 ADSTATO 179
039316 Timer B1 register Bl 105 03D41s | A/D control register 2 ADCON2 177
039416 . . 03D516
03gss | | IMer B2 register TB2 105, 119 03D6ss | A/D control register Q ADCONO 177
039615 | Timer AO mode register TAOMR 89 030716 | A/D control register 1 ADCON1 177
039716 | Timer A1 mode register TALMR 89, 120 03D816
039816 | Timer A2 mode register TA2MR 89, 120 03D916
039915 | Timer A3 mode register TA3MR 89 03DA1s
039A1s | Timer A4 mode register TA4AMR 89, 120 03DB1s
039816 | Timer BO mode register TBOMR 104 03DCi6
039css | Timer B1 mode register TBIMR 104 03DD16
039016 | Timer B2 mode register TB2MR 104, 120 03DEis
039E1s | Timer B2 special mode register TB2SC 111, 118 03DF1s
039F16 03EO016
03A015 | UARTO transmit/receive mode register UOMR 132 03El1s | Port P1 register P1 219
03AL16 | UARTO bit rate generator UOBRG 131 03E216
03A215 . ) 03E31s | Port P1 direction register PD1 218
03a3,; | UARTO transmit buffer register UoTB 131 03Edse
03A416 | UARTOQ transmit/receive control register 0 uoco 133 03ES516
03A515 | UARTO transmit/receive control register 1 uoC1 134 03E61s
03A616 03E716
03a71s | UARTO receive buffer register UORB 131 03E816
03A81s | UART1 transmit/receive mode register UIMR 132 03E916
03A91s | UART1 hit rate generator U1BRG 131 03EA16
03AA16 . ) 131 03EB1s
oanpy, | UARTL transmit buffer register UliTB 03ECs | Port PG register PG 219
03AC16 | UARTL transmit/receive control register 0 Uico 133 03EDss | Port P7 register P7 219
03AD1s | UART transmit/receive control register 1 UlC1l 134 03EE1s | Port P6 direction register PD6 218
03AE1s . . 03EF1s | Port P7 direction register PD7 218
03aFss | JARTI receive buffer register U1RB 131 03F01s | Port P8 register P8 219
03B01s | UART transmit/receive control register 2 UCON 133 03F11s | Port P9 register P9 219
03B11s 03F216 | Port P8 direction register PD8 218
03B21s 03F31s | Port P9 direction register PD9 218
03B316 03F416 | Port P10 register P10 219
03B416 . 03F516
038516 CRC snoop address register CRCSAR 209 036 | Port P10 direction register PD10 218
03B61s | CRC mode register CRCMR 209 03F716
03B716 03F816
03B81s | DMAOQ request cause select register DMOSL 79 03F916
03B916 03FA1s
03BA1s | DMAL request cause select register DM1SL 80 03FB1s
03BB1s 03rcCs | Pull-up control register 0 PURO 220
03BCis i 03FDss | Pull-up control register 1 PUR1 220
03BD16 CRC data register CRCD 209 03FEss | Pull-up control register 2 PUR2 220
03BEw | CRC input register CRCIN 209 03FF1s | Port control register PCR 221
03BF16




LENESAS

M 16C/26A G roup(M 16C/2 6A’ M 16C/26T) REJ09B0202-0100

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.1.00
Mar. 15, 2005

1. Overview

The M16C/26A group(M16C/26A, M16C/26T) of single-chip microcomputers is built using the high-perfor-
mance silicon gate CMOS process using a M16C/60 Series CPU core and is packaged in a 42-pin and 48-
pin plastic molded QFP. These single-chip microcomputers operate using sophisticated instructions featur-
ing a high level of instruction efficiency. With 1M bytes of address space, they are capable of executing
instructions at high speed. In addition, this microcomputer contains a multiplier and a DMAC which com-
bined with fast instruction processing capability, makes it suitable for control of various OA, communication,
and industrial equipment which requires high-speed arithmetic/logic operations.

There is a Normal-ver. for M16C/26A and T-ver. and V-ver. for M16C/26T.

1.1 Applications
Audio, cameras, office equipment, communications equipment, portable equipment, home appliances
(inverter solution), auotmotives, motor control, etc

Rev. 1.00 Mar. 15, 2005  page 1 of 328 RENESAS
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

1.2 Performance Outline

Table 1.1 lists performance outline of M16C/26A group 48-pin device.
Table 1.2 lists performance outline of M16C/26A group 42-pin device.

Table 1.1. Performance outline of M16C/26A group(M16C/26A, M16C/26T) (48-pin device)

Time

ltem Performance
CPU Number of Basic Instructions 91 instructions
Minimun Instruction Execution| 50 ns (f(BCLK)= 20MHz, Vcc= 3.0V to 5.5V) (M16C/26A, M16C/26T(T-ver.))

100 ns (f(BCLK)= 10MHz, Vce= 2.7V to 5.5V) (M16C/264)
50 ns (f(BCLK)= 20MHz, Vee= 4.2V to 5.5V -40 10 105°C)  (ML6C/26T(V-ver.)
62.5 ns (f(BCLK)= 16MHz, Vce= 4.2V to 5.5V -40 to 125°C) (ML6C/26T(V-ver.)

Operation Mode

Single chip mode

Address Space

1M byte

Memory Capacity ROM/RAM : See the product list
Peripheral Port Input/Output : 39 lines
function Multifunction Timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels
Three-phase Motor Control Timer
Serial I1/0 2 channels (UART, clock synchronous serial 1/0)

1 channel (UART, clock synchronous, 12C bus() , or IEBus(®))

A/D Converter

10 bit A/D Converter : 1 circuit, 12 channels

DMAC

2 channels

CRC Calcuration Circuit

2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable

Watchdog Timer

15 bits x 1 channel (with prescaler)

Interrupt

20 internal and 8 external sources, 4 software sources, 7 levels

Clock Generation Circuit

4 circuits
Main clock(*), Sub-clock(*)
On-chip oscillator, PLL frequency synthesizer
(*)These circuit contain a built-in feedback resister.

Oscillation Stop Detection

Main clock oscillation stop, re-oscillation detection function

Voltage Detection Circuit

Available(M16C/26A, Option®), Absent(M16C/26T)

Electrical Power Supply Voltage Vce=3.0V to 5.5V (f(BCLK)=20MHz) (M16C/26A)
Characteristics Vce=2.7V to 5.5V (f(BCLK)=10MHz)
Vce=3.0V to 5.5V (M16C/26T(T-ver.))
Vce=4.2V to 5.5V (M16C/26T(V-ver.))

Power Consumption

16mA (Vce=5V, f(BCLK)=20MHz)

25 pA (Vee=3V, f(BCLK)=f(Xcin)=32KHz on RAM)

1.8 YA (Vce=3V, f(BCLK)=f(Xcn)=32KHz, in wait mode)
0.7 pA (Vce=3V, in stop mode)

Flash memory| Program/Erase Supply Voltage
Version

2.7V t0 5.5V (M16C/26A)
3.0V t0 5.5V (M16C/26T(T-ver.)) 4.2V 105.5V (M16C/26T(V-ver.))

Program and Erase Endurance

100 times (all area)
or 1,000 times (block 0 to 3) / 10,000 times (block A, block B)®)

Operating Ambient Temperature -20to 85°C / -40 to 85°C ) (M16C/26A)
-40 to 85°C (M16C/26T(T-ver.))
-40 to 105°C / -40 to 125°C (M16C/26T(V-ver.))
Package 48-pin plastic molded QFP
Notes:

1. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
2. IEBus is a trademark of NEC Electronics Corporation.
3. See Table 1.6 Product Code for the program and erase endurance, and operating ambient temperature.

4. The option is on a request basis.
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

Table 1.2. Performance outline of M16C/26A group (M16C/26A) (42-pin device)

Item Performance
CPU Number of Basic Instructions| 91 instructions
Minimun Instruction Execution | 50 ns (f(BCLK)= 20MHz, Vcc= 3.0V to 5.5V)
Time 100 ns (f(BCLK)= 10MHz, Vcc= 2.7V to 5.5V)
Operation Mode Single chip mode
Address Space 1M byte
Memory Capacity ROM/RAM : See the product list
Peripheral Port Input/Output : 33 lines
function Multifunction Timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels
Three-phase Motor Control Timer
Serial I/0 1 channel (UART, clock synchronous serial I/0)
1 channel (UART, clock synchronous, 12C bus?) | or IEBus(®)
A/D Converter 10 bit A/D Converter : 1 circuit, 10 channels
DMAC 2 channels
CRC Calcuration Circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
Watchdog Timer 15 bits x 1 channel (with prescaler)
Interrupt 18 internal and 8 external sources, 4 software sources, 7 levels
Clock generation circuit 4 circuits
Main clock(*), Sub-clock(*)
On-chip oscillator, PLL frequency synthesizer
(*)These circuit contain a built-in feedback resister.
Oscillation Stop Detection Main clock oscillation stop, re-oscillation detection function
Voltage Detection Circuit Available (option*))
Electrical Power Supply Voltage Vce=3.0V to 5.5V (f(BCLK)=20MHz)
Characteristics Vce=2.7V to 5.5V (f(BCLK)=10MHZz)
Power Consumption 16mA (Vce=5V, f(BCLK)=20MHz)
25 pA (Vee=3V, f(BCLK)=f(Xcin)=32KHz on RAM)
1.8 PA (Vce=3V, f(BCLK)=f(Xcn)=32KHz, in wait mode)
0.7 pA (Vce=3V, in stop mode)
Flash memory| Program/Erase Supply Voltage | 2.7V to 5.5V
Program and Erase Endurance | 100 times (all area)
or 1,000 times (block 0 to 3) / 10,000 times (block A, block B)®)
Operating Ambient Temperature -20 to 85°C / -40 to 85°C 3
Package 42-pin plastic molded SSOP
Notes:

1. 12C bus is a trademark of Koninklijke Philips Electronics N. V.

2. IEBus is a trademark of NEC Electronics Corporation.

3. See Table 1.6 Product Code for the program and erase endurance, and operating ambient temperature.
4. The option is on a request basis.
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

1.3 Block Diagram
Figure 1.1 is a block diagram of the M16C/26A group, 48-pin device.

T

T

T

T

T

3 8 8 8 4 8
/0
Port P1 Port P6 Port P7 Port P8 Port P9 Port P10
Ports
Internal Peripheral Functions
Timer Serial Ports System Clock Generator

Timer AO (16 bits)
Timer Al (16 bits)
Timer A2 (16 bits)
Timer A3 (16 bits)
Timer A4 (16 bits)
Timer BO (16 bits)
Timer B1 (16 bits)
Timer B2 (16 bits)

3-phase PWM

Watchdog Timer
(15bits)

CRC calculation circuit
(CCITT, CRC-16)

AJD converter
10bits x 12 channels;

DMAC (2 channels)

U(S)ART/SIO (channel 0)

U(S)ART/SIO (channel 1)

U(S)ART/SIO/NI?C bus/IEbus
(channel 2)

XIN-XouT
XcIN-XcouT
PLL frequency synthesizer
On-chip Oscillator

M16C/60 series 16-bit CPU Core

Program Counter

Registers ‘ PC
PR R \ ,
ROH ROL Stack Pointers
ISP
R1H RI1L
USP
R2
R3 Vector Table
‘ INTB ‘
A0
AL Flag Register
‘ FLG ‘
FB
SB ‘ ‘ Multiplier ‘

Memory

Flash ROM

Flash ROM
(Data Flash)

RAM

Figure 1.1. M16C/26A Group(M16C/26A, M16C/26T), 48-pin version Block Diagram
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

Figure 1.2 is a block diagram of the M16C/26A group, 42-pin device.

T

!

T

T

T

3 8 8 2 8
I/O
Port P1 Port P6 Port P7 Port P8 Port P9 Port P10
Ports
Internal Peripheral Functions
Timer Serial Ports System Clock Generator

Timer AO (16 bits)
Timer Al (16 bits)
Timer A2 (16 bits)
Timer A3 (16 bits)
Timer A4 (16 bits)
Timer BO (16 bits)
Timer B1 (16 bits)
Timer B2 (16 bits)

3-phase PWM

AID converter
10bits x 10 channels
DMAC (2 channels)

U(S)ART/SIO (channel 0)

U(S)ART/SIO/I2C bus/IEbus
(channel 2)

Watchdog Timer
(15bits)

CRC calculation circuit
(CCITT, CRC-16)

XIN-XouT
XcIN-XcouT
PLL frequency synthesizer
On-chip Oscillator

M16C/60 series 16-bit CPU Core

Program Counter

Registers ‘ PC
o 1 om \ ,
L ROH ROL Stack Pointers
ISP
— R1H RI1L
UspP
— R2
|| R3 Vector Table
‘ INTB ‘
— A0
L | AL Flag Register
‘ FLG ‘
L FB
sB ‘ ‘ Multiplier ‘

Memory

Flash ROM

Flash ROM
(Data Flash)

RAM

Figure 1.2. M16C/26A Group(M16C/26A), 42-pin version Block Diagram
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

1.4 Product List

Tables 1.3 to 1.5 list the M16C/26A group products and Figure 1.3 shows the type numbers, memory sizes
and packages. Table 1.6 lists the product code of flash memory version and masked ROM version for
M16C/26A, and figure 1.4 shows the marking diagram of flash memaory version and masked ROM version.
Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor

for the product code and the marking diagram of M16C/26T

Table 1.3. Product List (1) -M16C/26A

As of March 2005

Type No. ROM capacity RAM capacity Package type Remarks

M30260M3A-XXXGP (D)| 24K byte 1K byte

M30260MBA-XXXGP (D)| 48K byte 2K byte 48P6Q

M30260M8A-XXXGP (D)| 64K byte 2K byte )
Mask ROM Version

M30263M3A-XXXFP  (D)| 24K byte 1K byte

M30263MBA-XXXFP  (D)| 48K byte 2K byte 42P2R

M30263M8BA-XXXFP  (D)] 64K byte 2K byte

M30260F3AGP (D) 24K + 4K byte 1K byte

M30260F6AGP (D) 48K + 4K byte 2K byte 48P6Q

M30260F8AGP (D) 64K + 4K byte 2K byte Flash ROM Version

M30263F3AFP (D) 24K + 4K byte 1K byte

M30263F6AFP (D) 48K + 4K byte 2K byte 42P2R

M30263F8AFP (D) 64K + 4K byte 2K byte

(P) : under planning (D) : under development
Table 1.4. Product List (2) -M16C/26T T-ver. As of March 2005
Type No. ROM capacity RAM capacity Package type Remarks

M30260M3T-XXXGP  (P)| 24K byte 1K byte

M30260M6T-XXXGP  (P)| 48K byte 2K byte 48P6Q Mask ROM Version

M30260M8T-XXXGP  (P)| 64K byte 2K byte

M30260F3TGP (D) 24K + 4K byte 1K byte

M30260F6TGP (D)| 48K + 4K byte 2K byte 48P6Q Flash ROM Version

M30260F8TGP (D) 64K + 4K byte 2K byte

(P) : under planning (D) : under development

NOTES. The specification of M16C/26T varies from the one of M16C/26A.

Table 1.5. Product List (3) -M16C/26T V-ver.

As of March 2005

Type No. ROM capacity RAM capacity Package type Remarks
M30260M3V-XXXGP (P)| 24K byte 1K byte
M30260MBV-XXXGP  (P)| 48K byte 2K byte 48P6Q Mask ROM Version
M30260M8V-XXXGP (P)| 64K byte 2K byte
M30260F3VGP (D)| 24K + 4K byte 1K byte
M30260F6VGP (D)| 48K + 4K byte 2K byte 48P6Q Flash ROM Version
M30260F8VGP (D)| 64K + 4K byte 2K byte

(P) : under planning (D) : under development

NOTES. The specification of M16C/26T varies from the one of M16C/26A.
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

TypeNo. M3026 0 M8A-XXXG

P-U3
—E Product code:

See Table 1.6 Product code

Package type:
GP :Package 48P6Q (M16C/26A, M16C/26AT)
FP : Package 42P2R (M16C/26A)

-————ROM number:

ROM number is omitted in flash memory version

L—— Version:

A :M16C/26A
T :M16C/26AT T-ver.
V : M16C/26AT V-ver.

ROM / RAM capacity:
3: (24K+4K) bytes (Note 1) / 1K bytes
6: (48K+4K) bytes (Note 1) / 2K bytes
8: (64K+4K) bytes (Note 1) / 2K bytes

Note 1: Only flash memory version exists in "+4K bytes"

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

Shows pin count,
(The value itself has no specific meaning)

M16C/26A Group

M16C Family

Figure 1.3. Type No., Memory Size, and Package

Table 1.6 Product Code (Flash Memory version, M16C/26A)

Internal ROM (Program area) Internal ROM (Data area)

Product Package b q T ‘ Operating Ambient
Code rogram an Temperature Program and emperature Temperature
Erase Endurance Range Erase Endurance Range
u3 -40°C to 85°C

0°C to 60°C
US -y 100 100 -20°C to 85°C
ead-free ° o
U7 0°Cto60°C 40°C 10 85°C|  -40°C to 85°C
1,000 ,
U9 10000 ™ o0ecro85°C|  20°Cto 85°C

(Mask ROM version, M16C/26A)

Product Package Operating Ambient
Code Temperature
U3 -40°C to 85°C
Lead-free
U5 -20°C to 85°C

Note 1: The lead contained products, D3, D5, D7 and D9, are put together with U3, U5, U7 and U9
respectively. Lead-free (Sn-Cu plating) products can be mounted by both conventional Sn-Pb
paste and Lead-free paste.
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

(1) Flash memory version, 48P6Q, M16C/26A

0260F8A
A U3
XXXXX

(2) Flash memory version, 42P2R, M16C/26A

M30263F8AFP
A U3
XXXXXXX

(3) MASK ROM version, 48P6Q, M16C/26A

0260M8A
001A U3
XXXXX

(4) MASK ROM version, 42P2R, M16C/26A

M30263M8A-001FP | —
A U3
XXXXXXX

O

Product Name : indicates M30260F8AGP

Chip Version and Product Code:
A : Indicates chip version
The first edition is shown to be blank and continues
with A and B.
U3 : Indicates Product code (see Table 1.6 Product Code)
Date Code (5 digits) fi indicates manufacturing management code

Product Name : indicates M30263F8AFP

Chip Version and Product Code:
A : Indicates chip version
The first edition is shown to be blank and continues
with A and B.
U3 : Indicates Product code (see Table 1.6 Product Code)
Date Code (7 digits) fi indicates manufacturing management code

Product Name : indicates M30260M8AGP

ROM number, Chip Version and Product Code:
001: Indicates ROM Number
A : Indicates chip version
The first edition is shown to be blank and continues
with A and B.
U3 : Indicates Product code (see Table 1.6 Product Code)
Date Code (5 digits) fi indicates manufacturing management code

Product Name and ROM number
M30263M8A and FP are indicated of Produnct name
001 is indicated of ROM number

Chip Version and Product Code:
A : Indicates chip version
The first edition is shown to be blank and continues
with A and B.
U3 : Indicates Product code (see Table 1.6 Product Code)
Date Code (7 digits) fi indicates manufacturing management code

Figure 1.4 Marking Diagram (Top Vier, M16C/26A)
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M16C/26A Group (M16C/26A, M16C/26T) 1. Overview

1.5 Pin Configuration
Figures 1.5 and 1.6 show the pin configurations (top view).

PIN CONFIGURATION (top view)(Note)

/CTS1/RTS1/CTS0/CLKS1

—
]
X
-
2 2
> |<?> a
2 B D
Ez32 |2 2
S SE|laC 886 as &
EEEElE2BElEg8E 2
A9 a0 8088 3EE8E
[ R o Y o WY o W n W o WY WY WY o VY o YA WY a Y
P107/AN7/KIs > [37] 241> p71/RxD2/TAOIN/SCL2/CLKL
P106/AN6/KI> 4> [33 [234% P72/CLK2/TALOUT/V/RXD1
P10s/ANs/Kl1 4> [39] 22 p73/CTSIRTSATALNNVITXDL
P104/AN4/Klo 4> [4g 2114 p74TA20UTIW
P103/ANs *» [4]] 204> p75TAZINW
P102/AN2 @ [4) [1d> p76TAZOUT
P101/AN1 € IE -1_8"" P77/TA3IN
AVss — [44 174> pgoTAdouT/U
P100/ANo > [ 1> PBUTA4INIU
VReF — [ 154> pg2/iNTo
AVee—p [4F] O [14l€> P83/INT1
P93/AN24 € [l 13> P84/INT2/ZP
4 E 0wz EIEE 0z (o)
2238533 ¢x 8o
LL¥zZzE Qw X =
Z 2000 3 |x |z
N 0O oo =
am g a 3
EEZ2 a
S5 <
oo 2
o
m
=
é Note. Set PACR2 to PACRO bit in the PACR register

to "1002" before you input and output it after
resetting to each pin. When the PACR register
isn't set up, the input and output function of
some of the pins are disabled.

Package: 48P6Q

Figure 1.5. Pin Configuration (Top View) of M16C/26A Group, 48-pin Package
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M16C/26A Group (M16C/26A, M16C/26T)

1. Overview

PIN CONFIGURATION (top view)(Note)

Avss =¥ [1] [42] ©» P101/AN1
P100/ANo > [ 2] O [41] €» P102/AN2
VRer — [3] [4d > P10s/AN3
Avce — [ [3d <> P104/AN4/Klo
P91/TB1IN/AN31 @ [ [25 «» P10s/ANs/KI1
P90/TBOIN/AN30/CLKout € [ 5] [37] €» P106/ANG/KI2
CNVss — [7] (36 «» P107/AN7KI3
P87/Xcin > [g] [35 > PLs/INT3/ADTRG/IDV
P8e/Xcout 4 [g] [34 € P16/INT4/IDW
REseT — [0} [33 «» P17/INTs/IDU
Xout <— [1d] [20] «» P64/CTSI/RTSI/CTS0/CLKS!1
Vss —» [19] [21] € P65/CLK1
XN —» [13 [30 €» P66/RxD1
vee = [14] [od «» P67/TxD1
P8s/NMI/SD > [15] [2d 4> P70/TxD2/SDA2/TAOOUT/CTS1/RTS1/CTS0/CLKS1
P84/INT2/ZP <> [1§] [27] ©» P71/RxD2/SCL2/TAOIN/CLK1
P83/INT1 < [1] [2d > P72/CLK2/TALouT/V/RXD1
P82/INTo @ [1g] [od] > P73/CTS2/RTS2/TALIN/V/TXD1
P8UTA4NU <> [19] [24] €% P74/ TA20UTIW
P80/TAdouT/U @ [ [o3] €» P7s/TA2IN/W
P77ITA3N <[] [2J € P76/TA30UT

Note. Set PACR2 to PACRO bit in the PACR register
to "0012" before you input and output it after
resetting to each pin. When the PACR register
isn't set up, the input and output function of
some of the pins are disabled.

Package: 42P2R

Figure 1.6. Pin Configuration (Top View) of M16C/26A Group, 42-pin Package
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M16C/26A Group (M16C/26A, M16C/26T) 1. Overview

1.6 Pin Description
Table 1.7 and 1.8 describes the available pins.

Table 1.7. Pin Description(1)

Pin name | Signal name | I/O type Function
Vee,Vss Power supply Apply OV to the Vss pin, and the following voltage to the Vcc pin.
input 2.7 to 5.5V (M16C/26A)

3.0to 5.5V (M16C/26T T-ver.)
4.2 to 5.5V (M16C/26T V-ver.)

CNVss CNVss Input Connect this pin to Vss.

RESET Reset input Input "L" on this input resets the microcomputer.

Xin Clock input Input These pins are provided for the main clock generating circuit input/output.
Xout Clock output | Output |Connect a ceramic resonator or crystal between the Xin and the Xour pins.

To use an externally derived clock, input it to the Xin pin and leave the Xour
pin open. If Xiv is not used (for external oscillator or external clock)
connect Xin pin to Vec and leave Xout pin open.

AVcc Analog power This pin is a power supply input for the A/D converter. Connect this
supply input pin to Vce.

AVss Analog power This pin is a power supply input for the A/D converter. Connect this
supply input pin to Vss.

VRrer Reference Input This pin is a reference voltage input for the A/D converter.

Voltage input
P1s~P17 | I/O port P1 Input/ This is an 3-bit CMOS I/O port. It has an input/output port direction
output register that allows the user to set each pin for input or output individually.
When used for input, a pull-up resister option can be selected for the
entire group of three pins. Additional software selectable secondary
functions are: 1) P1s to P17 can be configured as external INT interrupt
pins; 2) P1s to P17 can be configured as position-data-retain function
input pins,and; 3) P1s can input a trigger for the A/D converter.

P60o~P67 | 1/0O port P6 Input/ This is an 8-bit CMOS I/O port. It has an input/output port direction
output register that allows the user to set each pin for input or output individually.
When used for input, a pull-up resister option can be selected for the
entire group of four pins. Pins in this port also function as UARTO and
UART1 I/O, as selected by software. P6o to P63 are not available in the 42
pin version.

P70~P77 | 1/O port P7 Input/ This is an 8-bit I/O port equivalent to P6. P7 can also function as 1/O for
output timer AO to A3, as selected by software. Additional programming options
are: P70 to P75 can assume UARTL1 I/O or UART?2 I/O capabilities, and
P72 to P7s can function as output pins for the three-phase motor control
timer.
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M16C/26A Group (M16C/26A, M16C/26T) 1. Overview

Table 1.8. Pin Description(2)
Pin name | Signal name | /O type Function
P80~P87 I/O port P8 Input/ This is an 8-bit I/O port equivalent to P6. Additional software-selectable
output secondary functions are: 1) P80 and P81 can act as either I/O for Timer
A4, or as output pins for the three-phase motor control timer; 2) P8 to
P84 can be configured as external INT interrupt pins. P84 can be used for
Timer A Zphase function; 3) P8s can be used as NMI/SD. P8s can not be
used as I/O port while the three-phase motor control is enabled. Apply a
stable "H" to P8s after setting the direction register for P8s to "0" when
the three-phase motor control is enabled, and; 4) P8s and P87 can serve
as I/0 pins for the sub-clock generation circuit. In this latter case, a quartz
oscillator must be connented between P8s (Xcout pin) and P87 (Xcin pin).
P9o~P9s | I/O port P9 Input/ This is an 4-bit I/O port equivalent to P6. Additional software-selectable
output secondary functions are: 1) P90 to P92 can act as Timer BO to B2 input
pins, and; 2) P9oto P9s can act as A/D converter input pins.
P90 outputs a no-divide, divide-by-8 or divide-by-32 clock of XIN or a
clock of the same frequency as XCIN as selected by program. P92 to P9s
are not available in the 42 pin version.
P100~P107 1/O port P10 | Input/ This is an 8-bit I/O port equivalent to P6. This port can also function as
output A/D converter input pins, as selected by software. Furthermore, P104to
P107 can also function as input pins for the key input interrupt function.
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M16C/26A Group (M16C/26A, M16C/26T)

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, Al and FB

comprise a register bank. There are two register banks.

b31 b15 b8b7

b0

ROH(RO's high bitsyROL(RO's low bits I

R2

R1H(R1's high bits]R1L(R1's low bits)|

R3

A0

Al

FB

b19 b15

b0

[ INTBH | INTBL

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

b19

b0

PC

b15

b0

UsP

ISP

SB

b0

| FLG

b8 b7

1
bo!

| [ [ [ [u[1]o[e]s[z]p]c]

Data registers (Note)

} Address registers (Note)

Frame base registers (Note)

Interrupt table register

Program counter

User stack pointer
Interrupt stack pointer
Static base register

Flag register

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

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

Reserved area

Figure 2.1. Central Processing Unit Register

2.1 Data Registers (RO, 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 R2RO0.

2.2 Address Registers (A0 and Al)

The register AO 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. Al is the

same as AO.

In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1AO0).
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M16C/26A Group (M16C/26A, M16C/26T) 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) and 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)

The D 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 O; 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 cleared 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 cleared 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 O to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.

2.8.10 Reserved Area

When write to this bit, write "0". When read, its content is indeterminate.
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M16C/26A Group (M16C/26A, M16C/26T) 3. Memory

3. Memory

Figure 3.1 is a memory map. The linear address space of 1M bytes extends from address 0000016 to
FFFFF16. The internal ROM is allocated in a lower address direction beginning with address FFFFF16 . For
example, a 64-Kbyte internal ROM is allocated to the address from FO00016 to FFFFF16.

In the flash memory version, internal ROM area (data area) contain two blocks of Flash ROM as data area
to store data. These two blocks of 2K bytes are located from 0F00016 to OFFFF16.

The fixed interrupt vector table is allocated to the address from FFFDC16 to FFFFF16. Therefore store the
start address of each interrupt routine here. For details, refer to the "Interrupt".

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,
a 1-Kbyte internal RAM is allocated to the address from 0040016 to 007FF16. 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 address from 0000016 to 003FF16. 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 FFE0O16 to FFFDB16. This vector is used
by the JMPS or JSRS instruction. For details, refer to the "M16C/60 and M16C/20 Series Software

Manual".
0000016
SFR
0040016
Internal RAM
XXXXX16
Reserved area . FFEOQO16
0F00016 Internal ROM ! Special page
Internal RAM Intrnal ROM OFFFF1o (Data area) (Note 1) ”r vector table
Size | Address XXXXX16] Size |Address YYYYYigl ! FEEDC16 f s mom=mm=z====1
1K byte 007FF16 | 24K byte FA00016 ! 16 £ Undefined Instructiof
2K byte 00BFF16 | 48K byte F400016 , g Overflow
64K byte F000016 Reserved area ’,' E BRK instruction E
/ ' Address match
! F Single step E
YYYYYi16 ," £ Watchdog timer 3
‘ E DBC E
Note 1: Shown here is a Block A (2K bytes) and Block B (2K bytes). Internal ROM i E NMI E
(in the flash memory version) FFFFE (Program area)(Note 2) E Reset E
Note 2: When using the masked ROM version, write nothing to 16 ---- FFFFFisL =
internal ROM area.
Figure 3.1. Memory Map
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M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

4. Special Function Register (SFR)

SFR(Special Function Register) is the control register of peripheral functions. Table 4.1 to 4.6 list the SFR

information.
Table 4.1 SFR information (1)

Address Register Symbol After reset
000016
000116
000216
000316
000416 | Processor mode register 0 PMO 0016
000515 | Processor mode register 1 PM1 000010002
000615 | System clock control register O CMO 010010002(M16C/26A)
011010002(M16C/26T)
000715 | System clock control register 1 CM1 001000002
000816
000916 | Address match interrupt enable register AIER XXXXXX002
000A1s | Protect register PBCR XX0000002
000B16
ooocis | Oscillation stop detection register (Note 2) CM2 0X0000102
000D16
oooess | Watchdog timer start register WDTS XX16
oooris | Watchdog timer control register WDC 00XXXXXX2(Note3)
001016 | Address match interrupt register O RMADO 0016
001116 0016
001216 X016
001316
oo141s | Address match interrupt register 1 RMAD1 0016
001516 0016
001616 X016
001716
001816
001915 | Voltage detection register 1 (Note 4,5) VCR1 000010002
001A16 | Voltage detection register 2 (Note 4,5) VCR2 0016
001B16
ooicis | PLL control register 0 PLCO 0001X0102
001D16
001E16 | Processor mode register 2 PM2 XXX000002
001F16 | Voltage down detection interrupt register (Note 5) DAINT 0016
002016 | DMAO source pointer SARO XX16
002116 XX16
002216 XX16
002316
002416 | DMAO destination pointer DARO XX16
002516 XX16
002616 XX16
002716
002816 | DMAO transfer counter TCRO XX16
002916 XX16
002A16
002B16
oo2cis | DMAO control register DMOCON 00000X002
002D16
002E16
002F16
003016 | DMAL source pointer SAR1 XX16
003116 XX16
003216 XX16
003316
003416 | DMAL1 destination pointer DAR1 XX16
003516 XX16
003616 XX16
003716
003816 | DMA1 transfer counter TCR1 XX16
003916 XX16
003A16
003B16
oo3cis | DMAL control register DM1CON 00000X002
003D16
003E16
003F16

Note 1: Blank spaces are reserved. No access is allowed.

Note 2: The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset..
Note 3: The WDCS5 bit is "0" (cold start) immediately after power-on. It can only be set to "1" in a program.

The WDCS bit is not supported for M16C/26T.

Note 4: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

Note 5: This register is not supported for M16C/26T.
X': Indeterminate
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M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

Table 4.2 SFR information (2)®

IAddress

Register

Symbol

After reset

004016

004116

004216

004316

004416

INT3 interrupt control register

INT3IC

XX00X0002

004516

004616

004716

004816

INT5 interrupt control register

INT5IC

XX00X0002

004916

INT4 interrupt control register

INT4IC

XX00X0002

004A16

UART2 Bus collision detection interrupt control register

BCNIC

XXXXX0002

004B16

DMAOQ interrupt control register

DMOIC

XXXXX0002

004C16

DMAL interrupt control register

DM1IC

XXXXX0002

004D16

Key input interrupt control register

KUPIC

XXXXX0002

004E16

A/D conversion interrupt control register

ADIC

XXXXX0002

004F16

UART2 transmit interrupt control register

S2TIC

XXXXX0002

005016

UART?2 receive interrupt control register

S2RIC

XXXXX0002

005116

UARTO transmit interrupt control register

SOTIC

XXXXX0002

005216

UARTO receive interrupt control register

SORIC

XXXXX0002

005316

UART1 transmit interrupt control register

S1TIC

XXXXX0002

005416

UART1 receive interrupt control register

S1RIC

XXXXX0002

005516

TimerAO interrupt control register

TAOIC

XXXXX0002

005616

TimerAl interrupt control register

TA1IC

XXXXX0002

005716

TimerA2 interrupt control register

TA2IC

XXXXX0002

005816

TimerA3 interrupt control register

TA3IC

XXXXX0002

005916

TimerA4 interrupt control register

TA4IC

XXXXX0002

005A16

TimerBO interrupt control register

TBOIC

XXXXX0002

005B16

TimerB1 interrupt control register

TB1IC

XXXXX0002

005C16

TimerB2 interrupt control register

TB2IC

XXXXX0002

005D16

INTO interrupt control register

INTOIC

XX00X0002

005E16

INT1 interrupt control register

INT1IC

XX00X0002

005F16

INT2 interrupt control register

INT2IC

XX00X0002

006016

006116

006216

006316

006416

006516

006616

006716

006816

006916

006A16

006B16

006C16

006D16

006E16

006F16

007016

007116

007216

007316

007416

007516

007616

007716

007816

007916

007A16

007B16

007C16

007D16

007E16

007F16

Note 1: Blank spaces are reserved. No access is allowed.

X : Indeterminate
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M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

Table 4.3 SFR information (3)

Address| Register

Symbol

After reset

008016

008116

008216

008316

008416

008516

008616

))
((

H

01B016

01B116

01B216

01B316

Flash memory control register 4 (Note 2)

FMR4

010000002

01B416

01B516

Flash memory control register 1 (Note 2)

FMR1

000XXX0X2

01B616

01B716

Flash memory control register 0 (Note 2)

FMRO

0116

01B816

01B916

01BA16

01BB16

01BC1s

01BD16

01BE16

01BF16

))

H

025016

025116

025216

025316

025416

025516

025616

025716

025816

025916

025A15 | Three phase protect control register

TPRC

0016

025B16

025C16 | QOn-chip oscillator control register

ROCR

000001012

025D16 | Pin assignment control register

PACR

0016

025E16 | Peripheral clock select register

PCLKR

000000112

025F16

H

033016

033116

033216

033316

033416

033516

033616

033716

033816

033916

033A16

033B16

033C1s

033D16

033E1 | NMI digital debounce register

NDDR

FF16

033F16 | Portl7 digital debounce register

P17DDR

FFi6

Note 1: Blank spaces are reserved. No access is allowed.
Note 2: This register is included in the flash memory version.
X: Indeterminate
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M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

Table 4.3 SFR information (4)%)

Address| Register Symbol After reset
034016
034116
034216 | Timer Al-1 register TA11 XX16
034316 XX16
034416 | Timer A2-1 register TA21 XX16
034516 XX16
034616 | Timer A4-1 register TA41 XX16
034716 XX16
034816 | Three phase PWM control register 0 INVCO 0016
034916 | Three phase PWM control register 1 INVC1 0016
034A16 | Three phase output buffer register 0 IDBO 3F16
034B1s | Three phase output buffer register 1 IDB1 3F16
034C16 | Dead time timer DTT XX16
034D16 | Timer B2 Interrupt occurrence frequency set counter ICTB2 XX16
034E1 | Position-data-retain function control register PDRF XXXX00002
034F16
035016
035116
035216
035316
035416
035516
035616
035716
035816 | Port function control register PFCR 001111112
035916
035A16
035B16
035C16
035D16
035E16 | |nterrupt request cause select register 2 IFSR2A XXXXXXX02
035F16 | Interrupt request cause select register IESR 0016
036016
036116
036216
036316
036416
036516
036616
036716
036816
036916
036A16
036B16
036C16
036D16
036E16
036F16
037016
037116
037216
037316
037416 | UART2 special mode register 4 U2SMR4 0016
037516 | UART2 special mode register 3 U2SMR3 000X0X0X2
037616 | UART2 special mode register 2 U2SMR2 X00000002
037716 | UART2 special mode register U2SMR X00000002
037816 | UART2 transmit/receive mode register U2MR 0016
037916 | UART2 bit rate register U2BRG XX16
037A1s | UART2 transmit buffer register u2TB XXXXXXXX2
037B1s XXXXXXXX2
o37cis | UART2 transmit/receive control register 0 U2Co 000010002
037D1s | UART2 transmit/receive control register 1 U2C1 000000102
037e1s | UART?2 receive buffer register U2RB XXXXXXXX2
037F16 XXXXXXXX2

Note 1 : Blank spaces are reserved. No access is allowed.
X: Indeterminate
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M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

Table 4.3 SFR information (5)(1)

Address| Register Symbol After reset
038016 | Count start flag TABSR 0016
038115 | Clock prescaler reset flag CPSRF OXXXXXXX2
038215 | One-shot start flag ONSF 0016
038315 | Trigger select register TRGSR 0016
038416 | Up-dowm flag UDF 0016
038516
038616 | Timer AQ register TAO XX16
038716 XX16
038816 | Timer Al register TAL XX16
038916 XX16
038As | Timer A2 register TA2 XX16
038B16 XX16
038C1s | Timer A3 register TA3 XX16
038D16 XX16
038E1s | Timer A4 register TA4 XX16
038F16 XX16
039016 | Timer BO register TBO XX16
039116 XX16
039215 | Timer B1 register TB1 XX16
039316 XX16
039415 | Timer B2 register TB2 XX16
039516 XX16
039616 | Timer AO mode register TAOMR 0016
039715 | Timer A1 mode register TAIMR 0016
039816 | Timer A2 mode register TA2MR 0016
039916 | Timer A3 mode register TASMR 0016
039A16 | Timer A4 mode reqister TA4AMR 0016
039B1s | Timer BO mode register TBOMR 00XX00002
039C16 | Timer B1 mode register TBIMR 00XX00002
039016 | Timer B2 mode register TB2MR 00XX00002
039E1s | Timer B2 special mode register TB2SC X00000002
039F16
03A016 | UARTO transmit/receive mode register UOMR 0016
03Al16 | UARTO bit rate reqister UOBRG XX16
03A216 | UARTO transmit buffer register uoTB XXXXXXXX2
03A316 XXXXXXXX2
03A416 | UARTO transmit/receive control register 0 UoCco 000010002
03A516 | UARTO transmit/receive control register 1 uoCc1 000000102
03A616 | UARTO receive buffer register UORB XXXXXXXX2
03A716 XXXXXXXX2
03A816 | UART1 transmit/receive mode register UIMR 0016
03A916 | UART1 bit rate register U1BRG XX16
03AA16 | UARTL transmit buffer register ulTB XXXXXXXX2
03AB16 XXXXXXXX2
03AC16 | UART1 transmit/receive control register Q Ui1co 000010002
03AD1s | UART1 transmit/receive control register 1 UlCl 000000102
03AE1s | UART1 receive buffer register U1RB XXXXXXXX2
03AF16 XXXXXXXX2
03B016 | UART transmit/receive control register 2 UCON X00000002
03B1l16
03B216
03B316
03B416 | CRC snoop address register CRCSAR XX16
03B516 QOXXXXXX2
03B616 | CRC mode register CRCMR OXXXXXX02
03B716
038816 | DMAQ request cause select register DMOSL 0016
03B916
03BA1 | DMA1 request cause select register DM1SL 0016
03BB16
03BC16| CRC data register CRCD XX16
03BD16 XX16
03BE1s | CRC input register CRCIN XX16
03BF16

Note 1 : Blank spaces are reserved. No access is allowed.

X : Indeterminate

Rev. 1.00 Mar. 15, 2005 page 20 of 328
REJ09B0202-0100

RENESAS



M16C/26A Group (M16C/26A, M16C/26T)

4. Special Function Register (SFR)

Table 4.3 SFR information (6)(1)

Address Register Symbol After reset
03cois | A/D register O ADO XXXXXXXX2
03Cl16 XXXXXXXX2
o3c2is | A/D register 1 AD1 XXXXXXXX2
03C316 XXXXXXXX2
o03c4is | A/D register 2 AD2 XXXXXXXX2
03C516 XXXXXXXX2
o3céis | A/D register 3 AD3 XXXXXXXX2
03C716 XXXXXXXX2
o3csis | A/D register 4 AD4 XXXXXXXX2
03C916 XXXXXXXX2
o3cAws | A/D register 5 AD5 XXXXXXXX2
03CB16 XXXXXXXX2
o3ccCis | A/D register 6 ADG6 XXXXXXXX2
03CD16 XXXXXXXX2
o3cesws | A/D register 7 AD7 XXXXXXXX2
03CF16 XXXXXXXX2
03D016
03D116
03p21s | A/D trigger control register ADTRGCON 0016
03D31s | A/D status register 0 ADSTATO 00000X002
03p41s | A/D control register 2 ADCON2 0016
03D516
03p61s | A/D control register 0 ADCONO 00000XXX2
03p71s | A/D control register 1 ADCON1 0016
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03E016
03El16 | Port P1 register P1 XX16
03E216
03E316 | Port P1 direction register PD1 0016
03E416
03Eb516
03E616
03E716
03E816
03E916
03EA16
03EB16
03EC16_| Port P6 register P6 XX16
03eD1s | Port P7 register P7 XX16
03EE1s | Port P6 direction register PD6 0016
03EF1s | Port P7 direction register PD7 0016
03rF016 | Port P8 register P8 XX16
03F11s | Port P9 register P9 XXXXXXXX2
03F216 | Port P8 direction register PD8 0016
03F316 | Port P9 direction register PD9 XXXX00002
03F416 | Port P10 register P10 XX16
03F516
03F616 | Port P10 direction register PD10 0016
03F716
03F816
03F916
03FA16
03FB16
03FcCis | Pull-up control register O PURO 0016
03rD1s | Pull-up control register 1 PUR1 0016
o3rEws | Pull-up control register 2 PUR2 0016
03FF1s | Port control register PCR 0016

Note 1 : Blank spaces are reserved. No access is allowed.
X': Indeterminate
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5. Reset

There are four types of resets: a hardware reset, a software reset, an watchdog timer reset, and an oscilla-
tion stop detection reset.

5.1 Hardware Reset
There are two types of hardware resets: a hardware reset 1 and a hardware reset 2.

5.1.1 Hardware Reset 1

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the
power supply voltage is within the recommended operating condition, the pins are initialized (see
Table 5.1.1.1 Pin Status When RESET Pin Level is “L"). The internal on-chip oscillator is initialized
and used as sysem clock.

When the input level at the RESET pin is released from “L” to “H”, the CPU and SFR are initialized,
and the program is executed starting from the address indicated by the reset vector. The internal RAM
is not initialized. If the RESET pin is pulled “L” while writing to the internal RAM, the internal RAM
becomes indeterminate.

Figure 5.1.1.1 shows the example reset circuit. Figure 5.1.1.2 shows the reset sequence. Table
5.1.1.1 shows the status of the other pins while the RESET pin is “L”. Figure 5.1.1.3 shows the CPU
register status after reset. Refer to “SFR Map” for SFR status after reset.

1. When the power supply is stable

(1) Apply an “L” signal to the RESET pin.
(2) Wait td(ROC) or more.

(3) Apply an “H” signal to the RESET pin.

2. Power on

(1) Apply an “L” signal to the RESET pin.

(2) Let the power supply voltage increase until it meets the recommended operating condition.
(3) Wait td(P-R) or more until the internal power supply stabilizes.

(4) Wait td(ROC) or more.

(5) Apply an “H” signal to the RESET pin.

5.1.2 Hardware Reset 2

Note
I M16C/26T does not use this function. I

This reset is generated by the microcomputer’s internal voltage detection circuit. The voltage detec-
tion circuit monitors the voltage supplied to the VVcc pin.

If the VC26 bit in the VCR2 register is set to “1” (reset level detection circuit enabled), the microcom-
puter is reset when the voltage at the VVcc input pin drops below Vdet3.

Conversely, when the input voltage at the Vcc pin rises to Vdet3r or more, the pins and the CPU and
SFR are initialized, and the program is executed starting from the address indicated by the reset
vector. It takes about td(S-R) before the program starts running after VVdet3r is detected. The initialized
pins and registers and the status thereof are the same as in hardware reset 1.

The microcomputer cannot exit stop mode by voltage down detection reset (hardware reset 2).
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Recommended ! -
operating
vee voltage
ov
RESET Vcc
T R aooriess | |
Pl qual to or less P Equal to or less

ot than 0.2Vcc

i ov

than 0.2Vcc

—»! <4— More than td(ROC) + td(P-R)

Figure 5.1.1.1. Example Reset Circuit

5.2 Software Reset
When the PMO03 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its pins,
CPU, and SFR initialized. Then the program is executed starting from the address indicated by the reset
vector.
The device will reset using on-chip oscillator as the system clock.
At software reset, some SFR’s are not initialized. Refer to “SFR”.

5.3 Watchdog Timer Reset
When the PM12 bit in the PM1 register is “1” (reset when watchdog timer underflows), the microcomputer
initializes its pins, CPU and SFR if the watchdog timer underflows.
The device will reset using on-chip oscillator as the system clock. Then the program is executed starting
from the address indicated by the reset vector.
At watchdog timer reset, some SFR’s are not initialized. Refer to “SFR”.

5.4 Oscillation Stop Detection Reset
When the CM20 bit in the CM2 register is set to “1”(oscillation stop, re-oscillation detection function
enabled) and the CM27 bit is set to “0” (reset at oscillation stop detection), the microcomputer initializes
its pins, CPU and SFR, coming to a halt if it detects main clock oscillation circuit stop. Refer to the section
“oscillation stop, re-oscillation detection function”.
At oscillation stop detection reset, some SFR’s are not initialized. Refer to the section “SFR”.
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5. Reset

Vce

roc RN
- -——

td(P_R) More than
td(ROC)

RESET {

S P I

content of reset vector

CPU clock 28cycles
- -
CPU clock
FFFFC16
[
Address \ X FFFFE16

Y
L

Figure 5.1.1.2. Reset Sequence
Table 5.1.1.1. Pin Status When RESET Pin Level is “L”

Pin name Status

P1, P6 to P10 Input port (high impedance)

b15

b0

000016

000016

000016

000016

000016

000016

000016

b19

b0

0000016

Content of addresses FFFFE16 to FFFFC16

b15

bo

000016

000016

000016

| 000016

Data register(R0)
Data register(R1)
Data register(R2)
Data register(R3)

Address register(A0)
Address register(Al)

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 5.1.1.3. CPU Register Status After Reset
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5.5 Voltage Detection Circuit
Note

Using the voltage detection circuit with Vcc=5V is assumed. The M16C/26T do not use this function.

The voltage detection circuit has circuits to monitor the input voltage at the Vcc pin, each checking the input
voltage with respect to Vdet3, and Vdet4, respectively. Use the VC26 to VC27 bits in the VCR2 register to
select whether or not to enable these circuits.

Use the reset level detection circuit for hardware reset 2.
The voltage down detection circuit can be set to detect whether the input voltage is equal to or greater than

Vdet4 or less than Vdet4 by monitoring the VC13 bit in the VCR1 register. Furthermore, a voltage down
detection interrupt can be generated.

WDCS5 Bit

Write to WDC register —) —Do—c s Q [ WARM/COLD

(Cold start, warm start)

Internal power on reset R
VCR2 Register 9

RESET
O_’_D—dkﬂlbel | | | | | | | Voltage Down Detect Reset

(Hardware Reset 2
f 1 shot Release Wait Time)
td(S-R)

T 1
1+ Q
>Vdet3 "'D_<_)
E
CM10 Bit=1

(Stop Mode) Imerna! Reset Signal
(“L" active)

-
>Vdet4

vee O

Voltage Down
Detect Signal
VCR1 Register

Noise Rejection

VC13 Bit

Figure 5.5.1. Voltage Detection Circuit Block
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5. Reset

b7 b6

Voltage detection register 1

b5 b4 b3 b2 bl bO

b7 b6

b5 b4

Symbol Address After reset (Note 2)
[0[o]Jofo| [o]o[o] wvera 001916 000010002
Bit symbol Bit name Function RW
(b2-b0) Reserved bit Must set to “0” RW
R Voltage down monitor flag 0:Vcc < Vdetd
o veis (Note 1) 1:Vee = Vdetd RO
RS (b7-b4) Reserved bit Must set to “0” RW

b3 b2 bl bo

b7 b6 b5

b4 b3 b2

Voltage detection register 2 (Note 1)

Note 1: The VC13 bit is useful when the VC27 bit of VCR2 register is set to “1” (voltage down detection circuit
enable). The VC13 bit is always “1” (Vccz Vdet4) when the VC27 bit in the VCR2 register is set to “0” (voltage
down detection circuit disable).

Note 2: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

Symbol Address After reset (Note 5)
| | [o]o]o]ofo]o] vecre 001A16 0016

Bit symbol Bit name Function RwW

e et D) Reserved bit Must set to “0” RW

VC26 Reset level monitor bit 0: Disable reset level detection

P Notes 2, 3, 6 circuit

[ ( ) 1: Enable reset level detection |RW

H circuit

ve27 Voltage down monitor 0: Disable voltage down

: bit (Note 4, 6) detection circuit

Formrmrmmmmemememem e 1: Enable voltage down RwW
detection circuit

bl b0

Note 1: Write to this register after setting t
Note 2: Useful when the VC27 bit in the VCR2 register is set to “1” (voltage down detection circuit enabled). If the
VC27 bit is set to “0” (voltage down detection circuit disable), the D42 bit is set to “0” (Not detect).

Note 3: This bit is set to “0” by writing a “0” in a program. (Writing a “1” has no effect.)
Note 4: If the voltage down detection interrupt needs to be used to get out of stop mode again after once used for
that purpose, reset the D41 bit by writing a “0” and then a “1”.
Note 5: The D40 bit is effective when the VC27 bit in the VCR2 register is set to “1”. To set the D40 bit to “1”,
follow the procedure described below.
(1) Set the VC27 bit to “1".
(2) Wait for td(E-A) until the detection circuit is actuated.
(3) Wait for the sampling time (refer to “Table 5.5.1.2 Sampling Clock Periods”).
(4) Set the D40 bit to “1”".

Voltage down detection interrupt register (Note 1)

Note 1: Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable).
Note 2: When not in stop mode, to use hardware reset 2, set the VC26 bit to “1” (reset level detection circuit enable).
Note 3: VC26 bit is disabled in stop mode. (The microcomputer is not reset even if the voltage input to Vcc pin
becomes lower than Vdet3.)
Note 4: When the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to “1”
(voltage down detection interrupt enable), set the VC27 bit to “1” (voltage down detection circuit enable).
Note 5: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.
Note 6: The detection circuit does not start operation until td(E-A) elapses after the VC26 bit, or VC27 bit are set to “1”.

Symbol Address After reset
D4INT 001F16 0016
Bit symbol Bit name Function RW
D40 Voltage down detection 0: Disable RW
interrupt enable bit (Note 5) 1: Enable
D41 STOP mode deactivation 0: Disable (do not use the voltage
control bit down detection
(Note 4) interrupt to get out of stop mode)
1: Enable (use the voltage down RW
detection interrupt to get
out of stop mode)
D42 Voltage change detection flag | 0: Not detected RW
(Note 2) 1: Vdet4 passing detection (Note 3)

D43 WDT overflow detect flag 0: Not detected RW

1: Detected (Note 3)
: P b5h4

DFO Sampling clock select bit 00 : CPU clock divided by 8 RW
01: CPU clock divided by 16

DE1 10 : CPU clock divided by 32
11: CPU clock divided by 64 RW

_— Nothing is assigned. When write, set to “0”. When read, its

(b7-b6) content is “0”. -

he PRC3 bit in the PRCR register to “1” (write enable).

Figure 5.5.2. VCR1 Register, VCR2 Register, and D4INT Register
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- Set to “1” by program (reset level detect circuit enable)
]

Set to “1” by program
(voltage down detect circuit enable)

VC26 bit in Indefinite '\

VCR2 register @

5.0V 5.0v
Vdetd i
Vdet3r ! |
vce Vdet3 | ! . |
I I
Vdet3s ! | i I
VSS : ! ! |
- : I I
RESET | 1 : :
I
| ! : |
| ! |
Internal Reset Signal | i |
1
| | |
1
i I !
VC13 bitin — T |
VCRL1 register —/Indeflnlte : Ii
|
I
I
1
1
I
I
I
I
I

VC27 bitin Indefinite '\

VCR2 register

NOTES :
1. VC26 bit is invalid (the microcomputer is not reset even if input voltage of VCC pin
becomes lower than Vdet3).

Figure 5.5.3. Typical Operation of Hardware Reset 2
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5.5.1 Voltage Down Detection Interrupt

If the D40 bit in the D4INT register is set to “1” (voltage down detection interrupt enabled), the voltage
down detection interrupt request is generated when the voltage applied to the VCC pin crosses the
Vdet4 voltage level. The voltage down detection interrupt shares the same interrupt vector with the
watchdog timer interrupt and oscillation stop, re-oscillation detection interrupt.

Set the D41 bit in the D4INT register to “1” (enabled) to use the voltage down detection interrupt to exit
stop mode.

The D42 bit in the D4INT register is set to “1” as soon as the voltage applied to the VCC pin reaches
Vdet4 due to the voltage rise and voltage drop. When the D42 bit changes “0” to “1”, the voltage down
detection interrupt request is generated. Set the D42 bit to “0” by program. However, when the D41
bit is set to “1” and the microcomputer is in stop mode, the voltage down detection interrupt request is
generated regardless of the D42 bit state if the voltage applied to the VCC pin is detected to be above
Vdet4. The microcomputer then exits stop mode.

Table 5.5.1.1 shows how the voltage down detection interrupt request is generated.

The DF1 to DFO bits in the D4INT register determine the sampling period that detects the voltage

5. Reset

applied to the VCC pin reaches Vdet4. Table 5.5.1.2 shows the sampling periods.

Table 5.5.1.1 Voltage Down Detection Interrupt Request Generation Conditions

NOTES:

Operation Mode VC27 Bit D40 Bit D41 Bit D42 Bit CMO02 Bit VC13 Bit
Normal
Operation L 0to 1 . 0to 10
Mode(®) 1to 0
0to 10
Wait Mode( 1 1 _ Otol 0 T1000
— 1 Otol
Stop Mode(® 1 — 0 Otol
—:“0"r “1”

1. The status except the wait mode and stop mode is handled as the normal mode.(Refer to 7. Clock generating circuit)

2. Refer to 5.5.2 Limitations on stop mode, 5.5.3 Limitations on wait mode.

3. An interrupt request for voltage reduction is generated a sampling time after the value of the VC13 bit has changed.
See the Figure 5.5.1.2 Voltage Down Detection Interrupt Generation Circuit Operation Example for details.

Table 5.5.1.2 Sampling Periods

Sampling Period (us
cPU pling (us)
Cl\l/lol_?k DF1 to DFO=00 DF1 to DF0=01 DF1 to DF0=10 DF1 to DF0O=11
(MHz) (CPU clock divided by 8) |(CPU clock divided by 16) [(CPU clock divided by 32) | (CPU clock divided by 64)
16 3.0 6.0 12.0 24.0
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Voltage down detection interrupt generation circuit

DF1, DFO
The D42 bit is set to “0" (not detected)
. X . lo by program. the VC27 bit is set to “0”
Voltage Down Detection Circuit | (voltage down detect circuit disabled),
Jock(th the D42 bit is set to “0".
D4INT clock(the
VC27 clock with which it | °
operates also in
wait mode)
—VC13 D42 Watchdog
\ / A timer interrupt
VCC Noise [Noise Rejection Digital signal
VREF—| - Rejection - Voltage down |circuit Filter
. detection signal
(Rejection Range:200 ns)
The Voltage down detection Voltage down
signal becomes “H" when the D41 detection Non-maskable
VC27 bit is set to “0” (disabled) interrupt signal interrupt signal
CM10 Oscillation stop,
re-oscillation
Moz detection
WAIT instruction(wait mode) interrupt signal
Watchdog Timer Block
D43
- D40 —
Watchdog timer
underflow signal This bit is set to “0"(not detected) by program.

Figure 5.5.1.1 Power Supply Down Detection Interrupt Generation Block

—\ / \ —

VC13 bit in VCRL register | |
L—»I | |

—| — -—
sampling |

sampling | sampling sampling

|
|
| No voltage down detection interrupt signals are
| / generated when the D42 bit is “H".

I I I

Output of the digital filter )

\ : /

Set to “0” by program (not detected)
I

I s

Voltage down detection
interrupt signal

|
|
|
|
|
|
|
|
D42 bit in D4INT register I
|
|
|
|
I
T
|
|

I m—
- Y - - =

|
I
|

NOTES :
1. D40 bit in the D4INT register is set to “1” (voltage down detection interrupt enabled).
2. Output of the digital filter is shown in Figure 5.5.1.1.

Figure 5.5.1.2 Power Supply Down Detection Interrupt Generation Circuit Operation Example
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5.5.2 Limitations on Exiting Stop Mode
The voltage down detection interrupt is immediately generated and the microcomputer exits stop
mode if the CM10 bit in the CM1 register is set to “1” under the conditions below.
» the VC27 bit in the VCR2 register is set to “1” (voltage down detection circuit enabled),
 the D40 bit in the D4INT register is set to “1” (voltage down detection interrupt enabled),
» the D41 bit in the DAINT register is set to “1” (voltage down detection interrupt is used to exit stop
mode), and
* the voltage applied to the VCC pin is higher than Vdet4 (the VC13 bit in the VCR1 register is “1”)
If the microcomputer is set to enter stop mode when the voltage applied to the VCC pin drops below
Vdet4 and to exit stop mode when the voltage applied rises to Vdet4 or above, set the CM10 bit to “1”
when VC13 bit is “0” (VCC < Vdet4).

5.5.3 Limitations on Exiting Wait Mode

The voltage down detection interrupt is immediately generated and the microcomputer exits wait
mode If WAIT instruction is executed under the conditions below.

» the CMO02 bit in the CMO register is set to “1” (stop peripheral function clock),

» the VC27 bit in the VCR2 register is set to “1” (voltage down detection circuit enabled),

 the D40 bit in the D4INT register is set to “1” (voltage down detection interrupt enabled),

» the D41 bit in the D4INT register is set to “1” (voltage down detection interrupt is used to exit wait
mode), and

« the voltage applied to the VCC pin is higher than Vdet4 (the VC13 bit in the VCR1 register is “1")
If the microcomputer is set to enter wait mode when the voltage applied to the VCC pin drops below
Vdet4 and to exit wait mode when the voltage applied rises to Vdet4 or above, perform WAIT instruc-
tion when VC13 bit is “0” (VCC < Vdet4).
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6. Processor Mode

This device functions in single-chip mode only. Figures 6.1 and 6.2 detail the associated registers.

Processor mode register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
loo[o]o]| |o|o[o] Pwmo 000416 000000002

t 1+ & 1| Bitsymbol Bit name Function RW

Pt (b2-b0) Reserved bit Should be set to "0". RW

Setting this bit to "1" resets the
b PMO3 Software reset bit microcomputer. RwW
When read, its content is "0".

-------------- (b7-b4) Reserved bit Should be set to "0". RW

i
i,

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

Figure 6.1. PMO Register

Processor mode register 1 (Note 1)

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

| |o | 0 | o| 1| |o| | PM1 000516 000010002
b4 11t i1 | Bitsymbol Bit name Function RW
P ] PM10 Flash data block access | 0: Disabled RW
A bit (Note 2) 1: Enabled (Note 3)
S R S (b1) Reserved bit Should be set to "0". RW
P Watchdog timer function | 0 : Watchdog timer interrupt
A PM12 select bit 1: Watchdog timer reset (Note 4) RW
SR (b3) Reserved bit Should be set to "1". RW
T P TETETTRRERE (b6-b4) Reserved bit Should be set to "0". RW
b PM17 Wait bit (Note 5) 0 : No wait state RW

1 : With wait state (1 wait)

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

Note 2: To access the two 2K-byte data areas in data block A and data block B, this bit must be set to "1".

Note 3: When CPU rewrite mode (FMR01="1"), this bit is automatically set to "1" during that time.

Note 4: PM12 bitis setto 1 by writinga 1 in a program. (Writing a 0 has no effect.)

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

Figure 6.2. PM1 Register
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7. Clock Generation Circuit

7. Clock Generation Circuit

The clock generation circuit contains four oscillator circuits as follows:
(1) Main clock oscillation circuit
(2) Sub clock oscillation circuit
(3) On-chip oscillator (available at reset, oscillation stop detect function)
(4) PLL frequency synthesizer

Table 7.1 lists the clock generation circuit specifications. Figure 7.1 shows the clock generation circuit.
Figures 7.2 to 7.6 show the clock-related registers.

Table 7.1. Clock Generation Circuit Specifications

Pins to connect
oscillator

Oscillation stop,
restart function
Oscillator status
after reset

* Peripheral function
clock source

* Ceramic oscillator
* Crystal oscillator

Oscillating(M16C/26A)
Stopped(M16C/26T)

» Timer A, B’s clock
source

Externally derived clock can be input

* Peripheral function clock source

* CPU and peripheral function
clock sources when the main
clock stops oscillating

« Selectable source frequency:
f1(rRoOC), f2(ROC), f3(ROC)
« Selectable divider:
by 2, by 4, by 8

Oscillating
(CPU clock source)

Main clock Sub clock i : PLL frequency
Item oscillation circuit oscillation circuit On-chip oscillator synthesizer
Use of clock » CPU clock source | « CPU clock source|+ CPU clock source » CPU clock source

* Peripheral function clock
source
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit
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Figure 7.1. Clock Generation Circuit
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

System clock control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset
| I I 1 | | CMO 000616 010010002(M16C/26A)

oo oo 011010002(M16C/26T)
v Bt symbol Bit name Function RW
i e owo | RW
oo ' Clock output function Refer to Table 7.5.3.1 Function of the CLKout pin
oo ] cMo1 select bit RW
T CMO02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | b,y
clock stop bit (Note 10) 1 : Stop peripheral function clock in wait mode (Note 8)
S XcIN-XcouT drive capacity | 0 : LOW RW
CMo3 select bit (Note 2) 1:HIGH
o Port Xc select bit 0: 1/O port P86, P87
P T cMo4 (Note 2) 1 : XCIN-XcouT generation function (Note 9) RW
b Main clock stop bit 0:0n
[ EECLEEEEEEEEEEPEE CMO5 RW
' (Notes 3, 10, 12, 13) 1: Off (Note 4, Note5)
] CMO06 Main clock division select | 0 : CM16 and CM17 valid

bit 0 (Notes 7, 13, 14) 1: Division by 8 mode RW

System clock select bit 0 : Main clock, PLL clock, or ring oscillator clock RW

cmo7 (Notes 6, 10, 11, 12) 1 : Sub-clock

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

Note 2: The CMO03 bit is set to "1" (high) when the CMO04 bit is set to "0" (I/O port) or the microcomputer goes to a stop mode.

Note 3: This bit is provided to stop the main clock when the low power dissipation mode or ring 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, the
following setting is required:

(1) Set the CMO7 bit to "1" (Sub-clock select) or the CM21 bit in the CM2 register to "1" (Ring oscillator select) with the
sub-clock stably oscillating.

(2) Set the CM20 bit in CM2 register to "0" (Oscillation stop, re-oscillation detection function disabled).

(3) Set the CMO5 bit to "1" (Stop).

Note 4: During external clock input, only the clock oscillation buffer is turned off and clock input is accepted.

Note 5: When CMOS5 bit is set to "1", theXouT pin goes iHi. Furthermore, because the internal feedback resistor remains connected,
the XiN pin is pulled "H" to the same level as XouT via the feedback resistor.

Note 6: After setting the CMO04 bit to "1" (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from "0" to "1" (sub-clock).

Note 7: When entering stop mode from high or middle speed mode, ring oscillator mode or ring oscillator low power mode, the CM06
bit is set to "1" (divide-by-8 mode).

Note 8: 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).

Note 9: To use a sub-clock, set this bit to "1". Also make sure ports P86 and P87 are directed for input, with no pull-ups.

Note 10: When the PM21 bit of PM2 register is set to "1" (clock modification disable), writing to the CM02, CMO05, and CMO07 bits has

no effect.

Note 11: If the PM21 bit needs to be set to "1", set the CMO07 bit to "0"(main clock) before setting it.

Note 12: To use the main clock as the clock source for the CPU clock, follow the procedure below.

(1) Set the CMO5 bit to "0" (oscillate).
(2) Wait until td(M-L) elapses or the main clock oscillation stabilizes, whichever is longer.
(3) Set the CM11, CM21 and CMO7 bits all to "0".

Note 13: When the CM21 bit is set to "0" (ring oscillaor turned off) and the CMO5 bit is set to "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).

Note 14: To return from ring oscillator mode to high-speed or middle-speed mode set the CM06 and CM15 bits both to "1".

Figure 7.2. CMO Register
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | | | 0 | 0 | 0 | | | Symbol Address After reset
CM1 000716 001000002
P r b | Bit symbol Bit name Function RW
A CM10 All clock stop control bit 0: Clock on RW
e (Notes 4, 6) 1: All clocks off (stop mode)
CM11 System clock select bit1 |0 : Main clock RW
(Notes 6, 7) 1: PLL clock (Note 5)
E  RARRREEEED (b4-b2) | Reserved bit Must set to “0” RW
XIN-XoUT drive capacity 0:LOW
CM15
P T select bit (Note 2) 1:HIGH RW
. b7 b6
b ] CM16 Main clock division 0 0 : No division mode RW
! select bits  (Note 3) 0 1 : Division by 2 mode
H 10 : Division by 4 mode
........................... Cm17
11: Division by 16 mode RW

Note 1: Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).

Note 2: When entering stop mode from high or middle speed mode, or when the CMO05 bit is set to “1” (main clock turned off) in low
speed mode, the CM15 bit is set to “1” (drive capability high).

Note 3: Effective when the CMO06 bit is “0” (CM16 and CM17 bits enable).

Note 4: If the CM10 bit is “1” (stop mode), X ouT goes “H" and the internal feedback resistor is disconnected. The X cIN 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”.

Note 5: After setting the PLCO7 bit in the PLCO register to “1” (PLL operation), wait until Tsu (PLL) elapses before setting the CM11
bit to “1” (PLL clock).

Note 6: When the PM21 bit in the PM2 register is set to “1” (clock modification disable), writing to the CM10, CMO011 bits has no
effect. 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.

Note 7: Effective when CMO07 bit is “0” and CM21 bit is “0” .

Figure 7.3. CM1 Register

On-chip Oscillator Control register (Note 1)
L A Symbol Address After reset
. | . | . | . | ROCR 025C16 000001012
i 1 1+ 1| Bitsymbol Bit name Function RW
- . b1 b0
i 1 1 ] ROCRO Frequency select bits 00: f1 (ROC) RW
HEH 01:f2(ROC)
1 0 : not supported
T ROCR1 11:f3(ROC) RW
N S ROCR?2 Divider select bits 00 : not supported RW
0 1: divide by 2
: 10: divide by 4
mmmmmmee e ROCR3 11 : divide by 8 RW
T . When write, set to “0”.
""""""""""" (b5-b4) | Reserved bit When read, its content is “0”. RO
------------------------ (06) Reserved bit Set to “0”". RW
—_— . When write, set to “0”. When read,
"""""""""""""" (b7) Reserved bit its content is indeterminate. RO
Note 1 : Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).

Figure 7.4. ROCR Register
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

Oscillation stop detection register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

detection function enabled

olo Symbol Address After reset
| N i | . | | | , | i | CM2 000C16 0X0000102(Note 11)
¢ 1| Bitsymbol Bit name Function RW
CM20 Oscillation stop, re- 0: Oscillation stop, re-oscillation
R oscillation detection bit detection function disabled
(Notes 7, 9, 10, 11) 1: Oscillation stop, re-oscillation RW

cMm21 | System clock select bit 2 | 0: Main clock or PLL clock
(R (Notes 2, 3, 6, 8, 11, 12)| 1: On-chip oscillator clock

- . A RW
(On-chip oscillator oscillating)

CM22 Oscillation stop, re- 0: Main clock stop or re-oscillation
o] oscillation detection flag not detected RW
(Note 4) 1: Main clock stop or re-oscillation
' detected
L XIN monitor flag 0: Main clock oscillating
CcMm23 (Note 5) 1: Main clock not oscillating RO
R ESRLCRCEEEEER, (EM) Reserved bit Must set to “0” RW
o — Nothing is assigned. When write, set to “0”. When read, its _
(b6) content is indeterminate.
CM27 Operation select bit 0: Oscillation stop detection reset
] (when an oscillation stop, [ 1: Oscillation stop, re-oscillation RW
re-oscillation is detected) | detection interrupt
(Note 11)

Note 1: Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).
Note 2: When the CM20 bit is set to “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set to “1”
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the CM21 bit is

automatically set to “1” (on-chip oscillator clock) if the main clock stop is detected.

Note 3: If the CM20 bit is set to “1” and the CM23 bit is set to “1” (main clock not oscillating), do not set the CM21 bit to “0”".

Note 4: This flag is set to “1” when the main clock is detected to have stopped or when the main clock is detected to have
restarted oscillating. When this flag changes state from “0” to “1”, an oscillation stop, reoscillation detection interrupt is
generated. Use this flag in an interrupt routine to discriminate the causes of interrupts between the oscillation stop,
reoscillation detection interrupts and the watchdog timer interrupt. The flag is cleared to “0” by writing a “0” in a
program. (Writing a “1” has no effect. Nor is it cleared to “0” by an oscillation stop or an oscillation restart detection
interrupt request acknowledged.)
If when the CM22 bit is set to "1" an oscillation stop or an oscillation restart is detected, no oscillation stop, reoscillation
detection interrupts are generated.

Note 5: Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine the main clock
status.

Note 6: Effective when the CMO7 bit in the CMO register is set to “0”.

Note 7: When the PM21 bit in the PM2 register is “1” (clock modification disabled), writing to the CM20 bit has no effect.
Note 8: When the CM20 bit is set to “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set
to “1” (oscillation stop, re-oscillation detection interrupt), and the CM11 bit is set to “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 set to “0” under
these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop detection; it is, therefore,
necessary to set the CM21 bit to “1” (on-chip oscillator clock) inside the interrupt routine.
Note 9: Set the CM20 bit to “0” (disable) before entering stop mode. After exiting stop mode, set the CM20 bit back to
1" (enable).

Note 10: Sget the C)MZO bit to “0” (disable) before setting the CMO5 bit in the CMO register.

Note 11: The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset.

Note 12: When the CM21 bit is set to "0" (on-chip oscillator turned off) and the CMO05 bit is set to "1" (main clock turned off),
the CMOB6 bit is fixed to “1” (divide-by-8 mode) and the CM15 bit is fixed to “1” (drive capability High).

Figure 7.5. CM2 Register
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

Peripheral clock select register (Note)

L i ‘st 00000011
16 2
o] o] Jofofo] | ]
v | Bitsymbol Bit name Function RW
PCLKO Timers A, B clock select bit 0:f2
I A (Clock source for the 1:f1 RW
oo timers A, B, and the dead '
I timer)
I A PCLK1 SI/O clock select bit 0 f2s10
[ (Clock source for UARTO 1 f1s10 RW
[ to UART2)
e (bEZ) Reserved bit Must set to “0 RW
o Clock output function Refer to Table 7.5.3.1 Function
' ' Lmmmmmmmmmmmmmma PCLK f
HE CLKS expansion select bit of CLKOUT pin RwW
R (b7-06) Reserved bit Must set to “0 RW

Note: Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).

Processeor mode register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
PM2 001E16 XXX000002
Bit symbol Bit name Function RW
PM20 Specifying Wait when 0 2 wait
Accessing SFR at PLL 1:1 wait RW
Operation (Note 2)
PM21 System clock protective bit | 0 : Clock is protected by PRCR
register RW
(Note 3,4) [ 1: Clock modification disabled
PM22 WDT count source 0 : CPU clock is used for the
protective bit watchdog timer count source

1 : On-chip oscillator clock is used RW
for the watchdog timer count

(Note 3,5) source
(b3) Reserved bit Must setto “0” RW
PM24 P8s/NMI configuration bit | 0 : P8s function (NMI disable) RW
(Note 6,7) 1 : NMI function

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

Note 1: Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).

Note 2: This bit can only be rewritten while the PLCO7 bit is “0” (PLL turned off). Also, set the PM20 bit to “0” (2 wait)
when PLL clock > 16MHz. Note that if the clock source for the CPU clock is to be changed from PLL clock
to another, the PLCO7 bit must be set to "0" before setting the PM20 bit.

Note 3: Once this bit is set to “1”, it cannot be cleared to “0” in a program.

Note 4: If the PM21 bit is set to “1”, writing to the following bits has no efftect:

CMO2 bit in the CMO register
CMOS5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CM1 register (stop mode is not entered)
CML11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
Be aware that the WAIT instruction cannot be executed when the PM21 bit is set to "1".

Note 5: Setting the PM22 bitto “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.

Note 6: For NMI function, the PM24 bit must be set to “1"(NMI function) in first instruction after rest. Once this bit is
set to “1”, it cannot be cleared to “0” in a program. When the PM24 bit is set to “1", the P85 direction register
must be “0"(input mode).

Note 7: SD input is valid regardless of the PM24 setting.

Figure 7.6. PCLKR Register and PM2 Register
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PLL control register O (Note 1, Note 2)

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

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After reset

| | 0 |O | 1 I><l | | | PLCO 001C16 0001 X0102
Pl Bit Bit name Function RW
P4+ ¢ 4 4 &+ & | symbol
S ol
P o1+ o+ o1 o1 T PLCOO PLlL ml;!tlplymg fe'\\(l:tor 3 0 0 0: Do not set RW
A select bit (Note 3)| g 1: Multiply by 2
- 01 0: Multiply by 4
O T P PLCO1 011: RW
A 100:
HH 101: ¢ Do not set
Pl e PLCO2 110: RW
- 111:

I RRRRELLD Reserved bit Must set to "1" RW
: (b4)
S S Reserved bit Must set to "0" RW
: (b6-b5)
E e e, pLCOo7 |Operation enable bit 0: PLL Off RW
(Note 4)[ 1: PLLOn

Note 1: Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).
Note 2: When the PM21 bit in the PM2 register is "1" (clock modification disable), writing to this register has no effect.
Note 3: These three bits can only be modified when the PLCO7 bit is set to "0" (PLL turned off). The value once written to this bit
cannot be modified.
Note 4: Before setting this bit to "1" , set the CMO07 bit to "0" (main clock), set the CM17 and CM16 bits to "002"
(main clock undivided mode), and set the CMO06 bit to "0" (CM16 and CM17 bits enable).

Figure 7.7. PLCO Register
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M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

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

7.1 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 7.1.1 shows the examples of main clock connection circuit.
The main clock after reset oscillates in the M16C/26A, but stop in the M16C/26T.
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 resistor remains
on, XIN is pulled “H” to XouT via the feedback resistor.
During stop mode, all clocks including the main clock are turned off. Refer to 7.6 power control.
If the main clock is not used, it is recommended to connect the XIN pin to VCC to reduce power consump-
tion during reset.

Microcomputer 'M'icrocomputelr
(Built-in feedback resistor) (Built-in feedback resistor)
XIN Xout XIN Xout

Open
(Note)
Rd

Externally derived clock
+—
CIN _—]__COUT Vcc |—| |—| |—| |—
— — Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIN
and Xour following the instruction.

Figure 7.1.1. Examples of Main Clock Connection Circuit
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7.2 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.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XcIiN 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
7.2.1 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 oscillator
circuit.

To use the sub clock for the CPU clock, set the CMO7 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 7.6 Power Control.

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XcIN Xcout XcIN XcouTt

T Open
(Note)

Rcd
Externally derived clock

o LML

Vss

+—ll

—_— CciN

L

Ccout

rba

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XciN
and Xcout following the instruction.

Figure 7.2.1. Examples of Sub Clock Connection Circuit
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7.3 On-chip Oscillator Clock

This clock 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).

The on-chip oscillator clock after reset oscillates. The on-chip oscillator clock f2(Roc) divided by 16 is used
for the CPU clock. It can also be turned off by setting the CM21 bit in the CM2 register to “0” (main clock or
PLL 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 necessary clock for the micro-
computer.

7.4 PLL Clock

The PLL clock is generated from the main clock 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 synthesizer is activated by setting the PLCO7 bit to “1” (PLL operation). When the PLL clock is
used as the clock source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CML1 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 7.4.1 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 PLCO02 to PLCOO bits in the PLCO register

(However, 10 MHz < PLL clock frequency < 20 MHz)

The PLCO02 to PLCOO bits can be set only once after reset. Table 7.4.1 shows the example for setting PLL
clock frequencies.

Table 7.4.1. Example for Setting PLL Clock Frequencies

XIN PLCO2 PLCO1 PLCOO Multiplying factor PLL clock
(MHz) (MHz)(Note)
10 0 0 1 2
5 0 1 0 4 20

Note: 10MHz < PLL clock frequency < 20MHz.

Rev. 1.00 Mar. 15, 2005 Page 41 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

( START )

Set the CMO7 bit to “0” (main clock), the CM17 to CM16
bits to “002”"(main clock undivided), and the CMO06 bit to “0”
(CM16 and CM17 bits enabled). (Note)

Set the PLCO02 to PLCO0O bits (multiplying factor).

(To select a 16 MHz < PLL clock)
Set the PM20 bit to “0” (2-wait states).

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 : PLL operation mode can be entered from high speed mode.

Figure 7.4.1. Procedure to Use PLL Clock as CPU Clock Source
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7.5 CPU Clock and Peripheral Function Clock

The CPU clock is used to operate the CPU and peripheral function clocks are used to operate the periph-
eral functions.

7.5.1 CPU Clock

This is the operating clock 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 CMO06 bit in
CMO register and the CM17 to CM16 bits in 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 and CM16 bits to “002” (undivided).

After reset, the on-chip oscillator clock divided by 16 provides the CPU clock.

Note that when entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CMO5 bit in the CMO register is set to “1” (main clock
turned off) in low-speed mode, the CMO06 bit in the CMO register is set to “1” (divide-by-8 mode).

7.5.2 Peripheral Function Clock(f1, f2, fs, f32, f1sio, f2sio, f8sio, f32si0, fAD, fC32)

These are operating clocks for the peripheral functions.

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 1/0.

The faD clock is produced from the main clock, PLL clock or on-chip oscillator clock, and is used for the A/
D converter.

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 and fAD clocks are turned off.

The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can only be used
when the sub clock is on.

7.5.3 ClockOutput Function

The f1, f8, f32 or fc clock can be output from the CLKouT pin. Use the PCLKS5 bit in the PCLKR register and
CMO01 to CMOO bits in the CMO register to select. Table 7.5.3.1 shows the function of the CLKouT pin.

Table 7.5.3.1 The function of the CLKouUT pin

PCLK5 CMO01 CMO00 The function of the CLKouUT pin

0 0 0 1/0 port P90

0 0 1 fc

0 1 0 f8

0 1 1 32

1 0 0 f1

1 0 1 Do not set

1 1 0 Do not set

1 1 1 Do not set
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7.6 Power Control
There are three power control modes. For convenience’ sake, all modes other than wait and stop modes
are referred to as normal operation mode here.

7.6.1 Normal Operation Mode

Normal operation mode is further classified into seven 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. When the CPU clock source is changed from the on-chip oscillator to the main clock,
change the operation mode to the medium speed mode (divided by 8 mode) after the clock was divided
by 8 (the CMO06 bit in the CMO register was set to “1”) in the on-chip oscillator mode.
7.6.1.1 High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fc32 can be used as the
count source for timers A and B.
7.6.1.2 PLL Operation Mode
The main clock multiplied by 2 or 4 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is on, fc32 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.
7.6.1.3 Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used
as the count source for timers A and B.
7.6.1.4 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 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.
7.6.1.5 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. Peripheral function
clock can use only fc32.
Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes “1” (divided by
8 mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium
speed (divided by 8) mode is to be selected when the main clock is operated next.

Rev. 1.00 Mar. 15, 2005 page 44 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

7.6.1.6 On-chip Oscillator Mode
The selected 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 on, fc32 can be used as the count source for timers A and B. The on-chip oscillator frequency can be
selected ROCRS3 to ROCRO bits in ROCR register. When the operation mode is returned to the high
and medium speed modes, set the CMO06 bit to “1” (divided by 8 mode).

7.6.1.7 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 as 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 on, fc32 can be used as the count source for timers A and
B.

Table 7.6.1.1. Setting Clock Related Bit and Modes

CM2 register CML1 register CMO register

Modes CcM21 CM11 | CM17,CM16 | CMO7 | CMO06 | CMO5 | CM04
PLL operation mode 0 1 002 0 0 0 —
High-speed mode 0 0 002 0 0 0 —
Medium- | divided by 2 0 0 012 0 0 0 —
speed divided by 4 0 0 102 0 0 0 —
mode divided by 8 0 0 — 0 1 0 —

divided by 16 0 0 112 0 0 0 —
Low-speed mode — — — 1 — 0 1
Low power dissipation mode - - — 1 1(Note 1)[{1(Note 1) 1

divided by 1 1 — 002 0 0 0 —
On-chip divided by 2 1 — 012 0 0 0 —
oscillator  Fvided by 4 1 — 102 0 0 0 —
mode —
(Note 3) divided by 8 1 — 0— 0 1 0 —

divided by 16 1 — 112 0 0 0 —
On-chip oscillator low power 1 - (Note 2) 0 (Note 2) 1 —
dissipation mode

Note 1: When the CMO5 bit is set to “1” (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and CMO6 bit is set to “1” (divided by 8 mode) simultaneously.

Note 2: The divide-by-n value can be selected the same way as in on-chip oscillator mode.

Note 3: On-chip oscillator frequency can be any of those described in the section 7.6.1.6 On-chip Oscillator Mode.

7.6.2 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 watch-
dog timer count source), the watchdog timer remains active. Because the main clock, sub clock, on-chip
oscillator clock and PLL clock all are on, the peripheral functions using these clocks keep operating.
7.6.2.1 Peripheral Function Clock Stop Function
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, fs, f32, fisio,
f8sio, f32s10 and faD clocks are turned off when in wait mode, with the power consumption reduced
that much. However, fc32 remains on.
7.6.2.2 Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
When the CM11 bit is set to “1” (CPU clock source is the PLL clock), be sure to clear the CM11 bit to
“0” (CPU clock source is the main clock) before going to wait mode. The power consumption of the
chip can be reduced by clearing the PLCO7 bit to “0” (PLL stops).
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7.6.2.3 Pin Status During Wait Mode
Table 7.6.2.3.1 lists pin status during wait mode.

Table 7.6.2.3.1 Pin Status in Wait Mode

Pin Status
I/O ports Retains status before wait mode
When fC selected Does not stop
CLKout Does not stop when the CMO02 bit is set to “0”.
When fl, 18, 132 selected Retains status before wait mode when the CMO02 bit is set to “1".

7.6.2.4 Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of exit wait mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disabled) before execut-
ing the WAIT instruction.
The peripheral function interrupts are affected by the CM02 bit. If the CMO02 bit is set to “0” (peripheral
function clocks not turned off during wait mode), all peripheral function interrupts can be used to exit
wait mode. If the CMO02 bit is set to “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 7.6.2.4.1 lists the interrupts to exit wait mode.

Table 7.6.2.4.1. Interrupts to Exit Wait Mode

Interrupt CM02=0 CM02=1

NMI interrupt Can be used Can be used

Serial I/O interrupt Can be used when operating Can be used when operating
with internal or external clock with external clock

key input interrupt Can be used Can be used

A/D conversion Can be used in one-shot mode | — (Do not use)

interrupt or single sweep mode

Timer A interrupt Can be used in all modes Can be used in event counter

mode or when the count

Timer B interrupt X
source is fC32

INT interrupt Can be used Can be used

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. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the periph
eral function interrupt to be used to exit wait mode.
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO
bits to “0002” (interrupt disable).
2. Set the I flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit wait mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt routine is executed.
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU
clock that was on when the WAIT instruction was executed.
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7.6.3 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 pin is VRAM or more, the internal
RAM is retained. When applying 2.7 or less voltage to Vcc pin, make sure Vcc=VRAM.
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)
» Voltage down detection interrupt
(refer to 5.5.1 Voltage Down Detection Interrupt for an operating condition)
7.6.3.1 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 CM10 register is set to “1” (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit to “0” (oscillation stop, re-oscillation detection function
disable).
Also, if the CM11 bit 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 to “0” (PLL turned off) before entering stop mode.
7.6.3.2 Pin Status during Stop Mode
The I/O pins retain their status held just prior to entering stop mode.
7.6.3.3 Exiting Stop Mode
The microcomputer is moved out of stop mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of stop mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disable) before setting the
CM10 bit to “1”.
If the microcomputer is to be moved out of stop mode by a peripheral function interrupt, set up the
following before setting the CM10 bit to “1”".
1. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the
peripheral function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO
bits to “0002".
2. Set the | flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt service routine is executed.

Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is

determined by the CPU clock that was on when the microcomputer was placed into stop mode as

follows:

If the CPU clock before entering stop mode was derived from the sub clock : sub clock

If the CPU clock before entering stop mode was derived from the main clock  : main clock divide-by-8

If the CPU clock before entering stop mode was derived from the on-chip oscillator clock: on-chip oscillator clock
divide-by-8
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Figure 7.6.1 shows the state transition from normal operation mode to stop mode and wait mode. Figure
7.6.1.1 shows the state transition in normal operation mode.

Table 7.6.1 shows a state transition matrix describing allowed transition and setting. The vertical line
shows current state and horizontal line shows state after transition.

Al oscillators stopped CM10=1 Normal operation mode WAIT CPU operation stopped

< Medium-speed mode instruction
M A » .
> Stop mode ) — — (divided-by-8 mode) ¢ —— Wait mode
nterrup! nterrup!
A
- Interrupt
CMO07=0 WAIT
gmgg::) QA High d dv instruction
CM11=0 Stop mode /€ ( High-speed, medium- )¢ —_ Wait mode
CM10=1 >\ _speed mode - Interrupt
(Note 5) CM10=1 A A

When Notes 1, 2
low power |Wwhen v
dissipation ||ow-

mode speed PLL operation
mode ode

) A

CM10=1 WAIT
P v instruction
~ Low-speed, low power Y d .
Stop mode (e e < — Wait mode
Interrupt P
CM21=0 CM21=1
v
WAIT
‘CM10=1 instruction o
N On-chip oscillator low power » .
Stop mode t( dissipation mode )4 \ Wait mode :
Interrupt N N Interrupt
N
On-chip oscillator mode
(selectable frequency) WAIT
CM10=1 A instruction
Stop mode )——» <+——\_ Wait mode
Interrupt Interrupt
(Note 4) A A
On-chip oscillator
mode (f,(ROC)/16)
A

( Reset )

— : Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.

Note 1: Do not go directly from PLL operation mode to wait or stop mode.

Note 2: PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode.

Note 3: When the PM21 bit is set to "0" (system clock protective function unused).

Note 4: The on-chip oscillator clock divided by 8 provides the CPU clock.

Note 5: Write to the CMO register and CM1 register simultaneously by accessing in word units while CM21 bit is set to "1" (on-chip oscillator
turned off). When the clock generated externally is input to the XCIN pin, transit to stop mode with this process.

Note 6: Before entering stop mode, be sure to clear the CM20 bit in the CM2 register to "0" (oscillation stop and oscillation restart detection
function disabled).

Figure 7.6.1. State Transition to Stop Mode and Wait Mode
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Main clock oscillation

On-chip oscillator clock

oscillation
On-chip oscillator low power
PLL operation mode ~ Middle-speed mode  Middle-speed mode  Middle-speed mode Middle-speed mode On-chip oscillator mode
pLooL High-speed mode | _(diide by 2) (divide by 2) (divide by 8) (divide by 16) "ﬁ dissipation mode
CPU clock: f(PLL) = CPU clock . CPU clock
Ecﬂ:nwio ) (Note 6) CPU dlock: f(xn) ) | (" CPU clock:fpeny2 cpUdock (004 ) (" cpu dockc x| CPU clock: xns Cmﬁe"g '(R‘f“;)‘ CMos=0 ’(R;‘;)“
- * cmor=0 || CMo7=0 CMo7=0 evor=o CMo7=0 1(Ring)2 f(Ring)/2
oM | CM06=0 e a f(Ring)/4 1(Ring)/4
9 {(Ring)8 {(Ring)/8
PLCO7=0 oM | cM17=0 cm CMos=T
= = f(Ring)/16 f(Ring)/16
CM11=0 CM16=0 | CM16=1 CM16=0 cmoe=t 21zt (fng (Note 1) ()
(Note 7) |
CMo4=1 CM04=0 CMo4=1 CM04=0 CMo4=1 CMO4=0| CMo4=1 CM04=0
On-chip oscillator
PLL operati .
moder - ouen | Middie-speed mode  Middie-speed mode _ Middle-speed mode  Middle-speed mode On-<hip oscllator v [;"‘;"smg; mode
PLCO7=1 High-speed mode | givide by 2) (divide by 4) (divide by 8) (divide by 16)
CPU clock: f(PLL) CM11=1 | CM21=0 CPU clock CPU clock
EMor=0 (Note 6) €PU clock: f(xi) | 1 (cPu clock: fpunyr2 CPU clock: {Xn)i4 CPU clock: f(x)/8 CPU clock: (Xn)/16 (Note 8) f(Ring) f(Ring)
c 1 MO7=0 CMO7=0 eMoT=0 CMO7=0 f(Ring)2 (Ring)/2
| CM06=0 CM06=0 CM06=0 f(Ring)/4 f(Ring)/4
PLCO7=0 | M7= {(Ring)18 1(Ring)/8
= CM06=1 CM21=1 ing) ing
CM11=0 f(Ring)/16 1(Ring)/16
! CM16=1 CM16=1
(ote™) | CMos=1
(Note 1)
CcMo7=1 CMO7=0
(Note 3) (Note 2, Note 4)
Low-speed mode cM21=0 Low-speed mode
CPU clock: f(Xci)
CMO7=0 e
Cm21=1
CMoS= CMO5=0
(Note 1, Note 9)
Low power dissipation mode
CPU clock: (Xcm)
CMO7=0
CM06=1
CM15=1

Sub clock oscillation

Notes:
—: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.
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 before switching over.
Switch clock after oscillation of sub-clock is sufficiently stable.
Change CM17 and CM16 before changing CM06.
Transit in accordance with arrow.
PLL operation mode can only be entered from high speed mode. Also, wait until the PLL clock is sufficiently stable before changing operation modes.
To select PLL clock > 16MHz, set the PM20 bit to “0" (SFR accessed with two wait states) before setting PLCO7 to “1” (PLL operation).
PLL operation mode can only be changed to high speed mode. If the PM20 bit is set to "0" (SFR accessed with two wait states), set PLCO7 to “0" (PLL turned off)
before setting the PM20 bit to “1” (SFR accessed with one wait state).
: 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 is set to "0" (on-chip oscillator turned off) and the CMO5 bit is set to "1" (main clock turned off), the CMO6 bit is fixed to “1" (divide-by-8 mode) and the CM15 bit is fixed to “1" (drive capability High).

Q2ar®N

N

©

Figure 7.6.1.1. State Transition in Normal Mode
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Table 7.6.1. Allowed Transition and Setting

State after transition
" " . . On-chip oscillator
High- d mode, - 2| L PLL operation On-chip oscillator
middle-speed mode| OV-SPeed mode” | o on mode | mode mode l:;vs.‘gtﬁ; moge | o0 me% Wait mode
High-speed mode, 7 3 1
mli?:ldlz?sepeeegn&:de See Table A8 © - 13) (15) - (16) (17)
Low-speed mode? (8) (11)1, 6 - . . (16)1 (17)
° ;otmepower dissipation _ (10) _ _ _ (16)1 (17)
IS
1] PLL operation mode? (12)3
= - - - - - -
g —
8 On-chip oscillator mode (14)4 - . - See Table A8 (11)1 (16)1 (17)
On-chip oscillator
low power dissipation - - - - (10) See Table A8 (16)1 a7)
mode
Stop mode (18)5 (18) (18) _ (18)° (18)° _
Waltmode (18) (18) (18) - (18) (18) -
Notes:

. . - . _ i . . --: Cannot transit
1. Avoid making a transition when the CM21 bit is set to “1” (oscillation stop, re-oscillation detection function enabled).

Set the CM21 bit to “0” (oscillation stop, re-oscillation detection function disabled) before transiting.
. On-chip oscillator clock oscillates and stops in low-speed mode. In this mode, the on-chip oscillator can be used as peripheral function clock.
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as peripheral function clock.

N

3. PLL operation mode can only be entered from and changed to high-speed mode.
4. Set the CMO06 bit to “1” (division by 8 mode) before transiting from on-chip oscillator mode to high- or middle-speed mode.
5. When exiting stop mode, the CMO06 bit is set to “1” (division by 8 mode).
6. If the CMO5 bit is set to “1” (main clock stop), then the CMO6 bit is set to “1” (division by 8 mode).
7. A transition can be made only when sub clock is oscillating.
8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below.
Sub clock oscillating Sub clock turned off
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided |Divided
division | by 2 by 4 by 8 by 16 division | by 2 by 4 by 8 by 16
No division (4) (5) (@) (6) 1) - - - -
. olovisedby2 | (3) o | o[ ©® - [o - - |-
2 Z|Dividedby 4 | (3) (4) @ (6) - - (1) - -
3 glpividedbys | (3) () (5) (6) - - - @ | -
Divided by 16|  (3) (4) (5) @ -- -- - -- 1)
No division 2) - - - - 4) (5) @) (6)
i g[Dividedby2 | - ) - - - 3) (5) @ | (®
S B|Divided by 4 - - () - - 3) @) @) (6)
@ 3|Divided by | - - - @) - ©) @ | G (6)
Divided by 16| - - - - (2) (3) 4 (5) U]
9. () : setting method. Refer to following table. --: Cannot transit
Setting Operation
@ CM04=0 Sub clock turned off CMO04, CM05, CM06, CMO7 : bits in the CMO register
. CM10, CM11, CM16, CM17 : bits in the CM1 register
@ CMo4=1 Sub clock oscillating CM20, CM21 “bits in the CM2 register
= PLCO7 : bit in the PLCO register
(3) CMUCQAgG C&lﬁ = 0| CPU clock no division mode 9
4) CMIL;“:%G :<:Oh}I16 - 1| CPU clock division by 2 mode
(5) CM1(7:'!016 :C(r?/ils _ o| CPU clock division by 4 mode
(6) CM17CEAJ?6 <:2hc/)|16 -1 CPU clock division by 16 mode
(7) CM06 = 1 CPU clock division by 8 mode
- Main clock, PLL clock,
®) cmo7=0 or on-chip oscillator clock selected
9) CMO07 =1 Sub clock selected
(10) CM05=0 Main clock oscillating
(11) CMO05 =1 Main clock turned off
PLCO7 =0, .
(12) CM11=0 Main clock selected
PLCO7 =1,
(13) CM11=1 PLL clock selected
(14) CM21=0 Main clock or PLL clock selected
(15) CM21=1 On-chip oscillator clock selected
(16) CM10=1 Transition to stop mode
(17) wait instruction Transition to wait mode
(18) Hardware interrupt | Exit stop mode or wait mode

Rev. 1.00 Mar. 15, 2005 page 50 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 7. Clock Generation Circuit

7.7 System Clock Protective Function
When the main clock is selected for the CPU clock source, this function protects the clock from modifica-
tions in order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit in the PM2 register is set to “1” (clock modification disabled), the following bits are protected
against writes:
* CM02, CMO05, and CMO07 bits in CMO register
« CM10, CM11 bits in CML1 register
* CM20 bit in CM2 register
« All bits in PLCO register

Before the system clock protective function can be used, the following register settings must be made while
the CMO5 bit in the CMO register is “0” (main clock oscillating) and CMO7 bit is “0” (main clock selected for
the CPU clock source):

(1) Set the PRC1 bit in the PRCR register to “1” (enable writes to PM2 register).

(2) Set the PM21 bit in the PM2 register to “1” (disable clock modification).

(3) Set the PRC1 bit in the PRCR register to “0” (disable writes to PM2 register).

Do not execute the WAIT instruction when the PM21 bit is set to “1”.

7.8 Oscillation Stop and Re-oscillation Detect Function
The oscillation stop and re-oscillation detect function allows the detection of main clock oscillation stop and
reoscillation. At oscillation stop or re-oscillation detection, reset or oscillation stop, re-oscillation detection
interrupt are generated. Depending on the CM27 bit in the CM2 register. The oscillation stop detection
function can be enabled and disabled by the CM20 bit in the CM2 register. Table 7.8.1 lists a specification
overview of the oscillation stop and re-oscillation detect function.

Table 7.8.1. Specification Overview of Oscillation Stop and Re-oscillation Detect Function
Item Specification
Oscillation stop detectable clock and | f(Xin) =2 MHz
frequency bandwidth
Enabling condition for oscillation stop, | Set the CM20 bit to “1”(enable)
re-oscillation detection function

Operation at oscillation stop, *Reset occurs (when the CM27 bit is setto "0")
re-oscillation detection *Oscillation stop, re-oscillation detection interrupt occurs(when the CM27 bit is
setto "1")
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7.8.1 Operation When the CM27 bit is set to "0" (Oscillation Stop Detection Reset)
When 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 1 or hardware reset 2. 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”.)

7.8.2 Operation When the CM27 bit is set to "1" (Oscillation Stop and Re-oscillation Detect

Interrupt)
When the main clock corresponds to the CPU clock source and the CM20 bit is “1” (oscillation stop and
re-oscillation detect function enabled), the system is placed in the following state if the main clock comes
to a halt:
* Oscillation stop and re-oscillation detect interrupt request occurs.
» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the CPU clock and
clock source for peripheral functions in place of the main clock.
» CM21 bit is set to "1" (on-chip oscillator clock for CPU clock source)
* CM22 hit is set to "1" (main clock stop detected)
* CM23 bit is set to "1" (main clock stopped)

When 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 and re-oscillation detect interrupt request occurs.

* CM22 bit is set to "1" (main clock stop detected)

* CM23 hit is set to "1" (main clock stopped)

» CM21 bit remains unchanged

When 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 and re-oscillation detect interrupt request occurs.

* CM22 bit is set to "1" (main clock re-oscillation detected)

» CM23 bit is set to "0" (main clock oscillation)

» CM21 bit remains unchanged
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7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function

» The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. 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, return the main clock to the CPU clock and
peripheral function clock source in the program. Figure 7.8.3.1 shows the procedure for switching the
clock source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes “1”. When the CM22 bit is set at “1”, oscillation stop, re-oscillation detection interrupt are dis-
abled. 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-oscilla-
tion 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 oc-
curred, the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CMO02 bit to
“0” (peripheral function clocks not turned off during wait mode).

» Since the oscillation stop, 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 dis-
abled) 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 Main clock switch )

d

N
4
N

Inspect the CM23 bit -
1(Main clock stop)

0(Main clock oscillation)

Do this check a number of time:

The main clock is confirmed to be active a number of times.

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

Set the CM21 bitto O
(main clock for the CPU clock source)(Note)

I . .
C End ) All of CM21-23 are the CM2 register bits

Note: 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 7.8.3.1. Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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8. Protection

Note
I The M16C/26T do not use the PRC3 bit in the PRCR register. I

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.

* Registers protected by PRCO bit: CM0, CM1, CM2, PLCO, ROCR and PCLKR registers

* Registers protected by PRCL1 bit: PMO, PM1, PM2, TB2SC, INVCO and INVC1 registers

* Registers protected by PRC2 bit: PD9, PACR and NDDR registers

* Registers protected by PRC3 bit: VCR2 and D4INT registers

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared 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, PRC1 and PRC3 bits are not automati-
cally cleared to “0” by writing to any address. They can only be cleared in a program.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

|><|><I 0 | 0 | | | | | Symbol Address After reset
NN L PRCR 000A16 XX0000002
A A A =T symbol Bit name Function RW
Y N RLe) Protect bit 0 Enable write to CM0, CM1, CM2,
E : : : : ! ROCR, PLCO and PCLKR registers
H I I . RW
P 0 : Write protected
E ' ' ' oo 1: Write enabled
R . ; Enable write to PMO, PM1, PM2,
S PRC1 Protect bit 1 TB2SC, INVCO and INVC1
A registers RW
E : I I I H 0 : Write protected
Voo . 1 : Write enabled
E ; . . ; : Enable write to PD9, PACR and
e PRC2 Protect bit 2 NDDR registers W
E . . . . 0 : Write protected
Vo 1: Write enabled
. Enable write to VCR2 and D4INT
L PRC3 Protect bit 3 registers
Vo . RW
oo 0 : Write protected
P 1: Write enabled
b T (b5-b4) Reserved bit Must set to "0" RW
o] Nothing is assigned. When write, set to "0". When read, its
(b7-b6) content is indeterminate. —

Note: The PRC2 bhit 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.

Figure 8.1. PRCR Register
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9. Interrupt

Note
M16C/26A(42-pin version) do not use UARTO transmission interrupt and UARTO reception interrupt
of peripheral function.

M16C/26T do not use voltage down detection interrupt.

9.1 Type of Interrupts
Figure 9.1.1 shows types of interrupts.

[] Undefined instruction (UND instruction)
Software E Overflow (INTO instruction)
[] (Non-maskable interrupt) [] BRKnstruction
M [] INT instruction
]
] 0 NMI
Interrupt [ ] [] DBC (Note 2)

E [] Watchdog timer
] [] Special [l oscillation stop and re-oscillation
] [] (Non-maskable interruptg detection
O Hardware % [] Voltage down detection

] [] Single step (Note 2)

[l ) Address match

[l
M Peripheral function (Note 1)
(Maskable interrupt)

Note 1: Peripheral function interrupts are generated by the microcomputer's internal functions.
Note 2: Do not normally use this interrupt because it is provided exclusively for use by development
support tools.

Figure 9.1.1. 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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9.1.1 Software Interrupts

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

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

9.1.1.2 Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the opera-
tion 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

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

9.1.1.4 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. 4, 8 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. O to 31, the U flag is saved to the stack during instruction execution and is
cleared 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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9.1.2 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.
9.1.2.1 Special Interrupts

Special interrupts are non-maskable interrupts.

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

9.1.2.1.2 DBC Interrupt
This interrupt is exclusively for debugger, do not use in any other circumstances.

9.1.2.1.3 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 the section 10. Watchdog Timer.

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

9.1.2.1.5 Voltage Down Detection Interrupt
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to the
section 5.5 Voltage Detection Circuit.

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

9.1.2.1.7 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO or RMADL register, if the corresponding enable bit (the AIERO or AIER1 bit
in the AIER register) is set to “1”. For details about the address match interrupt, refer to the section
9.9 Address Match Interrupt.

9.1.2.2 Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt sources for peripheral function interrupts are listed in Table 9.2.2.1
Relocatable Vector Tables. For details about the peripheral functions, refer to the description of
each peripheral function in this manual.
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9.2 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 9.2.1 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000

Figure 9.2.1. Interrupt Vector

9.2.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 9.2.1.1 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 the section 17.3 Flash Memory
Rewrite Disabling Function.

Table 9.2.1.1. Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFDC16 to FFFDF16 | Interrupt on UND instruction M16C/60, M16C/20
Overflow FFFEO16 to FFFE316 | Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 | If the contents of address |maual
FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

Address match FFFE816 to FFFEB16 Address match interrupt
Single step (Notel) | FFFEC16 to FFFEF16

Watchdog timer FFFFO16 to FFFF316 Watchdog timer
Oscillation stop and

re-oscillation detection Clock generating circuit
Voltage down

detection Voltage detection circuit
DBC (Notel) FFFF416 to FFFF716

NMI FFFF816 to FFFFB16 NMI interrupt

Reset (Note 2) FFFFC16 to FFFFF16 Reset

Note 1: Do not normally use this interrupt because it is provided exclusively for use by development support tools.
Note 2: The b3 to b0 in address OFFFFF16 are reserve bits. Set these bits to “11112".
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9.2.2 Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector
table area. Table 9.2.2.1 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.
Table 9.2.2.1. Relocatable Vector Tables

Interrupt source

Vector address (Note 1)

Software interrupt

Reference

Address (L) to address (H) number
BRK instruction (Note 4) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20
series software
—  (Reserved) 1to3 manual
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt
— (Reserved) 5t07
INT5 (Note 2) +32 to +35 (002016 to 002316) 8 —
— INT interrupt
INT4 (Note 2) +36 to +39 (002416 to 002716) 9
UART 2 bus collision detection (Note 5) +40 to +43 (002816 to 002B16) 10 Serial I/O
DMAO +44 to +47 (002C16 to 002F16) 11
DMAC
DMA1 +48 to +51 (003016 to 003316) 12
Key input interrupt +52 to +55 (003416 to 003716) 13 Key input interrupt
AID +56 to +59 (003816 to 003B16) 14 A/D convertor
UART?2 transmit, NACK2 (Note 3) +60 to +63 (003C16 to 003F16) 15
UART2 receive, ACK2 (Note 3) +64 to +67 (004016 to 004316) 16
UARTO transmit +68 to +71 (004416 to 004716) 17 .
Serial I/0
UARTO receive +72 to +75 (004816 to 004B16) 18
UART1 transmit +76 to +79 (004C16 to 004F16) 19
UARTL1 receive +80 to +83 (005016 to 005316) 20
Timer AO +84 to +87 (005416 to 005716) 21
Timer Al +88 to +91 (005816 to 005B16) 22
Timer A2 +92 to +95 (005C16 to 005F16) 23
Timer A3 +96 to +99 (006016 to 006316) 24 )
Timer
Timer A4 +100 to +103 (006416 to 006716) 25
Timer BO +104 to +107 (006816 to 006B16) 26
Timer B1 +108 to +111 (006C16 to 006F16) 27
Timer B2 +112 to +115 (007016 to 007316) 28
INTO +116 to +119 (007416 to 007716) 29
INT1 +120 to +123 (007816 to 007B16) 30 INT interrupt
INT2 +124 to +127 (007C16 to 007F16) 31
+128 to +131 (008016 to 008316) 32 M16C/60, M16C/20
Software interrupt (Note 4) to to ;e;:?jalsoftware
+252 to +255 (00FC16 to O0FF16) 63

Note 1: Address relative to address in INTB.

Note 2: Set the IFSR6 and IFSR7 bits in the IFSR register.
Note 3: During 12C bus mode, NACK and ACK interrupts comprise the interrupt source.
Note 4: These interrupts cannot be disabled using the | flag.
Note 5: Bus collision detection : During IEBus mode, this bus collision detection constitutes the cause of an interrupt.

During I2C bus mode, however, a start condition or a stop condition detection constitutes

the cause of an interrupt.
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9.3 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 nonmaskable 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 each
interrupt control register.

Figure 9.3.1 shows the interrupt control registers.

Figure 9.3.2 shows the IFSR, IFSR2A registers.
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Interrupt control register (Note 2)

Symbol Address After reset

BCNIC 004A16 XXXXX0002

DMOIC, DM1IC 004B16, 004C16 XXXXX0002

KUPIC 004D16 XXXXX0002

ADIC 004E1s XXXXX0002

SOTIC to S2TIC 005116, 005316, 004F16 XXXXX0002

b7 06 b5 b4 b3 b2 bl bo SORIC to S2RIC 005216, 005416, 005016 XXXXX0002

TAOIC to TA4IC 005516 to 005916 XXXXX0002
e TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
A A A =T symbol Bit name Function RW
- ILVLO Interrupt priority level
A Y select bit b2 b1 b0 RW
T 000: Level O (interrupt disabled)
T 001: Levell
A ILVL1 010: Level 2
A 011: Level3 RW
R 100: Level4
Vo 101: Level5
E : : o] ILVL2 110: Level 6
o 111: Level7 RwW
R IR Interrupt request bit 0: Interrupt not requested RW
v 1: Interrupt requested (Note 1)
E , _ No functions are assigned.

"""""""""""" When writing to these bits, write “0”. The values in these bits —
(b7-b4) when read are indeterminate.

Note 1: This bit can only be reset by writing “0” (Do not write “1”).
Note 2: To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that
register. For details, see the “precautions for interrupts” of the Usage Notes Reference Book.

Symbol Address After reset
INT3IC 004416 XX00X0002
b5 b4 b3 b2 bl bo INT5IC 004816 XX00X0002
0 | | | | | | INT4IC 004916 XX00X0002
— INTOIC to INT2IC  005D16 to 005F16  XX00X0002
oo Bt symbol Bit name Function RW
A ILVLO Interrupt priority level
oo select bit b2 b1 bo ) ! RW
e 000 : Level O (interrupt disabled)
A 001:Levell
Y ILVL1 010:Level 2
e 011:Level3
P 100: Level 4 RW
. 101:Level5
Vo ILVL2 110:Level6
A 111:level7 RW
I R IR Interrupt request bit 0: Interrupt not requested RW
N 1: Interrupt requested (Note 1)
S POL Polarity select bit 0 : Selects falling edge (Notes 3, 4)
: 1: Selects rising edge RW
 ERCRCEECEEEERE (b5) Reserved bit Must always be set to “0” RW
________________________ b No functions are assigned.
(b7-b6) When writing to these bits, write “0”. The values in these bits RW
when read are indeterminate.

Note 1: This bit can only be reset by writing “0” (Do not write “1”).

Note 2: To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register. For details, see the “precautions for interrupts” of the Usage Notes Reference Book.

Note 3: If the IFSRIi bit (i = 0 to 5) in the IFSR register is “1” (both edges), set the POL bit in the INTIIC register to “0” (falling

edge).

Figure 9.3.1. Interrupt Control Registers
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b7 b6 b5 b4 b3 b2 bl bo

Interrupt request cause select register

P ——

Symbol Address After reset
IFSR 035F16 0016
Bit symbol Bit name Function RW
IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1:Both edges (Note 1)
IFSR1 INT1 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR2 INT2 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR3 INT3 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR4 INT4 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR5 INT5 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR6 Interrupt request cause 0 : Reserved
select bit 1:INT4 RW
IFSR7 Interrupt request cause 0 : Reserved
select bit 1:INT5 RW

b7 b6 b5 b4 b3 b2 bl b0

1

Interrupt request cause select register 2

Note 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).

Symbol Address After reset
IFSR2A 035E16 XXXXXXX02
Bit symbol Bit name Function RW
IFSR20 Reserved bit Must be set to “1". RW
(Note 1)

bmmmccmmmm——————-
e

(b7-b1)

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

Note 1: Set this bit to "1" before you enable interrupt after resetting.

Figure 9.3.2.

IFSR Register and IFSR2A Register
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9.3.11Flag

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

9.3.2 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
cleared to “0” (= interrupt not requested).

The IR bit can be cleared to “0” in a program. Note that do not write “1” to this bit.

9.3.3ILVL2 to ILVLO Bits and IPL

Interrupt priority levels can be set using the ILVL2 to ILVLO bits.
Table 9.3.3.1 shows the settings of interrupt priority levels and Table 9.3.3.2 shows the interrupt priority
levels enabled by the IPL.

The following are conditions under which an interrupt is accepted:
- | flag is set to “1”

- IR bit is set to “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 9.3.3.1. Settings of Interrupt Priority Table 9.3.3.2. Interrupt Priority Levels
Levels Enabled by IPL
. Interrupt priority Priority

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) —_— 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 Y 1102 Interrupt levels 7 and above are enabled
1112 Level 7 High 1112 All maskable interrupts are disabled
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9.4 Interrupt Sequence
An interrupt sequence (the devicebehavior from the instant an interrupt is accepted to the instant the inter-
rupt routine is executed) is described here.
If an interrupt occurs 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 occurs 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 9.4.1 shows time required for
executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading
the address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt not
requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal
temporary register(Note),

(3) The |, D and U flags in the FLG register become as follows:

The I flag is cleared to “0” (interrupts disabled).

The D flag is cleared to “0” (single-step interrupt disabled).

The U flag is cleared 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 CPU's internal temporary register (N®) js saved to the stack.

(5) The PC is saved to the stack.

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

(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, the processor resumes executing instructions from the start
address of the interrupt routine.

Note: This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address bus X%%%r(()elsg >< Indeterminate(® >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus _Interrupt ; SP-2 SP-4 vec vec+2
><|nf0rmat|0n>< Indeterminate() >< contents Xcontents Xcontents >< contents ><

RD® U—Y Indeterminate() 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. RD is the internal signal which is set to “L” when the internal memory is read out and WR is the
internal signal which is set to “L” when the internal memory is written.

Figure 9.4.1. Time Required for Executing Interrupt Sequence
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9.4.1 Interrupt Response Time
Figure 9.4.1.1 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes the time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of the time from when an interrupt request is generated till
when the instruction then executing is completed ((a) in Figure 9.4.1.1) and the time during which the
interrupt sequence is executed ((b) in Figure 9.4.1.1).

Interrupt request generated  Interrupt request acknowledged

4} {; — Time
y4 /

Instruction in
interrupt routine

Instruction Interrupt sequence

- @ -t (®) -

Interrupt response time

(a) The 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) The 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.

Interrupt vector address | SP value Without wait
Even Even 18 cycles
Even Odd 19 cycles
Odd Even 19 cycles
Odd Odd 20 cycles

Figure 9.4.1.1. Interrupt response time

9.4.2 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 9.4.2.1 is set in the IPL. Shown in Table 9.4.2.1 are the IPL values of software and special
interrupts when they are accepted.

Table 9.4.2.1. IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt sources Level that is set to IPL
Watchdog timer, NMI, Oscillation stop and re-oscillation detection, 7
voltage down detection
Software, address match, DBC, single-step Not changed
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9.4.3 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
9.4.3.1 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.

Address Stack
MSB LSB

m Content of previous stack |«a——

m+ 1| Content of previous stack

Stack status before interrupt request
is acknowledged

LSB

[SP]
<« New SP value

Address Stack
MSB
m-4 PCL
:: m-3 PCw
m-—2 FLG.
m-1 FLGH PCh
[SP]
SP value before .
interrupt request is m Content of previous stack
accepted.
m+ 1| Content of previous stack

Stack status after interrupt request

is acknowledged

Figure 9.4.3.1. Stack Status Before and After Acceptance of Interrupt Request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
spP(Note) at the time of acceptance of an interrupt request, is even or odd. If the stack pointer (Not©) js
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 9.4.3.2 shows the operation of the saving registers.

Note: 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.

Address

[SP] - 5 (Odd)
[SP] — 4 (Even)
[SP] - 3(Odd)
[SP] - 2 (Even)
[SP] - 1(Odd)

[SP] (Even)

Address

[SP] - 5 (Even)
[SP] - 4(Odd)
[SP] - 3 (Even)
[SP] - 2(Odd)
[SP] -1 (Even)

[SP]  (Odd)

(1) SP contains even number

Stack

Sequence in which order
registers are saved

PCL

PCwm

(2) Saved simultaneously,
all 16 bits

FLGL

(1) Saved simultaneously,

FLGH

PCH

t1ts

all 16 bits

Finished saving registers

(2) SP contains odd number

in two operations.

Stack Sequence in which order
registers are saved
PCL - (3)
PCwm < (4)
Saved, 8 bits at a time
FLGH PCn |—— (2)

Finished saving registers

in four operations.

Note: [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 9.4.3.2. Operation of Saving Register

Rev. 1.00 Mar. 15,2005 page 67 of 328

REJ09B0202-0100

RENESAS



M16C/26A Group (M16C/26A, M16C/26T) 9. Interrupt

9.4.4 Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt se-
guence 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 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 9.5.1
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

Watchdog Timer,
Oscillation stop and re-oscillation
detection,
voltage down detection

Peripheral function

Single step v

Low

Address match

Figure 9.5.1. Hardware Interrupt Priority

9.5.1 Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 9.5.1.1 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

Timer B2

Timer BO

Timer A3

Timer A1

INT3

INT2

INTO

Timer B1

Timer A4

Timer A2

UART1 reception

UARTO reception

UART2 reception, ACK2

A/D conversion

DMA1

UART 2 bus collision

INTS

Timer AO

UART1 transmission

UARTO transmission

UART2 transmission, NACK2

Key input interrupt

DMAO

| flag

Level O (initial value)

A Highest

Lowest

R R e R S

Address match

D

Priority of peripheral function interrupts
(if priority levels are same)

Interrupt request level resolution output to clock
generating circuit (Fig.7.1.)

Interrupt
request
accepted

Watchdog timer

Oscillation stop and
re-oscillation detection

Voltage down detection

DBC

NMI

Figure 9.5.1.1. Interrupts Priority Select Circuit
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9.6 INT Interrupt
INTI interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the

IFSRI bit in the IFSR register.

To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to "1" (=INT4). To use the INT5 interrupt, set
the IFSR7 bit in the IFSR register to "1" (=INT5).
After modifiying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to "0" (=interrupt not requested)
before enabling the interrupt.
The INT5 input has an effective digital debounce function for a noize rejection. Refer to 16.6 Digital
Debounce function for this detail.

Figure 9.6.1 shows the IFSR register.

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request cause select register

Symbol Address After reset
IFSR 035F16 0016
Bit symbol Bit name Function RW
IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1:Both edges (Note 1)
IFSR1 INT1 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR2 INT2 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR3 INT3 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR4 INT4 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR5 INTS5 interrupt polarity 0: One edge
switching bit 1:Both edges (Note 1) RW
IFSR6 Interrupt request cause 0 : Reserved
select bit 1:INT4 RW
IFSR7 Interrupt request cause 0 : Reserved
select bit 1:INT5 RW

is set to “0” (= falling edge).

Note 1: When setting this bit to “1” (= both edges), make sure the POL bit in the INTOIC to INT5IC register

Figure 9.6.1. IFSR Register
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9.7 NMI Interrupt
An NMI interrupt request is generated when input on the NMI pin changes state from high to low, after the
NMI interrupt was enabled by writing a “1” to PM24 bit in the PM2 register. The NMI interrupt is a non-
maskable interrupt, once it is enabled.
The input level of this NMI interrupt input pin can be read by accessing the P8_5 bit in the P8 register.
NMI is disabled by default after reset (the pin is a GPIO pin, P85) and can be enabled using PM24 bit in the
PM2 register. Once enabled, it can only be disabled by a reset signal.
The NMI input has an effective digital debounce function for a noise rejection. Refer to 16.6 Digital
Debounce Function for this detail.

9.8 Key Input Interrupt

Of P104 to P107, a key input interrupt is generated when input on any of the P104 to P107 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 wakeup 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 P104 to P107 as analog input ports. Figure
9.8.1 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 the
PD10 register
Pull-up KUPIC register
transistor PD10_7 bit in the
PD10 register
PD10_7 bit in the PD10 register
Kz O
PD10_6 bit in the
Pull-up —
transistor ) PD10 register
. Key input interrupt
Kz O "I‘ Interrupt control circuit request
Pull-up PD10_5 bit in the
transistor PD10 register
Kin O T
PD10_4 bit in the
( Pull-up PD10 register
transistor
Klo O T

Figure 9.8.1. Key Input Interrupt
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9.9 Address Match Interrupt
An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMADI register (i=0 to 1). Set the start address of any instruction in the RMADI
register. Use the AIER register's AIERO and AIERL1 bits 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 “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 9.9.1 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.
Figure 9.9.1 shows the AIER, RMADO and RMADL1 registers.

Table 9.9.1. Value of the PC that is saved to the stack area when an address match interrupt
request is accepted.

Value of the PC that is

Instruction at the address indicated by the RMADI register saved to the stack area

» 16-bit op-code instruction The address

« Instruction shown below among 8-bit operation code instructions indicated by the
ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S  #IMM8,dest RMADI register +2
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=A0 or A1)

The address
Instructions other than the above indicated by the

RMAD:i register +1

Value of the PC that is saved to the stack area : Refer to “Saving Registers”.

Table 9.9.2. 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
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Address match interrupt enable register
b7 b6 BS b4 b3 b2 bl b0 Symbol Address After reset
AIER 000916 XXXXXX002
: : Bit symbol Bit name Function RW
Pk AIERO |Address matchinterrupt O | g |nterrupt disabled .
I ' enable bit 1 : Interrupt enabled
R AIER1 |Address match interrupt 1 | 0 : Interrupt disabled RW
enable bit 1 : Interrupt enabled
R — Nothing is assigned.
(b7-b2) | When write, set to “0". —
When read, their contents are indeterminate.
Address match interrupt registeri (i=0to 1)
023 b9 @605 ®3) Symbol Address Adfter reset
v = = _ ® RMADO 001216 to 001016 X0000016
I><[><|><|><] | | | RMAD1 001616 to 001416 X0000016
E Function Setting range RW
- Address setting register for address match interrupt 0000016 to FFFFF16 | RW
LA R Nothing is assigned.
When write, set to “0”. -
When read, their contents are indeterminate.

Figure 9.9.1. AIER Register, RMADO and RMAD1 Registers
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10. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-
mend 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 per-
formed when the watchdog timer underflows after reaching the terminal count can be selected using the
PM12 bit in the PML1 register. The PM12 bit can only be set to “1” (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 the details of
watchdog timer reset.

When the main clock source is selected for CPU clock, on-chip oscillator clock, PLL clock, the WDC7 bit
value in the WDC register for prescaler can be chosen to be 16 or 128. If a sub-clock is selected for CPU
clock, 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 source chosen for CPU clock, on-chip oscillator clock, PLL clock

Prescaler dividing (16 or 128) X Watchdog timer count (32768)
CPU clock

Watchdog timer period =

With sub-clock chosen 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 when erase/program opration is excuting in EW1 mode without erase sus-
pend requeired, 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
;T emor =0
[ iWwpcT=0
- 1/16 |-
] — PM12=0
CPU igvl\é(gf:ol PM22 = 0 Watchdog timer
clock 1/128 o K interrupt request
— ;CMO7=1 T omzooq O— Watchdog timer | ———o0~"
; |i| ; ° A PM12=1
! H Reset
On-chip oscillator clock
Set to
Write to WDTS register ‘I_T\ “TFFF16”
RESETO c[> )/
Figure 10.1. Watchdog Timer Block Diagram
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Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset
| | 0 | | | WDC 000F16  OOXXXXXX2(Note 2)
Bit symbol Bit name | Function RW
---------------- (b4-b0) High-order bit of watchdog timer RO
L WDC5 Cold start/ warm start 0: Cold start RW
discrimination flag (Note 1,2,3)[ 1 : Warm start

---------------------- (b6) Reserved bit Must set to “0” RW
WDC7 Prescaler select bit 0 : Divided by 16 RW

""""""""""""" 1 : Divided by 128

Note 1: Writing to the WDC register causes the WDCS5 bit to be set to “1” (warm start). If the voltage applied to Vcc
is less than 4.0V, either write to this register when the CPU clock frequency is 2 MHz or write twice.

Note 2: The WDCS bit is set to "0" (cold start) when power is turned on and can be set to "1" by program only.

Note 3: Do not use in M16C/26T.

Watchdog timer start register (Note)

b7 bo Symbol Address After reset
WDTS 000E16 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 “7FFF16” WO
regardless of whatever value is written.

Note : Write to the WDTS register after the watchdog timer interrupt occurs.

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 run-away.
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 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 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 in-chip oscillator clock becomes the watchdog timer count

source. Watchdog timer count (32768)

Watchdog timer period = - -
on-chip oscillator clock

e 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.
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10.2 Cold start / Warm start

Note
The M16C/26T does not use this function.

The WDCS flag in the WDC register indicates the last reset by power on (cold start) or by reset signal (warm
start).

The WDCS flag is set "0" at power on, and is set "1" at writing any data to the WDC register. The flag is not
set to "0" by the software reset and the input of reset signal. Figure 0.3 shows the operation of cold start/

warm start.
vCcC 3
5V ---------- el -
[ N Pch transistor ON (about 4V)
RESET 1 44— CPU reset exited
oV e
3oy Set to “1” by program |
D R - A - .
WDCS Flag o ik :
ey T ' “1" is held even if
0 — . _RESET becomes 0 V. "~~"77"""""" G
|
-— Becomes “0” on the rising
Reset Sequence edge of VCC
NOTES:
1. The timing of which WDCS5 is set is affected by how the RESET signal rises (Time lag between T1 and T2).

Figure 10.3 Typical Operation of Cold start / Warm start
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11. DMAC

Note
The M16C/26A(42-pin version) do not use UARTO transfer and UARTO reception interrupt request as

a DMA regest.

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 y
N
_|:>| DMAQO source pointer SAR0(20) ':>
| | (addresses 002216 to 002016)
:>|DMAO destination pointer DARO (20) |:>
{} {} (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) ':>
—|:>{ DMAO transfer counter reload register TCRO (16) ':> :>|DMA1 source pointer SAR1 (20) ':>
{} (addresses 002916, 002816) | | (addresses 003216 to 003016)
[DMAO transfer counter TCRO (16) F>>1 || ~>]DMAL destination pointer DAR1 (20)
{} {} (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) ':> | DMAL forward address pointer (20) (Note) l:>
1/ (addresses 003916, 003815)
[DMAL transfer counter TCR1 (16) > | DMA latch high-order bits | DMA latch low-order bits |
X X X ’} A ﬁ X
9 Data bus low-order bits y
\/V
{ Data bus high-order bits y
Note: 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 DSELDO 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 is set to “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 Requests.
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Table 11.1 DMAC Specifications

ltem Specification
No. of channels 2 (cycle steal method)
Transfer memory space * From any address in the 1M bytes space to a fixed address

* From a fixed address to any address in the 1M bytes space
» From a fixed address to a fixed address
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors Falling edge of INTO or INT1

(Note 1, Note 2) Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UART1 transfer, UARTL reception interrupt requests
UART2 transfer, UART2 reception 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 (i = 0,1)
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 con

tinued with it.
DMA interrupt request generation timing| When the DMAI transfer counter underflowed
DMA startup Data transfer is initiated each time a DMA request is generated when the

DMAE bit in the DMAICON register is set to “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)

When a data transfer is started after setting the DMAE bit to “1” (en
abled), the forward address pointer is reloaded with the value of the
SARI or the DARI pointer whichever is specified to be in the forward
direction and the DMA. transfer counter is reloaded with the value of the
DMAi. transfer counter reload register.

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 002016 to 003F16) are accessed by the DMAC.
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b7 b6 b5 b4 b3 b2

bl bo

LI DT

DMAO request cause select register

Symbol Address After reset
DMOSL 03B816 0016
Bit symbol Bit name Function RW
DSELO | DMA request cause Refer to note RW
select bit
DSEL1 RW
DSEL2 RW
DSEL3 RW
I Nothing is assigned. When write, set to “0".
(b5-b4) When read, its content is “0". -
DMS DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW
DSEL3 to DSELDO bits are “00012"
(software trigger).
The value of this bit when read is “0” .

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

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTO pin -

00012 Software trigger -

00102 Timer AO -

00112 Timer Al -

01002 Timer A2 -

01012 Timer A3 -

01102 Timer A4 Two edges of INTO pin
01112 Timer BO —

10002 Timer B1 -

10012 Timer B2 -

10102 UARTO transmit -

10112 UARTO receive -

11002 UART?2 transmit -

11012 UART2 receive -

11102 A/D conversion -

11112 UART1 transmit -

Figure 11.2 DMOSL Register
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DMAL1 request cause select register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | I><|><| | | | | DM1SL 03BA16 0016

i | Bit symbol Bit name

Function RW
cororor ooyt DSELO DMA request cause Refer to note Rw
oo i DSELL select bit RW
Pl e DSEL2 RW
S DSEL3 RW
S CREETEEEEE Nothing is assigned. When write, set to “0”. —
v (b5-b4) When read, its content is “0".
L] DMS DMA request cause 0: Basic cause of request RW
! expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
"""""""""""" request bit setting this bit to “1” when the DMS

DSR bit is “0” (basic cause) and the RW

DSEL3 to DSELDO bits are “00012"
(software trigger).
The value of this bit when read is “0” .

manner described below.

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTZ pin -

00012 Software trigger -

00102 Timer AO -

00112 Timer A1 -

01002 Timer A2 -

01012 Timer A3 -

01102 Timer A4 - -
01112 Timer BO Two edges of INT1
10002 Timer B1 -

10012 Timer B2 -

10102 UARTO transmit -

10112 UARTO receive -

11002 UART?2 transmit -

11012 UART?2 receive/ACK2 -

11102 A/D conversion -

11112 UART1 receive -

DMA. control register(i=0,1)

Note: The causes of DMAL requests can be selected by a combination of DMS bit and DSEL3 to DSELDO bits in the

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | DMOCON 002C16 00000X002

A L1 DM1CON 003C16 00000X002
E : : : : : : : Bit symbol Bit name Function RW
' DMBIT Transfer unit bit select bit |0 : 16 bits RW
A T A 1: 8 bits
Repeat transfer mode 0: Single transfer
Poror DMASL | select bit 1: Repeat transfer RW
A : 0 : DMA not requested RW
[ e DMA request bit
A DMAS questhr 1: DMA requested (Note 1)
__________ DMA enable bit 0 : Disabled
P DMAE 1 Enabled RW
Source address direction | o - Fixed
P Ty DSD select bit (Note 2) 1 Forward RW
E : : Destination address 0 : Fixed
Vo Tt DAD direction select bit (Note 2) [ 1 : Forward RW
o — Nothing is assigned. When write, set to “0”. When

(b7-b6) read, its content is “0”.

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

Figure 11.3 DM1SL Register, DMOCON Register, and DM1CON Register
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DMAI source pointer (i = 0, 1) (Note)

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 bo  Symbol Address After reset
|><|><|><|><| SARO 002216 to 002016 Indeterminate
— r L L SAR1 003216 to 003016 Indeterminate
Function Setting range RW
V] Set the source address of transfer 0000016 to FFFFF16 | RW

Nothing is assigned. When write, set “0”. When read, these contents
__________________________________________ are “0". —

Note: If the DSD bit in the DMICON register is “0” (fixed), this register can only be written to when the DMAE bit in the
DMICON register is “0” (DMA disabled).
If the DSD bit is set to “1” (forward direction), this register can be written to at any time.
If the DSD bit is set to “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)(Note)

(b23) (b19) (b16)(b15) (b8)
53 bo_b7 b0 b7 0 Symbol Address After reset
, H DARO 002616 to 002416 Indeterminate
* T * DAR1 003616 to 003416 Indeterminate
Function Setting range RW
L Set the destination address of transfer 0000016 to EEEEE1s | RW
__________________________________________ Nothing is assigned. When write, set “0”. When read, these contents | —
are “0".

Note: If the DAD bit in the DMICON register is “0” (fixed), this register can only be written to when the DMAE bit in the
DMICON register is “0"(DMA disabled).
If the DAD bit is set to “1” (forward direction), this register can be written to at any time.
If the DAD bit is set to “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)

(b15) (b8)
b7 b0 b7 b0
Symbol Address After reset
TCRO 002916, 002816 Indeterminate
TCR1 003916, 003816 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 DMiICON register is set to “1”
(DMA enabled) or the DMAI transfer counter
[ underflows when the DMASL bit in the DMICON 000016 to FFFF16 RW
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.

Figure 11.4 SARO and SAR1, DARO and DAR1, TCRO and TCR1 Registers
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11.1 Transfer Cycles
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. Furthermore, the bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses
If the transfer unit is 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 is 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 11.1.1 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
units and when both the source address and destination address are an odd address ((2) in Figure 11.1.1),
two source read bus cycles and two destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

CPU clock

Address -
CPU use Source Destination Dummy CPU use
bus cycle

RD signal

WR signal
Data CPU use Source Destination Dummy CPU use
bus cycle

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address

CPU clock

Address Dumm
nat y
bus CPU use >< Source ><Source + 1>< Destination >< cycle CPU use

RD signal

WR signal
Data - Dummy
CPU use Source + 1
bus >< Source >< u >< Destination >< oycle CPU use

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

- Dumm
Qggress CPU use >< Source >< Destination >< cycle v >< CPU use

RD signal

WR signal

Data Destinati Dummy
bus CPU use Source estination cycle CPU use

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

CPU clock

Qggress CPU use >< Source >< Source + 1 >< Destination >< EnglT;myX CPU use

RD signal _l l_l ,— """""""""""""""

WR signal
Data A Di
bus CPU use >< Source >< Source + 1 >< Destination >< C;Cr;;my X CPU use

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

Figure 11.1.1 Transfer Cycles for Source Read
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11.2. DMA Transfer Cycles

Any combination of even or odd transfer read and write adresses is possible. Table 11.2.1 shows the
number of DMA transfer cycles. Table 11.2.2 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 11.2.1 DMA Transfer Cycles

Transfer unit | Access address | No. of read cycles No. of write cycles
8-bit transfers Even 1 1
(DMBIT="1") Odd 1 1
16-bit transfers Even 1 1
(DMBIT= “0") Odd 2 2
Table 11.2.2 Coefficient j, k

Internal area
Internal ROM, RAM SFR
No wait [withwait|] "8t %Yk
j 1 2 2 3
k 1 2 2 3

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

When a data transfer starts after setting the DMAE bit in 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 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 DSELDO bits in the DMISL register (i = 0, 1) on either channel. Table 11.4.1 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 set to “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 11.4.1 Timing at Which the DMAS Bit Changes State

DMA factor _ . DMAS', bit in the DM|C'OI.\I reglste.r _
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 * Immediately before a data transfer starts
register 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”
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11.5 Channel Priority and DMA Transfer Timing
If both DMAO and DMAL1 are enabled and DMA transfer request signals from DMAO and DMAL are de-
tected active in the same sampling period (one period from a falling edge to the next falling edge of CPU
clock), 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 > DMAL. The following describes DMAC
operation when DMAO and DMA1 requests are detected active in the same sampling period. Figure 11.5.1
shows an example of DMA transfer effected by external factors.
DMADO request having priority is received first to start a transfer when a DMAO request and DMA1 request
are generated simultanelously. After one DMAO transfer is completed, a bus arbitration is returned to the
CPU. When the CPU has completed one bus access, a DMAL transfer starts. After one DMAL transfer is
completed, the bus arbitration is again returned to the CPU.
In addition, DMA requsts cannot be counted up since each channel has one DMAS bit. Therefore, when
DMA requests, as DMAL in Figure 11.5.1, occurs more than one time, the DAMS 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

DMAD gz 1
DMA1 W Obtainment
: o ‘ of the bus

CPU 7770 a7 (/ right
T |

DMAO

request bit
INT1 I

DMA1

request bit ‘

Figure 11.5.1 DMA Transfer by External Factors

Rev. 1.00 Mar. 15, 2005 page 86 of 328 ENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

12. Timer

Note
The M16C/26A (42-pin version) do not include TB2IN pin. Do not use the function which needs this

pin.

Eight 16-bit timers, each capable of operating independently of the others, can be classified by function as
either timer A (five) and timer B (three). 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.

f2pcLKo bit = "0

Clock prescaler

« Main clock

* PLL clock

* On-chip
oscillator clock

florf2

°PCLKO bit = "1"
8

f1

XCIN . fcaz

Set the CPSR bit in the
f32 CPSRF register to “1”

f1orf2 fg f32 fc32 (= prescaler reset)

« Timer mode

o) « One-shot timer mode

o « Pulse Width Measuring (PWM) mode

—oO o O\ I 1 Timer AO interrupt
. —O o] Timer AO -
Taom O _0/0 | I
filter ? « Event counter mode

* Timer mode

» One-shot timer mode

* PWM mode
o I
- Timer Al
e |
ilter
? « Event counter mode

« Timer mode
* One-shot timer mode

* PWM mode
) °\ ;
1 Timer A2

? « Event counter mode

L
.

Timer Al interrupt

|

\

o

Timer A2 interrupt

|

Y

Noise
TA2n (O >

* Timer mode
* One-shot timer mode

* PWM mode
(o] x I
_ Timer A3
hon O |
ilter ? « Event counter mode

o

Timer A3 interrupt

L

\

* Timer mode
) » One-shot timer mode
o * PWM mode
&—oO ¢} O\ Timer A4 interrupt
o] { Timer A4 I -

O filter ? « Event counter mode

\

Timer B2 overflow or underflow

Figure 12.1. Timer A Configuration
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f2 PCLKO bit = "0"
f1orf2

°PCLKO bit = "1"

* Main clock

¢ PLL clock

* On-chip
oscillator clock

fi

fs
Set the CPSR bit in the

f32 CPSRF register to “1”

f1orf2 f8 f32 fc32 (= prescaler reset)

T

Timer B2 overflow or underflow ( to Timer A count source)

* Timer mode
) * Pulse width measuring mode,
O \pulse period measuring mode
O

—O —oO
Noise i
TBOIN O §>—i filter 00 Timer BO

Clock prescaler

fcaz

Timer BO interrupt

[y

 Event counter mode

Ll

« Timer mode
O * Pulse width measuring mode,
O ulse period measuring mode

Timer B1

p
o : o O\}
Noise
TB1N O 2> ‘| filter 00 0

Timer B1 interrupt

[

 Event counter mode

Lol

* Timer mode
O « Pulse width measuring mode,
O Oxpulse period measuring mode
—O -
2 Noise o
filter

gC

Timer B2

82N ()

Timer B2 interrupt

[y

» Event counter mode

Lol

Figure 12.2. Timer B Configuration
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12.1 Timer A
Figure 12.1.1 shows a block diagram of the timer A. Figures 12.1.2 to 12.1.4 show registers related to the
timer A.
The timer A supports the following four modes. Except in event counter mode, timers AO 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
“000016.”
* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

Data bus high-order bits g
ZAY
Clock source - -
selection « Timer Dat‘a L;.\us low-order bits S
fiorf—o : S\TVGMShOt Low-order High-order
f8 —o o o 1y 8 bits Y 8 bits
fa2 O *Timer Reload register |
fczpg——O (gate function) 7 7
« Event counter 1) 1)
Polarity Counter }
. selection Up-count/down-count
TAIIN A s d :
i= 4 H ways counts aown excep:
(=0to4) Clock selection TABSR register [in event counter mode J
(Note) TAI Addresses TAj TAk
TB2 overflow —O Timer AO 038716 - 038616 Timer A4 Timer Al
(Note) To external Timer AL 038916 - 038816  Timer AO  Timer A2
i trigger circuit Timer A2 038B16 - 038A16  Timer Al Timer A3
Té\]_OVGI‘ﬂOW o L Down count —Q Timer A3 038D16 - 038C16  Timer A2  Timer A4
(=1~ 1. Note, however, that j = 4 when i = 0) : Timer A4 038F1s - 038E1s  Timer A3 Timer A
TAKk overflow UDF register ©
—FF 0
(k =i+ 1. Note, however, that k = 0 when i = 4) ?
TAiouT Pulse output
(i=0to4)
(e, | I Toggle flip-flop I
Note: Overflow or underflow

Figure 12.1.1. Timer A Block Diagram

Timer Ai mode register (i=0 to 4)

Symbol Address After reset

| b7 b6 b5 b4 b3 b2 b1 b0 TAOMR to TA4MR 039616 to 039A16 0016
P i+ 1| Bitsymbol Bit name Function RW
] 1 ' ] 1 . . bl bo
| TMODO Operation mode select bit d 0 : Timer mode RW
v v 01 : Event counter mode
v v TMOD1 10 : One-shot timer mode
I R 11 : Pulse width modulation RW
. H (PWM) mode
A MRO - Function varies with each RW
e R EEED MR1 operation mode RW
R MR2 RW
T S MR3 RW
PR TCKO Count source select bit Function varies with each RW
e TCK1 operation mode RW

Figure 12.1.2. TAOMR to TA4MR Registers
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Timer Ai register (i= 0 to 4) (Note 1)

. - Symbol Address After reset
( ;?) (bo)b7 bo TAO 038716, 038616 Indeterminate
| TAl 038916, 038816 Indeterminate
TA2 038B16, 038A16 Indeterminate
! TA3 038D16, 038C16 Indeterminate
! TA4 038F16, 038E16 Indeterminate
H Mode Function Setting range RW
=== Timer Divide the count source by n + 1 where n=| 000016 to FFFF16 | Ry
mode set value
Event Divide the count source by FFFF16 —n+ 1| 000016 to FFFF16
counter where n = set value when counting up or RW
mode by n + 1 when counting down _(Note 5)
One-shot Divide the count source by n where n = set| 000016 to FFFF16 | \y
timer mode | value and cause the timer to stop (Notes 2, 4)
Pulse width | Modify the pulse width as follows: 000016 to FFFE16
modulation | PWM period: (216 — 1) / fj (Note 3, 4)
mode High level PWM pulse width: n / fj WO
(16-bit PWM) | where n = set value, fj = count source
,,,,,,,,,,,, frequency ||
Pulse width | Modify the pulse width as follows: 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ fj (ngg&dg Eg%ess)
mode High level PWM pulse width: (m + 1)n / fj Low-order add
(8-bit PWM) | where n = high-order address set value, (Low-order address)| wo
m = low-order address set value, fj = (Note 3, 4)
count source frequency

Note 1: The register must be accessed in 16 bit units.

Note 2: If the TAi register is set to ‘000016,” 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.

Note 3: If the TAi register is set to ‘000016, 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 of the timer TAi register are set to ‘001
6’ while operating as an 8-bit pulse width modulator.

Note 4: Use the MOV instruction to write to the TAi register.

Note 5: The timer counts pulses from an external device or overflows or underflows in other timers.

Count start flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| TABSR 038016 0016
E : : : : : : : Bit symbol Bit name Function RW
bt TAOS Timer AO count start flag 0: Stops counting RW
b bl TALS Timer Al count start flag 1: Starts counting RW
R TA2S Timer A2 count start flag RW
A S S TA3S Timer A3 count start flag RW
i E i [ TA4S Timer A4 count start flag RW
S GOOLEECEEEEEE TBOS Timer BO count start flag RW
I RGRRREECEEEEEEED TB1S Timer B1 count start flag RW
LR TB2S Timer B2 count start flag RW
Up/down flag (Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | UDF 038416 0016
i E i 5 i E E i Bit symbol Bit name Function RW
Poror oo o TAQUD | Timer AO up/down flag 0 : Down count RW
Voo N 1: Up count S |
A TALUD | Timer Al up/down flag ) ) RwW
[ Enabled by setting the TAIMR —
[ TA2UD Timer A2 up/down flag register's MR2 bit to “0” RW
T R X (= switching source in UDF oW |
o TASUD | Timer A3 up/down flag register) during event counter RW
e TA4UD | Timer A4 up/down flag mode. RW
[ TA2P Timer A2 two-phase pulse | 0 two-phase pulse signal WO
Vo signal processing select bit processing disabled
. 1 : two-phase pulse signal I
T TA3P Timer A3 two-phase pulse processing enabled WO
H signal processing select bit (Notes 2, 3)
e TA4P Timer A4 two-phase pulse WO
signal processing select bit

Note 1: Use MOV instruction to write

to this register.

Note 2: Make sure the port direction bits for the TA2IN to TA4IN and TA20uUT to TA40UT pins are set to
“0” (input mode).
Note 3: When not using the two-phase pulse signal processing function, set the corresponding bit to “0”".

Figure 12.1.3. TAO to TA4 Registers, TABSR Register, and UDF Register
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One-shot start flag

b7 b6 b5 b4 b3 b2 bl bO

Trigger select register

b7 b6 b5 b4 b3 b2 bl bo

Note 2: Overflow or underflow

Note 2: Overflow or unde

Clock prescaler reset

b7 b6 b5 b4 b3 b2 bl bo

prescaler for the timekeeping clock.
(When read, its content is “0".)

Symbol Address After reset
ONSF 038216 0016
Bit symbol Bit name Function RW
TA0OS Timer AO one-shot start flag | The timer starts counting by setting | Rw
this bit to “1” while the TMOD1 to
TALO0S  [Timer Al one-shot startflag | TMODO bits in the TAIMR register |RW
TA20S Timer A2 one-shot start flag | (i =010 4) is set to “102' (= one- RW
- shot timer mode) and the MR2 bit
TA30S | Timer A3 one-shot startflag | in the TAIMR register is setto “0" | RW
TA40S Timer A4 one-shot start flag | (STAIOS bit enabled). Whenread, [ryy
its content is “0”.
TAZIE Z-phase input enable bit 0 : Z-phase input disabled RwW
1: Z-phase input enabled
TAOTGL | Timer AO event/trigger b7 b6 . RW
select bit 00 : Input on TAOIN is selected (Note 1)
0 1: TB2 overflow is selected (Note 2)
TAOTGH 10: TA4 overflow is selected (Note 2) | o,/
11:TA1 overflow is selected (Note 2)
Note 1: Make sure the PD7_1 bit in the PD7 register is set to “0” (= input mode).
Symbol Address After reset
TRGSR 038316 0016
Bit symbol Bit name Function RW
Timer Al event/trigger b1 b0
TAITGL select bit 9 00 : Input on TALIN is selected (Note 1) | RW
0 1: TB2 overflow is selected (Note 2)
TALTGH 10: TAO overflow is selected (Note 2) | o\,
11: TA2 overflow is selected (Note 2)
Timer A2 event/trigger b3 b2
TA2TGL select bit 9% 00 : Input on TA2in is selected (Note 1) | RW
0 1: TB2 overflow is selected (Note 2)
TA2TGH 10: TA1 overflow is selected (Note 2) RW
11 : TA3 overflow is selected (Note 2)
Timer A3 event/trigger b5 b4
TASTGL select bit 99 00 : Input on TA3IN is selected (Note 1) | RW
01: TB2 overflow is selected (Note 2)
TA3TGH 10: TA2 overflow is selected (Note 2) RW
11 : TA4 overflow is selected (Note 2)
i 1 b7 b6
TAATGL -Srglgi; ﬁrtl event/trigger 00 : Input on TA4IN is selected (Note 1) | RW
0 1: TB2 overflow is selected (Note 2)
TA4TGH 1 0: TA3 overflow is selected (Note 2) RW
11 :TAO overflow is selected (Note 2)
Note 1: Make sure the port direction bits for the TAL IN to TA4IN pins are set to “0” (= input mode).
rflow
flag
Symbol Address After reset
CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function RW
Nothing is assigned.
When write, set to “0". When read, their contents are —
(b6-b0) | indeterminate.
CPSR Clock prescaler reset flag Setting this bit to “1” initializes the RW

Figure 12.1.4. ONSF Register, TRGSR Register, and CPSRF Register
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12.1.1. Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.1.1.1). Figure 1.2.1.1.1
shows TAIMR register in timer mode.

Table 12.1.1.1. Specifications in Timer Mode

Item Specification
Count source f1, f2, f8, f32, fc32
Count operation » Down-count

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

Divide ratio 1/(n+1) n: setvalue of TAiregister (i=0to4) 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer underflow
TAIIN pin function I/O port or gate input
TAiouT pin function I/O port or pulse output
Read from timer Count value can be read by reading 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 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 not counting, the pin outputs a low.

Timer Ai mode register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl ho Symbol Address After reset
| | | o| | | | 0 | o| TAOMR to TA4MR 039616 to 039A16 0016

Bit symbol Bit name Function RW
: TMODO | Operation mode bLbO RW
] TMODL select bit 00 : Timer mode RW

MRO Pulse output function 0: Pulse is not output

_________ select bit (TAiouT pin is a normal port pin)
. . RW
1: Pulse is output
(TAiouT pin is a pulse output pin)
Gate function select bit b4 b3

MR1 00:1 Gate function not available RW

fommmmmeeeey 01:4 (TAIiN pin functions as 1/O port)
1 0 : Counts while input on the TAIIN pin
. MR2 islow (Note 1)

[P 11 : Counts while input on the TAIIN pin | RW
is high (Note 1)

[REEEEEEEEEEEEEEEE MR3 Must be set to “0” in timer mode RW
: TCKO . b7 b6
_____________________ Count source select bit 001 orf2 RW
: 01:fs
[ TCK1 10:f32 RW
11:fc32

Note 1: The port direction bit for the TAiIN pin must be set to “0” (= input mode).

Figure 12.1.1.1. Timer Ai Mode Register in Timer Mode
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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 12.1.2.1 lists specifica-
tions in event counter mode (when not processing two-phase pulse signal). Table 12.1.2.2 lists specifica-
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4).
Figure 12.1.2.1 shows TAIMR register in event counter mode (when not processing two-phase pulse
signal). Figure 12.1.2.2 shows TA2MR to TA4AMR registers in event counter mode (when processing two-

phase pulse signal with the timers A2, A3 and A4).

Table 12.1.2.1. Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count source « External signals input to TAIIN pin (i=0 to 4) (effective edge can be selected
in program)

* Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) 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 con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divided ratio 1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function I/O port or count source input
TAiouT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading 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 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 not counting, the pin outputs a low.
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12. Timer

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

b7 b6 b5 b4 b3 b2 bl bo

[TIITT

Symbol Address After reset
| 0 | 1 | TAOMR to TAAMR 039616 to 039A16 0016
Bit symbol Bit name Function RW
i =1 TMODO [ operation mode select bit | % RW
O TMOD1 0 1 : Event counter mode (Note 1) RW
MRO Pulse output function 0 : Pulse is not output
_________ select bit (TAiouT pin functions as I/O port) RW
1: Pulse is output
(TAiouT pin functions as pulse output pin)
_________ MR1 Count polarity 0 : Counts external signal's falling edge | o\\/
select bit (Note 2) 1 : Counts external signal's rising edge
_________ MR2 Up/down switching 0 : UDF register RW
cause select bit 1: Input signal to TAiouT pin (Note 3)
""""" MR3 Must be set to “0” in event counter mode RW
_________ TCKO Count operation type 0 : Reload type
select bit 1: Free-run type RW
......... TCK1 Can be “0” or “1” when not using two-phase pulse signal RW
processing

Note 1: During event counter mode, the count source can be selected using the ONSF and TRGSR registers.

Note 2: Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘00 2’ (TAIIN pin input).

Note 3: Count down when input on TAi oUT pin is low or count up when input on that pin is high. The port
direction bit for TAiouT pin must be set to “0” (= input mode).

Figure 12.1.2.1. TAIMR Register in Event Counter Mode (when not using two-phase pulse signal

pro

cessing)
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Table 12.1.2.2. Specifications in Event Counter Mode (when processing two-phase pulse signal with timers A2, A3 and A4)

ltem Specification
Count source » Two-phase pulse signals input to TAIIN or TAiouT pins (i = 2 to 4)
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 con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio 1/ (FFFF16 - n + 1) for up-count
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to “1” (= start counting)
Count stop condition Set TAIS bit to “0” (= stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function Two-phase pulse input
TAiourT pin function Two-phase pulse input
Read from timer Count value can be read by reading timer A2, A3 or A4 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 (Note) * Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN
(j=2,3) pin when input signals on TAjouT pin is “H".

TAjouT I_I I_I L
TAjIN § § § i * i

022,3) 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(k=3, 4) 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;i;i

- J - J

h'd '
Count up all edges Count down all edges
TAKIN
w39 by by dydydy
- J - J
R h'd
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.

Notes:
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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12. Timer

Timer Ai mode register (i=2 to 4)

(When using two-phase pulse signal processing)

b6 b5 b4 b3 b2 bl b0
[ L Tofx]ofo]o]1]

......

Symbol Address After reset
TA2MR to TAAMR 039816 to 039A16 0016
Bit symbol Bit name Function RW
TMODO | operation mode select bit  *% RW
TMODL 0 1 : Event counter mode RW
MRO To use two-phase pulse signal processing, set this bit to “0”. RW
MR1 To use two-phase pulse signal processing, set this bit to “0". RwW
MR2 To use two-phase pulse signal processing, set this bit to “1”. RW
MR3 To use two-phase pulse signal processing, set this bit to “0”". RW
TCKO Count operation type 0 : Reload type RW
select bit 1: Free-run type
Two-phase pulse signal . .
TCK1 processing operation 0: Normal processing operatlon ) RW
select bit (Note 1)(Note 2) 1 : Multiply-by-4 processing operation

Note 1: TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate in

normal processing mode and x4 processing mode, respectively.
Note 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 ‘00 2’ (TAIIN pin input).
« Set the port direction bits for TAi IN and TAiouT to “0” (input mode).

pulse signal processing with timer A2, A3 or A4)

Figure 12.1.2.2. TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase
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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 process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing “000016” to the TA3 register and setting
the TAZIE bit in ONSF register to “1” (= Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen 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 12.1.2.1.1
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.

TA3ouTt T

(A phase) _—I— ‘

Gonesy | [ I 1
Count source |_| |_| |_| |_| |_| |_| |_| |_| |_| |_|
INT2 (Note) j
(Z phase) ! !

; ¢ . i Input equal to or greater than one clock cycle
of count source

Timer A3 X >< m+1>< X X X >< >

Note: This timing diagram is for the case where the POL bit in the INT2IC register is set to “1” (= rising edge).

Figure 12.1.2.1.1. Two-phase Pulse (A phase and B phase) and the Z Phase

Rev. 1.00 Mar. 15, 2005 page 97 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

12.1.3. One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 12.1.3.1.) When the
trigger occurs, the timer starts up and continues operating for a given period. Figure 12.1.3.1 shows the
TAIMR register in one-shot timer mode.

Table 12.1.3.1. Specifications in One-shot Timer Mode

ltem Specification
Count source f1, f2, f8, f32, fc32
Count operation * Down-count

* When the counter reaches 000018, it stops counting after reloading a new value
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n  n: setvalue of TAi register 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAIS bit in the TABSR register is set to “1” (start counting) and one of the

following triggers occurs.
« External trigger input from the TAIIN pin
* Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) 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 “000016”
* TAIS bit is set to “0” (= stop counting)
Interrupt request generation timing | When the counter reaches “000016”

TAIIN pin function I/O port or trigger input

TAIouUT pin function I/O port or pulse output

Read from timer An indeterminate value is read by reading 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 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.
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Timer Ai mode register (i=0 to 4)
b7 6 bS5 b4 b3 b2 bl b0 Symbol Address After reset
| [ Jo] | ] [t]o] TAoMRwTA4MR 39616t0030m6 o016

v 01 1 1 [ Bitsymbol Bit name Function RW
poror 4001 = TMODO | operation mode select bit|** hot ; RW
o] TMOD1 1 0 : One-shot timer mode RW
MRO Pulse output function 0: Pulse is not output
e select bit (TAiourt pin functions as 1/O port) RW
P 1: Pulse is output
T (TAiouT pin functions as a pulse output pin)
E E E E E MR1 External trigger select 0 : Falling edge of input signal to TAiIN pin (Note 2)
Voo T bit (Note 1) 1: Rising edge of input signal to TAiin pin (Note 2) | RW
MR2 Trigger select bit 0 : TAIOS bit is enabled
S 1: Selected by TAITGH to TAITGL bits RW
I e RRAGLLLIEELY MR3 | Must be set to “0" in one-shot timer mode RW
ALEELEREERRCERLPROERS TCKO Count source select bit ~ *"* RW
' 00:fiorf2
: 01:fs
TTTTTTTTTTTITTTITTTT TCK1 10:f32

11:fcs32 RW

Note 1: Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘002’ (TAIIN pin input).
Note 2: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 12.1.3.1. TAIMR Register in One-shot Timer Mode
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12.1.4. Pulse Width Modulation (PWM) Mode
In PWM mode, the timer outputs pulses of a given width in succession (see Table 12.1.4.1). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 12.1.4.1 shows
TAIMR register in pulse width modulation mode. Figures 12.1.4.2 and 12.1.4.3 show examples of how a

16-bit pulse width modulator operates and how an 8-bit pulse width modulator operates.

Table 12.1.4.1. Specifications in Pulse Width Modulation Mode

Item

Specification

Count source

f1, f2, f8, f32, fca2

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 TAi register (i=o0 to 4)
« Cycletime (216-1)/fjfixed fj: count source frequency (f1, f2, fs, f32, fc32)
8-bit PWM * High level width nx(m+1)/ff n:setvalue of TAi register high-order address

Cycle time  (28-1) x (m+1) /i m: set value of TAi register low-order address

Count start condition

 TAIS bit in theTABSR register is set to “1” (= start counting)

* The TAIS bit is set to "1" and external trigger input from the TAIIN pin

* The TAIS bit is set to "1" and one of the following external triggers occurs
Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

Count stop condition

TAIS bit is set to “0” (= stop counting)

Interrupt request generation timing

PWM pulse goes “L”

TAIIN pin function

I/O port or trigger input

TAiouT pin function

Pulse output

Read from timer

An indeterminate value is read by reading 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 only reload register
(Transferred to counter when reloaded next)
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Timer Ai mode register (i= 0to 4)
BT b6 bS b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | 1 | 1 | 1| TAOMR to TAAMR 039616 to 039A16 0016

E I I l I I l I Bit symbol Bit name Function RW
¢4+ 1+ 4+ -1 TMODO |Operation mode beo- RW
S R TMOD1 _|select bit 11:PWM mode RW
E E E E E E i 0: Pulse is not output(TAIOUT pin functions as 1/0 port)
e MRO Spgllesst %lijttpm funcion 1: Pulse is output(TAIOUT pin functions as a pulse RW
Voo output pin)
e MR1 External trigger select 0: Falling edge of input signal to TAi pin(Note 2) | gy
o bit (Note 1) 1: Rising edge of input signal to TAiIN pin(Note 2)
T S —— MR2 Trigger select bit 0 : Write “1” to TAIS bit in the TASF register | pyy
o 1: Selected by TAITGH to TAITGL bits
E ] MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator RW
' E select bit 1: Functions as an 8-bit pulse width modulator
E E b7 b6
[ TCKO Count source selectbit (00 : fior f2 RW
; 01:fs
] 10:f32

TCK1 11:fcs2 RW
Note 1: Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘002’ (TAIIN pin

input).

Note 2: The port direction bit for the TAIIN pin must be set to “0” (= input mode).

Figure 12.1.4.1. TAIMR Register in Pulse Width Modulation Mode

Rev. 1.00 Mar. 15, 2005 page 101 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T)

1/fix(2%-1)

Count source J I_I
Input signal to H T
TAIN pin a AN

PWM pulse output  “H" |

from TAiouT pin L | L e _____ L
IR bit in the ‘1"

TAIIC register w1 L __________
fj : Frequency of count source \ /

i= O(ftl(; f42 fa, 32, fca2) Set to “0” upon accepting an interrupt request or by writing in program

Note 1: n = 000016 to FFFE16.

Note 2: This timing diagram is for the case where the TAi register is set to "0003 16", the TAITGH and TAITGL bits
in the ONSF or TRGSR register is set to "00 2" (TAiIN pin input), the MR1 bit in the TAIMR register is set
to "1" (rising edge), and the MR2 bit in the TAIMR register is set to "1" (trigger selected by TAITGH and
TAITGL bits).

Figure 12.1.4.2. Example of 16-bit Pulse Width Modulator Operation

Count source (Notel)

Input signal to H”
TAIN pin L

it oo os2) e i T U1

PWM pulse output H

from TAiouT pin L : o

IR bit in the =

TAIIC register o —_- 0 0 - -

fi: Frequency of count source
(fa, f2, fs, f32, fc32) Set to “0” upon accepting an interrupt request or by writing in program

i=0to 4

Note 1: The 8-bit prescaler counts the count source.

Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

Note 3: m = 0016 to FF16; n = 0016 to FE16.

Note 4: This timing diagram is for the case where the TAi register is set to "020216", the TAITGH and TAITGL bits in the
ONSF or TRGSR register is set to "002" (TAIIN pin input), the MR1 bit in the TAIMR register is set to "0"(falling
edge), and the MR2 bit in the TAIMR register is set to "1" (trigger selected by TAITGH and TAITGL bits).

Figure 12.1.4.3. Example of 8-bit Pulse Width Modulator Operation
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12.2 Timer B

Note
The M16C/26A(42-pin version) do not include TB2IN pin of Timer B2.

[Precautions when using Timer B2]

» Event Counter Mode  The external input signals cannot be counted. Set the TCK1 bit in the

TB2MR register to “1” when using the Event Count Mode.

 Pulse Period/Pulse Width Measurement Mode
This mode connot be used.

Figure 12.2.1 shows a block diagram of the timer B. Figures 12.2.2 and 12.2.3 show registers related to the

timer B.
Timer B supports the following four modes. Use the TMOD1 and TMODO bits in the TBIMR register (i = 0 to
2) 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 or underflows of

other timers.
* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or
pulse width.
» A/D trigger mode: The timer counts only once before it reaches the minimum count "000016". Used in
conjunction with the A/D converter.

S Data bus high-order bits
. Data bus low-order bit
Clock source selection § CLE S el el (A1)
Timer Low-order 8 bits High-order 8 bits
frorf2——o * ) 1§
« Pulse period measuremnet, | Reload register |

Clock selection

f3a2 —o

f8 —o\o pulse width measurement ] [ J l y [

fecsez— o « Event counter Counter |
A
; Polarity switching, TABSR regi
TBiIN register
(i=0t02) O— edge pulse
Counter reset circuit ||

Can be selected in only
event counter mode

TBi Address TBj
TBj overflow (Note) ————O Timer BO 039116 - 039016 Timer B2
(j=i—1,except j=2ifi=0) Timer B1 039316 - 039216 Timer BO

Timer B2 039516 - 039416 Timer B1

Note: Overflow or underflow.

Figure 12.2.1. Timer B Block Diagram
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12. Timer

b7 b6 b5 b4 b3 b2 bl b0

Timer Bi mode register (i=0 to 2)

Symbol Address After reset
TBOMR to TB2MR 039B16 to 039D16  00XX00002
Bit symbol Bit Function RW
TMODO ) | preo
Operation mode select bit | ¢ : Timer mode or A/D trigger mode RW
0 1: Event counter mode
TMOD1 10 : Pulse period measurement mode,
pulse width measurement mode RW
11 : Must not be set
MRO - Function varies with each operation RW
MR1 mode RwW
MR2 RW
| (Note 1)
(Note 2)
MR3 RO
TCKO Count source select bit Function varies with each operation RW
TCK1 mode RW

Note 1: Timer BO.
Note 2: Timer B1, Timer B2.

Figure 12.2.2. TBOMR to TB2MR Registers
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M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

Timer Bi register (i=0 to 2)(Note 1)

Symbol Address After reset
(b15) (b8) TBO 039116, 039016 Indeterminate
b7 bo b7 bo TB1 039316, 039216  Indeterminate
| | TB2 039516, 039416 Indeterminate
Mode Function Setting range | RW
*===1 Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 | Ry
mode where n = set value (Note 2)
Pulse period Measures a pulse period or width
modulation mode, RO
Pulse width

modulation mode

A/D trigger Divide the count source by n + 1 where| 000016 to FFFF16

mode (Note 3) | n = setvalue and cause the timer stop RW

Note 1: The register must be accessed in 16 bit units.

Note 2: The timer counts pulses from an external device or overflows or underflows of other timers.

Note 3: When this mode is used combining delayed trigger mode 0, set the larger value than the
value of the timer BO register to the timer B1 register.

Count start flag

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | | | TABSR 038016 0016

Bit symbol Bit name Function RW
i : : : : : : L TAOS Timer AO count start flag 0 Stops counting RW
e TA1S Timer Al count start flag 1: Starts counting RW
i : : : : — TA2S Timer A2 count start flag RW
E ' ' ' R TA3S Timer A3 count start flag RW
i : : I- -------------- TA4S Timer A4 count start flag RW
i : s TBOS Timer BO count start flag RW
e TB1S | Timer B1 count start flag RW
e TB2S Timer B2 count start flag RW
Clock prescaler reset flag

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

CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function RW|

[T A UL SR R R Nothing is assigned. When write, set to “0". When read, their
(b6-b0) | contents are indeterminate.

CPSR Clock prescaler reset flag| Setting this bit to “1” initializes the
........................ prescaler for the timekeeping clock.  |RW,|
(When read, the value of this bit is “0".)

Figure 12.2.3. TBO to TB2 Registers, TABSR Register, CPSRF Register
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12.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.2.1.1). Figure 12.2.1.1

shows TBiIMR register in timer mode.

Table 12.2.1.1 Specifications in Timer Mode

Iltem

Specification

Count source

f1, f2, f8, f32, fca2

Count operation

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

Divide ratio

1/(n+1) n: setvalue of TBi register (=0to2) 000016 to FFFF16

Count start condition

Set TBiS bitM) to “1” (= start counting)

Count stop condition

Set TBIS bit to “0” (= stop counting)

Interrupt request generation timing

Timer underflow

TBIIN pin function

I/O port

12. Timer

Read from timer
Write to timer

Count value can be read by reading TBi register
« When not counting and until the 1st count source is input after counting start
Value written to TBi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

NOTES :
1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.
Timer Bi mode register (i= 0 to 2)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | 0 | o| TBOMR to TB2MR ~ 039B16 t0 039D16  00XX00002
v+ v | Bitsymbol Bit name Function RW
- Ll TMODO - - | b1b0 RW
Voo Operation mode select bit 0 0 : Timer mode or A/D trigger mode
A TMOD1 RW
[ MRO Has no effect in timer mode RW
R R T MR1 Can be set to “0” or “1” RW
I MR2 TBOMR register RW
T T R . Mustbe setto 0" intimermode | 7
P TBIMR, TB2MR registers
T Nothing is assigned. When write, set to “0”. When read, its —
E . . content is indeterminate
L SERCEECEEES MR3 When write in timer mode, set to “0”. When read in timer mode, its
H content is indeterminate. RO
PoTmTrmmmemenmoeod TCKO Count source select bit 5“8 St orf RW
] 01:fs
TCK1 10:f32
11:fc32 RW

Figure 12.2.1.1 TBiIMR Register in Timer Mode
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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 (see Table 12.2.2.1) . Figure 12.2.2.1 shows TBiMR register in event counter mode.

Table 12.2.2.1 Specifications in Event Counter Mode

Item Specification
Count source « External signals input to TBiIN pin (i=0 to 2) (effective edge can be selected
in program)
* Timer Bj overflow or underflow (j=i-1, except j=2 if i=0)
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 TBi register 000016 to FFFF16

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

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

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

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

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

NOTES:
1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

Timer Bi mode register (i=0 to 2)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
[TTT 1T Jo]1] TBOMRwTB2MR 039B16t0039D16  00XX00002

i1 | Bit symbol Bit name Function RW
P o0 4+ 4 =1 TMODO | Operation mode select bit | b1t RW
N 01: Event counter mode
S TMOD1 RW
P ‘ ' ‘ ' MRO Count polarity select b3b2 ) i

[ e nEet bit (Note 1) 00: Counts external signal's RW
Cooror falling edges
Voo 0 1: Counts external signal's
T rising edges
T T T S MR1 1 0: Counts external signal's

' falling and rising edges RW

11 : Must not be set

TBOMR register
MR2 Must be set to “0” in timer mode

TB1MR, TB2MR registers
' Nothing is assigned. When write, set to “0”. When read, its
H content is indeterminate.

] MR3 When write in event counter mode, set to “0". When read in event
"""""""""""" counter mode, its content is indeterminate. RO

TCKO Has no effect in event counter mode.
Can be set to “0” or “1”. RW

' TCK1 Event clock select 0 : Input from TBiIN pin (Note 2)
"""""""""""" 1 : TBj overflow or underflow

(=i-1, exceptj=2ifi=0) RW

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

Figure 12.2.2.1 TBiIMR Register in Event Counter Mode
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12. Timer

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 (see Table 12.2.3.1). Figure 12.2.3.1 shows TBiMR register in pulse period and pulse
width measurement mode. Figure 12.2.3.2 shows the operation timing when measuring a pulse period.

Figure 12.2.3.3 shows the operation timing when measuring a pulse width.

Table 12.2.3.1 Specifications in Pulse Period and Pulse Width Measurement Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

* Up-count
« Counter value is transferred to reload register at an effective edge of mea-
surement pulse. The counter value is set to “000016” to continue counting.

Count start condition

Set TBiS (i=0 to 2) bit(3® to “1” (= start counting)

Count stop condition

Set TBIS bit to “0” (= stop counting)

Interrupt request generation timing

« When an effective edge of measurement pulse is input(®)

« Timer overflow. When an overflow occurs, MR3 bit in the TBIMR register is
set to “1” (overflowed) simultaneously. MR3 bit is cleared to “0” (no over-
flow) by writing to TBIMR register at the next count timing or later after MR3
bit was set to “1". At this time, make sure TBIS bit is set to “1” (start count-

ing).

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 TBi register is written to neither reload register nor counter

Notes:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.
2. Value read from TBi register is indeterminate until the second valid edge is input after the timer starts counting.

3. The TBOS to TB2S bits are

assigned to the bit 5 to bit 7 in the TABSR register.

b7 b6 b5 b4 b3 b2 bl bo

[2]o]

Timer Bi mode register (i=0 to 2)

Symbol Address After reset
TBOMR to TB2MR 039B16 to 039D16 00XX00002
Bit symbol Bit name Function RW
. b1 b0
TMODO O’Ter?tl'ﬂn mode 10 : Pulse period / pulse width RW
TMOD1 select bi measurement mode RW
b3 b2
MRO Lweels(ftul?ietmem mode 00 : Pulse period measurement
(Measurement between a falling edge and the RW
next falling edge of measured pulse)
0 1: Pulse period measurement
(Measurement between a rising edge and the next
MR1 rising edge of measured pulse)
10 : Pulse width measurement
(Measurement between a falling edge and the RW
next rising edge of measured pulse and between
arising edge and the next falling edge)
11 : Must not be set.
MR2 TBOMR register RW
Must be set to “0" in pulse period and pulse width measurementmode |
TB1MR, TB2MR registers
Nothing is assigned. When write, set to “0". When read, its content turns out to be —
indeterminate.
MR3 Timer Bi overflow 0 : Timer did not overflow
flag ( Note) 1 : Timer has overflowed RO
TCKO Count source oee RW
select bit 00 : forfz
01:fs
10:f32
TCK1
11:fcs2 RW

Note: This flag is indeterminate after reset. When the TBIS bit is set to "1" (start counting), the MR3 bit is cleared 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” (overflowed). 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.

Figure 12.2.3.1 TBiMR Register in Pulse Period and Pulse Width Measurement Mode
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12. Timer

Measurement pulse

Count source --

Transfer Transfer

/ (indeterminate value) / (measured value)i

transfer timing i (Note 1) i (Note 1)
:/ ote I/v ote

Timing at which counter

/(Note 2)

Reload register « counter |_| |_|
reaches “000016”

1 [ E—

TBIS bit . i

Set to “0” upon accepting an interrupt request or by writing in

“gr --
The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

i=0to 2

Note 1: Counter is initialized at completion of measurement.

Note 2: Timer has overflowed.

Note 3: This timing diagram is for the case where the MR1 to MRO bits in the TBiMR register are “002” (measure the
interval from falling edge to falling edge of the measurement pulse).

IR bit in the TBIIC “1”

register “gr B Ii
MR3 bit in theTBIMR ‘1" program

register

Figure 12.2.3.2 Operation timing when measuring a pulse period

Count source --

Measurement pulse

. .-
Transfer i Transfer 1+ Transfer

i
|
|
|
|
|
|
|
i

/(indeterminale/‘)v (measured value) | (measurey (measured value) |

g 1 |
|
|
|
I
|
|
|
|

Transfer
value) 1/ value)

Reload register « counter |
transfer timing 1

3 Ntli Note 1 3 Nti Note 1 Note 2
:/(oe):/(oe) :/(oe‘)/,(oe) (Note 2)

1 1 [ —

Timing at which counter
reaches “000016”

TBIS bit ‘1

IR bit in the TBIlC v ] |—| |—| li
register “0” --
Set to “0” upon accepting an interrupt request or by

“1” writing in program
MR3 bit in the TBIMR  «g»

register

The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.
i=0to2
Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.
Note 3: This timing diagram is for the case where the MR1 to MRO bits in the TBIMR register are “102” (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 12.2.3.3 Operation timing when measuring a pulse width
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12.2.4 A/D Trigger Mode

A/D trigger mode is used as conversion start trigger for A/D converter in simultaneous sample sweep
mode of A/D conversion or delayed trigger mode 0. This mode is used as conversion start trigger of A/D
converter. A/D trigger mode is used in Timer BO and Timer B1. In this mode, the timer is activated only by
one trigger. A/D trigger mode is available only for TBO and TB1. Figure 12.2.4.1 shows the TBiMR regis-
ter in A/D trigger mode and figure 12.2.4.2 shows the TB2SC register.

Table 12.2.4.1 A/D Trigger Mode Specifications

Item Specification
Count Source f1, f2, fs, 32, and fc32
Count Operation * Down count

* When the timer underflows, reload register contents are reloaded before
stopping counting

*When a trigger is generated during the count operation, the count is not
affected

Divide Ratio 1/(n+1) n: Setting value of TBi register (i=0,1)

000016-FFFF16

Count Start Condition When the TBIS (i=0,1) bit in the TABSR register is "1"(count started), TBIEN

(i=0,1) bit in TB2SC register is "1", and the following trigger is generated.

(Selection based on TB2SEL bit in the TB2SC register)

* Timer B2 overflow or underflow

» Underflow of Timer B2 interrupt generation frequency counter setting

Count Stop Condition « After the count value is 000016 and reload register contents are reloaded
« Set the TBIS bit to "0"(count stopped)

Interrupt Request Timer underflows (1)

Generation Timing

TBIIN Pin Function 1/0O port

Read From Timer Count value can be read by reading TBi register

Write To Timer @ * When writing in the TBi register during count stopped.

Value is written to both reload register and counter
* When writing in the TBi register during count.
Value is written to only reload register (Transfered to counter when reloaded next)

NOTES:
1. A/D conversion is started by the timer underflow. For details refer to Section 14. A/D Converter.
2. When using in delayed trigger mode 0, set the larger value than the value of the timer BO register
to the timer B1 register.
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Timer Bi mode register (i= 0 to 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| TBOMR to TBIMR  039B16 to 039C16 00XX00002
Bit symbol Bit name Function RW
TMODO i it | bLeo RW
Operation Mode Select Bit 0 0 : Timer mode or A/D trigger mode
TMOD1 RW
MRO Invalid in A/D trigger mode RW
MR1 Either "0" or "1" is enabled RW
MR2 TBOMR register RW
Setto’0"in ADwiggermode [ 7T
TB1MR register
Nothing is assigned. When write, set to “0”. When read, its —_
content is indeterminate
MR3 When write in A/D trigger mode, set to “0”. When read in A/D
trigger mode, its content is indeterminate. RO
TCKO Count Source Select Bit | 2%
(Note 1) 00:f1 or f2 RW
01:fs
TCK1 10:f32
11:fcs32 RW

Note 1: When this bit is used in delayed trigger mode 0, set the same count source to the timer BO and timer B1.

Figure 12.2.4.1 TBiIMR Register in A/D Trigger Mode

Timer B2 special mode register (Note 1)

Note 2.

Note 3.

Note 4.

Note 5.
Note 6.

Note 7.

b7 b6 bS b4 b3 b2 bl bo

olo Symbol Address After reset
) i TB2SC 039E16 X00000002
E i+ 1| Bitsymbol Bit name Function RW
i i i i 1 1 L] PwcoM [Timer B2 Reload Timing | 0 Timer B2 underflow
R o Switch Bit (Note 2) 1 : Timer A output at odd-numbered RW
Pobo Voo IVPCR1 |Three-Phase Output Port | O : Three-phase output forcible cutoff
A . SD Control Bit 1 by SD pin input (high impedance)
A (Note 3,4,7) |  disabled RW
A . 1: Three-phase output forcible cutoff
I by SD pin input (high impedance)
Vb enabled
R L TBOEN |Timer BO Operation Mode| 0 : Other than A/D trigger mode RW
Voo Select Bit 1: A/D trigger mode (Note 5)
N TB1EN |Timer B1 Operation Mode| 0 : Other than A/D trigger mode RW
oo Select Bit 1: AID trigger mode (Note 5)
oo TB2SEL | Trigger Select Bit (Note 6) | 0 : TB2 interrupt RW
Pl e 1 : Underflow of TB2 interrupt
Pl generation frequency setting counter [ICTB2]
et (b6-b5) | Reserved bits Must set to "0" RW
—_ Nothing is assigned. When write, set to “0". _
B (b7) When read, its content is “0”.

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

If the INV11 bit is "0" (three-phase mode 0) or the INVO6 bit is "1" (triangular wave modulation mode), set

this bit to "0" (timer B2 underflow).

When setting the IVPCR1 bit to "1" (three-phase output forcible cutoff by SD pin input enabled), Set the PD8_5

bit to "0" (= input mode). _ _

Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). After forcible cutoff, input "H" to the P8s/NMI/SD pin.
Set the IVPCR1 bit to "0", and this forcible cutoff will be reset. If “L” is input to the P8s/NMI/SD pin, a three-phase motor
control timer output will be disabled (INV03=0). At this time, when the IVPCR1 bit is "0", the target pins changes to
programmable I/O port. When the IVPCRL bit is "1", the target pins changes to high-impedance state regardless of
which functions of those pins are used.

When this bit is used in delayed trigger mode 0, set the TBOEN and TB1EN bits to "1"(A/D trigger mode).

When setting the TB2SEL bit to "1" (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), Set the INV02
bit to "1" (three-phase motor control timer function).

Refer to 16.6 Digital Debounce function for SD input.

Figure 12.2.4.2 TB2SC Register
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M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

12.3 Three-phase Motor Control Timer Function
Timers Al, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 12.3.1 lists the
specifications of the three-phase motor control timer function. Figure 12.3.1 shows the block diagram for
three-phase motor control timer function. Also, the related registers are shown on Figure 12.3.2 to Figure

12.3.8.
Table 12.3.1. Three-phase Motor Control Timer Function Specifications
Item Specification
Three-phase waveform output pin Six pins (U, U, V, V, W, W)
Forced cutoff input (Note 1) Input “L” to SD pin
Used Timers Timer A4, Al, A2 (used in the one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in the timer mode)
Carrier wave cycle control
Dead timer 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 TB2 register, 0 to 65535
Count source: f1, f2, fs, f32, fc32
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 TA4, TA1 and TAZ2 register (of TA4,
TA41, TAL, TAll, TA2 and TA21 registers when setting
the INV11 bit to “1”), 1 to 65535
Count source: f1, f2, fs, 32, fc32

Dead time Count source x p, or no dead time
active disable function p: Setting value of DTT register, 1 to 255
Count source: f1, f2, f1 divided by 2, f2 divided by 2
Active level Eable to select “H” or “L”

Positive and negative-phase concurrent | 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

Notes:

1. When the INVO02 bit in the INVCO register is set to “1” (three-phase motor control timer function), the SD
function of the P85/SD pin is enabled. At this time, the P85 pin cannot be used as a programmable 1/0
port. When the SD function is not used, apply “H” to the P85/SD pin.

2. When the IVPCR1 bit in the TB2SC register is set to “1” (enable three-phase output forced cutoff by SD
pin input), and “L” is applied to the SD pin, the related pins enter high-impedance state regardless of the
functions which are used. When the IVPCR1 bit is set to “0” (disabled three-phase output forced cutoff
by SD pin input) and “L” is applied to the SD pin, the related pins can be selected as a programmable 1/
O port and the setting of the port and port direction registers are enable.

Related pins P72/CLK2/TA1ouT/V/RXD1
P73/CTS2/RTS2/TALIN/VITXD1
P74/TA20uT/W
P75/TA2IN/W
P8o/TA4ouT/U
P81/TA4IN/U
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Figure 12.3.1. Three-phase Motor Control Timer Functions Block Diagram
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Three-phase PWM control register O (Note 1)

b7 b6 b5 b4 b3

b2 bl b0

Note 1:

Note 2:
Note 3:

Note 4:
Note 5:

Note 6:

Note 7:
Note 8:

Symbol Address After reset
| | | | | | | | | INVCO 034816 0016
voron oo Bit symbol Bit name Description RW
Effective interrupt output 0: The ICTB2 counter is incremented by
A A INVOO polarity select bit one on the reising edge of the timer Al
T T T TR reload control signal
1: The ICTB2 counter is incremented by RW
Por o one on the falling edge of the timer A1
e reload control signal
T B T R (Note 3)
A Effective interrupt output | 0: ICTB2 counter incremented by 1 at a
oo te--d 0 INVOL specification bit timer B2 underflow RW
A (Note 2, Note 3)| 1: Selected by INVOO bit
Mode select bit  (Note 4)| 0: Three-phase motor control timer
- function unused
T A INVO2 .
T 1: Three-phase motor control timer RW
function (Note 5)
Output control bit (Note 6)| o: Three-phase motor control timer output
R INVO3 disabled (Note 5) | Ry
1: Three-phase motor control timer output
Vo enabled (Note 10)
Positive and negative 0: Simultaneous active output enabled
vy T INV04 phases concurrent output | 1: Simultaneous active output disabled RW
oo disable bit
Positive and negative 0: Not detected yet
b INV05 phases concurrent output | 1: Already detected (Note 7) [ RW
Vo detect flag
E E INVO6 Modulation mode select 0: Triangular wave modulation mode (Note 9)
VooTTTTTTTTTT e bit (Note 8)| 1: Sawtooth wave modulation mode RW
: INVO7 Software trigger select bit Setting this bit to “1” generates a_transfer
9 trigger. If the INVO6 bit is “1", a trigger for
"""""""""""" the dead time timer is also generated. RW
The value of this bit when read is “0”.

Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable). Note also that INV0O to INV02,
INVO04 and INVO6 bits can only be rewritten when timers Al, A2, A4 and B2 are idle.
If this bit needs to be set to “1”, set any value in the ICTB2 register before writing to it.
Effective when the INV11 bit is set to “1” (three-phase mode 1). If INV11 is set to “0” (three-phase mode 0), the ICTB2
counter is incremented by “1” each time the timer B2 underflows, regardless of whether the INVOO and INVO1 bits are set.
When setting the INVO1 bit to “1”, set the timer Al 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 n is the value set
in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflow.
Setting the INVO02 bit to “1” activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.
When the INVO02 bit is set to “1”(theee-phase control timer functions) and the INVO3 is set to "0"(three-phase motor control
timer output disabled), U, T, 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” in the following cases:

* When reset

« When positive and negative go active (INV05="1") simultaneously while INVO04 bit is set to “1”

* When set to “0” in a program

* When input on the SD pin changes state from “H” to “L” (The INVO03 bit cannot be set to “1” when SD input is “L".)
When both the INV04 and the INVO05 bits are set to “1”, the INVO3 bit is set to “0”.
Can only be set by writing “0” in a program, and cannot be set to “1”".
The effects of the INVO6 bit are described in the table below.

Item INV06=0 INV06=1

Mode

Triangular wave modulation mode Sawtooth wave modulation mode

Timing at which transferred from IDBO to
IDBL1 registers to three-phase output shift
register

Transferred only once

with the transfer trigger after writing to
the IDBO to IDB1 registers

synchronously | Transferred every transfer trigger

Timing at which dead time timer trigger is

generated when INV16 bit is “0”

Synchronous with the falling edge of
timer A1, A2, or A4 one-shot pulse

Synchronous with the transfer
trigger and the falling edge of timer
Al, A2, or A4 one-shot pulse

INV13 bit

Effective when INV11 is “1” and INV06 | Has no effect

is “0”

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when INV10 is “1”
Note 9:

If the INVO6 bit is “1”, set the INV11 bit to “0” (three-phase mode 0) and set the PWCON bit to “0” (timer B2
reloaded by a timer B2 underflow).

Notel0: Individual pins can be disabled using PFCR register.

Figure 12.3.2. INVCO Register
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

b7 b6 b5 b4 b3 b2 bl b0

Three-phase PWM control register 1 (Note 1)

Symbol Address After reset

| 0 | | | | INVC1 034916 0016
poro 11 | Bitsymbol Bit name Description RW
Timer Al, A2, A4 start 0: Timer B2 underflow
boobor b b nl INVIO trigger signal select bit 1: Timer B2 underflow and write to the RW
- TB2 register (Note 2)
Timer Al-1, A2-1, A4-1 0: Three-phase mode 0
oo T INV11 control bit (Note 3) | 1: Three-phase mode 1 (Note 4) | RW
P Dead time timer count 0:fiorf2
O INVIZ 1 Source select bit 1: f1 divided by 2 or f2 divided by 2 RW
Pono o Carrier wave detect flag 0: Timer Al reload control signal is “0”
R INV13 (Note 5) | 1: Timer Al reload control signal is *1” RO
L INV14 Outout polarit trol bit 0 : Output waveform “L” active
Utput polartly controf br 1 : Output waveform “H” active RW
R SECGICCRTEELEE INVI5 | Dead time invalid bit 0: Dead time timer enabled RW
v 1: Dead time timer disabled
Dead time timer trigger 0: Falling edge of timer A4, Al or A2
A RRREEELEEELEE INV16 select bit one-shot pulse
H 1: Rising edge of three-phase output shift RW
register (U, V or W phase) output
(Note 6)
Reserved bit This bit should be set to “0”
"""""""""""""" (b7) RW

Note 1: Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable). Note also that this
register can only be rewritten when timers Al, A2, A4 and B2 are idle.

Note 2: A start trigger is generated by writing to the TB2 register only while timer B2 stops.

Note 3: The effects of the INV11 bit are described in the table below.

Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TA11, TA21, TA41 registers Not used Used
INVOO bit, INVO1 bit Has no effect. ICTB2 counted every time | Effect

timer B2 underflows regardless of
whether the INVOO to INVO1 bits are set.

INV13 bit Effective when INV11 bit is set to “1”

and INVO6 bit is set to “0”

Has no effect

Note 4: If the INVO6 bit is set to “1” (sawtooth wave modulation mode), set this bit to “0” (three-phase mode 0). Also, if
the INV11 bit is “0”, set the PWCON bit to “0” (timer B2 reloaded by a timer B2 underflow).
Note 5: The INV13 bit is effective only when the INVO06 bit is set to “0” (triangular wave modulation mode) and the INV1
1 bit is set to “1” (three-phase mode 1).
Note 6: If all of the following conditions hold true, set the INV16 bit to “1” (dead time timer triggered by the rising edge
of three-phase output shift register output)
» The INV15 bit is set to “0” (dead time timer enabled)
* When the INVO3 bit is set to “1” (three-phase motor control timer output enabled), the Dij bit and DiBj bit (i:U,
V, or W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output
different levels during the period other than dead time).
Conversely, if either one of the above conditions holds false, set the INV16 bit to “0” (dead time timer triggered
by the falling edge of one-shot pulse).

Figure 12.3.3. INVC1 Register
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Three-phase output buffer register(i=0,1) (Note)

b7 b6 b5 b4 b3 b2 bl bo

L L LT LT TP PP PP PP

of each phase.

Dead time timer

|

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
IDBO 034A16 3F16
H IDB1 034B16 3F16
Bit Bit name Function RW
. DUi U phase output buffer i Write the output level RW
0: Active level
--4  DUBI U phase output buffer i 1: Inactive level RW
] ] When read, these bits show the three-phase
-- DVi V phase output buffer i output shift register value. RW
- DVBI v phase output buffer i RW
DWi W phase output buffer i RW
--| DWBI w phase output buffer i RW
| (b7-b6 Nothing is assigned. When write, set to "0". When read,
(b7-b6) these contents are "0". _

Note: The IDBO and IDBL1 register values are transferred to the three-phase shift register by a transfer trigger. The value
written to the IDBO register aftera transfer trigger represents the output signal of each phase, and the next value
written to the IDB1 register at the falling edge of the timer A1, A2 or A4 one-shot pulse represents the output signal

(Note 1, Note 2)

Symbol Address

DTT 034C1s

b7 b3 b0

When reset
?7?16

Function

Setting range RW

at the same time the dead time timer stops.

Assuming the set value = n, upon a start trigger the timer starts
counting the count souce selected by the INV12 bit and stops
after counting it n times. The positive or negative phase
whichever is going from an inactive to an active level changes wo

1to 255

Note 1: Use MOV instruction to write to this register.
Note 2: Effective when the INV15 bit is set to “0” (dead time timer enable). If the ONV15 bit is set to “1”, the dead time timer
is disabled and has no effect.

Timer B2 interrupt occurrences frequency set counter

Symbol Address After reset
ICTB2 034D16 X?16
Function Setting range RW
If the INVO1 bit is “0” (ICTB2 counter counted every 11015
time timer B2 underflows), assuming the set value 0
=n, atimer B2 interrupt is generated at every nith
occurrence of a timer B2 underflow. WO

If the INVO1 bit is “1” (ICTB2 counter count timing
selected by the INVOO bit), assuming the set value
=n, a timer B2 interrupt is generated at every n'th
occurrence of a timer B2 underflow that meets the
condition selected by the INVOO bit. (Note)

Nothing is assigned. When write, set to “0”. When read, its content is

indeterminate.

Note : Use MOV instruction to write to this register.
If the INVO1 bit is set to “1", make sure the TB2S bhit also is set to “0” (timer B2 count stopped) when writing to this register.
If the INVO1 bit is set to “0”, although this register can be written even when the TB2S bit is set to “1” (timer B2 count start),
do not write synchronously with a timer B2 underflow.

Figure 12.3.4. IDBO Register, IDB1Register, DTT Register, and ICCTB2 Register
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Timer Ai, Ai-1 register (i=1, 2, 4) (Note 1, Note 2, Note 3, Note 4, Note 5)

Symbol Address After reset
TAl 038916-038816 Indeterminate
TA2 038B16-038A16 Indeterminate
(3%5) (Bg) b7 b0 TA4 038F16-038E16 Indeterminate
| | TA11 (Note6,7) 034316-034216 Indeterminate
| TA21 (Note6,7) 034516-034416 Indeterminate
' TA41 (Note6,7) 034716-034616 Indeterminate
Function Setting range RW

----- Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16
starts counting the count source and stops after counting WO
it n times. The positive and negative phases change at
the same time timer A, A2 or A4 stops.

Note 1: The register must be accessed in 16 bit units.

Note 2: When the timer Ai register is set to "000016", the counter does not operate and a timer Ai interrupt does
not occur.

Note 3: Use MOV instruction to write to these registers.

Note 4: If the INV15 bit is "0" (dead time timer enable), the positive or negative phase whichever is going from an
inactive to an active level changes at the same time the dead time timer stops.

Note 5: If the INV11 bit is "0" (three-phase mode 0), the TAi register value is transferred to the reload register by
atimer Ai (i = 1, 2 or 4) start trigger.
If the INV11 bitis "1" (three-phase mode 1), the TAil register value is transferred to the reload register
by a timer Ai start trigger first and then the TAi register value is transferred to the reload register by the
next timer Ai start trigger. Thereafter, the TAIl register and TAi register values are transferred to the
reload register alternately.

Note 6: Do not write to TAIl registers synchronously with a timer B2 underflow In three-phase mode 1.

Note 7: Write to the TAil register as follows:
(1) Write a value to the TAIl register.
(2) Wait for one cycle of timer Ai count source.
(3) Write the same value to the TAIl register again.

Figure 12.3.5. TA1, TA2, TA4, TA11, TA21 and TA41 Registers
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Timer B2 special mode register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

|><| 0 | ) | | | Symbol Address After reset
. S E T TB2SC 039E16 X00000002
E ¢+ 1+ | Bitsymbol Bit name Function RW
H P E PWCOM | Timer B2 Reload Timing | O : Timer B2 underflow
oo o Switch Bit (Note 2) 1: Timer A output at odd-numbered RwW
‘ IVPCR1 |Three-Phase Output Port | 0 : Three-phase output forcible cutoff
I R E SD Control Bit 1 by SD pin input (high impedance)
A S (Note 3,4,7) |  disabled RW
Voo ¢ 1: Three-phase output forcible cutoff
A by SD pin input (high impedance)
R enabled
R R TBOEN |Timer B0 Operation Mode| 0 : Other than A/D trigger mode RW
oo Select Bit 1: A/D trigger mode (Note 5)
N TB1EN |Timer B1 Operation Mode| O : Other than A/D trigger mode RW
oo Select Bit 1 : A/D trigger mode (Note 5)
Pl TB2SEL | Trigger Select Bit (Note 6) | 0 : TB2 interrupt RW
 nERLIEE 1 : Underflow of TB2 interrupt
P generation frequency setting counter [ICTB2]
: Bonchonnerensnnannnnes (b6-b5) Reserved bits Must set to "0" RW
— Nothing is assigned. When write, set to “0”. _
Bommmmmmmmssmeeesoneeees (b7) When read, its content is “0”.

Note 1. Write to this register after setting the PRCL1 bit in the PRCR register to "1" (write enabled).
Note 2. If the INV11 bit is "0" (three-phase mode 0) or the INVO06 bit is "1" (triangular wave modulation mode), set

this bit to "0" (timer B2 u

nderflow).

Note 3. When setting the IVPCR1 bit to "1" (three-phase output forcible cutoff by SD pin input enabled), Set the PD8_5

bit to "0" (= input mode).

Note 4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). After forcible cutoff, input "H" to the P8s/NMI/SD pin.

Set the IVPCR1 bit to "0", and this forcible cutoff will be reset. If “L” is input to the P8s/NMI/SD pin, a three-phase motor
control timer output will be disabled (INV03=0). At this time, when the IVPCR1 bit is "0", the target pins changes to
programmable 1/O port. When the IVPCRL1 bit is "1", the target pins changes to high-impedance state regardless of
which functions of those pins are used.

Note 5. When this bit is used in delayed trigger mode 0, set the TBOEN and TB1EN bits to "1"(A/D trigger mode).
Note 6. When setting the TB2SEL bit to "1" (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), Set the INV02

bit to "1" (three-phase motor control timer function).

Note 7. Refer to 16.6 Digital Debounce function for SD input.

The effect of P8s/NMI/SD pin input is below.
1.Case of INV03 = "1"(Three-phase motor control timer output enabled)

IVPCR1 bit P8s/NMT/SD pirzl\ilrz];ggtg) status of U/V/W pins Remarks

e H

(Three-phase output Three-phase PWM output

Three-phase output

forcrible cutoff enable) L(Note 1) High impedance forcrible cutoff
"o" H Three-phase PWM output
(Three-phase output
forcrible cutoff disable) L(Note 1) Input/output port(Note 2)

Note 1: When "L" is input to the P8s/NMI/SD pin, INVO3 bit changes in "0" at the same time.
Note 2: The value of the port register and the port direction register becomes effective.
Note 3: When SD function isn't used, set to "0"(Input) in PD8s and pullup to "H" in P8s/NMI/SD pin from outside.

2.Case of INV03 = "0"(Three-phase motor control timer output disabled)

IVPCR1 bit P8s/NMT/SD pin inputs status of U/V/W pins Remarks

npe H peripheral input/output

(Three-phase output or inputioutput port
forcrible cutoff enable) L High impedance %Tgieb_lgh(ﬁgftf)(ﬁgtué 1)

g H peripheral input/output
(Three-phase output or |qut{c_>utptt1/t port

i i eripheral input/output
forcrible cutoff disable) L p orpinput/ou‘t)put po‘r)t

Note 1: The three-phase output forcrible cutoff function becomes effective if the INPCRL1 bit is set to "1" (three-phase
output forcrible cutoff function enable) even when INVO3 bit is "0"(three-phase motor control timer output
disalbe)

Figure 12.3.6. TB2SC Registers
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Timer B2 register (Note )

Symbol Address After reset
bL5) 8 bo TB2 039516-039416  Indeterminate
E Function Setting range RW
R Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RW
underflow.
Note : The register must be accessed in 16 bit units.
Trigger select register
b7 b6 b5 b4 b3 b2 bl po
Symbol Address After reset
LLL LTI 11 ] Tresk  ‘ossams 0016
A P Bit symbol Bit name Function RW
A v tateL | Timeraw event/trigger | To use the V-phase output control | gy
oo select bit circuit, set these bits to “012"(TB2
T T T B T underflow).
e TALTGH RW
T T T M TA2TGL | Timer A2 eventitrigger | To use the W-phase output control RW
I select bit circuit, set these bits to “012"(TB2
T underflow).
S ARRREEED TA2TGH RW
. TASTGL | Timer A3 eventitrigger | 6554 _
oo select bit 0 0 : Input on TA3IN is selected (Note 1) | RW
oo 0 1 : TB2 overflow is selected (Note 2)
a2 TA3TGH 1 0 : TA2 overflow is selected (Note 2) RW
E E 1 1: TA4 overflow is selected (Note 2)
N TA4TGL | Timer A4 event/trigger | To use the U-phase output control | gy
' select bit circuit, set these bits to “012"(TB2
E_ o underflow).
------------------------- TA4TGH RW
Note 1: Set the corresponding port direction bit to “0” (input mode).
Note 2: Overflow or underflow.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
TABSR 038016 0016
i 4 1 4+ 1+ 1 1 1| Bitsymbol Bit name Function RW
E , , , , , , =1 TAOS Timer AO count start flag 0 : Stops counting RW
e TA1S Timer Al count start flag 1: Starts counting RW
EEEEREEE TA2S Timer A2 count start flag RW
E ' ' ' R TA3S Timer A3 count start flag RW
E , , R TA4S Timer A4 count start flag RW
LR LR TBOS Timer BO count start flag RW
S RRREEEEELEE L LR TB1S Timer B1 count start flag RW
ERREEEEEELEEEEEEEEEEEREE TB2S Timer B2 count start flag RW

Figure 12.3.7. TB2 Register, TRGSR Register, and TABSR Register
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Timer Ai mode register

Symbol Address After reset
7 4 2 bl
|b |b6| t65| b1| b3| g | b1 | g°| TAIMR 039716 0016
I B Bl L TA2MR 039816 0016
o voror TA4AMR 039A16 0016
o : ¢+ ¢ i Bitsymbol Bit name Function RW
¢t 1+ "1 _TMODO |operation mode Must set to “102" (one-shot timer mode) for | RW
v o] TMOD1 | select bit the three-phase motor control timer function [ jy/
MRO Pulse output function Must set to “0” for the three-phase motor
P e select bit control timer function -
R R MR1 External trigger select Has no effect for the three-phase motor RW
' bit control timer function
I T P MR2 Trigger select bit Must set to “1” (selected by event/trigger RW
N select register) for the three-phase motor
P control timer function
SRRREEREEEEEEE MR3 Must set to “0” for the three-phase motor control timer function RW
I TCKO . b7 b6
: Count source select bit 00:fiorf2 RW
: 01:fs
"""""""""""" TCK1 10:f32 RW
11:fc32
Timer B2 mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
| 0 | | | 0 | 0 | TB2MR 039D16 00XX00002
. 1| Bitsymbol Bit name Function RW
; ~1 TMODO | Operation mode select bit | Set to “002" (timer mode) for the three- RW
E TMOD1 phase motor control timer function RW
e MRO Has no effect for the three-phase motor control timer function. RW
........... MR1 When write, set to “0”. When read, its content is indeterminate. RW
LR R MR2 Must set to “0” for the three-phase motor control timer function RW
' MR3 When write in three-phase motor control timer function, write “0”.
R X e : RO
! When read, its content is indeterminate.
: Count source select bit b7 b6
. TCKO 00:fiorf2 RW
' 01:fs
1 10:f32
R ekt 11:fca2 RW

Figure 12.3.8. TAIMR, TA2MR, TA4MR, and TB2MR Registers
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

The three-phase motor control timer function is enabled by setting the INVO02 bit in the VCO register to “1”".
When this function is on, 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 12.3.9 shows the example of triangular modulation waveform, and Figure 12.3.10 shows

the example of sawtooth modulation waveform.

Carrier wave

Signal wave

TB2S bit in the

TABSR register

|

Timer B2

Start trigger signal
for timer A4*

Timer A4

one-shot pulse*

Rewriting IDBO, IDBI, registers
|

U phase
output signal *

U phase

i
Transfer to three-phase
output shift register

1

output signal *

An example for changing PWM outputs is shown below.

(1)When INV11=1(three-phase mode 1)

- INV01=0, ICTB2=216(timer B2 interrupt is generated at every 2'th
occurrence of a timer B2 underflow), or INV01=1, INV00=1,
ICTB2=116(The timer B2 interrupt is generated on the falling
edge of the timer Al reload control signal)

- Initial timer value: TA41=m, TA4=m. The TA4 and TA41 registers
are modified every time a timer B2 interrupt occurs. First time,
TA41="n, TA4 = n. Second time, TA41 =p, TA4 = p.

- Initial values of IDBO and IDB1 registers: DUO = 1, DUB0 =0,
DU1 =0, DUB1 = 1.The register values are changed to DUO =1,
DUBO = 0, DU1= 1 and DUBL1 = 0 the third time a timer B2
interrupt occurs.

I I
I I
INV14 =0 Lo ‘ S o :
(“L" active) I I I [ " I
U phase b i C ¥ :
o L eeomaime s
U phase L T L : : :
N " L ! P ! H !
(" actve) o | | > Deadtime || |
U phase 1 1 1 - | L |
p I | I I Lf_‘-l I
I I I I I
| : : ! :
INV13 ! 1 1 ! y
(INV11=1(three-phase
mode 1))

* Internal signals. See the block diagram of the three-phase motor control timer function.

Shown here is a typical waveform for the case where INVCO = 00XX11XX2 (X = set as suitable for the system) and INVC1 = 010XXXX02.

(2)When INV11=0(three-phase mode 0)

-INV01=0, ICTB2=116(timer B2 interrupt is generated at every
occurrence of a timer B2 underflow)

- Initial timer value: TA4 = m. The TA4 register is modified each time
a timer B2 interrupt occurs. First time, TA4 = m. Second time, TA4 = n.
Third time, TA4 = n. Fourth time, TA4 =p. Fifth time, TA4 = p.

- Initial values of IDBO and IDB1 registers: DU0O=1, DUB0=0, DU1=0,
DUB1=1.The register values are changed to DUO = 1, DUBO = 0, DU1=
1 and DUBL = 0 the sixth time a timer B2 interrupt occurs.

The value written to the TA4 register and TA41 register are transferred on the rising edge of the timer Al reload signal.

Figure 12.3.9. Triangular Wave Modulation Operation
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M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

Carrier wave: sawtooth waveform

Carrier wave \7‘ /

Signal wave —>/
I
I

Timer B2

Start trigger signal H
for timer A4*

Timer A4 ‘ | | | | | |

one-shot pulse* T

Transfer to three-phase
‘/ output shift register |

I
I
|
I
I
:
U phase | |
output signal *

U phase
output signal *

U phase
INV14 =0 . |

(“L” active) ‘

Gpnase | G I R R O B
INVI4 =1 U phase J_\ ‘I_\ ‘ |_| ‘ |_| ‘ ‘ ‘ ‘
(H" active) : : —> la— Dead time : : !

U phase 3 3 3 | 3 3 I_I : |_| : /_| : l_‘_

* Internal signals. See the block diagram of the three-phase motor control timer function.

Shown here is a typical waveform for the case where INVCO= 01XX110X2 (X = set as suitable for the
system) and INVC1 = 010XXX002. An example for changing PWM outputs is shown below.

« Initial values of IDBO and IDB1 registers: DU0O=0, DUB0=1, DU1=1, DUB1=1. The register values are
changed to DUO=1, DUB0=0, DU1=1, DUB1=1 a timer B2 interrupt occurs.

Figure 12.3.10. Sawtooth Wave Modulation Operation
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M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

12.3.1 Position-data-retain Function
This function is used to retain the position data synchronously with the three-phase waveform
output.There are three position-data input pins for U, V, and W phases.
A trigger to retain the position data (hereafter, this trigger is referred to as "retain trigger") can be selected
by the retain-trigger polarity select bit(bit 3 of the position-data-retain function control register, at address
034E1s). This bit selects the retain trigger to be the falling edge of each positive phase, or the rising edge
of each positive phase.

12.3.1.1 Operation of the Position-data-retain Function
Figure 12.3.1.1.1 shows a usage example of the position-data-retain function (U phase) when the
retain trigger is selected as the falling edge of the positive signal.
(1) At the falling edge of the U-phase waveform ouput, the state at pin IDU is transferred to the U-
phase position data retain bit ( bit2 at address 034E16 ).
(2) Until the next falling edge of the Uphase waveform output,the above value is retained.

Carerwave " T e e T

® 2

U-phase waveform output

1

1

|

1 ]
O PaaY
N

I
I
|
1
Pin IDU . Y &
¥ Transferred ¥ Transferred '
U-phase position data retain bit 1 Transferred [ Transferred

(bit 2 at address 034E16)

U-phase waveform output

L]

Note: The retain trigger is the falling edge of the positive signal.

Figure 12.3.1.1.1 Usage Example of Position-data-retain Function ( U phase)
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

12.3.1.2 Position-data-retain Function Control Register

Figure 12.3.1.2.1 shows the structure of the position-data-retain function contol register.

Position-data-retain function control register (Note)

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
|><D<D<D<| | | | | PDRF 034E16 XXXX 00002
Bit symbol Bit name Function RW
: - Input level at pin IDW is read out.
PDRW \év phase.p‘z)s_'t'on 0:"L" level RO
ata retain bit 1: "1 level
: - Input level at pin IDV is read out.
V-ph t
heeeed PDRV | ¢ ‘; aste Pozft'on 0:"L" level RO
ata retain bi 1: "H" level
. -oh iti Input level at pin IDU is read out.
] oy | | S 0
1: "H" level
S pDRT | Retain-trigger 0: Rising edge of positive phase RW
polarity select bit | 1: Falling edge of positive phase
.‘_‘ ________________ (b7-ba) Nothing is assigned. When write, set to "0". When read, .
contents are indeterminate.

Note: This register is valid only in the three-phase mode.

Figure 12.3.1.2.1. PDRF Register

12.3.1.2.1 W-phase Position Data Retain Bit (PDRW)
This bit is used to retain the input level at pin IDW.

12.3.1.2.2 V-phase Position Data Retain Bit (PDRV)
This bit is used to retain the input level at pin IDV.

12.3.1.2.3 U-phase Position Data Retain Bit (PDRU)
This bit is used to retain the input level at pin IDU.

12.3.1.2.4 Retain-trigger Polarity Select Bit (PDRT)
This bit is used to select the trigger polarity to retain the position data.
When this bit is set to "0", the rising edge of each positive phase selected.
When this bit is set to "1", the falling edge of each pocitive phase selected.
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M16C/26A Group (M16C/26A, M16C/26T) 12. Timer

12.3.2 Three-phase/Port Output Switch Function

When the INVCO03 bit in the INVCO register set to “1"(Timer output enabled for three-phase motor control)
and setting the PFCi (i=0 to 5) in the PFCR register to “0”(1/O port), the three-phase PWM output pin (U,
U, V, V, W and W) functions as I/O port. Each bit in the PFCi bits (i=0 to 5) is applicable for each one of
three-phase PWM output pins. Figure 12.3.2.1 shows the example of three-phase/port output switch
function. Figure 12.3.2.2 shows the PFCR register and the three-phase protect control register.

Timer B2

U phase __,—‘—I—‘__,—‘—I—‘_
V Phase __,—‘—|—| I
W phase } Functions as port P7a ' |

Writing PECR register(Note) Writing PFCR register(Note)
ritin register
9 9 PFCO bit : "1"

PFCO bit : "1"
PFgg E:-"r' < PFC2 bit : "0" >
v PFC4 bit : "1"

PFC4 bit: "0"

Note : A hazard may be generated at the output signal, depending on the output switch timing. Also, do not generate (short)
be switching to port output during the dead time of three-phase output.

Figure 12.3.2.1. Usage Example of Three-phse/Port output switch function
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M16C/26A Group (M16C/26A, M16C/26T)

12. Timer

Port function control register (Note)

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
SOT T T T[] eren casi oot 11112

i 1 | Bitsymbol Bit name Function RW
Pl . Input/Output port P8o
: Port P8o output
N N PFCO functionoselepct bit : Three-phase PWM output RW
Pl . (U phase output)
Port P81 output : Input/Output port P81
R PFC1 function select bit : Three-phase PWM output RW
o (U phase output)
Port P72 output : Input/Output port P72
A A PFC2 function select bit : Three-phase PWM output RW
o (V phase output)
A . Input/Output port P73
: Port P73 output
AAAREELLD PFC3 functionaselepct bit | 1: Three-phase PWM output RW
- (V phase output)
Port P74 output Inhput/Ol;]tput port P74
P Trmmmmememeeeed PFC4 function select bit : Three-phase PWM output RW
o (W phase output)
Port P7s output Inhput/Ollj:put port P7s
PooTTmmmremmmemseeeees PFC5 function select bit : Three-phase PWM output RW
: (W phase output)

(b7-b6) Nothing is assigned. When write, set to "0". When read, L

these contents are "0".

timer output enabled).

b7 b6 b5 b4 b3 b2 bl bo

Three-phase protect control register

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

Note: This register is valid only when the INVCO3 bit in the INVCO register is set to "1"(Three-phase motor control

Symbol Address When reset
TPRC 025A16 0016
Bit symbol Bit name Function RW
Three-phase Enabl_e write to PFCR register
TPRCO .| O: Write protected RW
protect control bit 1: Write enabled
(b7-b1) Nothing is assigned. When write, set to "0". When read, -

these contents are "0".

Figure 12.3.2.2. PFCR Register, and TPRC Register
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M16C/26A Group (M16C/26A, M16C/26T) 13. Serial I/0

13. Serial I/O

Note
I The M16C/26A (42-pin version) do not use UARTO. I

Serial I/0 is configured with three channels: UARTO to UART2.

13.1. UARTI (i=0 to 2)
UARTI each have an exclusive timer to generate a transfer clock, so they operate independently of each
other.
Figure 13.1.1 shows the block diagram of UARTI. Figures 13.1.2 and 13.1.3 shows the block diagram of
the UARTI transmit/receive.

UARTI has the following modes:

* Clock synchronous serial /0 mode

* Clock asynchronous serial I/O mode (UART mode).

« Special mode 1 (12C bus mode) : UART2

» Special mode 2 : UART2

« Special mode 3 (Bus collision detection function, IEBus mode) : UART2
* Special mode 4 (SIM mode) : UART2

Figures 13.1.4 to 13.1.9 show the UARTiI-related registers.
Refer to tables listing each mode for register setting.
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M16C/26A Group (M16C/26A, M16C/26T)

13. Serial I1/10

fosio  PCLKL=0
fisi0 /o—> f1s10 or f2s10
Main clock or on-chip oscillator clock
PCLK1=1
1/8 > fgsio
(UARTO) 1/4 fa2sio
RxD0QO QO TxDo
~ SMD2.to SMDO
Clock source selection UART reception : Receive
Reception clock
%'b};l to CLKO Clock synchronous ;3 control circuit
f1s10 or f2s10 0 UOBRG type I Transmit/
fasio _012, register o rece!;/e
UART ni i uni
fazsio —% 1/ (no+1) R . ! -crlr:lcnlfmn
External i _|Transmission comrol|
Clock synchronous H circuit |
CKDIR=1 type ‘0
Clock synchronous type
(when internal clockls selected)
CKDIR=0|
Clock synchronous type ~
CKPOL when external clock is selected) ; ckp|rR=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOO— reversing \]
circuit
CTSIRTS selected ~ CTS/RTS disabled _
e o CRS=1 RTS0
CTS0/RTSO0
CRS=0 ~ Vce
l CTSIRTS disabled
RCSP=0 CRD=1 ﬁ
04?)/0
CTSo from UARTL ———0 CRD=0
RCSP=1
RxD1O ——Q TxD1
~ SMD2 to SMDO
Clock source selection UART reception o Receive
CLK1 to CLKO Clock h Reception clock
lock synchronous: _ control circuit Transmit/
1510 or f2s10 0 type . recoive
Olgo ' -
fesio | unit
102 UART on Transmit
—
fazsio Transmission | | clock
External Clock SY"Chf0"0U~_O control circuit |
type -
Clock synchronous type
1/2 [(when internal clockis selected)
CKDIR=0|
Clock synchronous type o——
CKPOL ¢ when external clock is selected) , ~xpr=1
CLK Clock synchronous type
polarity _ (when internal clock is selected)
CLKlO_ reversing K(SLKMDO 0 )/]
circuit \I
CLKMDO=1
Clock output ]
e —— pin select CTSIRTS selected  CTS/RTS disabled
CTS1/RTS1/ CLKMD1=1 CRS=1 M RTS1
o
CTS0/ CLKS1 LRI - <l
Vce
CTS/RTS disabled e
= CTSs1
l CRD=1 RCSP=0
CRD=0 o——— CTSo from UARTO
(UARTZ) RCSP=1 __
X
RxD RxD polarity polarity
X 2 reversing circuit SMDO — reversing _( ) TXD2
" circuit
Clock source selection UART reception Receive
CLK1 to CLKO Reception clock
Clock synchronous iy control circuit Transmit/
e
f1S10 or 2510 P receive
fesio —2° unit
f22510 > UART Transmit
Transmission | [ clock

Clock synchronous
type

External

Clock synchronous type

Clock synchronous type
1/2 | (when internal clock is selected)

control circuit |

\CKDIR=0

(when external clock is selected
L CKDIR=1
CkpoL Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 OA reversing |
circuit
CTSIRTS CTS/RTS disabled
selected CRS=1 RTS?2
CTS2/RTS2 RS20 N
Vce
l CTSIRTS disabled
CRD=1 CTs2
CRD=0

i=0to2

ni: Values set to the UIBRG register

SMD2 to SMDO, CKDIR: Bits in the UIMR

CLK1 to CLKO, CKPOL, CRD, CRS: Bits in the UiCO regjister
CLKMDO, CLKMD1, RCSP: Bits in the UCON register

Figure 13.1.1. Block diagram of UARTi (i =0to 2)
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M16C/26A Group (M16C/26A, M16C/26T)

13. Serial 1/10

Clock
PAR synchronous
disabled type

Clock
synchronous type

UART (7 bits)

UART (7 bits)
UART (8 bits)

o o UARTIi receive register
PRYE=0 :
. o Lo
RxDI() o & '—D—o
STPS=1 - i
2SP eﬁ"{.\agledPRYE 1 UART 1 )
SMD2to SMDO  |UART (9Bits) | ciock
synchronous type

UART (8 bits)

UART (9 bits)
0i0i0iO0iO0ioO 0§D5| |D7§D6§D5§D4§D3§D2§D1§Do|
| MSB/LSB conversion circuit |

Data bus high-order bits
Data bus low-order bits
| MSB/LSB conversion circuit |
[De] [ D7iDejDsiDsiDsiDziDijDo]
UART (8 bits)
UART (9 bits)
SMD2 to SMDO UART (9 bits) 'C\ock synchronous
PA UART
2SP STPS=1 enabled PRYE=1 1. 1 1

Q 0
’
O O

STPS=0 PRYE=0[ 0
Clock
synchronous
1SP PAR
disabled pe

ol I LT

0

UARTI transmit register
UART (7 bits)

UART (8 bits) ) .
Clock synchronous UART (7 bits) SP: Stop bit
type

PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bit in the UiMR register

UARTI receive
buffer register

Address 03A616
Address 03A716
Address 03AE16
Address 03AF16

UARTiliransmit
buffer register

Address 03A216
Address 03A316
Address 03AA16
Address 03AB16

TxDi

Figure 13.1.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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M16C/26A Group (M16C/26A, M16C/26T) 13. Serial /0

No reverse

IOPOL=0

RxD data

O
10POL=1
Reverse
Clock
synchronous type
PAR Clock UA[?T
1sp disabled fyy;;mm“s SAI%S') UART(7 bits)
(8 bits) UARTI receive register
0 o
PRYE=0 r
el o 5 &5
o] 5 1:
STPS=1 PRYE=1 A i i
2SP PAR
enabled UART Clock
SMD2 to SMDO UART synchronous type
(9 bits) UART
(8 bits)
UART
(9 bits)

'

H i H H H H H H H H H ; i H UART2 receive

0:0:0:0:0:0:O0:Ds | | D7: De i Ds: Dai DsiD2: D1 Do | buffer regioter

( Address 037E16)
Address 037F16

| Logic reverse circuit + MSB/LSB conversion circuit|

Data bus high-order bits

Data bus low-order bits

[

| Logic reverse circuit + MSB/LSB conversion circuitl

Y
|D8 | | D7 : De: Dsi Dai Ds: D2 D1 Do | UART?2 transmit
| | buffer register

( Address 037A16 )
Address 037B16

(

SMD2 to SMDO (9 bits)

UART Clock
UART (9 bits) synchlronous type
1

PAR
2sp STPS=1  enabledppyp=3 |
o o

st e W

Q H
STPS=0 = 0 : - - -
PRYE=0 0 0 UART(7 bits) UARTI transmit register
Clock UART
1SP PAR s[yy;echronous (7 bits)
disabled UART
(8 bits)
Clock
syzf:hronous type Error signal output
U2ERE disable |OPOL No reverse
=0 =0
Error signal TxD data TxD2
output circuit reverse circuit
U2ERE I0POL
=1 Error signal output  _q Reverse
- enable
SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bit in the U2MR register
U2ERE : Bit in the U2C1 register

Figure 13.1.3. Block diagram of UART2 transmit/receive unit
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M16C/26A Group (M16C/26A, M16C/26T)

13. Serial 1/10

UARTI transmit buffer register (i=0 to 2)(Note)

(b15) (68) Symbol Address
b7 b0 b7 bo uoTB 03A316-03A216
|><|><|><|><|><|><|><| | | u1TB 03AB16-03AA16
u2TB 037B16-037A16

After reset
Indeterminate
Indeterminate
Indeterminate

Function

Transmit data

Nothing is assigned.

In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate.

UARTI receive buffer register (i=0 to
(b15) (b8)
b7 b0 b7

Note: Use MOV instruction to write to this register.

2)
Symbol Address After reset
bo UORB  03A715-03A61s Indeterminate
| U1RB 03AF16-03AE16 Indeterminate
U2RB 037F16-037E16 Indeterminate
Bit . .

Bit Function R
symbol name ™
(bﬂ)O) Receive data (D7 to Do) R

8 E— Receive data (Ds R
(b8) (Ds) R
— Nothing is assigned. _
(b10-b9) [ In an attempt to write to these bits, write “0". The value, if read, turns out to be “0".

ABT | Arbitration lost detecting | O : Not detected R
flag (Note 2) 1 : Detected w

OER | Overrun error flag (Note 1) | 0 : No overrun error
1 : Overrun error found CR)
FER | Framing error flag (Note 1) [ 0 : No framing error R
1 : Framing error found o
PER | Parity error flag (Note 1) 0 : No parity error R
1 : Parity error found o

SUM | Error sum flag (Note 1) 0 : No error

1 : Error found g

UARTI baud rate generation register
b7 bo

(i=0 to 2)(Note 1)

Note 1: When the SMD2 to SMDO bits in the UiMR register is set to “0002” (serial I/O disabled) or the RE bit in the UiC1 register is set to “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
is set to “0” (no error). Also, the PER and FER bits are set to “0” by reading the lower byte of the UiRB register.

Note 2: The ABT bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.) Nothing assignd at the bit 11 in the UORB and U1RB registers.
When write, set to “0”. When read, its contents is “0".

Symbol Address After reset
UOBRG 03Al16 Indeterminate
U1BRG 03A916 Indeterminate
U2BRG 037916 Indeterminate
Function Setting
range

byn+1

Assuming that set value = n, UIBRG divides the count source

0016 to FF1
6

os g™

Note 1: Write to this register while serial I/O is neither transmitting nor receiving.
Use MOV instruction to write to this register.
The transfer clock is shown below when the setting value in the UiBRG register is set as n.
(1) When the CKDIR bit in the UiMR register to “0” (internal clock)
« Clock synchronous serial I/0O mode
« Clock asynchronous serial /0 (UART) mode
(2) When the CKDIR bit in the UiMR register to “1” (external clock)
« Clock synchronous serial I/0O mode
« Clock asynchronous serial I/0 (UART) mode

- fil2(n+1))
: 1i/(16(n+1))

s fexr
: fext/(16(n+1))

Figure 13.1.4. UOTB to U2TB registers, UORB to U2RB registers, UOBRG to U2BRG registers
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M16C/26A Group (M16C/26A, M16C/26T)

13. Serial I1/10

b7 b6 b5 b4 b3 b2 bl bo

UARTI transmit/receive mode register (i=0, 1)

[

b7 b6 b5 b4 b3 b2 bl bo

UART2 transmit/receive mode register

| Symbol Address After reset
UOMR, UIMR 03A016, 03A816 0016
Bit . .
symbol Bit Function RW
name
- . b2 bl b0
SMDO | serial I/0 mode select bit 000 : Serial I/O disabled RW
(Note 2) 00 1: Clock synchronous serial I/O mode
SMD1 100 : UART mode transfer data 7 bits long
10 1: UART mode transfer data 8 bits long RW
11 0: UART mode transfer data 9 bits long
SMD2 Do not set value other than the above RW
CKDIR |Internal/external clock 0 : Internal clock RW
select bit 1 : External clock (Note 1)
STPS | stop bit length select bit | 0 : One stop bit
P 9 1 : Two stop bits RW
PRY | Odd/even parity select bit | Effective when PRYE = 1
0 : Odd parity RW
1: Even parity
PRYE | Parity enable bit 0 : Parity disabled RW
1 : Parity enabled
b Reserve bit Write to "0"
(b7) RW
Note 1: Set the corresponding port direction bit for each CLKi pin to “0” (input mode).
Note 2: To receive data, set the corresponding port direction bit for each RxDi pin to “0” (input mode).
Symbol Address After reset
U2MR 037816 0016
Bit . .
symbol Bit Function RW
name
SMDO | serial /0 mode select bit| 600 : Serial /O disabled RW
(Note 2) 00 1: Clock synchronous serial /O mode
SMD1 01 0: 12C bus mode (Note 3)
100 : UART mode transfer data 7 bits long RW
101 : UART mode transfer data 8 bits long
SMD2 11 0: UART mode transfer data 9 bits long
Must not be set except above RW
CKDIR |Internal/external clock 0 : Internal clock RW
select bit 1 : External clock (Note 1)
STPS | stop bit length select bit | 0 : One stop bit
P 9 1: Two stop bits RW
PRY | Odd/even parity select bit | Effective when PRYE = 1
0 : Odd parity RW
1: Even parity
PRYE | Parity enable bit 0: Parity disabled RW
1: Parity enabled
TxD, RxD I/O polarity 0: No reverse
I0POL ’
reverse bit 1: Reverse RW
Note 1: Set the corresponding port direction bit for each CLK2 pin to “0” (input mode).
Note 2: To receive data, set the corresponding port direction bit for each RxD2 pin to “0” (input mode).
Note 3: Set the corresponding port direction bit for SCL2 and SDA2 pins to “0” (input mode).

Figure 13.1.5. UOMR to U2MR registers
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M16C/26A Group (M16C/26A, M16C/26T)

UARTI transmit/receive control register 0 (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After reset

| | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
S Bit Bit name Function RW
Db i ombo
A b0
¢+ ¢+ 4 o 1t CLKO | BRG countsource 00 : fisio or f2si0 is selected RW
Poron o select bit 01:fasio is selected
A N ! 10:fazsio is selected RW
oo o 11 : Do not set to this value
. CRS | CTS/RTS function Effectlve when CRD =0
oo select bit 0 : CTS function is selected (Note 1) RW
oo (Note 3) 1: RTS function is selected
T A TXEPT | Transmit register empty |O : Data present in transmit register (during transmission)
vor o flag 1: No data present in transmit register RO
T (transmission completed)
Pl CRD | CTS/RTS disable bit |0+ CTSIRTS function enabled
I RERERELELEE 1: CTS/RTS function disabled RW
oo (P60, P64 and P73 can be used as I/O ports) (Note 6)
A NCH | Data output select bit 0 : TxDi/SDA2 and SCL2 pins are CMOS output Note 4)
P (Note 5) | 1 : TxDi/SDA2 and SCL2 pins are N-channel open-drain output RW
CKPOL | CLK polarity select bit 0 : Transmit data is output at falling edge of transfer clock
R and receive data is input at rising edge RW
! 1: Transmit data is output at rising edge of transfer clock
H and receive data is input at falling edge
o] UFORM | Transfer format select bit | 0 : LSB first RW

(Note 2) 1: MSB first

Note 1: Set the corresponding port direction bit for each CTSi pin to “0” (input mode).

Note 2: Effective for clock synchronous serial /O mode, UART mode transfer data 8 bits long and special mode 2.

Note 3: CTS1/RTS1 can be used when the CLKMDL1 bit in the UCON register is set to “0” (only CLK1 output) and the RCSP bit in the

UCON register is set to “0” (CTSo/RTSo not separated).

Note 4: SDA2 and SCL2 are effective when i =2

Note 5: When the SMD2 to SMDO bits in UIMR regiser are set to “0002” (serial I/0O disable), do not set NCH bit to “1” (TxDi/SDA2 and
SCL2 pins are N-channel open-drain output). o

Note 6: When the ULMAP bit in PACR register is “1” (P73 to P70), CTS/RTS pin in UARTL1 is assigned to P7o.

UART transmit/receive control register 2

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

|><| | UCON 03BO016 X00000002
Pobo o b Bt . Functi
A Bit unction R
poio i p | symbol name W
Vv v 4 4 1+ 1 | UOIRS [UARTO transmit 0 : Transmit buffer empty (Tl =
. interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) R
e W
E : : ' ' ' ' U1IRS | UART1 transmit 0 : Transmit buffer empty (TI = 1)
e, interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) R
A W
A UORRM | UARTO continuous 0 : Continuous receive mode disabled R
A receive mode enable bit | 1 : Continuous receive mode enable W
R T U1RRM | UART1 continuous 0 : Continuous receive mode disabled R
Coron receive mode enable bit | 1: Continuous receive mode enabled W
S CLKMDO| UART1 CLK/CLKS Effective when the CLKMDL. bit is set to “1”
Vo T select bit 0 0 : Clock output from CLK1 R
o 1 : Clock output from CLKS1 W
o CLKMD1| UART1 CLK/CLKS 0 : Output from CLK1 only
e select bit 1 (Note 1) 1 : Transfer clock output from multiple pins function R
. selected w
] RCSP | Separate UARTO 0 : CTS/RTS shared pin (Note 2)| g
! CTS/RTS bit 1: CTS/RTS separated (CTSo supplied from the P64 pin) W
] (b_7) Nothing is assigned. When write, set to “0”. When read, its content is indeterminate. .

Note 1: When using multiple transfer clock output pins, make sure the following conditions are met:
set the CKDIR bit in the ULMR register to “0” (internal clock)
Note 2: When the ULIMAP bit in PACR register is set to “1” (P73 to P70), CTSo is supplied from the P70 pin.

Figure 13.1.6. UOCO to U2CO registers and UCON register
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b7 b6 b5 b4 b3 b2 bl bo

b4 b3 b2 bl b0

UARTI transmit/receive control register 1 (i=0, 1)

UART2 transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl b0

Pin assignment control register (Note)

Fmmmmmmmccc——mm———————
i
iy

Symbol Address After reset
| UOC1, UlC1 03A516,03AD16 000000102
Bit Bit name Function RW
symbol
TE Transmit enable bit 0 : Transmission disabled RW
1: Transmission enabled
TI Transmit buffer 0 : Data present in UiTB register RO
empty flag 1: No data present in UiTB register
RE Receive enable bit 0 : Reception disabled RW
1: Reception enabled
RI Receive complete flag 0 : No data present in UiRB register RO
1: Data present in UiRB register
— Nothing is assigned. _
(b7-b4) | When write, set “0”. When read, these contents are “0”.
Symbol Address After reset
U2C1 037D16 000000102
Bit . .
symbol Bit name Function RW
TE Transmit enable bit 0 : Transmission disabled RW
1: Transmission enabled
TI | Transmit buffer 0 : Data present in U2TB register RO
empty flag 1: No data present in U2TB register
RE Receive enable bit 0 : Reception disabled
1 : Reception enabled RW
RI Receive complete flag 0 : No data present in U2RB register RO
1: Data present in U2RB register
U2IRS | UART2 transmit interrupt | O : Transmit buffer empty (Tl = 1) RW
cause select bit 1: Transmit is completed (TXEPT = 1)
U2RRM | UART2 continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enabled
U2LCH | Data logic select bit 0: No reverse
1: Reverse RW
U2ERE | Error signal output 0 : Output disabled RW
enable bit 1: Output enabled
Symbpl Address After reset
PACR 025D16 000000002
1 | Bit symbol Bit name Function RW
] PACRO [Pinenabling bit 001 : 42 pin RW
100 : 48 pin
PACR1 All other values are reserved. Do | RW
PACR2 not use. RW
Reserved bits Nothing is assigned. In an attempt|
(b6-b3) to write to these bits, write “0”. | __
The value, if read, turns out to
be “0”,
UART1 pin remapping bit |UARTL pins assigned to
U1MAP 0: P67 to P64 RW
1:P73to P70

Note : Make sure the PACR register is written to by the next instruction after setting the PRC2 bit in the PRCR
register to “1” (write enable).

Figure 13.1.7. UOC1 to U2C1 registers, PACR register
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UART?2 special mode register
b7 b6 b5 b4 b3 b2 bl bO
|><| | | | 0 | | | | Symbol Address After reset
AN B N I I U2SMR 037716 X00000002
R T R T T B Bit ] )
T R R T R Bit Function R
IR I e e name w
4 4+ 4+ 4 1 4 ] nem | 12C bus mode select bit | 0 : Other than 12C bus mode R
E E E E E E E 1:12C bus mode W
A ABC | Arbitration lost detecting | 0 : Update per bit R
voor o flag control bit 1: Update per byte W
BBS | Bus busy flag 0 : STOP condition detected R
ooy e 1: START condition detected (busy) (N¥AEL)
I N (b?) Reserved bit Set to “0” R
Dol W
E E i ] ABSCs | Bus collision detect 0 : Rising edge of transfer clock R
T sampling clock select bit |1 : Underflow signal of timer AO W
o ACSE | Auto clear function 0 : No auto clear function
----------------- select bit of transmit 1 : Auto clear at occurrence of bus collision R
P enable bit w
P sss Transmit start condition | O : Not synchronized to RxDi
temmmmmmmmmmmmmme e select bit 1 : Synchronized to RxDi (Note 2) \;F\(I
o (bT) Nothing is assigned. When write, set to “0”. When read, its content is indeterminate. .
Note 1: The BBS bit is set to “0” by writing “0” in a program. (Writing “1” has no effect.).
Note 2: When a transfer begins, the SSS bit is set to “0” (Not synchronized to RxDi).
UART2 special mode register 2
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset

|><I | | | | | | | U2SMR2 037616 X00000002
Bit Bit name Function RW
Vv 4 4 v 4 1 1| symbol
Pt or b ilcM2  |12C bus mode select bit 2| Refer to “Table 13.3.4. 12C bus Mode Functions” RW
Csc Clock-synchronous bit 0 : Disabled RW
e 1: Enabled
[ sSwWC SCL wait output bit 0 : Disabled
A 1: Enabled RW
e ALS SDA output stop bit 0 : Disabled RW
vor o 1: Enabled
R T S STAC | UART initialization bit 0 : Disabled RW
oo 1: Enabled
E . D LR EEEEEETS SWC2 | SCL wait output bit 2 0: Transfer clock RW
b 1: “L” output
S SDHI | SDA output disable bit | 0: Enabled W
H 1: Disabled (high impedance)
— Nothing is assigned. When write, set “0”. When read, its content is _
"""""""""""" (b7) indeterminate.

Figure 13.1.8. U2SMR register and U2SMR2 register
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b7 b6 b5 b4 b3 b2 bl b0

| X 1]

UART2 special mode register 3

S, %

Symbol Address After reset
U2SMR3 037516 000X0X0X2
Bit Bit name Function RW
symbol
- Nothing is assigned. _
(b0) When write, set “0”. When read, its content is indeterminate.
CKPH | Clock phase set bit 0 : Without clock delay RW
1 : With clock delay
- Nothing is assigned. .
(b2) | when write, set “0”. When read, its content is indeterminate.
NODC | Clock output select bit 0 : CLKi is CMOS output
1 : CLKi is N-channel open drain output RW
- Nothing is assigned. _
(b4) When write, set “0”. When read, its content is indeterminate.
DLO | sDA digital delay b7 b6 b5 RW
setup bit 0 0 0: Without delay
(Note 1, Note 2) 0 0 1:1to 2 cycle(s) of UBRG count source
DL1 0 1 0:2to 3 cycles of UBBRG count source
0 1 1:3to4cycles of UIBRG count source RW
1 0 0:4to5 cycles of UBRG count source
DL2 1 0 1:5to 6 cycles of UBBRG count source
1 1 0:6to 7 cycles of UBRG count source RW
1 1 1:7to 8 cycles of UBRG count source

b7 b6 b5 b4 b3 b2 bl bo

UART2 special mode register 4

Note 1 : The DL2 to DLO bits are used to generate a delay in SDA2 output by digital means during 12C bus mode. In other than
12C bus mode, set these bits to “0002" (no delay).
Note 2 : The amount of delay varies with the load on SCL2 and SDAZ2 pins. Also, when using an external clock, the amount of
delay increases by about 100 ns.

[ —

Symbol Address After reset
| U2SMR4 037416 0016
Bit . )
Bit name Function RW
symbol
STAREQ | Start condition 0: Clear RW
generate bit (Note) 1: Start
RSTAREQ | Restart condition 0: Clear RW
generate bit (Note) 1: Start
STPREQ | Stop condition 0: Clear RW
generate bit (Note) 1: Start
STSPSEL | sCL,SDA output 0 : Start and stop conditions not output RW
select bit 1: Start and stop conditions output
ACKD ACK data bit 0:ACK RW
1:NACK
ACKC | ACK data output 0 : Serial I/O data output RW
enable bit 1: ACK data output
SCLHI SCL output stop 0 : Disabled RW
enable bit 1: Enabled
SWC9 SCL wait bit 3 0 : SCL “L” hold disabled
1:SCL “L” hold enabled RW

Note: Set to “0” when each condition is generated.

Figure 13.1.9. U2SMR3 register and U2SMR4 register
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13.1.1. Clock Synchronous serial I/O Mode
The clock synchronous serial /O mode uses a transfer clock to transmit and receive data. Table 13.1.1.1
lists the specifications of the clock synchronous serial I/O mode. Table 13.1.1.2 lists the registers used in
clock synchronous serial I/O mode and the register values set.

Table 13.1.1.1. Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock » The CKDIR bit in the UIMR(i=0 to 2) register is set to “0” (internal clock) : fj/ (2(n+1))

fj = f1s10, f2sI0, f8slo, f32s10. n: Setting value of UIBRG register 0016 to FF16
» The CKDIR bit is set to “1” (external clock ) : Input from CLKi pin
Transmission, reception control « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition « Before transmission can start, the following requirements must be met (Note 1)

- The TE bit in the UiC1 register is set to "1" (transmission enabled)
— The TI bit in the UiC1 register is set to "0" (data present in UiTB register)
- If CTS function is selected, input on the CTSi pin is “L”

Reception start condition « Before reception can start, the following requirements must be met (Note 1)

— The RE bit in the UiC1 register is set to "1" (reception enabled)

—The TE bit in the UiC1 register is set to "1" (transmission enabled)

— The TI bit in the UiC1 register is set to "0" (data present in the UiTB register)

« For transmission, one of the following conditions can be selected

— The UIIRS bit (Note 3) is set to "0" (transmit buffer empty): when transferring data

from the UiTB register to the UARTI transmit register (at start of transmission)
- The UIIRS bit is set to "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 (Note 2)
This error occurs if the serial I/O started receiving the next data before reading the
UIiRB register and received the 7th bit of the next data
Select function * CLK polarity selection
Transfer data input/output can be chosen 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 O 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 (UART2)
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)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection

The UART1 pin can be selected from the P67 to P64 or P73 to P70.

Note 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.

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit in the SiRIC register does not change.

Note 3: The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 13.1.1. 2. Registers to Be Used and Settings in Clock Synchronous Serial I/O Mode

Register Bit Function

UiTB(Note3) | Oto 7 Set transmission data

UiRB(Note3)| Oto 7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set a transfer rate

UiMR(Note3)] SMD2 to SMDO Set to “0012”
CKDIR Select the internal clock or external clock
IOPOL(i=2)(Note 4) 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

UiCl 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 (Note 1) Select the source of UART2 transmit interrupt
U2RRM (Note 1) Set this bit to “1” to use UART2 continuous receive mode
U2LCH(Note 3) Set this bit to “1” to use UART2 inverted data logic
U2ERE(Note 3) Set to “0”

U2SMR Oto7 Set to “0”

U2SMR2 | Oto 7 Set to “0”

U2SMR3 | Oto 2 Set to “0”
NODC Select clock output mode
4t07 Set to “0”

U2SMR4 | Oto 7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, ULIRRM | Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 =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 P64 pin or P70 pin
7 Set to “0”

Note 1: Set bit 4 and bit 5 in the UOC1 and U1C1 register are set to “0”. The UOIRS, U1IRS, UORRM and U1IRRM
bits are in the UCON register.

Note 2: Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial I/0 mode.

Note 3: Set the bit 6 and bit 7 in the U0OC1 and U1C1 register to "0".

Note 4: Set the bit 7 in the UUMR and U1MR register to "0".

i=0to 2
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Table 13.1.1.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Table
13.3 shows pin functions for the case where the multiple transfer clock output pin select function is dese-
lected. Table 13.1.1.4 lists the P64 pin functions during clock synchronous serial /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”. (If the N-channel open-drain output is selected, this pin is in a high-impedance state.)

Table 13.1.1.3. Pin Functions(Note 1) (When Not Select Multiple Transfer Clock Output Pin Function)

Pin name Function Method of selection
TxDi (i = 0 to 2)| serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70)
RxDi Serial data input Set the PD6_2 bit and PD6_6 bit in the PD6 register, and PD7_1 bit in the PD7
(P62, P66, P71) register to "0"(Can be used as an input port when performing transmission only)
CLKi Transfer clock output Set the CKDIR bit in the UiMR register to "0"

(P61, P65, P72)[ ~- - e e R S co-- T sooooooooooooooooooooooo
Transfer clock input Set the CKDIR bit in the UiMR register to "1

Set the PD6_1 bit and PD6_5 bit in the PD6 register, and the PD7_2 bit in the
PD7 register to "0"

CTSI/RTSi CTS input Set the CRD bit in the UiCO register to "0"
(P60, P64, P73) Set the CRS bit in the UiCO register to "0"
Set the PD6_0 bit and PD6_4 bit in the PD6 register’ is set to "0", the PD7_3

RTS output Set the CRD bit in the UiCO register to "0"
Set the CRS bit in the UiCO register to "1"

1/0O port Set the CRD bit in the UiCO register to "1"

Note 1: When the U1IMAP bit in PACR register is “1” (P73 to P70), UARTL1 pin is assgined to P73 to P70.

Table 13.1.1.4. P64 Pin Functions(Note 1)

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4

P64 1 — 0 0 — Input: 0, Output: 1

CTS1 0 0 0 0 — 0

RTS1 0 1 0 0 — |—

CTSo(Note2)| O 0 1 0 — 0

CLKS1 — — — | 1(Note 3) 1 —

Note 1: When the ULMAP bit in PACR register is “1” (P73 to P70), this table lists the P70 functions.

Note 2: In addition to this, set the CRD bit in the UOCO register to “0” (CT00/RTOo enabled) and the
CRS bit in the UOCO register to “1” (RTSo selected).

Note 3: When the CLKMDL1 bit is setto "1" and the CLKMDO bit is set to "0", the following logiclevels are output:
« High if the CLKPOL bit in the U1CO register is set to "0"
 Low if the CLKPOL bit in the U1CO register is set to "1"
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(1) Example of transmit timing

Tc

Transfer clock ||||| |||||||||||||||| ||||||| | |||||||||||||||

up .
UiC1 register J ; | |
TE bit ‘0" Write data to the UiTB register

UiC1 register S l | l}
Tl bit g 4)\

Transferred from UiTB register to UARTI transmit register

T U

Stopped pulsing because CTSi = “H”

L

Stopped pulsing because the TE bit = “0”
CLKi

X0 @@@@@@@@@@@@@@@@@@@@@ D/
U I ] ] I~
SITIC regiser ; l_l |—| l_l

T AN Vi

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
Tc=TCLK =2(n + 1) / fj
fj: frequency of UiIBRG count source (f1S10, f2S10, f8slO, f32S10)
n: value set to UiBRG register
i:0to2

The above timing diagram applies to the case where the register bits are set as follows:
» CKDIR bit in the UiMR register is set to "0"(internal clock)
« CRD bit in the UiCO register is set to "0" (CTS/RTS enabled), CRS bit to "0" (CTS selected)
« CKPOL bit in the UiCO register is set to "0" (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer
clock)
« UilRS hit is set to "0" (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the UCON register bit 0, ULIRS bit is the
UCON register bit 1, and U2IRS bit is the U2C1 register bit 4

(2) Example of receive timing

agr
UiC1 register
RE bit 0" —
. . 1 '
UiC1 register I ) ] )
TE bit “0” Write dummy data to UiTB register

UiC1 register
TI bit “0”

i

b

r |1 Transferred from UiTB register to UARTI transmit register
RTSi I |_| Even if the reception is completed, the RTS

“L | ~_ does not change. The RTS becomes “L”
i —>|—‘<— 1/ fexr when the RI bit changes to “0” from “1”.
CLKi R
Receive data is taken in
RxDi
o Transferred from UARTI receive register Read out from UiRB register
UiC1 register 1 to UiRB register
RI bit 0"
SIRIC register 1 | |
IR bit “Qr .
Cleared to “0” when interrupt request is
accepted, or cleared 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 to the CLKi pin
as follows: ) . ) before receiving data is high:
« CKDIR bit in the UiMR register is set to "1" (external clock) « TE bit in the UiCO register is set t (transmit enabled)
« CRD bit in the UiCO register is set to "0" (CTS/RTS enabled), CRS bit to "1" (RTS selected) « RE bit in the UiCO register is set to "1" (Receive enabled)
« CKPOL bit in the UiCO register is set to "0" (transmit data output at the falling edge and « Write dummy data to the UiTB register

receive data taken in at the risina edae of the transfer clock)

Figure 13.1.1.1. Typical transmit/receive timings in clock synchronous serial /O mode
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13.1.1.1 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in clock synchronous serial I/O 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 1/0 disabled)
(3) Set the SMD2 to SMDO bits in the UiMR register to “001b” (Clock synchronous serial I/O 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 1/0 disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “001b” (Clock synchronous serial I/O mode)
(3) “1" is written to RE bit in the UiC1 register (reception enabled), regardless to the TE bit in the UiC1
register.

13.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i = 0 to 2) to select the transfer clock polarity. Figure 13.1.1.2.1
shows the polarity of the transfer clock.

(1) When the CKPOL bit in the UiCO register is set to "0" (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

CLKi i § J u u (Note 2)

TXDi XDO}%DlXDZ/)XszD4><D5><D6><D7
RXDi ><D0><Dl><D2><D3><D4><D5><D6><D7

(2) When the CKPOL bit in the UiCO register is set to "1" (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

NI N . N 20 O Y (%

TXDi XDO}%DlXDZ/)XszD4><D5><D6><D7

RXDi X po X b1 X D2 X D3 X Da X ps X D6 X D7

Note 1: This applies to the case where the UFORM bit in the UiCO register is set to "0" (
LSB first) and the UILCH bit in the UiC1 register is set to "0" (no reverse).

Note 2: When not transferring, the CLKi pin outputs a high signal.

Note 3: When not transferring, the CLKi pin outputs a low signal.

i=0to2

Figure 13.1.1.2.1. Polarity of transfer clock
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13.1.1.3 LSB First/MSB First Select Function

Use the UFORM bit in the UiCO register (i = 0 to 2) to select the transfer format. Figure 13.1.1.3.1
shows the transfer format.

(1) When the UFORM bit in the UiCO register "0" (LSB first)

i L0
TXDi X po X b1 X b2 X b3 X D4 X Ds X De X D7

RXDi X po X D1 X D2 X D3 X Da X D5 X D6 X D7

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)

e LI LT LI L L
TXDi X b7 X b6 X ps X pa X p3 X D2 X b1 X Do
RXDi X p7 X D6 X D5 X Da X D3 X D2 X D1 X Do

Note: This applies to the case where the CKPOL bit in the UiCO register is
set to "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).

i=0to 2

Figure 13.1.1.3.1 Transfer format

13.1.1.4 Continuous receive mode
When the UIRRM bit (i = 0 to 2) is set to "1" (continuous receive mode), the Tl bit in the UiC1 register
is set to “0” (data present in the UiTB register) by reading the UiRB register. In this case, i.e., URRM
bit is set to "1", do not write dummy data to the UiTB register in a program. The UORRM and ULRRM

bits are the bit 2 and bit 3 in the UCON register, respectively, and the U2RRM bit is the bit 5 in the
U2CL1 register.
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13.1.1.5 Serial data logic switch function (UART2)
When the U2LCH bit in the U2CL1 register is set to "1" (reverse), the data written to the U2TB register

has its logic reversed before being transmitted. Similarly, the received data has its logic reversed
when read from the U2RB register. Figure 13.1.1.4.1 shows serial data logic.

(1) When the U2LCH bit in the U2C1 register is set to "0" (no reverse)

Transfer clock “H" | | | | | | |
"

(no re\;l;z)r(sDei t ‘( Do X b1 X D2 X D3X D4 X D5 X DGX D7

(2) When the U2LCH bit in the U2C1 register is set to "1" (reverse)

Transfer clock “H" | | | | | | |
w

oo ™ 50| 1 )02 ) 05 | D4 | 05} 06 ) 07

Note: This applies to the case where the CKPOL bit in the U2C0
register is set to "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 is set to "0" (LSB first).

Figure 13.1.1.4.1. Serial data logic switch timing

13.1.1.6 Transfer clock output from multiple pins function (UART1)
The CLKMD1 to CLKMDO bits in the UCON register can choose one from two transfer clock output
pins. (See Figure 13.1.1.6.1) This function is valid when the internal clock is selected for UARTL.

Microcomputer

TxD1 (P67)

CLKS1 (P64)

CLK1 (P6s) IN IN

CLK CLK
Transfer enabled Transfer enabled
when the CLKMDO when the CLKMDO
bit in the UCON bit in the UCON
register is set to "0" register is set to "1"

Note 1: This applies to the case where the CKDIR bit in the U1MRregister is set to "0" (internal clock)
and the CLKMD1 bit in the UCON register is set to "1" (transfer clock output from multiple
pins).

Note 2: This applies to the case where UIMAP bit in PACR register is set to “0” (P67 to P64).

Figure 13.1.1.6.1 Transfer Clock Output From Multiple Pins
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13.1.1.7 CTS/RTS separate function (UARTO)
This function separates CTS0o/RTS0, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin. To use this function, set the register bits as shown below.
» The CRD bit in the UOCO register is set to "0" (enables UARTO CTS/RTS)
« The CRS bit in the UOCO register is set to "1" (outputs UARTO RTS)
» The CRD bit in the U1CO register is set to "0" (enables UART1 CTS/RTS)
 The CRS bit in the U1CO register is set to "0" (inputs UART1 CTS)
» The RCSP bit in the UCON register is set to "1" (inputs CTSo from the P64 pin)
* The CLKMD1 bit in the UCON register is set to "0" (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.

Microcomputer

TxDo (P63)
RxDo (P62)
CLKo (P61)

RTSo (P60)
CTSo (P64)

-t

|t

Note 1: This applies to the case where ULIMAP bit in PACR register is set to “0” (P67 to P64).

Figure 13.1.1.7.1. CTS/RTS separate function usage
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13.1.2. Clock Asynchronous Serial I/O (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 13.1.2.1 lists the specifications of the UART mode.

Table 13.1.2.1. UART Mode Specifications
Item 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 » The CKDIR bit in the UiIMR(i=0 to 2) register is set to "0" (internal clock) : fj/(16(n+1))
fj = f1s10, f2sl10, f8sio, f32s10. n: Setting value of UIBRG register 0016 to FF16
* CKDIR hit is set to “1” (external clock ) : fEXT/(16(n+1))
fExT: Input from CLKi pin. n :Setting value of UiBRG register ~ 0016 to FF16
Transmission, reception control| « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition| < Before transmission can start, the following requirements must be met
- The TE bit in the UiC1 register is set to "1" (transmission enabled)
- The Tl bit in the UiC1 register "0" (data present in UiTB register)
— If CTS function is selected, input “L” to the CTSi pin
Reception start condition « Before reception can start, the following requirements must be met
— The RE bit in the UiC1 register is set to "1" (reception enabled)
— Start bit detection

Interrupt request « For transmission, one of the following conditions can be selected
generation timing - The UIiIRS bit (Note 2) is set to "0" (transmit buffer empty): when transferring data
from the UiTB register to the UARTI transmit register (at start of transmission)

— The UIIRS bit is set to "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 (Note 1)
This error occurs if the serial I/O 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 (= 1) when any of the overrun, framing, and parity errors is encountered

Select function * LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected

« Serial data logic switch (UART2)
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.

* TXD, RxD 1/O polarity switch (UART2)
This function reverses the polarities of hte TxD pin output and RxD pin input. The
logic levels of all I/O data is reversed.

» Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins

* UART1 pin remapping selection
The UARTL1 pin can be selected from the P67 to P64 or P73 to P70.

Note 1: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit in the SiRIC register does not change.

Note 2: The UOIRS and U1IRS bits respectively are the bits "0" and "1" in the UCON register; the U2IRS bit is the bit 4 in the U2C1 register.
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Table 13.1.2.2. Registers to Be Used and Settings in UART Mode

Register Bit Function

uiTB Oto8 Set transmission data (Note 1)

UiRB Oto8 Reception data can be read (Note 1)
OER,FER,PER,SUM| Error flag

UiBRG Oto7 Set a transfer rate

UiIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long

Set these bits to ‘1012’ when transfer data is 8 bits long
Set these bits to ‘1102’ when transfer data is 9 bits 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(i=2)(Note 4) Select the TxD/RxD input/output polarity
uiCco 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 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
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 (Note 2) Select the source of UART2 transmit interrupt
U2RRM (Note 2) Set to “0”

U2LCH (Note 3) Set this bit to “1” to use UART2 inverted data logic
U2ERE (Note 3) Set to “0”

U2SMR Oto7 Set to “0”
U2SMR2 | Oto 7 Set to “0”
U2SMR3 | Oto 7 Set to “0”
U2SMR4 | Oto 7 Set to “0”
UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, U1RRM Set to “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin or P70 pin
7 Set to “0”

Note 1: The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long; bit O
to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.

Note 2: Set the bit 4 to bit 5 in the UOC1 and U1C1 registers to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are included in the UCON register.

Note 3: Set the bit 6 to bit 7 in the UOC1 and U1C1 registers to “0".

Note 4: Set the bit 7 the UOMR and U1MR registers to “0".

i=0 to 2
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Table 13.1.2.3 lists the functions of the input/output pins during UART mode. Table 13.1.2.4 lists the P64
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”. (If the N-channel open-drain output is selected, this
pin is in a high-impedance state.)

Table 13.1.2.3. /O Pin Functions in UART mode(Note 1)

Pin name Function Method of selection
TxDi (i = 0 t0 2)| Serial data output (Outputs "H" when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6_2 bit, PD6_6 bit in the PD6 register and the PD7_1 bit in the PD7 register
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port Set the CKDIR bit in the UiMR register to "0"

(P61 Pes, P72)y —~ oy Setthe CKDIR bit in the UiMR register to*1* 7
Transfer clock input

Set the PD6_1 bit and PD6_5 bit in the PD6 register to "0", PD7_2 bit in the PD7
register to "0"
~oipTa CTS input Set the CRD bit in the UiCO register to "0"
?PTS%'/ ng'P?s) Set the CRS bit in the UICO register to "0"
' ’ Set the PD6_0 bit and PD6_4 bit in the PD6 register to "0", the PD7_3 bit in the

RTS output Set the CRD bit in the UiCO register to "0"
Set the CRS bit in the UiCO register to "1"
Input/output port Set the CRD bit in the UiCO register "1"

Note 1: When the UIMAP bit in PACR register is set to “1” (P73 to P70), UART1 pin is assgined to P73to P70.

Table 13.1.2.4. P64 Pin Functions in UART mode(Note 1)

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 —
CTSo(Note2) O 0 1 0 0

Note 1: When the UIMAP bit in PACR register is “1” (P73 to P70), this table lists the P70 functions.
Note 2: In addition to this, set the CRD bit in the UOCO register to “0” (CTS0o/RTSo enabled) and the CRS
bit in the UOCO register to “1” (RTSo selected).
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« Example of transmit timing when transfer data is 8 bits 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 E | | | | | | | | | H_I— | | | | | | | | |

UiC1 register apr

TE bit | |
‘0" ; Write data to the UiTB register

UiC1 register

R 4 | X

’ Transferred from UiTB register to UARTI transmit register

EE . |
Stt)c?ltrt P.’é(ity E.ttop Eé?:gﬁzg ?#els'll'né] bit
i i i =Q

ol STAPKKOXONOKOKOXONPY 5P \STAPNDROKONCNOROAKON P 5P
UiCO register o
TXEPT bit

w0

SiTIC register ‘ i i
IR bit “r

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor16 (n+1)/fexr

as follows: o . . ) fj : frequency of UIBRG count source (f1SI0, f2sI0, f8SI0, f32S10)
+ Set the PRYE bit in the UiMR register to "1" (parity enabled) fEXT : frequency of UIBRG count source (external clock)
* Set the STPS bit in the UIMR register to "0" (1 stop bit) n : value set to UIBRG

* Set the CRD bit in the UiCO register to "0" (CTS/RTS enabled), "0to2
the CRS bit to "0" (CTS selected)
« Set the UiIRS bit to "1" (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc
—>|—|<—
Transfer clock —I_|_ | | | | | | | | —|_|_ | | | | | | | | |

UiC1 register
TE bit 0" J

UiC1 register 1 ‘—qf

TI bit w0 —l_

Transferred from UiTB register to UARTI
transmit register

Write data to the UiTB register | I_

DA N\ @@@@@@@@@ STAPKOHOROKOKONONON O PSP

%Tkig register (1) _l _l —
AN l

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor16 (n+1)/fexr
as follows: o . . o fj : frequency of UIBRG count source (f1SI0, f2S10, f8SIO, f32SI0)
« Set the PRYE bit in the UiMR register to "0" (parity disabled) fEXT : frequency of UIBRG count source (external clock)

« Set the STPS hit in the UiMR register to "1" (2 stop bits)
« Set the CRD bit in the UiCO register to "1"(CTS/RTS disabled)
« Set the UIIRS bit to "0" (an interrupt request occurs when transmit buffer
becomes empty):
UOIRS bit is the UCON register bit 0, ULIRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

n : value set to UIBRG
i:0to2

Figure 13.1.2.1. Typical transmit timing in UART mode (UARTO, UART1)
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RE bit

RxDi

RI bit

RTSi

IR bit

UiBRG count
source

UiC1 register “1” —I
g

UIC1 register

SIiRIC register

» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

Transfer clock

Reception triggered when transfer clock
is generated by falling edge of start bit

Sampled “L”

Stop bit

Receive data taken in

[ S N

Transferred from UARTI receive

|-

register to UiRB register \ﬁ

I
1

SR SN

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program

The above timing diagram applies to the case where the register bits are set as follows:
« Set the PRYE bit in the UiMR register to "0"(parity disabled)
* Set the STPS bit in the UiMR register to "0" (1 stop bit) -
 Set the CRD bit in the UiCO register to "0" (CTSi/RTSi enabled), the CRS bit to "1" (RTSi selected)
i=0to2

ol

Figure 13.1.2.2. Receive Operation

13.1.2.1. Bit Rates
In UART mode, the frequency set by the UIBRG register (i=0 to 2) divided by 16 become the bit rates.
Table 13.1.2.1.1 lists example of bit rate and settings.

Table 13.1.2.1.1 Example of Bit Rates and Settings

Bit Rate | Count Source | Peripheral Function Clock : 16MHz | Peripheral Function Clock : 20MHz
(bps) of BRG Set Value of BRG : n| Actual Time (bps) | Set Value of BRG : n | Actual Time (bps)
1200 f8 103(67h) 1202 129(81h) 1202
2400 f8 51(33h) 2404 64(40h) 2404
4800 f8 25(19h) 4808 32(20h) 4735
9600 fl 103(67h) 9615 129(81h) 9615
14400 f1 68(44h) 14493 86(56h) 14368
19200 fl 51(33h) 19231 64(40h) 19231
28800 f1 34(22h) 28571 42(2Ah) 29070
31250 fl 31(1Fh) 31250 39(27h) 31250
38400 f1 25(19h) 38462 32(20h) 37879
51200 fl 19(13h) 50000 24(18h) 50000
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13.1.2.2. Counter Measure for Communication Error
If a communication error occurs while transmitting or receiving in UART mode, follow the procedure
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 UIiTB register (i=0 to 2)
(1) Set the SMD2 to SMDO bits in UiIMR register “000b” (Serial I/O disabled)
(2) Set the SMD2 to SMDO bits in UIMR register “001b”, “101b”, “110b”

(3) “1" is written to RE bit in the UIC1 register (reception enabled), regardless of the TE bit in the UiC1
register

13.1.2.3. LSB First/MSB First Select Function

As shown in Figure 14.1.2.3.1, use the UFORM bit in the UiCO register to select the transfer format.
This function is valid when transfer data is 8 bits long.

(1) When the UFORM bit in the UiCO register is set to "0" (LSB first)

e L LU
TXDi ST A Do X D1 X D2 X D3 X Da X D5 X D6 X D7 X P ) SP
RXDi ST A po X D1 X b2 X D3 X Da X Ds X b6 X D7 X P ) sP

(2) When the UFORM bit in the UiCO register "1" (MSB first)

x0i  \ ST A D7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P ) sp
reoi \. ST A D7 X D6 X Ds X D4 X D3 X D2 X D1 X Do X P Y sp

Note: This applies to the case where the CKPOL bit in the UiCO registeris ST : Start bit

set to "0" (transmit data output at the falling edge and the receive P : Parity bit
data taken in at the rising edge of the transfer clock), the UILCH bit ~ SP : Stop bit
in the UiC1 register is set to "0" (no reverse), the STPS bit in the i=0to2

UIMR register is set to "0" (1 stop bit) and the PRYE bit in the UIMR
register is set to "1" (parity enabled).

Figure 13.1.2.3.1. Transfer Format
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13.1.2.4. Serial Data Logic Switching Function (UART2)
The data written to the U2TB register has its logic reversed before being transmitted. Similarly, the

received data has its logic reversed when read from the U2RB register. Figure 13.1.2.4.1 shows serial
data logic.

(1) When the U2LCH bit in the U2C1 register is set to "0" (no reverse)

Transfer clock ||| || ||| ||| ||| |||

(nore\ljr(s'f) ': \ st {po b1 p2)p3)pa s o6 D7) P Ysp

(2) When the U2LCH bit in the U2C1 register is set "1" (reverse)

Transfer clock Hnl | | | | | | | | | | | | | | | |
o
oy o \ust {0\ o1 (2 {3\ Ba {5 B (o7 N P ) sP

Note: This applies to the case where the CKPOL bit in the U2CO register ST - Start bit
is set to "0" (transmit data output at the falling edge of the transfer P : Parity bit
clock), the UFORM bit in the U2CO register is set to "0" (LSB first), SP : Stop bit
the STPS bit in the U2MR register is set to "0" (1 stop bit) and the
PRYE bit in the U2MR register is set to "1" (parity enabled).

Figure 13.1.2.4.1. Serial Data Logic Switching

13.1.2.5. TxD and RxD 1/O Polarity Inverse Function (UART2)
This function inverses the polarities of the TxD2 pin output and RxD2 pin input. The logic levels of all

input/output data (including the start, stop and parity bits) are inversed. Figure 13.1.2.5.1 shows the
TXD pin output and RxD pin input polarity inverse.

(1) When the IOPOL bit in the U2MR register is set to "0" (no reverse)
Transfer clock E | | | | | | | | | | | | | | | |

TXD2 *H’

(noreve):sei o \ sT (DoY D1YD2YD3YDaYD5YD6) D7) P JSP
RxD2 ‘H' sT(DOYD1YD2YD3YDaYD5 D6y D7) P Y SP

02 T\ ST (B0 (BT (2| 53 DA P5 [ D) BT ) P Y

(2) When the IOPOL bit in the U2MR register is set to "1" (reverse)
Transfer clock " | | | | | | | | | | | | | | | |

overse) 1/ ST\ DU Y DT (D7 D3 Y DT\ D5 Y DB N DT P ) o°
R .. [sT{DoY DI Dz D3 DAY D5 DB D7) P ) S

Note: This applies to the case where the UFORM bit in the U2CO register ST : Start bit
is set to "0"(LSB first), the STPS bit in the U2MR register is set to "0 P : Parity bit
" (1 stop bit) and the PRYE bit in the U2MR register is set to "1"( SP - Stop bit
parity enabled).

Figure 13.1.2.5.1. TxD and RxD 1I/O Polarity Inverse

Rev. 1.00 Mar. 15, 2005 page 151 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 13. Serial /0

13.1.2.6. CTS/RTS Separate Function (UARTO)
This function separates CTSo/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin. To use this function, set the register bits as shown below.
+ Set the CRD bit in the UOCO register to "0" (enables UARTO CTS/RTS)
+ Set the CRS bit in the UOCO register to "1"(outputs UARTO RTS)
» Set the CRD bit in the U1CO register to "0" (enables UART1 CTS/RTS)
« Set the CRS bit in the U1CO register to "0" (inputs UART1 CTS)
+ Set the RCSP bit in the UCON register to "1" (inputs CTSo from the P64 pin)
* Set the CLKMDL1 bit in the UCON register to "0" (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be
used.

Microcomputer IC
TxDo (P63) B IN
RxDo (P62) |- ouT
RTSo (P60) - CTS
CTSo (P64) |<a RTS

Note 1: This applies to the case where ULIMAP bit in PACR register
is set to “0” (P67 to P64).

Figure 13.1.2.6.1. CTS/RTS Separate Function
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13.1.3 Special Mode 1 (12C bus mode)(UART2)
I2C bus mode is provided for use as a simplified I2C bus interface compatible mode. Table 13.1.3.1 lists
the specifications of the 12C bus mode. Table 13.1.3.2 and 13.1.3.3 list the registers used in the 12C bus
mode and the register values set. Table 13.1.3.4 lists the 12C bus mode fuctions. Figure 13.1.3.1 shows
the block diagram for 12C bus mode. Figure 13.1.3.2 shows SCL2 timing.

As shown in Table 13.1.3.2, the microcomputer is placed in 12C bus mode by setting the SMD2 to SMDO
bits to ‘0102’ and the IICM bit to “1”. Because SDA2 transmit output has a delay circuit attached, SDA
output does not change state until SCL2 goes low and remains stably low.

Table 13.1.3.1. 12C bus Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock  During master

The CKDIR bit in the U2MR register is set to “0” (internal clock) : fj/ (2(n+1))

fj = f1s10, f2s10, f8sl0, f32s10. n: Setting value in the U2BRG register 0016 to FF16
« During slave

The CKDIR bit is set to “1” (external clock ) : Input from SCL pin
Transmission start condition | < Before transmission can start, the following requirements must be met (Note 1)
— The TE bit in the U2C1 register is set to "1" (transmission enabled)

- The TI bit in the U2C1 register is set to "0" (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met (Note 1)

— The RE bit in the U2C1 register is set to "1" (reception enabled)

— The TE bit in the U2C1 register is set to "1" (transmission enabled)

- The TI bit in the U2C1 register is set to "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 (Note 2)

This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the 8th bit of the next data
Select function * Arbitration lost
Timing at which the ABT bit in the U2RB register is updated can be selected
» SDAZ2 digital delay
No digital delay or a delay of 2 to 8 U2BRG count source clock cycles selectable
* Clock phase setting
With or without clock delay selectable
Note 1: When an external clock is selected, the conditions must be met while the external clock is in the
high state.
Note 2: If an overrun error occurs, the value in the U2RB register will be indeterminate. The IR bit in the

S2RIC register does not change.
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Start and stop condition generation block
-
SDA2 O STSPSEL=1 DMAO, DMAL1 request
SDASTsP
—SCLsTsP
STSPSEL=0 lICM2=1
Transmission UART?2 transmit,
register o NACK interrupt
UART2 lIcM=1 and request
IICM2=0
ALS
Arbitration > DMAO
lICM2=1 )
Reception register, UART?2 receive,
UART2 |o ACK interrupt request,
1ICM=1 and DMAL request
Start condition liCM2=0
detection L
R busy
Stop condition [ NACK
detection
D
! T
—lgetecion
scL2 ||
IICM=0 R |Port register il ACK
I/Oport |[o [(Note) 9th bit
STSPSEL=0 Internal clockj
< ) swez| | ek Start/stop condition detection
ICM=IUART2lsTpsEL=1| External || control interrupt request
Noise clock
Filter UART2
This diagram applies to the case where the SMD2 to SMDO bits in the the U2MR register is set to "0102" and the IICM bit in the U2SMR
register is set to "1".
IICM : Bit in the U2SMR
IICM2, SWC, ALS, SWC2, SDHI : Bits in the U2SMR2
STSPSEL, ACKD, ACKC : Bits in the U2SMR4
Note: If the IICM bit is set to "1", the pin can be read even when the PD7_1 bit is set to "1" (output mode).

Figure 13.1.3.1. 12C bus Mode Block Diagram
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M16C/26A Group (M16C/26A, M16C/26T)

Table 13.1.3.2. Registers to Be Used and Settings in 1°C bus Mode (1) (Continued)

Register Bit Function
Master Slave
u2TB Oto7 Set transmission data Set transmission data
(Note 1)
U2RB |[0to7 Reception data can be read Reception data can be read
(Note 1) |8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
U2BRG [0to 7 Set a transfer rate Invalid
U2MR |SMD2 to SMDO Set to ‘0102 Set to ‘0102’
(Note 1) |CKDIR Set to “0” Set to “1”
IOPOL Set to “0” Set to “0”
uU2co CLK1, CLKO Select the count source for the U2BRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Set to “1” Set to “1”
NCH Set to “1” Set to “1”
CKPOL Set to “0” Set to “0”
UFORM Setto “1” Setto “1”
u2C1 |TE Set this bit to “1” to enable transmission | Set this bit to “1” to enable transmission
Tl Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to “1” to enable reception Set this bit to “1” to enable reception
RI Reception complete flag Reception complete flag
U2IRS Invalid Invalid
U2RRM, Set to “0” Set to “0”
U2LCH, U2ERE
U2SMR |IICM Set to “1” Set to “1”
ABC Select the timing at which arbitration-lost| Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Set to “0” Set to “0”
U2SMR2[ [ICM2 Refer to Table 13.1.3.4 I2C bus Mode Functions | Refer to Table 13.1.3.4 I2C bus Mode Functions
CsC Set this bit to “1” to enable clock Set to “0”
synchronization
sSwcC Set this bit to “1” to have SCL2 output Set this bit to “1” to have SCL2 output
fixed to “L” at the falling edge of the 9th | fixed to “L” at the falling edge of the 9t
bit of clock bit of clock
ALS Set this bit to “1” to have SDA2 output Set to “0”
stopped when arbitration-lost is detected
STAC Set to “0” Set this bit to “1” to initialize UART2 at
start condition detection
SWC2 Set this bit to “1” to have SCL2 output Set this bit to “1” to have SCL2 output
forcibly pulled low forcibly pulled low
SDHI Set this bit to “1” to disable SDA2 output | Set this bit to “1” to disable SDA2 output
7 Set to “0” Set to “0”
U2SMR3 0, 2, 4 and NODC| Setto “0” Set to “0”
CKPH Refer to Table 13.1.3.4 12C bus Mode Functions | Refer to Table 13.1.3.4 I2C bus Mode Functions
DL2 to DLO Set the amount of SDA2 digital delay Set the amount of SDA2 digital delay

Note 1: Not all register bits are described above. Set those bits to “0” when writing to the registers in 12C bus

mode.
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Table 13.1.3.3. Registers to Be Used and Settings in 1°C bus Mode (2) (Continued)

Register Bit Function
Master Slave
U2SMR4|{ STAREQ Set this bit to “1” to generate start Set to “0”
condition
RSTAREQ Set this bit to “1” to generate restart Set to “0”
condition
STPREQ Set this bit to “1” to generate stop Set to “0”
condition
STSPSEL Set this bit to “1” to output each condition Set to “0”
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to “1” to output ACK data Set this bit to “1” to output ACK data
SCLHI Set this bit to “1” to have SCL2 output Set to “0”
stopped when stop condition is detected
SWC9 Set to “0” Set this bit to “1” to set the SCL2 to “L”
hold at the falling edge of the 9th bit of
clock

Note 1: Not all bits in the register are described above. Set those bits to “0” when writing to the registers in 12C
bus mode.
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Table 13.1.3.4. 12C bus Mode Functions

Function

Clock synchronous serial 1/0
mode (SMD2 to SMDO = 0012,
IICM = 0)

12C bus mode (SMD2 to SMDO = 0102, IICM = 1)

lICM2=0 IICM2 =1

(NACKI/ACK interrupt) (UART transmit/ receive interrupt)
CKPH=0 CKPH=1 | CKPH=0 CKPH=1
(No clock delay)| (Clock delay)| (No clock delay) (Clock delay)

Factor of interrupt number
10 (Note 1) (Refer to Fig.
13.1.3.2)

Start condition detection or stop condition detection
(Refer to Figure 13.1.3.2.1. STSPSEL Bit Function)

Factor of interrupt number
15 (Note 1) (Refer to Fig.
13.1.3.2)

UART2 transmission
Transmission started or
completed (selected by U2IRS)

No acknowledgment
detection (NACK)
Rising edge of SCL2 9th bit

UART2 transmission
Rising edge of
SCL2 9th bit

UART2 transmission
Falling edge of SCL2
next to the 9th bit

Factor of interrupt number
16 (Note 1) (Refer to Fig.
13.1.3.2)

UART?2 reception

When 8th bit received
CKPOL =0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection
(ACK)
Rising edge of SCL2 9th bit

UART2 transmission
Falling edge of SCL2 9th bit

Timing for transferring data
from the UART reception
shift register to the U2RB
register

CKPOL =0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCL2 9th bit

Falling edge of
SCL2 9th bit

Falling and rising
edges of SCL2 9th
bit

UART?2 transmission
output delay

Not delayed

Delayed

Functions of P70 pin

TxD2 output

SDA?2 input/output

Functions of P71 pin

RxD2 input

SCL2 input/output

Functions of P72 pin

CLK2 input or output selected

(Cannot be used in 12C mode)

Noise filter width

15ns

200ns

Read RxD2 and SCL2 pin
levels

Possible when the
corresponding port direction bit

Always possible no matter how the corresponding port direction bit is set

Initial value of TxD2 and
SDA:2 outputs

CKPOL =0 (H)
CKPOL =1 (L)

The value set in the port register before setting 12C bus mode (Note 2)

Initial and end values of
SCL2

H L

H

L

DMAL1 factor (Refer to Fig.
14.1.3.2))

UART?2 reception

Acknowledgment detection
(ACK)

UART?2 reception

Falling edge of SCL2 9th bit

Store received data

1st to 8th bits are stored in
U2RB register bit 0 to bit 7

1st to 8th bits are stored in
U2RB register bit 7 to bit 0

register bit 8

1st to 7th bits are stored in U2RB register
bit 6 to bit 0, with 8th bit stored in U2RB

1st to 8th bits are
stored in U2RB
register bit 7 to bit 0
(Note 3)

Read received data

U2RB register status is read
directly as is

Read U2RB register
Bit 6 to bit 0 as bit 7
to bit 1, and bit 8 as
bit 0 (Note 4)

Note 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 “Notes on interrupts” in Precautions.)

If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore,

always be sure to clear the IR bit to O (interrupt not requested) after changing those bits.
SMD2 to SMDO bits in the U2MR register, IICM bit in the U2SMR register,
IICM2 bit in the U2SMR2 register, CKPH bit in the U2SMR3 register

Note 2:

disabled).
Note 3:
Note 4.

Second data transfer to U2RB register (Rising edge of SCL2 9th bit)
First data transfer to U2RB register (Falling edge of SCL2 9th bit)

Set the initial value of SDA2 output while the SMD2 to SMDO bits in the U2MR register is set to ‘0002’ (serial I/O
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M16C/26A Group (M16C/26A, M16C/26T)

13. Serial I/O
(1) When the [ICM2 bit is set to "0" (ACK or NACK interrupt) and the CKPH bit is set to "0" (No clock delay)
st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit
SCL2
spA2 X D7 X Ds X Ds X Da X Ds X Dz X D1 X Do XDs(ACK or NACK)
ACK interrupt (DMA
request) or NACK interrupt
? b1s b9 b8 b7 bo
Data is transferred to the U2RB register [ |~ [ [D8[D7[De[D5[D4]D3[D2 D] Do

(2) When the IICM2 bit is set to "0" and the CKPH bit is set to "1" (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

S S [ T O ) S
spaz X D7 X Ds X Ds X Da ¥ Ds X D2 ) D1 X Do X Ds(ACK or NACK)
t

ACK interrupt (DMA
request) or NACK interrupt

b15 b9 b8 b7

Contents of the U2RB register

bo

Data is transferred to the U2RB register[ |~ [ [D8[D7]De|Ds[D4[D3[D2[D1[Do]

(3) When the IICM2 bit is set to "1" (UART transmit or receive interrupt) and the CKPH bit is set to "0"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

sez | L] LT L) LU
spaz X D7 X De X Ds X Da X D3 X Dz X D1 X Do X Ds(ACK or NACK)
Pt

Receive interrupt  Transmit interrupt
(DMA request)

? bis b9 b8 b7 b0
Data is transferred to the U2RB register [ ]~ [_]po] - [D7[De[Ds[D4[D3[D2[ D1

Contents of the U2RB register

(4) When the IICM2 bit is set to "1" and the CKPH bit is set to "1"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

sce _ [ LT LT LT
spa2 X D7 X Ds X Ds ¥ Da X D3 ¥ D2 X D1 X Do ¥ Ds(ACK or NACK)
byt

Receive interrupt Transmit interrupt
(DMA request)

t

Data is transferred to the U2RB register Data is transferred to the U2RB register

bis b9 b8 b7 b0 b15

b9 b8 b7 b0
[ ][ _[oo] ~[o7]De[Ds|D4]D3[D2[D1] [ |- [ [Ds]D7]Ds[Ds[D4]D3[D2[D1]Do]
Contents of the U2RB register Contents of the U2RB register

The above timing applies to the following setting :
* The CKDIR bit in the U2MR register is set to "1" (slave)

Contents of the U2RB register

Figure 13.1.3.2. Transfer to U2RB Register and Interrupt Timing
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13.1.3.1 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 SDA2 pin changes state from high
to low while the SCL2 pin is in the high state. A stop condition-detected interrupt request is generated
when the SDA2 pin changes state from low to high while the SCL2 pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-
tor, check the BBS bit in the U2SMR register to determine which interrupt source is requesting the
interrupt.

3 to 6 cycles < setup time (Note)
3 to 6 cycles < hold time (Note)

| Setup time Hold time

SCL2

SDA2
(Start condition)

SDA2
(Stop condition)

Note: When the PCLK1 bit in the PCLKR register is set to "1", the cycles indicates
the f1SIO's generation frequency cycles; when PCLK1 bit is set to "0", the
cycles indicated the f2S10's generation frequency cycles.

Figure 13.1.3.1.1. Detection of Start and Stop Condition

13.1.3.2 Output of Start and Stop Condition
A start condition is generated by setting the STAREQ bit in the U2SMR4 register to “1” (start).
A restart condition is generated by setting the RSTAREQ bit in the U2SMR4 register to “1” (start).
A stop condition is generated by setting the STPREQ bit in the U2SMRA4 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 U2SMR4 register to “1” (output).
Make sure that no interrupts or DMA transfers will occur between (1) and (2).
The function of the STSPSEL bit is shown in Table 13.1.3.2.1 and Figure 13.1.3.2.1.
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13. Serial 1/10

Table 13.1.3.2.1. STSPSEL Bit Functions

Function STSPSEL =0

STSPSEL =1

Output of SCL2 and SDA2 pins Output transfer clock and data/
Program with a port determines
how the start condition or stop
condition is output

The STAREQ, RSTAREQ and
STPREQ bit determine how the
start condition or stop condition is
output

Start/stop condition interrupt
request generation timing

Start/stop condition are de-
tected

Start/stop condition generation are
completed

(1) In slave mode,
CKDIR is set to "1" (external clock)

STPSEL bit 0

SCL2

SDA2

Start condition detection
interrupt

interrupt

(2) In master mode,

STPSEL bit |

Stop condition detection

CKDIR is set to "0" (internal clock), CKPH is set to "1"(clock delayed)

=

Setto"1"by  Setto "0" by
a program

a program
1w

2nd

SCL2

SDA2

!

Set STAREQ

to "1" (start
( ) Start condition detection

interrupt to "1" (start)

an

Set STPREQ

Setto"1"by  Setto "0" by
a program a program

ath bit

Stop condition detection
interrupt

Figure 13.1.3.2.1. STSPSEL Bit Functions

13.1.3.3 Arbitration

Unmatching of the transmit data and SDA2 pin input data is checked synchronously with the rising
edge of SCL2. Use the ABC bit in the U2SMR register to select the timing at which the ABT bit in the
U2RB register is updated. If the ABC bit is set to "0" (updated bitwise), the ABT bit is set to “1” at the

same time unmatching is detected during check, and is cleared

to “0” when not detected. In cases

when the ABC bit is set to “1”, 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 bytewise, clear the ABT bit to “0” (undetected) after detecting acknowledge in the first byte,

before transferring the next byte.
Setting the ALS bit in the U2SMR2 register to “1” (SDA output sto

p enabled) causes arbitration-lost to

occur, in which case the SDA2 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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13.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 13.1.3.2.1.
The CSC bit in the U2SMR2 register is used to synchronize the internally generated clock (internal
SCL2) and an external clock supplied to the SCL2 pin. In cases when the CSC bit is set to “1” (clock
synchronization enabled), if a falling edge on the SCL2 pin is detected while the internal SCL2 is high,
the internal SCL2 goes low, at which time the U2BRG register value is reloaded with and starts count-
ing in the low-level interval. If the internal SCL2 changes state from low to high while the SCL2 pin is
low, counting stops, and when the SCL2 pin goes high, counting restarts.
In this way, the UART2 transfer clock is comprised of the logical product of the internal SCL2 and SCL2
pin signal. The transfer clock works from a half period before the falling edge of the internal SCL2 1st
bit to the rising edge of the 9t bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the U2SMR2 register allows to select whether the SCL2 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 U2SMRA4 register is set to “1” (enabled), SCL2 output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the U2SMR2 register is set to "1" (0 output) makes it possible to forcibly output
a low-level signal from the SCL2 pin even while sending or receiving data. Clearing the SWC2 bit to “0”
(transfer clock) allows the transfer clock to be output from or supplied to the SCL2 pin, instead of
outputting a low-level signal.
If the SWC9 bit in the U2SMR4 register is set to “1” (SCL hold low enabled) when the CKPH bit in the
U2SMR3 register is set to "1", the SCL2 pin is fixed to low-level output at the falling edge of the clock
pulse next to the ninth. Setting the SWC9 bit is set to "0" (SCL hold low disabled) frees the SCL2 pin
from low-level output.

13.1.3.5 SDA Output
The data written to the bit 7 to bit 0 (D7 to Do) in the U2TB register is sequentially output beginning with
D7. The ninth bit (D8) is ACK or NACK.
The initial value of SDA2 transmit output can only be set when [ICM is set to "1" (I12C Bus mode) and
the SMD2 to SMDO bits in the the U2MR register are set to ‘0002’ (serial /O disabled).
The DL2 to DLO bits in the U2SMR3 register allow to add no delays or a delay of 2 to 8 U2BRG count
source clock cycles to SDA2 output.
Setting the SDHI bit in the U2SMR2 register is set to "1" (SDA output disabled) forcibly places the
SDA2 pin in the high-impedance state. Do not write to the SDHI bit synchronously with the rising edge
of the UART?2 transfer clock. This is because the ABT bit may inadvertently be set to “1” (detected).

13.1.3.6 SDA Input

When the [ICM2 bit is set to "0", the 1st to 8th bits (D7 to Do) of received data are stored in the bit 7 to
bit 0 in the U2RB register. The 9th bit (D8) is ACK or NACK.

When the [ICM2 bit is set to "1", the 1st to 7th bits (D7 to D1) of received data are stored in the bit 6 to
bit 0 in the U2RB register and the 8th bit (Do) is stored in the bit 8 in the U2RB register. Even when the
[ICM2 bit is set to "1", providing the CKPH bit to "1", the same data as when the IICM2 bit is set to "0"
can be read out by reading the U2RB register after the rising edge of the corresponding clock pulse of
9th bit.
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13.1.3.7 ACK and NACK
If the STSPSEL bit in the U2SMR4 register is set to “0” (start and stop conditions not generated) and
the ACKC bit in the U2SMRA4 register is set to “1” (ACK data output), the value of the ACKD bit in the
U2SMRA4 register is output from the SDA2 pin.
If the ICM2 bit is set to "0", a NACK interrupt request is generated if the SDA2 pin remains high at the
rising edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDA2 pin
is low at the rising edge of the 9th bit of transmit clock pulse.
If ACK2 is selected for the cause of DMAL request, a DMA transfer can be activated by detection of an
acknowledge.

13.1.3.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit is set to "1" (UART2 initialization enabled), the serial

I/O operates as described below.

- The transmit shift register is initialized, and the content of the U2TB register is transferred to the
transmit shift register. In this way, the serial /0O starts sending data synchronously with the next
clock pulse applied. However, the UART2 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 SCL2 pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UART2 transmission/reception is started using this function, the Tl does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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13.1.4 Special Mode 2 (UART?2)

Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are
selectable. Table 13.1.4.1 lists the specifications of Special Mode 2. Table 13.1.4.2 lists the registers
used in Special Mode 2 and the register values set. Figure 13.1.4.1 shows communication control ex-
ample for Special Mode 2.

Table 13.1.4.1. Special Mode 2 Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * Master mode

The CKDIR bit in the U2MR register is set to “0” (internal clock) : fj/ (2(n+1))
fj = f1s10, f2sI10, f8slo, f32s10. n: Setting value of U2BRG register 0016 to FF16
« Slave mode
The CKDIR bit is set to “1” (external clock selected) : Input from CLK2 pin
Transmit/receive control Controlled by input/output ports
Transmission start condition| < Before transmission can start, the following requirements must be met (Note 1)
- The TE bit in the U2C1 register is setto "1" (transmission enabled)
- The TI bit in the U2C1 register is set to "0" (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met (Note 1)
— The RE bit in the U2C1 register is set to "1" (reception enabled)
- The TE bit in the U2C1 register is set to "1" (transmission enabled)
- The TI bit in the U2C1 register is set to "0" (data present in the U2TB register)
Interrupt request « While transmitting, one of the following conditions can be selected
generation timing - The U2IRS bit in the U2C1 register is set to "0" (transmit buffer empty): when trans
ferring data from the U2TB register to the UART2 transmit register (at start of transmission)
—The U2IRS hit is set to "1" (transfer completed): when the serial I/O finished sending
data from the UART2 transmit register
» While receiving
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection » Overrun error (Note 2)
This error occurs if the serial I/O started receiving the next data before reading the
U2RB 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
Note 1: When an external clock is selected, the conditions must be met while if the CKPOL bit in the U2CO 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 U2CO 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.
Note 2: If an overrun error occurs, the value of U2RB register will be indeterminate. The IR bit in the S2RIC register
does not change.
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P13
P12

P72(CLKz)

P71(RxD2)
P70(TxD2)

Microcomputer
(Master)

P93
P72(CLKz)
P71(RxD2)
P70(TxD2)

Microcomputer
(Slave)

P93
P72(CLK2)
P71(RxD2)
P70(TxD2)

Microcomputer
(Slave)

Figure 13.1.4.1. Serial Bus Communication Control Example (UART2)
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Table 13.1.4.2. Registers to Be Used and Settings in Special Mode 2

Register Bit Function
U2TB(Note) | Oto 7 Set transmission data
U2RB(Note)| 0to 7 Reception data can be read
OER Overrun error flag
U2BRG Oto7 Set a transfer rate
U2MR(Note)] SMD2 to SMDO Set to ‘0012’
CKDIR Set this bit to “0” for master mode or “1” for slave mode
IOPOL Set to “0”
u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxD2 pin output format
CKPOL Clock phases can be set in combination with the CKPH bit in the U2SMR3
register
UFORM Set to “0”
u2C1 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 Select UART2 transmit interrupt cause
U2RRM, Set to “0”
U2LCH, U2ERE
U2SMR Oto7 Set to “0”
U2SMR2 | Oto 7 Set to “0”
U2SMR3 | CKPH Clock phases can be set in combination with the CKPOL bit in the U2CO register
NODC Set to “0”
0,2,4t07 Set to “0”
U2SMR4 | Oto 7 Set to “0”

Note : Not all bits in the register are described above. Set those bits to “0” when writing to the registers in
Special Mode 2.
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13.1.4.1 Clock Phase Setting Function
One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit
in the U2SMR3 register and the CKPOL bit in the U2CO register.
Make sure the transfer clock polarity and phase are the same for the master and slave to communi-
cate.

13.1.4.1.1 Master (Internal Clock)
Figure 13.1.4.1.1.1 shows the transmission and reception timing in master (internal clock).

13.1.4.1.2 Slave (External Clock)
Figure 13.1.4.1.2.1 shows the transmission and reception timing (CKPH=0) in slave (external clock)
while Figure 13.1.4.1.2.2 shows the transmission and reception timing (CKPH=1) in slave (external
clock).

(CKPOL=0, CKPH=0) "L"
(CKPOL=1, CKPH=0) "L
Clock output e
(CKPOL=1, CKPH=1) "L"
- oy
Data output timing L:X Do X o X i~ X -~ X — X — X = X -
Data input timing T T T T T T T T

Figure 13.1.4.1.1.1. Transmission and Reception Timing in Master Mode (Internal Clock)
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o |
Slave control input . AI

(CKPOL=0, CKPH=0) "L"

Clock input "H _|_|_|_|_|_|_|_|_|_|_|_|_|_|_

(CKPOL=1, CKPH=0) "L |

Data output timing "H" DoX DlX = X — X D4X - X - X —

Data inpUt timing Indeterminate T T T T T T T T

r

Figure 13.1.4.1.2.1. Transmission and Reception Timing (CKPH=0) in Slave Mode (External Clock)

Slave control input
Clock input "H ” _|_|_|_|_|_|_|_|_|_|_|_|_|_|_
(CKPOL=0, CKPH=1) "L ]
(CKPOL=1, CKPH=1) L "
I wy o
Data output timing ( 5o XDl XD2 XD3 XD4 XDS XD6 XD7
Data input timing T T T T T T T T

=

Figure 13.1.4.1.2.2. Transmission and Reception Timing (CKPH=1) in Slave Mode (External Clock)
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13.1.5 Special Mode 3 (IE Bus mode )(UART2)

In this mode, one bit of IE Bus is approximated with one byte of UART mode waveform.

Table 13.1.5.1 lists the registers used in IE Bus mode and the register values set. Figure 13.1.5.1 shows
the functions of bus collision detect function related bits.
If the TxD2 pin output level and RxD2 pin input level do not match, a UART2 bus collision detect interrupt

request is generated.

Table 13.1.5.1. Registers to Be Used and Settings in IE Bus Mode

U2LCH, U2ERE

Register Bit Function
u2TB Oto8 Set transmission data
U2RB(Note) | 0 to 8 Reception data can be read
OER,FER,PER,SUM | Error flag
U2BRG Oto7 Set a transfer rate
U2MR SMD2 to SMDO Set to ‘1102’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Invalid because PRYE=0
PRYE Set to “0”
IOPOL Select the TxD/RxD input/output polarity
u2Co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD=1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxD2 pin output mode
CKPOL Set to “0”
UFORM Set to “0”
u2C1 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”

U2SMR 0to 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

U2SMR2 | Oto7 Set to “0”

U2SMR3 [ 0to7 Set to “0”

U2SMR4 | Oto 7 Set to “0”

Note : Not all bits in the registers are described above. Set those bits to “0” when writing to the registers in IE

Bus mode.
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(1) The ABSCS bit in the U2SMR register (bus collision detect sampling clock select)
If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

¥
Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxD2 ]

RXD2 |

Input to TAOIN T

Timer AO

If ABSCS is set to "1", bus collisidn is determined when timer
AO (one-shot timer mode) underflows

(2) The ACSE bit in the U2SMR register (auto clear of transmit enable bit)

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxD2
RxD2 |
BCNIC register | If ACSE bit is set to "1"
IR bit (Note) automatically clear when bus collision
occurs), the TE bit is cleared to "0"
; (transmission disabled) when
-Ll_Jécl:):lLt rengter the IR bit in the BCNIC register is

| set to "1" (unmatching detected).

(3) The SSS bit in the U2SMR register (Transmit start condition select)

If SSS bit is set to "0", the serial I/0 starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock f f f f f f

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxD2 T | ‘

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxD2

CLK2

f ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXD2 (Note 2 ) | |
RXD2 / | |

Note 1: The falling edge of RxD2 when the IOPOL is set to "0"; the rising edge of RxD2 when the IOPOL is set to "1".
Note 2: The transmit condition must be met before the falling edge (Note 1) of RxD.

This diagram applies to the case where the IOPOL is set to "1" (reversed)

Figure 13.1.5.1. Bus Collision Detect Function-Related Bits
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13.1.6 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 output of a low from the TxD2 pin when a parity error is detected.
Tables 13.1.6.1 lists the specifications of SIM mode. Table 13.1.6.2 lists the registers used in the SIM
mode and the register values set.

Table 13.1.6.1. SIM Mode Specifications

Item Specification
Transfer data format * Direct format
* Inverse format
Transfer clock » The CKDIR bit in the U2MR register is set to “0” (internal clock) : fi/(16(n+1))

fi = f1s10, f2sl0, f8slo, f32s10. n: Setting value in U2BRG register 0016 to FF16
* The CKDIR bitis setto “1” (external clock ) : fExXT/(16(n+1))

fexT: Input from CLK2 pin. n: Setting value in U2BRG register ~ 0016 to FF16
Transmission start condition| < Before transmission can start, the following requirements must be met
- The TE bit in the U2C1 register is set to "1" (transmission enabled)
- The TI bit in the U2C1 register is set to "0" (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met
— The RE bit in the U2C1 register is set to "1" (reception enabled)
— Start bit detection

Interrupt request « For transmission

generation timing When the serial I/O finished sending data from the U2TB transfer register (the U2IRS bit
is setto "1")

(Note 2) « For reception

When transferring data from the UART2 receive register to the U2RB register (at

completion of reception)

Error detection « Overrun error (Note 1)

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

Note 1: If an overrun error occurs, the value of U2RB register will be indeterminate. The IR bit in the
S2RIC register does not change.

Note 2: A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to “1”
(transmission complete) and the U2ERE bit to “1” (error signal output) after reset. Therefore,
when using SIM mode, be sure to clear the IR bit to “0” (no interrupt request) after setting these
bits.
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Table 13.1.6.2. Registers to Be Used and Settings in SIM Mode

Register Bit Function
U2TB(Note)| Oto 7 Set transmission data
U2RB(Note)| Oto 7 Reception data can be read
OER,FER,PER,SUM| Error flag
U2BRG Oto7 Set a transfer rate
U2MR SMD2 to SMDO Set to ‘1012’
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 CRD=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
u2C1 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 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(Note)| O to 3 Set to “0”
U2SMR2 | Oto 7 Set to “0”
U2SMR3 | 0to7 Set to “0”
U2SMR4 | Oto 7 Set to “0”

Note: Not all bits in registers are described above. Set those bits to “0” when writing to the registers in SIM
mode.
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(1) Transmission

Transfer clock |||||||||| ||||||||||||

U2C1 register ‘1 J
TEbit .

Write data to U2TB Fegiéter

U2C1 register 1" =<
Tl bit g -

Trénsfer:red :from U2TB register to UART2 transmit register

Parity Sitop
Start bt bit

— | hit - —
oz sIT @@@@@@@@G sP STADOXD1XD2X Ds X DX DsXDeX DX P

Parity error signal sent

back from receiver An “L" level returns due to the - /
occurrence of a parity error.

RxD2 pi?rxllz\tl:)l — \or @@@@@@@@G 'sp l\ STADoX D1X D2X DX DaX DsX DsX D7X P ne/_

The level is detected by the SP
intertupt routine.

U2CO register ‘1" [The level is

TXEPT bit .« detected by the
" i t routine.
) o The IR bit is set to “1” at the Imerrupt routine
S2TIC register falling edge of transfer clock S
IR bit .,
0
The above timing diagram applies to the case where data is Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
transferred in the direct format.
* STPS bit in the U2MR register is set to "0" (1 stop bit) Tc=16(n+1)/fior16 (n + 1) /fext
« PRY bitin the U2MR register is set to "1" (even) fi : frequency of U2BRG count source (f1SI0, f2s10, f8SI0, f32S10)
« UFORM bit in the U2CO register is set to "0" (LSB first) fEXT : frequency of U2BRG count source (external clock)
« U2LCH bit in the U2C1 register is set to "0" (no reverse) n : value set to U2BRG

* U2IRSCH bit in the U2C1 register is set to " 1" (transmit is completed)

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error signal
sent back from receiver.

(1) Reception

Transfer clock |||||||||| |||||||||

U2C1 register “1"

=

RE bit Qo
Transmitter's Start Paritystop
transmit waveform bit bit : bit
STADoX D1A D2X D3X DaX DsA DA D7X P ) SP STA DoX D1X D2X D3 X D2X DsX DsX D7X P )':SP
TxD2

An “L" level is output from TxD2 due to/
the occurrence of a parity error

RxD2 pin level _
(Note) STA DoA DiX D2X DsX DaX DsX DeX D7X P ) SP STADoX DiX D2X D3 X DaX DsX DeX D7X P

U2CO register “1" ——— —I\
RI bit o \

Read the U2RB register Read the U2RB register

i

ik

S2RIC register “1"
IR bit -

N

AN

The above timing diagram applies to the case where data is Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
transferred in the direct format.

« STPS bitin the U2MR register is set to "0" (1 stop bit)

* PRY bit in the U2MR register is set to " 1 ("e"e") ] fi : frequency of U2BRG count source (f1SI0, f2S10, 8sl0, f32S10)
* UFORM bit in the U2CO register is set to "0" (LSB first) fEXT : frequency of U2BRG count source (external clock)
« U2LCH bit in the U2C1 register is set to "0" (no reverse) n : value set to U2BRG

« U2IRSCH bit in the U2C1 register is set to "1" (transmit is completed)

Tc=16(n+1)/fior16 (n + 1)/ fext

Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform and the
parity error signal received.

Figure 13.1.6.1. Transmit and Receive Timing in SIM Mode
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Figure 13.1.6.2 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

SIM card

TxD2 o

RxD2

Figure 13.1.6.2. SIM Interface Connection

13.1.6.1 Parity Error Signal Output
The parity error signal is enabled by setting the U2ERE bit in the U2C1 register’ to “1”.
* When receiving
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 13.1.6.1.1. If the R2RB register is read
while outputting a parity error signal, the PER bit is cleared 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.

Transfer | M MM MMM rrrir
clock «

L

RxD2 ': \ st (Do YD1 D2 D3YDaYD5) D6 D7) P JspP

D2 (Note) \_ ]
—

U2C1 register -1

Rl bit o
This timing diagram applies to the case where the direct format is ST : Start bit
implemented. P : Even Parity
Note: The output of microcomputer is in the high-impedance state SP : Stop bit

(pulled up externally).

Figure 13.1.6.1.1. Parity Error Signal Output Timing
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13.1.6.2 Format
* Direct Format
Set the PRY bit in the U2MR register to “1”, the UFORM bit in the U2CO register to “0” and the U2LCH
bit in the U2C1 register to “0".
* Inverse Format
Set the PRY bit to “0”, UFORM bit to “1” and U2LCH bit to “1".
Figure 13.1.6.2.1 shows the SIM interface format.

(1) Direct format
clecck

XDz W
XD2 - \

A Do) D1 D2 D3 D4 D5)fD6)fD7)f P/

P : Even parity

(2) Inverse format

Transfer“””'llll ||||| |||| |||||

cleck L

U W 72 7 (5 0578 0 0 0 )

P : Odd parity

Figure 13.1.6.2.1. SIM Interface Format
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14. A/D Converter

Note
Thers is no external connections for port P92 to P93 (AN32, AN24) in the M16C/26A (42-pin version).

Do not use port P92 to P93 (AN32, AN24) for analog input pin in the M16C/26A (42-pin version).

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 P100 to P107 (ANo to
AN7), P90 to P93 (AN30 to AN32, AN24). Similarly, ADTRG input shares the pin with P15. 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 i bits in the A/D register for ANi, AN3i, and AN2i pins (i=0to 7).
Table 14.1 shows the A/D converter performance. Figure 14.1 shows the A/D converter block diagram
and Figures 14.2 to 14.4 show the A/D converter associated with registers.

Table 14.1 A/D Converter Performance
Item Performance

A/D Conversion Method | Successive approximation (capacitive coupling amplifier)

Analog Input Voltage (Note 1) | OV to AV (VCC)

Operating Clock fAD (Note 2) | faD/divided-by-2 or fab/divided-by-3 or fab/divided-by-4 or fab/divided-by-6
or fab/divided-by-12 or faD
Resolution 8-bit or 10-bit (selectable)
Integral Nonlinearity Error | When AVcc = VREF = 5V
* With 8-bit resolution: +2LSB
* With 10-bit resolution: +3LSB
When AVcc = VREF = 3.3V
* With 8-bit resolution: +2LSB
* With 10-bit resolution: £5LSB
Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, repeat
sweep mode 1, simultaneous sample sweep mode and delayed trigger mode 0,1
Analog Input Pins (Note 3) | 8 pins (ANo to AN7) + 3 pins (AN30 to AN32) + 1 pins (AN24) (48pin-ver.)
8 pins (ANo to AN7) + 2 pins (AN30, AN31) (42pin-ver.)
Conversion Speed Per Pin | » Without sample and hold function

8-bit resolution: 49 fap cycles, 10-bit resolution: 59 fab cycles
 With sample and hold function

8-bit resolution: 28 fab cycles, 10-bit resolution: 33 faD cycles
Note 1: Not dependent on use of sample and hold function.
Note 2: Set the fAD frequency to 10 MHz or less.

Without sample-and-hold function, set the fAD frequency to 250kHz or more.
With the sample and hold function, set the fAD frequency to 1MHz or more.
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A/D conversion rate

selection CKS1=1
CKS2=0 ) - AD
o [}
< CKSO=1° o0 5 >
l 12 [ 1/2 CKS1=0
fap O 13 |— CKS0=0
CKs2=1
VREF .
VCUT=0 Resistor ladder I
AVSS O—epr=r° iiiiiiiiiﬁ
Successive conversion register ADCONlW
(address 03D716) Y \%
ADCONO register
Addresses (address 03D616) NV
(03C116 to 03C016) | A/D register 0(16) |«
(03C316 to 03C216) | A/D register 1(16) <
(03C516 to 03C416) [ A/D register 2(16) |«
(03C716 to 03C616) | A/D register 3(16) | . E/%C"de_r
(03C916 to 03C816) | A/D register 4(16) [« or A/D register
(03CB16 to 03CA16)| A/D register 5(16) |«
(03CD16 to 03CCi6)] A/D register 6(16) [«
(03CF16 to 03CE16)| A/D register 7(16) <
~Z [
S Data bus high-order S m
S Data bus low-order ADCONZ2 register Vref
(address 03D416) w
Comparator 0
Decoder
for channel VIN
1 selection
YYYVYYVYY ;
Port P10 group CHZ_%’OB'HO !
ANo o—+00120 ADGSEL1 to ADGSEL0=002
AN1 O TR |
AN2 O _011 o) ’t‘
=0112
AN3 O =100:2.© .
AN4 O ——— o 1
Y YYYYYY ANs O 1o 1
ANs O 2 ADGSELL1 to ADGSEL0=012
Port P9 group CHE([)%OCZHO AN7 O =111z :
AN30O — 0 D—I SSE=1
AN310 200026 3% CH2 to CHO=0012
(Note 1) AN32O — ) \o—I |
0 ¢ ADGSELL to ADGSEL0=11
Port P9 group i
CH2 to CHO y
=1
(Note 1) AN24O 002 5o @*
ADGSEL1 to ADGSEL0=002
oo

ADGSEL1 to ADGSEL0=012
oo

| Il

VIN1

. . mparator 1
Note 1: AN32 and AN24 are available for only 48-pin package. Comparato

Figure 14.1 A/D Converter Block Diagram
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A/D control register 0 (Note 1)

b7 b6 b5 ba b3 b2 bl b0 Symbol Address After reset
ADCONO 03D616 00000XXX2
v [ Bitsymbol Bit name Function RW
CHO Analog Input Pin Select Function varies with each operation mode RW
. Bit |
o e CH1 RW
: CH2 RW
- [
[ MDO g\/? Otpgirtaélon Mode 0 0 : One-shot mode or Delayed trigger mode 0,1 rw
\ elec 0 1: Repeat mode
10 : Single sweep mode or
[ MD1 Simultaneous sample sweep mode RW
11: Repeat sweep mode O or Repeat sweep
mode 1
_________________ TRG Trigger Select Bit 0: Software trigger RW
1: Hardware trigger
A/D Conversion Start Flag . i i
___________________ ADST g0 : A/D conversion disabled RW
1: A/D conversion started
Frequency Select Bit 0 See Table 14.2 A/D Conversion RW
"""""""""""" CKso Frequency Select

Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D control register 1 (Note 1)

b7 D6 bS5 b4 b3 b2 bl bO Symbol Address After reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
Vo A/D Sweep Pin Select Bit | Function varies with each operation mode
[ SCANO RW
I - SCAN1
RW
HE AID Operation Mode 0 : Other than repeat sweep mode 1
Vo T MD2 Select Bit 1 1: Repeat sweep mode 1 RW
8/10-Bit Mode Select Bit |0 : 8-bit mode
BITS 1: 10-bit mode RW
CKs1 F Select Bit 1 See Table 14.2 A/D Conversion
requency Select Bl Frequency Select RwW
VREF Connect Bit 0 : VREF not connected
veut (Note2) 1: VREF connected Rw
— Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0".
Note 1: If the ADCONLI register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (VRer unconnected) to “1" (VRErF connected), wait for 1 us or more before
starting A/D conversion.
A/D control register 2 (Note 1)
20 Symbol Address After reset
ADCON2 03D416 0016
Bit symbol Bit name Function RW
A/D Conversion Method 0 : Without sample and hold
A SMP | Select Bit 1: With sample and hold RW
A Tozor
. ADGSELO | A/D Input Group Select Bit | 5 o : Select port P10 group RW
' 01 : Select port P9 group (AN3i) —
' 10: Do not set
ADGSEL1 11: Select port P9 group (AN24) RW
E @ Reserved Bit Setto “0” RW
E CKS2 Frequency Select Bit 2 See Table 14.2 A/D Conversion RW
Frequency Select
T Trigger Select Bit i i i i
I TRGL 99 Function varies with each operation RW
mode
- Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0".

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.2 ADCONO to ADCON2 Registers
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b7 b6 b5 b4 b3 b2 bl bO

A/D trigger control register (Note 1)(Note 2)

B RRRRRRRREELEE (b7-b4)

Symbol Address After reset
ADTRGCON 03D216 0016
i | Bit symbol Bit name Function RW
o] A/D Operation Mode 0 : Other than simultaneous sample sweep RW
Lo SSE Select Bit 2 mode or delayed trigger mode 0,1
N 1 : Simultaneous sample sweep mode or
H delayed trigger mode 0,1
i i A/D Operation Mode 0 : Other than delayed trigger mode 0,1 RW
O DTE Select Bit 3 1 : Delayed trigger mode 0,1
HPTRGO ANO Trigger Select Bit Function varies with each operation mode RW
________ HPTRG1 | AN1 Trigger Select Bit Function varies with each operation mode RW
Nothing is assigned. When write, set to “0". _
When read, its content is “0”.

repeat sweep mode 1.

Note 1: If the ADTRGCON register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: Set “0016” in this register in one-shot mode, repeat mode, single sweep mode, repeat sweep mode 0 and

Figure 14.3 ADTRGCON Register

Table 14.2 A/D Conversion Frequency Select

CKS2 | CKS1 | CKSO DAD
0 0 0 Divided-by-4 of fap
0 0 1 Divided-by-2 of fap
0 1 0
o ) 1 fab
1 0 0 Divided-by-12 of fap
1 0 1 Divided-by-6 of faD
1 1 0
1 1 1 Divided-by-3 of fap

Note : Set the @AD frequency to 10 MHz or less. The selected @Ap frequency is determined by a combination of

the CKSO bit in the ADCONO register, CKS1 bit in the ADCON1 register and the CKS2 bit in the ADCONZ2 register.
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

A/D conversion status register 0 (Note 1)

D7 b6 DbS b4 b3 b2 b1 1O Symbol Address After reset
| | | ADSTATO 03D316 0016

P4 04 | Bitsymbol Bit name Function RW

E i : E i E i i ADERRO |AN1 Trigger Status Flag 0 : ANL1 trigger did not occur during

e ANO conversion RW

oor b e ’ 1: ANL1 trigger occured during ANO

P conversion

ADERR1 |Conversion Termination | g : Conversion not terminated

E . . . . . . Flag 1 : Conversion terminated by RW

Coor o Timer BO underflow

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

oo T (b2) When read, its content is “0”.

__________ ADTCSE | Delayed Trigger Sweep 0 : Sweep not in progress RO

o Status Flag 1: Sweep in progress

A ADSTTO |ANO Conversion Status 0 : ANO conversion not in progress RO

. Flag 1: ANO conversion in progress

b ] ADSTT1 |AN1 Conversion Status 0 : AN1 conversion not in progress RO

N Flag 1: AN1 conversion in progress

b ANO Conversion 0 : ANO conversion not completed

e appp ADSTRTO . : plete

: Completion Status Flag 1 : ANO conversion completed RW

e ADSTRT1 |AN1 Conversion 0 : AN1 conversion not completed RW
Completion Status Flag 1: AN1 conversion completed

A/D Register i (i=0to 7)

ADO
AD1
AD2
AD3
AD4
AD5
ADG6
AD7

Symbol

Address

03C116 to 03CO016
03C316 to 03C216
03C516 to 03C416
03C716 to 03C616
03C916 to 03C816
03CBu16 to 03CA16

03CD16 to 03CCx

03CF16 to 03CE16

b0

Fmmemmmmec; ;e e e — e —————
Lemccmmcccmccc ;e e —— =
Lecccccccccccccccccccacaaa
Fmmmmm e e

Note 1: ADSTATO register is valid only when the DTE bit in the ADTRGCON register is set to “1”.

After reset
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
Indeterminate
6 Indeterminate
Indeterminate

A/D conversion result

Function
When the BITS bit in the ADCONI When the BITS bit in the ADCON1 RW
register is “1” (10-bit mode) register is “0” (8-bit mode)
| Eight low-order bits of AJD conversion result RO
A/D conversion result
Two high-order bits of When read, its content is RO

indeterminate

Nothing is assigned. When write, set to “0”".
When read, its content is “0”.

Figure 14.4 ADSTATO Register and ADO to AD7 Registers
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M16C/26A Group (M16C/26A, M16C/26T)

b7

Timer B2 special mode register (Note 1)

b6 b5 b4 b3 b2 bl b0

""""""""""""" (b7) When read, its content is “0".

Note 1.
Note 2.

Note 3.

Note 4.

Note 5.
Note 6.

Note 7.

] TBOEN |Timer BO Operation Mode| O : Other than A/D trigger mode RW
Select Bit 1: A/D trigger mode (Note 5)
L TB1EN [Timer B1 Operation Mode| O : Other than A/D trigger mode RW
Select Bit 1: A/D trigger mode (Note 5)
TB2SEL | Trigger Select Bit (Note 6) | O : TB2 interrupt RW
---------------- 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
""""""""" (b6-b5) Reserved bits Must set to "0" RW

|><| 0 | 0 | | Symbol Address After reset

, — 1 TB2SC 039E16 X00000002
¢+ 1 1| Bitsymbol Bit name Function RwW
E E E_ PWCOM | Timer B2 Reload Timing | O : Timer B2 underflow
. Switch Bit (Note 2) 1 : Timer A output at odd-numbered Rw

HELR IVPCR1 |[Three-Phase Output Port [ O : Three-phase output forcible cutoff
' SD Control Bit 1 by SD pin input (high impedance)
: (Note 3, 4, 7) disabled RW
, 1: Three-phase output forcible cutoff

‘ by SD pin input (high impedance)
enabled

Nothing is assigned. When write, set to “0”.

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

If the INV11 bit is "0" (three-phase mode 0) or the INVO6 bit is "1" (triangular wave modulation mode), set

this bit to "0" (timer B2 underflow).

When setting the IVPCR1 bit to "1" (three-phase output forcible cutoff by SD pin input enabled), Set the PD8_5

bit to "0" (= input mode). _ _

Related pins are U(P80), U(P8y), V(P72), V(P73), W(P74), W(P7s). After forcible cutoff, input "H" to the P8s/NMI/SD pin.
Set the IVPCR1 bit to "0", and this forcible cutoff will be reset. If “L” is input to the P8s/NMI/SD pin, a three-phase motor
control timer output will be disabled (INV03=0). At this time, when the IVPCRL1 bit is "0", the target pins changes to
programmable 1/O port. When the IVPCRL1 bit is "1", the target pins changes to high-impedance state regardless of
which functions of those pins are used.

When this bit is used in delayed trigger mode 0, set the TBOEN and TB1EN bits to "1"(A/D trigger mode).

When setting the TB2SEL bit to "1" (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), Set the INV02
bit to "1" (three-phase motor control timer function).

Refer to 16.6 Digital Debounce function for SD input.

Figure 14.5 TB2SC Register
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M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

14.1 Operation Modes

14.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is once converted to a digital code. Table
14.1.1.1 shows the one-shot mode specifications. Figure 14.1.1.1 shows the operation example in one-
shot mode. Figure 14.1.1.2 shows the ADCONO to ADCONZ2 registers in one-shot mode.

Table 14.1.1.1 One-shot Mode Specifications
ltem Specification

Function The CH2 to CHO bits in the ADCONO register and the ADGSELL1 to
ADGSELO bits in the ADCONZ2 register select pins. Analog voltage applied to
a selected pin is once converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is “0” (software trigger)
Condition Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the

ADST bit to “1” (A/D conversion started)
A/D Conversion Stop < A/D conversion completed (If a software trigger is selected, the ADST bit is
Condition set to “0” (A/D conversion halted)).
* Set the ADST bit to “0”
Interrupt Request Generation Timing | A/D conversion completed
Analog Input Pin Select one pin from ANo to AN7, AN30 to AN32, AN24
Readout of A/D Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

*Example when selecting AN2to an analog input pin (Ch2 to CH0=0102)

A/D conversion started

I:l A/D pin input voltage
ANO sampling
:] A/D pin conversion
AN1

anz O] ]
AN3 +

AN4 A/D interrupt request generated
AN5

AN6
AN7

Figure 14.1.1.1 Operation Example in One-Shot Mode
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

A/D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
L[ [ofo] | | Abcono 03D61s  00000XXX2

o Bt symbol Bit name Function RW

P Analog Input Pin 000 : Select ANo

! HE - CHO Select Bit (Note 2, 3) 001 - Select AN1 RwW

: P 010: Select ANz ]

H HE — CH1 011:Select AN3 RW

: I 100: Select AN

: . 101: Select ANs —

H R 110: Select AN6

. . CH2 111: Select AN7 RW

H R - 463

' ' MDO A/D Operation Mode 00 : One-shot mode or delayed trigger mode ||

' [P, MD1 Select Bit 0 (Note 3) 0.1 RWI

E ________________ TRG Trigger Select Bit 0 : Software trigger RW

i 1 : Hardware trigger (ADTRG trigger)

[ ADST A/D Conversion Start 0 : A/D conversion disabled RW

i Flag 1: A/D conversion started

L CKSO0 Frequency Select Bit 0 See Table 14.2 A/D Conversion RW
Frequency Select

A/D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Note 2: AN30 to AN32 and AN24 can be used in the same way as ANo to AN7 . Use the ADGSEL1 to ADGSELO bits
in the ADCON2 register to select the desired pin.

Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using an another instruction.

1 | | | 0 | | | Symbol Address After reset
ADCON1 03D716 0016
Poro b ] Bit symbol Bit name Function RW
A R A N A/D Sweep Pin Invalid in one-shot mode RW
oot 7] SCANO  fselect Bit
borobon o ] scan RW
A/D Operation Mode 0: Any mode other than repeat sweep
ooy T MD2 Select Bit 1 mode 1 RW
[ 8/10-Bit Mode Select Bit |0 : 8-bit mode
. BITS 1 10-bit mode RW|
L hGREE e CKS1 Frequency Select Bit 1 Refer to Table 14.2 A/D Conversion RW.
oo Frequency Select
VCUT  [VREF Connect Bit (Note 2) |1 : VREF connected RW
] — Nothing is assigned. When write, set to “0”. .
(b7-b6) When read, its content is “0".
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (VREF unconnected) to “1” (VREF connected), wait for 1 ps or more before
starting A/D conversion.
A/D control register 2 (Note 1)
D7 D6 05 b4 b3 b2 b1 b0 Symbol Address After reset
|><|><| 0 | | 0 | | | ADCON2 03D416 0016
i | Bit symbol Bit name Function RW
Pl P ] A/D Conversion Method | 0 : Without sample and hold
Pl SMP | select Bit 1 With sample and hold RW
A w261
Vo N ADGSELO A{D Input Group Select 00 : Select port P10 group (ANi) RW
Bit 01: Select port P9 group (AN3i)
[ [ 10: Do not set
. Vo ADGSELL 11: Select port P9 group (AN24) RW
Pl bR (b_g) Reserved Bit Set to “0” RW
. . . CKS2 Frequency Select Bit 2 See Table 14.2 A/D Conversion RW
[ bl Frequency Select
i . TRGL Trigger Select Bit 1 Set to "0" in one-shot mode RW
i__ ;_ ___________________ - Nothing is assigned. When write, set to “0”. _
(b7-b6) When read, its content is “0”.

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.1.2 ADCONO to ADCON2 Registers in One-Shot Mode
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M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

14.1.2 Repeat mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
14.1.2.1 shows the repeat mode specifications. Figure 14.1.2.1 shows the operation example in repeat
mode. Figure 14.1.2.2 shows the ADCONO to ADCON2 registers in repeat mode.

Table 14.1.2.1 Repeat Mode Specifications
Iltem Specification
Function The CH2 to CHO bits in the ADCONO register and the ADGSEL1 to ADGSELO
bits in the ADCONZ2 register select pins. Analog voltage applied to a selected
pin is repeatedly converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is “0” (software trigger)
Condition Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to “0” (A/D conversion halted)
Interrupt Request Generation Timing| None generated
Analog Input Pin Select one pin from ANo to AN7, AN30 to AN32 and AN24
Readout of A/D Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

Example when selecting AN2 to an analog input pin  (Ch2 toCH0=0102)

I:l A/D pin input voltage
sampling
A/D pin conversion
A/D conversion started

ANO l

AN1 L
ANz [ ] L L L] L .
AN3

AN4

AN5

AN6
AN7

Figure 14.1.2.1 Operation Example in Repeat Mode
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M16C/26A Group (M16C/26A, M16C/26T) 14. AID Converter

A/D control register 0 (Note 1)

e T Symbol Address After reset
| | | | 0 | 1 | | | ADCONO 03D616 00000XXX2
oo Bt symbol Bit name Function RW
: [ Analog Input Pin &80
: o CHO ] 000 : Select ANo RW
: oo Select Bit (Note 2, 3) 001: Select AN1
: Voo 010: Select AN2
. R CH1 011:Select AN3 RW
100: Select AN4
: [ 101: Select ANs i
! e 110: Select AN6
. o CH2 111: Select AN7 RwW
H HE A . b4 b3
: H MDO A/D Operation Mode 01 : Repeat mode | RW
' emcmmeen MD1 Select Bit 0 (Note 3) RW|
________________ TRG Trigger Select Bit 0 : Software trigger RW
1: Hardware trigger (ADTRG trigger)
: ADST AJ/D Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
CKSO0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select

Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Note 2: AN30 to AN32 and AN24 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSELDO bits in
the ADCONZ2 register to select the desired pin.

Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using an another instruction.

A/D control register 1 (Note 1)

b7 b6 b5 b4 b3

1 | Symbol Address After reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
A/D Sweep Pin Invalid in repeat mode RW

SCANO | select Bit

SCAN1 RW

A/D Operation Mode 0 : Any mode other than repeat swee|
MD2 Select Bit 1 moyde 1 i i RW

HREE PR 8/10-Bit Mode Select Bit |0 : 8-bit mode

: BITS 1 ° 10-bit mode RW
L TP CcKS1 Frequency Select Bit 1 | Refer to Table 14.2 A/D Conversion RW
Frequency Select

by VCUT VREF connect bit (Note 2)| 1 : VReF connected RW

S — Nothing is assigned. When write, set to “0". .
(b7-b6) When read, its content is “0”.
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: If the VCUT bit is reset from “0” (VREF unconnected) to “1” (VREF connected), wait for 1 ps or more before
starting A/D conversion.
A/D control register 2 (Note 1)
o7 D6 05 b4 09 b2 b1 b0 Symbol Address After reset
|><|><| 0 | | 0 | | | | ADCON2 03D416 0016
Bit symbol Bit name Function RW
A/D Conversion Method | O : Without sample and hold
. SMpP Select Bit 1 : With sample and hold RW
E E b2 b1
I ADGSELO | A/D Input Group Select | 0 : Select port P10 group (ANj) RW
Bit 0 1: Select port P9 group (AN3i)
[ 10: Do not set
Vo ADGSELL 11 : Select port P9 group (AN24) RW
(b3) Reserved Bit Set to “0” RW
i : CcKS2 Frequency Select Bit 2 See Table 14.2 A/D Conversion RW
. Frequency Select
E - TRG1 Trigger Select Bit 1 Set to "0" in repeat mode RW
E___i_ Nothing is assigned. When write, set to “0”. _
(b7-b6) When read, its content is “0”.

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.2.2 ADCONO to ADCONZ2 Registers in Repeat Mode
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M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

14.1.3 Single Sweep Mode
In single sweep mode, analog voltages applied to the selected pins are converted one-by-one to a digital
code. Table 14.1.3.1 shows the single sweep mode specifications. Figure 14.1.3.1 shows the operation
example in single sweep mode. Figure 14.1.3.2 shows the ADCONO to ADCONZ2 registers in single
sweep mode.

Table 14.1.3.1 Single Sweep Mode Specifications

ltem Specification
Function The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSEL1 to
ADGSELDO bits in the ADCONZ2 register select pins. Analog voltage applied to
the selected 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)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTGpin input changes state from “H” to “L" after setting the ADST bit
to “1” (A/D conversion started)
AID Conversion Stop Condition [* A/D conversion completed(When selecting a software trigger, the ADST bit
is set to “0” (A/D conversion halted)).
* Set the ADST bit to “0”
Interrupt Request Generation Timing| A/D conversion completed
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins),
ANo to AN7 (8 pins) (Note 1)
Readout of A/ID Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

Note 1: AN30 to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

<Example when selecting ANo to AN3 to analog input pins (SCAN1 to SCAN0=012)

E] A/D pin input voltage
sampling

A/D conversion started ) )
A/D pin conversion

\
ANo |

AN1 |
AN2
AN3 |

AN4 *

ANS5 A/D interrupt request generated
AN6

AN7

Figure 14.1.3.1 Operation Example in Single Sweep Mode

Rev. 1.00 Mar. 15, 2005 page 185 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

A/D control register 0 (Note 1)
e Symbol Address After reset
[ [ [afol T T ] Apbcono 03D616  00000XXX2
Bit symbol Bit name Function RW
Analog Input Pin Invalid in single sweep mode
CHO Select Bit RW
CH1 RW
------- CH2 RW
N b2 b3
MDO A/D Operation Mode 10 : Single sweep mode or simultaneous | Rwi
MD1 Select Bit 0 sample sweep mode RW|
________________ TRG Trigger Select Bit 0 : Software trigger ) RW
1 : Hardware trigger (ADTRG trigger)
ADST A/D Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
CKS0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo
| 0 | | | Symbol Address After reset
ADCON1 03D716 0016
Bit symbol Bit name Function RW
E A/D Sweep Pin When selecting single sweep mode RW
: SCANO | select Bit (Note 2) b1b0 .
! 00: ANo to AN1 (2 pins)
! 01 : ANo to AN3 (4 pins) ——
: 1 0: ANo to ANs (6 pins)
: SCAN1 11 ANoto AN7 (8 pins) RW
A/D Operation Mode 0 : Any mode other than repeat sweep
"""" MD2 Select Bit 1 mode 1 RW
---------- 8/10-Bit Mode Select Bit |0 : 8-bit mode
BITS 1 : 10-bit mode RW
-------------- CKS1 Frequency Select Bit 1 | Refer to Table 14.2 A/D Conversion RW
Frequency Select
------------------ VCUT VREF Connect Bit (Note 3) | 1 : VREF connected RW
________________________ — Nothing is assigned. When write, set to “0”. _
(b7-b6)  [when read, its content is “0.
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSELO bits in the
ADCONZ2 register to select the desired pin.
Note 3: If the VCUT bit is reset from “0” (VREF unconnected) to “1” (VReFconnected), wait for 1 ps or more before
starting A/D conversion.
A/D control register 2 (Note 1)
b7 D6 S b4 b3 b2 bL b0 Symbol Address After reset
|><|><| 0 | | 0 | | ADCON2 03D416 0016
oo b0 1| Bitsymbol Bit name Function RW
I . A/D Conversion Method 0 : Without sample and hold
I SMP Select Bit 1 : With sample and hold RwW
A o201
[ T A A ADGSELO [ A/D Input Group 00 : Select port P10 group (ANi) RW
A Select Bit 01 : Select port P9 group (AN3i)
T R 10: Do not set
Vo ADGSELL 11: Do not set RW
H H (b3) Reserved Bit Set to “0” RW
E - , ' Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion
[ T T VAR, CKs2 Frequency Select RW
R TRG1 Trigger Select Bit 1 Set to "0" in single sweep mode RW
E_ R 'L ___________________ Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.
Note 1: If the ADCON2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.3.2 ADCONO to ADCON2 Registers in Single Sweep Mode

Rev. 1.00 Mar. 15, 2005 Ppage 186 of 328 RENESAS

REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

14.1.4 Repeat Sweep Mode 0
In repeat sweep mode 0, analog voltages applied to the selected pins are repeatedly converted to a
digital code. Table 14.1.4.1 shows the repeat sweep mode 0 specifications. Figure 14.1.4.1 shows the
operation example in repeat sweep mode 0. Figure 14.1.4.2 shows the ADCONO to ADCON2 registers in
repeat sweep mode 0.

Table 14.1.4.1 Repeat Sweep Mode 0 Specifications

Iltem Specification
Function The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSELL1 to
ADGSELDO bits in the ADCONZ2 register select pins. Analog voltage applied to
the selected pins is repeatedly converted to a digital code
AID Conversion Start Condition |[» When the TRG bit in the ADCONO register is “0” (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (Hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to “0” (A/D conversion halted)
Interrupt Request Generation Timing|None generated
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins),
ANo to AN7 (8 pins) (Note 1)
Readout of AID Conversion Result  |Readout one of the ADO to AD7 registers that corresponds to the selected pin

Note 1: AN30 to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

*Example when selecting ANo to AN3 to analog input pins (SCAN1 to SCAN0=012)

’ A/D pin input voltage
A/D conversion started I:l samgling P ¢

* |:| A/D pin conversion

ANO |

AN1 | _
AN2 | Ll
AN3

AN4
AN5
AN6
AN7

Figure 14.1.4.1 Operation Example in Repeat Sweep Mode 0
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

A/D control register 0 (Note 1)
N N Symbol Address After reset
LLTTelsl T T ] Abcomo 03D61s  00000XXX2
oo i it symbol Bit name Function RW
T . Analog Input Pin Invalid in repeat sweep mode 0
: P CHO | Select Bit [RW|
[ CH1 RW
R CH2 RW
A FT Y ——— —
A MDO Sel tpée_rtaélon ode 11 : Repeat sweep mode O or —
b MD1 elect Bi Repeat sweep mode 1 RW
b Trigger Select Bit 0 : Software trigger
1;? 1 : Hardware trigger (ADTRG trigger) RW
] ADST A/D Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
. CKS0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo
1 0 | | | Symbol Address After reset
ADCON1 03D716 0016
bbb [ Bitsymbol Bit name Function RW
A A/D Sweep Pin When selecting repeat sweep mode 0 RW
' ‘4 1 1 71 SCANO  [select Bit (Note 2) b1b0 )
: ¢ 00 : ANo to AN1 (2 pins)
: oo 01 : ANo to AN3 (4 pins) —
. [ 10 : ANo to ANs (6 pins)
oo SCAN1 11:ANo to AN7 (8 pins) RW
A/D Operation Mode 0 : Any mode other than repeat sweep
: o T MD2 Select Bit 1 mode 1 RW
[ 8/10-Bit Mode Select Bit |0 : 8-bit mode
' : BITS 1 : 10-bit mode RW
temmmemeiee CKS1 Frequency Select Bit 1 Refer to Table 14.2 A/D Conversion RW|
: Frequency Select
S EEERREEEELEEE VCUT VREF Connect Bit (Note 3) |1 : VREF connected RW
] — Nothing is assigned. When write, set to “0”. o
(b7-b6) When read, its content is “0".
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSETO bits in the
ADCONB2 register to select the desired pin.
Noe 3: If the VCUT bit is reset from “0” (VReF unconnected) to “1” (VREF connected), wait for 1 pus or more before
starting A/D conversion.
A/D control register 2 (Note 1)
b7 D6 b5 b4 b3 b2 bi b0 Symbol Address After reset
|><|><| 0 | | 0 | | | ADCON2 03D416 0016
Poror o | Bitsymbol Bit name Function RW
A A/D Conversion Method | 0 : Without sample and hold
Polobon SMP | select Bit 1 With sample and hold RW
I
T ADGSELO | A/D Input Group 00 : Select port P10 group (ANi) RW
A Select Bit 01: Select port P9 group (AN3i)
T R S SR 10: Do not set
oo ADGSELL 11: Do not set RW
R L Enr s b3) Reserved Bit Set to “0” RW
H (b3)
E , , Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion
R L CEEE T CKs2 Frequency Select RwW
E . R TRG1 Trigger Select Bit 1 Set to "0" in repeat sweep mode 0 RW
i__ _i' ____________________ —_ Nothing is assigned. When write, set to “0”. .
(b7-b6) When read, its content is “0”.
Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.4.2 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 0
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

14.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltages applied to the all selected pins are converted to a digital code,
with mainly used in the selected pins. Table 14.1.5.1 shows the repeat sweep mode 1 specifications.

Figure 14.1.5.1 shows the operation example in repeat sweep mode 1. Figure 14.1.5.2

shows the

ADCONO to ADCONZ2 registers in repeat sweep mode 1.

Table 14.1.5.1 Repeat Sweep Mode 1 Specifications

Item

Specification

Function

The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSELL1 to
ADGSELDO bits in the ADCON2 register mainly select pins. Analog voltage
applied to the all selected pins is repeatedly converted to a digital code
Example : When selecting ANo
Analog voltage is converted to a digital code in the following order
ANo — AN1 — ANo — AN2 — ANo — AN3, and so on.

A/D Conversion Start Condition

« When the TRG bit in the ADCONO register is “0” (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)

* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)

AID Conversion Stop Condition

Set the ADST bit to “0” (A/D conversion halted)

Interrupt Request Generation Timing

None generated

Analog Input Pins Mainly
Used in A/D Conversions

Select from ANo (1 pins), ANo to AN1 (2 pins), ANo to AN2 (3 pins),
ANo to AN3 (4 pins) (Note 1)

Readout of AID Conversion Result

Readout one of the ADO to AD7 registers that corresponds to the selected pin

Note 1: AN30 to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

A/D conversion started

\

*Example when selecting ANo to analog input pins (SCAN1 to SCAN0=002)

D A/D pin input voltage
sampling
A/D pin conversion

Ano [ ||

AN1 |

AN2
AN3
AN4
AN5
AN6
AN7

Figure 14.1.5.1 Operation

Example in Repeat Sweep Mode 1
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

b7 b6 b5 b4 b3 b2 bl bo

A/D control register 0 (Note 1)

Symbol Address After reset
L [1]a] | | Abcono 03D61s  00000XXX2
Dol i it symbol Bit name Function RW
T . Analog Input Pin Invalid in repeat sweep mode 1
: P CHO | Select Bit IRW|
I cH RW
R CH2 RW
D Ty —— —
A MDO Sel tpée_rtaélon ode 11 : Repeat sweep mode 0 or —
! MD1 elect Bi Repeat sweep mode 1 RW|
' Trigger Select Bit 0: Software trigger )
. TRG 1: Hardware trigger (ADTRG trigger) RW
H ADST AID Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
L CKS0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo
1 | | | 1 | | | Symbol Address After reset
ADCON1 03D716 0016
Poroi b it symbol Bit name Function RW
A R A R A/D Sweep Pin When selecting repeat sweep mode 1 RW
oo by r 71 SCANO | select Bit (Note 2) b1b0 )
A 00: ANo (1 pin)
[ 01 : ANo to AN1 (2 pins) -
A 10 : ANo to AN2 (3 pins)
oo SCAN1 11:ANo to AN3 (4 pins) RW
A/D Operation Mode 1: Repeat sweep mode 1
E E [ MD2 Select Bit 1 RW
[ 8/10-Bit Mode Select Bit |0 : 8-bit mode
R BITS 1:10-bit mode RW
A S PR, CcKS1 Frequency Select Bit1 | Refer to Table 14.2 A/D Conversion RW
oo Frequency Select
S EEERREEEELEEE VCUT  [VREer Connect Bit (Note 3) |1 : VREF connected RW
] — Nothing is assigned. When write, set to “0”. o
(b7-b6) When read, its content is “0".
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSELO bits in the
ADCONB2 register to select the desired pin.
Note 3: If the VCUT bit is reset from “0” (VReF unconnected) to “1” (VREF connected), wait for 1 pus or more before
starting A/D conversion.
A/D control register 2 (Note 1)
D7 D6 05 b4 b3 b2 b1 b0 Symbol Address After reset
XX[o] Jo] [ [ ]  Abconz 03D4h ooh
i | Bit symbol Bit name Function RW
E ' I. A/D Conversion Method 0 : Without sample and hold
. SMP Select Bit 1 : With sample and hold RW
P b2o1
A ADGSELO | A/D Input Group 00 : Select port P10 group (ANi) RW
Select Bit 01 : Select port P9 group (AN3i)
I 10: Do not set
b ADGSELL 11 Do not set RW
R (b3) Reserved Bit Set to “0” RW
i : CKS2 Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion RW
[ bl Frequency Select
E ' TRG1 Trigger Select Bit 1 Set to in repeat sweep mode 1 RW
;__'L ___________________ Nothing is assigned. When write, set to “0”. -
(b7-b6) When read, its content is “0”.

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.5.2 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 1
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M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

14.1.6 Simultaneous Sample Sweep Mode

In simultaneous sample sweep mode, analog voltages applied to the selected pins are converted one-by-
one to a digital code. At this time, the input voltage of ANo and AN1 are sampled simultaneously using two
circuits of sample and hold circuit. Table 14.1.6.1 shows the simultaneous sample sweep mode specifica-
tions. Figure 14.1.6.1 shows the operation example in simultaneous sample sweep mode. Figure
14.1.6.2 shows ADCONO to ADCON2 registers and Figure 14.1.6.3 shows ADTRGCON registers in
simultaneous sample sweep mode. Table 14.1.6.2 shows the trigger select bit setting in simultaneous
sample sweep mode. In simultaneous sample sweep mode, Timer BO underflow can be selected as a
trigger by combining software trigger, ADTRG trigger, Timer B2 underflow, Timer B2 interrupt generation
frequency setting counter underflow or A/D trigger mode of Timer B.

Table 14.1.6.1 Simultaneous Sample Sweep Mode Specifications
Item Specification

Function The SCAN1 to SCANO bits in the ADCONZ1 register and ADGSEL1 to
ADGSELDO bits in the ADCON2 register select pins. Analog voltage applied to
the selected pins is converted one-by-one to a digital code. At this time, the
input voltage of ANo and AN1 are sampled simultaneously.
AD Conversion Start Condition | When the TRG bit in the ADCONO register is "0" (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
When the TRG bit in the ADCONO register is "1" (hardware trigger)
The trigger is selected by TRG1 and HPTRGO bits (See Table 14.1.6.2)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)
Timer BO, B2 or Timer B2 interrupt generation frequency setting counter
underflow after setting the ADST bit to “1” (A/D conversion started)
AID Conversion Stop Condition | A/D conversion completed (If selecting software trigger, the ADST bit is
automatically set to "0".
Set the ADST bit to "0" (A/D conversion halted)
Interrupt Generation Timing| A/D conversion completed
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or
ANo to AN7 (8 pins) (Note 1)
Readout of A/D conversion result | Readout one of the ANO to AN7 registers that corresponds to the selected pin

Note 1: AN30 to AN32 can be used in the same way as ANo to AN7.
However, all input pins need to belong to the same group.

*Example when selecting ANO to AN3 to analog input pins (SCAN1 to SCAN0=012)

D A/D pin input voltage
AID conversion started sampling

+ :' A/D pin conversion

ANo
AN1 |
AN2 [ ]

AN3
AN4 *
AN5 .
A/D interrupt request generated
ANs

AN7

Figure 14.1.6.1 Operation Example in Simultaneous Sample Sweep Mode
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14. A/D Converter

A/D control register 0 (Note 1)
N N Symbol Address After reset
L [t[o] | [ | Apbcono 03D61s  00000XXX2
ohor ] Bt symbol Bit name Function RW
I Analog Input Pin Invalid in simultaneous sample sweep mode
: P CHO | Select Bit |RW|
I cH RW,
R CH2 RW
A Py ——— o
A MDO Sel tpée_rtaélon ode 10 : Single sweep mode or simultaneous —
! MD1 elect Bi sample sweep mode RWi|
E Trigger Select Bit Refer to Table 14.1.6.2 Trigger Select Bit
. TRG Setting in Simultaneous Sample Sweep RW
i Mode
H ADST AID Conversion Start Fag | 0 : A/D conversion disabled RW
1: A/D conversion started
. CKS0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select

Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo

1 | | 0 | | | Symbol Address After reset
ADCON1 03D716 0016
b [ Bitsymbol Bit name Function RW
[ AID Sweep Pin When selecting simultaneous sample sweep | gy
: i ¢ 1t "] SCANO |selectBit (Note 2) mode
: R 00 : ANo to AN1 (2 pins) |
H Vo 01 : ANo to AN3 (4 pins)
: e SCAN1 10 : ANo to ANs (6 pins) RW
! o 11 : ANo to AN7 (8 pins)
A/D Operation Mode 0 : Any mode other than repeat sweep
E o T MD2 Select Bit 1 mode 1 RW
[ 8/10-Bit Mode Select Bit |0 : 8-bit mode
' : BITS 1 : 10-bit mode RW
temmmemeiee CKS1 Frequency Select Bit 1 Refer to Table 14.2 A/D Conversion RW|
: Frequency Select
S EEERREEEELEEE VCUT VREF Connect Bit (Note 3) |1 : VREF connected RW
. — Nothing is assigned. When write, set to “0”. _
""""""""""" (b7-b6) [ When read, its content is “0”.
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSETO bits in the
ADCONB2 register to select the desired pin.
Note 3: If the VCUT bit is reset from “0” (VReF unconnected) to “1” (VREF connected), wait for 1 pus or more before
starting A/D conversion.
A/D control register 2 (Note 1)
D7 D6 05 b4 b3 b2 b1 0O Symbol Address After reset
XX T Jo] | [t]  Abconz 03D416 0015
i | Bit symbol Bit name Function RW
E ' ' ' L A/D Conversion Method | Setto “1”in simultaneous sample
S SMP | Select Bit sweep mode Rw
A b201
Vo oo T ADGSELO | A/D Input Group 00 : Select port P10 group (ANi) RW
Select Bit 01: Select port P9 group (AN
Vo HE R 10: Do not set
Vo [ ADGSEL1 11: Do not set RW
HE e e (b3) Reserved Bit Set to “0” RW
E , Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion
T CKs2 Frequency Select RW
Trigger select bit 1 Refer to Table 14.1.6.2 Trigger Select Bit
. TRG1 Setting in Simultaneous Sample Sweep RW
Mode
e e —_ Nothing is assigned. When write, set to “0”". J—
(b7-b6) When read, its content is “0”.
Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.6.2 ADCONO to ADCON2 Registers for Simultaneous Sample Sweep Mode
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M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

b7 b6 b5 b4 b3 b2 bl bo

0 0|1

A/D trigger control register (Note 1)

[Ap—

Symbol Address After reset
ADTRGCON 03D216 0016
Bit symbol Bit name Function RW
SSE A/D Operation Mode 1 : Simultaneous sample sweep mode RW
Select Bit 2 or delayed trigger mode 0, 1
DTE A/D Operation Mode 0 : Any mode other than delayed trigger RW
Select Bit 3 mode 0,1
ANO Trigger Select Bit Refer to Table 14.1.6.2 Trigger Select
HPTRGO 99 Bit Setting in Simultaneous Sample | RW
Sweep Mode
HPTRG1 | AN1 Trigger Select Bit Set to "0" in simultaneous sample RW
sweep mode
f— Nothing is assigned. When write, set to “0”. _
(b7-b4) When read, its content is “0”.

Note 1: If ADTRGCON register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.6.3 ADTRGCON Register in Simultaneous Sample Sweep Mode

Table 14.1.6.2 Trigger Select Bit Setting in Simultaneous Sample Sweep Mode

TRG TRG1 | HPTRGO TRIGGER
0 - - Software trigger
- 1 Timer BO underflow (Note 1)
1 0 0 ADTRG
1 1 0 Timer B2 or Timer B2 interrupt generation frequency
setting counter underflow (Note 2)

Note 1: A count can be started for Timer B2, Timer B2 interrupt generation frequency
setting counter underflow or the INT5 pin falling edge as count start
conditions of Timer BO.

Note 2: Select Timer B2 or Timer B2 interrupt generation frequency setting counter
using the TB2SEL bit in the TB2SC register.
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M16C/26A Group (M16C/26A, M16C/26T) 14. AID Converter

14.1.7 Delayed Trigger Mode O

In delayed trigger mode 0, analog voltages applied to the selected pins are converted one-by-one to a
digital code. The delayed trigger mode 0 used in combination with A/D trigger mode of Timer B. The
Timer BO underflow starts a single sweep conversion. After completing the ANo pin conversion, the AN1
pin is not sampled and converted until the Timer B1 underflow is generated. When the Timer B1 under-
flow is generated, the single sweep conversion is restarted with the AN1 pin. Table 14.1.7.1 shows the
delayed trigger mode 0 specifications. Figure 14.1.7.1 shows the operation example in delayed trigger
mode 0. Figure 14.1.7.2 and Figure 14.1.7.3 show each flag operation in the ADSTATO register that
corresponds to the operation example. Figure 14.1.7.4 shows the ADCONO to ADCON?2 registers in
delayed trigger mode 0. Figure 14.1.7.5 shows the ADTRGCON register in delayed trigger mode 0 and
Table 14.1.7.2 shows the trigger select bit setting in delayed trigger mode O.

Table 14.1.7.1 Delayed Trigger Mode 0 Specifications

Item Specification
Function The SCAN1 to SCANO bits in the ADCONL1 register and ADGSEL1 to ADGSELDO bits in
the ADCONZ2 register select pins. Analog voltage applied to the input voltage of the
selected pins are converted one-by-one to the digital code. At this time, Timer BO under
flow generation starts ANo pin conversion. Timer B1 underflow generation starts con
version after the AN1 pin. (Note 1)
A/D Conversion Start ANo pin conversion start condition
*When Timer BO underflow is generated if Timer BO underflow is generated again
before Timer B1 underflow is generated , the conversion is not affected
*When Timer BO underflow is generated during A/D conversion of pins after the AN1
pin, conversion is halted and the sweep is restarted from ANo pin
ANL1 pin conversion start condition
*When Timer B1 underflow is generated during A/D conversion of the ANo pin, the
input voltage of the AN1 pin is sampled. The AN1 conversion and the rest of the

sweep start when ANo conversion is completed.

A/D Conversion Stop *When single sweep conversion from the ANo pin is completed
Condition *Set the ADST bit to "0" (A/D conversion halted)(Note 2)
Interrupt Request A/D conversion completed

Generation Timing

Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins) and

ANo to AN7 (8 pins)(Note 3)

Readout of A/D Conversion Result| Readout one of the ANO to AN7 registers that corresponds to the selected pins

Note 1: Set the larger value than the value of the timer BO register to the timer B1 register.

Note 2: Do not write “1” (A/D conversion started) to the ADST bit in delayed trigger mode 0. When write “1”,
unexpected interrupts may be generated.

Note 3: AN30 to AN32 can be used in the same way as ANo to AN7. However, all input pins need to belong to the same

group.
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*Example when selecting ANO to AN3 to analog input pins (SCAN1 to SCAN0=012)

«Example 1: When Timer B1 underflow is generated during ANo pin conversion |:| A/D pin input
voltage sampling
Timer BO underflow A/D pin conversion

Timer B1 underflow

ANo
AN1 L]

AN2 |

AN3 _I—I

*Example 2: When Timer B1 underflow is generated after ANo pin conversion

Timer BO underflow

\
o T 1 G

AN2 |

AN3 _l—l

Timer B1 underflow

*Example 3: When Timer BO underflow is generated during A/D conversion of any pins except ANo pin

Timer BO underflow
(Abort othrt pins conversion)
Timer B1 underflow Timer B1 under flow

E: v [T v
AN1 Ll L1

AN2 |

AN3 _l—l

Timer BO underflow

*Example 4: When Timer BO underflow is generated again before Timer B1 underflow is generated
after Timer BO underflow generation

Timer BO underflow  Timrt BO underflow
* ‘An interrupt does not affect A/D conversion)

Timer B1 underflow
ano 1]
AN1

AN2 |

AN3 _l—l

Figure 14.1.7.1 Operation Example in Delayed Trigger Mode O
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14. A/D Converter

«Example when selecting ANO to AN3 to analog input pins (SCAN1 to SCAN0=012)

*Example 1: When Timer B1 underflow is generated during ANo pin conversion |:|

Timer BO underflow

Timer B1 underflow

ANo |

AN1 | |_|
AN2 ! ! E |
AN : L
- . | ; |
ADST fl o . ! !
ag o :\Po not set to "1" by program |
o : : T
ADERRO flag O__l ' ! :
o lb |
ADERRL1 flag o . . : L L
e | 1 1 I !
ADTCSF flag o : | | L

[
oy
ADSTTO flag o

ADSTT1flag
| | :
nyn : 1
ADSTRTO flag 1 | ! L
0 : : Set to “0" by program
ADSTRT1flag . :
.

IR bit in the ADIC "
"0

register
Set to "0" by an interrupt request acknowledgement or a program
*Example 2: When Timer B1 underflow is generated after ANo pin conversion
Timer BO underflow
+ Timer B1 underflow
ANoO | |
AN1 ! ! |
AN2 | 3 ! |
AN3 | ! } E —|—|.
. | | h | |
\ I I | I |
\ | I \ | |
| | | ' | |
ADST fla " | ' ! !
g o D ‘ ! . | l_
: Do not set to "1" by program : | |
ADERRO flag v ' ; ! ! ' !
o T T T -
| | I | | !
ADERR1flag 't | | !
o | : : : :
ADTCSF flag " j ' ! !
o : : ! | ,
| i | I |
ADSTTO flag "1 |—| ! ; ! !
o | | ) | ] |
ADSTT1flag ' | | —
o] 3 : . :
ADSTRTO flag "1 ! T y T =
——— 1 ! ' _—

Set to "0" by program

ADSTRT1 flag "1t
"0

i
IR bit in the ADIC "1~
register " -

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

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRTL1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

A/D pin input
voltage sampling
A/D pin conversion

Figure 14.1.7.2 Each Flag Operation in ADSTATO Register Associated with the Operation

Example in Delayed Trigger Mode 0 (1)
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14. A/D Converter

ADST flag
ADERRO flag
ADERR1 flag
ADTCSF flag
ADSTTO flag
ADSTT1 flag
ADSTRTO flag

ADSTRT1 flag

register

ADST flag
ADERRO flag
ADERR1 flag
ADTCSF flag
ADSTTO flag
ADSTT1 flag
ADSTRTO flag

ADSTRT1 flag

register

IR bit in the ADIC'
"0

IR bit in the ADIC

«Example 3: When Timer BO underflow is generated during A/D pin conversion of any pins except ANo pin

Timer BO underflow

ANo
AN1 |
AN2 |
ANS

\

1]

Timer BO underflow
(Abort othrt pins conversion )

\ \

Timer B1 underflow v Timer B1 underflow

I:‘ A/D pin input
voltage sampling

A/D pin conversion

L

™

Do not set to "1" by program

o

1

g 4

Setto "0"

by program

«Example 4: After Timer BO underflow is generated and when Timer BO underflow is generated again

T

'

'

'

I
I T
' '
i '
' '
' '
' '
' '
' '
' '
' '
' '
| '
T T
' '

before Timer B1 underflow is genetaed

Timer BO underflow

ANo
AN1
AN2
AN3

\

]

Timrt BO underflow
An interrupt does not affect A/D conversion)
Timer B1 underflow

Do not set to "1" by program

—

Set to "0" by program

0

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

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO0 and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

)
. . ' i

Set to "0" by interrupt request acknowledgement or a program '
i ' i

i

Figure 14.1.7.3 Each Flag Operation in ADSTATO Register Associated with the Operation
Example in Delayed Trigger Mode 0 (2)
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A/D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl

register to select the desired pin.

A/D conversion.

A/D control register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

= Symbol Address After reset
L [ [ofo]o]s]1[1]  Abcono 03D61s  00000XXX2
T symbol Bit name Function RW
T R T A A " 26100
A A ) égﬁ‘;g?gﬂp“t Pin 111: Setto"111b" in delayed trigger RW
A mode 0 ]
PE ey o RW
P P CH2 RW
Pl : MDO i bet3 ) RW|
Lo AID Operation Mode 00 : One-shot mode or delayed trigger mode ——]
v MD1 Select Bit 0 0.1 RW
E ' TRG Trigger Select Bit Refe_r to_TabIe 14.1.7.2 Trigger Select Bit RW
HE Setting in Delayed Trigger Mode 0
[ ADST A/D Conversion Start 0 : A/D conversion disabled RW
i Flag (Note 2) 1: A/D conversion started
] CKSO0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: Do not write “1” in delayed trigger mode 0. When write, set to "0".
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo
1 0 Symbol Address After reset
| | | | | | ADCON1 03D716 0016
boro b it symbol Bit name Function RW
P [ A/D Sweep Pin When selecting delayed trigger sweep mode 0 | RW
ororor roror 71 SCANO  [select Bit (Note 2) b160
A 0 0: ANo to AN1 (2 pins)
T 0 1: ANo to AN3 (4 pins)
A SCAN1 1 0: ANo to ANs (6 pins) RW
A 1 1: ANo to AN7 (8 pins)
A/D Operation Mode 0: Any mode other than repeat sweep
Pl e MD2 | select Bit 1 mode 1 RW
. . s 8/10-Bit Mode Select Bit |0 : 8-bit mode
A BITS 1: 10-bit mode RW
A . CKS1 Frequency Select Bit1 | Refer to Table 14.2 A/D Conversion RW
N Frequency Select
Dol e VCUT | VREF Connect Bit (Note 3) |1 : VREF connected RW
R Nothing is assigned. When write, set to “0". .
(b7-b6) | when read, its content is “0”.
Note 1: If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.

: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSELO bits in the ADCON2

: If the VCUT bit is reset from “0” (VREF unconnected) to “1” (VREF connected), wait for 1 ps or more before starting

Symbol Address After reset
0| | 0| | | 1| ADCON2 03D416 0016
oo bbb 1| Bitsymbol Bit name Function RW
I L AJD Conversion Method Wi
T T SMP N :
A Select Bt (Note 2) 1 : With sample and hold RW
A A b201
S ADGSELO | A/D Input Group 00 : Select port P10 group (ANi) RW
A Select Bit 01: Select port P9 group (AN3i)
R 10: Do not set
o ADGSELL 11: Do not set RW
Rty (b_3) Reserved Bit Set to “0” RW
' ' . ' CKS2 Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion RW
[ S EREEEEEL Frequency Select
o Trigger Select Bit 1 Refer to Table 14.1.7.2 Trigger Select Bit
Pon o tememmemmeeeoee TRG1 99 Setting in Delayed Trigger Mode 0 RW
] o Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: Set to “1" in delayed trigger mode 0.

Figure 14.1.7.4 ADCONO to ADCON2 Registers in Delayed Trigger Mode 0

Rev. 1.00 Mar. 15, 2005 page 198 of 328
REJ09B0202-0100

RENESAS



M16C/26A Group (M16C/26A, M16C/26T)

14. A/D Converter

A/D trigger control register (Note 1)

b7 b6 b5 b4

b3 b2 bl bO

=

Note 1: If ADTRGCON reigster is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After reset
|1]1]1]  AbTRGCON 03D216 0016
i 1+ | Bitsymbol Bit name Function RW
5 E L SSE A/ID Ope_ration Mode Simultanepus sample sweep mode or RW
v Select Bit 2 delayed trigger mode 0,1
L DTE A/D Operation Mode Delayed trigger mode 0, 1 RW
! Select Bit 3
ANO Trigger Select Bit Refer to Table 14.1.7.2 Trigger Select
"""" HPTRGO Bit Setting in Delayed Trigger Mode O RW
__________ ANL1 Trigger Select Bit Refer to Table 14.1.7.2 Trigger Select
HPTRG1 Bit Setting in Delayed Trigger Mode 0 RW
- Nothing is assigned. When write, set to “0”. -
(b7-b4) When read, its content is “0".

Figure 14.1.7.5 ADTRGCON Register in Delayed Trigger Mode O

Table 14.1.7.2 Trigger Select Bit Setting in Delayed Trigger Mode 0

TRG

TRG1

HPTRGO

HPTRG1

Trigger

0

0

1

1

Timer BO, B1 underflow

Rev. 1.00 Mar. 15, 2005 page 199 of 328
REJ09B0202-0100

RENESAS



M16C/26A Group (M16C/26A, M16C/26T) 14. AID Converter

14.1.8 Delayed Trigger Mode 1
In delayed trigger mode 1, analog voltages applied to the selected pins are converted one-by-one to a
digital code. When the input of the ADTRG pin (falling edge) changes state from “H” to “L”, a single sweep
conversion is started. After completing the ANo pin conversion, the AN1 pin is not sampled and converted
until the second ADTRG pin falling edge is generated. When the second ADTRG falling edge is generated,
The single sweep conversion of the pins after the AN1 pin is restarted. Table 14.1.8.1 shows the delayed
trigger mode 1 specifications. Figure 14.1.8.1 shows the operation example of delayed trigger mode 1.
Figure 14.1.8.2 to Figure 14.1.8.3 show each flag operation in the ADSTATO register that corresponds to
the operation example. Figure 14.1.8.4 shows the ADCONO to ADCON2 registers in delayed trigger
mode 1. Figure 14.1.8.5 shows the ADTRGCON register in delayed trigger mode 1 and Table 15.1.8.2
shows the trigger select bit setting in delayed trigger mode 1.
Table 14.1.8.1 Delayed Trigger Mode 1 Specifications

ltem Specification
Function The SCANL1 to SCANO bits in the ADCON1 register and ADGSEL1 to ADGSELDO bits
in the ADCON2 register select pins. Analog voltages applied to the selected pins are
converted one-by-one to a digital code. At this time, the ADTRG pin
falling edge starts ANo pin conversion and the second Mpin falling edge starts

conversion of the pins after AN1 pin
A/D Conversion Start ANo pin conversion start condition
Condition The ADTRG pin input changes state from “H” to “L” (falling edge)(Note 1)
AN1 pin conversion start condition (Note 2)
The ADTRG pin input changes state from “H” to “L” (falling edge)
*When the second ADTRG pin falling edge is generated during or after A/D
conversion of the ANo pin, input voltage of AN1 pin is sampled at the time of ADTRG
falling edge. The conversion of AN1 and the rest of the sweep starts when ANo

conversion is completed.
*When the ADTRG pin falling edge is generated again during single sweep conver

sion of pins after the AN1 pin, the conversion is not affected

A/D Conversion Stop *A/D conversion completed
Condition «Set the ADST bit to "0" (A/D conversion halted)(Note 3)
Interrupt Request Single sweep conversion completed

Generation Timing
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins) and
ANo to AN7 (8 pins)(Note 4)

Readout of A/D Conversion Result | Readout one of the ANO to AN7 registers that corresponds to the selected pins

Note 1: When a thrid ADTRG pin falling edge is generated again during A/D conversion, its trigger is ignored.

Note 2: The ADTRG pin falling edge is detected synchronized with the operation clock @ap. Therefore, when the ADTRG
pin falling edge is generated in shorter periods than @aD, the second ADTRG pin falling edge may not be
detected. Do not generate the ADTRG pin falling edge in shorter periods than @ab.

Note 3: Do not write “1” (A/D conversion started) to the ADST bit in delayed trigger mode 1. When write “1”, unexpected
interrupts may be generated.

Note 4: AN3o0 to AN32 can be used in the same way as ANo to AN7. However, all input pins need to belong to the same

group.
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M16C/26A Group (M16C/26A, M16C/26T) 14. A/D Converter

*Example when selecting ANO to AN3 to analog input pins (SCAN1 to SCAN0=012)

*Example 1: When ADTRG pin falling edge is generated during ANo pin conversion I:' A/D pin input
voltage sampling

A/D pin conversion
ADTRG pin input :l P

ANO
AN1 L]

AN2 |

AN3 _|—|

«Example 2: When ADTRG pin falling edge is generated again after ANo pin conversion

ADTRG pin input } %

ANo

AN1 L]
AN2 |

AN3

«Example 3: When ADTRG pin falling edge is generated more than two times after ANo pin conversion

| v [ B

(valid after single sweep conversion)
ano LT 1] |
AN1

(invalid)
AN2

AN3 [

Figure 14.1.8.1 Operation Example in Delayed Trigger Model
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*Example when selecting ANo to AN3 to analog input pins (SCAN1 to SCAN0=012)

«Example 1: When ADTRG pin falling edge is generated during ANo pin conversion

ADTRG pin input

ANO ‘

an o L
AN2 1 : |
AN3 1 ! L
. | I | I
ADST flag OJ“\ Do not sel‘m "1" by prog‘ram |
A ' ' i
ADERROflag ., ' | | i |
] : : ;
ADERR1 flag P— : : : :
ADTCSFflag ) | | L
ADSTTOflag ! !
ADSTT1flag . | : :

ADSTRTO flag

Set to "0" by program

-

ADSTRT1 flag

— ju

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

IR bitin the ADIC *
register °

*Example 2: When ADTRG pin falling edge is generated again after ANo pin conversion

ADTRG pin input %

ANO
AN1 ! [

AN2 | | :
AN3 ! : | |
ADST flag S : :
"o :\ Do not set to "1" by prog:ram i :
ADERRO flag T ' : ! !
0T i : ‘ :
ADERRL flag v ! 1 !
o— . : T T
ADTCSF flag "1 T ‘ ; i
e L
ADSTTO flag " _|—| ; :
o i ‘ \ :
ADSTT1 flag TR |—|
g — : | ‘ :
ADSTRTOflag ~ "1* | r ; : ; B
o ' : : Set to "0" by program :
ADSTRT1flag 1 : <~

IR bit in the ADIC ;.
register g

Set to "0" by interrupt request acknowledgment or a program

ADST flag: Bit 6 in the ADCONO register

ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

|:| A/D pin input
voltage sampling

A/D pin conversion

in Delayed Trigger Mode 1 (1)

Figure 14.1.8.2 Each Flag Operation in ADSTATO Register Associated with the Operation Example
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14. A/D Converter

*Example 3: When ADTRG input falling edge is generated more than two times after ANo pin conversion

I:‘ A/D pin input
voltage sampling

A/D pin conversion

e § T 03

ANo [
] E -

AN1 (invalid)

AN2
AN3

ADST flag o

Do not set'to "1" by program

register

Set to "0" when interrupt request acknowledgement or a program

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO0 and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

ADERRO flag
ADERRL flag t
porcsFrag ] L
ADSTTO flag ;—,—‘ |—|_,—
ADSTT1flag |—| '——I—
b aajjas
ADSTRTO flag 0% e oy /l___l—
ADSTRTLflag ¥ ! ! \:tl b '7
IR bitin the ADIC ¥ | I—I
| i /‘/ : i '

Figure 14.1.8.2 Each Flag Operation in ADSTATO Register Associated with the Operation Example

in Delayed Trigger Mode 1 (2)
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14. A/D Converter

A/D control register O (Note 1)

b7 b6 b5 b4 b3 b2 bl

register to select the desired pin.

AJD conversion.

A/D control register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

= Symbol Address After reset
L [ [ofofo]s]1[1]  Abcomo 03D61s  00000XXX2
Do ] st symbol Bit name Function RW
Analog Input Pin DabLbo. K )
A A CHO Select Bit 111:Setto"111b"in delayed trigger RW
T R R B mode 1 ||
PE i by o RW
b P CH2 RW
Pl : MDO i bes3 ) RW|
. AID Operation Mode 00 : One-shot mode or delayed trigger mode ——
v MD1 Select Bit 0 0.1 RWI
E ' TRG Trigger Select Bit Refer to Table 14.1.8.2 Trigger Select Bit RW
. Setting in Delayed Trigger Mode 1
[ ADST A/D Conversion Start 0 : A/D conversion disabled RW
i Flag (Note 2) 1: A/D conversion started
L CKSO0 Frequency Select Bit 0 Refer to Table 14.2 A/D Conversion RW
Frequency Select
Note 1: If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: Do not write “1” in delayed trigger mode 1. When write, set to "0".
A/D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo
|><|><| 1 | | | 0 | | | Symbol Address After reset
ADCON1 03D716 0016
bbb Bit symbol Bit name Function RW
P I A/D Sweep Pin When selecting delayed trigger mode 1 RW
ororop roror 71 SCANO  [select Bit (Note 2) b1 b0
A 0 0: ANo to AN1 (2 pins)
R 0 1: ANo to AN3 (4 pins)
A SCAN1 1 0: ANo to ANs (6 pins) RW
A 1 1: ANo to AN7 (8 pins)
A/D Operation Mode 0 : Any mode other than repeat sweep
e MD2 | select Bit 1 mode 1 RW
. . s 8/10-Bit Mode Select Bit |0 : 8-bit mode
A BITS 1: 10-bit mode RW
A . CKS1  |Frequency SelectBit1 | Refer to Table 14.2 A/D Conversion RW
N Frequency Select
Dol e VCUT | VREF Connect Bit (Note 3) |1 : VREF connected RW
R Nothing is assigned. When write, set to “0". .
(b7-b6) | when read, its content is “0".
Note 1: If the ADCONLI register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: AN30 to AN32 can be used in the same way as ANo to AN7. Use the ADGSEL1 to ADGSETO bits in the ADCON2

: If the VCUT bit is reset from “0” (VReF unconnected) to “1” (VReF connected), wait for 1 ps or more before starting

Symbol Address After reset
1 | | 0| | 1| ADCON2 03D416 0016
oo bbb 1| Bitsymbol Bit name Function RW
I L AJD Conversion Method Wi
T R B SMP N :
A Select Bt (Note 2) 1 : With sample and hold RW
A A b201
R A ADGSELO | A/D Input Group 00 : Select port P10 group (ANi) RW
A Select Bit 01: Select port P9 group (AN3i)
[ N 10: Do not set
A ADGSELL 11: Do not set RW
Rt ©3) Reserved Bit Set to “0” RW
E - ' Frequency Select Bit 2 Refer to Table 14.2 A/D Conversion
[ T A AR CKs2 Frequency Select RW
E : Trigger Select Bit 1 Refer to Table 14.1.8.2 Trigger Select Bit
e TRG1 Setting in Delayed Trigger Mode 1 RW
L o Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.

Note 1: If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
Note 2: Set to “1" in delayed trigger mode 1.

Figure 14.1.8.4 ADCONO to ADCONZ2 Registers in Delayed Trigger Mode 1
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14. A/D Converter

b7 b6 b5 b4 b3 b2 bl b0

RGO E

A/D trigger control register (Note 1)

Symbol Address After reset
ADTRGCON 03D216 0016
i+ | Bitsymbol Bit name Function RW
. SSE A/D Operation Mode Simultaneous sample sweep mode or RW
Select Bit 2 delayed trigger mode 0,1
DTE A/D Operation Mode Delayed trigger mode 0, 1 RW
: Select Bit 3
E ANO Trigger Select Bit Refer to Table 14.1.8.2 Trigger Select
"""" HPTRGO Bit Setting in Delayed Trigger Mode 1 RW
__________ AN1 Trigger Select Bit Refer to Table 14.1.8.2 Trigger Select
HPTRG1 Bit Setting in Delayed Trigger Mode 1 RW
. Nothing is assigned. When write, set to “0”. _
(b7-b4) When read, its content is “0”.

Note 1: If ADTRGCON is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 14.1.8.5 ADTRGCON Register in Delayed Trigger Mode 1

Table 14.1.8.2 Trigger Select Bit Setting in Delayed Trigger Mode 1

TRG TRG1 HPTRGO HPTRG1 Trigger
0 1 0 0 ADTRG
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14.2 Resolution Select Function
The BITS bit in the ADCONL1 register determines the resolution. When the BITS bit is set to “1” (10-bit
precision), the A/D conversion result is stored into bits O to 9 in the A/D register i (i=0 to 7). When the BITS
bit is set to “0” (8-bit precision), the A/D conversion result is stored into bits 0 to 7 in the ADi register.

14.3 Sample and Hold

When the SMP bit in the ADCON 2 register is set to “1” (with the sample and hold function), A/D conver-
sion rate per pin increases to 28 @AD cycles for 8-bit resolution or 33 @aD cycles for 10-bit resolution. The
sample and hold function is available in one-shot mode, repeat mode, single sweep mode, repeat sweep
mode 0 and repeat sweep mode 1. In these modes, start A/D conversion after selecting whether the
sample and hold circuit is to be used or not. In simultaneous sample sweep mode, delayed trigger mode
0 or delayed trigger mode 1, set to use the Sample and Hold function before starting A/D conversion.

14.4 Power Consumption Reducing Function

When the A/D converter is not used, the VCUT bit in the ADCONL register isolates the resistor ladder of
the A/D converter from the reference voltage input pin (VREF). Power consumption is reduced by shutting
off any current flow into the resistor ladder from the VREF pin.

When using the A/D converter, set the VCUT bit to “1” (VREF connected) before setting the ADST bit in the
ADCONO register to “1” (A/D conversion started). Do not set the ADST bit and VCUT bit to “1” simulta-
neously, nor set the VCUT bit to “0” (VREF unconnected) during A/D conversion.
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14.5 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 14.5.1 has to be
completed within a specified period of time. T (sampling time) as the specified time. Let output imped-
ance 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).
1 ¢
VC is generally VC = VIN{1-e ¢(RO+R) 1y

Andwhent=T, VC=VIN- )Y(— VIN=VIN(1- >Y(— )

- 1T
e CROWR) - X

Y
N S

C(RO+R) Y
T

\—— R
Celn _X
Y

Hence, RO =

Figure 14.5.1 shows analog input pin and externalsensor equivalent circuit. When the difference be-
tween VIN and VC becomes 0.1LSB, we find impedance RO when voltage between pins. VC changes
from O to VIN-(0.1/1024) VIN in timer T. (0.1/1024) means that A/D precision drop due to insufficient
capacitor chage 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) = 10MHz, T=0.3ps in the A/D conversion
mode with sample & hold. Output inpedance RO for sufficiently charging capacitor C within time T is
determined as follows.

T=0.3us, R=7.8kQ, C=1.5pF, X=0.1, and Y = 1024. Hence,
-6
RO = - 0.3X10 -7.8X10%013.9 X 103

1.5X1012e|n —
1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D con-
verter turns out of be approximately 13.9kQ.

Microcomputer

Sensor equivalent |
circuit '

Ro | R (7.8kQ)

5 C (1.5pF) T Sampling time
Vc

Sample-and-hold function enabled:T:gD
Sample-and-hold function disabled:%

H

D

Figure 14.5.1 Analog Input Pin and External Sensor Equivalent Circuit
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15. CRC Calculation Circuit

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses
a generator polynomial of CRC_CCITT (X16 + X12 + X5 + 1) or CRC-16 (X16 + X15 + X2 + 1) to generate
CRC code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of bytes. The code
is updated in the CRC data register everytime one byte of data is transferred to a CRC input register. The
data register needs to be initialized before use. Generation of CRC code for one byte of data is completed
in two machine cycles.

Figure 15.1 shows the block diagram of the CRC circuit. Figure 15.2 shows the CRC-related registers.
Figure 15.3 shows the calculation example using the CRC_CCITT operation.

15.1. CRC Snoop

The CRC circuit includes the ability to snoop reads and writes to certain SFR addresses. This can be
used to accumulate the CRC value on a stream of data without using extra bandwidth to explicitly write
data into the CRCIN register. For example, it may be useful to snoop the writes to a UART TX buffer ,
or the reads from a UART RX buffer. This can only be used on USB, UART, and SSI registers.

To snoop an SFR address, the target address is written to the CRC snoop Address Register
(CRCSAR). The two most significant bits in this register enable snooping on reads or writes to the target
address. If the target SFR is written to by the CPU or DMA, and the CRC snoop write bit is set (the
CRCSW bit is set to "1"), the CRC will latch the data into the CRCIN register. The new CRC code will be
set in the CRCD register.

Similarly, if the target SFR is read by the CRC or DMA, and the CRC snoop read bit is set (the CRCSR
bit is set to "1"), the CRC will latch the data from the target into the CRCIN register and calculate the
CRC.

The CRC circuit can only calculate CRC codes on data byte at a time. Therefore, if a target SFR is
accessed in a word (16 bit) bus cycle, only the byte of data going to or from the target snooped into
CRCIN, the other byte of the word access is ignored.

S Data bus high-order S

|11

S Data bus low-order S

I

Eight low-order bits | l Eight high-order bits

CRCD register (16) (Address 03BD16, 03BC16)

nm gg :

CRC code generating circuit
xB4x12455+1 OR x4+ x5+ x2+1

Snoop Address

CRC input register (8) <
ﬂ (Address 03BE16)
enable

S Address Bus S

Figure 15.1 CRC circuit block diagram
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CRC data register

(b15)
b7

CRC input register

b7

(b15) (b8)

CRC snoop address register

bo Symbol Address After reset
CRCD 03BD16 to 03BC16  Indeterminate
Function Setting range | RW
CRC calculation result output 000016 to FFFF16 | RW
0o Symbol Address After reset
CRCIN 03BEz1s Indeterminate
Function Setting range | RW
---------- Data input 0016 to FF16 | RW
£0 Symbol Address After reset
CRCMR 03B616 OXXXXXX02
Bit symbol Bit name Function RW
P e CReps | CRC mode polynomial | 0: X16+X12+X5+1 (CRC-CCITT) |
P selection bit 1: X16+X15+X2+1 (CRC-16)
O Nothing is assigned. Write "0" when writing to this bit. _
(b6-b1) The value is indeterminate if read.
CRCMS CRC mode selection bit 0:LSB f'TSt RW
1: MSB first
bo Symbol Address After reset
CRCSAR 03B516 to 03B416 OOXXXXXX XXXXXXXX16
Bit symbol Bit name Function RW
ERROEEEEEEES CRCSAR9-0 CRC modg polynomial SFR address to snoop RW
selection bit
(bT—blO) Nothing is .aslsigned. Write 0 when writing to this bit. .
The value is indeterminate if read.
CRCSR CRC Sngop on read 0: Disabled RW
enable bit 1: Enabled
CRCSW CRC Sn(?op on write 0: Disabled RW
enable bit 1. Enabled

Figure 15.2. CRCD, CRCIN, CRCMR, CRCSAR Register
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15. CRC Calculation Circuit

b15

b0

(1) Setting 000016 (initial value)—s-

(2) Setting 0116

b15

b7

[ ]

bo

| CRD data register CRCD

CRC input register CRCIN

[03BD16, 03BC16]

[O3BE16]

2 cycles
After CRC calculation is complete

b0

118916 | CRD data register CRCD

| [03BD16, 03BC16]

conformity with the modulo-2 operation.

-

Stores CRC code

The code resulting from sending 0116 in LSB first mode is (10000 0000).This the CRC code in the generating polynomial,
(X216 + x12 + X5 + 1), becomes the remainder resulting from dividing(1000 0000)X6 by ( 1 0001 0000 0010 0001) in

Modulo-2 operation is
operation that complies

(3) Setting 2316

LSB\ 1000 1000 & MSB with the law given below.

10001 0000 0010 0001 | 1000 0OOO 0000 0000 0000 0000 0+0=0
1000 1000 0001 0000 1 0+1=1

1000 0001 0000 1000 O i* (1J fé

1000 1000 0001 0000 1 +_l: 1

1001 0001 1000 1000 -
y 4 AN
LSB MSB
NN S

Thus the CRC code becomes ( 1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary, set the CRC mode
selection bit to "1". CRC data register stores CRC code for MSB first mode.

b7 b0

CRC input register CRCIN
[O3BE16]

After CRC calculation is complete

b0

CRD data register CRCD

OAd11s [03BDz16, 03BC16]

(R

Stores CRC code

Figure 15.3. CRC Calculation
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16. Programmable I/O Ports

Note
I There is no external connections for port P60 to P63, P92 and P93 in the M16C/26A (42-pin version) I

The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 39 lines P15 to
P17, P6, P7, P8, P90 to P93, P10 for the 48-pin version, or 33 lines P15 to P17, P64 to P67, P7, P8, P90 to
P91, P10 for the 42-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 in sets of 4 lines.

Figures 16.1 to 16.4 show the I/O ports. Figure 16.5 shows the I/O pins.

Each pin functions as an I/O port, a peripheral function input/output.

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, set the direction bit for that pin to “0” (input mode). Any pin used as an
output pin for peripheral functions is directed for output no matter how the corresponding direction bit is set.

16.1 Port Pi Direction Register (PDi Register, i =1, 6 to 10)

Figure 16.1.1 shows the direction registers.
This register selects whether the I/O port is to be used for input or output. The bits in this register corre-
spond one for one to each port.

16.2 Port Pi Register (Pi Register, i =1, 6 to 10)

Figure 16.2.1 shows the Pi registers.

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 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.

16.3 Pull-up Control Register 0 to Pull-up Control Register 2 (PURO to PUR2 Registers)

Figure 16.3.1 shows the PURO to PURZ2 registers.

The bits in the PURO to PUR2 registers can be used to select whether or not to pull the corresponding port
high in 4 bit units. The port chosen to be pulled high has a pull-up resistor connected to it when the
direction bit is set for input mode.

Also, P67 is connected to a pull-up resistor when the CNVss pin is “H”, and the RESET pin is “L".
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M16C/26A Group (M16C/26A, M16C/26T) 16. Programmable I/O Ports

16.4 Port Control Register
Figure 16.4.1 shows the port control 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.

16.5 Pin Assignment Control register (PACR)

Figure 16.5.1 shows the PACR. After reset set the PACR2 to PACRO bit before you input and output it to
each pin. When the PACR register isn’t set up, the input and output function of some of the pins doesn’t
work.

PACR2 to PACRO bits: control the pins enabled for use.
At reset these bits equal “000".
When using the 48 pin version of the M16C/26A and the 48 pin version of the M16C/26T set these
bits to “1002".
When using the 42 pin version of the M16C/26A set these bits to “0012".

U1MAP: controls the assignment of UART1 pins.
If the ULMAP bit is set to “0” (P67 to P64) the UART1 functions are mapped to P64/CTS1/RTS1,
P65/CLK1, P66/RxD1, and P67/TxD1.
If the ULMAP bit is set to “1” (P73 to P70) the UART1 functions are mapped to P70/CTS1/RTS1,
P71/CLK1, P72/RxD1, and P73/TxD1.

PACR is write protected by PRC2 bit in the PRCR register. PRC2 bit must be set immediately before the
write to PACR.

16.6 Digital Debounce function
Two digital debounce function circuits are provided. Level is determined when level is held, after applying
either a falling edge or rising edge to the pin, longer than the programmed filter width time. This enables
noise reduction.
This function is assigned to INT5/INPC17 and NMI/SD. Digital filter width is set in the NDDR register and
the P17DDR register respectively. Additionally, a digital debounce function is disabled to the port P17
input and port P85 input. Figure 16.6.1 shows the NDDR register and the P17DDR register.

Filter width : f8 x 1/ (n+1) n: count value set in the NDDR register and P17DDr register

The NDDR register and the P17DDR register decrement count value with f8 as the count source. The
NDDR register and the P17DDR register indicate count time. Count value is reloaded if a falling edge or
a rising edge is applied to the pin.

The NDDR register and the P17DDR register can be set 0016 to FF16 when using the digital debounce
function. Setting to FF16 disables the digital filter. See Figure 16.6.2 for details.
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Pull-up selection

P93 (inside dotted-line included) j o

pd -
N FE}J |
x
Data bus —¢-| Port latch j_._o

&
i (Note 1)

B

Analog input———— o>~ o—1 |

Pull-up selection
P15 to P16 (inside dotted-line not included) ;] D j j

Port P1 control register
Data bus *«4 Port latch

x
- L %} i (Note 1)
P17 (inside dotted-line included) s
S

~N

.

~N
Input to respective peripheral functions—s

e Digital

Pull-up selection

P60, P61, P64, P65, Direction
P73, P75, P81 register

(inside dotted-line included) P
N

Data bus ——{ Port faich }—| 450
_ ?J %>Q_LD°1 i " (Note )

P74, P76, P80 }17

(inside dotted-line not included) ~N

Input to respective peripheral functions —@—

Note 1: ---4«--- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

A

Figure 16.1. 1/O Ports (1)
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16. Programmable 1/O Ports

P70, P71, P72

P77

P9o to P92

P82 to P84

(inside dotted-line not included)

(inside dotted-line included)

Pull-up selection

Direction

register

Data bus —

VAN

Output

—{ Port latch o

between

Nch

Switching ‘[>°

CMOS and

ARRE

g o

%
i (Note 1)
777

Input to respective peripheral functions *@7

TLT

Pull-up selection

Direction register

d

Data bus —

—{ Port latch

~N

Input to respective peripheral functions

e 7
\
N

Pull-up selection

Direction register

bl

s

Data bus ﬁ% Port latch

~N

P

4 L <
s
i

x
i (Note 1)
eza

e

%
i (Note 1)
777

Input to respective peripheral functions

P
~
~N

{ Y

[e]
[]

Analog input

Note 1: ---i¢---- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.
Figure 16.2. 1/0O Ports (2)
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Pull-up selection

—1 Direction register |—
P62, P66 j j
<|I -
Data bus —¢—] Port latch |
x
1 ' i (Note 1)
~N Switching j_, ”r
between
SL;I CMOS and Nch
~N
Input to respective peripheral functions \é}
Pull-up selection
Direction register
P63, P67 i d ) o j j
< TDA] il
o : :
Data bus —¢{ Port latch | PR,
x
1 <[>w£[>—‘ | (Note 1)
< il
~N
Switching between CMOS and Nch
Pull-up selection
P85 YT
NMI Enable
—1 Direction register |-
A -©-
N ’—DJ ] |
i
Databus —¢—  Portlatch |
1 %>°5:>°7 * (Note )
< 1
~N
NMI Interrupt Input Digital Debounce }_@’
NMI Enable
SD

Note 1; ---id----- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 16.3. 1/O Ports (3)
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P100 to P103 Pull-up selection

(inside dotted-line
not included)

—! Direction register |-

P104 to P107 < j j%
(inside dotted-line i
included) Data bus —¢— Port latch |

A\ 37 “

I

~N

Analog input — o9

Input to respective peripheral functions @

Pull-up selection

—| Direction register |4

P87 j j
< -
TP
Data bus —e—| Port latch | O
7y
3 ¢ (Note)
< %7 7
fc
S
~N
Rf
Pull-up selection
og —_Direction register |— Rd
6
P J Ld~
° B
Databus —¢—] Port latch | . —O
I [ \:22 J & (Note)
< T
S
~N
Note: -+ symbolizes a parasitic diode.

Make sure the input voltage on each port will not exceed Vcc.

Figure 16.4. 1/O Ports (4)
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CNVss
CNVss signal input @

A
%

O

RESET
RESET signal input @

x (Note 1)
777

A
x

. O

Note 1: -4 symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

x (Note 1)
77

Figure 16.5. 1/0O Pins
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M16C/26A Group (M16C/26A, M16C/26T) 16. Prog
Port Pi direction register (i=6 to 8, and 10) (Note)
Symbol Address After reset
b7 b6 b5 b4 b3 b2 bl bO PD6 to PD8 03EE16, 03EF16, 03F216 0016
| | | | | | PD10 03F616 0016
Bit symbol Bit name Function RW
i 4 4 -PDLO Port Pio direction bit RW
R A PDi_1 Port Pi1 direction bit 0 Input mode ) RW
T - — - (Functions as an input port)
[ Rt PDi_2 Port Pi2 direction bit 1 : Output mode RW
e PDi_3 Port Pis direction bit (Functions as an output port) [ RW
Dol e PDi_4 Port Pi4 direction bit (i=6t08, and 10) RW
LR EEEEE PDi_5 Port Pis direction bit RW
R PDi_6 Port Pie direction bit RW
R ERGEEEEEEE PP PDi_7 Port Pi7 direction bit RW
Note: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "001-"
Port P1 direction register (Note 1)
b7 be B M S X Symbol Address After reset
PD1 03E316 0016
Bit symbol Bit | Function RW
N T T N sy Nothing is assigned. In an attempt to write to this bit, write “0”.
(b4-b0) The value, if read, turns out to be indeterminate. -
b bty PD1_5 Port P15 direction bit 0 : Input mode RW
P (Functions as an input port)
P TTTTTTT T PD1_6 Port P16 direction bit 1 : Output mode RW
i (Functions as an output port)
e PD1_7 Port P17 direction bit RW
Note 1: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "001>"
Port P9 direction register (Note 1,2)
e Symbol Address After reset
NNZN | ] | PD9 03F316 XXXX00002
oo Bt symbol Bit name Function RW
Vv a4 4 a4 o ={PD9.O Port P9o direction bit RW
I P - 0 : Input mode
A PD9 1 Port P91 d!rectfon b!t (Functions as an input port) RW
s PD9 2 Port P92 direction bit 1 : Output mode RW
T CEEEE PD9_3 Port P93 direction bit (Functions as an output port)  ['pyy
R Nothing is assigned. In an attempt to write to this bit, write “0”.
(B7-b4) The value, if read, turns out to be indeterminate. -
Note 1: Make sure the PD9 register is written to by the next instruction after setting the PRCR
register's PRC2 bit to "1"(write enabled).
Note 2: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "001-"

Figure 16.1.1. PD1, PD6, PD7, PD8, PD9, and PD10 Registers
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M16C/26A Group (M16C/26A, M16C/26T)

16. Programmable 1/O Ports

Port Pi register (i=6 to 8 and 10) (Notel)

Symbol Address After reset
b7 b6 b5 b4 b3 b2 bL bo PO6t0OP8 03ECz16, 03ED16, 03F016 Indeterminate
| | | | | | | | | P10 03F416 Indeterminate
T symbol Bit name Function RwW
P a4 a4 a4 ={PiLO Port Pio bit The pin level on any I/O port whichis [ RW
A . Pi 1 Port Pi1 bit set for input mode can be read by RW
oo — — reading the corresponding bit in this
R P2 Port Piz bit register. RW
PR Pi 3 Port Pi3 bit The pin level on any I/O port whichiis | Ry
Vo — — set for output mode can be controlled
b trmmmmmmmmeeend PiLA Port Pia bit by writing to the corresponding bit in RW
R Pi 5 Port Pis bit this register RW
o] - — 0:“L" level
; Pi_6 Port Pis bit 1:H level (Note 1) RW
R R EREEEEEED Pi_7 Port Pi7 bit (i=6to 8 and 10) RW
Notel: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "0012"
Port P1 register (Notel)
b7 b6 b5 bi b3 b2 bl b0 Symbol Address After reset
P1 03E116 Indeterminate
Lo B symbol Bit name Function RwW
_.._ (b4-b0) Nothing is assigned. In an attempt to write to this bit, write “0”. _
o The value, if read, turns out to be indeterminate.
E I l The pin level on any I/O port which is
I P15 Port P1s bit set for input mode can be read by RW
reading the corresponding bit in this
o register.
b ] P16 Port P16 bit The pin level on any /0 port whichis | gy
' set for output mode can be controlled
' by writing to the corresponding bit in
; ) this register
------------------------ P1_7 Port P17 bit 0:“L" level RW
1:"“H" level
Notel: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "001>"
Port P9 register (Notel)
b7 b6 DS ba b3 b2 bl b0 Symbol Address After reset
P9 03F116 Indeterminate
S S R R R =T symbol Bit name Function RW
] The pin level on any 1/O port which is
- P9_0 Port P9o bit set for input mode can be read by RwW
reading the corresponding bit in this
A - register. RW
[ Po_1 Port P91 bit The pin level on any I/O port which is
e set for output mode can be controlled
i : : : : e P9 2 Port P92 bit by writing to the corresponding bit in RW
. B this register
[ 0:“L" level
 OREE P9_3 Port P93 bit 1:°H" level RW
(070%) Nothing is assigned. In an attempt to write to this bit, write “0". .
"""""""""""" The value, if read, turns out to be indeterminate.

Notel: Ports must be enabled using the PACR
In 48 pin version set PACR2, PACR1, PACRO to "1002"
In 42 pin version set PACR2, PACR1, PACRO to "0012"

Figure 16.2.1. P1, P6, P7, P8, P9, and P10 Registers
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16. Programmable 1/O Ports

Pull-up control register O

b7 b6 b5 b4 b3 b2 bl b0o

Symbol Address After reset
MM PURO 03FCie 0016
A N =T symbol Bit name Function RW
R —_— Nothing is assigned. In an attempt to write to these bits, write
A (b2-b0) | “0”. The value, if read, turns out to be “0”. -
___________ 0 : Not pulled high
R PU03 P15 to P17 pull-up 1: Pulled high (Note) RW
—_— Nothing is assigned. In an attempt to write to these bits, write
"""""""""""""" (b7-b4) “0”. The value, if read, turns out to be “0”. -
Note : 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 06 b5 b4 b3 b2 bl b0 Symbol Address After reset(Note 5)
PUR1 03FD16 000000002
A T symbol Bit name Function RW
(b3-po) | Nothing is assigned. In an attempt to write to these bits, write | —
oor o “0". The value, if read, turns out to be “0".
TR PU14 P60 to P63 pull-up 0 : Not pulled high RW
R CLRRCEEEEEE PU15 P64 to P67 pull-up 1: Pulled high (Note) RW
R ERRRURRIITLEESY PU16 P70 to P73 pull-up RW
Smmmmmmmmmmmmmmmm e PU17 P74 to P77 pull-up RW
Note : 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 bl b
T T T Symbol Address After reset
NN | /N | . | PUR2 03FE16 0016
T symbol Bit name Function RW
e e P80 to P8s3 pull-up 0 Not pulled high RW
N PU21 P84 to P87 pull-up 1: Pulled high (Note) RW
R PU22 P90 to P93 pull-up RW
___________ —_— Nothing is assigned. In an attempt to write to these bits, write | __
P (b3) “0”. The value, if read, turns out to be “0”.
SRRt PU24 P100 to P10s pull-up 0 : Not pulled high RW
SRR PU25 P104 to P107 pull-up 1 : Pulled high (Note) RW
____________________ R Nothing is assigned. In an attempt to write to these bits, write | __
(b7-b6) “0”. The value, if read, turns out to be “0”.

: The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.

Figure 16.3.1. PURO to PUR2 Registers
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Port control register

b7 B6 B5 b4 b3 b2 bl bO Symbpl Address After reset
PCR 03FF16 0016
' [ Bit symbol Bit name Function RW
i | PCRO Port P1 control bit Operation performed when the P1

; register is read

' 0: When the port is set for input,

: the input levels of P10 to P17 [RW
' pins are read. When set for

E output, the port latch is read.

' 1: The port latch is read

' regardless of whether the port
E is set for input or output.

e L EE LR E CREEE - Nothing is assigned. In an attempt to write to these bits,
(b7-b1) write “0”. The value, if read, turns out to be “0".

Figure 16.4.1. PCR Register

Pin assignment control register (Note)
b7 b6 bS b4 b3 b2 bl b0 Symbpl Address After reset
PACR 025D16 000000002

A =T symbol Bit name Function RW
E . . . . . . L PACRO Pin enabling bit 001 : 42 pin RW
L 100 : 48 pin

voor o e T PACR1 All other values are reserved. Do | RW
e, PACR2 not use. RW
Coro Reserved bits Nothing is assigned. In an attempt
o] (bs_-b3) to write to these bits, write “0”. | _
H The value, if read, turns out to

: be “O”_

E UART1 pin remapping bit |UART1 pins assigned to
------------------------ U1IMAP 0: P67 to0 P64 RW

1:P73to P70
Note : Make sure the PACR register is written to by the next instruction after setting the PRC2 bit in the PRCR
register to “1” (write enable).

Figure 16.5.1. PACR Register
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NMI digital debounce register (Note)

b7 bo Symbol Address After reset
| NDDR 033E1s FF16
Function Setting range | RW

Assuming that set value =n,

............. for n =0 to FEh, NMI / SD pulse whose width is greater than
(V1/8) / (n + 1) will be input. 0016~FF16 RW
For n = FFh, the digital debounce filter is disabled.
All signals are input.

Note 1 : If the microcomputer is to be moved out of stop mode by NMI interrupt, make sure NDDR register is
set to “FF16” (the digital debounce filter is disabled) before entering stop mode.

Note 2 : Make sure the PACR register is written to by the next instruction after setting the PRC2 bit in the
PRCR register to "1" (write enable).

P17 digital debounce register

b7 bo Symbol Address After reset
P17DDR 033F16 FFi16
Function Setting range | RW

Assuming that set value =n,

_____________ for n = 0 to FEh, INPC17/INT5 pulse whose width is greater
than (V1/8) / ( n + 1) will be input. 0016~FF16 RW
For n = FFh, the digital debounce filter is disabled.
All signals are input.

Note : If the microcomputer is to be moved out of stop mode by INT5 interrupt, make sure P17DDR register is
set to “FF16” (the digital debounce filter is disabled) before entering stop mode.

Figure 16.6.1. NDDR and P17DDR Registers
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Digital Debounce Filter

fg— Clock

P8s / P17— Port In Signal Out — To NMI and SD / INT5 and INPC17
Data Bus—»{ Reload Value Count Value — Data Bus
(write) (read)

. AARAAAAAARAARAAARTS
Port In I“ I
Signal Out J_‘I |

Count Value G X 03 X 02 X 01 BRCE on 01 )( o0 ) FF

Reload Value i 03 FF
(continued) T T T T ; : ;

Port In ul
(continued)

Signal Out
(continued)

Count Value FF 03 X 02 X o1 X 00 F?F 3 03 X o2 FF
® 0 ® @

1. (Condition after reset). Reload = FF, Port In = signal Out continuosly.
2. Reload = 03. At edge of Port In != Signal Out, Counter gets Reload Value and
stats counting down.
. Port In = Signal Out, counting stops.
. At edge of Port In = Signal Out, Counter gets Reload Value and starts counting.
. Counter underflows, stops, and Port In is driven to Signal Out.
. At edge of Port In != Signal Out, counter gets Reload Value and starts counting.
. Counter underflows, stops, and Port In is driven to Signal Out.
. At edge of Port In = Signal Out, counter gets Reload Value and starts counting.
. FF is written to Reload Value. Counter is stopped and loaded with FF.

Port In = Signal Out continuously.

O©CoO~NOUTAW

Figure 16.6.2. Functioning of Digital Debounce Filter
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Table 16.1. Unassigned Pin Handling in Single-chip Mode

Pin name Connection

Ports P1, P6 to P10

After setting for input mode, connect every pin to Vss via a resistor(pull-down);
or after setting for output mode, leave these pins open. (Note 1, Note 2, Note 4)

XouT (Note 3) Open

Xin

Connect via resistor to Vcc (pull-up) (Note 5)

Avcc Connect to Vcc
AVss, VREF Connect to Vss
Note 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.
Futhermore, 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
directionregisters be periodically reset in software, for the increased reliability of the program.
Note 2: Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).
Note 3: With external clock or Vcc input to XIN pin.
Note 4: When using the 48pin version, set PACR2, PACR1, PACRO to "1002".
When using the 42pin version, set PACR2, PACR1, PACRO to "0012".
Note 5: When the main clock oscillation circuit is not used, set the CMO5 bit in the CMO register to “0”

(main clock stops) to reduce power consumption.

Microcomputer

Port P1, P6 to P10

(Note) (Input mode) AVAVAY,
(Inpui mode) 4\/\/\/_4

(Output mode) Open
Xout Open

? Vce
Avcc

AVss

VREF

Vss

In single-chip mode e

Note : when using the 48pin version, set PACR2, PACR1, PACRO to "1002".
when using the 42pin version, set PACR2, PACR1, PACRO to "0012".

Figure 16.7. Unassigned Pins Handling
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17. Flash Memory Version

17.1 Flash Memory Performance
The flash memory version is functionally the same as the mask ROM version except that it internally con-
tains flash memory.
In the flash memory version, the flash memory can perform in three rewrite mode : CPU rewrite mode,
standard serial I/O mode and parallel /O mode.
Table 17.1 shows the flash memory version specifications. (Refer to “Table 1.1 Performance outline of
M16C/26A group (48-pin device)" for the items not listed in Table 17.1. or “Table 1.2 Performance Outline
of M16C/26A group (42-pin device)”).

Table 17.1. Flash Memory Version Specifications

Item Specification
Flash memory operating mode 3 modes (CPU rewrite, standard serial I/O, parallel 1/0O)
Erase block See Figure 17.2.1 t017.2.3 Flash Memory Block Diagram
Program method In units of word
Erase method Block erase
Program, erase control method Program and erase controlled by software command
Protect method All user blocks are write protected by bit FMR16.

In addition, the block 0 and block 1 are write protected by bit FMR02.

Number of commands 5 commands
Program/Erase Block 0 to 3 (program area) 100 times (U3, U5) 1,000 times (U7, U9)
Endurance(Notel) | Block A and B (data are) (Note2) | 100 times (U3, U5) 10,000 times (U7, U9)
Data Retention 20 years (Topr=55°C)
ROM code protection Parallel I/O and standard serial /O modes are supported.

Note 1: Program and erase endurance definition
Program and erase endurance are the erase endurance of each block. If the program and erase endurance are
n times (n=100,1,000,10,000), each block can be erased n times. For example, if a 2-Kbyte block A is erased
after writing 1 word data 1024 times, each to different addresses, this is counted as one program and erasure.
However, data cannot be written to the same address more than once without erasing the block. (Rewrite
disabled)

Note 2: To use the limited number of erasure efficiently, write to unused address within the block instead of rewrite.
Erase block only after all possible address are used. For example, an 8-word program can be written 128 times
before erase is necessary. Maintaining an equal number of erasure between Block A and B will also improve
efficiency. We recommend keeping track of the number of times erasure is used.
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Table 17.2. Flash Memory Rewrite Modes Overview

Flash memory CPU rewrite mode Standard serial I/O mode Parallel I/O mode
rewrite mode
Function The user ROM area is rewrit- | The user ROM area is rewrit- | The user ROM area is rewrit-
ten when the CPU executes |ten using a dedicated serial |ten using a dedicated paral-
software command programmer. lel programmer
EWO0 mode: Standard serial I/O mode 1:
Rewrite in area other than | Clock synchronous serial
flash memory I/0
EW1 mode: Standard serial I/O mode 2:
Rewrite in flash memory UART
Area which User ROM area User ROM area User ROM area
can be rewritten
Operation Single chip mode Boot mode Parallel /O mode
mode
ROM None Serial programmer Parallel programmer
programmer
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17.2 Memory Map
The flash memory contains the user ROM area and the boot ROM area (reserved area). Figures 17.2.1 to
17.2.3 show the flash memory block diagram. The user ROM area has space to store the microcomputer
operation program in single-chip mode and a separate 2-Kbyte space as the block A and B.
The user ROM area is divided into several blocks. The user ROM area can be rewritten in CPU rewrite,
standard serial input/output, and parallel input/output modes. However, if block 0 and 1 are rewritten in
CPU rewrite mode, setting the FMRO2 bit in the FMRO register to “1” (block 0, 1 rewrite enabled) and the
FMR16 bit in the FMR1 register to “1”(blocks 0 to 3 rewrite enabled) enable rewriting. Also, if blocks 2 to 3
are rewritten in CPU rewrite mode, setting the FMR16 bit in the FMRL1 register to “1” (blocks 0 to 3 rewrite
enabled) enables writing. Setting the PM10 bit in the PM1 register to “1”(data area access enabled) for
block A and B enables to use.
The boot ROM area is reserved area. This boot ROM area has a standard serial I/O mode control program
stored in it when shipped from the factory. Do not rewrite the boot ROM area.

00F00016

O0OF7EF16 Block B :2K bytes (Note 2)

00F80016 Block A :2K bytes (Note 2)

00FFFF16

0F000016

Block 3 : 32K bytes (Note 5)
Note 1: To specify a block, use the maximum even address in the block.
Note 2: Blocks A and B are enabled to use when the PM10 bit in the PM1

OF7EEF16 register is set to "1".

OF800016 Note 3: Blocks 0 and 1 are enabled for programs and erases when the
FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
the FMR1 register is set to "1". (CPU rewrite mode only)

Block 2 : 16K bytes (Note 5) Note 4: The boot ROM area is reserved. Do not access.

Note 5: Blocks 2 and 3 are enabled for programs and erases when the
FMR16 bit in the FMR1 register is set to "1". (CPU rewrite mode

OFBFFF16 only)
0FC00016

Block 1 : 8K bytes (Note 3)
OFDFFF16
OFEO00016

Block 0 : 8K bytes (Note 3) OFF00016 4K bytes (Note 4)
OFFFFF16 OFFFFF16

User ROM area Boot ROM area

Figure 17.2.1. Flash Memory Block Diagram (ROM capacity 64K byte)
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F 1
00700016 Block B :2K bytes (Note 2)
00F7FF16
00F80016 Block A :2K bytes (Note 2)
00FFFF16 !
0F400016
Block 3 : 16K bytes (Note 5) Note 1: To specify a block, use the maximum even address in the block.
Note 2: Blocks A and B are enabled to use when the PM10 bit in the PM1
OF7EFE16 register is set to "1".

OF800016 Note 3: Blocks 0 and 1 are enabled for programs and erases when the

FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in

the FMR1 register is set to "1". (CPU rewrite mode only)

Block 2 : 16K bytes (Note 5) Note 4: The boot ROM area is reserved. Do not access.

Note 5: Blocks 2 and 3 are enabled for programs and erases when the
FMR16 bit in the FMR1 register is set to "1". (CPU rewrite mode

OFBFFF16 only)
0FC00016

Block 1 : 8K bytes (Note 3)

OFDFFF16
OFE00016
. OFF00016
Block 0 : 8K bytes (Note 3) 4K bytes (Note 4)
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 17.2.2. Flash Memory Block Diagram (ROM capacity 48K byte)
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00F00016

O00F7FF16
00F80016

00FFFF16

OFA00016

OFBFFF16
0FC00016

OFDFFF16
OFEO00016

OFFFFF16

Block B :2K bytes (Note 2)

Block A :2K bytes (Note 2)

Block 2 : 8K bytes (Note 5)

Block 1 : 8K bytes (Note 3)

Block 0 : 8K bytes (Note 3)

User ROM area

Note 1: To specify a block, use the maximum even address in the block.

Note 2: Blocks A and B are enabled to use when the PM10 bit in the PM1
register is set to "1".

Note 3: Blocks 0 and 1 are enabled for programs and erases when the
FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
the FMRL register is set to "1". (CPU rewrite mode only)

Note 4: The boot ROM area is reserved. Do not access.

Note 5: Blocks 2 is enabled for programs and erases when the FMR16
bit in the FMR1 register is set to "1". (CPU rewrite mode only)

O0FF00016
4K bytes (Note 4)

OFFFFF16

Boot ROM area

Figure 17.2.3. Flash Memory Block Diagram (ROM capacity 24K byte)
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17.3 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 input/output mode to prevent the flash memory from reading or rewriting.

17.3.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from reading and rewriting in parallel input/
output mode. Figure 17.3.1.1 shows the ROMCP register. The ROMCP register is located in the user
ROM area. The ROMCP1 bit consists of two bits. The ROM code protect function is enabled and reading
and rewriting flash memory is disabled when setting either or both of two ROMCP1 bits to “0” other than
the ROMCR bit is ‘002'. However, when setting the ROMCR bit to ‘002’, the flash memory can be read or
rewritten. Once the ROM code protect function is enabled, the ROMCR bits can not be changed in paral-
lel input/output mode. Therefore, use the standard serial input/output or other modes to rewrite the flash
memory.

17.3.2 ID Code Check Function

Use the ID code check function in standard serial input/output mode. Unless the flash memory is blank,
the ID codes sent from the programmer and the seven bytes ID codes written in the flash memory are
compared to see if they match. If the ID codes do not match, the commands sent from the programmer
are not acknowledged. The ID code consists of 8-bit data, starting with the first byte, into addresses,
OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. The flash memory
has a program with the ID code set in these addresses.
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ROM code protect control address

b7 b6 b5 b4 b3 b2 bl bo Symbol Address Factory Setting

| | | | | 1 | 1| 1| 1| ROMCP  OFFFFFis FF16 (Note 4)

Bit symbol Bit name Function RW
5 ' ' e Reserved bit Set this bit to “1” RW
CEERS ——— |Reserved bit Set this bit to “1” RW
I ——— |Reserved bit Set this bit to “1” RW
femememno e ——— |Reserved bhit Set this bit to “1” RW
: I b5 b4
: S T ROMCR | ROM code protect reset . RW
b bit (Note 2, Note 4) 82 Disables protect
o 10: } Enables ROMCP1 bit
b 11 RW
R S Romcpy |ROM code protect level 00- RW

set bi :

(Note 1, Note 3, Note 4) (1)35 } Enables protect
11: Disables protect RW

Note 1: When the ROMCR bits are set to other than ‘002’ and the ROMCPL bits are set to other than
‘112’ (ROM code protect enabled), the flash memory is disabled against reading and rewriting in
parallel input/output mode.

Note 2: When the ROMCR bits are set to ‘002’, the ROM code protect level 1 is reset. Because the
ROMCR bits can not be modified in parallel input/output mode, modify in standard serial input/
output mode.

Note 3: The ROMCP1 bits are valid when the ROMCR bits are ‘012’, ‘102’ or ‘112’.

Note 4: This bit can not be set to “1” once it is set to “0”. The ROMCP address is set to ‘FF16’ when a
block, including the ROMCP address, is erased.

Figure 17.3.1.1. ROMCP Address

/—\‘\—/—\_/5
Address = e

OFFFDF16 to OFFFDC16 | ID1

Undefined instruction vector|

OFFFE716 to OFFFE416

OFFFE316 to OFFFEOQO16 |1D2 Overflow vector

BRK instruction vector

OFFFEB16 to OFFFE816 |ID3 + Address match vector

OFFFEF16 to OFFFEC16 | ID4 Single

step vector

OFFFF316 to OFFFF016 |ID5 + Watchdog timer vector
OFFFF716 to OFFFF416 |ID6 : DBC vector
OFFFFB16 to OFFFF816 |ID7 + NMI vector
OFFFFF16 to OFFFFC16 | ROMCP: Reset vector
— _
——
4 bytes
Figure 17.3.2.1. Address for ID Code Stored
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17.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten when the CPU executes software commands.
Therefore, the user ROM area can be rewritten directly while the microcomputer is mounted on-board
without using a ROM programmer, etc. Verify the Program and the Block Erase commands are executed
only on blocks in the user ROM area.

For interrupts requested during an erasing operation in CPU rewrite mode, the M16C/26A flash module
offers an erase-suspend function which the erasing operation to be suspended, and access made available
to the flash. Erase-write 0 (EWO0) mode and erase-write 1 (EW1) mode are provided as CPU rewrite mode.
Table 17.4.1 shows the differences between erase-write 0 (EWO0) and erase-write 1 (EW1) modes. 1 wait is
required for the CPU erase-write control.

Table 17.4.1. EWO0 Mode and EW1 Mode

Item EWO0 mode EW1 mode (Note 2)
Operation mode Single chip mode Single chip mode
Area where User ROM area User ROM area

rewrite control
program can be placed

Area where The rewrite control program must be | The rewrite control program can be
rewrite control transferred to any area other than executed in the user ROM area
program can be the flash memory (e.g., RAM) before
executed being executed
Area which can be User ROM area User ROM area
rewritten However, this excludes blocks

with the rewrite control program
Software command None » Program, block erase command
Restrictions Cannot be executed in a block having

the rewrite control program
» Read status register command
Can not be used

Mode after programming | Read Status Register mode Read Array mode

or erasing

CPU state during auto- | Operation Hold state (I/O ports retain the state

write and auto-erase before the command is executed

(Note 1)

Flash memory status * Read the FMR00O, FMR06 and Read the FMRO register's FMROO,

detection(Note 2) FMRO?7 bits in the FMRO register by |FMRO06, and FMRO7 bits in a program
a program

» Execute the read status register
command and read the SR7, SR5
and SR4 bits

Condition for transferring Set the FMR40 and FMRA41 bits in The FMRA40 bit in the FMR4 register

to erase-suspend (Note 3) |the FMR4 register to "1" by program. |is set to "1" and the interrupt request of

Note 1: Do not generate a DMA transfer.

Note 2: Block 1 and O are enabled to rewrite by setting the FMRO2 bit in the FMRO register to "1" and
setting the FMR16 bit in the FMR1 register to "1". Block 2 to 3 are enabled to rewrite by setting
the FMR16 bit in the FMR1 register to "1".

Note 3: The time, until entering erase suspend and reading flash is enabled, is maximum td (SR-ES)
after satisfying the conditions.
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17.4.1 EWO0 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 acknowledge the software commands. EWO0 mode is selected by
setting the FMR11 bit in the FMRL1 register to “0”.

When setting the FMRO1 bit to “1”, set to “1” after first writing “0”. The software commands control pro-
gramming and erasing. The FMRO register or the status register indicates whether a programming or
erasing operations is completed.

When entering the erase-suspend during the auto-erasing, set the FMR40 bit to “1” (erase-suspend
enabled) and the FMRA41 bit to “1” (suspend request). And wait for td(SR-ES). After verifying the FMR46
bit is set to “1” (auto-erase stop), access to the user ROM area. When setting the FMR41 bit to “0” (erase
restart), auto-erasing is restarted.

17.4.2 EW1 Mode

EW1 mode is selected by setting the FMR11 bit to “1” after the FMRO1 bit is set to “1”. (set to “1” after first
writing “0”). The FMRO register indicates whether or not a programming or an erasing operation is com-
pleted. Do not execute the software commands of read status register in EW1 mode.

When an erase/program operation is initiated the CPU halts all program execution until the operation is
completed or erase-suspend is requested.

When enabling an erase suspend function, set the FMR40 bit to “1” (erase suspend enabled) and ex-
ecute block erase commands. Also, preliminarily set an interrupt to enter the erase-suspend to an inter-
rupt enabled status. After td(SR-ES) from an interrupt request and entering erase suspend, an interrupt
can be acknowledged.

When an interrupt request is generated, the FMRA41 bit is automatically set to “1” (suspend request) and
an auto-erasing is halted. If an auto-erasing is not completed (the FMROO bit is “0”) after an interrupt
process completed, set the FMR41 bit to “0” (erase restart) and execute block erase commands again.
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17.5 Register Description
Figure 17.5.1 shows the flash memory control register 0 and flash memory control register 1. Figure 17.5.2
shows the flash memory control register 4.

17.5.1 Flash memory control register 0 (FMRO)

*FMR 00 Bit
This bit indicates the operation status of the flash memory. The bit is “0” during programming, erasing,
or erase-suspend mode; otherwise, the bit is “1”.

*FMRO01 Bit
The microcomputer enables to acknowledge commands by setting the FMROL1 bit to “1” (CPU rewrite
mode). To set this bit to “1”, it is necessary to set to “1” after first setting to “0”. Set this bit to “0” by only
writing “0”.

*FMRO02 Bit
The combined setting of the FMRO02 bit and the FMR16 bit enable to program and erase in the user
ROM area. See Table 17.5.2.1 for setting details. To set this bit to “1”, it is necessary to set to “1” after
first setting to “0”. Set this bit to “0” by only writing “0”. This bit is enabled only when the FMRO1 bit is
“1” (CPU rewrite mode enable).

*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 a program in a space other than the flash memory.
Set the FMSTP bit to “1” if one of the following occurs:
*A flash memory access error occurs during erasing or programming in EWO0 mode (FMROO bit does not
switch back to “1” (ready)).
sLow-power consumption mode or on-chip oscillator low-power consumption mode is entered.
Figure 17.5.1.3 shows a flow chart illustrating how to start and stop the flash memory before and after
entering low power 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.

*FMRO06 Bit
This is a read-only bit indicating an auto-program operation status. This bit is set to “1” when a pro-
gram error occurs; otherwise, it is set to “0”. For details, refer to 17.8.4 Full Status Check.

*FMRO7 Bit
This is a read-only bit indicating an auto-erase operation status. The bit is set to “1” when an erase
error occurs; otherwise, it is set to “0”. For details, refer to 17.8.4 Full Status Check.

Figure 17.5.1.1 shows a EWO0 mode set/reset flowchart, figure 17.5.1.2 shows a EW1 mode set/reset
flowchart.
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17.5.2 Flash memory control register 1 (FMR1)
*FMR11 Bit
EW1 mode is entered by setting the FMR11 bit to “1” (EW1 mode). This bit is enabled only when the
FMROL1 bit is “1”.

*FMR16 Bit
The combined setting of the FMRO02 bit and the FMR16 bit enables to program and erase in the user
ROM area. To set this bit to “1”, it is necessary to set to “1” after first setting to “0”. Set this bit to “0” by
only writing “0”. This bit is enabled only when the FMRO1 bit is “1”.

*FMR17 Bit
If FMR17 bit is “1” (with wait state), regardless of the content of the PM17 bit, 1 wait is inserted at the
access to block A and block B. Regardless of the content of the FMR17 bit, access to other block and
the internal RAM is determined by PM17 bit setting.
Set this bit to “1” (with wait state) when rewriting more than 100 times (Option).

Table 17.5.2.1. Protection using FMR16 and FMR02

FMR16 FMRO2 |Block A, Block B Block O, Block 1 | other user block
0 0 write enabled write disabled write disabled
0 1 write enabled write disabled write disabled
1 0 write enabled write disabled write enabled
1 1 write enabled write enabled write enabled

17.5.3 Flash memory control register 4 (FMR4)

*FMRA40 Bit
The erase-suspend function is enabled by setting the FMR40 bit is set to “1” (enabled).

*FMR41 Bit
When setting the FMR41 bit to “1” in a program during auto-erasing in EW0 mode the flash module
enters erase suspend mode. In EW1 mode, the FMRA41 bit is automatically set to “1” (suspend re-
quest) when an interrupt request of an enabled interrupt is generated, the FMR41 bit is automatically
set to “1” (suspend request) and when an auto-erasing operation is restarted, set the FMR41 bit to “0”
(erase restart).

*FMR46 Bit
The FMR46 bit is set to “0” during auto-erasing execution and set to “1” during erase-suspend mode.
Do not access to flash memory while this bit is “0”.
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Flash memory control register O

b7 b6 b5 b4 b3 b2 bl _bO Symbol Address After reset
[o]o] FMRO 01B716 000000012
v 1| Bitsymbol Bit name Function RW
EMROO RY/BY status flag 0: Busy (during writing or erasing) RO
e 1: Ready
FMRO1 CPU rewrite mode select bit 0: Disa_bles CPU rewrite mode
N (Notel) (Disables software command) RW
Voo T 1: Enables CPU rewrite mode
T (Enables software commands)
FMR02 |Block 0, 1 rewrite enable bit Set write protection for user ROM area
i (Note 2) (see Table 17.5.2.1) RW
i , , Flash memory stop bit 0: Starts flash memory operation
A S, FMSTP (Note 3, 5) v stop 1: Stops flash memory operation
b (Enters low-power consumption state | Rw
and flash memory reset)
besbesenee (b5-ba) | Reserved bit Setto“0” RW
FMRO06 | Program status flag 0: Terminated normally
"""""""""""" (Note 4) | 1: Terminated in error RO
FMRO7 | Erase status flag 0: Terminated normally
"""""""""""" (Note 4) | 1: Terminated in error RO

: When setting this bit to “1”, set to “1” immdediately after setting it first to “0”. Do not generate an
interrupt or a DMA transfer between setting the bit to “0” and setting it to “1”. Set this bit while the
P85/NMI/SD pin is “H” when selecting the NMI function. Set by program in a space other than the
flash memory in EW0 mode. Set this bit to read alley mode and “0”

Set this bit to “1” immediately after setting it first to “0” while the FMRO1 bit is set to “1". Do not
generate an interrupt or a DMA transfer between setting this bit to “0” and setting it to “1”.

Set this bit by a program in a space other than the flash memory.

This bit is set to “0” by executing the clear status command.

This bit is enabled when the FMROL bit is set to “1” (CPU rewrite mode). This bit can be set to
“1” when the FMROL bit is set to “0”. However, the flash memory does not enter low-power
consumption status and it is not initialized.

Note 2:
Note 3:

Note 4:
Note 5:

Flash memory control register 1

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

FMR1 01B516 000XXX0X2
i | Bit symbol Bit name Function RW
I . (o) | Reserved bit When read, its content is indeterminate| RO
A FMR11 [EW1 mode select bit (Notel) | 0: EWO mode RW
N 1: EW1 mode
T T (b3b2) |Reserved bit When read, its content is indeterminate|
E : :_ _____________ - Nothing is assigned. When write, set to “0". .
o (b4) [ When read, its contect is indeterminate.
bl s (b5) | Reserved bit Setto “0" RW
____________________ EMR16 |Block O to 3 rewrite enable Set write protection for user ROM area RW
: bit (Note2) (see Table 17.5.2.1)
' 0: Disable
! 1: Enable
o FMR17 |Block A, B access wait bit ( 0: PM17 enabled RW
’ Note 3) 1: With wait state (1 wait)

Note 1: Set this bit to “1” immediately after setting it first to “0”. Do not generate an interrupt or a DMA
transfer between setting the bit to “0” and setting it to “1”. Set this bit while the P85/NMI/SD pin is “H”
when the NMI function is selected. If the FMRO1 bit is set to “0”, the FMRO1 bit and FMR11 bit are
both set to “0”

Set this bit to “1” immediately after setting it first to “0”. Do not generate an interrupt or a DMA
transfer after setting to “0”.

When rewriting more than 100 times, set this bit to “1” (with wait state). When the FMR17 bit is “1”
(with wait state), regardless of the content of the PM17 bit, 1 wait is inserted at the access to the
block A and B. Regardless of the content of the FMR17 bit, access to other block and the internal
RAM is determined be PM17 bit setting.

Note 2:

Note 3:

Figure 17.5.1. FMRO and FMRL1 register
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Flash memory control register 4

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

| 0 | | 0 | 0 | 0| 0 | | | FMR4 01B316 010000002
: ¢ 1 i 1 1| Bitsymbol Bit name Function RW
' A R Erase suspend function 0: Disabled RW
: A FMRA0 | cnable bit (Note 1) 1: Enabled
E ' ' ' L...| FMR41 |Erase suspend 0: Erase restart RW
H HEH request bit (Note 2) 1: Suspend request
R T IO (bS_—bZ) Reserved bit Set to “0” RO
T EMR46 | Erase status 0: During auto-erase operation RO
! 1: Auto-erase stop
E (erase suspend mode)
R URRECECEEEECEEE, (©7) | Reserved bit Setto “0" RW

Note 1: When setting this bit to “1”, set to “1” immediately after setting it first to “0”. Do not generate an
interrupt or a DMA transfer between setting the bit to “0” and setting it to “1”. Set by a program in a
space other than the flash memory in EW0 mode.

Note 2: This bit is valid only when the erase-suspend enable bit (FMR40) is “1". Writing is enabled only
between executing an erase command and completing erase (this bit is set to “1” other than the
above duration). This bit can be set to “0” or “1” by a program in EW0 mode. In EW1 mode, this bit
is automatically set to “1” when the FMR40 bit is “1” and a maskable interrupt is generated during
erasing. Do not write to “1” by a program (writing “0” is enabled).

Figure 17.5.2. FMR4 register
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EWO0 mode operation procedure

l .- -Rewrite control program - {------- - .

. . Set the FMROL1 bit to “1” after writing “0” ( .

Single-chip mode ' CPU rewrite mode enabled) (Note 2) .

Set CM0, CM1, and PM1 registers (Note 1) . Execute software commands :
Transfer a rewrite control program to internal RAM . Execute the Read Array command (Note 3) .
area ! .
Jump to the rewrite control program transfered to an X Write “0” to the FMROL1 bit :
internal RAM area (in the following steps, use the X (CPU rewrite mode disabled) :
rewrite control program internal RAM area) . l .

Jump to a specified address in the flash memory .

Note 1: Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and CM17 to 16 bits in the
CML1 register. Also, set the PM17 bit in the PM1 register to “1” (with wait state).

Note 2: 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 FMROL bit in a space other than the internal flash
memory. Also, set only when the P85/NMI/SD pin is “H” at the time of the NMI function selected.

Note 3: Disables the CPU rewrite mode after executing the read array command.

Figure 17.5.1.1. Setting and Resetting of EW0 Mode

EW1 mode operation procedure

Program in ROM

l

Single-chip mode (Note 1)

|

Set CMO, CM1, and PM1 registers (Note 2)

l

Set the FMROL1 bit to “1” (CPU rewrite mode
enabled) after writing “0”

Set the FMR11 bit to “1” (EW1 mode) after writing
“0” (Note 3)

Execute software commands

!

Set the FMROL1 bit to “0”
(CPU rewrite mode disabled)

Note 1: In EW1 mode, do not set boot mode.

Note 2: Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and CM17 to 16
bits. in the CM1 register. Also, set the PM17 bit in the PM1 register to “1” (with wait state).

Note 3: Set the FMROL1 bits 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 the bit to “1". Set the FMRO1 bit in a space other
than the internal flash memory. Set only when the P85/NMI/SD pin is “H” at the time of the NMI
function selected.

Figure 17.5.1.2. Setting and Resetting of EW1 Mode
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Low power consumption l
l mode program . e
Transfer a low power internal consumption mode : Set the FMRO1 bit to “1” after setting “0” ( '
program to RAM area : CPU rewrite mode enabled) '

[ l

Set the FMSTP bit to “1” (flash memory stopped.

Jump to the low power consumption mode ' | Low power consumption state)(Note 1)
program transferred to internal RAM area. .

(In the following steps, use the low-power . l
consumption mode program or internal RAM area) !

Switch the clock source of CPU clock.
Turn main clock off. (Note 2)

I

Process of low power consumption mode or
on-chip oscillator low power consumption mode

Start main clock . . i -
oscillation - wait until oscillation stabilizes

- switch the clock source of the CPU clock (Note 2) .
Set the FMSTP bit to “0” (flash memory operation)

l

Set the FMRO1 bit to “0” '
(CPU rewrite mode disabled) .

I

Wait until the flash memory circuit stabilizes (tPs)
(Note 3)

Jump to a desired address in the flash memory

Note 1: Set the FMRSTP bit to “1” after setting the FMROL1 bit to “1”(CPU rewrite mode).
Note 2: Wait until the clock stabilizes to switch the clock source of the CPU clock to the main clock or the sub clock.
Note 3: Add a trs wait time by a program. Do not access the flash memory during this wait time.

Figure 17.5.1.3. Processing Before and After Low Power Dissipation Mode
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17.6 Precautions in CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.

17.6.1 Operation Speed
When CPU clock source is the main clock, before entering CPU rewrite mode (EW0 or EW1 mode),
select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and the CM17 to CM16
bits in the CM1 register. Also, when selecting f3(ROC) of a on-chip oscillator as a CPU clock source,
before entering CPU rewrite mode (EWO0 or EW1 mode), the ROCR3 to ROCR2 bits in the ROCR
register set the CPU clock division rate to “divide-by-4" or “divide-by-8".
On both cases, set the PM17 bit in the PM1 register to “1” (with wait state).

17.6.2 Prohibited Instructions

The following instructions cannot be used in EW0 mode because the CPU tries to read data in the
flash memory: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK in-
struction

17.6.3 Interrupts
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 can be used since the FMRO and FMRL registers are
forcibly reset when either interrupt is generated. However, the jump addresses for each interrupt
service routines to the fixed vector table are set and interrupt programs are required. Flash
memory rewrite operation is halted when the NMI or watchdog timer interrupt is generated. Set the
FMROL1 bit to “1” and execute the rewrite and erase program again after exiting the interrupt rou-
tine.

» The address match interrupt can not be used 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 the address

match interrupt during the auto-program or erase-suspend function.

17.6.4 How to Access
To set the FMRO1, FMR02, FMR11 or FMR16 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 it to “1”. When the NMI function is selected, set the bit while an “H” signal is applied to the P85/
NMI/SD pin.

17.6.5 Writing in the User ROM Space

17.6.5.1 EWO Mode
« If the supply voltage drops while rewriting the block where the rewrite control program is stored,
the flash memory can not be rewritten, because the rewrite control program is not correctly rewrit-
ten. If this error occurs, rewrite the user ROM area in standard serial /O mode or parallel 1/0
mode.
17.6.5.2 EW1 Mode
» Do not rewrite the block where the rewrite control program is stored.

Rev. 1.00 Mar. 15, 2005 page 240 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 17. Flash Memory Version

17.6.6 DMA Transfer
In EW1 mode, do not perform a DMA transfer while the FMROO bit in the FMRO register is set to “0”.
(the auto-programming or auto-erasing duration ).

17.6.7 Writing Command and Data

Write the command code and data to even addresses in the user ROM area.

17.6.8 Wait Mode
When entering wait mode, set the FMRO1 bit to “0” (CPU rewrite mode disabled) before executing the
WAIT instruction.

17.6.9 Stop Mode

When entering stop mode, set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable the DMA
transfer before setting the CM10 bit to “1” (stop mode).

17.6.10 Low Power Consumption Mode and On-chip Oscillator-Low Power Consump-
tion Mode
If the CMO5 bit is set to “1” (main clock stopped), do not execute the following commands.

* Program
* Block erase
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17.7 Software Commands

Read or write 16-bit commands and data from or to even addresses in the user ROM area. When writing
a command code, 8 high-order bits (D15-Ds) are ignored.

Table 17.7.1. Software Commands

First bus cycle Second bus cycle
Command Mode Address (Dlz?(t)aDo) Mode Address (DlSDtaotaDO)
Read array Write X xxFF16
Read status register Write X XX7016 Read X SRD
Clear status register Write X xx5016
Program Write WA xx4016 Write WA WD
Block erase Write X xx2016 Write BA xxDO016

SRD: Status register data (D7 to Do)

WA : Write address (However,even address)

WD : Write data (16 bits)

BA : Highest-order block address (However,even address)
X : Any even address in the user ROM area

xX : 8 high-order bits of command code (ignored)

17.7.1 Read Array Command (FF1e6)

This command reads the flash memory.

By writing command code ‘xxFF16’ 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 an another command is written. Therefore, contents of multiple addresses can
be read consecutively.

17.7.2 Read Status Register Command (7016)
This command reads the status register.
By writing command code ‘xx7016’ in the first bus cycle, the status register can be read in the second
bus cycle (Refer to 17.8 Status Register). Read an even address in the user ROM area. Do not
execute this command in EW1 mode.
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17.7.3 Clear Status Register Command (5016)
This command clears the status register to “0”".
By writing ‘xx5016’ in the first bus cycle, and the FMR06 to FMRO7 bits in the FMRO register and SR4
to SR5 bits in the status register are set to “0”.

17.7.4 Program Command (4016)

The program command writes 2-byte data to the flash memory. By writing ‘xx4016’ in the first bus cycle
and data to the write address specified in the second bus cycle, the auto-programming/erasing (data
prorgramming and verify) start. Set the address value specified in the first bus cycle to same and even
address as the write address specified in the second bus cycle. The FMROO bit in the FMRO register
indicates whether an auto-programming operation has been completed. The FMROO bit is set to “0”
during the auto-programming and “1” when the auto-programming operation is completed. After the
auto-programming operation is completed, the FMRO06 bit in the FMRO register indicates whether or
not the auto-programming operation has been completed as expected. (Refer to 17.8.4 Full Status
Check). Also, each block disables writing (Refer to “Table 17.5.2.1"). Do not write additions to the
address which is already programmed. When commands other than a program command are ex-
ecuted immediately after a program command, set the same address as the write address specified in
the second bus cycle of the program command, to the specified address value in the first bus cycle of
the following command. In EW1 mode, do not execute this command on the blocks where the rewrite
control program is allocated. In EW0 mode, the microcomputer enters read status register mode as
soon as the auto-programming operation starts and the status register can be read. The SR7 bit in the
status register is set to “0” as soon as the auto-programming operation starts. This bit is set to “1”
when the auto-programming operation is completed. The microcomputer remains in read status regis-
ter mode until the read array command is written. After completion of the auto-programming operation,
the status register indicates whether or not the auto-programming operation has been completed as
expected.

( Start J

v

Write command code ‘xx4016’ to
the write address (Note 1)

v

Write data to the write address
(Note 1)

YES

Full status check
(Note 2)

Program
completed

Note 1: Write the command code and data at even address.
Note 2: Refer to "Figure 17.8.4.1. Full Status Check and
Handling Procedure for Each Error"

Figure 17.7.4.1. Flow Chart of Program Command
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17.7.5 Block Erase

By writing ‘xx2016’ in the first bus cycle and ‘xxD016’ in the second bus cycle to the highest-order (even
addresse of a block) and the auto-programming/erasing (erase and erase verify) start. The FMROO bit
in the FMRO register indicates whether the auto-programming operation has been completed. The
FMROO bit is set to “0” during the auto-erasing operation and “1” when the auto-erasing operation is
completed. When using the erase-suspend function in EW0 mode, the FMR46 bit in the FMR4 register
indicates whether a flash memory has entered erase-suspend mode. The FMR46 bit is set to “0”
during auto-erasing operation and “1” when the auto-erasing operation is completed (entering erase-
suspend). After the completion of an auto-erasing operation, the FMRO7 bit in the FMRO register
indicates whether or not the auto erasing-operation has been completed as expected. (Referto 17.8.4
Full Status Check). Also, each block disables erasing. (Refer to “Table 17.5.2.1"). Figure 17.7.5.1
shows a flow chart of the block erase command programming when not using the erase-suspend
function. Figure 17.7.5.2 shows a flow chart of the block erase command programming when using an
erase-suspend function. In EW1 mode, do not execute this command on the block where the rewrite
control program is allocated. In EWO mode, the microcomputer enters read status register mode as
soon as the auto-erasing operation starts and the status register can be read. The SR7 bit in the status
register is set to “0” as soon as the auto-erasing operation starts. This bit is set to “1” when the auto-
erasing operation is completed. The microcomputer remains in read status register mode until the
read array command is written. Also excute the clear status register command and block erase com-
mand at least 3 times until an erase error is not generated when an erase error is generated.

[ Start ]
v

Write command code ‘xx2016’
(Note 1)

Write ‘xxDO016’ to the highest-order
block address (Note 1)

NO

YES

Full status check
(Note 2,3)

[ Block erase completed ]

Note 1: Write the command code and data at even address.

Note 2: Refer to "Figure 17.8.4.1. Full Status Check and Handling Porcedure
for Each Error".

Note 3: Execute the clear status register command and block erase
command at least 3 times until an erase error is not generated when
an erase error is generated.

Figure 17.7.5.1. Flow Chart of Block Erase Command (when not using erase suspend function)
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(EWO0 mode)
( Start )
v
FMR40=1

Write the command code ‘xx2016’
(Note 1)
v

Write ‘xxD016’ to the highest-order
block address (Note 1)

NO

YES

Full status check
(Note 2,4)

[ Block erase completed ]

( Interrupt service routine )
(Note 3)

FMR41=1

FMR46=17?

YES

Access Flash Memory

v

FMR41=0

Return |
Interrupt service routine end

(EW1 mode)
[ Start J
v
FMR40=1

Write the command code ‘xx2016’
(Note 1)

v
Write ‘xxD016’ to the highest-order

block address (Note 1)

-

FMR41=0

YES

Full status check
(Note 2,4)

[ Block erase completed ]

an erase error is generated.
used, to a RAM area

for Each Error".

Note 1: Write the command code and data to even address.

Note 2: Execute the clear status register command and block erase
command at least 3 times until an erase error is not generated when

Note 3: In EWO0 mode, allocate an interrupt vector table of an interrupt, to be

Note 4: Refer to "Figure 17.8.4.1. Full Status Check and Handling Porcedure

( Interrupt service routine J
(Note 3)

Access Flash Memory

Return
Interrupt service routine end

Figure 17.7.5.2. Block Erase Command (at use erase suspend)
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17.8 Status Register
The status register indicates the operating status of the flash memory and whether an erasing or a pro-
gramming operates normally and an error ends. The FMR00, FMRO06, and FMRO7 bits in the FMRO
register indicate the status of the status register.
Table 17.8.1 shows the status register.
In EWO0 mode, the status register can be read in the following cases:
(1) When a given even address in the user ROM area is read after writing the read status register
command
(2) When a given even address in the user ROM area is read after executing the program or block
erase command but before executing the read a rray command.

17.8.1 Sequence Status (SR7 and FMROO Bits )

The sequence status indicates the operating status of the flash memory. This bit is set to “0” (busy)
during an auto-programming and auto-erasing and “1” (ready) as soon as these operations are com-
pleted. This bit indicates “0” (busy) in erase-suspend mode.

17.8.2 Erase Status (SR5 and FMRO7 Bits)
Refer to 17.8.4 Full Status Check.

17.8.3 Program Status (SR4 and FMRO06 Bits)
Refer to 17.8.4 Full Status Check.

Table 17.8.1. Status Register

Bits in the | Bitsin the Contents Value
SRD register] FMRO Status name — — after
register 0 1 reset

SR7 (D7) FMROO Sequence status Busy Ready 1
SR6 (Ds) E— Reserved - - S

SR5 (Ds) FMRO7 Erase status Completed normally | Terminated by error 0

SR4 (D4) FMRO06 Program status Completed normally | Terminated by error 0
SR3 (D3)  — Reserved - R -
SR2 (D2) — Reserved - - -
SR1 (D1) e Reserved - - S
SRO (Do) — Reserved - - S

« D7 to Do: Indicates the data bus which is read out when executing the read status register command.

» The FMRO07 bit (SR5) and FMRO06 bit (SR4) are set to “0” by executing the clear status register command.

* When the FMRO7 bit (SR5) or FMRO6 bit (SR4) is 1, the program, and block erase command are not
acknowledged.
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17.8.4 Full Status Check

When an error occurs, the FMRO06 to FMRO7 bits in the FMRO register are set to “1”, indicating occur-
rence of each specific error. Therefore, execution results can be verified by checking these status bits
(full status check). Table 17.8.4.1 shows errors and the status of FMRO register. Figure 17.8.4.1
shows a flow chart of the full status check and handling procedure for each error.

Table 17.8.4.1. Errors and FMRO Register Status
FMROO register
(SRD register)
status Error Error occurrence condition
FMRO7 FMRO6
(SR5) (SR4)
1 1 Command * When any commands are not written correctly
sequence error | « A value other than ‘xxD016’ or ‘xxFF16’ is written in the second
bus cycle of the block erase command (Note 1)
* When the block erase command is executed on protected blocks
* When the program command is executed on protected blocks

1 0 Erase error « When the block erase command is executed on unprotected
blocks but the blocks are not automatically erased correctly
0 1 Program error | « When the program command is executed on unprotected blocks

but the blocks are not automatically programmed correctly.
Note 1: The flash memory enters read array mode by writing command code ‘xxFF16’ in the second bus
cycle of these commands. The command code written in the first bus cycle becomes invalid.

Rev. 1.00 Mar. 15, 2005 page 247 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 17. Flash Memory Version

( Full status check j

and Command (1) Execute the clear status register command and set
FMRO7=1? sequence error T the status flag to “0” whether the command is
' entered.

(2) Reexecute the command after checking that it is
entered correctly or the program command or the
block erase command is not executed for the
blocks which are protected.

[ ] (1) Execute the clear status register command and set
Erase error .-

the erase status flag to “0”.
(2) Reexecute the block erase command.
(3) Execute (1) and (2) at least 3 times until an erase
YES error is not generated.

Note 1: If the error still occurs, the block can not be
used.

[During programming]

NO (1) Execute the clear status register command and set
FMRO6= Program error |- - = * " the program status flag to “0”.
0? (2) Reexecute the Program command.

Note 2: If the error still occurs, the block can not be
YES used

v

[Full status check completed]

Note 4: If the FMRO06 or FMRO7 bits is “1”, any of the Program or Block Erase command can not
be aknowledged. Execute the clear status register command before executing those
commands.

Figure 17.8.4.1. Full Status Check and Handling Procedure for Each Error
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17.9 Standard Serial 1/0 Mode
In standard serial input/output mode, the user ROM area can be rewritten while the microcomputer is
mounted on-board by using a serial programmer which is applicable for the M16C/26A group. For more
information about serial programmers, contact the manufacturer of your serial programmer. For details on
how to use the serial programmer, refer to the user’s manual included with your serial programmer.
Table 17.9.1 shows pin functions (flash memory standard serial input/output mode). Figures 17.9.1 and
17.9.2 show pin connections for standard serial input/output mode.

17.9.1 ID Code Check Function

This function determines whether the ID codes sent from the serial programmer and those written in the
flash memory match. (Refer to 17.3 Functions To Prevent Flash Memory from Rewriting.)
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Table 17.9.1. Pin Functions (Flash Memory Standard Serial 1/O Mode)

Pin Name 1/0 Description
. Apply the voltage guaranteed for Program and Erase to Vcc pin and 0

Vce,Vss Power input V to Vss pin.

CNVss CNVss | Connect to Vcc pin.

RESET Reset input I Reset input pin. While RESET pin is "L" level, wait for td(ROC).

XIN Clock input | Connect a ceramic resonator or crystal oscillator between XIN and
Xourt pins. To input an externally generated clock, input it to XIN pin

Xout Clock output O | and open XouT pin.

AvVcce, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for AD from this pin.

P1s, P17 Input port P1 | Input "H" or "L" level signal or open.

Pls P16 input | Connect this pin to Vcc while RESET is low. (Note 2)

P60 to P63 Input port P6 | Input "H" or "L" level signal or open.

P64 BUSY output o | Standard serial I/O mode 1: BUSY signal output pin
Standard serial I/O mode 2: Monitor signal output pin for boot program

operation check

P65 SCLK input | Standard serial I/O mode 1: Serial clock input pin
Standard serial I/O mode 2: Input "L".

P66 RxD input | Serial data input pin

P67 TxD output O | Serial data output pin  (Note 1)

P70to P77 Input port P7 | Input "H" or "L" level signal or open.

Ego to P8a, Input port P8 I Input "H" or "L" level signal or open.

7

P85 RP input | Connect this pin to Vss while RESET is low. (Note 2)

P86 ‘CE input I | Connect this pin to Vcc while RESET is low. (Note 2)

P90 to P93, Input port P9 | Input "H" or "L" level signal or open.

P100 to P107 Input port P10 | Input "H" or "L" level signal or open.

Note 1: When using standard serial input/output mode 1, to input “H” to the TxD pin is nhecessary while the
RESET pin is “L”. Therefore, connect this pin to Vcc via a resistor. Adjust the pull-up resistor value
on a system not to affect a data transfer after reset, because this pin changes to a data-output pin

Note 2: Set following either or both
«Connect the CE pin to Vcc.

«Connect the RP pin to Vss and the P16 pin to Vcc.
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M16C/26A Group
(Flash memory version)
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Note: Set following either or both in serial I/O mode while the RESET pinis held L.
[Connect the CE pin to Vcc.
Connect the RP pin to Vss and the P1s pin to Vcc.

Note

5
g

Mode setup method
Signal Value
CNVss Vce
Reset |Vssto Vce

Package: 42P2R

Figure 17.9.1. Pin Connections for Serial /0 Mode (1)
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[ 2
J) Mode setup method
~— Signal Value
Connect CNVss Vce
oscillator Reset |Vss to Vcc

circuit

Note

Vss
CE
(§ESET>
Vcce
Note

Package: 48P6Q-A

&

Note: Set following either or both in serial I/O mode while the RESET pinis held L.
[Connect the CE pin to Vcc.
Connect the RP pin to Vss and the P1e pin to Vcc.

Figure 17.9.2. Pin Connections for Serial /0 Mode (2)
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17.9.2 Example of Circuit Application in Standard Serial /0O Mode
Figure 17.9.2.1 shows an example of a circuit application in standard serial /O mode 1 and Figure
17.9.2.2 shows an example of a circuit application in standard serial I/O mode 2. Refer to the user's
manual for a serial writer to handle pins controlled by the serial writer.

§ Microcomputer
.

(Note 1)
( SCLKinput ) | SCLK L
L—{mo E (vote 1)
BUSY output BUSY Ple
( RxD input ) -1 RXD

CNVss g
RESET

User reset P85(R_P)
singnal % (Note 1)

(1) Controlling pins and external circuits vary with the serial programmer. For more
information, refer to the user's manual included with the serial programmer.

(2) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial /O mode.

(3) In standard serial input/output mode 1, if the user reset signal becomes “L” while
the microcomputer is communicating with the serial programmer, break the
connection between the user reset signal and the RESET pin using a jumper
switch.

Reset input

Note 1. Set following either or both
* Connect the CE pin to Vcc
 Connect the RP pin to Vss and the P16 pin to Vcc

Figure 17.9.2.1. Circuit Application in Standard Serial /0O Mode 1
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Microcomputer

— Note 1
| SCLK P86(CE) g( )
§ TxD output TxD

(Note 1)
Monitor output BUSY
Ple

RxD input | RxD

i

CNVss

Vittdac

P85(R_P) (Note 1)

Yt

(1) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial I/O mode.

Note 1. Set following either or both
 Connect the CE pin to Vcc
 Connect the RP pin to Vss and the P16 pin to Vcc

Figure 17.9.2.2. Circuit Application in Standard Serial /o Mode 2
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17.10 Parallel /0 Mode
In parallel input/output mode, the user ROM can be rewritten using a parallel programmer which is appli-
cable for the M16C/26A group. For more information about the parallel programmer, contact your parallel
programmer manufacturer. For details on how to use the parallel programmer, refer to the user's manual of

the parallel programmer.

17.10.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read or rewritten. (Refer to 17.3
Function to Prevent Flash Memory from Rewriting.)
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18. Electrical Characteristics

Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor
for electrical characteristics of V-ver.

18.1. Normal version

Table 18.1. Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vce=AVcc -0.3t06.5 \
AVcc Analog supply voltage Vcc=AVcc -0.3t0 6.5 \%

Input P15 to P17, P6o to P67, P70 to P77,
voltage P8o to P87, P9o to P93, P100 to P107,
Vi XIN, VREF, RESET, CNVss -0.3 to Vcc+0.3 \%
Output P1sto P17, P6o to P67, P70 to P77,
voltage P8o to P87, P9o to P93, P100 to P107,
Vo XouT -0.3to Vec+0.3 \
Pd Power dissipation -40C <Toprs8s5C 300 mw
Topr Operating ambient When the Microcomputer is Operating -20t0 85 / -40to 85 K
tem perature Flash Program | Program Area o
Erase (BlOCk 0 to Block 3) 0to 60 c
Program Area .
(Block A, Block B) -20to 85 / -40to 85
Tstg Storage temperature -65 to 150 K
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Table 18.2. Recommended Operating Conditions (Note 1)

Standar .
Symbol Parameter Min. Tvp. Max. Unit
Vcc Supply voltage 2.7 5.5 \
AVcc Analog supply voltage Vce v
Vss Supply voltage 0 \
AVss Analog supply voltage 0 \%
HIGH input P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
ViH voltage P100 to P107, 0.7Vcc Vce \Y
HIGH input
ViH voltage Xin, RESET, CNVss 0.8Vce Vee Y
ViL LOW input P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P9s,
voltage P10o to P107, 0 0.3Vce \Y
ViL LOW input
voltage XN, RESET, CNVss 0 0.2Vcc \%
HIGH peak output P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
loHeal | ot P100 to P107 -10.0 mA
I HIGH average P1sto P17, P60 to P67, P70 to P77, P8o to P87, P9o to P93,
OH(avg) output current P100 to P107 -5.0 mA
| LOW peak output P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
OL (peak) current P100 to P107 10.0 mA
loL (avg) LOW average P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
output current P100 to P107 5.0 mA
f(Xin) Main clock input oscillation frequency Vce=3.0 to 5.5V 0 20 MHz
(Note 3) Vee=2.7 to 3.0V 0 33 XVce-80 | MHz
f (XcIN) Sub-clock oscillation frequency 32.768 50 kHz
f1 (ROC) On-chip oscillation frequency 1 0.5 1 2 MHz
f2 (ROC) On-chip oscillation frequency 2 1 2 MHz
f3 (ROC) On-chip oscillation frequency 3 16 26 MHz
f (PLL) PLL clock oscillation frequency (Note 3) Vce=3.0 to 5.5V 10 20 MHz
Vce=2.7 to 3.0V 10 33 X Vcc-80 | MHz
f (BCLK) CPU operation clock 0 20 MHz
Tsu(PLL) PLL frequency synthesizer stabilization wait time Vce=5.0V 20 ms
Vce=3.0V 50 ms

Note 1: Referenced to VVcc = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified.
Note 2: The mean output current is the mean value within 100ms.
Note 3: Relationship between main clock oscillation frequency, PLL clock oscillation frequency and supply voltage are followed.
Note 4: The total loL(peak) for all ports must be 80mA max. The total loH(peak) for all ports must be -80mA max.

~ —
g Main clock input oscillation frequency E
= =
z >
5 33.3 x Vcc-80MHz g
=] [
o 3
(2] o
= o
£ 20.0f---------- \ x “é 20.0
=1 . 3
£ . E
3 3
£ ©
> £
£ =2
® 10.0f--------- = 100
g T
o Q
— o
2 -
z 3
= o0 L oo

PLL clock oscillation frequency

33.3 x Vcc-80MHz

27

3.0 55

Vec[V] (main clock: no division)

2.7 3.0 5.5

Vcc[V] (PLL clock oscillation)
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Table 18.3. A /D Conversion Characteristics (Note 1)

. . Standard )
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VREF =VcC 10 Bits
Integral non- 10 bit VRer =Vcc=5V +3 LSB
INL linearity VRer =Vcc=3.3V 15 LSB
error 8 bit VRer =Vcc=3.3V, 5V +2 LSB
Absolute 10 bit VRer =Vcc=5V +3 LSB
- accuracy VRrer =Vcc=3.3V +5 LSB
8 bit VRer =Vce=3.3V, 5V +2 LSB
DNL Differential non-linearity error +1 LSB
- Offset error +3 LSB
— Gain error +3 LSB
Ruaoper | Ladder resistance VRer =Vce 10 40 | kQ
tconv Conversion time(10bit), VREF =Vcc=5V, gaD=10MHz 3.3 us
Sample & hold function available
tconv Conversion time(8bit), VREF =Vcc=5V, gAD=10MHz 2.8 us
Sample & hold function available
VREF Reference voltage 2.0 Vcc Vv
Via Analog input voltage 0 Veee  V

Note 1: Referenced to VCC=AVCC=VREF=3.3 to 5.5V, VSS=AVSS=0V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise
specified.
Note 2: AD operation clock frequency (JAD frequency) must be 10 MHz or less. And divide the fAD if VCC is less than 4.2V,
and make @AD frequency equal to or lower than fAD/2.

Note 3: A case without sample & hold function turn @AD frequency into 250 kHz or more in addition to a limit of Note 2. A case
with sample & hold function turn @AD frequency into 1MHz or more in addition to a limit of Note 2.

Note 4: In a case with sample & hold function, the sampling time is 3JAD. In a case without sample & hold function, the sampling
time is 20AD.
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M16C/26A Group (M16C/26A, M16C/26T)

Table 18.4. Flash Memory Version Electrical Characteristic (Note 1): Program Area for U3 and U5, Data Area for U7 and U9

Standard )
Symbol Parameter Min. v, Mo Unit
(Note 2)
- Erase/Write cycle (Note 3) 100/1000 (Note 4, 11) cycle
- Word program time (Vcc=5.0V, Topr=25°C) 75 600 ps
- Block erase time 2Kbyte block 0.2 9 S
8Kbyte block 0.4 9 S
16Kbyte block 0.7 9 S
32Kbyte block 1.2 9 s
td(SR-ES) | Time delay from Suspend Request until Erase Suspend 8 ms
trs Flash Memory Circuit Stabilization Wait Time 15 Hs
- Data retention time (Note 5) 20 year
Table 18.5. Flash Memory Version Electrical Characteristics (Note 6): Data Area for U7 and U9 (Note 7)
Symbol Parameter - Standard Unit
Min. Typ. Max
(Note 2)
- Erase/Write cycle (Note 3, 8, 9) 10000 (Note 4, 10) cycle
- Word program time (Vcc=5.0V, Topr=25°C) 100 us
- Block erase time(Vcc=5.0V, Topr=25°C)
(2Kbyte block) 0.3 s
td(SR-ES) | Time delay from Suspend Request until Erase Suspend 8 ms
tPs Flash Memory Circuit Stabilization Wait Time 15 Hs
- Data retention time (Note 5) 20 year

Note 1: When not otherwise specified, Vce = 2.7 t05.5V; Topr = 0 to 60 °C.

Note 2: VCC = 5V; Topr = 25 °C.

Note 3: Program and Erase Endurance refers to the number of times a block erase can be performed. If the program and erase endurance is n (n=100, 1,000, 10,000,
each block can be erased n times. For example, if a 2Kbytes block A is erased after writing 1 word data 1,024 times, each to a different address, this counts as
one program and erase endurance. Data cannot be written to the same address more than once without erasing the block. (Rewrite prohibited)

Note 4: Maximum number of E/W cycles for which opration is guaranteed.

Note 5: Topr = 55°C.

Note 6: When not otherwise specified, Vce = 2.7 to 5.5V; Topr = -20 to 85°C / -40 to 85°C (Option).

Note 7: Table18.5 applies for Block A or B E/W cycles > 1000. Otherwise, use Table 18.4.

Note 8: To reduce the number of program and erase endurance when working with systems requiring numerous rewrites, write to unused word addresses within the

block
instead of rewrite. Erase block only after all possible addresses are used. For example, an 8-word program can be written 256 times maximum before erase
becomes necessary. Maintaining an equal number of erasure between block A and block B will also improve efficiency. It is important to track the total number
of times erasure is used.

Note 9: Should erase error occur during block erase, attempt to execute clear status register command, then clock erase command at least three times until erase error
disappears.

Note 10: When Block A or B E/W cycles exceed 100, select one wait state per block access. When FMR17 is set to "1", one wait state is inserted per access to Block A
or B - regardless of the value of PM17. Wait state insertion during access to all other blocks, as well as to internal RAM, is controlled by PM17 - regardless of
the setting of FMR17.

Note 11: The program area and the data area for U3 and U5 are 100 E/W cycles; the program area for U7 and U9 is 1,000 E/W cycles.

Note 12: Customers desiring E/W failure rate information should contact their Renesas technical support representative.

Erase suspend

request —l
(interrupt request) L

FMR46 : |
: td(SR-ES) E
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Table 18.6. Voltage Detection Circuit Electrical Characteristics (Note 1, Note 3)

Symbol Parameter Measuring condition Standard i

: Unit
Min. Typ. Max.
Vdet4 Voltage down detection voltage (Note 1) 3.2 3.8 4.45 \%
Vdet3 Reset level detection voltage (Notes 1, Note 3) 2.3 2.8 34 \
N Vce=1.7 to 5.5V
Vdet3s Low voltage reset retention voltage (Note 2) 17 v
Vdet3r Low voltage reset release voltage 2.35 29 3.5 Vv

Note 1: Vdet4 > Vdet3

Note 2: Vdet3s is the min voltage at which "hardware reset 2" is maintained.

Note 3: The voltage detection circuit is designed to use when Vcc is set to 5V. <

Note 4: When reset level detection voltage is 2.7V or below, operating with f(BCLK) B 10MHz is guaranteed if the supply voltage is over the reset
level detection voltage excluding A/D conversion accuracy, serial I/O and flash memory program and erase.

Table 18.7. Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring condition ~Standard Unit
Min. Typ. Max.
td(P-R) Time for internal power supply stabilization during powering-on 2 ms
td(ROC)  Time for internal on-chip oscillator stabilization during powering-on 40 Hs
Vcc=2.7 to 5.5V
td(R-S) STOP release time 150 us
td(W-S)  Low power dissipation mode wait mode release time 150 us
td(S-R)  Hardware reset 2 release wait time Vee=Vdet3r to 5.5V 6 (Note 1) 20 ms
d(E-A) O oltage detection circuit operation start time Vee=2.7 10 5.5V 20 ps

Note 1: When Vcc = 5V

td(P-R)
Time for Internal Power vCC
Supply Stabilization During -
Powering-On ROC ._r
td(ROC) ’<—>
Time for Internal On-chip td(ROC)
Oscillator Stabilization During RESET [
Powering-On

Interrupt for
td(R-S) (a) Stop mode release

STOP Release Time or |

(b) Wait mode release

td(w-S) : .
Low Power Dissipation Mode : :
Wait Mode Release Time CPU clock H !

a) :
@ ! td(R-S) :
—
(b) W) '
td(S-R)
Voltage Down Detection
Reset (Hardware Reset 2) Vce

Release Wait Time

CPU clock
td(E-A)
Voltage Detection Circuit VC26, VC27
Operation Start Time 41
Voltage Detection Circuit Stop . | Operate
-
*tdE-A) "
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Table 18.8. Electrical Characteristics (Note 1)

Vcc =5V

Symbol Parameter Measuring condition ____Standard ;

Y 9 Min. Typ. Max. _ YUnit

HIGH output | P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, .y
Vor voltage P100 to P107 IoH=-5mA Vee-2.0 Vee v
HIGH output | P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, _ Vee-0.3
Vor voltage P100 to P107 loH=-200pA Vee \Y%
HIGHPOWER loH=-1mA Vce-2.0 Vcec
HIGH output voltage Xout \%
Vou LOWPOWER loH=-0.5mA Vce-2.0 Vce
HIGH output voltage ~ Xcour | HIGHPOWER With no load applied 25 v
LOWPOWER With no load applied 16
LOW output | P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, _
VoL voltage P100 to P107 loL=5mA 2.0 \
LOW output |P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, loL=200 0.45 v
Vou voltage P100 to P107 wA :
loL=1mA 2.0
VoL LOW output voltage Xout HIGHPOWER \%
LOWPOWER loL=0.5mA 2.0
With no load applied 0
HIGHPOWER
LOW output volt:
output voltage Xeour LOWPOWER With no load applied 0 v
Hysteresis TAOIN to TA4IN, TBOIN to TB2IN,
VTV INTo to INTs, NMI,
ADTRG, CTS0 to CTS2, 0.2 1.0 v
CLKo to CLK2,TA2ouT to TA4our,
Klo to KI3, RxDo to RxD2,
VT+VT- Hysteresis ~ RESET 0.2 2.5
VT+VT- Hysteresis  xn 0.2 0.8
HIGH input P1s to P17, P60 to P67, P70 to P77, P8o to P87, P90 to P93,
It cunent T P100to P107, VI=5V 50  pA
XiN, RESET, CNVss
LOW inout P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
i 't”p” P100 to P107, VI=OV 50 pA
curren XN, RESET, CNVss
Pull-up
R P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, _

PULLUP | esistance  pioo to P10s VI=0V 30 50 170 kQ
RixIN Feedback resistance  XIN 15 MQ
RiXCIN Feedback resistance  XcIN 15 MQ
VRAM RAM retention voltage At stop mode 2.0 \%

Note 1: Referenced to VCC=4.2 to 5.5V, VSS=0V at Topr =-20to 85 °C /-40 to 85 °C, f(BCLK)=20MHz unless otherwise specified.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =5V

Table 18.9. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition . Standard Unit
Min. Typ. Max.
The output pins are open and Mask ROM f(BCLK)=20MHz, 12 17 mA
other pins are Vss Main clock, no division
On-chip oscillation - 15 mA
f2 (ROC) selected, f(BCLK)=1MHz
Flash memory f(BCLK)=20MHz, 16 19 mA
Main clock, no division
On-chip oscillation 1
f2 (ROC) selected, f(BCLK)=1MHz mA
Flash memory f(BCLK)=10MHz, 1 mA
Program Vce=5.0V
Flash memory f(BCLK)=10MHz, 12 mA
Erase Vce=5.0V
Mask ROM f(BCLK)=32kHz,
Low power dissipation mode, 25 HA
ROM(Note 3)
lec Power supply current On-chip oscillation
(Vce=4.0 10 5.5V) f2 (ROC) selected, f(BCLK)=1MHz 30 HA

in wait mode (Note 5)
f(BCLK)=32kHz,

Flash memory

Low power dissipation mode, 25 HA
RAM(Note 3)

f(BCLK)=32kHz

Low power dissipation mode, 450 HA

Flash memory(Note 3)
On-chip oscillation, f2(ROC),

f(BCLK)=1MHz, Wait mode(Note 5) 50 WA
Mask ROM or f(BCLK)=32kHz, A
Flash memory Wait mode (Note 2), 10 "
Oscillation capacity High
f(BCLK)=32kHz,
Wait mode(Note 2), 3 HA
Oscillation capacity Low
Stop mo::le, 0.8 3 WA
Topr=25°C
Idet4 Voltage down detection dissipation current (Note 4) 0.7 4 HA
Idet3 Reset area detection dissipation current (Note 4) 1.2 8 A

Note 1: Referenced to Vcc=4.2 to 5.5V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(Xin)=20MHz unless otherwise specified.
Note 2: With one timer operated using fcaz.
Note 3: This indicates the memory in which the program to be executed exists.
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet4: VC27 bit in the VCR2 register
Idet3: VC26 bit in the VCR2 register
Note 5: With one timer operated.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 18.10. External Clock Input (XIN input)

Standard .
Symbol Parameter Min. Max. Unit
te External clock input cycle time 50 ns
tw(H) External clock input HIGH pulse width 20 ns
tw(L) External clock input LOW pulse width 20 ns
tr External clock rise time 9 ns
tf External clock fall time ns
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Timing Requirements

Vcc =5V

(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 18.11. Timer A Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 18.12. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) 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 18.13. Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard .
Symbol Parameter in. Mo, Unit
te(TA) TAIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 18.14. 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 18.15. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard )
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(UPL) 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 18.16. Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAIN-TAoUT) | TAiouT input setup time 200 ns
tsu(TAOUT-TAIN) | TAIIN input setup time 200 ns
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C /- 40 to 85°C unless otherwise specified)

Table 18.17. Timer B Input (Counter Input in Event Counter Mode)

Vcc =5V

REJ09B0202-0100

Standard )
Symbol Parameter Min. Mo, Unit
te(TB) 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(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 18.18. Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) 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 18.19. Timer B Input (Pulse Width Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
te(TB) 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 18.20. A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 18.21. Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(C-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 70 ns
th(C-D) RxDi input hold time 90 ns
Table 18.22. External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Vcc =5V

XIN input
—>| |<— tt —>| |[<—
tr tw(H) tw()
dl |
tc
te(tA)
tw(TAH)
TAIIN input \
tw(TAL)
tc(ur)
tw(uPH
TAIOUT input \
tw(uPL)
TAIOUT input ><
(Up/down input)

During event counter mode

TAIIN input
(When count on falling

edge is selected)
TAIIN input

(When count on rising N S
edge is selected)

th(TIN-UP) | tsu(UP-TIN)

Two-phase pulse input in event counter mode

te(tA)

/ \
TAIIN input / 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
I

tsu(TAOUT-TAIN)
TAIOUT input /

I
tsu(TAOUT-TAIN)

te(tB)
tw(TBH)
TBIIN input
tw(TBL)
\
te(aD) |
tw(ADL)
ADTRG input
Figure 18.1. Timing Diagram (1)
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Vcc =5V
tc(CK)
RUCLN

CLKi

tw(CKL) thic-0
TxDi >< ><

td(c-Q) |, tsu(b-C) th(C-D)
RxDi * *
tw(INL)

INTi input # /

Tw(INH)

1

Figure 18.2. Timing Diagram (2)
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =3V
Table 18.23. Electrical Characteristics (Note 1)

i i Standard
Symbol Parameter Measuring condition _ ;
Y 9 Min. Typ. Max. Unit

HIGH output
VOH voltage p EigﬁoPéi,Ol:Go to P67, P70 to P77, P8o to P87, P9o to P93, loH=-1mA Vee-0.5 Vee Vv
X HIGHPOWER loH=-0.1mA Vce-0.5 Vce y
Vo HIGH output voltage out COWPOWER —
loH=-50pA Vce-0.5 Vce
HIGH output voltage ~ XcouT | HIGHPOWER W?lh no load app'?ed 25 v
LOWPOWER With no load applied 1.6
VoL \l;gl\g/ggutput P1s to P17, P60 to P67, P70 to P77, P80 to P87, P9o to P93, | |oL=1mA 05 Vv
P100 to P107
loL=0.1mA 0.5
VoL LOW output voltage  XouT HIGHPOWER Vi
LOWPOWER loL=50pA 0.5
With no load applied 0
LOW output voltage  Xcour | H'CHPOWER pp v
LOWPOWER With no Toad applied 0

Hysteresis TAON to TA4iN, TBOIN to TB2IN,
INTo to INTs, NMI,

VT+VT-
ADTRG, CTSo to CTS2, 0.8 \
CLKo to CLK2, TA20urt to TA4ouT,
Kio to Ki3, RxDo to RxD2
VT+VT- Hysteresis RESET 18 \%
VT+-VT- Hysteresis XIN 0.8 A\
HIGH input ~ P1sto P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
IiH current P10o to P107 V=3V 4.0 PA
XiN, RESET, CNVss
LOW input P1sto P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
i current P10o0 to P107 VI=0V -4.0 pA
XIN, RESET, CNVss
RpPuULLUP | Pull-up P1sto P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, _
resistance P100 to P107 Vi=ov 50 100 500 kQ
RixiN Feedback resistance XIN 3.0 MQ
RfxcIN Feedback resistance XciN 25 MQ
VRAM RAM retention voltage At stop mode 2.0 \

Note 1 : Referenced to Vcc=2.7 to 3.6V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =3V

Table 18.24. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition ) Standard Unit
Min. Typ. Max.
The output pins are open and Mask ROM f(BCLK)=10MHz, - 10 mA
other pins are Vss Main clock, no division
On-chip oscillation,
f2(ROC) selected, f(BCLK)=1MHz 1 mA
Flash memory f(B-CLK)=lOMHZ., B 7 12 mA
Main clock, no division
On-chip oscillation,
f2(ROC) selected, f(BCLK)=1MHz 1 mA
Flash memory =
Program \f/(gc(ié’.(gleMHz' 10 mA
lcc Power supply current Elra;ssl;memory f(BCLK)=10MHz, 11 mA
(Vcc=2.7 to 3.6V) Vce=3.0V
Mask ROM f(BCLK)=32kHz,
Low power dissipation mode, 25 HA
ROM(Note 3)
On-chip oscillation,
2(ROC) selected, f(BCLK)=1MHz 25 HA
in wait mode (Note 5)
Flash memory f(BCLK)=32kHz,
Low power dissipation mode, 25 HA
RAM(Note 3)
f(BCLK)=32kHz,
Low power dissipation mode, 450 HA
Flash memory(Note 3)
On-chip oscillation, fZ(ROC) 5 A
f(BCLK)=1MHz, Wait mode
f(BCLK)=32kHz,
Wait mode (Note 2), 10 HA
Oscillation capacity High
Mask ROM or f(BCLK)=32kHz,
Flash memory Wait mode (Note 2), 3 HA
Oscillation capacity Low
Stop mode
' 0.7 3
Topr=25°C WA
Idet4 Voltage down detection dissipation current (Note 4) 0.6 4 HA
Idet3 Reset level detection dissipation current (Note 4) 1 5 HA

Note 1: Referenced to Vcc=2.7 to 3.6V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified.
Note 2: With one timer operated using fca2.
Note 3: This indicates the memory in which the program to be executed exists.
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet4: VC27 bit in the VCR2 register
Idet3: VC26 bit in the VCR2 register
Note 5: With one timer operated.

Rev. 1.00 Mar. 15, 2005 page 269 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =3V

Timing Requirements
(Vce =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 18.25. External Clock Input (XIN input)

Standard .
Symbol Parameter Min | Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(l) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26A)

Timing Requirements

Vcc =3V

(Vcc =3V, Vss =0V, at Topr =— 20 to 85°C /- 40 to 85°C unless otherwise specified)

Table 18.26. Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 18.27. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIN input LOW pulse width 300 ns
Table 18.28. Timer A Input (External Trigger Input in One-shot Timer Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAiN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 18.29. Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIN input LOW pulse width 150 ns

Table 18.30. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

REJ09B0202-0100

Standard .
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(UPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-TIN) TAiour input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
Table 18.31. Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Symbol Parameter .Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAouT) | TAiouT input setup time 500 ns
tsu(TAouT-TAIN) | TAIIN input setup time 500 ns
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26A)

Vcc =3V
Timing Requirements
(Vcc =3V, Vss =0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 18.32. Timer B Input (Counter Input in Event Counter Mode)

REJ09B0202-010

0

Standard )
Symbol Parameter Min. Mo, Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBIIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 120 ns
Table 18.33. Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 18.34. Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(B) TBiIN input cycle time 600 ns
tw(TBH) TBIIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 18.35. A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(AD) ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 18.36. Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(c-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(d-C) RxDi input setup time 100 ns
th(C-D) RxDi input hold time 90 ns
Table 18.37. External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTIi input LOW pulse width 380 ns
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Vcc =3V

XIN input
—> |<— tr —>| l<—
tr tw(H) twe)
d
te
te(tA)
tw(TAH
TAIIN input \
tw(TAL)
tcur)
tw(uPH
TAIOUT input \
twpL)
TAIOUT input ><

(Up/down input)

During Event Counter Mode

TAIIN input

(When count on falling Ihmin-uP) | tsuUP-Ti)
edge is selected)

TAIIN input

(When count on rising

edge is selected)

Two-Phase Pulse Input in Event Counter Mode

te(TA)

- / \
TAIIN input / 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
1

tsu(TAOUT-TAIN)
TAIOUT input /

tsu(TAOUT-TAIN)

te(tB)
tw(TBH)
TBIIN input
tw(TBL)
\
te(AD) |
tw(ADL)
ADTRG input
Figure 18.3. Timing Diagram (1)
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Vcc =3V
tc(CK)
tw(CKH)
CLKi
tw(CKL) thic-0
TXDi X X
td(c-Q) |, tsu(b-C) | th(C-D)
RxDi * *
tw(INL)
INTi input } /
tw(INH)
1

Figure 18.4. Timing Diagram (2)
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26T)

18.2. T version

Table 18.38. Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vee Supply voltage Vce=AVee -0.3t06.5 v
AVcc Analog supply voltage Vcc=AVcce -0.3t0 6.5 \%

Input P1sto P17, P6oto P67, P70 to P77,
voltage P80 to P87, P90 to P93, P100 to P107,
Vi XIN, VREF, RESET, CNVss -0.3to Vcc+0.3 v
Output P1sto P17, P6oto P67, P70to P77,
voltage P80 to P87, P90 to P93, P100 to P107,
Vo XouT -0.3to Vcc+0.3 Vv
Pd Power dissipation 40°C STopr<gsc 300 mw
Topr Operating ambient When the Microcomputer is Operating -40 to 85 °C
temperature Flash Program Program area 0 to 60 c
Erase (Block 0 to Block 3)
Data area °
(Block A, Block B) 4010 85 c
Tstg Storage temperature .65 to 150 C
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26T)

Table 18.39. Recommended Operating Conditions (Note 1)

Standar .
Symbol Parameter Min. Tvo. Max Unit
Vcc Supply voltage 3.0 5.5 \%
AVcc Analog supply voltage Vcc v
Vss Supply voltage 0 Vv
AVss Analog supply voltage 0 \%
: P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, v
VIH HIGH input voltage P100 to P107 0.7Vcc Vcc
VIH HIGH input voltage | XiN, RESET, CNVss 0.8Vcc Vcc \%
ViL LOW input voltage P15 to P17, P6oto P67, P70 to P77, P8o to P87, P9o to P93, 0 0.3Vce \YJ
P100.to P107
ViL LOW input voltage | Xin, RESET, CNVss 0 0.2Vce Vv
HIGH peak output P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
loH peal) | L Pt P100 to P107 -10.0 mA
lo HIGH average P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
H (avg) output current P100 to P107 -5.0 mA
| LOW peak output P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
OL (peak) current P100 to P107 10.0 mA
oL (avg) LOW average P15 to P17, P6o to P67, P70 to P77, P8o to P87, P90 to P93,
output current P100 to P107 >0 mA
£ (XIN) Main clock input oscillation frequency (Note 3) 0 20 MHz
f (XcIN) Sub-clock oscillation frequency 32.768 50 kHz
f1 (ROC) On-chip oscillation frequency 1 0.5 1 MHz
f2 (ROC) On-chip oscillation frequency 2 1 2 MHz
f3 (ROC) On-chip oscillation frequency 3 8 16 26 MHz
f(PLL) PLL clock oscillation frequency (Note 3) 10 20 MHz
f(BCLK) CPU operation clock 0 20 MHz
Tsu(PLL) PLL frequency synthesizer stabilization wait time Vee=5.0V 20 ms
Vce=3.0V 50 ms

Note 1: Referenced to Vcc = 3.0 to 5.5V at Topr = -40 to 85 °C unless otherwise specified.

Note 2: The mean output current is the mean value within 100ms.

Note 3: Relationship between main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.
Note 4: The total IOL(peak) for all ports must be 80mA max. The total IOH(peak) for all ports must be -80mA max.

= —

§ Main clock input oscillation frequency £ PLL clock oscillation frequency

= =3

o >
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2.7 3.0 5.5 3.0 5.5

Vcc[V] (main clock: no division) Vec[V] (PLL clock oscillation)
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26T)

Table 18.40. A/D Conversion Characteristics (Note 1)

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
— Resolution VREF =VcC 10 Bits
Integral non- 10 bit VRer =Vcc=5V +3 LSB
INL linearity Vrer =Vce=3.3V #5 | LSB
error 8 hit VRer =Vcc=3.3V, 5V +2 LSB
Absolute 10 bit VRer =Vcc=5V +3 LSB
- accuracy VRer =Vcc=3.3V +5 LSB
8 bit VRrer =Vcc=3.3V, 5V +2 LSB
DNL Differential non-inearity error +1 LSB
- Offset error +3 LSB
— Gain error +3 LSB
Riaoper | Ladder resistance VRer =Vcc 10 40 KO
tconv Conversion time(10bit), VREF =Vcc=5V, gAD=10MHz 3.3 us
Sample & hold function available
tconv Conversion time(8bit), VREF =Vcc=5V, gAD=10MHz 2.8
Sample & hold function available
VREF Reference voltage 2.0 Vee \%
Via Analog input voltage 0 VrRer |V

Note 1: Referenced to Vcc=AVcc=VRer=3.3 to 5.5V, Vss=AVss=0V at Topr = -40 to 85 °C unless otherwise specified.
Note 2: AD operation clock frequency (JAD frequency) must be 10 MHz or less. And divide the faD if Vcc is less than 4.2V,
and make @AD frequency equal to or lower than fap/2.
Note 3: A case without sample & hold function turn @ap frequency into 250 kHz or more in addition to a limit of Note 2.
A case with sample & hold function turn @ap frequency into 1IMHz or more in addition to a limit of Note 2.
Note 4: A case with sample & hold function the sampling time is 3/@AD.
A case without sample & hold function the sampling time is 2/@AD.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26T)

Table 18.41. Flash Memory Version Electrical Characteristics (Note 1) for 100 E/W cycle products / 1,000 E/W cycle products

Symbol Parameter _ Standard Unit
Min. Typ. Max
(Note 2)
- Erase/Write cycle (Note 3) 100/1,000(Note 4,11) cycle
- Word program time (Vcc=5.0V, Topr=25°C) 75 600 us
- Block erase time 2Kbyte block 0.2 9 s
8Kbyte block 0.4 9 S
16Kbyte block 0.7 9 S
32Kbyte block 1.2 9 ]
td(SR-ES) | Time delay from Suspend Request until Erase Suspend 8 ms
tPs Flash Memory Circuit Stabilization Wait Time 15 Hs
- Data retention time (Note 5) 20 year

Table 18.42. Flash Memory Version Electrical Characteristics (Note 6) for 10,000 E/W cycle products
[Block A and Block B (Note 7)]

Standard
Symbol Parameter . Unit
Min. Typ. Max
(Note 2)
- Erase/Write cycle (Note 3, 8, 9) 10,000(Note 4,10) cycle
- Word program time (Vcc=5.0V, Topr=25°C) 100 HS
- Block erase time(Vcc=5.0V, Topr=25°C)
(2Kbyte block) 0.3 s
td(SR-ES) | Time delay from Suspend Request until Erase Suspend 8 ms
tps Flash Memory Circuit Stabilization Wait Time 15 us
- Data retention time (Note 5) 20 year

Note 1: When not otherwise specified, Vcc = 3.0 t05.5V; Topr = 0 to 60 °C.

Note 2: Vcc = 5V; Topr = 25 °C.

Note 3: Program and Erase Endurance refers to the number of times a block erase can be performed.

If the program and erase endurance is n (n=100, 1,000, 10,000), each block can be erased n times.

For example, if a 2Kbytes block A is erased after writing 1 word data 1,024 times, each to a different address, this
counts as one program and erase endurance. Data cannot be written to the same address more than once
without erasing the block. (Rewrite prohibited)

Note 4: Maximum number of E/W cycles for which opration is guaranteed.

Note 5: Topr = 55°C.

Note 6: When not otherwise specified, Vcc = 3.0 to 5.5V; Topr = -40 to 85°C.

Note 7: This is a standard when program or erase endurance exceeds over 1,000 times.

Word program time or block erase time up to 1,000 times is the same as program area.

Note 8: To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,
write to unused word adresses within the block instead of rewrite. Erase block only after all prossible addresses
are used. For example, an 8-word program can be written 256 times maximum before erase becomes necessary.
Maintaining an equal number of erasure between block A and block B will also improve efficiency. It is improtant
to track the total number of times erasure is used.

Note 9: Should erase error occur during block erase, attempt to execute clear status register command, then clock erase
command at least three times until erase error disappears.

Note 10: When Block A or B E/W cycles exceed 1,000 (Option), select one wait state per block access. When bit 7 in
Flash memory control register 1(FMR17 in address 01B516) is set to "1", one wait state is inserted per access to
Block A or B - regardless of the value of PM17. Wait state insertion during access to all other blocks, as well as to
internal RAM, is controlled by PM17 - regardless of the setting of FMR17.

Note 11: Customers desiring Erase/Write cycle information should contact their Renesas technical support representative.

Note 12: Customers desiring E/W failure rate information should contact their Renesas technical support representative.
Erase suspend

request —l
(interrupt request) |

FMR46 ‘ |

td(SR-ES)
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26T)

Table 18.43. Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring condition ) Standard Unit
Min. Typ. Max.
td(P-R) Time for internal power supply stabilization during powering-on 2 ms
td(ROC Time for internal on-chip oscillator stabilization during powering-on
( ) P 9P 9 Vce=3.0to 5.5V 40 us
td(R-S) STOP release time 150 Hs
td(W-S) | Low power dissipation mode wait mode release time (Note 2) 150 us

STOP Release Time or
(b) Wait mode release
td(w-s)
Low Power Dissipation Mode
Wait Mode Release Time

td(P-R)
Time for Internal Power vee
Supply Stabilization During -
Powering-On ROC H T
td(ROC) _ td(P-R) W
Time for Internal On-chip
Oscillator Stabilization During RESET [
Powering-On
Interrupt for
td(R-s) (a) Stop mode release

]

CPU clock
@ - td(R-S) ’
(b) td(w-S)
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26T)

Table 18.44. Electrical Characteristics (Note 1)

Vcc =5V

Symbol Parameter Measuring condition . Standard ;
Y 9 Min. _ Typ. Max. | Unit
HIGH output|P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, .y
Vo voltage P100 to P107 lor=-5mA Vee-2.0 Vee v
HIGH output| P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, Vee-0.3
Vor voltage P100 to P107 10H=-200A cc-0. Vee v
HIGHPOWER lon=-1mA Vce-2.0 Vce
HIGH output voltage Xout \
VoH LOWPOWER loH=-0.5mA Vce-2.0 Vcec
HIGH output voltage Xcout | HIGHPOWER With no load applied 2.5 v
LOWPOWER With no load applied 1.6
LOW output | P15 to P17, P6o to P67, P70 to P77, P80 to P87, P9o to P93, _
VoL voltage P100 to P107 loL=5mA 20 \
LOW output |P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, loL=200 Vv
VoL voltage P100 to P107 or WA 0.45
loL=1mA 2.0
VoL LOW output voltage Xout HIGHPOWER \%
LOWPOWER loL=0.5mA 2.0
With no load applied 0
HIGHPOWER
LOW output voltage X - -
utput voltag Ll E—— With no load applied 0 v
Hysteresis TAOIN to TA4IN, TBOIN to TB2IN,
_. INTo to INTs, NMI,
ADTRG, CTSo to CTS2, 0.2 1.0 v
CLKo to CLK2,TA20ut to TA4ourT,
Klo to KI3, RxDo to RxD2
VT+VT- Hysteresis RESET 0.2 25
VT+VT- Hysteresis XN 02 08
HIGH input P1s to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
I current P10 to P107, VI=5V 5.0 HA
XN, RESET, CNVss
P P1s to P17, P60 to P67, P70 to P77, P8o to P87, P9o to P93,
I LOW IPU b10010 P107, VIOV 50 | pA
XiN, RESET, CNVss
Pull-up P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
RPULLLP | [ osistance  P100 to P107 VI=0V 30 50 170 kQ
RixIiN Feedback resistance XN 15 MQ
RixcIN Feedback resistance  Xcin 15 MQ
VRAM RAM retention voltage At stop mode 2.0 \%

Note 1: Referenced to VCC=4.2 to 5.5V, VSS=0V at Topr = -40 to 85 °C, f(BCLK)=20MHz unless otherwise specified.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26T)

Vcc =5V

Table 18.45. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition ____ Standard Unit
Min. Typ. Max.
The output pins are open and Flash memory I\ElB.CLKl):iOMHé} . 16 19 mA
other pins are Vss ain clock, no division
On-chip oscillation 1
faRoc) selected, f(BCK)=1MHz mA
Flash memory f(BCLK)=10MHz
' mA
Program Vce=5.0V 1
Flash memory f(BCLK)=10MHz, 12 A
Erase Vce=5.0V
Fash memo f(BCLK)=32kHz,
24 Low power dissipation mode, 25 UA
lee Power supply current RAM(Note 3)
(vec=4.0105.5V) f(BCLK)=32kHz
Low power dissipation mode, 450 WA

Flash memory(Note 3)
On-chip oscillation,

fa(roc) selected, f(BCK)=1MHz, 50 HA
Wait mode (Note 4)
f(BCLK)=32kHz,

Wait mode (Note 2), 10 HA
Oscillation capacity High

f(BCLK)=32kHz,

Wait mode(Note 2), 3 HA
Oscillation capacity Low
Stop mode,

0.8 3
Topr=25°C HA

Note 1: Referenced to Vcc=4.2 to 5.5V, Vss=0V at Topr = -40 to 85 °C, f(Xin)=20MHz unless otherwise specified.
Note 2: With one timer operated using fcaz.

Note 3: This indicates the memory in which the program to be executed exists.

Note 4: With one timer operated.
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M16C/26A Group (M16C/26A. M16C/26T) 18. Electrical Characteristics (M16C/26T)

Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 18.46. External Clock Input (XIN input)

Standard .
Symbol Parameter Min. Max. Unit
tc External clock input cycle time 50 ns
tw(H) External clock input HIGH pulse width 20 ns
tw(L) External clock input LOW pulse width 20 ns
tr External clock rise time 9 ns
tf External clock fall time ns
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26T)

Timing Requirements

Vcc =5V

(Vcc =5V, Vss =0V, at Topr =—40 to 85°C unless otherwise specified)

Table 18.47. Timer A Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 18.48. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIN input LOW pulse width 200 ns
Table 18.49. Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard )
Symbol Parameter in. Mo, Unit
te(TA) TAiIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 18.50. 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 18.51. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(upPL) 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 18.52. Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter Min. M. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAIN-TAouT) | TAiouT input setup time 200 ns
tsu(TAoUT-TAIN) | TAIIN input setup time 200 ns
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Vcc =5V

Timing Requirements

(Vcec =5V, Vss =0V, at Topr = —40 to 85°C unless otherwise specified)

Table 18.53. Timer B Input (Counter Input in Event Counter Mode)

REJ09B0202-0100

Standard )
Symbol Parameter Min. Mo, Unit
te(TB) 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(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBIIN input LOW pulse width (counted on both edges) 80 ns
Table 18.54. Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) 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 18.55. Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) 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 18.56. A/D Trigger Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(AD) ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 18.57. Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(c-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 70 ns
th(C-D) RxDi input hold time 90 ns
Table 18.58. External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTIi input LOW pulse width 250 ns
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Vcc =5V

XIN input
—> |<— tr —>| l<—
tr tw(H) tw(L)
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Figure 18.5. Timing Diagram (1)
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Vcc =5V
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Figure 18.6. Timing Diagram (2)
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18. Electrical Characteristics (M16C/26T)

Table 18.59. Electrical Characteristics (Note)

Vcc =3V

; - Standard
Symbol Parameter Measuring condition . Unit
Min. Typ. Max.
HIGH output P15 to P17, P60 to P67, P70 to P77, P8o to P87, P90 to P93
Vo ) ) ) f s — | \V/ \%
H voltage P100 to P107 loH=-1mA Vce-0.5 cc
HIGHPOWER loH=-0.1mA Vce-0.5 Vee
VoH HIGH output voltage  Xout \%
LOWPOWER lon=-50pA Vce-0.5 Vece
HIGH output voltage ~ XcouT | HIGHPOWER With no load applied 25 v
LOWPOWER With no load applied 1.6
VoL LOW output  P1s to P17, P60 to P67, P70 to P77, P80 to P87, P90 to P93, | |oL=1mA 05 Vi
voltage P100 to P107
Low | N HIGHPOWER loL=0.1mA 0.5
t ouT
vou output voltage LOWPOWER loL=50pA 0.5 v
With no | li
LOW output voltage ~ Xcour | TCHPOWER ith no load applied 0 v
LOWPOWER With no Toad applied 0
Hysteresis TAOIN to TA4IN, TBOIN to TB2IN,
INTo to INT5, NMI,
VT+VT- T
ADTRG, CTSo to CTS2, 0.8 \
CLKo to CLK2, TA20uT to TA4o0uT,
Klo to KI3, RxDo to RxD2
VT+-VT- Hysteresis RESET 1.8 \
VT+VT- Hysteresis XIN 0.8 Vv
HIGH input P1sto P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
I+ current P100 to P107 ViI=3V 4.0 WA
XiN, RESET, CNVss
LOW input P1sto P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93,
I current P10o0 to P107 VI=0V -4.0 PA
XiN, RESET, CNVss
RpuLLUP | Pull-up P15 to P17, P6o to P67, P70 to P77, P8o to P87, P9o to P93, _
resistance P100 to P107 Vi=ov 50 100 500 kQ
RixXIN Feedback resistance XIN 3.0 MQ
RixciN Feedback resistance XcIN 25 MQ
VRAM RAM retention voltage At stop mode 2.0 \

Note 1 : Referenced to Vcc=3.0 to 3.3V, Vss=0V at Topr = -40 to 85 °C, f(BCLK)=20MHz unless otherwise specified.
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Vcc =3V

Table 18.60. Electrical Characteristics (2) (Note 1)

Symbol Parameter Measuring condition ____ Standard Unit
Min. Typ. Max.
The output pins are open and Flash memory f(BCLK)=10MHz,
t ) . 7 12 mA
other pins are Vss Main clock, no division
On-chip oscillation, mA
f2(Roc) selected, f(BCK)=1MHz 1
Flash memory f(BCLK)=10MHz,
Flash memory f(BCLK)=10MHz,
Erase Vee=3.0V 11 mA
Flash memory f(BCLK)=32kHz,
lcc Power supply current Low power dissipation mode, 25 WA
(Vce=3.0 1o 3.6V) RAM(Note 3)
f(BCLK)=32kHz,
Low power dissipation mode, 450 HA
Flash memory(Note 3)
On-chip oscillation, f2(roc) selected, 5 A
f(BCK)=1MHz,Wait mode (Note 4)
f(BCLK)=32kHz,
Wait mode (Note 2), 10 HA
Oscillation capacity High
f(BCLK)=32kHz,
Wait mode (Note 2), 3 HA
Oscillation capacity Low
Stop mode,
0.7 3
Topr=25°C KA

Note 1: Referenced to Vcc=3.0 to 3.3V, Vss=0V at Topr = -40 to 85 °C, f(BCLK)=20MHz unless otherwise specified.
Note 2: With one timer operated using fca2.

Note 3: This indicates the memory in which the program to be executed exists.

Note 4: With one timer operated.
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Vcc =3V

Timing Requirements
(Vcc =3V, Vss =0V, at Topr =—40 to 85°C unless otherwise specified)

Table 18.61. External Clock Input (XIN input)

Standard .
Symbol Parameter Min. Mo Unit
tc External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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M16C/26A Group (M16C/26A, M16C/26T)

18. Electrical Characteristics (M16C/26T)

Timing Requirements

Vcc =3V

(Vce =3V, Vss =0V, at Topr =— 40 to 85°C unless otherwise specified)

Table 18.62. Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 18.63. Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAiIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns
Table 18.64. Timer A Input (External Trigger Input in One-shot Timer Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 18.65. Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 18.66. Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

REJ09B0202-0100

Standard .
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(UPL) TAiout input LOW pulse width 1500 ns
tsu(UP-Tiv) | TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
Table 18.67. Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAouT) | TAiouT input setup time 500 ns
tsu(TAouT-TAN) | TAIIN input setup time 500 ns
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Vcc =3V
Timing Requirements

(Vcec =3V, Vss =0V, at Topr = — 40 to 85°C unless otherwise specified)

Table 18.68. Timer B Input (Counter Input in Event Counter Mode)
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Standard ]
Symbol Parameter Min. Mo Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBiN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 120 ns
Table 18.69. Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 18.70. Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 18.71. A/D Trigger Input
Standard )
Symbol Parameter - Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 18.72. Serial 1/0
Standard )
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(C-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 100 ns
th(c-D) RxDi input hold time 90 ns
Table 18.73. External Interrupt INTi Input
Standard .
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Vcc =3V

XIN input
—> |<— tf —>| l<—
tr tw(H) twe)
d
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te(tA)
tw(TtAH
TAIIN input \
tw(TAL)
tc(ur)
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During Event Counter Mode
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- / \
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Figure 18.7. Timing Diagram (1)
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Vcc =3V
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TxDi >< ><
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Figure 18.8. Timing Diagram (2)
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19. Usage Precaution

19.1 SFR

19.1.1 Precaution for 48 pin version
Set the IFSR20 bit in the IFSR2A register to "1" after reset and set the PACR2 to PACRO bits in the PACR
register to "1002".

19.1.2 Precaution for 42 pin version

Set the IFSR20 bit in the IFSR2A register to "1" after reset and set the PACR2 to PACRO bits in the PACR
register to "0012".
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19.2 PLL Frequency Synthesizer
Stabilize supply voltage so that the standard of the power supply ripple is met.

Standard _
Symbol Parameter Min. Typ. Max. unit
f(ripple) Power supply ripple allowable frequency(Vcc) 10 kHz
Vp-p(ripple) Power supply ripple allowabled amplitude (Vce=5V) 0.5 \%
voltage
(Vce=3V) 0.3 \%
Vec(aviatl) | Power supply ripple rising/falling gradient (Vce=5V) 0.3 V/ms
(Vce=3V) 0.3 Vims
f(ripple) f(ripple)
Power supply ripple allowable frequency < >
(Vce)
Vp-p(ripple) e
Power supply ripple allowable amplitude| \/cc /\//—\/ I Vp-p(ripple)
voltage ~ I A e e o

Figure 19.1 Timing of Voltage Fluctuation
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19.3 Power Control
1. When exiting stop mode by hardware reset, the device will startup using the on-chip oscillator.

2. 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.

3. When entering wait mode, insert a JMP.B instruction before a WAIT instruction. Do not excute any
instructions which can generate a write to RAM between the JMP.B and WAIT instructions. Disable the
DMA transfers, if a DMA transfer may occur between the JMP.B and WAIT instructions. After the WAIT
instruction, insert at least 4 NOP instructions. When entering wait mode, the instruction queue reads
ahead the instructions following WAIT, and depending on timing, some of these may execute before the
microcomputer enters wait mode.

Program example when entering wait mode

Program Example: JMP.B L1 ;Insert IMP.B instruction before WAIT instruction
L1:
FSET I ;
WAIT ; Enter wait mode
NOP ; More than 4 NOP instructions
NOP
NOP
NOP

4. When entering stop mode, insert a JMP.B instruction immediately after executing an instruction which
sets the CM10 bit in the CM1 register to “1”, and then insert at least 4 NOP instructions. When entering
stop mode, the instruction queue reads ahead the instructions following the instruction which sets the
CM10 bit to “1” (all clock stops), and, some of these may execute before the microcomputer enters stop
mode or before the interrupt routine for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I
BSET CM10 ; Enter stop mode
JMP.B L1 ; Insert JIMP.B instruction
L1:
NOP ; More than 4 NOP instructions
NOP
NOP
NOP
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5. Wait until the main clock oscillation stabilization time, before switching the CPU clock source to the
main clock.
Similarly, wait until the sub clock oscillates stably before switching the CPU clock source to the sub
clock.

6. Suggestions to reduce power consumption

(a) Ports
The processor retains the state of each 1/0O port even when it goes to wait mode or to stop mode. A
current flows in active 1/0 ports. A dash current may flow through the input ports in high impedance
state, if the input is floating. When entering wait mode or stop mode, set non-used ports to input and
stabilize the potential.

(b) A/D converter
When A/D conversion is not performed, set the VCUT bit in the ADCONL1 register to “0” (no VREF
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).

(c) Stopping peripheral functions
Use the CMO02 bit in the CMO register to stop the unnecessary peripheral functions during wait mode.
However, because the peripheral function clock (fc32) generated from the sub-clock does not stop,
this measure is not conducive to reducing the power consumption of the chip. If low speed mode or
low power dissipation mode is to be changed to wait mode, set the CMO02 bit to “0” (do not stop
peripheral function clocks in wait mode), before changing wait mode.

(d) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.
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19.4 Protect
Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared 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.
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19.5 Interrupts

19.5.1 Reading address 0000016

Do not read the address 0000016 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
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to “0". This causes a problem that the interrupt is canceled, or an
unexpected interrupt request is generated.

19.5.2 Setting the SP

Set any value in the SP(USP, ISP) before accepting an interrupt. The SP(USP, ISP) is cleared to ‘000016’
after reset. Therefore, if an interrupt is accepted before setting any value in the SP(USP, ISP), the pro-
gram may go out of control.

19.5.3 The NMI Interrupt

1. The NMI interrupt is invalid after reset. The NMI interrupt becomes effective by setting to “1” the PM24
bit in the PM2 register. Once enabled, it stays enabled until a reset is applied.

2. 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.

3. When selecting NMI function, 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”.

4. When selecting NMI function, 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 gener-
ated thereafter.

5. When selecting NMI function, 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.

6. When using the NMI interrupt for exiting stop mode, set the NDDR register to “FF16” (disable digital
debounce filter) before entering stop mode.
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19.5.4 Changing the Interrupt Generation Factor
If the interrupt generate factor is changed, the IR bit in 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 clear 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
clear the IR bit for that interrupt to “0” (interrupt not requested) after making such changes. Refer to the
description of each peripheral function for details about the interrupts from peripheral functions.
Figure 19.2 shows the procedure for changing the interrupt generate factor.

( Changing the interrupt source)

Disable interrupts (Note 2, Note 3)

Change the interrupt generate factor (including a mode change of peripheral function)

| Use the MOV instruction to clear the IR bit to “0” (interrupt not requested) (Note 3) |

| Enable interrupts (Note 2, Note 3) |

( End of change )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

Note 1: The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

Note 2: Use the | flag for the INTIi interrupt (i = 0 to 5).
For the interrupts from peripheral functions other than the INTIi 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.

Note 3: Refer to Section 1.5.6, “Rewrite the Interrupt Control Register” for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 19.2. Procedure for Changing the Interrupt Generate Factor
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19.5.5 INT Interrupt

1. 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 through INT5 regardless of the CPU operation clock.

2. If the POL bit in the INTOIC to INT5IC registers or the IFSR7 to IFSRO bits in the IFSR register are
changed, the IR bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to O
(interrupt not requested) after changing any of those register bits.

3. When using the INT5 interrupt for exiting stop mode, set the P17DDR register to “FF16” (disable digital
debounce filter) before entering stop mode.

19.5.6 Rewrite the Interrupt Control Register

(1) The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.

(2) 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 the IR bit

If while executing an instruction, a request for an interrupt controlled by the register being modified
occurs, the IR bit in 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 the IR bit
Depending on the instruction used, the IR bit may not always be cleared to “0” (interrupt not re-
quested). Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as
you set the | flag. (Refer to (2) 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” (interrupts enabled) before the
interrupt control register is rewritten, due to the internal bus and the instruction queue buffer timing.
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Example 1:Using the NOP instruction to keep the program waiting until
the interrupt control register is modified

INT_SWITCHL1:
FCLR I ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016".
NOP ;
NOP
FSET I ; Enable interrupts.

The number of NOP instruction is 2.

Example 2:Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR I ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016".
MOV.W  MEM, RO ; Dummy read.
FSET I ; Enable interrupts.

Example 3:Using the POPC instruction to changing the | flag

INT_SWITCHS:
PUSHC FLG
FCLR I ; Disable interrupts.
AND.B #00h, 0055h ; Set the TAOIC register to “0016".
POPC FLG ; Enable interrupts.

19.5.7 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.
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19.6 DMAC

19.6.1 Write to DMAE Bit in DMiCON Register

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 (DMAI 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 DMiCON register simultaneously(D).
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 TCRIi 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 “1".) If
the read value is a value in the middle of transfer, the DMAI is not in an initial state.
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19.7 Timer

19.7.1 Timer A

19.7.1.1 Timer A (Timer Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i=0to 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.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always “FFFF16”. If the TAi register is read after setting a value in it, but before the counter starts
counting, the read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCRL1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA40uUT
pins go to a high-impedance state.
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19.7.1.2 Timer A (Event Counter Mode)

1. 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 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 and
the TRGSR register are modified while the TAIS bit remains “0” (count stops) regardless whether
after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always “FFFF16” when the timer counter underflows and “000016” when the timer counter over-
flows. If the TAi register is read after setting a value in it, but before the counter starts counting, the
read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20uUT and TA40UT
pins go to a high-impedance state.
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19.7.1.3 Timer A (One-shot Timer Mode)
1. 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 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.

2. When setting TAIS bit to “0” (count stop), the following occur:
» The counter stops counting and the content of reload register is reloaded.
e TAiOUT pin outputs “L".
« After one cycle of the CPU clock, the IR bit in the TAIIC register is set to “1” (interrupt request).

3. Output in one-shot timer mode synchronizes with a count source internally generated. When the
external trigger has been selected, a maximun delay of one cycle of the count source occurs be-
tween the trigger input to TAIIN pin and output in one-shot timer mode.

4. 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 the operation mode from timer mode to one-shot timer mode.
« Change the 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.

5. When a trigger occurs while the timer is counting, the counter reloads the reload register value, and
continues counting after a second trigger is generated and the counter is decremented once. To
generate a trigger while counting, space more than one cycle of the timer count source from the first
trigger and generate again.

6. When selecting the external trigger for the count start conditions in timer A one-shot timer mode, do
generate an external trigger 300ns before the count value of timer A is set to “000016”. The one-shot
timer does not continue counting and may stop.

7. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is setto “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20UT and TA40UT
pins go to a high-impedance state.
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19.7.1.4 Timer A (Pulse Width Modulation Mode)
1. 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 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.

2. The IR bit is set to “1” when setting a timer operation mode with any of the following procedures:
* Select the PWM mode after reset.
« Change an operation mode from timer mode to PWM mode.
» Change an operation mode from event counter mode to PWM mode.
To use the timer Ai interrupt (interrupt request bit), set the IR bit to “0” by program after the above
listed changes have been made.

3. When setting TAIS register to “0” (count stop) during PWM pulse output, the following action occurs:
« Stop counting.
* When TAIiouUT 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 remains unchanged.

4. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TALouT, TA20uT and TA40uUT
pins go to a high-impedance state.
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19.7.2 Timer B

19.7.2.1 Timer B (Timer Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i=0to 2) register and TBi register before setting the TBIS bit in the TABSR 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.

2. The counter value can be read out 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 “FFFF16.” If the TBI
register is read after setting a value in it but before the counter starts counting, the read value is the
one that has been set in the register.
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19.7.2.2 Timer B (Event Counter Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i= 0 to 2) register and TBi register before setting the TBIS bit in the TABSR 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.

2. The counter value can be read out 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 “FFFF16.” If the TBi
register is read after setting a value in it but before the counter starts counting, the read value is the
one that has been set in the register.
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19.7.2.3 Timer B (Pulse Period/pulse Width Measurement Mode)

1.

The timer remains idle after reset. Set the mode, count source, etc. using the TBIMR (i = 0 to 2)
register before setting the TBIS bit in the TABSR 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 clear the MR3 bit to “0” by writing to the TBIMR register
while the TBIS bit is set to “1” (count starts), be sure to set the TMODO, TMOD1, MRO, MR1, TCKO
and TCK1 bits to the same value as previously written and the MR2 bit to "0".

. The IR bit in the TBIIC register (i=0 to 2) 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 MR3 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 MR3 bit to “0” (no overflow), set 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 TBIIC register to detect only overflows. Use the MR3 bit only to determine the

interrupt factor within the interrupt routine.

. When the 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.

. The value of the counter is indeterminate at the beginning of a count. MR3 may be set to “1” and

timer Bi interrupt request may be generated between the 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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19.8 Serial I/0 (Clock-synchronous Serial 1/0)

19.8.1 Transmission/reception

1. 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
reception 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 transmit and receive
data with consistent timing. With the internal clock, the RTS function has no effect.

2. If a low-level signal is applied to the SD pin when the IVPCRA1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the P73/RTS2/TxD1(when the UIMAP
bit in PACR register is “1”) and CLK2 pins go to a high-impedance state.
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19.8.2 Transmission

When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register
is setto “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 is set to “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 is set to “1” (transmission enabled)

» The Tl bit in the UIC1 register is set to “0” (data present in UiTB register)

« If CTS function is selected, input on the CTSi pin is “L”

Rev. 1.00 Mar. 15, 2005 page 312 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 19. Usage Precaution

19.8.3 Reception
1. In operating the clock-synchronous serial I/O, operating the transmitter generates a clock for the re-
ceiver shift register. Fix settings for transmission even when using the device only for reception. Dummy
data is output to the outside from the TxDi pin when receiving data.

2. When an internal clock is selected, set the TE bit in the UiC1 register (i = 0 to 2) to 1 (transmission
enabled) and write dummy data to the UiTB register, and the clock for the receiver shift register 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 clock for the receiver shift register will be generated when the external clock
is fed to the CLKi input pin.

3. When successively receiving data, if all bits of the next receive data are prepared in the UARTiI receive
register while the RE bit in the UiC1 register (i = 0 to 2) is set to “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.

4. To receive data in succession, set dummy data in the lower-order byte of the UiTB register every time
reception is made.

5. When an external clock is selected, make sure the external clock is in high state if the CKPOL bit is set
to “0”, and in low state if the CKPOL bit is set to “1” before the following conditions are met:
* Set the RE bit in the UiC1 register to “1” (reception enabled)
* Set the TE bit in the UiC1 register to “1” (transmission enabled)
* Set the Tl bit in the UiC1 register to “0” (data present in the UiTB register)
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19.9 Serial I/O (UART Mode)

19.9.1 Special Mode 1 (I2C bus Mode)
When generating start, stop and restart conditions, set the STSPSEL bit in the U2SMR4 register to “0”
and wait for more than half cycle of the transfer clock before setting each condition generate bit
(STAREQ, RSTAREQ and STPREQ) from “0” to “1".

19.9.2 Special Mode 2
If a low-level signal is applied to the P85/NMI/SD pin when the IVPCR1 bit in the TB2SC register is set to
"1" (three-phase output forcible cutoff by input on SD pin enabled), the P73/RTS2/TxD1(when the ULMAP
bit in PACR register is “1") and CLK2 pins go to a high-impedance state.

19.9.3 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 to “1” (error signal output) after reset. Therefore, when using SIM mode, be
sure to clear the IR bit to “0” (no interrupt request) after setting these bits.
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19.10 A/D Converter

1. Set ADCONO (except bit 6), ADCON1 and ADCONZ2 registers when A/D conversion is stopped (before
a trigger occurs).

2. When the VCUT bit in the ADCONL1 register is changed from “0” (Vref not connected) to “1” (Vref
connected), start A/D conversion after waiting 1 us or longer.

3. To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVcc, VREF, and analog input pins (ANi(i=0 to 7),AN24,AN3i(i=0 to 2)) each and
the AVss pin. Similarly, insert a capacitor between the Vcc pin and the Vss pin. Figure 19.4 is an
example connection of each pin.

4. 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 ADCONQO register is set to "1" (external trigger), make sure the port
direction bit for the ADTRG pin is set to “0” (input mode).

5. When using key input interrupts, 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.)

6. The @aD frequency must be 10 MHz or less. Without sample-and-hold function, limit the @aD frequency
to 250kHz or more. With the sample and hold function, limit the @aD frequency to 1MHz or more.

7. 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 ADCON1 register.

Microcomputer

Vcc ?— Vcc
Vcc AVcc

C4
% Vss VREF
C1 C2——
AVss I T
C3
ANi

ANi: ANi(i=0 to 7), AN24, and AN3i (i=0 to 2)

Note 1: C1=0.47uF, C220.47uF, C32100pF, C4=0.1pF (reference)
Note 2: Use thick and shortest possible wiring to connect capacitors.

Figure 19.3. Use of capacitors to reduce noise

Rev. 1.00 Mar. 15, 2005 page 315 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T) 19. Usage Precaution

8. If the CPU reads the A/D register i (i = 0 to 7) at the same time the conversion result is stored in the A/
D register i after completion of A/D conversion, an incorrect value may be stored in the A/D register i.
This problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for
CPU clock.

» When operating in one-shot mode, single-sweep mode, simultaneous sample sweep mode, delayed
trigger mode O or delayed trigger mode 1
Check to see that A/D conversion is completed before reading the target A/D register i. (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.

9. 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 A/D register i irrelevant to A/D conversion may also become indeterminate. If while A/D
conversion is underway the ADST bit is cleared to “0” in a program, ignore the values of all A/D register
i.

10.When setting the ADST bit in the ADCON register to "0" to terminate a conversion forcefully by the
program in single sweep conversion mode, A/D delayed trigger mode 0 and A/D delayed trigger mode
1 during A/D conversion operation, the A/D interrupt request may be generated. If this causes a prob-
lem, set the ADST bit to "0" after the interrupt is disabled.
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19.11 Programmable 1/0O Ports
1. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the P72 to P75, P80 and P81 pins go to
a high-impedance state.

2. The input threshold voltage of pins differs between programmable input/output ports and peripheral
functions.
Therefore, if any pin is shared by a programmable input/output 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 program-
mable input/output port or the peripheral function—is currently selected.

3. When the INVO03 bit in the INVCO register is "1"(three-phase motor control timer output enabled), an "L"
input on the P85 /NMI/SD pin, has the following effect:

*When the IVPCR1 bit in the TB2SC register is set to “1” (three-phase output forcible cutoff by input
on the SD pin enabled), the U/ U/ V/ V/ W/ W pins go to a high-impedance state.

*When the IVPCR1 bit is set to “0” (three-phase output forcible cutoff by input on SD pin
disabled), the U/ U/ V/ V/ W/ W pins go to a normal port.

Therefore, the P85 pin can not be used as programmable 1/O port when the INVO3 bit is set to "1".
When the SD function isn't used, set PD85 to “0” (Input) and pull the P85 /NMI/SD pin to “H” externally.
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19.12 Electric 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 con-
ducted in the flash memory version.

19.13 Mask ROM Version
19.13.1 Internal ROM area

When using the masked ROM version, write nothing to internal ROM area.

19.13.2 Reserve bit
The b3 to b0 in address OFFFFF16 are reserved bits. Set these bits to “11112".
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19.14 Flash Memory Version

19.14.1 Functions to Inhibit Rewriting Flash Memory

ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716,
and OFFFFB1s. If wrong data is written to these addresses, the flash memory cannot be read or written in
standard serial I/O mode.

The ROMCP register is mapped in address OFFFFF16. If wrong data is written to this address, the flash
memory cannot be read or written in parallel I/O mode.

In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H)
of fixed vectors.The b3 to b0 in address OFFFFF16 are reserved bits. Set these bits to “11112".

19.14.2 Stop mode
When the microcomputer enters stop mode, execute the instruction which sets the CM10 bit to “1"(stop
mode) after setting the FMRO1 bit to “0"(CPU rewrite mode disabled) and disabling the DMA transfer.

19.14.3 Wait mode

When the microcomputer enters wait mode, excute the WAIT instruction after setting the FMRO1 bit to
“0"(CPU rewrite mode disabled).

19.14.4 Low power dissipation mode, on-chip oscillator low power dissipation mode

If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed.
* Program
* Block erase

19.14.5 Writing command and data
Write the command code and data at even addresses.

19.14.6 Program Command
Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an
auto program operation (data program and verify) will start. Make sure the address value specified in the
first bus cycle is the same even address as the write address specified in the second bus cycle.

19.14.7 Operation speed
When CPU clock source is main clock, before entering CPU rewrite mode (EWO0 or EW1 mode), select 10
MHz or less for BCLK using the CMO06 bit in the CMO register and the CM17 to CM16 bits in the CM1
register. Also, when CPU clock is f3(ROC) on-chip oscillator clock, before entering CPU rewrite mode
(EWO0 or EW1 mode), set the ROCR3 to ROCR?2 bits in the ROCR register to “divied by 4” or “divide by 8”.
On both cases, set the PM17 bit in the PM1 register to “1” (with wait state).
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19.14.8 Instructions prohibited in EWO0 Mode

The following instructions cannot be used in EW0 mode because the flash memory’s internal data is
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

19.14.9 Interrupts

EWO0 Mode

« Any interrupt which has a vector in the variable vector table can be used, providing that its vector
is transferred into the RAM area.

« The NMI and watchdog timer interrupts can be used because the FMRO register and FMRL1 regis-
ter are initialized when one of those interrupts occurs. The jump addresses for those interrupt
service routines should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

« The address match interrupt cannot be used because the flash memory’s internal data is refer-
enced.

EW1 Mode

* Make sure that any interrupt which has a vector in the variable vector table or address match
interrupt will not be accepted during the auto program or auto erase period.

 Avoid using watchdog timer interrupts.

» The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed
vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.

19.14.10 How to access
To set the FMRO1, FMR02, FMR11 or FMR16 bhit to “1”, set the subject bit to “1” immediately after setting
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 either the PM24 bit in the PM2 register is set to “0” (NMI
disable) or the PM24 bit is set to “1” (NMI funciton) and a high-level (“H”) signal is applied to the NMI pin.

19.14.11 Writing in the user ROM area

EWO0 Mode
« If the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse-
quently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial
I/O or parallel I/O mode should be used.
EW1 Mode
« Avoid rewriting any block in which the rewrite control program is stored.

19.14.12 DMA transfer

In EW1 mode, make sure that no DMA transfers will occur while the FMROO bit in the FMRO register is set
to "0" (during the auto program or auto erase period).
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19.14.13 Regarding Programming/Erasure Times and Execution Time

As the number of programming/erasure times increases, so does the execution time for software com-
mands (Program, and Block Erase).

The software commands are aborted by hardware reset 1, hardware reset 2, NMI interrupt, and watchdog
timer interrupt. If a software command is aborted by such reset or interrupt, the affected block must be
erased before reexecuting the aborted command.

19.14.14 Definition of Programming/Erasure Times
"Number of programs and erasure" refers to the number of erasure per block.
If the number of program and erasure is n (n=100 1,000 10,000) each block can be erased n times.
For example, if a 2K byte block A is erased after writing 1 word data 1024 times, each to a different
address, this is counted as one program and erasure. However, data cannot be written to the same
adrress more than once without erasing the block. (Rewrite prohibited)

19.14.15 Flash Memory Version Electrical Characteristics 10,000 E/W cycle products (U7, U9)
When Block A or B E/W cycles exceed 100, select one wait state per block access. When FMR17 is set
to "1", one wait state is inserted per access to Block A or B - regardless of the value of PM17. Wait state
insertion during access to all other blocks, as well as to internal RAM, is controlled by PM17 - regardless
of the setting of FMR17.
To use the limited number of erasure efficiently, write to unused address within the block instead of
rewite. Erase block only after all possible address are used. For example, an 8-word program can be
written 128 times before erase becomes necessary.
Maintaining an equal number of erasure between Block A and B will also improve efficiency.
We recommend keeping track of the number of times erasure is used.

19.14.16 Boot Mode
An indeterminate value is sometimes output in the 1/0O port until the internal power supply becomes stable
when "H" is applied to the CNVss pin and "L" is applied to the RESET pin.
When setting the CNVss pin to "H", the following procedure is required:

(1) Apply an "L" signal to the RESET pin and the CNVss pin.

(2) Bring Vcc to more than 2.7V, and wait at least 2msec. (Internal power supply stable waiting time)
(3) Apply an "H" signal to the CNVss pin.

(4) Apply an "H" signal to the RESET pin.

When the CNVss pin is “H” and RESET pin is “L", P67 pin is connected to the pull-up resister.
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19.15 Noise

Connect a bypass capacitor (approximately 0.1uF) across the Vcc and Vss pins using the shortest and
thicker possible wiring. Figure 19.4 shows the bypass capacitor connection.

M16C/26A Group
(M16C/26A, M16C/26T)

O VSS VCC

2

Connecting Pattern Connecting Pattern

Bypass Capacitor

Figure 19.4 Bypass Capacitor Connection
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19.16 Instruction for a Device Use

When handling a device, extra attention is necessary to prevent it from crashing during the electrostatic
discharge period.

Rev. 1.00 Mar. 15, 2005 page 323 of 328 RENESAS
REJ09B0202-0100



M16C/26A Group (M16C/26A, M16C/26T)

Appendix 1. Package Dimensions

Appendix 1. Package Dimensions

48P6Q-A Recommended Plastic 48pin 707mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
LQFP48-P-77-0.50 - - Cu Alloy
HD
D
HHHHHHHHHH@H@
A
1~ Recommended Mount Pad
O=() E= i —
= = = Symbol Dimension in Millimeters
= = = Min Nom Max
= = o = A - - 1.7
= = = A1 0 0.1 0.2
= = = A2 - 14 -
©@= = = b 017 | 022 | 0.27
EEEEEEEEEEE S c 0.105| 0.125| 0.175
D 6.9 7.0 7.1
9 A E 6.9 7.0 7.1
[e] - 0.5 -
= HD 8.8 9.0 9.2
a / HE 8.8 9.0 9.2
L 0.35 0.5 0.65
N S L1 = 1.0 =
Fauliliniialiiil lilipe < Lp 0.45 0.6 0.75
- 0.25 —
; X - - 0.08
< y - — 0.1
_ 0 0° - 8°
Detail F bz - 0225 -
12 1.0 - -
MbD - 7.4 -
ME - 7.4 -
42P2R-E Recommended Plastic 42pin 450mil SSOP
EIAJ Package Code JEDEC Code Weight(g) Lead Material b
SSOP42-P-450-0.80 - - Cu Alloy+42 Alloy el L)ﬂé
::t::EL
B
-~ N B
™ \
ﬂﬁiif;ﬁ
" Recommended Mount Pad
w B I
F
L
[ Symbol Dimension in Millimeters
< y Min Nom Max
A - - 2.4
A1 0.05 - -
A A2 - 2.0 -
b 0.25 0.3 0.4
c 0.13 0.15 0.2
D 17.3 17.5 17.7
E 8.2 8.4 8.6
A2 A1l
— L
HE | 1163 | 11.93 | 12.23
L 0.3 0.5 0.7
L1 - 1.765| -
0 - 0.75 -
= 4 Z1 - - 0.9
S W y - - 0.15
‘. 0 0° - 10°
e be | - | 05 | -
Z1 Detail G Detail F - 11.43 -
12 1.27 - -
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Appendix 2. Functional Difference
Appendix 2.1 Differences between M16C/26A and M16C/26T

Item M16C/26A M16C/26T
Main Clock during | Oscillating Stoped
and after Reset (Default value “0” while and after the (Default value “1” while and after the
CMO5 bit is reset.) CMO5 bit is reset.)
Voltage Detection | Available Not available
Circuit (VCRL1 register, VCR2 register, (reserve register)
(Function of 001916, DA4INT register)
001A16, 001F16)
Cold Start/Warm Start | Available Not available
Detection Function | WDCS5 bit in theWDC register
Package 48P6Q, 42P2R 48P6Q

Note. Since the emulator between the M16C/26A and M16C/29 group are same, all functions of M16C/29
are built in the emulator. When evaluating M16C/26A group, do not access to the SFR which is not built
in M16C/26A group.

Refer to Hardware Manual about detail and electrical characteristics.
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Appendix 2.2 Differences between M16C/26A and M16C/26

Item M16C/26A M16C/26
Clock Generation 4 circuits (Main clock oscillation circuit, | 3 circuits (Main clock oscillation circuit,
Circuit Sub clock oscillation circuit, Sub clock oscillation circuit,
on-chip oscillator, on-chip oscillator)
PLL frequency synthesizer)
System Clock On-chip oscillator Main clock
Source After Reset | (Initial value "1" of CM21 bit) (Initial value "0" of CM21 bit)

(Initial value of the CM21
bit in the CM2 register)

On-chip Oscillator Clock| Selectable (8MHz/1MHz/500KHZz) Fixed (1MHz)

PACR2 to PACRO in| Necessary to set after reset No PACR register

the PACR register 48pin:"1002", 42pin:"0012"

IFSR20 bit in the Necessary to set to "1" after reset No IFSR2A register

IFSR2A register

External Interrupt | 8 causes (INT2 added) 7 causes

13 pin (48-pin version) | P84/INT2/ZP IVce

Function

P70, P71 N-ch open drain output and CMOS N-ch open drain output
output are selectable by S/W

A/D Input Pin 12 channels 8 channels

(48-pin version)

A/D operation Mode | 8 modes (single, repeat, single sweep, | 5 modes (single, repeat, single sweep,
repeat sweep mode 0, repeat sweep repeat sweep mode 0, repeat sweep
mode 1, simultaneous sampling, mode 1)
delayed trigger mode 0, delayed
trigger mode 1)

1 shunt current measurement function

is available
Timer B Operation | 5 modes (timer, event counter, pulse 4 modes (timer, event counter, pulse
Mode periods measurement, pulse width periods measurement, pulse width
measurment, A/D trigger) measurment)
1 shunt current measurement function
is available

CRC Calculation Available (compatible to CRC-CCITT Not available
and CRC-16 methods)
Three-phase motor | *Waveform output/Switching port output | *Waveform output/Switching port output

Control by software is enabled by software is disabled
*Position data retention function *No position data retention function
Digital Debounce This function is in the NMI/SD pin and | Not available
Function INT5 pin
3 pin (48-pin version) | P9o/CLKouT/TBOIN/AN30 P9o/TBOIN
function (CLKouT: f1, f8, f32, and fc output)
UART1 Compatible | Switching to P64 to P67 or P70 to P73 P64 to P67
pin is enabled
Flash Memory Protection to blocks 0, 1 by FMRO02 bit | Protection to blocks 0,1 by FMRO02 bit
Protect Function Protection to the blocks 0 to 3 by
FMR16 bit
Package 48P6Q, 42P2R 48P6Q

Note. Since the emulator between the M16C/26A and M16C/29 group are same, all functions of M16C/29
are built in the emulator. When evaluating M16C/26A group, do not access to the SFR which is not built
in M16C/26A group.

Refer to Hardware Manual about detail and electrical characteristics.
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Register Index

A N
ADOto AD7 179 NDDR and P17DDR 222
ADCONOtoADCON2 177, 182, 184, 186, 188, 190, 192
ADSTATO 179 O
ADTRGCON 178, 193, 199, 205 ONSF 91
AIER 73 P
c POto P13 219
CMO0 34 PACR 134, 221
CM1 35 PCLKR 37
CM2 36 PCR 221
CPSRF 91, 105 PDOto PD13 218
CRCD 209 PDRF 124
CRCIN 209 PFCR 126
CRCMR 209 PLCO 38
CRCSAR 209 PMO 31
D PM1 31
PM2 37
D4INT 26 PRCR 54
DARO 81 PURO to PUR2 220
DAR1 81
DMOCON 80 R
DMOSL 79 RMADO 73
DM1CON 80 RMAD1 73
DM1SL 80 ROCR 35
DTT 116 ROMCP 231
F S
FMRO 236 SARO 81
FMR1 236 SAR1 81
FMR4 237 T
I TAOto TA4 90
ICCTB2 116 TAOMR to TAAMR 89
ICTB2 117 TA11 117
IDB 116 TAIMR 120
IDBO 116 TA2 117
IFSR 62, 70 TA21 117
IFSR2A 62 TA2MR 120
Interrupt Control TA2MR to TAAMR 96
INVCO 114 TA4 117
INVC1 115 TA41 117
TAAMR 120
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Register Index

TABSR 90, 105, 119
TAIMR 94, 101
TBOto TB5 105
TBOMR to TB5MR 104
TB2 119

TB2MR 120

TB2SC 118, 180
TCRO 81

TCR1 81

Timer Ai Mode 92
TPRC 126

TRGSR 91, 119

U

UOBRG to U2BRG 131
UOCO to U2C0O 133
UOC1lto U2C1 134
UOMR to U2ZMR 132
UORB to U2RB 131
UOTB to U2TB 131
U2SMR 135
U2SMR2 135
U2SMR3 136
U2SMR4 136
UCON 133

UDF 90

\Y,

VCR1 26
VCR2 26

w

WDC 75
WDTS 75
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REVISION HISTORY
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Rev. Date Description
Page Summary
0.51|Feb/ 01/ 04 2 Note 2 in Table 1.1 is revised.
3 Note 2 in Table 1.2 is revised.
10 Table 1.6 is revised.
39 The section “7.3 Ring Oscillator Clock” is revised.
58 The section “9.3 Interrupt Control” is revised.
60 Figure 9.3.2 is added. IFSR2A register is revised.
68 The section “9.6 INT Interrupt” is revised.
IFSR2A register in Figure 9.6.1 is deleted.
69 The section “9.7 NMI Interrupt” is revised.
72 The section “10. Watchdog Timer” is revised.
81 Table 11.2.2 is revised.
100 The section “12.2 Timer B” is revised. Figure 12.2.2 is revised.
102 Figure 12.2.2.1 is revised.
107 Figure 12.2.4.2 is revised.
114 Figure 12.3.6 is revised.
122 The section “13. Serial /0" is revised.
124 Figure 13.1.2 is revised.
149 Table 13.1.3.3 is revised.
161 Table 13.1.5.1 is revised.
168 to 201 The chapter 14 is revised.
202 The section 15 is revised.
205 The section “16. Programmable 1/O port” is revised.
206 The section “16.6 Digital Debounce function” is revised.
216 Figure 16.6.1 is revised.
222 Table 17.4 and Note 5, 7 are revised.
241 Table 17.41 and Note 5, 7 are revised.
260 Table 17.78 and Note 5, 7 are revised.
271 The section 18.2 is revised.
277 Note 2 in Table 18.4.1 is revised.
297 Figure 18.9.3 is revised.
302 The chapter 20 is revised.
0.51Al Mar/09/04 120 Figure 12.3.1.2.1 and the section 12.3.1.2.4 are partly revised.
0.70| April/08/04 1 The section “1. Overview” is partly revised.
2,3 Table 1.1 and 1.2 are partly revised.
6 The section “1.4 Product List” is partly revised.
8,9 Figure 1.3 to 1.5 are partly revised.
11 Table 1.7 is partly revised.
14 The Chapter 3. Memory” is partly revised. Note 2 in Figure 3.1 is added.
15 The Chapter “4. Special Function Register” is partly revised.
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Rev. Date Description
Page Summary
24 The section “5.5 Voltage Detection Curcuit” is partly revised.
Figure 5.5.1 and 5.5.2 are partly revised.
25 VCR1 register and VCR2 register in Figure 5.5.3 are partly revised.
26 Figure 5.5.4 is partly revised.
27 The section “5.5.1 Voltage Detection Interrupt” is partly revised.
28 Figure 5.5.1.1.2.1 is partly revised.
29 Figure 6.2 is partly revised.
32 Figure 7.2 is partly revised.
33 Figure 7.3 is partly revised.
34 Figure 7.5 is partly revised.
35 Processer mode register 2 in Figure 7.6 is partly revised.
37 The section “7.1 Main Clock” is partly revised.
40 Figure 7.4.1 is partly revised.
41 The section “7.5 CPU Clock and Peripheral Function Clock” and “7.5.2 Peripheral
Function Clock” are partly revised.
49 The section “7.7 System Clock Protective Function” and “7.8 Oscillation Stop and
Re-oscillation Detect Function” are partly revised.
60 IFSR2A register in Figure 9.3.2 is partly revised.
62 The section “9.4 Interrupt Sequence” is partly revised.
63 The section “9.4.1 Interrupt Response Time” and Figure 9.4.1.1 are partly revised.
89 Table 12.1.1.1 is partly revised.
97 Table 12.1.4.1 is partly revised.
100 Setction 12.2. Timer B” is partly revised.
101 The Timer Bi register in Figure 12.2.3 is partly revised.
106 The section “12.2.4 A-D trigger mode” and table 12.2.4.1 are partly revised.
107 Figure 12.2.4.1 and 12.2.4.2 are partly revised.
110 Figure 12.3.2 is partly revised.
112 “ Timer B2 interrupt occurrences frequency set counter” in Figure 12.3.4 is partly
revised.
114 Figure 12.3.6 is partly revised.
117 Figure 12.3.9 PFCR register and TPRC register is deleted.
121 The section “13.3.2 Three-phase/Port Output Switch Function”, Figure “12.3.2.1
Usage Example of Three-phse/Port output switch function” and Figure “12.3.2.2
PFCR register and TPRC register” are added.
130 “UART 2 special mode register 2" in Figure 13.1.8 is partly revised.
131 “UART 2 special mode register 3" in Figure 13.1.9 is partly revised.
134 Table 13.1.1.2 is partly revised.
141 Table 13.1.2.2 is partly revised.
149 Figure 13.1.3.1 is partly revised.
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Rev. Date Description
Page Summary
169 Table 14.1 is partly revised.
172 Figure 14.4 is partly revised.
173 Figure 14.5 is partly revised.
178 The section “14.1.3. Single Sweep Mode” is partly revised.
184 The section “14.1.6 Simultaneous Sample sweep Mode” is partly revised.
187 The section “14.1.7 Delayed Trigger Mode 0” and Table 15.1.7.1 are partly revised
188 Figure 14.1.7.1 is revised.
189, 190 | Figure 14.1.7.2 and 14.1.7.3 are revised
191 Figure 14.1.7.3 is deleted.
192 Figure 14.1.7.6 is partly revised.
193 The section “14.1.8 Delayed Trigger Mode 1” and Table 15.1.8.1 are partly revised
195, 196 | Figure 14.1.8.2 and 14.1.8.3 are partly revised.
200 Figure 14.5.1 is partly revised.
202 The chapter “15. CRC Calculation Circuit” is partly revised.
204 Figure 15.3 is partly revised.
205 The chapter “16. Programmable 1/0 Ports” is partly revised.
206 The section “16.5 Pin Assignment Control register(PACR)” is partly revised.
214 “Pull-up control register 2” in Figure 16.3.1 is partly revised.
222 Table 17.4 and 17.5 are revised partly revised. Note 6 and 10 are partly revised.
223 Note 3 in Table 17.6 is added.
241 Table 17.41 and 17.42 are revised partly revised. Note 10 is partly revised.
242 Note 3 in Table 17.43 is added.
257 to 268 The section “17.3 V version” is deleted.
269 Table 18.1 is partly revised.
270 to 227| Setction “18.2. Memory Map” and Figure18.2.3 and 18.2.4 are revised.
280 “sFMR17 Bit” in the section 18.5.2 is partly revised.
269 to 300| Chapter “18. Flash memory Version” is revised.
302 Capter “20 Difference between M16C/26A and M16C/27” is partly revised.
1.00| Mar/15/05 [All pages| Word standardized (on-chip oscillator, A/D)
1 “M16C/26T" in “1. Overview” is added.
2,3 Table 1.1 and Table 1.2 are revised.
6 “1.4 Product List” and Table 1.3 to 1.5 are revised.
7 “ROM/RAM capacity” and “Product code” in Figure 1.3 are partly revised.
Table 1.6 is added.
8 “Figure 1.4 Marking Diagram” is added.
9,10 | The 24 and 25 pin in Figure 1.5 and the 27 and 28 pin in Figure 1.6 are revised.
11 “Power supply input” in Talbe 1.6 is revised. “I/O port P6” and “I/O port P7” are
partly revised.
12 “I/0 prot P9” is partly revised.
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15 “3. Memoty” is partly revised. The size of internal ROM in Figure 3.1 is revised.

16 to 21 | “4. Special Function Register” is change from “?” to “X".
16 Register name of D4INT register is revised. Note 2 and 3 in Table 4.1 are revised.
19 The after reset of IDB0O and ICB1 register are revised.
21 The after reset of ADTRGCON and PD9 are revised.
22 “5.1.2 Hardware Reset 2" is added “Note”, and partly revised.
23 “5.4 Oscillation Stop Detection Reset” is partly revised.
25 “5.5 Voltage Detection Circuit” is added “Note”, and partly revised. Figure 5.5.1 is

revised. Figure “WDC register” is deleted.

26 The VC25 bit in “WCR2 register” in Figure 5.5.2 is deleted.
27 Figure 5.5.3 is revised.

28 to 30 | “5.5.1 Voltage Down Detection Interrupt”, “5.5.2 Limitations on Exiting Stop Mode”

and “5.5.3 Limitations Exiting Wait Mode” are revised.

31 Figure 6.2 is partly revised.
32 “Oscillator status after reset” in Table 7.1 is partly revised.
33 Figure 7.1 is partly revised.
34 The after reset value of “CMO register” is revised.
35 The bit 7 to 4 in Figure 7.4 is revised.
37 Note 2 and note 4 in PM2 register is revised.
39 7 line in “7.1 Main Clock” is added.
41 “7.3 On-chip Oscillator Clock” is revised.
42 Figure 7.4.1 is partly revised.
45 “7.6.1.6 On-chip Oscillator Mode” is partly revised.
46 Table 7.6.2.3.1 is added.
48 Figure 7.6.1 is partly revised.
49 Notes in Figure 7.6.1.1 is revised.
54 Note in “8. Protection” is added. “NDDR register” in “8. Protection” and Figure 8.1 is added.
55 Note in “9. Interrupt” is added.
58 Note 2 in Table 9.2.1.1 is added.
64 Note 2 in Figure 9.4.1 is added.
68 “Watchdog Timer” in Figure 9.5.1 is added.
74 “10. Watchdog Timer” is partly revised. Figure 10.1 is partly revised.
75 Note 3 of WDC register in Figure 10.2 is added.
76 “10.2 Cold start/Warm start” is added.
77 Note in “11. DMAC” is added.
83 Figure 11.1.1 is partly revised.
87 Note in “12. Timers” is added.
91 TRGSR register in Figure 12.1.4 is revised.
94 “Normal processing operation” in Table 12.1.2.2 is partly revised.
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100 “Count Start Condition” in Table 12.1.4.1 is patly revised.
112 “Notes” of Table 12.3.1 is revised.
113 Figure 12.3.1 is partly revised.
114 The function of INVOO bit and note 1,3, 5, 6 in Figure 12.3.2 are partly revised.
115 The function in INV13 bit is revised. Note 2 is added.
116 Reset value of “Three-Phase Output Buffer Register” in Figure 12.3.4 is revised.
117 Note 6 in Figure 12.3.5 is revised.
120 Figure 12.3.9 is partly revised.
125 Note in Figure 12.3.2.1 is added.
127 Note in “13. Serial /0" is added. “13.1 UARTI(i=0 to 2)" is partly revised.
1281t0130| Figure 13.1.1 to Figure 13.1.3 are partly revised.
131 Note 2 in UiRB register and note 1 in UiBRG register are revised.
132 Function of SMD2 to SMDO bits and Note 3 in U2MR register are revised.
133 Note 5 and 6 in UiCO register are added. Note 2 in UCON register is added.
134 PACR register is added in Figure 13.1.7.
137 “Transfer clock” in Table 13.1.1.1 is partly revised.
“UART 1 pin remapping selection” in Select function is added.
138 Function of RCSP bit in Table 13.1.1.2 is partly revised.
139 “RxDi” in Table 13.1.1.3 is partly revised. Note 1 in Table 13.1.1.3 and Table 13.1.1.4 are added]
140 The comment of fEXT in Figure 13.1.1.1 is added.
141 “13.1.1.1 Counter Measure for Communication Error Occurs” is added.
143 Note 2 in Figure 13.1.1.6.1 is added.
144 Note 1 in Figure 13.1.1.7.1 is added.
145 “Transfer clock” in Table 13.1.2.1 is partly revised.
“UART 1 pin remapping selection” in Select function is added.
146 Function of RCSP bit in Table 13.1.2.2 is partly revised.
147 “RxDi” in Table 13.1.2.3 is partly revised. Note 1 in Table 13.1.2.3 and Table 13.1.2.4 are added
149,150 | “13.1.2.1 Bit Rates” and “13.1.2.2 Counter Measure for Communication Error Occurs” is added
152 Note 1 in Figure 13.1.2.6.1 is added.
153 “Transfer clock” in Table 13.1.3.1 is partly revised.
163 “Transfer clock” in Table 13.1.4.1 is partly revised.
165 “UFORM” in Table 13.1.4.2 is revised.
169 Figure 13.1.5.1 is partly revised.
170 “Transfer clock” in Table 13.1.6.1 is partly revised.
175 Note in “14. A/D Converter” is added."Integral Nonlinearity Error” in Table 14.1 is partly revised.
206 “14.2 Sample and Hold” is partly revised.
206, 207 | “14.5 Analog Input Pin and External Sensor Equivalent Circuit Example” and

“14.6 Precautions of Using A/D Converter” are deleted. “14.5 Output Impedance
of Sensor under A/D Conversion” is added.
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209 “After reset” of CRCSAR register in Figure 15.2 is revised.
211 Note in “16. Programmable 1/O Ports” is added.
211 “16.3 Pull-up Control Register 0 to Pull-up Control Register 2" is added P67.
212 “16.5 Pin Assignment Cotrol register” is added “M16C/26T". PRC2 bit is revised.
“16.6 Digital Debounce function” is partly revised. (INPC17 is added.)

214 P77, P90 to P92 in Figure 16.2 is partly revised.
218 The after reset of PD9 register in Figure 16.1.1 is revised.
221 Note 1 in Figure 16.5.1 is revised.
222 Note in NDDR register and P17DDR register is added.
224 Note 5 in Table 16.1 is added.

22510 293| “Flash Memory Version” and “Electrical Characteristics” are exchanged.
225 “Erase block” and “Progream/Erase Endurance” in Table 17.1 are revised.
227 “17.2 Memory Map” is partly revised.
232 “17.4 CPU Rewrite Mode” is partly revised. Note2 in Table 17.4.1 is partly revised.
234 “17.5.1 Flash memory control register 0” is partly revised.
236 The after reset of FMRO register and Note 3 of FMRL register in Figure 17.5.1 is revised.
239 Figure 17.5.1.3 is partly revised.
240 The FMR16 bit in “17.6.4 How to Access” is added.
241 “17.6.9 Stop Mode” is partly revised.
244 “17.7.6 Block Erase” is partly revised.
250 Table 17.9.1 and note 2 is partly revised.

251, 252 | Figure 17.9.1 and Figure 17.9.2 are partly revised.

253, 254 | Figure 17.9.2.1 and Figure 17.9.2.2 are partly revised.
256 The condition of “Pd” in Table 18.1 is revised. Flash Program Erase of “Topr” is added.
257 Table 18.2 is modified.
258 Measuring condition in Table 18.3 is partly revised.
259 Table 18.4 and Table 18.5 are added “trs” and “td(SR-ES)”. Note 3 and Note 8 are revised.
260 Table 18.6, Table 18.7 and “Power Supply Circuit Timing Diagram” are modified.
261 The “hysteresis XIN” in Table 18.8 is added.
262 Table 18.9 is revised.
266 “XIN input” in Figure 18.1 is added.
268 The “hysteresis XIN” in Table 18.23 is added. Note 1 is partly revised.
269 Table 18.24 is revised.
273 “XIN input” in Figure 18.3 is added.
275 The condition of “Pd” in Table 18.38 is revised. Flash Program Erase of “Topr” is added.
276 Table 18.39 is partly revised.
277 “Tolerance Level Impedance” in Table 18.40 is added.
278 Table 18.41 and Table 18.42 are added “tPs” and “td(SR-ES)". Note 3 and 8 are revised.
279 Table 18.43 and “Power Supply Circuit Timing Diagram” are revised.
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280 The “hysteresis XIN” in Table 18.44 is added. Note 1 is partly revised.
281 Table 18.45 is revised.
285 “XIN input” in Figure 18.5 is added.
287 The “hysteresis XIN” in Table 18.59 is added. Note 1 is partly revised.
288 Table 18.60 is revised.
292 “XIN input” in Figure 18.7 is added.
294 10 323| Chapter “19. Usage precaution” is added.
296 The title of Figure 19.2 is partly revised.
297, 298 | Ths subsection 3, 4, 5 and 6(a) are revised.
300 The subsection 1 in “19.6.3 The NMI interrupt” is partly revised.
301 The title of “19.6.4” is partly revised.
302 The last 2 lines in “19.6.6 Rewrite the Interrupt Control Register” is partly revised.
305, 306 | The subsection 2 in “19.8.1.1 Timer A (Timer Mode)” and “19.8.1.2 Timer A (Event
Counter Mode)” are revised.
307 “19.8.1.3 Timer A (One-shot Timer Mode)” is partly revised.
309, 310 | The subsection 2 in “19.8.2.1 Timer B (Timer Mode)” and “19.8.2.2 Timer B (Event
Counter Mode)” are revised.
311 The subsection 6 and 7 in “19.8.2.3 Timer B (Pulse Period/pulse Width Measurement Mode)”
are partly revised.
312 The subsection 1 in “19.9.1 Transmission/reception” is partly revised.
314 The subsection 1, 2 and 5 in “19.9.3 Reception” is partly revised.
316, 317 | The subsection 2 and 10 in “19.11 A/D Converter” are partly revised.
318 The subsection 3 in “19.12 Programmalbe I/O Ports” is partly revised.
319 “19.13 Electric Characteristic Differences Between Mask ROM and Flash Memory
Version Microcomputers” and “19.14.2 Reserve bit” are partly revised.
320 “19.15.1 Function to Inhibit Rewriting Flash Memory” is partly revised.
321 The title of “19.15.8” is revised. “19.15.10 How to access” is revised.
322 “19.15.13 Regarding Programming/Erasure Times and Execution Time”, “19.15.14
Definition of Programming/Erasure Times” and “19.15.16 Boot Mode” are partly revised.
325 “Appendix 2.1 Differences between M16C/26A and M16C/26T" is added.
275 “Operating ambient temperature” in Table 18.38 is revised.
276, 277 | Table 18.39 and 18.40 are partly revised.
278 Table 18.41 and 18.42 are partly revised.
279 Figure of timing is revised.
281 Table 18.45 is partly revised.
284 Table 18.57 is partly revised.
287, 288 | Table 18.59 and 18.60 are partly revised.
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288 Tabl 18.60 is revised.
294 Table 18.72 is partly revised.
296 The max values of “Power supply ripple rising/falling gradient” are revised.
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