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Keep safety first in your circuit designs!

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

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the selection
of the Mitsubishi semiconductor 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 Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or
infringement 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,
programs and algorithms represents information on products at the time of publication
of these materials, and are subject to change by Mitsubishi Electric Corporation
without notice due to product improvements or other reasons. It is therefore
recommended that customers contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

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

e 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 information as a total system before making a final decision on the applicability of
the information and products. Mitsubishi Electric Corporation assumes no
responsibility for any damage, liability or other loss resulting from the information
contained herein.

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

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint
or reproduce in whole or in part these materials.

e 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 imported 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.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon
ductor product distributor for further details on these materials or the products con
tained therein.
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How to Use This Manual

This user's manual is written for the M30201 group.
The reader of this manual is expected to have the basic knowledge of electric and logic
circuits and microcomputers.
This manual is for the use of the models below.
* M30201M4-XXXSP/FP * M30201M4T-XXXFP * M30201M6-XXXFP
* M30201M6T-XXXFP * M30201F6SP/FP * M30201F6TFP

These products have similar features except for the memories, which differ from one product to
another. This manual gives descriptions of M30201M4-XXXSP. Memories built-in are as shown
below. Be careful when writing a program, as the memories have different capacities.

The figure of each register configuration describes its functions, contents at reset, and attributes
as follows :

RAM Size

oro) M30201F6SP/FP
4 ; : M30201F6TFP
AN I e M30201M6-XXXFP
: : M30201M6T-XXXFP
: M30201M4-XXXSP/FP !
QK [ e M30201MAT-XXXFP B
512 ***************

16K 32K 48K ROM Size
(Byte)

This manual comprises of eight chapters. Use the suggested chapters as a reference for the
following topics:

* Bit attribute

R.....Read W.....Write
O.....Possible to read O.....Possible to write
X.....Impossible to read X.....Impossible to write

Bit attribute

One-shot start flag

Symbol Address When reset
b7 b6 b6 bd b3 b2 bl b ONSF 038216 00X000002
L symbol Bit name Function RW|
P04 4 144 -{ TAoos | Timer AO one-shotstartflag |1 : Timer start
T R T S N TA10S | Timer Al one-shot start flag When read, the value is *0 0.0
A ——
R TA20S | Timer A2 one-shot start flag [eX{e]
A TA30S | Timer A3 one-shot start flag 00l
o E O TA40S | Timer A4 one-shot start flag [eXe]
_________________ Nothing is assigned. _1_
In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate.
R TAOTGL | Timer AO event/trigger o706 0
. select bit 0 0 : Input on TAO is selected (Note) '
' 01: TB2 overflow is selected .
e TAOTGH 10: TA4 overflow is selected 0.0
11:TA1 overflow is selected i

Note: Set the corresponding port direction register to “0”.
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This manual comprises of five chapters. Use the suggested chapters as a reference for the
following topics:

* To understand hardware SPeCifiCatioNS ............uuueeeeieiiiiiiiiieeeeeeeeeeieinns Chapter 1 Hardware

* To understand the basic way of using peripheral
features and the operation timing................cccccvvvvnnnee. Chapter 2 Peripheral Functions Usage

* To observe applications of

peripheral features .............cccceeee Chapter 3 Examples of Peripheral Functions Applications
* To understand interrupt timing in detail ..., Chapter 4 Interrupts
* To understand standard data.............ccccvvvvviriiiiiiieieieennenn. Chapter 5 Standard Characteristics

This manual includes a quick reference immediately following the Table of Contents, indicate
the page of the topic to be pursued.

* To find a page describing a specific register
by the register address............ccccvvvvvivineeeen. Quick Reference to Pages Classified by Address
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M16C Family-related document list

Usages
(Microcomputer development flow)

Selection of Type of document Contents
microcomputer
Data sheet and Hardware specifications (pin assignment,
o | data book memory map, specifications of peripheral func-
Outline design g tions, electrical characteristics, timing charts)
of system T | User's manual Detailed description about hardware specifica-
@© tions, operation, and application examples
. . L (connection with peripherals, relationship with
Detail design
software)
of system
o | Programming Method for creating programs using assembly
g manual and C languages
u*c:; Software manual Detailed description about operation of each
) instruction (assembly language)
evaluation
M16C Family Line-up
M16C Family = ———— M16C/80 Series ——  M16C/80 Group
M16C/60 Series — M16C/60 Group
M16C/61 Group
M16C/62 Group
—— M16C/20 Series ——  M16C/20 Group

M16C/21 Group
M16C/22 Group
M16C/24 Group

www.DataSheetdU.com



Table of Contents

Chapter 1 Hardware

DS o g o] (o] o RO TSP UU TP TR OTOPPPPP 2
LT 0 T0] o TP PP PP O URUPUPPPPPPPPPTRPIR 9
Central Processing UNit (CPU) ...ttt e e e e e e e e e e s e s b be e e e e eaaaae e s 12
RSB et 15
SOMWAIE RESEL ....eeiiiiitiiie ettt s et e e s e bt e e e e b e e e s e b e e e e e e e e nnee 17
ClOCK GENEIALING CIICUIL ......tteeeeeeeee e e e ettt ettt e e e e e e e e e e e s e bbb bbbt e e e e e e e e e e e s aaannnbbsneeeeaaaeeas 18
(4o To1 Q6] 1| 1 o ] EE TP PP P PRSP 19
[ ToTox 1@ 111 o] U | AP U PP TP TP PPN 22
S (o] o 1Y, oo [P TP TP OUPPPPTPPP 23
WWAIE IMOTE ...ttt e e e e bt e e e e e et e e e e n et e e e e anb e e e e e e b re e e e s e nnrneeeeennee 23
P OWET SAVING ..ttt ettt ettt ettt e e e e e o4 e e o bbbt ettt e e e e e e e e e e e e bbb be e e e e et e e e e e e e e nnabenaeees 25
(0] (=T ox {0 o PO PPPPRPTTPPRR 27
LT (ST U] o PP 28
LT o] T (oo T T4 1= O PP PP TP 46
L LTS 48
LI L] G N PP PP PRR 49
LI 1] G = T PP PP R TPPRT 59
LI 11T O G PP PP PRR 65
ST o= LN 1 L PRSPPI 75
D Of0] 1Y/ T o (=T OO P PP PPUPRPPPPPPPPN 89
Programmalble /O POITS ......ooiiiiiiii ettt et e e e st bt e e e s bbbt e e e s sabaeeeeean 99
O = o Lo (= Tor=TU (T o PSPPSR PP 107
ElECtriCal CRArACLEIISTICS ....eiiiiiiiiiiie ittt ettt ettt e e s s bbb e e e s nneneeas 111
Outline Performance (FIash MEMOIY) .......ooiiiiiiiii e 125
[ F= TS V=T o g To ] AP PPUUPTTP T URPPP 126
CPU REWIIE MOOE ...ttt e e ek e e e e e n e e e e e e e e e e anre e e e e ennee 127
PArallel 1/O MOUE .....oeiiiiiieiie ettt e e st e e s ab et e e s b e e e s s 134
Standard Serial I/O MOUE ........cooiiiiiieie e 146

www.DataSheetdU.com



Chapter 2 Peripheral Functions Usage

P2 R e o= ox ST PP P PP PP TPPPRPRPTP 172
2,10 OVEIVIEW .ttt ettt oottt ettt e e+ okt e e oo s a kbt e e e o bbbt e e e e aa b b et e e e e bbbt e e e e anbbe e e e e e nnbbeeeeennnnes 172
P A e (0 (= Tol @ o= = Vi o] o B OO PRT PSPPI 172
2. 1.3 Precaution fOr PrOTECL .........oiiiiiiiiiee ittt st e e e 173
P2 1011 O P PP PP O PRPP 174
2.2.0 OVEIVIEW ...ttt ettt ettt ettt e e okt e e oo s sttt e e e ok b et e e e e oa kbt e e e e e bbbt e e e e anbbee e e e e anbbeeeeeannres 174
2.2.2 Operation of Timer A (IMer MOAE) ........ooiiiiiiiiiiii e e 180
2.2.3 Operation of Timer A (timer mode, gate function selected) .........ccccoecvveeeeiiiiie i, 182
2.2.4 Operation of Timer A (timer mode, pulse output function selected) .........cccccvvverviiiiieennnn 184
2.2.5 Operation of Timer A (event counter mode, reload type selected) ........cccoocvvveiiniiiieennninnn. 186
2.2.6 Operation of Timer A (event counter mode, free run type selected)..........ccccceeiiiiiiiiinnneen. 188

2.2.7 Operation of timer A (2-phase pulse signhal process in event counter mod normal mode se-

=Tot =T ) I PR PP OPPPPPOPPPRRR 190

2.2.8 Operation of timer A (2-phase pulse signal process in event counter mode,multiply-by-4 mode
1] [=Tot (=T ) PP P TR OO PRI 192
2.2.9 Operation of Timer A (one-shot timer MOAE) .........cooriiiiiiiiiiiiii e 194
2.2.10 Operation of Timer A (one-shot timer mode, external trigger selected).........ccccccccoevvnnnnns 196
2.2.11 Operation of Timer A (pulse width modulation mode, 16-bit PWM mode selected) .......... 198
2.2.12 Operation of Timer A (pulse width modulation mode, 8-bit PWM mode selected) ............ 200
2.2.13 Precautions for Timer A (LIMer MOUE) ........uuuiiiiiiiiiei it e e 202
2.2.14 Precautions for Timer A (event CoOUNter MOAE) .........oooiuuriiiiiiiieie e 203
2.2.15 Precautions for Timer A (one-shot timer MOdE) .........cocuuiiiiiiiiiiieee e 204
2.2.16 Precautions for Timer A (pulse width modulation Mode) ... 205
P2 B 1011 o = PP PP PP PRPPTN 206
2.3.1 OVERIVIBW ..t e ettt ettt ettt e e e okt e e e et e e e ek bt e e e e e b et e e e e s b e e e e e e e b et e e e e anrr e e e e e nannes 206
2.3.2 Operation of Timer B (IMer MOAE) ........oooiiiiiiiiiiiiiie e 210
2.3.3 Operation of Timer B (event COUNtEr MOAE) ........ccuuiiieiiiiiiie ettt 212
2.3.4 Operation of Timer B (pulse period measurement Mode) .......ccccceevevieivviieieeiieeeeeeseneennns 214
2.3.5 Operation of Timer B (pulse width measurement Mode) .........ccccceeeveviiiiciiiiiieinee e 216
2.3.6 Precautions for Timer B (timer mode, event counter mode) .........ccoecvveeeeiiiiieeeeiniieee e 218
2.3.7 Precautions for Timer B (pulse period/pulse width measurement mode) ...............ceeeeuvvens 219
P2 1011 o G TSP OTPRRT 220
2,41 OVEIVIEW ...ttt ettt ettt ettt e e e okttt e e+ oo sk bt e e e ek b et e e e e aa kb et e e e e bbbt e e e e anbbee e e e e snbbeeeeennnnee 220
2.4.2 Operation of Timer X (IMer MOAE) ........oooiiiiiiiiiiiiie e 224

www.DataSheetdU.com



2.4.3 Operation of Timer X (timer mode, gate function selected) ...........coecvveeeiiiiiiiinniieee e, 226

2.4.4 Operation of Timer X (timer mode, pulse output function selected) ...........ccccceevvniireennnnn. 228
2.4.5 Operation of Timer X (event counter mode, reload type selected) ........cccoovveiiiiniiiieennnne. 230
2.4.6 Operation of Timer X (event counter mode, free run type selected) .........cccvveeiriiiireennnnn. 232
2.4.7 Operation of Timer X (one-shot timer MOAe) ..........eeveiiiiiiiiiii e 234
2.4.8 Operation of Timer X (pulse period measurement Mode) .........cccceevvivieeeiiiiiiee e 236
2.4.9 Operation of Timer X (pulse width measurement Mode) .........ccccceevviieieiiniiiee e, 238
2.4.10 Operation of Timer X (pulse width modulation mode, 16-bit PWM mode selected) .......... 240
2.4.11 Operation of Timer X (pulse width modulation mode, 8-bit PWM mode selected) ............ 242
2.4.12 Precautions for Timer X (timer mode, event counter MOAe) ..........cooovvviiriviiieeeeieeeneeneens 244
2.4.13 Precautions for Timer X (one-shot timer MOde) .........oooiiiiiiiiiiiiieee e 245
2.4.14 Precautions for Timer X (pulse period/pulse width measurement mode) ..............c.c...e.... 246
2.4.15 Precautions for Timer X (pulse width modulation Mode) ..........cccccoriiiiiiiiiiiieieiee s 247
2.5 Clock-Synchronous SEerial 1O ...t e e 248
2.5.1 OVEIVIBW ...ttt ettt ettt ettt e e ekt e e oo a et e oo e bt e e e e e a b et e e e e b b e e e e e e aan e e e e e e nre e e e e e aannes 248
2.5.2 Operation of Serial I/O (transmission in clock-synchronous serial I/O mode) ..................... 254

2.5.3 Operation of the Serial I/O (transmission in clock-synchronous serial I/O mode, transfer clock

output from multiple pins function selected) ... 258

2.5.4 Operation of Serial /O (reception in clock-synchronous serial I/O mode) .............ccccvvveee. 262
2.5.5 Precautions for Serial I/O (in clock-synchronous serial 1/O) .......ccccovvviiieiiiiiiiinieee e, 266
2.6 Clock-Asynchronous Serial I/O (UART) ...ttt 268
B A @ Y= 1= EEEERR 268
2.6.2 Operation of Serial I/O (transmission in UART MOAE) .........uuuiiiiiiiiiiiiiiiiiiiieieeee e 276
2.6.3 Operation of Serial I/O (reception in UART MOdE) .......cccuiiiiiiiiiiiieaiii e 280
2.7 A-D CONVEITET ...ttt e e r e e e e e e e e s s e e 284
2.7. 1 OVEIVIBW ...ttt ettt ettt e et e e e ekt e e e e e bt e oo ek bt e e e e e s b et e e e e b b e e e e e e ann e e e e e e nr e e e e e e nannes 284
2.7.2 Operation of A-D converter (0Ne-Shot MOUE) ......cooviiiiiiiiiiiiiiii e 290
2.7.3 Operation of A-D Converter (in repeat MOAE) ..........cooiiiiiiiiiiiiiieei e 292
2.7.4 Operation of A-D Converter (in Single SWEEP MOUE) .........uuuiiiiiiiieiiiiiiiiiiieiee e 294
2.7.5 Operation of A-D Converter (in repeat Sweep mMOde 0) ........ueeerieiieeriniiiiiiiiiiieeeee e 296
2.7.6 Operation of A-D Converter (in repeat SWeep MOde 1) .........ceeviiiieeiiiiiiiiiiiiiieieee e 298
2.7. 7 Precautions fOr A-D CONVEITET .......coiuiiiee ittt et e e 300
2.7.8 Method of A-D Conversion (10-Dit MOAE) ..........cooiiiiiiiiiii e 301
2.7.9 Method of A-D Conversion (8-Dit MOAE) ..........cooiiiiiiiiiiii s 303
2.7.10 Absolute Accuracy and Differential Non-Linearity Error ........cccccoovvviiieiiiiineiiniiee e, 305

www.DataSheetdU.com



2.7.11 Internal Equivalent Circuit of ANalog INPUL.......coouviiiiiiiii e 307

2.7.12 Sensor’s Output Impedance under A-D CONVEISION ........ccooviiiiieeiiiiiieee et 308
2R S Y=Y (ot g To [ To T T 41 S PO PPT 310
2.8.1 OVEIVIEW ...ttt ettt ettt ettt e e e ekttt e e+ oo a kbt e e e ek b et e e e e aa b bt e e e e e bbbt e e e e anbbe e e e e e nnbbeeeeennnres 310
2.8.2 Operation of WatChdOg TIMET .......cooiiiiiiiiiiiiee e 312
2.9 AdAress MatCh INTEITUPL ...coueieiiieiiee et s e e e e e 314
2.9.0 OVEIVIEW ...ttt ettt ettt ettt ettt e e e ekttt e e oo et bt e e e ok b et e e e e aa b bt e e e e e bbbt e e e e anbbee e e e e anbbeeeeennnnee 314
2.9.2 Operation of Address MatCh INTEITUPL ........oouuiiiiiiiii e 316
2.10 KeY-INPUE INTEITUPL ... .ttt e e e e e e e e et et et eeeeeeeeebe b bbb s e s e e e e e e e eeaeaeaaeeeeeeeennnnns 318
2.10.1 OVEIVIBW ...ttt et e e e e ettt ettt et e e e e e e e oo bbbttt e et e e e e e e e e e e e R bbb be s e e et e eaaeeeaasaannbbbbeeeeeaaaaeeeeaaannn 318
2.10.2 Operation of Key-INPUL INTEITUPL .....ooiiiiiiiiieiie et e e e e e 320
2.10 POWET CONLIOI ...ttt ettt e et e e s e e e e e e e e e an e e e s e 322
2,100 OVEIVIBW ...ttt e ettt et e e e e 4o 4okttt bt ettt e a2 e e 24 e 4o Rbabbe e e e et e e e e e e e saaannnbbbbeeeeeaaaaeeeeaaannnn 322
2.11.2 STOP MOAE SEE-UP ittt et e e e e e e e e e e e s e ab bbb e e e e eeaeaeaeeaaanaas 327
2.11.3 Wait MOAE SEE-UP .ottt e et e e e e e e s e s s bbb e e e e e e e aaaeeeeaaannas 328
2.11.4 Precautions in POWET CONIIOL ........oiouiiiiiiiiiie ettt 329
2.12 Programmable [/O POIS ...ttt e e e e e e e s e e bbb r e e e e e e e e e e e aan 330
2.12. 1 OVEIVIBW ...ttt e e ettt et e e e e 4o 4otk bbbt ettt e e a2 e e 44 e o e R b abbe e e e et e eaaeeesasaannbbbbeseeeaaaaeeeesaannnn 330

Chapter 3 Examples of Peripheral functions Applications

3.1 LONG-PEIOT TIMEIS ...utttiiiiiiiieeeiie ittt e ettt et e e e e e e e s e s bbbt b e e ee e e e e e e e e e s e aannnbbbbeeeeaaaeaaaens 338
3.2 Variable-Period Variable-Duty PWM OULPUL ............uuuiiiiiiiiiaieee e 342
3.3 Delayed ONe-Shot OUIPUL ......ooiiiiiiit ittt e e e e e e e e s e s anbbb e e eeeeaaaaaeas 346
3.4 BUZZEE OULPUL ...ttt e e e e e e e e e et ettt et eeee e tebe bbb s s e s e e e e e e e e e eeeeeeeeeeeeansensbbnbnb s ans 350
3.5 Solution for External Interrupt PinS SNOMAgEe ........ccooiiiiiiiiiiiiiie e 352
3.6 Controlling Power USING StOP MOAE ........cuuiiiiiiiiiiie et 354
3.7 Controling Power USING Wait MOAE .........ccuuiiiiiiiiiiie e 358

Chapter 4 Interrupt

4.1 OVEIVIEW OF INTEITUPL .ottt ettt e et e e e st e e e s aabb e e e e e s nbbeeeeeean 364
4. 1.1 TYPE OF INTEITUPLS 1.ttt ettt e e e sttt e e e s st et e e e s sabae e e e s abbeeeeeans 364
4.1.2 SOFtWAIE INTEITUDPLS ...eeiiiiiiiiiiee ettt ettt ettt e e sttt e e s sttt e e e s sabb e e e e s abbeeeeessnbbeeeesanes 365
4. 1.3 HArdwWare INTEITUDLS .....eeiiiiiiiieeei ittt ettt e e st b e e e s sttt e e e e bbb e e e s sbbe e e e e s sabbeeeeeans 366
4.1.4 Interrupts and Interrupt VECLOr TADIES ......ccooiiiiiiiiiiiiiee e 367

www.DataSheetdU.com



4.2 INEEITUPE CONEIOL ...ttt e ettt e e s st bt e e e e st bb e e e e s sabb e e e e e s sabbeeeeeans 369

4.2.1 Interrupt ENADIE FIAG ...coooiiiiiiiiiiiiie ettt 371
4.2.2 INterruPt REQUESE Bl ....coo ittt e e rab e e e s sbbeeee e e 371
4.2.3 Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL) .................... 372
4.2.4 Rewrite the interrupt CONIOl FEQISTET ... .vviiiii e 373
4.3 INTEITUPE SEOUEINCE ...ttt e e ettt e e e e et e e et e et e e e e e e s e s e e b e s e e et e e e e e e e aeaaannrnrneeneees 374
4.3.1 Interrupt RESPONSE TIME ....viiiiiiiiiiiie ettt sttt e e ettt e e s sttt e e e s sabbe e e e s abbeeeeeae 374
4.3.2 Variation of IPL when Interrupt Request iS ACCEPLEd .......ccuvvvieiiiiiieieiiieiee e 375
4.3.3 SAVING REQISIEIS ....eeeeeeeeiie ettt ettt et e e e e e e e e bbb b et et e e e e e e e e e sannbbbeeaeeaaaaaeeas 376
4.4 Returning from an INterrupt ROULINE ..........uuiiiiiiiiiiiiiiie e 378
A5 INTEITUPT PHIOTITY oeeiiiiiiiiii ettt ettt e e et e e e e e e e s e s aab bbb e e e e e e e e e e e e e s e nnnreebeees 378
4.6 MUILIPIE INTEITUPLS ...ttt e e ettt ettt e e e e e e e e e s bbb bbb et e e e e e e e e e e e aanbnbbeeneees 380
4.7 Precautions fOr INTEITUPLS .....eu ittt e e e e e e e e e e e e e e e e e e e e aannnbeeneees 382

Chapter 5 Standard Characteristics

5.1 Standard DC CharaCteriSTICS ........c.icuurieeiiiiriieeeiiieie e et e et e e st e e e s e e e e e e s s nnrre e e e e ennnes 386
5.1.1 Standard POrts CaraCteriStiCS ..........cuveveeiiiiiiee et 386
5.1.2 Standard Characteristics Of ICC-T(XIN) .......uuuiiiiiiiiiiiei e 389

5.2 Standard Characteristics of PUll-UP RESISION .......oouuiiiiiiiiiiiieee i 391

5.3 Standard DC Characteristics (Flash memory VErsion) ... 392
5.3.1 Standard POrts CharaCteriStiCS ..........cuvvreeiiiiiieeeiiiiee e 392
5.3.2 Standard Characteristics Of ICC-T(XIN) .......uuuiiiiiiiiiiie e 394

5.4 Standard Characteristics of Pull-Up Resistor (Flash memory Version) ..........cccoovviiiiiiieenneeenn. 395

www.DataSheetdU.com



Quick Reference to Pages Classified by Address

Address Register Page Address Register Page
000016 004016

000116 004116

000216 004216

000316 004316

000416 | Processor mode register 0 (PMO) 004416

000516 | Processor mode register 1(PM1) 17 004516

000616 | System clock control register 0 (CMO0) 004616

000716 | System clock control register 1 (CM1) 21 004716

000816 004816

000916 | Address match interrupt enable register (AIER) 44 004916

000A16| Protect register (PRCR) 27 004A16

000B16 004B16

000C16 004C16

000D16 004D1s| Key input interrupt control register (KUPIC) 34
000E1s| Watchdog timer start register (WDTS) ooae1s| A-D conversion interrupt control register (ADIC)
00oF1s | Watchdog timer control register (WDC) 47 004F16

001016 005016

oo1lis | Address match interrupt register 0 (RMADO) a4 005116 | UARTO transmit interrupt control register (SOTIC)
001216 005216 | UARTO receive interrupt control register (SORIC)
001316 005316 | UART1 transmit interrupt control register (S1TIC)
001416 005416 | YUART1 receive interrupt control register (S1RIC) | 34
001516 | Address match interrupt register 1 (RMAD1) 44 005516 | Timer AO interrupt control register (TAOIC)

001616 005616 |_Timer X0 interrupt control register (TX0IC)

001716 005716 |__Timer X1 interrupt control register (TX1IC)
001816 005816 |_Timer X2 interrupt control register (TX2IC)
001916 005916

001A16 00s5a16| Timer BO interrupt control register (TBOIC) 34
001B16 oosB1s| Timer Bl interrupt control register (TB1IC)
001C16 005C16

001D16 oosD1s| INTO interrupt control register (INTOIC) 34
001E16 oose1s| INT1 interrupt control register (INT11C)

001F16 005F16

002016

002116

002216

002316

002416

002516

002616

002716

002816

002916

002A16

002B16

002C16

002D16

002E16

002F16

003016

003116

003216

003316

003416

003516

003616

003716

003816

003916

003A16

003B16

003C16

003D16

003E16

003F16
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Quick Reference to Pages Classified by Address

Address Register Page
038016 | Count start flag (TABSR) 50
038116 | Clock prescaler reset flag (CPSRF)

038216 | One-shot start flag (ONSF) 51
038315 | Trigger select register (TRGSR)

038416 | Up-down flag (UDF) 50
038516

038616 | _.

sasnse | TiMer A (TAO) 50
038816 .

038916 Timer X0 (TXO0)

038A16 )

038815| TIMer X1 (TX1) 66
038C16 )

03sDis| TiMer X2 (TX2)

038E1s| Clock divided counter (CDC)

038F16

039016 | __

039116 | Timer BO (TBO)

039216 . 60
039315 Timer B1 (TB1)

039416

039516

039616 | Timer AO mode register (TAOMR) 49
039716 | Timer X0 mode register (TXOMR)

039816 | Timer X1 mode register (TXIMR) 65
039916 | Timer X2 mode register (TX2MR)

039A16

039B1s| Timer BO mode register (TBOMR) 59
039Ci6| Timer B1 mode register (TB1IMR)

039D16

039E16

039F16

03A016| UARTO transmit/receive mode register (UJOMR) 78
03Alis] UARTO bit rate generator (UOBRG)

03A216 . . 7
03az1s| UARTO transmit buffer register (UOTB)

03A416| UARTO transmit/receive control register 0 (UOCOQ) 78
03A516] UARTO transmit/receive control register 1 (UOC1) 79
03A616 . .

03A716 UARTO receive buffer register (UORB) 77
03A816| UART1 transmit/receive mode register (UIMR) 78
03A%16| UARTL bit rate generator (U1BRG)

03AA1] . . 7
03ABIs UART1 transmit buffer register (U1TB)

03AC16 UARTL1 transmit/receive control register 0 (U1CO) 78
03AD1g UART1 transmit/receive control register 1 (U1C1) 79
gzﬁii: UART1 receive buffer register (U1RB) 77
03B01s| UART transmit/receive control register 2 (UCON) 79
03B1l16

03B216

03B316

03B416| Flash memory control register 0 (FCONO) (Note)

03B516| Flash memory control register 1 (FCON1) (Note) 127

03B616

Flash command register (FCMD) (Note)

03B716
03B816
03B916
03BA16
03BB16
03BC1s|
03BD1s|
03BE16

03BF16

Note: This register is only exist in flash memory version.

Address Register Page
03C016 .

03C116 A-D register 0 (ADO)

03C2i0 | AD register 1 (AD1)

03C316

03C4s | A D register 2 (AD2)

03C516

03Ce. | A p register 3 (AD3)

03C716

03C816 A-D register 4 (AD4) %
03C916

03CAw | A_D register 5 (AD5)

03CB16

03CCie| A-D register 6 (AD6)

03CD16

03CELe A-D register 7 (AD7)

03CF16

03D016

03D116

03D216

03D316

03D41s | A-D control register 2 (ADCON2) 92
03D516

03D61s | A-D control register 0 (ADCONO)

030716 | A-D control register 1 (ADCON1) 9
03D816

03D916

03DA16

03DB16

03DC16

03DD16

03DE1s

03DF16

03E016 | Port PO (PO)

03El1s | Port P1 (P1) 104
03E216 | Port PO direction register (PD0)

03E316 | Port P1 direction register (PD1) 103
03E415 | Port P2 (P2)

03E516 | Port P3 (P3) 104
03E616 | Port P2 direction register (PD2)

03E716 | Port P3 direction register (PD3) 103
03E816 | Port P4 (P4)

03E916 | Port P5 (P5) 104
03EA1s | Port P4 direction register (PD4)

03eB1s | Port P5 direction register (PD5) 103
03EC15| Port P6 (P6)

03ED1s| Port P7 (P7) 104
03EE1s| Port P6 direction register (PD6) 103
03EF16 | Port P7 direction register (PD7)

03FO016

03F116

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03rcis| Pull-up control register 0 (PURO)

03rFD1s | Pull-up control register 1 (PUR1) 105
o3res | Pull-up control register 2 (PUR2)

03FF16
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Mitsubishi microcomputers

M30201 Group
o SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description

Description

The M30201 group of single-chip microcomputers are built using the high-performance silicon gate CMOS
process using a M16C/60 Series CPU core. M30201 group is packaged in a 52-pin plastic molded SDIP, or
56-pin plastic molded QFP. These single-chip microcomputers operate using sophisticated instructions
featuring a high level of instruction efficiency. With 1M bytes of address space, they are capable of execut-
ing instructions at high speed.

The M30201 group includes a wide range of products with different internal memory types and sizes and
various package types.

Features
* Basic machine instructions .................. Compatible with the M16C/60 series
* Memory Capacity ........cccceeevriirieeeennnnnn. ROM/RAM (See figure 1.4. ROM expansion.)
« Shortest instruction execution time....... 100ns (f(XIN)=10MHz)
o Supply voltage .......cooovvieeeiiiiieeee 4.0 to 5.5V (f(XIN)=10MHz) :mask ROM version
2.7 t0 5.5V (f(XIN)=3.5MHz ):mask ROM version
4.0 to 5.5V (f(XIN)=10MHz) :flash memory version
¢ INEEITUPES . 13 internal and 3 external interrupt sources, 4 software
(including key input interrupt)
* Multifunction 16-bit timer...................... Timer Ax 1, timer B x 2, timer X x 3
« Clock output
e Serial O i 1 channel for UART or clock synchronous, 1 for UART
* A-D CONVEIEN ...ouveeiiiiiieieieeiiiieeeeeee 10 bits X 8 channels (Expandable up to 13 channels)
* Watchdog timer.........ccooooiiiiiiiiienenenn, 1line
e Programmable I/O ..., 43 lines
* LED drive ports ......cccccvveeeeiniineeeninnn 8 ports
* Clock generating Circuit ..........ccccceeee... 2 built-in clock generation circuits
(built-in feedback resistor, and external ceramic or quartz oscillator)
Applications

Home appliances, Audio, office equipment, Automobiles

Central Processing Unit (CPU) ..................... 12 THMEE e 48
RESEL ... 15 Serial O v 75
Clock Generating CirCuit ..........c.cooevveeeennnnnen. 18 A-D CONVEIEN ...ovviiiiiiieieiiieeee e 89
ProteCtion .........ccuvveveiiiiiiiee e 27 Programmable I/O POrts .........c.cccceevvnvrernenn. 99
INTEITUPLS .o 28 Electric Characteristics .........oevvvevvveieeeeennn. 111
Watchdog Timer ... 46 Flash Memory version...........c.cccoeeeeveenvennenn, 125
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Description

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Configuration

Figures 1.1 to 1.2 show the pin configurations (top view).

PIN CONFIGURATION (top view)

Avss =¥ [1] . [52 4> P61/ANL
P60/ANo €[ 2] [c1]€> P62/AN2
vrer = [3] [50] 4> P63/ANS
Avce —»[4] [29] «»> P64/ANs
P54/CKouT/ANss @ [5] [ 154> P65/ANs
P53/CLKS/ANss > [6] [47] 4> P6s/ANG
P52/CLKo/ANs2 4% [ 7] [46] 4> P67/AN7
P51/RxDo/ANs1 > L8] [45] > PO0/KIo
P50/TxDo/ANso > [9] OZO OZO [24 € pPouKiL
CNvss —>[10 OO [ poki
p7uTBLNXcin > [L] S S [421 4> Pos/KIs
P70/TBOIN/XcouT > [12 = E [41] > PO4/Kls
reseT > [13] o 2 [40 > POs/Kis
Xour *—[14] (',U) 4 [3d 4> PosiKis
vss = [15] < 35| 4> Pov/KI
xin — [18] z,<) [371¢> P1o(LEDO)
vee > [ o [3d 4> P1yLEDY)
P4s5/TX2iNouT 4 [18] [35] 4> P12(LED2)
P44/INTU/TX1iNouT < [19) [32]€¢» P13(LED3)
P43/INTo/TX0INouT 0@ @0 P14(LED4)
P42/RxD1 ¥ [21] [324> p15(LEDS)
P41/TAOoUT ™ [27] [31] > P16(LEDs)
P40/TAOIN/TxD1 ™ [23 [3d > P17(LEDY)
P3s > [24 [29 ¢ p3o
P34 > g 26 ¢> p3;
P33 4 g [27]¢> P32
Package: 52P4B

Figure 1.1. Pin configuration for the M30201 group (shrink DIP product) (top view)
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Description

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (top view)

N"’E
n 1 Z
§¥O o N M X 1 ©
PPE2zE8EEEEEE
HiHEBREEREEEEEES

P51/RxDo/ANs1 €9 [ 1]
P50/TxDo/ANso0 @ [ 2]
CNVss —»p 3]
P71/TBL1IN/XCIN @ [4]
P70/TBOIN/XcoOUuT @ E
RESET — [6]

N.C. E

XouT ¢— [B]

Vss — [ 9]

XiN —p [10

Vee — [17]
P4s/TX2INoUT @ [12
P44/INTL/TX1INOUT € @
P43/INTo/TXOnouT € [14

[15]
[16]

- - A
a=x9
X 0 X
re o
I 2
kS
o g <

I E
o s
<
o

O

O

M30201MX-XXXFP
M30201MXT-XXXFP
M30201F6FP
M30201F6TFP

O

[17]
[25]
[26]

O
pd

P17(LED7) €4»
P16(LEDs) €»

[27]
[28]

P15(LEDs) €»
P14(LED4) €»

[47] €» P67/AN7
[41] N.C.

[40] <«» POo/Klo
39] €» PO1/KIL
38] € PO2/KI2
37] «» PO3/Kiz
[36] «> P04/Kia
[35] €» POs/Kls
34] «» POs/Kle
33] @ PO7/KI7
[32] «» Plo(LEDD)
[31] «» P11(LED2)
[30] ¢ P12(LED2)

[20] €» P13(LED3)

Package: 56P6S-A

Figure 1.2. Pin configuration for the M30201 group (QFP product) (top view)
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Description

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram
Figure 1.3 is a block diagram of the M30201 group.

A8

A8 6

AS |

A2

I/O ports

Y
[ PortPO | [ PortP1 || PortP3 | [ PortP4 | [ PortP5 | [ PortP6 | | PortP7 |

Internal peripheral functions

Timer TAO (16 bits)
Timer TBO (16 bits)
Timer TB1 (16 bits)
Timer TXO (16 bits)
Timer TX1 (16 bits)
Timer TX2 (16 bits)

Watchdog timer
(15 bits)

A-D converter System clock generator
(10 bits x 8 channels XIN-XOUT
Expandable up to 13 channels) XCIN-XCOUT
UART/clock synchronous SI/O
(8 bits x 1 channel)
UART
(8 bits x 1 channel)
M16C/60 series16-bit CPU core Memory
Registers Program counter ROM
[YaTW | DAl 1 PC (NOte 1)
ROH | ROL L pc | RAM
R1H Flz RIL Vector table (Note 2)
=
A0 Stack pointer
AL
Mu|t|p||er
[ SB | [ FLG |

Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.3. Block diagram for the M30201 group
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Performance Outline
Table 1.1 is performance outline of M30201 group.

Table 1.1. Performance outline of M30201 group

ltem Performance
Number of basic instructions 91 instructions
Shortest instruction execution time 100ns (f(XiN)=10MHz
Memory ROM (See figure 4. ROM expansion.)
capacity RAM (See figure 4. ROM expansion.)
I/O port PO to P7 43 lines
Multifunction | TAO 16 bits x 1
timer TBO, TB1 16 bits x 2
TXO0, TX1, TX2 16 bits x 3
Serial /0 UARTO (UART or clock synchronous) x 1
UART1 UART x 1
A-D converter 10 bits x 8 channels (Expandable up to 13 channels)
Watchdog timer 15 bits x 1 (with prescaler)
Interrupt 13 internal and 3 external sources, 4 software sources
Clock generating circuit 2 built-in clock generation circuits

(built-in feedback resistor, and external ceramic or
quartz oscillator)

Supply voltage 4.0 to 5.5V (f(XIN)=10MHz) :mask ROM version
2.7 to 5.5V (f(XIN)=3.5MHz) :mask ROM version
4.0 to 5.5V (f(XIN)=10MHz) :flash memory version

Power consumption 11mW (f(XIN)=3.5MHz , Vcc=3V) :mask ROM version
95mW (f(XIN)=10MHz, Vcc=5V) :flash memory version

I/O I/0 withstand voltage 5v

characteristics| Output current 5mA (15mA:LED drive port)

Device configuration CMOS silicon gate

Package 52-pin plastic mold SDIP

56-pin plastic mold QFP

6 ] 2 EN ESAS www.DataSheet4l.com
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

Mitsubishi plans to release the following products in the M30201 group:

(1) Support for mask ROM version and flash memory version

(2) ROM capacity

(3) Package
52P4B : Plastic molded SDIP (mask ROM version and flash memory version)
56P6S-A  : Plastic molded QFP (mask ROM version and flash memory version)

Apr. 2001
RAM Size , . M30201F6SP/FP
(Byte) i :

; ; M30201F6TFP

2K Pt | M30201M6-XXXFP
| 5 M30201M6T-XXXFP
i M30201M4-XXXSP/FP !

AK [ R, M30201MAT-XXXFP ~ [==========-=-==- Ammmeeeeees

512 f-----mm e R EREGRRETELEEE TR S RGRRETETLEELEREEEEE donnnnnnneee

16K 32K 48K ROM Size
(Byte)

=
=
—_—

4T - XXXSP

—L Package type:

SP : Package 52P4B
FP :Package 56P6S-A

ROM No.
Omitted for flash memory version

Shows difference of characteristics
and usage etc:

Nothing : Common

T : Automobiles

ROM capacity:
4. 32K bytes
6: 48K bytes

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

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

M30201 Group

M16C Family

Figure 1.5. Type No., memory size, and package
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N

& Q@e’ Mitsubishi microcomputers
X ° M30201 Group
¥ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin Description

Pin name Signal name 1/O type Function
vee, Vss i':]%‘l’;’ter supply Supply 2.7 to 5.5 V to the Ve pin. Supply 0 V to the Vss pin.
CNVss CNVss Input Connect it to the Vss pin.
RESET Reset input Input A “L” on this input resets the microcomputer.
XIN Clock input Input These pins are provided for the main clock generating circuit.

Connect a ceramic resonator or crystal between the XiN and the

Ul Clock output | Output XouT pins. To use an externally derived clock, input it to the
XIN pin and leave the XouT pin open.
Avcc Analog power This pin is a power supply input for the A-D converter. Connect
supply input it to Vcc.
AVss Analog power This pin is a power supply input for the A-D converter. Connect
supply input it to Vss.
VREF Reference Input

) This pin is a reference voltage input for the A-D converter.
voltage input

POo to PO7 1/0 port PO Input/output | This is an 8-bit CMOS 1/O port. It has an input/output port
direction register that allows the user to set each pin for input or
output individually. When set for input, the user can specify in
units of four bits via software whether or not they are tied to a
pull-up resistor.

Ploto P17 1/0 port P1 Input/output | This is an 8-bit /O port equivalent to PO.
P30 to P35 1/0 port P3 Input/output | This is a 6-bit I/O port equivalent to PO.
P40 to P45 I/O port P4 Input/output | This is a 6-bit /O port equivalent to PO. The P4o pin is shared

with timer AO input and serial 1/0 output TxD1. The P41 pin is
shared with timer AO output. The P42 pin is shared with serial
I/O input RxD1. The P43 pin is shared with external interrupt
INTO and timer X0 input/output TXOINOUT. The P44 pin is
shared with external interrupt INT1 and timer X1 input/output
TXLINoUT. The P45 pin is shared with timer X2 input/output
TX2INOUT.

P50 to P54 | 1/O port P5 Input/output | This is a 5-bit I/O port equivalent to PO. The P50, P51, P52, and
P53 pins are shared with serial I/O pins TxDo, RxDo, CLKo,
and CLKS. The P54 pin is shared with clock output CLKouUT.
Also, these pins are shared with analog input pins ANs0
through ANsa4,

P60 to P67 I/O port P6 Input/output | This is an 8-bit I/O port equivalent to PO. These pins are shared
with analog input pins ANo through AN?7.

P70 to P71 1/O port P7 Input/output | This is a 2-bit I/O port equivalent to PO . These pins are used
for input/output to and from the oscillator circuit for the clock.
Connect a crystal oscillator between the XciN and the XcouT
pins.
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory
|

Operation of Functional Blocks
The M30201 accommodates certain units in a single chip. These units include ROM and RAM to store
instructions and data and the central processing unit (CPU) to execute arithmetic/logic operations. Also
included are peripheral units such as timers, serial I/O, A-D converter, and 1/O ports.

The following explains each unit.

Memory
Figure 1.6 is a memory map of the M30201. The address space extends the 1M bytes from address

0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30201M4-XXXSP, there is 32K
bytes of internal ROM from F800016 to FFFFF16. The vector table for fixed interrupts such as the reset are
mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is stored here. The address
of the vector table for timer interrupts, etc., can be set as desired using the internal register (INTB). See the
section on interrupts for details.

From 0040016 up is RAM. For example, in the M30201M4-XXXSP, there is 1K byte of internal RAM from
0040016 to 007FF16. In addition to storing data, the RAM also stores the stack used when calling subrou-
tines and when interrupts are generated.

The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial 1/0, and timers, etc. Any part of the SFR area that is not
occupied is reserved and cannot be used for other purposes.

The special page vector table is mapped to FFE0016 to FFFDB1s6. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.

0000016
SFR area
For detalils, see
Figures 1.7 to 1.8
, FFE0016
0040016 '
1
Internal RAM area !
1
1
I Special page
YYYYY I’ vector table
16
- Address !
RAM size YYYYY16 II
1K bytes 007FF16 :I _________________________
/ FFFDC16 E" Undefined instruction 3
2K bytes 00BFF1s K E Overflow 3
! E  BRKnstruction 3
] Address I E  Address match E
ROMsize | (S8 o> ) E Single step 3
32K bytes | F800016 XXXXX16 y £ Watchdog timer 3
E DB 3
Internal ROM area E < =
48K bytes | F40001s E =
FFFFFae | | . FFFFF16 E Reset E

Figure 1.6. Memory map

RENESAS
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory

000016 004016

000116 004116

000216 004216

000316 004316

ooo41s | Processor mode register 0 (PMO) 004416

000516 | Processor mode register 1(PM1) 004516

000616 | System clock control register 0 (CMO0) 004616

000716 | System clock control register 1 (CM1) 004716

000816 004816

000916 | Address match interrupt enable register (AIER)

oooAs | Protect register (PRCR) 004916

000B16

000C16 004A16

000D16 004B16

000E1s | Watchdog timer start register (WDTS) 004C16

ooor1s | Watchdog timer control register (WDC) 004D1s | Key input interrupt control register (KUPIC)

001016 0o04E1s | A-D conversion interrupt control register (ADIC)

oo1lie | Address match interrupt register 0 (RMADO) 004F16

001216 005016

001316 005116 | UARTO transmit interrupt control register (SOTIC)

001416 005216 | UARTO receive interrupt control register (SORIC)

001516 | Address match interrupt register 1 (RMAD1) 005316 | UARTL transmit interrupt control register (S1TIC)

001616 005416 | UARTL1 receive interrupt control register (S1RIC)

001716 00ss16 | Timer AO interrupt control register (TAOIC)

001816 005616 | Timer XO interrupt control register (TXO0IC)

001916 005716 | Timer X1 interrupt control register (TX1IC)

001A16 005816 | Timer X2 interrupt control register (TX2IC)

001B1s 005916

001C16 00sa1s | Timer BO interrupt control register (TBOIC)

001D16 00sB1s | Timer B1 interrupt control register (TB1IC)

001E1s 005C16

001F16 00sb1s | INTO interrupt control register (INTOIC)

002016 o0sE1s | INTI interrupt control register (INT1IC)

002116 005F16

002216

002316

002416

002516

002616

002716

002816

002916

002A16

002B16

002C16

002D16

002E16

002F16

003016

003116

003216

003316

003416

003516

003616

003716

003816

003916

003A16

003B16

003C1s6

003D16

003E16

003F16

Note: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for
read or write.

Figure 1.7. Location of peripheral unit control registers (1)

10 LENESNS wiw.DataSheetdU.com

RenesasTechnology Corp.



Mitsubishi microcomputers
M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Memory

038016 | Count start flag (TABSR) 03C018 .
038116 | Clock prescaler reset flag (CPSRF) oacis | A-D register 0 (ADO)
038216 | One-shot start flag (ONSF) 03C216 .
p A-D register 1 (AD1
038316 | Trigger select register (TRGSR) 03C316 9 (AD1)
038416 | Up-down flag (UDF) 03C416 .
038516 03C516 A-D register 2 (AD2)
038616 . 03C616 .
038716 Timer AO (TAO) 03716 A-D register 3 (AD3)
038816 . 03C816 .
038916 Timer X0 (TXO0) 03C916 A-D register 4 (AD4)
038A16 . 03CA16 .
038816 Timer X1 (TX1) 030810 A-D register 5 (AD5)
038Ci16 | __ 03CCis .
038D1s | TIMer X2 (TX2) 03CD16 A-D register 6 (AD6)
038E16 | Clock divided counter (CDC) 03CE1e ;
038F16 03CF1s A-D register 7 (AD7)
039016 |__. 03D016
039116 Timer BO (TBO) 03D116
039216 Timer B1 (TBl) 03D216
039316 03D316
039416 03D416 | A-D control register 2 (ADCON2)
039516 03D516
039616 | Timer AO mode register (TAOMR) 03D616 | A-D control register 0 (ADCONO)
039716 | Timer X0 mode register (TXOMR) 03D716 |_A-D control register 1 (ADCON1)
039816 | Timer X1 mode register (TX1MR) 03D816
039916 | Timer X2 mode register (TX2MR) 03D916
039A16 03DA16
039816 | Timer BO mode register (TBOMR) 03DB1s
039C1s | Timer B1 mode register (TB1MR) 03DC1s
039D16 03DD16
039E16 03DE1s
039F16 03DF16
03A016 | UARTO transmit/receive mode register (UJOMR) 03E016 | Port PO (P0)
03Al1s | UARTO bit rate generator (UOBRG) 03El16 | Port P1 (P1)
03A216 . . 03e216 | Port PO direction register (PD0)
03A316 UARTO transmit buffer register (UOTB) 03e315 | Port P1 direction register (PD1)
03A416 | UARTO transmit/receive control register 0 (UOCO) 03E416 | Port P2 (P2) (Reserved)
03A516 | UARTO transmit/receive control register 1 (UOC1) 03516 | Port P3 (P3)
03A616 . . 03e616 | Port P2 direction register (PD2) (Reserved)
03A716 UARTO receive buffer register (JORB) 03E716 | Port P3 direction register (PD3)
03A816 | UART1 transmit/receive mode register (U1MR) 03E816 | Port P4 (P4)
03A916 | UART1 bit rate generator (U1IBRG) 03E916 | Port P5 (P5)
03AA16 . . 03EA1s | Port P4 direction register (PD4)
03AB15 UART1 transmit buffer register (U1TB) 03eB1|_Port P5 direction register (PD5)
03AC16 | UART1 transmit/receive control register 0 (U1C0) 03EC16| Port P6 (P6)
03AD1s | UART1 transmit/receive control register 1 (U1C1) 03ED1s | Port P7 (P7)
03AE16 ) . 03EE1s | Port P6 direction register (PD6)
03AF16 UART1 receive buffer register (J1RB) 03EF16 | Port P7 direction register (PD7)
03B016 | UART transmit/receive control register 2 (UCON) 03FO016
03B1l1s 03F116
03B216 03F216
03B316 03F316
03B416 | Flash memory control register 0 (FCONO) (Notel) 03F416
03B516 | Flash memory control register 1 (FCON1) (Notel) 03F516
03B616 | Flash command register (FCMD) (Note) 03F616
03B716 03F716
03B816 03F816
03B916 03F916
03BA16 03FA16
03BB16 03FB16
03BC16 o03rcs | _Pull-up control register 0 (PURQ)
03BD16 03FD1s | Pull-up control register 1 (PUR1)
03BE16 03FEis | Port P1 drive control register (DRR)
03BF16 03FF16
Note 1: This register is only exist in flash memory version. .
Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

Figure 1.8. Location of peripheral unit control registers (2)
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Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.9. Seven of these registers (RO, R1, R2, R3, A0, A1,
and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
RO(Note) | H | L |-| \
11 | 11

1111 L1111
I
b15 b8 b7 b0 b19 b0
R1(Note) | H | L PC | | Program counter
II I I I Y I I I |
Data
registers
b15 b0 9 b19 b0
R2(Note) | |-| INTB| H | L | Interrupt table
ALl Luilirt it Tt register
b15 bo b15 b0
R3(Note) | |-| USP| | User stack pointer
1 I O O A / I T Y I A A A
b15 bo b15 b0
AQ(Note) | ISP | | Interrupt stack
|"""""""'” L1111 111111 pointer
Address
bis b0 registers b15 b0 Static b
Al(Note) SB tatic base
||||||||||||||||||-| |ll||ll||ll||ll||reglster
b15 bo b15 b0
FB(Note) | Fra_me base FLG | | F|ag register
Y Y T registers /II""'“'""',
-7 1
’/’ 1
_-" 1
,,’ 1
L1 Py ] [u] t[o[e[s]|z]p[c]
[ [

Note: These registers consist of two register banks.

Figure 1.9. Central processing unit register

(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH, R1H),
and low-order bits as (ROL, R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0, R3R1).

(2) Address registers (A0 and Al)

Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.

In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1A0).
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(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
(4) Program counter (PC)

Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
(5) Interrupt table register (INTB)

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

(6) Stack pointer (USP/ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).

(7) Static base register (SB)
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
(8) Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.10 shows the flag
register (FLG). The following explains the function of each flag:

* Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

« Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.

* Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “0".

« Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to
“0".

« Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1".

« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”".

« Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to
“0” when the interrupt is acknowledged.
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* Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1".
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. O to 31 is executed.

* Bits 8 to 11: Reserved area

 Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (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 the processor interrupt priority level (IPL), the interrupt
is enabled.

* Bit 15: Reserved area

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for

details.
b15 b0

IPL . . |u[r]o]|B|s|z|D|c| Flagregister (FLG)

L Carry flag

L Debug flag

Zero flag

Sign flag
Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Figure 1.10. Flag register (FLG)
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Reset
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.
Figure 1.11 shows the example reset circuit. Figure 1.12 shows the reset sequence.

5V

Vce

RESET Vece RESET Vcc

ov
5V

; RESET

ov

Example when Vcc=5v. 00— — ——————

Figure 1.11. Example reset circuit

o A

~ ™ More than 20 cycles are needed

RESET BCLK 24cycles
e

= 1 I \ .

(Internal clock)

Content of reset vector

Address FFFFC16 X FFFFE1s X X -------------------

(Internal address |
signal)

Figure 1.12. Reset sequence
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Reset
(1) Processor mode register 0 (000416)--- }X{}X‘E}X{nnnu (33) Timer BO mode register (039B16)- anmannn
(@ processor mode register 1 (000516)-- EKE%%KEE (34) Timer B1 mode register (039C16)- Enmnnnn
(3) System clock control register 0 (000615)-- unnnnn (35) :'é’gzg)r transmit/receive mode (03A01e)--
(4) system clock control register 1 (000716)--- nnaunnu (36) :Jelt::;\:?;-t?r gansmit/receive control (03A416)-- nnnnnnn
(5) l:ggtr)?esfegiasttg? interrupt (000916) mmmmmmnn (37) :Je/;\]:i'tl;eor tlransmltlrecelve control (03A516)- ﬂﬂﬂﬂﬂﬂﬂ
(6) Protect register (000A16)--- }Av{%mmmnnn (38) ::eAgr;Er transmitireceive mode (03A81e)---
(7) watchdog timer control register ~ (000F16)-- Enn (39) Hegig} toransmitlreceive control (03ACse)- nnannnn
8) g%(ijg:rsomatch interrupt (001016)--- (40) :ég:ztl;alr tlransmitlreceive control (03AD16)-- Ennnnan
(001116)_' (41) ggi‘tl;:rezmsmitlreceive control (03B016)- m%unaaun
corsr- (IELEIe]e] €0 e omsl o s o oA [aeo oo
© rAet;ciJ;(ta;slmatch interrupt (001416)--- 43) I(='\Il%st2)mem0w control register 1 (03B516)- mm%mm%nn
(001516)- (44) Flash command register (033516)...
(001616)--- Nmmmnnnu (45) A-D control register 2 (03D416)-- ENK}VAEEEE
(10) Key input interrupt control register (004D1s)--- m%%mnnn (46) A-D control register 0 (03D616)- EEEE
(11)3')2;5':\6/3;::2? interrupt (004E16)--- %%%muuu (47) A-D control register 1 (03D715)..
(12):-"3’3;2? transmit intefrupt control (005116)--- (48) Port PO direction register (03E216)---
@3) :éggeor receive interrupt control (g05254)... mm%%nnn (49) Port P1 direction register (03E316)..
(14) tégz-trelr transmit interrupt control (005316)--- mmmmnnn (50) Port P2 direction register (03E616)---
(15) :«JeAgiF;-trelr receive interrupt control (005416)... (51) Port P3 direction register (03E716)---
(16)Timer AO interrupt control register (005516)'“ (52) Port P4 direction register (03EA16)“‘
(17)Timer X0 interrupt control register (005616)--- (53) Port P5 direction register (03E316)---
(18)Timer X1 interrupt control register (005716)--- (54) Port P6 direction register (O3EE16)--
(19)Timer X2 interrupt control register (005816)--- (55) Port P7 direction register (03E|:15)...
(20)Timer BO interrupt control register ~ (005A16)--- E%%mnnn (56) Pull-up control register 0 (O3FC16)--
(21)Timer B1 interrupt control register ~ (005B16)-+- }Av{%mmnnn (57) Pull-up control register 1 (03FD16)--
(22)INTO interrupt control register (005D16)-+ m%nnaun (58) rPe()g?stPelr drive capacity control (03FE16)--
(23)INT1 interrupt control register (005E16)--- }X{}X{nnnau (59) Data registers (RO/R1/R2/R3)
(24)Count start flag (038016)--- (60) Address registers (AO/A1)
(25)Clock prescaler reset flag (038116)--- Emmmmm%m (61) Frame base register (FB)
(26)One-shot start flag (038216)--- N}X{}X{mnnnu (62) Interrupt table register (INTB)
(27)Trigger select flag (038316)--- (63) User stack pointer (USP)
(28)Up-down flag (038416)-- N}X{mnmmmn (64) Interrupt stack pointer (ISP)
(29)Timer A0 mode register (039616)--- (65) Static base register (SB)
(30)Timer X0 mode register (039716)-.- (66) Flag register (FLG)
(31)Timer X1 mode register (039816)---
(32)Timer X2 mode register (039916)---
x : Nothing is mapped to this bit
? : Undefined
The content of other registers and RAM is undefined when the microcomputer is reset. The initial values
must therefore be set.
Note: This register is only exist in flash memory version.
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Figure 1.13. Device's internal status after areset is cleared
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Software Reset

Software Reset
Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal
RAM are preserved.
Figure 1.14 shows the processor mode register 0 and 1.

Processor mode register 0 (Note)

Symbol Address When reset

O o 08 b2 bl b PMO 000416 XXXX00002
010]0

A A =T symbol Bit name Function RIW|
i i i i i i1 1| Reserved bit Must always be set to “0” O§O
PM03 Software reset bit The device is reset when this bit !
R S is set to “1”. The value of this bit |O:O
is “0” when read.

R bk In an attempt to write to these bits, write “0”. The value, if read, turns |—
out to be indeterminate.

Nothing is assigned.

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new
values to this register.

Processor mode register 1 (Note)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset

0 ofo PM1 000516 OXXXXXX02
A T symbol Bit name Function RiW
i 10 -4 Reserved bit Must always be set to “0” 00
Lo

Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, turns |— —
out to be indeterminate. i

R Reserved bit Must always be set to “0” 00

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new values
to this register.

Figure 1.14. Processor mode register 0 and 1.
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Clock Generating Circuit
. __________________________________________________________________________________________________________________________|

Clock Generating Circuit

The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the

CPU and internal peripheral units.

Table 1.2. Main clock and sub-clock generating circuits

Main clock generating circuit

Sub clock generating circuit

Use of clock

» CPU’s operating clock source
* Internal peripheral units’
operating clock source

» CPU’s operating clock source
» Timer A/B/X’s count clock
source

Usable oscillator

Ceramic or crystal oscillator

Crystal oscillator

Pins to connect oscillator XIN, XouT XCIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped

Other

Externally derived clock can be input

Example of oscillator circuit
Figure 1.15 shows some examples of the main clock circuit, one using an oscillator connected to the circuit,
and the other one using an externally derived clock for input. Figure 1.16 shows some examples of sub-
clock circuits, one using an oscillator connected to the circuit, and the other one using an externally derived
clock for input. Circuit constants in Figures 15 and 16 vary with each oscillator used. Use the values
recommended by the manufacturer of your oscillator.

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 Xout following the
instruction.

M30201
(Built-in feedback resistor)

XIN

M30201
(Built-in feedback resistor)

XIN Xout

T Open

Externally derived clock

Xout

(Note)
Rd

+—

T ©nw T Cour

Figure 1.15. Examples of main clock

M30201 Note:

(Built-in feedback resistor)

M30201
(Built-in feedback resistor)

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 Xcourt following the
instruction.

XcCIN Xcout

(Note)
Rcd
+—
€L

XCIN Xcout

T Open

Externally derived clock

ST

— CciNn Ccout

L

Vcc
Vss

Figure 1.16. Examples of sub-clock
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Clock Control

Figure 1.17 shows the block diagram of the clock generating circuit.

CM10 “1”
Write signal

RESET —o[}—‘

Software reset

Interrupt request
level judgment output

WAIT instruction

XCIN
O

Xcout
O

Sub clock

Main clock

d CM07=0

CMOi : Bit i at address 000616
CM1i : Biti at address 000716
WDCi : Bit i at address 000F16

CMO5 CMO02
—d
b c
a—e 12 | @ 12 1/2 1/2 1/2 J
CMO06=0
CM17,CM16=11
CM06=1
CM06=0
CM17,CM16=10 ~— - d
— 0
CMO06=0 o
CM17,CM16=01
CM06=0
CM17,CM16=00

_______________________________________________________________________________________________________

Details of divider

Figure 1.17. Clock generating circuit
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Clock Generating Circuit

The following paragraphs describes the clocks generated by the clock generating circuit.
(1) Main clock

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to
BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the
clock, after switching the operating clock source of CPU to the sub-clock, reduces the power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock
oscillation circuit can be reduced using the XIN-XouT drive capacity select bit (bit 5 at address 000716).
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is re-
tained.

(2) Sub-clock

The sub-clock is generated by the sub-clock oscillation circuit. No sub-clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be
selected as BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure that the
sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting to stop mode and at a reset.

(3) BCLK
The BCLK is the clock that drives the CPU, and is fc or the clock is derived by dividing the main clock by
1,2, 4,8, or16. The BCLK is derived by dividing the main clock by 8 after a reset.
The main clock division select bit O(bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed to stop mode and at reset. When shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock (f1, fs, f32, fAD)

The clock for the peripheral devices is derived from the main clock or by dividing it by 8 or 32. The
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral
function clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.

(5) fca2
This clock is derived by dividing the sub-clock by 32. It is used for the timer A, timer B and timer X counts.
(6) fc

This clock has the same frequency as the sub-clock. It is used for BCLK and for the watchdog timer.
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Clock Generating Circuit

Figure 1.18 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)
b7 b6 b5 b4 b3 b2 bl bO

Symbol Address  When reset
CMO 000616 4816

Bit symbol Bit name Function R'W
. bl b0 '

CMO00 Cl?th(t))l'Jttpm function 00: 1/O port P54 Ie} O
select bi 01 : fc output :

CMO1 10 fg output 0 O
11 : Clock divide counter output '
CM02 WAIT peripheral function 0 : Do not stop periphergl function clock in wait mode !

clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) |O 'O
XcIN-XcouT drive capacity | 0 : LOW

CMO3 select bit (Note 2) 1:HIGH o ;O
Port Xc select bit 0: 1/0 port 0

CMo4 1 : XcIN-XCOouT generation o O

CcMO5 | Main clock (XiN-XouT) 0:0n o EO
stop bit (Note 3,4,5) 1: Off '

CMO6 Main clock division select | 0 : CM16 and CM17 valid 0 O
bit 0 (Note 7) 1: Division by 8 mode ‘

CMO7 System clock select bit 0 : XIN, XouTt o) o
(Note 6) 1 : XcIN, XcouT !

Note 1: Set bit O of the protect register (address 000A16) to “1” before writing to this register.

Note 2: Changes to “1” when shifting to stop mode and at a reset.

Note 3: This bit is used to stop the main clock when placing the device in a low-power mode. If you want to operate with XiN
after exiting from the stop mode, set this bit to “0”. When operating with a self-excited oscillator, set the system clock
select bit (CM07) to “1” before setting this bit to “1”.

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

Note 5: If this bit is set to “1”, XouT turns “H". The built-in feedback resistor remains being connected, so XiN turns pulled up to
Xourt (“H”) via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “0” to “1”.
Do not write to both bits at the same time. And also, set the main clock stop bit (CMO05) to “0” and stabilize the main clock
oscillating before setting this bit from “1” to “0”.

Note 7: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 8: fc32 is not included. Do not set to “1” when using low-speed or low power dissipation mode.

System clock control register 1 (Note 1)

b7 b6 bS b4 b3 b2 bl bo
| 0| 0 | 0 | 0 | | Symbol Address ~ When reset
L CM1 000716 2016

C [ Bit symbol Bit name Function R:W
A CM10 Al clock stop control bit 0: Clock on o O
oo e (Note 4) 1 : All clocks off (stop mode) !
e Reserved bit Always set to “0” 0:0
e Reserved bit Always set to “0” 00
[T T S —— Reserved bit Always set to “0” 0.0
A O — Reserved bit Always set to “0” 0.0
Lo CM15 XIN-XouT drive capacity 0:LOW 0 O
e select bit (Note 2) 1:HIGH 1
' ' b7 b6 |
R CM16 Main clock division 0 0 : No division mode |
H select bit 1 (Note 3) 0 1 : Division by 2 mode o O
] CM17 1 0 : Division by 4 mode !
11 : Division by 16 mode !

Note 1: Set bit O of the protect register (address 000Az16) to “1” before writing to this register.
Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
Note 3: Can be selected when bit 6 of the system clock control register O (address 000616) is “0”. If “1”, division mode is fixed at 8.
Note 4: If this bit is set to “1”, XouT turns “H”, and the built-in feedback resistor is cut off. XcIN and Xcout turn high-impedance state.

Figure 1.18. Clock control registers 0 and 1
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Clock Output

The clock output function select bit allows you to choose the clock from fs, fc, or a divide-by-n clock that is
output from the P54/CKouT pin. The clock divide counter is an 8-bit counter whose count source is f32, and
its divide ratio can be set in the range of 0016 to FF16. Figure 1.19 shows a block diagram of clock output.

Clock source
selection
fs —o \O
fc —o
1/2 —
fa2 — Clock divided couter (8) —
Division n+1 n=0016 to FF16
| Reload register (8) | Address 038E16
11 Low-order 8 bits
1)
S Data bus low-order bits S

Example:
When f(XiN)=10MHz

n=0716
n=2616
n=4D16
n=9B16

O P54/CKouT

. approx. 19.5kHz
. approx. 4.0kHz
. approx. 2.0kHz
. approx. 1.0kHz

Figure 1.19. Block diagram of clock output
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Stop Mode, Wait Mode

Stop Mode
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that VVcc remains
above 2V.
Because the oscillation of BCLK, f1 to f32, fc, fc32, and fAD stops in stop mode, peripheral functions such as
the A-D converter and watchdog timer do not function. However, timer A, timer B and timer X operate
provided that the event counter mode is set to an external pulse, and UARTO functions provided an external
clock is selected. Table 1.3 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is executed.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit 0 (bit 6 at address 000616) is set to “1”. When shifting from low-speed/low power dissipation mode
to stop mode, the value before stop mode is retained.

Table 1.3. Port status during stop mode
Pin States

Port Retains status before stop mode
CLKouTt When fc selected “H”

When fs, clock devided | Retains status before stop mode
counter output selected

Wait Mode

When a WAIT instruction is executed, BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral function
clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal peripheral
functions, allowing power dissipation to be reduced. However, peripheral function clock fc32 does not stop
so that the peripherals using fc32 do not contribute to the power saving. When the MCU running in low-
speed or low power dissipation mode, do not enter WAIT mode with this bit set to “1”. Table 1.4 shows the
status of the ports in wait mode.

Wait mode is cancelled by a hardware reset or interrupt. If an interrupt is used to cancel wait mode, the
microcomputer restarts from the interrupt routine using as BCLK, the clock that had been selected when the
WAIT instruction was executed.

Table 1.4. Port status during wait mode
Pin States

Port Retains status before wait mode
CLKout When fc selected Does not stop

When fg, clock devided | Does not stop when the WAIT

counter output selected | peripheral function clock stop bit is “0”.
When the WAIT peripheral function
clock stop bit is “1”,the status immedi-
ately prior to entering wait mode is
maintained.
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Status Transition of BCLK

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.5 shows the operating modes corresponding to the settings of system clock control regis-
ters 0 and 1.

When reset, the device starts in division by 8 mode. The main clock division select bit O(bit 6 at address
000616) changes to “1” when shifting from high-speed/medium-speed to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
The following shows the operational modes of BCLK.

(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4

mode, the main clock must be oscillating stably. When going to low-speed or lower power consumption
mode, make sure the sub-clock is oscillating stably.

(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(6) Low-speed mode
fc is used as BCLK. Note that oscillation of both the main and sub-clocks must have stabilized before
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub-

clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately
after powering up and after stop mode is cancelled.

(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
Note : Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which

the count source is going to be switched must be oscillating stably. Allow a wait time in software for
the oscillation to stabilize before switching over the clock.

Table 1.5. Operating modes dictated by settings of system clock control registers 0 and 1

CMm17 CM16 CMmo7 CMO06 CMO05 CMO04 Operating mode of BCLK
0 1 0 0 0 Invalid Division by 2 mode
1 0 0 0 0 Invalid Division by 4 mode
Invalid Invalid 0 1 0 Invalid Division by 8 mode
1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 Invalid No-division mode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode
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Power Saving
There are three power save modes.

(1) Normal operating mode

* High-speed mode
In this mode, one main clock cycle forms BCLK. The CPU operates on the BCLK. The peripheral
functions operate on the clocks specified for each respective function.

* Medium-speed mode
In this mode, the main clock is divided into 2, 4, 8, or 16 to form BCLK. The CPU operates on the
BCLK. The peripheral functions operated on the clocks specified for each respective function.

* Low-speed mode
In this mode, fc forms BCLK. The CPU operates on the fc clock. fc is the clock supplied by the
subclock. The peripheral functions operate on the clocks specified for each respective function.

* Low power-dissipation mode
This mode is selected when the main clock is stopped from low-speed mode. The CPU operates on
the fc clock. fc is the clock supplied by the subclock. Only the peripheral functions for which the
subclock was selected as the count source continue to run.

(2) Wait mode
CPU operation is halted in this mode. The oscillator continues to run.

(3) Stop mode
All oscillators stop in this mode. The CPU and internal peripheral functions all stop. Of all 3 power saving
modes, power savings are greatest in this mode.

Figure 1.20 shows the transition between each of the three modes, (1), (2), and (3).
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Transition of stop mode, wait mode

(R )

|
4 v ™ WAIT

All oscillators stopped CPU operation stopped
<«CM0="1" L " Medium-speed mode |—nstruction .
-Sto mode |X—— 5| Vedaumsp <—— > Wait mode
Interrupt | > (divided-by-8 mode) Interrupt

— e '

All oscillato WAIT CPU operation ed
Caqn High-speed/medium- |—pinstruction :
CcM10="1
Stop mode 4——( speed mode ) — Wait mode
pt
All oscillato opped WAIT CP opped

Stop mode M:(Low-speed/low power):M»
Interrupt dissipation mode Interrupt

“— Normal mode —

(Refer to the following for the transition of normal mode.)

Transition of normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

operation

CMO6 = “1" BCLK : f(Xin)/8
"\ CMO7 =“0" CMO06 = “1"
CMO7 = “0" (Note 1)
Main clock is oscillating cmo4 = “0] (;'\IM?A' :1“1; gmgg - (1)
Sub clock is oscillating (Notes 1, 3)
4 Medium-speed mode
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(Xin) BCLK : f(Xin)/2 ) Sub clock is oscillating
CMO07 =“0" CM06 =“0" | | CM07 =*0” CMo6 =*0* | Medium-speed mode Low-speed mode
CM17=*0" CM16="0" ) | CM17="0" CM16="1" ) (divided-by-8 mode) CMO7 =“0”
. Note 1, 3)

] ] BCLK : f(Xin)/8 <<Noeld .
Medium-speed mode  Medium-speed mode CMO7 = 0" BCLK: f(Xcn)
(divided-by-4 mode) (divided-by-16 mode) CMO6 = “1" CMO7 = “1”

CMO7 =“1"
BCLK : f(Xin)/4 BCLK : f(Xin)/16 (Note 2)
CMO7 = “0" CM06 =“0" | | CMO7 =“0" CMO6 = “0"
CM17 =“1" CM16=“0" ) | CM17 =“1" CM16 =“1"
\_ CMO5 = “0] CMO5 = “1”
A
CMO04 ="0" Main clock is oscillating | CM04 = 1" . .
Sub clock is stopped Main clock is stopped
Ve - ~ Sub clock is oscillating
. Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 CMO7 ="1" (Note 2) BCLK : f(Xci)
CMO7 = 0" CM0G =“0" | | CMO7 = 0" CMOB = 0" CMO5 = “1 o
CM17 =“0" CM16="0" ) | CM17=“0" CM16 =“1" CMO7 ="1
CMO06 = “0” Medium-speed mode  Medium-speed mode gmgg z 8 gmg:z ;g
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) ©MO4 = “1”
BCLK : f(XiN)/4 BCLK : f(XiN)/16
CMO07 =“0" CM06 =“0" | | CMO7 =*“0" CMO06 = “0"
CM17 =“1" CM16=“0" ) | CM17 =*“1" CM16 ="“1"
G J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 1.20. Clock transition
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.21 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister O (address 000616), system clock control register 1 (address 000716) and port P4 direction register
(address 03EA16) can only be changed when the respective bit in the protect register is set to “1". There-
fore, important outputs can be allocated to port P4.
If, after “1” (write-enabled) has been written to the port P4 direction register write-enable bit (bit 2 at address
000A1s), a value is written to any address, the bit automatically reverts to “0” (write-inhibited). However, the
system clock control registers 0 and 1 write-enable bit (bit O at 000A16) and processor mode register O and
1 write-enable bit (bit 1 at 000A16) do not automatically return to “0” after a value has been written to an
address. The program must therefore be written to return these bits to “0”.

Protect register

b7 b6 b5 b4 b3 b2 bl b0

Symbol
PRCR

Address When reset
000A16 XXXXX0002

Bit name

Function

' [Bit symbol

o PRCO

Enables writing to system clock
control registers 0 and 1 (addresses
000616 and 000716)

o

: Write-inhibited
1 : Write-enabled

R PRC1

Enables writing to processor mode
registers 0 and 1 (addresses 000416
and 000516)

: Write-inhibited
. Write-enabled

PRC2

Enables writing to port P4 direction
register (address 03EA16) (Note)

0

: Write-inhibited
: Write-enabled

hmmmmmccceccccce;ccccmmm—————————
Y
Y

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be -
indeterminate.

Note: Writing a value to an address after “1” is written to this bit returns the bit
to “0” . Other bits do not automatically return to “0” and they must therefore
be reset by the program.

Figure 1.21. Protect register
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Overview of Interrupt

Type of Interrupts
Figure 1.22 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

(] |

Interrupt
[] Reset

[] DBC
(] [] Watchdog timer
(] [] Single step
] [] Address matched
H
O

Special

0 o

Hardware

Peripheral 1/0™

*1 Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 1.22. Classification of 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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Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

e Undefined instruction interrupt

An undefined instruction interrupt occurs when executing the UND instruction.
e Overflow interrupt

An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to “1".
The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK interrupt

A BRK interrupt occurs when executing the BRK instruction.
« INT interrupt

An INT interrupt occurs when assigning one of software interrupt numbers 0 through 63 and executing the
INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral 1/O interrupts, so
executing the INT instruction allows executing the same interrupt routine that a peripheral 1/0O interrupt
does.

The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.

So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and select
the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from the
interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt request. So
far as software numbers 32 through 63 are concerned, the stack pointer does not make a shift.

RENESAS o Datasheet o

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Interrupts

Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L” is input to the RESET pin.

« DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

» Watchdog timer interrupt
Generated by the watchdog timer.

« Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug flag
(D flag) set to “1”, a single-step interrupt occurs after one instruction is executed.

* Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is
set, no address match interrupt occurs.

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. The interrupt vector table is
the same as the one for software interrupt numbers 0 through 31 the INT instruction uses. Peripheral I/O
interrupts are maskable interrupts.
* Key-input interrupt
A key-input interrupt occurs if an “L” is input to the KI pin.
« A-D conversion interrupt
This is an interrupt that the A-D converter generates.
« UARTO and UARTL1 transmission interrupt
These are interrupts that the serial I/O transmission generates.
« UARTO and UARTL1 reception interrupt
These are interrupts that the serial 1/O reception generates.
e Timer AO interrupt
This is an interrupts that timer AO generates.
e Timer BO and timer B2 interrupt
These are interrupts that timer B generates.
e Timer X0 to timer X2 interrupt
These are interrupts that timer X generates.
« INTO and INT1 interrupt
An INT interrupt occurs if either a rising edge or a falling edge is input to the INT pin.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.23 shows format for
specifying interrupt vector addresses.
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 0000 High address
Vector address + 3 0000 0000

Figure 1.23. Format for specifying interrupt vector addresses

* Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.6 shows the interrupts assigned to the fixed vector tables
and addresses of vector tables.

Table 1.6. Interrupt and fixed vector address

Interrupt source

Vector table addresses
Address (L) to address (H)

Remarks

Undefined instruction

FFFDC16 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE31s

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector is filled with FF1s, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFES816 to FFFEB1s

There is an address-matching interrupt enable bit

Single step (Note)

FFFEC1s to FFFEF16

Do not use

Watchdog timer

FFFFO16 to FFFF316

DBC (Note) FFFF416 to FFFF716 Do not use
- FFFF816 to FFFFB1s -
Reset FFFFCi6 to FFFFF1s

Note: Interrupts used for debugging purposes only.

RENESAS

RenesasTechnology Corp.

www.DalaSheet%Ulcum



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Interrupts
. __________________________________________________________________________________________________________________________|

32

* Variable vector tables
The addresses in the variable vector table can be modified, according to the user’s settings. Indicate the
first address using the interrupt table register (INTB). The 256-byte area subsequent to the address the
INTB indicates becomes the area for the variable vector tables. One vector table comprises four bytes.
Set the first address of the interrupt routine in each vector table. Table 1.7 shows the interrupts assigned

to the variable vector tables and addresses of vector tables.

Table 1.7. Interrupt causes (variable interrupt vector addresses)

Software interrupt number

Vector table address
Address (L) to address (H)

Interrupt source

Remarks

Software interrupt number O

+0 to +3 (Note)

BRK instruction

Cannot be masked by | flag

Software interrupt number 11

+44 to +47 (Note)

Software interrupt number 12

+48 to +51 (Note)

Software interrupt number 13

+52 to +55 (Note)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note)

A-D

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19

+76 to +79 (Note)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note)

UART1 receive

Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer X0
Software interrupt number 23 +92 to +95 (Note) Timer X1
Software interrupt number 24 +96 to +99 (Note) Timer X2
Software interrupt number 25 +100 to +103 (Note) -
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) —
Software interrupt number 29 +116 to +119 (Note) INTO
Software interrupt number 30 +120 to +123 (Note) INT1

Software interrupt number 31

+124 to +127 (Note)

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked by | flag

Note : Address relative to address in interrupt table register (INTB).

RENESAS

RenesasTechnology Corp.

www.DataSheetdU.com




Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Interrupts
|

Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level select
bit, and processor interrupt priority level (IPL). Whether an interrupt request is present or absent is indi-
cated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bit are
located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and the IPL
are located in the flag register (FLG).
Figure 1.24 shows the interrupt control registers.
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Interrupt control register (Note 2)
Symbol Address When reset
KUPIC 004D1e XXXXX0002
ADIC 004E1s XXXXX0002
SIiTIC(i=0, 1) 005116, 005316 XXXXX0002
SIRIC(i=0, 1) 005216, 005416 XXXXX0002
b7 b6 b5 b4 b3 b2 bl b0 TAIIC(i=0) 005516 XXXXX0002
TXIiIC(i=0 to 2) 005616 to 005816 XXXXX0002
TBIIC(i=0, 1) 005A16, 005B16 XXXXX0002
T symbol Bit name Function R W
e ILVLO Interrupt priority level !
A select bit b2 b1 b o' 0
Voo 000 : Level 0 (interrupt disabled) |
R R T R 001: Levell 1
A ILVL1 010: Level2 !
A 011: Level3 o' o
- 100: Level4 !
N 101: Level5 ‘
A A . ILVL2 110: Level 6
[ 111: Level7 o0
A IR Interrupt request bit 0: Interrupt not requested o' 0
oo 1: Interrupt requested ! (Note 1.
Nothing is assigned.
""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns | — © —
out to be indeterminate. !

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
0 INTIIC(i=0, 1) 005D16, 005E16  XX00X0002
S R =T symbol Bit name Function RI W
I R R T B R ILVLO Interrupt priority level |
A select bit b D100 . . 0! 0
T 000 : Level O (interrupt disabled) !
. 001:Levell .
A A ILVLL 010:Level2 3
vooror e T 011:Level3 O O
e 100:Level4 !
N 101:Level5 ;
A ILVL2 110:Level 6 !
- A 111:Level?7 O (@)
A IR Interrupt request bit 0: Interrupt not requested o
1: Interrupt requested (Note 1)
A POL Polarity select bit 0 : Selects falling edge
o 1: Selects rising edge o ! o
Pl oo Reserved bit Always set to “0” o) o)
R Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, - =
turns out to be indeterminate.

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Figure 1.24. Interrupt control register
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Interrupt Enable Flag
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts; setting it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.

Interrupt Request Bit
The interrupt request bit is set to “1” by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The
interrupt request bit can also be set to “0” by software. (Do not set this bit to "1").

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 1.8 shows the settings of interrupt priority levels and Table 1.9 shows the interrupt levels enabled,
according to the contents of the IPL.

The following are conditions under which an interrupt is accepted:

- interrupt enable flag (I flag) = 1
- interrupt request bit = 1

- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are

independent, and they are not affected by one another.

Table 1.8. Settings of interrupt priority levels

Table 1.9. Interrupt levels enabled according

to the contents of the IPL

Interrupt priority Interrupt priority Priority
level select bit level order
b2 bl bO Level 0
0 00 (interrupt disabled) —
0 01 Level 1 Low
0 1 0 Level 2
01 1 Level 3
1 0 O Level 4
1 0 1 Level 5
1 10 Level 6 Y
1 11 Level 7 High

IPL Enabled interrupt priority levels
IPL2 IPL1 IPLo
0 O O | Interruptlevels 1 and above are enabled
0 O 1 |Interruptlevels 2 and above are enabled
0 1 O | Interruptlevels 3 and above are enabled
0 1 1| Interruptlevels 4 and above are enabled
1 0 O |Interruptlevels 5 and above are enabled
1 0 1 |Interruptlevels 6 and above are enabled
1 1 O |Interruptlevels 7 and above are enabled
1 1 1 | All maskable interrupts are disabled
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< Program examples >

Changing the Interrupt Control Register

The program examples are described as follow:

Example 1:
INT_SWITCHZ1:
FCLR I
AND.B  #00h, 0055h
NOP
NOP
FSET I

Example 2:
INT_SWITCH2:
FCLR I
AND.B  #00h, 0055h
MOV.W  MEM, RO

FSET I
Example 3:
INT_SWITCHS3:
PUSHC FLG
FCLR I
AND.B  #00h, 0055h
POPC FLG

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

; Four NOP instructions are required when using HOLD function.

; Enable interrupts.

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Dummy read.
; Enable interrupts.

; Push Flag register onto stack
; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Enable interrupts.

The reason why two NOP instructions or dummy read are inserted before FSET | in Examples 1 and
2 is to prevent the interrupt enable flag | from being set before the interrupt control reqister is rewritten

due to effects of the instruction queue.

If changing the interrupt control register using an instruction other than the instructions listed hear, and
if an interrupt occurs associated with this register during execution of the instruction, there can be
instances in which the interrupt request bit is not set. To avoid this problem, use one of the instruc-
tions given below to change the register.

Following instructions: AND, OR, BCLR or BSET
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Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt 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.
In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading
address 0000016. After this, the corresponding interrupt request bit becomes "0".

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt
sequence in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U
flag) to “0” (the U flag, however, does not change if the INT instruction, in software interrupt
numbers 32 through 63, is executed).

(4) Saves the content of the temporary register (Note) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.
Note: This register cannot be utilized by the user.

Interrupt Response Time
'Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the
time required for executing the interrupt sequence (b). Figure 1.25 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

4} 4} — Time
ya /

Instruction in S
/

Instruction Interrupt sequence . ;
interrupt routine

N __—

- e (b) -

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 1.25. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 1.10.

Table 1.10. Time required for executing the interrupt sequence

Interrupt vector address | Stack pointer (SP) value 16-bit bus, without wait 8-bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address match
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK
Address bus X%%%rglses >< Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus _Interrupt >< - >< SP-2 >< SP-4 >< vec >< vec+2 ><

>< information Indeterminate contents _J\ contents )\ contents J\ contents

R m Indeterminate Y u u
UL

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

=

Figure 1.26. Time required for executing the interrupt sequence

Variation of IPL when Interrupt Request is Accepted
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 1.11 is set in the IPL.

Table 1.11. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer 7
Reset 0
Other Not changed
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Saving Registers
In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter
(PC) are saved in the stack area.
First, the processor saves the 4 high-order bits of the program counter, and 4 high-order bits and 8 low-
order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 low-order bits of the
program counter. Figure 1.27 shows the state of the stack as it was before the acceptance of the interrupt
request, and the state the stack after the acceptance of the interrupt request.
Save other necessary registers at the beginning of the interrupt routine using software. Using the
PUSHM instruction alone can save all the registers except the stack pointer (SP).

Address Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-—4 m-4|  Program counter (PC.)  |-a——New stack
pointer value
m-3 m-3|  Program counter (PCw)
m-—2 m-2 Flag register (FLGL)
Flag register Program
m-1 m-1
[SP] (FLGH) counter (PCw)
m Content of previous stack |-g—— \?;Ia:(lg ggflgir m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 1.27. State of stack 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
content of the stack pointer (Note), at the time of acceptance of an interrupt request, is even or odd. If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
atime. Figure 1.28 shows the operation of the saving registers.
Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the stack pointer

indicated by the U flag. Otherwise, it is the interrupt stack pointer (ISP).

(1) Stack pointer (SP) contains even number

Address

[SP] - 5 (Odd)

[SP] - 4 (Even)

[SP] — 3(Odd)

[SP] -2 (Even)

[SP] - 1(Odd)

[SP] (Even)

Stack area

Sequence in which order
registers are saved

Program counter (PC.)

(2) Saved simultaneously,

Program counter (PCw)

all 16 bits

Flag register (FLGL)

(1) Saved simultaneously,

Flag register
(FLGH)

Program
counter (PCr)

all 16 bits

Finished saving reqisters

in two operations.

(2) Stack pointer (SP) contains odd number

Address

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

[SP]  (Odd)

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.

Stack area

Sequence in which order
registers are saved

Program counter (PCv)

Program counter (PCw)

Flag register (FLGL)

- (3)
y (4) Saved simultaneously,
all 8 bits
~—(1)

Flag register
(FLGH)

Program
counter (PCr)

~-—(2)

Finished saving registers

in four operations.

After registers are saved, the SP content is [SP] minus 4.

Figure 1.28. Operation of saving registers
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Returning from an Interrupt Routine

Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program
counter (PC), both of which have been saved in the stack area. Then control returns to the program that
was being executed before the acceptance of the interrupt request, so that the suspended process re-
sumes.

Return the other registers saved by software within the interrupt routine using the POPM or similar in-
struction before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral 1/O interrupts) using the interrupt priority
level select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher
hardware priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.29 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.

Interrupt Priority Level Judge Circuit

This circuit selects the interrupt with the highest priority level when two or more interrupts are generated
simultaneously.
Figure 1.30 shows the interrupt resolution circuit.
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Reset > DBC > Watchdog t

imer > Peripheral I/0 > Single step > Address match

Figure 1.29. Hardware interrupts priorities

| INTL

| Timer BO

| Timer X2

Timer X0

| INTO

| Timer B1

| Timer X1

| UART1 reception

: | UARTO reception

H | A-D conversion

| Timer A0

| UART1 transmission

| Key input interrupt

H UARTO transmission

Processor interrupt priority level
(IPL)

Priority of peripheral I/O
interrupts
(if priority levels are same)

Interrupt enable flag (I flag)

Y Low
Interrupt request level judgment output
H Interrupt
request
accepted

Address match

DBC

|
|
| Watchdog timer
|
|

Reset

Figure 1.30. Interrupt resolution cir

cuit
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Key Input Interrupt
If the direction register of any of POo to P07 is set for input and a falling edge is input to that port, a key input
interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancelling the
wait mode or stop mode. Figure 1.31 shows the block diagram of the key input interrupt. Note that if an “L”
level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as an

interrupt.

Port P04-P07 pull-up select

bit
PuII-L_Jp i Key input interrupt control register | (address 004D16)
transistor Port P07 direction

register

Port P07 direction register

PO7/IKI7 O
Pull-up Port POs direction
transistor register Y
Interrupt control : Key input interrupt
POs/Kls O T circuit request

( tF;;g-SLiJStOI’ Port P01 direction
register
POUKIL O T
Pull-up Port POo direction
transistor ) register

POo/Klo O T \_D

Figure 1.31. Block diagram of key input interrupt
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Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents match
the program counter value. Two address match interrupts can be set, each of which can be enabled and
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter-
rupt enable flag (I flag) and processor interrupt priority level (IPL). For an address match interrupt, the value
of the program counter (PC) that is saved to the stack area varies depending on the instruction being
executed.

Figure 1.32 shows the address match interrupt-related registers.

Address match interrupt enable register

b7 b6 b5 bd b3 b2 bl b0 Symbol Address When reset
AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
A AIERQ |Address matchinterrupt O | o |nterrupt disabled OEO
' enable bit | 1 : |nterrupt enabled

H AIER1 [Address match interrupt 1

=)

. Interrupt disabled 0.0

enable bit : Interrupt enabled

R SR N S AR Nothing is assigned. 1
In an attempt to write to these bits, write “0”. The value, if read, ——
turns out to be indeterminate. ‘

Address match interrupt registeri (i = 0, 1)

(b23) (b19) (b16)b15) (08) Symbol Address When reset
b7 s b b7 b0 b7 2 RMADO 001216 to 001016 X0000016
| | | RMAD1 001616 to 001416 X0000016

Function Values that can be set |R 'W

---1 Address setting register for address match interrupt 0000016 to FFFFF16 OO

................................. Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, ——
turns out to be indeterminate. |

Figure 1.32. Address match interrupt-related registers

44 ] z EN ESAS www.DataSheet4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Interrupts

Precautions for Interrupts

(1) Reading address 0000016

» When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0".
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.
(2) Setting the stack pointer
» The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in the
stack pointer before accepting an interrupt. Concerning the first instruction immediately after reset,
generating any interrupts is prohibited.
(3) External interrupt
« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTO
and INT1 regardless of the CPU operation clock.
« When changing a polarity of pins INTO and INT1, the interrupt request bit may become "1". Clear the
interrupt request bit after changing the polarity. Figure 1.33 shows the switching condition of INT inter-
rupt request.

Clear the interrupt enable flag to “0”
(Disable interrupt)

Set the interrupt priority level to level O
(Disable INTi interrupt)

Set the polarity select bit

U

Clear the interrupt request bit to “0”

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTi interrupt request)

Set the interrupt enable flag to “1”
(Enable interrupt)

Y

avYavalataYe
&

Figure 1.33. Switching condition of INT interrupt request

(4) Changing interrupt control register
See "Changing Interrupt Control Register".
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Watchdog Timer
The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog
timer interrupt is generated when an underflow occurs in the watchdog timer. When XIN is selected for the
BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the prescaler division ratio (by
16 or by 128). When XcCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7
of the watchdog timer control register (address 000F16).

When XIN is selected in BCLK

Prescaler division ratio (16 or 128) x watchdog timer count (32768)

Watchdog timer cycle =
BCLK

When XcCIN is selected in BCLK

Prescaler division ratio (2) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

For example, when BCLK is 10MHz and the prescaler division ratio is set to 16, the watchdog timer cycle is
approximately 52.4 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000Ez16). In stop mode and wait mode the watchdog
timer and prescaler are stopped. Counting is resumed from the held value when the modes are released.
Figure 1.34 shows the block diagram of the watchdog timer. Figure 1.35 shows the watchdog timer-related
registers.

Prescaler

' : “CM07 = 0"
H 1“WDC7 =1" .
BCLK L11/128 | O¥ Watchdog timer p Watchdog timer

N interrupt request
i s A
L mor =T
= 12 =

Write to the watchdog timer eeereeceeaad ]

start register Sett

(address 000E16) “7eFF'c;16"

RESET © OI> ®

Figure 1.34. Block diagram of watchdog timer

46 ] z EN ESAS www.DataSheet4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Watchdog Timer

Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address When reset
| | 0| 0 | WDC 000F16 000XXXXX2
E I I I I I I I Bit symbol Bit name Function R W
v 0 tiiit] High-order bit of watchdog timer 0:X
P ] Reserved bit Must always be set to “0” 00
I RREEEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
L WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 1
Watchdog timer start register
b7 b0 Symbol Address When reset
WDTS 000E16 Indeterminate
: Function R:W,
H The watchdog timer is initialized and starts counting after a write instruction to
Bihbiehiehihih this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. |

Figure 1.35. Watchdog timer control and start registers
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Timer
There are six 16-bit timers. These timers can be classified by function into timer A (one), timers B (two) and
timers X (three). All these timers function independently. Figure 1.36 show the block diagram of timers.
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O

f1

xin O
T

TAOIN

TX0mout ()

T1nout ()

>2nout ()

O

TBOIN

TB1IN

O

; Clock prescaler
{1
XCIN . fca2
f8
Clock prescaler reset flag (bit 7
14 fa2 at address 038116) set to “1”
fg f32 fc32
ro) * Timer mode
O « One-shot mode
O . .
p o) s \ PWM mode Timer AO
o —O O Timer AO -
{? -filter « Event counter mode
[
« Timer mode
7o) * One-shot mode
O * PWM mode
O « Pulse width measuring mode .
cp—o/o o \ J Timer X0
— &—0 o] Timer X0 -
i
filter « Event counter mode
« Timer mode
O * One-shot mode
O « PWM mode
O « Pulse width measuring mode .
cp—o) o \ J Timer X1
Nose] 0 o) Timer X1 -
2z filter ©
* Event counter mode
« Timer mode
0o » One-shot mode
O « PWM mode
\9) « Pulse width measuring mode .
0—0) o \ 2 Timer X2
— ¢—O 0o Timer X2 >
(s
filter « Event counter mode
O
0  Timer mode
O « Pulse width measuring mode .
PR 9 e \ 9 Timer BO
Noise b_gx o { Timer BO I—"*»
filter 1
« Event counter mode
O
o » Timer mode
O * Pulse width measuring mode )
.,_0) Noie QE x Timer B1
filter e} o} Timer B1 -
« Event counter mode

Figure 1.36. Timer block diagram
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Timer A
Figure 1.37 shows the block diagram of timer A. Figures 1.38 to 1.40 show the timer A-related registers.
Use the timer A0 mode register bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer over flow.
» One-shot timer mode: The timer stops counting when the count reaches “000016".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

q Data bus high-order bits g
Clock source 1 [ 7%
selection « Timer q Data bus low-order bits S
fi —o : g\r/‘\fMShm 11 Low-order High-order
s —o N\, ) o 1 8 bits Y 8 bits
fs2 —oO *Timer Reload register (16) |
fczo———O (gate function) 7 7
« Event counter L4
Polarity Counter (16) |
Aom selection Clock selection Up count/down count

Count start flag

Always down count except
in event counter mode

!

Toggle flip-flop I

TB1 overflow — O i | Down count
xternal
TXOoverflow —— O rigger Up/down flag

TX2 overflow — O

Pulse output

TAOouT
o |

Figure 1.37. Block diagram of timer A

Timer AO mode register

b7 b6 b5 b4 b3 b2 bl b0

PEEETR

Symbol Address When reset
TAOMR 039616 0016
Bit symbol Bit name Function R'W
TMODO Operation mode select bit | (0. Timer mode 00
0 1: Event counter mode |
TMOD1 1 0 : One-shot timer mode |
11 : Pulse width modulation 00
(PWM) mode |
MRO . . . . 00
Function varies with each operation mode :
MR1 o0
MR2 00
MR3 0.0
TCKO Count source select bit 0.0
TCK1 (Function varies with each operation mode) 0.0

Figure 1.38. Timer A-related registers (1)
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Timer AO register (Note 1)
b(;’lf’) t(:g% bo Symbol Address When reset
| | TAO 038716,038616 Indeterminate
E Function Values that can be set REW
="« Timer mode 000016 to FFFF16 ||
Counts an internal count source |
« Event counter mode 000016 to FFFF16 | _!
Counts pulses from an external source or timer overflow ;O
» One-shot timer mode 000016 to FFFF16
Counts a one shot width (Note 2) ><10
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 XEO
Functions as a 16-bit pulse width modulator (Note 2) !
* Pulse width modulation mode (8-bit PWM) 0016 to FF16(Note 2)
Timer low-order address functions as an 8-bit (Both high-order x}o
prescaler and high-order address functions as an 8-bit and low-order 1
pulse width modulator addresses) !
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
TABSR 038016 000X00002
Bit symbol Bit name Function R W
TAOS Timer AO count start flag 0 : Stops counting o0
TX0S Timer X0 count start flag 1 Starts counting 0.0
TX1S Timer X1 count start flag 0.0
TX2S Timer X2 count start flag 00
Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out |——|
to be indeterminate. ;
TBOS Timer BO count start flag 0 : Stops counting OfO
TBIS | TimerBlcountstartflag | <+ Swans counting 0.0
CDCS Clock devided count start flag OEO
Up/down flag (Note)
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UDF 038416 XXX0XXX02
i : : : : Bit symbol Bit name Function RfW
A TAOUD  |Timer AO up/down flag 0 : Down count |
Voo 1:Up count
i . . . L This specification becomes valid 00
P when the up/down flag content is i
oo selected for up/down switching
Vo cause ;
oo Nothing is assigned. 1
: ----------1In an attempt to write to these bits, write “0”. The value, if read, turns  |— —
; out to be indeterminate. 1
: TAOP Timer AO two-phase 0 : two-phase pulse signal ;
; pulse signal processing processing disabled !
R select bit 1 : two-phase pulse signal 1
processing enabled XEO
When not using the two-phase |
pulse signal processing function, i
set the select bit to “0” ;
Nothing is assigned.
----------------------- In an attempt to write to these bits, write “0”. The value, if read, turns | ——
out to be indeterminate.
Note : Use MOV instruction to write to this register.

Figure 1.39. Timer A-related registers (2)
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One-shot start flag

Symbol Address When reset
b7 b6 bS5 b4 b3 b2 bl b0 ONSF 038216 XXXX00002
T symbol Bit name Function RIW
L TA0OS | Timer AO one-shot start flag | 1 : Timer start OEO
— TX00S | Timer X0 one-shot start flag When read, the value is *0” 0.0
e TX10S | Timer X1 one-shot start flag oio
........... TX20S | Timer X2 one-shot start flag oio

Nothing is assigned. |
------------------------ In an attempt to write to these bits, write “0”. The value, if read, turns out —E—
to be indeterminate. |

Trigger select register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016

i % 4+ 1+ a1 1 1 | Bitsymbol Bit name Function RW
. Timer AO event/trigger | bibo !
e TAOTGL select bit 9 0 O : Input on TAOIN is selected (Note) oo
e 0 1: TB1 overflow is selected !
T TAOTGH 10: TX2 overflow is selected O:O
11 : TXO overflow is selected
Timer X0 event/trigger b3 b2
R TXoTGL select bit 0 O : Input on TXO0InouT is selected (Note) O:O
Vo 0 1: TB1 overflow is selected .
R TXOTGH 1 0: TAO overflow is selected O: o
A 11:TX1 overflow is selected
A ] Timer X1 event/trigger | b5b4 :

E E E """"""" TXITGL select bit 99 0 O : Input on TXLiNnouT is selected (Note) OEO
o 0 1: TB1 overflow is selected .
I TX1TGH 10 : TXO overflow is selected 00

11: TX2 overflow is selected .

i i b7 b6 |
""""""""""" TX2TGL Timer X2 event/trigger 0 O : Input on TX2iNouT is selected (Note) 00

select bit 0 1: TB1 overflow is selected :
o] TX2TGH 10 : TX1 overflow is selected o'o
11:TAO overflow is selected
Note: Set the corresponding port direction register to “0”(input mode).
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2
o or r ] Bit symbol Bit name Function R'W
i i E E i i E E Nothing is assigned. |
Pote-d--aeoeooeoo:oo:f 0 an attempt to write to these bits, write “0”. The value, if read, turns i
' out to be indeterminate. ;
CPSR | Clock prescaler reset flag 0: No effect |
e ] 1: Prescaler is reset 0.0
(When read, the value is “0”) 1

Figure 1.40. Timer A-related registers (3)
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Timer A

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.12.) Figure 1.41 shows
the timer A0 mode register in timer mode.

Table 1.12. Specifications of timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation * Down count

* When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio 1/(n+1) n: Setvalue

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| When the timer underflows

TAOIN pin function Programmable I/O port or gate input

TAOOUT pin function Programmable I/O port or pulse output

Read from timer Count value can be read out by reading timer AO register
Write to timer * When counting stopped

When a value is written to timer AO register, it is written to both reload register and counter
« When counting in progress
When a value is written to timer AO register, it is written to only reload register
(Transferred to counter at next reload time)
Select function * Gate function
Counting can be started and stopped by the TAOIN pin’s input signal
« Pulse output function
Each time the timer underflows, the TAOOUT pin’s polarity is reversed

Timer AO mode register

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

| | | 0 | | | | 0 | 0 | TAOMR 039616 0016
Bit symbol Bit name Function RIW
¢ 1+ 1 -1 _TMODO _|Operation mode 816"{ Timer mode 00
o] TMOD1 select bit : oso
MRO Pulse output function 0 : Pulse is not output
o select bit (TAOOUT pin is a normal port pin) 00

1: Pulse is output (Note 1) |
(TAOQOUT pin is a pulse output pin)

Gate function select bit b4 b3 . )
MR1 0 X (Note 2): Gate function not available 00

(TAOIN pin is a normal port pin) .
1 0 : Timer counts only when TAOIN pin
MR2 is held “L" (Note 3) !
[ SRR 1 1: Timer counts only when TAOIN pin |O'O
is held “H” (Note 3)

S ERREEEELEEEES MR3 0 (Must always be “0” in timer mode) 0.0

: TCK ! b7 b6 :
e ] CKO Count source select bit 00 f offe
01:fs i
........................ TCK1 10:f32 '
11:fca2 O:O

Note 1: Set the corresponding port direction register to “1” (output mode).
Note 2: The bit can be “0” or “1”.
Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.41. Timer AO mode register in timer mode

52 ] z EN ESAS www.DataSheet4l.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer's overflow. Timer AO can count a
single-phase and a two-phase external signal. Table 1.13 lists timer specifications when counting a
single-phase external signal. Figure 1.42 shows the timer AO mode register in event counter mode.
Table 1.14 lists timer specifications when counting a two-phase external signal. Figure 1.43 shows the
timer AO mode register in event counter mode.

Table 1.13. Timer specifications in event counter mode (when not processing two-phase pulse signal)

Item Specification
Count source » External signals input to TAOIN pin (effective edge can be selected by software)
» TB1 overflow, TXO overflow, TX2 overflow
Count operation » Up count or down count can be selected by external signal or software

» When the timer overflows or underflows, it reloads the reload register con
tents before continuing counting (Note)

Divide ratio 1/ (FFFF16 - n + 1) for up count
1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | The timer overflows or underflows
TAOIN pin function Programmable 1/O port or count source input
TAOouUT pin function Programmable I/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer AO register
Write to timer * When counting stopped

When a value is written to timer AO register, it is written to both reload register and counter
» When counting in progress

When a value is written to timer AO register, it is written to only reload register

(Transferred to counter at next reload time)
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

Each time the timer overflows or underflows, the TAOoUT pin’s polarity is reversed
Note: This does not apply when the free-run function is selected.

Timer A0 mode register (When not using two-phase pulse signal processing)
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| 0| | | | 0| 1| TAOMR 039616 0016

oo Bitsymbol Bit name Function RIW
e TMODO | operation mode select bit | b2b0 o0
T TMOD1 0 1: Event counter mode 00
MRO Pulse output function 0 : Pulse is not output
e select bit (TAOouUT pin is a normal port pin) 0.0
A 1: Pulse is output (Note 1) '
A (TAOouT pin is a pulse output pin) !
e MR1 Count polarity 0 : Counts external signal's falling edge OEO
oo select bit (Note 2) 1: Counts external signal's rising edge |~
R MR2 Up/down switching 0 : Up/down flag's content OEO
T cause select bit 1: TAiouT pin's input signal (Note 3) '
R MR3 0 (Must always be “0” in event counter mode) 00
L. TCKO Count operation type 0 : Reload type OEO
! select bit 1: Free-run type !
e TCK1 Two-phase pulse operation| 0 : Normal processing operation !

select bit (Note 4) 1 : Multiply-by-4 processing operation O;O

Note 1: Set the corresponding port direction register to “1” (output mode).

Note 2: This bit is valid when only counting an external signal.

Note 3: Set the corresponding port direction register to “0” (input mode).

Note 4: When performing two-phase pulse signal processing, make sure the two-phase
pulse signal processing operation select bit (address 03841s) is set to “1” and
event/trigger select bits (addresses 038316) to “00".

Figure 1.42. Timer AO mode register in event counter mode
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Table 1.14. Timer specifications in event counter mode (when processing two-phase pulse signal)

Item Specification
Count source » Two-phase pulse signals input to TAOIN or TAOOUT pin
Count operation < Up count or down count can be selected by two-phase pulse signal

When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (Note)

Divide ratio e 1/ (FFFFs - n + 1) for up count
e 1/ (n + 1) for down count n: Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | Timer overflows or underflows
TAOIN pin function Two-phase pulse input
TAOOUT pin function Two-phase pulse input
Read from timer Count value can be read out by reading timer AQ register
Write to timer * When counting stopped

When a value is written to timer AO register, it is written to both reload regis-
ter and counter
« When counting in progress
When a value is written to timer AO register, it is written to only reload regis-
ter. (Transferred to counter at next reload time.)
Select function « Normal processing operation
The timer counts up rising edges or counts down falling edges on the TAOIN
pin when input signal on the TAOOUT pin is “H”

TAOOUT J L
TAOIN J + + * * L

Up Up Up Down Down Down
count  count count count count count

« Multiply-by-4 processing operation
If the phase relationship is such that the TAOIN pin goes “H” when the input
signal on the TAOouUT pin is “H”, the timer counts up rising and falling edges
on the TAOouT and TAOIN pins. If the phase relationship is such that the
TAOIN pin goes “L” when the input signal on the TAOOUT pin is “H”, the timer
counts down rising and falling edges on the TAOouT and TAQIN pins.

oot py v d opdvdy

Count up?fgl edges Count down all edges
oy
- _J - J
Y '
Count up all edges Count down all edges

Note: This does not apply when the free-run function is selected.
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Timer A0 mode register
(When using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
|||0|1|0|0|0|1| TAOMR 039616 0016

S R Bit name Function RIW

¢+ 1+ 4 .+ -1 TMODO | Operation mode select bit |b2b0 0.0

R TMOD1 0 1: Event counter mode 00

________ MRO 0 (Must always be “0” when using two-phase pulse signal OiO

. processing)

o ] MR1 0 (Must always be “0” when using two-phase pulse signal OEO

Voo processing) !

o] MR2 1 (Must always be “1” when using two-phase pulse signal OEO

v processing) :

_________________ MR3 0 (Must always be “0” when using two-phase pulse signal OEO

HE processing) !

R TCKO Count operation type 0 : Reload type OEO

' select bit 1: Free-run type

' Two-phase pulse _ _

e EEEEEEEE TR P LT R TCK1 processing operation 0: Norr_nal processing operation 00
select bit (Note) 1 : Multiply-by-4 processing operation !

Note: When performing two-phase pulse signal processing, make sure the two-phase
pulse signal processing operation select bit (address 03841s) is set to “1”. Also,
always be sure to set the event/trigger select bit (addresses 038316) to “00”".

Figure 1.43. Timer AO mode register in event counter mode
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.15.) When a trigger occurs, the timer starts up
and continues operating for a given period. Figure 1.44 shows the timer AO mode register in one-shot
timer mode.

Table 1.15. Timer specifications in one-shot timer mode

ltem Specification
Count source f1, fs, f32, fc32
Count operation * The timer counts down

+ When the count reaches 00001, the timer stops counting after reloading a new count

« If atrigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n:Setvalue

Count start condition < An external trigger is input

* The timer overflows

* The one-shot start flag is set (= 1)

Count stop condition * A new count is reloaded after the count has reached 000016

» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TAOIN pin function Programmable I/O port or trigger input

TAOouUT pin function Programmable I/O port or pulse output

Read from timer When timer AO register is read, it indicates an indeterminate value
Write to timer * When counting stopped

When a value is written to timer AO register, it is written to both reload
register and counter

« When counting in progress
When a value is written to timer AO register, it is written to only reload register
(Transferred to counter at next reload time)

Timer A0 mode register

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| | | 0 | | | | 1 | 0 | TAOMR 039616 0016
¢t i+ r [ Bitsymbol Bit name Function RIW
oo v TMODO | operation mode select bit bllbo_ hot g 0,0
] TMODL 0 : One-shot timer mode 00
A MRO Pulse output function 0 : Pulse is not output |
oo e select bit (TAOoUT pin is a normal port pin) OEO
- 1: Pulse is output (Note 1) !
(TAOOUT pin is a pulse output pin) !
E E E E E MR1 External trigger select 0 : Falling edge of TAOIN pin's input signal (Note 3) 1
- bit (Note 2) 1: Rising edge of TAOIN pin's input signal (Note 3) O:O
MR2 Trigger select bit 0 : One-shot start flag is valid
S REEEEEEEEY 1: Selected by event/trigger select o0
T register !
 CGGLEEEEEEEETE MR3 0 (Must always be “0” in one-shot timer mode) 0,0
S TCKO Count source select bit |78 00
! 00:f1 |
! 01:fs
"""""""""""" TCK1 10:f32 00
11:fc32 !

Note 1: Set the corresponding port direction register to “1” (output mode).

Note 2: Valid only when the TAOIN pin is selected by the event/trigger select bit
(addresses 038316). If timer overflow is selected, this bit can be “1” or “0”.

Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.44. Timer AO mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.16.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.45 shows the timer
A0 mode register in pulse width modulation mode. Figure 1.46 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.47 shows the example of how an 8-bit pulse width modulator operates.

Table 1.16. Timer specifications in pulse width modulation mode

ltem Specification
Count source f1, fs, f32, fc32
Count operation * The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)

« The timer reloads a new count at a rising edge of PWM pulse and continues counting
« The timer is not affected by a trigger that occurs when counting

16-bit PWM « High level width n/fi n:Setvalue
* Cycle time (216-1) /fi fixed
8-bit PWM * High level width n X(m+1) /fi n:values set to timer AQ register’s high-order address
+ Cycle time (28-1) X(m+1) /fi m: values set to timer A register's low-order address
Count start condition « External trigger is input

* The timer overflows
* The count start flag is set (= 1)

Count stop condition * The count start flag is reset (= 0)

Interrupt |8 bits PWM | « Set value of "H" level width is except FF16, 0016 : PWM pulse goes “L”
request * Set value of "H" level width is FF16, 0016 : Timing that count value goes to 0116
generation |16 bits PWM | « Set value of "H" level width is except FFFF16, 000016 : PWM pulse goes “L”
timing « Set value of "H" level width is FFFF16, 000016 : Timing that count value goes to 000116
TAOIN pin function Programmable I/O port or trigger input

TAOoUT pin function Pulse output

Read from timer When timer AQ register is read, it indicates an indeterminate value

Write to timer « When counting stopped :When a value is written to timer A0 register, it is

written to both reload register and counter
* When counting in progress : When a value is written to timer AO register, it is
written to only reload register (Transferred to counter at next reload time)
Note: When set value of "H" level width is 0016 or 000016, pulse outputs "L" level and inversion value, FF16 or FFFF16 is set to timer.

Timer AO mode register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
L[] ] [2]a]s] TAomr 039616 0016

Bit symbol Bit name Function RiW
: TMODO  [Operation mode b1 bo o.°
] TMODL1 select bit 11:PWM mode 00
e MRO 1 (Must always be “1” in PWM mode) 00
. MR1 External trigger select | o: Falling edge of TAOIN pin's input signal (Note 2) O o

Babieihebheh bit (Note 1) 1: Rising edge of TAOI pin's input signal (Note 2) |~
_______________ MR2 Trigger select bit 0: Count start flag is valid O o

1: Selected by event/trigger select register |
] MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 00

select bit 1: Functions as an 8-bit pulse width modulator |

i | b7b8 1
B EEEEEEEEPEEE TCKO Count source select bit |g 0 : 1 00

! 01:fs ‘

! 10:f32 i
"""""""""""" TCKL 11:fc32 O}O

Note 1: Valid only when the TAOIN pin is selected by the event/trigger select bit
(addresses 038316). If timer overflow is selected, this bit can be “1” or “0”.
Note 2: Set the corresponding port direction register to “0” (input mode).
Note 3: Set the corresponding port direction register to “1” (output mode) when the pulse is output.

Figure 1.45. Timer AO mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAQIN pin input signal) is selected

1/fix(2%-1)

Count source : : : :
TAOQIN pin H f | f, T
input signal wLr "

Trigger is not generated by this signal

—»———=<+— 1/fixn

PWM pulse output  “H” ‘
from TAOoUT pin | | |

Timer AO interrupt  “1”
request bit wy
[0 |t I
fi: Frequency of count source \ /

(1, f8, fa2, fca2) Cleared to “0” when interrupt request is accepted, or cleared by software

Note: n = 000016 to FFFF16.

Figure 1.46. Example of how a 16-bit pulse width modulator operates

Condition :  Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAOIN pin input signal) is selected

1/fiX(m+1) X(2°%-1)
Count source (Notel)

TAOIN pin input signal H—+

Underflow signal of ~ “H” i it  —— —— —— — — —
8-bit prescaler (Note2) . » |_| |_| |_| |_| |_| | |

PWM pulse output H ‘
from TAOoUT pin T ! - -

Timer AO interrupt S

request bit oo 1 ______

fi: Frequency of count source  Cleared to “0” when interrupt request is accepted, or cleaerd by software
(fa, fs, f32, fc32)

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 FFi6.

Figure 1.47. Example of how an 8-bit pulse width modulator operates
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Figure 1.48 shows the block diagram of timer B. Figures 1.49 and 1.50 show the timer B-related registers.
Use the timer Bi mode register (i = 0, 1) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:

» Timer mode : The timer counts an internal count source.
< Event counter mode : The timer counts pulses from an external source or a timer overflow.
* Pulse period/pulse width measuring mode : The timer measures an external signal's pulse period or
pulse width.
{ Data bus high-order bits

Clock source selection ) Data bus low-order bits

f ] [Low-order 8 bits U High-order 8 bits

1 —o « Timer S -

fg + Pulse period/pulse width measurement | Reload register (16) |

—0 o y
f32 —o ] [ J t
fcsa— o « Event counter Counter (16) |
A
TBiN Polarity switching

(i=0,1) O— and edge pulse

Can be selected in only
event counter mode

Counter reset circuit I_

TBjoverflow —O
(i=1wheni=0,
j=0wheni=1)

Figure 1.48. Block diagram of timer B

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol

Address When reset

TBIMR(i =0, 1) 039B16, 039C16 00XX00002

Bit symbol Bit name Function R

E , . , , - , TMODO Operation mode select bit %%J Timer mode (@) (@]
I R 0 1 : Event counter mode
N TMOD1 10 : Pulse period/pulse width ;
e measurement mode o 0O
[ R 11 : Inhibited l
A . MRO Function varies with each operation mode o : 0
R MR1 O ! O
R MR2 SRR
Voo b e (Note) 1
L %
oo (Note 2) |
I RLEGETTEEEEEE MR3 O | X
PRy TCKO Count source select bit O ! 0
PP TCK1 (Function varies with each operation mode) o O

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

Figure 1.49. Timer B-related registers (1)
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Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016 Indeterminate
(b15) E)bB% TB1 039316, 039216  Indeterminate
b7 0b7 b0
E Function Values that can be set | R EW
--1 « Timer mode 000016 to FFFF16 | 5!
Counts the timer's period
« Event counter mode 000016 to FFFF16 |
Counts external pulses input or a timer overflow O:O
* Pulse period / pulse width measurement mode
Measures a pulse period or width O;X
Notel: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | N | | | | TABSR 038016 000X00002
Bit symbol Bit name Function R W
- TAOS Timer AO count start flag 0 : Stops counting O%O
A TX0S Timer X0 count start flag 1: Starts counting 0.0
o e TX1S Timer X1 count start flag 0.0
R TX2S Timer X2 count start flag oio
Nothing is assigned.
e A EEEEEEEEEE In an attempt to write to this bit, write “0”. The value, if read, turns out |[—/—
to be indeterminate. 1
E E LR L TBOS Timer BO count start flag 0 : Stops counting O}O
S TB1S Timer B1 count start flag 1: Starts counting 0.0
 ICITTEFERRRRRY CDCS Clock devided count start flag 0.0
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
LWN CPSRF 038116 OXXXXXXX2
» ¢ 1 1 4 44 4| Bitsymbol Bit name Function R'W,
v+« 1+ 1 1| Nothing is assigned. |
Pot--i--a--a-o-aeooood 0 an attempt to write to these bits, write “0”. The value, if read, turns —}—
' out to be indeterminate. !
: CPSR | Clock prescaler reset flag |9 : No effect |
] P g 1: Prescaler is reset o0
(When read, the value is “0”)

Figure 1.50. Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.17.) Figure 1.51 shows
the timer Bi mode register in timer mode.

Table 1.17. Timer specifications in timer mode
ltem

Count source

Count operation

Specification

f1, fs, f32, fc32

» Counts down

» When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio

1/(n+1)

n : Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

The timer underflows

TBIIN pin function

Programmable 1/O port

Read from timer
Write to timer

Count value is read out by reading timer Bi register
» When counting stopped
When a value is written to timer Bi register, it is written to both reload register and counter
» When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | |><I | | 0 | 0 | TBIMR(i=0, 1) 039B16 to 039C16 00XX00002

A T symbol Bit name Function R ' W

Coror o LT Tvooo : it [pxeo O 0

oo Operation mode select bit 00 : Timer mode

e TMOD1 O . O

A MRO Invalid in timer mode o, 0O

N MR1 Can be “0” or “1” O O

Nothing is assigned.

oo In an attempt to write to this bit, write “0”. The value, if read, turns out to be S —

ooy T indeterminate.

MR3 Invalid in timer mode.

N SRS —— In an attempt to write to this bit, write “0”. The value, if read in o X

timer mode, turns out to be indeterminate. !

Count source select bit b7 b6 1

P TTTTTmT ey TCKO 00:f1 o ! o

v 01:fs 1

e TCK1 10:f32 |
11:fca © ©

Figure 1.51. Timer Bi mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.18.) Figure

1.52 shows the timer Bi mode register in event counter mode.

Table 1.18. Timer specifications in event counter mode

Item

Specification

Count source

« External signals input to TBIIN pin
« Effective edge of count source can be a rising edge, a falling edge, or falling
and rising edges as selected by software

Count operation

» Counts down
» When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio

1/(n+1) n: Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

The timer underflows

TBIIN pin function

Count source input

Read from timer
Write to timer

Count value can be read out by reading timer Bi register

« When counting stopped
When a value is written to timer Bi register, it is written to both reload register
and counter

* When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | l><| | | 0 | 1 | TBIMR(i=0, 1) 039B16 to 039C16 00XX00002
Vv 1 4 4 v v 1| Bitsymbol Bit name Function R I W
¢4 o o 4 =1 TMODO | Operation mode select bit | b1b0 O 0
[ 01: Event counter mode T
R R TMOD1 O ' 0
A MRO Count polarity select b3 b2 ‘
Rt bit (No?e 1) vy 0 0 : Counts external signal's o 0
tor oo falling edges !
[ 0 1: Counts external signal's !
R MR1 rising edges olo
T R 1 0 : Counts external signal's
falling and rising edges !
oor o 11 : Inhibited !
Nothing is assigned. !
IR EEELLEEEEEEEED In an attempt to write to this bit, write “0”. The value, if read, turns out to be — w —
indeterminate. !
Invalid in event counter mode. |
Vo MR3 . S . . . 0O ' X
vy TTTTTTTTTTee In an attempt to write to this bit, write “0”. The value, if read in !
v event counter mode, turns out to be indeterminate. !
L] TCKO Invalid in event counter mode. e
! Can be “0” or “1". !
i TCK1 Event clock select 0 : Input from TBiIN pin (Note 2) ‘
R EEEEEEEEEFTEEPEEERE 1: TBj overflow O ' 0
(j=1wheni=0, !
j=0wheni=1) !

Note 1: Valid only when input from the TBIIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1”.
Note 2: Set the corresponding port direction register to “0” (input mode).

Figure 1.52. Timer Bi mode register in event counter mode
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(3) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.19.)
Figure 1.53 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.54 shows the operation timing when measuring a pulse period. Figure 1.55 shows the operation timing
when measuring a pulse width.

Table 1.19. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, f8, f32, fc32
Count operation » Up count

» Counter value “000016” is transferred to reload register at measurement
pulse's effective edge and the timer continues counting

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| « When measurement pulse's effective edge is input (Note 1)

» When an overflow occurs. (Simultaneously, the timer Bi overflow flag
changes to “1”. The timer Bi overflow flag changes to “0” when the count
start flagis “1” and a value is written to the timer Bi mode register.)

TBIIN pin function Measurement pulse input

Read from timer When timer Bi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer Cannot be written to

Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting.
Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer.

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | |><| | | 1 | 0 | TBIMR(i=0,1)  039B16,039C16  00XX00002
T symbol Bit name Function R W
T T S T R R TMODO . b1 b0 )
o Seﬁggf‘t')?t” mode 10 : Pulse period / pulse width |
E E E E E E eee TMOD1 measurement mode O! O
A MRO Measurement mode | 2352 . :
s select bit 0 0 : Pulse period measurement (Interval between i

measurement pulse's falling edge to falling edge) ©c .0
0 1: Pulse period measurement (Interval between !

measurement pulse's rising edge to rising edge)
MR1 10 : Pulse width measurement (Interval between |
lememmeeanayg measurement pulse's falling edge to rising edge,

and between rising edge to falling edge) !
1 1: Inhibited !
Voo Nothing is assigned.
[ In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. - -
E E E _________________ MR3 Timer Bi overflow 0 : Timer did not overflow o : %
HE flag ( Note) 1 : Timer has overflowed !
e TCKO Count source o1 o: 0
1 select bit 01:fs
H 10:f32 w
coTTTTTTTTETTIIITT T TCK1 11:fc32 o I o

Note : The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the
timer Bi mode register. This flag cannot be set to “1” by software.

Figure 1.53. Timer Bi mode register in pulse period/pulse width measurement mode

REN ESAS www.DalaSheetﬁéJg:um

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer B

When measuring measurement pulse time interval from falling edge to falling edge

Count source --

Measurement pulse

L | Transfer Transfer
3 (indeterminate value) / (measured value)
Reload register«+ counter 1 |_| |_| |
transfer timing i | (Note 1) i (N-; D 1 (Note 2)
: | / ote ' /v ote | / ote
Timing at which counter |_| |_|
reaches “000016” ‘ --
wqn | N

Count start fla |
g -

Timer Bi interrupt ‘1" Ii
request bit “qr |_ -
e i

Cleared to “0” when interrupt request is accepted, or cleared by software.

S

s

Timer Bi overflow flag

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.54. Operation timing when measuring a pulse period

Count source --

Measurement pulse

11+ Transfer Transfer i Transfer 1 Transfer
I
/" value) /1 value)

Reload register « counter

transfer timing I—I . .-
1 Note 1) | »(Note 1 I % (Note 1) 4 (Note 1
| e ptoen s aten

|
|

|

|

|

|

|

|

|

. (indeterminate/ (measured value) | (measurey(measured value)
d { |

|

|

|

.

i

|

|

|

|

Timing at which counter
reaches “000016"

| EE | S | | E—

wqn | |
Count start fla ‘ \
g “Q” | |

Timer Bi interrupt “1” ‘ '
request bit “g I_u_|_ - _Ii

> o 1

Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag !
“gr

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.55. Operation timing when measuring a pulse width
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Timer X
Figure 1.56 shows the block diagram of timer X. Figures 1.57 to 1.59 show the timer X-related registers.
Use the timer Xi mode register bits 0 and 1 to choose the desired mode.
Timer X has the five operation modes listed as follows:

» Timer mode : The timer counts an internal count source.
« Event counter mode : The timer counts pulses from an external source or a timer overflow.
* One-shot timer mode : The timer stops counting when the count reaches “000016".
« Pulse period/pulse width measuring mode  : The timer measures an external signal's pulse period or
pulse width.
* Pulse width modulation (PWM) mode : The timer outputs pulses of a given width.
q Data bus high-order bits g
Clock source « Timer 11
selection - One shot q Dat‘a lfus low-order bits S
fi —o . PV\I/M Soul it Low-order High-order
« Pulse period/pulse width measurement 8 bit: 8 bit
s —0\, : o 1] its Y its
fa2 —O e Timer Reload register (16) |
fczp ——O (gate function) 7N VAN
'I_'XiINOUT « Event counter A4 AV.4
(i=0to 2) Polarity Counter (16) F——m
° switching and Clock selection A
edge pulse

Count start flag

[ Counter reset circuit  }——

L— 0o
TB1 overflow —— O
- E_xtemal
x —O trigger

. *1 =TAO, *2 = TX1 when TX0
—F—F 0 - -
2 *1 =TX0, *2 = TX2 when TX1

*1 =TX1, *2 = TAO when TX2
Pulse output

I Toggle flip-flop I

Figure 1.56. Block diagram of timer X

Timer Xi mode register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TXIMR(i =0t0 2) 039716 to 039916 0016

i1 4t Bitsymbol Bit name Function R ' W
oo bt TMoDo Operation mode | §'3’: Timer mode o .0
Voo select hit 0 1: Event counter mode
. TMOD1 1 0 : One-shot timer mode or pulse period/ !
e pulse width measurement mode o . O
oo 1 1 : Pulse width modulation (PWM) mode

[ R MRO Function varies with each operation mode O 0
T T MR1 O 0
 ERREEEEEE MR2 o . 0O
S REREELEELEEL MR3 O | O
vt TCKO Count source select bit O O
[P TCK1 (Function varies with each operation mode) e} o)

Figure 1.57. Timer X-related registers (1)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(b15)
b7

Timer Xi register (Note 1)

®8) Symbol Address When reset
bob7 bo TXO0 038916,038816 Indeterminate
| TX1 038B16,038A16 Indeterminate
TX2 038D16,038C16 Indeterminate

E Function Values that can be set | R1\W

« Timer mode
Counts anin

ternal count source

000016 to FFFF16 00

« Event counter mode
Counts pulses from an external source or timer overflow

000016 to FFFF16

¢ One-shot timer mode
Counts a one shot width

(Note 2)

000016 to FFFF16

* Pulse period

Measures a pulse period or width

/ pulse width measurement mode

* Pulse width

Functions as a 16-bit pulse width modulator

« Pulse width

modulation mode (16-bit PWM)
(Note 2)

modulation mode (8-bit PWM)

000016 to FFFE16 XEO

0016 to FF16(Note 2) | |

Count start flag

b7 b6 b5 b4 b3 b2 bl bo

Timer low-order address functions as an 8-bit ggigrhe'gsrgg)r XEO
prescaler and high-order address functions as an 8-bit 59,6 10 FF16 (Note 2) |
pulse width modulator (Low-order
addresses) 1
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Symbol Address When reset
TABSR 038016 000X00002
Bit symbol Bit name Function RIW
TAOS Timer AO count start flag 0 : Stops counting OfO
TX0S Timer X0 count start flag 1: Starts counting 00
TX1S Timer X1 count start flag 0.0
TX2S Timer X2 count start flag (@) O
Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out to be ——
indeterminate. |
TBOS Timer BO count start flag 0 : Stops counting 00
TB1S Timer B1 count start flag 1: Starts counting 0.0
CDCS Clock devided count start flag OEO

Figure 1.58

. Timer X-related registers (2)
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One-shot start flag

Symbol Address When reset
b7 b6 bs b4 b3| b2| b1| b0 ONSF 038216 XXXX00002
oo i symbol Bit name Function RW
t | TAcos | Timer A one-shot start flag 1 : Timer start 00
I TX00S | Timer X0 one-shot start flag When read, the value is “0” O O
eeean] TX10S | Timer X1 one-shot start flag o o)
........... TX20S | Timer X2 one-shot start flag O o)

Nothing is assigned.
------------------------ In an attempt to write to these bits, write “0”. The value, if read, turns out [—
to be indeterminate.

Trigger select register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016
" 1% a1 % | Bitsymbol Bit name Function R'W
R Timer AO event/trigger b1 b0 !
L TAOTGL select bit 0 0 : Input on TAOIN is selected (Note) o0
oo 0 1:TB1 overflow is selected !
R TAOTGH 10: TX2 overflow is selected O: o
1 1: TXO overflow is selected
Timer X0 event/trigger b3 b2
e TXOTGL select bit 0 O : Input on TXO0INouT is selected (Note) O} o
Voo 0 1:TB1 overflow is selected ‘
oo ] TXOTGH 1 0: TAO overflow is selected O: o
P 11: TX1 overflow is selected
A S Timer X1 event/trigger | b5b4 1
E E E TXITGL select bit 99 0 0 : Input on TX1iNouT is selected (Note) Oi @)
oo 0 1:TB1 overflow is selected :
[ RO TX1TGH 1 0 : TXO overflow is selected 00
I 11:TX2 overflow is selected |
P i i b7 b6 |
vooTTTTEmEmEm e e TX2TGL -Srg;;il:[ )b(li eventitrigger 0 O : Input on TX2iNourT is selected (Note) (0N
: 0 1:TB1 overflow is selected ‘
] TX2TGH 10 : TX1 overflow is selected 00
11:TAO overflow is selected !

Note: Set the corresponding port direction register to “0”(input mode).

Clock prescaler reset flag

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
CPSRF 038116 OXXXXXXX2

i+ | Bitsymbol Bit name Function R!W
v+ | Nothing is assigned.

--t--:-| In an attempt to write to these bits, write “0”. The value, if read, turns -
out to be indeterminate.

bmmmmmmm ==
Femmmmm—aa

0 : No effect
1 : Prescaler is reset 00
(When read, the value is “0”)

CPSR Clock prescaler reset flag

Figure 1.59. Timer X-related registers (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.20.) Figure 1.60 shows
the timer Xi mode register in timer mode.

Table 1.20. Specifications of timer mode

Item

Specification

Count source

f1, f8, f32, fc32

Count operation

* Down count
» When the timer underflows, it reloads the reload register contents before continuing counting

Divide ratio

1/(n+1) n: Setvalue

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

When the timer underflows

TXiINOUT pin function

Programmable I/O port, gate input or pulse output

Read from timer

Count value can be read out by reading timer Xi register

Write to timer

* When counting stopped

When a value is written to timer Xi register, it is written to both reload register and counter
* When counting in progress
When a value is written to timer Xi register, it is written to only reload register
(Transferred to counter at next reload time)
» Gate function
Counting can be started and stopped by the TXiINOUT pin’s input signal
* Pulse output function
Each time the timer underflows, the TXiINOUT pin’s polarity is reversed

Select function

Timer Xi mode register
b7 b6 b5 b4 b3 b2 bl b0

mbol Address When reset
| | | o| | | | o| o| TXIMR(i=0t02) 03971610 039916 0016
v r 1 [T Bitsymbol Bit name Function RIW
i 1 4+ 4+ 1 4 1 -1 TMODO |Operation mode 8180 Timer mode OEO
T R R R i :Ti ]
e T™MOD1 select bit 00
MRO Pulse output function 0 : Pulse is not output
A select bit (TXiinouT pin is a normal port pin)  [0!O
R 1: Pulse is output (Note 1) |
Voo (TXiINOUT pin is a pulse output pin) 1
N MR1 Gate function select bit b4 b3 . . |
o 0 X (Note 2): Gate function not available 00
N (TXIINOUT pin is a normal port pin) |
oo 1 0 : Timer counts only when TXiinouT .
oo MR2 pin is held “L” (Note 3)
R EEEEEEEEEEE 11: Timer counts only when TXiiNouT [O:O
o pin is held “H” (Note 3) |
S USARREEEEEEEEE MR3 0 (Must always be fixed to “0” in timer mode) 0.0
b TCKO i b7b6 |
S Count source select bit 00:f 00
: 01:fs ;
] TCK1 10:fs2 !
11:fcs2 O:O

Note 1: Set the corresponding port direction register to “1” (output mode). Gate function
cannot be selected when pulse output function is selected.

Note 2: The bit can be “0” or “1".

Note 3: Set the corresponding port direction register to “0” (input mode). Pulse output
function cannot be selected when gate function is selected.

Figure 1.60. Timer Xi mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer’s overflow. (See Table 1.21.) Figure
1.61 shows the timer Xi mode register in event counter mode.

Table 1.21. Timer specifications in event counter mode (when not processing two-phase pulse signal)
ltem Specification

Count source External signals input to TXiiINouT pin (effective edge can be selected by software)

TB1 overflow, TAO overflow, TXi overflow

Count operation » Down count

When the timer underflows, it reloads the reload register contents before

continuing counting (Note)

Divide ratio 1/ (n+1) n : Set value

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer underflows

TXilNouT pin function Programmable I/O port, count source input or pulse output
Read from timer Count value can be read out by reading timer Xi register
Write to timer * When counting stopped

When a value is written to timer Xi register, it is written to both reload register and counter
* When counting in progress

When a value is written to timer Xi register, it is written to only reload register

(Transferred to counter at next reload time)
Select function » Free-run count function

Even when the timer underflows, the reload register content is not reloaded to it
 Pulse output function

Each time the timer underflows, the TXilNOUT pin’s polarity is reversed
Note: This does not apply when the free-run function is selected.

Timer Xi mode register
b7 b6 b5 b4 b3 b2 bl bo

! 1: Pulse is output (Note 2) ‘
. (TXiNouT pin is a pulse output pin) 1

Symbol Address When reset
| | | 0| | | | 0| 1| TXiIMR(i=0t02) 039716t0039916 0016
v+ 1 1| Bitsymbol Bit name Function RIW
-1__T™MODO Operation mode select bit [b1 b0 00
[ TMOD1 0 1 : Event counter mode (Note 1) 0.0
oo MRO Pulse output function 0 : Pulse is not output |
I select bit (TXiNnouT pin is a normal port pin) 0.0

o] MR1 Count polarity 0: Counts external signal's falling edge |~
: select bit (Note 3) 1 : Counts external signal's rising edge
o] MR2 Invalid in event counter mode. OEO
! Can be “0” or “1". !
P tremmmmmmememeeeo MR3 0 (Must always be “0” in event counter mode) 00
' L] TCKO Count operation type 0 : Reload type OEO
' select bit 1: Free-run type !
] TCK1 |Invalid in event counter mode.
Can be “0” or “1”. 00

Note 1: Count source is selected by event/trigger select bit(address 038316) in event counter mode.

Note 2: Set the corresponding port direction register to “1” (output mode). TXiINOUT pin input is not
selected as count source when pulse output function is selected.

Note 3: This bit is valid when only counting an external signal.

Figure 1.61. Timer Xi mode register in event counter mode
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.22.) When a trigger occurs, the timer starts up and
continues operating for a given period. Figure 1.62 shows the timer Xi mode register in one-shot timer mode.

Table 1.22. Timer specifications in one-shot timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation * The timer counts down

» When the count reaches 000016, the timer stops counting after reloading a new count

« If atrigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n:Setvalue

Count start condition « An external trigger is input

* The timer overflows

* The one-shot start flag is set (= 1)

Count stop condition * A new count is reloaded after the count has reached 000016

» The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TXilNouT pin function Programmable I/O port, trigger input or pulse output
Read from timer When timer Xi register is read, it indicates an indeterminate value
Write to timer * When counting stopped

When a value is written to timer Xi register, it is written to both reload
register and counter

« When counting in progress
When a value is written to timer Xi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Xi mode register

oo 1: Selected by event/trigger select register (Note 4)[O:O

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | 0 | | | | 1 | 0 | TXIMR(i=0to 2) 039716 to 039916 0016

poror o i [TBitsymbol Bit name Function RIW

t ¢ ¢+ 1 ¢ ¢ 1 I TMODO |Operation mode b1 b0 , _ 0.0

[ select bit 1 0 : One-shot timer mode or pulse period / ;

N TMOD1 pulse width measurement mode 0.0

N MRO Pulse output function |0 : Pulse is not output

T T select bit (TXiINoouT pin is a normal port pin) !

oo 1: Pulse is output (Note 1) 0.0

A (TXilINoOUT pin is a pulse output pin)

E E E E ] MR1 External trigger select | 0: Falling edge of TXIINOOUT pin's input signal (Note 3) O:O

P bit (Note 2) 1: Rising edge of TXIINOOUT pin's input signal (Note 3)

. MR2 Trigger select bit 0 : One-shot start flag is valid |

LGERCCEEEPRPEE MR3 0 (Must always be “0” in one-shot timer mode) 0.0

[ TCKO Count source select bit |76 00

! 00:f1 i

' 01:fs

"""""""""""" TCK1 10:f32 00
11:fc32 :

Note 1: Set the corresponding port direction register to “1” (output mode). External trigger cannot be selected
as count start condition when pulse output function is selected.

Note 2: Valid only when the TXiiNouT pin is selected by the event/trigger select bit (addresses 038316). If
timer overflow is selected, this bit can be “1” or “0".

Note 3: Set the corresponding port direction register to “0” (input mode).

Note 4: Pulse output function cannot be selected when TXiINouT pin is selected by the event/trigger select bit
(addresses 038316).

Figure 1.62. Timer Xi mode register in one-shot timer mode
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(4) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.23.)
Figure 1.63 shows the timer Xi mode register in pulse period/pulse width measurement mode. Figure
1.64 shows the operation timing when measuring a pulse period. Figure 1.65 shows the operation timing
when measuring a pulse width.

Table 1.23. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, f8, f32, fc32
Count operation » Up count

» Counter value “000016” is transferred to reload register at measurement
pulse's effective edge and the timer continues counting

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| « When measurement pulse's effective edge is input (Note 1)

» When an overflow occurs. (Simultaneously, the timer Xi overflow flag
changes to “1”. The timer Xi overflow flag changes to “0” when the count
start flagis “1” and a value is written to the timer Xi mode register.)

TXilNouT pin function Measurement pulse input

Read from timer When timer Xi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer Cannot be written to

Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting.
Note 2: The value read out from the timer Xi register is indeterminate until the second effective edge is input after the timer.

Timer Xi mode register

| b7 | b6| bls| b4| b3| b2 | bll | l§| Symbol Address When reset

TXIMR(i = 0to 2) 039716 to 039916 002

i & 1 [ Bit symbol Bit name Function RIW
v 1 -1 TMODO [ operation mode b1 b0 ] i 0.0
' select bit 1 0 : One-shot timer mode or pulse period / ;
HENEEEEE TMOD1 pulse width measurement mode 0.0
' MRO Measurement mode | %2 i

e select bit 0 0 : Pulse period measurement (Interval between

measurement pulse's falling edge to falling edge) o0
01 : Pulse period measurement (Interval between

measurement pulse's rising edge to rising edge)
MR1 1 0 : Pulse width measurement (Interval between
tememeanaand measurement pulse's falling edge to rising edge,

and between rising edge to falling edge)
11 : Inhibited
MR Timer Xi overflow 0 : Timer did not overflow

"""""""" 2 flag (Note) 1: Timer has overflowed O, X
__________________ MR3 1 (Must always be “1” in pulse period / pulse width measurement mode) 00

b7 b6 |
R TCKO Count source 00:f (OX1@)

' select bit 01:fs !

' 10:fs2 !
"""""""""""" TCKL 11:fc32 © ! ©

Note: The timer Xi overflow flag changes to “0” when the count start flag is “1” and a value is written to
the timer Xi mode register. This flag cannot be set to “1” by software.

Figure 1.63. Timer Xi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source | -

Measurement pulse

ransfer Transfer
indeterminate value) /(measured value)

=4

|
|
|
L
|
|
|
|
|

transfer timing (Note 1) ‘ (N-; 1) (Note 2)
/ ote / ote / ote

1 .. |
Count start flag (1)

Timing at which counter
reaches “000016"

Reload register«+ counter | |_| |_|

Timer Xi interrupt “1”
request bit “ -
e w
Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Xi overflow flag v |

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.64. Operation timing when measuring a pulse period

Count source | --

Measurement pulse

“r
h . .-
1+ Transfer Transfer i\ Transfer 1 Transfer
1/ value) /I value) i

Reload register « counter
transfer timing :

i
i

i

|

i

|

|

|

i

L (indeterminate/ (measured value) | (measurey(measured value) |
d |

i

i

i

i

|

|

|

|

(Note 1) | 4 (Note 1) | (Note 1) (No;e- 1)
/! / S
[ [ | —

Timing at which counter
reaches “000016”

Count start fla ‘
o 3 | 3

Timer Xi interrupt “1” ‘ | ‘

request bit “gr | .

S EA 4 !

Cleared to “0” when interrupt request is accepted, or cleared by software.

Timer Xi overflow flag ! |
“gr

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.65. Operation timing when measuring a pulse width
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(5) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.24.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.66 shows the timer
Xi mode register in pulse width modulation mode. Figure 1.67 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.68 shows the example of how an 8-bit pulse width modulator operates.

Table 1.24. Timer specifications in pulse width modulation mode

Item Specification
Count source f1, fs, f32, fC32
Count operation » Down counts (operating as an 8-bit or a 16-bit pulse width modulator)

« The timer reloads a new count at a rising edge of PWM pulse and continues counting
< The timer is not affected by a trigger that occurs when counting

16-bit PWM e "H" level width n / fi n : Set value
« Cycletime  (216-1)/fi fixed
8-bit PWM « "H" level width nx(m+1)/ fi n:values set to timer Xi register’s high-order address
« Cycle time (28-1)x (m+1)/fi m :values set to timer Xi register’s low-order address
Count start condition * The timer overflows
* The count start flag is set (= 1)
Count stop condition * The count start flag is reset (= 0)
Interrupt 8 bits PWM | « Set value of "H" level width is except FF16, 0016 : PWM pulse goes “L”
request » Set value of "H" level width is FF16, 0016 : Timing that count value goes to 0116

generation |16 pits PWM | » Set value of "H" level width is except FFFF16, 000016 : PWM pulse goes “L”

timing « Setvalue of "H" level width is FFFF16, 000016 : Timing that count value goes to 000116
TXiINOUT pin function Pulse output

Read from timer When timer Xi register is read, it indicates an indeterminate value

Write to timer * When counting stopped

When a value is written to timer Xi register, it is written to both reload register and counter
« When counting in progress

When a value is written to timer Xi register, it is written to only reload register

(Transferred to counter at next reload time)

Note: When set value of "H" level width is 0016 or 000016, pulse outputs "L" level and inversion value, FF16 or FFFF16 is set to timer.

Timer Xi mode register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | 1 | 1 | 1| TXIMR(i = 0to 2) 039716 to 039916 0016

coror b Bitsymbol Bit name Function RIW

R P TMODO | Operation mode b1 b0 00
A . TMODL _ |select bit 11:PWMmode 00
s MRO 1 (Must always be “1” in PWM mode) 0i0
S MR1 Invalid in PWM mode. Can be “0” or “1". 00
T MR2 Trigger select bit 0: Count start flag is valid (Note 1) OEO
- 1: Selected by event/trigger select register ‘
E E E MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
oo T select bit 1: Functions as an 8-bit pulse width modulator I
N | b7b6 !
D e TCKO Count source select bit 00:f1 0'0
' 01:fs ‘
' 10:f32 1
ToTTTTTmmmTTTEmTTITT TCK1 11:fc32 O;O

Note 1: TXiINouT pin inout cannot be selected by the event/trigger select bit(addresses 038316).
Note 2: Set the corresponding port direction register to “1” (output mode).

Figure 1.66. Timer Xi mode register in pulse width modulation mode
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Timer X

Condition : Reload register = 000316, when trigger (timer overflow) is selected
1/fix (21%-1)

Count source

. . “H” \

Trigger signal A A\ i
1 Trigger is not generated by this signal
j « 1/fixn ! !

PWM pulse output H’ |

from TXinout pin+ o | | ______

Timer Xi interrupt ~ “1”

request bit L __________

X /

Cleared to “0” when interrupt request is accepted, or cleared by software

fi: Frequency of count source
(f1, fs, f32, fc32)

Notel: n = 000016 to FFFFi6.

Figure 1.67. Example of how a 16-bit pulse width modulator operates

Condition :  Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
Trigger (timer overflow) is selected

1/fiX(m+1) X(@2%-1)

Count source (Notel)

Trigger signal H

wp * 3 _____ 3

: e LX)

Underflow signal of ~ “H” ‘ 1 i  ——— —— — - — — — :
8-bit prescaler (Note2) . » |_| I_| |_| I_l |_| |_I | | |

| Co1/fiX(M+1)Xn }
| B B ‘
PWM pulse output ‘ ‘ ‘
from TXiINoOUT pin |

Timer Xi interrupt
request bit

fi: Frequency of count source

(1, fs, f32, fc32) Cleared to “0” when interrupt request is accepted, or cleaerd by software

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 FF1e.

74

Figure 1.68. Example of how an 8-bit pulse width modulator operates
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Serial 1/10
Serial I/0 is configured as two channels: UARTO and UART1.
UARTO and UART1 each have an exclusive timer to generate a transfer clock, so they operate indepen-
dently of each other.
Figure 1.69 shows the block diagram of UARTO and UARTL. Figure 1.70 shows the block diagram of the
transmit/receive unit.
UARTO has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous serial I/
O mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 03A016 and
03A816) determine whether UARTO is used as a clock synchronous serial I/O or as a UART.
UARTL1 is used as a UART only.
Figures 1.71 through 1.73 show the registers related to UARTI.

(UARTO)
RxDo O —— TxDo
UART reception i Receive
Clock source selection | Reception clock Transmit/
fl—o Bit rate generator i control circuit receive
Internal | | unit
f§ —0 o ° .
¢ - . UART transmission ___ | I Transmit
% o 1/(m+1) & Transmission clock
fc © External Clock synchronous type control circuit
Clock synchronous type
(when internal clock is selected)
:
0
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
selected)
cLkoO cik oo %
polarity
reversing
CLKS O* circuit
Clock output pin
select switch
(UART1)
RxD1O —( TxD1
. Receive
Clock source selection Reception clock Transmit/
f1 — o Bit rate generator control circuit [ | Treceive
s o unit
fa2 —o Transmit
fc —o Transmission |  clock |
control circuit
m : Values set to UARTO bit rate generator (BRGO)
n : Values set to UART1 bit rate generator (BRG1)

Figure 1.69. Block diagram of UARTi (i =0, 1)
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Serial 1/0
Clock
synchronous
type
ART (7 bi ) ) )
8 ART 28 E:g UART (7 bits) UARTI receive register
RxDi O—

enabled

Clock
synchronous type

UART (8 bits)
UART (9 bits)

0:0:0;:Ds|

|D7§D6§D5§D4§D3§D2§D1§Do

UARTI receive
buffer register

| MSB/LSB conversion circuit |

Data bus high-order bits

Data bus low-order bits

2SP

uqr —

PA
O Q
Cerp e
1sp PAR
disabled

¢ E

| MSBJ/LSB conversion circuit |

(

\

| Ds |

|D7§Ds§D5§D4§D3§D2§D1§D0|

UARTI transmit
buffer register

UART (8 bits)
UART (9 bits)

Clock
synchronous
type

UART (9 bits)

UART (7 bits) UART (7 bits)

UART (8 bits)

UARTI transmit register

Clock
synchronous
type

SP: Stop bit
PAR: Parity bit

Note: UART1 cannot be used in clock synchronous serial I/O.

TxDi

Figure 1.70. Block diagram of transmit/receive unit
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Serial I/0

UARTI transmit buffer register (Note)

| uiTB

(b15) ) Symbol Address When reset
b7 b0 b7 ) uoTB 03A316, 03A216 Indeterminate
03AB1s, 03AA16 Indeterminate

i E i RIW
PR SR Transmit data XEO
Nothing is assigned. ‘
----------------------------------- In an attempt to write to these bits, write “0”. The value, if read, turns out to be - —
indeterminate. |
Note : Use MOV instruction to write to this register.
UARTI receive buffer register
(b15) (b8) Symbol Address When reset
b7 bO b7 bo UORB  03A716, 03A61s Indeterminate
| | | |_|>q><|><| | U1RB 03AF16, 03AE16 Indeterminate
A : Bit . Function (During clock Function
T symbol Bit name synchronous serial /O | (pyring UART mode) Riw
HE I [ . mode) '
e kb - — Receive data Receive data O X
I Nothing is assigned.
e In an attempt to write to these bits, write “0”. The value, if read, turns out to ——
o be indeterminate. '
OER |Overrun error flag | 0 : No overrun error 0 : No overrun error o'%
[ (Note) 1: Overrun error found | 1: Overrun error found | ~:
[ FER | Framing error flag | Invalid 0 : No framing error O %
HE (Note) 1 : Framing error found
Py PER | Parity error flag Invalid 0 : No parity error O X
(Note) 1 : Parity error found .
: SUM [ Error sum flag Invalid 0 : No error O X
""""""""""""""""""""""""""" (Note) 1 : Error found

read out.

UARTI bit rate generator (Note 1, 2)

Note: Bits 15 through 12 are set to “0” when the receive enable bit is set to “0”. (Bit 15 is set
to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when the
lower byte of the UARTI receive buffer register (addresses 03A616, and 03AEus) is

b7 b0 Symbol Address When reset
UOBRG 03Alis Indeterminate
| U1BRG 03A916 Indeterminate
Values that can be set R!W
' T
lL Assuming that set value = n, BRGi divides the 0016 to FF16 X 10
""""""""""""""""""" count source by n + 1
Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.
Figure 1.71. Serial I/O-related registers (1)
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Serial I/O

UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 03A016, 03A816 0016
. Function - !
Bit . ! Function !
Bit name (During clock synchronous . R W
symbol serial /O mode) (During UART mode) !
SMDO i ; Must be fixed to 001 b2 b1 b0 ‘
(S,\?:tael :IL/)O mode select bit b2 b1 bo 100 : Transfer data 7 bits long |O: O
00 0: Serial I/O invalid 101 : Transfer data 8 bits long .
SMD1 010 : Inhibited 110 : Transfer data 9 bits long | _|
01 1: Inhibited 000: Serial /O invalid 0.0
11 1: Inhibited 010 : Inhibited ‘
SMD2 011: Inhibited !
111 Inhibited 0.0
CKDIR |[Internal/external clock 0 : Internal clock (Note 3) 0 : Internal clock (Note 3) OEO
select bit (Note 2) 1: External clock (Note 4) 1: External clock (Note 4) ‘
STPS | stop bit length select bit | Invalid 0 One stop bit 00
1 : Two stop bits i
PRY | Odd/even parity select bit| Invalid Valid when bit 6 = 1"
0 : Odd parity (oXe]
1: Even parity :
PRYE | Parity enable bit Invalid 0 : Parity disabled 0.0
1 : Parity enabled '
SLEP | Sleep select bit Must always be “0” 0 : Sleep mode deselected 00
1: Sleep mode selected :
Note 1: UART1 cannot be used in clock synchronous serial 1/0.
Note 2: UART1 can use only internal clock. Must set this bit to “1”.
Note 3: Set the corresponding port direction register to “1” (output mode).
Note 4: Set the corresponding port direction register to “0” (input mode).
UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
| 1 | | | | | Symbol Address When reset
I el 0 . UiC0(i=0,1) 03A416, 03AC16 0816
I : . Function (Note) ) i
. H Bit . ! Function !
o , Bit name (During clock synchronous ’ R:W
E . . : symbol serial /O mode) (During UART mode) :
v ! b1 b0 b1 b0
A -1 CLKO [ BRG count source 00 : f1is selected 00 : f1is selected O;O
. select bit 01:fsis selected 01:fsis selected ;
N CLK1 10:f32is selected 10:f32is selected oo
[ 11:fcis selected 11:fcis selected |
o Set this bit to “0”. f
. 0.0
Pl TXEPT | Transmit register empty | °° Eaag‘iztgﬁf,irr‘i‘n'g t‘::ﬂ:mgsion) 0: I(Ddata present in tr_anS)mit register | |
! ! e mmm === fla . . . uring transmission !
- 9 1: No_dtala [:resem_ Intransmit | 4 . No data present in transmit O:X
[ register (transmission register (transmission completed) |
Vo completed) !
P Set this bit to “1. 3
P 00
H NCH Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output i
B 1: TXDi pin is N-channel 1: TXDi pin is N-channel 0.0
open-drain output open-drain output !
. . 0 : Transmit data is output at “on i
CKPOL | CLK polarity select bit falling edge of transfer clock Must always be *0 !
____________________ and receive data is input at :
rising edge I
1: Transmit data is output at o io
rising edge of transfer clock !
and receive data is input at !
falling edge !
R UFORM | Transfer format select bit | O : LSB first g 1
1 MSB firet Must always be “0 (e} :O
Note: UART1 cannot be used in clock synchronous serial I/O.

Figure 1.72. Serial I1/O-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216

S _ Function (Note 1) - *
- Bit : : Function !
- Bit name (During clock synchronous : R'W
. b . . . . symbol serial /0 mode) (During UART mode) :
TE Transmit enable bit 0 : Transmission disabled 0 : Transmission disabled OEO
A 1 : Transmission enabled | 1 : Transmission enabled !
T A Tl Transmit buffer 0 : Data present in 0 : Data present in
o o T empty flag transmit buffer register transmit buffer register OEX
A A 1: No data present in 1: No data present in !
R transmit buffer register transmit buffer register !
R N RE Receive enable bit 0 : Reception disabled 0 : Reception disabled oo
oo e (Note 2) 1 : Reception enabled 1 : Reception enabled
RI Receive complete flag 0 : No data present in 0 : No data present in
L LEEEE receive buffer register receive buffer register Qx|
R 1: Data present in 1: Data present in !
N receive buffer register receive buffer register |
A Nothing is assigned. e

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. | |

Note 1: UART1 cannot be used in clock synchronous serial I/0.

Note 2: If you are using clock asynchronous serial I/O mode, you can enable 'receive enable bit' when
RxD port input is “H". If RxD port input is “L” and you have enabled 'receive enable bit' , then
receive operation starts immediately.

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | UCON 03B016 XX0000002

A ) Function . i
[ Bit . - Function !
- T Bit (During clock synchronous ) R'W|
P44 i| symbol name serial /O mode) (During UART mode) |,
T4 1+ 4+ 1+ % 1 1] UOIRS | UARTO transmit 0 : Transmit buffer empty 0 : Transmit buffer empty o: o
[ A interrupt cause select bit @=1 (=1 l
o 1: Transmission completed 1 : Transmission completed '
o 0 (TXEPT =1) (TXEPT = 1) !
E E E E E E E U1IRS | UART1 transmit Set this bit to “0”. 0 : Transmit buffer empty !
[ interrupt cause select bit (M=1 0.0
e 1: Transmission completed !
- (TXEPT =1) '
UORRM | UARTO continuous 0 : Continuous receive Must always be “0” '
e et receive mode enable bit mode disabled OEO
[ 1 : Continuous receive '
A mode enable '
T Set this bit to “0". 00
CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Must always be “0” i
S SSREEEEE 0 : Clock output to CLK1 00
R 1: Clock output to CLKS1 !
T CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
o bit 1 (Note 2) (CLK output is CLKO only) |
[ 1: Transfer clock output 00
v from multiple pins '
- function selected !
R S Nothing is assigned. i

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. i

Note 1: UART1 cannot be used in clock synchronous serial 1/0.
Note 2: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTO internal/external clock select bit (bit 3 at address 03A016) = “0”".

Figure 1.73. Serial I/O-related registers (3)
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Clock synchronous serial I/O mode

(1) Clock synchronous serial I/O mode
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. (See Table
1.25.) Figure 1.65 shows the UARTO transmit/receive mode register.

Table 1.25. Specifications of clock synchronous serial I/O mode

Iltem

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

* When internal clock is selected (bit 3 at address 03A016 = “0”) : fi/ 2(n+1) (Note 1)
fi = f1, fs, f32, fc
« When external clock is selected (bit 3 at address 03A016 = “1") : Input from CLKO pin

Transmission start
condition

« To start transmission, the following requirements must be met:

- Transmit enable bit (bit O at address 03A516) = “1”

— Transmit buffer empty flag (bit 1 at addresses 03A516) = “0”

« Furthermore, if external clock is selected, the following requirements must also be met:
- CLKO polarity select bit (bit 6 at address 03A416) = “0”: CLKO input level = “H”

— CLKO polarity select bit (bit 6 at address 03A416) = “1": CLKO input level = “L"

Reception start
conditio

* To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at address 03A516) = “1”

— Transmit enable bit (bit O at address 03A516) = “1”

- Transmit buffer empty flag (bit 1 at address 03A516) = “0”

« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKO polarity select bit (bit 6 at address 03A416) = “0": CLKO input level = “H”

— CLKO polarity select bit (bit 6 at address 03A416) = “1”: CLKO input level = “L”

Interrupt request
generation timing

* When transmitting

— Transmit interrupt cause select bit (bit 0 at address 03B016) = “0”": Interrupts re-
guested when data transfer from UARTO transfer buffer register to UARTO transmit
register is completed

— Transmit interrupt cause select bit (bit 0 at address 03B016) = “1”": Interrupts re-
guested when data transmission from UARTO transfer register is completed

* When receiving

— Interrupts requested when data transfer from UARTO receive registerto UARTO
receive buffer register is completed

Error detection

* Overrun error (Note 2)
This error occurs when the next data is ready before contents of UARTOreceive
buffer register are read out

Select function

* CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the trans-
fer clock can be selected
* LSB first/MSB first selection
Whether transmission/reception begins with bit O or bit 7 can be selected
 Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
« Transfer clock output from multiple pins selection
UARTO transfer clock can be chosen by software to be output from one of the two
pins set

Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
Note 2: If an overrun error occurs, the UARTO receive buffer will have the next data written in. Note also that the
UARTO receive interrupt request bit does not change.
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UARTO transmit/receive mode registers

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| 0| | | | | 0| 0| 1| UOMR 03A016 0016

¢or o v [ Bitsymbol Bit name Function R:W
vt 1 v 1 "1 SMDO | Serial I/O mode select bit | b2 b1 bo - |©0o
R SMD1 00 1: Clock synchronous serial  [01O
. I/0 mode

b T SMD2 0.0
] CKDIR Internal/external clock 0 : Internal clock (Note 1) OEO
N select bit 1: External clock (Note 2) !
Do e STPS 00
P oo PRY Invalid in clock synchronous serial /0 mode 00
TR PRYE 00
 EEECEETTEPEEEEREEEE SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) 00

Note 1: Set the corresponding port direction register to “1” (output mode).
Note 2: Set the corresponding port direction register to “0” (input mode).

Figure 1.74. UARTO transmit/receive mode register in clock synchronous serial /O mode

Table 1.26 lists the functions of the input/output pins during clock synchronous serial I/O mode. Note that
for a period from when the UARTO operation mode is selected to when transfer starts, the TxDO pin
outputs a “H". (If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.26. Input/output pin functions in clock synchronous serial /O mode

Pin name Function Method of selection

TxDO Serial data output Port P50 direction register (bit O at address 03EB16)= “1"

(P50) (Outputs dummy data when performing reception only)

RxDO Serial data input Port P51 direction register (bit 1 at address 03EB16)= “0"

(P51) (Can be used as an input port when performing transmission only)

CLKO Transfer clock output Internal/external clock select bit (bit 3 at address 03A016) = “0”

((RE572 H e U U

. Internal/external clock select bit (bit 3 at address 03A016) = “1”

Transfer clock input Port P52 direction register (bit 2 at address 03EB16) = “0”

] z EN ESAS www.DataSheetdhcom

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock synchronous serial I/0O mode

» Example of transmit timing (when internal clock is selected)
Tc

SuLL

Transfer clock

aq
agr . Datais set in UARTO transmit buffer

register
“qr | ~_

Transferred from UARTO transmit buffer register to UARTO
TcLk

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

transmit register

Stopped pulsing because transfer enable bit = “0”

PEEEEEEEREEEREHE DOCEEREEE
S o] 1 o -
ity e B | 1 ]

— X /

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in ( ) are bit symbols.

The above timing applies to the following settings:
* Internal clock is selected.
* CLK polarity select bit = “0".
 Transmit interrupt cause select bit = “0".

Tc=Tcok=2(n+1)/fi
fi: frequency of BRGO count source (f1, f8, f32, fc)
n: value set to BRGO

» Example of receive timing (when external clock is selected)

Receive enable
bit (RE)

Transmit enable

bit (TE) Dummy data is set in UARTO transmit buffer register

P

Transferred from UARTO transmit buffer register to UARTO transmit register

Transmit buffer
empty flag (TI)

g

CLKO
Receive data is taken in

RxDO

Transferred from UARTO receive register Read out from UARTO receive buffer register

Receive complete 1 to UARTO receive buffer register

flag (RI) “0”
Receive interrupt 1 | |
request bit (IR) “0”

P

Cleared to “0” when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

Meet the following conditions are met when the CLK
input before data reception = “H”

» Transmit enable bit — “1”

* Receive enable bit — “1”

* Dummy data write to UARTO transmit buffer register

The above timing applies to the following settings:
* External clock is selected.
* CLK polarity select bit = “0".

fEXT: frequency of external clock

Figure 1.75. Typical transmit/receive timings in clock synchronous serial /O mode
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(a) Polarity select function

As shown in Figure 1.76, the CLK polarity select bit (bit 6 at addresses 03A416) allows selection of the
polarity of the transfer clock.

* When CLK polarity select bit = “0”

ST N o B O R A I

TXDO X Do X D1 X D; X D3 X pa X Ds X ps X D7 Note 1: Egiscférﬁ?]gmg"ies' V|‘f|he“ not
RXDO X po X b1 X D2 X D3 X _pa X_Ds X D X D7

* When CLK polarity select bit = “1”

CLKo l

Note 2: The CLKO pin level when not
D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L".

X
/
p1 X b2 X D3 X Da X Ds X Ds X D7

TXDO

X Do ¥ D1
RXxDo >< Do ><

Figure 1.76. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.77, when the transfer format select bit (bit 7 at addresses 03A416) = “0”, the
transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

* When transfer format select bit = “0”

CLKo
TXDO X po X b1 X D2 X D3 X pa X D5 X Ds X D7

mp | SB first
RXDO X po X b1 X D2 X D3 X D4 X Ds X Ds X D7
* When transfer format select bit = “1”
o L] L) L)L) L)L L L
TXDO ><D7><D6><D5><D4><D3><D2><D1><DO
= MSB first

RXDO X b7 X ps X Ds X Da X D3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0".

Figure 1.77. Transfer format
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. __________________________________________________________________________________________________________________________|

(c) Transfer clock output from multiple pins function
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 1.78.) The
multiple pins function is valid only when the internal clock is selected for UARTO.

Microcomputer

TxDo (P50)

CLKS (P53)

CLKo (P52) IN IN
CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 1.78. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 03B016) is set to “1”, the unit is
placed in continuous receive mode. In this mode, when the receive buffer register is read out, the unit
simultaneously goes to a receive enable state without having to set dummy data to the transmit buffer

register back again.
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(2) Clock asynchronous serial 1/0 (UART) mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. (See Table 1.27.) Figure 1.79 shows the UARTi transmit/receive mode register.

Table 1.27. Specifications of UART Mode

Iltem Specification

Transfer data format  Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

« Start bit: 1 bit

« Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock * When internal clock is selected (bit 3 at addresses 03A016, 03A816 = “0") :
fi/z6(n+1) (Note 1) fi = f1, fs, f32, fC

* When external clock is selected (bit 3 at addresses 03A016="1") :
fEXT/16(n+1) (Note 1) (Note 2)

Transmission start * To start transmission, the following requirements must be met:

condition - Transmit enable bit (bit O at addresses 03A516, 03AD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0”
Reception start condi- * To start reception, the following requirements must be met:
tion - Receive enable bit (bit 2 at addresses 03A516, 03AD16) = “1”
- Start bit detection
Interrupt request gen- « When transmitting
eration timing - Transmit interrupt cause select bits (bits 0,1 at address 03B016) = “0”:

Interrupts requested when data transfer from UARTI transfer buffer register
to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 at address 03B016) = “1":
Interrupts requested when data transmission from UARTI transfer register is
completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

Error detection * Overrun error (Note 3)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

* 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 « Sleep mode selection

This mode is used to transfer data to and from one of multiple slave micro-

computers

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UART bit rate generator.

Note 2: fEXT is input from the CLKO pin. Since UART1 does not have this pin, cannot select external clock.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit does not change.
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UARTI transmit / receive mode registers

: Sleep mode selected

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 03A016, 03A816 0016

P 14| Bitsymbol Bit name Function R:W

P11 i 1 11 "1 SMDO | Serial /O mode select bit |P2b1b0 _ 00

. SMD1 100 : Transfer data 7 bits long ;

- 10 1: Transfer data 8 bits long 0.0

R R R L LD SMD2 110: Transferdata 9 bitslong |00

o] CKDIR Internal / external clock 0 : Internal clock (Note 2) OEO

T select bit (Note 1) 1 : External clock (Note 3) |

. | STPS Stop bit length select bit 0 : One stop bit O:O

Voo T 1 : Two stop bits

o PRY QOdd / even parity Valid when bit 6 = “1” 1

SEERRECEEEEEE select bit 0 : Odd parity 00

HE 1: Even parity !

E : PRYE Parity enable bit 0 : Parity disabled o | o

CoTTTTTTTmT T 1 : Parity enabled :

E_ _______________________ SLEP Sleep select bit 0 : Sleep mode deselected o0
1 |

Note 1: UART1 can use only internal clock. Must set this bit to “1".
Note 2: Set the corresponding port direction register to “1” (output mode).
Note 3: Set the corresponding port direction register to “0” (input mode).

Figure 1.79. UARTI transmit/receive mode register in UART mode

Table 1.28 lists the functions of the input/output pins during UART mode. Note that for a period from
when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-

channel open-drain is selected, this pin is in floating state.)

Table 1.28. Input/output pin functions in UART mode

Pin name Function Method of selection

TxDi Serial data output Port P51 and P42 direction register (bit O at address 03EB1s, bit O at
(P50, P40) address 03EA16)= “1"

(Can be used as an input port when performing reception only)
RxDi Serial data input Port P51 and P42 direction register (bit 1 at address 03EB1s, bit 2 at
(P51, P42) address 03EA16)= “0"

(Can be used as an input port when performing transmission only)
CLKO Programmable 1/O port | Internal/external clock select bit (bit 3 at address 03A016) = “0”
(P52) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016) = “1”
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Clock asynchronous serial /0 (UART) mode

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

Transfer clock ||||| ||||||| |||||||I_I|_||_||_|UL||_||_||—|U|—| |—||—|U|—||—

—

Transmit enable 1’ J
bit(TE) “Qr

Transmit buffer

Data is set in UARTI transmit buffer register.
empty flag(Tl) X

: T
Transferred from UARTI transmit buffer register to UARTI transmit register

Séfat” F”Efity » St;(')tp Stopped pulsing because transmit enable bit = “0”
i i i

T\ EECEEEERD  EEEEEEEOEF

Transmit register “1" ———
empty flag
(TXEPT)

ransmi nterupt |
N\ Vi

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior 16 (n+ 1)/ fext
* Parity is enabled. fi : frequency of BRGi count source (f1, f8, 32, fc)
* One stop bit. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “1”. n : value set to BRGi

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock |||| ||||||| |||||||||||| ||||||| ||||||| |||||

Transmit enable 1" | |'
bit(TE) agr _l : Data is set in UARTI transmit buffer register
Transmit buffer o | q;‘
empty flag(Tl) o c
Transferred from UARTi_ transmit buffer register to UARTI transmit register
Start Stop  Stop
bit bit bit

T \EEEEEEEEEF \ BB

Transmit register 1" ———
empty flag .
(TXEPT) 0

oot bR || | ‘—
N v

Cleared to “0” when interrupt request is accepted, or cleared by software

o

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+1)/fext
« Parity is disabled. fi : frequency of BRGi count source (f1, f8, f32)
« Two stop bits. fEXT : frequency of BRGi count source (external clock)
« Transmit interrupt cause select bit = “0”". n : value set to BRGi

Figure 1.80. Typical transmit timings in UART mode
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BRGi count
source

» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

apr
Receive enable bit . J

Stop bit

|

Sampled “L”

Transfer clock

Reception triggered when transfer clock

“1" is generated by falling edge of start bit

Receive

Receive data taken in

] S [

Transferred from UARTI receive register to

complete flag “o”

Receive interrupt = «1»
request bit “g

UARTI receive buffer register \ﬁ

Parity is disabled.
*One stop bit.

Cleared to “0” when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :

Figure 1.81. Typical receive timing in UART mode

(a) Sleep mode

This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTIi. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016, 03A816) is set to “1” during reception. In this mode, the unit performs receive operation when
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0".
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A-D Converter
.}

A-D Converter
The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive
coupling amplifier. Pins P60 to P67, and P50 to P54 also function as the analog signal input pins. The
direction registers of these pins for A-D conversion must therefore be set to input. The Vref connect bit (bit
5 at address 03D716) can be used to isolate the resistance ladder of the A-D converter from the reference
voltage input pin (VREF) when the A-D converter is not used. Doing so stops any current flowing into the
resistance ladder from VREF, reducing the power dissipation. When using the A-D converter, start A-D
conversion only after setting bit 5 of 03D716 to connect VREF.
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision,
the low 8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit
precision, the low 8 bits are stored in the even addresses.
Table 1.29 shows the performance of the A-D converter. Figure 1.82 shows the block diagram of the A-D
converter, and Figures 1.83 and 1.84 show the A-D converter-related registers.

Table 1.29. Performance of A-D converter
Item Performance

Method of A-D conversion | Successive approximation (capacitive coupling amplifier)

Analog input voltage (Note 1)| OV to AVcc (Vcc)

Operating clock @ap (Note 2) | Vcc =5V fAD, divide-by-2 of faD, divide-by-4 of faD, fAD=f(XIN)
Vcc =3V divide-by-2 of faD, divide-by-4 of fab, faAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcc =5V« Without sample and hold function
+3LSB
» With sample and hold function (8-bit resolution)
+2LSB
» With sample and hold function (10-bit resolution)
+3LSB
Vcc =3V < Without sample and hold function (8-bit resolution)
+2LSB
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode O,
and repeat sweep mode 1
Analog input pins 8 pins (ANo to AN7) + 5 pins (AN50 to AN54)

A-D conversion start condition | » Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
Conversion speed per pin | « Without sample and hold function
8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @aD cycles
 With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @aD cycles

Note 1: Does not depend on use of sample and hold function.
Note 2: Without sample and hold function, set the @ap frequency to 250kHz min.
With the sample and hold function, set the @ap frequency to 1IMHz min.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CKsS1=1
O
fAD CKS0=1 [ . QAD
o—«—{ 1/2 }—l—{ 1/2 }—o cksi=o A-D conversion rate
CKS0=0 selection
VREF (O———
veyr=o Resistor ladder
> 5 |
AVss (O—o0
s AAAAAAAALA
LI LTIl
-
Successive conversion register
A-D control register 1 (address 03D716)
A-D control register 0 (address 03D616)
Addresses v '  / V
(03C116, 03CO16) A-D register 0(16) -
(03C316, 03C216) A-D register 1(16) -
(03C516, 03C416) A-D register 2(16) - Vref
(03C716, 03C616) A-D register 3(16) - Decoder
(03C915, 03C816) A-D register 4(16) - —
(03CB16, 03CA16) A-D register 5(16) -
(03CD16, 03CCi1s6) A-D register 6(16) - VIN Comparator
(03CF1s, 03CE16) A-D register 7(16) -
S Data bus high-order S
S Data bus low-order
Port P6 group
PBO/ANO O CH2,CH1,CHO=000 3
PELANL O CH2,CH1,CHO=001 5~ I
P62/AN2 () CH2,CHL,CHO=010 S~ ~ | ADGSELO0
P63/AN3 O CH2,CH1,CHO=011 5~~~ . —
CH2,CH1,CHO=100 3~~~ 2 1
P64/ANs O CH2,CH1,CHO=101 2
P65/ANs O CHLCHOSIOL 60—
P66/ANG O CH2.CHL,CHO=110 5™~ \
P67/AN7 O CH2.CHLCHO=111 5~
Port P5 group vy
P50/ANS0 (O CH2,CH1,CHO=000 5
P51/ANs: O CH2.CH1,CHO=001 (™, . ADGSELO0=1
P52/ANs2 O CH2,CH1,CH0=010 (7™, 50
P53/ANs3 O CH2,CH1,CHO=011 5 .
P54/ANss O CH2,CH1,CHO=100 5™~

Figure 1.82. Block diagram of A-D converter
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | O| | | | | | ADCONO 03D616 00000XXX2
v v Bitsymbol Bit name Function RIW
A TR ;
e CHO Analog input pin select bit | 000 : ANo is selected 0.0
T R A 001:ANz1is selected )
A 010:AN2is selected !
- CH1 011:ANzis selected 0.0
100 : AN4 is selected |
A 101:ANsis selected 3
T T - CH2 110:ANsis selected 0.0
o 111:AN7is selected (Note 2, 3) !
N N i b4 b3 !
R S A MDo | AP okeration mode 00 : One-shot mode oo
N select bit 0 0 1: Repeat mode !
T 10: Single sweep mode |
 GGCTEEEE MD1 11 : Repeat sweep mode 0 o)
[ Repeat sweep mode 1 (Note 2)
R S Set this bit to “0". 0'0
L ____________________ A-D conversion start flag | 0 : A-D conversion disabled
: ADST 1: A-D conversion started O;O
_______________________ CKS0 Frequency select bit 0 0: fAD/4 is selected OEO
1:faD/2 is selected !

o
>

b3 bl b0

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.
Note 3: ANso to ANs4 can be used in the same way as for ANo to ANa.

A-D control register 1 (Note 1)

Symbol

ADCON1

Address
03D716

When reset
0016

Bit symbol

Bit name

Function

PSR a——

SCANO

A-D sweep pin select bit

SCAN1

When single sweep and repeat sweep
mode 0 are selected

b1 b0

00 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)

10 : ANo to ANs (6 pins)

11 : ANo to AN7 (8 pins)

When repeat sweep mode 1 is selected
bl b0
00 : ANo (1 pin)
01 : ANo, AN1 (2 pins)
10 : ANo to AN2 (3 pins)
11:ANo to AN3 (4 pins)

(Note 2, 3)

MD2

A-D operation mode
select bit 1

0 : Any mode other than repeat sweep
mode 1
: Repeat sweep mode 1

BITS

8/10-bit mode select bit

: 8-bit mode
: 10-bit mode

CKS1

Frequency select bit 1

: faD/2 or fAD/4 is selected
: faD is selected

VCUT

Vref connect bit

: Vref not connected
: Vref connected

rol|lrolrolr

S =)

Set this bit to

“0".

ADGSELO

A-D input group select bit

: Port P6 group is selected
: Port P5 group is selected

= O

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.
Note 2: ANso to AN54 can be used in the same way as for ANo to AN4.

Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.

If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.83. A-D converter-related registers (1)
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A-D control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
ADCON2 03D416 XXXX00002
0[{0fo0
i+ 4 4 4 1 4 1| Bitsymbol Bit name Function R'W,
i : : : : : : L SMP A-D conyersion method 0 Without sample and hold OEO
T T select bit 1 : With sample and hold !
t--i--i----| Reserved bit Always set to “0” O (@]
Nothing is assigned.
CEECEEEEEEEEEEREEEEEREEE In an attempt to write to these bits, write “0”. The value, if read, turnsoutto | ——
be indeterminate.

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

A-D register i Symbol Address When reset
ADi(i=0 to 7) 03CO016 to 03CF16 Indeterminate
(b15) (b8)
b7 bo b7 bo

Two high-order bits of A-D conversion result !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Function RIW|
- { Eight low-order bits of A-D conversion result 0O'X
E « During 10-bit mode OEX

« During 8-bit mode XX
The value, if read, turns out to be indeterminate.

bmmmcccemccc—em e ————————
i —
| —
e

In an attempt to write to these bits, write “0”. The value, if -
read, turns out to be indeterminate.

Nothing is assigned.

Figure 1.84. A-D converter-related registers (2)
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A-D Converter

(1) One-shot mode

In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-

sion. (See Table 1.30.) Figure 1.85 shows the A-D control register in one-shot mode.

Table 1.30. One-shot mode specifications

» Writing “0” to A-D conversion start flag

ltem Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition « End of A-D conversion (A-D conversion start flag changes to “0”)

Interrupt request generation timing | End of A-D conversion

Input pin One of ANo to AN7, as selected (Note)

Reading of result of A-D converter | Read A-D register corresponding to selected pin

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | 0 | 0 | 0 | | | | ADCONO 03D616 00000XXX2
Poio it Bitsymbol Bit name Function RIW
Polon TR :
or o CHO Analog input pin select bit | 00 0 : ANo is selected 00
HE 00 1:ANzis selected '
R T A 010:AN2is selected '
T S R CH1 011:ANs3is selected 0.0
oo 100 : AN4is selected
HE 101:ANsis selected ;
T R CH2 110:ANsis selected 0.0
[ 111:AN7is selected (Note 2, 3) !
T ; b4 b3 !
ooy T MDO A-D operation mode 00 : One-shot mode (Note 2) O:O
! : ' Mo mcccceeeee 2] MD1 select bit 0 00
[ S Set this bit to *0”. 00
S ADST A-D conversion start flag | 0 : A-D conversion disabled 00
H 1: A-D conversion started |
o CKS0 Frequency select bit 0 0: fAD/4 is selected oio
1:fAD/2 is selected |

indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.
Note 3: ANso to ANs4 can be used in the same way as for ANo to AN4.

A-D control register 1 (Note)

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

b7 b6 bS b4 b3 b2 bl bo Symbol Address  When reset
| [o]a] | [o] | | ADcont 03D716 0016
poror o Bit symbol Bit name Function R'W
E , , , , , , - SCANO A-D sweep pin select bit Invalid in one-shot mode o o)
Db b -l SCANL oo
o A-D operation mode Set this bit to *0” in this mode. 00
. MD2 select bit 1 ;
[ 8/10-hit mode select bit 0 : 8-bit mode i
oo BITS 1 : 10-bit mode O;O
. _____________ Frequency select bit 1 0 : fAaD/2 or faD/4 is selected i
P CcKS1 1:fap is selected 0.0
: : : ________________ VeUT Vref connect bit 1: Vref connected O o
E R, Set this bit to “0”. O (@]
e A-D input group select bit |0 : Port P6 group is selected
ADGSELO put group 1: Port P5 group is selected 0,0

indeterminate.

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is

Figure 1.85. A-D conversion register in one-shot mode
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A-D Converter

(2) Repeat mode

In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
(See Table 1.31.) Figure 1.86 shows the A-D control register in repeat mode.

Table 1.31. Repeat mode specifications

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Item

Specification

Function

The pin selected by the analog input pin select bit is used for repeated A-D conversion

Start condition

Writing “1” to A-D conversion start flag

Stop condition

Writing “0” to A-D conversion start flag

Interrupt request generation timing

None generated

Input pin

One of ANo to AN7, as selected (Note)

Reading of result of A-D converter

Read A-D register corresponding to selected pin (at any time)

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

LI lolofs] | |

'
'
'
'
'
'
'
'
v

apsp—

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RIW
b2 b1 b0 X !
CHO Analog input pin select bit [ 00 0 : ANo is selected 00
001:ANzis selected .
010:AN2is selected !
CH1 011:AN3is selected 0.0
100:AN4is selected i
101:ANsis selected
CH2 110:ANeis selected 0.0
111:AN7is selected (Note 2, 3) i
: b4 b3 !
MDo A-D operation mode 01: Repeat mode (Note 2) 00
MD1 select bit 0 00
Set this bit to “0”. 00
ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1: A-D conversion started |
CKSO Frequency select bit 0 0 fap/4 !s selected O%O
1:fAD/2 is selected i

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.
Note 3: AN5o to ANs4 can be used in the same way as for ANo to AN4.

A-D control register 1 (Note)
b7 b6 b5 b4 b3 b2 bl b0

L 1of1] |

[of |

P ——

Symbol Address When reset
|  ADCON1 03D716 0016
Bit symbol Bit name Function R'W
SCANO A-D sweep pin select bit Invalid in repeat mode o @)
SCAN1 00
A-D operation mode Set this bit to “0” in this mode.
MD2 select bit 1 O: o
8/10-bit mode select bit 0 : 8-bit mode i
BITS 1 : 10-bit mode C;0
Frequency select bit 1 0 : faD/2 or faD/4 is selected |
CkS1 1:fap is selected 0o
veuT Vref connect bit 1: Vref connected O o)
Set this bit to “0". oo
N .+ |0 : Port P6 group is selected i
ADGSELO | A-D input group select bit 1 Port P5 group i selected oio

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Figure 1.86. A-D conversion register in repeat mode
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M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D Converter

(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D
conversion. (See Table 1.32.) Figure 1.87 shows the A-D control register in single sweep mode.
Table 1.32. Single sweep mode specifications

ltem Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion
Start condition Writing “1” to A-D converter start flag
Stop condition * End of A-D conversion (A-D conversion start flag changes to “0".)

» Writing “0” to A-D conversion start flag

Interrupt request generation timing | End of A-D conversion

Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)(Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

[T Jo[efo] [ [ ] ADCONo 03D616  00000XXX2
i | Bit symbol Bit name Function RIW
o . CHO Analog input pin select bit | Invalid in single sweep mode foYfe)
AR T O SO (e o0
e CH2 00
Pl : babs :
ooy T MDO A-D operation mode 10 : Single sweep mode o0
T P MD1 select bit 0 00
S S Set this bit to *0". 00
S ADST | A-D conversion startflag | 0 : A-D conversion disabled 00
H 1: A-D conversion started |
] CKSO Frequency select bit 0 0 : faD/4 is selected oio

1:fap/2 is selected

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
[ To[1] [ Jof [ ] Abcont 03D716 0016

Bit symbol Bit name Function R'W

A-D sweep pin select bit [ when single sweep and repeat sweep

- SCANO mode 0 are selected OEO
b1 b0

00 : ANo, AN1 (2 pins) :
0 1: ANo to AN3 (4 pins) |
----| SCAN1 10 : ANo to ANs (6 pins) 0.0

. . 11 : ANo to AN7 (8 pins) (Note 2, 3)

Jp— MD2 g;lté gtp;{altion mode Set this bit to “0" in this mode. O§ o
eeieees BITs | 8/10-bit mode select bit (13 %fgi{nnggge o§ o
[ cks1 | Frequency select bit 1 2 I:g/iZSt;ggg{gdis selected O o
L veuT | vref connectbit 1: Vref connected oo
................... Set this bit to “0”. oo
S ADGSELO | A-Dinput group select bit |9 PortP6 Soup Is selected oo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: AN5o to ANs4 can be used in the same way as for ANo to AN4.

Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.87. A-D conversion register in single sweep mode
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(4) Repeat sweep mode O

In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep
A-D conversion. (See Table 1.33.) Figure 1.88 shows the A-D control register in repeat sweep mode 0.

Table 1.33. Repeat sweep mode O specifications

ltem Specification
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing | None generated
Input pin ANo and ANz1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)(Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address  When reset
[ | [o]a]a] [ || ADcono 03D616  0000OXXX2
Bit symbol Bit name Function R w
S CHO Analog input pin select bit | Invalid in repeat sweep mode 0 foYle)
Dl ] om oo
: e CH2 0i0
N _ . b4 b3 ;
H I MDO A-D operation mode 11 : Repeat sweep mode 0 O\O
! [ R MD1 select bit 0 O}O
R Set this bit to “0”. 00
[ ADST A-D conversion start flag | 0 : A-D conversion disabled oo
' 1 : A-D conversion started 1
' _______________________ CKSO Frequency select bit 0 0 : faD/4 is selected OEO
1:fap/2 is selected |

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| [o]2] | [o] [ | Apcon: 03D716 0016
Bit symbol Bit name Function RiW

A-D sweep pin select bit | When single sweep and repeat sweep |

-1 SCANO mode O are selected 00
b1 b0

0 0: ANo, AN1 (2 pins) "

01 : ANo to AN3 (4 pins) !

----| SCAN1 10 : ANo to ANs (6 pins) o0

11: ANo to AN7 (8 pins) (Note 2, 3) !

bommmmmmmm -

A-D operation mode Set this bit to “0” in this mode. !
"""" MD2 select bit 1 G0

----------- BITS 8/10-hit mode select bit (1) ?(_)kfit:ir]n?gge O e}
: e CKS1 Frequency select bit 1 (1J ][:g/izs t;re {:ggés selected O o
________________ veuT Vref connect bit 1: Vref connected O o
: ' .................... Set this bit to “0”. OiO

----------------------- ADGSELO |A-D input group select bit |0 : Port P6 group is selected |
1: Port P5 group is selected Oio

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: AN5s0 to ANs4 can be used in the same way as for ANo to AN4.

Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 1.88. A-D conversion register in repeat sweep mode 0
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(5) Repeat sweep mode 1
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected using the
A-D sweep pin select bit. (See Table 1.34.) Figure 1.89 shows the A-D control register in repeat sweep mode 1.

Table 1.34. Repeat sweep mode 1 specifications
Item Specification

Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or
pins selected by the A-D sweep pin select bit
Example : ANo selected ANo — AN1 — ANo — AN2 — ANo — ANS3, etc

Start condition Writing “1” to A-D conversion start flag

Stop condition Writing “0” to A-D conversion start flag

Interrupt request generation timing | None generated

Input pin ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins) (Note)

Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)
Note : AN50 to AN54 can be used in the same way as for ANo to AN4.

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

| | | 0| 1| 1| | | | ADCONO 03D616 00000XXX2
¢+ o+ o+ | Bit symbol Bit name Function RIW
T CHO Analog input pin select bit | Invalid in repeat sweep mode 1 fo)le)
e 0o
R cH2 0o
I . e ;
oo T MDO A-D operation mode 11 : Repeat sweep mode 1 O‘O
T MD1 select bit 0 00
T Set this bit to “0”. 00
L ___________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 1: A-D conversion started H
_______________________ CKSO Frequency select bit 0 0: faD/4 is selected OiO

1:fap/2 is selected

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

A-D control register 1 (Note 1)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
[ To[2] T T2 [ ] Abcom 03D716 0016

' [ Bit symbol Bit name Function R'W

A-D sweep pin select bit [ When single sweep and repeat sweep
-1 SCANO mode 1 are selected elfe}
b1 b0 '

00 : ANo (1 pins) T
0 1: ANo, AN1 (2 pins) '

+---4 SCAN1 10 : ANo to AN2 (3 pins) o0
11 : ANo to AN3 (4 pins) (Note 2) !

A-D operation mode Set “1” in this mode. H
"""" MD2 select bit 1 00

__________ 8/10-bit mode select bit 0 : 8-bit mode H
: BITS 1 10-bit mode 00

L S Frequency select bit 1 0 : faD/2 or fap/4 is selected ;
' cKS1 1: fap is selected o0
R NECLETEE VCUT Vref connect bit 1 : Vref connected 00
I ARGGLLEELLEEEEED Set this bit to “0”. o3 [e)
R R LR E R L L L ADGSELO | A-D input group select bit 0 : Port P6 group is selected OEO

1: Port P5 group is selected

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: ANso to AN54 can be used in the same way as for ANo to ANa4.

Figure 1.89. A-D conversion register in repeat sweep mode 1
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» Sample and hold
Sample and hold is selected by setting bit 0 of the A-D control register 2 (address 03D416) to “1”. When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 @AD cycle is
achieved with 8-bit resolution and 33 @aD with 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and
hold is to be used.
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Programmable I/O Ports
There are 43 programmable 1/O ports: PO to P7. Each port can be set independently for input or output
using the direction register. A pull-up resistance for each block of 4 ports can be set. The port P1 allows the
drive capacity of its N-channel output transistor to be set as necessary.
Figures 1.90 to 1.92 show the programmable I/O ports.
Each pin functions as a programmable 1/0O port and as the I/O for the built-in peripheral devices.
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices, they function as outputs
regardless of the contents of the direction registers. See the descriptions of the respective functions for how
to set up the built-in peripheral devices.

(1) Direction registers
Figure 1.93 shows the direction registers.
These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each 1/O pin.

(2) Port registers
Figure 1.94 shows the port registers.
These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.

(3) Pull-up control registers

Figure 1.95 shows the pull-up control registers.

The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is
set for input.

(4) Port P1 drive capacity control register

Figure 1.95 shows a structure of the port P1 drive capacity control register.
This register is used to control the drive capacity of the port P1's N-channel output transistor. Each bit in
this register corresponds one for one to the port pins.
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Figure 1.90. Programmable I/O ports (1)
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Ploto P17
—‘ Direction register }—
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Pull-up selection
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Analog input
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Figure 1.91. Programmable I/O ports (2)
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Figure 1.92. Programmable I/O ports (3)
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b7 b6 b5 b4 b3 b2 bl bo

[TITTIIT1] woit<sen

Port Pi direction register (Note 1)

Symbol Address When reset
03E216, 03E316, 03E716, 03EA1S, 0016
03EB16, 03EE16, 03EF16 0016
Bit symbol Bit name Function R'W,
{PDi_0 Port Pio direction register 0.0
- —— - 0 : Input mode 1
PDi_1 Port Pi1 direction register (Functions as an input port) OEO
PDi 2 Port Piz direction register | 1 : Output mode 0.0
PDi_3 Port Pi3 direction register (Functions as an output port) |50
PDi_4 Port Pia direction register (i=0to 7 except2) 00
PDi_5 Port Pis direction register 00
PDi_6 Port Pis direction register 0.0
PDi_7 Port Pi7 direction register 00

Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to the

Note 2: Nothing is assigned in direction register of P3e, P37, P46, P47, P5s to p57,
P72 to P77. These bits can either be set nor reset. When read, its contents

port P4 direction register.

are indeterminate.

Figure 1.93. Direction register
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Port Pi register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
Pi(i=0to7) 03EO016, 03E116, 03E516, 03E81s, Indeterminate
| 03E916, 03EC16, 03ED16 Indeterminate
Bit symbol Bit name Function R'W
1 Pi Port Pio regi !
!_O ort fo regl.ster Data is input and output to and from © ;O
Pi_1 Port Pi1 register each pin by reading and writing to o0
Pi_2 Port Pi2 register and from each corresponding bit 00
- - - 0: “L" level data 1
Pi_3 Port Pi3 register 1:“H” level data O O
Pi_4 Port Pia register (oN@)
Pi 5 Port Pis register (i=0t07 except2) 00
Pi_6 Port Pie register o0
Pi_7 Port Pi7 register 0.0

Note: Nothing is assigned in direction register of P36, P37, P4s, P47, P55 to p57, P72 to
P77. This bit can either be set nor reset. When read, its content is indeterminate.

Figure 1.94. Port register
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Pull-up control register 0
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | Symbol Address When reset
B N I N N A N PURO 03FC1s6 0016
T symbol Bit name Function R'W
Do - PU0O POo to P03 pull-up The corresponding port is pulled 0.0
A PUO1 P04 to P07 pull-up high with a pull-up resistor 0.0
R _ 0 : Not pulled high !
Dol PU02 P1o to P13 pull-up 1 Pulled high O: O
R Rkl PUO3 P14 to P17 pull-up Oo:0
i — — 00
R CRIGRISEE — — 00
SRR LR EEE LR PUO6 P30 to P33 pull-up o0
EREEREEECTEETEETEREETEET PUO7 P34 to P3s pull-up 00
Pull-up control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset
B N N N N A B PUR1 03FD16 0016
A T symbol Bit name Function R'W
e Ry P40 to P43 pull-up The corresponding port is pulled 0.0
e PU11 P44 to P47 pull-up high with a pull-up resistor 00
E ' ' ' ' ] 0 : Not pulled high
P PU12 P50 to P53 pull-up 1: Pulled high O: o)
R bl PU13 P54 pull-up o0
S SLeLeEtt PU14 P60 to P63 pull-up 00
I LEAGREEEEEEE PU15 P64 to P67 pull-up 0.0
b Rmmmmmmmmmmmmmmmonnny PU16 P70 to P71 pull-up 0.0
R RREEEED — — 0.0
Port P1 drive capacity control register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
LTI Core 03FE1s 0015
A A A Y symbol Bit name Function RIW
¢+ 2 1 v+ 4+ =1DRRO Port Plo drive capacuty | Set P1 N-channel output 0.0
e DRR1 Port P11 drive capacuty trgr?sl_is(,)t?/\rl drive capacity 0.0
it DRR2 Port P12 drive capacuty 1 HIGH 0.0
P e DRR3 Port P13 drive capacuty 00
LA hEECEE DRR4 Port P14 drive capacuty 00
e ARELLEEEEEEE L DRR5 Port P15 drive capacuty 0.0
o Rmmmmmmmmmmmmonnnneey DRR6 Port P16 drive capacuty 0.0
RREEEECEECEEEEEEEEEEEEED DRR7 Port P17 drive capacuty 00

Figure 1.95.

Pull-up control register
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Example connection of unused pins

Table 1.36. Example connection of unused pins
Pin name Connection

Ports PO, P1, P3 to P7 After setting for input mode, connect every pin to Vss (pull-down); or
after setting for output mode, leave these pins open.

Xout (Note) Open
AVcc Connect to Vcc
AVss, VREF Connect to Vss

Note: With external clock input to XIN pin.
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Usage Precaution

Timer A (timer mode)

(1) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer AO register with the reload timing gets “FFFF16". Reading
the timer AO register after setting a value in the timer A0 register with a count halted but before the
counter starts counting gets a proper value.

Timer A (event counter mode)

(1) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer AO register with the reload timing gets “FFFF16” by under-
flow or “000016” by overflow. Reading the timer AO register after setting a value in the timer AO
register with a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer A (one-shot timer mode)
(1) Setting the count start flag to “0” while a count is in progress causes as follows:
» The counter stops counting and a content of reload register is reloaded.
» The TAOOUT pin outputs “L” level.
* The interrupt request generated and the timer AO interrupt request bit goes to “1”.
(2) The timer AO interrupt request bit goes to “1” if the timer's operation mode is set using any of the
following procedures:
* Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer AO interrupt (interrupt request bit), set timer AO interrupt request bit to “0”
after the above listed changes have been made.

Timer A (pulse width modulation mode)
(1) The timer AO interrupt request bit becomes “1” if setting operation mode of the timer in compliance
with any of the following procedures:
* Selecting PWM mode after reset.
» Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer AO interrupt (interrupt request bit), set timer AO interrupt request bit to “0”
after the above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop
counting. If the TAOOUT pin is outputting an “H” level in this instance, the output level goes to “L”,
and the timer AO interrupt request bit goes to “1”. If the TAOOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer AO interrupt request bit does not becomes “1".
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Timer B (timer mode, event counter mode)

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16". Reading the
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter
starts counting gets a proper value.

Timer B (pulse period/pulse width measurement mode)

(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt
request bit goes to “1”".

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

Timer X (timer mode)

(1) Reading the timer Xi register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Xi register with the reload timing gets “FFFF16". Reading the
timer AO register after setting a value in the timer Xi register with a count halted but before the counter
starts counting gets a proper value.

Timer X (event counter mode)

(1) Reading the timer Xi register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Xi register with the reload timing gets “FFFF16” by underflow
or “000016” by overflow. Reading the timer Xi register after setting a value in the timer Xi register with
a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer X (one-shot timer mode)
(1) Setting the count start flag to “0” while a count is in progress causes as follows:
 The counter stops counting and a content of reload register is reloaded.
» The TXiINOUT pin outputs “L” level.
« The interrupt request generated and the timer Xi interrupt request bit goes to “1”".
(2) The timer Xi interrupt request bit goes to “1” if the timer's operation mode is set using any of the
following procedures:
« Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Xi interrupt (interrupt request bit), set timer Xi interrupt request bit to “0” after
the above listed changes have been made.
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Timer X (pulse width modulation mode)
(1) The timer Xi interrupt request bit becomes “1” if setting operation mode of the timer in compliance with
any of the following procedures:
* Selecting PWM mode after reset.
» Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer Xi interrupt (interrupt request bit), set timer Xi interrupt request bit to “0” after
the above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop
counting. If the TXiINOUT pin is outputting an “H” level in this instance, the output level goes to “L”, and
the timer Xi interrupt request bit goes to “1”. If the TXiINOUT pin is outputting an “L” level in this
instance, the level does not change, and the timer Xi interrupt request bit does not becomes “1”.

Timer X (pulse period/pulse width measurement mode)

() If changing the measurement mode select bit is set after a count is started, the timer Xi interrupt
request bit goes to “1”.

(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to
the reload register. At this time, timer Xi interrupt request is not generated.

A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an
elapse of 1 us or longer.

(2) When changing A-D operation mode, select analog input pin again.

(3) Using one-shot mode or single sweep mode
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A-
D conversion interrupt request bit.)

(4) Using repeat mode, repeat sweep mode O or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

Stop Mode and Wait Mode

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock
oscillation is stabilized.

(2) When shifting to WAIT mode or STOP mode, the program stops after reading 8 bytes from the WAIT
instruction and the instruction that sets all clock stop bits to “1” in the instruction queue. Therefore,
insert a minimum of 8 NOPs after the WAIT instruction and the instruction that sets all clock stop bits
to “1”.

(3) When the MCU running in low-speed or low power dissipation mode, do not enter WAIT mode with
WAIT peripheral function clock stop bit set to “1”.
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Interrupts

(1) Reading address 0000016
* When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to
“0".
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.
(2) Setting the stack pointer
» The value of the stack pointer immediately after reset is initialized to 000016. Accepting an inter-
rupt before setting a value in the stack pointer may become a factor of runaway. Be sure to set a
value in the stack pointer before accepting an interrupt.
Concerning the first instruction immediately after reset, generating any interrupt is prohibited.
(3) External interrupt
« When changing a polarity of pins INTO and INTZ1, the interrupt request bit may become "1". Clear
the interrupt request bit after changing the polarity.
(4) Changing interrupt control register
See "Changing Interrupt Control Register".
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Electrical characteristics

Table 1.36. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vcce Supply voltage -0.3t06.5 (Note 1) \Y
AVce Analog supply voltage - 0.3t0 6.5 (Note 1) \4
Vi Input voltage RESET, CNVss, P0o to P07, Plo to P17, P3o to P3s, -0.3toVee +0.3 v

P40 to P45, P50 to P54, P60 to P67, (Note 2)

P70, P71, VREF, XIN
Vo Output voltage  PQOo to P07, P1o to P17, P30 to P35, P40 to P4s, 0310V 03

P50 to P54, P60 to P67, P70, P71, VREF, XIN -0.3to0 Vee +0. v
Pd Power dissipation Ta=25°C 1000 (Note 3) mw
Topr Operating ambient temperature - 20 to 85 (Note 4) °C
Tstg Storage temperature - 40 to 150 (Note 5) °C

Note 1: Flash memory version: —-0.3to 7 (V) .

Note 2: When writing to flash MCU, CNVss is —0.3 to 13 (V) .

Note 3: Flat package (56P6S-A) is 300 mW.

Note 4: Extended operating temperature version: -40 to 85 °C. When flash memory version is program/erase mode: 255 °C.
Note 5: Extended operating temperature version: -65 to 150 °C.
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics

Table 1.37. Recommended operating conditions (Note 1)

Standard _
Symbol Parameter Min Typ. Max. | Jnit
Vee  Supply voltage Mask ROM version 2.7 5.0 55,
Flash memory version 4.0 5.0 5.5
Avee Analog supply voltage Vee v
Vss Supply voltage 0 \Y
Avss  Analog supply voltage 0
ViH HIGH input voltage P00 to P07, P1o to P17, P30 to P35, P4o to P4s, 0.8Vee vee v
P50 to P54, P60 to P67, P70, P71, XIN, RESET, CNVss,
Vi LOW input voltage P00 to P07, P1o to P17, P30 to P3s, P4o to P4s,
P50 to P54, P60 to P67, P70, P71, XiN, RESET, CNVss 0 0.2vee |V
| oH (peak) | HIGH peak output P0Oo to P07, P1oto P17, P30 to P3s, P4o to P4s, -10.0 mA
current P50 to P54, P6o to P67, P70, P71
loL (peak) | LOW peak output P00 to P07, P30 to P3s, P4o to P4s, 10.0 mA
current P50 to P54, P60 to P67, P70, P71
LOW peak output Ploto P17 HIGHPOWER 30.0
oL peal) | current LOWPOWER 100 | MA
loH (avg) | HIGH average output P0Oo to P07, P1o to P17, P30 to P35, P4o to P4s,
current P50 to P54, P60 to P67, P70, P71 -50 | MA
loL (avg) |LOW average output ~ POo to P07, P30 to P35, P4o to P4s, 50 o
current P50 to P54, P60 to P67, P70, P71
loL avg) | LOW average output  P1gto P17 HIGHPOWER 15.0
current LOWPOWER 50 mA
£(XIN) Main clock input oscillation Mask ROM version Vec=4.0V to 5.5V 0 10 MHz
frequency 5% Vee
Vee=2.7V to 4.0V 0 -10.000 MHz
Flash memory version Vec=4.0V to 5.5V 0 10 MHz
f(Xci) | Subclock oscillation frequency 32.768 50 kHz

Note 1: Unless otherwise noted: Vcc = 2.7V to 5.5V, Vss = 0V, Ta = — 20 to 85°C (Extended operating temperature version:— 40 to
85°C). Flash version: Vcc = 4.0V to 5.5V, Vss = 0V, Ta = — 20 to 85°C (Extended operating temperature version:— 40 to 85°C.)

Note 2: The average output current is an average value measured over 100ms.

Note 3: Keep output current as follows:
The sum of port P3 and P4 IoL (peak) is under 40 mA. The sum of port P1 loL (peak) is under 60 mA. The sum of port P1, P3
and P4 IoH (peak) is under 40 mA. The sum of port PO, P5, P6 and P7 loL (peak) is under 80 mA. The sum of port PO, P5, P6
and P7 IoH (peak) is under 80 mA.

Note 4: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency

¥
=3 (Without wait)
)
& 10.0
5 5 x Vcc - 10.000MHz %
'
2 4
]
g
P \\\
2
T

0.0 h

2.7 4.0 55

Power supply voltage [V]
(Main clock : no division)
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Electrical characteristics (Vcc = 5V)

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.38. Electrical characteristics (Notel)

Vcc =5V

. - Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
VOH HIGH output  POo to P07,P1o to P17,P30 to P35, IoH= -5 mA 3.0 v
voltage P40 to P45,P50 to P54,P60 to P67,P70,P71 '
VoH HIGH output  P0o to P0O7,P10 to P17,P30 to P35,
loH =- 200 pA 4.7 \%
voltage P40 to P4s,P50 to P54,P60 to P67,P70,P71 H H
HIGH output HIGHPOWER loH=-1mA 3.0
VoH voltage Xout v
9 LOWPOWER | lon=-0.5mA 30
HIGH output HIGHPOWER No load 3.0
VoH voltage P XcouT Y,
9 LOWPOWER | No load 1.6
VoL LOW output  POo to P0O7,P30 to P3s5,P40 to P4s loL=5 mA 20 v
voltage P50 to P54,P60 to P67,P70,P71 :
VoL LOW output  POo to P07,P3o0 to P3s,P40 to P4s
loL =200 pA \%
voltage P50 to P54,P60 to P67,P70,P71 H 0.45
HIGHPOWER loL=15mA
VoL LOW OUPUL 1910 P17 o 20 |y
oftage LOWPOWER | loL=5mA 2.0
LOW output Ploto P17 HIGHPOWER loL =200 pA 0.3 v
VoL voltage LOWPOWER | loL = 200 pA 0.45
LOW output HIGHPOWER loH =1 mA 2.0
VoL voltage Xout \
LOWPOWER loH= 0.5 mA 20
VoL \I;(())lz/a\/gc;utput XouT HIGHPOWER No load 0 v
LOWPOWER No load 0
VT+-V1-  |Hysteresis TAOIN, TX0INOUT, TX1INOUT, TX2INOUT
TBOIN,TB1in TNTo,INTZ,CLKo,KTo to KI7 0.2 0.8 \%
RxDo, RxD1
VT+-VT- |Hysteresis RESET 0.2 18 \%
i+ HIGH input PQo to PO7,P10to P17,P30 to P3s,
current P40 to P45,P50 to P54,P6o to P67 Vi=5V 5.0 HA
P70,P71, RESET, CNVss
I LOW input P0o to PO7,P10 to P17,P30 to P3s, Vi=0V
current P40 to P45,P50 to P54,P60 to P67, 5.0 HA
P70,P71, RESET, CNVss
RPuLLUP | Pull-up P0o to PO7,P10 to P17,P30 to P3s, Vi=0V 30.0 | 500 |167.0 kQ
resistor P40 to P45,P50 to P54,P60 to P67,P70,P71
RXIN Feedback resistor ~ XIN 1.0 MQ
RxciN Feedback resistor ~ XCIN 6.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \%
fXn)=10MHz 19.0 | 38.0 | mA
Square wave, no division
f(XC|N)=32kHZ 90.0 p'A
) Square wave
V'O pin f(XCIN)=32kH
Power supply current has no CIN)= z )
Icc PRy load When a WAIT instruction 4.0 HA
is executed (Note 2)
Ta=25C when clock is
stopped 1.0
PP ¢ : HA
Ta=85 C when clock is 20.0
stopped

Note 1: Unless otherwise noted: Vcc = 5V, Vss = 0V at Ta = -20 to 85°C, f(XIN) = 10MHz

(Extended operating temprature version; -40 to 85°C)

Note 2: With one timer operated using fc32.
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V

Table 1.39. A-D conversion characteristics (Note)

Symbol Parameter Measuring condition Min.Sta_P;srd Max. Unit
- Resolution VRer =Vcc 10 Bits
- Absolute | Sample & hold function not available VREF =Vce = 5V +3 | LSB
accuracy | sample & hold function available(10bit) | Vrer =Vce= 5V 3 | LSB
Sample & hold function available(8bit) | VRer=Vce =5V 2 | LSB
Riapper | Ladder resistance VRer =Vce 10 40 | kohm
tcon Conversion time(10bit) 3.3 us
tconv Conversion time(8bit) 2.8 us
tsamp Sampling time 0.3 us
V/REF Reference voltage 2 Vce \
Via Analog input voltage 0 VREF \

Note : Unless otherwise noted: Vcc =AVcc = VREF =5V, Vss =AVss = 0V at Ta = -25°C, f(XIN) = 10MHz

114 ] z EN ESAS www.DataSheet4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V
Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

specified)
* Extended operating temprature version; -40 to 85°C

Table 1.40. External clock 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 15 ns
tf External clock fall time 15 ns
Table 1.41. Timer A input (counter input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(TA) TAOIN input cycle time 100 ns
tw(TAH) TAOIN input HIGH pulse width 40 ns
tw(TAL) TAOIN input LOW pulse width 40 ns
Table 1.42. Timer A input (gating input in timer mode)
Standard Uni
Symbol Parameter Min. | Max. nit
te(TA) TAOIN input cycle time 400 ns
tw(TAH) TAOIN input HIGH pulse width 200 ns
tw(TAL) TAOIN input LOW pulse width 200 ns

Table 1.43. Timer A input (external trigger input in one-shot timer mode)

Standard .
Symbol Parameter Min. | Max. | oMt
to(TA) TAOIN input cycle time 200 ns
tw(TAH) TAOIN input HIGH pulse width 100 ns
tw(TAL) TAOIN input LOW pulse width 100 ns
Table 1.44. Timer A input (external trigger input in pulse width modulation mode)
Standard .
Symbol Parameter Min. Max unit
tw(TAH) TAOIN input HIGH pulse width 100 ns
tw(TAL) TAOIN input LOW pulse width 100 ns
Table 1.45. Timer A input (up/down input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(uP) TAOouT input cycle time 2000 ns
tw(UPH) TAOQourt input HIGH pulse width 1000 ns
tw(UPL) TAQouT input LOW pulse width 1000 ns
tsu(UP-Tv) | TAOQoUT input setup time 400 ns
th(TIN-UP) TAOouT input hold time 400 ns
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V

Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

RenesasTechnology Corp.

specified)
* Extended operating temprature version; -40 to 85°C
Table 1.46. Timer B input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(TB) TBiN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
tc(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 1.47. Timer B input (pulse period measurement mode)
Standard Unit
Symbol Parameter 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 1.48. Timer B input (pulse width measurement mode)
Standard Unit
Symbol Parameter 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 1.49. Timer X input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiinouT input cycle time 100 ns
tw(TXH) TXiiNouT input HIGH pulse width 40 ns
tw(TXL) TXiinouT input LOW pulse width 40 ns
Table 1.50. Timer X input (gate input in timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiiNouT input cycle time 400 ns
tw(TXH) TXinouT input HIGH pulse width 200 ns
tw(TXL) TXiNouT input LOW pulse width 200 ns
Table 1.51. Timer X input (external trigger input in one-shot timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiiNnouT input cycle time 200 ns
tw(TXH) TXinouT input HIGH pulse width 100 ns
tw(TXL) TXiiNnouT input LOW pulse width 100 ns
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =5V

Timing requirements (referenced to Vcc = 5V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise
specified)
* Extended operating temprature version; -40 to 85°C

Table 1.52. Timer X input (pulse period measurement mode)

Standard .
Symbol Parameter Min. Max Unit
te(TX) TXiNouT input cycle time 400 ns
tw(TXH) TXiiNouT input HIGH pulse width 200 ns
tw(TXL) TXiiNouT input LOW pulse width 200 ns
Table 1.53. Timer X input (pulse width measurement mode)
Standard .
Symbol Parameter Min. | Max Unit
te(TX) TXiinouT input cycle time 400 ns
tw(TXH) TXinouT input HIGH pulse width 200 ns
tw(TXL) TXiiNouT input LOW pulse width 200 ns
Table 1.54. Serial I/O
Standard .
Symbol Parameter Min. | Max Unit
te(CK) CLKO input cycle time 200 ns
tw(CKH) CLKO input HIGH pulse width 100 ns
tw(CKL) CLKO 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 30 ns
th(c-D) RxDi input hold time 90 ns
Table 1.55. External interrupt INTi inputs
Standard .
Symbol Parameter Min. Max Unit
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 5V)

Vcc =35V
tc(TA)
tw(TAH)
TAOIN input \
tw(TAL)
[
tc(uP)
tw(UPH)
TAOOUT input \
tw(uPL)
[
TAOOUT input
(Up/down input) ><
During event counter mode
TAOIN input —_—
(When count on falling th(Tin—-UP) tsu(UP-TIN)
edge is selected) P
TAOIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input \
tw(TBL)
[
te(TX)
tw(TXH)
TXIINOUT input \
tw(TXL)
tc(CK)
tw(CKH)
CLKO
tw(CKL) th(c-0
TXDi X X
tdcQ) |, tsu(d-C) /thC-D)
RxDi *
tw(INL)
INTi input + /
tw(INH)
|
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Table 1.56. Electrical characteristics (Note 1)

Vcc =3V

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
\VOH HIGH output  POo to P07,P10 to P17,P30 to P3s, loH = - 1MA 25 v
voltage P40 to P4s,P50 to P54,P60 to P67,P70,P71
HIGHPOWER loH=-1mA 2.5
or o y
9 LOWPOWER | loH=-50 pA 25
HIGHPOWER No load 3.0
VoH \ljcl)?t;; gutput Xcout \
9 LOWPOWER | No load 16
VoL LOIW output  POo to P0O7,P3o0 to P3s,P40 to P4s loL=1mA 05 v
voltage P50 to P54,P60 to P67,P70,P71
VoL LOIEN output  p1oto P17 HIGHPOWER | loL=3 mA 0.5 v
voltage LOWPOWER | loL=1mA 05
LOW output HIGHPOWER loH=0.1 mA 0.5
VoL voltage Xout \Y2
LOWPOWER | |on =50 pA 05
LOW output HIGHPOWER No load 0
VoL voltage Xout \
LOWPOWER No load 0
VT+-VT-  |Hysteresis TAOIN, TXO0INOUT, TX1INOUT, TX2INOUT
TBOIN,TB1in TNTo,INTZ,CLKo,KTo to KI7- 0.2 0.8 \%
RxDo, RxD1
VT+-VT-  |Hysteresis RESET 0.2 1.8 \Y
IiH HIGH input POo to P07,P10 to P17,P30 to P35,
current P40 to P4s,P50 to P54,P60 to P67, Vi=3V 4.0 HA
P70,P71, RESET, CNVss
I8 LOW input P0o to P07,P10 to P17,P30 to P3s,
current P40 to P4s,P50 to P54,P60 to P67, Vi=0ov 40 | pA
P70,P71, RESET, CNVss
RPuULLUP Pull-up POo to P07,P10 to P17,P30 to P3s, Vi= 0V
resistor P4o to P4s,P50 to P54,P60 to P67,P70,P71 66.0 | 120.0 | 500.0 | kQ
RxiN Feedback resistor ~ XIN 3.0 MQ
RxIN Feedback resistor ~ XIN 10.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \
f(XIN)=3.5MHz 35 70 | mA
Square wave, no division
f(XCIN)=32kHz
Square wave 40.0 WA
f(XCIN)=32kHz
. When a WAIT instruction 28 HA
zo PN s executed
Icc Power supply current Iozlsdno Oscillation capacity HIGH (Note 2)
f(XCIN)=32kHz
When a WAIT instruction 0.9 UA
is executed
Oscillation capacity LOW (Note 2)
Ta=25C when 10
clock is stopped ’ UA
Ta=85C when clock
. 20.0
is stopped
Note 1: Unless otherwise noted: Vcc = 3V, Vss = 0V at Ta = -20 to 85°C, f(XIN) = 3.5MHz)
(Extended operating temprature version; -40 to 85°C)
Note 2: With one timer operated using fc32.
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Vcc =3V

Table 1.57. A-D conversion characteristics (Note)

Symbol Parameter Measuring condition Vin- Sta_Pf;rd Max. Unit
- Resolution VREF =Vce 10 Bits
- Absolute | sample & hold function not available VREF 2VCC = 3V, £2 | LSB

accuracy (8bit) @D = faD

Riappber | Ladder resistance VREF =VcC 10 40 | kohm

tcony Conversion time(8bit) 14.0 us

VREE Reference voltage 2.7 Vce \

Via Analog input voltage 0 VREF V

Note : Unless otherwise noted: Vcc =AVcc = VREF =3V, Vss =AVss = 0V at Ta = 25°C, f(XIN) = 3.5MHz.
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Mitsubishi microcomputers

M30201 Group
. .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics (Vcc = 3V)

Vcc =3V

Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise
specified)
* Extended operating temprature version; -40 to 85°C

Table 1.58. External clock input

Standard Unit
Symbol Parameter Min. Max.
te External clock input cycle time 286 ns
tw(H) External clock input HIGH pulse width 120 ns
tw(L) External clock input LOW pulse width 120 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
Table 1.59. Timer A input (counter input in event counter mode)
Standard .
Symbol Parameter Min Max Unit
te(TA) TAOIN input cycle time 300 ns
tw(TAH) TAOIN input HIGH pulse width 120 ns
tw(TAL) TAOIN input LOW pulse width 120 ns
Table 1.60. Timer A input (gating input in timer mode)
Standard Uni
Symbol Parameter Min. | Max. nit
te(TA) TAOIN input cycle time 1200 ns
tw(TAH) TAOIN input HIGH pulse width 600 ns
tw(TAL) TAOIN input LOW pulse width 600 ns
Table 1.61. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter Min Max Unit
te(TA) TAOIN input cycle time 600 ns
tw(TAH) TAOIN input HIGH pulse width 300 ns
tw(TAL) TAOQIN input LOW pulse width 300 ns
Table 1.62. Timer A input (external trigger input in pulse width modulation mode)
Standard Unit
Symbol Parameter Min. Max.
tw(TAH) TAOIN input HIGH pulse width 300 ns
tw(TAL) TAQIN input LOW pulse width 300 ns
Table 1.63. Timer A input (up/down input in event counter mode)
Standard .
Symbol Parameter Min. Max Unit
te(uP) TAOouT input cycle time 6000 ns
tw(UPH) TAOouT input HIGH pulse width 3000 ns
tw(UPL) TAQOouT input LOW pulse width 3000 ns
tsu(UP-TIN) TAOouT input setup time 1200 ns
th(TiN-UP) TAOouT input hold time 1200 ns
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Electrical characteristics (Vcc = 3V)

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =3V

Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

RenesasTechnology Corp.

specified)
* Extended operating temprature version; -40 to 85°C
Table 1.64. Timer B input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(TB) TBiIN input cycle time (counted on one edge) 300 ns
tw(TBH) TBIIN input HIGH pulse width (counted on one edge) 120 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 120 ns
tc(TB) TBiIIN input cycle time (counted on both edges) 600 ns
tw(TBH) TBiiN input HIGH pulse width (counted on both edges) 320 ns
tw(TBL) TBiin input LOW pulse width (counted on both edges) 320 ns
Table 1.65. Timer B input (pulse period measurement mode)
Standard Unit
Symbol Parameter Min. Max.
te(TB) TBIIN input cycle time 1200 ns
tw(TBH) TBiiN input HIGH pulse width 600 ns
tw(TBL) TBiIN input LOW pulse width 600 ns
Table 1.66. Timer B input (pulse width measurement mode)
Standard .
Symbol Parameter Min Max Unit
te(TB) TBiIN input cycle time 1200 ns
tw(TBH) TBiiN input HIGH pulse width 600 ns
tw(TBL) TBiIN input LOW pulse width 600 ns
Table 1.67. Timer X input (counter input in event counter mode)
Standard Unit
Symbol Parameter Min. Max.
te(Tx) TXiNouT input cycle time 300 ns
tw(TXH) TXiNout input HIGH pulse width 120 ns
tw(TXL) TXiinouT input LOW pulse width 120 ns
Table 1.68. Timer X input (gate input in timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiinouT input cycle time 1200 ns
tw(TXH) TXiNouT input HIGH pulse width 600 ns
tw(TXL) TXiinouT input LOW pulse width 600 ns
Table 1.69. Timer X input (external trigger input in one-shot timer mode)
Standard Unit
Symbol Parameter Min. Max.
te(TX) TXiINoUT input cycle time 600 ns
tw(TXH) TXinouT input HIGH pulse width 300 ns
tw(TXL) TXiinouT input LOW pulse width 300 ns
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Mitsubishi microcomputers

M30201 Group
. .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics (Vcc = 3V)

Vcc =3V
Timing requirements (referenced to Vcc = 3V, Vss = 0V at Ta = -20 to 85°C(") unless otherwise

specified)
* Extended operating temprature version; -40 to 85°C

Table 1.70. Timer X input (pulse period measurement mode)

Standard .
Symbol Parameter Min. | Max Unit
te(TX) TXiNouT input cycle time 1200 ns
tw(TXH) TXiiNnouT input HIGH pulse width 600 ns
tw(TXL) TXiinouT input LOW pulse width 600 ns
Table 1.71. Timer X input (pulse width measurement mode)
Standard .
Symbol Parameter Min. Max unit
te(TX) TXiinouT input cycle time 1200 ns
tw(TXH) TXinouT input HIGH pulse width 600 ns
tw(TXL) TXiinouT input LOW pulse width 600 ns
Table 1.72. Serial I/O
Standard .
Symbol Parameter Min. Max unit
te(CK) CLKO input cycle time 300 ns
tw(CKH) CLKO input HIGH pulse width 150 ns
tw(CKL) CLKO 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 50 ns
th(c-D) RxDi input hold time 90 ns
Table 1.73. External interrupt INTi inputs
Standard .
Symbol Parameter Min. Max unit
tw(INH) INTI input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical characteristics (Vcc = 3V)

Vcc =3V
tc(TA)
tw(TAH)
TAOIN input \
tw(TAL)
[
tc(uP)
tw(UPH)
TAOOUT input \
tw(uPL)
[
TAOOUT input
(Up/down input) ><
During event counter mode
TAOIN input —_—
(When count on falling th(Tin—-UP) tsu(UP-TIN)
edge is selected) P
TAOIN input
(When count on rising
edge is selected)
tc(TB)
tw(TBH)
TBIIN input \
tw(TBL)
[
te(TX)
tw(TXH)
TXIINOUT input \
tw(TXL)
tc(CK)
tw(CKH)
CLKO
tw(CKL) th(c-0
TXDi X X
tdcQ) |, tsu(d-C) /thC-D)
RxDi *
tw(INL)
INTi input + /
tw(INH)
|

124

RENESAS

RenesasTechnology Corp.

www.DataSheetdU.com



Mitsubishi microcomputers

M30201 Group
.. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description (Flash memory version)

Outline Performance
Table 1.74 shows the outline performance of the M30201 (flash memory version).

Table 1.74. Outline Performance of the M30201 (flash memory version)

Item Performance
Power supply voltage 4.0V t0 5.5 V (f(XIN)=10MHz)
Program/erase voltage VPP=12V * 5% (f(XIN)=10MHz, Ta=25+5°C)

VCC=5V + 10% (f(XIN)=10MHz, Ta=25+5°C)

Flash memory operation mode Three modes (parallel I/O, standard serial 1/0, CPU
rewrite)
Erase block User ROM area See Figure 1.96
division o
Boot ROM area One division (3.5 Kbytes) (Note)
Program method In units of byte
Erase method Collective erase
Program/erase control method Program/erase control by software command
Number of commands 6 commands
Program/erase count 100 times
ROM code protect Parallel /O mode is supported.

Note: The boot ROM area contains a standard serial I/O mode control program which is stored in it
when shipped from the factory. This area can be erased and programmed in only parallel /O
mode.
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Description (Flash memory version)

Flash Memory
The M30201 (flash memory version) contains the NOR type of flash memory that requires a high-voltage
VPP power supply for program/erase operations, in addition to the Vcc power supply for device operation.
For this flash memory, three flash memory modes are available in which to read, program, and erase:
parallel I/O and standard serial I/O modes in which the flash memory can be manipulated using a program-
mer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Processing Unit
(CPU). Each mode is detailed in the pages to follow.
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored
in it when shipped from the factory. However, the user can write a rewrite control program in this area that
suits the user’s application system. This boot ROM area can be rewritten in only parallel /O mode.

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Microcomputer mode

0000016

SFR
0040016

RAM
YYYYY16

DFO00016

DFDFF16

XXXXX16

User ROM
area

FFFFF16

Collective
erasable/
programmable
area

Collective
erasable/
programmable
area

Parallel /0O mode

CPU rewrite mode
Standard serial /O mode

SFR

SFR

RAM

Boot ROM
area
(3.5K bytes)

User ROM
area

RAM

Boot ROM
area
(3.5K bytes)

Collective
erasable/ User ROM
programmable area

area

Note 1: In CPU rewrite and standard serial I/O modes, the user ROM is the only erasable/programmable area.

Note 2: In parallel I/O mode, the area to be erased/programmed can be selected by the address A17 input.
The user ROM area is selected when this address input is high and the boot ROM area is selected
when this address input is low.

Type No.

XXXXX16

YYYYYi6

M30201F6

F400016

00BFF16

Figure 1.96. Block diagram of flash memory version
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CPU Rewrite Mode (Flash memory version)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU Rewrite Mode

In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control
of the Central Processing Unit (CPU). In CPU rewrite mode, the flash memory can be operated on by
reading or writing to the flash memory control register and flash command register. Figure 1.97, Figure 1.98
show the flash memory control register, and flash command register respectively.

Also, in CPU rewrite mode, the CNVss pin is used as the VpPp power supply pin. Apply the power supply

voltage, VPPH, from an external source to this pin.

In CPU rewrite mode, only the user ROM area shown in Figure 1.96 can be rewritten; the boot ROM area
cannot be rewritten. Make sure the program and block commands are issued for only the user ROM area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must

be transferred to internal RAM before it can be executed.

Flash memory control register 0
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
|0 | o| |><| | FCONO 03B416 001000002
¢ 11 1| Bitsymbol Bit name Function Ri w
v i1 1 | FCONOO | CPU rewrite mode 0: CPU rewrite mode is invalid O o
HE : select bit 1: CPU rewrite mode is valid !
: Reserved bit This bit can not write. The value, if f
Lo v read, turns out to be indeterminate. [T
v P FCONOQ2 | CPU rewrite mode 0: CPU rewrite mode is invalid ‘
. o Tt monitor flag 1: CPU rewrite mode is valid Ol —
o L Reserved bit Must always be set to "0". 00
[T R PPN Reserved bit Must always be set to "1". [e){e}
e Nothing is assigned. In an attempt to write this bit, write "0". The value,
H if read, turns out to be "0". -
R R RCnECEEEEEP PP Reserved bit Must always be set to "0". O o
Flash memory control register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
olo FCON1 03B516 XXXXXX002
P11 | Bitsymbol | Bit name Function Ri
- b +| Reserved bit Must always be set to "0". oo
Nothing is assigned. In an attempt to write these bits, write "0". The i
value, if read, turns out to be indeterminate. !
Figure 1.97. Flash memory control register
Flash command register
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
FCMD 03B616 0016
Function RIW
Writing of software command
<Software command name> <Command code> 1
*Read command "0016"
*Program command "4016" X0
*Program verify command "C016"
*Erase command "2016" +"2016"
*Erase verify command "A016"
*Reset command "FF16" +"FFe6"

Figure 1.98. Flash command register
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CPU Rewrite Mode (Flash memory version)

Microcomputer Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard
serial I/O mode becomes unusable.)
See Figure 1.96 for details about the boot ROM area.
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low
(Vss). In this case, the CPU starts operating using the control program in the user ROM area.
When the microcomputer is reset by pulling the P52 pin high (Vcc), the CNVss pin high(VpPPH), the CPU
starts operating using the control program in the boot ROM area. This mode is called the “boot” mode.
The control program in the boot ROM area can also be used to rewrite the user ROM area.

CPU rewrite mode operation procedure

The internal flash memory can be operated on to program, read, verify, or erase it while being placed on-
board by writing commands from the CPU to the flash memory control register (addresses 03B41s,
03B516) and flash command register (address 03B616). Note that when in CPU rewrite mode, the boot
ROM area cannot be accessed for program, read, verify, or erase operations. Before this can be accom-
plished, a CPU write control program must be written into the boot ROM area in parallel input/output
mode. The following shows a CPU rewrite mode operation procedure.
<Start procedure (Note 1)>
(1) Apply VpPPH to the CNVss/VPP pin and Vcc to the port P52 pin for reset release. Or the user can
jump from the user ROM area to the boot ROM area using the JMP instruction and execute the CPU
write control program. In this case, set the CPU write mode select bit of the flash memory control
register to “1” before applying VPPH to the CNVss/VPP pin.
(2) After transferring the CPU write control program from the boot ROM area to the internal RAM, jump
to this control program in RAM. (The operations described below are controlled by this program.)
(3) Set the CPU rewrite mode select bit to “1”.
(4) Read the CPU rewrite mode monitor flag to see that the CPU rewrite mode is enabled.
(5) Execute operation on the flash memory by writing software commands to the flash command regis-
ter.
Note 1: In addition to the above, various other operations need to be performed, such as for entering the
data to be written to flash memory from an external source (e.qg., serial 1/0), initializing the ports, and
writing to the watchdog timer.

<Clearing procedure>

() Apply Vss to the CNVss/VPP pin.
(2) Set the CPU rewrite mode select bit to “0”.
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CPU Rewrite Mode (Flash memory version)
. __________________________________________________________________________________________________________________________|

Precautions on CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite
mode.

(1) Operation speed
During erase/program mode, set BCLK to 5 MHz or less by changing the divide ratio.

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use
No interrupts can be used that look up the fixed vector table in the flash memory area. Maskable
interrupts may be used by setting the interrupt vector table in a location outside the flash memory
area.
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CPU Rewrite Mode (Flash memory version)

Software Commands

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.75 lists the software commands available with the M30201 (flash memory version).

When CPU rewrite mode is enabled, write software commands to the flash command register to specify
the operation to erase or program.
The content of each software command is explained below.

Table 1.75. List of Software Commands (CPU Rewrite Mode)

First bus cycle Second bus cycle
Command Data Data
Mode | Address (Do to D7) Mode | Address (Do to D7)
Read Write 03B616 0016
Program Write 03B616 4016 Write Program | Program
address data
Program verify Write 03B616 CO16 Read Verify Verify
address data
Erase Write 03B616 2016 Write 03B616 2016
Erase verify Write 03B616 AO16 Read Verify Verify
address data
Reset Write 03B616 FFi6 Write 03B616 FFi6

Read Command (0016)

The read mode is entered by writing the command code “0016” to the flash command register in the
first bus cycle. When an address to be read is input in one of the bus cycles that follow, the content of

the specified address is read out at the data bus (Do—D7), 8 bits at a time.

The read mode is retained intact until another command is written.

After reset and after the reset command is executed, the read mode is set.

Program Command (4016)
The program mode is entered by writing the command code “4016” to the flash command register in
the first bus cycle. When the user execute an instruction to write byte data to the desired address (e.g.,
STE instruction) in the second bus cycle, the flash memory control circuit executes the program op-
eration. The program operation requires approximately 20 ps. Wait for 20 us or more before the user
go to the next processing.
During program operation, the watchdog timer remains idle, with the value “7FFF16” set in it.

Note 1: The write operation is not completed immediately by writing a program command once. The
user must always execute a program-verify command after each program command executed. And if
verification fails, the user need to execute the program command repeatedly until the verification
passes. See Figure 1.99 for an example of a programming flowchart.

130

RENESAS

RenesasTechnology Corp.

www.DataSheetdU.com



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CPU Rewrite Mode (Flash memory version)

Program-verify command (CO016)

The program-verify mode is entered by writing the command code “C016” to the flash command
register in the first bus cycle. When the user execute an instruction (e.g., LDE instruction) to read byte
data from the address to be verified (the previously programmed address) in the second bus cycle,
the content that has actually been written to the address is read out from the memaory.

The CPU compares this read data with the data that it previously wrote to the address using the
program command. If the compared data do not match, the user need to execute the program and
program-verify operations one more time.

Erase command (2016 + 2016)

The flash memory control circuit executes an erase operation by writing command code “2016” to the
flash command register in the first bus cycle and the same command code to the flash command
register again in the second bus cycle. The erase operation requires approximately 20 ms. Wait for 20
ms or more before the user go to the next processing.

Before this erase command can be performed, all memory locations to be erased must have had data
“0016" written to by using the program and program-verify commands. During erase operation, the
watchdog timer remains idle, with the value “7FFF16 set in it.

Note 1: The erase operation is not completed immediately by writing an erase command once. The
user must always execute an erase-verify command after each erase command executed. And if
verification fails, the user need to execute the erase command repeatedly until the verification passes.
See Figure 1.99 for an example of an erase flowchart.

Erase-verify command (A016)
The erase-verify mode is entered by writing the command code “A016” to the flash command register
in the first bus cycle. When the user execute an instruction to read byte data from the address to be
verified (e.g., LDE instruction) in the second bus cycle, the content of the address is read out.
The CPU must sequentially erase-verify memory contents one address at a time, over the entire area
erased. If any address is encountered whose content is not “FF16” (not erased), the CPU must stop
erase-verify at that point and execute erase and erase-verify operations one more time.
Note 1: If any unerased memory location is encountered during erase-verify operation, be sure to
execute erase and erase-verify operations one more time. In this case, however, the user does not
need to write data “0016” to memory before erasing.
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CPU Rewrite Mode (Flash memory version)
|

Reset command (FF1i6 + FF16)
The reset command is used to stop the program command or the erase command in the middle of
operation. After writing command code “4016” or “2016” twice to the flash command register, write
command code “FF16” to the flash command register in the first bus cycle and the same command
code to the flash command register again in the second bus cycle. The program command or erase
command is disabled, with the flash memory placed in read mode.

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Next address ?

Program

Address = first location
Loop counter : X=0
Write program command ) Write : 4016

Write program data/
address

Duration = 20 pus
Loop counter : X=X+1

Write program verify
command

Duration = 6 ps

Write : Program data

Write : CO16

Last
address ?

(___write read command ) (Write read command ) write : 0016

Erase

All bytes =
"0016"?

NO

Program all bytes =
"0016"

Write erase verify

Write:2016

Write:2016

Write:A016

Next address

command/address

Read:
expect value=FF16

address?

( Write read command ) (Write read commancD Write:0016

Figure 1.99. Program and erase execution flowchart in the CPU rewrite mode
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Appendix Parallel I/O Mode (Flash memory version)

Description of Pin Function (Flash Memory Parallel /0O Mode)

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin name Signal name 110 Function
vee,Vss Power supply input Apply 5V £ 10 % to the Vcc pin and 0 V to the Vss pin.
CNVss CNVss I | Apply 12 V +5 % to the CNVss pin.
RESET Reset input I Connect this pin to Vss.
XIN Clock input I'| Connect a ceramic or crystal resonator between the XiN and XouT pins.
XouUT Clock output o \)/(V(?L?Tnoepnetﬁl.'ing an externally derived clock, enter it from XiN and leave
AvVcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.
VREF Reference voltage input I Connect this pin to Vss.
POo to P07 Data I/0O Do to D7 1/0 | These are data Do—D7 input/output pins.
Ploto P17 Address input A8 to A15 | These are address As—A15 input pins.
P30 to P33 Address input A4 to A7 | These are address A4—A7 input pins.
P34t0P3s | nputportP3 | | | Enterlowsignalstothese pins.
P4o WE input | | Thisis a WE input pin.
pa | oFimput | 1 | ThisisaOEiputpin.
P4 | CEimpwt | | | ThisisaCEinputpin.
P42, Pas, P45 | InputportP4 | | | Enterhighsignals orlowsignals to these pins.
P50 Address input A17 I This is address A17 input pin.
Ps VRevinput | || Apply ViK (5 V) to this pin when VPP = VPPH (12 V), or VIL (0 V) when Vep
=VpPPL (5V).
P52 InputpotP5 | | | Enterlowsignaltothispin.
P53, P5s | InputportP5 | | | Enterhighsignals or low signals to these pins.
P60 to P63 Address input Ao to A3 | These are address Ao—A3 input pins.
P64toP67 | InputportP6 | | | Enterhighsignals or low signals to these pins.
P70to P71 Input port P7 I | Enter high signals or low signals to these pins.
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Appendix Parallel I/O Mode (Flash memory version)

Parallel I/O Mode
The parallel I/O mode is entered by making connections shown in Figures 1.101 and 1.102 and then turning
the VPPH power supply on. In this mode, the M30201 (flash memory version) operates in a manner similar
to the NOR flash memory M5M28F101 from Mitsubishi. Note, however, that there are some differences
with regard to the functions not available with the microcomputer (function of read device identification
code) and matters related to memory capacity.
Table 1.76 shows pin relationship between the M30201 and M5M28F101 in parallel I/O mode.

Table 1.76. Pin relationship in parallel I/O mode

M30201(flash memory version) M5M28F101

Vvce \Yelo vce

Vss Vss Vss

Address input P60 to P63, P30 to P33, Ao to A1s, A17

P10 to P17, P50

Data I/O POo to PO7 Do to D7

OE input P41 OE

CE input P43 CE

WE input P40 WE

VRFY input (Note) P51 —_

Note: The VRFY input only selects read-only or read/write mode, and does not have any pin
associated with it on the M5M28F101.

Microcomputer mode Parallel I/O mode CPU rewrite mode
Standard serial /O mode
ooo006 [ [~~~ ~"°~"~"~"™"°"""'r_____[~°T°"T°T°~°™°=°°
SFR SFR SFR
oo40016 [ | T [Tttt TT
RAM RAM RAM
YYyyvs| |
DF00016 _________ ________________
CO"ECb‘:"T Boot ROM Boot ROM
g::izz:ar:mable area area
3.5K bytes 3.5K bytes
" (35K bytes) (35K bytes)
DFDFF16 pa s o s o o | ____
D e o< N I ' N
Collective Collective
User ROM erasable/ User ROM erasable/ User ROM
area programmable area programmable area
area area
FFFFF16 | | _________} A R IR
Note 1: In CPU rewrite and standard serial /O modes, the user ROM is the only erasable/programmable area.
Note 2: In parallel I/O mode, the area to be erased/programmed can be selected by the address A17 input.
The user ROM area is selected when this address input is high and the boot ROM area is selected
when this address input is low.
Type No. XXXXX16 YYYYY16
M30201F6 F400016 00BFF16

Figure 1.100. Block diagram of flash memory version
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Appendix Parallel I/O Mode (Flash memory version)

VSs

AVss =[] S g

P6O/ANO b [ 3] g

VREF =3 50 >

AVcc —p _A__9|0

P54/CKouT/AN54 < (28] >

P53/CLKS/ANSss <[5 E¥i i

— P52/CLK0/ANs2 4[] [2 >

VREY P51/RxDo/AN51 €9 sl -
Al7 P50/TxDo/ANs0 €[] % -«

VPH CNVss —» S mhig
P7UTBLIN/XCIN <[] =) i had

P70/TBON/XcouT 4 [13] 5 [22] >

q RESET —»[3] » [2d ™

(@— XouT <= [17] (-g [391+>

Connect oscillator circuit. q Vss —»[15] EEhig
O— Xin =[5l EY il

e e 1 e

P45/TX2INOUT € IE @4—»

P44/INT1/TX1iNouT <[5 EY i

( :E >—' P43/INTo/TX0INoUT 0@ i
P42/RxD1 le @0

@— P41/TAOoUT 4> i

CweD P40/TAOIN/TXD1 <> i
¢—————P3s e i

O— P> e+

P3s <> g Fiilg

P61/AN1

P62/AN2
P63/AN3
P64/AN4
P65/ANs
P66/AN6
P67/AN7
PO0o/Klo

PO1/Kl1

A

d

P02/Kl2

9]

PO0s/Kls
P04/Kla

POs/Kls

9]

b ot

PO6/Kls

PO7/Kl7

P1o(LED)—_A8 D

9]

P11(LEDz)

P12(LED?)

P13(LED3)

>

IEEEE

P14(LED4)

All

P1s(LEDs)
P1le(LEDs)
P17(LED7)

>
[

P3o

@é@

P31
P32

!

9

>

Figure 1.101. Pin connection diagram in parallel I/O mode (1)
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Appendix Parallel I/O Mode (Flash memory version)

oo 3
3382
<<=
S0 2
5% 0 s 282323
809 guZgIdLLL L
8 oz28z888888
FEEEEEFEREMEERE
VRFY P51/RxDo/ANs1 4 [1] [2] & P67AN?
.-@ P50/TxDo/ANso < [2] O O
VepH CNvss = [3] [ad <« POo/KIo —.
P7UTBLNIXCN 4> [Z] [2d  poukis -
P70/TBOIN/XCOUT 49 % 5 > pPO2iKiz —.
@———————— RESET — > pPO3/Kiz -
ne. [ [2d *> Pou/kis —.@
Connect oscillator O Xour«— L8] M30201F6FP > pOs/Kis -
circuit. ———————— Vss > % M30201F6TFP % 4> posiKis _.
® XN —p [1 ¥ porikin -
Vee — [11] [32 > p1o(LED) —.
PasiTx2mour > [12] O [a] « P11(LED1)
P44/INT1/TX1inout > [2d « PlZ(LEDZ)
@— Pa3/INTo/TX0ouT b [14] [23 # p13(LEDo)
S e S S S
N W g O N d Qs
ggggﬁ&i&ii@ééé
S % 2224
T £S5 a3 33
&g < oaoaan
ik
<
: ]

>
G
)

G2
@75

Vss

Figure 1.102. Pin connection diagram in parallel I/O mode (2)
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User ROM and Boot ROM Areas
In parallel I/O mode, the user ROM and boot ROM areas shown in Figure 1.100 can be rewritten.
In the boot ROM area, an erase block operation is applied to only one 3.5 K byte block. The boot ROM
area has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi
factory. Therefore, using the device in standard serial input/output mode, the user does not need to write
to the boot ROM area.

Functional Outline (Parallel /0 Mode)
In parallel I/O mode, bus operation modes—Read, Output Disable, Standby, and Write—are selected by
the status of the CE, OE, WE, VRFY, and CNVSss input pins.
The contents of erase, program, and other operations are selected by writing a software command. The
data in memory can only be read out by a read after software command input.
Program and erase operations are controlled using software commands.

Table 1.77. Relationship between control signals and bus operation modes

Mode Pin name CE OE WE VRFY VpPp Do to D7

Read ViL ViL VIH ViL Vvepy | Data output
5,?.3“ Output disabled | Vi ViH ViH ViL VPPH | Hi-Z

Stand by VIH X X ViL VPPH Hi-Z

Read ViL ViL VIH VIH VepH | Data output
sviﬁg/ Output disabled ViL VIH VIH VIH VepH | Hi-Z

Stand by VIH X X VIH VepH | Hi-Z

Write VIL VIH VIL VIH \/PPH Data input

Note: X can be VIL or VIH.
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. __________________________________________________________________________________________________________________________|

The following explains about bus operation modes, software commands, and status register.

Bus Operation Modes
Read-only mode is entered by applying VPPH to the CNVss pin and a low voltage to the VRFY pin.
Read-only mode has three states: Read, Output Disable, and Standby which are selected by
setting the CE, OE, and WE pins high or low.
Read-write mode is entered by applying VPPH to the CNVsSs pin and a high voltage to the VRFY pin.
Read-write mode has four states: Read, Output Disable, Standby, and Write which are selected by
setting the CE, OE, and WE pins high or low.

Read
The Read mode is entered by pulling the WE pin high when the CE and OE pins are low. In Read
mode, the data corresponding to each software command entered is output from the data I/O pins
Do-D7.

Output Disable
The Output Disable mode is entered by pulling the CE pin low and the WE and OE pins high. Also,
the data 1/O pins are placed in the high-impedance state.

Standby
The Standby mode is entered by driving the CE pin high. Also, the data 1/O pins are placed in the
high-impedance state.

Write
The Write mode is entered by applying VPPH to the CNVss pin and a high voltage to the VRFY pin
and then pulling the WE pin low when the CE pin is low and OE pin is high. In this mode, the device
accepts the software commands or write data entered from the data I/O pins. A program, erase, or
some other operation is initiated depending on the content of the software command entered here.
The input data such as address is latched at the falling edge of WE pin. The input data such as
software command is latched at the rising edge of WE pin.
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Software Commands
Table 1.78 lists the software commands available with the M30201 (flash memory version). By entering a
software command from the data 1/O pins (Do-D7) in Write mode, specify the content of the operation,
such as erase or program operation, to be performed.
The following explains the content of each software command.

Table 1.78. Software command list (parallel I/O mode)

First bus cycle Second bus cycle

Command Data Data

Mode | Address (Do to D7) Mode | Address (Do to D7)
Read Write X 0016

Program Write X 4016 Write Program | Program

address data

Program verify Write X CO16 Read X Verify

data

Erase Write X 2016 Write X 2016
Erase verify Write Verify AQ16 Read X Verify

address data
Reset Write X FFie6 Write X FFie6

Read Command (0016)
The read mode is entered by writing the command code “0016” in the first bus cycle. When an address
to be read is input in one of the bus cycles that follow, the content of the specified address is read out
at the data I/0 pins (Do-D7).
The read mode is retained intact until another command is written.
After reset and after the reset command is executed, the read mode is set.

Program Command (4016)
The program mode is entered by writing the command code “4016” in the first bus cycle. When an
address and data to be program is write in the second bus cycle, the flash memory control circuit
executes the program operation. The program operation requires approximately 20 ps. Wait for 20 ps
or more before the user go to the next processing.

Note 1: The write operation is not completed immediately by writing a program command once. The
user must always execute a program-verify command after each program command executed. And if
verification fails, the user need to execute the program command repeatedly until the verification
passes. See Figure 1.103 for an example of a programming flowchart.
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Program-verify command (CO016)
The program-verify mode is entered by writing the command code “C016” in the first bus cycle and the
verify data is output from the data I/O pins (Do—D7) in the second bus cycle.

Erase command (2016 + 2016)
The flash memory control circuit executes an erase operation by writing command code “2016” in the
first bus cycle and the same command code again in the second bus cycle. The erase operation
requires approximately 20 ms. Wait for 20 ms or more before the user go to the next processing.
Before this erase command can be performed, all memory locations to be erased must have had data
“0016" written to by using the program and program-verify commands.

Note 1: The erase operation is not completed immediately by writing an erase command once. The
user must always execute an erase-verify command after each erase command executed. And if
verification fails, the user need to execute the erase command repeatedly until the verification passes.
See Figure 1.103 for an example of an erase flowchart.

Erase-verify command (A016)
The erase-verify mode is entered by writing the command code “A016” in the first bus cycle and the
verify data is output from the data I/O pins (Do—D7) in the second bus cycle.

Note 1: If any unerased memory location is encountered during erase-verify operation, be sure to
execute erase and erase-verify operations one more time. In this case, however, the user does not
need to write data “0016” to memory before erasing.
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Reset command (FFi6 + FF16)

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The reset command is used to stop the program command or the erase command in the middle of
operation. After writing command code “4016” or “2016” twice, write command code “FF16” in the first
bus cycle and the same command code again in the second bus cycle. The program command or
erase command is disabled, with the flash memory placed in read mode.

Program

Address = first location

Loop counter : X=0

Write program data/
address

Duration = 20 ps

Loop counter : X=X+1

Write program verify
command

Duration = 6 ps

Last
address ?

Next address ?

Write program command ) Write : 4016

Write : Program data

Write : CO16

Erase

A 4

Next address

Program all bytes =
"0016"

Address = First address

NO

NO

Loop counter X=0

Write:2016

Write:2016

Write erase verify

Write:AO16
command/address -

Duration = 6ps

Read:
expect value=FF16

PASS

Last
address?

(__write read command ) (Write read command ) write : 0016

( Write read command ) (Write read commancD Write:0016

[ Pass | [raL ]

Figure 1.103. Program and erase execution flowchart in the CPU rewrite mode
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Protect function
In parallel I/O mode, the internal flash memory has the “protect function” available. This function protects
the flash memory contents from being read or rewritten easily.
Depending on the content at the protect control address (FFFFF16) in parallel I/O mode, this function
inhibits the flash memory contents against read or modification. The protect control address (FFFFF16) is
shown in Figure 1.104. (This address exists in the user ROM area.)
The protect function is enabled by setting one of the two protect set bits to “0”, so that the internal flash
memory contents are inhibited against read or modification. The protect function is disabled by setting
both of the two protect reset bits to “00”, so that the internal flash memory contents can be read or
modified. Once the protect function is set, the user cannot change settings of the protect clear bits while
in parallel I/O mode. Settings of the protect reset bits can only be changed in CPU rewrite mode.

Protect control address

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When shipping

| | | | | | | 1| 1| 1|1| ROMCP FFFFF16 FF16
1 1 1 1 1 1| Bitsymbol Bit name Function
v+ foa..] Reserved bit Always set to "1".
P _
[EEREEEEEEEEEEEEEE ROMCR | Protect reset bit 00: Protect removed

01: Protect set bit effective
10: Protect set bit effective
11: Protect set bit effective

b7 b6

------------------------ ROMCP | protect set bit 00: Protect enabled
01: Protect enabled
10: Protect enabled
11: Protect disabled

Note 1: When protect is turned on, the flash memory version is protected against readout or modification
in parallel /0 mode.

Note 2: The protect reset bits can be used to turn off protect . However, since these bits cannot be
changed in parallel I/O mode, they need to be rewritten in CPU rewrite mode.

Figure 1.104. Protect control address
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Pin functions (Flash memory standard serial I/O mode)

Pin Name 1/O Description

Vce,Vss Power input Apply 5V + 10 % to Vcc pin and 0 V to Vss pin.

CNVss CNVss I Mode entry pin. Apply 12V = 5 % to this pin.

RESET Reset input I Reset input pin. While reset is "L" level, a 20 cycle or longer clock
must be input to XIN pin.

XIN Clock input I Connect a ceramic resonator or crystal oscillator between XIN and
XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output o | and open XouT pin.

AVcce, 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.

P0o to P07 Input port PO | Input "H" or "L" level signal or open.

Ploto P17 Input port P1 I Input "H" or "L" level signal or open.

P30 to P35 Input port P3 I Input "H" or "L" level signal or open.

P40 to P45 Input port P4 | Input "H" or "L" level signal or open.

P54 Input port P5 | Input "H" or "L" level signal or open.

P50 TxD output O | Serial data output pin.

P51 RxD input I Serial data input pin.

P52 SCLK input | Mode entry pin. Supply "H" level when powering on MCU.
When startup is completed this pin serves the serial input clock.

P53 BUSY This pin sets the type of serial flash programming mode.
«An "H" level input (mode 1) sets the mode to clock synchronous.

I'=>0| «an "L" level input (mode 2) sets the mode to clock asynchronous.

This pin changes to "output" after entry into standard serial /O mode.

P60 to P67 Input port P6 I Input "H" or "L" level signal or open.

P70to P71 Input port P7 I Input "H" or "L" level signal or open.
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Mode setup method

Signal Value
CNVss VpPH

RESET Vss =¥ Vcc
SCLK vce (Note)

Note: Apply Vcc when powering
on MCU.

Quss O Avss = [1] ~ 52>

P60/ANo «»[2] B

vrer = [3] g

@ AVce = [4] (29| &>
P54/CKouT/ANss <[5 [agl &>

Gusy P53/CLKS/ANs: > [g] (47>

Gl P52/CLK0/ANs2 @ [Z] e
@xD D P51/RxD0/ANs1 4> [3] [25] <>

P50/ TxDo/ANso €% [ | [24] <>
) CNvss —»[1q] E [43] &>
P7UTBLn/Xcin > [11] o [42] <>

P70/TBON/XcouT @ [19) B [41] &

RESET —»[13 B [a0] &>
o Xout <4—[14 (o)) [39]«>

Connect oscillator circuit. ( @ vss = [15] % [38]«»>
o Xin = [14 [37]&>

@ vee = [17] [36] >
_P4s/TX2inouT >[4 [35] >

P44/INT1/TX1iNouT <« [19 EY

P43/INTo/TXONoUT € [ [33] &>

P42/RxD1 o] [30] >

P41/TAOouUT @[3 [21] &>

P40/TAOIN/TxD1 4> 53] [301 >

P35 4> ] e

P34 4> g [og &>

P33 4[24 [27] >

P61/AN1
P62/AN2
P63/AN3
P64/AN4
P65/ANs
P66/AN6
P67/AN7
PO0/Klo
POU/KIL
P02/KI2
PO0s/Kls
PO04/Kla
POs/Kls
PO6/Kls
PO7/KI7
Plo(LEDo)
P11(LED1)
P12(LED2)
P13(LED3)
P14(LED4)
P15(LEDs)
P1e(LEDs)
P17(LED7)
P30

P31

P32

Figure 1.105. Pin connections for standard serial I/O mode (1)
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Connect oscillator

Mode setup method

Signal Value
CNVss VppPH
RESET Vss =¥ Vcc
SCLK Vcc (Note)

Note: Apply Vcc when powering
on MCU.

(SeL
BUSY

Cveo
CQussD

N
n 2 b
g%
S 0 2
X ¥ O o 4 N9 ¥ v ©
g3 X 3 Zzzz2 z
S8 628335553
PR ZZ2E8Z890RLE8 €
P51/RxDo/ANs1 ¥ [1] [2] > P67/AN7
.‘a) P50/TxDo/ANs0 49 2] O O [41] N.C.
CNVss = [3] 20 > POo/KIo
P71/TBLIN/XCIN € [Z] [3d ¢ poy/KkiL
P70/TBOIN/XCOUT 4 E E <» PO2/Kl2
RESET — 6] 37 ©> POaKi3
Ne. 2] M30201F6FP [3d > Poukis
Xout «— [8] 35 € POs/Kis
O oD MB30201F6TFP < Pouic
XN —p-[10] 33 porikir
D) Vee — [11] 32 > P1o(LEDD)
_ P4s/Tx2inout > [12] O [31] 4> P11(LEDY)
PA4/INTUTX1inout <> [13] [3d > P12(LED?)
P43/INTo/TXOouT <« [14] [29 €> p13(LED3)

P35 >
P31 4>
P33 ¢
p3, &
p31
P30

P42/RxD1 4p

P41/TAOOUT 4>

P40/TAOIN/TXD1 €
N.C.

P17(LED7)

P16(LEDs)

P15(LEDs) ¢

P14(LEDs) >

Figure 1.106. Pin connections for serial /O mode (2)
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Appendix Standard Serial /0O Mode (Flash Memory Version)

Standard serial I/O mode
The standard serial /O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both
modes require a purpose-specific peripheral unit.

The standard serial /O mode is different from the parallel I/O mode in that the CPU controls flash memory
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re-
leased, which is done when the P52 (SCLK) pin is "H" level, the CNVss pin "VppH" level. (In the ordinary
command mode, set CNVss pin to "L" level.)

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord-
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is
rewritten in the parallel /O mode. Figures 1.105 and 1.106 show the pin connections for the standard serial
I/0 mode. Serial data I/0 uses UARTO and transfers the data serially in 8-bit units. Standard serial 1/0
switches between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level of
P53 (BUSY) pin when the reset is released.

To use standard serial I/O mode 1 (clock synchronized), set the P53 (BUSY) pin to "H" level and release the
reset. The operation uses the four UARTO pins CLKo, RxDo, TxDo and P53 (BUSY). The CLKo pin is the
transfer clock input pin through which an external transfer clock is input. The TxDo pin is for CMOS output.
The P53 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronized), set the P53 (BUSY) pin to "L" level and release
the reset. The operation uses the two UARTO pins RxDo and TxDo.

In the standard serial I/O mode, only the user ROM area indicated in Figure 1.96 can be rewritten. The boot
ROM cannot.

In the standard serial I/O mode, a 7-byte ID code is used. When there is data in the flash memory, com-
mands sent from the peripheral unit are not accepted unless the ID code matches.
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Overview of standard serial I/O mode 1 (clock synchronized)
In standard serial I/O mode 1, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using clock-synchronized serial I/O (UARTO) and P53
(BUSY). Standard serial I/O mode 1 is engaged by releasing the reset with the P53 (BUSY) pin "H" level.
In reception, software commands, addresses and program data are synchronized with the rise of the
transfer clock that is input to the CLKo pin, and are then input to the MCU via the RxDo pin. In transmis-
sion, the read data and status are synchronized with the fall of the transfer clock, and output from the
TxDo pin.
The TxDo pin is for CMOS output. Transfer is in 8-bit units with LSB first.
When busy, such as during transmission, reception, erasing or program execution, the P53 (BUSY) pin is
"H" level. Accordingly, always start the next transfer after the P53 (BUSY) pin is "L" level.
Also, data and status registers in memory can be read after inputting software commands. Status, such
as the operating state of the flash memory or whether a program or erase operation ended successfully or
not, can be checked by reading the status register. Here following are explained software commands,
status registers, etc.
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Software Commands
Table 1.79 lists software commands. In the standard serial I/O mode 1, erase operations, programs and
reading are controlled by transferring software commands via the RxDo pin. Software commands are
explained here below.

Table 1.79. Software commands (Standard serial I/O mode 1)

When ID is
Control command 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verificate
1 | Page read FFie | Address | Address Data Data Data Data Not
(middle) (high) output | output | output | output to | acceptable
259th byte
2 | Page program 4116 | Address | Address Data Data Data Data Not
(middle) (high) input input input input to | acceptable
259th byte
3 | Erase all unlocked blocks A716 D016 Not
acceptable
4 | Read status register 7016 SRD SRD1 Acceptable
output output
5 | Clear status register 5016 Not
acceptable
6 | Read lockbit status 7116 | Address | Address | Lock bit Not
(middle) (high) data acceptable
output
7 | ID check function F516 | Address | Address | Address| ID size ID1 To ID7 | Acceptable
(low) (middle) | (high)
8 | Download function FA16 Size Size Check- Data To Not
(low) (high) sum input | required acceptable
number
of times
9 | Version data output function |FB1s | Version | Version | Version | Version | Version| Version | Acceptable
data data data data data (data output
output output output | output output to 9th byte
10 | Boot area output function FCi6 | Address | Address Data Data Data Data Not
(middle) | (high) output | output | output | output to = acceptable
259th byte

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
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This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a

time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the rise of the clock.

RxDO

( FF16 X A8 to
(M16C reception data)

A16 to )
A15

A23

TxDO
(M16C transmit data)

P53(BUSY) ” ” ﬂ ”

L

\

Figure 1.107. Timing for page read

Read Status Register Command

This command reads status information. When the “7016” command code is sent with the 1st byte, the
contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1

(SRD1) specified with the 3rd byte are read.

~ RxDO >< 7016
(M16C reception data)
SRD SRD1
TxDO X X
(M16C transmit data) output | output
P53(BUSY) ﬂ " "

Figure 1.108. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR3—-SR4) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.
When the clear status register operation ends, the P53 (BUSY) sighal changes from the “H” to the “L”
level.

CLKO ”“"H””“”

RxDO X 5016
(M16C reception data)

TxDO
(M16C transmit data)

P53(BUSY) |_|

Figure 1.109. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
As to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the P53 (BUSY) signal changes from the “H” to the
“L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

RxDO 4116 A8 t° Als to dataOX_ data255
(M16C reception data) A1s_f\ A23

.TxDO
(M16C transmit data)

Ps(8USY Ll 1N T

A\

Figure 1.110. Timing for the page program
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the P53 (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register.

RxDO D016
(M16C reception data)

_TxDO
(M16C transmit data)

P53(BUSY) ﬂ

Figure 1.111. Timing for erasing all unlocked blocks

Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of
the specified block for addresses As to A23.
The M30201 (flash memory version) does not have the lock bit, so the read value is always “1” (block
unlock).

A8 to || Aieto
X [ e A23 X

. RxDO
(M16C reception data)

X DQ6

_TxDO
(M16C transmit data)

P53(BUSY) " " ﬂ ﬂ

Figure 1.112. Timing for reading lock bit status
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Download Command

This command downloads a program to the RAM for execution. Execute the download command as

explained here following.
(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th

byte onward.
(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.

The size of the program will vary according to the internal RAM.

Program

_ RxDO FA16 gﬂic"
(M16C reception data) /
Data size (low) \
TxDO Data size (high)
(M16C transmit data)
P53(BUSY) ” ” ”

L

Figure 1.113. Timing for download
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Version Information Output Command

This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8

ASCII code characters.

. RxDO
(M16C reception data)

_TxDO
(M16C transmit data)

P53(BUSY)

‘ FB16 >

A E

ﬂ

L

\

Figure 1.114. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.

(1) Transfer the “FC16” command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first, in sync with the fall of the clock.

RxDO
(M16C reception data)

TxDO
(M16C transmit data)

P53(BUSY)

As to | Alsto
( FClGX A15 X A23 )

L

\\}

Figure 1.115. Timing for boot ROM area output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

CLKO I

RxDO ID7

( F516 X DF16X FFi6 X OF16 XID sizeX ID1
(M16C reception data)

_TxDO
(M16C transmit data)

P53(BUSY)

ﬂ [

L

|\

Figure 1.116. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

'
|

Address = T B
OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector
OFFFEO16 to OFFFE316 | 1D2 Overflow vector
OFFFE416 to OFFFE716 BRK instruction vector
OFFFES816 to OFFFEB16 | ID3: Address match vector
OFFFEC16 to OFFFEF16 | D4 Single step vector
OFFFFO16 to OFFFF316 IDSE Watchdog timer vector

OFFFF416 to OFFFF716 ID6 DBC vector

OFFFF816 to OFFFFB1s | ID7} —
OFFFFC16 to OFFFFF16 : Reset vector
— _/
—
4 bytes

154

Figure 1.117. ID code storage addresses
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 1.80 gives the definition of each status register bit. After clearing the reset, the status register
outputs “8016".

Table 1.80. Status register (SRD)

SRDO bits Status name i Deflnition 0"

SR7 (bit7) Status bit Ready Busy

SR6 (bit6) Reserved - -

SR5 (bit5) Erase bit Terminated in error Terminated normally
SR4 (bit4) Program bit Terminated in error Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -

Status bit (SR7)
The status bit indicates the operating status of the flash memory. When power is turned on, “1” (ready)
is set for it. The bit is set to “0” (busy) during an auto write or auto erase operation, but it is set back to
“1" when the operation ends.

Erase Status (SR5)
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is
set to “1”. When the erase status is cleared, it is set to “0”".

Program Status (SR4)
The program status reports the operating status of the auto write operation. If a write error occurs, it is
set to “1". When the program status is cleared, it is set to “0".

www.DalaSheei@gum

RENESAS

RenesasTechnology Corp.



Appendix Standard Serial I/0 Mode 1 (Flash Memory Version)

Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Status Register 1 (SRD1)
Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).
Table 1.81 gives the definition of each status register 1 bit. “0016” is output when power is turned ON and

the flag status is maintained even after the reset.

Table 1.81. Status register 1 (SRD1)

. Definition
SRD1 bits Status name e "o"
SR15 (bit7) Boot update completed bit | update completed Not update
SR14 (bit6) Reserved - -
SR13 (bit5) Reserved - -
SR12 (bit4) Checksum match bit Match Mismatch
SR11 (bit3) ID check completed bits 00  Not verified

. 01 Verification mismatch
SR10 (bit2) 10  Reserved

11 Verified

SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved - -

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-

load function.

Check Sum Consistency Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)

These flags indicate the result of ID checks. Some commands cannot be accepted without an ID

check.

Data Reception Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached
during data reception, the received data is discarded and the microcomputer returns to the command

wait state.
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Example Circuit Application for The Standard Serial /0O Mode 1

The below figure shows a circuit application for the standard serial /O mode 1. Control pins will vary
according to programmer, therefore see the peripheral unit manual for more information.

( Clockinput ) ? ? p=| CLKO
l

( Data input ) | RXDO

Data output TxDO

P53(BUSY)

M30201 Flash
Y @*
i memory version

CNVss

(1) Control pins and external circuitry will vary according to peripheral unit. For more
information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial I/O mode are switched
via a switch.

Figure 1.118. Example circuit application for the standard serial /O mode 1
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Overview of standard serial I/O mode 2 (clock asynchronized)
In standard serial /0O mode 2, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial /O (UARTO).
Standard serial I/O mode 2 is engaged by releasing the reset with the P53 (BUSY) pin "L" level.
The TxDo pin is for CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF.
After the reset is released, connections can be established at 9,600 bps when initial communications (Fig-
ure 1.119) are made with a peripheral unit. However, this requires a main clock with a minimum 2 MHz input
oscillation frequency. Baud rate can also be changed from 9,600 bps to 19,200, 38,400 or 57,600 bps by
executing software commands. However, communication errors may occur because of the oscillation fre-
quency of the main clock. If errors occur, change the main clock's oscillation frequency and the baud rate.
After executing commands from a peripheral unit that requires time to erase and write data, as with erase
and program commands, allow a sufficient time interval or execute the read status command and check
how processing ended, before executing the next command.
Data and status registers in memory can be read after transmitting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or not,
can be checked by reading the status register. Here following are explained initial communications with
peripheral units, how frequency is identified and software commands.

Initial communications with peripheral units

After the reset is released, the bit rate generator is adjusted to 9,600 bps to match the oscillation fre-
guency of the main clock, by sending the code as prescribed by the protocol for initial communications
with peripheral units (Figure 1.119).

(1) Transmit "BO16" from a peripheral unit. If the oscillation frequency input by the main clock is 10 MHz,
the MCU with internal flash memory outputs the "B016" check code. If the oscillation frequency is
anything other than 10 MHz, the MCU does not output anything.

(2) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit
rate generator so that "0016" can be successfully received.)

(3) The MCU with internal flash memory outputs the "B016" check code and initial communications end
successfully *1, Initial communications must be transmitted at a speed of 9,600 bps and a transfer
interval of a minimum 15 ms. Also, the baud rate at the end of initial communications is 9,600 bps.

*1. If the peripheral unit cannot receive "B016" successfully, change the oscillation frequency of the main clock.

Peripheral unit MCU with internal
flash memory

M Reset

(1) Transfer "B016" 3 "BO16" |
‘ - : If the oscillation frequency input
R < "BO16" 1 by the main clock is 10 MHz, the
(2) Transfer "0016" 16 tlmeslst "0016" ; MCU outputs "B016". If other than
At least 15ms # ; > 10 MHz, the MCU does not
transfer interval 2nd; ~0016" > : output anything.
15th — "0016" .
16th : “0016” > :
. "B016" : (3) Transfer check code "B016"

<

The bit raté generator setting completes t9600bps)_

Figure 1.119. Peripheral unit and initial communication
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How frequency is identified
When "0016" data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the
bit rate generator is set to match the operating frequency (2 - 10 MHz). The highest speed is taken from
the first 8 transmissions and the lowest from the last 8. These values are then used to calculate the bit
rate generator value for a baud rate of 9,600 bps.
Baud rate cannot be attained with some operating frequencies. Table 1.82 gives the operation frequency
and the baud rate that can be attained for.

Table 1.82 Operation frequency and the baud rate

Operation frequency Baud rate Baud rate Baud rate Baud rate

(MHZ2) 9,600bps 19,200bps 38,400bps 57,600bps
10MHz J N - v
8MHz J y - v
7.3728MHz J v Vv v
6MHZz N vV Vv -
5MHz J Vv -~ -
4.5MHz J Vv -~ v
4.194304MHz J v Vv -
4MHz N J _ _
3.58MHz v Vv Vv v
3MHz Y Vv v -
2MHz N _ _ -

v : Communications possible
—: Communications not possible
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Software Commands
Table 1.83 lists software commands. In the standard serial I/O mode 2, erase operations, programs and
reading are controlled by transferring software commands via the RxDo pin. Standard serial I/O mode 2
adds four transmission speed commands - 9,600, 19,200, 38,400 and 57,600 bps - to the software com-
mands of standard serial I/O mode 1. Software commands are explained here below.

Table 1.83. Software commands (Standard serial /O mode 2)

1st byte When ID is
Control command trans¥er 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified
vlp d Address | Address Data Data Data Data Not
agerea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable
259th byte
5| p Address | Address Data Data Data Data Not
age program 4116 | (middle) | (high) input input | input | inputto | acceptable
259th byte
3 | Erase all unlocked blocks A716 D016 accgl;t;ble
4 | Read status register 7016 Oilt?plil)“ fligult Acceptable
5 | Clear status register 5016 accglp?t;ble
. Address | Address | Lock bit Not
6 [ Read lock bit status 7116 | (middle) | (high) data acceptable
output
. . Address | Address | Address )
7 | Code processing function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable
s lp load functi Size Check- To Not
ownload function FA16 |Size (low)| (high) sum Data |required acceptable
input | number
of times
9 | version dat tout funcii Version | Version | Version |Version |Version | Version
ersion data output function | FB16 | data data data data | data data Acceptable
output output output | output | output | output to
9th byte
10| Boot ROM tout Address | Address Data Data Data Data Not
00 _ area outpu FCi6 | (middle) (high) output | output | output | outputto | acceptable
function 259th byte
11| Baud rate 9600 BO16 BO16 Acceptable
12| Baud rate 19200 Bl1s Blis Acceptable
13| Baud rate 38400 B216 B216 Acceptab|e
14| Baud rate 57600 B316 B316 Acceptab|e

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the fall of the clock.

RxDO ( FFis | A2 10 XA}&EO) /
(M16C reception data)

TxDO data255
(M16C transmit data)

Figure 1.120. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

~ RxDO >< 7016
(M16C reception data)

X SRD X SRD1

TxDO
(M16C transmit data) output /|_output

Figure 1.121. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR3—-SR4) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.
When the clear status register operation ends, the RTS1 (BUSY) signal changes from the “H” to the
“L" level.

RxDO X 5016
(M16C reception data)

TxDO
(M16C transmit data)

Figure 1.122. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to
the “L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

RxDO ( 4116 X A8 to XAl6 tOX data0 Xj data255
(M16C reception data) Als )\ A23

. TxDO
(M16C transmit data)

Figure 1.123. Timing for the page program
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register.

RxDO D016
(M16C reception data)

.TxDO
(M16C transmit data)

Figure 1.124. Timing for erasing all unlocked blocks
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. Write the highest address of
the specified block for addresses As to A23.

The M30201 (flash memory version) does not have the lock bit, so the read value is always “1” (block
unlock).

>< 7116 X As to X A16to)<
. RxDO A15 A23
(M16C reception data)

>< DQ6

_TxDO
(M16C transmit data)

Figure 1.125. Timing for reading lock bit status

Download Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.

(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

Program
RxDO ( FA16 X X X Check XPI,ogramX oo
(M16C reception data) — sum data ata
Data size (low) \
TxDO Data size (high)
(M16C transmit data)

Figure 1.126. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.

(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

~ RxDO < FB16 ’ /
(M16C reception data)

.TxDO ( V' X 'E' X 'R’ X
(M16C transmit data)

Figure 1.127. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first.

RxDO ( EC16 X A8 toX A16 to) /
(M16C reception data) A15 A23

TxDO data255
(M16C transmit data)

Figure 1.128. Timing for boot ROM area output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, Ag to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

RxDO ( F516X DF16X FF16 X OF16 XID sizeX ID1 x ID7
(M16C reception data)

_TxDO
(M16C transmit data)

Figure 1.129. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

/—:\_/_\_//
Address = L — =]

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | 1D2 Overflow vector

OFFFE416 to OFFFE716 i BRK instruction vector

OFFFE816 to OFFFEB16 | D3} Address match vector

OFFFEC16 to OFFFEF16 | ID4 Single step vector

OFFFFO016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 ID6 DBC vector

OFFFF816 to OFFFFB16 | ID7 —

OFFFFC16 to OFFFFF16 : Reset vector

—~—
4 bytes

Figure 1.130. ID code storage addresses
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Baud Rate 9600

This command changes baud rate to 9,600 bps. Execute it as follows.
(1) Transfer the "B016" command code with the 1st byte.

(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxDO < )
(M16C reception data) BO16
TxDO < >
(M16C transmit data) BO16

Figure 1.131. Timing of baud rate 9600
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Baud Rate 19200

This command changes baud rate to 19,200 bps. Execute it as follows.
(1) Transfer the "B116" command code with the 1st byte.

(2) After the "Bl116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxDO < >
(M16C reception data) Bli6
TxDO ( )
(M16C transmit data) Blis

Figure 1.132. Timing of baud rate 19200

Baud Rate 38400

This command changes baud rate to 38,400 bps. Execute it as follows.
(1) Transfer the "B216" command code with the 1st byte.

(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

RxDO < )
(M16C reception data) B216
TxDO < >
(M16C transmit data) B216

Figure 1.133. Timing of baud rate 38400

Baud Rate 57600

This command changes baud rate to 57,600 bps. Execute it as follows.
(1) Transfer the "B316" command code with the 1st byte.

(2) After the "B316" check code is output with the 2nd byte, change the baud rate to 57,600 bps.

RxDO < >
(M16C reception data) B316
TxDO ( )
(M16C transmit data) B316

Figure 1.134. Timing of baud rate 57600

168 ] z EN ESAS www.DataSheetd4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
Appendix Standard Serial I/O Mode 2 (Flash Memory Version) S'NCLE-CHIP 16-BIT CMOS MICROCOMPUTER

Example Circuit Application for The Standard Serial I/0O Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

P53(BUSY)

( Data input ) | RXDO
Data output TxDO

:

Vep —?— M30201 Flash
memory version

CNVss

(1) Control pins and external circuitry will vary according to peripheral unit. For more
information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial /O mode are switched
via a switch.

Figure 1.135. Example circuit application for the standard serial /O mode 2
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52P4B

MMP

Plastic 52pin 600mil SDIP

EIAJ Package Code

JEDEC Code

Lead Material

SDIP52-P-600-1.78

Weight(g)
5.1

Alloy 42/Cu Alloy

® @
NANAANANANANNANANNAAAANNANNT

O

O

E

JUUUUYUYUUUUYUUUUYUYUUUUUY
®

Symbol

Dimension in Millimeters

Min Nom Max
A — = 55
D AL 051 - -
A2 — 3.8 -
b 0.4 0.5 0.59
b1 0.9 1.0 1.3
b2 0.65 0.75 1.05
[9 0.22 0.27 0.34
D 45.65 45.85 46.05
E 12.85 13.0 13.15
e] - 1.778 -
SEATING PLANE — 15.04 —
L 3.0 - -
[ 0° — 15°
56P6S-A
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP56-P-1010-0.65 — 0.59 Alloy 42
HD b b
i i i i w
D N 1 | i i 7 ! ! 2
Theaseananpdt o H
[
Q= O =@ N
[ - —
= = Recommended Mount Pad
= = w % Dimension in Millimeters
o = Symbol Min Nom Max
=5 = A — — 3.05
@ @ A2 - 2.8 -
@H@HHHHHHHHHHHH b | 025 | 03 | 04
A C 0.13 0.15 0.2
D 9.8 10.0 10.2
E 9.8 10.0 10.2
e] - 0.65 -
HD 12.5 12.8 13.1
HE 12.5 12.8 13.1
1 [ L | 04 | 06 | 08
AL [ 2 L1 - 1.4 -
i [l X - - 0.13
=il b E I I
$ x ® o 0 0° - 10°
Iy < b2 - 0.35 -
. 12 1.3 - -
Detail £ MD — 10.6 —
ME — 10.6 —
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Protect
.}

2.1 Protect

2.1.1 Overview
'Protect’ is a function that causes a value held in a register to be unchanged even when a program runs
away. The following is an overview of the protect function:

(1) Registers affected by the protect function
The registers affected by the protect function are:
(a) System clock control registers 0, 1 (addresses 000616 and 000716)
(b) Processor mode registers 0, 1 (addresses 000416 and 000516)
(c) Port P4 direction register (address 03EA16)
The values in registers (1) through (3) cannot be changed in write-protect state. To change values in
the registers, put the individual registers in write-enabled state.

(2) Protect register
Figure 2.1.1 shows protect register.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function R:W|
Enables writing to system clock e L
PRCO control registers 0 and 1 (addresses 0 : Write-inhibited 0.0

000616 and 000716) 1 Write-enabled

o] Enables writing to processor mode
PRC1 registers 0 and 1 (addresses 000416
and 000516)

0 : Write-inhibited 0 ‘ 0o
1: Write-enabled !

e PRC2 Enables writing to port P4 direction | O : Write-inhibited o o
register (address 03EA16) (Note) 1 : Write-enabled |

Nothing is assigned. ‘
In an attempt to write to these bits, write “0”. The value, if read, turns out to be -
indeterminate. !

Note: Writing a value to an address after “1” is written to this bit returns the bit

Figure 2.1.1. Protect register

2.1.2 Protect Operation
The following explains the protect operation. Figure 2.1.2 shows the set-up procedure.

Operation (1) Setting “1” in the write-enable bit of system clock control registers 0 and 1 causes system
clock control register 0 and system clock control register 1 to be in write-enabled state.

(2) The contents of system clock control register 0 and that of system clock control register 1 are changed.

(3) Setting “0” in the write-enable bit of system control registers 0 and 1 causes system clock
control register 0 and system control register 1 to be in write-inhibited state.

(4) To change the contents of processor mode register 0 and that of processor mode register 1,
follow the same steps as in dealing with system clock control registers.

(5) The write-enable bit of port P4 direction register goes to “0” when the next write instruction is
executed after write-enabled state is readied. Make changes in input/output immediately af-
ter the instruction that sets “1” in the write-enable bit of port P4 direction register (avoid
causing an interrupt).
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(1) Clearing the protect (set to write-enabled state)

b7 B0 protect register [Address 000A16]
DAXDXIKIXL | [1] Prer

Enables writing to system clock control registers 0 and 1 (addresses 000616 and 000716)
1: Write-enabled

Enables writing to port P4 direction register (address 03EA16)
0 : Write-inhibited
\ 1: Write-enabled

( 2) Setting system clock control registeri (i=0, 1)

V2NN

(3) Setting the protect (set to write-inhibited state)
b7

b0
0 Protect register [Address 000A16]
DDA | [o] prer

Enables writing to system clock control registers 0 and 1 (addresses 000616 and 000716)
0 : Write-inhibited

Enables writing to port P4 direction register (address 03EA16)
0 : Write-inhibited

1: Write-enabled
\_ %

/ (4) Clearing the protect (set to write-enabled state) \

b7 b0
1 Protect register [Address 000A16]
DD 2] | ] prer

Enables writing to system clock control registers 0 and 1 (addresses 000616 and 000716)
0 : Write-inhibited
1: Write-enabled

Enables writing to port P4 direction register (address 03EA16)
\\ 1: Write-enabled

-

< 5) Changes in port P4 direction register

Figure 2.1.2. Set-up procedure for protect function

2.1.3 Precaution for Protect

(1) The write-enable bit of port P4 direction register goes to “0” when the next write instruction is
executed after write-enabled state is readied. Make changes in input/output immediately af-
ter the instruction that sets “1” in the write-enable bit of port P4 direction register (avoid
causing an interrupt).

REN ESAS www.DalaShee!L%um

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group

SINGI F-CHIP 16-BIT CMOS MICROCOMPLUTFR
Timer A

2.2 Timer A

2.2.1 Overview
The following is an overview for timer A, a 16-bit timer.
(1) Mode
Timer A operates in one of the four modes:

(a) Timer mode
In this mode, the internal count source is counted. Two functions can be selected: the pulse output
function that reverses output from a port every time an overflow occurs, or the gate function which
controls the count start/stop according to the input signal from a port.

* TIMEr MOAE OPEIALION .. .eveiiiiiiiiiiee ittt ettt e sttt e e sttt e e e st b et e e e e sabb e e e e s abbeeeeessnbbeeeeeans P180
e Timer mode, gate fUNCLION OPEIALION .........oeiiiiiiiiiti ettt e e e e e P182
* Timer mode, pulse output fuNCtION OPETALION .........ceiiiiiiiiiiiiiiiiiie e P184

(b) Event counter mode
This mode counts the pulses from the outside and the number of overflows in other timers. The free-
run type, in which nothing is reloaded from the reload register, can be selected when an underflow
occurs. The pulse output function can also be selected. Please refer to the timer mode explanation
for details, as the operation is identical.

e Event counter MOOE OPEIALION ..........uueiiiiiiiiieiii ittt e e e e e e et r e e e e e e e e e e s s b bbaeaeeeeaaaeeas P186

» Event counter mode, free run type OPEration ..........cccoiiueieiiiiiiiiee ittt e e srreee e P188

Furthermore, Timer A has a 2-phase pulse signal processing function which generates an up count
or down count in the event counter mode, depending on the phase of the two input signals.
« Operation of the 2-phase pulse signal processing function in normal event counter mode ..... P190
 Operation of the 2-phase pulse signal processing function in 4-multiplication mode ............... P192

(c) One-shot timer mode
In this mode, the timer is started by the trigger and stops when the timer goes to “0”. The trigger can
be selected from the following 3 types: an external input signal, an overflow of the timer, or a software
trigger. The pulse output function can also be selected. Please refer to the timer mode explanation
for details, as the operation is identical.

* Operation in one-shot timer mode effected by SoOftware ..........cccccoiiiiiii P194

 Operation in one-shot timer mode effected by an external trigger .........cccccccciiiiiiiiiiiiieeneenenn. P196

(d) Pulse width modulation (PWM) mode
In this mode, the arbitrary pulses are successively output. Either a 16-bit fixed-period PWM mode or
8-bit variable-period mode can be selected. The trigger for initiating output can also be selected.
Please refer to the one-shot timer mode explanation for details, as the operation is identical.

* 16-bit PWM MOTE OPEIALION ...ttt ettt e e e e e e e e e e bbb b reeeaaaaeaeeean P198

* 8-Dit PWM MOdE OPEIALION .......veieiiiiiiiiee ettt ettt e e et ee e e e s snbaeeeeeans P200
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(2) Count source
The internal count source can be selected from f1, fs, f32, and fc32. Clocks f1, f8, and 32 are derived
by dividing the CPU's main clock by 1, 8, and 32 respectively. Clock fc32 is derived by dividing the
CPU's secondary clock by 32.

(3) Frequency division ratio
In timer mode or pulse width modulation mode, [the value set in the timer register + 1] becomes the
frequency division ratio. In event counter mode, [the set value + 1] becomes the frequency division
ratio when a down count is performed, or [FFFF16 - the set value + 1] becomes the frequency division
ratio when an up count is performed. In one-shot timer mode, the value set in the timer register be-
comes the frequency division ratio.
The counter overflows (or underflows) when a count source equal to a frequency division ratio is input,
and an interrupt occurs. For the pulse output function, the output from the port varies (the value in the
port register does not vary).

(4) Reading the timer
Either in timer mode or in event counter mode, reading the timer register takes out the count at that
moment. Read it in 16-bit units. The data either in one-shot timer mode or in pulse width modulation
mode is indeterminate.

(5) Writing to the timer
To write to the timer register when a count is in progress, the value is written only to the reload register.
When writing to the timer register when a count is stopped, the value is written both to the reload
register and to the counter. Write a value in 16-bit units.

(6) Relation between the input/output to/from the timer and the direction register
With the output function of the timer, set the direction register of the relevant port to input. To input an
external signal to the timer, set the direction register of the relevant port to input.

(7) Pins related to timer A
(a) TAOIN Input pins to timer A.
(b) TAOoUT Output pins from timer A. They become input pins to timer A when event counter
mode is active.
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(8) Registers related to timer A
Figure 2.2.1 shows the memory map of timer A-related registers. Figures 2.2.2 through 2.2.5 show
timer A-related registers.

005516 | Timer AQ interrupt control register (TAOIC)

PN

«
P
«

038016 | Count start flag (TABSR)

038116 | Clock prescaler reset flag (CPSRF)
038216 | One-shot start flag (ONSF)

038316 | Trigger select register (TRGSR)

038416 |  Up-down flag (UDF)
038516

038616
038716

x

Timer AO (TAO)

»
«

039616 | Timer A0 mode register (TAOMR)

Figure 2.2.1. Memory map of timer A-related registers

Timer AO mode register
Symbol Address When reset
| b7| b6 b5 b4 b3 b2 bl b0 TAOMR 039616 0016

Lo o | Bitsymbol Bit name Function R'W
| TMODO Operation mode select bit | ¢ - Timer mode 00

oo 0 1: Event counter mode |

' TMOD1 10 : One-shot timer mode i
DR 1 1: Pulse width modulation 00

' (PWM) mode |
RRLEERRY MRO o . 00

- Function varies with each operation mode .
e Ry MR1 o0
e MR2 00
R CLLLEETEEEry MR3 00
P Trmmmmremmemmemeeneo TCKO Count source select bit oo
e TCK1 (Function varies with each operation mode) 0.0

Figure 2.2.2. Timer A-related registers (1)

176 - zEN ESAS wviw.DataSheet4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A
. __________________________________________________________________________________________________________________________|
Timer AO register (Note 1)
b(;315) égsb)7 bo Symbol Address When reset
| TAO 038716,038616 Indeterminate
Function Values that can be set | RIW
“""7 « Timer mode 000016 to FFFF16 OEO
Counts an internal count source |
» Event counter mode 000016 to FFFF16 i
Counts pulses from an external source or timer overflow O;O
» One-shot timer mode 000016 to FFFF16
Counts a one shot width (Note 2) X ;O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 | O
Functions as a 16-bit pulse width modulator (Note 2) !
* Pulse width modulation mode (8-bit PWM) 0016 to FF16(Note 2)
Timer low-order address functions as an 8-bit (Both high-order |Xx O
prescaler and high-order address functions as an 8-bit and low-order !
pulse width modulator addresses) !
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | N | | | | TABSR 038016 000X00002
S N T symbol Bit name Function R'W
P n o] TAOS Timer AO count start flag 0 : Stops counting 0.0
A TX0S Timer X0 count start flag 1: Starts counting 0.0
b e TX1S Timer X1 count start flag 0:0
E : : : P TX2S Timer X2 count start flag @) l @)
T Nothing is assigned.
I In an attempt to write to this bit, write “0”. The value, if read, turns out |——
I to be indeterminate. 1
e EERnEEE R LT TBOS Timer BO count start flag 0 : Stops counting 0.0
i e TB1S Timer B1 count start flag 1: Starts counting OEO
Mmoo CDCS Clock devided count start flag @) ©)

Figure 2.2.3. Timer A-related registers (2)
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up/aowil lay (INoLej
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UDF 038416 XXXO0XXX02
E ' ' ' ' ' ' ' Bit symbol Bit name Function RW
A TAOUD  |Timer AO up/down flag 0 : Down count
- - 1: Up count :
A This specification becomes valid 00
oo when the up/down flag content is i
e selected for up/down switching
- cause !
A Nothing is assigned. :
ik In an attempt to write to these bits, write “0”. The value, if read, turns ~ |——
oo out to be indeterminate. :
E . . . TAOP Timer AO two-phase 0 : two-phase pulse signal '
oo pulse signal processing processing disabled !
R T select bit 1 : two-phase pulse signal :
oo processing enabled EO
E ' ' When not using the two-phase :
v pulse signal processing function, i
oo set the select bit to “0” :
P Nothing is assigned.
ERREEELTEEEREEEEEREEERES In an attempt to write to these bits, write “0”. The value, if read, turns | ——|
out to be indeterminate.
Note : Use MOV instruction to write to this reaister.
One-shot start fla
9 Symbol Address When reset
b7 b6 bS b4 b3 b2 bl bo ONSF 038216 XXXX00002
E : N T symbol Bit name Function R/W
A TA0OS | Timer AO one-shot start flag | 1 - Timer start 00
E ' ' ' ' ' — TX00S | Timer X0 one-shot start flag When read, the value is “0” O}O
E - - - S TX10S | Timer X1 one-shot start flag 00
T P TX20S | Timer X2 one-shot start flag oio
: Nothing is assigned.
EREEEEEEEEEEEEEEEEEEEEEE In an attempt to write to these bits, write “0”. The value, if read, turns out |——
to be indeterminate. 1

Figure 2.2.4.

Timer A-related registers (3)
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Trigger select register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016
L+ 4+ % 4+ 1 a1 1| Bitsymbol Bit name Function R'W
T Timer AO event/trigger | bibo !
oron TAOTGL select bit 99 0 0 : Input on TAON is selected (Note) O:0
e 01 : TB1 overflow is selected !
R TAOTGH 1 0: TX2 overflow is selected O: o
A 1 1: TX0 overflow is selected !
E , , , , , Timer X0 event/trigger b3 b2 ‘
oy T TxoTGL select bit 0 O : Input on TX0INouT is selected (Note) O; o
R 0 1: TB1 overflow is selected ‘
T TXOTGH 10: TAO overflow is selected O: o)
oo 11 : TX1 overflow is selected
N S Timer X1 event/trigger [ bSb4 1
o TX1TGL select bit 99 0 0 : Input on TX1LiNouT is selected (Note) Oi @]
v 0 1:TB1 overflow is selected ;
[ I TX1TGH 1 0: TXO overflow is selected 00
- 11:TX2 overflow is selected !
- i i b7 b6 |
vooTTTTTm T TX2TGL -sr(I:,-rITg(e:rt i;% event/trigger 0 0 : Input on TX2iNouT is selected (Note) O 0
: 0 1: TB1 overflow is selected ‘
] TX2TGH 10 : TX1 overflow is selected 00
11:TAO overflow is selected !

Note: Set the corresponding port direction register to “0”(input mode).

Clock prescaler reset flag

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
b0 oo 1| Bitsymbol Bit name Function R!W
E ' ' ' ' ' ' ' Nothing is assigned. |
! te-do-aooaoeoio-:o) |n an attempt to write to these bits, write “0”. The value, if read, turns —3—
‘ out to be indeterminate. ;
: CPSR | Clock prescaler reset flag 0: No effect |
e ] 1: Prescaler is reset 0.0
(When read, the value is “0") |

Figure 2.2.5. Timer A-related registers (4)
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2.2.2 Operation of Timer A (timer mode)

In timer mode, choose functions from those listed in Table 2.2.1. Operations of the circled items are
described below. Figure 2.2.6 shows the operation timing, and Figure 2.2.7 shows the set-up procedure.

Table 2.2.1. Choosed functions

Item Set-up

Count source O | Internal count source (f1/ fs / f32 / fc32)

Pulse output function| O | No pulses output

Pulses output

Gate function O | No gate function

Performs count only for the period in which the TAOIN pin is at “L” level

Performs count only for the period in which the TAOIN pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer AO interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FFFF16
(1) Start count (2) Underflow (3) Stop count

— : : D

Start count again _l. .
— A '

-

Counter content (hex)
=]
:I_i
- :

000016

-

Time

i [ B

Cleared to “0” by '

Setto “1” by software
software

a :
L |

Set to “1” by software
Count start flag éJ

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer AO interrupt  “1” ’—I'/—I—\“ '—
request bit “Qn

Figure 2.2.6. Operation timing of timer mode
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Selecting timer mode and functions

b7

LI [ofo] fofo]

Timer AO mode register [Address 039616]

b0
o] TaOMR

— Pulse output function select bit

Selection of timer mode

0 : Pulse is not output (TAOOUT pin is a normal port pin)

Gate function select bit
b4 b3
00:

01 Gate function not available (TAOIN pin is @ normal port pin)

0 (Must always be “0” in timer mode)

-

Count source select bit

b7 b6 b73 bs | Count Count source period
00 f1 | source [f(XiN) : 10MHz  f(XciN) : 32.768kHz
01:fs 0,0 f1 100ns
10:f32 0'1 fs 800ns
11:fcs2 1 ; 0 f32 3.2us
111 fea 976.56|1s
Setting divide ratio
(b15) (b8)
b7 b0 b7

b0 ) .
| Timer AO register [Address 038716, 038616] TAO

\— Can be set to 000016 to FFFF16

.

Setting clock prescaler reset flag

(This function is effective
dividing the XcIN by 32.)
b7

i /
\

when fc32 is selected as the count source. Reset the prescaler for generating fca2 by

b0

Clock prescaler reset flag [Address 038116]
LFMXNXM CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

.

Setting count start flag

HEEXEEN

Count start flag [Address 038016]

bo
| TABSR

Timer AO count start flag

Start count

Figure 2.2.7. Set-up procedure of timer mode
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2.2.3 Operation of Timer A (timer mode, gate function selected)

In timer mode, choose functions from those listed in Table 2.2.2. Operations of the circled items are
described below. Figure 2.2.8 shows the operation timing, and Figure 2.2.9 shows the set-up procedure.

Table 2.2.2. Choosed functions

Item

Set-up

Count source

Internal count source(f1 / fa / f32 / fc32)

Pulse output function

No pulses output

Pulses output

Gate function

No gate function

Performs count only for the period in which the TAOIN pin is at “L” level

Performs count only for the period in which the TAOIN pin is at “H” level

Operation (1) When the count start flag is set to “1” and the TAOIN pin inputs at “H” level, the counter
performs a down count on the count source.

(2) When the TAOIN pin inputs at “L” level, the counter holds its value and stops.

(3) If an underflow occurs, the content of the reload register is reloaded and the count continues.
At this time, the timer AO interrupt request bit goes to “1”.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop.

182

Note » Make the pulse width of the signal input to the TAOIN pin not less than two cycles of the count
source.
n = reload register content
FFFF16 (1) Start count (3) Underflow
— :
n i """""""""""""""""""""
£ ! : (|2) Stop count A Vo . (4) Stop count
5 > P
E 1 1 ! 1
3
g
c
>
Q ' =
© : i :
—»
Start count again.
000016 . : .
Lo : ! Cleared to “0" by i Time
Set to “1" by softw ' !
y ;0 y sottware -, 1 software : Sy‘l” by software
g s 4 —
Count start flag g ! . : . |
TAOIN pin R
input signal “Lr
Cleared to “0” when interfupt request is accepted, or cleared by software
Timer AO interrupt “1” |
request bit “0

Figure 2.2.8. Operation timing of timer mode, gate function selected
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-

Selecting timer mode and functions

| b7| | 0 | 1 | 1 | 0 | 0 |lz]0| Timer A0 mode register [Address 039616]

TAOMR

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Gate function select bit
b4 b3
11 : Timer counts only when TAOQIN pin is held “H” (Note)

0 (Must always be “0” in timer mode)

Count source select bit b7i be| count Count source period
bg *66: f : Source [f(xi) : 10MHz f(XciN) : 32.768kHz
01:fs 0:0] f 100ns
10:f2 [ "o 1| ® 800ns
11:fca2 J 170 f2 3.2us
101 fese 976.56|1s

\Note: Set the corresponding port direction register to “0” (input mode).

Y,
] ™

4 Setting divide ratio

(b15) (b8)
b7 b0 b7 b0

| | Timer AO register [Address 038716, 038616] TAO

\— Can be set to 000016 to FFFF16

- /
~

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XcIN by 32.)

b7 b0

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
\ 1: Prescaler is reset (When read, the value is “0")

\

Setting count start flag

Count start flag [Address 038016]

b7 b0
| TABSR

LI DT
B

Timer AO count start flag

Start count

Figure 2.2.9. Set-up procedure of timer mode, gate function selected
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2.2.4 Operation of Timer A (timer mode, pulse output function selected)

In timer mode, choose functions from those listed in Table 2.2.3. Operations of the circled items are
described below. Figure 2.2.10 shows the operation timing, and Figure 2.2.11 shows the set-up proce-

dure.

Table 2.2.3. Choosed functions

Item

Set-up

Count source O

Internal count source(f1 / f8 / f32 / fc32)

Pulse output function

No pulses output

Pulses output

Gate function O

No gate function

Performs count only for the period in which the TAOIN pin is at “L” level

Performs count only for the period in which the TAOIN pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count

source.

(2) If an underflow occurs, the content of the reload register is reloaded and the count continues.

At this time, the timer AO interrupt request bit goes to “1". Also, the output polarity of the

TAOOUT pin reverses.

(3) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the

TAOOUT pin outputs an “L” level.

n = reload register content
(2) Underflow

FFFF16

(1) Start count (3) Stop count

&

— A

Counter content (hex)

000016

Start count again —|_|_‘
- A

Setto “1” by software .

Cleared to O by

software

Count start flag

oy |

Pulse output from  «py»
TAOOUT pin an

Setto “1”

y software

Time

Cleared to “0” when interrupt request is accepted, or

Timer AO interrupt  «q»

;
|

cleared by software
-
1

i_

request bit

uq

Figure 2.2.10. Operation timing of timer mode, pulse output function selected
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Selecting timer mode and functions

b7

Timer AO mode register [Address 039616]
TAOMR

Selection of timer mode

b0
[ofo] [1]o]o]

Pulse output function select bit (Note)
1: Pulse is output (TAOOUT pin is a pulse output pin)

Gate function select bit
b4 b3

8 1. | Gate function not available (TAOIN pin is a normal port pin)

———— 0 (Must always be “0” in timer mode)

Count source select bit b7f b | Count Count source period
b7 b6 source |f(XiN) : 10MHz  f(XciN) : 32.768kHz
00:11 1 0.0 h 100ns
01:fs
10:f32 J 01| fe 800ns
11:fcs32 1 ; 0 fa2 3.2ps
11| fes 976.561s

Note: Set the corresponding port direction register to “1” (output mode).

-

-

Setting divide ratio
(b15) (b8)

b7 b0 b7 bo
| | Timer AO register [Address 038716, 038616] TAO

\— Can be set to 000016 to FFFF16

.

/

/

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XcIN by 32.)

b7 b0

\TIXINXNM

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

-

~

-

Setting count start flag

HEENEEE

b0 Count start flag [Address 038016]
TABSR

Timer AO count start flag

Start count

Figure 2.2.11. Set-up procedure of timer mode, pulse output function selected
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2.2.5 Operation of Timer A (event counter mode, reload type selected)

In event counter mode, choose functions from those listed in Table 2.2.4. Operations of the circled items
are described below. Figure 2.2.12 shows the operation timing, and Figure 2.2.13 shows the set-up
procedure.

Table 2.2.4. Choosed functions

Item Set-up Iltem Set-up

Count source Input signal to TAOIN Pulse output function| O | No pulses output
(counting falling edges)

Pulses output

Input signal to TAOIN Count operation type | O | Reload type
(counting rising edges)

Free-run type

Timer overflow Factor for switching | O | Content of up/down flag

between up and
(TBL/TXO/TX2 overflow) dowp P Input signal to TAGoUT

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count

source.

(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer AO interrupt request bit goes to “1”.

(3) If switching from an up count to a down count or vice versa while a count is in progress, the
switch takes effect from the next effective edge of the count source.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop.

(5) If an overflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer AO interrupt request bit goes to “1”.

n = reload register content (5) Overflow

[ -]

(1) Start count (2) Underflow

Counter content (hex)
=]

' A ' 4 , (4) Stop count
I |
. *—I_‘ *—l_‘ ! IStartcountagain
000016 : : L : e
: ! i . : I I i Time
'Set to “1” by software Clearedto “0" by | Setto“1" by software |

:A/ ' software ' ' '
Count start flag ' : :

Setto “1” by software \

Up/down flag

S e S &

Cleared to “0” when interrup';t request is accepted, or cleared by sdftware
Timer AO interrupt “1” '—r/ i—|’/ ' \‘| 1 \5L
request bit o |
Figure 2.2.12. Operation timing of event counter mode, reload type selected
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Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

Selecting event counter mode and functions

b7 b0
[ [ofofofofofo]z]

Timer A0 mode register [Address 039616]
TAOMR

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

Invalid when not using two-phase pulse signal processing

Setting up/down flag D)
> % Up/d flag [Add 038416]
p/down flag ress 16
DXL o XD o] e
Timer AO up/down flag
0 : Down count
Timer AO two-phase pulse signal processing select bit
0 : Two-phase pulse signal processing disabled
Setting trigger select register )
b7 bo Trigger select register [Address 038316]
LITT T LT[ vresr
Timer AO event/trigger select bit
b1 bo
00 : Input on TAOIN is selected (Note)
Note: Set the corresponding port direction register to “0” (input mode).
Setting divide ratio
(b15) (b8)
b7 b0 b7 b0
| | Timer AO register [Address 038716, 038616] TAO
\— Can be set to 000016 to FFFF16
Setting count start flag
b7 b0
| | | |><I | | | | Count start flag [Address 038016]
TABSR
\\ Timer AO count start flag /

Start -count

Figure 2.2.13. Set-up procedure of event counter mode, reload type selected
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2.2.6 Operation of Timer A (event counter mode, free run type selected)

In event

counter mode, choose functions from those listed in Table 2.2.5. Operations of the circled items

are described below. Figure 2.2.14 shows the operation timing, and Figure 2.2.15 shows the set-up

procedu

re.

Table 2.2.5. Choosed functions

Item Set-up Item Set-up

Count source Input signal to TAOIN Pulse output function| O | No pulses output
o (counting falling edges)

Pulses output

Input signal to TAOIN Count operation type Reload type
(counting rising edges)

O | Free-run type

Timer overflow Factor for switching | O | Content of up/down flag
between up and
(TBL/TX0/TX2 overflow) down p Input signal to TAGoUT

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count
source.
(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1”.
(3) If switching from an up count to a down count or vice versa while a count is in progress, the
switch takes effect from the next effective edge of the count source.
(4) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1”.
n = reload register content
(3) Switch count
(?) Underflow ' (4) Overflow
FFFFLef """ " 777t IH """""" 7 S R """"" I f
§ ! (1) Startcount A | : ;
g :—» : . :
% n : """"""" J """" oo _" """""""""" R e
o '
g - ’
c ' '
3 : '
O

1
Count start flag : !
! / Set to “1” by software
Up/down flag |
E Cleared to “0” whén interrupt request is accepted,'or cleared by software
Timer AO interrupt «1» : A/ ! e : \ ‘
request bit “gr I ] |_| li

| \_‘ m | v \ r|J
000016 . ; ! ! -

i i Time
i / Set to “1” by software

Figure 2.2.14. Operation timing of event counter mode, free run type selected
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

Selecting event counter mode and functions

b7 0 Timer AO mode register [Address 039616]
[ [t]ofofofofo]1] taomr

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAOOUT pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0” in event counter mode)

Count operation type select bit
1: Free-run type

Invalid when not using two-phase pulse signal processing

.

-

Setting up/down flag

b7 b0
Up/down flag [Address 038416]
DDA 0 DDA 0] Gor

Timer AO up/down flag
0 : Down count

Timer AO two-phase pulse signal processing select bit
0 : Two-phase pulse signal processing disabled

.

/

-

-

Setting trigger select register

b0 Trigger select register [Address 038316]
LIT LTI LT |rresk

'I;Ji?wb%r AQ event/trigger select bit
0 0: Input on TAOIN is selected (Note)

Note: Set the corresponding port direction register to “0” (input mode).

/

-

Setting divide ratio

(b15) (b8)
b7 b0 b7 b0

\— Can be set to 000016 to FFFF16

| | Timer AO register [Address 038716, 038616] TAO

Setting count start flag
b7 b0

LI DT

Count start flag [Address 038016]
TABSR

Timer AO count start flag

Start count

Figure 2.2.15. Set-up procedure of event counter mode, free run type selected
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2.2.7 Operation of timer A (2-phase pulse signal process in event counter mode,
normal mode selected)

In processing 2-phase pulse signals in event counter mode, choose functions from those listed in Table
2.2.6. Operations of the circled items are described below. Figure 2.2.16 shows the operation timing, and
Figure 2.2.17 shows the set-up procedure.

Table 2.2.6. Choosed functions

Item Set-up

Count operation type Reload type

O | Free run type

process

2-phase pulses O | Normal processing

4-multiplication processing

Operation (1) Setting the count start flag to “1” causes the counter to count effective edges of the count

source.
(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1".
(3) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1".

Note « The up count or down count conditions are as follows:
If a rising edge is present at the TAOIN pin when the input signal level to the TAOouUT pin is “H”,

an up count is performed.
If a falling edge is present at the TAOIN pin when the input signal level to the TAOOUT pin is “H”,

a down count is performed.

TAOouT

TAOIN

Input pulse

Ll -

FFFF16

000016

Counter content (hex)

Count start flag

Timer AO interrupt S
request bit “o”

(1) Start count
—

—A UL e iy ey FLELPLEL LY

@)Undeflow | | ' ' (3)Overflow
T O e S T SR S S
IR AR S bl chAE R bt S R

o

Setto “1” by software

- »
N s

Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 2.2.16. Operation timing of 2-phase pulse signal process in event counter mode, normal mode selected

190

REN ESAS viww.DataSheetdU.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

/

Selecting event counter mode and functions

Timer AO mode register [Address 039616]
TAOMR

Selection of event counter mode

b7 bo
[oftfof2fofofo]]

—————0 (Must always be “0” when using two-phase pulse signal processing)

———— 0 (Must always be “0” when using two-phase pulse signal processing)

L 1 (Must always be “1” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

Count operation type select bit
1: Free-run type

Two-phase pulse signal processing operation select bit
0 : Normal processing operation

-

Note: Set the corresponding port direction register which inputs the pulse to “0” (input mode).

\

/

Two-phase pulse signal processing select bit

b7 b0
Up/down flag [Address 038416]
R N I

Timer AO two-phase pulse signal processing select bit
1 : Two-phase pulse signal processing enabled

|b7| | | | | |0|?| $g?g(gég|ect register [Address 038316]

00 (Must always be “00” when using two-phase pulse signal processing)

/

- ] /
4 Setting divide ratio R
(b15) (b8)
b7 b0 b7 b0

\— Can be set to 000016 to FFFF16

-

| | Timer AO register [Address 038716, 038616] TAO

%

Setting count start flag

[T T I T ] e o s oo

L Timer AO count start flag

Start (-:ount

RENESAS

RenesasTechnology Corp.

Figure 2.2.17. Set-up procedure of 2-phase pulse signal process in event counter mode, normal mode selected
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2.2.8 Operation of timer A (2-phase pulse signal process in event counter mode,
multiply-by-4 mode selected)

In processing 2-phase pulse signals in event counter mode, choose functions from those listed in Table
2.2.7. Operations of the circled items are described below. Figure 2.2.18 shows the operation timing, and
Figure 2.2.19 shows the set-up procedure.

Operation

Note

Table 2.2.7. Choosed functions

Item Set-up Item Set-up

Count operation type Reload type Processing 2 phase Normal processing

pulses o

O | Free run type 4-multiplication processing

(1) Setting the count start flag to “1” causes the counter to count effective edges of the count source.

(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1".

(3) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer AO interrupt request bit goes to “1".

* The up count or down count conditions are as follows:

Table 2.2.8. The up count or down count conditions

Input signal to the Input signal to the Input signal to the Input signal to the
TAOouUT pin TAOIN pin TAOouT pin TAOIN pin
Up count “H” level Rising Down “H” level Falling
- count -
“L” level Falling “L” level Rising
Rising “L” level Rising “H” level
Falling “H” level Falling “L” level
(1) Start count
[0] H !
» TAOouT ,
=] L
o
5 “H”
g TAON oL
— FFFFi6
x
Q
=
IS
2 L
c [
Q L
© Lo
g RN
IS o
3 Lo
] !
O :/—)_]_,7
000016 ‘ ‘ : -
| Setto*“1” by software "y Ly Time
/ (2) Underflow (3) Overflow
Count start flag ! :
“0” Cleared to “0” when interrupt request is accepted, or cleared by software
Timer AQ interrupt «1» : 3
request bit w0 |_| / |_|/

Figure 2.2.18. Operation timing of 2-phase pulse signal process in event counter mode, multiply-by-4 mode selected
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b7

\
Selecting event counter mode and functions

| 1 | 1 | o | 1 I o | o | 0 | b10| Timer A0 mode register [Address 039616]

TAOMR

Selection of event counter mode

0 (Must always be “0” when using two-phase pulse signal processing)
0 (Must always be “0” when using two-phase pulse signal processing)
1 (Must always be “1” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

Count operation type select bit
1: Free-run type

\ Note: Set the corresponding port direction register which inputs the pulse to “0” (input mode).

Two-phase pulse signal processing operation select bit
1 : Multiply-by-4 processing operation

/

-

Two-phase pulse signal processing select bit h

b7

b7 b0
Up/down flag [Address 038416]
R I

Timer AO two-phase pulse signal processing select bit
1: Two-phase pulse signal processing enabled

b0

| I | | | I |0|0 Trigger select register [Address 038316]

TRIGGER

-

00 (Must always be “00” when using two-phase pulse signal processing)

-

Setting divide ratio

(b15)

(b8)
b0 b7 b0

b7
|

| Timer AO register [Address 038716, 038616] TAO

\— Can be set to 000016 to FFFF16

Setting count start flag

b

LI T DA T

0
Count start flag [Address 038016]
TABSR

Timer AO count start flag

Start count

Figure 2.2.19. Set-up procedure of2-phase pulse signal process in event counter mode, multiply-by-4 mode selected
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2.2.9 Operation of Timer A (one-shot timer mode)

In one-shot timer mode, choose functions from those listed in Table 2.2.9. Operations of the circled items
are described below. Figure 2.2.20 shows the operation timing, and Figure 2.2.21 shows the set-up

procedure.

Table 2.2.9. Choosed functions

Item

Set-up

Count source

Internal count source (f1/ fg / f32 / fca2)

Pulse output function

No pulses output

Pulses output

Count start condition

External trigger input (falling edge of input signal to the TAOIN pin)

External trigger input (rising edge of input signal to the TAOIN pin)

Timer overflow (TB1/TX0/TX2 overflow)

Writing “1” to the one-shot start flag

Operation (1) Setting the one-shot start flag to “1” with the count start flag set to “1” causes the counter to
perform a down count on the count source. At this time, the TAOOUT pin outputs an “H” level.

(2) The instant the value of the counter becomes “000016", the TAOOUT pin outputs an “L” level,
and the counter reloads the content of the reload register and stops counting. At this time, the
timer AO interrupt request bit goes to “1”.

(3) If a trigger occurs while a count is in progress, the counter reloads the value in the reload
register again and continues counting. The reload timing is in step with the next count source
input after the trigger.

(4) Setting the count start flag to “0” causes the counter to stop and to reload the content of the
reload register. Also, the TAOOUT pin outputs an “L” level. At this time, the timer AO interrupt
request bit goes to “1".

FFFF16

Counter content (hex)

000116

n = reload register content

(2) Stop count

(1) Start count (.3) Start count

A
Reload

o

__ Reload

o

A

Start count  (4) Stop count
— :

Reload

7

Count start fla 3
9 R

Write signal to
one-shot start flag

One-shot pulse output
from TAOOUT pin

Timer AQ interrupt

s I

request bit

Cleared to “0” when interrupt request is accepte

R . , ; >
/ $et to “1” by software 5 Cleared to “0” Iby software \ Time
o L i
1/fi X(n) 5 e 1/fi X(n+1) 5
I ul [
1
/ /

f

, or cleared by software

Figure 2.2.20. Operation timing of one-shot mode
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Mitsubishi microcomputers

M30201 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

Selecting one-shot timer mode and functions

|b7 | | o | ) | | 1 | 1 |bg| F/E\TJ?\;FAzO mode register [Address 039616]

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output (Note)

External trigger select bit
When internal is selected, this bit can be “1” or “0”

Trigger select bit
0 : When the one-shot start flag is set “1”

0 (Must always be “0” in one-shot timer mode)

Count source select bit b7'bg| Count Count source period
b7b6 1 source [f(XiN) : 10MHz f(Xcin) : 32.768KkHz
82;% 1 0,0 f 100ns
10:f32 01| fs 800ns
11:fca2 J 10| fa 3.2us
101/ fez 976.56ps

Note: Set the corresponding port direction register to “1” (output mode).

Clearing timer A0 interrupt request bit Refer to ‘Precaution for Timer A (one shot timer mode)’
b7 bo
|><I><|><|><| 0 | | | | Timer A0 interrupt control register [Address 005516]

TAOIC

Interrupt request bit

-

Setting one-shot timer's time
(b15) (b8)
b7 b0 b7 b0

| | Timer AO register [Address 038716, 038616] TAO

L Can be set to 000116 to FFFF16

J

Setting clock prescaler reset flag
(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fca2
by dividing the XcIN by 32 )

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

| | | |C0unt start flag [Address 038016]
TABSR

Timer AO count start flag

Settlng one-shot start flag

|><|><I><|><| | | | One-shot start flag [Address 038216]
ONSF

Timer AO one-shot start flag

-
[ Settlng count start flag

|
|
|

Start count

Figure 2.2.21. Set-up procedure of one-shot mode
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2.2.10 Operation of Timer A (one-shot timer mode, external trigger selected)

In one-shot timer mode, choose functions from those listed in Table 2.2.10. Operations of the circled

items are described below. Figure 2.2.22 shows the operation timing, and Figure 2.2.23 shows the set-up
procedure.

Table 2.2.10. Choosed functions
Item Set-up
Count source O | Internal count source (f1 / fg / f32 / fc32)

Pulse output function

No pulses output

O | Pulses output
Count start condition External trigger input (falling edge of input signal to the TAOIN pin)
O | External trigger input (rising edge of input signal to the TAOIN pin)

Timer overflow (TB1/TX0/TX2 overflow)

Writing “1” to the one-shot start flag

Operation (1) If the TAOIN pin input level changes from “L” to “H” with the count start flag set to “1”, the

counter performs a

goes to “H” level.
(2) If the value of the ¢

counter reloads the

down count on the count source. At this time, the TAOOUT pin output level

ounter becomes “000016", the TAOOUT pin outputs an “L” level, and the
content of the reload register and stops counting. At this time, the timer

AO interrupt request bit goes to “1”".
(3) If a trigger occurs while a count is in progress, the counter reloads the value of the reload

register again and ¢

ontinues counting. The reload timing is in step with the next count source

input after the trigger.

(4) Setting the count start flag to “0” causes the counter to stop and to reload the content of the
reload register. Also, the TAOOUT pin outputs an “L” level. At this time, the timer AO interrupt

request bit goes to *

Q.

=rel ist tent
— n = reload register conten (2) Stop count
1) Start t 1 (3) Start count
= (1) Start coun : Start count (4) Stop count
) I > .
5 1
|
€ H . Reload
o ' 2
() ' '
@ : .
= 1
= H 1
3 ! i
O H :
000116 H !
| Setto"1" by softw : : 1 e 3 Time
:‘/ Ie (0] y software : ! Cleared to 0. by software \1
wqn L : ! : [ '
Count start fla ' . j '
9 “0” 4 : Trigger during count \; ! I—
TAOIN pin “H” ‘ I ‘ b
input signal U ] rl ! rl
' 1/fi X(n) : L 1/fi X (n+1) P :
One-shot pulse output “H” ' < ' '
from TAOoOUT pin ar |
Timer AQ interrupt *1” ' ‘
request bit “0” \ / /
Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 2.2.22. Operation timing of one-shot mode, external trigger selected
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A

Selecting one-shot timer mode and functions
b7

50 Timer A0 mode register [Address 039616]
[ [ [ofs[s]s]2]0] taomr

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output (Note 1)

External trigger select bit
1 : Rising edge of TAOIN pin's input signal

Trigger select bit
1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit

b7 b6 b7f be| Count Count source period
00:f1 ! source |f(XiN) : 10MHz  f(XcIN) : 32.768kHz
01:fs ) 0,0| f1 100ns
10:f32 0'1 fs 800ns
11:fes2 10| fa 3.2us

1 : 1 fcaz 976.56s

Note 1: Set the corresponding port direction register to “1” (output mode).

Clearing timer AO interrupt request bit Refer to 'Precaution for Timer A (one shot timer mode)'

b0
|><|><|><]><I 0 | | | Timer AO interrupt control register [Address 005516]
TAOIC

Interrupt request bit

Setting Trigger select register
|b7| | | | | | O|i)0| Einggg;zselect register [Address 038316]

Timer AO event/trigger select bit
b1 b0

00 : Input on TAOIN is selected (Note 2)

Note 2: Set the corresponding port direction register to “0” (input mode).

.

Setting one-shot timer's time
(b15) (68)
b7 b0 b7 b0

| | Timer AO register [Address 038716, 038616] TAO

|

\\ Can be set to 000116 to FFFF16

4 Setting clock prescaler reset flag

b7 bo

Clock prescaler reset flag [Address 038116]
| ‘ DXIXDXDXDXIA] cpsre

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

.

(This function is effective when fcaz is selected as the count source. Reset the prescaler for generating fc32 by dividing the Xcin by 32.)

Setting count start flag
b7 b0

fl dd
[T T XTI T T T ] SRuasan fiao faddress 0380ue]

Timer AO count start flag

Start count

Figure 2.2.23. Set-up procedure of one-shot mode, external trigger selected
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2.2.11 Operation of Timer A (pulse width modulation mode, 16-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.2.11. Operations of the
circled items are described below. Figure 2.2.24 shows the operation timing, and Figure 2.2.25 shows the

set-up procedure.

Table 2.2.11. Choosed functions

Item Set-up
Count source O | Internal count source (f1 / fg / f32 / fc32)
PWM mode O | 16-bit PWM
8-bit PWM

Count start condition External trigger input (falling edge of input signal to the TAOIN pin)

O | External trigger input (rising edge of input signal to the TAOIN pin)

Timer overflow (TB1/TX0/TX2 overflow)

Operation (1) If the TAOIN pin input level changes from “L” to “H” with the count start flag set to “1”, the
counter performs a down count on the count source. Also, the TAOOUT pin outputs an “H” level.
(2) The TAOouUT pin output level changes from “H” to “L” when a set time period elapses. At this
time, the timer AO interrupt request bit goes to “1”".
(3) The counter reloads the content of the reload register every time PWM pulses are output for
one cycle, and continues counting.
(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the

TAOoUT outputs an “L” level.

Note

« PWM pulse cycle is (216 -1)/fi, whereas H level duration is n/fi. However, when “000016” is set

for the timer AO register, the PWM output is “L” level for the entire period, and an interrupt
request is generated for every PWM output cycle. Also, when “FFFF16” is set for the timer AO
register, the PWM output is “H” level for the entire period, and an interrupt request is generated

for every PWM output cycle.

(fi: Count source frequency f1, f8, f32, fc32 n: Timer value)

Conditions: Reload register = 000316, external trigger (rising edge of TAOIN pin input signal) is selected

1/fX (2" -1) !

Count source

UYL HInnnn

A

TAOIN pin A
input signal

r

Setto “1” by software

Trigger is not generated by this éignal

-

Cleared to “0”
by software

Count start flag

uqn 3 1
0 AF/(l) Start count

PWM pulse output H
from TAQOoUT pin L

! (2) Output level “H” to “L”

el e 1/fiXn

I o B

(3) One period is complete
! (4) Stop count

Cleared to “0” when interrupt request is

Timer AO interrupt ~ “1”
request bit g

Note: n = 000016 to FFFE16

/ accepted, or cleared by software

Figure 2.2.24. Operation timing of pulse width modulation mode, 16-bit PWM mode selected
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer A

Selecting PWM mode and functions
b7

| | | 0 | 1 | T | T | T | blol P/Toel\;ué\o mode register [Address 039616]

Selection of PWM mode

——— 1 (Must always be “1”in PWM mode)

External trigger select bit
1 : Rising edge of TAOIN pin's input signal (Note 1)

——— Trigger select bit
1: Selected by event/trigger select register

t————————— 16/8-bit PWM mode select bit
0 : Functions as a 16-bit pulse width modulator

Count source select bit b7 b6 Count Count source period
fggﬁf ) source |f(xin) : 10MHz  f(XcIN) : 32.768kHz
if1 T
01 fl 0,0 f1 100ns
0:fa2l > 0,1 fs 800ns
1:fc32 110 fa2 3.2us

11 1] foz 976.56)is

Note 1: Set the corresponding port direction register which outputs the pulse to “1” (output mode).

o

Clearing timer AQ interrupt request bit Refer to ‘Precaution for Timer A (pulse width modulation mode)'

b7 b0
|><|><]><]><| | | | | Timer AO interrupt control register [Address 005516]
0 TAOIC

Interrupt request bit

/

Setting trigger select register

|b7| | | | | | |b0| Trigger select register [Address 038316]
TRGSR

Timer AO event/trigger select bit
b1 b0
00 : Input on TAOIN is selected (Note 2)

Note 2: Set the corresponding port direction register to “0” (input mode).

.

o

Setting PWM pulse's “H” level width

(b15) ©8)

b7 bo b7 b0

| | | Timer AO register [Address 038716, 038616] TAO

L

\ Can be set to 000016 to FFFE16 /

Setting clock prescaler reset flag

(This function is effective when fc3z is selected as the count source. Reset the prescaler for generating fc32 by dividing the Xcin by 32.)
b7 b0

| I><|><|><|><|><D<]><| Clock prescaler reset flag [Address 038116]
CPSRF
‘ Clock prescaler reset flag
0 : No effect
\ 1: Prescaler is reset (When read, the value is “0")

Setting count starts flag
b7 b0

Count start flag [Add 0380
| | | |><| | | | |TgléréRsar ag [ ress 16]

Timer AO count start flag

.

Start count

Figure 2.2.25. Set-up procedure of pulse width modulation mode, 16-bit PWM mode selected
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2.2.12 Operation of Timer A (pulse width modulation mode, 8-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.2.12. Operations of the
circled items are described below. Figure 2.2.26 shows the operation timing, and Figure 2.2.27 shows the

set-up procedure.

Table 2.2.12. Choosed functions

Item

Set-up

Count source

O | Internal count source (f1/ fg / f32 / fc32)

PWM mode

16-bit PWM

O | 8-bit PWM

Count start condition | O | External trigger input (falling edge of input signal to the TAOIN pin)

External trigger input (rising edge of input signal to the TAOIN pin)

Timer overflow (TB1/TX0/TX2 overflow)

Operation (1) If the TAOIN pin input level changes from “H” to “L” with the count start flag set to “1”, the counter
performs a down count on the count source. Also, the TAOOUT pin outputs an “H” level.

(2) The TAOouUT pin output level changes from “H” to “L” when a set time period elapses. At this

time, the timer AQ interrupt request bit goes to “1".

(3) The counter reloads the content of the reload register every time PWM pulses are output for

one cycle, and continues counting.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the

TAOOUT pin outputs an “L" level.

Note « PWM pulse cycle is (m + 1( x (28 -1)/fi, whereas “H” level duration is n x (m + 1)/fi. However,
when “0016” is set for the significant 8 bits of the timer A0 register, the PWM output is “L” level
for the entire period, and an interrupt request is generated for every PWM output cycle. Also,
when “FF16” is set for the significant 8 bits of the timer AO register, the PWM output is “H” level
for the entire period, and an interrupt request is generated for every PWM output cycle.

(fi: Count source frequency f1, fg, f32, fc32 n: Timer value)

Count source (Note 1)

Count start flag

TAOIN pin input

Underflow signal of 8-bit
prescaler (Note 2)

PWM pulse output from
TAOOUT pin

Timer AO interrupt
request bit

1"
Qg
H

z

wn

H
@
1
0

Conditions: Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAOIN pin input signal) is selected

1/fi X (m+1)X (2% -1)

(4) Stop count

(1) Start count (2) Output level *H" to “L” (3) One

complete

I_

period is

= 1/fi X (m+1)

o .
—

o — 7 1/fiXMm+1)Xn |—|

; Cleared to “0” when interrupt request
: is accepted, or cleared by software
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 FF1s.

Figure 2.2.26. Operation timing of pulse width modulation mode, with 8-bit PWM mode selected
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Selecting PWM mode and function

|b7| | 1 | 1 | 0 | 1 | 1 |b10| pATJ?\;IQO mode register [Address 039616]

Selection of PWM mode

— 1 (Must always be “1" in PWM mode)

External trigger select bit
0 : Falling edge of TAOIN pin's input signal (Note 1)

L——— Trigger select bit
1: Selected by event/trigger select register

———— 16/8-bit PWM mode select bit
1: Functions as an 8-bit pulse width modulator

Count source select bit b7! bg| Count Count source period
b7 b6 | source |f(Xin) : 10MHz  f(Xci) : 32.768kHz
00:f1 T
0.0 f1 100ns
01:fs > :
10:fa 0,1 fs 800ns
11:fca2 10| fa2 3.2us
1 : 1 fcaz 976.56us

Note 1: Set the corresponding port direction register which outputs the pulse to “1” (output mode).

\

Clearing timer AO interrupt request bit Refer to "Precaution for Timer A (pulse width modulation mode)’
b7 bo

DDA o] ]

Timer AQ interrupt control register [Address 005516 ]
TAOIC

Interrupt request bit

o

o

Setting trigger select register

b7 b0
|

Trigger select register [Address 038316]
TRGSR

Timer AO event/trigger select bit
b1 b0

0 0: Input on TAOIN is selected (Note 2)

Note 2: Set the corresponding port direction register to “0” (input mode).

o

Setting PWM pulse's period and “H” level width

(b15) (b8)
b7 b0 b7 bO

L Can be set to 0016 to FE16

Can be set to 0016 to FE16

Timer AQ register [Address 038716, 038616] TAO

Setting clock prescaler reset flag

b7 b0

| |><I>q><|><]><|><|><| Clock prescaler reset flag [Address 038116]
‘ CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

.

(This function is effective when fc3z is selected as the count source. Reset the prescaler for generating fca2 by dividing the Xcin by 32.)

%

\

Setting count start flag

b7 b0
| Count start flag [Address 038016]

D I e =

\ Timer AO count start flag

Start count

Figure 2.2.27. Set-up procedure of pulse width modulation mode, 8-bit PWM mode selected
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2.2.13 Precautions for Timer A (timer mode)

(1) To clear reset, the count start flag is set to “0". Set a value in the timer AO register, then set the
flag to “1".

(2) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing,
the value of the counter. Reading the timer AO register with the reload timing shown in Figure
2.2.28 gets “FFFF16”. Reading the timer AO register after setting a value in the timer AO
register with a count halted but before the counter starts counting gets a proper value.

Reload
Counter value (Hex.) 2 1 0 n | n-1
Read value (Hex.) 2 1 0 FFFF [ n-1
—
Time

n = reload register content

Figure 2.2.28. Reading timer AOQ register
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2.2.14 Precautions for Timer A (event counter mode)

(1) To clear reset, the count start flag is set to “0". Set a value in the timer AO register, then set the

flag to “1".

(2) Reading the timer AO register while a count is in progress allows reading, with arbitrary timing,
the value of the counter. Reading the timer AO register with the reload timing shown in Figure
2.2.29 gets “FFFF16” by underflow or “000016” by overflow. Reading the timer AO register
after setting a value in the timer AO register with a count halted but before the counter starts

counting gets a proper value.

(3) Please note the standards for the differences between the 2 pulses used in the 2-phase pulse
signals input signals to the TAOIN pin and TAOOUT pin as shown in Figure 2.2.30.

(4) When free run type is selected, if count is stopped, set a value in the timer AO register again.

(1) Down count

n = reload register content

Reload
Counter value
(Hex.) 2 1 0 n |n-1
Read value —
(Hex.) 2| 1| 0 |FFFF/N-1
—P
Time

(2) Up count
Reload

Counter value
o) FFFD|FFFE|FFFF| n [n+1
Read value FEFD|FFFE| FFFF| 0000|n + 1
(Hex.)
—
Time

n = reload register content

Figure 2.2.29. Reading timer AO register

T1

Vce = 5V, f(XIN) = 10MHz

TA2IN
TA3IN
TA4IN

TA20uUT
TA3ouT
TA4ouT

T2

T3

T1 T2, T3
(Min.) (Min.)
800ns 200ns

Vcece = 3V, f(XIN) = 7MHz, one-wait

T1 T2, T3
(Min.) (Min.)
2us 500ns

Figure 2.2.30. Standard of 2-phase pulses
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2.2.15 Precautions for Timer A (one-shot timer mode)

(1) To clear reset, the count start flag is set to “0". Set a value in the timer AO register, then set the
flag to “1".

(2) Setting the count start flag to “0” while a count is in progress causes as follows:
 The counter stops counting and a content of reload register is reloaded.
» The TAOOUT pin outputs “L” level.
* The interrupt request generated and the timer AO interrupt request bit goes to “1”.

(3) The output from the one-shot timer synchronizes with the count source generated internally.
Therefore, when an external trigger has been selected, a delay of one cycle of count source
as a maximum occurs between the trigger input to the TAOIN pin and the one-shot timer
output.

(4) The timer AO interrupt request bit goes to “1” if the timer's operation mode is set using any of
the following procedures:
* Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer AO interrupt (interrupt request bit), set timer AO interrupt request bit to
“0” after the above listed changes have been made.

(5) If a trigger occurs while a count is in progress, after the counter performs one down count
following the reoccurrence of a trigger, the reload register contents are reloaded, and the
count continues. To generate a trigger while a count is in progress, generate the second
trigger after an elapse longer than one cycle of the timer's count source after the previous
trigger occurred.

TAOIN pin input signal HL * Trigger input

Count source lﬁ ' lﬁ lﬁ

One-shot pulse !
output from TAOouT pin : + Start one-shot pulse output

Note: The above applies when an external trigger (falling edge of TAOIN pin input signal) is selected.

Figure 2.2.31. One-shot timer delay
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2.2.16 Precautions for Timer A (pulse width modulation mode)

(1) To clear reset, the count start flag is set to “0". Set a value in the timer AO register, then set the
flag to “1".

(2) The timer AO interrupt request bit becomes “1” if setting operation mode of the timer in com-
pliance with any of the following procedures:
* Selecting PWM mode after reset.
» Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer AQ interrupt (interrupt request bit), set timer AO interrupt request bit to
“0” after the above listed changes have been made.

(3) Setting the count start flag to “0” while PWM pulses are being output causes the counter to
stop counting. If the TAOOUT pin is outputting an “H” level in this instance, the output level
goes to “L”, and the timer AO interrupt request bit goes to “1”. If the TAOOUT pin is outputting
an “L” level in this instance, the level does not change, and the timer A0 interrupt request bit
does not becomes “1".

(4) Normal PWM output is restored according to the interrupt request generate timing, both in
the case of 16-bit PWM and 8-bit PWM, when PWM output is either “H” or “L” level for the
entire period. This holds only when a value other than “000016” or “FFFF16” is set during 16-
bit PWM, or a value other than “0016” or “FF16" is set during 8-bit PWM.

© Normal PWM restored here
When PWM output is “H” level for the entire period :

Writing to the _>

timer AO

AN A

Cleared to “0” when interrupt request is accepted, or cleared by software

¢ DL X ()
PWM pulse output  "H" :
from TAOoOUT pin "L ' }
Timer AO interrupt 1" ’—| ' '
request bit "o . | | | Ii

When PWM output is “L” level for the entire period

Writing to the 1/f X (n)
; timer AO >
PWM pulse output  "H" i
from TAQoUT pin u i

— —
AN e

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer AQ interrupt
request bit

Q+H

Figure 2.2.32. Operation timing of PWM output mode
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2.3Timer B

2.3.1 Overview
The following is an overview for timer B, a 16-bit timer.
(1) Mode
Timer B operates in one of three modes:

(a) Timer mode
The internal count source is counted.
L @1 = U To] o T T8 110 0 =T g o o = SRR P210

(b) Event counter mode
The number of pulses coming from outside and the number of the timer overflows are counted.
* Operation iN eVENt COUNTET MOE .........oiiiiiiiiiiiiiiiiiee ettt e et e e e seb e e e s sbbeeee e p212

(c) Pulse period measurement/pulse width measurement mode
External pulse period or external pulse widths are measured. If pulse period measurement mode is
selected, the periods of input pulses are continuously measured. If pulse width measurement mode
is selected, widths of “H” level pulses and those of “L” level pulses are continuously measured.

* Operation in pulse period MeasuremMent MOUE ..........coouiiiiiiiiiiiie e P214

* Operation in pulse width measurement MOAE ..............ueiiiiiiiiiiiiiii e P216

(2) Count source
An internal count source can be selected from f1, fg, f32, and fc32. f1, f8, and 32 are clocks obtained by
dividing the CPU main clock by 1, 8, and 32 respectively. fc32 is the clock obtained by dividing the
CPU secondary clock by 32.

(3) Frequency division ratio
The frequency division ratio equals [the value set in the timer register + 1]. The counter underflows
when a count source equal to a frequency division ratio is input, and an interrupt request occurs.

(4) Reading the timer
In timer mode or event counter mode, the count value at the time of reading the timer register will be
read. Read the register in 16-bit increments. In both the pulse period measurement mode and pulse
width measurement mode, an indeterminate value is read until the second effective edge is input after
a count is started, otherwise, the measurement results are read.

(5) Writing to the timer
When writing to the timer register while a count is in progress, the value is written only to the reload
register. When writing to the timer register while a count has stopped, the value is written both to the
reload register and the count. Write the value in 16-bit increments. The timer register cannot be
written to in either the pulse period measurement mode or the pulse width measurement mode.
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(6) Input to the timer and the direction register
To input an external signal to the timer, set the direction register of the relevant port to input.

(7) Pins related to timer B
(a) TBOIN, TB1IN Input pins to timer B.

(8) Registers related to timer B
Figure 2.3.1 shows the memory map of timer B-related registers. Figures 2.3.2 and 2.3.3 show timer
B-related registers.

005A16| Timer BO interrupt control register (TBOIC)
005B16( Timer B1 interrupt control register (TB1IC)
038016 Count start flag (TABSR)

038116| Clock prescaler reset flag (CPSRF)
038216| One-shot start flag (ONSF)

038316| Trigger select register (TRGSR)
038416| Up-down flag (UDF)

~ e

039016
039116 Timer BO (TBO)
039216
039316 Timer B1 (TB1)

039B16| Timer BO mode register (TBOMR)
039C16|  Timer B1 mode register (TBIMR)

«
)]
«

Figure 2.3.1. Memory map of timer B-related registers
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Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
TBIMR(i =0, 1) 039B16, 039C16 00XX00002
Bit symbol Bit name Function R W
TMODO | operation mode select bit | 3% . Timer mode o' o
0 1: Event counter mode
TMOD1 1 0 : Pulse period/pulse width !
measurement mode o . 0
11 : Inhibited |
MRO Function varies with each operation mode O ' O
MR1 O ' O
MR2 O ' O
(Note 1)1 ______
X
(Note 2) |
MR3 O 3 X
TCKO Count source select bit 0O . o0
TCK1 (Function varies with each operation mode) O ' 0

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

Figure 2.3.2.

Timer B-related registers (1)
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Timer Bi register (Note) Symbol Address When reset
TBO 039116, 039016  Indeterminate
(b15) gbsg TB1 039316, 039216  Indeterminate
b7 0b7 b0
E Function Values that can be set | R EW
 Timer mode 000016 to FFFF16 OEO
Counts the timer's period
* Event counter mode 000016 to FFFF16 | !
Counts external pulses input or a timer overflow O;O
« Pulse period / pulse width measurement mode i
Measures a pulse period or width le
Notel: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | TABSR 038016 000X00002
A N N T symbol Bit name Function RIW
-1 TAOS Timer AO count startflag | g stops counting O%O
N TX0S Timer X0 count start flag 1: Starts counting 0.0
b e TX1S Timer X1 count start flag 00
i : : : R TX2S Timer X2 count start flag oio
b Nothing is assigned. ‘
[ REEEEEEEEE In an attempt to write to this bit, write “0”. The value, if read, turns out |——
to be indeterminate. |
AR EERECECPCEERPERTETEE TBOS | Timer BO count start flag 0 : Stops counting 00
S TB1S Timer B1 count start flag 1: Starts counting o0
M CDCS Clock devided count start flag O i @)
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2
poioi 10t 1| Bitsymbol Bit name Function RIW
i1+ 4+ 11+ | Nothing is assigned. |
! t--i--a--u--a-o-d |nan attempt to write to these bits, write “0”. The value, if read, turns —f—
: out to be indeterminate. '
: CPSR | Clock prescaler reset flag |9 : No effect i
e ] P g 1: Prescaler is reset 0.0
(When read, the value is “0”)

Figure 2.3.3. Timer B-related registers (2)
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2.3.2 Operation of Timer B (timer mode)

In timer mode, choose functions from those listed in Table 2.3.1. Operations of the circled items are
described below. Figure 2.3.4 shows the operation timing, and Figure 2.3.5 shows the set-up procedure.

Table 2.3.1. Choosed functions

Item Set-up

Count source O | Internal count source (f1/fg/ 32/ fca2)

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the counter contin-
ues counting. At this time, the timer Bi interrupt request bit goes to “1”".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FFFF16] (1) Start count (2) Underflow

: >

: #_L[ """""""" _L[ """"""""" i statcount [ |
' ! again T
: . A L. ) L T )

Counter content (hex)

000016

|

Time

Cleared to “0” by Setto “1” by software

software \ /
i i

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Bi interrupt “1” : / ! / !
request bit “0 |—|—|—| |_

Setto “1" by software

Count start flag é J

Figure 2.3.4. Operation timing of timer mode
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\— Can be set to 000016 to FFFF16

Selecting timer mode and functions
b7 b0 . . . -
Timer Bi mode register (i=0, 1) [Address 039B16, 039C16]
LI [ X1 To[o] teimr(=0t02)
Selection of timer mode
Invalid in timer mode
Can be “0” or “1”
Fixed to “0” in timer mode
Count source select bit ; -
b7 b6 b7 be| Count Count source period
00:f1 l : source | f(XiN) : 10MHz  f(XcIN) : 32.768kHz
01:fs ———EE 100ns
10:fa2 0, 1] fs 800ns
11:fes 1 ' 0 fa2 3.2us
101 fe 976.56)s
Setting divide ratio
(b15) (b8)
b7 b0 b7 b0

| | Timer BO register [Address 039116, 039016] TBO
Timer B1 register [Address 039316, 039216] TB1

Setting clock prescaler reset flag
(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XciN by 32.)
b7 b0
Clock prescaler reset flag [Address 038116]
LFMNM CPSRF
Clock prescaler reset flag
0 : No effect
\\ 1: Prescaler is reset (When read, the value is “0") /
Setting count start flag
b7 b0
| I | |><| | I | | Count start flag [Address 038016]
TABSR
Timer BO count start flag
Timer B1 count start flag

Start count

Figure 2.3.5. Set-up procedure of timer mode
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2.3.3 Operation of Timer B (event counter mode)

In event counter mode, choose functions from those listed in Table 2.3.2. Operations of the circled items are
described below. Figure 2.3.6 shows the operation timing, and Figure 2.3.7 shows the set-up procedure.

Table 2.3.2. Choosed functions

Item Set-up

Count source O | Input signal to the TBiN pin (counting falling edges)

Input signal to the TBiIN pin (counting rising edges)

Input signal to the TBiiN pin (counting rising edges and falling edges)

Timer overflow(TBj overflow)

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Bi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FFEF1s| (1) Start count (2) Underflow (3) Stop count

<>

J

Counter content (hex
=}
:I_i
g .

000016

1 ! »
 Setto “1” by software Cleared to *0” by Setto “1” by spftwar

1
o
1
1
1
1
1
'
T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

v Time

/ software

Count start flag (1) J

Cleared to “0" when interrupt request is accepted, or cleared by software

Timer Bi interrupt 1~ ’—I/ ’—I/ '—
request bit “Q”

Figure 2.3.6. Operation timing of event counter mode
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Timer B
Selecting event counter mode and functions
b7 b0 . . . .
Timer Bi mode register (i=0, 1) [Address 039B16, 039C16]
lo] | XJoJoJol1] timr (=0, 1)

Selection of event counter mode

Count polarity select bit
b3 b2
0 0 : Counts external signal falling edges

Fixed to “0” in event counter mode

Event clock select

0 : Input from TBiIN pin (Note)

Note: Set the corresponding port direction register to “0” (input mode).

Setting divide ratio

(b15)

(b8)
b0 b7

b7

b ) .
& Timer BO register [Address 039116, 039016] TBO
| Timer B1 register [Address 039316, 039216] TB1

\— Can be set to 000016 to FFFF16 (n)

Setting count start flag

b7

| |><| | | |b0| Count start flag [Address 038016]

TABSR

Timer BO count start flag

Timer B1 count start flag

Start count

Figure 2.3.7. Set-up procedure of event counter mode
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2.3.4 Operation of Timer B (pulse period measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.3.3. Op-
erations of the circled items are described below. Figure 2.3.8 shows the operation timing, and Figure
2.3.9 shows the set-up procedure.

Table 2.3.3. Choosed functions

Item Set-up

Count source | O | Internal count source (f1/ fs / f32 / fca2)

Measurement | O | Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.

(2) If a measurement pulse changes from “H” to “L”, the value of the counter goes to “000016”,
and measurement is started. In this instance, an indeterminate value is transferred to the
reload register. The timer Bi interrupt request does not generate.

(3) If a measurement pulse changes from “H” to “L” again, the value of the counter is transferred
to the reload register, and the timer Bi interrupt request bit goes to “1”. Then the value of the
counter becomes “000016”, and the measurement is started again.

Note « The timer Bi interrupt request bit goes to “1” 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
timer Bi overflow flag within the interrupt routine.

» The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Bi overflow flag goes to “1” immediately after a count is performed.

 The timer Bi overflow flag goes to “0” if timer Bi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

Measurement of pulse time interval from falling edge to falling edge

(1) Start count (2) Start measurement  (3) Start measurement again

Count source | --

“H 3 ! 3 i ' i
Measurement pulse o {; i %; | }; i |

Transfer

AT ) _. Transfer
Reload register — counter |—| (indeterminate value) |—| (measured value)

transfer timing

Timing at which counter
reaches “000016”

(Note 1) w._! (Note 1) « (Note 2) . !

wqn ! .
Count start flag i
“gr

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Bi interrupt “1” : ﬁ
request bit “gr .

Timer Bi overflow flag ‘1" li

“gr .-

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 2.3.8. Operation timing of pulse period measurement mode
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b7

NN

Timer Bi mode register (i=0 , 1) [Address 039B16, 039C16]
TBIMR (i=0, 1)

Selection of pulse period / pulse width measurement mode

b0
ofof 1]o]

Selecting pulse period / pulse width measurement mode and functions

Measurement mode select bit
b3 b2
0 0 : Pulse period measurement

Timer Bi overflow flag
0 : Timer did not overflow
1: Timer has overflowed

Count source select bit

(Interval between measurement pulse falling edge to falling edge)

b7 b6 b7 bs| Count Count source period
00:f1 1 1 source | f(XiN) : 10MHz f(Xcin) : 32.768kHz
0l:fs . ml0/ 0] 1 100ns
i 2 ;222 0 1| fs 800ns

10| fa2 3.2us

101 fea2 976.56ps

-

Note: Set the corresponding port direction register which sets the measurement pulse to “0” (input mode).

/

/

Setting clock prescaler reset flag

dividing the XcIN by 32.)
b7 b0

L DXDDAXPIAES

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

-

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by

~

Setting count start flag

[TT XTI
-

Count start flag [Address 038016]
TABSR

Timer BO count start flag
Timer B1 count start flag

Start count

Clearing overflow flag
b7

Ll Tl [ 1 ]]
-

Timer Bi mode register (i=0, 1) [Address 039B16 to 039D16]
TBIMR (i=0, 1)

Timer Bi overflow flag
0 : Timer did not overflow

Figure 2.3.9. Set-up procedure of pulse period measurement mode
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2.3.5 Operation of Timer B (pulse width measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.3.4. Op-
erations of the circled items are described below. Figure 2.3.10 shows the operation timing, and Figure
2.3.11 shows the set-up procedure.
Table 2.3.4. Choosed functions

Item Set-up

Count source | O | Internal count source (f1/ fs / f32 / fcaz2)

Measurement Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.
(2) If an effective edge of a pulse to be measured is input, the value of the counter goes to
“000016", and measurement is started. In this instance, an indeterminate value is transferred
to the reload register. The timer Bi interrupt request does not generate.
(3) If an effective edge of a pulse to be measured is input again, the value of the counter is
transferred to the reload register, and the timer Bi interrupt request bit goes to “1”. Then the
value of the counter becomes “000016”, and measurement is started again.

Note « The timer Bi interrupt request bit goes to “1” when an effective edge of a pulse to be measured
is input or timer Bi is overflows. The factor of interrupt request can be determined by use of the
timer Bi overflow flag within the interrupt routine.

« The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Bi overflow flag goes to “1” immediately after a count is performed.

* The timer Bi overflow flag goes to “0” if timer Bi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

(1) Start count (3) Start measurement again

(2) Start measurement

Count source I I

Measurement pulse

Transfer 3 1Transfer(measured value)
. (indeterminate L ' [
Reload register — counter value)
transfer timing } |_| B
o (Note D) | ¢ (Note 1)  A(Note) » (Noted) |+ (Note2)

Timing at which counter |—| |_| |_| |_|
reaches “000016” ;

uln !
Count start fla

g o

Timer Bi interrupt request bit 1" | |
“gr /l_l/l_

. . Cleared to “0” when interrupt request is accepted, E)r cleared by software
Timer Bi overflow flag

[1
.
o

S

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 2.3.10. Operation timing of pulse width measurement mode
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Selecting pulse period / pulse width measurement mode and functions

b7

L1 IX

Timer Bi mode register (i=0, 1) [Address 039B16, 039C16]
TBIiMR (=0, 1)

Selection of pulse period / pulse width measurement mode

b0
tfofs]o]

Measurement mode select bit
b3 b2
1 0: Pulse width measurement (Interval between measurement pulse falling edge to
rising edge, and between rising edge to falling edge)

Timer Bi overflow flag
0 : Timer did not overflow
1: Timer has overflowed

Count source select bit

o7 b6 b73 pg| Count Count source period
00:f1 3 source | f(XiN) : 10MHz f(XcIN) : 32.768kHz
01:fs 0,0 f1 100ns
10:fs2 0' 1] fs 800ns
11:fcs2 10| fe 328

11| fea 976.56)15

Note: Set the corresponding port direction register which sets the measurement pulse to “0” (input mode).

/

-

~

Setting clock prescaler reset flag
(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XcIN by 32.)

b7

[ IR

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0")

Setting count start flag

LI D[]

b0
Count start flag [Address 038016]
TABSR

Timer BO count start flag
Timer B1 count start flag

Start count

(Ll (@ RLLLL]

Clearing overflow flag

b7 b0

HEDNEEEE
-

Timer Bi mode register (i=0, 1) [Address 039B16, 039C16]
TBIMR (i=0, 1)

Timer Bi overflow flag
0 : Timer did not overflow

Figure 2.3.11. Set-up procedure of pulse width measurement mode
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2.3.6 Precautions for Timer B (timer mode, event counter mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Bi register, then set the
flag to “1".

(2) Reading the timer Bi register while a count is in progress allows reading, with arbitrary timing,
the value of the counter. Reading the timer Bi register with the reload timing shown in Figure
2.3.12 gets “FFFF16”. Reading the timer Bi register after setting a value in the timer Bi regis-
ter with a count halted but before the counter starts counting gets a proper value.

Reload
Counter value (Hex.) 2 1 0 n n-1
Read value (Hex.) 2 1 0 FFFF | n-1
_>
Time
n = reload register content

Figure 2.3.12. Reading timer Bi register
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2.3.7 Precautions for Timer B (pulse period/pulse width measurement mode)

(1) The timer Bi interrupt request bit goes to “1” 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 timer Bi overflow flag within the interrupt routine.

(2) If the timer overflow occurs simultaneously with the input of a measurement pulse, and if the
interrupt factor cannot be determined from the timer Bi overflow flag, connect the timers and
count the number of overflows.

(3) When reset, the timer Bi overflow flag goes to “1”. This flag can be set to “0” by writing to the
timer Bi mode register when the count start flag is “1”.

(4) Use the timer Bi interrupt request bit to detect only overflows. Use the timer Bi overflow flag
only to determine the interrupt factor within the interrupt routine.

(5) When the first effective edge is input after a count is started, an indeterminate value is trans-
ferred to the reload register. At this time, timer Bi interrupt request is not generated.

(6) The value of the counter is indeterminate at the beginning of a count. Therefore the timer Bi
overflow flag may go to “1” immediately after a count is started.

(7) If changing the measurement mode select bit is set after a count is started, the timer Bi
interrupt request bit goes to “1”.

(8) If the input signal to the TBiIN pin is affected by noise, precise measurement may not be
performed in some cases. It is recommended to see that measurements fall within a specific
range by use of software.

(9) For pulse width measurement, pulse widths are successively measured. Use software to
check whether the measurement result is an “H” level width or an “L” level width.
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2.4 Timer X

2.4.1 Overview
The following is an overview for timer X, a 16-bit timer.
(1) Mode
Timer X operates in one of the four modes:

(a) Timer mode
In this mode, the internal count source is counted. Two functions can be selected: the pulse output
function that reverses output from a port every time an overflow occurs, or the gate function which
controls the count start/stop according to the input signal from a port.

* TIMEr MOAE OPEIALION .. .eveiiiiiiiiiiee ittt ettt e sttt e e sttt e e e st b et e e e e sabb e e e e s abbeeeeessnbbeeeeeans p224
e Timer mode, gate fUNCLION OPEIALION .........oeiiiiiiiiiti ettt e e e e e P226
* Timer mode, pulse output fuNCtION OPETALION .........ceiiiiiiiiiiiiiiiiiie e P228

(b) Event counter mode
This mode counts the pulses from the outside and the number of overflows in other timers. The free-
run type, in which nothing is reloaded from the reload register, can be selected when an underflow
occurs. The pulse output function can also be selected.

* Event counter Mode OPEIALION .........cuueiiiiiiiiiie ettt e et e e e s sbeeeeeeans P230

* Event counter mode, free run type OPEratioN .............eeeiiiiiiiiiiiiiiiiiiee e a e p232

(c) One-shot timer mode
In this mode, the timer is started by the trigger and stops when the timer goes to “0”. The trigger can be
selected from the following 3 types: an external input signal, an overflow of the timer, or a software trigger.
* ONe-shot tiMer MOAE OPEIALION .......uvviiie ittt e e et e e e s sabeeeaeaaas pP234

(d) Pulse period measurement/pulse width measurement mode
External pulse period or external pulse widths are measured. If pulse period measurement mode is
selected, the periods of input pulses are continuously measured. If pulse width measurement mode
is selected, widths of “H” level pulses and those of “L” level pulses are continuously measured.

* Operation in pulse period MeasureMent MOUE ...........oouiiiiiiiiiiiie e P236

* Operation in pulse width measurement MOAE ..............ueiiiiiiiiiiiii e P238

(d) Pulse width modulation (PWM) mode
In this mode, the arbitrary pulses are successively output. Either a 16-bit fixed-period PWM mode or
8-bit variable-period mode can be selected. The trigger for initiating output can also be selected.
* 16-bit PWM MOUE OPEIALION ......vviiieiiiiiiie ettt ettt ettt e e e e e s sanaaeee s P240
* 8-Dit PWM MOAE OPEIALION ...ttt ettt e et e e e e e e e e e s abbb s aeeeeaaaeeas p242

(2) Count source
The internal count source can be selected from f1, fs, f32, and fc32. Clocks f1, f8, and 32 are derived
by dividing the CPU's main clock by 1, 8, and 32 respectively. Clock fc32 is derived by dividing the
CPU's secondary clock by 32.
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(3) Frequency division ratio
In timer mode or pulse width modulation mode, [the value set in the timer register + 1] becomes the
frequency division ratio. In event counter mode, [the set value + 1] becomes the frequency division
ratio when a down count is performed, or [FFFF16 - the set value + 1] becomes the frequency division
ratio when an up count is performed. In one-shot timer mode, the value set in the timer register be-
comes the frequency division ratio.
The counter overflows (or underflows) when a count source equal to a frequency division ratio is input,
and an interrupt occurs. For the pulse output function, the output from the port varies (the value in the
port register does not vary).

(4) Reading the timer
Either in timer mode or in event counter mode, reading the timer register takes out the count at that
moment. Read it in 16-bit units. The data either in one-shot timer mode or in pulse width modulation
mode is indeterminate. In both the pulse period measurement mode and pulse width measurement
mode, an indeterminate value is read until the second effective edge is input after a count is started,
otherwise, the measurement results are read.

(5) Writing to the timer
When writing to the timer register while a count is in progress, the value is written only to the reload
register. When writing to the timer register while a count has stopped, the value is written both to the
reload register and the count. Write the value in 16-bit increments. The timer register cannot be
written to in either the pulse period measurement mode or the pulse width measurement mode.

(6) Relation between the input/output to/from the timer and the direction register
With the output function of the timer, set the direction register of the relevant port to input. To input an
external signal to the timer, set the direction register of the relevant port to input. However, pulse
output cannot be selected when inputting an external signal to the timer, and vice-versa.

(7) Pins related to timer X
(a) TXOINOUT, TX1INOUT, TX2INOUT Input/output pins to timer X.

(8) Registers related to timer X
Figure 2.4.1 shows the memory map of timer X-related registers. Figures 2.4.2 and 2.4.3 show timer
X-related registers.

005616 | Timer X0 interrupt control register (TX0IC)
005716 Timer X1 interrupt control register (TX1IC)
005816 | Timer X2 interrupt control register (TX2IC)

038016 | Count start flag (TABSR)

038116 | Clock prescaler reset flag (CPSRF)
038216 | One-shot start flag (ONSF)

038316 | Trigger select register (TRGSR)
038416 | Up-down flag (UDF)

038816
038916
038A16
038B16

Timer X0 (TX0)

Timer X1 (TX1)

038C16|  Timer X2 (TX2)
038D16

039716 | Timer X0 mode register (TXOMR)
039816 | Timer X1 mode register (TX1MR)

039916 | Timer X2 mode register (TX2MR)

Figure 2.4.1. Memory map of timer X-related registers
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Timer Xi mode register
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TXIMR(i=0to 2) 039716 to 039916 0016
P04 i1 b i Bitsymbol Bit name Function R ' W
P op o441l TMODO Operation mode B8 Timer mode oo
select bit 0 1 : Event counter mode
T T R R TMOD1 1 0 : One-shot timer mode or pulse period/ !
b pulse width measurement mode o ., O
I 11 : Pulse width modulation (PWM) mode
[ MRO Function varies with each operation mode O 0
- T R SR MR1 o ' O
I SRRREELEEE MR2 © .0
R SRUEREECEEEEE MR3 o ! O
potTTTTTT T TCKO Count source select bit o .0
e TCK1 (Function varies with each operation mode) [SIREKe)
Note 1: Must set “00” to operation mode select bit when using timer X2 of M30200.
Timer Xi register (Note 1)
(b15) 8) Symbol Address When reset
b7 b0 b7 %) TXO0 038916,038816 Indeterminate
| | TX1 038B16,038A16 Indeterminate
TX2 038D16,038C16 Indeterminate
E Function Values that can be set REW
“~"1+ Timer mode 000016 to FFFF16 OEO
Counts an internal count source !
« Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow O;O
* One-shot timer mode 000016 to FFFF16 x 10
Counts a one shot width (Note 2)
« Pulse period / pulse width measurement mode O %
Measures a pulse period or width !
* Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 |y O
Functions as a 16-bit pulse width modulator (Note 2)
« Pulse width modulation mode (8-bit PWM) 0015#? Efleé’\‘me 2|
Timer low-order address functions as an 8-bit gdlgres?sreg)r X0
prescaler and high-order address functions as an 8-bit  |4046'to FF16 (Note 2) |
pulse width modulator (Low-order
addresses) i
Note 1: Read and write data in 16-bit units.
Note 2: Use MOV instruction to write to this register.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | TABSR 038016 000X00002
A N symbol Bit name Function R:W
i é ; E g é E - TAOS Timer AO count start flag 0 : Stops counting 00
N TX0S Timer X0 count start flag 1: Starts counting 0.0
R REtE TX1S Timer X1 count start flag 0.0
[P TX2S Timer X2 count start flag 00
O Nothing is assigned.
v In an attempt to write to this bit, write “0”. The value, if read, turns out to be ——
voro indeterminate. |
e ROEEEEEEEEEE TBOS Timer BO count start flag 0 : Stops counting 0:0
P TB1S Timer B1 count start flag 1 : Starts counting 0.0
Moo CDCS Clock devided count start flag OEO

Figure 2.4.2. Timer X-related registers (1)
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One-shot start fla
9 Symbol Address When reset
b7 b6 bS b4 b3 b2 bl bo ONSF 038216 XXXX00002
T symbol Bit name Function RW
P44 4 40 Y4 TA0OsS | Timer AO one-shot startflag | 1 : Timer start 00
. - TX00S | Timer X0 one-shot start flag When read, the value is “0 O}O
o] TX10S Timer X1 one-shot start flag 00
T P TX20S | Timer X2 one-shot start flag 0o
Nothing is assigned.
RREEEELEEEEEEEEEEEEEEEEE In an attempt to write to these bits, write “0”. The value, if read, turns out |[——
to be indeterminate. |
Trigger select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TRGSR 038316 0016
Bit symbol Bit name Function R'W
e Timer AO event/trigger | bibo '
. TAOTGL select bit 99 0 0 : Input on TAOIN is selected (Note) o0
ooror e 0 1: TB1 overflow is selected !
A TAOTGH 10:TX2 overflow is selected |
1 1:TXO overflow is selected OEO
Timer X0 event/trigger b3 b2
oo e Ty TXOTGL select bit 0 O : Input on TX0INouT is selected (Note) O:O
oy 0 1: TB1 overflow is selected .
R TXOTGH 10: TAO overflow is selected O:O
11: TX1 overflow is selected
oo : Timer X1 event/trigger bS b4 i
N TXITGL select bit 99 0 0 : Input on TX1LinouT is selected (Note) 0.0
P 01:TB1 overflow is selected -
SRR TX1TGH 1 0: TXO overflow is selected 00
HE 11:TX2 overflow is selected |
P i i b7 b6 ‘
VoI TX2TGL -srtla'r;;?:rt )éﬁ event/trigger 0 O : Input on TX2iNouT is selected (Note) Q0
' 0 1: TB1 overflow is selected :
] TX2TGH 10 : TX1 overflow is selected o0
11:TAO overflow is selected '
Note: Set the corresponding port direction register to “0”(input mode).
Clock prescaler reset flag
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
CPSRF 038116 OXXXXXXX2
E . . . . . Bit symbol Bit name Function R'W
E ' ' ' ' ' Nothing is assigned. |
T B In an attempt to write to these bits, write “0”. The value, if read, turns -
H out to be indeterminate. !
CPSR | Clock prescaler reset flag 0: No effect 1
e ] 1: Prescaler is reset o0
(When read, the value is “0”) 1

Figure 2.4.3. Timer X-related registers (2)
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2.4.2 Operation of Timer X (timer mode)

In timer mode, choose functions from those listed in Table 2.4.1. Operations of the circled items are
described below. Figure 2.4.4 shows the operation timing, and Figure 2.4.5 shows the set-up procedure.

Table 2.4.1. Choosed functions

Item Set-up

Count source O | Internal count source (f1/ fs / f32 / fc32)

Pulse output function| O | No pulses output

Pulses output

Gate function O | No gate function

Performs count only for the period in which the TXiinouT pin is at “L” level

Performs count only for the period in which the TXiiNouT pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Xi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FFFF16
(1) Start count (2) Underflow (3) Stop count

> : : -

Start count again _|. -
> A '

Counter content (hex)
=]
s i
:I_i
> s

-

Time

Cleared to “0” by '

Setto “1” by software
software

Set to “1” by software

Count start flag éJ I_I \

Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Xi interrupt  “1” ’_"/ : \4 '
request bit “q |—| I_

000016—

Figure 2.4.4. Operation timing of timer mode
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Selecting timer mode and functions

b7 b0 ) . . )
| | | o | 0 | | o I 0 | 0 | '{l)r(r;&rRX(linzﬁ%dgrg)glster (i=0to 2) [Address 039716 to 039916]

Selection of timer mode

— Pulse output function select bit
0 : Pulse is not output (TXiINOUT pin is a normal port pin)

Gate function select bit
b4 b3
00:

01- Gate function not available (TXiiNouT pin is a normal port pin)

———— 0 (Must always be “0" in timer mode)

C;;L:)r;t source select bit b73 b | Count Count source period
00:f1 3 source |f(XiN) : 10MHz  f(XcIN) : 32.768kHz
01:fs 0.0 f1 100ns
10:f32 0! 1| fs 800ns
11:fcs2 10| fa 3.2us

101 fes 976.561s

- /
Setting divide ratio h

(b15) (b8)
b7 b0 b7 b0 . )
| | Timer XO register [Address 038916, 038916] TX0

Timer X1 register [Address 038B16, 038A16] TX1
Timer X2 register [Address 038D16, 038C16] TX2

\— Can be set to 000016 to FFFF16

- /
\

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fcaz2 by
dividing the XcIN by 32.)

b7 b0

Clock prescaler reset flag [Address 038116]
HMNM CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0")

- /

Setting count start flag

b7 b0
|

HEEXEEE

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

— Timer X1 count start flag

————— Timer X2 count start flag

Start count

Figure 2.4.5. Set-up procedure of timer mode
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2.4.3 Operation of Timer X (timer mode, gate function selected)

In timer mode, choose functions from those listed in Table 2.4.2. Operations of the circled items are
described below. Figure 2.4.6 shows the operation timing, and Figure 2.4.7 shows the set-up procedure.

Table 2.4.2. Choosed functions

Item Set-up

Count source O | Internal count source (f1/ fa / f32 / fc32)

Pulse output function| O | No pulses output

Pulses output

Gate function No gate function

Performs count only for the period in which the TXiinouT pin is at “L” level

O | Performs count only for the period in which the TXiinouT pin is at “H” level

Operation (1) When the count start flag is set to “1” and the TXiINOUT pin inputs at “H” level, the counter
performs a down count on the count source.
(2) When the TXilNouT pin inputs at “L” level, the counter holds its value and stops.
(3) If an underflow occurs, the content of the reload register is reloaded and the count continues.
At this time, the timer Xi interrupt request bit goes to “1”.
(4) Setting the count start flag to “0” causes the counter to hold its value and to stop.

Note » Make the pulse width of the signal input to the TXiINOUT pin not less than two cycles of the count
source.

n = reload register content

FFFF16 (1) Start count (3) Underflow
—p :
n i """"""""""""""""""""""
< ! : (2) Stop count A L (4) Stop count
5 > P
E ' 1 ! 1
o
o
9]
IS
>
o
8] : '
' ! E_’ ";
—| ! 1 Start count again.
000016 : ; -
: : : 0 by : Time
Set to “1” by software i Cleared to “0" by

/ ' . i software Sitt/o “1” by software
Count start flag é : ' ' .

TXilNouT pin H4|—|—| ' l—l—
input signal “Lr :
Cleared to “0” when inter?upt request is accepted, or cleared by software

Timer Xi interrupt  “1” I
request bit “0

Figure 2.4.6. Operation timing of timer mode, gate function selected
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Selecting timer mode and functions

b7 b0
L[ [ofs]s]o]ofo]

Timer Xi mode register (i = 0 to 2) [Address 039716 to 039916]
TXIMR (i=0to 2)

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (Set to “0” when gate function selected)

Gate function select bit
b4 b3
11 : Timer counts only when TXiiNouT pin is held “H” (Note)

0 (Must always be “0” in timer mode)

Count source select bit

1 Count Count source period
b7 b6 b7 b6
00:f1 ! SOUrce | f(XiN) : 10MHz f(XciN) : 32.768kHz
01:fs 0,0 f 100ns
. —P

10:f32 J 0'1 fe 800ns
11:fcs2 170/ fa 3.2us

101 fes 976.56s

\Note: Set the corresponding port direction register to “0” (input mode).

-

-

Setting divide ratio
(b15) (b8)
b7

b0 b7 ) .
Timer XO register [Address 038916, 038816] TXO0
| | Timer X1 register [Address 038B16, 038A16] TX1

Timer X2 register [Address 038D16, 038c16] TX2
\— Can be set to 000016 to FFFF16

-

Setting clock prescaler reset flag R

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the Xcin by 32.)

b7

b0
Clock prescaler reset flag [Address 038116]
LHNM&N CPSRF

Clock prescaler reset flag
0 : No effect

1: Prescaler is reset (When read, the value is “0”)

\ :
4 Setting count start flag )

b7 b0

LI DX ]

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X1 count start flag

Timer X2 count start flag

Start (-:ount

Figure 2.4.7. Set-up procedure of timer mode, gate function selected
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2.4.4 Operation of Timer X (timer mode, pulse output function selected)

In timer mode, choose functions from those listed in Table 2.4.3. Operations of the circled items are
described below. Figure 2.4.8 shows the operation timing, and Figure 2.4.9 shows the set-up procedure.

Table 2.4.3. Choosed functions

Item Set-up
Count source O | Internal count source (f1/ fa / f32 / fc32)
Pulse output function No pulses output

O | Pulses output

Gate function O | No gate function

Performs count only for the period in which the TXiinouT pin is at “L” level

Performs count only for the period in which the TXiinouT pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded and the count continues.
At this time, the timer Xi interrupt request bit goes to “1". Also, the output polarity of the
TXIINOUT pin reverses.
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TXiINOUT pin outputs an “L” level.

n = reload register content

FFFF16 (1) Start count
—

n —Ll _____________

(3) Stop count

(2) Underflow

Counter content (hex)

000016

Time

i Cleared to “0” by
Set to “1” by software . software

Countstartflag 1’ ‘ '

Setto “1” by software

Pulse output from  «p» '—I
TXiINOUT pin L

Cleared to “0” when interrupt request is accepted, or cleared by software

LN\ -/
request bit 0

| L
'l_

Timer Xi interrupt

[y

Figure 2.4.8. Operation timing of timer mode, pulse output function selected
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Selecting timer mode and functions

b7

Timer Xi mode register (i = 0 to 2) [Address 039716 to 039916]
TXIMR (i=0to 2)

Selection of timer mode

b0
[ofof [1]ofo]

Pulse output function select bit
1: Pulse is output (Note) (TXiINOUT pin is a pulse output pin)

Gate function select bit
b4 b3

0
01:

0 (Must always be “0” in timer mode)

Gate function not available (Set to “0X” when pulse output function selected)

Count source select bit b7i be | Count Count source period
b7 b6 : source |f(XiN) : 10MHz  f(Xcin) : 32.768kHz
00:f1 1 0.0 f 100ns
01:fs - -
10:f32 0 : 1] fs 800ns
11:fcs32 1:0 fa2 3.2us
101 fea 976.56s

Note: Set the corresponding port direction register to “1” (output mode).

%

Setting divide ratio

(b15) (b8)
b7 b0 b7 bo

| | Timer XO register [Address 038916, 038816] TXO0

Timer X1 register [Address 038B16, 038A16] TX1

Timer X2 register [Address 038D16, 038C16] TX2

Can be set to 000016 to FFFF16

-

~

%

Setting clock prescaler reset flag

(This function is effective when fc3a2 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XcIN by 32.)

b7 b0

HMXMXM

-

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

~

Setting count start flag

[T T

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X1 count start flag

Timer X2 count start flag

Start count

Figure 2.4.9. Set-up procedure of timer mode, pulse output function selected
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2.4.5 Operation of Timer X (event counter mode, reload type selected)

In event counter mode, choose functions from those listed in Table 2.4.4. Operations of the circled items
are described below. Figure 2.4.10 shows the operation timing, and Figure 2.4.11 shows the set-up

procedure.

Table 2.4.4. Choosed functions

Item

Set-up

Count source

Input signal to TXiinouT(counting falling edges)

Input signal to TXiiNnouT(counting rising edges)

O | Timer overflow(TB1/TAO/TXi overflow)
Pulse output function No pulses output
O | Pulses output

Count operation type| O

Reload type

Free-run type

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count

source.

(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Xi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

FFFF16

Counter content (hex)

000016

n = reload register content

(1) Start count (2) Underflow

e

--

Start count again
Ih5 | el

(4) Stop' count
>

'
L -

Count start flag .

S

Timer Xi interrupt “1”
request bit «g»

T

software

e

, Setto “1”

Time

by Cleared to “0” by

software

wn
(0]
i
—
o
=
o
<

Cleared to “0” when interrupt requesf is accepted, or cleared by software

| [

Figure 2.4.10. Operation timing of event counter mode, reload type selected
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Selecting event counter mode and functions
b7

[ fofe] |

b0
1ol Timer Xi mode register (i = 0 to 2) [Address 039716 to 039916]
| | | | TXIMR (i=0to 2)

Selection of event counter mode

Pulse output function select bit (Note)
1: Pulse is output (TXiINOUT pin is a pulse output pin)

Invalid when the external signal is not used as a count source.

Invalid in event counter mode
Can be “0” or “1".

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

Invalid in event counter mode
Can be “0” or “1”.

Note : Set the corresponding port direction register to “1” (output mode).
TXiINOUT pin input is not selected as count source when pulse output function is selected.

-

Setting trigger select register

Trigger select register [Address 038316]
TRGSR

Timer X0 event/trigger select bit
b3 b2

0 1: TB1 overflow is selected
1 0: TAO overflow is selected
11 : TX1 overflow is selected

Timer X1 event/trigger select bit
b5 b4
0 1: TB1 overflow is selected
1 0: TXO overflow is selected
11 : TX2 overflow is selected

Timer X1 event/trigger select bit
b7 b6
0 1: TB1 overflow is selected
1 0: TX1 overflow is selected
11 : TAO overflow is selected

-

Setting divide ratio

(b15) (b8)
b7 b0 b7 b0

Timer X0 register [Address 038916, 038816] TX0
Timer X1 register [Address 038B16, 038A16] TX1

Timer X2 register [Address 038D16, 038C16] TX2
\— Can be set to 000016 to FFFF16

Setting count start flag

b7 b0
LI DT T

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X1 count start flag

Timer X2 count start flag

Start -count

Figure 2.4.11. Set-up procedure of event counter mode, reload type selected
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2.4.6 Operation of Timer X (event counter mode, free run type selected)

In event counter mode, choose functions from those listed in Table 2.4.5. Operations of the circled items
are described below. Figure 2.4.12 shows the operation timing, and Figure 2.4.13 shows the set-up

procedure.

Table 2.4.5. Choosed functions

Item Set-up

Count source O | Input signal to TXiinouT(counting falling edges)
Input signal to TXiinouT(counting rising edges)
Timer overflow(TB1/TAO/TXi overflow)

Pulse output function| O | No pulses output
Pulses output

Count operation type Reload type

O | Free-run type

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count

source.

(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer Xi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

Counter content (hex)

Count start flag .,

FFFF16

000016

Q

Timer Xi interrupt “1”
request bit «qg»

=

v

n = reload register content

(

=

—

) Start count H
(2) Underflow i

(4‘1) Stop count

I

|
[P

Start count again
— o

Setto “1” by
software software

Cleared to “0”

Time

Setto “1” by

.

Cleared to “0” when interrupt requést is accepted, or cleared by software

—

software

—

Figure 2.4.12. Operation timing of event counter mode, free run type selected
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Selecting event counter mode and functions

b bl

! To oTolo 10 Timer Xi mode register (i = 0 to 2) [Address 039716 to 039916]
L [2]o] [ofoJo]s] rximri=0t02)

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output

Count polarity select bit
0 : Counts external signal's falling edge

Invalid in event counter mode
Can be “0” or “1”.

0 (Must always be “0” in event counter mode)

Count operation type select bit
1: Free-run type

Invalid in event counter mode
Can be “0” or “1”.

.

Setting trigger select register

bo Trigger select register [Address 038316]
LIT T T LT tresr

Timer X0 event/trigger select bit
b3 b2

0 0 : Input on TX0INoOUT is selected (Note)

Timer X1 event/trigger select bit
b5 b4
0 0 : Input on TX1INouUT is selected (Note)

Timer X1 event/trigger select bit
b7 b6

0 0 : Input on TX2INoUT is selected (Note)

Note: Set the corresponding port direction register to “0”(input mode).

.

Setting divide ratio

(b15) (b8)
b7 b0 b7 b0

\— Can be set to 000016 to FFFF16

-

Timer X0 register [Address 038916, 038816] TX0
| | Timer X1 register [Address 038B16, 038A16] TX1
Timer X2 register [Address 038D16, 038C16] TX2

Setting count start flag
b7 b0
| |

HEENEE

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X1 count start flag
Timer X2 count start flag

Start count

Figure 2.4.13. Set-up procedure of event counter mode, free run type selected
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2.4.7 Operation of Timer X (one-shot timer mode)

In one-shot timer mode, choose functions from those listed in Table 2.4.6. Operations of the circled items
are described below. Figure 2.4.14 shows the operation timing, and Figure 2.4.15 shows the set-up
procedure.

Table 2.4.6. Choosed functions

Item Set-up
Count source O | Internal count source (f1 / fg / f32 / fc32)
Pulse output function No pulses output

O | Pulses output

Count start condition External trigger input (falling edge of input signal to the TXiinouT pin)

External trigger input (rising edge of input signal to the TXiiNnouT pin)

Timer overflow (TB1/TXO/TXi overflow)

O | Writing “1” to the one-shot start flag

Operation (1) Setting the one-shot start flag to “1” with the count start flag set to “1” causes the counter to
perform a down count on the count source. At this time, the TXiINOUT pin outputs an “H” level.

(2) The instant the value of the counter becomes “000016", the TXilINOUT pin outputs an “L” level,
and the counter reloads the content of the reload register and stops counting. At this time, the
timer Xi interrupt request bit goes to “1”".

(3) If a trigger occurs while a count is in progress, the counter reloads the value in the reload
register again and continues counting. The reload timing is in step with the next count source
input after the trigger.

(4) Setting the count start flag to “0” causes the counter to stop and to reload the content of the
reload register. Also, the TXiINOUT pin outputs an “L” level. At this time, the timer Xi interrupt
request bit goes to “1".

n = reload register content

(2) Stop count
: (3) Start count Start count  (4) Stop count
> —> :

FFFF16
(1) Start count
—>

Reload

A
' Reload o
—

Y Setto “1” by software I Cleared to "0" by software \ Time

Count start flag °r
P

Counter content (hex)

000116

Write signal to ” ”
one-shot start flag 1/fi X(n+1) :
"2 )

1/fi X (n)

One-shot pulse output “H” ‘
from TXiINOUT pin yr— 1 Q
1
0

I

]
P

Cleared to “0” when interrupt request is accepted, or cleared by so

Timer Xi interrupt
request bit

=+

ware

Figure 2.4.14. Operation timing of one-shot mode
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Selecting one-shot timer mode and functions

b7 b0
[ Tofof [z]2]o]

Timer Xi mode register (i =0 to 2) [Address 039716 to 039916]

TXIMR (i = 0 to 2)

Selection of one-shot timer mode

Pulse output function select bit (Note)

1: Pulse is output (TXiINOUT pin is a pulse output pin)

Invalid when the external signal is not used as a count source.

Trigger select bit

0 : When the one-shot start flag is set “1”

0 (Must always be “0” in one-shot timer mode)

Count source select bit

8 1

b7! b6

Count
source

Count source period

f(Xin) : 10MHz

f(XcIN) : 32.768kHz

f1

100ns

01:fs 1

fs

800ns

10:f32 —
11:fc32 J

fa2

3.2us

HE=IK=]

~lo|lk|lo

fcs2

976.56ps

Note: Set the corresponding port direction register to “1” (output mode).
TXiINoUT pin is not selected as count source when pulse output function selected.

-

Clearing timer Xi interrupt request bit

b7 b0
|

DDA o] | |

Refer to 'Precaution for Timer X (one shot timer mode)'

Timer Xi interrupt control register [Address 005516]

TXIIC (1=01t02)

Interrupt request bit

AN

Setting one-shot timer's time

(b15) (b8
b7 b0

)
b7 b0

Timer XO register [Address 038916, 038816] TXO0
Timer X1 register [Address 038B16, 038A16] TX1
Timer X2 register [Address 038D16, 038C16] TX1

L Can be set to 000116 to FFFF16

AN

N [

-

Setting clock prescale

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32

by dividing the XcIN by 32.)
b7

r reset flag

Clock prescaler reset flag [Address 038116]

CPSRF

Clock prescaler reset flag
0 : No effect

1: Prescaler is reset (When read, the value is “0”)

AN

.

Setting count start flag

b7 b0
[ |

[ [ DX |

Count start flag [Address 038016]
TABSR

Timer X0 count start flag
Timer X1 count start flag

Timer X2 count start flag

N

Setting one-shot start flag

b7

b0

DDA

ONSF

Timer X0 one-shot start flag
Timer X1 one-shot start flag

Timer X2 one-shot start flag

| One-shot start flag [Address 038216]

AN

Start count

Figure 2.4.15. Set-up procedure of one-shot mode
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2.4.8 Operation of Timer X (pulse period measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.4.7. Op-
erations of the circled items are described below. Figure 2.4.16 shows the operation timing, and Figure
2.4.17 shows the set-up procedure.

Table 2.4.7. Choosed functions

Item Set-up

Count source | O | Internal count source (f1/ f8 / f32 / fcaz)

Measurement | O | Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.

Note

(2) If a measurement pulse changes from “H” to “L”, the value of the counter goes to “000016”,
and measurement is started. In this instance, an indeterminate value is transferred to the
reload register. The timer Xi interrupt request does not generate.

(3) If a measurement pulse changes from “H" to “L” again, the value of the counter is transferred
to the reload register, and the timer Xi interrupt request bit goes to “1”. Then the value of the
counter becomes “000016”, and the measurement is started again.

« The timer Xi interrupt request bit goes to “1” when an effective edge of a measurement pulse is
input or timer Xi is overflowed. The factor of interrupt request can be determined by use of the
timer Xi overflow flag within the interrupt routine.

» The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Xi overflow flag goes to “1” immediately after a count is performed.

 The timer Xi overflow flag goes to “0” if timer Xi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

Count source UUrrrurrUyrrrUrUri - e uuuL
H L | ; |
Measurement pulse Lm

Measurement of pulse time interval from falling edge to falling edge

(1) Start count (2) Start measurement  (3) Start measurement again

s Transfer / Transfer

Reload register — counter

|—l (indeterminate value) |—| (measured value)
transfer timing ‘ ‘ ‘

(Note 1) w._. (Note 1) §_ (Note 2) «_!
Timing at which counter

reaches “000016”

Count start flag !
‘0" Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Xi interrupt “1” : ﬁ
request bit “gy -

Timer Xi overflow flag “1” Ii

“Q .-

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 2.4.16. Operation timing of pulse period measurement mode
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Selecting pulse period / pulse width measurement mode and functions

b7 b0

L [+l ofo]2]o]
[T

TXIMR (i=0 to 2)

Measurement mode select bit

b3 b2 )
0 0 : Pulse period measurement

Timer Xi overflow flag
0 : Timer did not overflow
1: Timer has overflowed

Timer Xi mode register (i=0 to 2) [Address 039716 to 039916]

Selection of pulse period / pulse width measurement mode

(Interval between measurement pulse falling edge to falling edge)

1 (Must always be “1” in pulse period / pulse width measurement mode)

%;)Egt source select bit b7 pe| Count Count source period
00:f1 ] ! source | f(XiN) : 10MHz  f(XcIN) : 32.768kHz
01:fs [ 0.0 f1 100ns
10602 [ ™o 1] s 800ns
11:fcs2 10| fa2 3.2us

1.1 fea 976.56ps

Note: Set the corresponding port direction register which sets the measurement pulse to “0” (input mode).

-

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by

dividing the XcIn by 32.)
b7 b0

L DXDDAXDIES

‘ Clock prescaler reset flag
0 : No effect

Clock prescaler reset flag [Address 038116]
CPSRF

1: Prescaler is reset (When read, the value is “0")

Setting count start flag

EREEE

Count start flag [Address 038016]

b0
| | TABSR

Timer X0 count start flag

Timer X1 count start flag

Timer X2 count start flag

Start count

Clearing overflow flag

b7

b0
LI Tof [T 1]
-

TXiMR (i=0 to 2)

Timer Xi overflow flag
0 : Timer did not overflow

Timer Xi mode register (i=0 to 2) [Address 039716 to 039916]

Figure 2.4.17. Set-up procedure of pulse period measurement mode
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2.4.9 Operation of Timer X (pulse width measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.4.8. Op-
erations of the circled items are described below. Figure 2.4.18 shows the operation timing, and Figure
2.4.19 shows the set-up procedure.

Table 2.4.8. Choosed functions

Item Set-up

Count source | O | Internal count source (f1/ fs / f32 / fcs2)

Measurement Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

0 Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.

Note

(2) If an effective edge of a pulse to be measured is input, the value of the counter goes to
“000016", and measurement is started. In this instance, an indeterminate value is transferred
to the reload register. The timer Xi interrupt request does not generate.

(3) If an effective edge of a pulse to be measured is input again, the value of the counter is
transferred to the reload register, and the timer Xi interrupt request bit goes to “1". Then the
value of the counter becomes “000016”, and measurement is started again.

* The timer Xi interrupt request bit goes to “1” when an effective edge of a pulse to be measured
is input or timer Xi is overflows. The factor of interrupt request can be determined by use of the
timer Xi overflow flag within the interrupt routine.

» The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Xi overflow flag goes to “1” immediately after a count is performed.

* The timer Xi overflow flag goes to “0” if timer Xi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

Count source I I

Measurement pulse

_ (indeterminate ®_' | A b
Reload register — counter value)
transfer timing ' |_|

Timing at which counter
reaches “000016" |_| |_| |_| |_| |_|
ulu !
Count start fla i | |
g o | | | |
Timer Xi interrupt request bit 1" | l_l_‘_l_ |—|
. v [l
- Cleared to “0” when interrupt request is accepted, or cleared by software |
Timer Xi overflow flag 1

(l) Start count (3) Start measurement again

(2) Start measurement

Transfer L ! 1Transfer(measured value) |
-

/ (Note 1) / (Note 1) V(Note 15/4 (Note 1) / (Note 2)

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 2.4.18. Operation timing of pulse width measurement mode
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Selecting pulse period / pulse width measurement mode and functions

|b7| | 1 |><| 1 | 0 | 1 | %0| Timer Xi mode register (i=0 to 2) [Address 039716 to 039916]
TXIMR (i=0 to 2)

Selection of pulse period / pulse width measurement mode

Measurement mode select bit
b3 b2

1 0 : Pulse width measurement (Interval between measurement pulse falling edge to
rising edge, and between rising edge to falling edge)

Timer Xi overflow flag
0 : Timer did not overflow
1: Timer has overflowed

1 (Must always be “1” in pulse period / pulse width measurement mode)

(;;JE:I source select bit . o] Count Count source period
00:f1 1 ! source | f(XiN) : 10MHz f(XcIN) : 32.768kHz
01:fs 0.0 f1 100ns
10:f32 > 0! 1 fs 800ns
11:fcs 10| fa 3.2us

11| fes 976.56(s

Note: Set the corresponding port direction register which sets the measurement pulse to “0” (input mode).

-

\_
e N

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XciN by 32.)

b7 b0

| |><|><|><|><]><I><I><| Clock prescaler reset flag [Address 038116]
CPSRF
0 : No effect

1: Prescaler is reset (When read, the value is “0”)

- /
e N

Setting count start flag
b7 b0

HEEEEE

Clock prescaler reset flag

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X1 count start flag

Timer X2 count start flag

Start count

Clearing overflow flag

|b7| T T |b°| Timer Xi mode register (i=0 to 2) [Address 039716 to 039915]

TXIMR (i=0 to 2)

Timer Xi overflow flag
0 : Timer did not overflow

Figure 2.4.19. Set-up procedure of pulse width measurement mode
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2.4.10 Operation of Timer X (pulse width modulation mode, 16-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.4.9. Operations of the
circled items are described below. Figure 2.4.20 shows the operation timing, and Figure 2.4.21 shows the
set-up procedure.

Table 2.4.9. Choosed functions

Item Set-up
Count source O | Internal count source (f1/ fg / f32 / fcaz)
PWM mode O | 16-bit PWM
8-bit PWM
Count start condition | O | Timer overflow (TB1/TAO/TXi overflow)

Operation (1) Selected timer overflow is generated with the count start flag set to “1”, the counter performs a

down count on the count source. Also, the TXilNOUT pin outputs an “H” level.

(2) The TXiINouT pin output level changes from “H” to “L” when a set time period elapses. At this
time, the timer Xi interrupt request bit goes to “1”.

(3) The counter reloads the content of the reload register every time PWM pulses are output for
one cycle, and continues counting.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TXilNOUT outputs an “L” level.

Note « PWM pulse cycle is (216 -1)/fi, whereas “H” level duration is n/fi. However, when “000016" is set
for the timer AO register, the PWM output is “L” level for the entire period, and an interrupt
request is generated for every PWM output cycle. Also, when “FFFF16” is set for the timer AO
register, the PWM output is “H” level for the entire period, and an interrupt request is generated
for every PWM output cycle.

(fi: Count source frequency f1, 8, f32, fc32 n: Timer value)

Conditions: Reload register = 000316, when timer overflow is selected in trigger

176X (2" -1)

!
i g
X = e |
Count source N Vo
. i

| Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Interrupt “H* | o
request bit o e ‘

becoming trigger

Set to 1 by softwére Cleared to “0” ‘by software
Count start flag K ! |
g (1) Start count
(2) Output level *H" to “L" (3) One périod is complete
———————=— 1/fiXn | (4) Stop count

PWM pulse output “H”

from TXiiNouT pin wr 1 ______

Timer Xi interrupt ‘1 /

request bit [ R . A

Note: n = 000016 to FFFE16

Figure 2.4.20. Operation timing of pulse width modulation mode, 16-bit PWM mode selected
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b7

| | | P | 1| | ll ll 1| '1I:ixniq’\eﬂrR><(iir2%dteor§)gister (i=0to 2) [Address 039716 to 039916]

Selection of PWM mode

1 (Must always be “1”in PWM mode)

———— Invalid in event counter mode
Can be “0” or “1".

——— Trigger select bit
1: Selected by event/trigger select register

16/8-bit PWM mode select bit
0 : Functions as a 16-bit pulse width modulator

Count source select bit b7 b6 Count Count source period
b7b6 ‘ SOUrce [f(xm) : 10MHz  f(XciN) : 32.768kHz
00:11 0,0 f 100ns
01:fs >
10:f32 0,1 fa 800ns
11:fc32 1:0 faz 3.2us
11 fcsz 976.56ps

Note: Set the corresponding port direction register which outputs the pulse to “1” (output mode).

Clearing timer Xi interrupt request bit  Refer to ‘Precaution for Timer X (pulse width modulation mode)

|>b2|><|><|><| 0 | | | bol Timer Xi interrupt control register (i = 0 to 2) [Address 005616 to 005816]
TXIIC (i=0to2)

Interrupt request bit

Setting trigger select register

|h7| | | | | | |b0 Trigger select register [Address 038316]
TRGSR

Timer X0 event/trigger select bit
b3 b2
01:7TB1 overflow is selected
10: TAO overflow is selected
11:TX1 overflow is selected

Timer X1 event/trigger select bit
b5 b4
0 1:TB1 overflow is selected
10:TXO0 overflow is selected
11:TX2 overflow is selected

Timer X1 event/trigger select bit
b7 b6
01 :TB1 overflow is selected
10:TX1 overflow is selected
11:TAO overflow is selected

Setting PWM pulse's “H” level width

(b15) (b8)

o 50 b7 b0 Timer XO register [Address 038916, 038816] TX0

| | | Timer X1 register [Address 038B16, 038A16] TX1
Timer X2 register [Address 038D16, 038C16] TX2

Can be set to 000016 to FFFE16

Setting clock prescaler reset flag

| I><I><|><|><|><|><|><| Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0")

(This function is effective when fcaz is selected as the count source. Reset the prescaler for generating fca2 by dividing the XcIn by 32.)
b7 b0

Setting count starts flag
b7

| | | |><| | | |b0 (T:zgrétstartﬂag [Address 038016]

Timer X0 count start flag

———— Timer X1 count start flag

—— Timer X2 count start flag

Start count

Figure 2.4.21. Set-up procedure of pulse width modulation mode, 16-bit PWM mode selected
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2.4.11 Operation of Timer X (pulse width modulation mode, 8-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.4.10. Operations of the
circled items are described below. Figure 2.4.22 shows the operation timing, and Figure 2.4.22 shows the
set-up procedure.

Table 2.4.10. Choosed functions

Item Set-up
Count source O | Internal count source (f1/ fg / f32 / fcaz)
PWM mode 16-bit PWM
O | 8-bit PWM
Count start condition | O | Timer overflow (TB1/TAO/TXi overflow)

Operation (1) Selected timer overflow is generated with the count start flag set to “1”, the counter performs a

down count on the count source. Also, the TXiINOUT pin outputs an “H” level.

(2) The TXiiNnouT pin output level changes from “H” to “L” when a set time period elapses. At this
time, the timer Xi interrupt request bit goes to “1”.

(3) The counter reloads the content of the reload register every time PWM pulses are output for
one cycle, and continues counting.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TXiouT pin outputs an “L” level.

Note « PWM pulse cycle is (m + 1( x (28 -1)/fi, whereas “H” level duration is n x (m + 1)/fi. However,
when “0016” is set for the significant 8 bits of the timer A0 register, the PWM output is “L” level
for the entire period, and an interrupt request is generated for every PWM output cycle. Also,
when “FF16” is set for the significant 8 bits of the timer AO register, the PWM output is “H” level
for the entire period, and an interrupt request is generated for every PWM output cycle.

(fi: Count source frequency f1, f8, f32, fc32 n: Timer value)

Conditions:Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
When timer overflow is selected in trigger

/6 X(m+1) X (2°-1)

Count source (Note 1)

"
Count start flag o J

(1) Start coum (2) Output level “H” to “L” (3) One period is
complete

Cleared to “0” when |nterrupt request is accepted, or cleared by software

Interrupt request bit ~ “H / ' :
of timer becoming " i i o

trigger

(4) Stop count

‘ N 1/f. X (m+1) : |
Underflow signal of 8 “H” : S—— ——] - : .
-bit prescaler (Note 2) o —“_”_U_”_U_U_

4%47
r1/fiX(m+1)Xn

w | ,_i
PWM pulse output R ' - -

from TXiINouT pin

Cleared to “0” when interrupt request is accepted, or cleared by software

upr
Timer Xi interrupt w0 M

request bit

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 FF16.

Figure 2.4.22. Operation timing of pulse width modulation mode, with 8-bit PWM mode selected
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Selecting PWM mode and functions
b7 bo

1)1 1|1

1 Timer Xi mode register (i = 0 to 2) [Address 039716 to 039916]
TXiMR (i = 0 to 2)

——1 (Must always be “1”in PWM mode)

Selection of PWM mode

Invalid in event counter mode
Can be “0” or “1".

Trigger select bit
1 : Selected by event/trigger select register

16/8-bit PWM mode select bit
1 : Functions as a 8-bit pulse width modulator

Note: Set the corresponding port direction register which outputs the pulse to “1” (output mode).

Count source select bit b7! bg| Count Count source period
b7 b6 SOUrce [f(xin) : 10MHz f(Xcin) : 32.768kHz
gg E 0.0] n 100ns
10:fa2 0 1] 800ns
11:fca2 110 fa2 3.2ps
1 1 1 fcaz 976.56us

Clearing timer Xi interrupt request bit  Refer to ‘Precaution for Timer X (pulse width modulation mode)'

b7 b0
Timer Xi interrupt control register (i = 0 to 2)[Address 005616 to 005816]
DKo [ [ ] TXIC (i=0to 2;): ¢ ¢ ! ]

Interrupt request bit

Setting trigger select register

b7

b0
|—|—|—|—|—|—|—|—| Trigger select register [Address 038316]
TRGSR

Timer X0 event/trigger select bit
b3 b2

01:TB1 overflow is selected
10: TAO overflow is selected
11:TX1 overflow is selected

Timer X1 event/trigger select bit
b5 b4

01:TB1 overflow is selected
10: TXO overflow is selected
11:TX2 overflow is selected

Timer X1 event/trigger select bit
b7 b6
01:TB1 overflow is selected
10: TX1 overflow is selected
11:TAO overflow is selected

Setting PWM pulse's “H” level width
(b15) (b8)
b7

00 b7 oo Timer XO register [Address 038916, 038816] TX0
| | | Timer X1 register [Address 038B16, 038A16] TX1
Timer X2 register [Address 038D16, 038C16] TX2

Can be set to 000016 to FFFE16

Setting clock prescal

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fcaz by dividing the Xcin by 32.)
b7

b0
Clock prescaler reset flag [Address 038116]
CPSRF

er reset flag

Clock prescaler reset flag
0 : No effect
1 : Prescaler is reset (When read, the value is “0")

Setting count starts flag

b7

bo

——— Timer X1 count start flag

Count start flag [Address 038016]
TABSR

Timer X0 count start flag

Timer X2 count start flag

Start count

Figure 2.4.23. Set-up procedure of pulse width modulation mode, 8-bit PWM mode selected
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2.4.12 Precautions for Timer X (timer mode, event counter mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Xi register, then set the
flag to “1".

(2) Reading the timer Xi register while a count is in progress allows reading, with arbitrary timing,
the value of the counter. Reading the timer Xi register with the reload timing shown in Figure
2.4.24 gets “FFFF16”. Reading the timer Xi register after setting a value in the timer Xi regis-
ter with a count halted but before the counter starts counting gets a proper value.

Reload
Counter value (Hex.) 2 1 0 n [n-1
Read value (Hex.) 2 1 0 FFFF| n-1
_>
Time

n = reload register content

Figure 2.4.24. Reading timer Xi register
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2.4.13 Precautions for Timer X (one-shot timer mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Xi register, then set the
flag to “1".

(2) Setting the count start flag to “0” while a count is in progress causes as follows:
 The counter stops counting and a content of reload register is reloaded.
» The TXiINOUT pin outputs “L” level.
» The interrupt request generated and the timer Xi interrupt request bit goes to “1".

(3) The timer Xi interrupt request bit goes to “1” if the timer's operation mode is set using any of
the following procedures:
* Selecting one-shot timer mode after reset.
» Changing operation mode from timer mode to one-shot timer mode.
» Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Xi interrupt (interrupt request bit), set timer Xi interrupt request bit to
“0” after the above listed changes have been made.

(4) If a trigger occurs while a count is in progress, after the counter performs one down count
following the reoccurrence of a trigger, the reload register contents are reloaded, and the
count continues. To generate a trigger while a count is in progress, generate the second
trigger after an elapse longer than one cycle of the timer's count source after the previous
trigger occurred.
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2.4.14 Precautions for Timer X (pulse period/pulse width measurement mode)

(1) The timer Xi interrupt request bit goes to “1” when an effective edge of a measurement pulse
is input or timer Xi is overflowed. The factor of interrupt request can be determined by use of
the timer Xi overflow flag within the interrupt routine.

(2) If the timer overflow occurs simultaneously with the input of a measurement pulse, and if the
interrupt factor cannot be determined from the timer Xi overflow flag, connect the timers and
count the number of overflows.

(3) When reset, the timer Xi overflow flag goes to “1". This flag cannot be set to “0” by writing to
the timer Xi mode register when the count start flag is “1”.

(4) Use the timer Xi interrupt request bit to detect only overflows. Use the timer Xi overflow flag
only to determine the interrupt factor within the interrupt routine.

(5) When the first effective edge is input after a count is started, an indeterminate value is trans-
ferred to the reload register. At this time, timer Xi interrupt request is not generated.

(6) The value of the counter is indeterminate at the beginning of a count. Therefore the timer Xi
overflow flag may go to “1” immediately after a count is started.

(7) If changing the measurement mode select bit is set after a count is started, the timer Xi
interrupt request bit goes to “1”.

(8) If the input signal to the TXiINOUT pin is affected by noise, precise measurement may not be
performed in some cases. It is recommended to see that measurements fall within a specific
range by use of software.

(9) For pulse width measurement, pulse widths are successively measured. Use software to
check whether the measurement result is an “H” level width or an “L” level width.
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2.4.15 Precautions for Timer X (pulse width modulation mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Xi register, then set the
flag to “1".

(2) The timer Xi interrupt request bit becomes “1” if setting operation mode of the timer in compli-
ance with any of the following procedures:
* Selecting PWM mode after reset.
» Changing operation mode from timer mode to PWM mode.
» Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer Xi interrupt (interrupt request bit), set timer Xi interrupt request bit to
“0” after the above listed changes have been made.

(3) Setting the count start flag to “0” while PWM pulses are being output causes the counter to
stop counting. If the TXiINOUT pin is outputting an “H” level in this instance, the output level
goes to “L”, and the timer Xi interrupt request bit goes to “1”. If the TXiINOUT pin is outputting
an “L" level in this instance, the level does not change, and the timer Xi interrupt request bit
does not becomes “1".

(4) Normal PWM output is restored according to the interrupt request generate timing, both in
the case of 16-bit PWM and 8-bit PWM, when PWM output is either “H” or “L” level for the
entire period. This holds only when a value other than “000016” or “FFFF16” is set during 16-
bit PWM, or a value other than “0016” or “FF16" is set during 8-bit PWM.

E Normal PWM restored here

When PWM output is *H" level for the entire period writing to the :
tmier Xi L1/ fi X (n)
PWM pulse output ~ "H" : —
from TXiINOUT pin "L : :
Timer Xi interrupt~~ "1" | | |
request bit "0 I—I I | | |—

N e

Cleared to “0” when interrupt request is accepted, or cleared by software

Writing to the , 1/ X(n)

timer Xi
PWM pulse output ~ "H" i ‘ i
from TXiINOUT pin L 1 !

When PWM output is “L” level for the entire period

Timer Xi interrupt "1 I_| ,_| |_|—
request bit "o |

Cleared to “0” when interrupt request is accepted, or cleared by software

(i=0t02)

Figure 2.4.25. Operation timing of PWM output mode
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2.5 Clock-Synchronous Serial 1/0

2.5.1 Overview
Clock-synchronous serial I/O carries out 8-bit data communications in synchronization with the clock. The
following is an overview of the clock-synchronous serial I/O.
(1) Transmission/reception format
8-bit data

(2) Transfer rate

If the internal clock is selected as the transfer clock, the divide-by-2 frequency, resulting from the bit
rate generator division, becomes the transfer rate. The bit rate generator count source can be se-
lected from the following: f1, fs, f32, and fc. Clocks f1, f8 and f32 are derived by dividing the CPU’s main
clock by 1, 8, and 32 respectively. Clock fc is derived by dividing the CPU’s sub clock by 1 respec-
tively.

Furthermore, if an external clock is selected as the transfer clock, the clock frequency input to the CLK
pin becomes the transfer rate.

(3) Error detection
Only overrun error can be detected. Overrun error is an error that occurs when the next data is made
ready before the reception buffer register is read.

(4) How to deal with an error
When receiving data, read an error flag and reception data simultaneously to determine which error
has occurred. If the data read is erroneous, initialize the error flag and the UARTO receive buffer
register, then receive the data again.
To initialize the UARTO receive buffer register
1. Set the receive enable bit to “0” (disable reception).
2. Set the serial I/O mode select bit to “0002” (invalid serial 1/0).
3. Set the serial I/O mode select bit.
4. Set the receive enable bit to “1” again (enable reception).

To transmit data again due to an error on the reception side when external clock is selected, clear the
UARTO transmit buffer register, then transmit the data again.

To clear the UARTO transmit buffer register
1. Set the port P52 (CLKo pin) direction register to “0” (input mode).

. Set the port P50 (TxDo pin) direction register to “0” (input mode).

. Set the internal/external clock select bit to “0” (internal clock).

. Checking complection of transmission (no data present in transmit register).

. Set the internal/external clock select bit to “1” (external clock).

. Set the port P50 (TxDo pin) direction register to “1” (output mode), then set transmission data in the
UARTO transmit buffer register.

o Ok WDN
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(5) Function selection
For clock-synchronous serial 1/0, the following functions can be selected:

(a) Function for choosing polarity
This function switches the polarity of the transfer clock. The following operations are available:
« Data is input at the falling edge of the transfer clock, and is output at the rising edge.
« Data is input at the rising edge of the transfer clock, and is output at the falling edge.

(b) Function for choosing which bit to transmit first
This function is to choose whether to transmit data from bit 0 or from bit 7. Choose either of the
following:
» LSB first Data is transmitted from bit 0.
* MSB first Data is transmitted from bit 7.

(c) Function for choosing successive reception mode

Successive reception mode is a mode in which reading the receive buffer register makes the recep-

tion-enabled status ready. In this mode, there is no need to write dummy data to the transmit buffer

register so as to make the reception-enabled status ready. But at the time of starting reception, read

the receive buffer register into a dummy manner.

< Normal mode Writing dummy data to the transmit buffer register makes the
reception enabled status ready.

 Successive reception mode Reading the reception buffer register makes the reception-enabled
status ready.

(d) Function for outputting transfer clock to multiple pins
This function is to switch among pins to output the transfer clock. This function is effective only when
selecting the internal clock. Switching among pins for outputting the transfer clock allows data trans-
mission to two external ICs in a time-sharing manner.

(e) Function for choosing a transmission interrupt factor
The timing to generate a transmission interrupt can be selected from the following: the instant the
transmission buffer is emptied or the instant the transmission register is emptied. When transmis-
sion buffer empty timing is selected, an interrupt occurs when transmitted data is moved from the
transmission buffer to the transmission register. Therefore, data can be transmitted in succession.
When transmission register empty timing is selected, an interrupt occurs when data transmission is
complete.

Following are some examples in which various functions (a) through (e) are selected:
» Transmission Operation WITH: transmission at falling edge of transfer clock, LSB First, interrupt at
instant transmission buffer is emptied; WITHOUT transfer clock output to multiple pins function ...

 Transmission Operation WITH: transmission at falling edge of transfer clock, LSB First, interrupt at
instant transmission is completed; WITH transfer clock output to multiple pins function (UARTO

SEIECION AVAIIADIE) ... .. P258
» Reception WITH: reception at falling edge of transfer clock, LSB First, successive reception mode
disabled; WITHOUT transfer clock output to multiple pins function ...........cccccoceeeiiiieneennnnn. P262

RENESAS o DataShectiigon

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock-Synchronous Serial 1/10

(6) Input/output to the serial I/O and the direction register
To input an external signal to the serial I/O, set the direction register of the relevant port to input. To
output signal from the serial I/O, set the direction register of the relevant port to output.

(7) Pins related to the serial /10

» CLKO pin Input/output pins for the transfer clock

* RxDO, RxD1 pins  Input pins for data

» TXDO, TxD1 pins  Output pins for data (Since TxD2 pin is N-channel open drain, this pin needs
pull-up resistor.)

* CLKS pin Output pin for transfer clock. Can be used as transfer clock output pin in the
transfer clock output to multiple pins function.

Note : UART1 cannot be used in clock-synchronous serial I/O mode.

(8) Registers related to the serial I/0
Figure 2.5.1 shows the memory map of serial I/O-related registers, and Figures 2.5.2 to 2.5.4 show
serial I/O-related registers.

005116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UART1 transmit interrupt control regster(S1TIC)
005416 | UARTI receive interrupt control register(S1RIC)

03A016| UARTO transmit/receive mode register (UOMR)
03Al16| UARTO bit rate generator (UOBRG)

03A216 _ _
03azss| YARTO transmit buffer register (UOTB)

03A416| UARTO transmit/receive control register 0 (UOCO)
03A516| UARTO transmit/receive control register 1 (UOC1)

03A616 . .
03A715 UARTO receive buffer register (UORB)

03A816| UART1 transmit/receive mode register (ULMR)
03A916| UART1 bit rate generator (U1BRG)

03AA16 ] _
03npis| YARTL transmit buffer register (U1TB)

03AC16| UART1 transmit/receive control register 0 (U1COQ)
03AD16| UART1 transmit/receive control register 1 (U1C1)

03AE16 _ _
o3ars| UARTL receive buffer register (U1RB)

03B016| UART transmit/receive control register 2 (UCON)
03B1l16

Figure 2.5.1. Memory map of serial 1/O-related registers
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UARTI transmit buffer register (Note)

(b15) (b8)
b7 b0 b7

b0

Symbol
uoTB
uiTB

03A316, 03A216
03AB1s6, 03AA16

Address When reset
Indeterminate

Indeterminate

O

UARTI bit rate generator (Note 1, 2)

RIW

Transmit data X:0
Nothing is assigned.

In an attempt to write to these bits, write “0". The value, if read, turns outto be | — —
indeterminate. H

Note : Use MOV instruction to write to this register.
Symbol Address When reset
£o UORB  03A71, 03A616 Indeterminate
UIRB  03AFis, 03AE1s Indeterminate

Bit . Function (During clock Function .

symbol Bit name synchronous serial IO | (pyring UART mode) RW
mode) !

- — Receive data Receive data O X
Nothing is assigned. ‘

In an attempt to write to these bits, write “0”. The value, if read, turns out to —=
be indeterminate. !

OER | Overrun error flag | 0 : No overrun error 0 : No overrun error OEX
(Note) 1 : Overrun error found 1 : Overrun error found !

FER | Framing error flag | Invalid 0 : No framing error OEX
(Note) 1 : Framing error found w

PER | Parity error flag Invalid 0 : No parity error OEX
(Note) 1 : Parity error found !

SUM | Error sum flag Invalid 0 : No error O X
(Note) 1 : Error found w

Note: Bits 15 through 12 are set to “0” when the receive enable bit is set to “0”. (Bit 15 is set

to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when the
lower byte of the UARTI receive buffer register (addresses 03A616, and 03AEzs) is

read out.

b7 b0 Symbol Address When reset
UOBRG 03Al16 Indeterminate
| U1BRG 03A916 Indeterminate
Values that can be set R'W
1 1
R Assuming that set value = n, BRGi divides the 0016 to FF1s X'0
count source by n + 1
Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.
Figure 2.5.2. Serial 1/0O-related registers (1)
RENESAS www.Datasheebtycom

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 03A016, 03A816 0016
A Bit Function Function :
Bit name (During clock synchronous ' RIW
S A symbol serial /0 mode) (During UART mode) ;
Vo SMDO | Serial I/O mode select bit| Must be fixed to 001 b2 b1 b0 _
N (Nolte 1) B I 100 : Transfer data 7 bits long (OO
oo 000 : Serial I/O invalid 101 : Transfer data 8 bits long |
- SMD1 01 0: Inhibited 110: Transfer data 9 bits long | !
oo 01 1: Inhibited 00 0: Serial /O invalid 0.0
A 111 : Inhibited 01 0: Inhibited :
R Smpz2 011" Inhibited ;
oo 11 1: Inhibited O:O
e CKDIR | Internal/external clock 0: Internal clock (Note 3) | 0 Internal clock (Note 3) OEO
oor o select bit (Note 2) 1: External clock (Note 4) 1 : External clock (Note 4)
T LE et STPS | stop bit length select bit | Invalid 0: One stop bit 00
oo 1 : Two stop bits 1
R R P PRY | Odd/even parity select bit| Invalid Valid when bit 6 = “1" !
b 0 : Odd parity 0,0
v 1: Even parity j
R R ARRLLEEE PRYE | Parity enable bit Invalid 0 : Parity disabled 00
' 1: Parity enabled !
R —— SLEP | Sleep select bit Must always be “0” 0: Sleep mode deselected oo
1: Sleep mode selected i
Note 1: UART1 cannot be used in clock synchronous serial 1/0O.
Note 2: UARTL1 can use only internal clock. Must set this bit to “1”.
Note 3: Set the corresponding port direction register to “1” (output mode).
Note 4: Set the corresponding port direction register to “0” (input mode).
UARTI transmit/receive control register 0
b7 b6 b5 b4 b3 b2 bl b0
| | | | 1 | | | | | Symbol Address When reset
0 UiC0(i=0,1) 03A416, 03AC16 0816
o oo ) Function (Note) ) i
N HE Bit - . Function '
o o Bit name (During clock synchronous ; RW
symbol serial /0 mode) (During UART mode) |
. HE b1 b0 b1 bo ‘
o ¢+ 1 "1 CLKO | BRG countsource 00:f1is selected 00: f1is selected 0.0
select bit 01:fsis selected 01:fsis selected :
oo o CLK1 10:f32 is selected 10:f32is selected o‘o
o . 11:fcis selected 11:fcis selected |
Pl Set this bit to “0”. 3
R o0
i ; ; . . 0 : Data present in transmit . f - f i
R TXEPT | Transmit register empty register (during transmission) 0: Data present in transmit register ;
- e flag 1 : No data present in transmit (during transmission) o'
oo R " ‘f o 1 : No data present in transmit i
oo register (transmission register (transmission completed) '
Voo completed) !
b Set this bit to “1". 3
Pl 0.0
N NCH Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output !
o T 1 : TXDi pin is N-channel 1: TXDi pin is N-channel 00
i : open-drain output open-drain output !
i : . . 0 : Transmit data is output at “r |
I CKPOL | CLK polarity select bit falling edge of transfer clock Must always be *0 w
S and receive data is input at '
H rising edge '
: 1 : Transmit data is output at 00
' rising edge of transfer clock '
H and receive data is input at '
H falling edge ;
L UFORM | Transfer format select bit | 0 : LSB first “qn ‘
1. MSB first Must always be “0 olo

Note: UART1 cannot be used in clock synchronous serial 1/0.

Figure 2.5.3. Serial I/0O-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | UiC1(i=0,1) 03A516,03AD16 0216

. Function (Note 1) ] i
o . s E;LOI Bit name (During clock synchronous (DurinFL:Jrfg?rnmode) R?W
E I P Y serial /0 mode) 9 '
. H L] TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
H N 1 : Transmission enabled | 1 : Transmission enabled '
ol : Tl Transmit buffer 0 : Data present in 0 : Data present in
oo mm-- empty flag transmit buffer register transmit buffer register OEX
[ 1: No data present in 1: No data present in !
- transmit buffer register transmit buffer register '
E ' : : ' ________ RE Receive enable bit 0 : Reception disabled 0 : Reception disabled O:O
Voo e (Note 2) 1 : Reception enabled 1 : Reception enabled
RI Receive complete flag 0 : No data present in 0 : No data present in
L receive buffer register receive buffer register |Q'x
o 1: Data present in 1: Data present in '
E ' - receive buffer register receive buffer register :
i___:___i___i ______________ Nothing is assigned. _3_

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. | |

b7 b6 b5 b4 b3 b2 b0

UART transmit/receive control register 2

Note 1: UART1 cannot be used in clock synchronous serial I/O.

Note 2: If you are using clock asynchronous serial I/O mode, you can enable 'receive enable bit' when
RxD port inputis “H”. If RxD port input is “L” and you have enabled ‘receive enable bit' , then
receive operation starts immediately.

Symbol Address When reset
| | | | UCON 03B016 XX0000002
o . Function } i
Lo Bit . ) Function !
N Bit (During clock synchronous : R'W|
T symbol name serial /0 mode) (During UART mode) !
o UOIRS | UARTO transmit 0 : Transmit buffer empty 0 : Transmit buffer empty OEO
o interrupt cause select bit a=n (T=1) 1
N 1: Transmission completed 1 : Transmission completed !
o (TXEPT=1) (TXEPT = 1) !
o U1IRS | UART1 transmit Set this bit to “0”. 0: Transmit buffer empty |
o interrupt cause select bit (M=1) 0.0
. 1 : Transmission completed !
. (TXEPT = 1) !
o UORRM | UARTO continuous 0 : Continuous receive Must always be “0” ;
N receive mode enable bit mode disabled o'o
or o 1: Continuous receive !
o mode enable !
S A Set this bit to “0". oo
E : CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Must always be “0” |
I RERREEEEEL 0 : Clock output to CLK1 0o
' 1: Clock output to CLKS1 !
. CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
: bit 1 (Note 2) (CLK output is CLKO only) |
""""""""" 1 : Transfer clock output OEO
from multiple pins '
function selected |
________________________ Nothing is assigned. i
In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. | |

Note 1: UART1 cannot be used in clock synchronous serial 1/0.
Note 2: When using multiple pins to output the transfer clock, the following requirements must be met:
« UARTO internal/external clock select bit (bit 3 at address 03A016) = “0".

Figure 2.5.4. Serial I/0O-related registers (3)
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Clock-Synchronous Serial 1/10
|
2.5.2 Operation of Serial I/O (transmission in clock-synchronous serial I/O mode)

In transmitting data in clock-synchronous serial I/O mode, choose functions from those listed in Table
2.5.1. Operations of the circled items are described below. Figure 2.5.5 shows the operation timing, and
Figures 2.5.6 and 2.5.7 show the set-up procedures.

Table 2.5.1. Choosed functions

Item Set-up

Transfer clock O | Internal clock (f1/fs/f32 / fc)

souree External clock (CLKO pin)

CLK polarity O | Output transmission data at the falling edge of the transfer clock
Output transmission data at the rising edge of the transfer clock

Transfer clock O | LSB first
MSB first

Transmission O | Transmission buffer empty

interrupt factor .
Transmission complete

Output transfer clock | O | Not selected

to multiple pins
(Note) Selected

Note: This can be selected only when UARTO is used in combination with the internal clock.

Operation (1) Setting the transmit enable bit to “1” and writing transmission data to the UARTO transmit
buffer register makes data transmissible status ready.

(2) In synchronization with the first falling edge of the transfer clock, transmission data held in the
UARTO transmit buffer register is transmitted to the UARTO transmit register. At this time, the
UARTO transmit interrupt request bit goes to “1”. Also, the first bit of the transmission data is
transmitted from the TxDo pin. Then the data is transmitted bit by bit from the lower order in
synchronization with the falling edges.

(3) When transmission of 1-byte data is completed, the transmit register empty flag goes to “1”,
which indicates that transmission is completed. The transfer clock stops at “H” level.

(4) If the next transmission data is set in the UARTO transmit buffer register while transmission is
in progress (before the eighth bit has been transmitted), the data is transmitted in succession.
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Example of wiring

Microcomputer Receiver side IC
CLKO = CLK
TxDO = RxD

Example of operation

(1) Transmission enabled (3) Transmission is complete
: (4) Transmit next data

(2) Start transmission T¢

Transfer clock

| Fay

Transmit lJ . . .
enable bit (TE) «0” ' ) . . L
Data is set to UARTI transmit buffer register

Transmit ‘1" f :
buffer empty o I q’ :
flag (TI) 0 : 4)\

Transferred frdm UARTI transmit buffer register to UARTI transmit register

TcLk

Stopped pulsing because
transfer enable bit = “0”

CLKO

2000000aN0000000amNo000eeoa

ey ag ] . —

(TXEPT)

. “q ; : |: |
interrupt request. +0" [ |
bit (IR) \ \ /

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols. Tc=Tek =2(n + 1) / fi
The above timing applies to the following settings: fi: frequency of BRGi count source (f1, f8, f32, fC)
« Internal clock is selected. n: value set to BRGi

* CLK polarity select bit = “0".
» Transmit interrupt cause select bit = “0”.

Figure 2.5.5. Operation timing of transmission in clock-synchronous serial /0O mode
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-

Setting UARTO transmit/receive mode register

b7 b0
UARTO t it/ i d ist
[of T T Tofolo[1] vowriadcressosmond o

Must be fixed to “001”

Internal/external clock select bit
0 : Internal clock

Invalid in clock synchronous /O mode

Invalid in clock synchronous I/O mode

Invalid in clock synchronous /0O mode

Sleep select bit
Must be “0” in clock synchronous I/0O mode

-

.

Setting UARTO transmit/receive control register O

b7 bo . . .
(oloT ToT Tol T Ghegpuspamstgen = =omr®

BRG count source select bit
b1 b0
00: f1is selected
01:fsis selected
10:f32is selected
11:fcis selected

Must be “0” in clock synchronous /0O mode

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1 : No data present in transmit register
(transmission completed)

Must be “1” in clock synchronous 1/0O mode

Data output select bit (Note)
0 : TxDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

CLK polarity select bit
0 : Transmission data is output at falling edge
of transfer clock and reception data is input
at rising edge

t———————————————— Transfer format select bit
0 : LSB first

Note: Set the corresponding port direction register to “1” (output mode).

-

Setting UART transmit/receive control register 2

b7 bo . B .
DIXTOT ToT Tolo] Uoimmmesue crvet eosr

UARTO transmit interrupt cause select bit
0 : Transmit buffer empty (Tl = 1)

Must be “0” in clock synchronous 1/O mode

Must be “0” in clock synchronous /O mode

Valid when bit 5 = “1”

CLK/CLKS select bit 1
0 : Normal mode

Continued to the next page

Figure 2.5.6. Set-up procedure of transmission in clock-synchronous serial /O mode (1)
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Continued from the previous page

Setting UARTO bit rate generator
b7 b0
| | | | | | | | | UARTO bit rate generator [Address 03A116] UOBRG

.

Note: Write to UARTO bit rate generator when transmission/reception is halted.

Can be set to 0016 to FF16 (Note)

Transmission enabled

b7 b0
|><|><|><|><| | | | 1| UARTO transmit/receive control register 1 [Address 03A516] UOC1

Transmit enable bit
1 : Transmission enabled

Writing transmit data

(b15) (b8)
b7 b0 b7 b0

DXDXDXDXDXDXIXTIX] | UARTO transmit buffer register [Address 03A316, 03A216] UOTB

Setting transmission data

|
|
|

Start transmission

4---------------u--u--u---------------u--u--u-u--u--u:

Checking the status of UARTO transmit buffer register

b7 b0
| | | | | | | | |UARTOtransmit/receive control register 1 [Address 03A516]UOC1

L

Transmit buffer empty flag
0 : Data present in transmit buffer register
1 : No data present in transmit buffer register
(Writing next transmit data enabled)

~

Writing next transmit data

(b15) (b8)
b7 b0 b7 b0

DX

| UARTO transmit buffer register [Address 03A316, 03A216] UOTB

Setting transmission data

snnnnssnnrn o= Transmission is complete

Figure 2.5.7. Set-up procedure of transmission in clock-synchronous serial /O mode (2)
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2.5.3 Operation of the Serial I/0 (transmission in clock-synchronous serial I/O
mode, transfer clock output from multiple pins function selected)

In transmitting data in clock-synchronous serial I/O mode, choose functions from those listed in Table
2.5.2. Operations of the circled items are described below. Figure 2.5.8 shows the operation timing, and
Figures 2.5.9 and 2.5.10 show the set-up procedures.

Table 2.5.2. Choosed functions
Item Set-up

Transfer clock O | Internal clock (f1/fs / 32/ fc)
source

External clock (CLKO pin)

CLK polarity O | Output transmission data at the falling edge of the transfer clock

Output transmission data at the rising edge of the transfer clock

Transfer clock O | LSB first
MSB first
Transmission O | Transmission buffer empty

interrupt factor .
Transmission complete

Output transfer clock Not selected
to multiple pins
(Note) O | Selected

Note: This can be selected only when UARTO is used in combination with the internal clock.

Operation (1) Setting the transmit enable bit to “1” makes data transmissible status ready.

(2) When transmission data is written to the UARTO transmit buffer register, transmission data
held in the UARTO transmit buffer register is transmitted to the UARTO transmit register in
synchronization with the first falling edge of the transfer clock. At this time, the first bit of the
transmission data is transmitted from the TxDo pin. Then the data is transmitted bit by bit from
the lower order in synchronization with the falling edges of the transfer clock.

(3) When transmission of 1-byte data is completed, the transmit register empty flag goes to “1”,
which indicates that the transmission is completed. The transfer clock stops at “H” level. At
this time, the UARTO transmit interrupt request bit goes to “1”.

(4) Setting CLK/CLKS select bit 1 to “1” and setting CLK/CLKS select bit O to “1” causes the
CLKS pin to go to the transfer clock output pin. Change the transfer clock output pin when
transmission is halted.
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Example of wiring

Microcomputer

TxDo (P50)

CLKS (P53)

CLKo (P52) IN IN
\— CLK CLK

Note: This applies when performing only transmission with an internal
clock selected in the clock synchronous serial /O mode.

Example of operation

(1) Transmission enabled (3) Transmission is complete

(2) Start transmission (4) Clock switched

Transfer clock
. . uln ‘

Transmit enable bit
“Qr |

Transmit buffer 1 | | : I_l
empty flag “Q? | : ]
uln ; : ;
CLK, CLKS J
select bit 1 “0”

wgr |
CLK, CLKS : | |

select bit 0 “0"

CLKS |_| U I_| I_I U I—| I—I U

J

0.0,00.0,C0 CHENES OO0 000 0
i ] o
< L

Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 2.5.8. Operation timing of transmission in clock-synchronous serial /O mode, transfer

clock output from multiple pins function selected
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Setting UARTO transmit/receive mode register

b7 bo . . .
Lol TT ToToTolt] uwn incarcssosmond o

Must be fixed to “001”

Internal/external clock select bit
0 : Internal clock

Invalid in clock synchronous I/0O mode

Invalid in clock synchronous I/0O mode

Invalid in clock synchronous 1/0 mode

Sleep select bit
Must be “0” in clock synchronous 1/0O mode

Setting UARTO transmit/receive control register O

b7 bo
UARTO t it/ i trol register 0
(ol T Tl ToT T ShS3hamesstsmg o

BRG count source select bit
b1 b0
00:f1is selected
01:fsis selected
10:f32is selected
11:fcis selected

——— Must be “0” in clock synchronous I/O mode

———— Transmit register empty flag

0 : Data present in transmit register
(during transmission)

1: No data present in transmit register
(transmission completed)

Must be “1" in clock synchronous 1/0 mode

———————— Data output select bit (Note)
0 : TxDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

CLK polarity select bit
0 : Transmission data is output at falling edge
of transfer clock and reception data is input
at rising edge

Transfer format select bit
0 : LSB first

Note: Set the corresponding port direction register to “1” (output mode).

Setting UART transmit/receive control register 2

b7 b0 . . .
BRI oL Tolt) sk s e ooser

UARTO transmit interrupt cause select bit
1: Transmission completed (TXEPT = 1)

Must be “0” in clock synchronous I/O mode

L————— Must be “0” in clock synchronous 1/0O mode

—————————— CLKI/CLKS select bit 0
0 : Clock output to CLKO
1: Clock output to CLKS

CLK/CLKS select bit 1

1 : Transfer clock output from multiple pins finction selected

Continued to the next page

Figure 2.5.9. Set-up procedure of transmission in clock-synchronous serial /O mode, transfer
clock output from multiple pins function selected (1)
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Continued from the previous page

Setting UARTO bit rate generator
b7 b0
| | | | | | | | UARTO bit rate generator [Address 03A116] UOBRG

|

Can be set to 0016 to FF16 (Note)

Note: Write to UARTO bit rate generator when transmission/reception is halted.

b7 b0
|><|><|><|><| | | | 1 | UARTO transmit/receive control register 1 [Address 03A516] UOC1

Transmit enable bit
1 : Transmission enabled

{
{ Transmission enabled

Writing transmit data

(b15) (b8)
b7 bo b7 bo
XXX | UARTO transmit butfer register [Address 03A316, 03A216] UOTB
\— Setting transmission data
T
Start transmission
Checking the status of UARTO transmit buffer register
b7 b0
|><|><|><|><| | | | | UARTO transmit/receive control register 1 [Address 03A516]U0C1

Transmit buffer empty flag
0 : Data present in transmit buffer register
1 : No data present in transmit buffer register
(Writing next transmit data enabled)

-

Writing next transmit data

(b15) (b8)
b7 b0 b7 b0

| UARTO transmit buffer register [Address 03A316, 03A216] UOTB

Setting transmission data

NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEnnnnnnnnnnnd

s TransmMission is complete

Figure 2.

5.10. Set-up procedure of transmission in clock-synchronous serial I/O mode, transfer
clock output from multiple pins function selected (2)
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2.5.4 Operation of Serial 1/0 (reception in clock-synchronous serial I/O mode)

In receiving data in clock-synchronous serial I/O mode, choose functions from those listed in Table 2.5.3.
Operations of the circled items are described below. Figure 2.5.11 shows the operation timing, and Fig-
ures 2.5.12 and 2.5.13 show the set-up procedures.

Table 2.5.3. Choosed functions

Item Set-up

Transfer clock Internal clock (f1 / fg / fa2 / fc)
source

O | External clock (CLKO pin)

CLK polarity O | Output transmission data at the falling edge of the transfer clock

Output transmission data at the rising edge of the transfer clock

Transfer clock O | LSB first

MSB first

Continuous receive O | Disabled

d
mode Enabled

Output transfer clock | O | Not selected

to multiple pins
(Note) Selected

Note: This can be selected only when UARTO is used in combination with the internal clock.

Operation (1) Writing dummy data to the UARTO transmit buffer register, setting the receive enable bit to
“1”, and the transmit enable bit to “1”, makes the data receivable status ready.

(2) In synchronization with the first rising edge of the transfer clock, the input signal to the RxD0O
pin is stored in the highest bit of the UARTO receive register. Then, data is taken in by shifting
right the content of the UARTO reception data in synchronization with the rising edges of the
transfer clock.

(3) When 1-byte data lines up in the UARTO receive register, the content of the UARTO receive
register is transmitted to the UARTO receive buffer register. The transfer clock stops at “H”
level. At this time, the receive complete flag and the UARTO receive interrupt request bit goes
to “1”.

(4) The receive complete flag goes to “0” when the lower-order byte of the UARTO buffer register
is read.
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Example of wiring

Microcomputer Transmitter side IC
CLKO[-= CLK
RXDO |- TXD

Example of operation

(1) Reception enabled (3) Reception is complete
] i
I (2) Start reception ; (4) Read of reception data

Receive enable 1
bit (RE) “o

Transmit enable ‘1
bit (TE) -

Dummy data is set in UARTO transmit buffer register

I i

. ! / |

Transmit buffer :
empty flag (T) | : q O\
i Tr}slnsferred from UARTO transmit buffer register to UARTO transmit register

E —>|—|<— 1/ fexr
()

CLKO

Reception data is taken in

RxDO

Transferred from UARTO receive register ~ Read out from UARTO receive buffer register

Receive complete “1” to UARTO receive buffer register \q}—)‘/
d

flag (RI) “qn

Receive interrupt 1"
request bit (IR) “”

P

Cleared to “0” when interrupt réquest is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Make sure that the following conditions are met when
* External clock is selected. the CLKO pin input ="H" before data reception
« CLK polarity select bit = “0”.  Transmit enable bit - “1”

* Receive enable bit - “1”
« Dummy data write to UARTO transmit buffer register
fEXT: frequency of external clock

Figure 2.5.11. Operation timing of reception in clock-synchronous serial I/O mode
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4 N

Setting UARTO transmit/receive mode register

b7 b0
Lof T [ [1fofofu]

UARTO transmit/receive mode register
UOMR [Address 03A016]

Must be fixed to “001”

Internal/external clock select bit
1 : External clock

Invalid in clock synchronous 1/0 mode

Invalid in clock synchronous 1/0 mode

Invalid in clock synchronous 1/O mode

Sleep select bit
Must be “0” in clock synchronous 1/0 mode

Setting UARTI transmit/receive control register 0 (i=0 to 2)

b7 b0
(ool TrT ToT T 1 fagpuspentiasis ot oo

BRG count source select bit
Invalid when external clock is selected

Must be “0” in clock synchronous 1/0 mode

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1: No data present in transmit register
(transmission completed)

Must be “1" in clock synchronous I/O mode

Data output select bit
0 : TxDo pin is CMOS output
1: TxDo pin is N-channel open-drain output

CLK polarity select bit (Note)
0 : Transmission data is output at falling edge
of transfer clock and reception data is input
at rising edge

Transfer format select bit
0: LSB first

Note: Set the corresponding port direction register to “0” (input mode).

o /

4 N

Setting UART transmit/receive control register 2

|>b7<|><| 0 | |0 | | 0 | bol UART transmit/receive control register 2

UCON [Address 03B016]

Must be “0” in clock synchronous 1/0 mode

UARTO continuous receive mode enable bit
0 : Continuous receive mode disabled

Must be “0” in clock synchronous I/O mode

Valid when bit 5 = “1”

CLK/CLKS select bit 1
0 : Normal mode

Continued to the next page

Figure 2.5.12. Set-up procedure of reception in clock-synchronous serial I/O mode (1)
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Continued from the previous page

-

Reception enabled
b7

OO0

b0
| 1 | | 1 | UARTO transmit/receive control register 1 [Address 03A516] UOC1

Transmit enable bit
1: Transmission enabled

Receive enable bit (Note)
1 : Reception enabled

Note: Set the corresponding port direction register to “0” (input mode).

.

Writing dummy data

(b15) (b8)
b7 b0 b7

R0

b0

L

Setting dummy data

| UARTO transmit buffer register [Address 03A316, 03A216] UOTB

Start réception

Checking completion of reception

b7 b0
|><|><|><|><| | | | | UARTO transmit/receive control register 1 [Address 03A516] UOC1

\— Receive complete flag

0 : No data present in receive buffer register
1: Data present in receive buffer register

/Checking error

(b15) (b8)
b7

b0 b7 b0

| UARTO receive buffer register [Address 03A716, 03A616]UORB

\— Receive data

Overrun error flag
0 : No overrun error
1 : Overrun error found

|
|

Processing after reading out reception data

Figure 2.5.13. Set-up procedure of reception in clock-synchronous serial I/O mode (2)
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. __________________________________________________________________________________________________________________________|

2.5.5 Precautions for Serial 1/0 (in clock-synchronous serial 1/0)

Transmission
(1) With an external clock selected, perform the following set-up procedure with the CLKO pin
input level = “H” if the CLK polarity select bit = “0” or with the CLKO pin input level = “L” if the
CLK polarity select bit = “1";
1. Set the transmit enable bit (to “1")
2. Write transmission data to the UARTO transmit buffer register
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Reception (1) In operating the clock-synchronous serial I/O, operating a transmitter generates a shift clock.
Fix settings for transmission even when using the device only for reception. Dummy data is
output to the outside from the TxDo pin (transmission pin) when receiving data.

(2) with the internal clock selected, setting the transmit enable bit to “1” (transmission-enabled
status) and setting dummy data in the UARTO transmission buffer register generates a shift
clock.

With the external clock selected, a shift clock is generated when the transmit enable bit is set
to “1”, dummy data is set in the UARTO transmit buffer register, and the external clock is input
to the CLKO pin.

(3) In receiving data in succession, an overrun error occurs when the next reception data is made
ready in the UARTO receive register with the receive complete flag set to “1” (before the
content of the UARTO receive buffer register is read), and overrun error flag is set to “1”. In
this instance, the next data is written to the UARTO receive buffer register, so handle with this
problem by writing programs on transmission side and reception side so that the previous
data is transmitted again.

If an overrun error occurs, the UARTO receive interrupt request bit does not go to “1”.

(4) To receive data in succession, set dummy data in the lower-order byte of the UARTO transmit
buffer register every time reception is made.

(5) With an external clock selected, perform the following set-up procedure with the CLKO pin
input level = “H” if the CLK polarity select bit = “0” or with the CLKO pin input level = “L” if the
CLK polarity select bit = “1";

1. Set receive enable bit (to “1”)
2. Set transmit enable bit (to “1")
3. Write dummy data to the UARTO transmit buffer register
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2.6 Clock-Asynchronous Serial I/O (UART)

2.6.1 Overview
UART handles communications by means of character-by-character synchronization. The transmission
side and the reception side are independent of each other, so full-duplex communication is possible. The
following is an overview of the clock-asynchronous serial I/O.

(1) Transmission/reception format
Figure 2.6.1 shows the transmission/reception format, and Table 2.6.1 shows the names and func-
tions of transmission data.

Transfer data length : 7 bits————— 1ST - 7DATA—— 1SP
—— 1ST - 7DATA—— 2SP
—— 1ST — 7DATA — 1PAR - 1SP
— 1ST — 7DATA - 1PAR - 2SP

Transfer data length : 8 bits———— 1ST - 8DATA—— 1SP
—— 1ST — 8DATA—— 2SP
—— 1ST — 8DATA — 1PAR - 1SP
—— 1ST — 8DATA — 1PAR - 2SP

Transfer data length : 9 bits———— 1ST - 9DATA——— 1SP
—— 1ST — 9DATA—— 2SP
—— 1ST — 9DATA — 1PAR - 1SP
—— 1ST - 9DATA - 1PAR - 2SP

ST : Start bit

DATA : Character bit (Transfer data)
PAR : Parity bit

SP . Stop bit

Figure 2.6.1. Transmission/reception format

Table 2.6.1. Transmission data names and functions

Name Function

ST (start bit) A 1-bit “L” signal to be added immediately before character bits.
This bit signals the start of data transmission.

DATA (character bits) | Transmission data set in the UARTI transmit buffer register.

PAR (parity bit) A signal to be added immediately after character bits so as to increase data
reliability. The level of this signal so varies that the total number of 1's in
character bits and this bit always becomes even or odd depending on which
parity is chosen, even or odd.

SP (stop bit) Either 1-bit or 2-bit “H” signal to be added immediately after character bits (after
the parity bit if parity is checked). This / they signals the end of data
transmission.
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(2) Transfer rate
The divide-by-16 frequency, resulting from division in the bit rate generator (BRG), becomes the trans-
fer rate. The count source for the transfer rate register can be selected from f1, f8, f32, and the input
from the CLK pin. Clocks f1, fs, f32 are derived by dividing the CPU’s main clock by 1, 8, and 32
respectively.

Table 2.6.2. Example of baud rate setting

Baud rate BRG's System clock : 10MHz System clock : 7.3728MHz
(bps) count source BRG's set value : n Actual time (bps) BRG's set value : n Actual time (bps)
600 fe 129 (8116) 600 95 (5F16) 600
1200 fs 64 (4016) 1201 47 (2F1e) 1200
2400 fs 32 (2016) 2367 23 (1716) 2400
4800 f1 129 (8116) 4807 95 (5F16) 4800
9600 f1 64 (4016) 9615 47 (2F1e) 9600
14400 f1 42 (2A16) 14534 31 (1F16) 14400
19200 f1 32 (2016) 18939 23 (1716) 19200
28800 f1 21 (1516) 28409 15 (Fus) 28800
31250 f1 19 (1316) 31250 I
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(3) An error detection
In clock-asynchronous serial /0O mode, detect errors are shown in Table 2.6.3.

Table 2.6.3. Error detection

Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Type of error

Description

When the flag turns on

How to clear the flag

Overrun error

* This error occurs when the
next data lines up before the
content of the UARTI receive
buffer register is read.

» The next data is written to the
UARTI receive buffer register.

» The UARTI receive interrupt
request bit does not change.

Framing error

« This error occurs when the
stop bit falls short of the set
number of stop bits.

Parity error

« With parity enabled, this error
occurs when the total number
of 1's in character bits and the
parity bit is different from the
specified number.

Error-sum flag

« This flag turns on when any
error (overrun, framing, or
parity) is detected.

The error is detected
when data is
transferred from the
UARTI receive register
to the UARTI receive
buffer register.

* Set the receive enable bit to
“0".

* Set the receive enable bit to
“0”.

* Read the lower-order byte of
the UARTI receive buffer
register.

» When all error (overrun,
framing, and parity) are
removed, the flag is cleared.
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(4) Functions selection
In operating UART, the following functions can be used:
(a) Sleep mode
Sleep mode is a mode in which data is transferred to a particular microcomputer among those con-
nected by use of clock-asynchronous serial I/O devices.

The following are examples in which functions (a) to (e) are chosen:
» Transmission WITHOUT: other fuUNCHIONS ........oooiiiiiiiiiiiiiie e e e e P276
* Reception WITHOUT: Other FUNCHONS .......cooiiiiiiiiieeie et P280

(5) Input/output to the serial I/O and the direction register
To input an external signal to the serial 1/0O, set the direction register of the relevant port to input. To
output a signal from the serial I/O, set the direction register of the relevant port to output.

(6) Pins related to the serial 1/10
» CLKo pins :Input pins for the transfer clock
* RxDo, RxD1 pins :Input pins for data
» TxDo, TxD1 pins :Output pins for data
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(8) Registers related to the serial I/0
Figure 2.6.2 shows the memory map of serial I/O-related registers, and Figures 2.6.3 to 2.6.7 show
UARTI-related registers.

005116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UARTL transmit interrupt control regster(S1TIC)
005416 | UARTL receive interrupt control register(S1RIC)

== =

03A016 | UARTO transmit/receive mode register (UOMR)

03Al16| UARTO bit rate generator (UOBRG)
03A216

03A316

03Ad16| UARTO transmit/receive control register 0 (UOCO)

03A516 | UARTO transmit/receive control register 1 (UOC1)
03A616

03A716
03A816 | UARTL1 transmit/receive mode register (U1IMR)
03A916 | UARTL bit rate generator (U1BRG)

03AA16
03AB16
03AC16| UART1 transmit/receive control register 0 (U1CO)

03AD16| UART1 transmit/receive control register 1 (U1C1)
03AEz16

03AF16
03B016 | UART transmit/receive control register 2 (UCON)

UARTO transmit buffer register (UOTB)

UARTO receive buffer register (UORB)

UART1 transmit buffer register (U1TB)

UART1 receive buffer register (ULRB)

Figure 2.6.2. Memory map of UARTI-related registers
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UARTI transmit buffer register (Note)

(b15) (©8) Symbol Address When reset
b7 b0 b7 bo uoTB 03A316, 03A216 Indeterminate
03AB1s, 03AA16 Indeterminate

| uliTB

: H R{W
[N SR Transmit data X0
Nothing is assigned.
ettt In an attempt to write to these bits, write “0”. The value, if read, turns out to be | — —
indeterminate. |
Note : Use MOV instruction to write to this register.
UARTI receive buffer register
(b15) (b8) Symbol Address When reset
b7 bO_b7 b0 UORB  03A71s, 03A616 Indeterminate
| | | >q><|><| | U1RB 03AF16, 03AE1s6 Indeterminate
Bit . Function (During clock Function !
A H symbol Bit name synchronous serial I/O (During UART mode) RW
e H mode) '
T Lomees - — Receive data Receive data (O3
Nothing is assigned.
e In an attempt to write to these bits, write “0”. The value, if read, turns out to -
A be indeterminate. !
OER | Overrun errorflag | 0 : No overrun error 0 : No overrun error o'x
[ (Note) 1 : Overrun error found | 1 : Overrun error found '
\ _______________________________________ FER Framing error flag | Invalid 0 : No framing error OEX
I (Note) 1 : Framing error found
R PER Parity error flag Invalid 0 : No parity error OE><
(Note) 1 : Parity error found !
SUM | Error sum flag Invalid 0 : No error O X
""""""""""""""""""""""""" (Note) 1 : Error found

Note: Bits 15 through 12 are set to “0” when the receive enable bit is set to “0”. (Bit 15 is set
to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when the
lower byte of the UARTI receive buffer register (addresses 03A616, and 03AEus) is

read out.
UARTI bit rate generator (Note 1, 2)
b7 bo Symbol Address When reset
| UOBRG 03A1l1s Indeterminate
U1BRG 03A916 Indeterminate
Values that can be set R:'W
H T
H Assuming that set value = n, BRGi divides the 0016 to FF1s x'0
"""""""""""""""""" count source by n + 1
Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.
Figure 2.6.3. UARTiI-related registers (1)
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| UiMR(i=0,1) 03A016, 03A816 0016
. Function . 1
' Bit . . Function !
' symbol Bit name (During (;Iock synchronous (During UART mode) R :W
: serial /O mode) |
i1 smpo - + |  Must be fixed to 001 b2 b1 b0
(S,\i;'tzl :IL/)O mode select bit 12 b1 b0 100 : Transfer data 7 bits long |O:O
00 0 : Serial /0O invalid 101 : Transfer data 8 bits long .
..... SMD1 01 0: Inhibited 11 0: Transfer data 9 bits long |
01 1: Inhibited 000 : Serial I/O invalid O
11 1: Inhibited 01 0: Inhibited :
_________ SMD2 01 1: Inhibited |
111 Inhibited 0.0
------------ CKDIR |Internal/external clock 0 : Internal clock (Note 3) 0 : Internal clock (Note 3) OEO
select bit (Note 2) 1: External clock (Note 4) 1: External clock (Note 4)
"""""""""" STPS | stop bit length select bit | Invalid 0 : One stop bit 00
1: Two stop bits i
__________________ PRY | Odd/even parity select bit| Invalid Valid when bit 6 = “1"
0 : Odd parity 0.0
1: Even parity |
--------------------- PRYE | Parity enable bit Invalid 0 : Parity disabled o o
1 : Parity enabled '
------------------------ SLEP | Sleep select bit Must always be “0” 0: Sleep mode deselected 00
1: Sleep mode selected |
Note 1: UART1 cannot be used in clock synchronous serial 1/0.
Note 2: UART1 can use only internal clock. Must set this bit to “1”.
Note 3: Set the corresponding port direction register to “1” (output mode).
Note 4: Set the corresponding port direction register to “0” (input mode).
UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
| | | | 1 | | | | | Symbol Address When reset
0 uic0(i=0,1) 03A416, 03AC16 0816
A ) Function (Note) ) :
- Bit . . Function '
- Bit name (During clock synchronous ) R:W
symbol serial /O mode) (During UART mode) |
- b1 b0 b1 b0
‘1 ¢ 4 ¢ 4 1 ©] CLKO [ BRG countsource 00: f1is selected 00: f1is selected 00
e select bit 01:fsis selected 01:feis selected .
T e T et 10 :f32is selected 10 :f32is selected 00
[ 11:fcis selected 11:fcis selected i
S S Set this bit t0 0. olo
A . . 0 : Data present in transmit . i i o '
I TXEPT ;ll-;ansmlt register empty register (during transmission) 0: (?j?ﬁn%r?;?rﬁsz%ﬁmn register
E E E E 9 1:No ,d?la ri)resent. in transmit 1 : No data present in transmit o X
or o L%%:théé?nsm'ss'on register (transmission completed) :
oo Set this bit to “1”. :
A 0.0
Voo NCH Data output select bit 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output '
Voo T 1 : TXDi pin is N-channel 1: TXDi pin is N-channel 00
E E open-drain output open-drain output !
P . ) 0 : Transmit data is output at Must al be “0”
- CKPOL | CLK polarity select bit falling edge of transfer clock ust always be '
PP and receive data is input at :
H rising edge ;
H 1: Transmit data is output at o :O
H rising edge of transfer clock '
H and receive data is input at '
H falling edge '
] UFORM | Transfer format select bit| O : LSB first g
1 MSB first Must always be “O O :O
Note: UART1 cannot be used in clock synchronous serial I/O.
Figure 2.6.4. UARTiI-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UiC1(i=0,1) 03A516,03AD16 0216

P : Function (Note 1) . i
Vo s iﬂbol Bit name (During clock synchronous (DurinFLljJnACtRlc')l'nmode) RFW

E : : : YV serial I/0 mode) 9 !
E : : l_ TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO

E : : 1 : Transmission enabled 1 : Transmission enabled '

o Tl Transmit buffer 0 : Data present in 0 : Data present in
[ empty flag transmit buffer register transmit buffer register O X

v 1 : No data present in 1: No data present in !

N transmit buffer register transmit buffer register '
E ] RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00

! (Note 2) 1: Reception enabled 1: Reception enabled

E RI Receive complete flag 0 : No data present in 0 : No data present in
[ receive buffer register receive buffer register Qx|

1 : Data present in 1: Data present in !

receive buffer register receive buffer register |
Nothing is assigned. _ |

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. | |

Note 1: UART1 cannot be used in clock synchronous serial /0.

Note 2: If you are using clock asynchronous serial I/O mode, you can enable 'receive enable bit' when
RxD port inputis “H”. If RxD port input is “L” and you have enabled 'receive enable bit' , then
receive operation starts immediately.

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | UCON 03B016 XX0000002

P . Function . i
TR T S T T B B Bit . . Function !
e Bit (During clock synchronous . RW|
Popod b op 1| symbol name serial /0 mode) (During UART mode) |
L v 4+ 1+ 1+ 1 1 4| UOIRS | UARTO transmit 0 : Transmit buffer empty 0 : Transmit buffer empty o }o
A interrupt cause select bit a=n (T=1) 1
HE A A 1: Transmission completed 1 : Transmission completed !
B R B (TXEPT = 1) (TXEPT = 1) !
E : : : : : : U1IRS | UART1 transmit Set this bit to “0”. 0 : Transmit buffer empty !
[ A interrupt cause select bit (T=1) o0
A 1: Transmission completed !
oo (TXEPT =1) !
o UORRM | UARTO continuous 0 : Continuous receive Must always be “0” !
N aanlt receive mode enable bit mode disabled 0lo
N 1: Continuous receive !
R mode enable !
R A — Set this bit to “0". o0
oo CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1” Must always be “0” i
P mmmmmmmmmeee 0 : Clock output to CLK1 00
. 1 : Clock output to CLKS1 !
. CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0” ‘
oo bit 1 (Note 2) (CLK output is CLKO only) 1
. 1 : Transfer clock output o EO
HE from multiple pins !
HE function selected !
R S Nothing is assigned. _i_

In an attempt to write to these bits, write "0". The value, if read, turns out to be indeterminate. |

Note 1: UART1 cannot be used in clock synchronous serial I/O.
Note 2: When using multiple pins to output the transfer clock, the following requirements must be met:
« UARTO internal/external clock select bit (bit 3 at address 03A016) = “0”".

Figure 2.6.5. UARTiI-related registers (3)
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2.6.2 Operation of Serial 1/0 (transmission in UART mode)

In transmitting data in UART mode, choose functions from those listed in Table 2.6.4. Operations of the
circled items are described below. Figure 2.6.6 shows the operation timing, and Figures 2.6.7 and 2.6.8
show the set-up procedures.

Table 2.6.4. Choosed functions
Item Set-up

Transfer clock O | Internal clock (f1/fs / 32 / fc)
source

External clock (CLKO pin) (Note)

Transmission Transmission buffer empty
interrupt factor

O | Transmission complete

Sleep mode O | Sleep mode off

Sleep mode selected

Note: UART1 cannot be selected external clock.

Operation (1) Setting the transmit enable bit to “1” and writing transmission data to the UARTI transmit
buffer register readies the data transmissible status.

(2) Transmission data held in the UARTI transmit buffer register is transmitted to the UARTI
transmit register. At this time, the first bit (the start bit) of the transmission data is transmitted
from the TxDi pin. Then, data is transmitted, bit by bit, in sequence: LSB, ----, MSB, parity bit,
and stop bit(s).

(3) When the stop bit(s) is (are) transmitted, the transmit register empty flag goes to “1”, which
indicates that transmission is completed. At this time, the UARTI transmit interrupt request
bit goes to “1”. The transfer clock stops at “H” level.

(4) If the transmission condition of the next data is ready when transmission is completed, a start
bit is generated following to stop bit(s), and the next data is transmitted.
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Example of wiring

Microcomputer

TxDi

Receiver side IC

RxD

Example of operation

Tc

e

Transfer clock

(i) Trarismission enabled

(2) Start transmission

(3) Confirme stop bit
| (4) Start transmission

Transmit
enable bit (TE)

r
2]

Data is set in UARTI transmit buffer register

-
L

Shown in () are bit symbols.

« Parity is enabled.
* One stop bit.
« Transmit interrupt cause select bit = “1".

Transmit buffer “1”

empty flag (TI) agr I ‘ : |
Transferred from UARTI transmit buffer register to UARTI transmit register
Start Parity% Stdp Stopped pulsing because transfer enable bit = “0”
A bit "¢ it

Transmit wqn

register empty | | |

flag (TXEPT)  “0” ; P

Transmit “1” |—| : | |

interrupt request “q

bit (IR) %

The above timing applies to the following settings :

Cleared to “0” when interrupt request is accepted, or cleared by software

Tc=16(n+1)/fior 16 (n + 1)/ fext
fi : frequency of BRGi count source (f1, fs, f32, fc)
fexT : frequency of BRGi count source (external clock)
n : value set to BRGi

Figure 2.6.6. Operation timing of transmission in UART mode
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Setting UARTI transmit/receive mode register (i=0, 1)

b7 b0
| 0 | 1 | 0 | 0 | 0 | 1 | 0 | 1 | UARTO transmit/receive mode register UUMR [Address 03A016]
UART1 transmit/receive mode register ULMR [Address 03A816]

Serial I/0 mode select bit
b2 b1 bo
1 0 1: Transfer data 8 bits long
Internal/external clock select bit
0 : Internal clock
Stop bit length select bit
0 : One stop bhit
Odd/even parity select bit (Valid when bit 6 = “1")
0 : Odd parity
Parity enable bit
1 : Parity enabled

Sleep select bit
0 : Invalid

- /

4 N

Setting UARTI transmit/receive control register O (i =0, 1)

b7
| 0 | 0 | | 1 | | 0 | | | UARTO transmit/receive control register 0 UOCO [Address 03A416]
UART1 transmit/receive control register 0 U1CO [Address 03AC16]

BRG count source select bit
b1 bo
00: f1is selected
01:fsis selected
10: f32 is selected
11:fcis selected

Must be “0” in UART mode

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1 : No data present in transmit register
(transmission completed)

Must be “1” in UART mode

Data output select bit (Note)
0 : TxDi pin is CMOS output
1: TxDi pin is N-channel open-drain output

Must be “0” in UART mode
Must be “0” in UART mode

Note: Set the corresponding port direction register to “1” (output mode).

Setting UART transmit/receive control register 2
b7 b0
|><|><| 0 | | 0 | | | | UART transmit/receive control register 2 UCON [Address 03B016]

L UARTO transmit interrupt cause select bit
1 : Transmission completed (TXEPT = 1)

UART1 transmit interrupt cause select bit
1 : Transmission completed (TXEPT = 1)

Invalid in UART mode

Must be “0” in UART mode

Invalid in UART mode

Must be “0” in UART mode

Continued to the next page

Figure 2.6.7. Set-up procedure of transmission in UART mode (1)
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Continued from the previous page

Setting UARTI bit rate generator (i=0,1)

|b7| | | | | | |bo UARTI bit rate generator (i = 0, 1) [Address 03A116, 03A916]

UIBRG (i = 0, 1)

1— Can be set to 0016 to FF16 (Note)

Note: Write to UARTI bit rate generator when transmission/reception is halted.

Transmission enabled

b7 b0
1 UARTO transmit/receive control register 1 UOC1 [Address 03A516]
|><]><l>®<| | | | | UART1 transmit/receive control register 1 U1C1 [Address 03AD16]

Transmit enable bit
1: Transmission enabled

Writing transmit data

(b15) (b8)
b7 b0 b7

Setting transmission data

N N Y

UARTO transmit buffer register [Address 03A316, 03A216] UOTB
UART1 transmit buffer register [Address 03AB16, 03AA16] U1TB

|
|
|

Start transmission

AR AN NN AN NN NN NN NN NN AR NN EREREREEREREREREY

-

Checking the status of UARTI transmit buffer register (i = 0, 1)

|>b7<|><|><|><| | | | b0| UARTO transmit/receive control register 1 UOC1 [Address 03A516]

UART1 transmit/receive control register 1 U1C1 [Address 03AD16]

Transmit buffer empty flag
0 : Data present in transmit buffer register
1: No data present in transmit buffer register
(Writing next transmit data enabled)

.

~

Writing next transmit data

(b15) (b8)
b7 b0 b7

bo
|><|><I><|><|><|><I><| | UARTO transmit buffer register [Address 03A316, 03A216] UOTB
UART1 transmit buffer register [Address 03AB16, 03AA16] U1TB

Setting transmission data

s e TranNsmission is complete

o

Figure 2.6.8. Set-up procedure of transmission in UART mode (2)
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2.6.3 Operation of Serial 1/0 (reception in UART mode)

In receiving data in UART mode, choose functions from those listed in Table 2.6.5. Operations of the
circled items are described below. Figure 2.6.9 shows the operation timing, and Figures 2.6.10 and
2.6.11 show the set-up procedures.

Table 2.6.5. Choosed functions

Item Set-up

Transfer clock Internal clock (f1/ fs / f32 / fc)
source

O | External clock (CLKO pin) (Note)

Sleep mode O | Sleep mode off

Sleep mode selected

Note: UART1 cannot be selected external clock.

Operation (1) Setting the receive enable bit to “1” readies data-receivable status.

(2) When the first bit (the start bit) of reception data is received from the RxDi pin. Then, data is
received, bit by bit, in sequence: LSB, ----, MSB, and stop bit(s).

(3) When the stop bit(s) is (are) received, the content of the UARTI receive register is transmitted
to the UARTI receive buffer register.
At this time, the receive complete flag goes to “1” to indicate that the reception is completed,
the UARTI receive interrupt request bit goes to “1".

(4) The receive complete flag goes to “0” when the lower-order byte of the UARTI buffer register
is read.
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Example of wiring

Microcomputer Transmitter side IC
CLKO[-= CLK
RxDO - TxD

Example of operation

(4) Data is
read
(1) Reception enabled 3) Receiv:ing is
(;2) Start reception . completed

BRooscoutt UUMAAAAAAAARAAANAAAN,  AAAAAAAARARARAARARAAY
source U . - 1 !
Receive enable  “1 - :
bit “Q J !

RxDo Start bit I( Do

XE ------ E Stop bit | P\

Sampled “L”

Receive data taken in E

Reception started when transfer — Transferred from UARTO receive register |
clock is generated by falling edge {5 UARTO receive buffer register :

Receive “” of start bit m E
complete flag w0 L A /
Receive int " Read to UARTO receive buffer register
eceive interrupt 1~ ;
request bit ugpr |

Cleared to “0” when interrupt request is accepted, or cleared by software

Transfer clock

(=

Timing of transfer data 8 bits long applies to the following settings :
*Transfer data length is 8 bits.
*Parity is disabled.
*One stop bit

Figure 2.6.9. Operation timing of reception in UART mode
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Setting UARTO transmit/receive mode register

b7 b0
| 0 | 0 | | 0 | 1 | 1 | 0| 1 | UARTO transmit/receive mode register UOMR [Address 03A016]

Serial /0 mode select bit
b2 bl bo
1 0 1: Transfer data 8 bits long

Internal/external clock select bit
1 : External clock (Note)

Stop bit length select bit
0 : One stop bit

Valid when bit 6 = “1”

Parity enable bit
0 : Parity diabled

Sleep select bit
0 : Sleep mode diabled

Note: UATRT1 cannot be selected external clock. /

a N
Setting UARTO transmit/receive control register O

b7 bo
| 0| 0 | | 1 | | 0| | | UARTO transmit/receive control register 0 UOCO [Address 03A416]

BRG count source select bit
Invalid when external clock is selected

Must be “0” in UART mode

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1: No data present in transmit register
(transmission completed)

Must be “1” in UART mode

Data output select bit
0 : TxDO pin is CMOS output
1: TxDO pin is N-channel open-drain output

Must be “0” in UART mode

Must be “0” in UART mode

- /

4 N

Setting UART transmit/receive control register 2

b7 b0
|><|><| 0 | | 0| | | | UART transmit/receive control register 2 UCON [Address 03B016]

Invalid in UART mode

Must be “0” in UART mode

Invalid in UART mode

Must be “0” in UART mode

Continued to the next page

Figure 2.6.10. Set-up procedure of reception in UART mode (1)
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Continued from the previous page

Setting UARTO bit rate generator

|b7| | | | | | |b0| UARTO bit rate generator [Address 03A116, 03A916] UOBRG

T—Can be set to 0016 to FF16 (Note 1)

Note 1: Write to UARTI bit rate generator when transmission/reception is halted.

Reception enabled

UARTO transmit/receive control register 1 UOC1 [Address 03A516]

b7 b0
| UART1 transmit/receive control register 1 U1C1 [Address 03AD16]

DDA [a] |

Receive enable bit
1: Reception enabled

Note 2: Set the corresponding port direction register to “0” (input mode).

. /

Start reception

Checking completion of reception

b7 bo
DXDXDXDX] T 1T | ] uArTo transmitireceive control register 1 UOC1 [Address 03A516]

Receive complete flag
0 : No data present in receive buffer register
1: Data present in receive buffer register

Checking error

(b15) (b8)
b7 b0 b7 b0

| | | | |><D<|><| | UARTO receive buffer register [Address 03A716, 03A616]UORB

‘ Receive data

Overrun error flag
0 : No overrun error
1: Overrun error found

Framing error flag
0 : No framing error
1 : Framing error found

Parity error flag
0 : No parity error
1: Parity error found

Error sum flag
0 : No error
1: Error found

4-"

Processing after reading out reception data

Figure 2.6.11. Set-up procedure of reception in UART mode (2)
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2.7 A-D Converter

2.7.1 Overview
The A-D converter used in the M16C/60 group operates on a successive conversion basis. The following
is an overview of the A-D converter.

(1) Mode

The A-D converter operates in one of five modes:

(a) One-shot mode
Carries out A-D conversion on input level of one specified pin only once.

(b) Repetition mode
Repeatedly carries out A-D conversion on input level of one specified pin.

(c) Single sweep mode
Carries out A-D conversion on input level of two or more specified pins only once.

(d) Repeated sweep mode 0
Repeatedly carries out A-D conversion on input level of two or more pins.

(e) Repeated sweep mode 1
Repeatedly carries out A-D conversion on input level of two or more pins. This mode is different from
the repeated sweep mode 0 in that weights can be assigned to specifing pins control the number of
conversion times.

(2) Operation clock
The operation clock in 5 V operation can be selected from the following: fAD, divide-by-2 fap, and
divide-by-4 faD. In 3 V operation, the selection is divide-by-2 fab or divide-by-4. The fab frequency is
equal to that of the CPU’s main clock.

(3) Conversion time
Number of conversion for A-D convertor varies depending on resolution as given. Table 2.7.1 shows
relation between the A-D converter operation clock and conversion time.
Sample & Hold function selected:
33 cycles for 10-bit resolution, or 28 cycles for 8-bit resolution
No Sample & Hold function:
59 cycles for 10-bit resolution, or 49 cycles for 8-bit resolution

Table 2.7.1. Conversion time every operation clock

Frequency selection bit 1 0 1
Frequency selection bit 0 0 1 Invalid

) _ faD faD
A-D converter's operation clock @AD = 2 (QAD = 2 @AD = fAD
Min. conversion 8-bitmode | 28Xgo
cycles (Note 1) 10-bit mode 33 X @AD
M|n Conversion 8'b|t mOde 112'.13 56“5 28“5
time (Note 2) 10-bit mode 13.2us 6.6ps 3.3us

Note 1: The number of conversion cycles per one analog input pin.
Note 2: The conversion time per one analog input pin (when fap = f(XIN) = 10 MHz)
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(4) Functions selection
(a) Sample & Hold function
Sample & Hold function samples input voltage when A-D conversion starts and carries out A-D
conversion on the voltage sampled. When A-D conversion starts, input voltage is sampled for 3
cycles of the operation clock. When the Sample & Hold function is selected, set the operation clock
for A-D conversion to 1 MHz or higher.

(b) 8-bit A-D to 10-bit A-D switching function
Either 8-bit resolution or 10-bit resolution can be selected. When 8-bit resolution is selected, the 8
higher-order bits of the 10-bit A-D are subjected to A-D conversion. The equations for 10-bit resolu-
tion and 8-bit resolution are given below:
10-bit resolution  (Vref X n/210) —(vref X 0.5/219)  (n=11t01023),0 (n=0)

8-bit resolution ~ (Vref X n/28) —(Vref X 0.5/210)  (n=1to0256), 0 (n=0)

(c) Analog input group function
The analog input pins can be switched between the port P6 group (ANo to AN4) and the port P5
group (AN50 to AN54).

(d) Connecting or cutting Vref
Cutting Vref allows decrease of the current flowing into the A-D converter. To decrease the
microcomputer's power consumption, cut Vref. To carry out A-D conversion, start A-D conversion 1
us or longer after connecting Vref.

The following are exsamples in which functions (a) through (d) are selected:

® ONE-SNOL MOE ...ttt e et e e e e sttt e e e s sbb e e e e s sabaeeeeeans P290
@ REPEAL MOME ...ttt et e e e e e e e s e bbbt b e et e e e e e e e e e e s e e annb et beeeeaaaeas pP292
* SINGIE SWEEP MOE ...ttt ettt e ettt e e s st bt e e e s bbbt e e e s anbbeeeeessabbeeeenans P294
e Repeated SWEEP MOUE D ..cooeiiiiiiiiiiieee ettt e e e e e e e e e e e e e e e s e e bbb b e eeeeeeeas P296
o Repeated SWEEP MOTE L....ccoo ittt st e e e st e e e s st be e e e e s anbaeee e P298

(5) Input to A-D converter and direction register
To use the A-D converter, set the direction register of the relevant port to input.

(6) Pins related to A-D converter

(a) ANo pin through AN7 pin Input pins of the A-D converter (Port P6 group )
(b) ANso pin through AN57 pin Input pins of the A-D converter (Port P5 group )
(c) AVvcc pin Power source pin of the analog section

(d) VREF pin Input pin of reference voltage

(e) AVss pin GND pin of the analog section
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(7) A-D converter and related registers
Figure 2.7.1 shows the memory map of A-D converter-related registers, and Figures 2.7.2 through
2.7.4 show A-D converter-related registers.

004E16 | A-D conversion interrupt control register (ADIC)

03CO01s6
03C1l1s
03C216
03C316
03C416
03C51s6
03C616
03C716
03C81s6
03C916
03CA16
03CBus
03CCzs
03CD16
03CEz1s6
03CF16

2

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

03D416 | A-D control register 2 (ADCON2)
03D516
03D616 | A-D control register 0 (ADCONO)
03D716 | A-D control register 1 (ADCON1)

2

Figure 2.7.1. Memory map of A-D converter-related registers
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b7 b6 b5 b4 b3 b2 bl b0

A-D control register 0 (Note 1)

Symbol Address When reset
ADCONO 03D616 00000XXX2

Bit symbol Bit name Function RIW
b2 b1 b0 . '

CHO Analog input pin select bit | 000 : ANo is selected 0.0
001:ANz1is selected ;
010:AN2is selected !

CH1 011:AN3is selected 0.0
100 : AN4is selected
101:ANsis selected !

CH2 110:ANsis selected fe)
111:AN7is selected (Note 2, 3) '
A-D operation mode be s, !

MDO . 00 : One-shot mode 00
select bit 0 01 : Repeat mode ;
1 0: Single sweep mode !

MD1 11: Repeat sweep mode 0 00
Repeat sweep mode 1 (Note 2)

Set this bit to “0". 0.0

ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1: A-D conversion started '

CKSO Frequency select bit 0 0 : faD/4 !s selected OEO
1:fap/2 is selected '

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: When changing A-D operation mode, set analog input pin again.
Note 3: ANso to ANs4 can be used in the same way as for ANo to AN4.

Figure 2.7.2. A-D converter-related registers (1)
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b7 b6 b5 b4 b3 b2 bl b0

A-D control register 1 (Note 1)

e ——_—

Note 3: ANso to ANs4 can be used in the same way as for ANo to AN4.
Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function R!W
A-D sweep pin select bit | When single sweep and repeat sweep |
mode O are selected ;
SCANO b160 00
00 : ANo, AN1 (2 pins) !
01 : ANo to AN3 (4 pins) !
10: ANo to ANs (6 pins) !
11: ANoto AN7 (8 pins) ;
When repeat sweep mode 1 is selected
SCAN1 b1 b0 !
00: ANo (1 pin) 00
01 : ANo, AN1 (2 pins) !
10: ANo to AN2 (3 pins) '
11 : ANo to AN3 (4 pins) (Note 2, 3)
A-D operation mode 0 : Any mode other than repeat sweep
MD2 select bit 1 mode 1 0.0
1 : Repeat sweep mode 1 |
8/10-bit mode select bit 0 : 8-bit mode
BITS ‘
1: 10-bit mode O:O
Frequency select bit 1 0 : fAD/2 or fAD/4 is selected
cKst 1:fapis selected O o
Vref connect bit 0 : Vref not connected
veuTt 1: Vref connected Ol o
Set this bit to ‘0. oo
: .+ |0 : Port P6 group is selected
ADGSEL - .
GSELO | A-D input group select bit 1: Port P5 group is selected O:O
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.
Note 2: ANs0 to ANs4 can be used in the same way as for ANo to AN4,
Note 3: If port P5 group is selected, the contents of A-D registers 5 to 7 are indeterminate.
If port P5 group is selected, do not select 8 pins sweep mode.

Figure 2.7.3. A-D converter-related registers (2)
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A-D control register 2 (Note)

Nothing is assigned.
L EELEET R In an attempt to write to these bits, write “0”. The value, if read, turns outto | —!—

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
ADCON2 03D416 XXXX00002
0|0]|0
i 4 1 1 4 v 1| Bitsymbol Bit name Function R'W
! A-D conversion method 0 : Without sample and hold
Do SMP | elect bit 1 With sample and hold 00
t--i--i----| Reserved bit Always set to “0” O (@)

(B

be indeterminate.

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

A-D reqister i Symbol Address When reset
ADi(i=0to 7) 03CO016 to 03CF16 Indeterminate
(b15) (b8)
b7 b0 b7 b0

Two high-order bits of A-D conversion result \

Function R!W|
--| Eight low-order bits of A-D conversion result 0'X
« During 10-bit mode OEX

« During 8-bit mode XX
The value, if read, turns out to be indeterminate. !

hemmemecccc e ee e
|
e ——
Fe=mme-ee-ccccccccccacaaaad

Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if -

read, turns out to be indeterminate.

Figure 2.7.4. A-D converter-related registers (3)
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2.7.2 Operation of A-D converter (one-shot mode)

In one-shot mode, choose functions from those listed in Table 2.7.2. Operations of the circled items are
described below. Figure 2.7.5 shows the operation timing, and Figure 2.7.6 shows the set-up procedure.

Table 2.7.2. Choosed functions

Item Set-up
Operation clock @b | O | Divided-by-4 fap / divided-by-2 fab / fap
Resolution O | 8-bit/ 10-bit
Analog input pin O | One of ANo pin to AN7 pin (Note)

Sample & Hold Not activated
O | Activated

Note : When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to AN54.

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to begin operating.

(2) After A-D conversion is completed, the content of the successive comparison register (con-
version result) is transmitted to A-D register i. At this time, the A-D conversion interrupt re-
guest bit goes to “1". Also, the A-D conversion start flag goes to “0”, and the A-D converter
stops operating.

(1) Start A-D conversion (2) A-D conversion is complete

8-bit resolution : 28 @AD cycles
10-bit resolution : 33 @AD cycles

M ra A
@ Utrrerrer e
INEERERE
.......
Ld Ld Ld L

Set to “1” by software

1 ‘///
A-D conversion  “1” ‘
start fla
9 ugy ‘
A-D register i >< Result
A-D conversion S
interrupt request “g

f

Cleared to “0” when interrupt request is accepted, or cleared by software

Note: When @ap frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 @D cycles for 8-bit resolution and 59 @ap cycles for 10-bit resolution.

Figure 2.7.5. Operation timing of one-shot mode
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Selecting Sample and hold

b7 b0
|><I><|><I><| o | 0 | o | 1 | A-D control register 2 [Address 03D416]
ADCON2

A-D conversion method select bit
1 : With sample and hold

Must be fixed to “0”

Setting A-D control register 0 and A-D control register 1

~

b7 b0
|

[ [ofofofo] [ |

ADCONO

A-D control register 0 [Address 03D616] | | Ol 1 | |

A-D control register 1 [Address 03D716]
ADCON1

b0
[o] |

Analog input pin select bit (Note 2)

b2 b1 bO

00 0: ANo is selected
00 1:ANz1is selected
010:AN2is selected
011:ANs3is selected
100: AN4is selected
101:ANsis selected
110:ANs is selected
111:AN7is selected

One-shot mode is selected (Note 1)

——— Must be fixed to “0”

L A-Dconversion start flag
0 : A-D conversion disabled

Frequency select bit 0
0: fap/4 is selected
1:faD/2 is selected

o

Invalid in one-shot mode

A-D operation mode select bit 1 (Note 1)
0 (Must always be “0” in one-shot mode)

8/10-bit mode select bit
0 : 8-bit mode
1 : 10-bit mode

Frequency select bit 1
0: fap/2 or fap/4 is selected
1:fap is selected

Vref connect bit
1: Vref connected

Must be fixed to “0”

Note 1: Rewrite to analog input pin select bit after changing A-D operation mode.
Note 2: Set the corresponding port direction register to “0” (input mode).
When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins ANso to AN5a4.

A-D input group select bit
0 : Port P6 group is selected
1: Port P5 group is selected

Setting A-D conversion start flag

b0
Ll LTI

A-D control register 0 [Address 03D616]
ADCONO

A-D conversion start flag
1: A-D conversion started

Start A-D

onversion

Stop A-D

onversion

hanna|O sunnn|O 1nnns

A-D register 0
A-D register 1
A-D register 2
A-D register 3
A-D register 4
A-D register 5
A-D register 6
A-D register 7

Reading conversion result

(b15) (b8)
b7 b0 b7 b0

DD |

[Address 03C116, 03C016] ADO \
[Address 03C316, 03C216] AD1
[Address 03C516, 03C416] AD2
[Address 03C716, 03C616] AD3
[Address 03C916, 03C816] AD4
[Address 03CB16, 03CA16] AD5
[Address 03CDz16, 03CC16] AD6
[Address 03CF16, 03CE16] AD7

L——— Eight low-order bits of A-D conversion result

During 10-bit mode

o

Two high-order bits of A-D conversion result
During 8-bit mode
When read, the content is indeterminate

Figure 2.7.6. Set-up procedure of one-shot mode
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. __________________________________________________________________________________________________________________________|
2.7.3 Operation of A-D Converter (in repeat mode)

In repeat mode, choose functions from those listed in Table 2.7.3. Operations of the circled items are
described below. Figure 2.7.7 shows timing chart, and Figure 2.7.8 shows the set-up procedure.

Table 2.7.3. Choosed functions

Item Set-up
Operation clock @b | O | Divided-by-4 fap / divided-by-2 fap / fap
Resolution O | 8-bit/ 10-bit
Analog input pin O | One of ANo pin to AN7 pin (Note)

Sample & Hold Not activated
O | Activated

Note : When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to AN54.

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start operating.
(2) After the first conversion is completed, the content of the successive comparison register
(conversion result) is transmitted to A-D register i. The A-D conversion interrupt request bit
does not go to “1”.
(3) The A-D converter continues operating until the A-D conversion start flag is set to “0” by
software. The conversion result is transmitted to A-D register i every time a conversion is

completed.
(1) Start A-D conversion (2) Conversion result is transferred to the A-D register
8-bit resolution : 28 gAD cycles ' 8-bit resolution : 28 gAD cycles (3) A-D conversion

10-bit resolution : 33 gAD cycles ! 10-bit resolution : 33 aD cycles ! is complete

]
-

A
y

fa
=

Set to “1" by software Cleared to “0” by software -

. ! ! Ay
A-D conversion “1” ] : |
start flag “q ‘ I_
A-D register i X Result >< Regult
| | ?
A-D conversion Stop Convert | Convert |Convert| Stop

Note: When gap frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 @aD cycles for 8-bit resolution and 59 ¢AD cycles
for 10-bit resolution.

Figure 2.7.7. Operation timing of repeat mode
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Selecting Sample and hold
b7 b0

DD oo o] 2]

A-D control register 2 [Address 03D416]
ADCON2

A-D conversion method select bit
1 : With sample and hold

Must be fixed to “0”

Setting A-D control register 0 and A-D control register 1
b7

A-D control register 0 [Address 03D616]

b0
| ADCONO

b7
[ fofofof=] T 1 [ Lofe] T [o]

bo
|

A-D control register 1 [Address 03D716]
ADCON1

Analog input pin select bit (Note 2)
b2 b1 b0

000:

ANo is selected
001:AN1is selected
010:ANzis selected
011:ANsis selected
100: AN4is selected
101:ANsis selected
110:ANsis selected
111:AN7is selected

Repeat mode is selected (Note 1)

———— Must be fixed to “0"

————— A-D conversion start flag
0 : A-D conversion disabled

——— Frequency select bit 0
0 : faD/4 is selected
1:fap/2 is selected

Note 1: Rewrite to analog input pin select bit after changing A-D operation mode.
Note 2: Set the corresponding port direction register to “0” (input mode).

———— A-D operation mode select bit 1 (Note 1)

—————— 8/10-bit mode select bit

L Frequency select bit 1

L Vref connect bit

————— Must be fixed to “0”

——— A-D input group select bit

When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to ANsa4.

Invalid in repeat mode

0 (Must always be “0” in repeat mode)

0 : 8-bit mode
1: 10-bit mode

0 : faD/2 or fAD/4 is selected
1:faD is selected

1: Vref connected

0 : Port P6 group is selected
1: Port P5 group is selected

Setting A-D conversion start flag

b0 ’
| A-D control register 0 [Address 03D616]
ADCONO

A-D conversion start flag
1: A-D conversion started

;----u...-----u.u..---u-u....-n-u-..u.nnuuu..nnuu’

Start A-D éonversion

During 10-bit mode

During 8-bit mode

Reading conversion result A-D register 0  [Address 03C116, 03C016] ADO
®15) ©8) A-D register 1  [Address 03C316, 03C216] AD1
b7 bo b7 po A-Dregister2 [Address 03C516, 03C416] AD2
I><|><|><|><|><|><| | A-D register 3  [Address 03C716, 03C616] AD3
A-D register 4  [Address 03C916, 03C816] AD4

A-D register 5 [Address 03CB16, 03CA16] AD5

A-D register 6 [Address 03CD16, 03CC16] AD6

A-D register 7 [Address 03CF16, 03CE16] AD7

———— Eight low-order bits of A-D conversion result

Two high-order bits of A-D conversion result

When read, the content is indeterminate

Setting A-D conversion start flag

b7 b0
| | A-D control register 0 [Address 03D616]

ADCONO

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.7.8. Set-up procedure of repeat mode
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A-D Converter

2.7.4 Operation of A-D Converter (in single sweep mode)

In single sweep mode, choose functions from those listed in Table 2.7.4. Operations of the circled items
are described below. Figure 2.7.9 shows timing chart, and Figure 2.7.10 shows the set-up procedure.

Table 2.7.4. Choosed functions

Item Set-up

Operation clock @ap | O | Divided-by-4 fap / divided-by-2 fap / fap

Resolution O | 8-bit / 10-bit

ANo and ANz1 (2 pins) / ANo to AN3 (4 pins) / ANo to ANs (6 pins) / ANo to AN7 (8 pins)

Analog input pin O | (Note)

Sample & Hold Not activated

O | Activated

Note : When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to AN54.

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion

on voltage input to the ANo/ANS50 pin.

(2) After the A-D conversion of voltage input to the ANo/ANS50 pin is completed, the content of the

successive comparison register (conversion result) is transmitted to A-D register 0. The A-D
converter converts all analog input pins selected by the user. The conversion result is trans-
mitted to A-D register i corresponding to each pin, every time conversion on one pin is com-
pleted.

(3) When the A-D conversion on all the analog input pins selected is completed, the A-D conver-

sion interrupt request bit goes to “1”. At this time, the A-D conversion start flag goes to “0".
The A-D converter stops operating.

@AD

A-D conversion
start flag

A-D register 0

A-D register 1

A-D register i

A-D conversion

bit

aq
interrupt request “gr

(2) After A-D conversion on ANo/ANS0 pin is complete,

© A-D converter begins converting all pins selected (3)A-D conversion

(1) Start A-D conversion
: is complete

8-bit resolution : 28 gap cycles 8-bit resolution : 28 ap cycles |
| 10-bit resolution : 33 gap cycles | 10-bit resolution : 33 gap cycles
- > - =

BRI e e A A

Set to “1” by software

v | L

>< Result

>< Result

>< Result

i

Cleared to “0” when interrupt request is accepted, or cleared by software

Note: When ¢ap frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 gap cycles for 8-bit resolution and 59 @ap cycles for 10-bit resolution.

Figure 2.7.9. Operation timing of single sweep mode
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Selecting Sample and hold
b7

b
oTolo 10 A-D control register 2 [Address 03D416]
DDA o] o] 1] apconz

A-D conversion method select bit
1 : With sample and hold

Must be fixed to “0”

\

Setting A-D control register 0 and A-D control register 1

|b7| ofo[z]o] [ | bol ﬁbDC(gsgol register O [Address 03D616] | b7| o[1] T Jo | = QI_DDC((:JOStlml register 1 [Address 03D716]
Invalid in single sweep mode Ab-lDbosweep pin select bit (Note 2)
Single sweep mode is selected (Note 1) 8 (l) ﬁ“gthNAll\lgz(zigisr:s)
Must be fixed o “0" 10: ANo to ANs (6 pins)

11 : ANo to AN7 (8 pins)

A-D conversion start flag . A(;DMOperzi\tion rgogoe“ _selectl bit 1 (Notedl)
0 : A-D conversion disabled (Must always be “0" in single sweep mode)
———— 8/10-bit mode select bit
Frequency select bit 0 0 : 8-bit mode
0 : fan/4 is selected 1:10-bit mode

1:fap/2 is selected

—— Frequency select bit 1
0 : fap/2 or faD/4 is selected
1:fapis selected

L Vref connect bit
1: Vref connected

——————— Must be fixed to “0”

A-D input group select bit

) ) ) . ) . 0 : Port P6 group is selected
Note 1: Rewrite to analog input pin select bit after changing A-D operation mode. 1: Port P5 group is selected
Note 2: Set the corresponding port direction register to “0” (input mode).

When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins ANso to AN54.

- /

Setting A-D conversion start flag

|h7| 1 | | | | | |b0 A-D control register 0 [Address 03D616]

ADCONO

A-D conversion start flag
1: A-D conversion started

Start A-D conversion
Stop A-D conversion
Reading conversion result A-D register 0  [Address 03C116, 03C016] ADO \
(®b15) ©8) A-Dregister 1  [Address 03C316, 03C216] AD1
b7 bo b7 bo A-Dregister2 [Address 03C516, 03C416] AD2
|><|><|><|><|><|><| | A-D register 3  [Address 03C716, 03C616] AD3
A-D register 4  [Address 03C916, 03C816] AD4

A-Dregister 5 [Address 03CB16, 03CA16] AD5
A-D register 6  [Address 03CD16, 03CC16] AD6
A-D register 7 [Address 03CF16, 03CE16] AD7

——————— Eight low-order bits of A-D conversion result

During 10-bit mode

Two high-order bits of A-D conversion result
During 8-bit mode

When read, the content is indeterminate

o /

Figure 2.7.10. Set-up procedure of single sweep mode
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2.7.5 Operation of A-D Converter (in repeat sweep mode 0)

In repeat sweep 0 mode, choose functions from those listed in Table 2.7.5. Operations of the circled items
are described below. Figure 2.7.11 shows timing chart, and Figure 2.7.12 shows the set-up procedure.

Table 2.7.5. Choosed functions

Item Set-up

Operation clock @ap | O | Divided-by-4 fap / divided-by-2 fap / fap

Resolution O | 8-bit/ 10-bit
Analog input pin o ,(ANNootea)nd ANz1 (2 pins) / ANo to AN3 (4 pins) / ANo to ANs (6 pins) / ANo to AN7 (8 pins)
Sample & Hold Not activated

O | Activated

Note : When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to AN54.

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion

on voltage input to the ANo/AN50 pin.

(2) After the A-D conversion of voltage input to the ANo/AN50 pin is completed, the content of the
successive comparison register (conversion result) is transmitted to A-D register 0.

(3) The A-D converter converts all pins selected by the user. The conversion result is transmitted
to A-D register i corresponding to each pin every time A-D conversion on the pin is com-
pleted. The A-D conversion interrupt request bit does not go to “1”.

(4) The A-D converter continues operating until the A-D conversion start flag is set to “0” by

software.
(1) Start A-D conversion (2) AN1/ANS1 conversion begins after (4) A-D conversion
i . . : ANO/ANS0 conversion is complete (3) Consecutive conversion is complete
8-bit resolution : 28 ¢ap cycles | 8-pit resolution : 28 b cycles
10-bit resolution : 33 gap cycles | 10-bit resolution : 33 gap cycles
B — e
@AD EEREE EEREE RN
Ld La | Ld ta Ld LJ
Set to “1” by software. Cleared to “0" by software
A_D “1” j/ |
conversion | :
start flag “0” :
A-D register 0 >< Result
A-D register 1 >< Result
A-D register i >< Result
Note: When @b frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 gap cycles for 8-bit resolution and 59 ¢ap cycles for 10-bit resolution.

Figure 2.7.11. Operation timing of repeat sweep 0 mode
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Selecting Sample and hold
b7

b0
A-D control register 2 [Address 03D416]
DD o] oo 2] ‘apconz

A-D conversion method select bit
1 : With sample and hold

Must be fixed to “0”

Setting A-D control register 0 and A-D control register 1

b7 ) b7 b0
A-D control register 0 [Address 03D616; A-D control register 1 [Address 03D716]
CToToleTil T T Anang” reoseret VTel:T T ToT T abcont
Invalid in repeat sweep mode 0 A-D sweep pin select bit (Note 2)
b1 b0
00 : ANo, AN1 (2 pins)

Repeat sweep mode 0 is selected (Note 1) 01 ANo'to AN3 (4 pins)

) 10 : ANo to ANs (6 pins)
————— Must be fixed to “0” 11:ANoto AN7 (8 pins)

A-D operation mode select bit 1 (Note 1)

0 (Must always be “0” in repeat sweep mode 0)
8/10-bit mode select bit
————————————Frequency select bit 0 0: 8-bit mode

0: faD/4 is selected 1: 10-bit mode
1:faD/2 is selected

—— A-D conversion start flag
0 : A-D conversion disabled

Frequency select bit 1
0 : fap/2 or fAD/4 is selected
1:faD is selected

Vref connect bit
1: Vref connected

Must be fixed to “0”

A-D input group select bit
0 : Port P6 group is selected
Note 1: Rewrite to analog input pin select bit after changing A-D operation mode. 1: Port P5 group is selected
Note 2: Set the corresponding port direction register to “0” (input mode).
When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins ANso to ANs4.

Setting A-D conversion start flag

|b7|1| | | | | |b0 A-D control register 0 [Address 03D616]
ADCONO

A-D conversion start flag
1: A-D conversion started

Repeatedly carries out A-D conversion on pins
selected through the A-D sweep pin select bit.

L e TR TR TR T R PR PR TR TR P LR PER PERETYIRYTRT AN, =

Start A-D conversion

Reading conversion result A-D register 0  [Address 03C116, 03C016] ADO
®15) ®8) A-Dregister 1  [Address 03C316, 03C216] AD1
b7 b0 b7 po A-Dregister 2 [Address 03C516, 03C416] AD2
I><|><]><|><|><]><| | A-D register 3  [Address 03C716, 03C616] AD3
A-Dregister 4 [Address 03C916, 03C816] AD4

A-Dregister 5 [Address 03CB16, 03CA16] AD5
A-Dregister 6 [Address 03CD16, 03CC16] AD6
A-D register 7 [Address 03CF16, 03CE16] AD7

Eight low-order bits of A-D conversion result

During 10-bit mode

Two high-order bits of A-D conversion result
During 8-bit mode

When read, the content is indeterminate

20 A-D control register 0 [Address 03D616]
LIofl T T T T 11 apcono

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.7.12. Set-up procedure of repeat sweep 0 mode
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2.7.6 Operation of A-D Converter (in repeat sweep mode 1)

In repeat sweep 1 mode, choose functions from those listed in Table 2.7.6. Operations of the circled items are
described below. Figure 2.7.13 shows ANi pin's sweep sequence, Figure 2.7.14 shows timing chart, and Figure
2.7.15 shows the set-up procedure.

Table 2.7.6. Choosed functions

Item Set-up
Operation clock @b | O | Divided-by-4 fap/ divided-by-2 fap / fap
Resolution O | 8-bit / 10-bit
Analog input pin O | ANo (1 pins) / ANo to ANz (2 pins) / ANo to AN2 (3 pins) / ANo to AN3 (4 pins) (Note)
Sample & Hold Not activated
O | Activated

Note : When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins AN50 to AN54.

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion on voltage

input to the ANo/AN50 pin.

(2) After the A-D conversion on voltage input to the ANo/ANso pin is completed, the content of the succes-
sive comparison register (conversion result) is transmitted to A-D register O.

(3) Every time the A-D converter carries out A-D conversion on a selected analog input pin, the A-D converter
carries out A-D conversion on only one unselected pin, and then the A-D converter carries out A-D conver-
sion from the ANO pin again. (See Figure 2.7.13.) The conversion result is transmitted to A-D register i
every time conversion on a pin is completed. The A-D conversion interrupt request bit does not go to “1".

(4) The A-D converter continues operating until software goes the A-D conversion start flag to “0”.

When ANo is selected When ANo, AN1 are selected When ANo to AN2 are selected When ANo to AN3 are selected
= Time = Time = Time - Time
£ £ > £ > £ >
5000 P00 0000 5 00 0 SO0 LPPH0 5[ 040 0 40 040
g Y/1 / ¥ . 2 11 gl1jrj1jr 1 gl1/11 11
2|1 v/ |/ 1y 2 ¢/ 2| 2/2/2]{2:2 2 o |2/2/2/2 2]
A N I T LU 1 AT EIEIEIEIES
s 3 ; 3 : 3|3 Cli] o3 g |y i Py
3 4 i 3 ‘ 3 4 | B4y |4
5 6 v 5 Y 5 6 5 &y
© 7 ] 7 o 7 o 7
Figure 2.7.13. ANi pin's sweep sequence in repeat sweep mode
(2) Conversion result is
(1) Start ANo /AN50 pin transfered to A-D (3) Consecutive conversion
conversion conversion register : »
: 3 . . . _ (4) A-D
8-bitresolution: | 8-bitresolution: :  8bitresolution: . 8-bitresolution : ! conversion
28 qap cycles 1 28 qap cycles i 28gnDcycles : 28 Apcycles ' is complete
10-bit resolution : | 10-bit resolution : 10-bit resolution : | 10-bit resolution : 1
33 gap cycles 3 33 gap cycles 3 33 gap cycles i 33 Ap cycles

-~ - <—»4—>

o I LY wmmmﬂﬂwumwu

: Set to “1” by software Cleared to “0” by software
A-D - P |

conversion 3 3
start flag “0” 3 | 3 :

A-D register 0 X Result : >< Result

A-D register 1 >< Result

A-D register 2 >< Result

Note: When ¢AD frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 @AD cycles for 8-bit resolution and 59 ¢AD cycles for 10-bit resolution.

Figure 2.7.14. Operation timing of repeat sweep 1 mode
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Selecting Sample and hold
b7

b0
DDA o] o] o] 1]

A-D control register 2 [Address 03D416]
ADCON2

A-D conversion method select bit
1 : With sample and hold

Must be fixed to “0”

Setting A-D control register 0 and A-D control register 1

b7 b0
| | °| 0| 1| 1| | | | ﬁchccc))IGgol register 0 [Address 03D616]

b7 b0
[ ool T J2f ]

A-D control register 1 [Address 03D716]
ADCON1

Invalid in repeat sweep mode 1

Repeat sweep mode 1 is selected (Note 1)

Must be fixed to “0”

A-D conversion start flag
0 : A-D conversion disabled

Frequency select bit 0
0 : fap/4 is selected
1:fAD/2 is selected

Note 1: Rewrite to analog input pin select bit after changing A-D operation mode.
Note 2: Set the corresponding port direction register to “0” (input mode).

When the port P5 group is selected, analog input pins are changed from ANo to AN4 to pins ANso0 to ANsa4.

A-D sweep pin select bit (Note 2)
b1 bo
00 : ANo (1 pins)
01 : ANo, AN1 (2 pins)
10 : ANo to AN2 (3 pins)
11:ANo to AN3 (4 pins)

A-D operation mode select bit 1 (Note 1)
1 (Must always be “1" in repeat sweep mode 1)

8/10-bit mode select bit
0 : 8-bit mode
1: 10-bit mode

Frequency select bit 1
0 : fAD/2 or faD/4 is selected
1:fap is selected

Vref connect bit
1: Vref connected

Must be fixed to “0”

A-D input group select bit
0 : Port P6 group is selected
1: Port P5 group is selected

Setting A-D conversion start flag
b7 b0
[ ]

Ll TIT]

A-D control register 0 [Address 03D616]
ADCONO

A-D conversion start flag
1: A-D conversion started

Converts non-selected pin after converting pins
selected through the A-D sweep pin select bit

Start A-D conversion

A-D register 6
A-D register 7

During 10-bit mode

During 8-bit mode

Reading conversion result A-D register 0 [Address 03C116, 03C016] ADO
(b15) ©8) A-Dregister 1  [Address 03C316, 03C216] AD1
b7 bo b7 po A-Dregister 2 [Address 03C516, 03C416] AD2
I><|><]><|><|><]><| | A-D register 3  [Address 03C716, 03C616] AD3
A-D register 4  [Address 03C916, 03C816] AD4

A-D register 5 [Address 03CB16, 03CA16] AD5

[Address 03CD16, 03CC16] AD6
[Address 03CF16, 03CE16] AD7

—— Eight low-order bits of A-D conversion result

Two high-order bits of A-D conversion result

When read, the content is indeterminate

Setting A-D conversion start flag
b7 bo

A-D control register 0 [Address 03D616]
ADCONO

LIl TTTT]

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.7.15. Set-up procedure of repeat sweep 1 mode
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2.7. 7 Precautions for A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and
to bit 0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).
In particular, when the Vref connection bit is changed from 0 to 1, start A-D conversion after
an elapse of 1 ps or longer.

(2) To reduce conversion error due to noise, connect a voltage to the AVcc pin and to the Vref pin
from an independent source. It is recommended to connect a capacitor between the AVss pin
and the AVcc pin, between the AVss pin and the Vref pin, and between the AVss pin and the
analog input pin (ANi/ANsi). Figure 2.7.16 shows the an example of connecting the capaci-
tors to these pins.

Microcomputer

Vce
AvVcc
VREF
C1 c2
AVss
c3 Note 1: C>10.47 pF, C20.47 yF, C> 3100 pF
p— (for reference)
Note 2: Use thick and shortest possible wiring
ANi to connect capacitors.

Figure 2.7.16. Use of capacitors to reduce noice

(3) Set the direction register of the following ports to input: the port corresponding to a pin to be
used as an analog input pin and external trigger input pin.

(4) If using the A-D converter with Vcc = 2.7V t0 4.0 V:
Use without faD (no frequency division) for ®AD.
Select without the Sample & Hold feature.
Select 8-bit mode.

(5) Rewrite to analog input pin after changing A-D operation mode. The two cannot be set at the
same time.

(6) When using the one-shot or single sweep mode
Confirm that A-D conversion is complete before reading the A-D register.
(Note: When A-D conversion interrupt request bit is set, it shows that A-D conversion is completed.)

(7) When using the repeat mode or repeat sweep mode 0 or 1
Use the undivided main clock as the internal CPU clock.
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2.7.8 Method of A-D Conversion (10-bit mode)

(1) The A-D converter compares the reference voltage (Vref) generated internally based on the
contents of the successive comparison register with the analog input voltage (VIN) input from
the analog input pin. Each bit of the comparison result is stored in the successive comparison
register until analog-to-digital conversion (successive comparison method) is complete. If a
trigger occurs, the A-D converter carries out the following:

1. Fixes bit 9 of the successive comparison register.
Compares Vref with VIN: [In this instance, the contents of the successive comparison
register are “10000000002” (default).]
Bit 9 of the successive comparison register varies depending on the comparison re-
sult as follows.
If Vref < VIN, then “1” is assigned to bit 9.
If Vref > VIN, then “0” is assigned to bit 9.

2. Fixes bit 8 of the successive comparison register.
Sets bit 8 of the successive comparison register to “1”, then compares Vref with VIN.
Bit 8 of the successive comparison register varies depending on the comparison
result as follows:
If Vref < VIN, then “1” is assigned to bit 8.
If Vref > VIN, then “0” is assigned to bit 8.

3. Fixes bit 7 through bit 0 of the successive comparison register.
Carries out step 2 above on bit 7 through bit 0.
After bit 0 is fixed, the contents of the successive comparison register (conversion
result) are transmitted to A-D register i.

Vref is generated based on the latest content of the successive comparison register. Table
2.7.7 shows the relationship of the successive comparison register contents and Vref. Table
2.7.8 shows how the successive comparison register and Vref vary while A-D conversion is in
progress. Figure 2.7.17 shows theoretical A-D conversion characteristics.

Table 2.7.7. Relationship of the successive comparison register contents and Vref

Successive approximation register : n Vref (V)
0 0
1101023 VREF x n - VREF
1024 2048
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Table 2.7.8. Variation of the successive comparison register and Vref while A-D conversion is in

progress (10-bit mode)

Successive approximation register| Vref change
b9 b0
A-D converter stopped ‘ 1‘ 0‘0‘0‘0‘ O‘ 0‘0‘0‘0‘ \% V]
1st comparison ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ VRTIEF_\Z/SEE V]
v no = VRER
VREF , VREF VREF - 4
snscompssn | [ L]0 0 0T0 000 0] | VoEF , Vasr _Yeer ) (™2 " Lo
v 1st comparison result ne 14 . VREr
. VREF , VREF , VREF VREF - 8
noing|1{0/0[{0|0|0|0|0 + + -
s comparson | Il 110 0] 0] 0 0 0] | VEEF » Ve , veeE _veer (P71 T s
v 2nd comparison result 8
v VREF |, VREF , VREF VREF  VREF
i n9|ngn7|n6/n5/n4/n3jn2ini1 0 + + .t —— [V
10th coinparlson ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2 4 8 1024 2048 \Y
Conversion complete ‘ ng‘ ns‘ n7‘ ne‘ n5‘ n4‘ n3‘ nz\ nl‘ no‘
This data transfers to the bit 0
to bit 9 of A-D register.
Result of A-D conversion
Theoretical A-D
conversion characteristic
3FF16 |
3FE16 |
A
00316 | —Y Ideal A-D conversion
characteristic
00216 | -
00116 |
00016 - : : — ; ; >
‘ 3 VREF VREF VREF VREF VREF VREF
| _VREF Vi
0 D 1024%Y 1024%?% 102473 1024 X 1021 g X 1022 4 X 1023 REF
b —
VREF :
1024 ¢ 0.5 Analog input voltage

Figure 2.7.17. Theoretical A-D conversion characteristics (10-bit mode)
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2.7.9 Method of A-D Conversion (8-bit mode)

(2) In 8-bit mode, 8 higher-order bits of the 10-bit successive comparison register becomes A-D
conversion result. Hence, if compared to a result obtained by using an 8-bit A-D converter,
the voltage compared is different by 3 VREF/2048 (see what are underscored in Table 2.7.9),
and differences in stepping points of output codes occur as shown in Figure 2.7.18.

Table 2.7.9. The comparison voltage in 8-bit mode compared to 8-bit A-D converter

8-bit mode 8-bit A-D converter
n=0 0 0
Comparison v v v v
Vo|tage n=1to 255 REF _ REF REF _ REF
Vref 28 510 0.5 28 28 X 05

Output code
(Result of A-D conversion)

02
01

00

Output code
(Result of A-D conversion)

8-bit
mode

10-bit
mode

fffffffffffffffffffffffff —

Optimal conversion characteristics of 8-bit A-D converter (VREr = 5.12 V)

10 30

Analog input voltage (mV)

Optimal conversion charactefistics in 8-bft mode (VREr = 5.12 V)

17.5 37.5

Analog input voltage (mV)

Note: Differences in stepping points of output code for analog input voltage.

Figure 2.7.18. The level conversion characteristics of 8-bit mode and 8-bit A-D converter
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Table 2.7.10. Variation of the successive comparison register and Vref while A-D conversion is in
progress (8-bit mode)

Successive approximation register

Vref change

A-D converter stopped

1st comparison

v

2nd comparison

v

3rd comparison

8th comparison

v

Conversion
complete

b9 b0
‘1[olojofofofofo]0]0

‘1][oofofofofofofo]0

nol1]ojofojofofofo]0]
1st comparison result
ino[ns| 1| 0]0|0]0|0|0]0]
2nd comparison result

\ng\ns\m\ne\ns\m\ns\ 1\ 0 \ O\

[no|n8|n7| ne| ns| na[n3|n2| 0] 0|

This data transfers to bit O to
bit 7 of A-D register.

VREF
— [V
> M
VREF VREF
2 2048 M
no=1 + VRj
e ek vike
2 ~ 4 2048 no=o - VREF
_ VREF
VREF + VREF + VREF _ VREF V] ns=1 + o
2 - 4 8 2048 ne=0 - VFéEF

VREF + VREF + VREF

2

VREF VREF
+.. + YREF_VREF ,
4 8 256 2048

+

A

Result of A-D conversion

Theoretical A-D conversion
characteristic of general 8-bit

Theoretical A-D conversion
characteristic in the 8-bit mode

A-D converter
FFie |
FEi1e |
A )
0316 | I el
0216 | I e
0116 | ... ]
0016 / “ “ “ “
b VREF VREF VREF X3 VREF x 4
| 1 256 256 256 256
>
VREF
2048 X3

22 4 4 >
VREF VREF
—~RET x 254 YREE x 2 V
256 X 25 256 x 255 REF

Analog input voltage

Figure 2.7.19. Theoretical A-D conversion characteristics (8-bit mode)
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2.7.10 Absolute Accuracy and Differential Non-Linearity Error

« Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A-D conversion
characteristics, and actual A-D conversion result. When measuring absolute accuracy, the voltage at
the middle point of the width of analog input voltage (1-LSB width), that can meet the expectation of
outputting an equal code based on the theoretical A-D conversion characteristics, is used as an ana-
log input voltage. For example, if 10-bit resolution is used and if VREF (reference voltage) = 5.12 V,
then 1-LSB width becomes 5 mV, and 0 mV, 5 mV, 10 mV, 15 mV, 20 mV, ---- are used as analog input
voltages. If analog input voltage is 25 mV, “absolute accuracy = + 3LSB” refers to the fact that actual
A-D conversion falls on a range from “00216” to "00816” though an output code, “00516”, can be ex-
pected from the theoretical A-D conversion characteristics. Zero error and full-scale error are included

in absolute accuracy.

Also, all the output codes for analog input voltage between VREF and AVcc becomes “3FF16”.

00716

00616

00516

00016

00A16 |

00916 |

00816 |

00416 |

00316 |

00216 |

00116 |

Output code
(result of A-D conversion)

A

00B16 |

Theoretical A-D conversion
characteristic

10 15 20 25 30 35 40
Analog input voltage (mV)

45 50 55

Figure 2.7.20. Absolute accuracy (10-bit resolution)
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« Differential non-linearity error
Differential non-linearity error refers to the difference between 1-LSB width based on the theoretical A-
D conversion characteristics (an analog input width that can meet the expectation of outputting an
equal code) and an actually measured 1-LSB width (analog input voltage width that outputs an equal
code). If 10-bit resolution is used and if VREF (reference voltage) = 5.12 V, “differential non-linearity
error =+ 1LSB” refers to the fact that 1-LSB width actually measured falls on a range from 0 mV to 10
mV though 1-LSB width based on the theoretical A-D conversion characteristics is 5 mV (see 5.2 A-D
converter's standard characteristics).

Output code

(result of A-D conversion)

A
00916 |

00816 |

00716

00616

00516

00416 |

00316 |

00216

00116 |

1LSB width for theoretical A-D
conversion characteristic

00016

Differential non-linear error

10 15 20 25 30 35 40 45

Analog input voltage (mV)

Figure 2.7.21. Differential non-linearity error (10-bit resolution)
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2.7.11 Internal Equivalent Circuit of Analog Input
Figure 2.7.22 shows the internal equivalent circuit of analog input.

Vce
Vcec Vss
» L ?_ AVcc
Parasitic T | ON resistor
diode | ON resistor | approx. 0.6k Q
| approx. 2k Q  Wiring resistor T 1
ANO | | approx. 0.2k . I C = Approx. 3.0pF I
| | —o/ Analog input voltage | AMP
T Wi Tl Ty > T |
IN
Parasitic : : Sw2 | ON resistor, |
h .5k Q
diode | | | A : approx. 5k :
| -
: : | Sampling | | \(;\ O/.: |
jp— | control signal | SW3 |
Vss | | I | Sw4 |
| i ladder-type /. ! - | |
| switches i ladder-type wiring —_——)—_—_—_—_————— -
I (i=10) rgilstorsl O Chopper-type
: I (i=10) AVss amplifier
| | Y
ANi — o o wh
| Swi |
Li—ii—- LIl TT]
A-D successive conversion
m register
A-D control register 0 Reference control
signal
Vref
VREF O—— o o -
Resistor Sw2 Comparison voltage
ladder ON resistor
1 approx. 0.6k Q Y
< ADT/A-D conversion
AVss O_O/O_ interrupt request
Comparison reference voltage (Vref) generator
Sampling Comparison
Connect to O SW1 conducts only on the ports selected for analog input.
Control signal SW?2 and SW3 are open when A-D conversion is not in
for SW2 progress; their status varies as shown by the waveforms in
Connectto @ the diagrams on the left.
Connectto O L .
. SW4 conducts only when A-D conversion is not in progress.
Control signal
for SW3 —
Connectto @
Warning: Use only as a standard for designing this data.
Mass production may cause some changes in device characteristics.

Figure 2.7.22. Internal equivalent circuit to analog input
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2.7.12 Sensor’s Output Impedance under A-D Conversion

To carry out A-D conversion properly, charging the internal capacitor C shown in Figure 2.7.23 has to be
completed within a specified period of time. With T as the specified time, time T is the time that switches
SW2 and SW3 are connected to O in Figure 2.7.22. Let output impedance of sensor equivalent circuit be
RO, microcomputer’s internal resistance be R, precision (error) of the A-D converter be X, and the A-D
converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).
t
Vcis generally Ve=VIN{1—-e C(RO+R) }

X
Andwhent=T, VC=VIN- %VIN:VIN(I _T)

_r
e CRO+R) - _X
Y
T X
=In
C (RO +R) Y
T
Hence, RO=—-—————— —R
Celn X
Y

With the model shown in Figure 2.7.29 as an example, when the difference between VIN and Vc becomes
0.1LSB, we find impedance RO when voltage between pins Vc changes from 0 to VIN-(0.1/1024) VIN in
time T. (0.1/1024) means that A-D precision drop due to insufficient capacitor charge is held to 0.1LSB at
time of A-D conversion in the 10-bit mode. Actual error however is the value of absolute precision added
to 0.1LSB. When f(XIN) = 10 MHz, T = 0.3 us in the A-D conversion mode with sample & hold. Output
impedance RO for sufficiently charging capacitor C within time T is determined as follows.
T=03ps,R=7.8kQ,C=3pF, X=0.1,and Y = 1024 . Hence,
0.3 X 10°

RO =- —7.8 X103% 3.0 X 103

0.1
3.0X10*eIn
1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A-D con-
verter turns out to be approximately 3.0 kQ. Tables 2.7.11 and 2.7.12 show output impedance values
based on the LSB values.

Microprocessor's inside

Ro | R (7.8kQ)

VIN I
C (3.0pF)

.

Figure 2.7.23 A circuit equivalent to the A-D conversion terminal
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Tables 2.7.11. Relation between output impedance and precision (error) of A-D converter (10-bit mode) Reference value

f(Xin) Cycle Sampling time R C Resolution RO
(MH2z) (PF) (LSB)

10 0.1 0.3 7.8 3.0 0.1 3.0

(3 x cycle, 0.3 4.5

Sample & hold 0.5 5.3

bit is 0.7 5.9

enabled) 0.9 6.4

1.1 6.8

1.3 7.2

1.5 7.5

1.7 7.8

1.9 8.1

10 0.1 0.2 7.8 3.0 0.3 0.4

(2 x cycle, 0.5 0.9

Sample & hold 0.7 1.3

bit is 0.9 1.7

disabled) 1.1 2.0

1.3 2.2

1.5 2.4

1.7 2.6

1.9 2.8

Tables 2.7.12. Relation between output impedance and precision (error) of A-D converter (8-bit mode) Reference value

f(Xin) Cycle Sampling time R C Resolution RO
(MHz) (pF) (LSB)
10 0.1 0.3 7.8 3.0 0.1 4.9
(3 x cycle, 0.3 7.0
Sample & hold 0.5 8.2
bit is 0.7 9.1
enabled) 0.9 9.9
1.1 10.5
1.3 11.1
1.5 11.7
1.7 12.1
1.9 12.6
10 0.1 0.2 7.8 3.0 0.1 0.7
(2 x cycle, 0.3 2.1
Sample & hold 0.5 2.9
bit is 0.7 3.5
disabled) 0.9 4.0
1.1 4.4
1.3 4.8
1.5 5.2
1.7 5.5
1.9 5.8
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2.8 Watchdog Timer

2.8.1 Overview

The watchdog timer can detect a runaway program using its 15-bit timer prescaler. The following is an
overview of the watchdog timer.

(1) Watchdog timer start procedure
When reset, the watchdog timer is in stopped state. Writing to the watchdog timer start register
initializes the watchdog timer to 7FFF16 and causes it to start performing a down count. The watchdog
timer, once started operating, cannot be stopped by any means other than stopping conditions.

(2) Watchdog timer stop conditions
The watchdog timer stops in any one of the following states:
(a) Period in which the CPU is in stopped state
(b) Period in which the CPU is in waiting state

(3) Watchdog timer initialization
The watchdog timer is initialized to 7FFF16 in the cases given below, and begins a down count.
(a) When the watchdog timer writes to the watchdog timer start register while a count is in progress
(b) When the watchdog timer underflows

(4) Runaway detection
When the watchdog timer underflows, a watchdog timer interrupt occurs. In writing a program, write to
the watchdog timer start register before the watchdog timer underflows. The watchdog timer interrupt
occurs regardless of the status of the interrupt enable flag (I flag). In processing a watchdog timer
interrupt, set the software reset bit to “1” to reset software.

(5) Watchdog timer cycle

The watchdog timer cycle varies depending on the BCLK and the frequency division ratio of the
prescaler selected.

Table 2.8.1. The watchdog timer cycle

CMo7 CMO06 CM17 CM16 BCLK WDC7 Period

0 Approx. 52.4ms (Note)
0 0 0 0 10MHz

1 Approx. 419.2ms (Note)

0 Approx. 104.9ms (Note)
0 0 0 1 5MHz

1 Approx. 838.8ms (Note)

0 Approx. 209.7ms (Note)
0 0 1 0 2.5MHz

1 Approx. 1.68s (Note)

0 Approx. 838.8ms (Note)
0 0 1 1 0.625MHz

1 Approx. 6.71s (Note)

0 Approx. 419.2ms (Note)
0 1 Invalid Invalid 1.25MHz

1 Approx. 3.35s (Note)
1 Invalid Invalid Invalid 32kHz Invalid Approx. 2s (Note)

Note: An error due to the prescaler occurs.
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(6) Registers related to the watchdog timer
Figure 2.8.1 shows the memory map of watchdog timer-related registers, and Figure 2.8.2 shows
watchdog timer-related registers.

000E16| Watchdog timer start register (WDTS)

000F16 Watchdog timer control register (WDC)

Figure 2.8.1. Memory map of watchdog timer-related registers

Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| loJo] | || | WDC 000F16  OOOXXXXX2
Bit symbol Bit name Function RW
v ioiodat) High-order bit of watchdog timer o1
S SRR Reserved bit Must always be set to “0” 00
SRAREREEEEEEEEEE Reserved bit Must always be set to “0” OEO
o WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
: Function R:W
; The watchdog timer is initialized and starts counting after a write instruction to | !
""""""" this register. The watchdog timer value is always initialized to “7FFF16” X'0
regardless of whatever value is written. |

Figure 2.8.2. Watchdog timer-related registers
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2.8.2 Operation of Watchdog Timer

The following is an operation of the watchdog timer. Figure 2.8.3 shows the operation timing, and Figure
2.8.4 shows the set-up procedure.

Operation (1) Writing to the watchdog timer start register initializes the watchdog timer to 7FFF16 and
causes it to start a down count.

(2) With a count in progress, writing to the watchdog timer start register again initializes the
watchdog timer to 7FFF16 and causes it to resume counting.

(3) Either executing the WAIT instruction or going to the stopped state causes the watchdog
timer to hold the count in progress and to stop counting. The watchdog timer resumes count-
ing after returning from the execution of the WAIT instruction or from the stopped state.

(4) If the watchdog timer underflows, it is initialized to 7FFF16 and continues counting. At this
time, a watchdog timer interrupt occurs.

(1) Start count (3)In stopped state, or WAIT (4) Generate

E ' instruction is executing, etc . watchdog timer

: (2) Write operation , interrupt
7FFF1s ! : : i

000016

Write signal to the “H”
watchdog timer I_I I_I
start register “Lr

Figure 2.8.3. Operation timing of watchdog timer
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Setting watchdog timer control register

Watchdog timer control register [Address 000F16]
wDC

‘ [ Reserved bit
Must always be “0”

b7 b0
|

Prescaler select bit
0 : Divided by 16
1: Divided by 128

-

Setting watchdog timer start register

Watchdog timer start register [Address 000E16]

b7 b0
| WDTS

this register. The watchdog timer value is always initialized to “7FFF16”
\ regardless of the value written.

I— The watchdog timer is initialized and starts counting with a write instruction to

%

Generating watchdog
timer interrupt

-

Software reset

|b7| | | |l| | |b0 Processor mode register 0 [Address 000416]

PMO

Software reset bit
The device is reset when this bit is set to “1”. The value of this bit
is “0” when read.

-

Figure 2.8.4. Set-up procedure of watchdog timer
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2.9 Address Match Interrupt

2.9.1 Overview

The address match interrupt is used for correcting a ROM or for a simplified debugging-purpose monitor.
The following is an overview of the address match interrupt.

(1) Enabling/disabling the address match interrupt
The address match interrupt enable bit can be used to enable and disable an address match interrupt.
It is affected neither by the processor interrupt priority level (IPL) nor the interrupt enable flag (I flag).

(2) Timing of the address match interrupt
An interrupt occurs immediately before executing the instruction in the address indicated by the ad-
dress match interrupt register. Set the first address of the instruction in the address match interrupt
register. Setting a half address of an instruction or an address of tabulated data does not generate an
address match interrupt.
The first instruction of an interrupt routine does not generate an address match interrupt either.

(3) Returning from an address match interrupt
The return address put in the stack when an address match interrupt occurs depends on the instruc-
tion not yet executed (the instruction the address match interrupt register indicates). The return ad-
dress is not put in the stack. For this reason, to return from an address match interrupt, either rewrite
the content of the stack and use the REIT instruction or use the POP instruction to restore the stack to
the state as it was before the interrupt occurred and return by use of a jump instruction.
Figure 2.9.1 shows unexecuted instructions and corresponding the stacked addresses.

<Instructions whose address is added to by 2 when an address match interrupt occurs>

» 16-bit operation code instructions
* 8-bit operation code instructions given below

ADD.B:S  #IMM8,dest SUB.B:S  #IMMB8,dest AND.B:S  #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest

CMP.B:S  #IMM8,dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM,dest (However, dest = AO/A1)

<Instructions whose address is added to by 1 when an address match interrupt occurs>
* Instructions other than those listed above

Figure 2.9.1. Unexecuted instructions and corresponding stacked addresses

(4) How to determine an address match interrupt
Address match interrupts can be set at two different locations. However, both location will have the
same vector address. Therefore, it is necessary to determine which interrupt has occurred; address
match interrupt O or address match interrupt 1. Using the content of the stack, etc., determine which
interrupt has occurred according to the first part of the address match interrupt routine.
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Figure 2.9.2 shows the memory map of address match interrupt-related registers, and Figure 2.9.3

shows address match interrupt-related registers.

000916

Address match interrupt enable register (AIER)

000A16

000B16

000Ci16

000D16

OOOE1se

000F16

001016
001116
001216

Address match interrupt register 0 (RMADO)

001316

001416
001516
001616

Address match interrupt register 1 (RMAD1)

Figure 2.9.2. Memory map of address match interrupt-related registers

Address match interrupt enable register

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
MM—.—LJ AIER 000916 XXXXXX002
. Bit symbol Bit name Function R'W
oo Pl AIERO |Address match interrupt O | g nterrupt disabled OEO
: : enable bit | 1 : nterrupt enabled
A AIERL |Address match interrupt 1 | 0 : Interrupt disabled oo
P enable bit | 1: Interrupt enabled :
e Nothing is assigned. 1
In an attempt to write to these bits, write “0”. The value, if read, ——
turns out to be indeterminate. ‘
Address match interrupt registeri (i=0, 1)
(b23) (b19) (b16)b15) (08) Symbol Address When reset
o = bO b7 DG b7 X RMADO 001216 to 001016 X0000016
DXDXAXIN | | | RMADI  001616t0 001416 X0000016
Function Values that can be set |R /W

---1 Address setting register for address match interrupt

0000016 to FFFFF16

LI S Nothing is assigned.

turns out to be indeterminate.

In an attempt to write to these bits, write “0”. The value, if read, —

Figure 2.9.3. Address match interrupt-related registers
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2.9.2 Operation of Address Match Interrupt

The following is an operation of address match interrupt. Figure 2.9.4 shows the set-up procedure of
address match interrupt, and Figure 2.9.5 shows the overview of the address match interrupt handling

routine.

Operation (1) The address match interrupt handling routine sets an address to be used to cause the ad-
dress match interrupt register to generate an interrupt.
(2) Setting the address match enable flag to “1” enables an interrupt to occur.
(3) An address match interrupt occurs immediately before the instruction in the address indicated
by the address match interrupt register as a program is executed.

4 Setting address match interrupt register R
Address match interrupt register O [Address 001216 to 001016]
RMADO
Address match interrupt register 1 [Address 001616 to 001416]
RMAD1
(b23) (b20) (b19) (b16) (b15) (b8)
b7 b4 b3 b0 b7 b0 b7 b0
\ \— Can be set to “0000016” to “FFFFF16” /
4 Setting address match interrupt enable register R
b7 b0
MM_ Address match interrupt enable register [Address 000916]
J—H AIER
Address match interrupt 0 enable bit
1: Interrupt enabled
L Address match interrupt 1 enable bit
1: Interrupt enabled

Figure 2.9.4. Set-up procedure of address match interrupt
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( Address match interrupt routine )

‘ [1] Storing registers ‘

‘ [2] Determining the interrupt address ‘

Address match 0?

‘ ‘ Address match O program

{ ‘

‘ [3] Rewriting the stack ‘

‘ Restoring registers ‘

( REIT ) ‘ ‘ Handling an error ‘ ‘

Explanation:

[1] Storing the contents of the registers holding the main program status to be kept.
[2] Determining the interrupt address

Determining which factor generated the interrupt.
[3] Rewriting the stack

Rewriting the return address.

Figure 2.9.5. Overview of the address match interrupt handling routine
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2.10 Key-Input Interrupt

2.10.1 Overview
Key-input interrupt occurs when a falling edge is input to POo through P07. The following is an overview of
the key-input interrupt:

(1) Enabling/disabling the key-input interrupt
The key-input interrupt can be enabled and disabled using the key-input interrupt register. The key-
input interrupt is affected by the interrupt priority level (IPL) and the interrupt enable flag (I flag).

(2) Occurrence timing of the key-input interrupt
With key-input interrupt acceptance enabled, pins P0Oo through P07, which are set to input, become
key-input interrupt pins (Klo through Ki7). A key-input interrupt occurs when a falling edge is input to a
key-input interrupt pin. At this moment, the level of other key-input interrupt pins must be “H”. No
interrupt occurs when the level of other key-input interrupt pins is “L”".

(3) How to determine a key-input interrupt
A key-input interrupt occurs when a falling edge is input to one of eight pins, but each pin has the same
vector address.
Therefore, read the input level of pins POo through P07 in the key-input interrupt routine to determine
the interrupted pin.

(4) Registers related to the key-input interrupt
Figure 2.10.1 shows the memory map of key-input interrupt-related registers, and Figure 2.10.2
shows key-input interrupt-related registers.

004D16| Key input interrupt control register(KUPIC)

%

~
~

03E216( Port PO direction register (PDO)

2

~
~

03FC16( Pull-up control register 0 (PURO)

Figure 2.10.1. Memory map of key-input interrupt-related registers
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Interrupt control register (Note 2)

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
KUPIC 004D16 XXXXX0002

Vv v v v v v | Bitsymbol Bit name Function R, W
N ILVLO Interrupt priority level !
A select bit b2 b1 b0 o' o
T 000 : Level O (interrupt disabled) 0
A 001: Levell :
e ILVL1 010: Level2 !
e 011: Level3 o' O
Voo 100: Level4 '
- 101: Level5 .
R R ILVL2 110: Level 6 1
oor o 111: Level7 o O
e IR Interrupt request bit 0: Interrupt not requested o' o
- 1: Interrupt requested ! (Note1)
] Nothing is assigned.

In an attempt to write to these bits, write “0”. The value, if read, turns | — —

out to be indeterminate. |

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Port PO direction register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| I I S I A I PDO 03E216 0016
Bit symbol Bit name Function R W
. PDO_O Port POo direction register OO
e PDO_1 Port P01 direction register 0: I(r;r;t:]tcrtri]é)r?seas an input port) 0.0
et PDO_2 Port P02 direction register | 1 : Output mode 0:0
Rl PDO_3 Port P03 direction register (Functions as an output port) 00
T PDO_4 Port P04 direction register 0 0
R PDO_5 Port POs direction register o0
i LA PDO_6 Port POs direction register O.:0
e —— PDO_7 Port P07 direction register 0.0

Pull-up control register 0

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset

B I N N A PURO 03FC16 0016
T symbol Bit name Function R'W
porob o R PU00 POo to P03 pull-up The corresponding port is pulled 0
. PUO1 P04 to PO7 pull-up high with a pull-up resistor 0.0
R _ 0 : Not pulled high :
Pl PU02 P1o to P13 pull-up 1 Pulled high O: O
[ Rt PU03 P14 to P17 pull-up o0
T R O — — — 00
Do emeeeenoenoenod — — 00
e R EEEEEEEEEEEEE PU06 P30 to P33 pull-up 0.0
RLREE R e e R EETE PUO7 P34 to P3s pull-up 0.0

Figure 2.10.2. key-input interrupt-related registers

REN ESAS www.DalaSheetgly;;:um

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Key-Input Interrupt

2.10.2 Operation of Key-Input Interrupt

The following is an operation of key-input interrupt. Figure 2.10.3 shows an example of a circuit that uses
the key-input interrupt, Figure 2.10.4 shows an example of operation of key-input interrupt, and Figure
2.10.5 shows the setting procedure of key-input interrupt.

Operation (1) Set the direction register of the ports to be changed to key-input interrupt pins to input, and set
the pull-up function.
(2) Setting the key-input interrupt control register and setting the interrupt enable flag makes the
interrupt-enabled state ready.
(3) If a falling edge is input to either Klo through KI7, the key-input interrupt request bit goes to “1”.

- P30 VREF J

P31

A

o P32
< b3 ————
A A A A < 1/0 port
1 P0o/Kio
2
= —
| PO1/Kl1
2
H _
> é P02/ Kl2
1 P03/KI3
o
S .
| P04 /Kla
<
=
| — P05 / Kls
?
=
© > P06 /Kls
©

PO7/Kl7

Y

Figure 2.10.3. Example of circuit using the key-input interrupt

(1) Enter to stop mode
(2) Cancel stop mode
(3) Key scan

(4) Enter to stop mode /

[ -l [

Key matrix scan

P30 output — 3 '
P31 output _I: |

P32 output —|—|_|_|_|

P33 output —|—_|—U_|

P04 to PO7 input / ( )/ \( }(

Key input "Key OFF | Key ON " Key OFF Key ON

Key input f I—I l—l—
interrupt processing j

Figure 2.10.4. Example of operation of key-input interrupt
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Setting port P10 direction register

b7 b0

| | | | | | | | |Port PO direction register [Address 03E216]
[TTTTTTT,.

0 : Input mode (Functions as an input port)
1 : Output mode (Functions as an output port)

- /

Setting pull-up control register 0

b7 b0
Pull- trol register 0 [Add 03FC
| | |><|><| | | | PEJRL(j)p control register 0 [Address 16]

1 : Pulled high (P0Oo to P03)

L 1: Pulled high (P04 to P07)

Setting interrupt control register

|>b7<|><|><|><| 0 | | | b0| Key input interrupt control register [Address 004D16]
KUPIC

Interrupt priority level select bit

b2 bl bo

0 0 O: Level O (interrupt disabled)
00 1:Levell

010:Level2

011:Level3

10 0:Level4d

10 1:Level5

11 0:Levelb6

111:Level?7

Interrupt request bit
0 : Interrupt not requested

- /

Figure 2.10.5. Set-up procedure of key-input interrupt
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2.11 Power Control

2.11.1 Overview
‘Power Control’ refers to the reduction of CPU power consumption by stopping the CPU and oscillators,
or decreasing the operation clock. The following is a description of the three available power control
modes:

(1) Modes
Power control is available in three modes.

(a) Normal operation mode

* High-speed mode
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the BCLK
selected. Each peripheral function operates according to its assigned clock.

* Medium-speed mode
Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the
BCLK. The CPU operates according to the BCLK selected. Each peripheral function operates
according to its assigned clock.

* Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the
secondary clock. Each peripheral function operates according to its assigned clock.

* Low power consumption mode
The main clock operating in low-speed mode is stopped. The CPU operates according to the fc
clock. The fc clock is supplied by the secondary clock. The only peripheral functions that operate
are those with the sub-clock selected as the count source.

(b) Wait mode
The CPU operation is stopped. The oscillators do not stop.

(c) Stop mode
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three

modes listed here, is the most effective in decreasing power consumption.

Figure 2.11.1 is the state transition diagram of the above modes.
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All oscillators stopped

Stop mode )

Stop mode

Stop mode

( Reset )
I .
4 v ™ WAIT CPU operation stopped
CM10 = “1” i instruction
«—X=——=— Medium-speed mode |—-SLLION 5 :
ErT— (divided-bF;/-B mode) ) 4—————|  Wait mode
Interrupt Interrupt
= l
T WAIT C d
. High-speed/medium-)—m .
(CMIO="1"| I Wait mode
( speed mode D Interrupt
T i WAIT C d
cM10="1" instruction
«—=————( Low-speed/low power |—=21LID0 5 i
—"( dissri)pation mgde )"— Wait mode
Interrupt Interrupt

Transition of stop mode, wait mode

“— Normal mode —

(Refer to the following for the transition of normal mode.)

Transition of normal mode

Main clock is oscillating
Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

CMO06 =“1" BCLK : f(XiN)/8
~ | CMO07 =“0" CMO06 = “1"
CMO7 =“0” (Note 1)
Main clock is oscillating cmo4 = “0” CNM?“ :1“1; gmgi - (1J
Sub clock is oscillating y(Notes 1,.3)
4 Medium-speed mode A
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(XiN) BCLK : f(Xin)/2 . Sub clock is oscillating
CM07 =“0" CM06="0" | | CM07 =“0" CM06 =“0” | Medium-speed mode Low-speed mode
CM17 =“0" CM16=“0" ) | CM17=“0" cM16="1" ) (divided-by-8 mode) CMO7 =“0”
. Note 1, 3)

_ _ BCLK : f(Xin)/8 Noel3d) .
Medium-speed mode  Medium-speed mode CMO7 = *0" BCLK : f(Xcn)
(divided-by-4 mode) (divided-by-16 mode) CMO06 = “1" _ CM07 =*1"

CM07 = 1"
BCLK : f(Xin)/4 BCLK : f(XiN)/16 (Note 2)
CMO07 =“0” CMO06 =“0" | | CMO7 =“0" CMO06 = “0”
CM17 =“1" CM16="0" ) | CM17 =“1" CM16 = “1"
\_ CMO5 = 0’ CMO5 = "1
CM04 ="0"| Main clock is oscillating | CM04 ="1" . )
Sub clock is stopped Main CIOCI.( IS stc_Jpp_ed
- Sub clock is oscillating
] Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 CMO7 ="1" (Note 2) BCLK - f(Xcn)
CMO7 = 0" CM06 = 0" | | CMO7 = “0° CM06 = “0” CMO5 = *1 o
CM17 =“0" CM16="0" ) | CM17 =“0" CM16 =*“1" CMO7 ="1
CMO0B =07 Medium-speed mode  Medium-speed mode gmgg z g Emgi 3
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = *1”
BCLK : f(XiN)/4 BCLK : f(XiN)/16
CMO7 = 0" CMO6 =*0" | | CMO7 = “0” CM06 = “0”
CM17 =“1" CM16 =“0" ) { CM17 =“1" CM16 = “1"
- J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 2.11.1. State transition diagram of power control mode
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(2) Switching the driving capacity of the oscillation circuit
Both the main clock and the secondary clock have the ability to switch the driving capacity. Reducing
the driving capacity after the oscillation stabilizes allows for further reduction in power consumption.

(3) Clearing stop mode and wait mode
The stop mode and wait mode can be cleared by generating an interrupt request, or by resetting
hardware. Set the priority level of the interrupt to be used for clearing, higher than the processor
interrupt priority level (IPL), and enable the interrupt enable flag (I flag). When an interrupt clears a
mode, that interrupt is processed. Table 2.11.1 shows the interrupts that can be used for clearing a

stop mode and wait mode.

(4) BCLK in returning from wait mode or stop mode

(a) Returning from wait mode

The processor immediately returns to the BCLK, which was in use before entering wait mode.

(b) Returning from stop mode

If operation was performed in the high speed mode or medium speed mode prior to engaging the
stop mode, CMO06 will change to “1” when operation shifts to the stop mode. CM17, CM16 and CMO7
do not change. Accordingly, when operation is restored from the stop mode, operation starts in the 8

division mode.

Also, if operation was performed in the low speed mode prior to engaging the stop mode, CM06,
CM17, CM16 and CMO7 do not change. When operation is restored from the stop mode, operation

starts in the low speed mode.

Table 2.11.1. Interrupts available for clearing stop mode and wait mode

Int  for cleari Wait mode

rerrpror clearing CM02=0 | CMO2 = 1(Note 4), CM07=0, CM05=0| ' Mode
Key input interrupt Possible Possible Possible
A-D interrupt Note 3 Impossible Impossible
UARTO transmit interrupt Possible Note 1 Note 1
UARTO receive interrupt Possible Note 1 Note 1
UART1 transmit interrupt Possible Impossible Impossible
UART1 receive interrupt Possible Impossible Impossible
Timer AO interrupt Possible Note 2 Note 2
Timer BO interrupt Possible Note 2 Note 2
Timer B1 interrupt Possible Note 2 Note 2
Timer X0 interrupt Possible Note 2 Note 2
Timer X1 interrupt Possible Note 2 Note 2
Timer X2 interrupt Possible Note 2 Note 2
INTO interrupt Possible Possible Possible
INT1 interrupt Possible Possible Possible

Note 1: Can be used when an external clock in clock synchronous serial /O mode is selected.
Note 2: Can be used when the external signal is being counted in event counter mode.

Note 3: Can be used in one-shot mode and one-shot sweep mode.
Note 4: When the MCU running in low-speed or low power dissipation mode, do not enter WAIT

mode with CM02 set to 1.
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(5) Sequence of returning from stop mode
Sequence of returning from stop mode is oscillation start-up time and interrupt sequence.
When interrupt is generated in stop mode, CM10 becomes “0” and clearing stop mode.
Starting oscillation and supplying BCLK execute the interrupt sequence as follow:

In the interrupt sequence, the processor carries out the following in sequence given:

(a) CPU gets the interrupt information (the interrupt number and interrupt request level) by read-
ing address 0000016. The interrupt request bit of the interrupt written in address 0000016 will
then be set to “0”.

(b) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt
sequence in the temporary register (Note) within the CPU.

(c) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer assignment
flag (U flag) to “0” (the U flag, however does not change if the INT instruction, in software
interrupt numbers 32 through 63, is executed)

(d) Saves the content of the temporary register (Note) within the CPU in the stack area.

(e) Saves the content of the program counter (PC) in the stack area.

(f) Sets the interrupt priority level of the accepted instruction in the IPL.

Note: This register cannot be utilized by the user.
After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.

Figure 2.11.2 shows the sequence of returning from stop mode.

Writing “1” to CM10

(all clock stop control bit) Operated by divided-by-8 mode
¥
Address bus N Agg(;ggs Indeterminate X SP-2 x SP-4X vec Xvec+2X PC
] (C (C T
L L 1
' o h B Interrupt : SP-2 SP-4 vec vec+2
Data bus : 2 2 ! Xinformationx Indeterminate Xcomems contents/\ contents /\ contents

RD h ¢ I_| Q Indeterminate y I_l I_| U
R 1 il

INTi

« » < »>'<

\4

Stop mode Oscillation start-up Interrupt sequence approximately 20 cycle (16 sec)
(Single-chip mode, f(Xin) = 10MHz)

Figure 2.11.2. Sequence of returning from stop mode

(6) Registers related to power control
Figure 2.11.3 shows the memory map of power control-related registers, and Figure 2.11.4 shows
power control-related registers.

] z EN ESAS www.DataSheetgbigzom

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Power Control

000616| System clock control register 0 (CMO)

000716| System clock control register 1 (CM1)

Figure 2.11.3. Memory map of power control-related registers

System clock control register O (Note 1)
b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
CMO 000616 4816
Bit symbol Bit name Function RIW
CM00 Cl?Ck %&_Jtpul function E)“E)O 1/0 port P54 o 1 (o]
select bit 01 : fc output .
CMO1 10: fs output 0'0

11 : Clock divide counter output

CMO02 WAIT peripheral function 0 : Do not stop peripheral function clock in wait mode !
clock stop bit : Stop peripheral function clock in wait mode (Note 8) (O 1O

1

XcIN-XcouT drive capacity | 0 : LOW
CMO3 | select bit (Note 2) 1:HIGH 00

Port Xc select bit 0 : I/O port i
CMo4 1 : XcIN-XcouT generation o0
cMo5 | Main clock (XiN-XouT) 0:0n o o

stop bit (Note 3,4,5) 1: Off !
CMO06 Main clock division select | 0: CM16 and CM17 valid o ‘ o

bit 0 (Note 7) 1 : Division by 8 mode |
cMo7 System clock select bit (1) : XIN, XouT 0.0

(Note 6) : XCIN, XcouT !

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: Changes to “1” when shifting to stop mode and at a reset.

Note 3: This bit is used to stop the main clock when placing the device in a low-power mode. If you want to operate with Xin
after exiting from the stop mode, set this bit to “0”. When operating with a self-excited oscillator, set the system clock
select bit (CMO7) to “1” before setting this bit to “1”.

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

Note 5: If this bit is set to “1”, Xout turns “H”. The built-in feedback resistor remains being connected, so XIN turns pulled up to
Xout (“H") via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “0” to “1".
Do not write to both bits at the same time. And also, set the main clock stop bit (CM05) to “0” and stabilize the main clock
oscillating before setting this bit from “1” to “0”.

Note 7: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 8: fc32 is not included. Do not set to “1” when using low-speed or low power dissipation mode.

System clock control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl b0

| | | | Ol 0 | ) | Ol | Symbol Address When reset
CM1 000716 2016
i+ ¢ i [ Bitsymbol Bit name Function R'W
Vo ] CM10 Al clock stop control bit 0 : Clock on o O
(Note 4) 1 : All clocks off (stop mode) |
i ; e Reserved bit Always set to “0” 00
REREEEED Reserved bit Always set to “0” (@) O
(PO Reserved bit Always set to “0” 00
-------------- Reserved bit Always set to “0” o) o
CM15 XIN-XouT drive capacity 0:LOW o iO
""""""""" select bit (Note 2) 1:HIGH i
b7 b6 I
..................... CM16 Main clock division 00 : No division mode |
select bit 1 (Note 3) 01 : Division by 2 mode o) O
________________________ cM17 1 0: Division by 4 mode !
11 : Division by 16 mode !

Note 1: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.
Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When shifting
from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.
Note 3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0”. If “1”, division mode is fixed at 8.
Note 4: If this bit is set to “1”, XouT turns “H”, and the built-in feedback resistor is cut off. XcIN and XcouT turn high-impedance state.

Figure 2.11.4. Power control-related registers
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2.11.2 Stop Mode Set-Up

Settings and operation for entering stop mode are described here.

Operation (1) Enables the interrupt used for returning from stop mode.
(2) Sets the interrupt enable flag (I flag) to “1”.

(3) Clearing the protection and setting every-clock stop bit to “1” stops oscillation and causes the

processor to go into stop mode.

(1) Setting interrupt to cancel stop mode
Interrupt control register

KUPIC [Address 004Dzs]

ADIC [Address 004Ez6]

SIiTIC(i=0, 1) [Address 005116, 005316]

SiRIC(i=0, 1) [Address 005216, 005416]

TAIIC(i=0) [Address 005516]

TXilC(i=0to 2)  [Address 005616 to 005816]

TBIIC(i=0, 1) [Address 005A1s, 005B16] INTIIC(i=0, 1)  [Address 005D16, 005E1¢]

b7 b0 b7 b0

DDA T [ 1] DDl T 1 111

Interrupt priority level select bit Interrupt priority level select bit
Make sure that the interrupt priority
level of the interrupt which is used to
cancel the wait mode is higher than
the processor interrupt priority(IPL) of
the routine where the WAIT
instruction is executed.

Reserved bit
Must be set to “0”

Make sure that the interrupt priority level of the
interrupt which is used to cancel the wait mode is
higher than the processor interrupt priority(IPL) of
the routine where the WAIT instruction is executed.

%

( (2) Interrupt enable flag (I flag) «— “1”

)

(3) Canceling protect

b7

LDDDADA ]

b0
| ll Protect register [Address 000A16]
PRCR

Enables writing to system clock control registers 0 and 1
(addresses 000616 and 000716)
1: Write-enabled

(3) Setting operation clock after returning from stop mode
(When operating with XiN after returning) (When operating with XcIN after returning)

bo  System clock control register b7 b0 System clock control register 0

b7
[of [of |

| [ [ ]address 0006 cmo L[ [ Je[ [ T [ Jaddressooosi cmo
Main clock (XIN-XouT) stop bit \— Port Xc select bit
On XCIN-XcouT generation
System clock select bit System clock select bit
XIN, XouT XCIN, XcouT

As this register becomes setting mentioned above when
operating with XiN (count source of BCLK is XIN),
the user does not need to set it again.

.

As this register becomes setting mentioned above when operating with XcIN
(count source of BCLK is XcIn), the user does not need to set it again.

When operating with XIN, set port Xc select bit to “1” before setting system clock
select bit to “1”. The both bits cannot be set at the same time.

%

(3) All clocks off (stop mode)

b7

b0
[ofofofof2] G

All clock stop control bit
1 : All clocks off (stop mode)

Reserved bit
Must be set to “0”

System clock control register [Address 000716]

~

All clocks off (stop mode)

Figure 2.11.5. Example of stop mode set-up
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2.11.3 Wait Mode Set-Up

Settings and operation for entering wait mode are described here.

Operation (1) Enables the interrupt used for returning from wait mode.
(2) Sets the interrupt enable flag (I flag) to “1”.

(3) Clears the protection and changes the content of the system clock control register.

(4) Executes the WAIT instruction.

(1) Setting interrupt to cancel wait mode
Interrupt control register

KUPIC [Address 004Dz6]

ADIC [Address 004Eus]

SiTIC(i=0, 1) [Address 005116, 005316]

SiRIC(i=0, 1) [Address 005216, 005416]

TAIIC(i=0) [Address 005516]

TXilC(i=0to 2)  [Address 005616 to 005816]

TBIlC(i=0, 1) [Address 005A16, 005B16] INTIIC(i=0 , 1)
b7 b0 b7 b0
LD T [ 1] DDl TT 1]

[Address 005D16, 005E16]

Interrupt priority level select bit

Interrupt priority level select bit

Make sure that the interrupt priority level of the
interrupt which is used to cancel the wait mode is
higher than the processor interrupt priority (IPL) of
the routine where the WAIT instruction is executed.

Make sure that the interrupt priority
level of the interrupt which is used
to cancel the wait mode is higher
than the processor interrupt priority
(IPL) of the routine where the
WAIT instruction is executed.

Reserved bit
Must be set to “0”

<(2) Interrupt enable flag (I flag) «— “1”

(3) Canceling protect

b7

LDDDAA]

b0
| | 1| Protect register [Address 000A16]
PRCI

Enables writing to system clock control registers 0 and 1
(addresses 000616 and 000716)
1 : Write-enabled

(3) Control of CPU clock

b7

b7 b0 System clock control register 0
[TTTTTTT] addressoooscmo

L

b System clock control register 1
[o]oJo]o] ] tAddress000716] CM1

‘ Reserved bit
Must be set to “0”

Main clock division select bit
b7 b6
00 : No division mode
01 : Division by 2 mode
1 0 : Division by 4 mode
1 1: Division by 16 mode

0 : Do not stop f1, f8, f32 in wait mode
1: Stop f1, f8, f32 in wait mode

Port Xc select bit
0: I/O port
1 : XcIN-XcouT generation

Main clock (XIN-XouT) stop bit
0:0n
1: Off

Main clock division select bit 0
0: CM16 and CM17 valid
1 : Division by 8 mode

System clock select bit (Note 1, Note 2)
0 : XIN, XouT

Note 1: When switching the system clock, it is necessary to wait for the oscillation to stabilize.
1: XCIN, XcouT

Note 2: Set the WAIT peripheral function clock stop bit to “0” when the system clock select bit is “1".

WAIT peripheral function clock stop bit(Note 2)

< (4) WAIT instruction

Wait mode

Figure 2.11.6. Example of wait mode set-up
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2.11.4 Precautions in Power Control

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until
main clock oscillation is stabilized.

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either
from the WAIT instruction or from the instruction that sets the every-clock stop bit to “1” within
the instruction queue are prefetched and then the program stops. So put at least four NOPs
in succession either to the WAIT instruction or to the instruction that sets the every-clock stop
bit to “1”.

(3) Suggestions to reduce power consumption

* Ports
The processor retains the state of each programmable I/O port even when it goes to
wait mode or to stop mode. A current flows in active 1/0O ports. A pass current flows in
input ports that float. When entering wait mode or stop mode, set non-used ports to
input and stabilize the potential.

(a) A-D converter
A current always flows in the VREF pin. When entering wait mode or stop mode, set
the Vref connection bit to “0” so that no current flows into the VREF pin.

(b) Stopping peripheral functions
In wait mode, stop non-used wait peripheral functions using the peripheral function
clock stop bit. However, peripheral function clock fc32 does not stop so that the pe-
ripherals using fc32 do not contribute to the power saving. When the MCU running in
low-speed or low power dissipation mode, do not enter WAIT mode with this bit set to
“1".

(c) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.

(d) External clock
When using an external clock input for the CPU clock, set the main clock stop bit to
“1". Setting the main clock stop bit to “1” causes the XouT pin not to operate and the
power consumption goes down (when using an external clock input, the clock signal
is input regardless of the content of the main clock stop bit).
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2.12 Programmable 1/O Ports

2.12.1 Overview
Fourty-three programmable 1/O ports. 1/O pins also serve as I/O pins for built-in peripheral functions.
Each port has a direction register that defines the 1/O direction and also has a port register for I/O data. In
addition, each port has a pull-up control register that defines pull-up in terms of 4 bits. Port P1 can be set
to N-channel output transistor drive capacity.
The following is an overview of the programmable I/O ports:

(1) Writing to a port register
With the direction register set to output, the level of the written values from each relevant pin is output
by writing to a port register. The output level conforms to CMOS output. Writing to the port register,
with the direction register set to input, inputs a value to the port register, but nothing is output to the
relevant pins. The output level remains floating.

(2) Reading a port register
With the direction register set to output, reading a port register takes out the content of the port regis-
ter, not the content of the pin. With the direction register set to input, reading the port register takes out
the content of the pin.

(3) Effect of the protection register
Data written to the direction register of P4 is affected by the protection register. The direction register
of P4 cannot be easily rewritten.

(4) Setting pull-up
The pull-up control bit allows setting of the pull-up, in terms of 4 bits, either in use or not in use. For the
four bits chosen, pull-up is effective only in the ports whose direction register is set to input. Pull-up is
not effective in ports whose direction register is set to output.
Do not set pull-up of corresponding pin when XcIN/XcouT is set or a port is used as A-D input.

(5) Drive capacity control
The drive capacity of the N channel output transistor on P1 can be set between “LOW” and “HIGH" in
units of 1 bit. One bit corresponds to one pin.
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(6) /0 functions of built-in peripheral devices
Table 2.12.1 shows relation between ports and 1/O functions of built-in peripheral devices.

Table 2.12.1. Relation between ports and I/O functions of built-in peripheral devices

Port Internal peripheral device 1/O pins
PO key-input interrupt function input pins
P4o I/O pin for serial /O communication/Timer A input pin
P41 Timer A output pin
P42 Serial I/O input pin
P43, P44 Input pins for external interrupt/Timer X 1/0O pins
P45 Timer X 1/O pin
P50 to P54 I/O pins for serial I/O communication/A-D converter input pins
P6 A-D converter input pins
P70, P71 Timer B input pins

(7) Examples of working on non-used pins
Table 2.12.2 contains examples of working on non-used pins. There are shown here for mere ex-
amples. In practical use, make suitable changes and perform sufficient evaluation in compliance with

you application.

Table 2.12.2. Examples of working on unused pins in single-chip mode

Pin name

Connection

Ports PO, P1, P3to P7

After setting for input mode, connect every pin to Vss or Vcc via a
resistor; or after setting for output mode, leave these pins open.
(Note 1)

Xourt (Note 2)

Open

AVcc

Connect to Vcc

AVss, VREF, BYTE

Connect to Vss

Note 1: If setting these pins in output mode and opening them, ports are in input mode until switched into
output mode by use of software after reset. Thus the voltage levels of the pins become unstable,
and there can be instances in which the power source current increases while the ports are in

input mode.

In view of an instance in which the contents of the direction registers change due to a runaway
generated by noise or other causes, setting the contents of the direction registers periodically by
use of software increases program reliability.

Note 2: When an external clock is input to the XIN pin.
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(8) Registers related to the programmable 1/O ports
Figure 2.12.1 shows the memory map of programmable 1/O ports-related registers, and Figures
2.12.2 to 2.12.4 show programmable I/O ports-related registers.

03EOQ18| Port PO (PO)
03E1l16| Port P1 (P1)
03E216| Port PO direction register (PDO)
03E316| Port P1 direction register (PD1)
03E416
03E516|  Port P3 (P3)
03E616
03E716| Port P3 direction register (PD3)
03E816| Port P4 (P4)
03E916| Port P5 (P5)
03EA16| Port P4 direction register (PD4)
O03EB16{ Port P5 direction register (PD5)
03EC16| Port P6 (P6)
03ED16| Port P7 (P7)
O3EE16| Port P6 direction register (PD6)
03EF16| Port P7 direction register (PD7)

A

«
)
«

03FCi1e6| Pull-up control register 0 (PURO)
03FD1s| Pull-up control register 1 (PUR1)
03FE1s| Port P1 drive control register (DRR)

Figure 2.12.1. Memory map of programmable I/O ports-related registers

332 ] z EN ESAS www.DataSheet4l.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable I/O Ports

Port Pi direction register (Note 1)

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset

| | | | | | | | | PDi(i=0to07) 03E216, 03E316, 03E716, 03EA1S6, 0016
— 03EB16, 03EE16, 03EF16 0016
v+ | Bitsymbol Bit name Function R'W,
i 4. 1 1+ 1 . . =qPDi_O Port Pio direction register 0.0
N - — - 0 : Input mode 1
PDi_1 Port Pi1 direction register (Functions as an input port) @] O
i PDi_2 Port Pi2 direction register | 1 : Output mode 0.0
E : : : ARt PDi_3 Port Pi3 direction register (Functions as an output port) oio
T R SR PDi_4 Port Pi4 direction register (i=0to7 except2) 0.0
b PDi_5 Port Pis direction register OiO
e GG EEEEEEEPERPEY PDi_6 Port Pie direction register (O)®)
R RREEDREEEEEE PDi_7 Port Pi7 direction register 00

Note 1: Set hit 2 of protect register (address 000A16) to “1” before rewriting to the
port P4 direction register.

Note 2: Nothing is assigned in direction register of P36, P37, P46, P47, P55 to p57,
P72 to P77. These bits can either be set nor reset. When read, its contents
are indeterminate.

Port Pi register

0:“L" level data

b7 b6 b5 b4 b3 b2 bl bo ~ Symbol Address When reset
Pi(i=0to7) 03EO16, 03E116, 03E516, 03E81s6, Indeterminate
| | | . | . | . | . | i | | 03E916, 03EC16, 03ED16 Indeterminate
T symbol Bit name Function RW
] Pf_o Port Pfo regl.ster Data is input and output to and from Ofo
A Pi_1 Port Pi1 register each pin by reading and writing to 0.0
o eeeeaaad Pi_2 Port Pi2 register and from each corresponding bit 00

Pt Pi_3 Port Pi3 register 1 “H” level data & &
(O Pi_4 Port Pis register o0
------------------ Pi 5 Port Pis register (i=0t07 except2) 0.0
--------------------- Pi_6 Port Pi6 register 0.0
------------------------ Pi_ 7 Port Pi7 register 0.0

Note: Nothing is assigned in direction register of P3e, P37, P46, P47, P55 to p57, P72 to
P77. This bit can either be set nor reset. When read, its content is indeterminate.

Figure 2.12.2. Programmable I/O ports-related registers (1)
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Pull-up control register 0

b7 b6 bS5 b4 b3 b2 bl b0

| | | | | | | | Symbol Address When reset
B A N N R A PURO 03FC16 0016
S N T symbol Bit name Function R'W
A POo to P03 pull-up The corresponding port is pulled ©.©0
R PUO1 P04 to PO7 pull-up high with a pull-up resistor 0.0
Voo ] _ 0 : Not pulled high 1
bl PU02 P1o to P13 pull-up 1" Pulled high O: @)
Rl PUO3 P14 to P17 pull-up 0.0
A — — 0.0
I SRaaeat B — 00
 GREREEEEEEEEEEEE PUO06 P30 to P33 pull-up 0.0
EERREEEELEEEETEEEPEEEEEE PU07 P34 to P35 pull-up 0.0
Pull-up control register 1
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
I N I I I PUR1 03FD16 0016
poron o Bt symbol Bit name Function R:W
A PU10 P40 to P43 pull-up The corresponding port is pulled 0.0
e PU11 P44 to P47 pull-up high with a pull-up resistor 00
SR T T 0 : Not pulled high 3
bl PU12 P50 to P53 pull-up 1: Pulled high O: ®)
i PU13 P54 pull-up 0.0
Dol e PU14 P60 to P63 pull-up 00
Pl e PU15 P64 to P67 pull-up 00
b Rmmmmmmmmmmmmneee PU16 P70 to P71 pull-up 0.0
R R R, — — 0.0
Port P1 drive capacity control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
LTI TT T ore 03FEs 0016
A N T symbol Bit name Function RIW
¢+ v+ v+ -{DRRO Port P1o drive capacuty Set P1 N-channel output 0:0
. DRR1 Port P11 drive capacuty tfgr_‘sl_isote\fl drive capacity 00
O DRR2 Port P12 drive capacuty 1 HIGH 0:0
 RREEEEEE DRR3 Port P13 drive capacuty 00
R DRR4 Port P14 drive capacuty 00
I S LUOOREEEEEEE DRR5 Port P15 drive capacuty 0.0
P Rmmmmmmmmnmoonnon oo DRR6 Port P16 drive capacuty 0.0
REREEEEEEEEEEEEEEEEEEEEEE DRR7 Port P17 drive capacuty 0.0

Figure 2.12.3. Programmable I/O ports-related registers (2)
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This chapter presents applications in which peripheral functions built in the M16C/20 are used. They are
shown here as examples. In practical use, make suitable changes and perform sufficient evaluation. For
basic use, see Chapter 2 How to Use Peripheral Functions.

Here follows the list of applications that appear in this chapter.

L 0 A W T o To T o 1= o Lo I 11 41 £ ST PUPPPPTPOPPPR P338
* 3.2 Variable-period variable-duty PWM OULPUL ...........ueiiiiiiiiiiiiiiieeieee e pP342
* 3.3 Delayed 0Ne-ShOt OULPUL .......ciiiiiiiiiiie ittt ettt e et e e et e e e e sabeeeeeeas P346
© 3.4 BUZZEI OULPUL ...ttt e e e e e e e e e e e et et et e et e e e e e e e bebe bbb e e e e e e e e e e e e e aaaeaaaeeas P350
* 3.5 Solution for external interrupt Pins SNOMAGE ..........ocviiiii e P352
* 3.6 Controlling power uSiNg StOP MOME .......ccoiiiiiiiiiiiiiiiiee e eeeaaaeeas P354
¢ 3.7 Controlling power USiNg Wait MO ..........ccoiiiiiiiiiiiiiiie et sbree e P358
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3.1 Long-Period Timers

Overview In this process, Timer X0 and Timer X1 are connected to make a 16-bit timer with a 16-bit
prescaler. Figure 3.1.1 shows the operation timing, Figure 3.1.2 shows the connection dia-
gram, and Figures 3.1.3 and 3.1.4 show the set-up procedure.

Use the following peripheral functions:
* Timer mode of timer X
» Event counter mode of timer X

Specifications
(1) Set timer X0 to timer mode, and set timer X1 to event counter mode.
(2) Perform a count on count source f1 using timer X0 to count for 1 ms, and perform a count
on timer X0 using timer X1 to count for 1 second.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter to begin counting. The counter of
timer X0 performs a down count on count source fi.

(2) If the counter of timer X0 underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer X0 interrupt request bit goes to “1”. The
counter of timer X1 performs a down count on underflows in timer XO.

(3) If the counter of timer X1 underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer X1 interrupt request bit goes to “1”.

| = reload register content

3 FFFF1s| (1) Start count (2) Timer X0 underflow (3) Timer X1 underflow

§ ? — .

o9 | o ettt

o< :

TE -

o]

£ < : H

F 3 !

000016l LI |

E n= reload register éontent

5}3 FFFF16 ! Start count.

< .

X =

58 "

€ c

F 8 0000w : ‘ - i

| _ Setto"l" by sofware i Cleard “0" by software ; L Time
. wn : : : [ Tl :
Timer X0 count 1 T ; : T i
start flag “Qr—t ; i : 5 i %
; 3 3 : : o Setto“1" by software
Timer X1 count ~ “1” ; 1 : ; :
start flag OJ ; 3 : : ;
Timer X0 interrupt “1" |_| |_| |_| |_| ,_|
request bit “0” \ * ? ' * /1
Cleared to “0” when interrupt request is accepted, or cleared by software

Timer X1 interrupt “1” |—|
request bit “0

Figure 3.1.1. Operation timing of long-period timers
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Used for timer mode
fs —QO
Timer XO Timer X0 interrupt request bit

f32 —QO

feez—0 Timer X1 interrupt request bit

Used for event counter mode

Figure 3.1.2. Connection diagram of long-period timers
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Setting timer X0

Selecting timer mode and functions

b7 b0
[o]ofofofofofo]o]

Timer X0 mode register [Address 039716]
TXOMR

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TXOINOUT pin is a normal port pin)

Gate function select bit
b4 b3

0 0 : Gate function not available (TX0INOUT pin is a normal port pin)

0 (Must always be “0” in timer mode)

Count source select bit b7 ‘ bg| Count Count source period
e | source | f(xin) : 10MHz f(Xci) : 32.768kHz
00:f1 - )

00| f1 100ns

0,1 fs 800ns

110 fo 3.2us

11| fea 976.56pis

Setting divide ratio
(b15) (b8)

= SUSll % Timer X0 register [Address 038916, 038816]
| 2716 | OF16 X0

Setting timer X1

Selecting event counter mode and each function

b7
[ofofefofofofo]

™ Timer X1 mode register [Address 039816]
1 TxiMR

Selection of event counter mode

Pulse output function select bit]
0 : Pulse is not output (TX1INOUT pin is a normal port pin)

Count polarity select bit

0 (Must always be “0” in event counter mode)

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

0 (Must always be “0” in event counter mode)

Continued to the next page

Figure 3.1.3. Set-up procedure of long-period timers (1)
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Continued from the previous page

4 N
Setting trigger select register
| b7| | 1| 0 | | | | = Trigger select register [Address 038316]
TRGSR

Timer X1 event/trigger select bit
b5 b4

1 0: TXO overflow is selected

Setting divide ratio
(b15) (b8)

b7 b0 b7 50 Timer X1 register [Address 038B16, 038A16]
| 0316 | E716 TX1

Setting count start flag

| h7| [ DX [2]1] bo| _(I;XtérétRstart flag [Address 038016]

Timer X0 count start flag
1 : Starts counting

Timer X1 count start flag
1: Starts counting

Start counting

Figure 3.1.4. Set-up procedure of long-period timers (2)
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3.2 Variable-Period Variable-Duty PWM Output

Overview In this process, Timer X0 and Al are used to generate variable-period, variable-duty PWM out-
put. Figure 3.2.1 shows the operation timing, Figure 3.2.2 shows the connection diagram, and
Figures 3.2.3 and 3.2.4 show the set-up procedure.
Use the following peripheral functions:
 Timer mode of timer X
* One-shot timer mode of timer X

Specifications
(1) Set timer X0 in timer mode, and set timer X1 in one-shot timer mode with pulse-output function.
(2) Set 1 ms, the PWM period, to timer X0. Set 500 ps, the width of PWM “H” pulse, to timer X1.
Both timer X0 and timer X1 use f1 for the count source.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter of timer X0 to begin counting. The

counter of timer X0 performs a down count on count source f1.

(2) If the counter of timer X0 underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer X0 interrupt request bit gose to “1”.

(3) An underflow in timer X0 triggers the counter of timer X1 and causes it to begin counting. When
the counter of timer X1 begins counting, the output level of the TX1INOUT pin gose to “H".

(4) As soon as the count of the counter of timer X1 becomes “000016”, the output level of
TX1INOUT pin gose to “L”, and the counter reloads the content of the reload register and stops
counting. At the same time, the timer X1 interrupt request bit gose to “1”.
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| = reload register content

(1) Timer X0 start count

& FFFF1s : | (2) Timer X0 underflow
c H !
S5~ H
8 E, (N e A
o<
X
o2 H H
E S ' :
F 3
000016 ‘ L‘ j L| | -
= n = reload register content | 1 Time
[} H ' H ' ‘ ;
€ (3) Timer X1 start count : ; :
3% FFFFisf - : ! | !
3 < ; 2 (4) Timer X1 stop count : 5
TE nlr F_I—\ """"""" o ’_Ll_‘ o ’
a2 : : i 1 : ;
F8 0000w ‘ . . | , ‘ ‘ I »—
1Sefto “1” by software ' ] : 3 | E v Time
Timer X0 count  “1” | : ‘ : 3 ; :
start flag ‘0 1 Setto “1” by software
Timer X1 count ~ “1" : ' ; ]
start flag “Q” | ¢ 1ms : ‘ 1 500us ‘ ;
- 3 - 1 :
PWM pulse output =4~ ] ] |_| l—]
from TXLiNOUT pin  « » . ; ' : : 1 : :
Timer X0 interrupt  “1” |—|: i—| :,— |—|:
request bit “Q” : \ ‘} : :
Cleared to “0” when interruht request is accepted, or cleared by software
Timer X1 interrupt  “1” ] . . 1
request bit “” i i

Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 3.2.1. Operation timing of variable-period variable-duty PWM output

Used for timer mode (Set to period)

Timer X0 interrupt request bit

Timer X1 interrupt request bit

Used for one-shot timer mode (Set to “H” width)

Figure 3.2.2. Connection diagram of variable-period variable-duty PWM output
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Setting timer X0

4 N

Selecting timer mode and functions

b7 b0
[o]ofofofofofo]o]

Timer X0 mode register [Address 039716 ]
TXOMR

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TXOINOUT pin is a normal port pin)

Gate function select bit
b4 b3

0 0: Gate function not available (TX0INOUT pin is a normal port pin)

-———————— 0 (Must always be “0” in timer mode)

Count source select bit b7i pe | Count Count source period
b7b6 5 SOUrCe | f(xin) : 10MHz f(XCIN) : 32.768kHz
00:ft ——————— 55 ¢ 100ns

0,1 ;] 800ns

1'0 fa2 3.2us

11| fea 976.56)is

Setting divide ratio

(b15) (08)

b7 bo b7 29 Timer XO register [Address 038916, 038816]
| 2716 | OF16 X0

Setting timer X1

4 N

Selecting one-shot timer mode and functions

b7 b0
Lofofofefo]s]a]o

Timer X1 mode register [Address 039816 ]
TXIMR

Selection of one-shot timer mode

Pulse output function select bit (Note)
1: Pulse is output

External trigger select bit (Invalid when choosing timer's overflow as trigger)

Trigger select bit
1: Selected by event/trigger select register

———— 0 (Must always be “0” in one-shot timer mode)

Count source select bit

b7 b6 b7§ pe | Count Count source period
00:f1T —— ' SOUrCe | f(XiN) : 10MHz f(XciN) : 32.768kHz
0.0 f1 100ns
0.1 fe 800ns
1'0 fa2 3.2us
101 fea 976.564s
\\ Note: Set the corresponding port direction register to “1” (output mode). /

Continued to the next page

Figure 3.2.3. Set-up procedure of variable-period variable-duty PWM output (1)
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Continued from the previous page
Setting trigger select register
b7 bo . .
| | | 1 | 0 | | | | Trigger select register [Address 038316]
TRGSR
Timer X1 event/trigger select bit
b5 b4
1 0: TXO overflow is selected
Setting one-shot timer's time
(b15) (b8)
b7 bo b7 0 Timer X1 register [Address 038B16, 038A16]
| 1316 | 8816 TX1
Setting count start flag
b7 b0
| | | |><| | 1 | 1 | Count start flag [Address 038016]
TABSR
Timer X0 count start flag
1: Starts counting
Timer X1 count start flag
1 : Starts counting
Start countin

Figure 3.2.4. Set-up procedure of variable-period variable-duty PWM output (2)
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3.3 Delayed One-Shot Output

Overview The following are steps of outputting a pulse only once after a specified elapse since an external
trigger is input. Figure 3.3.1 shows the operation timing, Figure 3.3.2 shows the connection dia-
gram, and Figures 3.3.3 and 3.3.4 show the set-up procedure.

Use the following peripheral function:
* One-shot timer mode of timer X

Specifications
(1) Set timer X0 in one-shot timer mode, and set timer X1 in one-shot timer mode with pulse-
output function.
(2) Set 1 ms, an interval before a pulse is output, in timer X0; and set 50 ps, a pulse width, in timer
X1. Both timer X0 and timer X1 use f1 for the count source.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the trigger select bit to “1” and setting the count start flag to “1” enables the counter of
timer X0 to count.

(2) If an effective edge, selected by use of the external trigger select bit, is input to the TX0INOUT
pin, the counter begins a down count. The counter of timer X0 performs a down count on
count source f1.

(3) As soon as the counter of timer X0 becomes “000016", the counter reloads the content of the
reload register and stops counting. At this time, the timer X0 interrupt request bit gose to “1”.

(4) An underflow in timer XO triggers the counter of timer X1 and causes it to begin counting.
When timer X1 begins counting, the output level of the TX1INOUT pin gose to “H”.

(5) As soon as the counter of timer X1 becomes “000016", the output level of the TXL1INOUT pin
gose to “L”, the counter reloads the content of the reload register, and stops counting. At this
time, timer X1 interrupt request bit gose to “1”".
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FFFF16

Timer X0 counter
content (hex)

000016

FFFF16

n

Timer X1 counter
content (hex)

000016

Timer X0 count uqn
start flag “0”

start flag “0

| = reload register content

(1) Count enabled

(2) Timer X0 start count

——

o

(3) Timer X0 stop count

i n =reload register content

y

]—|

Time

(4) Timer X1 sta'rt count .
. (5) Timer X1 stop count

Timer X1 count aqn '

| Setto“l” by software ! E ; Time

Setto “1” by soﬂWare

Input signal from  “H”
TXOINOUT pin “L”

PWM pulse output “yr
from TXLinouT pin -« »

i

1ms

50us 5

Timer X0 interrupt 1"

el

request bit 0

Timer X1 interrupt  «q»
request bit “0”

Cleared to

e

“0” when interrupt request is accep

[ ]

\

ed, or cleared by software

—

Cleared to

X

“0” when interrupt request is accepted, or cleared by software

Figure 3.3.1. Operation timing of delayed one-shot output

f1

TXOINOUT pin input

fs —QO
faz2 —O
fcaa—O

Timer X0 interrupt request bit
l Timer X1 interrupt request bit

l Used for one-shot timer mode

Used for one-shot timer mode

Figure 3.3.2. Connection diagram of delayed one-shot output
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Setting timer X0
Selecting one-shot timer mode and functions
b7 b0
Timer X0 mode register [Address 039716]
[ofefofzfofof1fo] rxomr
Selection of one-shot timer mode
Pulse output function select bit
0 : Pulse is not output
External trigger select bit
0 : Falling edge of TXO0INOUT pin's input signal
Trigger select bit
1: Selected by event/trigger select register
0 (Must always be “0” in one-shot timer mode)
Count source select bit b7i be | Count Count source period
b7b6 1 source | f(Xin) : 10MHz f(XcIN) : 32.768kHz
: —_—
00:f1 0. 0| f 100ns
0.1 ;] 800ns
1 0| fa2 3.2us
101 fea 976.56)1s
Setting trigger select register
(Select TX0INOUT pin to input TXO trigger)
b7 bo . .
| | | | | 0 | 0 | | | Trigger select register [Address 038316]
TRGSR
Timer X0 event/trigger select bit
b3 b2
0 0 : Input on TX0INoUT is selected (Note)
Note: Set the corresponding port direction register to “0” (input mode).
Setting delay time
(b15) (b8)
b7 b0 b7 bo . .
| 2716 | 1016 Timer X0 register [Address 038916, 038816]
TXO0
Continued to the next page

Figure 3.3.3. Set-up procedure of delayed one-shot output (1)
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Continued from the previous page
Setting timer X1 :

4 N

Selecting one-shot timer mode and functions

| tgl 0 | o | 1 | o | 1 | 1 | (b)ol %ra('evrlé(l mode register [Address 039816]

Selection of one-shot timer mode

Pulse output function select bit (Note)
1: Pulse is output (TX1INOUT pin is pulse output pin)

External trigger select bit
Invalid when choosing timer's overflow

Trigger select bit
1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit

b7 b6 b7§ bs | Count Count source period
00:f1 E—— ! source | f(XiN) : 10MHz  f(XciN) : 32.768kHz
0,0 f1 100ns
0,1 fs 800ns
110 f 3.2us
101 fes 976.56s

Note: Set the corresponding port direction register to “1” (output mode).

\_

/

/
Setting trigger select register
(Set timer XO to trigger timer X1)

|b7 | | 1 | 0 | | | |b0 Trigger select register [Address 038316]

TRGSR

Timer X1 event/trigger select bit
b5 b4

1 0: TXO overflow is selected

. /

Setting one-shot timer's time

(b15) (b8)
b7 bo b7 5 Timer X1 register [Address 038B16, 038A16]
| 0116 | 3216 TX1

4 N
Setting count start flag

|b7| | |><| | 1 | 1 | bol Count start flag [Address 038016]

TABSR

Timer X0 count start flag
1 : Starts counting

Timer X1 count start flag
1 : Starts counting

Start cE)untin

Figure 3.3.4. Set-up procedure of delayed one-shot output (2)
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3.4 Buzzer Output

Overview The timer mode is used to make the buzzer ring. Figure 3.4.1 shows the operation timing, and
Figure 3.4.2 shows the set-up procedure.
Use the following peripheral function:
* The pulse-outputting function in timer mode of timer X.

Specifications
(1) Sound a 2-kHz buzz beep by use of timer XO.
(2) Effect pull-up in the relevant port by use of a pull-up resistor. When the buzzer is off, set the
port high-impedance, and stabilize the potential resulting from pulling up.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) The microcomputer begins performing a count on timer X0. Timer X0 has disabled interrupts.
(2) P43 is TX0INOUT pin. Setting the port P43 direction register to “1” (output mode) and outputs 2-
kHz pulses.
(3) The microcomputer stops outputting pulses by setting the port P43 direction register to “0” (input
mode). P43 goes to an input pin, and the output from the pin becomes high-impedance.

(1) Start count (2) Buzzer output ON (3) Buzzer output OFF

Timer X0
overflow timing
w
Count start flag J
“gr

Port P43 direction 1’
register

P43 output

\J_|_|_|_|_|_|_|J High-impedance

High-impedance

Figure 3.4.1. Operation timing of buzzer output
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Initialization of port P4 direction register
b7

b0
|><|><|><|><|><I 1 | | | Protect register [Address 000A16]
PRCR

Enables writing to port P4 direction register
1 : Write-enabled

|b7| | | | Ol | |b0| Port P4 direction register [Address 03EA16]
PD4

Port P43 direction register

0 : Input mode

Initialization of timer X0

b7 bo b15 b8 b7 bo - ;
. . Timer XO register
ofololololzlolo]| Timer X0 mode register 00 Fo
[ofofofofof1]ofof 1A 2 [Addross 036716 ] _ o 16 TXO [Address 038916, 038816]
Selection of timer mode
Pulse output function select bit
1 : Pulse is output
Gate function select bit
b4 b3
0 0 : Gate function not available
0 (Must always be “0” in timer mode)
Count source select bit _
b7b6 b7ib6 | Count Count source period
00:fL g 3 source | f(XiN) : 10MHz f(XcIN) : 32.768kHz
0,0 f1 100ns
01 fe 800ns
1 3 0| fa2 3.2us
11| fea 976.56ps
b7 bo
| | | |><| | | ll | Count start flag [Address 038016]
TABSR

Timer X0 count start flag
1: Starts counting

Buzzer ON

|>b7<|><|><|><|><| 1 | | bOl Eg)(t:eé:t register [Address 000A16]

Enables writing to port P4 direction register
1 : Write-enabled

| | | | |l| | |b0| Port P4 direction register [Address 03EA16]
PD4

Port P43 direction register
1 : Output mode

Buzzer OFF

DO L] et oo stess oooms
—

Enables writing to port P4 direction register
1 : Write-enabled

| | | | | Ol | |b0| Port P4 direction register [Address 03EA16]
PD4
Port P43 direction register

0 : Input mode

Figure 3.4.2. Set-up procedure of buzzer output
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3.5 Solution for External Interrupt Pins Shortage

Overview The following are solution for external interrupt pins shortage. Figure 3.5.1 shows the set-up
procedure.

Use the following peripheral function:
« Event counter mode of timer X

Specifications
(1) Inputting a falling edge to the TXOINOUT pin generates a timer X0 interrupt.

Operation (1) Set timer X0 to event counter mode, set timer to “0”, and set interrupt priority levels in timer XO.
(2) Inputting a falling edge to the TXOINOUT pin generates a timer X0 interrupt.
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/

Initialization of timer X0

b15 b0

Timer XO register
TX0 [Address 03

Timer X0 mode register

TXOMR [Address 039716 ] 0016

b7 b0
[o] o] of o of o] o] 1] 0016

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TXO0INOUT pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

0 (Must always be “0” in event counter mode)

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

0 (Must always be “0” in event counter mode)

Count start flag [Address 038016]
TABSR
Timer X0 count start flag
1 : Starts counting

Trigger select register [Address 038316]
TRGSR
Timer X0 event/trigger select bit
b3 b2
00 : Input on TX0INOUT is selected

8916, 038816]

Setting interrupt priority levels in timer X0
b0
| | | | Timer X0 interrupt control register [Address 005616]
TX0IC

\—‘—‘— Interrupt control level (set a value 1 to 7)

Initialization of port P4 direction register

b7

bo
DX T ]

Protect register [Address 000A16]
PRCR

Enables writing to port P4 direction register
1 : Write-enabled

b7

b0
LTI Tl T[]
-

Port P4 direction register [Address 03EA16]
PD4

Port P43 direction register
0 : Input mode

Setting interrupt enable flag (I flag)

<uu-u

Figure 3.5.1. Set-up procedure of solution for a shortage of external interrupt pins
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3.6 Controlling Power Using Stop Mode

Overview The following are steps for controlling power using stop mode. Figure 3.6.1 shows the operation
timing, Figure 3.6.2 shows an example of circuit, and Figures 3.6.3 and 3.6.4 show the set-up
procedure.

Use the following peripheral functions:
» Key-input interrupts

» Stop mode

« Pull-up function

Specifications
(1) Use P30 through P33 for the scan output pins of a key matrix. Use the input pins (Klo through
KI17) of the key-input interrupt function for the key-input reading pins. The pull-up function is
also used.
(2) If a key-input interrupt request occurs, clear the stop mode and read a key.

Operation (1) Enable a key-input interrupt and set the pull-up function to pins Klo through KI7. Change the
output of P30 through P33 to “L” and enter stop mode.
(2) If a key is pressed, “L” is input to one of pins Klo through KI7 to clear stop mode. A key-input
interrupt occurs to execute the key-input interrupt handling routine.
(3) Sequentially set P30 through P33 to “L” to determine which key was pressed.
(4) When the process to determine the key pressed is completed, change the output from P30
through P33 to “L" again and enter stop mode.

(1) Shift to stop mode

(2) Cancel a stop mode

(3) Key scan

Key matrix scan

(4) Shift to stop mode /

-
P30 output
P31 output 1 1.
P32 output I_I_IL
P33 output I gL

POo to PO7 input ~ ——/ | A }' \ Y
Key input 'KeyOFF | [KeyON [T keyorr | KeyON
Key input !

interrupt processing

CPU clock ‘

- P
Stop mode Stop mode

Figure 3.6.1. Operation timing of controlling power using stop mode

354 ] z EN ESAS www.DataSheet4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Controlling Power Applications

- P30 VREF j

P31

|

|

P32

P33 : :

1/0 port

p

P00 / Klo

P01/ Kl1

P02 / KI2

P03/ KI3

P04/ Kla

POs / KI5

P06 / Kl6

»
4
VVVVVVVYN—?

CERRRRRR

P07/ Kl7

Figure 3.6.2. Example of circuit of controling power using stop mode
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Main

Initial condition

b7 vo Pull-up control register 0
| | |><]><] | | 1| 1 | [Address 03FC16]
PURO
PO0o to P03 pulled high
P04 to P07 pulled high
b7 vo Port P3 register

[T T T ToJoJoJo] [Address 03E51¢]
P3

Key scan data

Interrupt enable level (IPL) = 0
Interrupt enable flag (1) =0

b7 bo Port PO direction register
Add! 03E2
[ofoTofoTofoJoo] ¥ggress 032l

Key scan input port

b7 bo Port P3 direction register
| | | | |1|1 | 1|1| LAggreSSOSEhe]

\

Key scan output port

Key input interrupt control register
[Address 004Dz16]
KUPIC

b7 b0

DX [ofo]1]

Interrupt priority level select bit
Set higher value than the present IPL

Setting interrupt except stop mode cancel

Interrupt control register KUPIC [Address 004D16]

ADIC [Address 004E16]
SiTIC(i=0, 1)  [Address 005116, 005316]
SIRIC(i=0, 1) [Address 005216, 005416]
TAIIC(i=0) [Address 005516]

b7 bo TXilC(i=0 to 2) [Address 005616 to 005816]

K{’X{}X‘}X{.nnn TBIIC(i=0, 1)  [Address 005A16, 005B16]
-- Interrupt priority level select bit

000 : Interrupt disabled

b7 b0
X0 [oJo] o] INTilc(i=0,1)  [Address 005D16, 005E16]
-- Interrupt priority level select bit
000 : Interrupt disabled
Always set to “0”

Canceling protect

T T 1]

Protect register [Address 000Az1s]
PRCR

(addresses 000616 and 000716)
1 : Write-enabled

Enables writing to system clock control registers 0 and 1

Setting operation clock after returning from stop mode

(When operating with XIN after returning)

b7 o System clock control register 0
[oTTo I TTTT] [Address 000615]
CMO

Main clock (XIN-XouT) stop bit
On

System clock select bit
XIN, XouT

As this register becomes setting mentioned above when
operating with XiN (count source of BCLK is XIN),
the user does not need to set it again.

(When operating with XcIN after returning)

System clock control register 0
| [Address 000616]

CMO
Port Xc select bit

XCIN-XCOUT generation

System clock select bit
XcIN, XcouT

b7
HEEEEEE

As this register becomes setting mentioned above when operating with XcIN
(count source of BCLK is XcIN), the user does not need to set it again.
When operating with XIN, set port Xc select bit to “1” before setting system
clock select bit to “1”. The both bits cannot be set at the same time.

Interrupt enable flag (I flag) «— “1”

C

All clocks off (stop mode)

b7

All clock stop control bit
1 : All clocks off (stop mode)

Reserved bit
Always set to “0”

| | | | 0| 0| 0 | 0 |Df| g;l(ﬁem clock control register 1 [Address 000716]

NOP instruction X 5

‘ Key input interrupt request generation

V 5

Figure 3.6.3. Set-up procedure of controlling power using stop mode (1)
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< Key-input interrupt >

Store the registers

Key matrix scan

b7 b0
| Port P3 register [Address 03E516]
P3

\—|‘—L Key scan data
1110, 1101, 1011, 0111
Decision of key-input data
b7 b0

| | | | | 0| ol ol 0| Port P3 register [Address 03E5416]
P3

Key scan data

Restore the registers

< REIT instruction >

Figure 3.6.4. Set-up procedure of controlling power using stop mode (2)
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3.7 Controling Power Using Wait Mode

Overview The following are steps for controling power using wait mode. Figure 3.7.1 shows the operation
timing, and Figures 3.7.2 to 3.7.4 show the set-up procedure.
Use the following peripheral functions:
* Timer mode of timer B
» Wait mode
A flag named “F-WIT” is used in the set-up procedure. The purpose of this flag is to decide
whether or not to clear wait mode. If F_WIT =“1" in the main program, the wait mode is entered;
if F_WIT =*“0", the wait mode is cleared.

Specifications
(1) Connect a 32.768-kHz oscillator to XCIN to serve as the timer count source. As interrupts
occur every one second, which is a count the timer reaches, the controller returns from wait
mode and count the clock using a program.
(2) Clear wait mode if a INTO interrupt request occurs.

Operation (1) Switch the system clock from XIN to XCIN to get low-speed mode.

(2) Stop XIN and enter wait mode. In this instance, enable the timer BO interrupt and the INTO interrupt.

(3) When a timer BO interrupt request occurs (at 1-second intervals), start supplying the BCLK
from XCIN.
At this time, count the clock within the routine that handles the timer BO interrupts and enter
wait mode again.

(4) If a INTO interrupt occurs, start supplying the BCLK from XcIN. Start the XIN oscillation within
the INTO interrupt, and switch the system clock to XIN.

(2) Shift to low-speed mode
(2) Stop XIN
(3) Timer BO interrupt (4) INTo interrupt

Timer BO overflow |_| |_|

Timer BO ; !

interrupt processing 5 1 ’—|—|—| :
INTo v s }

BCLK MUY WU UL LA,

High-speed : ! ! High-speed
e -« -« >
Low-speeﬁ : Low-speed 1 1 Low-speed 1 Ljow-speejd

Figure 3.7.1. Operation timing of controling power using wait mode
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Main

Initial condition

b7 bo
[o] fofx] fof | | &%

WAIT peripheral function clock stop bit

XcIN-XcouT drive capacity select bit

Port Xc select bit
1: Functions as XcCIN-XcouT oscillator

—— Main clock (XIN-XouT) stop bit
0 : Oscillating

Main clock divide ratio select bit 0

System clock select bit
0 : XiN-XouT

b7
EE

Timer BO mode register [Address 039B16]

b0
[ I [ [o]o] tgomr

Operation mode select bit
b1 b0

00 : Timer mode

Count source select bit
b7 b6
11:fc32 (f(XciN) divided by 32)

b15 b8 b7
| 0316 |

bo
FF16 |

TBO

b7

BSOSO

Clock prescaler reset flag [Address 038116]
CPSRF

Rrescaler is reset

b7 b0

LL oD [T ]
-

Count start flag [Address 038016]
TABSR

TBO start counting

b7

XXX

b0
[o]of1]

TBOIC
TBO interrupt priority level

b7

EONEIN

b0
[o]of*] \nroic
INTO interrupt priority level

Interrupt priority level (IPL) =0
\ Interrupt enable flag (I) =0

System clock control register 0 [Address 000616]

0 : Do not stop peripheral function clock in wait mode

Timer BO register [Address 039116, 039016]

Timer BO interrupt control register [Address 005A16]

INTO interrupt control register [Address 005D16]

Setting interrupt except clearing wait mode

KUPIC

ADIC

SITIC (i=0, 1)
SIRIC (i=0, 1)
TAIIC (i = 0)

Interrupt control register

b7 b0
LI [ [ [ [ofo]o]
Interrupt priority level select bit

b2 b1 b0
000 : Interrupt disabled

TBIIC (i=0, 1)

.

TXIIC (i=0to 2) [Address 005616 to 005816]

[Address 004D16]
[Address 004E16]
[Address 005116, 005316]
[Address 005216, 005416]
[Address 005516]

[Address 005A16, 005B16]

Continued to the next page

Figure 3.7.2. Set-up procedure of controlling power using wait mode (1)
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Continued from the previous page

Canceling protect

b7

™ Protect register [Address 000A16]
DDA T 1] prer

1 : write-enabled

Enables writing to system clock control registers 0 and 1 (address 000616 and 000716)

Switching system clock N
| b17| | | | | | | bol System clock control register 0 [Address 000616]
CMO
‘ System clock select bit
1: XcIN-XcouT
\_ /
Stopping main clock h
|b7| | 1 | | | | | bol System clock control register 0 [Address 000616]
CMO
\—Main clock (XIN-XouT) stop bit
1: Off
/

< Interrupt enable flag (I flag) “1”

“ [F_V\;IT] =1

WAIT instruction

NOP instruction X 5

INTO interrupt request generated
— é TBO interrupt request generated

Starting main clock oscillator h
|b7| | 0 | | | | | bol System clock control register 0 [Address 000616]
CMO
\— Main clock (XIN-XouT) stop bit
0:0n
] /
Switching system clock A
|b8| | | | | | | bol System clock control register 0 [Address 000616]
‘ CMO
System clock select bit
0 : XiN-XouT
/

V

Figure 3.7.3. Set-up procedure of controlling power using wait mode (2)
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< minterrupt > < Timer BO interrupt >
Store theE registers Store theE registers
[F_WiT] =0 Countiilg clock
Restore thfe registers Restore thfe registers
( REIT inEstruction > ( REIT inEstruction >

Figure 3.7.4. Set-up procedure of controlling power using wait mode (3)
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4.1 Overview of Interrupt

4.1.1 Type of Interrupts
Figure 4.1.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Interrupt
Reset

DBC

Watchdog timer
Single step
Address matched

[]Special
[
[

[l
[]Peripheral I/O (Note)

N o o

Hardware

Ny o

Note: Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 4.1.1. Classification of 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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4.1.2 Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

e Undefined instruction interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

e Overflow interrupt
An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to
“1". The following are instructions whose O flag changes by arithmetic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK interrupt
A BRK interrupt occurs when executing the BRK instruction.

< INT interrupt
An INT interrupt occurs when assiging one of software interrupt numbers 0 through 63 and executing
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts,
so executing the INT instruction allows executing the same interrupt routine that a peripheral 1/O
interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
guest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a
shift.
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4.1.3 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L” is input to the RESET pin.

« DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

» Watchdog timer interrupt
Generated by the watchdog timer.

* Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug
flag (D flag) set to “1”, a single-step interrupt occurs after one instruction is executed.

» Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is set,
no address match interrupt occurs. For address match interrupt, see 2.9 Address match Interrupt.

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
31 the INI instruction uses. Peripheral I/O interrupts are maskable interrupts.
» Key-input interrupt
A key-input interrupt occurs if an “L” is input to the KI pin.
» A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO and UART1 transmission interrupt
These are interrupts that the serial I/O transmission generates.
* UARTO and UART1 reception interrupt
These are interrupts that the serial I/O reception generates.
e Timer AO interrupt
This is an interrupt that timer A generates.
» Timer BO interrupt and timer B1 interrupt
These are interrupts that timer B generates.
» Timer X0 interrupt through timer X2 interrupt
« INTO interrupt and INT1 interrupt
An INT interrupt occurs if either a rising edge or a falling edge is input to the INT pin.
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4.1.4 Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt
vector table. Set the first address of the interrupt routine in each vector table. Two types of interrupt
vector tables are available — fixed vector table in which addresses are fixed and variable vector
table in which addresses can be varied by the setting.
 Fixed vector tables

The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area

extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of

interrupt routine in each vector table. Table 4.1.1 shows the interrupts assigned to the fixed vector

tables and addresses of vector tables.

Table 4.1.1. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source Vector table addresses Remarks
Address (L) to address (H)

Undefined instruction

FFFDC16 to FFFDF16 | Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316 Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716 If the vector contains FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE816 to FFFEB16 | There is an address-matching interrupt enable bit

Single step (Note)

FFFEC16 to FFFEF16 Do not use

Watchdog timer

FFFFO16 to FFFF316

DBC (Note) FFFF416 to FFFF716 Do not use
—_— FFFF816 to FFFFB16
Reset FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.
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* Variable vector tables
The addresses in the variable vector table can be modified, according to the user’s settings. Indicate
the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad-
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises
four bytes. Set the first address of the interrupt routine in each vector table. Table 4.1.2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Table 4.1.2. Interrupts assigned to the variable vector tables and addresses of vector tables

Vector table address
Address (L) to address (H)

Software interrupt number Interrupt source Remarks

Software interrupt number 0

+0 to +3 (Note)

BRK instruction

Cannot be masked by | flag

Software interrupt number 11

+44 to +47 (Note)

Software interrupt number 12

+48 to +51 (Note)

Software interrupt number 13

+52 to +55 (Note)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note)

A-D

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19

+76 to +79 (Note)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note)

UART1 receive

Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer X0
Software interrupt number 23 +92 to +95 (Note) Timer X1
Software interrupt number 24 +96 to +99 (Note) Timer X2
Software interrupt number 25 +100 to +103 (Note) —
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) —
Software interrupt number 29 +116 to +119 (Note) INTO
Software interrupt number 30 +120 to +123 (Note) INT1

Software interrupt number 31

+124 to +127 (Note)

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked by | flag

Note : Address relative to address in interrupt table register (INTB).
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4.2 Interrupt Control

Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.

Enable or disable a non-maskable interrupt using the interrupt enable flag (I flag), interrupt priority level
selection bit, or processor interrupt priority level (IPL). Whether an interrupt request is present or absent is
indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level selection bit
are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I flag) and the
IPL are located in the flag register (FLG).
Table 4.2.1 shows the memory map of the interrupt control registers, and Table 4.2.2 shows the interrupt

control registers.

004D1e6
004Ez16
004F16
005016
005116
005216
005316
005416
005516
005616
005716
005816
005916
005A16
005B16
005Cz1s6
005D16
005Ez16

Key input interrupt control register(KUPIC)

A-D conversion interrupt control register (ADIC)

UARTO transmit interrupt control register (SOTIC)

UARTO receive interrupt control register (SORIC)

UART1 transmit interrupt control regster(S1TIC)

UART1 receive interrupt control register(S1RIC)

Timer AO interrupt control register (TAOIC)

Timer X0 interrupt control register (TXO0IC)

Timer X1 interrupt control register (TX1IC)

Timer X2 interrupt control register (TX2IC)

Timer BO interrupt control register (TBOIC)

Timer B1 interrupt control register (TB1IC)

INTO interrupt control register (INTOIC)

INT1 interrupt control register (INT1IC)

Table 4.2.1. Memory map of the interrupt control registers
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Interrupt control register (Note 2)
Symbol Address When reset
KUPIC 004D1s  XXXXX0002
ADIC 004E1s  XXXXX0002
SIiTIC(i=0, 1) 005116, 005316 XXXXX0002
SIRIC(i=0, 1) 005216, 005416 XXXXX0002
b7 b6 b5 b4 b3 b2 bl b0 TAIIC(i=0) 005516 XXXXX0002
TXilC(i=0to 2) 005616 to 005816 XXXXX0002
TBIIC(i=0, 1) 005A16, 005B16 XXXXX0002
Bit symbol Bit name Function R! W
e ILVLO Interrupt priority level '
T select bit b2 b1 b0 o' 0
R A 000 : Level O (interrupt disabled) |
A 001: Levell :
e ILVL1 010: Level 2 3
I A 011: Level3 O' 0
A 100: Level4 !
A 101: Level5 ;
R R ILVL2 110: Level 6 3
[ 111: Level7 o. 0O
] IR Interrupt request bit 0: Interrupt not requested o) e}
vor o 1: Interrupt requested ! (Note 1.
E E E E Nothing is assigned.
""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns | — + —
out to be indeterminate. !

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
0 | | | INTIIC(i=0, 1) 005D16, 005E16  XX00X0002
A = symbol Bit name Function R! W
T ILVLO Interrupt priority level |
A select bit b2 b1 60 ‘ . 0! 0
(I R T A T 000 : Level O (interrupt disabled) !
T T T A T 001:Levell .
oo ILVLL 010:Level 2 3
L 011:Level3 [eNiNe)
A 100:Level4 !
R 101:Level5 .
e ILVL2 110:Level6 A
A 111:Level? o o
[ IR Interrupt request bit 0: Interrupt not requested o'
1: Interrupt requested | (Note 1)
______________ POL Polarity select bit 0 : Selects falling edge
oo 1 : Selects rising edge o ' o
o ] Reserved bit Always set to “0” o) o)
R Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, - =
turns out to be indeterminate.

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed
for set (= 1).

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Figure 4.2.2. Interrupt control registers
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4.2.1 Interrupt Enable Flag
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts; setting it to “0” disables all maskable interrupts. This flag is set
to “0” after reset.
The content is changed when the | flag is changed causes the acceptance of the interrupt request in the
following timing:
* When changing the | flag using the REIT instruction, the acceptance of the interrupt takes
effect as the REIT instruction is executed.
* When changing the | flag using one of the FCLR, FSET, POPC, and LDC instructions, the
acceptance of the interrupt is effective as the next instruction is executed.

When changed by REIT instruction
Determination whether or not to

Interrupt request generated accept interrupt request
{} @ — Time
_Previous REIT Interrupt sequence
instruction

(If 1 flag is changed from 0 to 1 by REIT instruction)

When changed by FCLR, FSET, POPC, or LDC instruction
Determination whether or not to

Interrupt request generated accept interrupt request
@ — Time
Previous . )
instruction FSET | Next instruction Interrupt sequence S

(If I flag is changed from 0 to 1 by FSET instruction)

Figure 4.2.3. The timing of reflecting the change in the | flag to the interrupt

4.2.2 Interrupt Request Bit
The interrupt request bit is set to "1" by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to "0" by hardware. The
interrupt request bit can also be set to "0" by software. (Do not set this bit to "1").
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4.2.3 Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.

Table 4.2.1 shows the settings of interrupt priority levels and Table 4.2.2 shows the interrupt levels en-
abled, according to the consist of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = 1

- interrupt request bit = 1

- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are
independent, and they are not affected by one another.

Table 4.2.1. Settings of interrupt priority levels  Table 4.2.2. Interrupt levels enabled according
to the contents of the IPL

I?ets(rerlusélg(r:i:) tr)||tty Interrtljé)\teplriority P(:ir?j;itry IPL Enabled interrupt priority levels
b2 bl bo IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) - 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
0 1 0 Level 2 010 Interrupt levels 3 and above are enabled
01 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 00 Level 4 1 0 O Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 01 Interrupt levels 6 and above are enabled
1 10 Level 6 V 1 1 0 Interrupt levels 7 and above are enabled
111 Level 7 High 111 All maskable interrupts are disabled

When either the IPL or the interrupt priority level is changed, the new level is reflected to the interrupt in
the following timing:

» When changing the IPL using the REIT instruction, the reflection takes effect as of the instruction
that is executed in 2 clock cycles after the last clock cycle in volved in the REIT instruction.

» When changing the IPL using either the POPC, LDC or LDIPL instruction, the reflection takes
effect as of the instruction that is executed in 3 cycles after the last clock cycle involved in the
instruction used.

* When changing the interrupt priority level using the MOV or similar instruction, the reflection takes
effect as of the instruction that is executed in 2 clock cycles after the last clock cycle involved in
the instruction used.
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4.2.4 Rewrite the interrupt control register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCHZ1:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change

the register.
Instructions : AND, OR, BCLR, BSET
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4.3 Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt 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.
In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 0000016.

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt sequence
in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag) to
“0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed)

(4) Saves the content of the temporary register (Note 1) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.
Note: This register cannot be utilized by the user.

4.3.1 Interrupt Response Time
‘Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the
occurrence of an interrupt to the completion of the instruction under execution at that moment (a) and the
time required for executing the interrupt sequence (b). Figure 4.3.1 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

R .

Instruction in S

Instruction Interrupt sequence . .
S ptseq interrupt routine

B @ L (b) -

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 4.3.1. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).
Time (b) is as shown in Table 4.3.1.

Table 4.3.1. Time required for executing the interrupt sequence

Interrupt vector address| Stack pointer (SP) value 16-Bit bus, without wait 8-Bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address coincidence
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18

BCLK

Address bus XAggBeoss >< Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC

Data bus _ Interrupt ; SP-2 SP-4 vec vec+2
><|nformatlon>< Indeterminate Xcontents Xcontents Xcontents >< contents ><

R U—\( Indeterminate V u u
U

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

=]

Figure 4.3.2. Time required for executing the interrupt sequence

4.3.2 Variation of IPL when Interrupt Request is Accepted

If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 4.3.2 is set in the IPL.

Table 4.3.2. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer 7
Reset 0
Other Not changed
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4.3.3 Saving Registers
In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter
(PC) are saved in the stack area.
First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the
program counter. Figure 4.3.3 shows the state of the stack as it was before the acceptance of the
interrupt request, and the state the stack after the acceptance of the interrupt request.

Save other necessary registers at the beginning of the interrupt routine using software. Using the
PUSHM instruction alone can save all the registers except the stack pointer (SP).

Mitsubishi microcomputers
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Stack area

Program counter (PCv)

Program counter (PCw)

Flag register (FLGL)

Flag register

(FLGH)

Program
counter (PCr)

Content of previous stack

Address Stack area Address
MSB LSB MSB

m-4 m-—4

m-3 m-3

m-2 m-2

m-1 m-1
[SPl

m Content of previous stack |-g—— s;i?: gg]!g::r m
interrupt occurs

m+ 1| Content of previous stack m+1

Stack status before interrupt request

is acknowledged

Content of previous stack

Stack status after interrupt request
is acknowledged

[SP]
- New stack
pointer value

Figure 4.3.3. State of stack 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
content of the stack pointer, at the time of acceptance of an interrupt request, is even or odd. If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
a time. Figure 4.3.4 shows the operation of the saving registers.
Note: Stack pointer indicated by U flag.

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)

Stack area

(1) Stack pointer (SP) contains even number

Sequence in which order
registers are saved

Program counter (PC.)

Program counter (PCw)

(2) Saved simultaneously,
all 16 bits

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCh)

all 16 bits

(1) Saved simultaneously,

Finished saving reqisters

Stack area

in two operations.

(2) Stack pointer (SP) contains odd number

Sequence in which order
registers are saved

Program counter (PC.) |q— (3)
Program counter (PCw) <
(4) Saved simultaneously,
- all 8 bits
Flag register (FLGL) < (1)
Flag register Program
(FLG | counter (PCi[*—(2)

Finished saving registers

in four operations.

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 4.3.4. Operation of saving registers
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4.4 Returning from an Interrupt Routine
Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program counter
(PC), both of which have been saved in the stack area. Then control returns to the program that was being
executed before the acceptance of the interrupt request, so that the suspended process resumes.
Return the other registers saved by software within the interrupt routine using the POPM or similar instruc-
tion before executing the REIT instruction.

4.5 Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher hardware
priority is accepted (see Figure 4.5.1).
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 4.5.2 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.
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A High

| Timer BO |

| Timer X2 |

| Timer X0 |

| INTO |

| Timer B1 |

| Timer X1 | Priority of peripheral 1/O interrupts

(if priority levels are same)

| UART1 reception |

| UARTO reception |

| A-D conversion |

| Timer AO |

| UART1 transmission |

| UARTO transmission |

Y Low

| Key input interrupt |

Figure 4.5.1. Maskable interrupts priorities (peripheral 1/O interrupts)

Reset > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Figure 4.5.2. Hardware interrupts priorities
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4.6 Multiple Interrupts
The state when control branched to an interrupt routine is described below:

- The interrupt enable flag (1 flag) is set to “0” (the interrupt is disabled).

- The interrupt request bit of the accepted interrupt is set to “0”.

- The processor interrupt priority level (IPL) is assigned to the same interrupt priority level as assigned to
the accepted interrupt.

Setting the interrupt enable flag (I flag) to “1” within an interrupt routine allows an interrupt request assigned
a priority higher than the IPL to be accepted. Figure 4.6.1 shows the scheme of multiple interrupts.

An interrupt request that is not accepted because of low priority will be held. If the condition following is met
when the REIT instruction returns the IPL and the interrupt priority is determined, then the interrupt request
being held is accepted.

Interrupt priority level of the interrupt request being held > Returned the IPL
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Interrupt
Interrupt request .
generated Nesting ———>
Time | (Reset )—f=(Can ouine )

Interrupt 1

0

Interrupt priority level = 3

Interrupt 2

D

Interrupt priority level =5

Interrupt 3

D

Interrupt priority level = 2

<«—— Main routine instructions

are not executed.

| : Interrupt enable flag

IPL : Processor interrupt priority level
[TJ] : Automatically executed.
[_] : Be sure to set in software.

Multiple interrupts

Not acknowledged because
of low interrupt priority

Figure 4.6.1. Multiple interrupts
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4.7 Precautions for Interrupts

(1) Reading address 0000016
» When maskable interrupt is occurred, CPU read the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0”.
Though the interrupt is generated, the interrupt routine may not be executed.
Do not read address 0000016 by software.

(2) Setting the stack pointer

» The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt
before setting a value in the stack pointer may become a factor of runaway. Be sure to set a value in
the stack pointer before accepting an interrupt. Concerning the first instruction immediately after reset,
generating any interrupts is prohibited.

(3) External interrupt
« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo
and INT1 regardless of the CPU operation clock.
» When the polarity of the INTo and INT1 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Figure 4.7.1 shows the procedure for
changing the INT interrupt generate factor.

Clear the interrupt enable flag to “0”
(Disable interrupt)

Set the interrupt priority level to level O
(Disable INTi interrupt)

Set the polarity select bit

Clear the interrupt request bit to “0”

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTI interrupt request)

Set the interrupt enable flag to “1”
(Enable interrupt)

aYavelatayYe
UV

Figure 4.7.1. Switching condition of INT interrupt request
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(4) Rewrite the interrupt control register
» To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCHZ1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOQIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOQIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOQIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

* When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the register.

Instructions : AND, OR, BCLR, BSET
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5.1 Standard DC Characteristics
The standard characteristics given in this section are examples of M30201M4-XXXFP. The contents of
these examples cannot be guaranteed. For standardized values, see “Electric characteristics”.

5.1.1 Standard Ports Characteristics

Figures 5.1.1 through 5.1.6 show the standard ports characteristics.
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vce=5Vv
—30
Ta=—50°C

g —20 Ta=25°C
= Ta=95'C
o

—10

0 1 2 3 4 5

VOH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.1. IoH - VoH standard characteristics of ports PO to P7 (Vcc =5V)

Vce=5V
30
Ta=—50°C
Ta=25’C

T 20
£ B Ta=95"C
)
o

10

0 1 2 3 4 5

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.2. IoL - VoL standard characteristics of ports PO to P7 (Vcc =5V)

Vce=5V

80 Ta=—50°C

Ta=25"C

loL [mA]
»

Ta=95°C
40

0 1 2 3 4 5
VoL [V]
Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.3. loL - VoL standard characteristics of port P1 (Vcc = 5V, HIGH POWER)
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vce=3V

—20
<
E
I
]

Ta=—50°C
—10 Ta=25°C
Ta=95°C
0 1 2 3

VOH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.4. IoH - VoH standard characteristics of ports PO to P7 (Vcc = 3V)

Vcce=3V

20
<
E
2 . Ta=—50°C
o Ta=25°C

10

C
Ta=95°C
0 1 2 3

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Flectrical characteristics” for rated valies

Figure 5.1.5. IoL - VoL standard characteristics of ports PO to P7 (Vcc = 3V)

Vce=3V

40
= Ta=—50°C
£
é’ Ta=25°C

20 )

Ta=95"C
0 1 3

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.6. loL - VoL standard characteristics of port P1 (Vcc = 3V, HIGH POWER)
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5.1.2 Standard Characteristics of Icc-f(XIN)
Figures 5.1.7 and 5.1.8 show the standard characteristics of Icc-f(XIN). The standard characteristics
given in this section are examples of M30201M4-XXXFP. The contents of these examples cannot be
guaranteed. For standardized values, see “Electric characteristics”.

Vcc=3V
* Measurement conditions :
Vce =5V, Ta = 25°C, f(XIN) : square waveform input, single-chip mode
When access to ROM and RAM without wait
* Register setting condition
XIN - XouT drive capacity select bit = “1" (HIGH)
Main clock (XIN - XouT) stop bit ="0" (On)
16
14 —e—XIN/1
—m XIN/2
—A—XIN/4
12
—¢—XIN/8
—x—XIN/ 16
< 10
E
)
L
8
6
4
2
omé
0 2 4 6 8 10
f(XIN) [MHZz]
Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figures 5.1.7. Standard characteristics of Icc-f(XIN) (Vcc = 5V)
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N Vcc=3V
* Measurement conditions :
Vce = 3V, Ta = 25°C, f(XIN) : square waveform input, single-chip mode
When access to ROM and RAM without wait
* Register setting condition
XIN - XouT drive capacity select bit =“1" (HIGH)
Main clock (XIN - XouT) stop bit ="“0" (On)
8
Al SEEE— —— XIN/ 1 |
—m— XIN/2
—A— XIN/ 4
6
—¢«—XIN/8
—¥— XIN/ 16
e 5
E
Q
L
4
3
2
1
0
0 2 4 5 6 8 10
f(XIN) [MHZz]
Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figures 5.1.8. Standard characteristics of lcc-f(XIN) (Vcc = 3V)
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5.2 Standard Characteristics of Pull-Up Resistor
Figure 5.2.1 shows an example of the standard characteristics of the pull-up resistor. The standard character-
istics given in this section are examples of M30201M4-XXXFP. The contents of these examples cannot be

guaranteed. For standardized values, see “Electric characteristics”.

Ta=25°C

—150
_ Vce=5V
3 —100

—50 Vce=3V
0 1 2 3 4 5
VI [V]
Note: Data described here are characteristic examples. The data values are not guaranteed.

Figure 5.2.1. Example of the standard characteristics of the pull-up resistor
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5.3 Standard DC Characteristics (Flash memory version)
The standard characteristics given in this section are examples of M30201F6FP. The contents of these
examples cannot be guaranteed. For standardized values, see “Electric characteristics”.

5.3.1 Standard Ports Characteristics

Figures 5.3.1 through 5.3.3 show the standard ports characteristics.
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Vce=5v
—30 Ta=—50°C
Ta=25"C

< e
e Ta=95°C
= —20 A
I
k)

—10

0 1 2 3 4 5
VOH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer tn section “Flectrical characteristics” for rated valiies

Figure 5.3.1. IoH - VoH standard characteristics of ports PO to P7 (Vcc =5V)

Vce=5Vv
Ta=—50°C

30 Ta=25°C
'<E‘ 4
= 20 Ta=95°C
2

10

0 1 2 3 4 5

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to sectinn “Flectrical characteristics” for rated valiies

Figure 5.3.2. IoL - VoL standard characteristics of ports PO to P7 (Vcc =5V)

Vce=5Vv

Ta=—50°C

Ta=25’C
80

loL [mA]

Ta=95°C

40

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.3.3. loL - VoL standard characteristics of port P1 (Vcc = 5V, HIGH POWER)
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5.3.2 Standard Characteristics of Icc-f(XIN)
Figure 5.3.4 shows the Characteristics of Icc-f(XIN). The standard characteristics given in this section are
examples of M30201F6FP. The contents of these examples cannot be guaranteed. For standardized
values, see “Electric characteristics”.

16

14

12

10

Icc [mA]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Vcc=5V

* Measurement conditions :
Vce =5V, Ta = 25°C, f(XIN) : square waveform input, single-chip mode
When access to ROM and RAM without wait
* Register setting condition
XIN - XouT drive capacity select bit =“1" (HIGH)
Main clock (XIN - XouT) stop bit ="0" (On)

—e—XIN/1
—a—XIN/2
—A—XIN/ 4
—¢«—XIN/8
—%—XIN/ 16

2 4 6 8 10
f(XIN) [MHZz]

Figures 5.3.4. Standard characteristics of lcc-f(XIN) (Vcc = 5V)
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5.4 Standard Characteristics of Pull-Up Resistor
Figure 5.4.1 shows an example of the standard characteristics of the pull-up resistor. The standard character-
istics given in this section are examples of M30201F6FP. The contents of these examples cannot be guaran-
teed. For standardized values, see “Electric characteristics”.

Ta=25°C
—150
— Vee=5V
< —100
—50
0 1 2 3 4 5
VI V]

Note: Data described here are characteristic examples. The data values are not guaranteed.

Figure 5.4.1. Example of the standard characteristics of the pull-up resistor
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Appendix 1 Check Sheet

The following check sheet was created based on items which had been the source of problems in the past.
We recommend you refer to the check sheet when troubleshooting.

Checks regarding register initial settings

[] Has the initial setting been made in the interrupt stack pointer (ISP) at the top of the program?
[] Has the initial setting been made in the user stack pointer (USP)? (Only if using the USP)

[] Does the USP overlap the ISP area? (Only if using the USP)

[ 1s interrupt enabled after setting the ISP and USP?

[ Is the top address of the variable interrupt vector table set in the interrupt table register (INTB)?
[ 1s interrupt enabled after setting the INTB?

[] Has the initial setting been made in the frame base register (FB)? (Only if using the FB)

[] Has the initial setting been made in the stack base register (SB)? (Only if using the SB)

Checks regarding the internal memory
[[] Does the RAM capacity used in the program exceed the RAM capacity of the microcomputer?

[] Does the ROM capacity used in the program exceed the ROM capacity of the microcomputer?

Checks regarding the protect register
[] 1s writing enabled in the protect register (address 000A16) before writing in the system clock control
register (addresses 000616 and 000716)?

[] 1s writing enabled in the protect register before writing in the processor mode register (addresses
000416 and 000516)?

[] 1s writing enabled in the protect register before writing in the port P4 direction register (address
03EA16)?

[] 1s writing effectuated in the port P4 direction register by the next instruction after writing is enabled in
the protect register?

[] Does not an interrupt generate between the instruction writing is enabled in the protect register and
the instruction writing in the port P4 direction register?

396 | zEN ESAS vwww.DataSheetd4U.com

RenesasTechnology Corp.



Mitsubishi microcomputers

M30201 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Appendix 1 Check Sheet

Checks regarding the timer
[] Is the timer started after a value is set in the timer register?

Checks regarding low power consumption
[ In the low power consumption mode, does not current flow from Vref when the Vref connection bit (bit
5 in address 03D716) is set?

[] 1s not voltage level of port floating in the low power consumption mode?

Checks regarding Interrupt

[] When rewrite the interrupt register, do so at a point that does not generate the interruput request?

Checks regarding low voltage

[] When using at low voltage, have you checked recommended operating conditions and changed the
walit bit (address 000516, bit 7) to “1"?

Checks regarding A-D converter

[[] Have you selected other than fap (no dividing) for @Ab when using the A-D converter at Vcc = 2.7 -
4.0V?

[] Have you selected no sample & hold function when using the A-D converter at Vcc = 2.7 - 4.0V?

[] Have you selected 8-bit mode when using the A-D converter at Vcc = 2.7 - 4.0V?
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D7 to D4 0000 0001 0010 0011 0100 0101 0110 0111
D3 to DO 0 1 2 3 4 5 6 7
0000 0 BRK AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S MULU.B
ROH,ROL ROH,ROL ROH,AO 0,11[SB] 0,11[SB] label src,dest
0001 1 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S MULU.W
ROL,dsp:8[SB] dsp:8[SB],ROL | dsp:8[SB],ROL | dsp:8[SB],A0 1,11[SB] 1,11[SB] label src,dest
0010 2 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S MOV.B:G
ROL,dsp:8[FB] dsp:8[FB],ROL | dsp:8[FB],ROL | dsp:8[FB],A0 2,11[SB] 2,11[SB] label src,dest
0011 3 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S MOV.W:G
ROL,abs16 abs16,ROL abs16,ROL abs16,A0 3,11[SB] 3,11[SB] label src,dest
0100 4 NOP AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S CODE_74
ROL,ROH ROL,ROH ROCk,A1 4,11[SB] 4,11[SB] label
0101 5 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S CODE_75
ROH,dsp:8[SB] | dsp:8[SB],ROH | dsp:8[SB],ROH| dsp:8[SB],Al 5,11[SB] 5,11[SB] label
0110 6 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S CODE_76
ROH,dsp:8[FB] dsp:8[FB],ROH | dsp:8[FB],ROH | dsp:8[FB],Al 6,11[SB] 6,11[SB] label
0111 7 MOV.B:S AND.B:S ADD.B:S MOV.B:S BCLR:S BNOT:S JMP.S CODE_77
ROH,abs16 abs16,ROH abs16,ROH abs16,A1 7,11[SB] 7,11[SB] label
1000 8 MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JGEU/C MUL.B
ROH,ROL ROH,ROL ROH,ROL ROH,ROL 0,11[SB] 0,11[SB] label src,dest
1001 9 MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JGTU MUL.W
dsp:8[SB],ROL dsp:8[SB],ROL | dsp:8[SB],ROL | dsp:8[SB],ROL 1,11[SB] 1,11[SB] label src,dest
1010 A MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JEQ/Z CODE_7A
dsp:8[FB],ROL dsp:8[FB],ROL | dsp:8[FB],ROL | dsp:8[FB],ROL 2,11[SB] 2,11[SB] label
1011 B MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JN CODE_7B
abs16,ROL abs16,ROL abs16,ROL abs16,ROL 3,11[SB] 3,11[SB] label
1100 C MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JLTU/NC CODE_7C
ROL,ROH ROL,ROH ROL,ROH ROL,ROH 4,11[SB] 4,11[SB] label
1101 D MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JLEU CODE_7D
dsp:8[SB],ROH | dsp:8[SB],ROH | dsp:8[SB],ROH | dsp:8[SB],ROH 5,11[SB] 5,11[SB] label
1110 E MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JNE/INZ CODE_7E
dsp:8[FB],ROH dsp:8[FB],ROH | dsp:8[FB],ROH | dsp:8[FB],ROH 6,11[SB] 6,11[SB] label
1111 F MOV.B:S OR.B:S SUB.B:S CMP.B:S BSET:S BTST:S JPZ
abs16,ROH abs16,ROH abs16,ROH abs16,ROH 7,11[SB] 7,11[SB] label

The next instruction is arranged in each CODE.

CODE_74:STE,MOV,PUSH,NEG,ROT,NOT,LDE,POP,SHL,SHA

CODE_75:STE,MOV,PUSH,NEG,ROT,NOT,LDE,POP,SHL,SHA

CODE_76:TST,XOR,AND,OR,ADD,SUB,ADC,SBB,CMP,DIVX,ROLC,RORC,DIVU,DIV,ADCF,ABS

CODE_77:TST,XOR,AND,OR,ADD,SUB,ADC,SBB,CMP,DIVX,ROLC,RORC,DIVU,DIV,ADCF,ABS

CODE_7A:XCHG,LDC

CODE_7B:XCHG,STC

CODE_7C:MOV Dir ,MULU,MUL,EXTS,STC,DIVU,DIV,PUSH,DIVX,DADD,DSUB,DADC,DSBB,SMOVF,SMOVB,SSTR,ADD,LDCTX,RMPA,ENTER

CODE_7D:JMPI,JSRI,MULU,MUL,PUSHA,LDIPL,ADD,J Cnd ,BMCnd ,DIVU,DIV,PUSH,DIVX,DADD,DSUB,DADC,DSBB,SMOVF,SMOVB,SSTR,
STCTX,RMPA,EXITD,WAIT

CODE_7E:BTSTC,BMCnd ,BNTST,BAND,BNAND,BOR,BNOR,BCLR,BSET,BNOT,BTST,BXOR,BNXOR

CODE_EB:SHL,FSET,FCLR,MOVA,LDC,SHA,PUSHC,POPC,INT
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D7 to D4 1000 1001 1010 1011 1100 1101 1110 1111
D3 to DO 8 9 A B C D E F
0000 0 TST.B AND.B:G ADD.B:G ADC.B CMP.B:G CMP.B:Q ROT.B SHA.B
src,dest src,dest src,dest src,dest src,dest #IMM,dest #IMM,dest #IMM,dest
0001 1 TST.W AND.W:G ADD.W:G ADC.w CMP.W:G CMP.W:Q ROT.W SHA.W
src,dest src,dest src,dest src,dest src,dest #IMM,dest #IMM,dest #IMM,dest
0010 2 PUSH.B:S POP.B:S MOV.W:S INC.W PUSH.W:S POP.W:S MOV.B:S DEC.W
ROL ROL #IMM,A0 A0 A0 A0 #IMM,A0 A0
0011 3 ADD.B:S AND.B:S INC.B MOV.B:Z MOV.B:S STNZ CMP.B:S RTS
#IMM8,ROH #IMM8,ROH ROH #0,ROH #IMM8,ROH #IMM8,ROH #IMM8,ROH
0100 4 ADD.B:S AND.B:S INC.B MOQOV.B:Z MOV.B:S STNZ CMP.B:S JMP.W
#IMM8,ROL #IMM8,ROL ROL #0,ROL #IMM8,ROL #IMM8,ROL #IMM8,ROL label
0101 5 ADD.B:S AND.B:S INC.B MOQOV.B:Z MOV.B:S STNZ CMP.B:S JSR.W
#IMM8,dsp:8[SB] | #IMM8,dsp:8[SB] dsp:8[SB] #0,dsp:8[SB] |#IMM8,dsp:8[SB] #IMM8,dsp:8[SB] #IMM8,dsp:8[SB] label
0110 6 ADD.B:S AND.B:S INC.B MOQOV.B:Z MOV.B:S STNZ CMP.B:S INTO
#IMM8,dsp:8[FB] | #1IMM8,dsp:8[FB] dsp:8[FB] #0,dsp:8[FB] | #IMM8,dsp:8[FB] #IMM8,dsp:8[FB] #IMM8,dsp:8[FB]
0111 7 ADD.B:S AND.B:S INC.B MOQOV.B:Z MOV.B:S STNZ CMP.B:S
#IMM8,abs16 #IMM8,abs16 abs16 #0,abs16 #IMM8,abs16 #IMM8,abs16 #IMM8,abs16
1000 8 XOR.B OR.B:G SUB.B:G SBB.B ADD.B:Q MOV.B:Q SHL.B ADJINZ.B
src,dest src,dest src,dest src,dest #IMM,dest #IMM,dest #IMM,dest #IMM,dest,label
1001 9 XOR.W ORW:G SUB.W:G SBB.W ADD.W:Q MOV.W:Q SHL.W ADJINZ.W
src,dest src,dest src,dest src,dest #IMM,dest #IMM,dest #IMM,dest #IMM,dest,label
1010 A PUSH.B:S POP.B:S MOV.W:S INC.W PUSH.W:S POP.W:S MOV.B:S DEC.W
ROH ROH #IMM,A1 Al Al Al #IMM,A1 Al
1011 B SUB.B:S OR.B:S DEC.B NOT.B:S STZ STZX CODE_EB REIT
#IMM8,ROH #IMM8,ROH ROH ROH #IMM8,ROH #IMM8,#IMM8,ROH
1100 C SUB.B:S OR.B:S DEC.B NOT.B:S STZ STZX PUSHM JMP.A
#IMM8,ROL #IMM8,ROL ROL ROL #IMM8,ROL #IMM8,#IMM8,ROL src label
1101 D SUB.B:S OR.B:S DEC.B NOT.B:S STZ STzZX POPM JSR.A
#IMM8,dsp:8[SB] | #1IMM8,dsp:8[SB] dsp:8[SB] dsp:8[SB] #IMM8,dsp:8[SB] [#IMM8,#IMM8,dsp:8[SB] dest label
1110 E SUB.B:S OR.B:S DEC.B NOT.B:S STZ STzZX JMPS JMP.B
#IMM8,dsp:8[FB] | #IMM8,dsp:8[FB] dsp:8[FB] dsp:8[FB] #IMM8,dsp:8[FB] | #IMM8,#IMM8,dsp:8[FB] #IMM8 label
1111 F SUB.B:S OR.B:S DEC.B NOT.B:S STZ STzZX JSRS UND
#IMM8,abs16 #IMM8,abs16 abs16 abs16 #IMM8,abs16 #IMM8,#IMM8,abs16 #IMM8
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Revision History

Version Revision
Contents for change
date
REV.C |Pages 2,6 01.4.12

internal interrupt 9 ->13
Pages 2, 6
2.7 to 5.5V (f(XIN)=7MHz with software one-wait):mask ROM version
->2.7 to 5.5V (f(XIN)=3.5MHz ):mask ROM version
Page 6
Power consumption 18mA (f(XiN)=7MHz with software one-wait, Vcc=3V)
->11mA (f(XIN)=3.5MHz , Vcc=3V)
Page 7
M30201M2-XXXSP/FP, M30201M2T-XXXSP/FP ->Delete
M30201M4T-XXXSP, M30201F6T-XXXSP ->Delete
M30201M6-XXXFP, M30201M6T-XXXFP ->Addition
Pages 10, 11
Figures 1.7 and 1.8 are partly revised.
Page 15
Figure 1.11 is partly revised.
Page 17
Figure 1.14 is partly revised (Bit 7 of the processor mode register 1).
Wait bit ->Reserved bit
Page 18
Software-wait
Page 21
Figure 1.18 is partly revised (Note 8 is partly revised).
Page 22
Figure 1.19 is partly revised (n=0716 : approx. 16.5kHz -> 19.5kHz).
Page 34
Figure 1.24 is partly revised (Note 2 is added).
Page 50
Figure 1.39 is partly revised.
Page 78
Figure 1.72 is partly revised (UARTI transmit/receive mode register).
Page 79
Figure 1.73 is partly revised.
Page 81
Figure 1.74 is partly revised.
Page 86
Figure 1.79 is partly revised.
Pages 91 to 97
Figures 1.83 to 1.89 are partly revised.
Pages 111 to 114, 119to 123
Tables 1.36 to 1.39 and 1.56 to 1.71 are partly revised.
Page 125
Table 1.74 is partly revised (Boot ROM area 4 K bytes -> 3.5 K bytes) .
Page 143 to 169
Standard serial I/O mode 2 is added.
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Version Revision
Contents for change
date
REV.C |Page 204 01.6.8
2.2.15 Precaution for Timer A (one-shot timer mode) (3) is partly revised.
Page 219
2.3.7 Precautions for Timer B (pulse period/pulse width measurement mode)
(3) is partly revised.
Page 309
Table 2.7.11 and Table 2.7.12 are partly revised.
Page 320
Figure 2.10.3 is partly revised.
Page 324
Table 2.11.1 is partly revised.
Page 328
Figure 2.11.6 is partly revised.
Page 329
2.11.4 Precautions in Power Control (b) is partly revised.
Page 355
Figure 3.6.2 is partly revised.
Page 359
Figure 3.7.2 is partly revised.
Revision history M30201 Group User's Manual

RENESAS

RenesasTechnology Corp.

www.DalaShee%&cum



MITSUBISHI Single-Chip Microcomputer
User's Manual
M30201 Group REV.C

Mar. First Edition 1999

May. Second Edition 1999

Jun. Third Edition 2001

Editioned by

Committee of editing of Mitsubishi Semiconductor USER'S MANUAL

Published by
Mitsubishi Electric Corp., Kitaitami Works

This book, or parts thereof, may not be reproduced in any form without
permission of Mitsubishi Electric Corporation.

©2001 MITSUBISHI ELECTRIC CORPORATION www.DataSheetdl.com



	Chapter 1
	Description
	Pin Configuration 
	Block Diagram
	Performance Outline
	Operation of Functional Blocks

	Memory
	Central Processing Unit (CPU)
	Reset
	Software Reset

	Clock Generating Circuit
	Example of oscillator circuit
	Clock Control
	Clock Output
	Stop Mode
	Wait Mode

	Status Transition of BCLK 
	Power Saving
	Protection
	Overview of Interrupt
	Type of Interrupts
	Software Interrupts
	Hardware Interrupts
	Interrupts and Interrupt Vector Tables
	Interrupt Control
	Key Input Interrupt
	Address Match Interrupt
	Precautions for Interrupts

	Watchdog Timer
	Timer
	Timer A
	Timer B
	Timer X

	Serial I/O
	A-D Converter
	Programmable I/O Ports
	Example connection of unused pins
	Usage Precaution
	Electrical characteristics
	Description (Flash memory version)

	Chapter 2
	2.1 Protect 
	2.1.1 Overview 
	2.1.2 Protect Operation 
	2.1.3 Precaution for Protect 

	2.2 Timer A 
	2.2.1 Overview 
	2.2.2 Operation of Timer A (timer mode) 
	2.2.3 Operation of Timer A (timer mode, gate function selected) 
	2.2.4 Operation of Timer A (timer mode, pulse output function selected) 
	2.2.5 Operation of Timer A (event counter mode, reload type selected) 
	2.2.6 Operation of Timer A (event counter mode, free run type selected) 
	2.2.7 Operation of timer A (2-phase pulse signal process in event counter mode, 
	  normal mode selected) 
	2.2.8 Operation of timer A (2-phase pulse signal process in event counter mode, 
	  multiply-by-4 mode selected) 
	2.2.9 Operation of Timer A (one-shot timer mode) 
	2.2.10 Operation of Timer A (one-shot timer mode, external trigger selected) 
	2.2.11 Operation of Timer A (pulse width modulation mode, 16-bit PWM mode selected) 
	2.2.12 Operation of Timer A (pulse width modulation mode, 8-bit PWM mode selected) 
	2.2.13 Precautions for Timer A (timer mode) 
	2.2.14 Precautions for Timer A (event counter mode) 
	2.2.15 Precautions for Timer A (one-shot timer mode) 
	2.2.16 Precautions for Timer A (pulse width modulation mode) 

	2.3 Timer B 
	2.3.1 Overview 
	2.3.2 Operation of Timer B (timer mode) 
	2.3.3 Operation of Timer B (event counter mode) 
	2.3.4 Operation of Timer B (pulse period measurement mode) 
	2.3.5 Operation of Timer B (pulse width measurement mode) 
	2.3.6 Precautions for Timer B (timer mode, event counter mode) 
	2.3.7 Precautions for Timer B  (pulse period/pulse width measurement mode) 

	2.4 Timer X 
	2.4.1 Overview 
	2.4.2 Operation of Timer X (timer mode) 
	2.4.3 Operation of Timer X (timer mode, gate function selected) 
	2.4.4 Operation of Timer X (timer mode, pulse output function selected) 
	2.4.5 Operation of Timer X (event counter mode, reload type selected) 
	2.4.6 Operation of Timer X (event counter mode, free run type selected) 
	2.4.7 Operation of Timer X (one-shot timer mode) 
	2.4.8 Operation of Timer X (pulse period measurement mode) 
	2.4.9 Operation of Timer X (pulse width measurement mode) 
	2.4.10 Operation of Timer X (pulse width modulation mode, 16-bit PWM mode selected) 
	2.4.11 Operation of Timer X (pulse width modulation mode, 8-bit PWM mode selected) 
	2.4.12 Precautions for Timer X (timer mode, event counter mode) 
	2.4.13 Precautions for Timer X (one-shot timer mode) 
	2.4.14 Precautions for Timer X  (pulse period/pulse width measurement mode) 
	2.4.15 Precautions for Timer X (pulse width modulation mode) 

	2.5 Clock-Synchronous Serial I/O 
	2.5.1 Overview 
	2.5.2 Operation of Serial I/O (transmission in clock-synchronous serial I/O mode) 
	2.5.3 Operation of the Serial I/O (transmission in clock-synchronous serial I/O           mode, transfer clock output from mult
	2.5.4 Operation of Serial I/O (reception in clock-synchronous serial I/O mode) 
	2.5.5 Precautions for Serial I/O (in clock-synchronous serial I/O) 

	2.6 Clock-Asynchronous Serial I/O (UART) 
	2.6.1 Overview 
	2.6.2 Operation of Serial I/O (transmission in UART mode) 
	2.6.3 Operation of Serial I/O (reception in UART mode) 

	2.7 A-D Converter 
	2.7.1 Overview 
	2.7.2 Operation of A-D converter (one-shot mode) 
	2.7.3 Operation of A-D Converter (in repeat mode) 
	2.7.4 Operation of A-D Converter (in single sweep mode) 
	2.7.5 Operation of A-D Converter (in repeat sweep mode 0) 
	2.7.6 Operation of A-D Converter (in repeat sweep mode 1) 
	2.7. 7 Precautions for A-D Converter 
	2.7.8 Method of A-D Conversion (10-bit mode) 
	2.7.9 Method of A-D Conversion (8-bit mode) 
	2.7.10 Absolute Accuracy and Differential Non-Linearity Error 
	2.7.11 Internal Equivalent Circuit of Analog Input 
	2.7.12 Sensorﾕs Output Impedance under A-D Conversion 

	2.8 Watchdog Timer 
	2.8.1 Overview 
	2.8.2 Operation of Watchdog Timer 

	2.9 Address Match Interrupt 
	2.9.1 Overview 
	2.9.2 Operation of Address Match Interrupt 

	2.10 Key-Input Interrupt 
	2.10.1 Overview 
	2.10.2 Operation of Key-Input Interrupt 

	2.11 Power Control 
	2.11.1 Overview 
	2.11.2 Stop Mode Set-Up 
	2.11.3 Wait Mode Set-Up 
	2.11.4 Precautions in Power Control 

	2.12 Programmable I/O Ports 
	2.12.1 Overview 


	Chapter 3
	3.1 Long-Period Timers 
	3.2 Variable-Period Variable-Duty PWM Output 
	3.3 Delayed One-Shot Output 
	3.4 Buzzer Output 
	3.5 Solution for External Interrupt Pins Shortage 
	3.6 Controlling Power Using Stop Mode 
	3.7 Controling Power Using Wait Mode 

	Chapter 4
	4.1 Overview of Interrupt 
	4.1.1 Type of Interrupts 
	4.1.2 Software Interrupts 
	4.1.3 Hardware Interrupts 
	4.1.4 Interrupts and Interrupt Vector Tables 

	4.2 Interrupt Control 
	4.2.1 Interrupt Enable Flag 
	4.2.2 Interrupt Request Bit 
	4.2.3 Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL) 
	4.2.4 Rewrite the interrupt control register 

	4.3 Interrupt Sequence 
	4.3.1 Interrupt Response Time 
	4.3.2 Variation of IPL when Interrupt Request is Accepted 
	4.3.3 Saving Registers 

	4.4 Returning from an Interrupt Routine 
	4.5 Interrupt Priority 
	4.6 Multiple Interrupts 
	4.7 Precautions for Interrupts 

	Chapter 5
	5.1 Standard DC Characteristics 
	5.1.1 Standard Ports Characteristics 
	5.1.2 Standard Characteristics of ICC-f(XIN) 

	5.2 Standard Characteristics of Pull-Up Resistor 
	5.3 Standard DC Characteristics (Flash memory version) 
	5.3.1 Standard Ports Characteristics 
	5.3.2 Standard Characteristics of ICC-f(XIN) 

	5.4 Standard Characteristics of Pull-Up Resistor 


