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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of
third parties by or arising from the use of Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document
or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
Genera Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LSI, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




About This Manual

Purpose and Target User

This manual is designed to be read primarily by application developers who have an understanding of this
microcomputer (MCU) including its hardware functions and electrical characteristics. The user should have
a basic understanding of electric circuits, logic circuits and, MCUs.

This manual consists of six main categories: Overview, CPU, System Control, Peripherals, Electrical
Characteristics, and Usage Notes.

Carefully read all notes in this document prior to use. Notes are found throughout each chapter, at the end

of each chapter, and in the dedicated Usage Notes chapter.

The Revision History at the end of this manual summarizes primary modifications and additions to the
previous versions. For details, please refer to the relative chapters or sections of this manual.

The M16C/64C Group includes the documents listed below. Verify this manual is the latest version by
visiting the Renesas Electronics website.

Type of Document

Contents

Document Name

Document Number

Datasheet

Overview of Hardware and Electrical
Characteristics

M16C/64C Group
Datasheet

R01DS0016EJ0110

User’s Manual:
Hardware

Specifications and detailed
descriptions of:

-pin layout

-memory map

-peripherals

-electrical characteristics

-timing characteristics

Refer to the Application Manual for
peripheral usage.

M16C/64C Group
User’s Manual:
Hardware

This publication

User’s Manual:
Software/Software
Manual

Descriptions of instruction set

M16C/60, M16C/20,
M16C/Tiny Series
Software Manual

REJ09B0137

Application Note

-Usages

-Applications

-Sample programs
-Programming technics using
Assembly language or C
programming language

Renesas Technical
Update

Bulletins on product specifications,
documents, etc.

Available on the Renesas Electronics

website.




2. Numbers and Symbols
The following explains the denotations used in this manual for registers, bits, pins and various numbers.

(1) Registers, bits, and pins
Registers, bits, and pins are indicated by symbols. Each symbol has a register/bit/pin identifier
after the symbol.
Example: PMO03 bit in the PMO register
P3_5 pin, VCC pin

(2) Numbers
A binary number has the suffix “b” except for a 1-bit value.
A hexadecimal number has the suffix “h”.
A decimal number has no suffix.
Example: Binary notation: 11b
Hexadecimal notation: EFAOh
Decimal notation: 1234




3. Registers

The following illustration describes registers used throughout this manual.

. See Note 1
Example Register See Note 2
b7 b6 b5 b4 b3 b2—blba Symbol Address Reset Value
(] [o]s]X | |V exawpLe 9999h 000X 1X00b

EEREREE
i i i i E E i E Bit Symbol Bit Name Description RW
I T R T T
T T T T T A A b2 b1
P T AAAAQ 0 0 : XX function RW
I Example bit 0 0 1:YY function
1 1 1 1 1 1 1 . H
oo ] AAAAL 1 0:Do not set this value. RW
i i i i E i 1 1:ZZ function | _{+—See Note 3
i E i E i i ________ — No register bit. If necessary, set this bit to 0. The & eis
Py (b2) undefined. _
1 1 1 1 1
1 1 1 1 1 p—
[ T T T S is bi
i i i i (b3) Reserved Set this bit to 1. ﬂ ™ o s
R — Reserved Set this bit to 0. The read value is rw b~
i i i (b4) undefined.
1 1 1
I et AAAAS N wo
P Example bit 1 Functions vary with operating modes
1 1
b AAAAG WO
1
1
| 0: Example detected
S,

AAAAT Example flag 1: Example not detected RO

Notes:

1. Blank box: Set this bit to 0 or 1 according to the function.
0: Set this bit to 0.
1: Set this bit to 1.
X: Nothing is assigned to this bit.

2. RW: Read and write
RO: Read only
WO: Write only (the read value is undefined)
—: Not applicable

3. Reserved bit: This bit field is reserved. Set this bit to a specified value. For RW bits, the written value is
read unless otherwise noted.

* No register bit(s): No register bit(s) is/are assigned to this field. If necessary, set to 0 for possible future
implementation.

* Do not use this combination: Proper operation is not guaranteed when this value is set.

* Functions vary with operating modes: Functions vary with peripheral operating modes. Refer to register
illustrations of the respective mode.




4. Abbreviations and Acronyms

The following acronyms and terms are used throughout this manual.

Abbreviation/Acronym Meaning
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
I/O Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.
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Quick Reference

Only one page number is listed for each register. Refer to the REGISTER INDEX for more details.

Address Register Symbol Page Address Register_ Symbol Page
ooy 04 | i e o e o | 190
Sooan 004Ah gﬁri-rrozl g:;igzlrllsmn Detection Interrupt BCNIC 105
0003h 004Bh | DMAO Interrupt Control Register DMoIC 195
0004h | Processor Mode Register 0 PMO 46 004Ch | DMAL Interrupt Control Register DM1IC 195
0005h | Processor Mode Register 1 PM1 133 004Dh | Key Input Interrupt Control Register KUPIC 195
0006h | System Clock Control Register 0 CMO 87 004Eh | A/D Conversion Interrupt Control Register ADIC 196
0007h | System Clock Control Register 1 IS YE 39 004Fh | UART2 Transmit Interrupt Control Register S2TIC 195
0008h | Chip Select Control Register CSR 139 0050h | UART2 Receive Interrupt Control Register S2RIC 195
0009h 0051h [ UARTO Transmit Interrupt Control Register SOTIC 195
000Ah | Protect Register PRCR 40 0052h | UARTO Receive Interrupt Control Register SORIC 195
000Bh | Data Bank Register DBR 155 0053h | UART1 Transmit Interrupt Control Register S1TIC 195
000Ch | Oscillation Stop Detection Register cMm2 91 0054h | UARTL1 Receive Interrupt Control Register S1RIC 195
000Dh 0055h | Timer AO Interrupt Control Register TAOIC 195
000Eh 0056h | Timer Al Interrupt Control Register TAlIC 195
000Fh 0057h | Timer A2 Interrupt Control Register TA2IC 195
0010h | Program 2 Area Control Register PRG2C 135 0058h | Timer A3 Interrupt Control Register TA3IC 195
0011h 0059h | Timer A4 Interrupt Control Register TA4IC 195
0012h | Peripheral Clock Select Register PCLKR 93 005Ah | Timer BO Interrupt Control Register TBOIC 195
0013h 005Bh | Timer B1 Interrupt Control Register TB1IC 195
0014h 005Ch | Timer B2 Interrupt Control Register TB2IC 195
0015h | Clock Prescaler Reset Flag CPSRF 256 005Dh | INTO Interrupt Control Register INTOIC 196
0016h | Peripheral Clock Stop Register 1 PCLKSTP1 93 005Eh | INTT Interrupt Control Register INT1IC 196
0017h 005Fh | INT2 Interrupt Control Register INT2IC 196
0018h | Reset Source Determine Register RSTFR 47 OOt(ZOh
0019h | Voltage Detector 2 Flag Register VCR1 63 0068h
001Ah | Voltage Detector Operation Enable Register VCR2 64 0069h | DMAZ2 Interrupt Control Register DM2IC 195
001Bh | Chip Select Expansion Control Register CSE 140 006Ah | DMAS3 Interrupt Control Register DM3IC 195
001Ch | PLL Control Register 0 PLCO 95 UARTS Bus_CoIIision Detection Interrupt USBCNIC
001Dh 006Bh Con;rol Register, CEC1 Interrupt Control CEClIC’ 195

Register
001Eh | Processor Mode Register 2 PM2 96 oo6ch | UARTS Transmit Interrupt Control Register, S5TIC, 195
001Fh CEC2 Interrupt Control Register CEC2IC
0020h 006Dh | UARTS Receive Interrupt Control Register S5RIC 195
0021h UART6 Bus_CoIIision Detection Interrupt
006Eh Contro_l Register, o UBBCNIC 105
0022h Real-Time Clock Periodic Interrupt Control RTCTIC
0023h Register
0024h 006Fh g?aFTTTEisrnTéaglsz)TE g?nr;)uaprteclstrgrrﬂ;?:%?t%l RSTG(I (':CIC 195
0025h Register
0026h | Voltage Monitor Function Select Register VWCE 65 0070h | UART6 Receive Interrupt Control Register S6RIC 195
0027h UART?7 Bus Collision Detection Interrupt
- Control Register, U7BCNIC,
0028h | Voltage Detector 1 Level Select Register VDILS 66 0071h | pemote Control Signal Receiver 0 Interrupt PMCOIC 195
0029h Control Register
T |5 | [y | R Cone S et e | S | 10m
002Bh | Voltage Monitor 1 Control Register VWic 68 Control Register Pmc1IC
002Ch | Voltage Monitor 2 Control Register vw2c 70 0073h | UARTY Receive Interrupt Control Register S7RIC 195
002Dh 0074h
002Eh 0075h
002Fh 0076h
0030h 0077h
003Fh 0078h
0040h 0079h
0041h 007An
0042h | INT7 Interrupt Control Register INT7IC 196 007Bh | 12C-bus Interface Interrupt Control Register lcic 195
0043h | INT6 Interrupt Control Register INT6IC 196 007Ch | SCL/SDA Interrupt Control Register SCLDAIC 195
0044h | INT3 Interrupt Control Register INT3IC 196 007Dh
0045h | Timer B5 Interrupt Control Register TB5IC 196 007Eh
Timer B4 Interrupt_ Control Register TBAIC 007Fh
0046h | UART1 Bus Collision Detection Interrupt U1BCNIC 195 The blank areas are reserved. No access is allowed.
Control Register
Timer B3 Interrupt_ Control Rggister TB3IC
0047h | UARTO Bus_CoII|S|on Detection Interrupt UOBCNIC 195
Control Register
00481 | T3 inorrupt Contrl Regieer nrsc |1




Address Register Symbol Page Address Register Symbol Page
OOS)Oh 01C0h Timer BO-1 Register TBO1 308
017Fh 01C1h
0180h Zizz: Timer B1-1 Register TB11 308
0181h | DMAO Source Pointer SARO 237
0182h 01C4h Timer B2-1 Register TB21 308
0183h o Pulse Period/Pulse Width M
0184h o1ceh Mltjjsg FLeJrr:(‘:)tionuSSeeIectI Rlegis?earsTemem PPWFS1 309
0185h | DMAO Destination Pointer DARO 237 01C7h
0186h 01C8h [ Timer B Count Source Select Register 0 TBCSO 310
0187h 01C9h [ Timer B Count Source Select Register 1 TBCS1 310
2122: DMAO Transfer Counter TCRO 238 gii::
018Ah 01CCh
018Bh 01CDh
018Ch | DMAO Control Register DMOCON 239 01CEh
018Dh 01CFh
018Eh 01DOh | Timer A Count Source Select Register 0 TACSO 258
018Fh 01D1h | Timer A Count Source Select Register 1 TACS1 258
0190h 01D2h [ Timer A Count Source Select Register 2 TACS2 258
0191h | DMA1 Source Pointer SAR1 237 01D3h
0192h 01D4h 16-bit Pulsg Width Modulation Mode Function PWMES 259
0193h Select Register
o194h 01D5h E‘r:gei:srtérWaveform Output Function Select TAPOES 260
0195h | DMA1 Destination Pointer DAR1 237 01D6h
0196h 01D7h
0197h 01D8h 'Il;i‘rane_zr A Output Waveform Change Enable TAOW 261
0198h 238 gister
0199n DMAL1 Transfer Counter TCR1 01D9h
019Ah 01DAh | Three-Phase Protect Control Register TPRC 342
019Bh 01DBh
019Ch | DMAL Control Register DMICON 239 01DCh
0190h 01DDh
019Eh 01DEh
019Fh 01DFh
01A0h 01E0N Timer B3-1 Register TB31 308
01A1h | DMA2 Source Pointer SAR2 237 01E1h
01A2h 01E2h Timer B4-1 Register TB41 308
01A3h 01E3h
01A4h 01E4h Timer B5-1 Register TB51 308
01A5h | DMA2 Destination Pointer DAR2 237 01ESh _ _

Do | Fonn St | Povese | o
01A7h 01E7h
01A8h DMA2 Transfer Counter TCR2 238 01E8h | Timer B Count Source Select Register 2 TBCS2 310
01A%h 01E9h | Timer B Count Source Select Register 3 TBCS3 310
01AAh 01EAh
01ABh 01EBh

01ACh | DMA2 Control Register DM2CON 239 01ECh
01ADh 01EDh
01AEh 01EEh
01AFh 01EFh
01BOh 01FOh | PMCO Function Select Register 0 PMCOCONO 407
01B1h | DMA3 Source Pointer SAR3 237 01F1h | PMCO Function Select Register 1 PMCOCON1 409
01B2h 01F2h | PMCO Function Select Register 2 PMCOCON2 411
01B3h 01F3h | PMCO Function Select Register 3 PMCOCON3 413
01B4h 01F4h | PMCO Status Register PMCOSTS 414
01B5h | DMA3 Destination Pointer DAR3 237 01F5h | PMCO Interrupt Source Select Register PMCOINT 417
01B6h 01F6h | PMCO Compare Control Register PMCOCPC 423
01B7h 01F7h | PMCO Compare Data Register PMCOCPD 424
01B8h DMA3 Transfer Counter TCR3 238 01F8h | PMC1 Function Select Register 0 PMC1CONO 407
01B9h 01F9h | PMC1 Function Select Register 1 PMC1CON1 409
01BAh 01FAh | PMC1 Function Select Register 2 PMC1CON2 411
01BBh 01FBh | PMC1 Function Select Register 3 PMC1CON3 413
01BCh | DMA3 Control Register DM3CON 239 01FCh | PMC1 Status Register PMC1STS 414
01BDh 01FDh | PMC1 Interrupt Source Select Register PMC1INT 417
01BEh 01FEh
01BFh 01FFh

The blank areas are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0200h 0244h | UARTO Special Mode Register 4 UOSMR4 466
0201h 0245h | UARTO Special Mode Register 3 UOSMR3 468
0202h 0246h | UARTO Special Mode Register 2 UOSMR2 469
0203h 0247h | UARTO Special Mode Register UOSMR 470
0204h 0248h | UARTO Transmit/Receive Mode Register UOMR 458
0205h | Interrupt Source Select Register 3 IFSR3A 197 0249h | UARTO Bit Rate Register UOBRG 459
0206h | Interrupt Source Select Register 2 IFSR2A 198 024Ah X .

- UARTO Transmit Buffer Register uoTB 459
0207h | Interrupt Source Select Register IFSR 199 024Bh
0208h 024Ch [ UARTO Transmit/Receive Control Register O uoco 460
0209h 024Dh | UARTO Transmit/Receive Control Register 1 uocC1 462
020Ah 024Eh i .
UARTO Receive Buffer Register UORB 463
020Bh 024Fh
020Ch 0250h | UART Transmit/Receive Control Register 2 UCON 465
020Dh 0251h
020Eh | Address Match Interrupt Enable Register AIER 200 0252h
020Fh | Address Match Interrupt Enable Register 2 AIER2 200 0253h
0210h 0254h | UART1 Special Mode Register 4 U1SMR4 466
0211h | Address Match Interrupt Register O RMADO 201 0255h | UART1 Special Mode Register 3 U1SMR3 468
0212h 0256h | UART1 Special Mode Register 2 U1SMR2 469
0213h 0257h | UART1 Special Mode Register U1SMR 470
0214h 0258h | UARTL1 Transmit/Receive Mode Register UIMR 458
0215h | Address Match Interrupt Register 1 RMAD1 201 0259h | UART1 Bit Rate Register U1BRG 459
0216h 025Ah . )
UART1 Transmit Buffer Register uliTB 459
0217h 025Bh
0218h 025Ch [ UART1 Transmit/Receive Control Register 0 uico 460
0219h | Address Match Interrupt Register 2 RMAD2 201 025Dh [ UART1 Transmit/Receive Control Register 1 uUic1 462
021Ah 025Eh
UART1 Receive Buffer Register U1RB 463
021Bh 025Fh
021Ch 0260h
021Dh | Address Match Interrupt Register 3 RMAD3 201 0261h
021Eh 0262h
021Fh 0263h
0220h | Flash Memory Control Register 0 FMRO 660 0264h | UART2 Special Mode Register 4 U2SMR4 466
0221h | Flash Memory Control Register 1 FMR1 663 0265h | UART2 Special Mode Register 3 U2SMR3 468
0222h | Flash Memory Control Register 2 FMR2 112 0266h | UART2 Special Mode Register 2 U2SMR2 469
0223h | Flash Memory Control Register 3 FMR3 665 0267h | UART2 Special Mode Register U2SMR 470
0224h 0268h | UART2 Transmit/Receive Mode Register U2MR 458
0225h 0269h | UART2 Bit Rate Register U2BRG 459
0226h 026Ah
UART2 Transmit Buffer Register u2TB 459
0227h 026Bh
0228h 026Ch [ UART2 Transmit/Receive Control Register O u2co 460
0229h 026Dh | UART2 Transmit/Receive Control Register 1 u2C1 462
022Ah 026Eh i .
UART2 Receive Buffer Register U2RB 463
022Bh 026Fh
022Ch 0270h | SI/O3 Transmit/Receive Register S3TRR 523
022Dh 0271h
022Eh 0272h | SI/O3 Control Register S3C 524
022Fh 0273h | SI/O3 Bit Rate Register S3BRG 525
0230h | Flash Memory Control Register 6 FMR6 666 0274h | SI/O4 Transmit/Receive Register SATRR 523
0231h 0275h
0232h 0276h | SI/O4 Control Register S4C 524
0233h 0277h | SI/O4 Bit Rate Register S4BRG 525
0234h 0278h SI/03, 4 Control Register 2 S34C2 525
0235h 0279h
0236h 027Ah
0237h 027Bh
0238h 027Ch
023%h 027Dh
023Ah 027Eh
023Bh 027Fh
023Ch 0280h
023Dh 0281h
023Eh 0282h
023Fh 0283h
0240h 0284h | UARTS5 Special Mode Register 4 U5SMR4 466
0241h 0285h | UARTS5 Special Mode Register 3 U5SMR3 468
0242h 0286h | UARTS5 Special Mode Register 2 U5SMR2 469
0243h 0287h | UARTS5 Special Mode Register U5SMR 470

The blank areas are reserved. No access is allowed.
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Address Register Symbol Page Address Register Symbol Page
0288h | UARTS5 Transmit/Receive Mode Register U5MR 458 0300h | Timer B3/B4/B5 Count Start Flag TBSR 31
0289%h | UARTS Bit Rate Register USBRG 459 0301h
028Ah ] ] 0302h | _ ]

UARTS5 Transmit Buffer Register UsTB 459 Timer Al-1 Register TA1l 263
028Bh 0303h
028Ch | UART5 Transmit/Receive Control Register 0 uU5Co 460 0304h X i
- - - Timer A2-1 Register TA21 263
028Dh [ UARTS Transmit/Receive Control Register 1 U5C1 462 0305h
028Eh i X 0306h X X
UARTS5 Receive Buffer Register USRB 463 Timer A4-1 Register TA41 263
028Fh 0307h
0290h 0308h | Three-Phase PWM Control Register 0 INVCO 334
0291h 0309h | Three-Phase PWM Control Register 1 INVC1 336
0292h 030Ah | Three-Phase Output Buffer Register 0 IDBO 338
0293h 030Bh | Three-Phase Output Buffer Register 1 IDB1 338
0294h | UART6 Special Mode Register 4 U6SMR4 466 030Ch | Dead Time Timer DTT 338
0295h | UART6 Special Mode Register 3 UBSMR3 468 030Dh Timer B2 Interrupt Generation Frequency Set ICTR2 339
0296h | UART6 Special Mode Register 2 UBSMR2 469 Counter |
Position-Data-Retain F i t
0297h | UART6 Special Mode Register UGSMR 470 030Eh R‘;Z'is'?gr ata-Retain Function Contro PDRF 341
0298h | UART6 Transmit/Receive Mode Register U6MR 458 030Fh
0299h | UARTS6 Bit Rate Register U6BRG 459 0310h
Timer B3 Register TB3 307
029Ah . . 0311h
UART®6 Transmit Buffer Register U6TB 459
029Bh 0312h
029Ch [ UART6 Transmit/Receive Control Register 0 u6Co 460 0313h Timer B4 Register TB4 307
029Dh | UART6 Transmit/Receive Control Register 1 U6C1 462 0314h
Timer B5 Register TB5 307
029Eh . . 0315h
UART6 Receive Buffer Register U6RB 463
029Fh 0316h
02A0h 0317h
02A1h 0318h | Port Function Control Register PFCR 342
02A2h 0319h
02A3h 031Ah
02A4h | UART7 Special Mode Register 4 U7SMR4 466 031Bh | Timer B3 Mode Register TB3MR 312
02A5h | UART7 Special Mode Register 3 U7SMR3 468 031Ch | Timer B4 Mode Register TBAMR 312
02A6h | UART7 Special Mode Register 2 U7SMR2 469 031Dh | Timer B5 Mode Register TBS5MR 312
02A7h | UART7 Special Mode Register U7SMR 470 031Eh
02A8h | UART7 Transmit/Receive Mode Register U7MR 458 031Fh
02A%h | UART7 Bit Rate Register U7BRG 459 0320h | Count Start Flag TABSR 263
02AAR . . 0321h
UART7 Transmit Buffer Register u7TB 459
02ABh 0322h | One-Shot Start Flag ONSF 264

02ACh | UARTY Transmit/Receive Control Register 0 u7Cco 460 0323h | Trigger Select Register TRGSR 265
02ADh | UART7 Transmit/Receive Control Register 1 u7C1 462 0324h | Increment/Decrement Flag UDF 266
02AEh X X 0325h

UART7 Receive Buffer Register U7RB 463
02AFh 0326h
02BOh | 12C0 Data Shift Register S00 539 0327 | Timer AQ Register TAO 262
02B1h 0328h
02B2h | 12C0 Address Register 0 S0DO 540 0320 | Tmer AL Register TAL 262
02B3h | 12C0 Control Register 0 S1D0 541 032Ah
02B4h | 12C0 Clock Control Register S20 543 OazBn | mer A2 Register TA2 262
02B5h | 12C0 Start/Stop Condition Control Register S2D0 545 032Ch
02B6h | 12C0 Control Register 1 S3D0 546 03zDn | Tmer A3 Register TA3 262
02B7h | 12C0 Control Register 2 S4D0 550 032Eh
02B8h | 12C0 Status Register 0 S10 552 O3arn | mer A4 Register TA4 262
02B9h | 12CO Status Register 1 S11 557 0330h
02BAh | 12C0 Address Register 1 S0D1 540 0331n | 'mer BO Register TBO 307
02BBh | 12C0 Address Register 2 S0D2 540 0332h

02BCh 0333h Timer B1 Register TB1 307
02BDh 0334h
02BEh 0335h Timer B2 Register TB2 307
02BFh 0336h | Timer AO Mode Register TAOMR 267
02;‘3" 0337h | Timer AL Mode Register TAIMR 267
02FFh 0338h | Timer A2 Mode Register TA2MR 267

0339h | Timer A3 Mode Register TA3MR 267
033Ah | Timer A4 Mode Register TAAMR 267

The blank areas are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
033Bh | Timer BO Mode Register TBOMR 312 0377h
033Ch | Timer B1 Mode Register TB1IMR 312 0378h
033Dh | Timer B2 Mode Register TB2MR 312 0379h
033Eh | Timer B2 Special Mode Register TB2SC 340 037Ah
033Fh 037Bh
0340h | Real-Time Clock Second Data Register RTCSEC 371 037Ch [ Count Source Protection Mode Register CSPR 226
0341h | Real-Time Clock Minute Data Register RTCMIN 372 037Dh | Watchdog Timer Refresh Register WDTR 227
0342h | Real-Time Clock Hour Data Register RTCHR 373 037Eh | Watchdog Timer Start Register WDTS 227
0343h | Real-Time Clock Day Data Register RTCWK 374 037Fh | Watchdog Timer Control Register wDC 228
0344h | Real-Time Clock Control Register 1 RTCCR1 375 0380h
0345h | Real-Time Clock Control Register 2 RTCCR2 377 0381h
0346h E:;:;’ér:le Clock Count Source Select RTCCSR 379 0382h
0383h
. | Clock S d C 0384h
Real-Time Clock Second Compare Data
0348h Register RTCCSEC 380 0385h
Ti i 0386h
0349h Rea! Time Clock Minute Compare Data RTCCMIN 381
Register 0387h
034an | Real-Time Clock Hour Compare Data RTCCHR 282 0388h
Register
0389h
034Bh
038Ah
034Ch
038Bh
034Dh
038Ch
034Eh
038Dh
034Fh
" " 038Eh
0350h | CEC Function Control Register 1 CECC1 585 038Fh
0351h | CEC Function Control Register 2 CECC2 586
- n 0390h | DMA2 Source Select Register DM2SL 240
0352h | CEC Function Control Register 3 CECC3 588 0391h
0353h | CEC Function Control Register 4 CECC4 590
" 0392h | DMA3 Source Select Register DM3SL 240
0354h | CEC Flag Register CECFLG 592 0393h
0355h | CEC Interrupt Source Select Register CISEL 593 0394h
0356h | CEC Transmit Buffer Register 1 CCTB1 594 0395h
0357h | CEC Transmit Buffer Register 2 CCTB2 594 0396h
0358h | CEC Receive Buffer Register 1 CCRB1 595 0397h
0359h | CEC Receive Buffer Register 2 CCRB2 595
- - 0398h | DMAO Source Select Register DMOSL 240
035Ah | CEC Receive Follower Address Set Register 1 CRADRI1 596 0399h
035Bh | CEC Receive Follower Address Set Register 2 CRADRI2 596
039Ah | DMAL1 Source Select Register DM1SL 240
035Ch 0398h
035Dh
039Ch
035Eh
039Dh
035Fh 039Eh
0360h | Pull-Up Control Register 0 PURO 179 039Fh
0361h | Pull-Up Control Register 1 PUR1 180 O3RN
0362h | Pull-Up Control Register 2 PUR2 181 03AIh
0363h O Circuit Detection Assist F ti
pen-Circuit Detection Assist Function
0364h 03A2h Register AINRST 620
0365h 03A3h
0366h | Port Control Register PCR 182 03A4h
0367h 03A5h
0368h 03A6h
0369h | NMI/SD Digital Filter Register NMIDF 203 03A7h
036Ah 03A8h
036Bh 03A9h
036Ch 03AAh
036Dh 03ABh
036Eh 03ACh
036Fh 03ADh
0370h | PWM Control Register 0 PWMCONO 397 03AEh
0371h 03AFh
0372h | PWMO Prescaler PWMPREO 398 03BOh
0373h | PWMO Regjister PWMREGO0 398 03B1h
0374h | PWM1 Prescaler PWMPRE1 398 03B2h
0375h | PWML1 Register PWMREG1 398 The blank areas are reserved. No access is allowed.
0376h | PWM Control Register 1 PWMCON1 399




Address Register Symbol Page Address Register Symbol Page
03B3h 03FOh | Port P8 Register P8 183
03B4h . 03F1h | Port P9 Register P9 183

SFR Snoop Address Register CRCSAR 652 —— -
03B5h 03F2h | Port P8 Direction Register PD8 184
03B6h | CRC Mode Register CRCMR 653 03F3h | Port P9 Direction Register PD9 184
03B7h 03F4h | Port P10 Register P10 183
03B8h 03F5h
03B9h 03F6h | Port P10 Direction Register PD10 184
03BAh 03F7h
03BBh 03F8h
03BCh ) 03F9h

CRC Data Register CRCD 653

03BDh 03FAh
03BEh | CRC Input Register CRCIN 653 03FBh
03BFh 03FCh
03C0h . 03FDh

A/D Register 0 ADO 621
03C1h 03FEh
03C2h 03FFh

A/D Register 1 AD1 621
03C3h DO000h

to
03C4h
- A/D Register 2 AD2 621 DO7Fh

03CS The blank areas are reserved. No access is allowed.
03C6h .

A/D Register 3 AD3 621
03C7h
03Csh .

AID Register 4 AD4 621
03C%
03CAh

AID Register 5 AD5 621

03CBh
03CCh .

AID Register 6 AD6 621

03CDh
03CEh )

AID Register 7 AD7 621
03CFh
03D0Oh
03D1h
03D2h
03D3h
03D4h | A/D Control Register 2 ADCON2 622
03D5h
03D6h | A/D Control Register 0 ADCONO 623
03D7h | A/D Control Register 1 ADCON1 625
03D8h | D/AO Register DAO 648
03D%h

03DAh | D/A1 Register DA1 648
03DBh
03DCh | D/A Control Register DACON 648
03DDh
03DEh
03DFh
03EOh | Port PO Register PO 183
03Elh | Port P1 Register P1 183
03E2h | Port PO Direction Register PDO 184
03E3h | Port P1 Direction Register PD1 184
03E4h | Port P2 Register P2 183
03E5h | Port P3 Register P3 183
03E6h | Port P2 Direction Register PD2 184
03E7h | Port P3 Direction Register PD3 184
03E8h | Port P4 Register P4 183
03E9h | Port P5 Register P5 183
03EAh | Port P4 Direction Register PD4 184
03EBh | Port P5 Direction Register PD5 184
03ECh | Port P6 Register P6 183
03EDh | Port P7 Register P7 183
03EEh | Port P6 Direction Register PD6 184
03EFh | Port P7 Direction Register PD7 184




Address Register Symbol Page
D080h . )
PMCO Header Pattern Set Register (Min) PMCOHDPMIN 418
DO081h
DO082h .
Dosan PMCO Header Pattern Set Register (Max) PMCOHDPMAX 418
D084h | PMCO Data 0 Pattern Set Register (Min) PMCODOPMIN 420
D085h | PMCO Data 0 Pattern Set Register (Max) PMCODOPMAX 420
D086h | PMCO Data 1 Pattern Set Register (Min) PMCOD1PMIN 420
D087h | PMCO Data 1 Pattern Set Register (Max) PMCOD1PMAX 420
D088h X
PMCO Measurements Register PMCOTIM 421
D08%h
DO8Ah
D08Bh
D08Ch | PMCO Receive Data Store Register 0 PMCODATO 422
D08Dh | PMCO Receive Data Store Register 1 PMCODAT1 422
DO8Eh | PMCO Receive Data Store Register 2 PMCODAT2 422
DO8Fh | PMCO Receive Data Store Register 3 PMCODAT3 422
D090h | PMCO Receive Data Store Register 4 PMCODAT4 422
D091h | PMCO Receive Data Store Register 5 PMCODAT5 422
D092h | PMCO Receive Bit Count Register PMCORBIT 421
D093h
D094h ) )
PMC1 Header Pattern Set Register (Min) PMC1HDPMIN 418
D095h
DO096h .
PMC1 Header Pattern Set Register (Max) PMC1HDPMAX 418
D097h
D098h | PMC1 Data 0 Pattern Set Register (Min) PMC1DOPMIN 420
D09%h | PMC1 Data 0 Pattern Set Register (Max) PMC1DOPMAX 420
D09Ah [ PMC1 Data 1 Pattern Set Register (Min) PMC1D1PMIN 420
D09Bh | PMCL1 Data 1 Pattern Set Register (Max) PMC1D1PMAX 420
D09Ch X
PMC1 Measurements Register PMC1TIM 421
D09Dh
DO9Eh
DO9Fh
DOAOh
to
D7FFh
The blank areas are reserved. No access is allowed.
| FFFFFh I Optional Function Select Address 1 OFS1 668

OFS1 address is not an SFR.
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1. Overview

1.1 Features

The M16C/64C Group microcomputer (MCU) incorporates the M16C/60 Series CPU core and flash
memory, employing sophisticated instructions for a high level of efficiency. This MCU has 1 MB of address
space (expandable to 4 MB), and it is capable of executing instructions at high speed. In addition, the
CPU core boasts a multiplier for high-speed operation processing.

This MCU consumes low power, and supports operating modes that allow additional power control. The
MCU also uses an anti-noise configuration to reduce emissions of electromagnetic noise and is designed
to withstand electromagnetic interference (EMI). By integrating many of the peripheral functions, including
the multifunction timer and serial interface, the number of system components has been reduced.

1.1.1 Applications

This MCU can be used in audio components, cameras, televisions, household appliances, office
equipment, communication devices, mobile devices, industrial equipment, and other applications.

RO1UH0092EJ0110 Rev.1.10 RENESAS Page 1 of 807
Jul 31, 2012



M16C/64C Group 1. Overview

1.2 Specifications
The M16C/64C Group includes 100-pin package. Table 1.1 and Table 1.2 list specifications.

Table 1.1 Specifications for the 100-Pin Package (1/2)
Item Function Description
M16C/60 Series core
(multiplier: 16 bit x 16 bit — 32 hit,
multiply and accumulate instruction: 16 bit x 16 bit + 32 bit — 32 bit)
CPU Central processing unit * Number of basic instructions: 91
* Minimum instruction execution time:
40.0 ns (f(BCLK) = 25 MHz, VCC1 =VCC2 =2.7t0 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor

See Table 1.3 “Product List (N-Version)” and Table 1.4 “Product List (D-
Version)”.

Memory ROM, RAM, data flash

* Power-on reset

Voltage detector * 3 voltage detection points (detection level of voltage detection O and 1
selectable)

Voltage
Detection

* 4 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
PLL frequency synthesizer

* Oscillation stop detection: Main clock oscillation stop/restart detection

Clock Clock generator function

* Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16

* Power saving features: Wait mode, stop mode

* Real-time clock

* Address space: 1 MB

¢ External bus interface: 0 to 3 waits inserted, 4 chip select outputs,
memory area expansion function (expandable to 4 MB), 3V and 5V

Bus memory expansion interfaces

* Bus format: Separate bus or multiplexed bus selectable, data bus width
selectable (8 or 16 bits), number of address buses selectable (12, 16, or
20)

* CMOS 1/O ports: 85 (selectable pull-up resistors)

* N-channel open drain ports: 3

External Bus
Expansion

1/0 Ports Programmable I/O ports

* Interrupt vectors: 70
Interrupts * External interrupt inputs: 13 (NMI, INT x 8, key input x 4)
* Interrupt priority levels: 7

15-bit timer x 1 (with prescaler)

Watchdog Timer Automatic reset start function selectable

* 4 channels, cycle steal mode
DMA DMAC * Trigger sources: 43
* Transfer modes: 2 (single transfer, repeat transfer)

RO1UH0092EJ0110 Rev.1.10 RENESAS Page 2 of 807
Jul 31, 2012



M16C/64C Group

1. Overview

Table 1.2 Specifications for the 100-Pin Package (2/2)
Item Function Description
16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse width
) modulation (PWM) mode
Timer A . .
Event counter two-phase pulse signal processing (two-phase encoder
input) x 3
Programmable output mode x 3
16-bit timer x 6
Timer B Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode
Timers Three-phase motor control * Three-phase inverter control (timer A1, timer A2, timer A4, timer B2)
timer functions * On-chip dead time timer
Real-time clock Count: seconds, minutes, hours, days of the week
PWM function 8 bits x 2
® 2 circuits
* 4 wave pattern matchings (differentiate wave pattern for headers, data
Remote control signal receiver | 0, data 1, and special data)
* 6-byte receive buffer (1 circuit only)
* Operating frequency of 32 kHz
. UARTO to UART2, UARTS to Clock synchronous/asyhchronous x 6 channels
Serial UART7 I2C-bus, IEBus, special mode 2
Interface SIM (UART2)
S1/03, SI/04 Clock synchronization only x 2 channels

Multi-master 12C-bus Interface

1 channel

CEC Functions )

CEC transmit/receive, arbitration lost detection, ACK automatic output,
operation frequency of 32 kHz

A/D Converter

10-bit resolution x 26 channels, including sample and hold function
Conversion time: 1.72 us

D/A Converter

8-bit resolution x 2 circuits

CRC Calculator

CRC-CCITT (X16 + X12 + X5 + 1),
CRC-16 (X16 + X15 + X2 + 1) compliant

Flash Memory

* Program and erase power supply voltage: 2.7t0 5.5V

* Program and erase cycles: 1,000 times (program ROM 1, program
ROM 2), 10,000 times (data flash)
* Program security: ROM code protect, ID code check

Debug Functions

On-chip debug, on-board flash rewrite, address match interrupt x 4

Operation Frequency/Supply Voltage

25 MHz/VCC1 =2.7t0 5.5V, VCC2 = 2.7 V to VCC1

Current Consumption

Refer to the Electrical Characteristics chapter

Operating Temperature

-20°C to 85°C, -40°C to 85°C ()

Package

100-pin QFP: PRQP0100JD-B (Previous package code: 100P6F-A)
100-pin LQFP: PLQPO0100KB-A (Previous package code: 100P6Q-A)

Notes:

1. See Table 1.3 “Product List (N-Version)” and Table 1.4 “Product List (D-Version)” for the operating temperature.

2.

The CEC function indicates circuitry which supports the transmission and reception of CEC signals standardized
by the High-Definition Multimedia Interface (HDMI). HDMI and High-Definition Multimedia Interface are

registered trademarks of HDMI Licensing, LLC.

RO1UHO092EJ0110 Rev.1.10

Jul 31, 2012
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M16C/64C Group

1. Overview

1.3 Product List

Table 1.3 and Table 1.4 list product information. Figure 1.1 shows the Part No., with Memory Size and
Package, and Figure 1.2 shows the Marking Diagram (Top View).

Jul 31, 2012

Table 1.3 Product List (N-Version) As of July, 2012
ROM Capacity RAM
Part No. Program Program : Package Code Remarks
C t
ROM 1 ROM 2 Data flash apacity
R5F36406CNFA 128 KB 16 KB 4 KB 12 KB PRQP0100JD-B | Operating
R5F36406CNFB x 2 blocks PLQPO0100KB-A |temperature
R5F3640ECNFA 256 KB 16 KB 4 KB 20KB | PRQP0100JD-B |20°C 10 85°C
R5F3640ECNFB x 2 blocks PLQPO100KB-A
R5F3640KCNFA 384 KB 16 KB 4 KB 31 KB PRQP0100JD-B
R5F3640KCNFB x 2 blocks PLQPO100KB-A
R5F3640MCNFA 512 KB 16 KB 4 KB 31 KB PRQP0100JD-B
R5F3640MCNFB x 2 blocks PLQPO0100KB-A
(D): Under development
(P): Planning
Previous package codes are as follows:
PRQP0100JD-B: 100P6F-A
PLQPO0100KB-A: 100P6Q-A
Table 1.4 Product List (D-Version) As of July, 2012
ROM Capacity RAM
Part No. Program Program . Package Code Remarks
ROM 1 ROM 2 Data flash | Capacity
R5F36406CDFA 128 KB 16 KB 4 KB 12 KB PRQP0100JD-B | Operating
R5F36406CDFB x 2 blocks PLQPO100KB-A |temperature
R5F3640ECDFA 256 KB 16 KB 4 KB 20KB | PRQP0100JD-B |20°C 10 85°C
R5F3640ECDFB x 2 blocks PLQPO0100KB-A
R5F3640KCDFA 384 KB 16 KB 4 KB 31 KB PRQP0100JD-B
R5F3640KCDFB x 2 blocks PLQPO100KB-A
R5F3640MCDFA 512 KB 16 KB 4 KB 31 KB PRQP0100JD-B
R5F3640MCDFB x 2 blocks PLQPO0100KB-A
(D): Under development
(P): Planning
Previous package codes are as follows:
PRQP0100JD-B: 100P6F-A
PLQPO100KB-A: 100P6Q-A
RO1UHO092EJ0110 Rev.1.10 .ZENESAS Page 4 of 807



M16C/64C Group

1. Overview

Package type

FA: Package PRQP0100JD-B (100P6F-A)
FB: Package PLQP0100KB-A (100P6Q-A)

Property code

N: Operating temperature: -20°C to 85°C
D: Operating temperature: -40°C to 85°C

Memory capacity
Program ROM 1/RAM
6: 128 KB/12 KB
E: 256 KB/20 KB
K: 384 KB/31 KB
M: 512 KB/31 KB

Number of pins
0: 100 pins

M16C/64C Group

16-bit MCU

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1  Part No., with Memory Size and Package

Last digit of year

M16C
R5F36406CDFA | TypeNo. (See Figure 1.1 “Part No., with Memory Size and Package”)
XXXXXXX
I —— Running No. 0to 9, A to Z (except for I, O, Q)
O Week code (from 01 to 54)

Figure 1.2  Marking Diagram (Top View)

RO1UH0092EJ0110 Rev.1.10 ENESAS

Jul 31, 2012
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M16C/64C Group

1. Overview

1.4

Block Diagram

Figure 1.3 shows block diagram.

8

- 1

Js

- 1

<>

| PortPO | | PortP1 | | PortP2 | | PortP3 | | PortP4 | | PortP5 |

VCC2 ports

Internal peripheral functions

Timer (16 bit)

Outputs (timer A): 5
Inputs (timer B): 6

Three-phase motor control
circuit

Real-time clock

PWM function (8 bit x 2)

Remote control signal
receiver (2 circuits)

Watchdog timer

UART or
clock synchronous serial 1/0
(6 channels)

Clock synchronous serial 1/0
(8 bit x 2 channels)

Multi-master 12C-bus interface
(1 channel)

System clock generator

XIN-XOUT
XCIN-XCOUT
PLL frequency synthesizer
On-chip oscillator (125 kHz)

DMAC (4 channels)

CEC function

CRC calculator
(CRC-CCITT or CRC-16)

Voltage detector

Power-on reset

On-chip debugger

(15 bit)
A/D converter ; Memor
/ . M1 ri P r y
(10-bit resolution x 26 6C/60 Series CPU core
channels) Ron T RoL ROM @
D/A converter RIH R2 RIL
(8-hit resolution x 2 R3 ISP RAM @
circuits) | INTB |
A0
AL o PC |
FB | FLG Multiplier
VCC1 ports
| PortP10 || PortP9 || PortP8 || PortP7 || PortP6 |

L S
A

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

A
is

A
is

A
i8

Figure 1.3

Block Diagram for the 100-Pin Package

RO1UHO092EJ0110 Rev.1.10

Jul 31, 2012
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M16C/64C Group

1. Overview

1.5 Pin Assignments

Figure 1.4 and Figure 1.5 show pin assignments. Table 1.5 and Table 1.6 list pin names.

See Note 3
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PO_7/ANO_7/D7 «—> [81]
PO_6/ANO_6/D6 «—> [82)]
PO_5/ANO_5/D5 «—» [83]
PO_4/ANO_4/D4 «—> [84]
PO_3/ANO_3/D3 «—> [85]
PO_2/ANO_2/D2 «—> (86
PO_1/ANO_1/D1 «—> [87
PO_0/ANO_0/DO «—> [88]

\<§>

P10_7/AN7/KI3 «—>[89
P10_6/AN6/KIZ «—> [90]
P10_5/AN5/KIT <—> [91]
P10_4/AN4/KI0 <—> [92]
P10_3/AN3 «—>[93|
P10_2/AN2 <—> [94]
P10_1/AN1 <—> [95]

M16C/64C Group

VCC2 ports

/

PRQP0100JD-B

50] «—> P4_4/CTS7/RTS7/CSO

[49] «—> P4_5/CLK7/CST

48] «—> P4_6/PWMO/RXD7/SCL7/CS2
[47] «—> P4_7/PWM1/TXD7/SDA7/CS3
46] «—> P5_O/WRL/WR

[45]«—> P5_1/WRH/BHE

[44] «—> P5_2/RD

[43]«—> P5_3/BCLK

[42] «—> P5_4/HLDA

[41] «—> P5_5/HOLD

[40] «—> P5_6/ALE

39]«—> P5_7/RDY/CLKOUT

(100P6F-A)
(Top view)

AVSS (96|
P10_0/ANO «—> (97|
VREF —> [98]
AVCC (99 VCCL1 ports O
P9_7/ADTRG/SIN4 «—> [10]

138] «—> P6_0/RTCOUT/CTSO/RTSO
[37]«—> P6_1/CLKO

[36] «—> P6_2/RXD0/SCLO

135] «—> P6_3/TXDO/SDAO

[34] «—> P6_4/CTSI/RTSI/CTSO/CLKS1
[33] «—> P6_5/CLK1

[32] «—> P6_6/RXD1/SCL1

[31] «—> P6_7/TXD1/SDAL

They should not be considered as two separate functional signals.
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Notes: aé
1. N-channel open drain output. g 3
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions. g r
3. Pin names in brackets [ ] represent a single functional signal. N
o

Figure 1.4  Pin Assignment for the 100-Pin Package

RO1UHO092EJ0110 Rev.1.10
Jul 31, 2012
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M16C/64C Group

1. Overview

<«—> P1_3/TXD6/SDA6/D11

[75]

|74]<«—> P1_4/D12

<«— P1_5/INT3/IDV/D13

73]
[72]
[71]

<«—> P1_6/INT4/IDW/D14

See Note 3

]
]

4/A4, [A4/D4], [A4ID3
5/A5, [A5/D5], [A5/D4

. [A1/D1], [AL/DO]
. [A3/D3], [A3/D2]
. [A7/D7], [A7/D6]

4/INTB/AN2

<«— P1_7/INT5/IDU/D15
1/AN2_1/A1
3/AN2_3/A3
5/INT7/AN2
7IAN2_7/AT7

VsS

[64]<«—> P2_6/AN2_6/A6, [A6/D6], [A6/D5]
vce?

[63]«—> P2
[62]

[68]<«—> P2_2/AN2_2/A2, [A2/D2], [A2/D1]

[67]«—> P2

[70]<«—> P2_0/AN2_0/A0, [A0/DO], AO

[69]«—> P2

[61]«—> P3_0/A8 [A8/D7]

160]
|55]«—> P3_5/A13

|58]«—> P3_2/A10
[57]<«—> P3_3/Al11
|56]«—> P3_4/A12

[59]«—> P3_1/A9

[66]«—> P2
[65]«—> P2

[54]«—> P3_6/A14

|53]«—> P3_7/A15
|52]«—> P4_0/A16
[51]«—> P4 _1/A17

P1_2/RXD6/SCL6/D10 «—> [76]
P1_1/CLK6/D9 «—>
P1_0O/CTS6/RTS6/D8 «—>
PO_7/ANO_7/D7 <—>
PO_6/ANO_6/D6 «—>
PO_5/ANO_5/D5 «—>
PO_4/ANO_4/D4 <—>
PO_3/ANO_3/D3 +—>
PO_2/ANO_2/D2 «—>
PO_1/ANO_1/D1 +—>
PO_O/ANO_0/D0 «—>

~O)

P10_7/AN7/KI3 «—>
P10_6/AN6/KI2 «—>
P10_5/ANS/KIT «—>
P10_4/AN4/KI0 «—>
P10_3/AN3 «—>
P10_2/AN2 <—>
P10_1/AN1 «—>

AVSS
P10_0/ANO «—>
VREF —>

AVCC

VCC2 ports

M16C/64C Group

PLQPO0100KB-A
(100P6Q-A)
(Top view)

\ﬂg

HEEEEEREREEEENEEEERREREES

O

1. N-channel open drain output.

P9_7/ADTRGISING «—» VCCL ports

P9_6/ANEX1/SOUT4 «—>

P9_5/ANEX0/CLK4 «<—>
0l e e = S e e e S N R R
SEEZCLeG R LREER2aEEE
$208Q0mzXolWx SHESFRIEL00yg 27
\\@SZ o~ xie QZM|N|LOLOZB<O'<_(
22525 '3 DS oowmazoE S5
S®0ZR a ‘w"‘u.n_b—x<><m<(m
omSe © = oo QEEE IE®
Ekbazs o ‘EL‘L S3cER YNz
222Z o < ZEJ2 R
§dsee . B3 P
Semk o o™ 2 —
KIS a £E3 & O
2ot 258

2" gS ¢ &
Notes: El o

2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Pin names in brackets [ ] represent a single functional signal.
They should not be considered as two separate functional signals.

[50]
[49]
48]
147]
[46)
[45]
[44]
143]
142]
141]
140]
[39]
[38]
37]
[36]
[35]
[34]
[33]
32]
[31]
[30]
[29]
28]
27]
[26]

<«—> P4_2/A18

<«—> P4_3/A19

<«—> P4_4/CTS7/RTS7/CSO

<«—> P4_5/CLK7/CST

<—> P4_6/PWMO/RXD7/SCL7/CS2
<«—> P4_7/PWM1/TXD7/SDA7/CS3
<—» P5_0/WRL/WR

<«— P5_1/WRH/BHE

<«—> P5_2/RD

<«<—> P5_3/BCLK

<«—> P5_4/HLDA

<«—> P5_5/HOLD

<«—> P5_6/ALE

<—> P5_7/RDY/CLKOUT

<«— P6_0/RTCOUT/CTSO/RTSO
<«—> P6_1/CLKO

<«—> P6_2/RXD0O/SCLO

<«—> P6_3/TXD0/SDAO

<«—> P6_4/CTS1/RTS1/CTS0/CLKS1
<«—> P6_5/CLK1

<—> P6_6/RXD1/SCL1

<«—> P6_7/TXD1/SDAL

<—> P7_0/TXD2/SDA2/SDAMM/TAOOUT @
<«—> P7_1/RXD2/SCL2/SCLMM/TAOIN/TB5IN @
<—> P7_2/CLK2/TALOUT/V

Figure 1.5  Pin Assignment for the 100-Pin Package
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M16C/64C Group

1. Overview

Table 1.5 Pin Names for the 100-Pin Package (1/2)
Pin No. 1/0 Pin for Peripheral Function Bus Control
Control Pin| Port . - A/D converter, .
FA | FB Interrupt Timer Serial interface Pin
D/A converter
1 99 P9 6 SOuUT4 ANEX1
2 | 100 P9 5 CLK4 ANEXO
3 1 P9 4 TB4IN/PWM1 DA1
4 2 P9 3 TB3IN/PWMO DAO
5 3 P9 2 TB2IN/PMCO SOUT3
6 4 P9 1 TB1IN/PMC1 SIN3
7 5 P9 0 TBOIN CLK3
8 6 BYTE
9 7 CNVSS
10 8 XCIN P8_7
1] 9 XCOUT | P8_6
12 | 10 | RESET
13| 11 XOouT
14 | 12 VSS
15 | 13 XIN
16 | 14 VCC1
17 | 15 P85 | NMI SD CEC
18 | 16 P8 4 INT2 ZP
19 | 17 P8_3 | INTT
20 | 18 P8_2 | INTO
21 | 19 P8_1 TA4IN/U CTS5/RTS5
22 | 20 P8 0 TA40UT/U RXD5/SCL5
23| 21 P7_7 TAS3IN CLK5
24 | 22 P7_6 TA30UT TXD5/SDA5S
25 | 23 P75 TA2IN/W
26 | 24 P7_4 TA20UT/W
27 | 25 P7_3 TALINV CTS2/RTS2
28 | 26 P7_2 TALOUT/V CLK2
29 | 27 P7_1 TAOIN/TB5IN RXD2/SCL2/SCLMM
30| 28 P70 TAOOUT TXD2/SDA2/SDAMM
31| 29 P6_7 TXD1/SDA1
32| 30 P6 6 RXD1/SCL1
33| 31 P6_5 CLK1
34 | 32 PG 4 CTS1/RTS1/CTS0O
- /CLKS1
35| 33 P6 3 TXDO/SDAO
36 | 34 P6_2 RXDO/SCLO
37| 35 P6_1 CLKO
38 | 36 P6 0 RTCOUT CTSO/RTSO
39 | 37 | CLKOUT | P5 7 RDY
40 | 38 P5 6 ALE
41 | 39 P55 HOLD
42 | 40 P5_4 HLDA
43 | 41 P5 3 BCLK
44 | 42 P5_2 RD
45 | 43 P5_1 WRH/BHE
46 | 44 P5 0 WRL/WR
47 | 45 P4_7 PWM1 TXD7/SDA7 CS3
48 | 46 P4_6 PWMO RXD7/SCL7 CsS2
49 | 47 P4 5 CLK7 CS1
50 | 48 P4_4 CTS7/RTS7 CS0
RO1UHO092EJ0110 Rev.1.10 RENESAS Page 9 of 807

Jul 31, 2012



M16C/64C Group 1. Overview

Table 1.6 Pin Names for the 100-Pin Package (2/2)

Pin No. Control I/O Pin for Peripheral Function _
FA | FB Pin Port Interrupt Timer Serial interface AJD converter, Bus Control Pin
D/A converter
51 | 49 P4_3 Al19
52 | 50 P4 2 Al8
53 | 51 P4 1 Al7
54 | 52 P4 0 Al6
55 | 53 P3 7 Al5
56 | 54 P3 6 Al4
57 | 55 P35 Al3
58 | 56 P3_4 Al2
59 | 57 P3_3 All
60 | 58 P3 2 A10
61 | 59 P31 A9
62 | 60 VCC2
63 | 61 P3 0 A8, [A8/D7]
64 | 62 VSS
65 | 63 P2_7 AN2_7 A7, [A7/D7], [A7/D6
66 | 64 P2 6 AN2_6 A6, [A6/D6], [A6/D5
67 | 65 P2 5| INT7 AN2_5 A5, [A5/D5], [A5/D4]
68 | 66 P2_ 4 | INT6 AN2_4 A4, [A4/D4], [A4/D3]
69 | 67 P2_3 AN2_3 A3, [A3/D3], [A3/D2
70 | 68 P2 2 AN2_2 A2, [A2/D2], [A2/D1
71 | 69 P2_1 AN2_1 Al, [A1/D1], [A1/DO
72 | 70 P2 0 AN2_0 A0, [A0/DQ], AO
73 | 71 P17 INT5 IDU D15
74 | 72 P1 6 INT4 IDW D14
75 | 73 P15 INT3 IDV D13
76 | 74 P1 4 D12
77 | 75 P1 3 TXD6/SDA6 D11
78 | 76 P12 RXD6/SCL6 D10
79 | 77 P11 CLK6 D9
80 | 78 P10 CTS6/RTS6 D8
81 | 79 PO_7 ANO_7 D7
82 | 80 PO_6 ANO_6 D6
83 | 81 PO 5 ANO 5 D5
84 | 82 PO_4 ANO_4 D4
85 | 83 PO_3 ANO_3 D3
86 | 84 PO_2 ANO_2 D2
87 | 85 PO_1 ANO_1 D1
88 | 86 PO O ANO_O DO
89 | 87 P10 _7 Ki3 AN7
90 | 88 P10_6 Ki2 ANG6
91 | 89 P10 5 K1 AN5
92 | 90 P10 _4 Kio AN4
93 | 91 P10_3 AN3
94 | 92 P10 2 AN2
95 | 93 P10 1 AN1
96 | 94 AVSS
97 | 95 P10 _0 ANO
98 | 96 VREF
99 | 97 AVCC
100 | 98 P9 7 SIN4 ADTRG
RO1UHO092EJ0110 Rev.1.10 RENESAS Page 10 of 807
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M16C/64C Group 1. Overview

1.6 Pin Functions

Table 1.7 Pin Functions for the 100-Pin Package (1/3)
Signal Name Pin Name I/10 |Power Supply Description

Power supply VCC1, | i Apply 2.7 to 5.5 V to pins VCC1 and VCC2 (VCC1 > VCC2)
input VCC2, VSS and O V to the VSS pin.
Analod power This is the power supply for the A/D and D/A converters.
gp AVCC, AVSS VCC1  |Connect the AVCC pin to VCC1, and connect the AVSS pin
supply input
to VSS.
Reset input RESET | VCC1 Driving this pin low resets the MCU.

Input pin to switch processor modes. After a reset, to start
operating in single-chip mode, connect the CNVSS pin to

CNVSS CNVSS VCC1 . . L
VSS via a resistor. To start operating in microprocessor
mode, connect the pin to VCC1.
Input pin to select the data bus of the external area. The data
External data bus BYTE | vVCCel bus is 16 bits when it is low, and 8 bits when it is high. This
width select input pin must be fixed either high or low. Connect the BYTE pin to
VSS in single-chip mode.
DO to D7 1o VCC2 Inputs or output§ data (DO to D7) while accessing an
external area with a separate bus.
DS to D15 /O VCC2 Inputs or output_s data (D_8 to D15) while accessing an
external area with a 16-bit separate bus.
AO to A19 (0] VCC2 Outputs address bits A0 to A19.
A0/DO to Inputs or outputs data (DO to D7) and outputs address bits
1/0 VCC2 (AO to A7) by timesharing, while accessing an external area
A7/D7 . - -
with an 8-bit multiplexed bus.
A1/DO to Inputs or outputs data (DO to D7) and outputs address bits
1/0 VCC2 (A1 to A8) by timesharing, while accessing an external area
A8/D7 . - -
with a 16-bit multiplexed bus.
CS01t0 CS3 o VCC2 Outputs chip-select signals CS0 to CS3 to specify an

external area.

Outputs WRL, WRH, (WR, BHE), and RD signals. WRL and
_ WRH can be switched with BHE and WR.

Bus control pins *WRL, WRH, and RD selected

If the external data bus is 16 bits, data is written to an even
e S address in an external area when WRL is driven low. Data

RL/WR ) ) — "
WRH/BHE o VCC2 !s written to an_od_d ad_dress when WRH is driven low. Data
BD is read when RD is driven low.

*WR, BHE, and RD selected
Data is written to an external area when WR is driven low.
Data in an external area is read when RD is driven low. An
odd address is accessed when BHE is driven low. Select
WR, BHE, and RD when using an 8-bit external data bus.

ALE (0] VCC2 Outputs an ALE signal to latch the address.
PR HOLD input is unavailable. Connect the HOLD pin to VCC2

HOLD | VCC2 . ;
via a resistor (pull-up).

HLDA (0] VCC2 In a hold state, HLDA outputs a low-level signal.

BDY | VCC2 The MCU bus is placed in a wait state while the RDY pin is
driven low.

Power supply: VCC2 is used to supply power to the external bus associated pins. The dual power supply configuration
allows VCC2 to interface at a different voltage than VCC1.
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M16C/64C Group 1. Overview

Table 1.8 Pin Functions for the 100-Pin Package (2/3)

Power

Signal Name Pin Name I/0 Supply Description
Main clock input XIN | VCC1 (/O for the main clock oscillator. Connect a ceramic resonator
or crystal between pins XIN and XOUT. () Input an external
Main clock output XOUT O | vCC1 |clock to XIN pin and leave XOUT pin open.
Sub clock input XCIN I | VCC1 [(I/O for a sub clock oscillator. Connect a crystal between XCIN
pin and XCOUT pin. 3 Input an external clock to XCIN pin and

Sub clock output XCOoUT O | VCC1 |leave XCOUT pin open.
BCLK output BCLK O | VCC2 |Outputs the BCLK signal.
Clock output CLKOUT O | VCC2 |Outputs a clock with the same frequency as fC, f1, 8, or f32.
. . INTO to INT2 I | VCC1 .
INT interrupt input — Input for the INT interrupt.

INT3 to INT7 I | vCC2
NMI interrupt input NMI | VCC1 |Input for the NMI interrupt.
il;%)l/nlnput Interrupt KIO to KI3 I | VCC1 |Input for the key input interrupt.

TAOOUT to /o | veel I/O for timers AO to A4 (TAOOUT is N-channel open drain
TA40OUT output).
Timer A TAOIN to TA4IN | | | VCC1 [Input for timers AO to A4.
ZP | VCC1 |Input for Z-phase.
Timer B TBOIN to TB5IN | | VCC1 |Input for timers BO to B5.
U, U V,V,W,W| O | VCC1 |Output for the three-phase motor control timer.

Three-phase motor oy -
control timer SD | VCC1 |Forced cutoff input.

IDU, IDV, IDW | VCC2 |Input for the position data.
Real-time clock output RTCOUT O | VCC1 |Output for the real-time clock.

VCC1,

PWM output PWMO, PWM1 VCC2 PWM output.
Remote control signal PMCO, PMC1 | VCC1 |Input for the remote control signal receiver.

receiver input

CTSO0to CTS2,

— | VCC1
CTS5 Input pins to control data transmission.
CTSe6, CTS7 I | vCC2
RTSO to RTS2, o | veer . .
RTS5 Output pins to control data reception.
RTS6, RTS7 O | vce2
CLKO to CLK2,
Serial interface CLK5 /o | vCC1 . .
UARTO to UART2, Transmit/receive clock I/O.
RXDO to RXD2
’ | VCC1
RXD5 Serial data input.
RXD6, RXD7 | VCC2
TXDO to TXD2
| O | vCcC1
TXD5 Serial data output. (2)
TXD6, TXD7 O | vCC2
CLKS1 O | VCC1 |Output for the transmit/receive clock multiple-pin output function.
Notes:

1. Contact the manufacturer of crystal/ceramic resonator regarding the oscillation characteristics.
2. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i =0, 1, 5 to 7), SDAI, and SCLi can be
selected as CMOS output pins or N-channel open drain output pins.
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M16C/64C Group

1. Overview

Table 1.9 Pin Functions for the 100-Pin Package (3/3)
Signal Name Pin Name 1/0 Power Description
Supply
SDAO to SDA2
’ /0 VCC1
UARTO to SDA5 Serial data I/O.
UARTZ2, SDA6, SDA7 | 10 VCC2
UART5 to
UART?7 SCLO to SCL2, /o vCel
12C mode SCL5 Transmit/receive clock 1/O.
SCL6, SCL7 I/0 VCC2
Serial CLK3, CLK4 I/0 VCC1 Transmit/receive clock 1/O.
interface SIN3, SIN4 | VCC1 Serial data input.
SI/O3, SII04 ['soyTs, souTa| ©O VCC1 |Serial data output.
Multi-master SDAMM 110 VCC1 |Serial data I/O (N-channel open drain output).
12C-bus
interface SCLMM 1/0 VCC1 Transmit/receive clock I/O (N-channel open drain output).
CEC /O CEC 110 VCC1 CEC 1/0O (N-channel open drain output).
Referenpe VREF | VCC1 Reference voltage input for the A/D and D/A converters.
voltage input
ANO to AN7 | VCC1
ANO_0to ANO_7 Analog input.
AD AN2 Oto AN2 7| veez
converter - - -
ADTRG | VCC1 External trigger input.
ANEXO0, ANEX1 | VCC1 Extended analog input.
DIA DAO, DA1 (@] VCC1 Output for the D/A converter.
converter
PO_Oto PO_7
P1 OtoP1_7 8-bit CMOS 1/O ports. A direction register determines whether
P2 _0toP2_7 /O VCC2 each pin is used as an input port or an output port. A pull-up
P3_0to P3_7 resistor may be enabled or disabled for input ports in 4-bit
P4 Oto P4 7 units.
1/10 ports P5_0 to P5_7
P6_0toP6_7 8-bit I/O ports having equivalent functions to PO. However,
P7_0to P7_7 .
- - P7_0, P7_1, and P8_5 are N-channel open drain output ports.
P8_0to P8 7 /0 VCC1 ) ) : . .
No pull-up resistor is provided. P8_5 is an input port for
P9_0toP9_7 verifying the NMI pin level and shares a pin with NMI
P10 Oto P10 7 g P P :
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M16C/64C Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (R0, R1, R2, R3, A0, Al, and FB) out of 13 compose a

register bank, and there are two register banks.

b3, b15 b8b7 bo
E_ R2 ROH (upper bits of R0) ROL (lower bits of R0)
H
! . i
L________________E?’_ ________________ R1H (upper bits of R1) RIL (lower bits of R1) Data registers @
R2
R3 I
A0 I
1 Address registers @
Al
FB I Frame base registers @
L
b19 b15 bo
| INTBH | INTBL | Interrupt table register
INTBH is the 4 upper bits of the INTB register and INTBL
is the 16 lower bits.
b19 bo
| pC | Program counter
b15 bo
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 bo
| FLG Flag register
b15---==="""" b8 b7 bo!
IPL
LL ey [ L[] Jufr]ofe]s]z[o]c
I— Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved area
Processor interrupt priority level
Reserved area
Note:
1. These registers compose a register bank. There are two register banks.
Figure 2.1  CPU Registers
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M16C/64C Group 2. Central Processing Unit (CPU)

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

RO, R1, R2, and R3 are 16-bit registers used for transfer, arithmetic, and logic operations. RO and R1 can
be split into upper (ROH/R1H) and lower (ROL/R1L) bits to be used separately as 8-bit data registers.

RO can be combined with R2, and R3 can be combined with R1 and be used as 32-bit data registers
R2R0 and R3R1, respectively.

2.2 Address Registers (A0 and Al)

A0 and Al are 16-bit registers used for indirect addressing, relative addressing, transfer, arithmetic, and
logic operations. AO can be combined with A1 and used as a 32-bit address register (A1AQ).

2.3 Frame Base Register (FB)
FB is a 16-bit register that is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB is a 20-bit register that indicates the start address of a relocatable interrupt vector table.

2.5 Program Counter (PC)

The PC is 20 bits wide and indicates the address of the next instruction to be executed.

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

The USP and ISP stack pointers (SP) are each comprised of 16 bits. The U flag is used to switch between
USP and ISP.

2.7 Static Base Register (SB)

SB is a 16-bit register used for SB relative addressing.

2.8 Flag Register (FLG)
FLG is an 11-bit register that indicates the CPU state.

2.8.1 Carry Flag (C Flag)
The C flag retains a carry, borrow, or shift-out bit generated by the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)
The D flag is for debugging only. Set it to 0.

2.8.3 Zero Flag (Z Flag)
The Z flag becomes 1 when an arithmetic operation results in 0. Otherwise, it becomes O.

2.8.4 Sign Flag (S Flag)

The S flag becomes 1 when an arithmetic operation results in a negative value. Otherwise, it becomes
0.

2.8.5 Register Bank Select Flag (B Flag)
Register bank 0 is selected when the B flag is 0. Register bank 1 is selected when this flag is 1.

2.8.6 Overflow Flag (O Flag)
The O flag becomes 1 when an arithmetic operation results in an overflow. Otherwise, it becomes 0.

RO1UHO0092EJ0110 Rev.1.10 RENESAS Page 15 of 807
Jul 31, 2012



M16C/64C Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (I Flag)

The | flag enables maskable interrupts.
Maskable interrupts are disabled when the | flag is 0, and enabled when it is 1. The | flag becomes 0
when an interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is 0. USP is selected when the U flag is 1.
The U flag becomes 0 when a hardware interrupt request is accepted, or the INT instruction of software
interrupt number O to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from 0 to 7.
If a requested interrupt has higher priority than IPL, the interrupt request is enabled.

2.8.10 Reserved Areas

Only set these bits to 0. The read value is undefined.
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M16C/64C Group 3. Address Space

3. Address Space

3.1 Address Space

The M16C/64C Group has a 1 MB address space from 00000h to FFFFFh. Address space is expandable to
4 MB with the memory area expansion function. Addresses 40000h to BFFFFh can be used as external
areas from bank 0 to bank 7. Figure 3.1 shows the Address Space. Areas that can be accessed vary
depending on processor mode and the status of each control bit.

Memory expansion mode
00000h SFR
00400h Int | RAM The internal RAM is allocated
nierna from address 00400h higher.
Reserved area
04000h External area
0D000h SFR
0D800h
External area In 4 MB mod
n mode
0EO00h
Internal ROM When data flash is enabled
(data flash) I Bank 7
10000h Internal ROM When program ROM 2 I k6
1MB (program ROM 2) | is enabled Ban
dd 14000h I Bank 5
adaress space External area I
Bank 4
27000h I
Reserved area Bank 3
28000h I Bank 2
o I Bank 1
40000h
External area
Bank 0
|BFFFFh 512 KB x 8
D0000h
Reserved area
Internal ROM Program ROM 1 is allocated from
(program ROM 1) | address FFFFFh lower.
FFFFFh
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following condition:
- The PM13 bit in the PM1 register is 0
(addresses 04000h to OCFFFh and 80000h to CFFFFh are used as external areas)

Figure 3.1  Address Space
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M16C/64C Group 3. Address Space

3.2 Memory Map

Special function registers (SFRs) are allocated from address 00000h to 003FFh and from 0D0OO0Oh to
O0D7FFh. Peripheral function control registers are located here. All blank areas within SFRs are reserved.
Do not access these areas.

Internal RAM is allocated from address 00400h and higher, with 10 KB of internal RAM allocated from
00400h to 02BFFh. Internal RAM is used not only for data storage, but also for the stack area when
subroutines are called or when an interrupt request is accepted.

The internal ROM is flash memory. Three internal ROM areas are available: data flash, program ROM 1,
and program ROM 2.

The data flash is allocated from OEO0Oh to OFFFFh. This data flash area is mostly used for data storage, but
can also store programs.

Program ROM 2 is allocated from 10000h to 13FFFh. Program ROM 1 is allocated from FFFFFh and lower,
with the 64 KB program ROM 1 area allocated from address FOO00Oh to FFFFFh.

The special page vectors are allocated from FFEOOh to FFFD7h. They are used for the JMPS and JSRS
instructions. Refer to the M16C/60, M16C/20, M16C/Tiny Series Software Manual for details.

The fixed vector table for interrupts is allocated from FFFDCh to FFFFFh.

The 256 bytes beginning with the start address set in the INTB register compose the relocatable vector table
for interrupts.

Figure 3.2 shows the Memory Map.

00000h SFR
00400h
Internal RAM NZ Internal RAM
Size | Address XXXXxh | XXXXXh
12 KB 033FFh Reserved area
20 KB 053FFh 0D000h SFR
31 KB 07FFFh 0D800h Exiernallaren
4
OEO00Oh Irgggga]!laRsOh;\/I /, 13000h On-chip debugger
/ monitor area
10000h Internal ROM /  13FFOh User boot code ar
(program ROM 2) |7 q3pppp | 57 POOt code area
14000h
External area
27000h Reserved area @
28000h
Relocatable vector table
External area 256 bvies beamnm T
es beginning with the
Program ROM 1 start gddressgset ingthe INTB
Size  |Address YYYYYh|  80000h register
128 KB EO0000h
256 KB C0000h Reserved area )
/ FFEOOh [o——o -
384 KB A0000h ! creps pecial page vector table
512 KB 80000h YYYYYh / o Reserved area @
! FFFD
Internal ROM / Fixed vector table
(program ROM 1) | Address for ID code stored
FFFFFh I __FFFFFh OFS1 address
Notes:

1. Do not access reserved areas.
2. The figure above applies under the following conditions:
- Memory expansion mode
- The PM10 bit in the PM1 register is 1
(addresses OE00Oh to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled)
- The PM13 bit in the PM1 register is 1
(all areas in internal RAM, and the program ROM 1 area from 80000h are usable)
3. Do not change the data from FFh.

Figure 3.2  Memory Map
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M16C/64C Group

3. Address Space

3.3 Accessible Area in Each Mode

Areas that can be accessed vary depending on processor mode and the status of each control bit. Figure

3.3 shows the Accessible Area in Each Mode.
In single-chip mode, the SFRs, internal RAM, and internal ROM can be accessed.

In memory expansion mode, the SFRs, internal RAM, internal ROM, and external areas can be accessed.

Address space is expandable to 4 MB with the memory area expansion function.

In microprocessor mode, the SFRs, internal RAM, and external areas can be accessed. Address space is
expandable to 4 MB with the memory area expansion function. Allocate ROM to the fixed vector table
from FFFDCh to FFFFFh.

00000h
00400h

0DO000h

0D800h
OEO00Oh

10000h

14000h

FFFFFh

Notes:

Single-Chip Mode

SFR

Internal RAM

Reserved area

SFR

Reserved area

Internal ROM
(data flash)

Internal ROM
(program ROM 2)

Reserved area

Internal ROM
(program ROM 1)

1. Do not access reserved areas.

2. The figure above applies under the following conditions:

Single-chip mode and memory expansion mode
- The PM10 bit in the PM1 register is 1
(addresses OE000h to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled)
- The PM13 bit in the PM1 register is 1
(all areas in internal RAM, and the program ROM 1 area from 80000h are usable)
Microprocessor mode
- The PM10 bit is 0 (addresses 0E000h to OFFFFh are used as the CS2 area)
- The PRG2CO bit is 1 (program ROM 2 disabled)

Memory Expansion Mode

00000h
00400h

0D000h

0D800h
OE000Nh

10000h

14000h

27000h

28000h

80000h

FFFFFh

SFR

Internal RAM

Reserved area

SFR

External area

Internal ROM
(data flash)

Internal ROM
(program ROM 2)

External area

Reserved area

External area

Reserved area

Internal ROM
(program ROM 1)

00000h
00400h

0DO000h
0D800h

27000h

28000h

FFFFFh

Microprocessor Mode

SFR

Internal RAM

Reserved area

SFR

External area

Reserved area

External area

Figure 3.3

Accessible Area in Each Mode
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M16C/64C Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

4.1 SFRs
An SFR is a control register for a peripheral function.
Table 4.1 SFR Information (1) @)
Address Register Symbol Reset Value
0000h
0001h
0002h
0003h
0000 0000b
0004h |Processor Mode Register 0 PMO (CN(\)/;)% p())l(;lﬁblow)
(CNVSS pin is high) (2
0005h |Processor Mode Register 1 PM1 0000 1000b
0006h |System Clock Control Register 0 CMO 0100 1000b
0007h |System Clock Control Register 1 CM1 0010 0000b
0008h | Chip Select Control Register CSR 01h
000%h
000Ah |Protect Register PRCR 00h
000Bh |Data Bank Register DBR 00h
000Ch |Oscillation Stop Detection Register CM2 0X00 0010b 3
000Dh
000Eh
000Fh
0010h |Program 2 Area Control Register PRG2C XXXX XX00b
0011h
0012h |Peripheral Clock Select Register PCLKR 0000 0011b
0013h
0014h
0015h |Clock Prescaler Reset Flag CPSRF OXXX XXXXb
0016h |Peripheral Clock Stop Register 1 PCLKSTP1 OXXX XX00b
0017h
0018h |Reset Source Determine Register RSTFR XX00 001Xb
(hardware reset) (4)
0019h |Voltage Detector 2 Flag Register VCR1 0000 1000b ®)
001Ah |Voltage Detector Operation Enable Register VCR2 00h (5
001Bh |Chip Select Expansion Control Register CSE 00h
001Ch |PLL Control Register 0 PLCO 0X01 X010b
001Dh
001Eh |Processor Mode Register 2 PM2 XX00 0X01b
001Fh
X: Undefined
Notes:

1. The blank areas are reserved. No access is allowed.

2. Software reset, watchdog timer reset, oscillator stop detect reset, voltage monitor 1 reset, and voltage monitor 2 reset
do not affect the following bits: bits PMO1 and PMOO in the PMO register.

3.  Oscillator stop detect reset does not affect bits CM20, CM21, and CM27.

The state of bits in the RSTFR register depends on the reset type.

5. This is the reset value after hardware reset. Refer to the explanation of each register for details.

&
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) (1)

Address Register Symbol Reset Value
0020h
0021h
0022h
0023h
0024h
0025h
0026h | Voltage Monitor Function Select Register VWCE 00h
0027h
0028h | Voltage Detector 1 Level Select Register VDI1LS 0000 1010b(@
0029h
002Ah |Voltage Monitor 0 Control Register vVwoC 1000 XX10b
002Bh |Voltage Monitor 1 Control Register VW1C 1000 1010b ()
002Ch |Voltage Monitor 2 Control Register VW2C 1000 0X10b @
002Dh
002Eh
002Fh
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
003%h
003Ah
003Bh
003Ch
003Dh
003Eh
003Fh

X: Undefined
Notes:
1. The blank areas are reserved. No access is allowed.
2. This is the reset value after hardware reset. Refer to the explanation of each register for details.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) (1)
Address Register Symbol Reset Value
0040h
0041h
0042h |INT7 Interrupt Control Register INT7IC XX00 X000b
0043h |INT6 Interrupt Control Register INT6IC XX00 X000b
0044h |INT3 Interrupt Control Register INT3IC XX00 X000b
0045h | Timer B5 Interrupt Control Register TB5IC XXXX X000b
Timer B4 Interrupt Control Register TB4IC
0046h UART1 Bus Coll?sion Detectio% Interrupt Control Register U1BCNIC XXXX X000b
0047h SAmls;(? :élljr;ti:rgljl‘i)sticc):r? g[;ct)étiﬁ)%sitri;rrupt Control Register U;)FSCSZII\(I:IC XXXX X000b
0048h SI/04 Interrupt Control Register S41C XX00 X000
INT5 Interrupt Control Register INTSIC
0049h SI/O3 Interrupt Control Register S3IC XX00 X000b
INT4 Interrupt Control Register INT4IC
004Ah |UART2 Bus Collision Detection Interrupt Control Register BCNIC XXXX X000b
004Bh |DMAQO Interrupt Control Register DMOIC XXXX X000b
004Ch |DMAL Interrupt Control Register DM1IC XXXX X000b
004Dh |Key Input Interrupt Control Register KUPIC XXXX X000b
004Eh |A/D Conversion Interrupt Control Register ADIC XXXX X000b
004Fh |UART2 Transmit Interrupt Control Register S2TIC XXXX X000b
0050h |UART2 Receive Interrupt Control Register S2RIC XXXX X000b
0051h |UARTO Transmit Interrupt Control Register SOTIC XXXX X000b
0052h |UARTO Receive Interrupt Control Register SORIC XXXX X000b
0053h |UART1 Transmit Interrupt Control Register SI1TIC XXXX X000b
0054h |UARTL1 Receive Interrupt Control Register S1RIC XXXX X000b
0055h | Timer AO Interrupt Control Register TAOIC XXXX X000b
0056h |Timer Al Interrupt Control Register TALIC XXXX X000b
0057h | Timer A2 Interrupt Control Register TA2IC XXXX X000b
0058h | Timer A3 Interrupt Control Register TA3IC XXXX X000b
0059h | Timer A4 Interrupt Control Register TA4IC XXXX X000b
005Ah | Timer BO Interrupt Control Register TBOIC XXXX X000b
005Bh | Timer B1 Interrupt Control Register TBlIC XXXX X000b
005Ch | Timer B2 Interrupt Control Register TB2IC XXXX X000b
005Dh  |INTO Interrupt Control Register INTOIC XX00 X000b
005Eh  |INTT Interrupt Control Register INT1IC XX00 X000b
005Fh |INT2 Interrupt Control Register INT2IC XX00 X000b
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) (1)
Address Register Symbol Reset Value
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMA2 Interrupt Control Register DM2IC XXXX X000b
006Ah DMAZ3 Interrupt Control Register DM3IC XXXX X000b
UARTS5 Bus Collision Detection Interrupt Control Register USBCNIC
006Bh CEC1 Interrupt Control Register CEC1IC XXXX X000b
UARTS5 Transmit Interrupt Control Register S5TIC
006Ch CEC2 Interrupt Control Igegister ’ CEC2IC XXXX X000b
006Dh UARTS5 Receive Interrupt Control Register S5RIC XXXX X000b
UART®6 Bus Collision Detection Interrupt Control Register UBBCNIC
006Eh Real-Time Clock Periodic Interrupt Control Register XXXX X000b
RTCTIC
UART®6 Transmit Interrupt Control Register S6TIC
006Fh Real-Time Clock Compaﬁe Interrupt Cgontrol Register RTCCIC XXXX X000b
0070h UART®6 Receive Interrupt Control Register S6RIC XXXX X000b
UART?7 Bus Collision Detection Interrupt Control Register U7BCNIC
0071h Remote Control Signal Receiver 0 Interrupt Control Register PMCoIC XXXX X000b
UART?7 Transmit Interrupt Control Register S7TIC
0072h Remote Control Signal Receiver 1 Interrupt Control Register PMC1IC XXXX X000b
0073h UART?7 Receive Interrupt Control Register S7RIC XXXX X000b
0074h
0075h
0076h
0077h
0078h
007%h
007Ah
007Bh 12C-bus Interface Interrupt Control Register lICIC XXXX X000b
007Ch SCL/SDA Interrupt Control Register SCLDAIC XXXX X000b
007Dh
007Eh
007Fh
0080h to
017Fh
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/64C Group

4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) (1)

Address Register Symbol Reset Value
0180h XXh
0181h |DMAO Source Pointer SARO XXh
0182h 0Xh
0183h
0184h XXh
0185h |DMAO Destination Pointer DARO XXh
0186h 0Xh
0187h
8122: DMAO Transfer Counter TCRO ii:
018Ah
018Bh
018Ch |DMAO Control Register DMOCON 0000 0X00b
018Dh
018Eh
018Fh
0190h XXh
0191h |DMAL Source Pointer SAR1 XXh
0192h 0Xh
0193h
0194h XXh
0195h |DMAL Destination Pointer DAR1 XXh
0196h 0xh
0197h
gi:gﬂ DMAL1 Transfer Counter TCR1 iiﬂ
019Ah
019Bh
019Ch |DMAL Control Register DM1CON 0000 0X00b
019Dh
019Eh
019Fh
01A0h XXh
01A1h |DMAZ2 Source Pointer SAR2 XXh
01A2h 0xXh
01A3h
01A4h XXh
01A5h |DMAZ2 Destination Pointer DAR2 XXh
01A6h 0xh
01A7h
gi:g: DMA2 Transfer Counter TCR2 ii:
01AAh
01ABh
01ACh |DMAZ2 Control Register DM2CON 0000 0X00b
01ADh
01AEh
01AFh

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) (1)

Address Register Symbol Reset Value
01BOh XXh
01B1h |DMAS3 Source Pointer SARS3 XXh
01B2h 0Xh
01B3h
01B4h XXh
01B5h |DMA3 Destination Pointer DAR3 XXh
01B6h 0xh
01B7h
gigg: DMAS3 Transfer Counter TCR3 ii:
01BAh
01BBh
01BCh |DMAS3 Control Register DM3CON 0000 0X00b
01BDh
01BEh
01BFh
81222 Timer BO-1 Register TBO1 iiE
81222 Timer B1-1 Register TB11 iiﬁ
giggﬂ Timer B2-1 Register TB21 iiﬂ
01C6h Puls_e Period/Pulse Width Measurement Mode Function Select PPWES1 XXX X000b

Register 1
01C7h
01C8h |Timer B Count Source Select Register 0 TBCSO 00h
01C9h |Timer B Count Source Select Register 1 TBCS1 X0h
01CAh

01CBh
01CCh
01CDh
01CEh
01CFh
01DOh |Timer A Count Source Select Register 0 TACSO 00h
01D1h |Timer A Count Source Select Register 1 TACS1 00h
01D2h |Timer A Count Source Select Register 2 TACS2 X0h
01D3h
01D4h |16-bit Pulse Width Modulation Mode Function Select Register PWMFS 0XX0 X00Xb
01D5h |Timer A Waveform Output Function Select Register TAPOFS XXX0 0000b
01D6h
01D7h
01D8h |Timer A Output Waveform Change Enable Register TAOW XXX0 X00Xb
01D%h
01DAh |Three-Phase Protect Control Register TPRC 00h
01DBh
01DCh
01DDh
01DEh
01DFh

X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/64C Group

4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7) (1)

Address Register Symbol Reset Value
giig: Timer B3-1 Register TB31 ii:
815;2 Timer B4-1 Register TB41 iig
giEgE Timer B5-1 Register TB51 iiﬂ
01E6h iF;JeI?eZPeriod/Pulse Width Measurement Mode Function Select Reg- PPWES2 XXXX X000b
01E7h

01E8h |Timer B Count Source Select Register 2 TBCS2 00h
01E9h |Timer B Count Source Select Register 3 TBCS3 X0h
01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01FOh |PMCO Function Select Register 0 PMCOCONO 00h
01F1h [PMCO Function Select Register 1 PMCOCON1 00XX 0000b
01F2h |PMCO Function Select Register 2 PMCOCON2 0000 00X0b
01F3h |PMCO Function Select Register 3 PMCOCONS3 00h
01F4h |PMCO Status Register PMCOSTS 00h
01F5h |PMCO Interrupt Source Select Register PMCOINT 00h
01F6h |PMCO Compare Control Register PMCOCPC XXX0 X000b
01F7h |PMCO Compare Data Register PMCOCPD 00h
01F8h |PMC1 Function Select Register 0 PMC1CONO XXX0 X000b
01F9h |PMC1 Function Select Register 1 PMC1CON1 XXXX 0X00b
01FAh |PMC1 Function Select Register 2 PMC1CON2 0000 00X0b
01FBh |PMC1 Function Select Register 3 PMC1CON3 00h
01FCh |PMCL1 Status Register PMC1STS X000 X00Xb
01FDh |PMC1 Interrupt Source Select Register PMC1INT X000 X00Xb
01FEh

01FFh

0200h

0201h

0202h

0203h

0204h

0205h |Interrupt Source Select Register 3 IFSR3A 00h
0206h |Interrupt Source Select Register 2 IFSR2A 00h
0207h |Interrupt Source Select Register IFSR 00h
0208h

0209h

020Ah

020Bh

020Ch

020Dh

020Eh |Address Match Interrupt Enable Register AIER XXXX XX00b
020Fh |Address Match Interrupt Enable Register 2 AIER2 XXXX XX00b

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.8 SFR Information (8) (1)

Address Register Symbol Reset Value
0210h 00h

0211h |Address Match Interrupt Register 0 RMADO 00h

0212h XO0h

0213h
0214h 00h
0215h |Address Match Interrupt Register 1 RMAD1 00h
0216h X0h
0217h
0218h 00h
0219h |Address Match Interrupt Register 2 RMAD2 00h
021Ah X0h
021Bh
021Ch 00h
021Dh |Address Match Interrupt Register 3 RMAD3 00h
021Eh X0h
021Fh

0000 0001b
(Other than user boot mode)

0010 0001b

(User boot mode)

0221h |Flash Memory Control Register 1 FMR1 00X0 XX0Xb
0222h |Flash Memory Control Register 2 FMR2 XXXX 0000b
0223h |Flash Memory Control Register 3 FMR3 XXXX 0000b
0224h
0225h
0226h
0227h
0228h
022%h
022Ah
022Bh
022Ch
022Dh
022Eh
022Fh
0230h |Flash Memory Control Register 6 FMR6 XX0X XX00b
0231h
0232h
0233h
0234h
0235h
0236h
0237h
0238h
023%h
023Ah
023Bh
023Ch
023Dh
023Eh
023Fh

0220h |Flash Memory Control Register 0 FMRO

X: Undefined

Note:
1. The blank areas are reserved. No access is allowed.
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M16C/64C Group

4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) @

Address Register Symbol Reset Value
0240h

0241h

0242h

0243h

0244h |UARTO Special Mode Register 4 UOSMR4 00h
0245h |UARTO Special Mode Register 3 UOSMR3 000X 0X0Xb
0246h |UARTO Special Mode Register 2 UOSMR2 X000 0000b
0247h |UARTO Special Mode Register UOSMR X000 0000b
0248h |UARTO Transmit/Receive Mode Register UOMR 00h
0249h |UARTO Bit Rate Register UOBRG XXh
8?2’;2 UARTO Transmit Buffer Register uoTB ii:
024Ch |UARTO Transmit/Receive Control Register 0 uocCo 0000 1000b
024Dh |UARTO Transmit/Receive Control Register 1 uocC1 00XX 0010b
gijiﬂ UARTO Receive Buffer Register UORB ii:
0250h |UART Transmit/Receive Control Register 2 UCON X000 0000b
0251h

0252h

0253h

0254h |UART1 Special Mode Register 4 U1SMR4 00h
0255h |UART1 Special Mode Register 3 U1SMR3 000X 0X0Xb
0256h |UARTL1 Special Mode Register 2 U1SMR2 X000 0000b
0257h |UART1 Special Mode Register U1SMR X000 0000b
0258h |UART1 Transmit/Receive Mode Register U1IMR 00h
0259h |UART1 Bit Rate Register U1BRG XXh
8;222 UART1 Transmit Buffer Register uiTB iiﬂ
025Ch |UART1 Transmit/Receive Control Register 0 ui1co 0000 1000b
025Dh |UART1 Transmit/Receive Control Register 1 uici 00XX 0010b
gizi: UART1 Receive Buffer Register U1RB iiﬂ
0260h

0261h

0262h

0263h

0264h |UART2 Special Mode Register 4 U2SMR4 00h
0265h |UART2 Special Mode Register 3 U2SMR3 000X 0X0Xb
0266h |UART2 Special Mode Register 2 U2SMR2 X000 0000b
0267h |UART2 Special Mode Register U2SMR X000 0000b
0268h |UART2 Transmit/Receive Mode Register U2MR 00h
0269h |UART2 Bit Rate Register U2BRG XXh
83222 UART2 Transmit Buffer Register u2TB ii:
026Ch |UART2 Transmit/Receive Control Register 0 u2Co 0000 1000b
026Dh |UART2 Transmit/Receive Control Register 1 u2C1 0000 0010b
giZEE UART2 Receive Buffer Register U2RB iiﬂ

X: Undefined

Note:

1. The blank areas are reserved. No access is allowed.
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M16C/64C Group

4. Special Function Registers (SFRs)

Table 4.10 SFR Information (10) (1)

Address Register Symbol Reset Value
0270h |SI/O3 Transmit/Receive Register S3TRR XXh
0271h
0272h |SI/O3 Control Register S3C 0100 0000b
0273h |SI/O3 Bit Rate Register S3BRG XXh
0274h | SI/O4 Transmit/Receive Register S4TRR XXh
0275h
0276h |S1/O4 Control Register S4C 0100 0000b
0277h |S1/O4 Bit Rate Register S4BRG XXh
0278h |SI/O3, 4 Control Register 2 S34C2 00XX X0OX0b
0279h
027Ah
027Bh
027Ch
027Dh
027Eh
027Fh
0280h
0281h
0282h
0283h
0284h |UARTS5 Special Mode Register 4 U5SMR4 00h
0285h |UARTS5 Special Mode Register 3 U5SMR3 000X 0X0Xb
0286h |UARTS5 Special Mode Register 2 U5SMR2 X000 0000b
0287h |UARTS Special Mode Register U5SMR X000 0000b
0288h |UARTS5 Transmit/Receive Mode Register US5MR 00h
0289h |UARTS5 Bit Rate Register U5BRG XXh
82:@2 UARTS5 Transmit Buffer Register US5TB ii:
028Ch |UARTS5 Transmit/Receive Control Register 0 U5Co0 0000 1000b
028Dh |UARTS5 Transmit/Receive Control Register 1 uUsC1 0000 0010b
gigi: UARTS5 Receive Buffer Register U5RB iiﬂ
0290h
0291h
0292h
0293h
0294h |UART®6 Special Mode Register 4 U6SMR4 00h
0295h |UART®6 Special Mode Register 3 U6SMR3 000X 0X0Xb
0296h |UART6 Special Mode Register 2 U6SMR2 X000 0000b
0297h |UART®6 Special Mode Register U6SMR X000 0000b
0298h |UART6 Transmit/Receive Mode Register U6MR 00h
0299h |UARTS6 Bit Rate Register U6BRG XXh
g;gg: UART6 Transmit Buffer Register ue6TB ii:
029Ch |UART®6 Transmit/Receive Control Register O u6Co 0000 1000b
029Dh |UART®6 Transmit/Receive Control Register 1 u6C1l 0000 0010b
gigiﬂ UART6 Receive Buffer Register U6RB iiﬂ

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/64C Group

4. Special Function Registers (SFRs)

Table 4.11 SFR Information (11) @

Address Register Symbol Reset Value
02A0h
02A1h
02A2h
02A3h
02A4h |UART7 Special Mode Register 4 U7SMR4 00h
02A5h |UART7 Special Mode Register 3 U7SMR3 000X 0X0Xb
02A6h |UART7 Special Mode Register 2 U7SMR2 X000 0000b
02A7h |UART7 Special Mode Register U7SMR X000 0000b
02A8h |UART7 Transmit/Receive Mode Register U7MR 00h
02A9%h |UART7 Bit Rate Register U7BRG XXh
822’;2 UART?7 Transmit Buffer Register u7TB ii:
02ACh |UART7 Transmit/Receive Control Register 0 u7Co 0000 1000b
02ADh |UART7 Transmit/Receive Control Register 1 u7C1 0000 0010b
852&2 UART?7 Receive Buffer Register U7RB ii:
02BOh |I2CO0 Data Shift Register S00 XXh
02B1h
02B2h |I2CO0 Address Register 0 S0DO 0000 000Xb
02B3h [I2CO0 Control Register 0 S1D0 00h
02B4h |12CO0 Clock Control Register S20 00h
02B5h |I12CO0 Start/Stop Condition Control Register S2D0 0001 1010b
02B6h |I2C0 Control Register 1 S3D0 0011 0000b
02B7h |I2CO0 Control Register 2 S4D0 00h
02B8h |I2C0 Status Register 0 S10 0001 000Xb
02B9h |I2CO Status Register 1 S11 XXXX X000b
02BAh |12C0 Address Register 1 SOoD1 0000 000Xb
02BBh |12C0 Address Register 2 S0D2 0000 000Xb
02BCh

02BDh
02BEh
02BFh

02COh to
02FFh

X: Undefined
Note:

1. The blank areas are reserved. No access is allowed.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.12 SFR Information (12) @

Address Register Symbol Reset Value
0300h |Timer B3/B4/B5 Count Start Flag TBSR 000X XXXXb
0301h
0302h ) ) XXh
0303h Timer Al-1 Register TA1l <X
0304h ) . XXh
0305h Timer A2-1 Register TA21 XN
0306h ) . XXh
0307h Timer A4-1 Register TA41 <Xh
0308h |Three-Phase PWM Control Register 0 INVCO 00h
0309h |Three-Phase PWM Control Register 1 INVC1 00h
030Ah | Three-Phase Output Buffer Register O IDBO XX11 1111b
030Bh | Three-Phase Output Buffer Register 1 IDB1 XX11 1111b
030Ch |Dead Time Timer DTT XXh
030Dh | Timer B2 Interrupt Generation Frequency Set Counter ICTB2 XXh
030Eh |Position-Data-Retain Function Control Register PDRF XXXX 0000b
030Fh
0310h i . XXh
0311h Timer B3 Register TB3 <Xh
0312h ) . XXh
0313h Timer B4 Register TB4 XN
0314h ) . XXh
0315h Timer B5 Register TB5 <Xh
0316h
0317h
0318h |Port Function Control Register PFCR 0011 1111b
0319h
031Ah
031Bh |Timer B3 Mode Register TB3MR 00XX 0000b
031Ch |Timer B4 Mode Register TB4AMR 00XX 0000b
031Dh |Timer B5 Mode Register TB5MR 00XX 0000b
031Eh
031Fh
0320h |Count Start Flag TABSR 00h
0321h
0322h |One-Shot Start Flag ONSF 00h
0323h | Trigger Select Register TRGSR 00h
0324h |Increment/Decrement Flag UDF 00h
0325h
0326h i . XXh
0327h Timer AO Register TAO <Xh
0328h i . XXh
0329h Timer Al Register TA1 <Xh
032Ah i . XXh
032Bh Timer A2 Register TA2 <Xh
032Ch ) ) XXh
032Dh Timer A3 Register TA3 XN
032Eh ) . XXh
032Fh Timer A4 Register TA4 XN

X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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M16C/64C Group 4. Special Function Registers (SFRs)

Table 4.13 SFR Information (13) (1)
Address Register Symbol Reset Value
gggcl): Timer BO Register TBO ;i:
82252 Timer B1 Register TB1 iiﬁ
82222 Timer B2 Register TB2 iiﬂ
0336h |Timer AO Mode Register TAOMR 00h
0337h |Timer A1 Mode Register TAIMR 00h
0338h |Timer A2 Mode Register TA2MR 00h
033%h | Timer A3 Mode Register TA3MR 00h
033Ah |Timer A4 Mode Register TAAMR 00h
033Bh | Timer BO Mode Register TBOMR 00XX 0000b
033Ch |Timer B1 Mode Register TB1IMR 00XX 0000b
033Dh |Timer B2 Mode Register TB2MR 00XX 0000b
033Eh |Timer B2 Special Mode Register TB2SC X000 0000b
033Fh
0340h |Real-Time Clock Second Data Register RTCSEC 00h
0341h |Real-Time Clock Minute Data Register RTCMIN X000 0000b
0342h |Real-Time Clock Hour Data Register RTCHR XX00 0000b
0343h |Real-Time Clock Day Data Register RTCWK XXXX X000b
0344h |Real-Time Clock Control Register 1 RTCCR1 0000 X00Xb
0345h |Real-Time Clock Control Register 2 RTCCR2 X000 0000b
0346h |Real-Time Clock Count Source Select Register RTCCSR XXX0 0000b
0347h
0348h |Real-Time Clock Second Compare Data Register RTCCSEC X000 0000b
0349h |Real-Time Clock Minute Compare Data Register RTCCMIN X000 0000b
034Ah |Real-Time Clock Hour Compare Data Register RTCCHR X000 0000b
034Bh
034Ch
034Dh
034Eh
034Fh
0350h |CEC Function Control Register 1 CECC1 XXXX X000b
0351h |CEC Function Control Register 2 CECC2 00h
0352h |CEC Function Control Register 3 CECC3 XXXX 0000b
0353h |CEC Function Control Register 4 CECC4 00h
0354h |CEC Flag Register CECFLG 00h
0355h |CEC Interrupt Source Select Register CISEL 00h
0356h |CEC Transmit Buffer Register 1 CCTB1 00h
0357h |CEC Transmit Buffer Register 2 CCTB2 XXXX XX00b
0358h |CEC Receive Buffer Register 1 CCRB1 00h
0359h |CEC Receive Buffer Register 2 CCRB2 XXXX X000b
035Ah |CEC Receive Follower Address Set Register 1 CRADRI1 00h
035Bh |CEC Receive Follower Address Set Register 2 CRADRI2 00h
035Ch
035Dh
035Eh
035Fh
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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Table 4.14 SFR Information (14) (1)

Address Register Symbol Reset Value
0360h |Pull-Up Control Register O PURO 00h
0361h |Pull-Up Control Register 1 PUR1 0000 0000b(2)

0000 0010b
0362h |Pull-Up Control Register 2 PUR2 00h
0363h
0364h
0365h
0366h |Port Control Register PCR 0000 0XXO0b
0367h
0368h
0369h |NMI/SD Digital Filter Register NMIDF XXXX X000b
036Ah
036Bh
036Ch
036Dh
036Eh
036Fh
0370h |PWM Control Register 0 PWMCONO 00h
0371h
0372h |PWMO Prescaler PWMPREO 00h
0373h |PWMO Register PWMREGO 00h
0374h |PWML1 Prescaler PWMPRE1 00h
0375h |PWML1 Register PWMREG1 00h
0376h |PWM Control Register 1 PWMCON1 00h
0377h
0378h
0379h
037Ah
037Bh
037Ch |Count Source Protection Mode Register CSPR 00h
037Dh |Watchdog Timer Refresh Register WDTR XXh
037Eh |Watchdog Timer Start Register WDTS XXh
037Fh |Watchdog Timer Control Register WDC 00XX XXXXb

0380h to
038Fh
X: Undefined
Notes:

1. The blank areas are reserved. No access is allowed.
2. Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:
- 00000000b when a low-level signal is input to the CNVSS pin
- 00000010b when a high-level signal is input to the CNVSS pin
Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, or oscillation stop
detect reset are as follows:
- 00000000b when bits PM01 and PMOO in the PMO register are 00b (single-chip mode).
- 00000010b when bits PM01 and PMOO in the PMO register are 01b (memory expansion mode) or 11b
(microprocessor mode).
3. When the CSPROINI bit in the OFS1 address is 0, the reset value is 1000 0000b.
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Table 4.15 SFR Information (15) (1)

Address Register Symbol Reset Value
0390h |DMAZ2 Source Select Register DM2SL 00h
0391h
0392h |DMAS3 Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h |DMAO Source Select Register DMOSL 00h
039%h
039Ah |DMAL Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh
03A0h
03A1h
03A2h |Open-Circuit Detection Assist Function Register AINRST XX00 XXXXb
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A%h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03B0Oh
03B1h
03B2h
03B3h
ggggﬂ SFR Snoop Address Register CRCSAR Eg))(())(( ))((;)):))((E
03B6h |CRC Mode Register CRCMR OXXX XXX0b
03B7h
03B8h
03B%h
03BAh
03BBh
gz:g: CRC Data Register CRCD iia
03BEh |CRC Input Register CRCIN XXh
03BFh

X: Undefined

Note:
1. The blank areas are reserved. No access is allowed.
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Table 4.16 SFR Information (16)

Address Register Symbol Reset Value
03CO0h . XXXX XXXXb
03C1h A/D Register 0 ADO 0000 00XXb
03C2h . XXXX XXXXb
03C3h A/D Register 1 AD1 0000 00XXb
03C4h . XXXX XXXXb
03C5h A/D Register 2 AD2 0000 00XXb
03C6h . XXXX XXXXb
oac7n |/VD Register 3 AD3 0000 00XXb
03C8h . XXXX XXXXb
o3con |//D Register 4 AD4 0000 00XXb
03CAh . XXXX XXXXb
03CBh A/D Register 5 AD5 0000 00XXb
03CCh . XXXX XXXXb
03CDh A/D Register 6 ADG6 0000 00XXb
03CEh . XXXX XXXXb
03CEh A/D Register 7 AD7 0000 00XXb
03D0h
03D1h
03D2h
03D3h
03D4h |A/D Control Register 2 ADCON2 0000 X00Xb
03D5h
03D6h |A/D Control Register 0 ADCONO 0000 0XXXb
03D7h |A/D Control Register 1 ADCON1 0000 X000b
03D8h |D/AO Register DAO 00h
03D9%h
03DAh |D/A1l Register DAl 00h
03DBh
03DCh |D/A Control Register DACON 00h
03DDh
03DEh
03DFh
03EOh |Port PO Register PO XXh
03Elh |Port P1 Register P1 XXh
03E2h |Port PO Direction Register PDO 00h
03E3h |Port P1 Direction Register PD1 00h
03E4h |Port P2 Register P2 XXh
03E5h |Port P3 Register P3 XXh
03E6h |Port P2 Direction Register PD2 00h
03E7h |Port P3 Direction Register PD3 00h
03E8h |Port P4 Register P4 XXh
03E9h |Port P5 Register P5 XXh
03EAh |Port P4 Direction Register PD4 00h
03EBh |Port P5 Direction Register PD5 00h
03ECh |Port P6 Register P6 XXh
03EDh |Port P7 Register P7 XXh
03EEh |Port P6 Direction Register PD6 00h
03EFh |Port P7 Direction Register PD7 00h

X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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Table 4.17 SFR Information (17) (1)

Address Register Symbol Reset Value
03FOh |Port P8 Register P8 XXh
03F1h |Port P9 Register P9 XXh
03F2h |Port P8 Direction Register PD8 00h
03F3h |Port P9 Direction Register PD9 00h
03F4h |Port P10 Register P10 XXh
03F5h
03F6h |Port P10 Direction Register PD10 00h
03F7h
03F8h
03F9h
03FAh
03FBh
03FCh
03FDh
03FEh
03FFh

X: Undefined

Note:
1. The blank areas are reserved. No access is allowed.
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Table 4.18 SFR Information (18) (1)
Address Register Symbol Reset Value
D080h . . 0000 0000b
Dosih PMCO Header Pattern Set Register (Min) PMCOHDPMIN XXX X000D
D082h . 0000 0000b
D0s3h PMCO Header Pattern Set Register (Max) PMCOHDPMAX XXX X000b
D084h |PMCO Data 0 Pattern Set Register (Min) PMCODOPMIN 00h
D085h |PMCO Data 0 Pattern Set Register (Max) PMCODOPMAX 00h
D086h |PMCO Data 1 Pattern Set Register (Min) PMCOD1PMIN 00h
D087h |PMCO Data 1 Pattern Set Register (Max) PMCOD1PMAX 00h
D088h . 00h
Doaoh PMCO Measurements Register PMCOTIM oon
D08AhN
D08Bh
D08Ch |PMCO Receive Data Store Register 0 PMCODATO 00h
D08Dh |PMCO Receive Data Store Register 1 PMCODAT1 00h
DO8Eh |PMCO Receive Data Store Register 2 PMCODAT2 00h
DO08Fh |PMCO Receive Data Store Register 3 PMCODAT3 00h
D090h |PMCO Receive Data Store Register 4 PMCODAT4 00h
D091h |PMCO Receive Data Store Register 5 PMCODAT5 00h
D092h |PMCO Receive Bit Count Register PMCORBIT XX00 0000b
D093h
D094h . ) 0000 0000b
D095h PMC1 Header Pattern Set Register (Min) PMC1HDPMIN XXX X000D
D096h ) 0000 0000b
D097h PMC1 Header Pattern Set Register (Max) PMC1HDPMAX XXX X000D
D098h |PMC1 Data 0 Pattern Set Register (Min) PMC1DOPMIN 00h
D099h |PMC1 Data 0 Pattern Set Register (Max) PMC1DOPMAX 00h
D09Ah |PMC1 Data 1 Pattern Set Register (Min) PMC1D1PMIN 00h
D09Bh |PMC1 Data 1 Pattern Set Register (Max) PMC1D1PMAX 00h
D09Ch . 00h
D09Dh PMC1 Measurements Register PMC1TIM oon
DO9Eh
DO9Fh
X: Undefined
Note:
1. The blank areas are reserved. No access is allowed.
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4.2 Notes on SFRs

4.2.1 Register Settings

Table 4.19 lists Registers with Write-Only Bits and registers whose function differs between reading and
writing. Set these registers with immediate values. Do not use read-modify-write instructions. When
establishing the next value by altering the existing value, write the existing value to the RAM as well as
to the register. Transfer the next value to the register after making changes in the RAM.
Read-modify-write instructions can be used when writing to the no register bits.

Table 4.19  Registers with Write-Only Bits
Address Register Symbol
0249h UARTO Bit Rate Register UOBRG
024Bh to 024Ah UARTO Transmit Buffer Register uoTB
0259h UART1 Bit Rate Register U1BRG
025Bh to 025Ah UART1 Transmit Buffer Register UlTB
0269h UART?2 Bit Rate Register U2BRG
026Bh to 026Ah UART2 Transmit Buffer Register uz2TB
0273h S1/O3 Bit Rate Register S3BRG
0277h SI/O4 Bit Rate Register S4BRG
0289h UARTS Bit Rate Register US5BRG
028Bh to 028Ah UART5 Transmit Buffer Register U5TB
0299h UARTG6 Bit Rate Register U6BRG
029Bh to 029Ah UART®6 Transmit Buffer Register ueTB
02A%9h UARTY Bit Rate Register U7BRG
02ABh to 02AAh UART7 Transmit Buffer Register u7TB
02B6h [2C0 Control Register 1 S3D0
02B8h I12CO0 Status Register 0 S10
0303h to 0302h Timer Al-1 Register TA11
0305h to 0304h Timer A2-1 Register TA21
0307h to 0306h Timer A4-1 Register TA41
030Ah Three-Phase Output Buffer Register 0 IDBO
030Bh Three-Phase Output Buffer Register 1 IDB1
030Ch Dead Time Timer DTT
030Dh Timer B2 Interrupt Generation Frequency Set Counter ICTB2
0327h to 0326h Timer A0 Register TAO
0329h to 0328h Timer Al Register TAl
032Bh to 032Ah Timer A2 Register TA2
032Dh to 032Ch Timer A3 Register TA3
032Fh to 032Eh Timer A4 Register TA4
037Dh Watchdog Timer Refresh Register WDTR
037Eh Watchdog Timer Start Register WDTS
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Table 4.20 Read-Modify-Write Instructions

Function Mnemonic
Transfer MOVDir
Bit processing BCLR, BMCnd, BNOT, BSET, BTSTC, and BTSTS

Shifting

ROLC, RORC, ROT, SHA, and SHL

Arithmetic operation

ABS, ADC, ADCF, ADD, DEC, DIV, DIVU, DIVX, EXTS, INC, MUL, MULU, NEG,

SBB, and SUB

Decimal operation

DADC, DADD, DSBB, and DSUB

Logical operation

AND, NOT, OR, and XOR

Jump

ADJNZ, SBINZ
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5. Protection

51 Introduction
In the event that a program runs out of control, this function protects the important registers so that they
will not be rewritten easily.

5.2 Register

Table 5.1 Registers

Address Register Symbol Reset Value
000Ah | Protect Register PRCR 00h

5.2.1 Protect Register (PRCR)

Protect Register

b

J

b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

b.
|0|0| | | | | PRCR 000Ah 00h

Bit Symbol Bit Name Function RW

Enable writing to registers CM0, CM1, CM2,

PLCO, PCLKR, and PCLKSTP1

-1 PRCO |Protect bit 0 0 : Write protected RW

1 : Write enabled

Enable writing to registers PM0O, PM1, PM2,
TB2SC, INVCO, and INVC1

0 : Write protected

1 : Write enabled

Enable writing to registers PD9, S3C, and

S4C
] .
PRC2 |Protect bit 2 0 : Write protected RW

1 : Write enabled

Enable writing to registers VCR2, VWCE,
VDILS, VWO0C, VW1C, and VW2C

0 : Write protected

1 : Write enabled

1o beaad PRC1 |Protect bit 1 R

| bememeee- PRC3 |Protect bit 3 RW

(b5-bd) Reserved bits Setto 0 RwW

Enable writing to the PRG2C register
---------------- PRC6 |Protect bit 6 0 : Write protected RW
1 : Write enabled

Reserved bit Setto 0 RW

(b_7)
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PRC6, PRC3, PRC1, PRCO (Protect bits 6, 3, 1, 0) (b6, b3, b1, b0)
When setting bits PRC6, PRC3, PRC1, and PRCO to 1 (write enabled), these bits remain 1 (write
enabled). To change registers protected by these bits, follow these steps:

(1) Setthe PRCibitto 1. (i=0, 1, 3, 6)

(2) write to the register protected by the PRCi bit.

(3) Set the PRCi bit to 0 (write protected).

PRC2 (Protect bit 2) (b2)
After setting the PRC2 bit to 1 (write enabled), by writing to a given SFR, the PRC2 bit becomes 0.
Change the registers protected by the PRC2 bit in the next instruction after setting the PRC2 bit to 1.
The steps are shown below. Make sure there are no interrupts or DMA transfers between steps (1) and
(2).

(1) Set the PRC2 bit to 1.

(2) write to the register protected by the PRC2 bit.
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53 Notes on Protection

After setting the PRC2 bit to 1 (write enabled), by writing to a given SFR, the PRC2 bit becomes 0 (write
disabled). Change the registers protected by the PRC2 bit in the next instruction after setting the PRC2 bit

to 1. Make sure there are no interrupts or DMA transfers between the instruction that sets the PRC2 bit to
1 and the next instruction.
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6. Resets

6.1 Introduction

The following resets can be used to reset the MCU: hardware reset, power-on reset, voltage monitor 0
reset, voltage monitor 1 reset, voltage monitor 2 reset, oscillator stop detect reset, watchdog timer reset,

and software reset.

Table 6.1 lists the Types of Resets and Figure 6.1 shows the Reset Circuit Block Diagram. Symbols (A) to
(D) in the table and figure is explained in Table 6.2. Table 6.3 lists the 1/O Pins.

Table 6.1 Types of Resets
Reset Name Trigger Registers and Bits Not to Reset
Hardware reset A low-level signal is applied to the RESET pin. A)
Power-on reset A rise in voltage on VCC1 N/A
Voltage monitor O reset A drop in voltage on VCCL1 (reference voltage: Vdet0) |[N/A
Voltage monitor 1 reset A drop in voltage on VCCL1 (reference voltage: Vdetl) |[(B)
Voltage monitor 2 reset A drop in voltage on VCCL1 (reference voltage: Vdet2) |[(B)
Oscillator stop detect reset |A stop in the main clock oscillator is detected. (B) (C) (D)
Watchdog timer reset The watchdog timer underflows. (B) (C)
Software reset Setting the PMO03 bit in the PMO register to 1. (B) (C)
RESET O Hardware reset
Do—» SFR (A)
Power-on reset | Power-on reset
veel circuit Py ® SFR (B)
Voltage monitor O reset
. *—
Voltage detector Voltage monitor 1 reset I SFR (C)
Voltage monitor 2 reset ® ¢
Watchdog timer reset
Watchdog timer
®
L4 .j)—>o_> SFR (D)
Software reset ® hd {
CPU
Pins, CPU, or SFRs
] not listed above
Oscillator stop/
XIN O—
restart detector | Oscillator stop detect reset
For the reset value and status, refer to 4. “Special Function Registers
(SFRs)” and 6.4.1 “Status after Reset”.
Figure 6.1  Reset Circuit Block Diagram
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Table 6.2 Classification of SFRs Which are Reset
SFR Register and Bit
SFR (A) Bits OSDR and CWR in the RSTFR register
CWR bit in the RSTFR register
Registers VCR1, VCR2, and VWO0OC
SFR (B) Bits VW1C2 and VW1C3 in the VW1C register
Bits VW2C2 and VW2C3 in the VW2C register
Bits PM00 and PMO1 in the PMO register
SFR (C) VDLLS register
SFR (D) Bits CM20, CM21, and CM27 in the CM2 register

Table 6.3 1/0 Pins

Pin I/O Function
RESET Input Hardware reset input
VCCel Inbut Power input. The power-on reset, voltage monitor O reset, voltage monitor
P 1 reset, and voltage monitor 2 reset are generated by monitoring VCC1.
Main clock input. The oscillator stop detect reset is generated by
XIN Input o .
monitoring the main clock.
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6.2 Registers

Refer to 7. “Voltage Detector” for registers used with the voltage monitor O reset, voltage monitor 1 reset,
and voltage monitor 2 reset. Refer to 15. “Watchdog Timer” for registers used with the watchdog timer
reset. Refer to 8.7 “Oscillator Stop/Restart Detect Function” for registers used with the oscillator stop

detect reset.

Table 6.4 Registers

Address Register Symbol Reset Value
. 0000 0000b (CNVSS pin is low)
0004h Processor Mode Register 0 PMO 0000 0011b (CNVSS pin is high)
0018h | Reset Source Determine Register RSTFR -@

Note:

1. Referto 6.2.2 “Reset Source Determine Register (RSTFR)”
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6.2.1 Processor Mode Register 0 (PMO)
Processor Mode Register 0
b7 b6 b5 b4 b3 b2 bl b0
L S Symbol Address Reset Value
1 ' ]
i i b i i PMO 0004h 0000 0000b (CNVSS pin is low)
P 0000 0011b (CNVSS pin is high)
1 ] ' 1
I
I
' i E i E i E Bit Symbol Bit Name Function RW
1 ]
I
] : : :
PN pmoo bl bo -
I H 0 0: Single-chip mode
i Pl ! Processor mode bit 0 1:Memory expansion mode
Pl 1 0:Do notset
o E byt PMO1 1 1:Microprocessor mode RW
1 ] 1
REREE
[ !
O , 0: RD, BHE, WR
i i i i i R PMO2 |R/W mode select bit 1 RD. WRH, WRT RW
P
Pl
[ . Setting this bit to 1 resets the MCU.
] ' 1
i E | ) e PMO3 Software reset bit When read, the read value is 0. RW
]
RN
I b5 b4
P i PMO4 0  0:Multiplexed bus is not used RW
i 1 ' Multiplexed bus space select (separate bus in the entire CS space)
v bit 0 1:Allocated to CS2 space
I PMO5 1 0:Allocated to CS1 space_ RW
o 1 1: Allocated to the entire CS space
1 ]
1 ]
1 ]
1 ] .
(] Port P4_0 to P4_3 function 0 : Address output
i """""""" PMO6 | select bit 1 : Port function (address is not output) RW
1
1
i 0 : BCLK is output
S PMO7 |BCLK output disable bit 1 : BCLK is not output RW
(pin becomes high-impedance)

Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
The software reset, watchdog timer reset, oscillator stop detect reset, voltage monitor 1 reset, and
voltage monitor 2 reset have no effect on bits PM01 and PMOO.
Bits PM02, PMO05 to PM04, PM06, and PMQ7 are enabled when bits PM0O1 to PMOO are 01b (memory
expansion mode) or 11b (microprocessor mode).

PMO03 (Software reset bit) (b3)

A software reset is generated by setting the PMO3 bit to 1.
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6.2.2 Reset Source Determine Register (RSTFR)
Reset Source Determine Register
b7 b6 b5 b4 b3 b2 bl b0
| ? | T T T T T 1
P i P Symbol Address Reset Value
] ]
i E i E i E i : RSTER 0018h See Table 6.5.
R
i i i E i . E Bit Symbol Bit Name Function RW
A A
b b Cold start/warm start 0: Cold start
i E i E i b CWR O Giscrimination flag 1 : Warm start RW
1 H I T
I A .
E i i E i E '---4  HWR [Hardware reset detection flag 2 gg:edcﬁé%ded RO
1 R
bbb .
Vo) . 0 : Not detected
i E i E E ------- SWR Software reset detection flag 1 Detected RO
[
N Watchdog timer reset detect |0 : Not detected
i i i E WDR a9 1: Detected RO
e
b Voltage monitor 1 reset 0 : Not detected
i E i R LVD1R detection flag 1 : Detected RO
b
vy Voltage monitor 2 reset 0 : Not detected
b LVD2R 1 jetection flag 1: Detected RO
b
o Oscillator stop detect reset 0 : Not detected
i ---------------- OSDR detect flag 1 : Detected RW
1
1
e e e — . If necessary, set to 0. When read, the
(b7) Reserved bit read value is undefined. RW
Table 6.5 RSTFR Register Reset Value
Reset Bits in the RSTFR Register
ese
OSDR LVD2R LVD1R WDR SWR HWR CWR
Hardware reset No change 0 0 0 0 1 No change
Power-on reset 0 0 0 0 0 0 0
Voltage monitor O reset 0 0 0 0 0 0 0
Voltage monitor 1 reset 0 0 1 0 0 0 No change
Voltage monitor 2 reset 0 1 0 0 0 0 No change
Oscillator stop detect reset 1 0 0 0 0 0 No change
Watchdog timer reset 0 0 0 1 0 0 No change
Software reset 0 0 0 0 1 0 No change

CWR (Cold/warm start discrimination flag) (b0)
The CWR bit also changes when the either of following condition is met:

Condition to become 0:
* Power-on

Condition to become 1:
* Setting this bitto 1

OSDR (Oscillator stop detect reset detect flag) (b6)

The OSDR bit also changes when either of following condition is met:

Conditions to become 0O:
* Power-on
* Setting this bitto 0

This bit will not become 1 even when written to 1.
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6.3

Optional Function Select Area

In the optional function select area, the MCU state after reset and the function to prevent rewrite in parallel
I/O mode are selected.
The optional function select area is not an SFR, and therefore cannot be rewritten by a program. Set an
appropriate value when writing a program to flash memory. The entire optional function select area
becomes FFh when the block including the optional function select area is erased.
In blank products, the OFS1 address value is FFh when shipped. After a value is written by the user, this
address takes on the written value. In programmed products, the OFS1 address is the value set in the
user program prior to shipping.
Selection using the optional function select area can be used in single-chip mode or memory expansion
mode. The option function select area cannot be used in microprocessor mode. Clear the internal ROM
before using the MCU in microprocessor mode.

6.3.1

Optional Function Select Address 1 (OFS1)

b7 b6 b5 b4 b3 b2 bl b0

LT ]

1]

Optional Function Select Address 1

Symbol Address
OFS1 FFFFFh
Bit Symbol Bit Name Function
0 : Watchdog timer starts automatically
WDTON [Watchdog timer start select bit after reset

1 : Watchdog timer is stopped after reset

(b1) Reserved bit Setto 1.
ROMCR |ROM code protect cancel bit 2 Egmgggebﬁrg;?t}:gg cancelled
. 0 : ROM code protection enabled
ROMCP1 |ROM code protect bit 1: ROM code protection disabled
(b4) Reserved bit Setto 1.
VDSELL |Vdeto select bit 1 9:\Vaeto 2
0 : Voltage monitor O reset enabled
. after hardware reset
LVDAS  |Voltage detector O start bit 1: Voltage monitor O reset disabled
after hardware reset
0 : Count source protection mode
CSPROINI After-reset count source enabled after reset

protection mode select bit 1:

Count source protection mode
disabled after reset

WDTON (Watchdog timer start select bit) (b0)
CSPROINI (After-reset count source protection mode select bit) (b7)
These bits select the state of the watchdog timer after reset.
Set the WDTON bit to 0 (watchdog timer starts automatically after reset) when setting the CSPROINI bit
to 0 (count source protection mode enabled after reset).
Refer to 15. “Watchdog Timer” for details on the watchdog timer and count source protection mode.
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ROMCR (ROM code protect cancel bit) (b2)
ROMCP1 (ROM code protect bit) (b3)

These bits prevent the flash memory from being read or changed in parallel I/O mode.

Table 6.6 ROM Code Protection

Bit Setting .
- - ROM Code Protection
ROMCR bit ROMCP1 bit

0 0
Cancelled

0 1

1 0 Enabled

1 1 Cancelled

VDSEL1 (VdetO select bit 1) (b5)

Set this bit to 0 (VdetO_2) when using the power-on reset or voltage monitor O reset. Refer to 6.4.10
“Cold/Warm Start Discrimination”.

This bit is enabled in single-chip mode, while disabled in boot mode.

LVDAS (Voltage detector O start bit) (b6)

Set this bit to 0 (voltage monitor O reset enabled after hardware reset) when using the power-on reset.

This bit is enabled in single-chip mode, while disabled in boot mode.
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6.4 Operations

6.4.1 Status after Reset

The status of SFRs after reset depends on the reset type. See the Reset Value column in 4. “Special
Function Registers (SFRs)". Table 6.7 lists Pin Status When RESET Pin Level is Low, Figure 6.2 shows
CPU Register Status after Reset, and Figure 6.3 shows Reset Sequence.

Table 6.7 Pin Status When RESET Pin Level is Low

Status ()
] Microprocessor mode (CNVSS = VCC1, P5_5 = high) Boot mode
PinName | single-chip mode (CNVSS = VCC1,

(CNVSS = VSS) BYTE = VSS BYTE = VCC1 P5_5 = low,

P5_0 = high)

PO Input port Data input Data input Input port

P1 Input port Data input Input port Input port
PZiOPS,‘ng_O Input port Address output (undefined) Address output (undefined) Input port
Pa_4 Input port aisggoh?g\t/%ljtis output) &isgoh?g\tlzllnis output) Input port
P4 5toP4_7 Input port Input port (pulled high) Input port (pulled high) Input port
P5_0 Input port \(/r\:iZhO:Je}sgIt is output) }'ﬁghofét?é’f is output) CEinput @

P5 1 Input port BHE output (undefined) BHE output (undefined) Input port
P5_2 Input port l(::%rc:lf;?/létl is output) (I?lll:;glfg\)/l:l is output) Input port
P5_3 Input port BCLK output BCLK output Input port

HLDA output HLDA output
P5 4 Input port (the output value depends on | (the output value depends on Input port
the input to the HOLD pin) the input to the HOLD pin)
P5 5 Input port HOLD input @ HOLD input (@ EPM input 3)

P5_6 Input port '(Dl\cl;vli IC;L\l/tepluits output) /(Alév% I?el\J/t:Iui; output) Input port

P5 7 Input port RDY input RDY input Input port

P6 to P10 Input port Input port Input port Input port

Notes:

1. The pin status shown here is when the internal power supply voltage has stabilized after power-on.
The pin status is undefined until td(P-R) has elapsed after power-on.

2. Input a high-level signal.

3. Input a low-level signal.
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b15 b0
0000h Data register (RO)
0000h Data register (R1)
0000h |  Dataregister (R2)
0000h | Data register (R3)
0000h Address register (A0)
0000h Address register (Al)
| 0000h Frame base register (FB)
b19 b0
00000h Interrupt table register (INTB)
Content of addresses FFFFEh to FFFFCh Program counter (PC)
b15 b0
0000h User stack pointer (USP)
0000h Interrupt stack pointer (ISP)
0000h Static base register (SB)
b15 b0
0000h Flag register (FLG)
b,15,/’”’ b8 b7 bol
L1
IPL Ul OB S Z DC

Figure 6.2  CPU Register Status after Reset
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VCC1, VCC2

XIN

. _R)|Must be equal to or
Microprocessor mode td(P-R) .

BYTE = high

1
more than 5555 * 20 cycles

RESET 8
E— f0Co-S

|
tpS +:5~~—=< % 60 cycles (max.)
-l 'Y
-

BCLK T \_I_U_I_I_LJ

Uy uyUL

X Content of

FFFFCh X FFFFDh X FFFFEh

Address

reset vector

Y I R

SO

Microprocessor mode
BYTE = low

—

Address

FFFFCh X FFFFEN x Content of X

reset vector

I B

i

0O
0
o

Single-chip
mode

FFFFCh Content of reset vector

Address

X FFFFEh

Figure 6.3 Reset Sequence
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6.4.2 Hardware Reset

This reset is triggered by the RESET pin. When the power supply voltage meets the recommended
operating conditions, the MCU resets the pins, CPU, and SFRs when a low-level signal is applied to the
RESET pin.

When changing the signal applied to the RESET pin from low to high, the MCU executes the program
at the address indicated by the reset vector. fOCO-S divided by 8 is automatically selected as the CPU
clock after reset.

The HWR bit in the RSTFR register becomes 1 (hardware reset detected) after hardware reset. Refer
to 4. “Special Function Registers (SFRs)” for the remaining SFR states after reset.

The internal RAM is not reset. When a low-level signal is applied to the RESET pin while writing data to
the internal RAM, the internal RAM becomes undefined.

The procedures for generating a hardware reset are as follows:

When the power supply is stable
(1) Apply a low-level signal to the RESET pin.
(2) Wait for tw(RSTL).
(3) Apply a high-level signal to the RESET pin.

When the power is turned on
(1) Apply a low-level signal to the RESET pin.
(2) Raise the power supply voltage to the recommended operating level.
(3) Wait for td(P-R) until the internal voltage stabilizes.

(4) Wait for x 20 cycles.

1
fOCO-S
(5) Apply a high-level signal to the RESET pin.

Figure 6.4 shows an Reset Circuit Example.

1 1

|

Recommended—# i

VCC1 operating P

voltage I

|

oY B

RESET vCCl P

1 1

RESET P

L e 0.2 VCC1 or below _j ~+=" 0.2 VCC1 or below

1 1

A? oV N
—>E 54— td(P-R) + Wlo—s x 20 cycles or above

Note: e
1. When VCC1 > VCC2, make sure that the VCC2 voltage is lower than that of VCC1 when the power is

turned on or off.

Figure 6.4  Reset Circuit Example
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6.4.3 Power-On Reset Function

The power-on reset function can be used on the system in which VCCL1 is VdetO or higher.

When the RESET pin is connected to VCCL1 via a pull-up resistor, and the VCC1 voltage level rises
while the rise gradient is trth, the power-on reset function is enabled and the MCU resets the pins, CPU,
and SFRs. When the input voltage to the VCC1 pin reaches VdetO or above, the fOCO-S count starts.
When the fOCO-S count reaches 32, the internal reset signal becomes high and the MCU executes the
program at the address indicated by the reset vector. fOCO-S divided by 8 is automatically selected as
the CPU clock after reset.

The CWR bit in the RSTFR register becomes 0 (cold start) after power-on reset. Refer to 4. “Special
Function Registers (SFRs)” for the remaining SFR states after reset.

The internal RAM is not reset.

Use the voltage monitor O reset together with the power-on reset. Set the LVDAS bit in the OFS1
address to 0 (voltage monitor O reset enabled after hardware reset) and the VDSEL1 bit to 0 (Vdet0_2)
to use the power-on reset. In this case, the voltage monitor O reset is enabled (the VWOCO bit and bit 6
in the VWOC register are 1 and the VC25 bit in the VCR2 register is 1). Do not set these bits to 0 by a
program.

Refer to 7. “Voltage Detector” for details of the voltage monitor O reset.

Figure 6.5 shows Power-On Reset Circuit and Operation Example. When a capacitor is connected to
the RESET pin, always keep voltage to the RESET pin in the range of VIH.

VCC1
4.7 kQ
(reference)
RESET
Vdet0
trth
vcel '
Vporl
«— tw(por)

Internal reset signal

(low active) VN
1
foco-s <32
Figure 6.5 Power-On Reset Circuit and Operation Example
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6.4.4 Voltage Monitor O Reset

This reset is triggered by the MCU's on-chip voltage detector 0. The voltage detector 0 monitors the
voltage applied to the VCC1 pin (Vdet0).

The MCU resets the pins, CPU, and SFRs when the voltage applied to the VCC1 pin drops to VdetO or
below.

Then, the fOCO-S count starts when the voltage applied to the VCCL1 pin rises to VdetO or above. The
internal reset signal becomes high after 32 cycles of fOCO-S, and then the MCU executes the program
at the address indicated by the reset vector. fOCO-S divided by 8 is automatically selected as the CPU
clock after reset.

The CWR bit in the RSTFR register becomes 0 (cold start) after voltage monitor 0 reset. Refer to 4.
“Special Function Registers (SFRs)” for the remaining SFR states after reset.

The internal RAM is not reset. When the voltage applied to the VCCL1 pin drops to VdetO or below while
writing data to the internal RAM, the internal RAM becomes undefined.

Refer to 7. “Voltage Detector” for details of the voltage monitor O reset.

6.4.5 Voltage Monitor 1 Reset

This reset is triggered by the MCU's on-chip voltage detector 1. Voltage detector 1 monitors the voltage
applied to the VCC1 pin (Vdetl).

When the VW1CG6 bit in the VW1C register is 1 (voltage monitor 1 reset when Vdetl passage is
detected), the MCU resets the pins, CPU, and SFRs when the voltage applied to the VCC1 pin drops to
Vdetl or below. fOCO-S divided by 8 is automatically selected as the CPU clock after reset. After tps +
60 cycles of the CPU clock has elapsed, the MCU executes the program at the address indicated by
the reset vector.

The LVDI1R bit in the RSTFR register becomes 1 (voltage monitor 1 reset detected) after voltage
monitor 1 reset. Some SFRs are not reset at voltage monitor 1 reset. Refer to 4. “Special Function
Registers (SFRs)” for details. The processor mode remains unchanged since bits PM01 and PMOO in
the PMO register are not reset.

The internal RAM is not reset.

Refer to 7. “Voltage Detector” for details of the voltage monitor 1 reset.

6.4.6 Voltage Monitor 2 Reset

This reset is triggered by the MCU's on-chip voltage detector 2. Voltage detector 2 monitors the voltage
applied to the VCC1 pin (Vdet2).

When the VW2CG6 bit in the VW2C register is 1 (voltage monitor 2 reset when Vdet2 passage is
detected), the MCU resets the pins, CPU, and SFRs when the voltage applied to the VCCL1 pin drops to
Vdet2 or below. fOCO-S divided by 8 is automatically selected as the CPU clock after reset. After tps +
60 cycles of the CPU clock has elapsed, the MCU executes the program at the address indicated by
the reset vector.

The LVD2R bit in the RSTFR register becomes 1 (voltage monitor 2 reset detected) after voltage
monitor 2 reset. Some SFRs are not reset at voltage monitor 2 reset. Refer to 4. “Special Function
Registers (SFRs)” for details. The processor mode remains unchanged since bits PM01 and PMOO in
the PMO register are not reset.

The internal RAM is not reset.

Refer to 7. “Voltage Detector” for details of the voltage monitor 2 reset.
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6.4.7 Oscillator Stop Detect Reset

The MCU resets and stops the pins, CPU, and SFRs when the CM27 bit in the CM2 register is O (reset
when oscillator stop detected), if it detects that the main clock oscillator has stopped.

The OSDR bit in the RSTFR register becomes 1 (oscillator stop detect reset detected) after oscillator
stop detect reset.

Some SFRs are not reset at oscillator stop detect reset. Refer to 4. “Special Function Registers (SFRs)”
for details. The processor mode remains unchanged since bits PM01 and PMOO in the PMO register are
not reset.

The internal RAM is not reset. When the main clock oscillator stop is detected while writing data to the
internal RAM, the internal RAM becomes undefined.

Oscillator stop detect reset is canceled by hardware reset or voltage monitor O reset.

Refer to 8.7 “Oscillator Stop/Restart Detect Function” for details.

6.4.8 Watchdog Timer Reset

The MCU resets the pins, CPU, and SFRs when the PM12 bit in the PM1 register is 1 (reset when
watchdog timer underflows) and the watchdog timer underflows. Then the MCU executes the program
at the address determined by the reset vector. fOCO-S divided by 8 is automatically selected as the
CPU clock after reset.

The WDR bit in the RSTFR register becomes 1 (watchdog timer reset detected) after watchdog timer
reset. Some SFRs are not reset at watchdog timer reset. Refer to 4. “Special Function Registers
(SFRs)” for details. The processor mode remains unchanged since bits PM0O1 and PMOO in the PMO
register are not reset.

The internal RAM is not reset. When the watchdog timer underflows while writing data to the internal
RAM, the internal RAM becomes undefined.

Refer to 15. “Watchdog Timer” for details.

6.4.9 Software Reset

The MCU resets the pins, CPU, and SFRs when the PMO03 bit in the PMO register is 1 (MCU reset).
Then the MCU executes the program at the address determined by the reset vector. fOCO-S divided by
8 is automatically selected as the CPU clock after reset.

The SWR bit in the RSTFR register becomes 1 (software reset detected) after software reset. Some
SFRs are not reset at software reset. Refer to 4. “Special Function Registers (SFRs)” for details. The
processor mode remains unchanged since bits PM01 and PMOO in the PMO register are not reset.

The internal RAM is not reset.
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6.4.10 Cold/Warm Start Discrimination

The cold/warm start discrimination detects whether or not voltage applied to the VCC1 pin drops to the
RAM hold voltage or below. The reference voltage is Vdet0. Therefore, the voltage monitor O reset is
used for cold/warm start discrimination. Follow 7.4.2.1 “Voltage Monitor 0 Reset” to set the bits related
to the voltage monitor O reset.
The CWR bit in the RSTFR register is 0 (cold start) when power is turned on. The CWR bit also
becomes 0 after power-on reset or voltage monitor O reset. The CWR bit becomes 1 (warm start) by
writing 1, and remains unchanged at hardware reset, voltage monitor 1 reset, voltage monitor 2 reset,
oscillator stop detect reset, watchdog timer reset, or software reset.
In the cold/warm start discrimination, the VdetO level can be selected by setting the VDSELL1 bit in the
OFS1 address.
*When power-on reset or voltage monitor O reset is used
Set the VDSEL1 bit to 0 (Vdet0_2).
*When neither power-on reset nor voltage monitor O reset is used as the user system
The VDSEL1 bit can be set to 0 or 1.
When the VDSELL1 bit is 1 (Vdet0_0), voltage monitor O reset and its cancellation are based on
Vdet0_0. Therefore, execute hardware reset after cancelling the voltage monitor O reset.
Figure 6.6 shows the Cold/Warm Start Discrimination Example.

5V
VCC1

Vdet0

/
oV

Settp 1 by a program

/ N\
CWRbit ___| ;

Internal reset signal —L f

Figure 6.6  Cold/Warm Start Discrimination Example
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6.5 Notes on Resets

6.5.1

Power Supply Rising Gradient

When supplying power to the MCU, make sure that the power supply voltage applied to the VCCL1 pin
meets the SVCC conditions.

Standard
I P t it
Symbo arameter Min. | Typ. | Max. Uni
Power supply Vcci rising gradient
Svee (Voltage range: 0 to 2.0 V) 0.05 Vims
Power supply Vcci rising gradient
(Voltage range: 2.0 V to Vcci) 36V<Veei<55V 55 | Vims
veel Maximum value of SVCC
] &« (2.0VtoVCC1)
O e AR
Power-on
B
Minimum value of SVCC
¥ (0Vto2V)
0
—» Time
Figure 6.7 SVCC Timing (3.6 V <VCC1)
VCC1
[V] Power-on
30~~~ """~ TTTTTTTTTm ==
P e i
Minimum value of SVCC
¥ (0Vto2V)
0
—» Time
Figure 6.8 SVCC Timing (VCC1<3.6 V)
6.5.2 Power-On Reset

Use the voltage monitor O reset together with the power-on reset. To use the power-on reset, set the
LVDAS bit in the OFS1 address to 0 (voltage monitor O reset enabled after hardware reset) and the
VDSEL1 bit to 0 (VdetO_2). In this case, the voltage monitor O reset is enabled (the VWOCO bit and bit 6
in the VWOC register are 1, and the VC25 bit in the VCR2 register is 1) after power-on reset. Do not
disable these bits by a program.
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6.5.3 OSDR Bit (Oscillation Stop Detect Reset Detect Flag)

When an oscillator stop detect reset is generated, the MCU is reset and then stopped. This state is
canceled by hardware reset or voltage monitor O reset.

Note that the OSDR bit in the RSTFR register is not affected by a hardware reset, but becomes 0 (not
detected) from a voltage monitor O reset.
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7. \Voltage Detector

7.1

Introduction

The voltage detector monitors the voltage applied to the VCCL1 pin. This circuit can be programmed to
monitor the VCC1 input voltage. Voltage monitor O reset, voltage monitor 1 interrupt, voltage monitor 1

reset, voltage monitor 2 interrupt, and voltage monitor 2 reset can also be used.

Table 7.1 lists the Voltage Detector Specifications and Figure 7.1 shows Voltage Detector Block Diagram.

Table 7.1 Voltage Detector Specifications
Item Voltage Detector O Voltage Detector 1 Voltage Detector 2
Voltage to monitor |VdetO Vdetl Vdet2
Detection target Whether rises through or  |Whether rises through or  |Whether rises through or
9 falls through VdetO falls through Vdetl falls through Vdet2
Selectable from two levels |Selectable from three levels | _.
\n/1(c:>§1:itlor Voltage to detect in the OFS1 address in the VD1LS register Fixed level
VW1C3 bit in the VW1C VC13 bit in the VCR1
. register register
Monitor None —— ——
Whether VCCL1 is higher or |Whether VCCL1 is higher or
lower than Vdetl lower than Vdet2
Voltage monitor O reset Voltage monitor 1 reset Voltage monitor 2 reset
Reset when Vdet0 > Reset when Vdetl > VCC1; |Reset when Vdet2 > VCC1,;
Reset VCCI1; restart CPU restart CPU operation after |restart CPU operation after
operation when VCC1 > tps + 60 cycles of fOCO-S |tps + 60 cycles of fOCO-S
Vdet0 divided by 8 divided by 8
Process YOItage monitor 1 YOItage monitor 2
when interrupt interrupt
voltage is Interrupt request when Interrupt request when
detected Vdetl > VCC1 and Vdet2 > VCC1 and
Interrupt None VCF:l > Vdgtl while V_C_Cl > Vd_et2 while
digital filter is enabled; digital filter is enabled;
interrupt request when interrupt request when
Vdetl > VCC1 or Vdet2 > VCC1 or
VCC1 > Vdetl while VCC1 > Vdet2 while
digital filter is disabled digital filter is disabled
Switch o . . .
it enabled/disabled No digital filter function Available Available
igital
filtgr (fOCO-S divided by n) (fOCO-S divided by n)
Sampling time - x 3 x 3
nl 2438 nl2438
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VC25
vecl O—
Level Voltage detector O signal
selector >
> Vdet0
VDSEL1
VC26
Level - Voltage detector 1 signal
selector >
- VW1C3 bit in
> Vdetl the VWIC register
VD1LS3 to VD1LSO
VC27
> Voltage detector 2 signal
> VC13 bit in
= Vdet2 the VCR1 register
VC13: Bit in the VCR1 register
VC27, VC26, VC25: Bits in the VCR2 register
VW1C3: Bit in the VW1C register
VD1LS3 to VD1LSO: Bits in the VD1LS register
VDSELL1: Bit in the OFS1 address

Figure 7.1  Voltage Detector Block Diagram
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7.2 Registers

Table 7.2 shows the registers of the voltage detector. The reset value shows the values after hardware

reset.
Refer to the

each register explanation for details.

Table 7.2 Registers

Address Register Name Register Symbol Reset Value
0019h | Voltage Detector 2 Flag Register VCR1 0000 1000b
001Ah |Voltage Detector Operation Enable Register VCR2 00h
0026h | Voltage Monitor Function Select Register VWCE 00h
0028h | Voltage Detector 1 Level Select Register VD1LS 0000 1010b
002Ah | Voltage Monitor O Control Register VWOC 1000 XX10b
002Bh | Voltage Monitor 1 Control Register VW1C 1000 1010b
002Ch | Voltage Monitor 2 Control Register vw2C 1000 0X10b
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7.2.1 Voltage Detector 2 Flag Register (VCR1)

Voltage Detector 2 Flag Register
b7 b6 b5 b4 b3 b2 bl b0
|?|(.)|(.)|(.)| T |(.)|?|(.)| Symbol Address Reset Value
) ] ] ] ] ) ) ]
I R I A VCR1 0019h 0000 1000b (hardware reset, power-on
E i i i i i E i reset, voltage monitor O reset)
I T R R R
i 11 1 1 1 1 1 |Bit Symbol Bit Name Function RW
SR
Prirb i — b
P ek (b2-b0) Reserved bits Setto O RW
RERR
v 0: VCC1 < Vdet2
N VC13 Low-voltage monitor flag 1: VCC1 > Vdet2 RO
[ T or voltage detector 2 disabled
P
) 1 1 1
) 1 1 1 I H
CE S (b7-b4) Reserved bits Setto 0 RW

This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillator stop detect
reset, watchdog timer reset, or software reset.

VC13 (Low-voltage monitor flag) (b3)

The VC13 bit is enabled when the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2
enabled) and the VC27 bit in the VCR2 register is 1 (voltage detector 2 enabled).

Condition to become 0:

*VCC1 < Vdet2 (when the VW12E bit is 1 and the VC27 bit is 1)

Conditions to become 1:

*VCC1 > Vdet2 (when the VWI12E bit is 1 and the VC27 bit is 1)

* The VC27 bit is O (voltage detector 2 disabled).
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7.2.2 Voltage Detector Operation Enable Register (VCR2)

Voltage Detector Operation Enable Register
b7 b6 b5 b4 b3 b2 bl b0

ofofofo Symbol Address Reset Value
[ I I T R T T | 0000 0000b M
] ] 1 ) ] ] ) ]
R I R VCR2 001Ah 0010 0000b @
] ] 1 1 ] 1 ) 1
] ] 1 ) 1 1 ) 1
{14111 |Bit Symbol Bit Name Function RW
AR
R U I ) e dbi
I R R (b3-b0) Reserved bits Setto 0 RW
IR
IR —
E E i LT Er (b4) Reserved bits Setto 0 RW
Por
] ] 1 .
[ . |0 : Voltage detector O disabled
E E VC25 |Voltage detector O enable bit 1 - Voltage detector 0 enabled RW
] ]
] ]
. . |0 : Voltage detector 1 disabled
[ S
E VC26 Voltage detector 1 enable bit 1 - Voltage detector 1 enabled RW
]
] .
] . |0 : Voltage detector 2 disabled

VC27 Voltage detector 2 enable bit 1 - Voltage detector 2 enabled RW
Notes:
1. This is the reset value when the LVDAS bit of address OFS1 is 1 during hardware reset
2. This is the reset value after voltage monitor O reset, power-on reset, and when the LVDAS bit of address
OFS1 is 0 during hardware reset.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting this register.
This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillator stop detect
reset, watchdog timer reset, or software reset.

VC25 (Voltage detector 0 enable bit) (b5)

To use voltage monitor O reset, set the VC25 bit to 1 (voltage detector O enabled). After changing the
VC25 hit to 1, the detector starts operating when the td(E-A) elapses.

VC26 (Voltage detector 1 enable bit) (b6)
Voltage detector 1 is enabled when the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2
enabled) and the VC26 bit is 1 (voltage detector 1 enabled). Set bits VW12E and VC26 to 1 under the
following conditions:

*When using voltage monitor 1 interrupt/reset

* When using bits VW1C2 and VW1C3 in the VWI1C register
After changing this bit from 0 to 1, the detector will start operating after td(E-A) elapses.

VC27 (Voltage detector 2 enable bit) (b7)
Voltage detector 2 is enabled when the VW12E bit in the VWCE register is set to 1 (voltage monitors 1
and 2 enabled) and the VC27 bit is 1 (voltage detector 2 enabled). Set bits VW12E and VC27 to 1
under the following conditions:

*When using voltage monitor 2 interrupt/reset

*When using the VC13 bit in the VCR1 register

* When using the VW2C2 bit in the VW2C register
After changing this bit from 0 to 1, the detector will start operating after td(E-A) elapses.
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7.2.3 Voltage Monitor Function Select Register (VWCE)

Voltage Monitor Function Select Register

b7 b6 b5 b4 b3 b2 bl b0

| 0 | 0 | 0 | 0 | 0 | 0 | 0 | | Symbol Address Reset Value

T T T T T 0026h 00h

() ] 1 () 1 1 (] ]

) 1 1 ) 1 1 ) ]

) 1 1 ) 1 1 ] 1

) 1 1 ) 1 1 ] 1

() ] 1 ) ] ] ) 1

() ] 1 ) ] ] ) :

E E i E i i E i | Bit Symbol Bit Name Function RW
() ] 1 ) ] ] ) 1

) 1 1 ) ] 1 ) 1

[ T T T R I | . . . .

[ T T A R I Voltage monitors 1 and 2 |0: Voltage monitors 1 and 2 disabled
bbb L VWIZE bl bit 1: Voltage monitors 1 and 2 enabled RW
) ] 1 ) ] ] )

R

CERR I PR O B D S (bﬂ)l) Reserved bits Setto 0 RW

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting this register.

VWI12E (Voltage monitors 1 and 2 enable bit) (b0)
Set this bit to 1 (enabled) to set either or both bits VC26 and VC27 in the VCR2 register to 1 (enabled).
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7.2.4 Voltage Detector 1 Level Select Register (VD1LS)

Voltage Detector 1 Level Select Register

b7 b6 b5 b4 b3 b2 bl b

|(;|06|05|g| 3| 2| 1| O| Symbol Address Reset Value

T T T T T VDILS 0028h 0000 1010b (Hard_ware reset, power-on re_set, voltage
Voo monitor 0 reset, voltage monitor 1 reset,
AR voltage monitor 2 reset)

) ] ] ) ] ] ) ]

b1 1111 |Bit Symbol Bit Name Function RW
SRR

) ] ] ) ] ] ) ]

b1 b ovbiLso RW
) ] ] ) ] ] )

) ] 1 ) ] ] )

) ] ] ) ] ] )

A b3 b2 bl b0

) ] ] ) ] ] )

T T T R vbiLst 0 1 1 0:Vdetl_6 RW
E i i E i E Vdet1 select bit 1 0 1 1:Vdetl B

O N VDILS2 111 1:vdetl F RW
HE S I Only set the values listed above.

I

(] ] 1 (] ]

R R S VD1LS3 RW
Vo

) ] ] )

Vo — .

Cebed e e m e (b7-b4) Reserved bits Setto 0. RW

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting this register. Also, rewrite
this register when the VW12E bit in the VWCE register is 1.

This register does not change at watchdog timer reset, oscillation stop detect reset, or software reset.
The register value is affected by the VW12E bit in the VWCE register. Table 7.3 lists VD1LS Register
Value. After setting a value to this register, by setting the VW12E bit first to O and then to 1, the register
will revert to the previous setting.

Table 7.3 VDI1LS Register Value

VW12E Bit VDI1LS Register Value
0 0000 1010b
1 Value set in the register (0000 0111b when no value is set)

VD1LS3 to VD1LSO0 (Vdetl select bit) (b3 to b0)

When using voltage detector 1, the reset value cannot be used as is. Only set the values shown in the
register.
When not using detector 1, the reset values can remain as is.
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7.2.5 Voltage Monitor 0 Control Register (VWOC)

Voltage Monitor 0 Control Register
b7 b6 b5 b4 b3 b2 bl b0
|:!'| :!' (.) (.) . (.)|:!-| . | Symbol Address Reset Value
[ T R T T B T | 1000 XX10b @M
(] ] 1 ] ] ] (] ]
(] ] ] ] ] ] (] ]
i 11 1 11 1 1 |BitSymbol Bit Name Function RW
P
[) ] ] ] 1 1 [) ] B -
I Voltage monitor O reset 0 : Disabled
E E E i i i E VWoco enable bit 1: Enabled RW
(] ] (] ] ] 1 (]
(] ] ] ] ] 1 (]
S — R d bit Setto 1 RW
P e (b1) eserved bi etto 1.
) ] 1 1 1 1
bl o0
[ N B —_ . etto 0.
E i E i E ''''' (b2) Reserved bit When read, the read value is undefined. RW
R
(] ] ] ] ]
s (ﬁ) Reserved bit When read, the read value is undefined. RO
.
P — _
E E ettty (b5-b4) Reserved bits Setto 0 RW
P
) ]
] ] - B
------------------ (b7-b6) Reserved bits Setto 1 RW
Notes:
1. This is the reset value when the LVDAS bit of address OFS1 is 1 during hardware reset.
2. This is the reset value after voltage monitor 0 reset, power-on reset, and when the LVDAS bit of address OFS1 is 0
during hardware reset.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting to this register.
This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillator stop detect
reset, watchdog timer reset, or software reset.

VWOCO (Voltage monitor O reset enable bit) (b0)

The VWOCO bit is enabled when the VC25 bit in the VCR2 register is 1 (voltage detector O enabled).
Set the VWOCO bit to 0 (disabled) when the VC25 bit is 0 (voltage detector 0 disabled).

Bit 6
When the LVDAS bit in the OFS1 address is 1, this bit becomes 0 after hardware reset. When using
voltage monitor O reset, set this bit to 1.
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7.2.6 Voltage Monitor 1 Control Register (VW1C)

Voltage Monitor 1 Control Register

flag 1: Vdetl passage detected

o

Voltage detector 1 signal : VCC1 < Vdetl

emmcmeed VW1C3 1:VCC1 > Vdetl RO

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
VW1C 002Bh 1000 1010b
R
1 1 1 ) ] 1
) 1 ] ) ] ]
) 1 1 ] : : . . .
E ! E E i 1 |Bit Symbol Bit Name Function RW
NN
[ A A Voltage monitor 1 interrupt/ [0 : Disabled
E i i i E VWICO reset enable bit 1: Enabled RW
] [ | 1 ]
] [ | ] 1
U A Voltage monitor 1 digital filter |0 : Digital filter enabled
] 1 ] ] ]
bbb by YWICT | icable mode select bit 1: Digital filter disabled RW
1 1 1 1
1 ] 1 )
] ] ] 1) . .
i ! . VWIC2 Voltage change detection 0 : Not detected RW
.
] ]
1 1
1 1
1 1
1 1
1 1
1 )
1 )
1 )
1 1
1 1
1

monitor flag or voltage detector 1 disabled
b5 b4
VT VWIFO 0 0:fOCO-S divided by 1
i Sampling clock select bit 0 1:fOCO-S divided by 2 RW
1 1 0:fOCO-S divided by 4
-------------- VW1F1 .
E 1 1:fOCO-S divided by 8
'
'
H VWIC6 Voltage monitor 1 mode 0 : Voltage monitor 1 interrupt at VVdet1 passage RW
E """""""" select bit 1 : Voltage monitor 1 reset at VVdetl passage
]
! Voltage monitor 1 interrupt/ 0 : When VCCL1 reaches or goes above
(I - o Vdetl
VWI1C7 (reset generation condition 1 : When VCCL1 reaches or qoes below RW
select bit ’ Vdetl 9

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting this register.

Bits VW1C2 and VW1C3 do not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillator
stop detect reset, watchdog timer reset, or software reset.

The VW1C2 bit may become 1 after rewriting this register is rewritten. Therefore, set the VW1C2 bit to
0 after rewriting this register.

VW1CO (Voltage monitor 1 interrupt/reset enable bit) (b0)

The VWL1CO bit is enabled when the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2
enabled) and the VC26 bit in the VCR2 register is 1 (voltage detector 1 enabled). Set the VW1CO bit to
0 (disabled) when the VC26 bit is 0 (voltage detector 1 disabled).

VW1C1 (Voltage monitor 1 digital filter disable mode select bit) (b1)

After using voltage monitor 1 interrupt to exit stop mode, to use it again to exit stop mode, set the
VW1C1 bit to O first, and then to 1.
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VW1C2 (Voltage change detection flag) (b2)
The VW1C2 bit is enabled when the VC26 bit in the VCR2 register is 1 (voltage detector 1 enabled).
This bit does not change even if set to 1.
Condition to become O:
* Setting this bitto 0
Conditions to become 1:
* Refer to the following table.

Table 7.4 Conditions under Which the VW1C2 Bit Becomes 1

Bit Setting (1) N
WV1C1l | VW1C6 | VWI1CY Condition

0 0 Oorl |[The VW1C3 bit changes from 0 to 1 or from 1 to O.
1 1 The VW1C3 bit changes from 1 to 0.
0 0 The VW1C3 bit changes from 0 to 1.

1 1 The VW1C3 bit changes from 1 to 0.
1 1 The VW1C3 bit changes from 1 to 0.

Note:

1. Only set the values listed above.

VW1C3 (Voltage detector 1 signal monitor flag) (b3)

The VW1C3 bit is enabled when the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2
enabled) and the VC26 bit in the VCR2 register is 1 (voltage detector 1 enabled).
Condition to become 0:

*VCC1 < Vdetl (when the VW12E bit is 1 and the VC26 bit is 1)
Conditions to become 1:

*VCC1 > Vdetl (when the VWI12E bit is 1 and the VC26 bit is 1)

*The VC26 bit in the VCR2 register is 0 (voltage detector 1 disabled).
After a hardware reset, power-on reset, voltage monitor O reset, voltage monitor 1 reset, or voltage
monitor 2 reset, the reference level of Vdetl switches because value in the VD1LS register changes.
When monitoring the voltage detector 1 signal level, set the value to the VD1LS register again, then set
the VW1C3 bit.
The VW12E bit in the VWCE register becomes 0 from a reset. When monitoring the voltage detector 1
signal level, set the VW12E bit to 1 again.

VW1C6 (Voltage monitor 1 mode select bit) (b6)
The VWI1CE6 bit is enabled when the VW1CO bit is 1 (voltage monitor 1 interrupt/reset enabled).

VW1C7 (Voltage monitor 1 interrupt/reset generation condition select bit) (b7)

The voltage monitor 1 interrupt/reset generation condition can be selected by the VW1C7 bit when the
VW1C6 bit is 0 (voltage monitor 1 interrupt at Vdetl passage) and the VW1C1 bit is 1 (digital filter
disabled).

When the VW1C6 bit is 1 (voltage monitor 1 reset at Vdetl passage), set the VW1C7 bit to 1 (when
VCC1 reaches Vdetl or below). (Do not set the VW1C7 bit to 0.)

When the VW1CL1 bit is O (digital filter enabled), regardless of the VW1C7 bit’s setting, the voltage
monitor 1 interrupt is generated when VCC1 reaches, or goes above of below Vdetl.
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1.2.7

Voltage Monitor 2 Control Register (VW2C)

Voltage Monitor 2 Control Register
b7 b6 b5 b4 b3 b2 bl b0
I e Symbol Address Reset Value
T T T T vWw2C 002Ch 1000 0X10b
T T T T R R
] ] ] [ ] ) ]
] ] 1 [ 1 ) ]
bbb 11| Bit Symbol Bit Name Function RW
R
R T R I Voltage monitor 2 interrupt/ |0 : Disabled
E E E E i i E "1 YW2CO | e set enable bit 1: Enabled RW
] ] 1 [ 1 )
] ] ] [ ] )
Vb r e Voltage monitor 2 digital filter [0 : Digital filter enabled
] ] ] [ ] )
R vwacl disable mode select bit 1 : Digital filter disabled RW
] ] ] [ ]
] ] ] [ ]
I Voltage change detection 0 : Not detected
i i E i i ______ vwac2 flag 1: Vdet2 passage detected RW
] ] ] [
] ] ] [
A Watchdog timer detection 0 : Not detected
] ] ] | I
P vwacs flag 1 : Watchdog timer underflow detected RW
E E E E b5 b4
] ] 1 ]
e VW2Fo 0 0:fOCO-S divided by 1
R Sampling clock select bit 0 1:fOCO-S divided by 2 RW
Vo 1 0:fOCO-S divided by 4
T T T —— VW2F1
E i 1 1:fOCO-S divided by 8
] ]
E E VW2C6 Voltage monitor 2 mode 0 : Voltage monitor 2 interrupt at Vdet2 passage RW
}oTTTTTETET T select bit 1 : Voltage monitor 2 reset at Vdet2 passage
]
]
E Voltage monitor 2 interrupt/ O'a\{)vor:gnvggzcj' reaches or goes
VW2C7 reTet gsneratlon condition 1: When VCC1 reaches or goes RW
select bit below Vdet2

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VW2C register.

Bits VW2C2 and VW2C3 do not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillator
stop detect reset, watchdog timer reset, or software reset.
When rewriting the VW2C register (excluding the VW2C3 bit), the VW2C2 bit may become 1. Set the

VW2C2 hit to 0 after rewriting

the VW2C register.

VW2CO0 (Voltage monitor 2 interrupt/reset enable bit) (b0)

The VW2CO bit is enabled when the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2
enabled) and the VC27 bit in the VCR2 register is 1 (voltage detector 2 enabled). Set the VW2CO bit to
0 (disabled) when the VC27 bit is 0 (voltage detector 2 disabled).

VW2C1 (Voltage monitor 2 digital filter disable mode select bit) (b1)

After using the voltage monitor 2 interrupt to exit stop mode, to use it again to exit stop mode, set the
VW?2C1 bit to O first and then to 1.
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VW2C2 (Voltage change detection flag) (b2)
The VW2C2 bit is enabled when the VC27 bit in the VCR2 register is 1 (voltage detector 2 enabled).
This bit does not change even if set to 1.
Condition to become O:
* Writing this bit to O
Condition to become 1:
* Refer to the following table.

Table 7.5 Conditions Under Which the VW2C2 Bit Becomes 1

Bit Setting (1) . . .
Conditions under Which the VW2C2 Bit Becomes 1
VW2C1 | VW2C6 | VW2C7
0 0 Oorl The VC13 bit changes from 0 to 1 or from 1 to 0.
1 The VC13 bit changes from 1 to 0.
1 0 The VC13 bit changes from 0 to 1.
1 The VC13 bit changes from 1 to 0.
1 1 The VC13 bit changes from 1 to 0.

VC13 bit: Bit in the VCRL1 register
Note:
1. Only set the values listed above.

VW2C6 (Voltage monitor 2 mode select bit) (b6)
The VW2CE6 bit is enabled when the VW2CO bit is 1 (voltage monitor 2 interrupt/reset enabled).

VW2C7 (Voltage monitor 2 interrupt/reset generation condition select bit) (b7)

The voltage monitor 2 interrupt/reset generation condition can be selected by the VW2C7 bit when the
VW2C6 bit is O (voltage monitor 2 interrupt at Vdet2 passage) and the VW2C1 bit is 1 (digital filter
disabled).

When the VW2C6 bit is 1 (voltage monitor 2 reset at Vdet2 passage), set the VW2C7 bit to 1 (when
VCC1 reaches Vdet2 or below). (Do not set the VW2C7 bit to 0.)

When the VW2CL1 bit is 0 (digital filter enabled), regardless of the VW2C7 bit setting, the voltage
monitor 2 interrupt is generated when VCC1 reaches Vdet2 or above, and also when VCC1 reaches
Vdet2 or below.
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7.3 Optional Function Select Area

In the optional function select area, the MCU state after reset and the function to prevent rewrite in parallel
I/O mode are selected.

The optional function select area is not an SFR, and therefore cannot be rewritten by a program. Set an
appropriate value when writing a program to flash memory. The entire optional function select area
becomes FFh when the block including the optional function select area is erased.

In blank products, the OFS1 address value is FFh when shipped. After a value is written by the user, this
address takes on the written value.

In programmed products, the OFS1 address value is the value set in the user program prior to shipping.
Selection using the optional function select area can be used in single-chip mode or memory expansion
mode. The option function select area cannot be used in microprocessor mode. When using the MCU in
microprocessor mode, clear the internal ROM.

7.3.1 Optional Function Select Address 1 (OFS1)

Optional Function Select Address 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address
[T el [ Je] ] OFs1 FFFFFh
Bit Symbol Bit Name Function

0 : Watchdog timer starts automatically
-4 WDTON |Watchdog timer start select bit after reset
1 : Watchdog timer is stopped after reset

b (b_l) Reserved bit Setto 1.
]
]
! .
e ROMCR |ROM code protect cancel bit 8 ; ng(‘;ggebﬁrg;?g'lgg cancelled
! : 0 : ROM code protection enabled
_________ ROMCP1 |ROM code protect bit 1: ROM code protection disabled
| Eomeee (bay  |Reserved bit Setto 1.
1
1
] .
O VDSEL1 |Vdet0 select bit 1 9:\Vaeto 2

0 : Voltage monitor O reset enabled

e . after hardware reset
LVDAS | Voltage detector O start bit 1 : Voltage monitor O reset disabled

after hardware reset

0 : Count source protection mode
After-reset count source enabled after reset

___________________ CSPROINI protection mode select bit 1: Count source protection mode
disabled after reset

VDSEL1 (VdetO select bit 1) (b5)

The VdetO level used in voltage detector 0 is selectable. Voltage detector O operates based on VdetO.
Set the VDSELL1 bit to 0 (Vdet0_2) when using power-on reset or voltage monitor O reset. Refer to
6.4.10 “Cold/Warm Start Discrimination”.

This bit is enabled in single-chip mode, while disabled in boot mode.

LVDAS (Voltage detector O start bit) (b6)

When using power-on reset, set this bit to 0 (voltage monitor O reset enabled after hardware reset).
This bit is enabled in single-chip mode, while disabled in boot mode.
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7.4 Operations

7.4.1 Digital Filter

A digital filter can be used to monitor VCCL1 input voltage. For the voltage detector i (i = 1 to 2), the
digital filter is enabled when the VWIC1 bit in the VWiIC register is set to 0 (digital filter enabled).
fOCO-S divided by 1, 2, 4, or 8 is selected as a sampling clock. When using the digital filter, set the
CM14 bit in the CM1 register to 0 (125 kHz on-chip oscillator on).

The VCC1 input level is sampled by the digital filter for every sampling clock. When the same sampled
level is detected twice in a row, at the next sampling timing, the internal reset signal goes low or a
voltage monitor i interrupt request is generated. Therefore, when the digital filter is used, the time from
when the VCCL1 input voltage level passes Vdeti until when a reset or an interrupt is generated is up to
three cycles of the sampling clock.

Since fOCO-S stops in stop mode, the digital filter does not function. When using voltage detector i to
exit stop mode, set the VWICL1 bit in the VWIC register to 1 (digital filter disabled).

Figure 7.2 shows Digital Filter Operation Example.

Up to 3 cycles of the sampling clock Up to 3 cycles of the sampling clock

VCC1 | | | |

) S— |

| | | |

Vdetl } } }

| | | |

| | | |

| | | |

| | |

| | | |

VW1C3 bit in [ I NN

the VWI1C register | Y Y I

o1 Lo

Yy Lo

Lo Lo

Digital filter L

sampling timer T T ? T T T T T ? T T

VW1C2 bit in
the VW1C register

| o
Internal signal | \ Setto 0 ]

(Voltage monitor 1
interrupt request)

The above diagram assumes the following:
e The VWI12E bit in the VWCE register is 1 (voltage monitors 1 and 2 enabled).
e The VW1CO bit in the VW1C register is 1 (voltage monitor 1 interrupt/reset enabled).
e The VWI1C1 bit in the VW1C register is 0 (digital filter enabled).
e The VWL1C6 bit in the VWIC register is 0 (voltage monitor 1 interrupt at Vdetl passage).

Figure 7.2  Digital Filter Operation Example
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7.4.2 Voltage Detector 0O

When the VC25 bit in the VCR2 register is 1 (voltage detector O enabled), voltage detector O monitors
the voltage applied to the VCC1 pin and detects whether the voltage rises through or falls through
Vdet0. The Vdet0 level can be selected by the VDSELL1 bit in the OFS1 address.

Voltage detector 0 Voltage monitor O reset generator

VC25

veel Level b
selector

N

y . e
Voltagseigd;);lector 0 ’7—/ Voltage monitor

VDSEL1 Internal reference voltage O reset signal

When the VC25 bit is 0 (disabled), the VWO0CO
voltage detector 0 signal becomes high.

VWOCO: Bit in the VWOC register
VC25: Bit in the VCR2 register
VDSELZ1: Bit in the OFS1 address

Figure 7.3  Voltage Monitor 0 Reset Generator Block Diagram
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7.4.2.1  Voltage Monitor 0 Reset
When using voltage monitor O reset, set the VDSEL1 bit in the OFS1 address to 0 (Vdet0_2).
When the LVDAS bit in the OFS1 address is 1 (voltage monitor O reset disabled after hardware
reset), set the related bits according to the procedure listed in Table 7.6. When the LVDAS bit in the
OFS1 address is 0 (voltage monitor 0 reset enabled after hardware reset), the procedure listed in
Table 7.6 is unnecessary.

Table 7.6 Procedure for Setting Voltage Monitor O Reset Related Bits

Step Processing
1 Set the VC25 bit in the VCR2 register to 1 (voltage detector O enabled).
2 Wait for td(E-A).
3 Set the VWOCO bit in the VWOC register to 1 (voltage monitor O reset enabled).

When voltage monitor O reset is generated, the CWR bit in the RSTFR register becomes 0 (cold
start). Refer to 6.4.4 “Voltage Monitor O Reset” for status after reset.
Figure 7.4 shows Voltage Monitor 0 Reset Operation Example.

\Yeles — s
Vdet0

Internal reset signal

The above diagram assumes the following:
e The VC25 bit in the VCR2 register is 1 (voltage detector 0 enabled).
e The VWOCO bit in the VWOC register is 1 (voltage monitor O reset enabled).

The pins, CPU, and SFRs are initialized when the internal reset signal goes low.

The MCU executes the program at the address indicated by the reset vector when the internal reset signal
changes from low to high.

Refer to 4. “SFRs” for the SFR status after reset.

Note:
1. Make sure that VCC1 does not drop to recommended operating condition VCC1 during sampling time.

Figure 7.4  Voltage Monitor O Reset Operation Example
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7.4.3

Voltage Detector 1

When the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2 enabled) and the VC26 bit in
the VCR2 register is 1 (voltage detector 1 enabled), voltage detector 1 monitors the voltage applied to
the VCCL1 pin and detects whether the voltage rises through or falls through Vdet1.

Voltage detector 1

Voltage monitor 1 interrupt/reset generator

VW1F1 and VW1FO

VC26

level selector

VDI1LS3 to
VDI1LS0
Internal reference
voltage

set to O (disabled).

The voltage detector 1 signal
becomes high when the VC26 bit is

Watchdog timer
interrupt signal

Voltage monitor
1 interrupt signal

Non-maskable

Voltage monitor | ! s
interrupt signal

2 interrupt signal

Oscillator stop detect
interrupt signal

>

00b
01b 0?
100 |,
fOCO-S 112 124l o —‘
ﬁ vW1c3
v
Digital %Wlm VW1C2
=~ \Voltage filter
detector 1_0/0_
1 signal T_)Dj
VWI1C7
VW1C6 .
vwico———__/

VW1CO0 to VW1C3, VW1F0 to VW1F1, VW1C6 to VWI1CT7: Bits in the VW1C register

VC26: Bit in the VCR2 register
VD1LS3 to VD1LSO: Bit in the VD1LS register

Voltage monitor 1 reset signal

Figure 7.5

7.4.3.1

Monitoring Vdetl

Voltage Monitor 1 Interrupt/Reset Generator

Set the VW12E bit in the VWCE register to 1 (voltage monitors 1 and 2 enabled) and the VC26 bit in
the VCR2 register to 1 (voltage detector 1 enabled). Vdetl can be monitored by using the VW1C3 bit

in the VW1C register after td(E-A) elapses.
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7.4.3.2

Voltage Monitor 1 Interrupt and Voltage Monitor 1 Reset
Table 7.7 lists Procedures for Setting Voltage Monitor 1 Interrupt/Reset Related Bits.

Table 7.7 Procedures for Setting Voltage Monitor 1 Interrupt/Reset Related Bits
When Using the Digital Filter When Not Using the Digital Filter
Step Voltage monitor 1 Voltage monitor 1 Voltage monitor 1 Voltage monitor 1
interrupt reset interrupt reset
1 Set the VW12E bit in the VWCE register to 1 (voltage monitors 1 and 2 enabled).
2 Set bits VD1LS3 to VD1LSO0 in the VDL1LS register to select Vdetl.
3 Set the VC26 bit in the VCR2 register to 1 (voltage detector 1 enabled).
4 Wait for td(E-A).
Use bits VW1F1 and VW1FO in the VW1C Use the VW1C7 bit in the VW1C register to
5 register to select the digital filter sampling select the timing of the interrupt and reset
clock. request. (1)
6@ Set the VWI1CL1 bit in the VW1C registerto 0 |Set the VW1C1 bit in the VW1C register to 1
(digital filter enabled). (digital filter disabled).
Set the VW1C6 bitin |Set the VW1C6 bitin |Set the VW1C6 bit in |Set the VW1CS6 bit in
) the VW1C register to 0 |the VW1C register to 1 |the VW1C register to 0 |the VW1C register tol
(voltage monitor 1 (voltage monitor 1 (voltage monitor 1 (voltage monitor 1
interrupt). reset). interrupt). reset).
8 Set the VWI1C2 bit in the VW1C register to 0 (Vdetl passage not detected).
9 Set the CM14 bit in the CM1 register to 0 (125 |
kHz on-chip oscillator on)
10 Wait for digital filter sampling clock x 3 cycles. (- (no wait time)
11 Set the VW1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt/reset enabled).
Notes:

1. Setthe VWICY7 bitto 1 (when VCCL1 reaches Vdetl or below) for the voltage monitor 1 reset.

2. When the VW1CO bit is 0, steps 5, 6, and 7 can be executed simultaneously (with one instruction).

3. If above setting is performed while voltage monitor 1 interrupt/reset is disabled (VW1CO bit in the
VWI1C register is 0, VC26 bit in the VCR2 register is 0) and VCC1 < Vdetl (or VCC1 > Vdetl) is
detected before enabling voltage monitor 1 interrupt/reset (step 11), an interrupt does not occur.
When VCCL1 < Vdetl (or VCCL1 > Vdetl) is detected while executing steps 9 to 11, the VW1C2 hit
becomes 1.
When using this result detected between steps 9 and 11, read the VW1C2 bit after step 11. If the
bit is 1, execute the process to be performed after detecting the VCC1 < Vdetl (or VCC1 > Vdetl).
When ignoring the result detected between steps 9 and 11, set the VW1C2 bit to 0 after step 11.

When using voltage monitor 1 interrupt or voltage monitor 1 reset to exit stop mode, set the VW1C1
bit in the VW1C register to 1 (digital filter disabled).
When voltage monitor 1 reset is generated, the LVD1R bit in the RSTFR register becomes 1 (voltage
monitor 1 reset detected). Refer to 6.4.5 “Voltage Monitor 1 Reset” for status after reset.

Figure 7.6 shows Voltage Monitor 1 Interrupt/Reset Operation Example.
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When the VW1C1 bit
is O (digital filter {
enabled)

VCCE——
Vdetl

VWI1C3 bit
, Digital filter sampling clock x 3 cycles Digital filter sampling clock x 3 cycles
— —
VWI1C2 bit

Voltage monitor 1
interrupt request
(when VW1CE6 is 0)

Internal reset signal

When the VW1C1 bit
is 1 (digital filter
disabled) and the J
VW1CY? bitis 0 (when
VCC1 reaches Vdetl

\ (when VW1C6 is 1)
VW1C2 bit

Voltage monitor 1
interrupt request

or above)

When the VW1CL1 bit is
1 (digital filter disabled)
and the VW1C?7 bit is 1 Y
(when VCCL1 reaches
Vdetl or below)

L (when VW1C6 is 0)

r

VWI1C2 bit

Voltage monitor 1
interrupt request
(when VW1C6 is 0)

Internal reset signal

L (when VW1C6 is 1)

|

N TTT——Setto0

Becomes 0 by acceptingr—Lw
an interrupt request
Lot |

—

Setto 0

¥

Becomes 0 by accepting an
interrupt request

Becomes 0 by accepting an

interrupt request

.

tps +

__8
fOCO-S

x 60 cycles (maximum)

VW1C1, VW1C2, VW1C3, VW1C6, VWI1CT: Bits in the VW1C register

The above diagram assumes the following:
e The VC26 bit in the VCR2 register is 1 (voltage detector 1 enabled)
e The VW1CO bit in the VW1C register is 1 (voltage monitor 1 interrupt/reset enabled)

Note:

1. When not using the voltage monitor O reset, operate at recommended operation condition VCC1.

Figure 7.6

Voltage Monitor 1 Interrupt/Reset Operation Example
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7.4.4 Voltage Detector 2
When the VW12E bit in the VWCE register is 1 (voltage monitors 1 and 2 enabled) and the VC27 bit in
the VCR2 register is 1 (voltage detector 2 enabled), voltage detector 2 monitors the voltage applied to
the VCCL1 pin and detects whether the voltage rises through or falls through Vdet2.

Voltage monitor 2 interrupt/reset generator

VW2F1 to VW2FO0
00b
01b [, R
10b |,
Voltage detector 2 f0CO-S 12 e 12 e 121D} o
VC27
Watchdog timer
[D— VC13 interrupt signal
Level \4 .
VCC1— B — VW2C1 Voltage monitor
converter o Digital | or VYWeC2 1 interrupt signal

Voltage filter
detector U \ _
/ [Voltage monitor

|_ 2 signal ) BE
Internal reference 9 VW2C7 D_[ 2 interrupt signal

voltage

Non-maskable
interrupt signal

The voltage detector 2 signal Oscillator stop detect
becomes high when the VC27 interrupt signal

bit is set to O (disabled). VW2C0 - N

VW2C6 L/ Voltage monitor 2 reset signal

.
-

VW2CO0 to VW2C2, VW2FO0 to VW2F1, VW2C6 to VW2C7: Bits in the VW2C register

VC13: Bit in the VCRL register
VC27 : Bit in the VCR2 register

Figure 7.7  Voltage Monitor 2 Interrupt/Reset Generator

7.4.4.1 Monitoring Vdet2
Set the VW12E bit in the VWCE register to 1 (voltage monitors 1 and 2 enabled) and the VC27 bit in
the VCR2 register to 1 (voltage detector 2 enabled). Vdet2 can be monitored using the VC13 bit in

the VCRL1 register after td(E-A) elapses.
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7.4.4.2

Voltage Monitor 2 Interrupt and Voltage Monitor 2 Reset
Table 7.8 lists Procedure for Setting Voltage Monitor 2 Interrupt/Reset Related Bits.

Table 7.8 Procedure for Setting Voltage Monitor 2 Interrupt/Reset Related Bits
When Using the Digital Filter When Not Using the Digital Filter
Step Voltage monitor 2 Voltage monitor 2 Voltage monitor 2 Voltage monitor 2
interrupt reset interrupt reset
Set the VW12E bit in the VWCE register to 1 (voltage monitors 1 and 2 enabled).
Set the VC27 bit in the VCR2 register to 1 (voltage detector 2 enabled).
Wait for td(E-A).
Set bits VW2F0 to VW2F1 in the VW2C Set the VW2CY7 bit in the VW2C register to
4 register to select the digital filter sampling select the timing of the interrupt and reset
clock. request. (1)
5 (2) Set the VW2C1 bit in the VW2C register to 0 |Set the VW2CL1 bit in the VW2C register to 1
(digital filter enabled). (digital filter disabled).
Set the VW2C6 bitin |Set the VW2C6 bitin |Set the VW2C6 bit in |Set the VW2CS6 bit in
6@ the VW2C register to 0 |the VW2C register to 1 |the VW2C register to 0 |the VW2C register tol
(voltage monitor 2 (voltage monitor 2 (voltage monitor 2 (voltage monitor 2
interrupt). reset). interrupt). reset).
7 Set the VW2C2 bit in the VW2C register to 0 (Vdet2 passage not detected).
8 Set the CM14 bit in the CM1 register to 0 (125 |
kHz on-chip oscillator on)
9 Wait for digital filter sampling clock x 3 cycles. |- (no wait time)
10 Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt/reset enabled).
Notes:

1. Setthe VW2C7 bitto 1 (when VCCL1 reaches Vdet2 or below) for the voltage monitor 2 reset.

2.  When the VW2CO bit is 0, steps 4, 5, and 6 can be executed simultaneously (with one instruction).

3. Ifthe above settings are performed while the voltage monitor 2 interrupt/reset is disabled (VW2CO
bit in the VW2C register is 0, VC27 bit in the VCR2 register is 0), and VCC1 < Vdet2 (or VCC1 >
Vdet?2) is detected before enabling the voltage monitor 2 interrupt/reset (step 10), an interrupt is
not generated. When VCC1 < Vdet2 (or VCCL1 > Vdet?2) is detected while executing steps 8 to 10,
the VW2C2 bit becomes 1.
When using this result detected between steps 8 and 10, read the VW2C2 bit after step 10. If the
bit is 1, execute the process to be performed after detecting the VCC1 < Vdet2 (or VCC1 > Vdet2).
When ignoring the result detected between steps 8 and 10, set the VW2C2 bit to O after step 10.

When using voltage monitor 2 interrupt or voltage monitor 2 reset to exit stop mode, set the VW2C1
bit in the VW2C register to 1 (digital filter disabled).

When voltage monitor 2 reset is generated, the LVD2R bit in the RSTFR register is automatically
becomes 1 (voltage monitor 2 reset detected). Refer to 6.4.6 “Voltage Monitor 2 Reset” for status
after reset.

Figure 7.8 shows Voltage Monitor 2 Interrupt/Reset Operation Example.
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When the VW2C1 bit
is O (digital filter
enabled)

When the VW2C1 bit
is 1 (digital filter
disabled) and the
VW2C7 bit is 0 (when
VCC1 reaches Vdet2
or above)

When the VW2C1 bit
is 1 (digital filter
disabled) and the
VW2CY7 bitis 1 (when
VCC1 reaches Vdet2
or below)

VCCW
Vdet2

VC13 bit
' !
( Digital filter sampling clock x 3 cycles Digital filter samplin
—
VW2C2 bit

\ Voltage monitor 2

interrupt request
(when VW2C6 is 0)

<

<

Internal reset signal
\ (when VW2C6 is 1)

r

VW2C2 bit

Voltage monitor 2
interrupt request
| (when VW2C6 is 0)

-

VW2C2 bit

Voltage monitor 2
interrupt request
(when VW2C6 is 0)

Internal reset signal
L (when VW2C6 is 1)

VC13: Bitin the VCR1 register

VW2C1, VW2C2, VW2C6, VW2CT: Bits in the VW2C register

|

ng clock x 3 cycles
|

l

]

T SettoO

Becomes 0 by acceptin

an interrupt request
/

| >

9/'%

|

Setto 0

!—I/
B

Setto 0

—

Becomes 0 by accepting
an interrupt request

e

Becomes 0 by accepting an
interrupt request

[ |

—

tps +

The above diagram assumes the following:
e The VC27 bit in the VCR2 register is 1 (voltage detector 2 enabled).
e The VW2CO bit in the VW2C register is 1 (voltage monitor 2 interrupt/reset enabled).

Note:

1. When not using the voltage monitor O reset, operate at recommended operating condition VCC1.

__8
fOCO-S

x 60 cycles (maximum)

Figure 7.8

Voltage Monitor 2 Interrupt/Reset Operation Example
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7.5 Interrupts

The voltage monitor 1 interrupt and voltage monitor 2 interrupt is a non-maskable interrupt.

The watchdog timer interrupt, oscillator stop/restart detect interrupt, voltage monitor 1 interrupt, and
voltage monitor 2 interrupt share the same vector. When using some functions together, read the detect
flags of the events in an interrupt processing program, and determine the source of the interrupt.

The detect flag for voltage monitor 1 is the VW1C2 bit in the VW1C register, and the detect flag for voltage
monitor 2 is the VW2C2 bit in the VW2C register. After the interrupt source is determined, set bits VW1C2
and VW2C2 to 0 (not detected).
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8. Clock Generator

8.1 Introduction
The clock generator generates operating clocks for the CPU and peripheral functions. The following
circuits are incorporated to generate the system clock signals.
* Main clock oscillator
* PLL frequency synthesizer
* 125 kHz on-chip oscillator
* Sub clock oscillator
Table 8.1 lists the specifications of the clock generator, and Figure 8.1 shows the block diagram of system

clock generator.

Table 8.1 Clock Generator Specifications
Iltem Maln_CIock PLL Frequ_ency 125 kHz on-chip oscillator Sub Clock Oscillator
Oscillator Synthesizer
Application * CPU clock source
¢ Peripheral function clock
. source
* CPU clock source CPL_J clock source * CPU and peripheral function | ® CPU clock source
) . * Peripheral . )
* Peripheral function . clock sources when the * Peripheral function
function clock : -
clock source source main clock stops oscillating clock source
¢ \Watchdog timer count
source when the CPU clock
is stopped
Clock f(XIN) f(PLL) fOCO-S f(XCIN)
frequency
Connectable * Ceramic resonator (see note 1) |
oscillators « Crystal - Crysta
Pins connecting XIN, XOUT - (see note 1) . XCIN, XCOUT
to oscillator
Oscillator . Enabled Enabled Enabled Enabled
start/stop function
Oscillator status Oscillatin Stopped Oscillatin Stopped
after reset 9 PP 9 PP
Other An externally - An externally
generated clock can - (see note 1) generated clock can
be input. be input.
Note:

1. The PLL frequency synthesizer uses the main clock oscillator as a reference clock source. The items
above are based on the main clock oscillator.
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1/O ports CMO01 to CM00 = 00b, PCLK5 =0
Sub clock oscillator PMO1 to PM0O = 00b, CMO1 to CM0O = 01b, PCLK5 = 0
PMO01 to PMOO = 00b,
XCIN XCOUT CMO1 to CMOO0 = 10b, PCLK5 =0 CLKOUT
f8
L PMO1 to PMO0O = 00b,
CM04 PMO1 to PM0O = 00b,| |cM01 to CMOO = 00b,
CMO1 to CMO00 = 11b, PCLK5 = 0| |pCLK5 = 1
32
Sub clock fC
t—D—~
>
CM14:® gﬁimz f0CO-S > fc32
< i Peripheral
oscillator Oscillator l |,> fOCO-S Lsinction
stop/restart clock
) detector > Mai
Main clock L~ clock
CM10=1 ——S Q
(stop mode) P"‘ fl
R b |c 4 CMO7
a Divider CPU clock
BCLK
/
[ //
Main clock 0 7
oscillator !
/
CMO5 cMo2 ﬁ; 7
/
/
/
s Q hd ) £ \
d_J // N
WAIT  — R ‘ h
instruction
b c
RESET a 1/2 1/2 1/2 1/2 J
Software reset 1/32
NMT 1/2 1/4 1/16
CMO06 =0 CM06 =0
~ Pm24 CMO6=0  [Em17 1o CM16 CM17 to CM16 = 11b
Interrupt request level judgment CM17 to ~10b
v . output CM16 = 01b 1 d
oltage monitor O reset 0,
Voltage monitor 1 reset CMO06 = 0, CM17 to CM16 = 00b
Voltage monitor 2 reset
Voltage monitor 1 interrupt;
Voltage monitor 2 interrupt
Watchdog timer reset:
Oscillator stop detect reset:
CMO0 to CM02, CM04 to CMO7 : Bits in the CMO register
CM10, CM11, CM14, CM16, CM17 : Bits in the CM1 register
PCLK5 : Bit in the PCLKR register L .
CM21, CM27 : Bits in the CM2 register Divider Details
PMO00, PM0O1 : Bits in the PMO register
PM24 : Bit in the PM2 register
Oscillator Stop/Restart Detector
P |
! CM27=0 i !
! [Clock edge Bomerator [ detaci reset © !
Main _1 detector, Charge/ 1
—pulse generator [—| discharge = Oscillator stop/ 1
Clock i for charge/ circuit o E()ess(t:glr?tgétzgp/ restart detectp i
discharge control ! i i
! g CM27 =1 interrupt interrupt signal !
H generator !
! !
! CM21 switch signal !
o 1
PLL Frequency Synthesizer
[ T T
I L
! 1320r1/48 [ Voltage PLL clock
| Phase Charge control
i comparator pump oscillator I
Main . Reference (vCO) .
Clock | clock divider |
! Internal |
| lowpass filter |
e e e e e e e e e i — —  — ——— —!
Figure 8.1  System Clock Generator
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Table 8.2 1/0 Pins

Pin Name I/10 Function
XIN Input . . .
I/O pins for the main clock oscillator
XOUT Output P
XCIN Input (1)
npy I/O pins for a sub clock oscillator

XCOUT Output (1)
CLKOUT Output Clock output (in single-chip mode)

BCLK Output BCLK output (in memory expansion and microprocessor modes)

Note:

1. Setthe port direction bits which share pins to 0 (input mode).
8.2 Registers

Table 8.3 Registers

Address Register Symbol Reset Value
0000 0000b
. CNVSS pin is low
0004h |Processor Mode Register 0 PMO ( 0000 F(;Ollb )
(CNVSS pin is high)
0006h | System Clock Control Register O CMO 0100 1000b
0007h | System Clock Control Register 1 CMm1 0010 0000b
000Ch |Oscillation Stop Detection Register CM2 0X00 0010b (1)
0012h |Peripheral Clock Select Register PCLKR 0000 0011b
0016h | Peripheral Clock Stop Register 1 PCLKSTP1 0XXX XX00b
001Ch |PLL Control Register 0 PLCO 0X01 X010b
001Eh |Processor Mode Register 2 PM2 XX00 0X01b
Note:

1. Bits CM20, CM21, and CM27 remain unchanged at oscillator stop detect reset.
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8.2.1 Processor Mode Register 0 (PMO)

Processor Mode Register 0

b7 b6 b5 b4 b3 b2 bl b0

e Symbol Address Reset Value
1 1
AR b PMO 0004h 0000 0000b (CNVSS pin is low)
A 0000 0011b (CNVSS pin is high)
1 [ 1
[ T I B R A
I
N E E i E i E Bit Symbol Bit Name Function RW
1 ]
AEREEEE
]

O e bl b0 RW
P E E i b 0 0: Single-chip mode
AT T I R Processor mode bit 0 1:Memory expansion mode
I A R 1 0:Do notset
bl i t---| PMmO1 1 1:Microprocessor mode RW
REEEE
I R R
[ I I . 0:RD, BHE, WR

] ] ] AL
i i o i oo PM02 R/W mode select bit 1'RD WRH, WRL RW
Pl
1 1 ] ] 1
1 ] ] ] 1
[ . Setting this bit to 1 resets the MCU.

] 1 1
i E ! E tommm——e— PMO3 Software reset bit When read, the read value is 0. RW
[
[ L

] ]
i E A b5 b4
I i PM04 0  0:Multiplexed bus is not used RW
i | ! Multiplexed bus space select (separate bus in the entire CS space)
: E ! bit 0 1:Allocated to CS2 space
e et PMO5 1 0:Allocated to CS1 space RW
o 1 1: Allocated to the entire CS space
1 ]
1 ]
1 ]
1 ] :
[ Port P4_0 to P4_3 function 0 : Address output
i """""""" PMO6 select bit 1: Port function (address is not output) RW
1
1
| 0 : BCLK is output
S PMO7 |BCLK output disable bit 1 : BCLK is not output RW

(pin becomes high-impedance)

Set the PRCL1 bit in the PRCR register to 1 (write enabled) before rewriting this register. Bits PM01 to
PMO0O do not change at software reset, watchdog timer reset, oscillator stop detect reset, voltage
monitor 1 reset, or voltage monitor 2 reset.

Bits PM02, PMO05 to PM04, PMO06, and PMO7 are enabled when bits PM01 to PMOO are 01b (memory
expansion mode) or 11b (microprocessor mode).

PMO7 (BCLK output disable bit) (b7)

This bit is enabled in memory expansion mode and microprocessor mode. A clock with the same
frequency as the CPU clock can be output as the BCLK signal from the BCLK pin.
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8.2.2

System Clock Control Register 0 (CMO0)

b7 b6 b5 b4 b3 b2 bl b0

System Clock Control Register 0

Symbol Address Reset Value
CMO 0006h 0100 1000b
Bit Symbol Bit Name Function RW
bl b0
CM00 Clock output function select | 0 0:1/O port
bit (enabled in single-chip 0 1:OutputfC RW
mode only) 1 0:Outputfs
Cmo1 1 1:Outputf32
0 : Peripheral function clock f1 does not
Wait mode peripheral stop in wait mode
CM02 function clock stop bit 1 : Peripheral function clock f1 stops in RW
wait mode
XCIN-XCOUT drive capacity |0 : Low
CMO3 | select bit 1: High RW
. 0: I/O port
CMO4 | Port XC select bit 1: XCIN-XCOUT oscillation function RW
. . 0:0n
CMO5  [Main clock stop bit 1 Off RW
Main clock division 0 : Bits CM16 and CM17 in the CM1
CMO06 select bit 0 register enabled RW
1 : Divide-by-8 mode
0 : Main clock, PLL clock, or on-chip
CMO07 [System clock select bit oscillator clock RW
1: Sub clock

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
See Table 9.3 “Clock-Related Bit Setting and Modes” to select a clock and mode.

CMO01 and CMOO (Clock output function select bit) (b1-b0)

The CLKOUT pin outputs can be selected. These bits are enabled when the PCLKS5 bit in the PCLKR
register is set to 0 in single-chip mode. When the PCLKS5 bit is 1, set bits CM01 and CMO0O0 to 00b. Table
8.4 lists CLKOUT Pin Functions in Single-Chip Mode.

Table 8.4 CLKOUT Pin Functions in Single-Chip Mode
PCLKR Register CMO Register .
PCLKS bit CMO1 bit CMOO bit CLKOUT Pin Output

0 0 0 1/0O port
0 0 1 fC is output
0 1 0 8 is output
0 1 1 f32 is output
1 0 0 f1 is output

Only set the combinations listed above.
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CMO02 (Wait mode peripheral function clock stop bit) (b2)

This bit is used to stop the f1 peripheral function clock in wait mode. fC, fC32, and fOCO-S are not
affected by the CMO02 bit.

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CMO02 bit remains unchanged
even when written to.

CMO03 (XCIN-XCOUT drive capacity select Bit) (b3)

Setting the driving capacity to low while sub clock oscillation is stable reduces power consumption.
The CMO03 bit becomes 1 (high) while the CMO04 bit is 0 (P8_6 and P8 _7 are 1/O ports), or when
entering stop mode.

CMO04 (Port XC select bit) (b4)
The CMO03 bit becomes 1 (high) while the CM04 bit is 0 (P8_6 and P8_7 are I/O ports).

CMO5 (Main clock stop bit) (b5)

This bit is used to stop the main clock. The main clock is allowed to stop in the following cases.

* Entering low power mode

* Entering 125 kHz on-chip oscillator low power mode
This bit cannot be used to detect if the main clock is stopped or not. Refer to 8.7 “Oscillator Stop/Restart
Detect Function” for details on main clock stop detection.
When the PM21 bit in the PM2 register is 1 (clock change disabled), this bit remains unchanged even
when written to.

CMO6 (Main clock division select bit) (b6)

The CMO06 bit becomes 1 (divide-by-8 mode) under the following conditions:
*When entering stop mode
*When the CM21 bit in the CM2 register is 0 (main clock or PLL clock) and the CMO05 bit is 1 (main
clock off)

CMOQ7 (System clock select bit) (b7)

The CPU clock source and the peripheral function clock f1 depend on combinations of the bit status of
the CMO7 bit, the CM11 bit in the CM1 register, and the CM21 bit in the CM2 register. When the CM07
bit is 0 (main clock or on-chip oscillator clock used as CPU clock), the CPU clock source and the
peripheral function clock f1 can be selected by combinations of the bit status of the CM11 bit and the
CM21 bit. When the CMO7 hit is 1 (sub clock used as CPU clock), the CPU clock source is fC, and the
peripheral function clock f1 can be selected by combinations of the bit status of bits CM11 and CM21.
When setting the PM21 bit in the PM2 register to 1 (clock change disabled), set the CMO07 bit to 0 (main
clock) before setting the PM21 bit to 1. When the PM21 bit is set to 1, this bit remains unchanged even
when written to.
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System Clock Control Register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
| | | | | |0| | | CcMm1 0007h 0010 0000b

T 7 T T
P
i I E Bit Symbol Bit Name Function RW
RRERRRE
] )
Corb ey . 0: Clock on
i i | i E i i CM10 |All clock stop control bit 1 - All clocks off (stop mode) RW
I
I R T N B
[ A ) 0 : Main clock
LI T S S I .
| i i E i i CM11 |System clock select bit 1 1:PLL clock RW
: [ N |
I _
[ R SO Reserved bit Setto 0 RW
I I (b2)
I
R XIN-XOUT feedback resistor |0 : Internal feedback resistor connected
I L " — CM13 . ; ) RW
b P select bit 1 : Internal feedback resistor not connected
¢! : 1
i i H i CM14 125 kHz on-chip oscillator stop [0 : 125 kHz on-chip oscillator on RW
o E """"""" bit 1 : 125 kHz on-chip oscillator off
1 ]
ot
HEE . .
I XIN-XOUT drive capacity 0:Low
i i B CMIS 1 select bit 1: High RW
1 1
1 1
[ b7 b6

1
E """"""""" CM16 0 0 : No division mode
H Main clock division select bit1 | 0 1 : Divide-by-2 mode RW
] ..
1 1 0: Divide-by-4 mode

CM17 1 1:Divide-by-16 mode

Rewrite the CM1 register after setting the PRCO bit in the PRCR register to 1 (write enabled).
See Table 9.3 “Clock-Related Bit Setting and Modes” to select a clock and a mode.

CM10 (All clock stop control bit) (b0)
When the CM11 bit is 1 (PLL clock), or the CM20 bit in the CM2 register is 1 (oscillator stop/restart
detect function enabled), do not set the CM10 bit to 1.
In the following cases, this bit remains unchanged even when written to (The MCU does not enter stop
mode).
* The PM21 bit in the PM2 register is 1 (clock change disabled).
*The CSPRO bit in the CSPR register is 1 (watchdog timer count source protection mode enabled).
* The PLCO7 bit in the PLCO register is 1 (PLL on).
* A low is input to the NMI pin.

CM11 (System clock select bit) (bl)

The CM11 bit is valid when the CM21 bit in the CM2 register is set to 0 (main clock or PLL clock).

The CPU clock source and the peripheral function clock f1 can be selected by the CM11 bit when the
CMO7 bit is 0 (main clock, PLL clock, or on-chip oscillator clock used as CPU clock). The peripheral
function clock f1 can be selected by the CM11 bit when the CMO07 bit is 1 (sub clock used as CPU
clock).

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM11 bit remains unchanged
even when written to.
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CM13 (XIN-XOUT feedback resistor select bit) (b3)

The CM13 bit can be used when the main clock is not used at all, or when the externally generated
clock is supplied to the XIN pin. When connecting a ceramic resonator or crystal between pins XIN and
XOUT, set the CM13 bit to 0 (internal feedback resistor connected). Do not set this bit to 1.

When the CM10 bit is 1 (stop mode), the feedback resistor is not connected regardless of the CM13 bit
value.

CM14 (125 kHz on-chip oscillator stop bit) (b4)

The CM14 bit can be set to 1 (125 kHz on-chip oscillator off) when the CM21 bit is 0 (main clock or PLL
clock). When the CM21 bit is set to 1 (on-chip oscillator clock), the CM14 bit is automatically set to 0
(125 kHz on-chip oscillator on) and remains unchanged even when 1 is written to this bit. Note that the
125 kHz on-chip oscillator does not stop.

When the CSPRO bit in the CSPR register is 1 (watchdog timer count source protection mode), the
CM14 bit is automatically set to 0 (125 kHz on-chip oscillator on) and remains unchanged even when 1
is written to this bit. Note that the 125 kHz on-chip oscillator does not stop.

CM15 (XIN-XOUT drive capacity select bit) (b5)

In the following cases, the CM15 bit is fixed as 1 (drive capacity high):
¢ Entering stop mode.
*The CM21 bit in the CM2 register is 0 (main clock or PLL clock) and the CMO5 bit in the CMO
register is set to 1 (main clock stopped).

CM17 and CM16 (Main clock division select bit 1) (b7-b6)
Bits CM17 and CM16 are enabled when the CMO06 bit is 0 (bits CM17 and CM16 enabled).
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8.2.4 Oscillation Stop Detection Register (CM2)

Oscillation Stop Detection Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
| |><|0|0| | | | | cMm2 000Ch 0X00 0010b
Bit Symbol Bit Name Function RW

0: Oscillator stop/restart detect function
Oscillator stop/restart detect disabled
enable bit 1: Oscillator stop/restart detect function
enabled

fmmmmcccc————

-4 CM20 RW

: Mai or PLL clock
-——-] CM21 |System clock select bit 2 0- Main clock @ RW
1: On-chip oscillator clock

S, CM22 Oscillator stop/restart detect 0: Main clock stop/restart not detected RW
! flag 1: Main clock stop/restart detected
!
]
H ) S
i . 0: Main clock oscillating
[P CM23 [ XIN monitor flag 1: Main clock stopped RO
et (b5-b4) Reserved bits Setto 0 RW
!
mmmmmem ] (&) No register bit. If necessary, set to 0. The read value is undefined. —
Operation select bit ] .
................... CM27  |(when an oscillator stop/restart 0- Oscillator stop detect reset RW

1: Oscillator stop/restart detect interrupt

is detected)

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
Bits CM20, CM21, and CM27 do not change at oscillator stop detect reset.
See Table 9.3 “Clock-Related Bit Setting and Modes” to select a clock and a mode.

CM20 (Oscillator stop/restart detect enable bit) (b0)

Set the CM20 bit to 0 (oscillator stop/restart detect function disabled) to enter stop mode. Set the CM20
bit back to 1 (enabled) after exiting stop mode.

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM20 bit remains unchanged
even when being written.

CM21 (System clock select bit 2) (b1)

When the CMO7 bit is 0 (main clock, PLL clock, or on-chip oscillator clock used as CPU clock source),
the CPU clock source and the peripheral function clock f1 can be selected by the CM21 bit. When the
CMO7 bitis 1 (sub clock used as CPU clock source), the peripheral function clock f1 can be selected by
the CM21 bit.

When the CM20 bit is 1 (oscillator stop/restart detect function enabled) and the CM23 bit is 1 (main
clock stopped), do not set the CM21 bit to 0 (main clock or PLL clock).

When the CM20 bit is 1 (oscillator stop/restart detect function enabled), the CM27 bit is 1 (oscillator
stop/restart detect interrupt), and the main clock is used as a CPU clock source, the CM21 bit becomes
1 (on-chip oscillator clock) if the main clock stop is detected. Refer to 8.7 “Oscillator Stop/Restart Detect
Function” for details.
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CM22 (Oscillator stop/restart detect flag) (b2)

Condition to become 0:

*Setitto 0.
Conditions to become 1:

* Main clock stop is detected.

* Main clock restart is detected.

(The CM22 bit remains unchanged even if 1 is written.)

When the CM22 bit changes state from 0 to 1, an oscillator stop/restart detect interrupt is generated.
Use this bit in an interrupt routine to determine the factors of interrupts between the oscillator
stop/restart detect interrupt and other interrupts.
When the CM22 bit is 1 and oscillator stop or restart is detected, an oscillator stop/restart detect
interrupt is not generated. The bit does not become 0 even if an oscillator stop/restart detect interrupt
request is accepted.

CM23 (XIN monitor flag) (b3)

Determine the main clock status by reading the CM23 bit several times in the oscillator stop/restart
detect interrupt routine.
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8.2.5 Peripheral Clock Select Register (PCLKR)
Peripheral Clock Select Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
|0|0| |0|0|0| | | PCLKR 0012h 0000 0011b
RN
bbb
by r oy b b1 | BitSymbol Bit Name Function RW
[ : [ N T
i E i i E E i E Timers A and B clock select bit
[ [ | i .
[ L A A (clock source for timers Aand | 0: f2TIMAB/f21IC
o T PO g e dead time timer, and | 1: fAATIMABYfLIIC RW
i N E A multi-master >’C-bus interface)
[ T B
i : E by SI/O clock select bit
[ Y b .
T T A R (clock source for UARTO to 0: f2SI0
b S PCLKL | UART2, UARTS to UART7,  |1:f1SIO RW
A SI/03, and SI/04)
REnis
1 [T S-S —_— .
i i : (b4-b2) Reserved bits Setto 0 RW
o !
i E i Clock output function 0: Selected by setting bits CM01 to CM00
I el PCLK5 |expansion bit in the CMO register RW
I (enabled in single-chip mode) |1: Output f1
[
[
[ J— .
(b7-b6) Reserved bits Setto 0 RW

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.

PCLKS5 (Clock output function extension bit) (b5)

The PCLKS5 bit is enabled in single-chip mode. Output from the CLKOUT pin is selectable. When the
PCLKS5 bit is 1, set bits CM01 and CMO0O to 00b. See Table 8.4 “CLKOUT Pin Functions in Single-Chip

Mode”.
8.2.6 Peripheral Clock Stop Register 1 (PCLKSTP1)
Peripheral Clock Stop Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
LM}QM_J_J PCLKSTP1 0016h OXXX XX00b
] ] ] ] ] ] ] ]
I T R R T
N A Bit Symbol Bit Name Function RW
] ] ] ] ] ] ] ]
] ] ] ] ] ] ] ]
I Peripheral clock stop bit 0: f1 provide enabled
[ T T B N T
i i i i i i H PCKSTP1A (other than timer A, timer B) 1: f1 provide disabled RW
]
[ | [ I N ' . . L .
[ Timer peripheral clock stop bit 0: f1 provide enabled
i i E i i i PCKSTP11 (timer A, timer B) 1: f1 provide disabled RW
] ] ] ] ] ]
i R O . No register bit. If necessary, setto 0. The read value is undefined. —
H (b6-b2)
]
] Timer clock source select bit 0:f1
PCKSTP17 (timer A, timer B) 1: Main clock RW

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
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PCKSTP1A (Peripheral clock stop bit) (b0)

When using f1 for the clock source for the following peripherals, set the PCKSTP1A bit to 0 (f1 provide
enabled):
Real-time clock, pulse width modulator, remote control signal receiver,
serial interface UARTO to UART2, UARTS5 to UART7, SI/O3, SI/04
multi-master 12C-bus interface, A/D converter
To change the PCKSTP1A bit from 1 (f1 provide disabled) to 0, use following procedure:
(1) Stop the peripherals listed above that use peripheral clock f1.
(2) Set the PCKSTP1A bitto 0.
(3) Set the registers for the peripherals again.

PCKSTP11 (Timer peripheral clock stop bit) (b1)

When using f1 or the main clock for the timer A and timer B count source, set the PCKSTP11 bit to O (f1
provide enabled).
To change the PCKSTP11 bit from 1 (f1 provide disabled) to 0, use following procedure:

(1) Stop timer A and timer B.

(2) Set the PCKSTP11 bit to 0.

(3) Set the registers for timer A and timer B again.

PCKSTP17 (Timer clock source select bit) (b7)

Change the PCKSTP17 bit when all of the following conditions are met:

*Both f1 and the main clock are stably supplied.

* Both timer A and timer B are stopped.
The PCKSTPL17 bit is used for supplying the main clock to timer A and timer B.
When in PLL operating mode, high-speed mode, medium-speed mode, or wait mode, the main clock
can be used for the timer A and timer B count source.
Do not use the main clock for the timer A and timer B count source in other normal operating modes
(refer to 9.3 “Clock”).
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8.2.7

PLL Control Register 0 (PLCO)

b7 b6 b5 b4 b3 b2 bl b0

PLL Control Register 0

Symbol Address Reset Value
PLCO 001Ch 0X01 X010b
Bit Symbol Bit Name Function RW
b2 bl bO
PLCOO 0 0 0:Donotset RW
0 0 1:Multiply-by-2
. 0 1 O0: Multiply-by-4
PLCO1 E;:CTE::'F"V'”Q factor 0 1 1:Multiply-by-6 RW
1 0 O0: Multiply-by-8
1 0 1:
PLCO2 1 1 O0: | Do notsetthese values RW
1 1 1:
(b_3) Reserved bit The read value is undefined RO
b5 b4
pLeos Reference frequency counter 0 0:No division R
. quency 0 1:Divide-by-2
set bit 1 0: Divide-by-4
PLCOS 1 1:Do notset RW
(b_6) No register bit. If necessary, set to 0. The read value is undefined. —
. . 0 : PLL off
PLCO7 |Operation enable bit 1:PLL on RW

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.

PLCO2 to PLCOO (PLL multiplying factor select bit) (b2-b0)

Write to bits PLCOO0 to PLC02 when the PLCO7 bit is 0 (PLL off).
When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to bits PLC02 to PLC00 has

no effect.

PLCO5 and PLCO04 (Reference frequency counter set bit) (b5-b4)

Write to bits PLC0O5 and PLC04 when the PLCO7 bit is 0 (PLL off).
When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to bits PLC05 and PLC04

has no effect.

PLCO7 (Operation enable bit) (b7)
When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to the PLCO7 bit has no

effect.
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8.2.8 Processor Mode Register 2 (PM2)

Processor Mode Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
0 1 PM2 001Eh XX00 0X01b
[]
i
o E Bit Symbol Bit Name Function RW
Pl
P — .
i i .- (b0) Reserved bit Setto 1. RW
] 1
1 1
1 1
] 1

0 : Clock is protected by PRCR register

E ----- PM21 |System clock protection bit 1: Clock change disabied RW
1
1
I (b_2) No register bit. If necessary, set to 0. The read value is undefined. —
| [ ——— _— .
(b3) Reserved bit Setto O RW

—_ . . 0 : NMI interrupt disabled
PM24 NMI interrupt enable bit 1 - NMI interrupt enabled RW

0 : Not provided

[ PM25 Peripheral clock fC provide bit 1 - Provided

RW

------------------- (b7-b6) No register bits. If necessary, set to 0. The read value is undefined. —

Set the PRCL1 bit in the PRCR register to 1 (write enabled) before rewriting this register.

PM21 (System clock protection bit) (b1)
The PM21 bit is used to protect the CPU clock. (Refer to 8.6 “System Clock Protection Function”).
When the PM21 bit is set to 1, writing to the following bits has no effect:
* Bits CM02, CMO05, and CMO07 in the CMO register
*Bits CM10 and CM11 in the CML1 register
* The CM20 bit in the CM2 register
¢ All bits in the PLCO register
Do not execute the WAIT instruction when the PM21 bit is 1.
Once the PM21 bit is set to 1, it cannot be set to 0 by a program (writing O has no effect).

PM25 (Peripheral clock fC provide bit) (b5)

The PM25 bit provides fC to the real-time clock, CEC function, and remote control signal receiver. (See
Figure 8.5 “Peripheral Function Clocks”.)
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8.3 Clocks Generated by Clock Generators
Clocks generated by the clock generators are described below.

8.3.1 Main Clock

This clock is supplied by the main clock oscillator and used as a clock source for the CPU and
peripheral function clocks. After reset, the main clock is running, but is not used as a clock source for
the CPU.

The main clock oscillator is configured by connecting a ceramic resonator or crystal between pins XIN
and XOUT. The main clock oscillator contains a feedback resistor, which is disconnected from the
oscillator in stop mode in order to reduce the amount of power consumed by the chip. The main clock
oscillator may also be configured by feeding an externally generated clock to the XIN pin.

Figure 8.2 shows Main Clock Connection Example.

MCU MCU
(Built-in feedback resistor) (Built-in feedback resistor)
CIN
XIN *~—] XIN [<—— External clock

Ceramic resonator

XOUT]} VSS

Rd ® couT

VSS 1 XOUT| Open
Note:

1. Insert a damping resistor if required. The resistance will vary depending on a crystal/ceramic
resonator and the oscillation drive capacity setting. Use the value recommended by the
manufacturer of crystal/ceramic resonator.

When the oscillation drive capacity is set to low, check if oscillation is stable in a low state. Also,
place a feedback resistor between XIN and XOUT if the manufacturer recommends placing the
resistor externally.

Figure 8.2  Main Clock Connection Example

The XOUT becomes high by setting the CMO05 bit in the CMO register to 1 (main clock oscillator turned off)
after switching the clock source for the CPU clock to the sub clock (fC) or on-chip oscillator clock
(fOCO-S). In this case, the XIN is pulled high to the XOUT via the feedback resistor because the internal
feedback resistor remains connected.
When the main clock oscillator is not used, setting the CM13 bit in the CM1 register to 1 enables to select
the internal feedback resistor not connected.
Perform the following steps to start or stop the main clock. Refer to 8.2 “Registers” for details on register
and bit access.
To start the main clock oscillation:
(1) Set the CM15 bit to 1 (drive capacity high) when a ceramic resonator or crystal is connected
between pins XIN and XOUT.
(2) Set the CMO05 bit to 0 (main clock oscillating).
(3) Wait until main clock oscillation stabilizes. (When using an external clock, input the external clock
through the XIN pin.)
To stop the main clock oscillation,
(1) Set the CM20 bit in the CM2 register to O (oscillator stop/restart detect function disabled).
(2) Set the CMO5 bit to 1 (stop).
(3) Stop the external clock (when inputting the external clock through the XIN pin).
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8.3.2 PLL Clock

PLL clock is generated by the PLL frequency synthesizer. This clock is used as the clock source for the
CPU and peripheral function clocks.

After reset, the PLL frequency synthesizer is stopped.

PLL clock is a clock which divides the main clock by the selected values of bits PLC05 to PLC04 in the
PLCO register, and then multiplied by the selected values of bits PLC02 to PLCO00. Set bits PLC05 and
PLCO4 to fit divided frequency between 2 MHz and 5 MHz. Figure 8.3 shows Relation between Main
Clock and PLL Clock.

Main clock —»| Divided by n | Multiplied by m ———» PLL clock

Ladl
(See Note 1) (See Note 2)

n: 1, 2, 4 (selected by setting bits PLC05 and PLCO04 in the PLCO register)
m: 2, 4, 6, 8 (selected by setting bits PLC02 to PLCO0O in the PLCO register)

Notes:
1. Set the frequency divided by n to between 2 MHz and 5 MHz.
2. Set the PLL clock frequency to be within the f(PLL) range.

Figure 8.3  Relation between