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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/65C 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/65C Group
Datasheet

R01DS0015EJ0110

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/65C 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
' R 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 el 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
SI/03 Interrupt Control Register S3IC
0000h 0049h INT4 Interrupt Control Register INT4IC 215
0001h UART2 Bus Collision Detection Interrupt
0002h 004AN Control Register BCNIC 214
0003h 004Bh | DMAO Interrupt Control Register DMoIC 214
0004h | Processor Mode Register 0 PMO 56 004Ch | DMAL Interrupt Control Register DM1IC 214
0005h | Processor Mode Register 1 PM1 146 004Dh | Key Input Interrupt Control Register KUPIC 214
0006h | System Clock Control Register 0 CMO 97 004Eh | A/D Conversion Interrupt Control Register ADIC 215
0007h | System Clock Control Register 1 IS YE 99 004Fh | UART2 Transmit Interrupt Control Register S2TIC 214
0008h | Chip Select Control Register CSR 152 0050h | UART2 Receive Interrupt Control Register S2RIC 214
0051h [ UARTO Transmit Interrupt Control Register SOTIC 214
0009h Extgrnal Area Recovery Cycle Control EWR 155 p! 9
Register 0052h | UARTO Receive Interrupt Control Register SORIC 214
000Ah | Protect Register PRCR 50 0053h | UART1 Transmit Interrupt Control Register S1TIC 214
000Bh | Data Bank Register DBR 173 0054h | UART1 Receive Interrupt Control Register S1RIC 214
000Ch | Oscillation Stop Detection Register CM2 101 0055h | Timer AO Interrupt Control Register TAOIC 214
000Dh 0056h | Timer Al Interrupt Control Register TALIC 214
000Eh 0057h | Timer A2 Interrupt Control Register TA2IC 214
000Fh 0058h | Timer A3 Interrupt Control Register TA3IC 214
0010h | Program 2 Area Control Register PRG2C 148 0059h | Timer A4 Interrupt Control Register TAAIC 214
0011h E:;rsr::: Area Wait Control Expansion EWC 154 005Ah | Timer BO Interrupt Control Register TBOIC 214
0012h | Peripheral Clock Select Register PCLKR 103 005Bh | Timer B1 Interrupt Control Register TB1IC 214
0013h 005Ch | Timer B2 Interrupt Control Register TB2IC 214
0014h 005Dh | INTO Interrupt Control Register INTOIC 215
0015h | Clock Prescaler Reset Flag CPSRF 275 005Eh | INT1 Interrupt Control Regfster INT1IC 215
0016h | Peripheral Clock Stop Register L PCLKSTPL 103 ggzz: INT2 Interrupt Control Register INT2IC 215
0017h to
0018h | Reset Source Determine Register RSTFR 57 0068h
0019h | Voltage Detector 2 Flag Register VCR1 73 0069h | DMAZ2 Interrupt Control Register DMm2IC 214
001Ah | Voltage Detector Operation Enable Register VCR2 74 006Ah | DMAS3 Interrupt Control Register DM3IC 214
- - ’ UARTS5 Bus Collision Detection Interrupt
1Bh h lect E: trol R te E 1
00 Chip Select Expansion Control Register cs 53 006Bh | Control Register, CEC1 Interrupt Control ugggf:g, 214
001Ch [ PLL Control Register 0 PLCO 105 Register
001Dh 006Ch UART5 Transmit Interrupt Control Register, S5TIC, 214
001Eh | Processor Mode Register 2 PM2 106 CEC2 Interrupt Control Register CEC2IC
001Fh 006Dh | UARTS Receive Interrupt Control Register S5RIC 214
UARTS6 Bus Collision Detection Interrupt
0020h oosen | Control Register, UBBCNIC 214
0021h Real-Time Clock Periodic Interrupt Control RTCTIC
- - - Register
0022h | 40 MHz On-Chip Oscillator Control Register 0 FRAO 107 UARTG Transmit Interrupt Control Register, .
0023h 006Fh | Real-Time Clock Compare Interrupt Control i 214
; RTCCIC
0024h Register
0025h 0070h | UART6 Receive Interrupt Control Register S6RIC 214
- - - UART7 Bus Collision Detection Interrupt
0026h | Voltage Monitor Function Select Register VWCE 75 0071h Control Register, U7BCNIC, 014
0027h Remote Control Signal Receiver O Interrupt PMCOIC
0028h | Voltage Detector 1 Level Select Register VDILS 76 Control Register _
UART7 Transmit Interrupt Control Register, S7TIC
0029h 0072h | Remote Control Signal Receiver 1 Interrupt PMClIé 214
002Ah | Voltage Monitor 0 Control Register vwocC 77 Control Register
002Bh | Voltage Monitor 1 Control Register VW1C 78 0073h | UARTY Receive Interrupt Control Register S7RIC 214
002Ch | Voltage Monitor 2 Control Register VW2C 80 0074h
002Dh 0075h
002Eh 0076h
002Fh 0077h
0030h 0078h
to 007%h
003Fh
007Ah
0040h -
Soath 007Bh | 12C-bus Interface Interrupt Control Register lcic 214
—— - 007Ch | SCL/SDA Interrupt Control Register SCLDAIC 214
0042h | INT7 Interrupt Control Register INT7IC 215 0070h
0043h | INT6 Interrupt Control Register INT6IC 215 007ER
0044h | INT3 Interrupt Control Register INT3IC 215 007Fh
0045h | Timer B5 Interrupt Control Register TB5IC 215
T - The blank areas are reserved. No access is allowed.
imer B4 Interrupt Control Register TB4IC
0046h | UART1 Bus Collision Detection Interrupt 214
. U1BCNIC
Control Register
Timer B3 Interrupt Control Register TB3IC
0047h | UARTO Bus Collision Detection Interrupt 214
. UOBCNIC
Control Register
S1/04 Interrupt Control Register S4I1C
0048h INT5 Interrupt Control Register INTSIC 215




Address Register Symbol Page Address Register Symbol Page
OOS)Oh 01C0h Timer BO-1 Register TBO1 328
017Fh 01C1h
0180h Zizz: Timer B1-1 Register TB11 328
0181h | DMAO Source Pointer SARO 256
0182h 01C4h Timer B2-1 Register TB21 328
0183h o Pulse Period/Pulse Width M
0184h o1ceh Mltjjsg FLeJrr:(‘:)tionuSSeeIectI Rlegis?earsTemem PPWFS1 329
0185h | DMAO Destination Pointer DARO 256 01C7h
0186h 01C8h [ Timer B Count Source Select Register 0 TBCSO 330
0187h 01C9h [ Timer B Count Source Select Register 1 TBCS1 330
0188h DMAO Transfer Counter TCRO 257 01CAN
018%9h 01CBh | Timer AB Division Control Register 0 TCKDIVCO 277
018Ah 01CCh
018Bh 01CDh
018Ch | DMAO Control Register DMOCON 258 01CEh
018Dh 01CFh
018Eh 01DOh | Timer A Count Source Select Register 0 TACSO 278
018Fh 01D1h | Timer A Count Source Select Register 1 TACS1 278
0190h 01D2h [ Timer A Count Source Select Register 2 TACS2 278
0191h | DMA1 Source Pointer SAR1 256 01D3h
0192h 01D4h 16-bit Pulsg Width Modulation Mode Function PWMES 279
0193h Select Register
o194h 01D5h E‘r:gei:srtérWaveform Output Function Select TAPOES 280
0195h | DMA1 Destination Pointer DAR1 256 01D6h
0196h 01D7h
0197h 01D8h 'Il;i‘rane_zr A Output Waveform Change Enable TAOW 281
0198h 257 gister
0199n DMAL1 Transfer Counter TCR1 01D9h
019Ah 01DAh | Three-Phase Protect Control Register TPRC 363
019Bh 01DBh
019Ch | DMAL Control Register DMICON 258 01DCh
0190h 01DDh
019Eh 01DEh
019Fh 01DFh
01A0h 01E0N Timer B3-1 Register TB31 328
01A1h | DMA2 Source Pointer SAR2 256 01E1h
01A2h 01E2h Timer B4-1 Register TB41 328
01A3h 01E3h
01A4h 01E4h Timer B5-1 Register TB51 328
01A5h | DMA2 Destination Pointer DAR2 256 01ESh _ _

oo | e oo | pewrsz | s
01A7h 01E7h
01A8h DMA2 Transfer Counter TCR2 257 01E8h | Timer B Count Source Select Register 2 TBCS2 330
01A%h 01E9h | Timer B Count Source Select Register 3 TBCS3 330
01AAh 01EAh
01ABh 01EBh

01ACh | DMA2 Control Register DM2CON 258 01ECh
01ADh 01EDh
01AEh 01EEh
01AFh 01EFh
01BOh 01FOh | PMCO Function Select Register 0 PMCOCONO 428
01B1h | DMA3 Source Pointer SAR3 256 01F1h | PMCO Function Select Register 1 PMCOCON1 430
01B2h 01F2h | PMCO Function Select Register 2 PMCOCON2 432
01B3h 01F3h | PMCO Function Select Register 3 PMCOCON3 434
01B4h 01F4h | PMCO Status Register PMCOSTS 435
01B5h | DMA3 Destination Pointer DAR3 256 01F5h | PMCO Interrupt Source Select Register PMCOINT 438
01B6h 01F6h | PMCO Compare Control Register PMCOCPC 444
01B7h 01F7h | PMCO Compare Data Register PMCOCPD 445
01B8h DMA3 Transfer Counter TCR3 257 01F8h | PMC1 Function Select Register 0 PMC1CONO 428
01B9h 01F9h | PMC1 Function Select Register 1 PMC1CON1 430
01BAh 01FAh | PMC1 Function Select Register 2 PMC1CON2 432
01BBh 01FBh | PMC1 Function Select Register 3 PMC1CON3 434
01BCh | DMA3 Control Register DM3CON 258 O1FCh | PMCL Status Register PMC1STS 435
01BDh 01FDh | PMC1 Interrupt Source Select Register PMC1INT 438
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 487
0201h 0245h | UARTO Special Mode Register 3 UOSMR3 489
0202h 0246h | UARTO Special Mode Register 2 UOSMR2 490
0203h 0247h | UARTO Special Mode Register UOSMR 491
0204h 0248h | UARTO Transmit/Receive Mode Register UOMR 479
0205h | Interrupt Source Select Register 3 IFSR3A 216 0249h | UARTO Bit Rate Register UOBRG 480
0206h | Interrupt Source Select Register 2 IFSR2A 217 024Ah i .

- UARTO Transmit Buffer Register uoTB 480
0207h | Interrupt Source Select Register IFSR 218 024Bh
0208h 024Ch [ UARTO Transmit/Receive Control Register O uoco 481
0209h 024Dh [ UARTO Transmit/Receive Control Register 1 uoC1 483
020Ah 024Eh i .
UARTO Receive Buffer Register UORB 484
020Bh 024Fh
020Ch 0250h | UART Transmit/Receive Control Register 2 UCON 486
020Dh 0251h
020Eh | Address Match Interrupt Enable Register AIER 219 0252h | UART Clock Select Register UCLKSELO 478
020Fh | Address Match Interrupt Enable Register 2 AIER2 219 0253h
0210h 0254h | UART1 Special Mode Register 4 U1SMR4 487
0211h | Address Match Interrupt Register O RMADO 220 0255h | UART1 Special Mode Register 3 U1SMR3 489
0212h 0256h | UART1 Special Mode Register 2 U1SMR2 490
0213h 0257h | UART1 Special Mode Register U1SMR 491
0214h 0258h | UARTL1 Transmit/Receive Mode Register UIMR 479
0215h | Address Match Interrupt Register 1 RMAD1 220 0259h | UART1 Bit Rate Register U1BRG 480
0216h 025Ah . )
UART1 Transmit Buffer Register uliTB 480
0217h 025Bh
0218h 025Ch [ UART1 Transmit/Receive Control Register 0 U1co 481
0219h | Address Match Interrupt Register 2 RMAD2 220 025Dh [ UART1 Transmit/Receive Control Register 1 uUic1 483
021Ah 025Eh
UART1 Receive Buffer Register U1RB 484
021Bh 025Fh
021Ch 0260h
021Dh | Address Match Interrupt Register 3 RMAD3 220 0261h
021Eh 0262h
021Fh 0263h
0220h | Flash Memory Control Register 0 FMRO 681 0264h | UART2 Special Mode Register 4 U2SMR4 487
0221h | Flash Memory Control Register 1 FMR1 684 0265h | UART2 Special Mode Register 3 U2SMR3 489
0222h | Flash Memory Control Register 2 FMR2 124 0266h | UART2 Special Mode Register 2 U2SMR2 490
0223h | Flash Memory Control Register 3 FMR3 686 0267h | UART2 Special Mode Register U2SMR 491
0224h 0268h | UART2 Transmit/Receive Mode Register U2MR 479
0225h 0269h | UART2 Bit Rate Register U2BRG 480
0226h 026Ah
UART2 Transmit Buffer Register u2TB 480
0227h 026Bh
0228h 026Ch [ UART2 Transmit/Receive Control Register O u2co 481
0229h 026Dh | UART2 Transmit/Receive Control Register 1 u2C1 483
022Ah 026Eh i .
UART2 Receive Buffer Register U2RB 484
022Bh 026Fh
022Ch 0270h | SI/O3 Transmit/Receive Register S3TRR 544
022Dh 0271h
022Eh 0272h | SI/O3 Control Register S3C 545
022Fh 0273h | SI/O3 Bit Rate Register S3BRG 546
0230h | Flash Memory Control Register 6 FMR6 687 0274h | SI/O4 Transmit/Receive Register SATRR 544
0231h 0275h
0232h 0276h | SI/O4 Control Register S4C 545
0233h 0277h | SI/O4 Bit Rate Register S4BRG 546
0234h 0278h SI/03, 4 Control Register 2 S34C2 546
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 487
0241h 0285h | UARTS5 Special Mode Register 3 U5SMR3 489
0242h 0286h | UARTS5 Special Mode Register 2 U5SMR2 490
0243h 0287h | UARTS5 Special Mode Register U5SMR 491

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 USMR 479 0300h | Timer B3/B4/B5 Count Start Flag TBSR 332
0289h | UARTS Bit Rate Register USBRG 480 0301h
028Ah ) ) 0302h ) h

UARTS5 Transmit Buffer Register UsTB 480 Timer Al-1 Register TA1l 283
028Bh 0303h
028Ch | UART5 Transmit/Receive Control Register 0 uU5Co 481 0304h X i
- - - Timer A2-1 Register TA21 283
028Dh [ UARTS Transmit/Receive Control Register 1 U5C1 483 0305h
028Eh : _ 0306h ) )
UARTS5 Receive Buffer Register USRB 484 Timer A4-1 Register TA41 283
028Fh 0307h
0290h 0308h | Three-Phase PWM Control Register 0 INVCO 355
0291h 0309h | Three-Phase PWM Control Register 1 INVC1 357
0292h 030Ah | Three-Phase Output Buffer Register 0 IDBO 359
0293h 030Bh | Three-Phase Output Buffer Register 1 IDB1 359
0294h | UART6 Special Mode Register 4 U6SMR4 487 030Ch | Dead Time Timer DTT 359
0295h | UART6 Special Mode Register 3 UBSMR3 489 030Dh Timer B2 Interrupt Generation Frequency Set ICTR2 360
0296h | UART6 Special Mode Register 2 UBSMR2 490 Counter |
Position-Data-Retain F i t
0297h | UART6 Special Mode Register UGSMR 291 030Eh R‘;Z'is'?gr ata-Retain Function Contro PDRF 362
0298h | UART6 Transmit/Receive Mode Register U6MR 479 030Fh
0299h | UARTS6 Bit Rate Register U6BRG 480 0310h
Timer B3 Register TB3 327
029Ah i . 0311h
UART®6 Transmit Buffer Register U6TB 480
029Bh 0312h
029Ch [ UART6 Transmit/Receive Control Register 0 u6Co 481 0313h Timer B4 Register TB4 327
029Dh [ UART6 Transmit/Receive Control Register 1 uUeC1 483 0314h
Timer B5 Register TB5 327
029Eh . ) 0315h
UART6 Receive Buffer Register U6RB 484
029Fh 0316h
02A0h 0317h
02A1h 0318h | Port Function Control Register PFCR 363
02A2h 0319h
02A3h 031Ah
02A4h | UART7 Special Mode Register 4 U7SMR4 487 031Bh | Timer B3 Mode Register TB3MR 333
02A5h | UART7 Special Mode Register 3 U7SMR3 489 031Ch | Timer B4 Mode Register TBAMR 333
02A6h | UART7 Special Mode Register 2 U7SMR2 490 031Dh | Timer B5 Mode Register TBS5MR 333
02A7h | UART7 Special Mode Register U7SMR 491 031Eh
02A8h | UART7 Transmit/Receive Mode Register U7MR 479 031Fh
02A9h | UART7 Bit Rate Register U7BRG 480 0320h | Count Start Flag TABSR 283
02AAR . . 0321h
UART7 Transmit Buffer Register u7TB 480
02ABh 0322h | One-Shot Start Flag ONSF 284

02ACh | UARTY Transmit/Receive Control Register 0 u7Cco 481 0323h | Trigger Select Register TRGSR 285
02ADh | UART7 Transmit/Receive Control Register 1 u7C1 483 0324h | Increment/Decrement Flag UDF 286
02AEh _ ’ 0325h

UART7 Receive Buffer Register U7RB 484
02AFh 0326h
02BOh | 12C0 Data Shift Register S00 560 0327 | Timer AQ Register TAO 282
02B1h 0328h
02B2h | 12C0 Address Register 0 S0DO 561 0320 | Tmer AL Register TAL 282
02B3h | 12C0 Control Register 0 S1D0 562 032Ah
02B4h | 12C0 Clock Control Register S20 564 OazBn | mer A2 Register TA2 282
02B5h | 12C0 Start/Stop Condition Control Register S2D0 566 032Ch
02B6h | 12C0 Control Register 1 S3D0 567 03zDn | Tmer A3 Register TA3 282
02B7h | 12C0 Control Register 2 S4D0 571 032Eh
02B8h | 12C0 Status Register 0 S10 573 O3arn | mer A4 Register TA4 282
02B9h | 12CO Status Register 1 S11 578 0330h
02BAh | 12C0 Address Register 1 S0D1 561 0331n | 'mer BO Register TBO 827
02BBh | 12C0 Address Register 2 S0D2 561 0332h

02BCh 0333h Timer B1 Register TB1 327
02BDh 0334h
02BEh 0335h Timer B2 Register TB2 327
02BFh 0336h | Timer AO Mode Register TAOMR 287
02;‘3" 0337h | Timer AL Mode Register TAIMR 287
02FFh 0338h | Timer A2 Mode Register TA2MR 287

0339h | Timer A3 Mode Register TA3MR 287
033Ah | Timer A4 Mode Register TAAMR 287

The blank areas are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
033Bh | Timer BO Mode Register TBOMR 333 0377h
033Ch | Timer B1 Mode Register TB1IMR 333 0378h
033Dh | Timer B2 Mode Register TB2MR 333 0379h
033Eh | Timer B2 Special Mode Register TB2SC 361 037Ah
033Fh 037Bh
0340h | Real-Time Clock Second Data Register RTCSEC 392 037Ch [ Count Source Protection Mode Register CSPR 245
0341h | Real-Time Clock Minute Data Register RTCMIN 393 037Dh | Watchdog Timer Refresh Register WDTR 246
0342h | Real-Time Clock Hour Data Register RTCHR 394 037Eh | Watchdog Timer Start Register WDTS 246
0343h | Real-Time Clock Day Data Register RTCWK 395 037Fh | Watchdog Timer Control Register wDC 247
0344h | Real-Time Clock Control Register 1 RTCCR1 396 0380h
0345h | Real-Time Clock Control Register 2 RTCCR2 398 0381h
0346h E:;:;’ér:le Clock Count Source Select RTCCSR 400 0382h
0383h
. | Clock S d C 0384h
Real-Time Clock Second Compare Data
0348h Register RTCCSEC 401 0385h
Ti i 0386h
0349h Rea! Time Clock Minute Compare Data RTCCMIN 402
Register 0387h
034an | Real-Time Clock Hour Compare Data RTCCHR 203 0388h
Register
0389h
034Bh
038Ah
034Ch
038Bh
034Dh
038Ch
034Eh
038Dh
034Fh
" " 038Eh
0350h | CEC Function Control Register 1 CECC1 606 038Fh
0351h | CEC Function Control Register 2 CECC2 607
- n 0390h | DMA2 Source Select Register DM2SL 259
0352h | CEC Function Control Register 3 CECC3 609 0391h
0353h | CEC Function Control Register 4 CECC4 611
" 0392h | DMA3 Source Select Register DM3SL 259
0354h | CEC Flag Register CECFLG 613 0393h
0355h | CEC Interrupt Source Select Register CISEL 614 0394h
0356h | CEC Transmit Buffer Register 1 CCTB1 615 0395h
0357h | CEC Transmit Buffer Register 2 CCTB2 615 0396h
0358h | CEC Receive Buffer Register 1 CCRB1 616 0397h
0359h | CEC Receive Buffer Register 2 CCRB2 616
- - 0398h | DMAO Source Select Register DMOSL 259
035Ah | CEC Receive Follower Address Set Register 1 CRADRI1 617 0399h
035Bh | CEC Receive Follower Address Set Register 2 CRADRI2 617
039Ah | DMAL1 Source Select Register DM1SL 259
035Ch 0398h
035Dh
039Ch
035Eh
039Dh
035Fh 039Eh
0360h | Pull-Up Control Register 0 PURO 197 039Fh
0361h | Pull-Up Control Register 1 PUR1 198 O3RN
0362h | Pull-Up Control Register 2 PUR2 199 03AIh
0363h | Pull-Up Control Register 3 PUR3 200 5 Circuit Datection Assist Foncti
pen-Circuit Detection Assist Function
0364h 03A2h Register AINRST 641
0365h 03A3h
0366h | Port Control Register PCR 201 03A4h
0367h 03A5h
0368h 03A6h
0369h | NMI/SD Digital Filter Register NMIDF 222 03A7h
036Ah 03A8h
036Bh 03A9h
036Ch 03AAh
036Dh 03ABh
036Eh 03ACh
036Fh 03ADh
0370h | PWM Control Register 0 PWMCONO 418 03AEh
0371h 03AFh
0372h | PWMO Prescaler PWMPREO 419 03BOh
0373h | PWMO Regjister PWMREGO0 419 03B1h
0374h | PWM1 Prescaler PWMPRE1 419 03B2h
0375h | PWML1 Register PWMREG1 419 The blank areas are reserved. No access is allowed.
0376h | PWM Control Register 1 PWMCON1 420




Address Register Symbol Page Address Register Symbol Page
03B3h 03FOh | Port P8 Register P8 202
03B4h . 03F1h | Port P9 Register P9 202

SFR Snoop Address Register CRCSAR 673 — -
03B5h 03F2h | Port P8 Direction Register PD8 203
03B6h | CRC Mode Register CRCMR 674 03F3h | Port P9 Direction Register PD9 203
03B7h 03F4h | Port P10 Register P10 202
03B8h 03F5h | Port P11 Register P11 202
03B9h 03F6h | Port P10 Direction Register PD10 203
03BAh 03F7h | Port P11 Direction Register PD11 203
03BBh 03F8h | Port P12 Register P12 202
03BCh . 03F9h | Port P13 Register P13 202

CRC Data Register CRCD 674 — -

03BDh 03FAh | Port P12 Direction Register PD12 203
03BEh | CRC Input Register CRCIN 674 03FBh | Port P13 Direction Register PD13 203
03BFh 03FCh | Port P14 Register P14 202
03C0h . 03FDh

A/D Register 0 ADO 642 — -
03C1h 03FEh | Port P14 Direction Register PD14 203
03C2h 03FFh

A/D Register 1 AD1 642
03C3h DO000h

to
03C4h
| A/D Register 2 AD2 642 DO7Fh

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

A/D Register 3 AD3 642
03C7h
03Csh .

AID Register 4 AD4 642
03C%
03CAh

AID Register 5 AD5 642

03CBh
03CCh .

A/D Register 6 AD6 642

03CDh
03CEh )

AID Register 7 AD7 642
03CFh
03D0Oh
03D1h
03D2h
03D3h
03D4h | A/D Control Register 2 ADCON2 643
03D5h
03D6h | A/D Control Register 0 ADCONO 644
03D7h | A/D Control Register 1 ADCON1 646
03D8h | D/AO Register DAO 669
03D%h

03DAh | D/A1 Register DA1 669
03DBh
03DCh | D/A Control Register DACON 669
03DDh
03DEh
03DFh
03EOh | Port PO Register PO 202
03Elh | Port P1 Register P1 202
03E2h | Port PO Direction Register PDO 203
03E3h | Port P1 Direction Register PD1 203
03E4h | Port P2 Register P2 202
03E5h | Port P3 Register P3 202
03E6h | Port P2 Direction Register PD2 203
03E7h | Port P3 Direction Register PD3 203
03E8h | Port P4 Register P4 202
03E9h | Port P5 Register P5 202
03EAh | Port P4 Direction Register PD4 203
03EBh | Port P5 Direction Register PD5 203
03ECh | Port P6 Register P6 202
03EDh | Port P7 Register P7 202
03EEh | Port P6 Direction Register PD6 203
03EFh | Port P7 Direction Register PD7 203




Address Register Symbol Page
D080h . )
PMCO Header Pattern Set Register (Min) PMCOHDPMIN 439
DO081h
DO082h .
Dosan PMCO Header Pattern Set Register (Max) PMCOHDPMAX 439
D084h | PMCO Data 0 Pattern Set Register (Min) PMCODOPMIN 441
D085h | PMCO Data 0 Pattern Set Register (Max) PMCODOPMAX 441
D086h | PMCO Data 1 Pattern Set Register (Min) PMCOD1PMIN 441
D087h | PMCO Data 1 Pattern Set Register (Max) PMCOD1PMAX 441
D088h X
PMCO Measurements Register PMCOTIM 442
D08%h
DO8Ah
D08Bh
D08Ch | PMCO Receive Data Store Register 0 PMCODATO 443
D08Dh | PMCO Receive Data Store Register 1 PMCODAT1 443
DO8Eh | PMCO Receive Data Store Register 2 PMCODAT2 443
DO8Fh | PMCO Receive Data Store Register 3 PMCODAT3 443
D090h | PMCO Receive Data Store Register 4 PMCODAT4 443
D091h | PMCO Receive Data Store Register 5 PMCODAT5 443
D092h | PMCO Receive Bit Count Register PMCORBIT 442
D093h
D094h ) )
PMC1 Header Pattern Set Register (Min) PMC1HDPMIN 439
D095h
DO096h .
PMC1 Header Pattern Set Register (Max) PMC1HDPMAX 439
D097h
D098h | PMC1 Data 0 Pattern Set Register (Min) PMC1DOPMIN 441
D09%h | PMC1 Data 0 Pattern Set Register (Max) PMC1DOPMAX 441
D09Ah [ PMC1 Data 1 Pattern Set Register (Min) PMC1D1PMIN 441
D09Bh | PMCL1 Data 1 Pattern Set Register (Max) PMC1D1PMAX 441
D09Ch X
PMC1 Measurements Register PMC1TIM 442
D09Dh
DO9Eh
DO9Fh
DOAOh
to
D7FFh
The blank areas are reserved. No access is allowed.
| FFFFFh I Optional Function Select Address 1 OFS1 689

OFS1 address is not an SFR.
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1. Overview

1.1 Features

The M16C/65C 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.

RO1UH0093EJ0110 Rev.1.10 RENESAS Page 1 of 839
Jul 31, 2012



M16C/65C Group 1. Overview

1.2 Specifications
The M16C/65C Group includes 128-pin and 100-pin packages. Table 1.1 to Table 1.4 list specifications.

Table 1.1 Specifications for the 128-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:
31.25 ns (f(BCLK) = 32 MHz, VCC1 = VCC2 = 2.7 t0 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor

See Table 1.5 “Product List (N-Version)” to Table 1.6 “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

5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
high-speed on-chip oscillator (40 MHz +5%), 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 8 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: 111 (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)

RO1UH0093EJ0110 Rev.1.10 RENESAS Page 2 of 839
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M16C/65C Group

1. Overview

Table 1.2 Specifications for the 128-Pin Package (2/2)

Iltem Function

Description

Timer A

16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse width
modulation (PWM) mode
Event counter two-phase pulse signal processing (two-phase encoder
input) x 3
Programmable output mode x 3

Timer B

16-bit timer x 6
Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode

Timers Three-phase motor control
timer functions

* Three-phase inverter control (timer A1, timer A2, timer A4, timer B2)
* On-chip dead time timer

Real-time clock

Count: seconds, minutes, hours, days of the week

PWM function

8 bits x 2

Remote control signal receiver

® 2 circuits

* 4 wave pattern matchings (differentiate wave pattern for headers, data
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/asynchronous x 6 channels

Serial I2C-bus, IEBus, special mode 2
UART7 ! ’

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

32 MHz/VCC1=2.7t05.5V,VCC2=2.7Vto VCC1l

Current Consumption

Refer to the Electrical Characteristics chapter

Operating Temperature

-20°C to 85°C, -40°C to 85°C ()

Package

128-pin LQFP: PLQP0128KB-A (Previous package code: 128P6Q-A)

Notes:

1. See Table 1.5 “Product List (N-Version)” to Table 1.6 “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.

RO1UHO093EJ0110 Rev.1.10
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M16C/65C Group 1. Overview

Table 1.3 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:
31.25 ns (f(BCLK) = 32 MHz, VCC1 = VCC2 = 2.7 t0 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor

See Table 1.5 “Product List (N-Version)” to Table 1.6 “Product List (D-

Memory ROM, RAM, data flash

Version)”.
Voltage * Power-on reset
Detection | /O!tage detector * 3 voltage detection points (detection level of voltage detection 0 and 1
selectable)

5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
high-speed on-chip oscillator (40 MHz +5%), 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 8 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)

RO1UH0093EJ0110 Rev.1.10 RENESAS Page 4 of 839
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M16C/65C Group

1. Overview

Table 1.4 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 =2.7t05.5V, VCC2 =2.7 V to VCC1
32 MHz/VCC1=2.7t05.5V,VCC2=2.7VtoVCC1l

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 1.5 “Product List (N-Version)” to Table 1.6 “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.

RO1UHO093EJ0110 Rev.1.10
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M16C/65C Group

1. Overview

1.3 Product List

Table 1.5 and Table 1.6 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).

Table 1.5 Product List (N-Version) As of July, 2012
ROM Capacity RAM

Part No. PF;cég,\rAarln PFE%g,\r/la;n Data flash | Capacity Package Code Remarks
R5F36506CNFA 128 KB 16 KB 4 KB 12 KB PRQP0100JD-B
R5F36506CNFB x 2 blocks PLQPO100KB-A
R5F3651ECNFC PLQP0128KB-A
R5F3650ECNFA 256 KB 16 KB y 24b'I<oBi:ks 20 KB PRQP0100JD-B
R5F3650ECNFB PLQPO0100KB-A
R5F3651KCNFC PLQP0128KB-A .
R5F3650KCNFA 384 KB 16KB | 24bll<oiks 31 KB |PRQP0100JD-B t‘g%g::t%re
R5F3650KCNFB PLQPO0100KB-A -20°C to 85°C
R5F3651MCNFC PLQP0128KB-A
R5F3650MCNFA 512 KB 16 KB y 24bll<(l)?::ks 31 KB PRQP0100JD-B
R5F3650MCNFB PLQPO0100KB-A
R5F3651INCNFC PLQP0128KB-A
R5F3650NCNFA 512 KB 16 KB N 24bll<<;30ks 47 KB PRQP0100JD-B
R5F3650NCNFB PLQPO100KB-A
(D): Under development
(P): Planning
Note:

1. Previous package codes are as follows:
PLQP0128KB-A: 128P6Q-A, PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A

Table 1.6 Product List (D-Version) As of July, 2012
ROM Capacity RAM
Part No. PF:(())gl\;Iarln Pé%gh;a;n Data flash | Capacity Package Code Remarks
R5F36506CDFA 4 KB PRQP0100JD-B
128 KB 16 KB 12 KB
R5F36506CDFB x 2 blocks PLQPO100KB-A
R5F3651ECDFC PLQP0128KB-A
R5F3650ECDFA 256 KB 16 KB y 24b'|<c')3cks 20KB | PRQP0100JD-B
R5F3650ECDFB PLQP0O100KB-A
R5F3651KCDFC PLQP0128KB-A
R5F3650KCDFA 384 KB 16 KB 4 KB 31KB [PRQP0100JD-B | OPerating
x 2 blocks temperature
R5F3650KCDFB PLQPO100KB-A | _40°¢ 10 85°C
R5F3651MCDFC PLQP0128KB-A
R5F3650MCDFA 512 KB 16 KB y 24b'|<fcks 31 KB |PRQP0100JD-B
R5F3650MCDFB PLQPO100KB-A
R5F3651NCDFC PLQP0128KB-A
R5F3650NCDFA 512 KB 16 KB 4bTOBC:52 47 KB | PRQP0100JD-B
R5F3650NCDFB PLQPO100KB-A
(D): Under development
(P): Planning
Note:

1. Previous package codes are as follows:
PLQP0128KB-A: 128P6Q-A, PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A

Jul 31, 2012
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M16C/65C Group

1. Overview

PatNo. R 5 E 3 65 0

6 C D EA

I— Package type

FC: Package PLQP0128KB-A (128P6Q-A)
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
N: 512 KB/47 KB

Number of pins
0: 100 pins
1: 128 pins

M16C/65C Group

16-bit MCU

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1  Part No., with Memory Size and Package

M16C
R5F36506CDFA

O

XXX XXXX
S w—

Running No. 0 to 9, A to Z (except for I, O, Q)

Week code (from 01 to 54)

Last one digit of year

—— Type No. (See Figure 1.1 “Part No., with Memory Size and Package”)

Figure 1.2  Marking Diagram (Top View)

RO1UHO093EJ0110 Rev.1.10
Jul 31, 2012
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M16C/65C Group

1. Overview

1.4 Block Diagram
Figure 1.3 to Figure 1.4 show block diagrams.

8 8 8 8 8 8 8 8

y A A A A A
Port PO| [PortP1| [PortP2| [Port P3| [PortP4| |PortP5| |PortP12| |Port P13
VCC2 ports

Internal peripheral functions UART or System clock generator
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Notes:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.
Figure 1.3  Block Diagram for the 128-Pin Package
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M16C/65C Group 1. Overview

A A A A A A
8 8 8 8 8 8
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Three-phase motor control Multi-master 12C-bus interface
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(CRC-CCITT or CRC-16)
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Notes:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.
Figure 1.4  Block Diagram for the 100-Pin Package
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1. Overview

M16C/65C Group

Pin Assignments
Figure 1.5 to Figure 1.7 show pin assignments. Table 1.7 to Table 1.11 list pin names.
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(See Note 3)
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3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two

2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.

1. N-channel open drain output.

Notes:

separate functional signals.

Pin Assignment for the 128-Pin Package

Figure 1.5
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M16C/65C Group 1. Overview
Table 1.7 Pin Names for the 128-Pin Package (1/3)
_ _ I/O Pin for Peripheral Function Bus Control
Pin No. | Control Pin| Port . L A/D converter, .
Interrupt Timer Serial interface Pin
D/A converter
1 VREF
2 AVCC
3 P9 7 SIN4 ADTRG
4 P9 6 SOuUT4 ANEX1
5 P9 5 CLK4 ANEXO
6 P9 4 TB4IN/PWM1 DA1
7 P9 3 TB3IN/PWMO DAO
8 P9 2 TB2IN/PMCO SOUT3
9 PO 1 TB1IN/PMC1 SIN3
10 P9 0 TBOIN CLK3
11 P14 1
12 P14 0
13 BYTE
14 CNVSS
15 XCIN P8_7
16 XCOUT P8 6
17 RESET
18 XOuT
19 VSS
20 XIN
21 VCC1
22 P8 5 |NMI SD CEC
23 P8_4 |INT2 ZP
24 P8 3 |[INTT
25 P8_2 |[INTO
26 P8_1 TA4IN/U CTS5/RTS5
27 P8 0 TA40UT/U RXD5/SCL5
28 P7_7 TA3IN CLK5
29 P7_6 TA30UT TXD5/SDA5S
30 P7 5 TA2IN/W
31 P7 4 TA20UT/W
32 P7 3 TALINNV CTS2/RTS2
33 P7_2 TALOUT/V CLK2
34 P7_1 TAOIN/TB5IN RXD2/SCL2/SCLMM
35 P7 0 TAOOUT TXD2/SDA2/SDAMM
36 P6_7 TXD1/SDA1
37 VCC1
38 P6_6 RXD1/SCL1
39 VSS
40 P6 5 CLK1
41 P6_4 CTS1/RTS1/CTS0/CLKS1
42 P6_3 TXDO/SDAO
43 P6_2 RXDO0/SCLO
44 P6 1 CLKO
45 P6 0 RTCOUT CTSO/RTS0O
46 P13 7
47 P13 6
48 P13 5
49 P13 4
50 CLKOUT |P5_7 RDY
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M16C/65C Group

1. Overview

Table 1.8 Pin Names for the 128-Pin Package (2/3)
_ Control 1/0 Pin for Peripheral Function _
Pin No. . Port . - A/D converter, Bus Control Pin
Pin Interrupt Timer Serial interface
D/A converter

51 P5 6 ALE

52 P5 5 HOLD

53 P5_4 HLDA

54 P13 3

55 P13 2

56 P13 1

57 P13 0

58 P5_3 BCLK

59 P5 2 RD

60 P5 1 WRH/BHE

61 P50 WRL/WR

62 P12 7

63 P12 6

64 P12 5

65 P4 7 PWM1 TXD7/SDA7 CS3

66 P4 6 PWMO RXD7/SCL7 CS2

67 P4 5 CLK7 CS1

68 P4_4 CTS7/RTS7 CSo0

69 P4 3 A19

70 P4 2 A18

71 P4 1 Al17

72 P4_0 Al16

73 P3 7 Al15

74 P3_6 Al4

75 P3 5 A13

76 P34 Al12

77 P3 3 All

78 P3 2 A10

79 P31 A9

80 P12 4

81 P12 3

82 P12 2

83 P12 1

84 P12 0

85 VCC2

86 P3 0 A8, [A8/D7]

87 VSS

88 pP2_7 AN2_7 A7, [A7/D7], [A7/D6]
89 P2_6 AN2_6 A6, [A6/D6], [A6/D5]
90 P2_5 |INT7 AN2_5 A5, [A5/D5], [A5/D4]
91 P2_4 |INT6 AN2_4 A4[A4/DA4], [A4/D3]
92 P2_3 AN2_3 A3, [A3/D3], [A3/D2]
93 pP2_2 AN2_2 A2, [A2/D2], [A2/D1]
94 P2 1 AN2_1 Al, [A1/D1], [A1/DO]
95 P20 AN2_0 A0, [A0/DO0], AO

96 P1_7 |INT5 IDU D15

97 P1 6 |INT4 IDW D14

98 P1 5 |INT3 IDV D13

99 P1 4 D12

100 P1 3 TXD6/SDA6 D11
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M16C/65C Group

1. Overview

Table 1.9 Pin Names for the 128-Pin Package (3/3)
pin | Control I/O Pin for Peripheral Function _
. Port ) o A/D converter, Bus Control Pin
No. Pin Interrupt Timer Serial interface
D/A converter
101 P1 2 RXD6/SCL6 D10
102 P11 CLK6 D9
103 P10 CTS6/RTS6 D8
104 PO_7 ANO_7 D7
105 PO_6 ANO_6 D6
106 PO_5 ANO_5 D5
107 PO 4 ANO_4 D4
108 PO_3 ANO_3 D3
109 PO_2 ANO_2 D2
110 PO 1 ANO_1 D1
111 PO 0 ANO_0 DO
112 P11 7
113 P11_6
114 P11 5
115 P11 4
116 P11 3
117 P11 2
118 P11 1
119 P11 0
120 P10 7 |KI3 AN7
121 P10_6 [KI2 AN6
122 P10 5 |KH ANS
123 P10_4 [KIO AN4
124 P10_3 AN3
125 P10 2 AN2
126 P10 1 AN1
127 |AVSS
128 P10 0 ANO
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M16C/65C Group 1. Overview

(See Note 3)
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Notes:
1. N-channel open drain output.
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.

Figure 1.6  Pin Assignment for the 100-Pin Package
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M16C/65C Group

1. Overview

(See Note 3)
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1. N-channel open drain output.
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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
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P4_5/CLK7/CST
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Figure 1.7  Pin Assignment for

the 100-Pin Package
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M16C/65C Group 1. Overview
Table 1.10  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 DAl
4 2 P9 3 TB3IN/PWMO DAO
5 3 P9_2 TB2IN/PMCO SOUT3
6 4 P9 1 TB1IN/PMCL1 SIN3
7 5 P9 0 TBOIN CLK3
8 6 BYTE
9 7 CNVSS
10 |8 XCIN P8_7
11 |9 XCOUT P8 6
12 |10 |RESET
13 |11 | XOUuT
14 |12 |VSS
15 |13 |XIN
16 |14 |VCC1
17 |15 P8 5 |NMI SD CEC
18 |16 P8 4 |INT2 ZP
19 |17 P8_3 |INTH
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 TA3IN CLK5
24 |22 P7_6 TA30UT TXD5/SDA5S
25 |23 P7 5 TA2IN/W
26 |24 P7_4 TA20UT/W
27 |25 P7 3 TALIN/V CTS2/RTS2
28 |26 P7_2 TA1OUT/V CLK2
29 |27 P7_1 TAOIN/TBS5IN RXD2/SCL2/SCLMM
30 |28 P7 0 TAOOUT TXD2/SDA2/SDAMM
31 |29 P6_7 TXD1/SDA1
32 |30 P6_6 RXD1/SCL1
33 [31 P6_5 CLK1
CTS1/RTS1/CTSO0/
34 |32 P6 4 CLKS1
35 |33 P6 3 TXDO/SDAO
36 |34 P6_2 RXDO0/SCLO
37 |35 P6_1 CLKO
38 |36 P6 0 RTCOUT CTSO/RTS0
39 |37 |CLKOUT |P5 7 RDY
40 |38 P5_6 ALE
41 |39 P55 HOLD
42 140 P5 4 HLDA
43 |41 P5_3 BCLK
44 (42 P5 2 RD
45 |43 P51 WRH/BHE
46 |44 P50 WRL/WR
47 |45 P4 7 PWM1 TXD7/SDA7 CS3
48 |46 P4 _6 PWMO RXD7/SCL7 CSs2
49 |47 P4 5 CLK7 CSH
50 |48 P4 4 CTS7/RTS7 CS0
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M16C/65C Group 1. Overview

Table 1.11  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 A/D converter, Bus Control Pin
D/A converter
51 |49 P4_3 Al19
52 |50 P4 2 A18
53 |51 P4 1 Al7
54 |52 P4 0 Al6
55 |53 P3 7 A15
56 |54 P3 6 Al4
57 |55 P3 5 Al3
58 |56 P3 4 Al2
59 |57 P33 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 P25 [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/DO], AO
73 |71 P1_7 |INT5 IDU D15
74 |72 P1 6 |[INT4 IDW D14
75 |73 P15 |INT3 IDV D13
76 |74 P1 4 D12
77 |75 P13 TXD6/SDA6 D11
78 |76 P1 2 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 |KH 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
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M16C/65C Group

1. Overview

1.6 Pin Functions
Table 1.12  Pin Functions for the 128-Pin Package (1/3)
Signal Name Pin Name /O |Power Supply Description
Power supply veed, Apply 2.7 t0 5.5 V to pins VCC1 and VCC2 (VCC1 > VCC?2),
input veee, I ) and 0 V to the VSS pin
P VSS pin.
This is the power supply for the A/D and D/A converters.
Analog_power AVCC, I VCC1 Connect the AVCC pin to VCC1, and connect the AVSS pin
supply input AVSS to VSS
Reset input RESET | VCC1 Driving this pin low resets the MCU.
Input pin to switch processor modes. After a reset, to start
CNVSS CNVSS VCel operat_lng in S|_ngle-ch|p mode, cor_me(_:t th(_a CNVSS pin to
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 | VCCl 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 e VCC2 Inputs or output_s data (DO to D7) while accessing an
external area with a separate bus.
DS to D15 /O VCC2 Inputs or output§ data (DS to D15) while accessing an
external area with a 16-bit separate bus.
AO to A19 (0] VCC2 Outputs address bits A0 to A19.
AO/DO to Inputs or outputs data (DO to D7) and outputs address bits
/0 VCC2 (A0 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
Bus control WRH can be switchﬂwith BHE and WR.
pins * WRL, WRH, and RD selected
If the external data bus is 16 bits, data is written to an even
WRLWR address in an external area when WRL is driven low. Data
WRH/BHE o VCC2 is written to arﬂj_d ad_dress when WRH is driven low. Data
aD is read when RD is driven low.
*WR, BHE, and RD selected
Data is written to an external area when V 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.
HOLD | VCC2 HOLD mput is unavailable. Connect the HOLD pin to 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 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/65C Group

1. Overview

Table 1.13  Pin Functions for the 128-Pin Package (2/3)
Signal Name Pin Name I/O | Power Supply Description
Main clock input XIN | VCC1 I/O for the main clock oscillator. Connect a ceramic
resonator or crystal between pins XIN and XOUT. (1)
. Input an external clock to XIN pin and leave XOUT
Main clock output XOuT @) VCC1 pirﬁ) open. P
Sub clock input XCIN | VCC1 I/O for a sub clock oscillator. Connect a crystal
between pins XCIN and XCOUT. (1) Input an external
Sub clock output XCOUT o) VCC1 clock to XCIN pin and leave XCOUT pin open.
BCLK output BCLK (0] VCC2 Outputs the BCLK signal.
Clock output CLKOUT o VCC2 OOruftéo;ts a clock with the same frequency as fC, f1, 8,
. , INTO to INT2 | vCcC1 .
INT interrupt input — Input for the INT interrupt.
INT3 to INT7 I VCC2
NMI interrupt input NMI I VCC1 Input for the NMI interrupt.
i'f%&tmpm interrupt KIO to KI3 I VCC1 Input for the key input interrupt.
TAOOUT to /0 vCeel 1/O for timers AO to A4 (TAOOUT is N-channel open
TA40UT drain output).
Timer A TAOIN to TA4IN | | VCCL1  |Input for timers A to A4.
ZP I VCC1 Input for Z-phase.
Timer B TBOIN to TB5IN | VCC1 Input for timers BO to B5.
Uuuv,Vww| o VCC1 Output for the three-phase motor control timer.
Three-phase motor & :
control timer SD I VCC1 Forced cutoff input.
IDU, IDV, IDW I VCC2 Input for the position data.
Euet%tttlme clock RTCOUT ) VCC1 Output for the real-time clock.
PWM output PWMO, PWM1 (0] VCC1, VCC2 [PWM output.
Remote control . .
signal receiver input PMCO, PMC1 I VCC1 Input for the remote control signal receiver.
CTSO0 to CTS2, | veel . o
CTS5 Input pins to control data transmission.
CTSe6, CTS7 I VCC2
RTSO to RTS2, o VCeel . .
RTS5 Output pins to control data reception.
RTS6, RTS7 (e} VCC2
. CLKQaCHK2 | o veel o
Serial interface Transmit/receive clock I/O.
UARTO to UART2,
UARTS5 to UART7 CLK6, CLK7 I/0 VCC2
RXDO to RXD2
’ | VCC1
RXDS Serial data input.
RXD6, RXD7 I VCC2
TXDO to TXD2
’ O VCC1
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/65C Group 1. Overview

Table 1.14  Pin Functions for the 128-Pin Package (3/3)

Signal Name Pin Name 1/0 | Power Supply Description
SDAO to SDA2
| /O VCC1
SDA5 Serial data I/O.
UARTO to UART2, [ "gpag SDA7 | 1/0 VCC2
UARTS5 to UART7
12C mode SCLO to SCL2, /0 VCC1
SCL5 Transmit/receive clock I/O.
SCL6, SCL7 I/0 VCC2
CLK3, CLK4 110 VCC1 Transmit/receive clock I/0.
Serial interface - -
S1/03, S1/04 SIN3, SIN4 | VCC1 Serial data input.
SOUT3,S0uUT4| O VCC1 Serial data output.
) SDAMM 1/0 VCC1 Serial data 1/0 (N-channel open drain output).
Multi-master 12C- : : :
bus interface SCLMM 10 VCCl Transmit/receive clock /0O (N-channel open drain
output).
CEC /O CEC I/O VCC1 CEC I/0 (N-channel open drain output).
Referen_ce VREF | VCC1 Reference voltage input for the A/D and D/A converters.
voltage input
ANO to AN7 | VCC1
Analog input.
ANO_0to ANO_7 | | vee? g inp
A/D converter AN2_0to AN2_7
ADTRG | VCC1 External trigger input.
ANEXO0, ANEX1 I VCC1 Extended analog input.
D/A converter DAO, DA1 (0] VCC1 Output pin the D/A converter.
PO_0Oto PO_7
P1 OtoP1 7
P2_0toP2_7 8-bit CMOS 1/0 ports. A direction register determines
P3 0toP3 7 10 VCC2 whether each pin is used as an input port or an output
P4 OtoP4_ 7 port. A pull-up resistor may be enabled or disabled for
P5 OtoP5_7 input ports in 4-bit units.
P12 Oto P12 7
1/0 ports P13_0to P13 7
P6_0to P6_7 8-bit 1/0 ports having equivalent functions to PO.
P7 Oto P7_7
However, P7_0, P7_1, and P8_5 are N-channel open
P8 0to P8 7 - . . .
P9 0to P9 7 1/0 VCC1 drain output ports. No pull-up resistor is provided. P8_5
- - is an input port for verifying the NMI pin level and shares
P10 Oto P10 7 2 pin with NMI
P11 Oto P11 7 P :
P14 0,P14 1 | I/O VCC1 1/0 ports having equivalent functions to PO.
RO1UHO093EJ0110 Rev.1.10 .ZENESAS Page 20 of 839

Jul 31, 2012
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Table 1.15  Pin Functions for the 100-Pin Package (1/3)
Signal Name Pin Name I/0  |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 0 V to the VSS pin.
Analod power This is the power supply for the A/D and D/A converters.
gp AVCC, AVSS I 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
CNVSS CNVSS VCCl operat!ng in S{ngle-chlp mode, copnegt thg CNVSS pin to
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 | VCCl 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 /O VCC2 Inputs or output§ data (DO to D7) while accessing an
external area with a separate bus.
D8 to D15 e VCC2 Inputs or output_s data (D_8 to D15) while accessing an
external area with a 16-bit separate bus.
A0 to A19 (0] VCC2 Outputs address bits A0 to A19.
A0/DO to Inputs or outputs data (DO to D7) and outputs address bits
/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
I/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), andi—D 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
WRTWR address in an external area when WRL is driven low. Data
RL/WR N TS
e OSOE is written to an odd address when WRH is driven low. Data
RH/BHE O VCC2 . =
aD 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.
HOLD | VCC2 I-!OLD |nput is unavailable. Connect the HOLD pin to 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 VCCL1.
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1. Overview

Table 1.16  Pin Functions for the 100-Pin Package (2/3)
Signal Name Pin Name I/O | Power Supply Description
Main clock input XIN | VCC1 I/O for the main clock oscillator. Connect a ceramic
resonator or crystal between pins XIN and XOUT. ()

. Input an external clock to XIN pin and leave XOUT pin
Main clock output XOuT 0] VCC1 oppen. P P
Sub clock input XCIN I VCC1 I/O for a sub clock oscillator. Connect a crystal between

XCIN pin and XCOUT pin. (1) Input an external clock to
Sub clock output XCOUT ¢} vCC1 XCIN pin and leave XCOUT pin open.
BCLK output BCLK (0] VCC2 Outputs the BCLK signal.
Clock output CLKOUT o VCC2 fOglétputs a clock with the same frequency as fC, f1, f8, or
N ) INTO to INT2 I VCC1 B
INT interrupt input ———— Input for the INT interrupt.
INT3 to INT7 I VCC2
NMI interrupt input NMI I VCC1 Input for the NMI interrupt.
il;%)l/ninput interrupt KIO to KI3 I VCC1 Input for the key input interrupt.
TAOOUT to 10 VCCl 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 I VCC1 Input for Z-phase.
Timer B TBOIN to TB5IN | | VCC1 Input for timers BO to B5.
UuuVv,VW,W| O VCC1 Output for the three-phase motor control timer.
Three-phase motor N :
control timer SD I VCC1 Forced cutoff input.
IDU, IDV, IDW | VCC2 Input for the position data.
Eli?)tttlme clock RTCOUT O VCC1 Output for the real-time clock.
PWM output PWMO, PWM1 | O | VCC1, VCC2 |PWM output.
Remote control ; ;
signal receiver input PMCO, PMC1 I VCC1 Input for the remote control signal receiver.
CTSO0 to CTS2, | VeCel . o
CTS5 Input pins to control data transmission.
CTSe6, CTS7 I VCC2
RTSO to RTS2, o VCCl . .
RTS5 Output pins to control data reception.
RTS6, RTS7 (¢} VCC2
CLKQI K2 1o | veer _—
Serial interface Transmit/receive clock 1/0.
UARTO to UART?2, CLK®6, CLK7 /10 VCC2
UARTS5 to UART7 RXDO to RXD2,
| vCcCl ) _
RXD5 Serial data input.
RXD6, RXD7 I VCC2
TXDO to TXD2, o VCCl .
TXD5 Serial data output. (2)
TXD6, TXD7 (0] VCC2
CLKS1 o vCCl 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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Table 1.17  Pin Functions for the 100-Pin Package (3/3)
Signal Name Pin Name I/0 | Power Supply Description
SDAO to SDA2
' 110 VCC1
SDA5 Serial data I/O.
UARTOto UART2, "gpag spa7 | 110 VCC2
UARTS to UART7
12C mode SCLOt SCL2, |0 vcel
SCL5 Transmit/receive clock I/O.
SCL6, SCL7 I/O VCC2
CLK3, CLK4 110 VCC1 Transmit/receive clock 1/O.
Serial interface - -
S1/03, S1/04 SIN3, SIN4 | VCC1 Serial data input.
SOUT3, SOUT4 (e} VCC1 Serial data output.
) SDAMM 1/0 VCC1 Serial data 1/0 (N-channel open drain output).
Multi-master 12C- : : :
bus interface SCLMM /0 VCCl Transmit/receive clock I/0 (N-channel open drain
output).
CECI/O CEC /0 VCC1 CEC I/0 (N-channel open drain output).
ilj]gzetrence voltage VREF | VCC1 Reference voltage input for the A/D and D/A converters.
ANO to AN7 | VCC1
Analog input.
ANO_0to ANO_7 | vee? g inp
A/D converter AN2_0to AN2_7
ADTRG | VCC1 External trigger input.
ANEXO0, ANEX1 I VCC1 Extended analog input.
D/A converter DAO, DAl (e} VCC1 Output for the D/A converter.
PO_Oto PO_7
P1 OtoP1_7 8-bit CMOS /O ports. A direction register determines
P2 _0toP2_7 /O VCC2 whether each pin is used as an input port or an output
P3 0toP3 7 port. A pull-up resistor may be enabled or disabled for
P4 _0toP4_7 input ports in 4-bit units.
1/10 pOI’tS PS_O to P5_7
P6_0to P6_7 8-bit I/O ports having equivalent functions to PO.
P7 _Oto P7_7 However, P7_0, P7_1, and P8_5 are N-channel open
P8 0to P8 7 1/0 VCC1 drain output ports. No pull-up resistor is provided. P8_5
P9 OtoP9 7 is an input port for verifying the NMI pin level and shares
P10 Oto P10_7 a pin with NMI.
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2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (RO, 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/65C 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.
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M16C/65C 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.

RO1UHO0093EJ0110 Rev.1.10 RENESAS Page 26 of 839
Jul 31, 2012



M16C/65C Group 3. Address Space

3. Address Space

3.1 Address Space

The M16C/65C 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/65C 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 0 Internal RAM
Size |Address XXXxxh| XXXXXh
12 KB 033FFh Reserved area @
20 KB 053FFh 0D000h SFR
31KB 07FFFh 0D800h External area
47 KB OBFFFh ’ -
0E000N InaertnafllRC;M / 13000n On-chip debugger
10000h (data fash) / 13FFOh monitor area
Internal ROM /
(program ROM 2) | ¥ 13Fen User boot code area
14000h
External area
27000h Reserved area @
28000h
Relocatable vector table
External area — -
256 bytes beginning with the
Program ROM 1 start address set in the INTB
Si Address YYYYYh| 80000h register
ize
128 KB E0000h Reserved area © .
FFEOOh
256 KB C0000h ! .
/ Special page vector table
384 KB A0000h ; FFFD8h
YYYYYh ’ Reserved area @
512 KB 80000h / FFFDCh
Internal ROM ; Fixed vector table
(programROM 1) [/ Address for ID code stored
FFFFFh ! __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 OEO0Oh 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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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 memaory 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/65C 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
0009h |External Area Recovery Cycle Control Register EWR XXXX XX00b
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 |External Area Wait Control Expansion Register EWC 00h
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 0XXX 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/65C Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) (1)

Address Register Symbol Reset Value
0020h
0021h
0022h |40 MHz On-Chip Oscillator Control Register 0 FRAO XXXX XX00b
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/65C 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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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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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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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 |Timer AB Division Control Register 0 TCKDIVCO 0000 X000b
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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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/65C 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.

RO1UHO0093EJ0110 Rev.1.10 RENESAS Page 37 of 839
Jul 31, 2012



M16C/65C 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 |UART Clock Select Register UCLKSELO XO0h
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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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.

RO1UHO093EJ0110 Rev.1.10
Jul 31, 2012

RRENESAS

Page 39 of 839



M16C/65C 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/65C 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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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 | Pull-Up Control Register 3 PURS3 00h
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 |Port P11 Register P11 XXh
03F6h |Port P10 Direction Register PD10 00h
03F7h |Port P11 Direction Register PD11 00h
03F8h |Port P12 Register P12 XXh
03F9h |Port P13 Register P13 XXh
03FAh |Port P12 Direction Register PD12 00h
03FBh |Port P13 Direction Register PD13 00h
03FCh |Port P14 Register P14 XXh
03FDh
03FEh |Port P14 Direction Register PD14 XXXX XX00b
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. Special Function Registers (SFRs)

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 UARTL Bit Rate Register U1BRG
025Bh to 025Ah UART1 Transmit Buffer Register UlTB
0269h UART2 Bit Rate Register U2BRG
026Bh to 026Ah UART2 Transmit Buffer Register u2TB
0273h S1/O3 Bit Rate Register S3BRG
0277h S1/0O4 Bit Rate Register S4BRG
0289h UARTS5 Bit Rate Register USBRG
028Bh to 028Ah UARTS5 Transmit Buffer Register US5TB
0299h UART®6 Bit Rate Register U6BRG
029Bh to 029Ah UART®6 Transmit Buffer Register UeTB
02A9%9h UARTY7 Bit Rate Register U7BRG
02ABh to 02AAh UART7 Transmit Buffer Register u7TB
02B6h 12C0 Control Register 1 S3D0
02B8h I12C0 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 AO Register TAO
0329h to 0328h Timer Al Register TA1l
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, PCLKSTP1, and FRAO

-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 1/0O 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 VCC1 (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 ® h 4 {
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 VWO0C
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) VDI1LS register
SFR (D) Bits CM20, CM21, and CM27 in the CM2 register

Table 6.3 1/0 Pins

Pin /0 Function
RESET Input Hardware reset input
vVeel 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 oo .
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 N Symbol Address Reset Value
1 ' 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
[ : : :
P 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, PM05 to PM04, PM06, and PMO07 are enabled when bits PM01 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 1 1T T
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 A
b AR 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 B
I R .
E i i E i E '---4  HWR [Hardware reset detection flag 2 gg:edcﬁé%ded RO
1 R
A .
Vo) . 0 : Not detected
i E i E E ------- SWR Software reset detection flag 1 Detected RO
T
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
1o
o Oscillator stop detect reset 0 : Not detected
i ---------------- OSDR detect flag 1: Detected RW
1
1
R — . 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 (Vdet0_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 O (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 = vCCl,
(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,Lng_O Input port Address output (undefined) Address output (undefined) Input port
P4_4 Input port gisggoh?s;fgljtis output) &isgoh?g\tlzlljtis output) Input port
P4 5toP4_7 Input port Input port (pulled high) Input port (pulled high) Input port
P50 Input port \(/r\:iZhO:gsgIt is output) }'ﬁghofg?if is output) CEinput @
P5 1 Input port BHE output (undefined) BHE output (undefined) Input port
P5_2 Input port l(::%rc:lf;?/létl is output) (I?lll:;glfg\)/létl 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 '(Bl\cl;vli Ict)aL\l/tepluits output) /(Alév% I?al\J/t:Iui; output) Input port
P5 7 Input port RDY input RDY input Input port
P6 to P14 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
1 1
v
Recommended—#- !
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
1
—>E 54— td(P-R) + 75ca.s * 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 VCC1 is VdetO or higher.

When the RESET pin is connected to VCCL1 via a pull-up resistor, and the VCCL1 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 0 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 VCCL1 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 VW1C6 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 VW2C6 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 VCC1 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 0 (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.

RO1UHO0093EJ0110 Rev.1.10 RENESAS Page 66 of 839
Jul 31, 2012



M16C/65C Group 6. Resets

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 VDSEL1 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
P ey
Minimum value of SVCC
¥ (0Vto2V)
0
—» Time
Figure 6.7 SVCC Timing (3.6 V <VCC1)
VCC1
[V] Power-on
30~~~ """~ TTTTTTTTTm ==
P
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)
T T T T R A
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
A 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 R (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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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
EEEEEE
A U I ) e dbi
I R R (b3-b0) Reserved bits Setto 0 RW
IR
IR —
E E i emmm e (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 ) ] ] ) :

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

) 1 1 ) ] 1 ) ]

[ T T T R I | . . . .

O T T A R A 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 A PR O B DS A (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 e 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 111 |Bit Symbol Bit Name Function RW
SRR

) ] ] ) ] ] ) ]

b1 b ovbiLso RW
) ] ] ) ] ] )

) ] 1 ) ] ] )

) ] ] ) ] ] )

A b3 b2 bl b0

) ] ] ) ] ] )

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

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

I

(] ] 1 (] ]

R S VD1LS3 RW
Vo

) ] ] )

Vo — .

bebed e 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 T T T R | 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
I o0
[ R B —_ . etto 0.
E i E i E ''''' (b2) Reserved bit When read, the read value is undefined. RW
R
(] ] ] ] ]
Y aa (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 beeod 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

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.

RO1UHO0093EJ0110 Rev.1.10 RENESAS Page 78 of 839
Jul 31, 2012



M16C/65C Group 7. Voltage Detector

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 R R
] ] ] [ ] ) ]
] ] 1 [ 1 ) ]
bbb 4111 | Bit Symbol Bit Name Function RW
R
R B 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
] ] ] |
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
1 .
O VDSEL1 |Vdet0 select bit 1 9:\Vaeto 2

0 : Voltage monitor O reset enabled

o] . 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.

RO1UHO0093EJ0110 Rev.1.10 RENESAS Page 82 of 839
Jul 31, 2012



M16C/65C Group 7. Voltage Detector

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 s~

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———1__/

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)

<

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)

r

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
* 40 MHz on-chip oscillator
* 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
. On-Chip Oscillator
ltem Main Clock PLL Frequency - - Sub Clock
Oscillator Synthesizer 40 MHz on-chip 125 kHz on-chip Oscillator
oscillator oscillator
« CPU clock source | - CP[.J clock source
; « Peripheral function
* Peripheral
function clock clock source
» CPU clock * CPU clock source * CPU and peripheral | « CPU clock
source source « CPU and function clock source
Application * Peripheral « Peripheral : sources when the * Peripheral
. . peripheral . .
function clock function clock . main clock stops function clock
function clock .
source source oscillating source
sources when the .
main clock stons | © Watchdog timer count
. P source when the CPU
oscillating :
clock is stopped
Clock frequency f(XIN) f(PLL) fOCO40M fOCO-S f(XCIN)
 Ceramic
Conn_ectable resonator - (see note 1) - - Crystal
oscillators
* Crystal
Pinsconnecting | v\ wouT - (see note 1) - - XCIN, XCOUT
to oscillator
Oscillator s_tart/ Enabled Enabled Enabled Enabled Enabled
stop function
Oscillator status I A
after reset Oscillating Stopped Stopped Oscillating Stopped
An externally An externally
Other generated clock - (see note 1) - - generated clock
can be input. can 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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/0 ports CMO01 to CMOO = 00b, PCLK5 =0
Sub clock oscillator PMO01 to PM0OO = 00b, CM01 to CM00 = 01b, PCLK5 =0
PMO01 to PMOO = 00b,
XCIN XCOUT CMO1 to CMOO = 10b, PCLK5 =0 CLKOUT
PMO1 to PMOO = 00b,
CM04 PMO1 to PMO0O = 00b,| (cM01 to CMOO = 00b,
CMO1 to CMOO = 11b, PCLK5 = 0| |pCLK5 = 1
Sub clock fc
>t
FRAOO 40 MHz fOCO40M L ]
,q:)_ on-chip \ d fca2
oscillator ’ Peripheral
L@ fOCO-F >——1—10C040M! fynction
’ clock
cM14 125kHz | foco-s > fOCO-F
< on-chip l
oscillator Oscillator 1 FRAO1 %7 fOCO-S
. stop/restart
Main clock detector 5 G i clock
CM10 =1 s Q ] 1> ain clocl
(stop mode)
PLL frequen ,I: s
— XOouT -
R synthesizer b c 1 EMO7
a -
PLL clock Divider CPU clock
CM11 ) BCLK
L //'
e Main clock 0 Y
oscillator /I
/
CMO05 cMo2 ,/
/
™\ s \
S Q & / N
d_/ // N
WAIT —7 R ’ \,
instruction
b c
RESET a 1/2 1/2 1/2 J- 1/2 1/2
Software reset 1/32
NMI 1/2 1/4 1/8 1/16
PM24 _ CMO06 =0 CM06 =0
Interrupt request level gmgg ;)O CM17 to CM16 cMOG =1 CM17 to CM16 = 11b
judgment output EM16 = 01b =10b d
Voltage monitor 0 reset 9o
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
CMO00 to CM02, CM04 to CM07 : Bits in the CMO register
CM10, CM11, CM14, CM16, CM17 : Bits in the CM1 register P H
PCLK5 : Bit in the PCLKR register Divider Details
CM21, CM27 : Bits in the CM2 register
PMO00, PMO1 : Bits in the PMO register
PM24 : Bit in the PM2 register
FRAO00, FRAO1 : Bits in the FRAO register
Oscillator Stop/Restart Detector
1
i i
1 |Clock edge CM27 =0 Reset Oscillator stop i
Main : detector, Charge/ generator detect reset :
—pulse generator [—| discharge - Oscillator stop/ 1
Clock i for charge/ circuit o Sass(t:g:'?tc(i)é tsetcotp/ restart detect E
discharge control _ ! i i
! 9 CM27 =1 interrupt interrupt signal !
E generator i
i i
! CM21 switch signal !
T H
PLL Frequency Synthesizer
[T T T T T
|
|
! 1/32 or 1/48 > Voltage PLL clock
| Phase Charge control
i comparator pump oscillator |
Main . Reference (VCO) .
Clock | clock divider I
! Internal |
| lowpass filter |
el 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
0022h |40 MHz On-Chip Oscillator Control Register O FRAO XXXX XX00b
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 A 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 bt 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 bt 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, fOCO-S, fOCO-F, and
fOCO40M 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

* Stopping the main clock in 40 MHz on-chip oscillator 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.

CMO06 (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)

CMO7 (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, PLL 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 CMO07 bit 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 O (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 oy r E Bit Symbol Bit Name Function RW
RRERRRE
] )
Corb oy . 0: Clock on
i i | i E i i CM10 |All clock stop control bit 1 - All clocks off (stop mode) RW
I I I
I R T N B
[ ) 0 : Main clock
[ 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 (b2)
I
Yo XIN-XOUT feedback resistor |0 : Internal feedback resistor connected
R 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

[y

-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.

To set the CM21 bit to 1 (on-chip oscillator clock), set the FRAO1 bit in the FRAOQ register to select either
the 125 kHz on-chip oscillator, or the 40 MHz on-chip oscillator.

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 b b1 | BitSymbol Bit Name Function RW
[ : [ N I
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
L T PO g e dead time timer, and | 1: fAATIMABIfLIIC RW
i I E A multi-master >’C-bus interface)
[ T R
i : E by SI/O clock select bit
[ yoro .
[ T 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 T R T
N Bit Symbol Bit Name Function RW
] 1 ] ] ] 1 ] ]
] 1 ] ] ] 1 ] ]
I Peripheral clock stop bit 0: f1 provide enabled
[ T T T N R T
i i i i i i H PCKSTP1A (other than timer A, timer B) 1: f1 provide disabled RW
]
[ | [ I N ' . . L .
[ O 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 S . 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.
To change the clock source for the peripherals from fOCO-F or fOCO40M to f1, perform (1) and (2)
above, and change the clock source from fOCO-F or fOCO40M to f1, then perform (3).

PCKSTP11 (Timer peripheral clock stop bit) (bl)

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.
To change the timer A and timer B count source from fOCO-F to f1, perform (1) and (2) above, and set
the TCDIVOO bit in the TCKDIVCO register from 1 (fOCO-F) to O (f1), then perform (3).

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 PCKSTP17 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
Pt
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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8.2.9 40 MHz On-Chip Oscillator Control Register 0 (FRAO)

40 MHz On-Chip Oscillator Control Register 0
b7 b6 b5 b4 b3 b2 bl bO Symbol Address Reset Value
FRAO 0022h XXXX XX00b
R
T A
it 1t 111 v | BitSymbol Bit Name Function RW
[ T T R B T B
[ T T T B T B
E i E i i E i :___ FRAQO 40 MHz on-chip oscillator start |0 : 40 MHz on-chip oscillator off RW
I bit 1 : 40 MHz on-chip oscillator on
] ] 1 1 ] 1 1
] ] 1 1 ] 1 1
] ] 1 1 ] 1 1 : H
[ T T T . . . 0 : 125 kHz on-chip oscillator
P FRAO1 [On-chip oscillator select bit 1 40 MHz on-chip oscillator RW
EEREE
] ] 1 1 ] 1 J—
Lededacbaladanannas (b7-b2) No register bits. If necessary, set to 0. The read value is undefined. —

Rewrite the FRAO 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.

FRAOO (40 MHz on-chip oscillator start bit) (b0)

When using an oscillator stop/restart detect interrupt, do not set the FRAQO bit to 0 (40 MHz on-chip
oscillator off) while the FRAQ1 bit to 1 (40 MHz on-chip oscillator), and vice versa.

FRAO1 (On-chip oscillator select bit) (b1)

Change the FRAO1 bit if the both of the following conditions are met:
*When the FRAOQO bit is 1 (40 MHz on-chip oscillator on) and oscillation is stable
*When the CM14 bit in the CM1 register is 0 (125 kHz on-chip oscillator on) and oscillation is stable
When setting the FRAO1 bit to 0 (125 kHz on-chip oscillator), do not set the FRAOQO bit to 0 (40 MHz on-
chip oscillator off) at the same time. Set the FRAQO bit to 0 after setting the FRAO1 bit to 0.
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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-F, 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

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.

| Multiplied by m
(See Note 1) P y

—»
(See Note 2)

2. Set the PLL clock frequency to be within the f(PLL) range.

PLL clock

Figure 8.3  Relation between Main Clock and PLL Clock
Table 8.5 Example Settings for PLL Clock Frequencies
) Setting Value
Main Clock . - PLL Clock
Bits PLCO5 to PLC04 Bits PLC02 to PLC0O0
10 MHz 01b (divide-by-2) 010b (multiply-by-4) 20 MHz
5 MHz 00b (not divided) 010b (multiply-by-4)
12 MHz 10b (divide-by-4) 100b (multiply-by-8) 24 MHz
6 MHz 01b (divide-by-2) 100b (multiply-by-8)
16 MHz 10b (divide-by-4) 100b (multiply-by-8) 39 MHz
8 MHz 01b (divide-by-2) 100b (multiply-by-8)
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8.3.3 fOCO40M

fOCO40M is a 40 MHz clock (approx.) supplied by the 40 MHz on-chip oscillator. It is the clock source
for AD in the A/D converter.

Follow the steps below to start or stop the 40 MHz on-chip oscillator clock. Refer to 8.2 “Registers” for
details on register and bit access.
40 MHz on-chip oscillator start

(1) Set the FRAOO bit in the FRAO register to 1 (40 MHz on-chip oscillator on).

(2) Wait for tsu(fOCO40M).
40 MHz on-chip oscillator stop

(1) Set the FRAO1 bit in the FRAO register to 0 (125 MHz on-chip oscillator) (when the CM27 bit is 1

(oscillator stop/restart detect interrupt)).
(2) Set the FRAOQO bit in the FRAO register to 0 (40 MHz on-chip oscillator off).

8.3.4 fOCO-F

fOCO-F is a 40 MHz clock (approx.) supplied by the 40 MHz on-chip oscillator, and divided by 2. It is
the clock source for the CPU and peripheral function clocks.

After reset, fOCO-F is stopped.

If the main clock stops oscillating and the FRAO1 bit is 1 when the CM20 bit in the CM2 register is 1
(oscillator stop/restart detect function enabled), and the CM27 bit is 1 (oscillator stop/restart detect
interrupt), fOCO-F is used as the clock source for the CPU.

Refer to 8.3.3 “fOCO40M” to start or stop the 40 MHz on-chip oscillator clock.

8.3.5 125 kHz On-Chip Oscillator Clock (fOCO-S)

This clock is approximately 125 kHz, and is supplied by the 125 kHz on-chip oscillator. It is used as the
clock source for the CPU and peripheral function clocks. In addition, when the CSPRO bit in the CSPR
register is 1 (count source protection mode enabled), this clock is used as the count source for the
watchdog timer (refer to 15.4.2 “Count Source Protection Mode Enabled”).
After reset, fOCO-S divided by 8 becomes the CPU clock.

If the main clock stops oscillating and the FRAOL1 bit is 0, when the CM20 bit in the CM2 register is 1
(oscillator stop/restart detect function enabled) and the CM27 bit is 1 (oscillator stop/restart detect
interrupt), the 125 kHz on-chip oscillator automatically starts operating and supplying the necessary
clock for the MCU.

Follow the steps below to start or stop fOCO-S. Refer to 8.2 “Registers” for details on register and bit
access.
To start fOCO-S:

(1) Set the CM14 bit in the CM1 register to 0 (125 kHz on-chip oscillator on).

(2) Wait for tsu(fOCO-S).
To start fOCO-S:

(1) Set the CM14 bit in the CM1 register to 1 (125 kHz on-chip oscillator off).
When the CM21 bit is 1 (on-chip oscillator used as the clock source for the CPU), the CM14 bit
becomes 0 (125 kHz on-chip oscillator on).
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8.3.6 Sub Clock (fC)

The sub clock is supplied by the sub clock oscillator. This clock is the clock source for count sources of
the CPU clock, timer A, timer B, real-time clock, CEC function, and remote control signal receiver.

The sub clock oscillator is configured by connecting a crystal between pins XCIN and

XCOUT. The sub clock oscillator contains a feedback resistor, which is disconnected from the
oscillation circuit in stop mode in order to reduce the amount of power consumed by the chip. The sub
clock oscillator circuit may also be configured by feeding an externally generated clock to the XCIN pin.
Figure 8.4 shows Sub Clock Connection Example.

MCU MCU
(Built-in feedback resistor) (Built-in feedback resistor)
CCIN
XCIN L ¢ { |— XCIN | -—— External clock
Crystal —
1 e | LITLILT

XCOUTAAN—e— |—o VSS
RCA®  ccout

VSS T XCOUT| 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 low status. Also,
place a feedback resistor between XCIN and XCOUT if the manufacturer recommends placing
the resistor externally.

Figure 8.4  Sub Clock Connection Example

After reset, the sub clock is stopped. At this time, the feedback resistor is disconnected from the
oscillator.

Follow the steps below to start the sub clock. Refer to 8.2 “Registers” for details on register and bit
access.

(1) Set the PU21 bit in the PUR2 register to 0 (P8_4, P8 6 and P8_7 not pulled high).

(2) Set bits PD8_6 and PD8_7 in the PD8 register to 0 (P8_6, P8_7 function as input ports).

(3) Set the CMO04 bit to 1 (XCIN-XCOUT oscillation function). Set the CMO03 bit to 1 (XCIN-XCOUT
drive capacity high).

(4) Wait until sub clock oscillation stabilizes (enter the external clock when entering it from the XCIN
pin).
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8.4 CPU Clock and Peripheral Function Clocks

The CPU is run by the CPU clock, and the peripheral functions are run by the peripheral function clocks.

8.4.1 CPU Clock and BCLK

The CPU clock is an operating clock for the CPU and watchdog timer. It is also used as a sampling
clock for the NMI/SD digital filter.

The main clock, PLL clock, fOCO-F, fOCO-S, or fC can be selected as the clock source for the CPU
clock. (See Table 9.2 “Clocks in Normal Operating Mode”.)

When the main clock, PLL clock, or fOCO-S is selected as the clock source for the CPU clock, the
selected clock divided by 1, 2, 4, 8 or 16 becomes the CPU clock. Use the CMO06 bit in the CMO register
and bits CM17 to CM16 in the CM1 register to select a frequency-divided value.

When selecting fOCO-F as the clock source for the CPU clock, fOCO-F divided by 2, 4, 8, or 16
becomes the CPU clock. Use the CMO06 bit in the CMO register and bits CM17 to CM16 in the CM1
register to select a frequency-divided value.

When fC is selected as the clock source for the CPU clock, it is not divided and is used directly as the
CPU clock.

After reset, fOCO-S divided by 8 becomes the CPU clock. Note that when entering stop mode or when
the CM21 hit in the CM2 register is 0 (main clock or PLL clock) and the CMO05 bit is 1 (main clock off),
the CMO6 bit in the CMO register becomes 1 (divide-by-8 mode).

BCLK is a bus reference clock.

In memory expansion or microprocessor mode, a BCLK signal with the same frequency as the CPU
clock can be output from the BCLK pin by setting the PMO07 bit in the PMO register to 0 (output
enabled).

8.4.2 Peripheral Function Clocks (f1, fOCO40M, fOCO-F, fOCO-S, fC32, fC, Main
Clock)

f1, fOCO40M, fOCO-F, fOCO-S, and fC32 are operating clocks for the peripheral functions.
f1 is one of the following:

* Main clock divided by 1 (no division)

*PLL clock divided by 1 (no division)

*fOCO-S divided by 1 (no division)

*fOCO-F divided by 1 (no division)
fl is used for timers A and B, PWM, real-time clock, remote control signal receiver, UARTO to UART2,
UARTS5 to UART7, SI/O3, SI/04, multi-master 12C-bus interface, and the A/D converter.
When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to 1 (peripheral
function clock f1 turned off during wait mode), the f1 clock is stopped.
fOCO40M can be used for the A/D converter. fOCO40M can be used when the FRAOO bit in the FRAO
register is 1 (40 MHz on-chip oscillator on).
fOCO-F can be used for timers A and B, UARTO to UART2, UART5 to UART?7, SI/O3, and SI/O4.
fOCO-F can be used when the FRAOQO bit in the FRAO register is 1 (40 MHz on-chip oscillator on).
fOCO-S is used for timers A and B. It is also used for reset, voltage detector, and watchdog timer.
fOCO-S is also used when the CM14 bit in the CM1 register is set to 0 (125 kHz on-chip oscillator on).
fC divided by 32 becomes fC32. fC32 is used for timers A and B, and can be used when the sub clock
is on.
fC is used as the count source for the real-time clock, remote control signal receiver, and CEC function
when the PM25 bit in the PM2 register is 1 (peripheral clock fC provided). fC can be used when the sub
clock is on.
When in PLL operating mode, high-speed mode, medium-speed mode, or wait mode, main clock can
be used for the timer A and timer B count source.

Figure 8.5 shows Peripheral Function Clocks.
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Figure 8.5  Peripheral Function Clocks
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8.5 Clock Output Function

In single-chip mode, the 1, 8, 32 or fC clock can be output from the CLKOUT pin. Use bits CMO01 to
CMO0O in the CMO register, and the PCLKS5 bit in the PCLKR register to select a clock. f8 has the same
frequency as f1 divided by 8, and f32 has the same frequency as f1 divided by 32.

Set the frequency of the clock output from the CLKOUT pin to 25 MHz or below.

8.6 System Clock Protection Function

The system clock protection function prohibits the CPU clock from changing clock sources when the main
clock is selected as the CPU clock source. This is to prevent the CPU clock from stopping due to an
unexpected program operation.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits remain
unchanged even if they are written to:

* The CMO02 bit in the CMO register (peripheral function clock f1 in wait mode)

* The CMO5 bit in the CMO register (to prevent the main clock from being stopped)

* The CMO7 bit in the CMO register (clock source of the CPU clock)

* The CM10 bit in the CM1 register (MCU does not enter stop mode)

* The CM11 bit in the CML1 register (clock source of the CPU clock)

* The CM20 bit in the CM2 register (oscillator stop/restart detect function set)

* All bits in the PLCO register (PLL frequency synthesizer set)
To use the system clock protect function, set the CMO05 bit in the CMO register to 0 (main clock oscillation)
and CMO07 bit to 0 (main clock as CPU clock source), and then follow the steps below.

(1) Set the PRCL1 bit in the PRCR register to 1 (write to PM2 register enabled).

(2) Set the PM21 bit in the PM2 register to 1 (clock change disabled).

(3) Set the PRCL1 bit in the PRCR register to 0 (write to PM2 register disabled).
When the PM21 bit is 1, do not execute the WAIT instruction.
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8.7 Oscillator Stop/Restart Detect Function
This function detects a stop/restart of the main clock oscillator. The oscillator stop/restart detect function
can be enabled and disabled with the CM20 bit in the CM2 register.

A reset or oscillator stop/restart detect interrupt is generated when an oscillator stop or restart is detected.
Set the CM27 bit in the CM2 register to select the reset or interrupt.
Table 8.6 lists Oscillator Stop/Restart Detect Function Specifications.

Table 8.6 Oscillator Stop/Restart Detect Function Specifications

Item Specification

Oscillator stop detectable clock and
frequency bandwidth

f(XIN) > 2 MHz

Enabling condition for the oscillator

stop/restart detect function Set the CM20 bit to 1 (enabled)

When CM27 bit is 0: Oscillator stop detect reset generated
When CM27 bit is 1: Oscillator stop/restart detect interrupt
generated

Operation when oscillator stop/restart
detected

8.7.1 Operation When CM27 Bit is 0 (Oscillator Stop Detect Reset)

When main clock stop is detected while the CM20 bit is 1 (oscillator stop/restart detect function
enabled), the MCU is initialized, and then stops (oscillator stop reset). Refer to 4. “Special Function
Registers (SFRs)” and 6. “Resets”.

The status can be cancelled by a hardware reset or a voltage monitor 0 reset. The MCU can also be
initialized and stopped when a restart is detected, but do not use the MCU in this manner. During main
clock stop, do not set the CM20 bit to 1 and the CM27 bit to 0.
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8.7.2 Operation When CM27 Bit is 1 (Oscillator Stop/Restart Detect Interrupt)

When the CM20 bit is 1 (oscillator stop/restart detect function enabled), the system is placed in the
state shown in Table 8.7 if the main clock detects oscillator stop or restart.

The CM21 bit becomes 1 in high-speed, medium-speed, or low-speed mode. The FRAO1 bit does not
change. Thus, high-speed and medium-speed mode become 125 kHz on-chip oscillator mode or 40
MHz on-chip oscillator mode. Because the CMO7 bit does not change, low-speed mode remains in low-
speed mode, but fOCO-S or fOCO-F becomes the clock source for the peripheral functions.

When the CM21 bit is set to 1, the CM14 bit becomes 0 (125 kHz on-chip oscillator on), but the FRA00
bit does not change (40 MHz on-chip oscillator does not oscillate automatically). Thus, when the
FRAOL1 bit is 1 (40 MHz on-chip oscillator selected), set the FRAQO bit to 1 (40 MHz on-chip oscillator
on). Do not set the FRAQO bit to 0 while the FRAOL bit is 1, and vice versa.

Since the CM21 bit does not change in PLL operating mode, change the mode to 125 kHz on-chip

oscillator mode or 40 MHz on-chip oscillator mode in the interrupt routine.

Table 8.7 State after Oscillator Stop/Restart Detect When CM27 Bitis 1
Condition After Detection
High-speed mode * Oscillator stop/restart detect interrupt is generated
Medium-speed » CM14 bit is 0 (125 kHz on-chip oscillator on)
mode * CM21 hit is 1 (FOCO-S or fOCO-F is used as the clock source for
Low-speed mode the CPU and peripheral function clocks) (X, 2)
40 MHz on-chip * CM22 bitis 1 (main clock stop detected)
Main clock oscillator mode * CM23 bit is 1 (main clock stopped)
oscillator stop |125 kHz on-chip
detected oscillator mode
* Oscillator stop/restart detect interrupt is generated
* CM14 bit is 0 (125 kHz on-chip oscillator on)
PLL operating mode| * CM21 bit remains unchanged
* CM22 bitis 1 (main clock stop detected)
* CM23 bitis 1 (main clock stopped)
_ * Oscillator stop/restart detect interrupt is generated
(I;/lsacliTla(\:tlngk * CM14 bit is 0 (125 kHz on-chip oscillator on)
- * CM21 bit does not change
restart o .
detected * CM22 bitis 1 (main clock stop detected)
* CM23 bit is 0 (main clock oscillating)

CM14 bit: Bit in the CM1 register
Bits CM21, CM22, CM23: Bits in the CM2 register

Notes:

1. fOCO-S or fOCO-F is selected depending on the FRAOL bit setting.
2. fCis used as the CPU clock in low-speed mode.
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8.7.3 Using the Oscillator Stop/Restart Detect Function
After oscillator stop is detected, if the main clock reoscillates, set the main clock back to the clock
source for the CPU clock and peripheral functions by a program. Figure 8.6 shows the Switching from
On-Chip Oscillator Clock to Main Clock.

[ Switch the main clock ]

Main clock stopped

Check several times whether
the CM23 bitis O
(main clock oscillates)

Main clock oscillating

Set the CMO06 bit to 1
(divide-by-8)

[

Set the CM22 bit to 0
(main clock stop/restart not detected)

[

Set the CM21 bit to 0
(main clock or PLL clock)

[ End ] CMO06 : Bit in the CMO register
CM21 to CM23 : Bits in the CM2 register

Figure 8.6  Switching from On-Chip Oscillator Clock to Main Clock

The CM22 bit becomes 1 at the same time an oscillator stop/restart detect interrupt is generated. When
the CM22 bit is 1, the oscillator stop/restart detect interrupt is disabled. When setting the CM22 bit to 0
by a program, the oscillator stop/restart detect interrupt is enabled.

8.8 Interrupt

The oscillator stop/restart detect 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 multiple interrupts together, read the
detect flags of the events in the interrupt processing program, and determine the source of the interrupt.
The detect flag for oscillator stop/restart detect is the CM22 bit in the CM2 register. After the interrupt
source is determined, set the CM22 bit to 0 (not detected).
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8.9 Notes on Clock Generator

8.9.1 Oscillator Using a Crystal or a Ceramic Resonator

To connect a crystal/ceramic resonator follow the instructions below:
* The oscillation characteristics are tied closely to the user’s board design. Perform a careful
evaluation of the board before connecting an oscillator.
* Oscillator structure depends on a crystal/ceramic resonator. The M16C/65C Group MCU contains
a feedback resistor, but an additional external feedback resistor may be required. Contact the
manufacturer of crystal/ceramic resonator regarding circuit constants, as they are dependent on
the a crystal/ceramic resonator or stray capacitance of the mounted circuit.
* Check output from the CLKOUT pin to confirm that the clock generated by the oscillator is properly
transmitted to the MCU.
The procedure for outputting a clock from the CLKOUT pin is listed below. Set the clock output from the
CLKOUT pin to 25 MHz or lower.

Outputting the main clock
(1) Set the PRCO bit in the PRCR register to 1 (write enabled).
(2) Set the CM11 bit in the CM1 register, the CMO07 bit in the CMO register, and the CM21 bit in the
CM2 register all to 0 (main clock selected).
(3) Select the clock output from the CLKOUT pin (see the table below).
(4) Set the PRCO bit in the PRCR register to 0 (write disabled).

Table 8.8 Output from CLKOUT Pin When Selecting Main Clock

Bit Setting
PCLKR register CMO register Output from the CLKOUT Pin
PCLKS5 bit Bits CM01 to CM00
1 00b Clock with the same frequency as the main clock
0 10b Main clock divided by 8
0 11b Main clock divided by 32

Outputting the sub clock
(1) Set the PRCO bit in the PRCR register to 1 (write enabled).
(2) Set the CMOQ7 bit in the CMO register to 1 (sub clock selected).
(3) Set the PCLKS5 bit in the PCLKR register to 0, and bits CM01 to CMO0O in the CMO register to 01b
(fC output from CLKOUT pin).
(4) Set the PRCO bit in the PRCR register to 0 (write disabled).

MCU

CIN
XIN P
Rf —— Ceramic resonator
feedback ——°r crystal
resistor
XOUT I I °
Rd
damping resistor couTt
VSS l

Figure 8.7  Oscillator Example
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8.9.2 Noise Countermeasure

8.9.2.1  Clock I/O Pin Wiring

* Connect the shortest possible wiring to the clock I/O pin.
* Connect (a) the capacitor's ground lead connected to the crystal/ceramic resonator, and (b) the
MCU's VSS pin, with the shortest possible wiring (maximum 20 mm).

Noise

XIN

VSS —

| XOUT

Bad Good

Figure 8.8  Clock I/O Pin Wiring

Reason:

When noise enters the clock 1/O pin, the clock waveform becomes unstable, which causes an error in
operation or a program runaway. Also, if a potential difference attributed to the noise occurs between
the VSS level of the MCU and the VSS level of the crystal/ceramic resonator, an accurate clock is not
input to the MCU.

8.9.2.2 Large Current Signal Line

For large currents that exceed the MCU's current range, wire the signal lines as far away from the
MCU as possible (especially the crystal/ceramic resonator).

Reason:
In the system using the MCU, there are signal lines for controlling motors, LEDs, and thermal heads.
When a large current flows through these signal lines, noise is generated due to mutual inductance.

MCU
Mutual inductance
XIN
Large current
VSS
XOUT
Figure 8.9  Large Current Signal Line Wiring
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8.9.2.3  Signal Line Whose Level Changes at a High-Speed
For a signal line whose level changes at a high-speed, wire it as far away from the crystal/ceramic
resonator and its wiring pattern as possible. Do not wire it across or extend it parallel to a clock-
related signal line or other signal lines which are sensitive to noise.

Reason:
A signal whose level changes at a high-speed (such as the signal from the TAIOUT pin) affects other

signal lines due to the level change at rising or falling edges. Specifically, when the signal line
crosses the clock-related signal line, the clock waveform becomes unstable, which causes an error in
operation or a program runaway.

TAIOUT

Do not cross
} - XIN

VSS

 XOUT

Bad

Figure 8.10 Wiring of Signal Line Whose Level Changes at High-Speed

8.9.3 CPU Clock
(Technical update number: TN-M16C-109-0309)
When an external clock is input from the XIN pin and the main clock is used as the CPU clock, do not
stop the external clock.

8.9.4 Oscillator Stop/Restart Detect Function

¢ In the following cases, set the CM20 bit to O (oscillator stop/restart detect function disabled), and
then change the setting of each bit.
- When the CMO05 bit is set to 1 (main clock stopped)
- When the CM10 bit is set to 1 (stop mode)
* To enter wait mode while using the oscillator stop/restart detect function, set the CM02 bit to 0
(peripheral function clock f1 not turned off during wait mode).
* This function cannot be used if the main clock frequency is 2 MHz or lower. In that case, set the
CM20 bit to 0 (oscillator stop/restart detect function disabled).
*While the CM27 bit is 1 (oscillation stop/restart detect interrupt), when the FRAO01 bit is 1 (40 MHz
on-chip oscillator selected), set the FRAQO bit to 1 (40 MHz on-chip oscillator on). (Do not set the
FRAOO bit to 0 while FRAO1 bit is 1, and vice versa.)
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8.9.5 PLL Frequency Synthesizer

To use the PLL frequency synthesizer, stabilize the supply voltage within the acceptable range of power

supply ripple.
Table 8.9 Acceptable Range of Power Supply Ripple
Standard
Symbol Parameter i ?rr;par Max Unit
f(ripple) Power supply ripple allowable frequency (VCC1) 10 kHz
VP-P(ripple) Power supply ripple allowable (VCC1=5V) 0.5 \%
amplitude voltage (VCC1=3V) 0.3 vV
Vcce(av iaT)) | Power supply ripple rising/falling (VCC1=5V) 0.3 Vims
gradient (VCC1=3V) 0.3 Vims
f(ripple) f(ripple)

Vp-p(ripple)

Power supply ripple allowable
frequency (VCC1)

Power supply ripple allowable
amplitude voltage

veel \/ \/\/ 1Vp-p(ripple)

Figure 8.11 \Voltage Fluctuation Timing
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9. Power Control

9.1 Introduction
This chapter describes how to reduce the amount of current consumption.

9.2 Registers
Refer to 8. “Clock Generator” for clock-related registers.

Table 9.1 Registers

Address Register Symbol Reset Value
0000 0001b
: (Other than user boot mode)
0220h |Flash Memory Control Register 0 FMRO 0010 0001b
(User boot mode)
0222h | Flash Memory Control Register 2 FMR2 XXXX 0000b
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9.2.1 Flash Memory Control Register 0 (FMRO)

Flash Memory Control Register 0

0 : Flash memory operation enabled
| remmeeem FMSTP |Flash memory stop bit 1: Flash memory operation stopped RW
(low power-mode, flash memory initialized)

b7 b6 b5|b4|b3|b2|b1 bo Symbol Address Reset Value
0 0000 0001b (other than user boot mode)
[ B R FMRO 0220h 0010 0001b (user boot mode)
1
I
E E E i 1! | Bit Symbol Bit Name Function RW
[
[ R
[ T . . .
oo E *-1 EMR0O |RY/BY status flag 0 : Busy (being written or erased) RO
o : 1: Ready
] ] | I
o g !
Py CPU rewrite mode select |0 : CPU rewrite mode disabled
) ' :
i ) E i LEEEE FMRO1 bit 1 : CPU rewrite mode enabled RW
[ I
[ I T
1 ] ) 1 . .
i i . FMRO2 | Lock bit disable select bit |3 HOCK bit enabled RW
B
1 ] )
1 ] )
1 ] )
1
|
1
1
1
1
1

i ............ (b_4) Reserved bit Setto 0 RW

|

S— o |Reserean SO monertanuserboormode |
p T FMRO6 |Program status flag (1) 88%5:2{23 ﬁ]seerﬁgrected RO
]
E— ------------------ FMRO7 |Erase status flag (1) 88%‘;:2{23 ﬁ]seerﬁgrected RO

FMRO1 (CPU rewrite mode select bit) (b1)

Commands can be accepted by setting the FMROL1 bit to 1 (CPU rewrite mode enabled).

To set the FMRO1 bit to 1, write 0 and then 1 in succession. Do not generate any interrupts or DMA
transfers between setting 0 and 1.

Change the FMRO1 bit when the PM24 bit in the PM2 register is 0 (NMI interrupt disabled) or high is
input to the NMI pin.

While in EW0 mode, write to this bit from a program in an area other than flash memory.

Enter read array mode, and then set this bit to 0.

FMSTP (Flash memory stop bit) (b3)

The FMSTP bit resets the flash memory control circuits and minimizes current consumption in the flash
memory. Access to the internal flash memory is disabled when the FMSTP bit is set to 1 (flash memory
operation stopped). Set the FMSTP bit by a program located in an area other than the flash memory.
Set the FMSTP bit to 1 under the following condition:
* A flash memory access error occurs while erasing or programming in EW0 mode (the FMROO bit
does not revert to 1 (ready)).
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Flash Memory Control Register 2

b7 b6 bS bd b3 b2 bl b0 Symbol Address Reset Value
0]0 FMR2 0222h XXXX 0000b
[
A
pbob b b | sitSymbol Bit Name Function RW
A A A
SR A _
[ T T T B SO T i Setto 0
E b (b1-b0) Reserved bits RW
A
oo ! -
Vool Slow read mode enable |0 : Disabled
O FMR22 it 1’ Enabled RW
I
[ I | . .
O T T N Low current consumption (0 : Disabled
E i E E FMR23 read mode enable bit 1: Enabled RW
[ ]
[ ]
LN P L — (b7?)4) No register bits. If necessary, set to 0. The read value is undefined. —

FMR22 (Slow read mode enable bit) (b2)

This bit enables the mode which reduces the amount of current consumption when reading the flash
memory. When rewriting the flash memory (CPU rewrite mode), set the FMR22 bit to 0 (slow read
mode disabled).

To set the FMR22 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers
occur between writing 0 and 1.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1
(slow read mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit
is set to O (low current consumption read mode disabled). Do not change the FMR22 bit and FMR23 bit
at the same time.

FMR23 (Low current consumption read mode enable bit) (b3)

This bit enables the mode which reduces the amount of current consumption when reading the flash
memory. When rewriting the flash memory (CPU rewrite mode), set the FMR23 bit to O (low current
consumption read mode disabled).

Low current consumption read mode can be used when the CMO07 bit in the CMO register is 1 (sub
clock used as CPU clock).

To set the FMR23 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers
occur between writing 0 and 1.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1
(slow read mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit
is set to O (low current consumption read mode disabled). Do not change bits FMR22 and FMR23 at the
same time.
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Do not set the FMR23 bit to 1 (low current consumption read mode enabled) when any of the following
occurs:
*When the CMO7 bit is 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU clock
source).
*When the FMR22 bit is 0 (slow read mode disabled)
*When the FMSTP bit is 1 (flash memory stopped)
* During the wake up operation when the FMSTP bit is changed from 1 to O (tps)

Do not perform the operations below when the FMR23 bit is 1. Set the FMR23 to 0 before performing
them.
* Change the CPU clock
* Set to the FMSTP bit to 1 (flash memory stopped)
* Enter the wait mode or stop mode
* Execute the following commands:
Program, block erase, lock bit program, read lock bit status, and block blank check
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9.3 Clock

The amount of current consumption correlates with the number of operating clocks and frequency. When
there are fewer operating clocks and a lower frequency, current consumption will be low.

Normal operating mode, wait mode, and stop mode can be used to control power consumption. All mode
states, except wait mode and stop mode, are referred to as normal operating mode in this document.

9.3.1 Normal Operating Mode

In normal operating mode, because both the CPU clock and the peripheral function clocks are
supplied, the CPU and the peripheral functions are operating. Power control is exercised by
controlling the CPU clock frequency. The higher the CPU clock frequency, the higher the processing
capability. The lower the CPU clock frequency, the lower the power consumption in the chip. If
unnecessary oscillator are stopped, power consumption is further reduced.

9.3.1.1 High-Speed Mode and Medium-Speed Mode

In high-speed mode, the main clock divided by 1 (no division) is used as the CPU clock.

In medium-speed mode, the main clock divided by 2, 4, 8 or 16 is used as the CPU clock.

f1 with the same frequency of the main clock divided by 1 is used as the peripheral function clocks in
both high-speed and medium-speed modes. When fC is supplied, fC and fC32 can be used as the
peripheral function clocks. When fOCO-S is supplied, it can be used as the peripheral function
clocks. When fOCO40M and fOCO-F are supplied, they can be used as the peripheral function
clocks.

9.3.1.2 PLL Operating Mode

The PLL clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the PLL clock divided by 1 (no division) is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. When fOCO-S is
supplied, it can be used as the peripheral function clocks. When fOCO40M and fOCO-F are supplied,
they can be used as the peripheral function clocks.

PLL operating mode can be entered and exited from medium-speed mode. To enter other modes
including wait mode and stop mode, enter medium-speed mode first, and then enter the intended
mode. Refer to Figure 9.1 “Clock Mode Transition” for details.

9.3.1.3 40 MHz On-Chip Oscillator Mode

The fOCO-F clock divided by 2, 4, 8 or 16 is used as the CPU clock. f1 with the same frequency of
the fOCO-F clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. When fOCO-S is
supplied, it can be used as the peripheral function clocks. fOCO40M and fOCO-F can be used as the
peripheral function clocks.
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9.3.1.4 125 kHz On-Chip Oscillator Mode

The fOCO-S clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the fOCO-S clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. fOCO-S can be
used as the peripheral function clocks. When fOCO40M and fOCO-F are supplied, they can be used
as the peripheral function clocks.

9.3.1.5 125 kHz On-Chip Oscillator Low Power Mode

The main clock and fOCO-F are turned off after the MCU enters 125 kHz on-chip oscillator mode.
The fOCO-S clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the fOCO-S clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. fOCO-S can be
used as the peripheral function clocks.

9.3.1.6 Low-Speed Mode

fC is used as the CPU clock.

When the CM21 bit is 0 and the CM11 bit is 0 (main clock), f1 with the same frequency of the main
clock divided by 1 is used as the peripheral function clocks. When the CM21 bit is 0 and the CM11 bit
is 1 (PLL clock), f1 with the same frequency of the PLL clock divided by 1 is used as the peripheral
function clocks. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1 bit is 0 (125 kHz on-
chip oscillator), f1 with the same frequency as the fOCO-S clock divided by 1 is used as the
peripheral function clocks. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1L bit is 1
(40 MHz on-chip oscillator), f1 with the same frequency as the fOCO-F clock divided by 1 is used as
the peripheral function clocks.

fC and fC32 can be used as the peripheral function clocks. When fOCO-S is supplied, it can be used
as the peripheral function clocks. When fOCO40M and fOCO-F are supplied, they can be used as
the peripheral function clocks.

9.3.1.7 Low Power Mode

The main clock and fOCO-F are stopped after the MCU enters low-speed mode. fC is used as the
CPU clock. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1 bit is 0 (125 kHz on-chip
oscillator clock), f1 with the same frequency as the fOCO-S clock divided by 1 is used as the
peripheral function clocks.

fC and fC32 can be used as the peripheral function clocks. When fOCO-S is supplied, it can be used
as the peripheral function clocks.
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Table 9.2 Clocks in Normal Operating Mode
Peripheral Clocks (2)
Mode CPU Clock fOCO-F
fi fC, fC32 fOCO-S fOCO40M
High-speed Main clock
ivi 1
mode divided by 10 |\ i clock divided by 1
Medium-speed | Main clock Enabled |Enabled |Enabled
mode divided by n (1)
PLL operating | PLL clock -
mode divided by n @) PLL clock divided by 1
40 MHz on-chip | fOCO-F divided | = iviged by 1 Enabled |Enabled |Enabled
oscillator mode |byn @)
125 kHz on-chip | fOCO-S divided | 1 o jiviged by 1 Enabled |Enabled |Enabled
oscillator mode |byn @)
125 kHz on-chip & i
oscillator low LOC%;S dvided | 6c0-S divided by 1 Enabled  |Enabled | Disabled
power mode yn
Any of the following:
Main clock divided by 1 (when the CM21
is 0 and the CM11 is 0)
Low-speed PLL clock divided by 1 (when the CM21 is
mode P fC 0 and the CM11 is 1) Enabled Enabled Enabled
fOCO-F divided by 1 (when the CM21is 1
and the FRAOL is 1)
fOCO-S divided by 1 (when the CM21is 1
and the FRAO1 is 0)
Low power fOCO-S divided by 1 .
mode fc (when the CM21 is 1 and the FRAO1 is 0) Enabled Enabled Disabled
CM11 :Bitinthe CML1 register

CM21 :Bitinthe CM2 register
FRAO1 : Bitin the FRAO register
Notes:
1. Select by setting the CM06 bit in the CMO register and bits CM17 to CM16 in the CML1 register.
2. The peripheral clock is enabled when each clock is supplied. Refer to 8. “Clock Generator” for the
clock supply method.

Table 9.3 Clock-Related Bit Setting and Modes
Mode CM2 Register | CM1 Register CMO Register FRAO Register
CM21 CM14 | CM11 | CMO7 | CMO5 | CM04 | FRAO1 | FRAOO
High-speed mode,
mgdiug-speed mode 0 - 0 0 0 B - B
PLL operating mode 0 - 1 0 0 - - -
40 MHz on-chip oscillator mode 1 - 0 0 - - 1 1
125 kHz on-chip oscillator mode 1 0 0 0 oM@ - 0 1@
125 kHz on-chip oscillator low
power mode P 1 0 0 0 1 - 0 0
Low-speed mode - - 0 1 o 1 - 1@
Low power mode - - 0 1 1 1 - 0
—0orl

Note:
1. Both or either the main clock and fOCO-F are oscillated.
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Table 9.4 Selecting Clock Division Related Bits (1)

L CM1 Register CMO Register
Division - -
Bits CM17 to CM16 CMO6 bit
No division (2) 00b 0
Divide-by-2 01b 0
Divide-by-4 10b 0
Divide-by-8 - 1
Divide-by-16 11b 0

—: Any value from 00b to 11b
Notes:
1. While in high-speed mode, medium-speed mode, PLL operating mode, 125 kHz on-chip oscillator
mode, or 125 kHz on-chip oscillator low power mode.
2. Select divide-by-1 (no division) in high-speed mode.

Table 9.5 Example Settings for 40 MHz On-Chip Oscillator Mode Division Related Bits

o CM1 Register CMO Register
Division CPU Clock Frequency - -
Bits CM17 and CM16 CMO6 bit
Divide-by-4 (fOCO divided by 2) Approx. 10 MHz 01b (divide-by-2) 0
Divide-by-8 (fOCO divided by 4) Approx. 5 MHz 10b (divide-by-4) 0
Divide-by-16 (fOCO divided by 8) Approx. 2.5 MHz - 1 (divide-by-8)
Divide-by-32 (fOCO divided by 16) Approx. 1.25 MHz 11b (divide-by-16) 0
—: Any value from 00b to 11b
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9.3.2

Clock Mode Transition Procedure

Figure 9.1 shows Clock Mode Transition. Arrows indicate possible mode transitions.

/Operating Mode

Normal

‘ Reset
Transitions to

wait mode and stop mode enabled \

125 kHz on-chip
oscillator low power
mode

40 MHz on-chip
oscillator mode

125 kHz on-chip d:]LV

oscillator mode

High-speed or
medium-speed
mode

PLL operating mode

h Low power mode

/

A

Interrupt
or
reset

Wait mode

WAIT
instruction

Interrupt
or
reset

CM10=1

Stop mode

CPU operation stop All oscillations stop

CM10 : Bitin the CML1 register

Figure 9.1

Clock Mode Transition

To start or stop clock oscillations, or to change modes in normal operating mode, follow the instructions
below.

* Enter a different mode after the clock for that mode stabilizes completely.

*When stopping a clock, do it after mode transition is completed. Do not stop the clock at the same
time as mode transition.

*When entering a new mode from PLL operating mode, high-speed or medium-speed mode, 40
MHz on-chip oscillator mode, or 125 kHz on-chip oscillator mode, or entering one of these modes
from another mode, select divide by 8 or divide by 16.

*When the clock division ratio is switched in PLL operating mode, high-speed or medium-speed
mode, or 40 MHz on-chip oscillator mode, the ratio changes in the order shown in Figure 9.2.

* To change the mode, follow procedures a to h listed below. For details on register and bit access,
refer to 9.2 “Registers”. Letters a to h correspond to those in Figure 9.1 “Clock Mode Transition”
and Figure 9.2 “Clock Divide Transition”.

* For details on oscillator start and stop, refer to 8.3.1 “Main Clock” to 8.3.6 “Sub Clock (fC)".
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CPU clock source

<
] PLL clock "| PLL clock |« PLL clock PLL clock
PLL operating mode | |y ijed by 16 PLL clock |<€— divided by 4 »| divided by 2 | divided by 1
y divided by 8 L )
yy A
c b
4
CPU clock source
High-speed mode | Medium-speedmode . High-speed mode
and ! < A ( N1 E
- 1
medium-speed mode| i Main clock | Main clock |« Main clock [+ Main clock |}
i divided by 16 4= divided by 4 »( divided by 2 ¢ divided by 1 i
]
I H ]
! H I
h

—

________ T T LT Sy

b,def L a,c
< b 4
40 MHz on-chip fOCO-F "| fOCO-F |« fOCO-F CPU clock source
oscillator mode divided by 16 fOCO-F | 4— divided by 4 »| divided by 2
—»{ divided by 8 L ) L
L 4
a, e d
v
CPU clock source
125 kHz on-chip fOCO-S fOCO-S fOCO-S fOCO-S
oscillator mode divided by 16 divided by 4 divided by 2 divided by 1

f0CO-S
divided by 8
A

\

When the clock division ratio is switched in 125 kHz on-chip oscillator

mode, there is no limitation.

a, d,f e
v
Figure 9.2  Clock Divide Transition
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a. Entering high-speed mode or medium-speed mode from 40 MHz on-chip oscillator mode, 125 kHz
on-chip oscillator mode, or low-speed mode

(1) Start the main clock and wait until the oscillation stabilizes. Refer to 8.3.1 “Main Clock” for
details.

(2) Select divide-by-8 or divide-by-16 mode by setting the CM06 bit and bits CM17 to CM16.

(3) Set the CM11 bit to 0, the CM21 bit to 0, and the CMO07 bit to 0 (main clock selected as CPU
clock source).

b. Entering PLL operating mode from high-speed mode or medium-speed mode

(1) Select the division of reference frequency counter by setting bits PLC05 and PLC04 in the PLCO
register, and the multiplication rate by setting bits PLC02 to PLCOO in the PLCO register.

(2) Set the PLCO7 bit to 1 (PLL on).

(3) Wait for tsu(PLL) until the PLL clock stabilizes.

(4) Select divide-by-8 or divide-by-16 mode by setting the CM06 bit and bits CM17 to CM16.

(5) Set the CM11 hit to 1, the CM21 bit to 0, and the CMQ7 bit to O (PLL clock selected as CPU clock
source).

c. Entering high-speed mode or medium-speed mode from PLL operating mode

(1) Select divide-by-8 or divide-by-16 mode by setting the CMO06 bit and bits CM17 to CM16.

(2) Set the CM11 bit to 0, the CM21 bit to 0, and the CMO07 bit to 0 (main clock selected as CPU
clock source).

(3) Set the PLCO7 bit to O (PLL off).

d. Entering 40 MHz on-chip oscillator mode from high-speed mode, medium-speed mode, or 125 kHz
on-chip oscillator mode

(1) Start the 40 MHz on-chip oscillator and wait until the oscillation stabilizes.
Refer to 8.3.4 “fOCO-F” for detalils.

(2) Select divide-by-8 or divide-by-16 mode by setting the CMO06 bit and bits CM17 to CM16.

(3) Set the FRAOL1 bit to 1 (40 MHz on-chip oscillator).

(4) Set the CM21 bit to 1 (on-chip oscillator clock selected as CPU clock source).

(5) Set the CMO07 bit to 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU clock
source).

e. Entering 125 kHz on-chip oscillator mode from 40 MHz on-chip oscillator mode, high-speed mode,
medium-speed mode, or low-speed mode

(1) Start the 125 kHz on-chip oscillator and wait until the oscillation stabilizes. Refer to 8.3.5 “125
kHz On-Chip Oscillator Clock (fOCO-S)” for details.

(2) Select divide-by-8 or divide-by-16 mode by setting the CMO06 bit and bits CM17 to CM16.

(3) Set the FRAO1 bit to 0 (125 kHz on-chip oscillator).

(4) Set the CM21 bit to 1 (on-chip oscillator clock selected as CPU clock source).

(5) Set the CMO07 bit to 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU clock
source).

f. Entering low-speed mode from high-speed mode, medium-speed mode, or 125 kHz on-chip
oscillator mode

(1) Start the sub clock and wait until the oscillation stabilizes. Refer to 8.3.6 “Sub Clock (fC)” for
details.

(2) Select divide-by-8 or divide-by-16 mode by setting the CM06 bit and bits CM17 to CM16.

(3) Set the CMO7 bit to 1 (sub clock selected as CPU clock source).
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g. Entering 125 kHz on-chip oscillator low power mode from 125 kHz on-chip oscillator mode
Entering low power mode from low-speed mode
Follow both or either of the procedures below (in no particular order).
(1) Stop the main clock. Refer to 8.3.1 “Main Clock” for details.
(2) Stop the 40 MHz on-chip oscillator. Refer to 8.3.4 “fOCO-F” for details for details.

h. Entering 125 kHz on-chip oscillator mode from 125 kHz on-chip oscillator low power mode
Entering low-speed mode from low power mode

Follow both or either of the procedures below (in no particular order).
(1) Start the main clock and wait until the oscillation stabilizes. Refer to 8.3.1 “Main Clock” for

details.
(2) Start the 40 MHz on-chip oscillator and wait until the oscillation stabilizes. Refer to 8.3.4 “fOCO-
F” for details.
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9.33 Wait Mode

The CPU clock stops in wait mode, therefore, the CPU, the watchdog timer, and NMI/SD digital filter
clocked by the CPU clock stops running. However, if the CSPRO bit in the CSPR register is 1 (count
source protection mode enabled), the watchdog timer remains active. Because the clock generator
does not stop, peripheral functions supplied by a peripheral clock keep operating.

9.3.3.1 Peripheral Function Clock Stop Function

When the CMO02 bit is 1 (peripheral function clock f1 stops in wait mode), the f1 clock is turned off
while in wait mode, and power consumption is reduced. However, all the peripheral clocks except f1
(i.e. fOCO40M, fOCO-F, fOCO-S, fC, and fC32) do not stop.

9.3.3.2 Entering Wait Mode

The MCU enters wait mode by executing a WAIT instruction.

When the CM11 bit is 1 (PLL clock selected as CPU clock source), set the CM11 bit to 0 (main clock
selected as CPU clock source) before entering wait mode. Chip power consumption can be reduced
by setting the PLCO7 bit to O (PLL off).

When using wait mode, set the following:

(1) Set the | flag to 0.

(2) Set the interrupt priority level of bits ILVL2 to ILVLO in the interrupt control register for the
peripheral function interrupt which is used to exit wait mode. Start the peripheral function which
is used to exit wait mode if it is stopped.

(3) Set 000b (interrupt disabled) to bits ILVL2 to ILVLO in the interrupt control registers for the

peripheral function interrupts not used to exit wait mode.
(When using any of the following resets or interrupts to exit wait mode, set 000b to bits ILVL2 to
ILVLO in all interrupt control registers for peripheral function interrupts: hardware reset, voltage
monitor O reset, voltage monitor 1 reset, voltage monitor 2 reset, watchdog timer reset, NMI
interrupt, voltage monitor 1 interrupt, or voltage monitor 2 interrupt).

(4) Setthe | flag to 1.

(5) Execute the WAIT instruction.

9.3.3.3 Pin Status in Wait Mode
Table 9.6 lists Pin Status in Wait Mode.

Table 9.6 Pin Status in Wait Mode

A0 to A19, DO to D15, Retains the status just prior to
CSO0to CS3, BHE entering wait mode
RD, WR, WRL, WRH High Cannot be used as a bus control pin
HLDA, BCLK High
ALE Low
O ports Retai_ns the _status just prior to Re_tains the status just prior to entering
entering wait mode wait mode
fC selected Does not stop
Cannot be used as a CLKOUT Does not stop Whe.n'the CMO02 bitis 0.
CLKOUT f1, 8, 32 pin When the CM02 bit is 1, the status
selected immediately prior to entering wait
mode is retained.
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9.3.3.4  Exiting Wait Mode

The MCU exits wait mode by a reset or interrupt. Table 9.7 lists Resets and Interrupts to Exit Wait
Mode and Conditions for Use.

The peripheral function interrupts are affected by the CMO02 bit in the CMO register. When the CM02
bit is 0 (peripheral function clock f1 does not stop in wait mode), peripheral function interrupts can be
used to exit wait mode. When the CMO02 bit is 1 (peripheral function clock f1 stops in wait mode), the
peripheral functions using the peripheral function clock f1 stop operating, so the peripheral functions
activated by external signals and the peripheral function clocks except f1 (fOCO40M, fOCO-F,
fOCO-S, fC, fC32) can be used to exit wait mode.

fOCO-S is also used for the digital filter in the voltage detector, so the MCU exits wait mode when the
digital filter is disabled or when fOCO-S is supplied.

Table 9.7 Resets and Interrupts to Exit Wait Mode and Conditions for Use

Conditions for Use
Interrupt, Reset

CM02=0 CM02=1
INT Usable Usable
Key input Usable Usable
Usable when fOCO-F, fOCO-S or fC32 is supplied and
Timer A, is used as count source.

Usable in all modes

timer B Usable when counting external signals in event counter

mode.

Usable when fC is supplied and is used as count
source.

Usable when fOCO-F, fOCO-S, or fC32 is supplied and
is used as count source for timer B1 or B2, and timer
B1 or B2 underflow is used as count source for remote
control signal receiver.

Usable in external clock

Remote control

. . Usable
signal receiver

Peripheral function interrupt

;?gr?;ce g;it::;; r:zllg(t:ekrnal clock or The internal clock can be used when fOCO-F is
supplied and the internal clock is operated by fOCO-F.
Multi-master Both 12C-bus interface interrupt

SCL/SDA interrupt is usable

I12C-bus interface |and SCL/SDA interrupt are usable

Usable when fC is supplied and is used as count
source.

CEC function Usable

Usable in one-shot mode or single |Usable when fOCO40M is supplied and is used as fAD
sweep mode. in one-shot mode or single sweep mode.

Usable when fC is supplied and is used as count source

Usable when the digital filter is disabled (VW1C1 bit in the VW1C register or the VW2C1 bit
in the VW2C register is 1).

Usable when the digital filter is enabled (VW1C1 bit in the VW1C register or the VW2C1 bit
in the VW2C register is 0) and fOCO-S is supplied (CM14 bit in the CM1 register is 0).

Usable when the digital filter is disabled (bits NMIDF2 to NMIDFO in the NMIDF register are

A/D converter

Interrupt

Real-time clock

Voltage monitor 1,
Voltage monitor 2

NMI 000b)

Hardware reset Usable

Voltage monitor 0 Usable

reset
= |Voltage monitor 1 Usable when the digital filter is disabled (VW1C1 bit in the VW1C register or the VW2C1 bit
é reset, in the VW2C register is 1).

Voltage monitor 2
reset

Usable when the digital filter is enabled (VW1C1 bit in the VWL1C register or the VW2CL1 bit
in the VW2C register is 0) and fOCO-S is supplied (CM14 bit in the CM1 register is 0).

Watchdog timer

Usable when count source protection mode is enabled (the CSPRO bit in the CSPR

register is 1).

When the MCU exits wait mode by using an interrupt, an interrupt request is generated, the CPU
clock starts running, and interrupt routine is performed.

When the MCU exits wait mode by an interrupt, the CPU clock is the same CPU clock used while
executing the WAIT instruction.
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9.34 Stop Mode

In stop mode, all oscillator are stopped, so the CPU clock and peripheral function clocks are also
stopped. Therefore, the CPU and the peripheral functions using these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to pins VCC1 and VCC2 is VRAM or
greater, the contents of internal RAM are retained. When applying 2.7 V or less to pins VCC1 and
VCC2, make sure VCC1 > VCC2 > VRAM.

However, the peripheral functions activated by external signals keep operating.

9.34.1 Entering Stop Mode

The MCU enters stop mode by setting the CM10 bit in the CM1 register to 1 (all clocks turned off). At
the same time, the CMO06 bit in the CMO register becomes 1 (divide-by-8 mode), and the CM15 bit in
the CML1 register becomes 1 (main clock oscillator drive capability high).

Before entering stop mode, set the CM20 bit to O (oscillator stop/restart detect function disabled).
When the CM11 bit is 1 (PLL clock used as the CPU clock source), set the CM11 bit to O (main clock
used as the CPU clock source), and then the PLCO7 bit to O (PLL turned off) before entering stop
mode.

When using stop mode, set the following:

(1) Set the | flag to 0.

(2) Set the interrupt priority level of bits ILVL2 to ILVLO in the interrupt control register for the
peripheral function interrupt which is used to exit stop mode. Start the peripheral function which
is used to stop mode if it is stopped.

(3) Set 000b (interrupt disabled) to bits ILVL2 to ILVLO in the interrupt control registers for the
peripheral function interrupts not used to exit stop mode.

(When using any of the following resets or interrupts to exit stop mode, set 000b to bits ILVL2 to
ILVLO in all interrupt control registers for peripheral function interrupts: hardware reset, voltage
monitor 0 reset, NMI interrupt, voltage monitor 1 interrupt, or voltage monitor 2 interrupt)

(4) Setthe | flag to 1.

(5) Set the CM10 bit in the CM1 register to 1.

9.3.4.2 Pin Status in Stop Mode
Table 9.8 lists Pin Status in Stop Mode.

Table 9.8 Pin Status in Stop Mode

. Memory Expansion Mode . .
Pin Microprocessor Mode Single-Chip Mode
A0 to A19, DO to D15, . . .
CS0 to CS3, BHE Retains status just prior to stop mode
RD, WR, WRL, WRH High Cannot be used as bus control pin
HLDA, BCLK High
ALE Undefined
I/0 ports Retains status just prior to stop mode | Retains status just prior to stop mode
CLKOUT Lléltfai,t;zz, fc Cannot be used as CLKOUT pin Retains status just prior to stop mode
XOuT High
XCIN, XCOUT High-impedance
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9.3.4.3 Exiting Stop Mode

Use a reset or an interrupt to exit stop mode. Table 9.9 lists Resets and Interrupts to Exit Stop Mode
and Conditions for Use.

Table 9.9 Resets and Interrupts to Exit Stop Mode and Conditions for Use

Interrupt, Reset Conditions for Use
INT Usable
Key input Usable
Peripheral Timer A, timer B Usable when counting external signals in event counter mode
function Serial interface Usable when an external clock is selected
interrupt i- 2C-
P Mu|t| master 1°C-bus SCL/SDA interrupt is usable
interface

Usable when the digital filter is disabled (VW1C1 bit in the VW1C
register is 1)
Usable when the digital filter is disabled (VW2C1 bit in the VW2C
register is 1)
Usable when the digital filter is disabled (bits NMIDF2 to NMIDFO

Voltage monitor 1 interrupt

Interrupt

Voltage monitor 2 interrupt

NMI in the NMIDF register are 000b)
*am‘a Hardware reset Usable
§ Voltage monitor O reset Usable

To exit stop mode by using hardware reset, voltage monitor O reset, NMI interrupt, voltage monitor 1
interrupt, or voltage monitor 2 interrupt, set bits ILVL2 to ILVLO in the interrupt control registers for the
peripheral function interrupt to 000b (interrupt disabled) before setting the CM10 bit to 1.

When the MCU exits stop mode by using an interrupt, an interrupt request is generated, the CPU
clock starts running, and interrupt routine is performed.

When exiting stop mode by means of an interrupt, the CPU clock source varies depending on the
CPU clock source setting before the MCU had entered stop mode. Table 9.10 lists CPU Clock After
Exiting Stop Mode.

Table 9.10 CPU Clock After Exiting Stop Mode

CPU Clock Before Entering Stop Mode CPU Clock After Exiting Stop Mode
Main clock divided by 1 (no division), 2, 4, 8 or 16  |Main clock divided by 8
fOCO-S divided by 1 (no division), 2, 4, 8 or 16 fOCO-S divided by 8
fOCO-F divided by 2, 4, 8 or 16 fOCO-F divided by 8
fC fC
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9.4 Power Control in Flash Memory

94.1

Stopping Flash Memory

When the flash memory is stopped, current consumption is reduced. Execute a program in any area
other than the flash memory. Figure 9.3 shows the setting procedure to stop and restart the flash
memory. Follow the flowchart of Figure 9.3.

Notes:

( Start )
I

Transfer the program within the dashed line below to
an area other than the flash memory.

Jump to the program transferred to an area other
than the flash memory. (Execute the following steps
in an area other than the flash memory.).

Set the FMROL1 bit to O first, and then set it to 1 (CPU
rewrite mode enabled).

I

Set the FMSTP bit to 1 (flash memory stops operating,

low-power state) @

Switch clock sources of the CPU clock.
Main clock stop, 40 MHz on-chip oscillator stop, etc. @

}

Processing
Start oscillating main Wait until Switch clock
clock or 40 MHz —Jp» oscillation—Jp» source of
on-chip oscillator stabilizes the CPU clock @

Set the FMSTP bit to O (flash memory operation).

}

Set the FMROL1 bit to 0 (CPU rewrite mode disabled).

l

Wait until the flash memory stabilizes (tps). @

}

Jump to the desired address in the flash memory.

Stop Procedure

~ Restart Procedure

1. Set the FMSTP bit to 1 after the FMRO1 bit is set to 1 (CPU rewrite mode enabled).
2. Wait until the clock stabilizes before switching the clock source of the CPU clock.
3. Add tps wait time by a program. Do not access the flash memory during this wait time.

Figure 9.3

Stop and Restart of the Flash Memory
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9.4.2

9421

Reading Flash Memory

Current consumption while reading the flash memory can be reduced by using bits FMR22 and FMR23
in the FMR2 register.

Slow Read Mode

Slow read mode can be used when f(BCLK) is less than or equal to f(SLOW_R) and the PM17 bit in
the PM1 register is 1 (one wait). Figure 9.4 shows Setting and Canceling Slow Read Mode.

When using 125 kHz on-chip oscillator clock or sub clock as the CPU clock source, a wait is
unnecessary (technical update number: TN-16C-A179A/E).

C

Slow read mode

Set the CPU clock to f(SLOW_R) or less
Set the PM17 bit in the PML1 register to 1 (one wait).

Set the FMR22 bit to 0, and then to 1 (enabled)

Processing in slow read mode

Set the FMR22 bitto 0

]

C

Completed

Setting
procedure

Canceling
procedure

Figure 9.4

Setting and Canceling Slow Read Mode
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9.4.2.2

Mode.

Low Current Consumption Read Mode

Low current consumption read mode can be used when the CMO07 bit in the CMO register is 1 (sub
clock used as CPU clock).Figure 9.5 shows Setting and Canceling Low Current Consumption Read

Low current consumption read mode

)

Set the CMO7 bit to 1 (sub clock used as a CPU clock)

Set the CMO05 bit to 1 (main clock oscillator stop)
and the FRAOQO bit to 0 (40 MHz on-chip oscillator
stopped)

Setting

Set the FMR22 bitto O
and then to 1 (slow read mode enabled) @

procedure

Set the FMR23 bit to 0 and then to 1
(low current consumption read mode enabled) @

Processing in low current consumption read mode

Set the FMR23 bit to 0 (M

Canceling

; procedure

Set the FMR22 bitto 0 @

C

Completed

)

Note:

1. Do not rewrite bits FMR22 and FMR23 simultaneously.

Figure 9.5

Setting and Canceling Low Current Consumption Read Mode
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9.5 Reducing Power Consumption

To reduce power consumption, refer to the following descriptions when designing a system or writing
a program.

9.5.1 Ports

The MCU retains the state of each 1/0 port even when it enters wait mode or stop mode. A current flows
in the active output ports. A shoot-through current flows to the input ports in the high-impedance state.
Set the unassigned pins to input state, wait until the potential stabilizes, and then enter wait mode or
stop mode.

952 A/D Converter

When not performing A/D conversion, set the ADSTBY bit in the ADCONL1 register to 0 (A/D operation
stopped).

953 D/A Converter

When not performing D/A conversion, set the DAIE bit (i = 0, 1) in the DACON register to 0 (Output
disabled) and the DAI register to 00h.

954 Stopping Peripheral Functions

Use the PCLKSTP1 register to stop providing f1 to the peripheral functions not using f1.
Use the CMO02 bit in the CMO register to stop the unnecessary peripheral functions while in wait mode.

9.5.5 Switching the Oscillation-Driving Capacity
Set the driving capacity to low when oscillation is stable.

ROLUHO0093EJ0110 Rev.1.10 RENESAS Page 141 of 839
Jul 31, 2012



M16C/65C Group 9. Power Control

9.6

9.6.1

Notes on Power Control

CPU Clock

When switching the CPU clock source, wait until oscillation of the switched clock source is stable.
After exiting stop mode, wait until oscillation stabilizes before changing the division.

9.6.2

9.6.3

Wait Mode

e Insert four or more NOP instructions following the WAIT instruction. When entering wait mode,
because the instruction queue prefetches instructions that follow the WAIT instruction, prefetched
instructions are sometimes executed prior to the interrupt routine used to exit wait mode. As shown
below, when the instruction to set the | flag to 1 is allocated just before the WAIT instruction,
interrupt requests are not accepted before the WAIT instruction is executed.

The following is an example program for entering wait mode:

Program Example: FSET | ;
WAIT ; Enter wait mode
NOP ; Insert at least four NOP instructions
NOP
NOP
NOP

* Do not enter wait mode from PLL operating mode. To enter wait mode from PLL operating mode,
first enter medium-speed mode, then set the PLCO7 bit to 0 (PLL off).

* Do not enter wait mode from low current consumption read mode. To enter wait mode from low
current consumption read mode, set the FMR23 bit in the FMR2 register to 0 (low current
consumption read mode disabled).

* Do not enter wait mode from CPU rewrite mode. To enter wait mode from CPU rewrite mode, first
set the FMRO01 bit in the FMRO register to 0 (CPU rewrite mode disabled), then disable the DMA
transfer.

* Set the PLCO7 bit in the PLCO register to 0 (PLL off). When the PLCO7 bitis 1 (PLL on), current
consumption cannot be reduced even in wait mode.

Stop Mode

* When exiting stop mode by a hardware reset, drive the RESET pin low for 20 fOCO-S cycles or
more.

* Set the MRO bit in the TAIMR register (i = 0 to 4) to 0 (pulse not output) when using timer A to exit
stop mode.

*When entering stop mode, insert a JMP.B instruction immediately after executing an instruction
that sets the CM10 bit in the CM1 register to 1 (stop mode), and then insert at least four NOP
instructions. When entering stop mode, the instruction queue reads ahead the instructions
following the instruction which sets the CM10 bit to 1. Thus, some of the instructions may be
executed before the MCU enters stop mode or before the interrupt routine for returning from stop
mode. As shown below, when the instruction to set the | flag to 1 is allocated just before the
instruction to set the CM10 bit to 1, interrupt requests are not accepted before entering stop mode.
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The following is an example program for entering stop mode:

Program Example: FSET |
BSET 0,CM1 ; Enter stop mode

JMPB L2 ; Insert a JMP.B instruction
L2:
NOP ; At least four NOP instructions
NOP
NOP
NOP

* Do not enter stop mode from PLL operating mode. To enter stop mode from PLL operating mode,
first enter medium-speed mode, then set the PLCO7 bit to 0 (PLL off).

* Do not enter stop mode from low current consumption read mode. To enter stop mode from low
current consumption read mode, set the FMR23 bit in the FMR2 register to 0 (low current
consumption read mode disabled).

* Do not enter stop mode from CPU rewrite mode. To enter stop mode from CPU rewrite mode, first
set the FMRO01 bit in the FMRO register to 0 (CPU rewrite mode disabled), then disable the DMA
transfer.

* Do not enter stop mode when the oscillator stop/restart detect function is enabled. To enter stop
mode, set the CM20 bit in the CM2 register to 0 (oscillator stop/restart detect function disabled).

* Do not enter stop mode when the FMRO1 bit is 1 (CPU rewrite mode enabled), and do not enter
stop mode when the flash memory is stopped (bits FMR0O1 and FMSTP are 1).

9.6.4 Low Current Consumption Read Mode

* Enter low current consumption read mode through slow read mode (see Figure 9.5 “Setting and
Canceling Low Current Consumption Read Mode” for details).

*When the FMR23 bit in the FMR2 register is 1 (low current consumption read mode enabled), do
not set the FMSTP bit to 1 (flash memory stopped). Also, when the FMSTP bit is 1, do not set the
FMR23 bit to 1.

*When the FMRO1 bit in the FMRO register to 1 (CPU rewrite mode enabled), do not set the FMR23
bit in the FMR2 register to 1 (low current consumption read mode enable).

9.6.5 Slow Read Mode

*When the FMROL1 bit in the FMRO register to 1 (CPU rewrite mode enabled), do not set the FMR22
bit in the FMR2 register to 1 (slow read mode enabled).
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10. Processor Mode

10.1 Introduction

Single-chip mode, memory expansion mode, or microprocessor mode can be selected for the processor
mode. Table 10.1 lists the Processor Mode Features.

Table 10.1 Processor Mode Features

Processor Mode Access Space Pins Assigned as I/0O Ports

All pins are 1/O ports or

Single-chip mode SFR, internal RAM, internal ROM peripheral function /O pins

SFR, internal RAM, internal ROM,

Memory expansion mode
external area (1)

Some pins serve as bus control pins (1)

Microprocessor mode  |SFR, internal RAM, external area (1) |Some pins serve as bus control pins (1)
Note:
1. Referto 11. “Bus” for details.

Table 10.2 1/0 Pins

Pin Name I/O Function
CNVSS Input Selects a processor mode
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10.2 Registers

Table 10.3  Registers

Address Register Symbol Reset Value
. 0000 0000b (CNVSS pin is low)
0004h |Processor Mode Register 0 PMO 0000 0011b (CNVSS pin is high)
0005h |Processor Mode Register 1 PM1 0000 1000b
0010h |Program 2 Area Control Register PRG2C XXXX XX00b

10.2.1 Processor Mode Register 0 (PMO)

Processor Mode Register 0

b7 b6 b5 b4 b3 b2 bl b0

L L Symbol Address Reset Value
1 ] ]
A b PMO 0004h 0000 0000b (CNVSS pin is low)
A 0000 0011b (CNVSS pin is high)
1 [ [}
I
T R N T
I i E i E i i Bit Symbol Bit Name Function RW
1 ]
'
I
'
e bl b0 RW
i ' E E i bt 0 0: Single-chip mode
i A H Processor mode bit 0 1:Memory expansion mode
Pobr 1 0:Do not set
I E i 1 ----| PMO1 1 1:Microprocessor mode RW
1 [ [}
I N I
i E i E i i 0:RD, BHE, WR

] ] ] H - NN, ]
i i : E E [ PMO02 R/W mode select bit 1 ' RD. WRH, WRL RW
EEEE
1 ] ] ] 1
[ . Setting this bit to 1 resets the MCU.

] ] 1
i E I ittt PMO3 | Software reset bit When read, the read value is 0. RW
RS
i E I b5 b4
I E PM04 0  0:Multiplexed bus is not used RW
i E ! Multiplexed bus space select (separate bus in the entire CS space)
P bit 0 1:Allocated to CS2 space
R et et L PMO5 1 0:Allocated to CS1 space_ RW
1 1 1: Allocated to the entire CS space
1 ]
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 PRC1 bit in the PRCR register to 1 (write enabled) before rewriting this register.

Bits PM01 to PMOO do not change at software reset, watchdog timer reset, oscillator stop detect reset,
voltage monitor 1 reset, or voltage monitor 2 reset.

Bits PM02, PM05 to PM04, PM06, and PMO07 are enabled when bits PM01 to PMOO are 01b (memory
expansion mode) or 11b (microprocessor mode).

PMO01 to PMOO (Processor mode bit) (b1 to b0)

Do not rewrite bits PM01 to PM00 and PMO7 to PMO02 at the same time.
(Technical update number: TN-M16C-71-0105)
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10.2.2 Processor Mode Register 1 (PM1)

Processor Mode Register 1
b7 b6 b5 b4 b3 b2 bl b0
T | ? | T T 1 1
o E E by Symbol Address Reset Value
S A VI 0005h 0000 1000b
1
RERRERE
o Lo {1 | 1 |Bit Symbol Bit Name Function RW
[ T T Y B
[ T T R I B
] —
i H E | i E i :__ PM10 CS2 area switch bit 0: CS2 (OE0OOh to OFFFFh ) RW
Py ! i P (data flash enable bit) 1 : Data flash (OEO0Oh to OFFFFh)
1 [ v 1
1 [ v 1
[ T S B | . .
T [ Port P3_7 to P3_4 function 0 : Address output
bl i P PM11 " lselect bit 1 : Port function RW
1 [
[ T T
] 1 ]
i | E i N pmiz | Watchdog timer function select|0 : Watchdog timer interrupt RW
o i ! bit 1 : Watchdog timer reset
[ T
[ T
[ T : : «
T ! ; . Refer to the bit explanation below “PM13
i E : E -------- PM13 |Internal area expansion bit O (Internal Area Expansion Bit 0) (b3)” RW
1) : :
[
[ b5 b4
]
i :E D mcmcec——- PM14 0 0:1-MB mode (no expansion) RW
] .
i i E Memory area expansion bit (1) (l) : 88 28% Zg%
1! LA-
A PM15 1 1:4-MB mode RW
P
1
b
1 J—
b .
i (b6) Reserved bit Setto 0 RW
1
1
1 .
1 . 0 : No wait state
""""""""" PM17  |Wait bit 1 : Wait state (1 wait) RW

Set the PRC1 hit in the PRCR register to 1 (write enabled) before rewriting this register.

The PM12 bit becomes 1 by a program. Setting it to 0 has no effect.

Bits PM11, PM15 to PM14 are enabled when bits PMO01 to PMO0O0 are 01b (memory expansion mode) or
11b (microprocessor mode).

PM10 (CS2 area switch bit (data flash enable bit)) (b0)

This bit is used to select the function of addresses OE0O00h to OFFFFh. Table 10.4 lists Data Flash
(Addresses OEOOOh to OFFFFh).

Table 10.4  Data Flash (Addresses OEO0Oh to OFFFFh)

PM10 Bit in PM1 Register 0 1
Single-chip mode Reserved area Data flash
Processor Mode Memory expansion mode External area Data flash
Microprocessor mode External area Reserved area

Data flash includes block A (addresses OEOO0Oh to OEFFFh) and block B (addresses OF000h to
OFFFFh). When data flash is selected by the setting of the PM10 bit, both block A and block B can be

used.
The PM10 bit automatically becomes 1 while the FMRO1 bit in the FMRO register is 1 (CPU rewrite
mode).
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PM13 (Internal area expansion bit 0) (b3)

This bit is used to select the range of the RAM, program ROM 1, and external area.

When the PM13 bit is 0, the size of the RAM and program ROM 1 is limited, but a wide range can be
selected for the external area.
When the PM13 bit is 1, the entire RAM and addresses 80000h to CFFFFh in program ROM 1 are
available. Table 10.5 lists the Functions of PM13 Bit and Table 10.6 lists Functions of Addresses
80000h to CFFFFh.

Table 10.5 Functions of PM13 Bit

Bit Setting
Access Area
PM13 =0 PM13 =1
Internal |RAM Addresses 00400h up to The entire area is usable.
03FFFh (15 KB) are available
(addresses 04000h to OCFFFh
cannot be used).
Program ROM 1 Addresses DO000h up to Addresses 80000h up to
FFFFFh (192 KB) are available |FFFFFh are available
(addresses 40000h to CFFFFh |(addresses 40000h to 7FFFFh
cannot be used). cannot be used).
External [Memory 04000h to |Usable Reserved
expansion |OCFFFh
mode 40000hto |Usable Usable
7FFFFh
80000 to |Usable Reserved
CFFFFh
Micro- 04000h to |Usable Reserved
processor |OCFFFh
mode 40000hto |Usable Usable
7FFFFh
80000 to |Usable Usable
CFFFFh

PM13: Bit in the PML1 register

Table 10.6

Functions of Addresses 80000h to CFFFFh

PM13 Bit in PM1 Register

0

1

Processor Mode

Single-chip mode

Reserved area

Memory expansion
mode

External area

When program ROM 1 is available, then
program ROM 1. When program ROM 1 is not
available, then reserved area.

Microprocessor mode

External area

External area

The PM13 bit becomes 1 while the FMROL1 bit in the FMRO register is set to 1 (CPU rewrite mode).
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10.2.3 Program 2 Area Control Register (PRG2C)

Program 2 Area Control Register

b7 b6 b5 b4 b3 b2 bl b0

%mmmﬁmﬂl Symbol Address Reset Value

PRG2C 0010h XXXX XX00b

Bit Symbol Bit Name Function RW

0 : Enable program ROM 2
1: Disable program ROM 2

[mmm————————————

4 PRG2CO [Program ROM 2 disable bit RW

— (b1) Reserved bit Setto 0. RW

__________________ (b7-b2) No register bits. If necessary, set to 0. The read value is undefined. —

Set the PRC6 bit in the PRCR register to 1 (write enabled) before rewriting this register.

PRG2CO0 (Program ROM 2 disable bit) (b0)

This bit is used to select the function of addresses 10000h to 13FFFh. Table 10.7 lists Program ROM 2
(Addresses 10000h to 13FFFh).

Table 10.7 Program ROM 2 (Addresses 10000h to 13FFFh)

PRG2CO0 Bit in PRG2C Register 0 1
Single-chip mode Program ROM 2 Reserved area
Processor Mode Memory expansion mode Program ROM 2 External area
Microprocessor mode Reserved area External area

Program ROM 2 includes the on-chip debugger monitor area and user boot code area. Refer to 30.7.1
“User Boot Function” for details.
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10.3 Operations

10.3.1 Processor Mode Settings

Set the processor mode using the CNVSS pin and bits PM0O1 to PMOO in the PMO register.

In hardware reset, power-on reset, or voltage monitor O reset, the processor mode is selected by the
CNVSS pin input level. Table 10.8 lists Processor Mode after Hardware Reset, Power-On Reset, or
Voltage Monitor 0 Reset.

Table 10.8 Processor Mode after Hardware Reset, Power-On Reset, or Voltage Monitor 0 Reset

CNVSS Pin Input Level Processor Mode Bits PMO01 to PMOO in the PMO Register
VSS Single-chip mode 00b (single-chip mode)
VCC1 Microprocessor mode 11b (microprocessor mode)

Rewriting bits PMO01 to PMOO places the MCU in the mode corresponding to bits PM01 to PM0O
regardless of whether the input level of the CNVSS pin is high or low. When VCCL1 is applied to the
CNVSS pin and then the MCU is reset by hardware reset, power-on reset, or voltage monitor O reset,
the internal ROM cannot be accessed regardless of the value of bits PM01 to PM0O. Table 10.9 lists
Bits PM01 to PMOO Set Values and Processor Modes.

Do not rewrite these bits to enter microprocessor mode in the internal ROM, or to exit microprocessor
mode in areas overlapping the internal ROM.

Table 10.9 Bits PMO1 to PMOO Set Values and Processor Modes

Bits PM01 to PMOO Processor Mode
00b Single-chip mode
01b Memory expansion mode
10b Do not set this value.
11b Microprocessor mode
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Figure 10.1 shows Memory Map in Single-Chip Mode.

00000h

00400h

XXXXXh

0DO000h

0D800h

OEO000h

10000h

14000h

YYYYYh

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)

Address XXXXXh
PM13 bit in PM1 register 0 1
RAM size 12 KB 033FFh | 033FFh
20 KB 03FFFh | 053FFh
31 KB 03FFFh | O7FFFh
47 KB 03FFFh | OBFFFh
Address YYYYYh
PM13 bit in PM1 register 0 1
Program 128 KB EO0000h | EO00Oh
Rgi;\g 1 256 KB D0000h | C0000N
384 KB D0000h | AOOOOh
512 KB DO0000h | 80000h

1. When the PM13 bit is 0, 15 KB of internal RAM and 192 KB of internal ROM can be used.
2. Data flash can be used when the PM10 bit in the PM1 register is 1 (OEO00h to OFFFFh are used as data flash).
3. Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled).

Figure 10.1 Memory Map in Single-Chip Mode
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11. Bus

11.1

Introduction

Two types of buses are available:
e Internal bus in the MCU

* External bus which is used to access to external devices in memory expansion mode or

microprocessor mode

Table 11.1  Bus Specifications
ltem Specification
* Used in all processor modes
* Separate bus
Internal bus

¢ 16-bit data bus width

¢ 0 or 1 software waits can be inserted

External bus

*RDY available

Function”)
*3V or 5V interface

* 0 to 8 software waits can be inserted
* Memory area expansion function (up to 4 MB) (refer to 12. “Memory Space Expansion

* Used in memory expansion mode or microprocessor mode
* Separate bus or multiplexed bus selectable
* Data bus width selectable (8 or 16 bits)

* Number of address buses selectable (12, 16, or 20 buses)
* 4 chip select outputs CS0 to CS3
* Combinations of read and write signals selectable (RD,

HE, WR or RD,

RL, WRH)

11.2

Registers

Table 11.2 lists bus related registers. Refer to 10. “Processor Mode” for registers PMO and PM1. Refer to
30. “Flash Memory” for the FMRL1 register.

Table 11.2  Registers
Address Register Symbol Reset Value
0000 0000b
. CNVSS pin is low
0004h | Processor Mode Register 0 PMO ( 0000 F())011b )
(CNVSS pin is high)
0005h | Processor Mode Register 1 PM1 0000 1000b
0008h | Chip Select Control Register CSR 01h
0009h | External Area Recovery Cycle Control Register EWR XXXX XX00b
0011h |External Area Wait Control Expansion Register EWC 00h
001Bh |Chip Select Expansion Control Register CSE 00h
0221h | Flash Memory Control Register 1 FMR1 00X0 XX0Xb
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11.2.1 Chip Select Control Register (CSR)

Chip Select Control Register
b7 b6 b5 b4 b3 b2 bl b0
: 1 s Symbol Address Reset Value
oy oy )
EEEEEEN CSR 0008h 01h
[ T T T R !
[
[
oy )
i ! i ! i E i E Bit Symbol Bit Name Function RW
[} [ [
[ B )
o i i i E 0 : Chip select output disabled
P b= CSo CSO0 output enable bit (functions as an I/O port) RW
P ' ) i 1 : Chip select output enabled
[ T I R N
[ T N
i P I L_.| cs1 |CSToutputenable bit RW
P
Pob
i ! i I S CS2  |TS2 output enable bit RW
R
N —
AR L EEER S Cs3 CS3 output enable bit RW
[ B
[ I
i ! E ! 0 : Wait state
s CSOW | CSO0 wait bit 1 : No wait state RW
P
P
T e e P s CS1W |CS1 wait bit RW
!
]
e CS2W  |CSZ wait bit RW
i
i
T T CS3W | CS3 wait bit RW

CSiW (CSi wait bit) (i = 0 to 3) (b7-b4)

Set the CSiW bit to 0 (wait state) under the following conditions:
« The RDY signal is used in the area indicated by CSi.
» The multiplexed bus is used in the area indicated by CSi.

* The PM17 bit in the PM1 register is 1 (wait state) in memory expansion mode or microprocessor

mode.

When the CSiW bit is 0 (wait state), the number of wait states can be selected using bits CSEi1W to

CSEIiOW in the CSE register.
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11.2.2 Chip Select Expansion Control Register (CSE)

Chip Select Expansion Control Register

b7 b6 b5 b4 b3 b2 bl b0

e S Symbol Address Reset Value

] ] ] ] ]

R CSE 001Bh 00h

EEE R

] 1 ] ] ] ] )

EEE

I i 1 | Bit Symbol Bit Name Function RW

] 1 1 ] ] 1

[ [

S o 0

Vr b P CSEOOW 0 0:1lwait(1¢+ 1¢) RW

[ T T T —_— . . 0 1:2waits (1¢ + 29)

E i ! i E i E S0 wait expansion bit 1 0:3waits (1$ ¥ 3$)

Do E po L csEow 1 1:Selectwait states by bits EWCOL1 | Ry

P and EWCO00 in the EWC register

]

Pl b3 b2

bbb b e CSE10W 0 0:1wait (1 + 1¢) RW

1 1 —_— . . 0 1:2waits(l¢p+2

E i i E E S1 wait expansion bit 1 0 3waits El$ " 33

R A I S CSE11W 1 1: Selectwait states by bits EWC11 RW

P and EWC10 in the EWC register

Pl b5 b4

b E e CSE20W 0 0:1wait(1¢ + 1¢) RW

[ —_— . . . . 0 1:2waits (1¢ + 2¢)

b i CS2 wait expansion bit 1 0:3waits (1o + 3¢)

E i R CSE21W 1 1:Select wait states by bits EWC21 | Ry

Vo and EWC20 in the EWC register

] 1

i b7 b6 _

|ommmmmmmessssoood CSE30W 0 0:1wait(1¢+1¢) RW

1 —_— . . 0 1:2waits(1lp+2

! S3 wait expansion bit 1 0:3waits El$ + 3$g

I CSE31W 1 1: Select wait states by bits EWC31 [ Ry
and EWC30 in the EWC register

Set the CSiW bit (i = 0 to 3) in the CSR register to 0 (wait state) before writing to bits CSEi1W to
CSEIiOW. To set the CSiW bit to 1 (no wait state), set bits CSEi1W to CSEiOW to 00b first, and then set
the CSiW bit to 1.

Do not set bits CSEi1W to CSEIOW to 11b for a multiplexed bus area.
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11.2.3 External Area Wait Control Expansion Register (EWC)

External Area Wait Control Expansion Register
b7 b6 b5 b4 b3 b2 bl b0
- Symbol Address Reset Value
] ] ] ] ]
Pl Ewe 0011h 00h
] 1 ] 1
A
Pl
Pl E i i E Bit Symbol Bit Name Function RW
] 1 ] 1
S
I A A T bl bO
bbb | Ewcoo 0 0:2¢+3¢ RW
b E E P CSO0 area wait expansion bit |0 1:2¢+4¢
P 1 0:30+4
E i Vo E i L_..| EwCO01 1 1:4¢+5¢ RW
[ A
A b3 b2
P T EWC10 0 0:20+30 RW
] —_—
P i ] CS1 area wait expansion bit |0 1:2¢+4¢
P 1 0:3¢p+4
I B EWC11 1 1:4¢+5¢ RW
[
Pl i b5 b4
R S— EWC20 0 0:2¢+3¢ RW
bt CS2 area wait expansion bit |0 1:2¢+4¢
P 1 0:3¢+4¢
O EwC21 1 1:4¢+50 RW
|
P b7 b6
| oTTTTTm e EWC30 0 0:2¢+30 RW
i CS3 area wait expansion bit |0 1:2¢+4¢
] 1 0:3)+4¢
EWC31 1 1:44+50 RW

This register can be used as a separate bus area. When bits CSEi1W to CSEiOW in the CSE register
are 11b (select wait states by bits EWCil to EWCIi0), bits EWCil to EWCIO are enabled (i = 0 to 3).
The following is an example of the number of cycles:

Example: 2¢ + §|gt_;
The number of cycles between the falling edge and the rising edge of the RD or WR signal.
The number of cycles between bus access start and the falling edge of the RD or WR signal.
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11.2.4 External Area Recovery Cycle Control Register (EWR)

External Area Recovery Cycle Control Register
b7 b6 b5 b4 b3 b2 bl b0
o Symbol Address Reset Value

] ] ] ] ]
b b EWR 0009h XXXX XX00b
I A A R A
T R I I I
P
AR 1| Bit Symbol Bit Name Function RW
|
'
RRRRREE ¥
E AR A A EWRO 0 0: No recovery cycle RW
A A E Recovery cycle insert bit 0 1:1recovery cycle inserted
A T T T T I 1 0:2recovery cycles inserted
bbb 1 EWRL 1 1:3recovery cycles inserted RW
] ] ] ] ] ]
] ] ] ] ] ]

] ] ] ] ]
i__l___:__:__:__i ______ — No register bits. If necessary, set to 0. When read, the read value is .

(b7-b2) |undefined.

The EWR register is enabled when bits CSEi1W to CSEIOW in the CSE register are 11b.
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11.3 Operations

11.3.1 Common Specifications between the Internal Bus and External Bus

11.3.1.1 Reference Clock

Both the internal and external buses operate based on the BCLK. However, the area accessed and
wait states affect bus operation. Refer to 11.3.2.1 “Software Wait States of the Internal Bus” and
11.3.5.9 “Software Wait States” for details.

11.3.1.2 Bus Hold

Both the internal and external buses are in a hold state under the following condition:
* Rewriting the flash memory in EW1 mode while auto-programming or auto-erasing

When the bus is in hold state, the following occur:
* CPU stops
* DMAC stops
* The watchdog timer stops when the CSPRO bit in the CSPR register is 0 (count source protection
mode disabled)
* State of I/O ports is retained.

Bus use priority is given to bus hold, DMAC, and CPU in descending order. However, if the CPU is
accessing an odd address in word units, DMAC cannot gain control of the bus between two separate
accesses.

Bus Hold > DMAC > CPU

Figure 11.1 Bus Use Priority
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11.3.2 Internal Bus
The internal bus is used to access the internal area in the MCU.

11.3.2.1 Software Wait States of the Internal Bus

The PM17 bit in the PM1 register, which is a software-wait-related bit, affects both the internal
memory and the external area. Table 11.3 lists Bits and Bus Cycles Related to Software Wait States
(SFR and Internal Memory).

The data flash of the internal ROM is affected by both the PM17 bit in the PM1 register and the
FMR17 bit in the FMR1 register.

Table 11.3  Bits and Bus Cycles Related to Software Wait States (SFR and Internal Memory)

Setting of Software-Wait-Related Bits .
. - Software Wait
Area FMR1 register PM1 register States Bus Cycle
FMR17 bit PM17 bit
SFR Oor1l Oor1l 1 2 BCLK cycles @)
(€]
Internal RAM Oor1l 0 None 1 BCLK cycle
1 1 2 BCLK cycles
Program ROM 1 0 None 1 BCLK cycle
Oor1
Internal Program ROM 2 1 1 2 BCLK cycles
ROM 0 Oor1l 1 2 BCLK cycles )
Data flash 1 0 None 1 BCLK cycle
1 1 2 BCLK cycle
Note:
1. Status after reset.
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11.3.3 External Bus

The external bus is used to access external devices in memory expansion mode or microprocessor
mode.

In memory expansion or microprocessor mode, some pins serve as the bus control pins to perform data
input to and output from external devices. The bus control pins are as follows: A0 to A19, DO to D15,
CS0 to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and BCLK.

11.3.4 External Bus Mode

Multiplexed bus mode or separate bus mode can be selected using bits PM05 to PM04 in the PMO
register. Table 11.4 lists the Difference between Separate Bus and Multiplexed Bus Modes.

11.3.4.1 Separate Bus
In external bus mode, data and address are separate.

11.3.4.2 Multiplexed Bus

In external bus mode, data and address are multiplexed.
*When the input level to the BYTE pin is high (8-bit data bus)
DO to D7 and A0 to A7 are multiplexed.

*When the input level to the BYTE pin is low (16-bit data bus)

DO to D7 and Al to A8 are multiplexed. D8 to D15 are not multiplexed (do not use these pins).
External devices connected to a multiplexed bus are assigned only even addresses of the MCU.

Table 11.4  Difference between Separate Bus and Multiplexed Bus Modes

] Multiplexed Bus

Pin Name (1) Separate Bus BYTE = high BYTE = low
PO_0 to PO_7/DO0 to D7 >< DO to D7 >< (Note 2) (Note 2)
P1 Oto P1_7/D8 to D15 >< D8 to D15 >< p1 '/g) tg?artl ; (Note 2)

P2_0/AO (/DO) X A0 X Y a0 ) b0 ¥ X AO X
P(if)i o 3277[7)@1;387 X Atoar X XA11t0A7)(D110 D7) | YALto A7XDOto D6X
P3_0/A8 (/D7) >< A8 >< >< A8 X >< a8 X D7 ><
Notes:

1. See Table 11.8 “Pin Functions for Each Processor Mode” for bus control signals not listed above.
2. Depends on the setting of bits PMO05 to PMO04 in the PMO register, and area being accessed.
See Table 11.8 “Pin Functions for Each Processor Mode” for detalils.
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11.3.5 External Bus Control

The following describes the signals needed for accessing external devices and the functionality of
software wait states.

11.3.5.1 Address Bus

The address bus consists of 20 lines: A0 to A19. The address bus width can be set to 12, 16, or 20
bits using the PMO6 bit in the PMO register, and the PM11 bit in the PM1 register. Table 11.5 lists the
Set Value of Bits PM06 and PM11 and the Corresponding Address Bus Widths.

Table 11.5  Set Value of Bits PM06 and PM11 and the Corresponding Address Bus Widths

Bit Set Value (1) Pin Function Address Bus Width

PM1L =1 P3 4t0P3 7

= = 12 bit
PMO06 = 1 P4 0to P4 3 s
PM11=0 Al2 to Al5 16 bis
PM06 = 1 P4 Oto P4 3
PM11=0 Al2 to Al5 .
PMO06 = 0 AL6 to ALO 20 bits

Note:
1. Only set the values listed above.

When the processor mode is changed from single-chip mode to memory expansion mode, the
address bus is undefined until an external area is accessed.

11.3.5.2 Data Bus

When input to the BYTE pin is high (8-bit width), the data bus is comprised of eight lines (DO to D7).
When input to the BYTE pin is low (16-bit width), the data bus is comprised of 16 lines (DO to D15).
Do not change the input level to the BYTE pin.

11.3.5.3 Chip Select Signal

The chip select signals (hereafter referred to as CS) are output from the CSi pin (i = 0 to 3). These
pins can be set to function as 1/0 ports or as CS using the CSi bit in the CSR register.

In 1-MB mode, the external area can be separated into a maximum of four spaces by the CSi signal.
In 4-MB mode, the CSi signal or bank number is output from the CSi pin. Refer to 12. “Memory Space
Expansion Function”. Figure 11.2 shows Examples of Address Bus and CSi Signal Output in 1-MB
Mode.
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Example 1

Accessing the external area indicated by CSj in the next cycle
after accessing the external area indicated by CSi.

The address bus and chip select signal both change state

Example 2

Accessing the internal ROM or internal RAM in the next cycle
after accessing the external area indicated by CSi.

The chip select signal changes state, but the address bus

between these two cycles. does not.

Access to the external Access to the external ~ Access to the internal
area indicated by CSj area indicated by CSi  ROM or internal RAM

- Je

BCLK [ ﬂ BCLK [ 1
] Read signal
Data bus é—-------%--- --------

Access to the external
area indicated by CSi

Read signal

Address bus AddressY Address Address bus Address |
csi | TSl :
TS | f

Example 3 Example 4
Not accessing any area (no instruction prefetch generated) in the

Accessing the external area indicated by CSi in the next cycle
next cycle after accessing the external area indicated by CSi.

after accessing the external area indicated by the same CSi.

The address bus changes state, but the chip select signal Neither the address bus nor the chip select signal changes state

does not. between these two cycles.
Access to the external ~ Access to the same Access to the external ~ No access
area indicated by CSi external area area indicated by CSi
BCLK BCLK
Read signal : I ] Read signal
Data bus ;‘"""";-"‘"- Data bus

Address bus

Address bus X Add:(ess .

XAddressXAddress

CSi CSi

Note:
1. These examples show the address bus and chip select signal when accessing areas in two successive cycles. The chip
select bus cycle may be extended to more than two cycles depending on the combination of these examples.

The figure above assume a separate bus is selected and the area is accessed for read without wait states.
i=0to 3,j=0to 3 (notincluding i # j, however)

Figure 11.2 Examples of Address Bus and CSi Signal Output in 1-MB Mode
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11.3.5.4 Read and Write Signals

When the data bus is 16 bits wide, the read and write signals can be selected based on combinations
of RD, BHE, and WR, or combinations of RD, WRL, and WRH using the PMO02 bit in the PMO register.
When the data bus is 8 bits wide, use combinations of RD, WR, and BHE.

Table 11.6 lists Operation of the RD, WRL and WRH Signals. Table 11.7 lists Operation of the RD,
WR and BHE Signals.

Table 11.6  Operation of the RD, WRL and WRH Signals
Data Bus Width RD WRL WRH Status of External Data Bus
L H H Read data
16-bit H L H Write 1 byte of data to an even address
(BYTE pin input = low) H H L Write 1 byte of data to an odd address
H L L Write data to both even and odd addresses

Table 11.7  Operation of the RD, WR and BHE Signals

Data Bus RD WR BHE | A0 Status of External Data Bus

Width

H L L H | Write 1 byte of data to an odd address.

) L H L H Read 1 byte of data from an odd address.
(1I§Yt¥tE oin H L H L Write 1 byte of data to an even address.
input = low) L H H L Read 1 byte of data from an even address.

H L L L Write data to both even and odd addresses.
L H L L Read data from both even and odd addresses.
8-bit H L — (@) | HorL |Write 1 byte of data.
(BYTE pin
input = high) L H - (@) | HorL |Read 1 byte of data.
Note:

1. Do not use.

11.3.5.5 ALE Signal

The ALE signal is used to latch the address when a multiplexed bus space is accessed. Latch the
address at the falling edge of the ALE signal.

When BYTE pin input is high When BYTE pin input is low
ALE ALE
A0/DO to A7/D7 >< Address >< Data >< A0 >< Address ><
When bits PMO05 to PM04 in the PMO register are 01b or 10b (the multiplexed bus is either the CS2 or CS1 area)
A8to Al9 >< Address >< A1/DO to A8/D7 >< Address >< Data ><
A9 to A19 >< Address ><

When bits PMO05 to PMO04 in the PMO register are 11b (the entire CS area is the multiplexed bus)

A8 >< Address ><

Figure 11.3 ALE Signal, Address Bus, and Data Bus
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11.3.5.6 RDY Signal

This signal is provided for accessing external devices which need to be accessed at low speed. If
input to the RDY pin is low at the last falling edge of BCLK in the bus cycle, one wait state is inserted
in the bus cycle. While in wait state, the following signals retain the state in which they were when the
RDY signal was acknowledged:

A0 to A19, DO to D15, CS0 to CS3, RD, WRL, WRH, WR, BHE, ALE, HLDA

Then, when input to the RDY pin is detected high at the falling edge of BCLK, the remaining bus cycle
is executed. Figure 11.4 shows Examples in Which Wait State Was Inserted into Read Cycle by RDY
Signal. To use the RDY signal, set the corresponding bit (among bits CS3W to CSOW) in the CSR
register to 0 (with wait state). When not using the RDY signal, pull-up the RDY pin.

Separate bus

BCLK / \_/ A / \ /—\_

RO — — | | 4T

CSi
(i:IO to 3)_\
YT \y

> tsu(RDY - BCLK)

A
A,

Accept timing of RDY signal

Multiplexed bus

CSi
(i:0t03)_\

<
<€

tsu(RDY - BCLK)

_>V

Accept timing of RDY signal

vvvvvvvv
GRS 0.)

Wil T Wait using RDY signal

: Wait using software
tsu(RDY - BCLK) : pyration for RDY input setup

The above diagrams assume bits CSEi1W to CSEiOW (i = 0 to 3) in the CSE register are 00b (one wait).

Figure 11.4 Examples in Which Wait State Was Inserted into Read Cycle by RDY Signal

11.3.5.7 BCLK Output

When the PMO7 bit in the PMO register is set to 0 (output enabled), a clock with the same frequency
as the CPU clock is output as BCLK from the BCLK pin. Refer to 8.4 “CPU Clock and Peripheral
Function Clocks”.
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Table 11.8  Pin Functions for Each Processor Mode
Processor Mode Memory Expansion Mode or Microprocessor Mode Me_mory
Expansion Mode
01b (CS2is for multiplexed bus and | 11b (the entire
) the others are for separate bus) CS space is for
Bits PMO5 to PM04 00b (separate bus) 10b (CST is for multiplexed bus and | multiplexed bus)
the others are for separate bus) 1,2,3)
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE Pin High Low High Low High
PO_0to PO_7 DO to D7 DO to D7 DO to D7 ) DO to D7 (6 1/0 ports
P1 O0toP1 7 I/O ports D8 to D15 I/0 ports D8 to D15(6. 7) | 1/O ports
P2_0 A0 AO A0/DO (4 A0 A0/DO
Alto A7 Alto A7 Alto A7
P2 ltoPz7 ALIOAT — ALIOAT 1 )h1 oD7@®  |/DOtoDE@  |/D1to D7
P30 A8 A8 A8 A8/ID7 @) Undefined value
is output
P3_1toP3_3 A9 to All 1/0 ports
PM11=0 Al2 to Al15 1/0 ports
P3_4to P3_7
- - |PM1l1=1 1/O ports
PMO06 =0 Al6to Al19 1/0 ports
P4 OtoP4_3
- - |PM06=1 1/0O ports
CsS0=0 I/O ports
P4 4 —
- Cso=1 CSo
CS1=0 I/O ports
P4_5 —
- Csi1=1 CSH
CS2=0 I/O ports
P4_6 —
- Ccs2=1 CS2
CS3=0 I/O ports
P4_7 ===
- Cs3=1 CS3
PMO2=0 |WR
P50 =
- PMO2=1 |- | WRL - | WRL |-®
PM02 =0 BHE
P51 — —
- PMO2=1 |- | WRH - | WRH |-®
P5 2 RD
P5 3 BCLK
P5_4 HLDA
P5 5 HOLD
P5 6 ALE
P5 7 RDY

I/O port: Functions as 1/O ports or peripheral function /O pins.

PM11: Bit in the PM1 register

PMO06, PMO5 to PM04, PM02: Bits in the PMO register
CS3to CSO: Bits in the CSR register

Notes:

1. When setting bits PM05 and PMO04 to 11b (multiplexed bus assigned to the entire CS space) while bits
PMO01 and PMOO are 01b (memory expansion mode), apply a high to the BYTE pin (external data bus 8

bits wide).

whn

While the CNVSS pin is driven high (= VCC1), do not set bits PMO5 to PM04 to 11b.
When bits PMO5 to PM04 are set to 11b in memory expansion mode, P3_1 to P3_7 and P4_0 to P4_3

become 1/O ports, in which case the accessible area for each CS is 256 bytes.

Noaks

In separate bus mode, these pins serve as the addressbus.
When the data bus is 8 bits wide, set the PM02 hit to 0 (RD, BHE, WR).
When accessing an area using a multiplexed bus, these pins output an undefined value while writing.
Do not use D8 to D15 with multiplexed bus.

RO1UHO093EJ0110 Rev.1.10

Jul 31, 2012

RRENESAS

Page 163 of 839



M16C/65C Group

11. Bus

11.3.5.8 External Bus Status When Internal Area is Accessed

Table 11.9 lists the External Bus Status When an Internal Area is Accessed. Figure 11.5 shows the
Typical Bus Timings When Accessing SFRs.

Table 11.9  External Bus Status When an Internal Area is Accessed
Item SFR Accessed Internal ROM or RAM Accessed
A0 to A19 Address output Retain the last accessed address of external area or SFR
DO to Read High-impedance High-impedance
D15 Write Data output Undefined

H |RD, WR, WRL, WRH output

High-level output

BHE output

Retain the last accessed status of external area or SFRs

High-level output

High-level output

Low-level output

Low-level output

R, W

i=0to3
A : Address

(1) 1 Wait State (1¢ + 1¢)

Bus cycle = 2¢ Bus cycle = 2¢
BCLK I
Address X A X X A X
__High : : : :
S
Data ————f=—-—-— R == ————

_D H

WRH

Bus cycle = 3¢

Bus cycle = 3¢ _|
gt}

wD

RD : Read data

WD : Write data

Figure 11.5 Typical Bus Timings When Accessing SFRs
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11.3.5.9 Software Wait States

The PM17 bit in the PM1 register, which is a software-wait-related bit, affects both the internal
memory and the external area.

Software wait states can be inserted to the external area by setting the PM17 bit, setting the CSIiW bit
in the CSR register, and bits CSEi1W to CSEIOW in the CSE register for each CSi (i = 0 to 3). To use
the RDY signal, set the corresponding CSiW bit to 0 (wait state). See Table 11.10 “Bits and Bus
Cycles Related to Software Wait States (External Area)” for details.

Table 11.10 Bits and Bus Cycles Related to Software Wait States (External Area)

. s Mod Setting of Softwareé:-;\llzafi:'{;ll\?/elategvl?li(t:sll Software s vl
rea us Mode . i1W to ilto : us Cycles
PM17 CSiw CSEIOW EWCIO Wait Cycles y
0 1 00b i None 1 BCLK cycle (rea.d)
2 BCLK cycles (write)
- 0 00b - 114 +1¢) 2 BCLK cycles (4)
- 0 01b - 2 (1 +2¢) 3 BCLK cycles
Separate - 0 10b - 3 (1 + 39) 4 BCLK cycles
g bus 00b (2 + 30) 5 BCLK cycles
g ) 0 " 01b (20 + 49) 6 BCLK cycles
c 10b (39 + 44) 7 BCLK cycles
% 11b (49 + 5¢) 9 BCLK cycles
1 00® 00b - 119 +1¢) 2 BCLK cycles
- 0@ 00b - 1) 3 BCLK cycles
Multiplexed - 0@ 01b - 2 3 BCLK cycles
bus - 0@ 10b - 3 4 BCLK cycles
1 023 00b - 106 3 BCLK cycles
i=0to3

— indicates that either 0 or 1 can be set.
PM17: Bit in the PM1 register

CSiW: Bits in the CSR register (1)
CSEi1W, CSEIOW: Bits in the CSE register
EWCIi1, EWCIO: Bits in the EWC register
Notes:

1. To use the RDY signal, set the CSiW bit to 0 (wait state).

2. When accessing with a multiplexed bus, set the CSiW bit to 0 (wait state).

3. To access an external area when the PM17 bit is 1, set the CSiW bit to 0 (wait state).

4. After reset, the PM17 bit is set to 0 (no wait state), bits CSOW to CS3W are set to 0 (wait state),
and the CSE register is set to 00h (one wait state for CS0 to CS3). Therefore, all external areas
are accessed with one wait state.

5.  When setting one wait in the multiplexed bus, the bus cycle is the same as two waits.
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(1) Separate Bus, No Wait States
Bus cycle = 2¢ Bus cycle = 1¢
BCLK I I
Address X A X X A >< ><
TSl | : (Note 1)
RD
WR, WRL, WRH |
(2) Separate Bus, One Wait State (1¢ + 1¢)
Bus cycle = 2¢ Bus cycle = 2¢
BCLK I
Address X A X }< A )<
CsSi : (Note 1)
o s BT e e
RD i
WR, WRL, WRH
(3) Separate Bus, Two Wait States (1¢ + 2¢)
Bus cycle = 3¢ Bus cycle = 3¢ _|
l H . V!
BCLK [
Address X A X >< A ><
Csi (Note 1)
SN SRS D (T Y S U S
RD : '
WR, WRL, WRH
i=0to3
A: Address RD: Read data (input) WD: Write data (output)
Note:
1. When consecutively accessing the same chip-select area, CSi continues outputting a low level.

Figure 11.6 Typical Bus Timings Using Software Wait States (1/4)
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e
BCLKlL[L[L!L[LlLl

Address

Address/Data
ALE

CSi

RD

(

I

I

}

—
Y

N

R, WRL, WRH |

i (Note 1)

(3) Multiplexed Bus, Three Wait States (1¢ + 3¢)

BCLK

Address

Address/Data

ALE

Csi

RD

Bus cycle = 4¢

Bus cycle 46

LIL

M16C/65C Group 11. Bus
(1) Separate Bus, Three Wait States (1¢ + 3¢)
Bus cycle = 4¢ Bus cycle = 4¢
< - > < _ _ >
L L L L |
Address >< A >< >< A x:
CSi (Note 1)
Data - —< WD > —————————————————— -
RD i i i i |
WR, WAL, WRH :
(2) Multiplexed Bus, One or Two Wait States (1¢ + 2¢)
Bus cycle = 3¢ Bus cycle = 3¢

l
(
s

WD

j

i (Note 1)

R, WRL, WRH |

i=0to 3

A: Address

Note:

1. When consecutively accessing the same chip-select area, CSi continues outputting a low level.

RD: Read data (input) WD: Write data (output)

Figure 11.7 Typical Bus Timings Using Software Wait States (2/4)
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(1) Bus cycle 2¢ + 3¢
1 bus cycle = 5¢

Al |4

BCLKllllll

Address X A

=]

Readdata : : @ @ @ @ © @ !

XX

RD

Write data X WD

X
l_(Note 1)

(2) Bus cycle 2¢ + 4¢
1 bus cycle = 6¢ N

<
< 4
BCLK l l l l I l l l

Address X A

ol I
Read data

RD

Write data WD

R, WRL, WRH

Ul sL

i=0to 3
A: Address RD: Read data (input) WD: Write data (output)
Note:

1. When consecutively accessing the same chip-select area, CSi continues
outputting a low level.

Figure 11.8 Typical Bus Timings Using Software Wait States (3/4)
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(3) Bus cycle 3¢ + 4¢
1 bus cycle=7¢ R

&
N |4

BCLK [ [ I l I l l [ [ [ [ I
Address X A X
csi —|

Read data
- I
Write data X T .Wb | X
WR, WRL, WRH —

(4) Bus cycle 4¢ + 5¢
1 bus cycle = 9¢

v

&
N

BCLK

Address

PNote 1)
Read data >@<
Write data >< WD X
WR, WRL, WRH :
i=0to 3
A: Address RD: Read data (input) WD: Write data (output)
Note:

1. When consecutively accessing the same chip-select area, CSi continues outputting a low level.

Figure 11.9 Typical Bus Timings Using Software Wait States (4/4)
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_Recovery cycle

BCLK l l l l l l l
Address X A X < Address is held

S R RN

Write data X WD X <« Data is held
WR, WRL, WRH Do
i=0to 3

A: Address RD: Read data (input) ~ WD: Write data (output)

Note:
1. When consecutively accessing the same chip-select area, CSi continues outputting a low level.

The above diagram assumes the following:
- Bits EWR1 to EWRO in the EWR register are 01b (1 recovery cycle inserted).
- The CSIiW bit in the CSR register is 0 (wait state).
- Bits CSEi1W to CSEIOW in the CSE register are 11b (select a bus cycle pattern by the EWC register).
- Bits EWCi1 to EWCIO0 in the EWC register are 00b (2¢ + 3¢).

Figure 11.10 Recovery Cycle
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11.4 Notes on Bus

11.4.1 Reading Data Flash

When 2.7 V < VCC1 < 3.0 V and f(BCLK) > 16 MHz, or when 3.0 V < VCC1 < 5.5V and f(BCLK) > 20
MHz, one wait must be inserted to read the data flash. Use the PM17 bit or the FMR17 bit to insert one
wait.

11.4.2 External Bus

When a hardware reset, power-on reset, or voltage monitor O reset is performed with a high-level input
on the CNVSS pin, the internal ROM cannot be read.

11.4.3 External Access Immediately after Writing to the SFRs

When accessing an external device after writing to the SFRs, the write signal and CSi signal switch
simultaneously. Thus, adjust the capacity of each signal so as not to delay the write signal.

11.4.4 Wait and RDY
Do not use the RDY function when bits CSEi1W to CSEiOW in the CSE register are 11b.

11.45 HOLD
HOLD input is unavailable. Connect the HOLD pin to VCC2 via a resistor (pull-up).
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12. Memory Space Expansion Function

12.1 Introduction

The following describes the memory space expansion function. In memory expansion or microprocessor
mode, the memory space expansion function allows the access space to be expanded. Table 12.1 lists
Memory Space Expansion Function Specifications. In this chapter, the external area accessed by the CSi
(i = 0 to 3) signal is referred to as the CSi area.

Table 12.1  Memory Space Expansion Function Specifications

Item Specification

* Memory space 1 MB (no expansion)

» Specify the external area (CSi area) accessed by the CSi signal.

* Memory space 4 MB

* Select bank numbers to access to data.

¢ Allows the accessed address to be offset by 40000h

* The CSi pin function differs depending on the area to be accessed.

1-MB mode

4-MB mode

i=0to 3

12.2 Registers

Table 12.2 lists registers related to the memory expansion function. Refer to 10. “Processor Mode” for the
PM1 register.

Table 12.2  Registers

Address Register Symbol Reset Value
0005h Processor Mode Register 1 PM1 0000 1000b
000Bh |Data Bank Register DBR 00h
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12.2.1 Data Bank Register (DBR)

Data Bank Register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address Reset Value

P DBR 000Bh ooh

P

P

P Bit Symbol Bit Name Function RW
P

] ]

L

- (bﬂ)O) No register bits. If necessary, set to 0. The read value is 0. —

. 0 : No offset
LEEEEEE OFS Offset bit 1 Offset RW
bemmm———— BSRO RW
b5 b4 b3 b5 b4 b3

0 0 0 :BankO 1 0 0 :Bank4

; 0 0 1:Bankl 1 0 1:Bank5
"""""" BSR1 |Bank select bit 010:Bank2 1 1 0 :Bank6 RW

0 1 1:Bank3 1 1 1:Bank7
------------- BSR2 RW

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

The DBR register is enabled when bits PM0O1 to PMOO in the PMO register are 01b (memory expansion
mode) or 11b (microprocessor mode).

This register becomes write enabled when bits PM15 to PM14 in the PM1 register are 11b (4-MB
mode).
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12.3 Operations

12.3.1 1-MB Mode
In 1-MB mode, the memory space is 1 MB. The external area to be accessed is specified using the CSi

signals.
Memory expansion mode Microprocessor mode
00000 SFR SFR
oo4ooh [ |7
Internal RAM () Internal RAM
XXXXXh
04000h |
08000h
0D000h
0D800h
OEO000h
Reserved, external area ¥
10000h Program ROM 2 ©) Reserved, external area ®
14000h
24010103 I e el e — el
28000h
30000h
DO0000h
Reserved area
YYYYYh
Program ROM 1 @
FFFFFh Rl Y
Notes:

1. When the PM13 bit in the PM1 register is 0, 15 KB of the internal RAM and 192 KB of the internal ROM can
be used. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM 1
Capacity Address XXXXXh Capacity Address YYYYYh
12 KB 033FFh 128 KB E0000h
20 KB 03FFFh 256 KB D0000h
31 KB 03FFFh 384 KB D0000h
47 KB 03FFFh 512 KB D0000h

2. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as internal
ROM (data flash).

3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as internal ROM (program ROM 2).

4. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as a
reserved area.

5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as a reserved area.

Figure 12.1 Memory Mapping and CS Areas in 1-MB Mode (PM13 = 0)
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Memory expansion mode Microprocessor mode
00000h SFR SFR
oo4o0h [ |T 7777
Internal RAM @ Internal RAM @

XXXXXh O

08000h [~ 'Reservedarea | | Reserved area

oboooh ———mMmMmMmMmM8M8Mm —————

0D800h SFR SPR | __.

EO000h
0E000 Data flash @ Reserved, external area ¥
10000h ™5y 55ram ROM 2 @ Reserved, external area ©) CS2

14000h

27o00n

28000h
30000h

80000h
Reserved area

YYYYYh
Program ROM 1 ®

FFFFFh

Notes:
1. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM 1
Capacity Address XXXXXh Capacity Address YYYYYh
12 KB 033FFh 128 KB E0000h
20 KB 053FFh 256 KB C0000h
31 KB 07FFFh 384 KB A0000h
47 KB OBFFFh 512 KB 80000h

2. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as internal
ROM (data flash).

3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as internal ROM (program ROM 2).

4, When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as a
reserved area.

5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as a reserved area.

Figure 12.2 Memory Mapping and CS Areas in 1-MB Mode (PM13 = 1)
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12.3.2 4-MB Mode

In 4-MB mode, the memory space is 4 MB. Bits BSR2 to BSRO in the DBR register select the bank
number to be accessed to read or write data. Setting the OFS bit to 1 (offset) allows the accessed
address to be offset by 40000h.

In 4-MB mode, the CSi pin function differs depending on the area to be accessed.

12.3.2.1 Addresses 04000h to 3FFFFh, CO000h to FFFFFh

« The CSi signal is output from the CSi pin (same operation as 1-MB mode, except the last address
of the CS1 area is up to 3FFFFh).

12.3.2.2 Addresses 40000h to BFFFFh

* The CSO0 pin outputs a low-level signal.
* Pins CS3 to CS1 output the setting values of bits BSR2 to BSR0 (bank number).

Figure 12.3 and Figure 12.4 show the memory mapping and CS areas in 4-MB mode.
Note that banks 0 to 6 are data-only areas. Place programs in bank 7 or the CSi area.
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Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [ |77~
Internal RAM @ Internal RAM @
XXXXXh
R d

04000h

08000h
0DO000h
0D800h
OE000Nh
10000h
14000h

Data flash
Program ROM 2 @)

27000h
.

28000h
40000h

C0000h

DO00OK Reserved area

YYYYYh
Program ROM 1 ®
FFFFFh _—

Notes:
1. When the PM13 bit in the PM1 register is 0, 15 KB of the internal RAM and 192 KB of the internal ROM can
be used. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM 1
Capacity Address XXXXXh Capacity Address YYYYYh
12 KB 033FFh 128 KB E0000h
20 KB 03FFFh 256 KB D0000h
31 KB 03FFFh 384 KB D0000h
47 KB 03FFFh 512 KB D0000h

2. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as internal
ROM (data flash).

3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as internal ROM (program ROM 2).

4. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as a
reserved area.

5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as a reserved area.

6. The CSO0 pin outputs a low signal, and pins CS3 to CS1 output a bank number.

Figure 12.3 Memory Mapping and CS Areas in 4-MB Mode (PM13 = 0)
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Memory expansion mode Microprocessor mode
00000h SFR SER
oo4o0h [ |7~
Internal RAM @ Internal RAM @
XXXXXh |\
08000h Reserved area Reserved area
oboooh ———— 1 —————
SFR SFR
0D800h [ — — — — — pr———__—_t— e —
OEO000h
Data flash eserved, external area
10000h Program ROM 2 ® Reserved, external area (®) S2
14000h
27000h
28000h
40000h
80000h
C0000h [[~= " ~— "~~~
Reserved area
YYYYYh
Program ROM 1 @
FFFFFh
Notes:
1. See the table below for addresses XXXXXh and YYYYYh.
Internal RAM Program ROM 1
Capacity Address XXXXXh Capacity Address YYYYYh
12 KB 033FFh 128 KB E0000h
20 KB 053FFh 256 KB C0000h
31 KB 07FFFh 384 KB A0000h
47 KB OBFFFh 512 KB 80000h

2. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as internal
ROM (data flash).

3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as internal ROM (program ROM 2).

4. When the PM10 bit is 0, this area is used as an external area; when the bit is 1, this area is used as a
reserved area.

5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area; when the bit is 0,
this area is used as a reserved area.

6. The CSO0 pin outputs a low signal, and pins CS3 to CS1 output a bank number.

Figure 12.4 Memory Mapping and CS Areas in 4-MB Mode (PM13 = 1)
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In the example below, the CS pin of a 4-MB ROM is connected to the MCU’s CSO0 pin. The 4-MB ROM
address input pins AD21, AD20, and AD19 are connected to the MCU’s CS3, CS2, and CS1 pins,
respectively. The address input AD18 pin is connected to the MCU’s A19 pin. Figure 12.6 to Figure 12.8
show the relationship of addresses between the 4-MB ROM and the MCU in the connection example of
Figure 12.5.

In microprocessor mode or memory expansion mode, where the PM13 bit in the PM1 register is 0,
banks are located every 512 KB. Setting the OFS bit in the DBR register to 1 (offset) allows the
accessed address to be offset by 40000h, allowing even data overlapping at a bank boundary to be
accessed in succession.

In memory expansion mode, where the PM13 bit is 1, each 512-KB bank can be accessed in 256 KB
units by switching them with the OFS bit.

Because the SRAM can be accessed when the chip select signals S2 is high and S1 is low, CS0 and
CS2 can be connected to S2 and ST, respectively. If SRAM does not have the input pins that accept
high active and low active chip select signals (S1, S2), CS0 and CS2 should be decoded externally to

the chip.
8
DO to D7 DQO to DQ7
A0 to A16 1l ADO to AD16
AL7 ADI7 o
A19 AD18 O
@
8 Cs1 AD19 g
= cCs2 AD20 <
Cs3 AD21
RD OE
CSO0 [
WR DQO to
WR DQ7 =
<
ADOto (X
AD1ie O
_ i}
OE X
s2 ®
ﬁ(l) —
w
Note: o
1. If only one chip select pin (S1 or S2) is present, use an external circuit for decoding.

Figure 12.5 External Memory Connection Example in 4-MB Mode
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Memory expansion mode where the PM13 bit is 0
ROM address MCU address -
OFSbitinDBR OFS bitin DBR | Bank Access [t fiom the WG Plns
register = 0 register = 1 Number | OFS | Area mcsgpmﬁ TR Aqdrisliomizé Eeo
A "000000h 40000h ) o 400000 | 0 | o] o]0 o | o | oooon 000000h
bank 0 o BFFFFh [ o 0 0 1 1 | FFFFh 07FFFFh
040000h (512 KB) \ 40000h , [40000n [ o[ oo o | o | oooon 040000h
BFFFFh _bank 0 BFFFFh [ o 0 1 0 1 1 FFFFh OBFFFFh
080000h 40000h (512 KB) o |-40000h 0 0 1 0 0 0 | 0000h 080000h
bank 1 | ___BFFFFh__ 1 BFFFFh | © 0 1 1 1 1 | FFFFh OFFFFFh
0C0000h ['(512 KB) 40000h 1 40000h 0 0 1 1 0 0 | 0000h 0C0000h
BFFFFh < bank 1 BFFFFh [ o 1] o0 0 1 1 | FFFFh 13FFFFh
100000h 40000h (512 KB) 0 40000h 0 1 0 0 0 0 0000h 100000h
bank 2 { _____ BFFFFh__ ) BFFFFh | o 1] o0 1 1 1 | FFFFh 17FFFFh
140000h (512 KB) 40000h 1 40000h 0 1 0 1 0 0 0000h 140000h
BEFFEh _bank 2 BFFFFh [ o | 1 | 1 | o 1 | 1 | FFFFh 1BFFFFh
180000h \ 40000h (512 KB) o 40000h 0 1 1 0 0 0 0000h 180000h
Data onl bank 3 %__ BFFFFh 3 BFFFFh [ o | 1 | 1 | 1 1 | 1 | FFFFh 1FFFFFh
1C0000h (512 KB) 40000h 1 40000h 0 1 1 1 0 0 0000h 1C0000h
BFFFFh bank 3 BFFFFh [ 1 | 0 | 0 | © 1 | 1 | FFFFh 23FFFFh
200000h \ 40000h (512 KB) 0 40000h 1 0 0 0 0 0 0000h 200000h
banka e BEEFEh _ 4 BFFFFh | 1 0 0 1 1 1 | FFFFh 27FFFFh
240000h } (512 KB) 40000h L | 400000 | 1 | 0| o] o | o | oooon 240000h
BFFFFh bank 4 BFFFFh [ 1 | o | 1 | © 1 | 1 | FFFFh 2BFFFFh
280000h 40000h (512 KB) 0 400000 | 1 | o | 1| 0 0 | o | ooooh 280000h
\ bank 5 } BFFFFh 5 BFFFFh [ 1 | o 1 1 1 1 | FFFFh 2FFFFFh
2C0000h (512 KB) 40000h 1 40000h 1 0 1 1 0 0 | 0000h 2C0000h
} BFFFFh \ bank 5 BFFFFh [ 1 1] 0 0 1 1 | FFFFh 33FFFFh
300000h 40000h (512 KB) 0 40000h 1 1 0 0 0 0 | 0000h 300000h
\ bank 6 ) BFFFFh 6 BFFFFh | 1 1 0 1 1 1 | FFFFh 37FFFFh
340000h } (512 KB) \ 40000h 1 40000h 1 1 0 1 0 0 0000h 340000h
_____ \ BEFFFh bank 6 BFFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program 4% 3800000 \ 40000h ) (512 KB) 400000 [ 1| 1| 1] o o | o | ooooh 380000h
or data y bank 7 /o ___BFFFFh__ 7FFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program A 3C0000h (512 KB) 80000h 0 0 0000h 3C0000h
or data W _3pFEEER _BFFFFh . 0 BFFFFh | 1 | 1 | 1 | 1 1| 1 | FFFFh 3FFFFFh
C0000h 1 1 1 1 0 0 0000h 3C0000h
CFFFFh | 1 1 1 1 0 0 | FFFFh 3CFFFFh
D0000h Internal ROM access
DFFFFh Internal ROM access
D0000h Internal ROM access|
DFFFFh Internal ROM access
A21 | A20 | A19 | A18 A17 | A16 |Al5t0 AD 4-MB ROM
Address input for 4-MB ROM access area

Figure 12.6 Relationship between Addresses in 4-MB ROM and Those in MCU (1/3)
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Memory expansion mode where the PM13 bit is 1
ROM address MCU address Output from the MCU Pins
OFSbitinDBR  OFS bitin DBR ek | opg | Ascess TS output Address Output
_ register = 0 register = 1 CTS3 | TS2 | TSI | A19 [IA18:| A17 | A6 |A15to AO)
A 000000h bank o 40000h 0 40000h [ o | o | o | o 0 | o | 0000h 000000h
||/ @588 o 7TFFFFh [ o | 0 | o | o 1| 1 | FFFFR 03FFFFh
040000h bank o 40000h L | 40000h | o [ oo |1 o | o | oooon 040000h
I (256 KB) 7EFFENh 7FFFFh | o 0 0 1 1 1 | FFFFh 07FFFFh
080000h jbank 1 40000h 0 40000h | o | o | 1 | o o | o | oooon 080000h
(256 KB) 7FFFFh | o 0 1 0 1 1 | FFFFh
L U 7FFFFh 1 OBFFFFh
0C0000h bank 1 40000h 1 40000h [ o | o 1 1 0 0 | 0000h 0C0000h
I (256 KB) JEEEFh 7FFFFh | o 0 1 1 1 1 | FFFFh OFFFFFh
100000h )bank 2 40000h o L40000n [ o [3 [0 [o o | o | oooon | 100000h
(256 KB)
7EEFEh 7FFFFh | o 1] 0 0 1 1 | FFFFh 13FFFFh
—fmmmnnn 2
140000h pbank 2 40000h 1 40000h 0 1 0 1 0 0 | 0000h 140000h
L (@56K8) 7FFFFh [ o [ 1 | o | 1 1 | 1 | FrEFh | 17FFFFh
180000h bank 3 40000h 0 40000h [ o | 1 | 1 | o 0 | o | 0000h 180000h
Data only ||/ e . TFFFFh | 0 | 1 | 1 | o 1 | 1 | eeeen | 1BFFFFR
1C0000h bank 3 40000h 1 400000 [ o | 2 | 1 | 1 o | o | ooooh 1C0000h
. @56KB) 7FFFFh [ o | 1 | 1 [ 1 1 | 1 | Feeen | 1FFFFFR
200000h bank 4 40000h o 40000h 1 0 0 0 0 0 | 0000h 200000h
| _(356 KE) 7EFFFh 4 7FFFFh | 1 0 0 0 1 1 | FFFFh 23FFFFh
240000h bank 4 40000h 40000h [ 1 | o | o | 1 0o | o | oo0oh 240000h
I N (256 KB) 7FFFFh ! 7FFFFh 1 0 0 1 1 1 FFFFh 27FFFFh
280000h bank 5 40000h o |40000h | 1 | o | 1o o | o | oooon 280000h
|| _(35_6 KE) 7EFFFh 5 7FFFFh | 1 0 1 0 1 1 | FFFFh 2BFFFFh
2C0000h bank 5 40000h 1 40000h | 1 | o | 1 | 1 o | o | ooooh 2C0000h
Ll @56KB) TFFFFh | 1 | o | 1 | 1 1 | 1 | Feeen | 2FFFFFR
300000n )bank 6 40000N o l40000n [+ | 30| o | o | oooon | 300000n
(256 KB)
7EEFED. 7FFFFh | 1 1 0 0 1 1 | FFFFh 33FFFFh
- 6
340000h ) bank 6 40000h L Laoooon | 1 | a [0 [ o | o | oooon [  340000h
(@56KB) o 7rFFFh [ 1 [ 1 | o | 2 1 | 1 | Freen | 37FFFFh
Program | 380000h bank 7 40000h 40000h | 1 | 1| 1] o o | o | ooooh 380000h
or data (256 KB) 7EFFFh - 0 7FFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
A 3C0000h pank 7 40000h 80000h Internal ROM access|
Data only (256 KB)
_____ Y _3FFFFFh ZEEEFh FFFFFh Internal ROM access|
40000h 1 1 1 1 0 0 | 0oooh 3C0000h
7 1 | 7FFFFh | 1 1 1 1 1 1 | FFFFh 3FFFFFh
80000h Internal ROM access
FFFFFh Internal ROM access|
A2t | A20 | A19 | A18 [INE: A16 |A15to AO 4-MB ROM
Address input for 4-MB ROM access area

Figure 12.7 Relationship between Addresses in 4-MB ROM and Those in MCU (2/3)
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Microprocessor mode
ROM address MCU address Output from the MCU Pins
OFSbitin DBR  OFS bit in DBR oark | opg | Access __CSouput__ __Address Output
register = 0 register = 1 Ts3| ©52 | C51 | Al9 A17 | A16 |A15t0 AO
~TTTTTTA 000000k 40000h 40000h | o | 0o | o | o o | o | oooon 000000h
bank0 0 0 BFFFFh | o 0 0 1 1 1 FFFFh 07FFFFh
040000h (512 KB) 40000h 40000h | o | o | o | 1 o | o | ooooh 040000h
BFFFFh \ bank 0 ! BFFFFh [ o 0 1 0 1 1 | FFFFh O0BFFFFh
080000h 40000h (612KB) 40000h | o | o | 1| o o | o | oooon | o080000K
bank 1 . ______BI_ZEEEE_ 1 0 BFFFFh [ o 0 1 1 1 1 | FFFFh OFFFFFh
0C0000h (512 KB) 40000h 400000 | o | o | 1 | 1 o | o | ooooh 0C0000h
BFFFFh bank 1 ) ! BFFFFh [ o 1 0 0 1 1 | FFFFh 13FFFFh
100000h 40000h (512 KB) 40000h | o | 1 | o | o 0 | o | ooooh 100000h
\ bank 2 __________BI_ZEEEE_ ) 0 BFFFFh [ o 1 0 1 1 1 FFFFh 17FFFFh
140000h (512 KB) 40000h 40000h | o 1 0 1 0 0 | 0000h 140000h
BFFFFh bank 2 ! BFFFFh | o 1 1 0 1 1 | FFFFh 1BFFFFh
180000h 40000h (512 KB) 400000 | o | 1 | 1 | o 0 | o | ooooh 180000h
Data only \ bank 3 ——d____BFFFFh_ 3 0 BFFFFh [ o 1 1 1 1 1 | FFFFh 1FFFFFh
1C0000h (512 KB) 40000h 40000h 0 1 1 1 0 0 0000h 1C0000h
BFFFFh \ bank 3 } ! BFFFFh | 1 0 0 0 1 1 | FFFFh 23FFFFh
200000h \ 40000h } (512KB) o [400000 | 1 | 0|00 o | o | ooooh 200000h
bank 4 ___J ____BFFFFh_ 4 BFFFFh [ 1 0 0 1 1 1 | FFFFh 27FFFFh
240000h (512 KB) 40000h 40000h 1 0 0 1 0 0 0000h 240000h
j BFFFFh \bank 4 ) ! BFFFFh [ 1 0 1 0 1 1 | FFFFh 2BFFFFh
280000h 40000h (512KB) 40000h | 1 | o | 1 | o o | o | ooooh 280000h
\ bank 5 o/ ___BFFFFh_ 5 0 BFFFFh | 1 0 1 1 1 1 | FFFFh 2FFFFFh
2C0000h (512 KB) 40000h 40000h | 1 | o | 1 | 1 0 | o | 0000h 2C0000h
} BFFFFh bank 5 ) ! BFFFFh [ 1 1 0 0 1 1 | FFFFh 33FFFFh
300000h \ 40000h (512 KB) 0 40000h | 1 | 1 | o | o 0 | o | ooooh 300000h
bank 6 . _BFFFFh_ 6 BFFFFh | 1 1 0 1 1 1 FFFFh 37FFFFh
340000h (512 KB) 40000h 40000h 1 1 0 1 0 0 | 0000h 340000h
} BFFFEh _____|bank 6 . ! BFFFFh [ 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program 380000h bank 7 40000h (512 KB) 400000 | 1 | 1 | 1| o o | o | ooooh 380000h
or data (512K 7FFFFh BFFFFh 7FFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program A 3C0000h ) C0000h ; 0 80000h | 1 | 1 | 1 | 1 o | o | ooooh 3C0000h
ordata W 3rerreh FFFFFh BFFFFh | 1 | 1 | 1 | 1 1 | 1 | FFFFh 3FFFFFh
C0000h | 1 1 1 1 0 0 | 0000h 3C0000h
FFFFFh | 1 1 1 1|k 1 1 | FFFFh 3FFFFFh
A21 | A20 | A19 | A18 |: A17 | A16 |A151t0 A 4-MB ROM
Address input for 4-MB ROM access area

Figure 12.8 Relationship between Addresses in 4-MB ROM and Those in MCU (3/3)
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13. Programmable I/O Ports

Note

For the 100-pin package, do not access the addresses of registers P11 to P14, PD11 to PD14, or
PURS.

13.1 Introduction

Table 13.1 lists Programmable 1/0O Ports Specifications (hereafter referred to as 1/0 ports).

Each pin functions as an I/O port, a peripheral function input/output, or a bus control pin.

To set peripheral functions, refer to the description for the individual function. To use ports as peripheral
function input/output pins, refer to 13.4 “Peripheral Function I/O”.

To use ports as bus control pins, refer to 11.3.5 “External Bus Control”.

Table 13.1  Programmable I/O Ports Specifications

item Specification
128-pin package 100-pin package

Total 114 88
Number of CMOS output 111 85
ports N-channel open drain 3 3

output

VCC2 level PO to P5, P12, P13 (1) PO to P5
Input/output

VCC1 level P6 to P11, P14 (1) P6 to P10
Input/output level Select input or output for each individual port by a program.
Select function Select a pull-up resistor in 4-bit units.
Note:

1. P11 to P14 can be used when the PU37 bit in the PUR3 register is 1 (P11 to P14 enabled).

Table 13.2 1/0 Pins

Pin Name I/0 Function
PO_OtoPO_7,P1 OtoP1 7,
P2 OtoP2_7,P3 0toP3 7, e Input/output port
P4 O0toP4 7,P5 0toP5 7, CMOS output, pull-up resistor selectable
P6 0toP6 7

Input/output port
P7 OtoP7_7 I/O |P7_0to P7_1: N-channel open drain output, no pull-up resistor
P7_2to P7_7: CMOS output, pull-up resistor selectable

Input/output port
P8 0to P8 4, P8 6, P8_7: CMOS output,

pull-up resistor selectable
P8_5: N-channel open drain output, no pull-up resistor

P8 _0to P8 7 110

P9 Oto P9 7, P10 0Oto P10_7,
P11 OtoP1l_7,P12 OtoP12_7,| 1/O
P13 0to P13 7,P14 Oto P14 1

Input/output port
CMOS output, pull-up resistor selectable
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13.2 1/O Ports and Pins

Figure 13.1 to Figure 13.11 and Table 13.3 to Table 13.11 show the 1/O port configuration, and Figure
13.12 shows the 1/O pin configuration.

Pull-up selection —L

Direction

register : -
'_
»

< ) 7
1
)—l *
Data bus —0—@ *——o q: O
1
x
i I (Note 1)
. J — ,
777
< L J
[ ettt ==
(A): Input to respective ® i
! peripheral functions i
R, S _
e bbbt bbbttt -
(B) i Analog input o\o ® i
L cccccccccccccccmccccmccmc————————— -J

] 1
1 Input to respective fis i

(C) 1 peripheral functions O PCR register H
[} ]
] 1
[]

Note:

1. ---l4- - -symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.

Figure 13.1 1/O Ports (Basic)

Table 13.3  1/O Ports (Basic)

Peripheral Function 1/O

Port Peripheral function Analog input (B) in Peripheral function
input (A) in Figure 13.1 Figure 13.1 input (A) in Figure 13.1

P3 0toP3 7,P4 OtoP4 3,P5 Oto
P5_4,P5_6, P11 _0to P11 _7, P12 Oto N/A N/A N/A
P12_7,P13 Oto P13_7,P14 0, P14 1
PO_Oto PO_7, P2_0to P2_3, P2_6,

P2 7. P10 0to P10_3 N/A Available N/A

P5 5 Available (HOLD) N/A N/A

P8 2toP8 4,P9 1,P9 7 Available N/A N/A

P2 4,P2 5,P10 4to P10 7 N/A Available Available
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Pull-up selection
Enables peripheral function output

Output from peripheral functions —

Direction ®
register {>Ck : - i

1
Data bus H_F‘T ’ +
i (Note 1)
77
|_
Do) M
¢ ) 777
< ®
tetsewuiatuaisgnguiniuiuininiaieieeiiinieteieieieeaag”: infaininininil M
! Input to respective 1
Q) iperipheral functions \@ ’ i
ittt ittt ittt it ittt il
() E Analog input O\O E

| e e e c e c e e e rcr e e e e e —————— -] )

Note:
1. ---l4- - - symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.
Figure 13.2 1/0 Ports (Basic + Output from Peripheral Functions)
Table 13.4  1/0O Ports (Basic + Output from Peripheral Functions)
Peripheral Function 1/0
Port Peripheral function input Analog input (B)
(A) in Figure 13.2 in Figure 13.2
P9 6 N/A Available
P4_4,P6_0,P6_4,P7_3toP7_5,P8 1, P9 0, Available N/A
P9 2
P5 7 Available (RDY) N/A
P9 5 Available Available
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M16C/65C Group

13. Programmable 1/O Ports

Pull-up selection—L
Direction !
register = —&—
| F— F—
~ | —r—— pE LB
1
PCRO bit in the !
PCR register
*
Data bus —Q—@ ® ® *——+o ® —(
1
1
4
I (Note 1)
'_
|<_
, ]
777
< ®
! inputto respective o
) i peripheral functions \{1 ® i
T TTTTTT T Tttt 1
(B) i Analog input z;\\*l i
e 1
Note:
1. - - -l4- - - symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.
Figure 13.3 1/O Ports (Port P1)
Table 13.5  1/O Ports (Port P1)
Peripheral Function 1/0O
Port Peripheral function input Analog input (B)
(A) in Figure 13.3 in Figure 13.3
P14 N/A N/A
P1 5toP1 7 Available N/A
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M16C/65C Group 13. Programmable 1/O Ports

Pull-up selection
Enables peripheral function output
Output from peripheral functions ——

Direction
register ¢ : _@_ _e_
L ]
PCRO bit in the

1
1

)

PCR register 1 :

i

Data bus Port latch ® y y
1
1
1

’

. -
! Input to respective i
|

) ! peripheral functions ¢!

]

i i
(B) i Analog input O\O i

Note:

1. ---M- - -symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCCI1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.

Figure 13.4 1/0 Ports (Port P1 + Output from Peripheral Functions)

Table 13.6  1/O Ports (Port P1 + Output from Peripheral Functions)

Peripheral Function 1/O

Port Peripheral function input Analog input (B)
(A) in Figure 13.4 in Figure 13.4
P1O Available N/A
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M16C/65C Group 13. Programmable 1/O Ports

Pull-up selection
Enables peripheral function output

Output from peripheral functions ——

Direction ®

register : - -
@

PCRO bit in the

1
i

x

PCR register 1 :

i

Data bus Port latch * 7
1
1
1

(Note 1)
|_
{>o-f>°7 <
Py 777
CMOS output/
N-channel open drain output
selection
< ®
! inputto respective ] N
) i peripheral functions \{1 * i
T Tttt 1
(B) E Analog input 0\0 i
g fl
Note:
1. - - -~ --symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.
Figure 13.5 1/O Ports (Port P1, CMOS Output/N-channel Open Drain Output Selection)
Table 13.7  1/0O Ports (Port P1, CMOS Output/N-channel Open Drain Output Selection)
Peripheral Function 1/O
Port Peripheral function input Analog input (B)
(A) in Figure 13.5 in Figure 13.5
P1 1toP1 3 Available N/A
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M16C/65C Group 13. Programmable 1/O Ports

Pull-up selection
Enables peripheral function output
Qutput from peripheral functions —

Direction
[ | register * > O 3 o -

?
vl
vl

1
i
1

T

CMOS output/
N-channel open drain output
selection

(Note 1)

NEELYI

! Inputto respecive A N
(A) ! : ;
! peripheral functions I_E

: i
(B) E Analog input 0\0 E

Note:

1. - - -~ - -symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCCL1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.

Figure 13.6 1/O Ports (CMOS Output/N-channel Open Drain Output Selection)

Table 13.8  1/0O Ports (CMOS Output/N-channel Open Drain Output Selection)

Peripheral Function 1/0
Port Peripheral function input Analog input (B)
(A) in Figure 13.6 in Figure 13.6

Available N/A
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M16C/65C Group 13. Programmable 1/O Ports

Pull-up selection
Enables peripheral function output ———
Output from peripheral functions —
Direction
| register [ ® o | o
— —
| N o+—H e LB
| _!\l\_‘ -
1
1
® 1
¥
PWM oo o ()
output—9 i
i (Note 1)
|_
ool
* CMOS output/ 777
N-channel open drain output
selection
< ®
! inputto respective ] N
) i peripheral functions \{1 ® i
o TTTTTTTTTTTTe T Tttt =1
(B) E Analog input O\O i
L e e e e e Il
Note:
1. - - -4~ - -symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCCL for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.
Figure 13.7 1/O Ports (CMOS Output/N-channel Open Drain Output Selection, PWM)
Table 13.9  1/O Ports (CMOS Output/N-channel Open Drain Output Selection, PWM)
Peripheral Function 1/0
Port Peripheral function input Analog input (B)
(A) in Figure 13.7 in Figure 13.7
P4 6,P4 7 Available N/A
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Enables peripheral function output

Output from peripheral functions =]

Direction
register

<1 >

) (Note 1)
¢ j 7IT

! Input to respective -:
A) i peripheral functions \{} ®!
1

___’|.__

i i
(B) E Analog input O\O i
1

Note:

1. ---M- - -symbolizes a parasitic diode.

Figure 13.8 1/0O Ports (N-channel Open Drain Output)

Table 13.10 1/O Ports (N-channel Open Drain Output)

Peripheral Function 1/O
Port Peripheral function input Analog input (B)
(A) in Figure 13.8 in Figure 13.8
P7 0,P7_1 Available N/A
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Enables peripheral function output

Output from peripheral functions
P8 5 P perip

PM24 bit in the PM2

register (NMI enabled)
1 Direction

register

| +——H
‘ | N
b

1
1
1
Data bus —0—@ T(Note 2)
)/ g 77I7'
[
e |
SD input CEC input
NMI interrupt input q ¥ ‘i
] PM24 bit (NMI enabled)
Note:
1. - - -l4- - - symbolizes a parasitic diode.
Figure 13.9 1/O Ports (NMI)
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Pull-up selection
CMO04 bit in the CMO register —@
P8_7 Direction ’b
register

- &

< DT e
Y
| ¥
L = ! (Note 1)

' ] 7T

777

/éV CMO04 bit

Pull-up selection
CMO4 bit in the CMO register —@
P8_6 o

Direction
register

CMO04 bit
@ o \MXCIN-XCOUT)

O

777
A@fc

Data bus —4¢ Port latch

.—Qf

p—{_Portiach_]

I
<]

|
v
A
—

Note:

1. - - -l4- - - symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.

Figure 13.10 1/O Ports (XC)
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M16C/65C Group 13. Programmable 1/O Ports

Pull-up selection

Bits DAOE and DALE in the DACON
register (D/A output enabled)

Direction
register

Data bus Port latch D—0O

A :r Input to respective
(A) I peripheral functions

r
1
1
1
1
1
1
1
[}
1
1
[}
1
[}
1
1
1
1
[}
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
[}
I
1
1
1
[}
1
1
1
1
1
1
1
1
1
T @—
| PR,

C
>
5
=8
[9)
Q
5
°
c
=
y
L

Analog output o\c

Bits DAOE and DA1E (D/A output enabled)

Note:

1. - - -~ - -symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12, and P13.

Figure 13.11 1/O Ports (D/A)

Table 13.11 1/O Ports (D/A)

Peripheral Function 1/O
Port Peripheral function input Analog input (B)
(A) in Figure 13.11 in Figure 13.11
P9 3,P9 4 Available N/A
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1
%
BYTE i
BYTE signal input <zﬂ * O
7 Y
7_}:7_ (Note 1)
-
Internal signal _1 i
CNVSS )—l T
CNVSS signal input @ . ¢ O
[y
i (Note1)
s
1
RESET x
RESET signal input <iﬂ ¢ O
¥
H (Note 1)
Note vesa
1. ---i4---- symbolizes a parasitic diode.
Make sure the input voltage to each port does not exceed VCCL1.
Figure 13.12 1/O Pins
RO1UHO093EJ0110 Rev.1.10 .ZENESAS Page 195 of 839

Jul 31, 2012



M16C/65C Group 13. Programmable 1/O Ports

13.3 Registers

Table 13.12 Registers

Address Register Symbol Reset Value
0360h Pull-Up Control Register 0 PURO 00h
. 0000 0000b (1)
0361h Pull-Up Control Register 1 PUR1 0000 0010b
0362h Pull-Up Control Register 2 PUR2 00h
0363h Pull-Up Control Register 3 PUR3 00h
0366h Port Control Register PCR 0000 0XX0b
0369h | NMI/SD Digital Filter Register NMIDF XXXX X000b
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
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 | Port P11 Register P11 XXh
03F6h Port P10 Direction Register PD10 00h
03F7h Port P11 Direction Register PD11 00h
03F8h | Port P12 Register P12 XXh
03F9%9h Port P13 Register P13 XXh
03FAh |Port P12 Direction Register PD12 00h
03FBh |Port P13 Direction Register PD13 00h
03FCh | Port P14 Register P14 XXh
O03FEh | Port P14 Direction Register PD14 XXXX XX00b
Note:

1. Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:
* 00000000b when input to the CNVSS pin is low.
¢ 00000010b when input to the CNVSS pin is high.
Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, or
oscillation stop detection reset are as follows:
* 00000000b when bits PM01 to PMO0O in the PMO register are 00b (single-chip mode).
* 00000010b when bits PM01 to PMO0O in the PMO register are 01b (memory expansion mode) or 11b
(microprocessor mode).
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13. Programmable 1/O Ports

13.3.1 Pull-Up Control Register 0 (PURO)

b7 b6 b5 b4 b3 b2 bl b0

Pull-Up Control Register O

___________________

Symbol Address Reset Value

PURO 0360h 00h

Bit Symbol Bit Name Function RW
PUOO P0O_0 to PO_3 pull-up RW
PUO1 P0O_4 to PO_7 pull-up RW
PUO2 P1_0to P1_3 pull-up RW
PUO3 P1_4to P1_7 pull-up 0 : Not pulled high RW
PUO4 |P2_0to P2_3 pull-up 1:Pulled high RW
PUO5 P2_4 to P2_7 pull-up RW
PUO6 P3_0to P3_3 pull-up RW
PUO7 P3_4to P3_7 pull-up RW

In memory expansion or microprocessor mode, the register value can be modified, but the pins are not

pulled high.

PUOI (b7-b0) (i =

0to7)

When the PUQi bit is 1 (pulled high) and the direction bit is 0 (input mode), the corresponding pin is

pulled high.
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M16C/65C Group 13. Programmable 1/O Ports

13.3.2 Pull-Up Control Register 1 (PUR1)

Pull-Up Control Register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value

[LTILILT] eoma

B 0000 0010b
] ] ] ] 1 ]

A

I A A I i Bit Symbol Bit Name Function RW

1 ] ] ] ] 1 ] 1

t 11 LT PUI0 [P4_0to P4 3 pullup W

1 ] ] ] 1

tbo 1 i PULL |P4_4to P4_7 pull-up RW

] ] ] ] 1

A A R S PU12 [P5_0toP5_3 pull-up RW

] ] ] ]

R R PU13 |P5 4toP5_7 pull-up 0 : Not pulled high RW

] : ~

I PUL4 |P6_0 to P6_3 pull-up 1: Pulled high RW

R PU15 |P6_4to P6_7 pull-up RW

e PU16 |P7_2toP7_3 pull-up RW

S PU17 [P7_4toP7_7 pull-up RW

Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:

* 00000000b when input to the CNVSS pin is low

*00000010b when input to the CNVSS pin is high
Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, or
oscillation stop detection reset are as follows:

* 00000000b when bits PMO01 to PMOO are 00b (single-chip mode).

*00000010b when bits PM01 to PM0O are 01b (memory expansion mode) or 11b (microprocessor

mode).

PU10 (P4_0 to P4 _3 pull-up) (b0)

PU11 (P4_4 to P4_7 pull-up) (b1)

PU12 (P5_0to P5_3 pull-up) (b2)

PU13 (P5_4 to P5_7 pull-up) (b3)

When the PU1i bit (i =0 to 3) is 1 (pulled high) and the direction bit is 0 (input mode), the corresponding
pin is pulled high.

In memory expansion and microprocessor modes, pins are not pulled high although the bit values can
be modified.

PU14 (P6_0 to P6_3 pull-up) (b4)

PU15 (P6_4 to P6_7 pull-up) (b5)

PUL17 (P7_4 to P7_7 pull-up) (b7)

When the PULli (i = 4, 5, 7) bit is 1 (pulled high) and the direction bit is 0 (input mode), the
corresponding pin is pulled high.

PU16 (P7_2 to P7_3 pull-up) (b6)

When the PU16 bit is 1 (pulled high) and the direction bit is O (input mode), the corresponding pin is
pulled high.

Pins P7_0 and P7_1 are not pulled high.
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13. Programmable 1/O Ports

13.3.3 Pull-Up Control Register 2 (PUR2)

Pull-Up Control Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
PUR2 0362h 00h

T T T T T R

P

A i Bit Symbol Bit Name Function RW

1 1 ] 1 ] ] 1 |

ti bbb LT PU20 |P8_0to P8_3 pullup RW

] ] ] ] ] ]

tov 40 il pu21  |P8_4, P8_6, P8_7 pull-up RW

1 1 ] 1 ] ]

N PU22  [P9_0to P9_3 pull-up 0 : Not pulled high RW

1 1 ] 1 . H

e PU23 |P9_4to P9_7 pull-up 1: Pulled high RW

R PU24 |P10_0to P10_3 pull-up RW

R PU25 |P10_4to P10_7 pull-up RW

] ]

] ]

] ] _ . . .

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

PU20 (P8_0 to P8_3 pull-up) (b0)
PU22 (P9_0to P9_3 pull-up) (b2)
PU23 (P9_4 to P9_7 pull-up) (b3)
PU24 (P10 _0to P10_3 pull-up) (b4)
PU25 (P10_4 to P10_7 pull-up) (b5)
When the PU2i (i = 0, 2 to 5) bitis 1 (pulled high) and the direction bit is O (input mode), the
corresponding pin is pulled high.

PU21 (P8_4, P8 6, P8_7 pull-up) (b1)
When the PU21 bit is 1 (pulled high) and the direction bit is O (input mode), the corresponding pin is

pulled high.

The P8_5 pin is not pulled high.
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13. Programmable 1/O Ports

13.3.4 Pull-Up Control Register 3 (PUR3)

Pull-Up Control Register 3

b7 b6 b5 b4 b3 b2 bl b0 Symbol After Reset
PUR3 00h

I

A

b b4 b4 111 |BitSymbol Bit Name Function RW

1 ] 1 1 1 ] 1

'

i i i i E E i t-{ PU30 |P11_0toP11_3 pull-up RW

i i i i Pyt PU31 (P11 4toP11_7 pull-up RW

A R R O PU32 |P12_0to P12_3 pull-up RW

[ - Not pulled high

. PU33 |P12_4 to P12_7 pull-up Bl high 9 RW

I PU34 |P13_0to P13 _3 pull-up RW

I PU35 |P13_4to P13_7 pull-up RW

Dobemmoeeeee PU36 |P14_0, P14_1 pull-up RW

1

1 A

] PU37 |P11 to P14 enable bit : E}]S;g’l'eeg RW

PU3i (b6-b0) (i = 0 to 6)

The pin for which the PU3i bit is 1 (pulled high) and the direction bit is O (input mode) is pulled high.

PU37 (P11 to P14 enable bit) (b7)
When the PU37 bit is 1 (P11 to P14 enabled), registers P11 to P14 and registers PDO to PD14 are

enabled.
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13.3.5 Port Control Register (PCR)

Port Control Register

When set to output, the port latch is read.
1: The port latch is read regardless of
whether the port is set to input or output.

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
| | | | |0 |><|><| PCR 0366h 0000 0XX0b
b
] 1
! | Bit Symbol Bit Name Function RW
] ]
i i Operation performed when the P1 register is
! ! read
! ! 0 : When the port is set to input, the input
1 +-4  PCRO |Port P1 control bit levels of pins P1_0to P1_7 are read. RW
!
1
1
1
1
]
]

frm—mmmm e

R (bZTbl) No register bits. If necessary, set to 0. The read value is undefined. —

SR (g) Reserved bit Setto 0. RW
R PCR4 |CECoutputenablebit  |9:SES outhat disabled RW
: i— ------------- PCR5  [INT6 input enable bit (1) g?;;tl’)'ﬁa‘é RW
.
i S PCR6  [INT7 input enable bit (1) E?s%ti)lﬁ:% RW
S PCR7  |Key input enable bit 2 S?ﬁ'ﬁ% RW

PCRO (Port P1 control bit) (b0)

When the P1 register is read after the PCRO bit is set to 1, the corresponding port latch is read
regardless of the PDL1 register setting.
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13.3.6 Port Pi Register (Pi) (i=0to 14)

Port Pi Register (i = 0 to 14)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
PO to P3 03EOh, 03E1h, 03E4h, 03E5h XXh

I - B B P4 to P7 03E8h, 03E9h, 03ECh, 03EDh XXh

R T R i P8 to P11 03FO0h, 03F1h, 03F4h, 03F5h XXh

N P12 to P13 03Fgh, 03F9h XXh

[ R T R T

1 1 1 ] 1 1 1 1 . . .

11t o 1o v [ Bit Symbol Bit Name Function RW

] 1 1 ] ] 1 1 1

] 1 1 ] ] 1 1 1

b it b 1 Pi0  |PortPi_Obit RW

E i i E i i Lo Pi_1 Port Pi_1 bit The pin level of any I/O port which is set RW

[ I T T T - - - to input mode can be read by reading the

P Pi_2  |PortPi_2 bit corresponding bit in this register. RW

P PR e Pi_3 Port Pi_3 bit The pin level of any I/O port which is set RW

Vo - - - to output mode can be controlled by

T Pi_4 Port Pi_4 bit writing to the corresponding bit in this RW

b i boomeooeoeooo Pi_5 [PortPi_5 bit e el RW

E B e Pi_6 |Port Pi_6 hit 1: High level RW

e e L EE PR Pi_7 Port Pi_7 bit RW

Port P14 Register

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

P14 03FCh Undefined

] :

[ T T B R

[ I B T B |

I T T i Bit Symbol Bit Name Function RW

[ T T B R

I I I N T R |

' E i i E i i i The pin level of any I/O port which is set

R . to input mode can be read by reading the

AR P14 0 |PortP14_0 bit corresponding bit in this register. RW

N The pin level of any I/O port which is set

A A to output mode can be controlled by

Phr b writing to the corresponding bit in this

Py bbby ----1 P14.1 |PortP14_1 bit register. RW

I 0 : Low level

by 1 : High level

SRR

foctolododoboooooo (b7Tb2) No register bit. If necessary, set to 0. The read value is undefined. —

Data input/output to and from external devices is accomplished by reading and writing to the Pi register.
Each bit in the Pi register consists of a port latch to hold the output data and a circuit to read the pin
status.

For ports set to input mode, the input level of the pin can be read by reading the corresponding Pi
register, and data can be written to the port latch by writing to the Pi register.

For ports set to output mode, the port latch can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register. The data written to the port latch is
output from the pin. Each bit in the Pi register corresponds to one port.

In memory expansion and microprocessor modes, the Pi register for the pins functioning as bus control
pins (A0 to A19, DO to D15, CSO to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified (writing a value has no effect).

Since P7_0, P7_1, and P8_5 are N-channel open drain ports, when set to 1, the pin status becomes
high-impedance.

When the CMO04 bit in the CMO register is 1 (XCIN-XCOUT oscillation function) and bits PD8_6 and
PD8_7 in the PD8 register are 0 (input mode), values of bits P8_6 and P8_7 in the P8 register are
undefined.

Registers P11 to P14 are enabled when the PU37 bit in the PUR3 register is 1 (P11 to P14 enabled).
Access registers P11 to P14 after setting the PU37 bit to 1. When the PU37 bit is 0 (P11 to P14
disabled), the values of registers P11 to P14 are retained. In this case, the read value is undefined.
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13.3.7 Port Pi Direction Register (PDi) (i = 0to 14)

Port Pi Direction Register (i = 0 to 13)

b7 b6 b5 bd b3 b2 bl bo Symbol Address Reset Value

| PDO to PD3 03E2h, 03E3h, 03E6h, 03E7h 00h
o B B S . . B PD4 to PD7 03EAh, 03EBh, 03EEh, 03EFh 00h
P i PD8 to PD11 03F2h, 03F3h, 03F6h, 03F7h 00h
. PD12 to PD13 03FAh, 03FBh 00h
I R E

1 . . .

A i t {1 |Bit Symbol Bit Name Function RW
] 1 ] ] ] ] !
b 441111 =1 PDi_0 |PortPi_0 direction bit RW
P | E | t---1 PDi_1 [PortPi_1 direction bit RW
i i) e PDi_2 |PortPi_2 direction bit RW
i N - ———————— 0 : Input mode
! bl PDi_3 |Port Pi_3 direction bit (functions as an input port) RW
| [ flemmsseseee- PDi_4 |Port Pi_4 direction bit 1: Output mode RW
! ! = i - (functions as an output port)
[ PDi_5 [Port Pi_5 direction bit RW
E R e e PDi_6 [Port Pi_6 direction bit RW
e L E L e PDi_7 |Port Pi_7 direction bit RW

Port P14 Direction Register

(functions as an input port)
1 : Output mode
(functions as an output port)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
PD14 03FEh XXXX XX00b
N
i i Bit Symbol Bit Name Function RW
]
i :~-- PD14_0 |Port P14_0 direction bit 0 : Input mode RW
i

----] PD14_1 (PortP14_1 direction bit RW

s=m=ss (b7-b2) No register bit. If necessary, set to 0. The read value is undefined. —

i
beme———————————————

b ccccccccccccccaaa

Write to the PD9 register in the next instruction after setting the PRC2 bit in the PRCR register to 1
(write enabled).

Select whether 1/0 ports are to be used for input or output by the PDi register. Each bit in the PDi
register has a corresponding port.

In memory expansion mode or microprocessor mode, the PDi register for the pins functioning as bus
control pins (A0 to A19, DO to D15, CS0 to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA,
and BCLK) cannot be modified (writing a value has no effect).

Registers PD11 to PD14 are enabled when the PU37 bit in the PURS3 register is 1 (P11 to P14 enabled).
Access registers PD11 to PD14 after setting the PU37 bit to 1. When the PU37 bit is 0 (P11 to P14
disabled), the values of registers PD11 to PD14 are retained. In this case, the read value is undefined.
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13.3.8 NMI/SD Digital Filter Register (NMIDF)

NMI/SD Digital Filter Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address Reset Value
e NMIDF 0369h XXXX X000b
T A I
1 1 1 ] 1 1 1 1
Ve by bt | Bit Symbol Bit Name Function RW
T A R
A b2 b1 b
i i i E i i i '--| NMIDFO 0 0 0:Nofiter RW
I 0 0 1:CPU clock divided by 2
[ T T A B | [EE— . 0 1 O0:CPU clock divided by 4
1 1 1 ] ] 1 1
bbb e NMIDF1 | N/SD filter sampling clock | o3 1 Cpu clock divided by 8 RW
R T S 1 0 0:CPU clock divided by 16
i i i E i i 1 0 1:CPU clock divided by 32
I NMIDE2 1 1 0:CPU clock divided by 64 RW
HE 1 1 1:CPUclockdivided by 128
1 1 1 ] 1
1 1 1 ] 1
I S S (b7Tb3) No register bits. If necessary, set to 0. The read value is undefined. —

Change the NMIDF register under the following conditions:
» The PM24 bit in the PM2 register is 0 (NMI interrupt disabled)
*Bits INV02 and INVO3 in the INVCO register are 0 (three-phase motor control timer function not
used, three-phase motor control timer output disabled).
Once the PM24 bit is set to 1 (NMI interrupt enabled), it cannot be set to 0 by a program. Change the
NMIDF register before setting the PM24 bit to 1.
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13.4 Peripheral Function 1/O

13.4.1 Peripheral Function I/O and Port Direction Bits

Programmable 1/O ports can share pins with peripheral function I/O (see Table 1.7 to Table 1.11 “Pin
Names, Pin Package”). Some peripheral function 1/O are affected by a port direction bit which shares
the same pin. Table 13.13 lists Setting of Direction Bits Functioning as Peripheral Function 1/O. For
peripheral function settings, see descriptions of each function.

Table 13.13 Setting of Direction Bits Functioning as Peripheral Function I/O

Peripheral Function 1/0 Setting of the Port Direction Bit Sharing the Same Pin
Input Set to O (input mode).
PWM Set to 1 (output mode).
Output |D/A converter Set to 0 (input mode).
Others Set to either 0 or 1 (outputs regardless of the direction bit setting).

13.4.2 Priority Level of Peripheral Function 1/O

Multiple peripheral functions can share the same pin.
For example, when peripheral function A and peripheral function B share a pin, input and output are as
follows:
*When the pin functions as input for peripheral functions A and B
The same signal is input as an input signal for each function. However, the timing of accepting the
signal differs depending on conditions (e.g. internal delay) of peripheral functions A and B.
*When the pin functions as output for peripheral function A and as input for peripheral function B
Peripheral function A outputs a signal from the pin, and peripheral function B inputs the signal.
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13.4.3 NMI/SD Digital Filter

The NMI/SD input function includes a digital filter. A sampling clock can be selected by bits NMIDF2 to
NMIDFO in the NMIDF register. The NMI level is sampled for every sampling clock. When the same
sampled level is detected three times in a row, the level is transferred to the internal circuit.

When using the NMI/SD digital filter, do not enter wait mode or stop mode.

Port P8_5 is not affected by the digital filter.

Figure 13.13 shows NMI/SD Digital Filter, and Figure 13.14 shows NMI/SD Digital Filter Operation
Example.

NMIDF2 to NMIDFO

Sampling clock
CPU clock pAng

PM24
NMIDF2 to NMIDFO
o ther than 000b
P8_5/NMI/SD/CEC Digital Filter o } NMI interrupt
00| T 9
SD input
CEC input
P8 5 input

PM24: Bit in the PM2 register
NMIDF2 to NMIDFO: Bits in the NMIDF register

Figure 13.13 NMI/SD Digital Filter

sampingtiming | L L L Ll L L1 L1111

NMI/SD pin |_|
(]

Level matches three times ,

NMI/SD input

An NMl interrupt is generated when the PM24 bit in
the PM2 register is 1 (NMI interrupt enabled).

The above diagram assumes bits NMIDF2 to NMIDFO in the NMIDF register are set to a value
other than 000b (NMI/SD filter enabled).

Figure 13.14 NMI/SD Digital Filter Operation Example

13.4.4 CNVSS Pin
The built-in pull-up resistor of the CNVSS pin is activated after watchdog timer reset, hardware reset,
power-on reset, or voltage monitor O reset. Thus, the CNVSS pin outputs a high-level signal up to two
cycles of fOCO-S. Connect the CNVSS pin to VSS via a resistor to use it in single-chip mode.
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13.5

Unassigned Pin Handling

Table 13.14 Unassigned Pin Handling in Single-Chip Mode

Pin Name

Connection (2

Ports PO to P5, P12, P13

One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCC2 via a resistor (pull-up)
* Set to output mode and leave the pins open (1)

Ports P6 to P11, P14

One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCCL1 via a resistor (pull-up)
* Set to output mode and leave the pins open (1, 3)

XOUT 4) Open
XIN Connect to VCCL1 via a resistor (pull-up)
AVCC Connect to VCC1

AVSS, VREF, BYTE

Connect to VSS

Notes:

1. When setting a port to output mode and leaving it open, be aware that the port remains in input mode until it
is switched to output mode by a program after reset. For this reason, the voltage level on the pin becomes
undefined, causing the power supply current to increase while the port remains in input mode.

Furthermore, since the values of the direction registers can be changed by noise or noise-induced loss of
control, it is recommended that the values of the direction registers be regularly reset in software to improve
the reliability of the program.

2. Make sure unassigned pins are connected with the shortest possible wiring from the MCU pins (maximum 2

cm).

3. Ports P7_0, P7_1, and P8_5 are N-channel open drain outputs. When ports P7_0, P7_1, and P8_5 are set to
output mode, make sure a low is output from the pins.
4. This applies when an external clock is input to the XIN pin or when VCCL1 is connected via a resistor.

MCU
Ports PO to P14  (Input mode)

NV
(Input mode)——AN\/\,—4

(Output mode)— Open  ycc1

XOuT Open
VCC1
AVCC]|
BYTE
AVSS
VREF
VSS
777

Single-chip mode

Figure 13.15 Unassigned Pin Handling in Single-Chip Mode
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Table 13.15 Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode

Pin Name Connection (2

Ports PO to P5, P12, P13

One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCC2 via a resistor (pull-up)
* Set to output mode and leave the pins open (1, 3)

Ports P6 to P11, P14

One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCCL via a resistor (pull-up)
* Set to output mode and leave the pins open (1. 4)

BHE, ALE, HLDA, XOUT (), BCLK (6) | Open

HOLD, RDY Connect to VCC2 via a resistor (pull-up)
XIN Connect to VCCL1 via a resistor (pull-up)
AVCC Connect to VCC1

AVSS, VREF Connect to VSS

Notes:

1. When setting a port to output mode and leaving it open, be aware that the port remains in input mode until it
is switched to output mode by a program after reset. For this reason, the voltage level on the pin becomes
undefined, causing the power supply current to increase while the port remains in input mode.

Furthermore, since the values of the direction registers can be changed by noise or noise-induced loss of
control, it is recommended that the values of the direction registers be regularly reset in software to improve
the reliability of the program.

2. Connect unassigned pins with shortest possible wiring from the MCU pins (maximum 2 cm).

3.  When the CNVSS pin has the VSS level applied to it, these pins are set as input ports until the processor
mode is switched by a program after reset. For this reason, the voltage levels on these pins become
undefined, causing the power supply current to increase while they remain set as input ports.

4. Ports P7_0, P7_1, and P8_5 are N-channel open drain outputs. When ports P7_0, P7_1, and P8_5 are set
to output mode, make sure a low is output from the pins.

5. This applies when an external clock is input to the XIN pin or when VCCL1 is connected via a resistor.

6. When the PMO7 bit in the PMO register is 1 (BCLK not output), connect it to VCC2 via a resistor (pull-up).

MCU

Ports P6 to P14 (Input mode)

AYAYAY
(Input mode)}—— AN\, ——

(Output mode)—— Open

BCLK[——
HOLD VCC1
RDY T

Avcc
AVSS *
VREF *

Memory expansion mode or ora VSS
microprocessor mode

Figure 13.16 Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode
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13.6 Notes on Programmable 1/O Ports

13.6.1 Influence of SD

When a low-level signal is applied to the SD pin while the IVPCR1 bit in the TB2SC register is 1 (three-
phase output forcible cutoff by input on SD pin enabled), the following pins become high-impedance:
P7_2/CLK2/TA10UT/V, P7_3/CTS2/RTS2/TALIN/V, P7_4/TA20UT/W,

P7_5/TA2IN/W, P8_O/TA4OUT/RXD5/SCL5/U, P8_1/TA4IN/CTS5/RTS5/U

13.6.2 Influence of SI/O3 and SI/O4

When the SMi2 bit in the SiC register is set to 1 (SOUTI output disabled), the target pin becomes high-
impedance regardless of which pin function being used.

13.6.3 100-Pin Package
Do not access the addresses assigned to registers P11 to P14, PD11 to PD14, and the PUR3 register.
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14. Interrupts

14.1 Introduction

Table 14.1 lists Types of Interrupts, and Table 14.2 lists I/O Pins. The pins shown in Table 14.2 are
external interrupt input pins. Refer to the peripheral functions for the pins related to the peripheral

functions.
Table 14.1  Types of Interrupts
Type Interrupt Function
Undefined instruction (UND
instruction) An interrupt is generated by executing an
Software Overflow (INTO instruction) instruction.
BRK instruction Non-maskable interrupt ()
INT instruction
NMI
Watchdog timer
Oscillator stop/restart detect
Specific Voltage monitor 1 Interrupt by the MCU hardware
P Voltage monitor 2 Non-maskable interrupt ()
Hardware Address match
Single step ()
DBC
. INT, timers, etc. Interrupt by the peripheral functions in the MCU
Peripheral . :
. (Refer to 14.6.2 “Relocatable Maskable interrupt
function Y . .
Vector Tables”.) (interrupt priority level: 7 levels) (2)
Notes:

1. This interrupt is provided exclusively for developers and should not be used.
2. Maskable interrupt: Interrupt status (enabled or disabled) can be selected by the interrupt

enable flag (I flag).

Interrupt priority can be changed by the interrupt priority level.
Non-maskable interrupt: Interrupt status (enabled or disabled) cannot be selected by the interrupt

enable flag (I flag).

Interrupt priority cannot be changed by the interrupt priority level.

Table 14.2  1/O Pins
Pin Name I/O Function
NMI Input @ |NMI interrupt input
INTi Input @ |INTi interrupt input
KIO to KI3 Input @ |Key input
i=0to7
Note:

1. Set the port direction bits which share pins to 0 (input mode).
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14.2 Registers
Table 14.3  Registers (1/2)

Address Register Symbol Reset Value
001Eh |Processor Mode Register 2 PM2 XX00 0X01b
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 Collision Detection Interrupt Control Register U1BCNIC XXXX X000b
Timer B3 Interrupt Control Register, TB3IC,
0047h UARTO Bus Caollision Detection Interrupt Control Register UOBCNIC XXXX X000b
SI/04 Interrupt Control Register,
0048h INT5 Interrupt Control Register S4IC, INT5IC XX00 X000b
S1/03 Interrupt Control Register,
0049h |2 Imerrup‘i’ comi Reg?ster S3IC, INTAIC | XX00 X000b
004Ah |UART2 Bus Collision Detection Interrupt Control Register BCNIC XXXX X000b
004Bh | DMAQO Interrupt Control Register DMoOIC XXXX X000b
004Ch |DMAL1 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 S1TIC 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 TA1IC 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 TB1IC XXXX X000b
005Ch |Timer B2 Interrupt Control Register TB2IC XXXX X000b
005Dh | INTO Interrupt Control Register INTOIC XX00 X000b
005Eh |INT1 Interrupt Control Register INT1IC XX00 X000b
005Fh |INT2 Interrupt Control Register INT2IC XX00 X000b
0069h | DMAZ2 Interrupt Control Register DM2IC XXXX X000b
006Ah | DMAS3 Interrupt Control Register DMS3IC XXXX X000b
UARTS5 Bus Collision Detection Interrupt Control Register, USBCNIC,
0068h CECL1 Interrupt Control Register CEC1IC XXXX X000b
UARTS5 Transmit Interrupt Control Register, S5TIC,
006Ch CEC2 Interrupt Control Register CEC2IC XXXX X000b
006Dh | UARTS5 Receive Interrupt Control Register S5RIC XXXX X000b
UART6 Bus Collision Detection Interrupt Control Register, U6BCNIC,
006ER Real-Time Clock Periodic Interrupt Control Register RTCTIC XXXX X000b
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Table 14.4  Registers (2/2)
Address Register Symbol Reset Value
UART®6 Transmit Interrupt Control Register, SBTIC
006Fh Real-Time Clock Compare Interrupt Control ' XXXX X000b
Register RTCCIC
0070h  |UART®6 Receive Interrupt Control Register S6RIC XXXX X000b
UART7 Bus Caollision Detection Interrupt Control U7BCNIC
0071h Register, Remote Control Signal Receiver 0 ' XXXX X000b
. PMCOIC
Interrupt Control Register
UART7 Transmit Interrupt Control Register, S7TIC
0072h Remote Control Signal Receiver 1 Interrupt ' XXXX X000b
. PMC1IC
Control Register
0073h UART?7 Receive Interrupt Control Register S7RIC XXXX X000b
007Bh  |12C-bus Interface Interrupt Control Register lICIC XXXX X000b
007Ch | SCL/SDA Interrupt Control Register SCLDAIC XXXX X000b
0205h | Interrupt Source Select Register 3 IFSR3A 00h
0206h Interrupt Source Select Register 2 IFSR2A 00h
0207h Interrupt Source Select Register IFSR 00h
020Eh | Address Match Interrupt Enable Register AIER XXXX XX00b
020Fh | Address Match Interrupt Enable Register 2 AIER2 XXXX XX00b
0210h RMADO 00h
0211h | Address Match Interrupt Register O 00h
0212h X0h
0214h RMAD1 00h
0215h | Address Match Interrupt Register 1 00h
0216h X0h
0218h RMAD2 00h
0219h | Address Match Interrupt Register 2 00h
021Ah X0h
021Ch RMAD3 00h
021Dh | Address Match Interrupt Register 3 00h
021Eh X0h
0366h Port Control Register PCR 0000 0XXO0b
0369h | NMI/SD Digital Filter Register NMIDF XXXX X000b
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14.2.1 Processor Mode Register 2 (PM2)

b7 b6 b5 b4 b3 b2 bl b0

0

emmmmemm—m e — -

1

Processor Mode Register 2

tmmmceem—n-

Symbol Address Reset Value

PM2 001Eh XX00 0X01b
Bit Symbol Bit Name Function RW
(b_O) Reserved bit Setto 1. RW
PM21 |System clock protection bit 2 g:gg:: icshgrnog;gcéii%sdaglyegRCR register RW
(b_2) No register bit. If necessary, set to 0. The read value is undefined. —
(b_3) Reserved bit Setto 0 RW
PM24  |NMI interrupt enable bit (1) @ :2:2::32: 2::&'23 RW
PM25 Peripheral clock fC provide bit (1) l;lrogvpi)éc;\éided RW
(bYTbG) No register bits. If necessary, set to 0. The read value is undefined. —

Set the PRC1 hit in the PRCR register to 1 (write enabled) before rewriting this register.

PM24 (NMI interrupt enable bit) (b4)

Once this bit is set to 1, it cannot be set to 0 by a program (writing 0 has no effect).
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14.2.2

Interrupt Control Register 1
(TB5IC, TB4IC/U1BCNIC, TB3IC/UOBCNIC, BCNIC, DMOIC to DM3IC, KUPIC,
ADIC, SOTIC to S2TIC, SORIC to S2RIC, TAOIC to TA4IC, TBOIC to TB2IC,
USBCNIC/CECL1IC, S5TIC/CEC2IC, S5RIC to S7TRIC, U6BCNIC/RTCTIC,
S6TIC/RTCCIC, U7TBCNIC/PMCOIC, S7TIC/PMCLIC, IICIC, SCLDAIC)

Interrupt Control Register 1

Symbol Address Reset Value
b7 b6 b5 b4 b3 b2 bl b0
Refer to the table below for symbols and addresses. XXXX X000b

P
¢ br e v b ) [ Bit Symbol Bit Name Function RW
S A
R b2 bl bo
A e AR 0 0 0:LevelO (interrupt disabled) RW
E E P i i E 0 0 1:Levell

] ]
[ T T R Y | L. 0 1 O:Level2
] 1 ]
: i i E i Pobees ILVLL :Or;tterrupt priority level select 0 1 1:Level3 RW
L 1 0 O:lLeveld
i Ve i 1 0 1:Level5
: i i i i [ ILVL2 1 1 O:Level6 RW
Pl 1 1 1:Level?
Co
] [ ] ] 1

. . Interrupt not r
E T PO IR Interrupt request bit 0_ terrupt not requested RW
o 1: Interrupt requested
Pl
[ ] ] R

LI O N SRR (b7-b4) No register bits. If necessary, set to 0. The read value is undefined. —

Symbol Address Symbol Address

TB5IC 0045h TA2IC 0057h
TB4IC/UIBCNIC 0046h TA3IC 0058h
TB3IC/UOBCNIC 0047h TA4IC 0059h

BCNIC 004Ah TBOIC 005AR

DMoOIC 004Bh TB1IC 005Bh

DM1IC 004Ch TB2IC 005Ch

DM2IC 0069h US5BCNIC/CECL1IC 006Bh

DM3IC 006Ah S5TIC/CEC2IC 006Ch

KUPIC 004Dh S5RIC 006Dh

ADIC 004Eh S6RIC 0070h

SOTIC 0051h S7RIC 0073h

S1TIC 0053h UBBCNIC/RTCTIC 006Eh

S2TIC 004Fh SGTIC/RTCCIC 006Fh

SORIC 0052h U7BCNIC/PMCOIC 0071h

S1RIC 0054h S7TIC/PMCLIC 0072h

S2RIC 0050h TicIic 007Bh

TAOIC 0055h SCLDAIC 007Ch

TALIC 0056h

Rewrite these registers at a point where an interrupt request for the corresponding register is not
generated.
When multiple interrupt sources share the register, select an interrupt source in registers IFSR2A and
IFSR3A.

IR (Interrupt request bit) (b3)

Do not set the IR bit to 1 when it is O.
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14.2.3 Interrupt Control Register 2
(INT7IC, INT6IC, INT3IC, S4IC/INT5IC, S3IC/INT4IC, INTOIC to INT2IC)
Interrupt Control Register 2
o7 oo bg b4 b3 b2 b1 b0 Symbol Address Reset Value
N N S B Refer to the table below for symbols and addresses. XX00 X000b
I A T B
1 1 1 1 1 1 ) 1
i1 11 1 1 1 1 |BitSymbol Bit Name Function RW
T T T B
RERRREE
A s A 0 0 0:Level O (interrupt disabled) RW
N 0 O 1:Levell
L A A R - 0 1 O:Level2
] ) ] ] ] ] )
I I A e RV 1 Interrupt priority level select 0 1 1:Level3 RW
[ T ] bit
I A 1 0 O:Leveld
A 1 0 1:Level5
I T A ILVL2 1 1 O:level6 RW
Coroa 1 1 1:Level?
P
oy oy e . 0: Interrupt not requested
] ) ] ]
i E i E IR Interrupt request bit 1: Interrupt requested RW
1 1 1 1
1 1 1 1
[ B . . 0 : Select falling edge
i E i POL Polarity select bit 1: Select rising edge RW
P
] ) e ————
1 1 — .
P (b5) Reserved bit Setto 0 RW
P
] _
(b7-b6) No register bits. If necessary, setto 0. The read value is undefined. —
Symbol Address Symbol Address
INT7IC 0042h INTOIC 005Dh
INT6IC 0043h INTIIC 005Eh
INT3IC 0044h INT2IC 005Fh
S4IC/INT5IC 0048h
S3IC/INT4IC 0049h

Rewrite these registers at a point where an interrupt request for the corresponding register is not

generated.

When multiple interrupt sources share the register, select an interrupt source in the IFSR register.

ILVL2-ILVLO (Interrupt priority level select bit) (b2-b0)
In memory expansion or microprocessor mode, set bits ILVL2 to ILVLO in registers INT6IC and INT7IC
to 000b (interrupts disabled).
When the BYTE pin is low in memory expansion or microprocessor mode, set bits ILVL2 to ILVLO in
registers INT3IC, INT4IC, and INT5IC to 000b (interrupts disabled).

IR (Interrupt request bit) (b3)
Do not set the IR bit to 1 when it is O.

POL (Polarity select bit) (b4)

When the IFSRI bit in the IFSR register is 1 (both edges), set the POL bit in the INTIIC register to 0
(falling edge) (i = 0 to 5). When bits IFSR30 and IFSR31 in the IFSR3A register are 1 (both edges), set
the POL bit in registers INT6IC and INT7IC to O (falling edge).

Set the POL bit in the S3IC or S4IC register to 0 (falling edge) when the IFSR6 bit in the IFSR register
is 0 (SI/03 selected) or IFSR7 bit is 0 (SI/04 selected), respectively.
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14.2.4 Interrupt Source Select Register 3 (IFSR3A)

Interrupt Source Select Register 3
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address Reset Value
|0| | | | |0| | | IFSR3A 0205h 00h
A
P
Vv v v v v v | Bit Symbol Bit Name Function RW
R
[ — . 0: One edge
oy b a-—p JFSR30  |INTG6 interrupt polarity select RW
EEREEN bt Pt polarity 1: Both edges
] ) ] ] [ ]
' ) ] ] [ ] TNIT . .
I A A S S T=re=vet INT7 interrupt polarity select |0 : One edge RW
P bit 1: Both edges
: ) ] ] [
R — _
Vbbb e (b2) Reserved bit Setto 0 RW
[ ] ) ) ]
[ ] ) | ]
E E i i i Interrupt request source select 0 : UARTS start/stop condition detection,
R T S IFSR33 |,. ptreq bus collision detection RW
B bit 1:CEC1
E E E E Int t t lect |0 : UARTS t ission, NACK
A nterrupt request source select |0 : ransmission,
BN IFSR34 | " 1. CEC2 RW
1 1
i E E Interrupt request source select 0 : UART® start/stop condition detection,
N TR IFSR35 bit ptreq bus collision detection RW
[ . .
I 1: Real-time clock cycle
[ |
[ | N .
! e IFSR36 Interrupt request source select |0 : UART_G transmission, NACK RW
) bit 1: Real-time clock compare
!
1 _— .
------------------- (b7) Reserved bit Setto 0 RW

IFSR31 and IFSR30 (INT7 and INT6 interrupt polarity select bit) (b1-b0)

When setting this bit to 1 (both edges), make sure the corresponding POL bit in registers INT6IC and

INT7IC is set to O (falling edge).
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14.2.5

Interrupt Source Select Register 2 (IFSR2A)

Interrupt Source Select Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
0 | 0 IFSR2A 0206h 00h
R
A
Py by | Bit Symbol Bit Name Function RW
T S R R A
SR .
[ T A O Reserved bits Setto 0 RW
R (b1-b0)
R
[ | 1 ] ) ] .
N Interrupt request source select |0 : Not used
ii Pl IFSR22 1 it 1: 12C-bus interface RW
[ 1 ] )
[ | 1 ] )
oo Interrupt request source select |0 : Not used
1 1 ] | P
A IFSR23 1 it 1:SCL/SDA RW
[ | ] ]
E E i i Interrunt request source select 0 : UART?7 start/stop condition detection
P e IFSR24 | o ptreq bus collision detection RW
i i i 1 : Remote control 0
[ 1
I IFSR25 | Interrupt request source select 0 : UART? transmission, NACK RW
i E bit 1 : Remote control 1
[
N Interrupt request source select 0: Timer B3
i R —— IFSR26 bite uptrequ u 1: UARTO start/stop condition detection, RW
! bus collision detection
]
: Interrupt request source select 0:Timer B4
e IFSR27 bit ptreq 1: UART1 start/stop condition detection, RW
bus collision detection
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14.2.6 Interrupt Source Select Register (IFSR)

Interrupt Source Select Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
IFSR 0207h 00h
R
I A R A R A
Vv by b | Bit Symbol Bit Name Function RW
I A A
] ] ] ] ] ] ] ] R—
A INTO interrupt polarity select : One edge
i i i i i i E I IFSRO bit : Both edges RW
I A
[} ) [ ) ) ' TN H .
A R T S N T=r=ey INTl interrupt polarity select : One edge RW
Pror e bit : Both edges
R R —
e INT2 interrupt polarity select : One edge
[} [} [ ) | F—
L IFSR2 bit : Both edges RW
] ] ] ] ]
] ] ] ] ]
i i E i R \Fsra | INT3 interrupt polarity select (0 : One edge RW
v bit : Both edges
] 1 ] 1
] 1 ] 1 —_—
R INT4 interrupt polarity select : One edge
I IFSR4 it : Both edges RW
1 ] 1
1 ] 1
] [} ) —_——. .
[ INT5 interrupt polarity select : One edge
i i IFSRS bit : Both edges RW
1 ]
1 ]
i Interrupt request source :SI/03
1 L DO
E IFSRE | select bit :INT4 RW
[}
[}
] Interrupt request source :SI/03
' IFSR7 select bit (INT5S RW

IFSR5-IFSRO (INT5-INTO interrupt polarity select bit) (b5-b0)

When setting these bits to 1 (both edges), make sure the corresponding POL bit in registers INTOIC to
INTSIC is set to O (falling edge).

IFSR7, IFSR6 (Interrupt request source select bit) (b7, b6)
In memory expansion or microprocessor mode, when the data bus is 16 bits wide (BYTE pin is low), set

these bits to 0 (S1/03, SI/04).

When setting these bits to 0 (S1/03, S1/04), make sure the corresponding POL bit in registers S3IC and

S4IC is set to O (falling edge).
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14.2.7 Address Match Interrupt Enable Register (AIER)

Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address Reset Value
AIER 020Eh XXXX XX00b

| T T T T B |

A

po4 b v b ] Bit Symbol Bit Name Function RW

1 1 ] ] ] ) 1 1

[

E i E E E E i i AIERO Address match interrupt 0 0 : Interrupt disabled RW

I I A enable bit 1 : Interrupt enabled

[} 1 ] ] ] ) 1

[} 1 ] ] ] ) 1

E i I N AIERL |Address match interrupt 1 0 : Interrupt disabled RW

b E E E E enable bit 1: Interrupt enabled

REERE -

Lo v (b7-b2) No register bits. If necessary, set to 0. The read value is undefined. —

14.2.8 Address Match Interrupt Enable Register 2 (AIER2)

Address Match Interrupt Enable Register 2

b7 b6 b5 b4 b3 b2 bl bo Symbol Address Reset Value
AIER2 020Fh XXXX XX00b

[} ] ] ] ] ) ] 1

A

pop b v ] Bit Symbol Bit Name Function RW

[} 1 ] ] ] ) 1 ]

! 1 ] ] ] ) 1 1

| I T T T Y T R | . .

A R T A Address match interrupt 2 0 : Interrupt disabled

i i i i i E i +-q AIER20 enable bit 1 : Interrupt enabled RW

1 1 ] ] ] ) 1

! 1 ] ] ] ) 1

| T T | . ) .

Proa v L AER2L Address _match interrupt 3 0 : Interrupt disabled RW

Pror enable bit 1: Interrupt enabled

EEEEE _

LR D O IO B (b7-b2) No register bits. If necessary, set to 0. The read value is undefined. —
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14.2.9 Address Match Interrupt Register i (RMADI) (i =0to 3)

Address Match Interrupt Register i (i = 0 to 3)

(b23) (b16) (b15) (b8)

b7 b0 b7 b0 b7 bo

D<D<|><|><| | | | Symbol Address Reset Value
bbb | RMADO 0212h to 0210h X0 0000h
P ! RMAD1 0216h to 0214h X0 0000h
P ! RMAD2 021Ah to 0218h X0 0000h
Loy | RMAD3 021Eh to 021Ch X0 0000h
AR i

E E E i i Function Setting Range RW
AR i

Lo I Address setting register for address match interrupt

P (b19 to bO) 00000h to FFFFFh RW
o

e EEE PP PP PP No register bits. If necessary, set to 0. The read value is undefined. —
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14.2.10 Port Control Register (PCR)

Port Control Register

When set to output, the port latch is read.
1: The port latch is read regardless of
whether the port is set to input or output.

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
| | | | |0|><|><| | PCR 0366h 0000 0XX0b
R

! i | Bit Symbol Bit Name Function RW

] 1 1

i | i Operation performed when the P1 register is

P read

! 1 ! 0 : When the port is set to input, the input

! i -1 PCRO |PortP1 control bit levels of pins P1_0 to P1_7 are read. RW

P

'

o

o

o

b

R (bZTbl) No register bits. If necessary, set to 0. The read value is undefined. —

bemmme ] (g) Reserved bit Set to 0. RW
e PCR4 |CEC outputenable bit [ SES gﬂ{gﬂ{ disabled RW
; S— PCR5  |INTB input enable bit 9:Enabled RW
i S PCR6 |INT7 input enable bit 9 :Enabled RW
oo PCR7 |Key input enable bit 2 gins%t;)l%% RW
PCRS5 (INT6 input enable bit) (b5)
To use the AN2_4 pin as an analog input pin, set the PCR5 bit to 1 (INT6 input disabled).
PCR6 (INT7 input enable bit) (b6)
To use the AN2_5 pin as an analog input pin, set the PCR6 bit to 1 (INT7 input disabled).
PCR7 (Key input enable bit) (b7)
To use pins AN4 to AN7 as analog input pins, set the PCR7 bit to 1 (key input disabled).
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14.2.11 NMI/SD Digital Filter Register (NMIDF)

b7 b6 b5 b4 b3 b2 bl b0

NMI/SD Digital Filter Register

Femme—cccc— e mm e — e — e ——————

Symbol Address Reset Value
NMIDF 0369h XXXX X000b
Bit Symbol Bit Name Function RW
b2 bl b0
NMIDFO 0 0 0:Nofilter RW
0 0 1:CPU clock divided by 2
e . 0 1 O0:CPU clock divided by 4
NMIDF1 's\'e'\l"e"c f'gitf'“er sampling clock | 5 7 1 . cpy clock divided by 8 RW
1 0 0:CPU clock divided by 16
1 0 1:CPU clockdivided by 32
NMIDF2 1 1 0:CPU clock divided by 64 RW
1 1 1:CPU clockdivided by 128
(b7Tb3) No register bits. If necessary, set to 0. The read value is undefined. —

Change the NMIDF register under the following conditions:
» The PM24 bit in the PM2 register is 0 (NMI interrupt disabled)
*Bits INV02 and INVO3 in the INVCO register are 0 (three-phase motor control timer function not

used, three-phase motor control timer output disabled).

Once the PM24 bit is set to 1 (NMI interrupt enabled), it cannot be set to 0 by a program. Change the

NMIDF register before setting the PM24 bit to 1.
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14.3 Types of Interrupts
Figure 14.1 shows Types of Interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

~ Software
(non-maskable interrupt)

e
Interrupt < NMI

DBC @
Watchdog timer

Special _ Oscillator stop/restart detect
(non-maskable interrupt) Voltage monitor 1, Voltage monitor 2

. Hardware =~ — Single-step @

Peripheral function @ L Address match
(maskable interrupt)

A

Notes:
1. The peripheral functions in the MCU are used to generate peripheral interrupts.
2. Do not use this interrupt because it is provided exclusively for use by development tools.

Figure 14.1 Types of Interrupts

* Maskable interrupt : The | flag (interrupt enable flag) can enable/disable these interrupts.
The interrupt priority order can be changed by using the interrupt
priority level.

* Non-maskable interrupt : The | flag (interrupt enable flag) cannot enable/disable these
interrupts.

The interrupt priority order cannot be changed by using the interrupt
priority level.
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14.4  Software Interrupts
A software interrupt occurs when executing instructions. Software interrupts are non-maskable interrupts.

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

14.4.2 Overflow Interrupt

An overflow interrupt occurs when executing the INTO instruction with the O flag in the FLG register set
to 1 (the operation resulted in an overflow). The following are instructions whose O flag changes by an
arithmetic operation:

ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, and SUB

14.4.3 BRK Interrupt
A BRK interrupt occurs when the BRK instruction is executed.

14.4.4 INT Instruction Interrupt

An INT instruction interrupt occurs when the INT instruction is executed. Software interrupt numbers 0
to 63 can be specified for the INT instruction. Because software interrupt numbers 2 to 31, 41 to 51, 59,
and 60 are assigned to peripheral function interrupts, the same interrupt routine used for peripheral
function interrupts can be executed by executing the INT instruction.

For software interrupt numbers 0 to 31, the U flag is saved on the stack during instruction execution and
is cleared to O (ISP selected) before executing an interrupt sequence. The U flag is restored from the
stack when returning from the interrupt routine. For software interrupt numbers 32 to 63, the U flag does
not change state during instruction execution, and the SP selected at the time is used.
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14.5 Hardware Interrupts
Hardware interrupts are classified into two types: special interrupts and peripheral function interrupts.

14.5.1 Special Interrupts
Special interrupts are non-maskable interrupts.

14.5.1.1 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details
on the NMI interrupt, refer to 14.9 “NMI Interrupt”.

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

14.5.1.3 Watchdog Timer Interrupt

This interrupt is generated by the watchdog timer. Once a watchdog timer interrupt is generated, be
sure to refresh the watchdog timer. For details on the watchdog timer, refer to 15. “Watchdog Timer”.

14.5.1.4 Oscillator Stop/Restart Detect Interrupt

The interrupt is generated by the oscillator stop/restart detect function. For details on this function,
refer to 8. “Clock Generator”.

14.5.1.5 Voltage Monitor 1, Voltage Monitor 2 Interrupt

The interrupt is generated by the voltage detector. For details on the voltage detector, refer to 7.
“Voltage Detector”.

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

14.5.1.7 Address Match Interrupt

When the AIERO or AIERL1 bit in the AIER register, or the AIER20 or AIER21 bit in the AIER2 register
is 1 (address match interrupt enabled), an address match interrupt is generated immediately before
executing an instruction at the address indicated by the corresponding registers RMADO to RMAD3.
For details on the address match interrupt, refer to 14.11 “Address Match Interrupt”.

14.5.2 Peripheral Function Interrupts

A peripheral function interrupt occurs when a request from a peripheral function in the MCU is
acknowledged. Peripheral function interrupts are maskable interrupts. See Table 14.6 and Table 14.7
“Relocatable Vector Tables”. Refer to the descriptions of each function for details on how the
corresponding peripheral function interrupt is generated.
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14.6 Interrupts and Interrupt Vectors

One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 14.2 shows an Interrupt Vector.

MSB LSB
Vector address (L) Lower address

Middle address

Upper
0000 address
Vector address (H) 0000 0000

Figure 14.2 Interrupt Vector

14.6.1 Fixed Vector Tables

The fixed vector tables are allocated to addresses from FFFDCh to FFFFFh. Table 14.5 lists the Fixed
Vector Tables. In the flash memory MCU version, the vector addresses (H) of fixed vectors are used for
the ID code check function and OFS1 address. For details, refer to 30. “Flash Memory”.

Table 14.5 Fixed Vector Tables

Interrupt Source Vector Table Addresses Reference
P Address (L) to Address (H)
Undefined instruction (UND instruction) FFFDCh to FFFDFh M16C/60. M16C/20
Overflow (INTO instruction) FFFEOh to FFFE3h M16C/Tiny Series Software
BRK instruction () FFFE4h to FFFE7h Manual
Address match FFFEShto FFFEBh | 411 "Address Match
Interrupt

Single-step (1) FFFECh to FFFEFh -
Watchdog timer, 15. “Watchdog Timer”
oscillator stop/restart detect, FFFFOh to FFFF3h 8. “Clock Generator”
voltage monitor 1, voltage monitor 2 7. “Voltage Detector”
DBC @) FFFF4h to FFFF7h -
NMI FFFF8h to FFFFBh 14.9 “NMI Interrupt”
Reset FFFFCh to FFFFFh 6. “Resets”

Notes:
1. Do not use this interrupt because it is provided exclusively for use by development tools.
2. If the value of address FFFEG6h is FFh, program execution starts from the address shown by the
vector in the relocatable vector table.
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14.6.2 Relocatable Vector Tables

The 256 bytes beginning with the start address set in the INTB register compose a relocatable vector
table area. Setting an even address in the INTB register results in the interrupt sequence being
executed faster than setting an odd address.

Table 14.6  Relocatable Vector Tables (1/2)
Interrupt Source Vector Address (1 Isn(ifet\r/\rliri Reference
P Address (L) to Address (H) P
Number
. I +0 to +3 (0000h to 0003h) to
5 .
INT instruction interrupt (5) +252 10 +255 (00FCh to 00FFh) 0to 63 g;ﬁg%%ﬁ%ﬁgﬁg&gﬁcnmy
BRK instruction () +0 to +3 (0000h to 0003h) 0
INT7 +8 to +11 (0008h to 000Bh) 2
INT6 +12 to +15 (000Ch to 000Fh) 3 14.8 “INT Interrupt”
INT3 +16 to +19 (0010h to 0013h) 4
Timer B5 +20 to +23 (0014h to 0017h) 5 18. “Timer B”
Timer B4, UARTL start/stop condition |, 57 (9018 to 0018h) 6 |18 “Timer B’
detection, bus collision detection (4)
Timer B3, UARTO start/stop condition 23. “Serial Interface UARTi (i=0to 2
+2 +31 (001Ch 1Fh 7 '
detection, bus collision detection (4) 810 +31 (001Ch to 001Fh) 5t07)"
SI/04, INT5 (2) +32 to +35 (0020h to 0023h) 14.8 “INT Interrupt’
SI/03, INT4 @ +36 to +39 (0024h to 0027h) 24. “Serial Interface SI1/0O3 and S1/04”
UART2 .s'Fart/stop cgndltlon detection, +40 to +43 (0028h to 002Bh) 10 23. S?rlal Interface UARTI (i=0to 2,
bus collision detection 4) 5t0 7)
DMAO +44 to +47 (002Ch to 002Fh) 11
16. “DMAC”

DMA1 +48 to +51 (0030h to 0033h) 12
Key input interrupt +52 to +55 (0034h to 0037h) 13 14.10 “Key Input Interrupt”
A/D converter +56 to +59 (0038h to 003Bh) 14 27. “AID Converter”
UART?2 transmit, NACK2 () +60 to +63 (003Ch to 003Fh) 15
UART2 receive, ACK2 (3) +64 to +67 (0040h to 0043h) 16
UARTO transmit, NACKO ®3) +68 to +71 (0044h to 0047h) 17 éio 78)?r|al Interface UARTI (1=0to 2,
UARTO receive, ACKO (3 +72 to +75 (0048h to 004Bh) 18
UART1 transmit, NACK1 (3) +76 to +79 (004Ch to 004Fh) 19
UART1 receive, ACK1 (3) +80 to +83 (0050h to 0053h) 20
Timer AO +84 to +87 (0054h to 0057h) 21
Timer Al +88 to +91 (0058h to 005Bh) 22
Timer A2 +92 to +95 (005Ch to 005Fh) 23 17. “Timer A"
Timer A3 +96 to +99 (0060h to 0063h) 24
Timer A4 +100 to +103 (0064h to 0067h) 25
Timer BO +104 to +107 (0068h to 006Bh) 26
Timer B1 +108 to +111 (006Ch to 006Fh) 27 18. “Timer B”
Timer B2 +112 to +115 (0070h to 0073h) 28
Notes:

1. Address relative to address in INTB.

2. Use bits IFSR6 and IFSR7 in the IFSR register to select a source.

3.  InI2C mode, NACK and ACK are interrupt sources.

4. Use bits IFSR26 and IFSR27 in the IFSR2A register to select a source.

5. These interrupts cannot be disabled using the | flag.
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Table 14.7 Relocatable Vector Tables (2/2)

Soft
Interrupt Source Add VeCtO[ AtddArZZS W H In(ie\rl\rllajl;)(te Reference
ress (L) to ress (H) Number
INTO +116 to +119 (0074h to 0077h) 29
INT1 +120 to +123 (0078h to 007Bh) 30 14.8 “INT Interrupt”
INT2 +124 to +127 (007Ch to 007Fh) 31
DMA2 +164 to +167 (00A4h to 00A7h) 41
16. “DMAC”
DMA3 +168 to +171 (0O0A8h to 00ABh) 42

UARTS start/stop condition detection,

bus collision detection. CEC1 @ +172 to +175 (00ACh to 00AFh) 43 |23. “Serial Interface UARTI (i=0to 2,

5to 7)"
UARTS transmit, NACK5, CEC2 (2, 3) | +176 to +179 (O0BOh to 00B3h) 44 126, “Consumer Electronics Control
UARTS5 receive, ACK5 @ +180 to +183 (00B4h to 00B7h) 45 (CEC) Function”
UART®6 start/stop condition detection,
bus collision detection, +184 to +187 (00B8h to 00BBh) 46 _
real-time clock period (4) 20. “Real-Time Clock”

23. “Serial Interface UARTI (i=0to 2,

UARTS transmit, NACKS, +188 to +191 (00BCh to 00BFh) | 47  |5t0 7y’

real-time clock compare (2, 4)

UARTG6 receive, ACK6 (2) +192 to +195 (00COh to 00C3h) 48
UARTY start/stop condition detection,
bus collision detection, +196 to +199 (00C4h to 00C7h) 49
remote control 0 () 22. “Remote Control Signal Receiver”
UARTY transmit, NACK7, +200 to +203 (00C8h to 00CBh) 50 |23.“Serial Interface UARTI (i=0to 2,
remote control 1 (2, 5) 51t0 7)"
UART7 receive, ACK7 (2) +204 to +207 (00CCh to 00CFh) 51
I2C-bus interface interrupt (6) +236 to +239 (00ECh to 00EFh) 59 _
25. “Multi-master 12C-bus Interface”
SCL/SDA interrupt (6) +240 to +243 (00FOh to 00F3h) 60
Notes:

1. Address relative to address in INTB.

In 12C mode, NACK and ACK are the interrupt sources.

Use bits IFSR33 and IFSR34 in the IFSR3A register to select a source.
Use bits IFSR35 and IFSR36 in the IFSR3A register to select a source.
Use bits IFSR24 and IFSR25 in the IFSR2A register to select a source.
Use bits IFSR22 and IFSR23 in the IFSR2A register to select a source.

ogrwN
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14.7 Interrupt Control

14.7.1 Maskable Interrupt Control

The settings for enabling/disabling the maskable interrupts and of the acceptance priority are explained
below. Note that these explanations do not apply to non-maskable interrupts.

Use the | flag in the FLG register, IPL, and bits ILVL2 to ILVLO in the corresponding interrupt control
register to enable or disable a maskable interrupt. Whether an interrupt is requested or not is indicated
by the IR bit in the corresponding interrupt control register.

14.7.1.1 |Flag

The | flag enables or disables maskable interrupts. Setting the | flag to 1 (enabled) enables maskable
interrupts. Setting the | flag to O (disabled) disables all maskable interrupts.

14.7.1.2 IR Bit

The IR bit becomes 1 (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted, the IR bit becomes 0 (interrupt not requested).
The IR bit can be set to 0 by a program. Do not write 1 to this bit.

14.7.1.3 Bits ILVL2 to ILVLO and IPL

Interrupt priority levels can be selected by setting bits ILVL2 to ILVLO.
Table 14.8 lists the Settings of Interrupt Priority Levels and Table 14.9 lists the Interrupt Priority
Levels Enabled by IPL.

An interrupt request is accepted under the following conditions.
elflag=1
*IRbit=1
e Interrupt priority level > IPL

The | flag, IR bit, bits ILVL2 to ILVLO, and IPL are independent of each other. They do not affect one

another.
Table 14.8  Settings of Interrupt Priority Table 14.9  Interrupt Priority Levels Enabled
Levels by IPL

Bits ILVL2 to ILVLO Interrupt Priority Level Priority IPL Enabled Interrupt Priority Levels
000b Level O (interrupt disabled) - 000b Level 1 and above are enabled

001b Level 1 Low 001b Level 2 and above are enabled

010b Level 2 010b Level 3 and above are enabled

011b Level 3 011b Level 4 and above are enabled

100b Level 4 100b Level 5 and above are enabled

101b Level 5 101b Level 6 and above are enabled

110b Level 6 110b Level 7 and above are enabled

111b Level 7 High 111b All maskable interrupts are disabled
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14.7.2 Interrupt Sequence

The interrupt sequence is explained here. The sequence starts when an interrupt request is accepted
and ends when the interrupt routine is executed.

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

The CPU behavior during the interrupt sequence is described below. Figure 14.3 shows Time Required
for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 00000h. Then, the IR bit applicable to the interrupt information is set to O (interrupt not
requested).

(2) The FLG register, prior to the interrupt sequence, is saved to a temporary register (1) within the
CPU.

(3) Flags |, D, and U in the FLG register are set as follows:

The | flag is set to O (interrupt disabled)

The D flag is set to O (single-step interrupt disabled).

The U flag is set to 0 (ISP selected).

Note that the U flag does not change states when an INT instruction for software interrupt numbers
32 to 63 is executed.

(4) The temporary register (1) within the CPU is saved on the stack.

(5) The PC is saved on the stack.

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

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

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

Note:
1. Temporary registers cannot be modified by the user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address )
Addrgsz 00000h X Undefined @ X SP-2 X SP-4 X vec X vec+2 X PC

Interrupt N SP-2 SP-4 vec vec+2
Data bus X'n_tg[ma[pgnx Undefined ® X contents X contents X contents X contents
RD m Undefined ® )’
WR® | ]

Notes:
1. The undefined state depends on the instruction queue buffer. A read cycle is generated when
the insluction queue buffer is ready to prefetch.
2. The WR signal timing shown here applies when the stack is located in the internal RAM.

Figure 14.3 Time Required for Executing Interrupt Sequence
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14.7.3 Interrupt Response Time

Figure 14.4 shows the Interrupt Response Time. The interrupt response or interrupt acknowledge time
denotes the time from when an interrupt request is generated until the first instruction in the interrupt
routine is executed. Specifically, it consists of the time from when an interrupt request is generated until
the executing instruction is completed ((a) in Figure 14.4) and the time during which the interrupt

14. Interrupts

sequence is executed ((b) in Figure 14

4).

Interrupt request  Interrupt request

generated acknowledged
— Time
V4 /
Instruction Interrupt sequence . Instruction n
interrupt routine
/ /
2 e L
Interrupt response time >

(a) The time from when an interrupt request is generated until the instruction being executed is completed.
The length of this time varies with the instruction being executed. The DIVX instruction requires the
longest time, which is equal to 30 cycles (no wait state, and when the divisor is a register).

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

Interrupt Vector Address | SP Value | 16-bit Bus, No Wait States 8-bit Bus, No Wait States
Even Even 18 cycles 20 cycles
Even Odd 19 cycles 20 cycles
Odd Even 19 cycles 20 cycles
Odd Odd 20 cycles 20 cycles

Figure 14.4 Interrupt Response Time

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

set in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels
listed in Table 14.10 is set in the IPL. Table 14.10 lists the IPL Level Set in IPL When Software or

Special Interrupt is Accepted.

Table 14.10 IPL Level Set in IPL When Software or Special Interrupt is Accepted

Interrupt Source

Level Set in IPL

voltage monitor 1, voltage monitor 2

Watchdog timer, NMI, oscillator stop/restart detect,

7

Software, address match, DBC, single-step

Not changed
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14.7.5 Saving Registers

In the interrupt sequence, the FLG register and PC are saved on the stack.
At this time, the 4 upper bits of the PC and the 4 upper (IPL) and 8 lower bits in the FLG register, 16 bits
in total, are saved on the stack first. Next, the 16 lower bits of the PC are saved. Figure 14.5 shows the

Stack Status Before and After Acceptance of Interrupt Request.

The other necessary registers must be saved by a program at the beginning of the interrupt routine.
Use the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address Stack Address Stack
MSB LSB MSB
m-4 m-4 PCL

[SP]
[4—— New SP value

m-3 m-3 PCM
m-2 : m-2 FLGL

[SP]

m-1 m-1|  FLGH PCH

interrupt request is accepted.

m Contents of previous stack |[«4—— SP value before m Contents of previous stack |  PCL: 8 lower bits of PC

m + 1| Contents of previous stack m + 1| Contents of previous stack PCH: 4 upper bits of PC

PCM: 8 middle bits of PC

FLGL: 8 lower bits of FLG

Stack status Stack status

before interrupt request is acknowledged after interrupt request is acknowledged

FLGH: 4 upper bits of FLG

Figure 14.5 Stack Status Before and After Acceptance of Interrupt Request

The register save operation carried out in the interrupt sequence is dependent on whether the SP (1), at
the time of acceptance of an interrupt request, is even or odd. If the SP (1) is even, the FLG register and
the PC are saved 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time. Figure 14.6

shows the Register Save Operation.

Note:

1. When an INT instruction with software numbers 32 to 63 has been executed, it is the SP indicated

by the U flag. Otherwise, it is the ISP.

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

(1) SP contains even number (2) SP contains odd number
Address Stack Sequence in which Address Stack Sequence in which
registers are saved registers are saved
[SP] - 5 (Odd) [SP] - 5 (Even)
[SP] - 4 (Even) PCL < [SP] - 4 (Odd) PCL <4—(3)
(2) All 16 bits saved
[SP] - 3 (Odd) PCM simultaneously [SP] - 3 (Even) PCM <4+—(4)
Saved 8 bits
[SP] - 2 (Even) FLGL [SP] - 2 (Odd) FLGL 4—(1) | atatime
(1) All 16 bits saved
[SP] - 1 (Odd) FLGH PCH simultaneously [SP] - 1 (Even) FLGH PCH |4—(2
[SP]  (Even) . . [SP]  (Odd) . .
Completed saving registers Completed saving registers
in two operations. in four operations.

PCL: 8 lower bits of PC
PCM: 8 middle bits of PC
PCH: 4 upper bits of PC
FLGL : 8 lower bits of FLG
FLGH: 4 upper bits of FLG

Figure 14.6 Register Save Operation
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14.7.6  Returning from an Interrupt Routine

The FLG register and PC saved in the stack immediately before entering the interrupt sequence are
restored from the stack by executing the REIT instruction at the end of the interrupt routine. Then, the
CPU returns to the program which was being executed before the interrupt request was accepted.
Restore the other registers saved by a program within the interrupt routine using the POPM or a similar
instruction before executing the REIT instruction.

The register bank is switched back to the bank used prior to the interrupt sequence by the REIT
instruction.

14.7.7 Interrupt Priority

If two or more interrupt requests occur at the same sampling points (the point in time at which interrupt
requests are detected), the interrupt with the highest priority is acknowledged.

For maskable interrupts (peripheral function interrupts), any priority level can be selected using bits
ILVL2 to ILVLO. However, if two or more maskable interrupts have the same priority level, their interrupt
priority is selected by hardware, with the highest priority interrupt accepted.

The watchdog timer interrupt and other special interrupts have their priority levels set in hardware.
Figure 14.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. When an instruction is executed, control
always branches to the interrupt routine.

Reset

High
NMI A

DBC

Watchdog timer,
oscillator stop/restart detect,
voltage monitor 1, voltage monitor 2

Peripheral functions

Single-step

Address match Low

Figure 14.7 Hardware Interrupt Priority

14.7.8 Interrupt Priority Level Select Circuit

The interrupt priority level select circuit selects the highest priority interrupt among sampled interrupt
requests at the same sampling point.

Figure 14.8 shows the Interrupt Priority Select Circuit 1, and Figure 14.9 shows the Interrupt Priority
Select Circuit 2.
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function interrupts

Priority of peripheral

(if priority levels are same)

Level O
) Priority level of each interrupt (initial value) Priority level of each interrupt
Higher r========-=-===-------------- ettt

i | SCL/SDA i | Timer B1
1 1
1 1
i | 12C-bus interface i | Timer A4
= a
i UART? transmit, NACK?, ! Timer A2
E remote control 1 !
1 - i Timer B3
1 1 )
! UARTE receive, ACK6 ! UARTO start/stop condition
! I'| detection, bus collision detection
! UARTS6 start/stop condition i
!'| detection, bys collision detection, ! | Timer B5
! real-time clock cycle !
1 1
i i UART1 receive, ACK1
i UARTS5 transmit, NACK5, CEC2 E
i ! UARTO receive, ACKO
H DMA3 !
i i UART? receive, ACK2
1 1
' UARTY receive, ACK7 !
i i A/D conversion
1 1
! UART?7 start/stop condition H
1 | detection, bus collision detection, 1
! H DMA1
! remote control 0 !
1 1
! - ! UART?2 start/stop condition
i UART.6 transmit, NACK®, i detection, bus collision detection
! real-time clock compare i
1 1
1 1
i[ UARTS receive, ACK5 i S04, INT5
1 1
1 1
1 T 1
1 UARTS start/stop condition 1 :
1 | detection, bus collision detection, ! | Timer AD
! EC1 !
! | UART1 transmit, NACK1
! DMA2 i
! i  UARTO transmit, NACKO
| T e
! | UART2 transmit, NACK2
i | Timer B2 i
: ! | Key input interrupt
E | Timer BO E
! H DMAO
i | Timer A3 i
! ! S1/04,
i | Timer A1 i INTS
i - i | INT6
1 Timer B4, 1
! UART1 start/stop condition H
1| detection, bus collision detection ! NT7
1 1
| e ——
i | INT3
! To “Interrupt Priority
i NT2 Select Circuit 2” (A)
1
l —

4 E | INTO

Lower “mTTTTmmmmmmmssssmsssssssssmes
Higher <€ P Lower

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

Figure 14.8 Interrupt Priority Select Circuit 1
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IPL F——— L

Determine and output interrupt request level

to clock generating circuit

I flag

Address match

Interrupt request
accepted

Watchdog timer

Oscillator stop/restart detect

Voltage monitor 1

Voltage monitor 2

O
O

B

Z
=

Figure 14.9 Interrupt Priority Select Circuit 2

14.7.9 Multiple Interrupts

The following shows the internal bit states when control has branched to an interrupt routine.

¢ | flag = O (interrupt disabled)

¢ IR bit = O (interrupt not requested)

e Interrupt priority level = IPL
By setting the | flag to 1 (interrupt enabled) in the interrupt routine, an interrupt request with higher
priority than the IPL can be acknowledged.
The interrupt requests not acknowledged because of their low interrupt priority level are kept pending.
When the IPL is restored by the REIT instruction and interrupt priority is resolved against it, the pending
interrupt request is acknowledged if the following condition is met:

Interrupt priority level of pending interrupt request > Restored IPL

14.8 INT Interrupt

The INTI interrupt (i = 0 to 7) is triggered by the edges of external inputs. The edge polarity is selected
using the IFSRI bit in the IFSR register, or the IFSR30 or IFSR31 bhit in the IFSR3A register.

INT4 and INT5 each share an interrupt vector and interrupt control register with SI/O3 and SI1/04,
respectively. To use the INT4 interrupt, set the IFSR®6 bit in the IFSR register to 1 (INT4). To use the INT5
interrupt, set the IFSR7 bit in the IFSR register to 1 (INT5).

After modifying the IFSR6 or IFSR7 bit, set the corresponding IR bit to O (interrupt not requested) before
enabling the interrupt.

To use the INT6 interrupt, set the PCRS5 bit in the PCR register to 0 (INT6 input enabled). To use the INT7
interrupt, set the PCR6 bit in the PCR register to 0 (INT7 input enabled).
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14.9 NMI Interrupt

An NMI interrupt is generated when input to the NMI pin changes state from high to low. The NMI interrupt
is a non-maskable interrupt. To use the NMI interrupt, set the PM24 bit in the PM2 register to 1 (NMI
interrupt enabled). The NMI input uses the digital filter. Refer to 13. “Programmable /O Ports” for the
digital filter. Figure 14.10 shows NMI Interrupt Block Diagram.

NMIDF2 to NMIDFO ~ PM24

| I -
_ NMI interrupt
NMI O——— Digital filter —0} P

NMIDF2 to NMIDFO : Bits in the NMIDF register
PM24 : Bit in the PM2 register

Figure 14.10 NMI Interrupt Block Diagram

14.10 Key Input Interrupt

If the PCR7 bit in the PCR register is 0 (KIO to KI3 key input enabled), when input to any pin from P10_4
to P10_7 becomes low where the corresponding PD10_4 to PD10_7 bit in the PD10 register is 0 (input),
the IR bit in the KUPIC register becomes 1 (key input interrupt request). When using any pin from KIO to
KI3 for the key input interrupt, do not use all four pins AN4 to AN7 as analog input pins. While input to any
pin from P10_4 to P10_7 is low, inputs to all other pins of the port are not detected as interrupts.

Key input interrupts can be used as a key-on wake up function for getting the MCU out of wait or stop
mode.

Figure 14.11 shows Block Diagram of Key Input Interrupt.

< [ PU25 bit in the PUR2 register
( Pull-up ) L <
transistor j P—— PD10_7 bit in the PD10 register
PD10_7 bit in the PD10 register
K3 O q
PD10_6 bit PCR7 bit
( Pull-up ) in the PD10 register in the PCR register
transistor L { Key input interrupt request
Kz O T o (IR bit in the KUPIC register)
PD10_5 bit
( Pull-up ) in the PD10 register
transistor
R O—+- J
Bl PD10_4 bit
ull-up in the PD10 register
transistor
Ko O— 1 r

Figure 14.11 Block Diagram of Key Input Interrupt
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14.11 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMAD:I register (i = 0 to 3). Set the start address of any instruction in the RMADI register.
Use bits AIERO and AIERL1 in the AIER register, and bits AIER20 and AIER21 in the AIER2 register to
enable or disable the interrupt. Note that the address match interrupt is unaffected by the | flag and IPL.
When an address match interrupt request is acknowledged, the value of the PC that is saved to the stack
area (refer to 14.7.5 “Saving Registers”) varies depending on the instruction at the address indicated by
the RMAD:I register. (The value of the PC that is saved to the stack area is not the correct return address.)
Therefore, use one of the following methods to return from the address match interrupt:

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

* Restore the stack to its previous state by using the POP or similar instructions before the interrupt

request was accepted and then use a jump instruction to return.

Table 14.11 Value of PC Saved on Stack Area When Address Match Interrupt Request Accepted

Instruction at the Address Indicated by the RMADI Register

Value of the PC That Is
Saved to the Stack Area

* 16-bit operation code instructions
* Instruction shown below among 8-bit operation code instructions

ADD.B:S  #IMMS8, dest SUB.B:S #IMM8, dest AND.B:S #IMMS, dest The address
OR.B:S #IMM8, dest MOV.B:S #IMM8, dest STZ #IMM8, dest indicated by the
STNZ #IMM8, dest STzZX #IMM81, #IMM82,dest . .

' ' ' RMAD:I register +2
CMP.B:S #IMMS8, dest PUSHM src POPM dest 9
JMPS #IMM8 JSRS #IMM8
MOV.B:S  #IMM, dest (however, dest = AO or Al)

Instructions not listed above

The address
indicated by the
RMAD:I register +1

Refer to 14.7.5 “Saving Registers” for PC values saved to the stack area.

Table 14.12 Relationship between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Sources| Address Match Interrupt Enable Bit | Address Match Interrupt Register
Address match interrupt 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
Address match interrupt 2 AIER20 RMAD2
Address match interrupt 3 AIER21 RMAD3
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14.12 Non-Maskable Interrupt Source Discrimination

The watchdog timer interrupt, oscillator stop/restart detect interrupt, voltage monitor 1 interrupt, and
voltage monitor 2 interrupt share the same interrupt 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.
Table 14.13 lists Bits Used for Non-Maskable Interrupt Source Discrimination.

Table 14.13 Bits Used for Non-Maskable Interrupt Source Discrimination

Interrupt

Detect Flag

Bit Position

Function

Watchdog timer

VW2C3 bit in the VW2C register
(watchdog timer underflow detected)

Oscillator stop/restart
detect

CM22 bit in the CM2 register
(oscillator stop/restart detected)

Voltage monitor 1

VW1C2 bit in the VW1C register (Vdetl passage detected)

Voltage monitor 2

VW2C2 hit in the VW2C register (Vdet2 passage detected)

0: Not detected
1: Detected
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14.13 Notes on Interrupts

14.13.1 Reading Address 00000h

Do not read address 00000h by a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from address 00000h
during the interrupt sequence. At this time, the IR bit of the accepted interrupt is cleared to O (interrupt
not requested).

If address 00000h is read by a program, the IR bit for the interrupt which has the highest priority among
the enabled interrupts becomes 0. This may cause problems such as interrupts being canceled or an
unexpected interrupt request being generated.

14.13.2 SP Setting
Set a value in the SP (USP, ISP) before accepting an interrupt. The SP (USP, ISP) is set to 0000h after
reset. Therefore, if an interrupt is accepted before setting a value in the SP (USP, ISP), the program
may go out of control.
Set a value in the ISP at the beginning of the program. For the first instruction after reset only, all
interrupts are disabled.

14.13.3 NMI Interrupt

» When not using the NMI interrupt, set the PM24 bit in the PM2 register to 0 (NMI interrupt dis-
abled).

» The NMl interrupt is disabled after reset. The NMI interrupt is enabled by setting the PM24 bit in the
PM2 register to 1. Set the PM24 bit to 1 when a high-level signal is applied to the NMI pin. When
the PM24 bit is set to 1 while a low-level signal is applied, an NMI interrupt is generated. Once the
NMI interrupt is enabled, it cannot be disabled until the MCU is reset.

* The MCU cannot enter stop mode while the PM24 bit is 1 (NMI interrupt enabled) and input on the
NMI pin is low. When input on the NMI pin is low, the CM10 bit in the CM1 register is fixed to 0.

* Do not enter wait mode while the PM24 bit is 1 (NMI interrupt enabled) and a low signal is input to
the NMI pin. When the NMI pin is driven low, the CPU clock remains active even though the CPU
stops, and therefore, the current consumption of the chip does not drop. In this case, the normal
condition is restored by the next interrupt generation.

* Set the low- and high-level durations of the input signal to the NMI pin to 2 CPU clock cycles + 300
ns or more.
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14.13.4 Changing an Interrupt Source

When the interrupt source is changed, the IR bit in the interrupt control register may become 1
(interrupt requested). To use an interrupt, change the interrupt source, and then set the IR bitto O
(interrupt not requested).

In this section, the changing of an interrupt source refers to all elements used in changing the interrupt
source, polarity, and timing assigned to each software interrupt number. Therefore, if a mode change of
any peripheral function involves changing the source, polarity or timing of an interrupt, be sure to clear
the IR bit for that interrupt to O (interrupt not requested) after making such changes. Refer to the
descriptions of the individual peripheral functions for details of the interrupts.

Figure 14.12 shows the Procedure for Changing the Interrupt Generate Source.

C Change the interrupt source )

Disable interrupts ? 3

Change the interrupt source
(including a mode change of peripheral function)

Use the MOV instruction to set the IR bit to O (interrupt not requested)

Enable interrupts @ 3

( Change completed )

IR bit: A bit in the interrupt control register

Notes:

1. Execute the above settings individually. Do not use one instruction to execute two or more settings simultaneously.

2. Use the | flag for the INTi interrupt (i = O to 7).
For the interrupts from peripheral functions other than the INTI interrupt, disable the peripheral function that is the
source of the interrupt so as not to generate an interrupt request before changing the interrupt source. In this case,
if the maskable interrupts can all be disabled without causing a problem, use the | flag. Otherwise, use
corresponding bits ILVL2 to ILVLO in the interrupt control register whose interrupt source is to be changed.

3. Refer to 14.13.5 “Rewriting the Interrupt Control Register” for details about the instructions to be used and the
notes to be taken for instruction execution.

Figure 14.12 Procedure for Changing the Interrupt Generate Source
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14.13.5 Rewriting the Interrupt Control Register

To modify the interrupt control register, follow either of the procedures below:

* Modify in places where no interrupt requests corresponding to the interrupt control register may

occur.

* If an interrupt request can be generated, disable that interrupt and then rewrite the interrupt control

register.

When using the | flag to disable an interrupt, set the | flag as shown in the sample program code below.
(Refer to 14.13.6 “Instruction to Rewrite the Interrupt Control Register” for rewriting the interrupt control
registers using the sample program code.)

Examples 1 through 3 show how to prevent the | flag from becoming 1 (interrupt enabled) before the
contents of the interrupt control register is rewritten, owing to the effects of the internal bus and the

instruction queue buffer.

Example 1: Using the NOP instruction to pause the program until the interrupt control register is

modified

INT_SWITCH1:

FCLR
AND.B
NOP
NOP
FSET

| ; Disable interrupts.
#00H, 0055H

I ; Enable interrupts.

Example 2: Using a dummy read to delay the FSET instruction

INT_SWITCH2:
FCLR
AND.B
MOV.W
FSET

I ; Disable interrupts.

#00H, 0055H ; Set the TAOIC register to 00h.
MEM, RO ; Dummy read.

I ; Enable interrupts.

Example 3: Using the POPC instruction to change the | flag

INT_SWITCHS:
PUSHC
FCLR
AND.B
POPC

FLG

I ; Disable interrupts.

#00H, 0055H ; Set the TAOIC register to 00h.
FLG ; Enable interrupts.

14.13.6 Instruction to Rewrite the Interrupt Control Register

* Do not use the BTSTC and BTSTS instructions to rewrite the interrupt control registers.

¢ Use the AND, OR, BCLR, BSET, or MOV instruction to rewrite interrupt control registers.
When an interrupt request is generated for the register being rewritten while executing an AND,
OR, BCLR, or BSET instruction, the IR bit becomes 1 (interrupt requested) and remains 1.

; Set the TAOIC register to 00h.
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14.13.7 INT Interrupt

e Either a low level of at least tw(INL) width or a high level of at least tw(INH) width is necessary for
the signal input to pins INTO through INT7, regardless of the CPU operation clock.

* If the POL bit in registers INTOIC to INT7IC, bits IFSR7 to IFSRO in the IFSR register, or bits
IFSR31 to IFSR30 in the IFSR3A register are changed, the IR bit may inadvertently become 1

(interrupt requested). Be sure to set the IR bit to O (interrupt not requested) after changing any of
these register bits.
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15. Watchdog Timer

15.1 Introduction

The watchdog timer contains a 15-bit counter, and the count source protection mode (enabled/disabled)
can be set.

Table 15.1 lists Watchdog Timer Specifications.

Refer to 6.4.8 “Watchdog Timer Reset” for details of watchdog timer reset.

Figure 15.1 shows Watchdog Timer Block Diagram.

Table 15.1  Watchdog Timer Specifications

Iltem Count Source Protection Mode Disabled | Count Source Protection Mode Enabled
Count source CPU clock fOCO-S
Count operation Decrement

Either of the following can be selected

(selected by the WDTON bit in the OFS1 address)
* Count automatically starts after reset.

 Count starts by writing to the WDTS register.

Count start conditions

Count stop condition | Stop mode, wait mode, bus hold ‘ None
Watchdog timer * Reset (refer to 6. “Resets”)

counter refresh * Write 00h, and then FFh to the WDTR register.
timing e Underflow

Operation when the | Watchdog timer interrupt or watchdog

Watchdog timer reset

timer underflows timer reset

* Prescaler divide ratio
Divide-by-16 or divide-by-128 (selected by the WDCY7 bit in the WDC register)
However, divide-by-2 is selected when the CMO07 bit in the CMO register is 1

Selectable functions (sub clock).

* Count source protection mode
Enabled or disabled (selected by the CSPROINI bit in the OFS1 address and
the CSPRO bit in the CSPR register)

Write to the WDTR register

Internal reset signal g|>
(low active)

WDTR register written $
WDTON bit in the OFS1 address

Prescaler

Refresh

CPU clock CSPRO | Watchdog timer counter
Bus hold 0 bl4  blo b3 bo
ITTTTTTTTITITITN]
fOCO-S T PM12 .
WDCA o WDCO o Watchdog timer
WDC7,WDC4 to WDCO: Bits in the WDC register | interrupt
CSPRO: Bit in the CSPR register ol— :
CMO7: Bit in the CMO register Underflow 1 Watchdog timer reset
PM12: Bit in the PM register
Figure 15.1 Watchdog Timer Block Diagram
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15.2 Registers

Table 15.2  Registers

Address Register Symbol Reset Value
002Ch | Voltage Monitor 2 Control Register VwW2C 1000 0X10b
037Ch | Count Source Protection Mode Register CSPR 00h (1)
037Dh | Watchdog Timer Refresh Register WDTR XXh
037Eh |Watchdog Timer Start Register WDTS XXh
037Fh | Watchdog Timer Control Register WDC 00XX XXXXb

Note:

1. When the CSPROINI bit in the OFS1 address is 0, the reset value becomes 1000 0000b.

15.2.1 Voltage Monitor 2 Control Register (VW2C)

Voltage Monitor 2 Control Register

b7 b6 b5 b4 b3 b2 bl b0

N I e Symbol Address Reset Value
T T A T T VW2C 002Ch 1000 0X10b
T B N
] ] 1 [ 1 [) ]
] ] ] [ | ] : :
bboiob 10| BitSymbol Bit Name Function RW
T T T R R
A R R R Voltage monitor 2 interrupt/ |0 : Disabled
E E i E i i E 1 VW2CO st enable bit 1: Enabled RW
] 1 1 [ 1 [)
] 1 1 [ 1 )
Ve Voltage monitor 2 digital filter |0 : Digital filter enabled
] ] 1 [ 1 )
T A Bty Vw2Cl disable mode select bit 1 : Digital filter disabled RwW
] ] ] [ | 1
] ] ] [ | 1
] ] ] [ 1 -
A Voltage change detection 0 : Not detected
E E E E i Vw2c2 flag 1: Vdet2 passage detected RW
] ] 1 [
] ] ] [ |
N Watchdog timer detection 0 : Not detected
] ] 1 | S
i E i E VW2Cs3 flag 1 : Watchdog timer underflow detected RW
N b5 ba
bt VW2F0 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
R R VW2F1 -
Do 1 1:fOCO-S divided by 8
] ]
E E VW2C6 Voltage monitor 2 mode 0 : Voltage monitor 2 interrupt at VVdet2 passage RW
VTTTTTTTTTTTTTTTT select bit 1 : Voltage monitor 2 reset at Vdet2 passage
]
]
! Voltage monitor 2 interrupt/ 0: When VCCL1 reaches or goes above
L o] . o Vdet2
VW2C7 [reset generation condition 1: When VCC1 reaches or goes below RW
select bit "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 bit to 0 after rewriting the VW2C register.
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VW2C3 (WDT detection flag) (b3)

Use this bit in an interrupt routine to determine the source of the interrupts from the watchdog timer, the
oscillator stop/restart detect, the voltage monitor 1, and the voltage monitor 2.

Condition to become 0:
* Writing O by a program
Condition to become 1:

*Watchdog timer underflow detected
(This flag remains unchanged even if 1 is written by a program.)

15.2.2 Count Source Protection Mode Register (CSPR)

Count Source Protection Mode Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address Reset Value
CSPR 037Ch 0000 0000b
; (when the CSPROINI bit in the OFS1 address is 1)
R R A T A 1000 0000b
T A A (when the CSPROINI bit in the OFS1 address is 0)
1 1 ] ] ] ] ] ]
1 ] ] ] ] ] ]
i E i 1 1 1 11 |BitSymbol Bit Name Function RW
R T A A
R I R A —
R S U IO S S No register bits. If necessary, set to 0. The read value is 0. —
i (b6-b0)
]
]
' Count source protection mode 0 : Count source protection mode
e csprO | T OHee P disabled RW
1 : Count source protection mode enabled

CSPRO (Count source protection mode select bit) (b7)
Select the CSPRO bit before the watchdog timer starts counting. Once counting starts, do not change

the CSPRO bit.
Condition to become O:

* Reset when the CSPROINI bit in the OFS1 address is 1.
(This flag remains unchanged even if 0 is written by a program.)

Conditions to become 1:

*\When the CSPROINI bit in the OFS1 address is 0

¢ Write 0, and then write 1.

Make sure no interrupts or DMA transfers occur between setting the bit to 0 and setting it to 1.
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15.2.3 Watchdog Timer Refresh Register (WDTR)

Watchdog Timer Refresh Register

b7 b0 Symbol Address Reset Value
| | WDTR 037Dh XXh
i
E Function RW
!
e Setting 00h and then FFh refreshes the watchdog timer. WO

After the watchdog timer interrupt occurs, refresh the watchdog timer by setting the WDTR register.

15.2.4 Watchdog Timer Start Register (WDTS)

Watchdog Timer Start Register

b7 b0

Symbol Address Reset Value
| : | WDTS 037Eh XXh
!
! Function RW
]
|
o The watchdog timer starts counting after a write instruction to this register. WO

The WDTS register is enabled when the WDTON bit in the OFS1 address is 1 (watchdog timer is in a
stopped state after reset).
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15.2.5 Watchdog Timer Control Register (WDC)

Watchdog Timer Control Register
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address Reset Value
| |0N | | | | | wDC 037Fh 00XX XXXXb
NRRERRE
] ]

i i P i i i | Bit Symbol Bit Name Function RW
A H

SRR

Ei:::iit_-woco RO
A

AR

bl E 1 Lt wbct RO
R

Pl

et WDC2 [Higher-order bits (b14 to b10) of the watchdog timer can be read RO
R T A

R

I

A WDC3 RO
[

BEE

[

R S WDC4 RO
bl

Pt

S S (g) No register bit. If necessary, set to 0. The read value is undefined. —
o

P — .

E tmmmmmmm oo (b6) Reserved bit Setto 0 RW
]

]

] .

1 . 0 : Divide-by-16

------------------ WDC7 [Prescaler select bit 1: Divide-by-128 RW

WDC4-WDCO (b4-b0)

When reading the watchdog timer value while the CSPRO bit in the CSPR register is 1 (count source
protection mode enabled), read bits WDC4 to WDCO more than three times to determine the values.
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15.3 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
register 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. When using the MCU in
microprocessor mode, clear the internal ROM.

15.3.1 Optional Function Select Address 1 (OFS1)

Optional Function Select Address 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address
[T 0e] [ [2] ] 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 (E_) Reserved bit Setto 1.

0 : ROM code protection cancelled

[EXTELEL ROMCR |ROM code protect cancel bit 1 - ROMCP1 bit enabled

0 : ROM code protection enabled

T ROMCP1 |ROM code protect bit 1: ROM code protection disabled
i ------------ (b4) Reserved bit Setto 1.
1
1
1 .
— VDSEL1 |Vdeto select bit 1 9: xgggjz)

0 : Voltage monitor O reset enabled

R . 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

WDTON (Watchdog timer start select bit) (b0)

CSPROINI (After-reset count source protection mode select bit) (b7)

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).
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15.4 Operations

15.4.1 Count Source Protection Mode Disabled
The CPU clock is used as the watchdog timer count source when count source protection mode is

disabled.

Table 15.3 lists Watchdog Timer Specifications (Count Source Protection Mode Disabled).

Table 15.3  Watchdog Timer Specifications (Count Source Protection Mode Disabled)
Item Specification
Count source CPU clock
Count operation Decrement

Cycles

When the CMO7 bit in the CMO register is 0 (main clock, PLL clock, fOCO-F, fOCO-S):

Prescaler divide value (n) x watchdog timer count value (32768) (1)
CPU clock

n: 16 or 128 (selected by the WDC?7 bit in the WDC register)
Example: When CPU clock frequency is 16 MHz and the prescaler division rate is
16, the watchdog timer cycle is approximately 32.8 ms.

When the CMO7 bit is 1 (sub clock):

Prescaler divide value (2) x watchdog timer count value (32768) (1)
CPU clock

Watchdog timer
counter refresh
timing

* Reset (refer to 6. “Resets”)
* Write 00h, and then FFh to the WDTR register.
* Underflow

Count start

Set the WDTON bit in the OFS1 address to select the watchdog timer operation
after reset.
*WDTON bit is 1 (watchdog timer is in stop state after reset)

The watchdog timer counter and prescaler stop after reset and count starts by

conditions writing to the WDTS register.
*WDTON bit is O (watchdog timer starts automatically after reset)
The watchdog timer counter and prescaler start counting automatically after reset.
* Stop mode
Count stop * Wait mode
conditions * Bus hold

(Count resumes from the hold value after exiting.)

Operation when
timer underflows

* PM12 bit in the PM1 register is 0
Watchdog timer interrupt
* PM12 bit in the PM1 register is 1
Watchdog timer reset (Refer to 6.4.8 “Watchdog Timer Reset”.)

Note:

1. When writing 00h and then FFh to the WDTR register, the watchdog timer is refreshed, but the
prescaler is not initialized. Thus, some errors in the watchdog timer period may be caused by the
prescaler. The prescaler is initialized after reset.
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15.4.2 Count Source Protection Mode Enabled

fOCO-S is used as the watchdog timer count source when the count source protection mode is
enabled.
Table 15.4 lists the Watchdog Timer Specifications (Count Source Protection Mode Enabled).

Table 15.4  Watchdog Timer Specifications (Count Source Protection Mode Enabled)

Item Specification

Count source fOCO-S . . . I
(The 125 kHz on-chip oscillator clock automatically starts oscillating.)

Count operation Decrement
Watchdog timer count value (4096)

Cycle fOCO-S
(The watchdog timer cycle is approximately 32.8 ms.)

Watchdog timer * Reset (refer to 6. “Resets”)

counter refresh * Write 00h, then FFh to the WDTR register.

timing e Underflow
Set the WDTON bit in the OFS1 address to select the watchdog timer operation
after reset.

*WDTON bit is 1 (watchdog timer is stopped after reset)

Count start .
The watchdog timer counter and prescaler stop after reset and count starts by

conditions writing to the WDTS register.

*WDTON bhit is 0 (watchdog timer starts automatically after reset)

The watchdog timer counter and prescaler start counting automatically after reset.
Count stop None . .
condition (The count does not stop in wait mode or by bus hold once started. The MCU does

not enter stop mode.)

Operation when

. Watchdog timer reset (refer to 6.4.8 “Watchdog Timer Reset”).
timer underflows

When the CSPRO bit in the CSPR register is 1 (count source protection mode enabled), the watchdog
timer counter underflows every 4096 cycles because the 3 low-order bits are not used.

Also when the CSPRO bit is set to 1 (count source protection mode enabled), the following bits change:
*The CM14 bit in the CM1 register becomes 0 (125 kHz on-chip oscillator on). It remains
unchanged even if 1 is written, and the 125 kHz on-chip oscillator does not stop.
* The PM12 bit in the PM1 register becomes 1 (watchdog timer reset when watchdog timer counter
underflows).
* The CM10 bit in the CM1 register remains unchanged even if 1 is written, and the MCU does not
enter stop mode.
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15.5 Interrupts

Watchdog timer interrupts are non-maskable interrupts.

The watchdog timer interrupt, oscillator stop/restart detect interrupt, voltage monitor 1 interrupt, and
voltage monitor 2 interrupt share an vector. When using multiple functions, read the detect flag in an
interrupt process program to determine the source of the interrupt.

The VW2C3 bit in the VW2C register is the detect flag for the watchdog timer. After the interrupt factor is
determined, set the VW2C3 bit to 0 (not detected) by a program.
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15.6 Notes on the Watchdog Timer

After the watchdog timer interrupt is generated, use the WDTR register to refresh the watchdog timer
counter.
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16. DMAC

16.1 Introduction

The direct memory access controller (DMAC) allows data to be transferred without CPU intervention.

There are four DMAC channels. Each time a DMA request occurs, the DMAC transfers one (8- or 16-bit)
unit of data from the source address to the destination address. The DMAC uses the same data bus used
by the CPU. Because the DMAC has higher priority for bus control than the CPU, and because it makes
use of a cycle steal method, it can transfer 1 word (16 bits) or 1 byte (8 bits) of data within a very short
time after a DMA request is generated. Table 16.1 lists DMAC Specifications, and Figure 16.1 shows the
DMAC Block Diagram.

Table 16.1

DMAC Specifications

Item

Specification

Number of channels

4 (cycle steal method)

Transfer memory spaces

* From a given address in a 1 MB space to a fixed address
* From a fixed address to a given address in a 1 MB space
* From a fixed address to a fixed address

Maximum number of bytes
transferred

128 KB (with 16-bit transfers) or 64 KB (with 8-bit transfers)

DMA request sources (1)

43 sources

Falling edge of INTO to INT7 (8)

Both edge of INTO to INT7 (8)

Timer AO to timer A4 interrupt request (5)

Timer BO to timer B5 interrupt request (6)

UARTO to UART2, UARTS5 to 7 transmission interrupt request (6)
UARTO to UART2, UARTS5 to 7 reception/ACK interrupt request (6)
S1/03, SI/O4 interrupt request (2)

A/D conversion interrupt request (1)

Software trigger (1)

Channel priority

DMAO > DMA1 > DMA2 > DMA3 (DMAQO takes precedence)

Transfers

8 bits or 16 bits

Transfer address direction

Forward or fixed (The source and destination addresses cannot both be in the forward
direction.)

Single transfer
Transfer

Transfer is completed when the DMAI transfer counter underflows.

mode Repeat transfer

When the DMAI transfer counter underflows, it is reloaded with the value of the DMAI
transfer counter reload register, and DMA transfer continues.

DMA interrupt request
generation timing

When the DMAI transfer counter underflows

DMA transfer start

Data transfer is initiated each time a DMA request is generated when the DMAE bit in
the DMICON register is 1 (enabled).

DMA ) * When the DMAE bit is set to O (disabled)
Single transfer .

transfer * After the DMAI transfer counter underflows

stop Repeat transfer | When the DMAE bit is set to 0 (disabled)

Reload timing for forward
address pointer and DMAI
transfer counter

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

DMA transfer cycles

Minimum 3 cycles between SFR and internal RAM

i=0to 3
Note:

1. The selectable sources of DMA requests differ for each channel.
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Address bus

L~

—|:>|DMAO transfer counter reload register TCRO

|DMAO transfer counter TCRO

:>|DMA1 transfer counter reload register TCR1

|DMA1 transfer counter TCR1

:>|DMA2 transfer counter reload register TCR2

|DMA2 transfer counter TCR2

:>|DMA3 transfer counter reload register TCR3

|DMA3 transfer counter TCR3

NARYARVARVARY IR VAR YARY:

DMAO source pointer SARO

DMAO destination pointer DARO

AV v

DMAO forward address pointer

DMAL source pointer SAR1

DMA1 destination pointer DAR1

Vi V

DMAL1 forward address pointer

DMA2 source pointer SAR2

DMAZ2 destination pointer DAR2

Vi v

|DMA2 forward address pointer

DMA3 source pointer SAR3
DMAZ destination pointer DAR3

Vi V

|DMA3 forward address pointer

| DMA latch upper bits | DMA latch lower bits

EERVARVARVARVARVARVARVERVARVARVAR VIR YIY

X AR N A
V V
S_ Data bus §
Figure 16.1 DMAC Block Diagram
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16.2 Registers
Table 16.2 lists Registers. Do not access these registers using the DMAC.
Table 16.2  Registers

Address Register Symbol Reset Value
0180h XXh
0181h DMAO Source Pointer SARO XXh
0182h 0Xh
0184h XXh
0185h DMAO Destination Pointer DARO XXh
0186h 0Xh
gigg?\ DMAO Transfer Counter TCRO ))g((ﬂ
018Ch | DMAO Control Register DMOCON 0000 0X00b
0190h XXh
0191h DMA1 Source Pointer SAR1 XXh
0192h 0Xh
0194h XXh
0195h DMAZ1 Destination Pointer DAR1 XXh
0196h 0Xh
0198h XXh
0199 DMAL Transfer Counter TCR1 Xh
019Ch |DMA1 Control Register DM1CON 0000 0X00b
01A0h XXh
01A1h |DMAZ2 Source Pointer SAR2 XXh
01A2h 0Xh
01A4h XXh
01A5h |DMAZ2 Destination Pointer DAR2 XXh
01A6h 0Xh
giﬁgﬂ DMA2 Transfer Counter TCR2 ))g((::
01ACh |DMAZ2 Control Register DM2CON 0000 0X00b
01BOh XXh
01B1h |DMA3 Source Pointer SAR3 XXh
01B2h 0Xh
01B4h XXh
01B5h | DMA3 Destination Pointer DAR3 XXh
01B6h 0Xh
01B8h XXh
01BSh DMAS3 Transfer Counter TCR3 XXh
01BCh |DMAS3 Control Register DM3CON 0000 0X00b
0390h DMAZ2 Source Select Register DM2SL 00h
0392h DMA3 Source Select Register DM3SL 00h
0398h DMAO Source Select Register DMOSL 00h
039Ah |DMAL Source Select Register DM1SL 00h
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16.2.1 DMAI Source Pointer (SARIi) (i=0to 3)

DMAI Source Pointer (i = 0 to 3)
(b23) (b16) (b15) (08)
b7 b0 b7 b0 b7 bo
D<[><l><l><| | | | Symbol Address Reset Value
T T T 1
Py : SARO 0182h to 0180h 0X XXXXh
Yy ' SAR1 0192h to 0190h 0X XXXXh
! i i i i SAR2 01A2h to 01A0h 0X XXXXh
E I ! SAR3 01B2h to 01BOh 0X XXXXh
[ ] !
] ] ] 1
E I ! Function Setting Range RW
i s
1 1 1 1
E P lemmm oo Set the transfer source 00000h to EFFEEh RW
i
]
[V Y O No register bits. If necessary, set to 0. The read value is 0 —

If the DSD bit in the DMICON register is 0 (fixed), write to SARI register when the DMAE bit in the
DMICON register is 0 (DMA disabled).

If the DSD bit is 1 (forward direction), this register can be written to at any time.

If the DSD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAIi forward address pointer can be read
from this register. Otherwise, the value written to it can be read.

The forward address pointer increments when a DMA request is accepted.

16.2.2 DMAI Destination Pointer (DARIi) (i=0to 3)

DMAI Destination Pointer (i = 0 to 3)

(b23) (b16) (b15) (b8)
b7 b0 b7 b0 b7 bo

|><D<|><|><| | | | Symbol Address Reset Value
R ! DARO 0186h to 0184h 0X XXXXh
P i DAR1 0196h to 0194h 0X XXXXh
b i DAR2 01A6h to 01A4h 0X XXXXh
P ; DAR3 01B6h to 01B4h 0X XXXXh
RN i

]

! i i i i Function Setting Range RW
)

i s

1

Yo lemmm e e o Set the transfer destination address 00000h to FFFFFh RW
RN

b . ) )

L T T No register bits. If necessary, set to 0. The read value is 0 —

If the DAD bit in the DMICON register is 0 (fixed), write to the DARI register when the DMAE bit in the
DMICON register is 0 (DMA disabled).

If the DAD bit is 1 (forward direction), this register can be written to at any time.

If the DAD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAI forward address pointer can be read
from this register. Otherwise, the value written to it can be read.

The forward address pointer increments when a DMA request is accepted.
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16.2.3 DMAI Transfer Counter (TCRi) (i =0to 3)

DMAI Transfer Counter (i = 0 to 3)

(b15) (b8)

b7 b b7 bo

| | | Symbol Address Reset Value
i TCRO 0189h to 0188h Undefined
! TCR1 0199h to 0198h Undefined
H TCR2 01A9h to 01A8h Undefined
E TCR3 01B9h to 01B8h Undefined
]
E Function Setting Range RW
!
e Set the number of transfers minus 1. 0000h to FFFFh RW

The value written in the TCRi register is stored in the DMAI transfer counter reload register.

The DMAI transfer counter reload register value is transferred to the DMAI transfer counter in either of

the following cases:

* The DMAE bit in the DMICON register is set to 1 (DMA enabled) (single transfer mode, repeat

transfer mode).

* The DMAI transfer counter underflows (repeat transfer mode).
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16.2.4 DMAI Control Register (DMiCON) (i =0 to 3)
DMAI Control Register (i = 0 to 3)
o7 06,05 b4 b3 b2 b1 b0 Symbol Address Reset Value
B A e DMOCON 018Ch 0000 0X00b
I R R DM1CON 019Ch 0000 0X00b
A DM2CON 01ACh 0000 0X00b
A DM3CON 01BCh 0000 0X00b
[ T R T T
Voo o !
Py E Bit Symbol Bit Name Function RW
I
A 0: 16 bits
] ] 1 1 ] ] ] Pp— I T i N
b DMBIT |Transfer unit bit select bit 1 - 8 bits RW
EEREEN ;
prtrr | pvAsL Repeat transfer mode select |0 Single transfer RW
P bit 1: Repeat transfer
] ] 1 ] ] ]
] ] 1 1 ] ]
T . 0 : DMA not requested
] ] 1 ] ] |
E E | i : DMAS |DMA request bit 1 : DMA requested RW
1 ]
] ] 1 ] ]
] ] 1 ] ] .
[ T T T F . 0 : DMA disabled
i i i i DMAE |DMA enable bit 1 DMA enabled RW
] ] 1 ]
] ] 1 1
R Source address direction 0 : Fixed
] ] 1 ]
E E i """""" DSD select bit 1 : Forward RW
] ] 1
] ] 1
[ T PO Destination address direction [0 : Fixed
E E DAD select bit 1: Forward RW
P
] ]
] ] - . . .
------------------- (b7-b6) No register bits. If necessary, set to 0. The read value is 0 —

DMAS (DMA request bit) (b2)

Conditions to become O:
* Set the bit to 0.
* Start data transfer
Condition to become 1:
* Set the bit to 1.

DMAE (DMA enable bit) (b3)

Conditions to become 0:
¢ Set the bit to 0.

* The DMA transfer counter underflows (single transfer mode).

Condition to become 1:
¢ Set the bit to 1.

DSD (Source address direction select bit) (b4)
DAD (Destination address direction select bit) (b5)

Set the DAD bit and/or DSD bit to O (address direction fixed).
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16.2.5 DMAI Source Select Register (DMiSL) (i =0to 3)
DMAI Source Select Register (i = 0 to 3)
b7 b6 b5 b4 b3 b2 bl b0
| Symbol Address Reset Value
L DMOSL 0398h 00h
A DM1SL 039Ah 00h
A 0390h 00h
P - DM3SL 0392h 00h
] ] ] ]
[ T T T
| )
! E E | i i i E Bit Symbol Bit Name Function RW
A
R A
] [ : 1 | ) — DSELO RW
P
Lo
b4y Lo DSELL o
[ [N
P E o DMA request source select . .
P e DSEL2 | See the bit explanation below.
t o 1
N RW
Cor i bmmmmmmmmg DSEL3
B
]
A ettt DSEL4 RW
P
[
E E (S (g) No register bit. If necessary, set to 0. The read value is undefined. —
t
t
[
i T DMms  |PMArequest source 0: Basic request source RW
! expansion select bit 1: Extended request source
1
E A DMA request is generated by setting this
' bit to 1 when the DMS bit is 0 (basic
L EEE LR DSR Software DMA request bit source) and bits DSEL4 to DSELO are RW
00001b (software trigger).
The read value is 0.

DSEL4-DSELO (DMA request source select bit) (b4-b0)

The DMAI request sources can be selected by a combination of the DMS bit and bits DSEL4 to DSELO
in the manner shown in Table 16.3 to Table 16.6. These tables list the DMAI request sources.
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Table 16.3  Sources of DMA Request (DMAO)
DSEL4 to DSELO | DMS is 0 (Basic Source of Request) [DMS is 1 (Expanded Source of Request)

00000Db Falling edge of the INTO pin -

00001b Software trigger -

00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 -
00110b Timer A4 Both edges of the INTO pin
00111b Timer BO Timer B3
01000b Timer B1 Timer B4
01001b Timer B2 Timer B5
01010b UARTO transmission -

01011b UARTO reception -

01100b UART2 transmission -

01101b UART2 reception -

01110b A/D converter -

01111b UART1 transmission -

10000b UART1 reception Falling edge of the INT4 pin
10001b UARTS transmission Both edges of the INT4 pin
10010b UARTS5 reception -

10011b UARTS6 transmission —

10100b UART®6 reception -

10101b UART7 transmission -

10110b UART7 reception -

10111b - -

1 1XXXb - -

X:0o0rl1 —:Donotset.

Table 16.4  Source of DMA Request (DMA1)
DSEL4 to DSELO | DMS = 0 (Basic Source of Request) | DMS = 1 (Expanded Source of Request)

00000Db Falling edge of the INT1 pin -

00001b Software trigger -

00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 S1/03
00110b Timer A4 SI/04
00111b Timer BO Both edges of the INT1 pin
01000b Timer B1 —
01001b Timer B2 -
01010b UARTO transmission -

01011b UARTO reception/ACKO -

01100b UART2 transmission -

01101b UART2 reception/ACK2 -

01110b A/D converter -

01111b UART1 reception/ACK1 -

10000b UART1 transmission Falling edge of the INT5 pin
10001b UARTS transmission Both edges of the INT5 pin
10010b UARTS5 reception/ACK5 -

10011b UART®6 transmission -

10100b UART®6 reception/ACK6 -

10101b UART7 transmission -

10110b UARTY reception/ACK7 -

10111b — —

1 1XXXb - -

X:0o0rl1l —Donot set.
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Table 16.5  Sources of DMA Request (DMAZ2)
DSEL4 to DSELO | DMS is 0 (Basic Source of Request) [DMS is 1 (Expanded Source of Request)

00000Db Falling edge of the INT2 pin -

00001b Software trigger -

00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 -
00110b Timer A4 Both edges of the INT2 pin
00111b Timer BO Timer B3
01000b Timer B1 Timer B4
01001b Timer B2 Timer B5
01010b UARTO transmission -

01011b UARTO reception -

01100b UART2 transmission -

01101b UART2 reception -

01110b A/D converter -

01111b UART1 transmission -

10000b UART1 reception Falling edge of the INT6 pin
10001b UARTS transmission Both edges of the INT6 pin
10010b UARTS5 reception -

10011b UARTS6 transmission -

10100b UART®6 reception -

10101b UART7 transmission -

10110b UARTY reception -

10111b - -

1 1XXXb - -

X:0o0rl1l —Donot set.

Table 16.6  Source of DMA Request (DMA3)
DSEL4 to DSELO | DMS is 0 (Basic Source of Request) [DMS is 1 (Expanded Source of Request)

00000Db Falling edge of the INT3 pin -

00001b Software trigger -

00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 SI/03
00110b Timer A4 SI/04
00111b Timer BO Both edges of the INT3 pin
01000b Timer B1 -
01001b Timer B2 -
01010b UARTO transmission -

01011b UARTO reception/ACKO -

01100b UART2 transmission -

01101b UART2 reception/ACK2 -

01110b A/D converter -

01111b UART1 reception/ACK1 -

10000b UART1 transmission Falling edge of the INT7 pin
10001b UARTS transmission Both edges of the INT7 pin
10010b UARTS5 reception/ACK5 -

10011b UART®6 transmission -

10100b UART®6 reception/ACK6 -

10101b UART7 transmission -

10110b UARTY reception/ACK7 -

10111b - -

1 1XXXb - -

X:0o0rl1 —Donot set.
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16.3

Operations

16.3.1 DMA Enabled

When data transfer starts after setting the DMAE bit in the DMICON register to 1 (enabled), the DMAC
operates as listed below (i = 0 to 3). If 1 is written to the DMAE bit when it is already set to 1, the DMAC
also performs the following operations.

* The forward address pointer is reloaded with the SARI register value when the DSD bit in the
DMICON register is 1 (forward), or the DARI register value when the DAD bit in the DMiCON
register is 1 (forward).

* The DMAI transfer counter is reloaded with the DMAI transfer counter reload register value.

16.3.2 DMA Request

The DMAC can generate a DMA request as triggered by the request source that is selected with the
DMS bit and bits DSEL4 to DSELO in the DMISL register (i = 0 to 3) on each channel. Table 16.7 lists
the Timing at Which the DMAS Bit Value Changes.
When a DMA request is generated, the DMAS bit becomes 1 (DMA requested) regardless of the DMAE
bit status. If the DMAE bit is 1 (enabled) when this occurs, the DMAS bit becomes 0 (DMA not
requested) immediately before a data transfer starts. This bit cannot be set to 1 by a program (writing 1
has no effect).
If the DMAE bit is 1, data transfers start immediately after a DMA request is generated, so the DMAS bit
in almost all cases is 0 when read in a program. Read the DMAE bit to determine whether the DMAC is
enabled. When a DMA request transfer cycle is shorter than the DMA transfer cycle, the number of
transfer requests and the number of transfers do not match.
When a peripheral function is selected as the DMA source, relations with the interrupt control registers
are as follows:

* DMA transfers are not affected by the | flag or interrupt control registers. DMA requests are always

accepted even when interrupt requests are not accepted.
* The IR bit in the interrupt control register retains its value when a DMA transfer is accepted.

Table 16.7  Timing at Which the DMAS Bit Value Changes

DMAS Bit in the DMiICON Register

DMA Source
) Timing at which the bit becomes 1 Timing at which the bit becomes 0
: When the DSR bit in the DMISL register
Software trigger .
is setto 1.

External source

When an input edge of pins INTO to

INT7 matches with what is selected by
setting bits DSEL4 to DSELO and DMS
in the DMISL register. * Immediately before a data transfer

Peripheral function | DSELO in the DMISL register.(If the IR

When an interrupt request is generated starts
by the peripheral function selected by * When set to 0 by a program
setting the DMS bit and bits DSEL4 to

bit in an interrupt control register is 0,
the timing is when the IR bit becomes

1)
i=0to 3
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16.3.3 Transfer Cycles

A transfer cycle is composed of a bus cycle to read data from a source address (source read), and a
bus cycle to write data to a destination address (destination write). The humber of read and write bus
cycles varies with the source and destination addresses.

Figure 16.2 shows Source Read Cycle Example. For convenience, the destination write cycle is shown
as one bus cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer
cycle changing accordingly. When calculating transfer cycles, take into consideration each condition for
the source read and the destination write cycle. For example, when data is transferred in 16-bit units,
and the source and destination addresses are both odd addresses ((2) in Figure 16.2), two source read
bus cycles and two destination write bus cycles are required.

16.3.3.1 Effect of Source and Destination Addresses

When a 16-bit unit of data is transferred with a 16-bit data bus and the source address starts with an
odd address, the source read cycle increments by one bus cycle, compared to a source address
starting with an even address.

When a 16-bit unit of data is transferred with a 16-bit data bus and the destination address starts with
an odd address, the destination write cycle increments by one bus cycle, compared to a destination
address starting with an even address.

16.3.3.2 Effect of Software Wait

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

16.3.3.3 Memory Expansion Mode and Microprocessor Mode

In memory expansion or microprocessor mode, the transfer cycle is also affected by the BYTE pin
level. Furthermore, the bus cycle itself is extended by a software wait or RDY signal.

If 16 bits of data are transferred on an 8-bit data bus (input to the BYTE pin is high), the operation is
accomplished by transferring 8 bits of data twice. Therefore, this operation requires two bus cycles to
read data and two bus cycles to write data. Furthermore, if the DMAC accesses an internal area
(internal ROM, internal RAM, or SFR), unlike in the case of the CPU, the DMAC uses the data bus
width selected by the BYTE pin.

DMA transfers to and from an external area are affected by the RDY signal. Refer to 11.3.5.6 “RDY
Signal” for more information.
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BCLK

Address
bus

RD signal

WR signal

Data bus

BCLK

Address
bus

RD signal

WR signal

Data bus

BCLK

Address
bus

RD signal

WR signal

Data bus

BCLK

Address
bus

RD signal

WR signal

Data bus

Note:

(1) Transfers are performed in 8-bit or 16-bit units, and the transfer source is an even address.

CPU

use

Source

Dumm

Destination cycle

y

CPU use

CPU use

Source

Destination

Dummy
cycle

CPU use

(2) Transfers are performed in 16-bit units, and the transfer source is an odd address.

/
CPU used Source ¥ Source + 1 Destination Dél;ggy CPU used
CPU used Source ¥ Source + 1 Destination Dg;zEy CPU used
(3) Conditions listed in (1) with one wait inserted in the source read cycle.
CPU used Source Destination Dummy CPU used
cycle
CPU d -~ Dummy
use Source Destination cycle CPU used
(4) Conditions listed in (2) with one wait inserted in the source read cycle.
CPU use Source Source + 1 Destination Délylen(;y CPU use
CPU used Source Source + 1 Destination Dél;zlrgy CPU used

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

Figure 16.2 Source Read Cycle Example
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16.3.4 DMAC Transfer Cycles

The formula for calculating the number of DMAC transfer cycles is shown below.
Number of transfer cycles per transfer unit = Number of read cycles x j + Number of write cycles x k

Table 16.8 DMAC Transfer Cycles

Single-Chip Mode Memory Expansion Mode
Transfer Unit Bus Width Access Microprocessor Mode
Address Number of Number of Number of Number of
read cycles | write cycles | read cycles | write cycles
16-bit Even 1 1 1 1
8-bit transfers | (BYTE = low) Odd 1 1 1 1
(DMBIT =1) 8-hit Even N/A N/A 1 1
(BYTE = high) Odd N/A N/A 1 1
16-bit Even 1 1 1 1
16-bit transfers | (BYTE = low) Odd 2 2 2 2
(DMBIT =0) 8-bit Even N/A N/A 2 2
(BYTE = high) Odd N/A N/A 2 2
DMBIT: Bit in the DMICON register (i = 0 to 3)
Table 16.9  Coefficients j and k (1/2)
Internal Area External Area
Internal ROM, RAM SFR Multiplex bus
No waits Wait one wait Wait inserted ()
inserted inserted inserted one wait two wait three wait
j 1 2 2 3 3 4
k 1 2 2 3 3 4

Note:
1. Depends on the set value of the CSE register.

Table 16.10 Coefficients j and k (2/2)

External Area

Separate bus ()

. Wait inserted (2)
No waits one wait two wait three wait
inserted 20 +3 20 + 4 30+ 4 4 + 5
(10+19) | (p+20) | (o+3g) | 20+30 | 20+40 | 30w | 4b+5o
i 1 2 3 4 5 6 7 9
k 2 2 3 4 5 6 7 9

1. When recovery cycle inserted is selected by setting bits EWR1 and EWRO in the EWR register,
add the recovery cycle.
2. Depends on the set values of registers CSE and EWC.
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16.3.5 Single Transfer Mode
In single transfer mode, the transfer stops when the DMAI transfer counter underflows. Figure 16.3
shows an Operation Example in Single Transfer Mode.

Single Transfer Mode

Bus CPU X DMA X cPU X DMA X CPU X DMA X CPU
1

| When a DMA transfer begins, the DMAS bit becomes 0.

s [ 1 [ ¥ M

/ Underflow
TCRIi register Undefine(x 02h X 01h X 00h X EFh
Reload :Set to 0 by an interrupt request acknowledgement
J or by a program.
IR bit

DMAE bit ¥~ Setto 1 by a program.

i=0to3
DMAS, DMAE: Bits in the DMICON register
IR: Bit in the DMIIC register

The above assumes the following:
The TCRi register value is 02h (there are three transfers).

Figure 16.3 Operation Example in Single Transfer Mode
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16.3.6 Repeat Transfer Mode
In repeat transfer mode, when the DMAI transfer counter underflows, it is reloaded with the value of the
DMA.I transfer counter reload register and DMA transfer continues. Figure 16.4 shows an Operation
Example in Repeat Transfer Mode.

Repeat Transfer Mode

Bus cPU X DMA X CPU X DMA X CPU X DMA X cPU X DMA X CPU
|

I When a transfer begins, the DMAS bit becomes 0.

owsee [ X [ ¥ M M

/ Underflow
TCRi register Undeﬁned)( 02h X 01h X 00h X 02h X 01h
Reload :Set to 0 by an interrupt request acknowledgement
| J or by a program.
IR bit

DMAE bit ™~ Setto 1 by a program.

i=0to 3
DMAS, DMAE: Bits in the DMICON register
IR: Bit in the DMIIC register

The above assumes the following:
The TCRi register value is 02h (there are three transfers).

Figure 16.4 Operation Example in Repeat Transfer Mode
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16.3.7 Channel Priority and DMA Transfer Timing

If multiple channels among DMAO to DMAS3 are enabled and DMA transfer request signals are detected
as active in the same sampling period (one period from a falling edge to the next falling edge of BCLK),
the DMAS bit on each channel becomes 1 (DMA requested) at the same time. In this case, the DMA
requests are arbitrated according to the following channel priority: DMAO > DMA1 > DMA2 > DMAS3.
DMAC operation when DMAO and DMAL requests are detected as active in the same sampling period
is described below. Figure 16.5 shows an example of DMA Transfer Initiated by External Sources.

In Figure 14.5, as DMAO and DMA1 requests are generated simultaneously, the higher channel
prioritized DMAQO is received first, and data transfer starts. After one DMAO transfer is completed, the
bus access privilege is returned to the CPU. When the CPU has completed one bus access, a DMA1
transfer starts. After one DMAL transfer is completed, the bus access privilege is again returned to the
CPU.

In addition, DMA requests cannot increment since each channel has one DMAS bit. Therefore, when
DMA requests, such as DMAL in Figure 16.5, occur more than once, the DMAS bit is set to 0 after
receiving the bus access privilege. The bus access privilege is returned to the CPU when one transfer
is completed.

Example when DMA requests from external sources are detected active at the same
time and a DMA transfer is executed in the shortest cycle

Jupupudyuguryuuty
DMAO
N Bus
DMAL v,
L privilege
CPU 7/ ZZ 7/ m—
INTO
DMAS bit in the
DMOCON register
INT1
DMAS bit in the
DM1CON register
Figure 16.5 DMA Transfer Initiated by External Sources
RO1UHO093EJ0110 Rev.1.10 RENESAS Page 268 of 839

Jul 31, 2012



M16C/65C Group

16. DMAC
16.4 Interrupts
Refer to operation examples for interrupt request generation timing.
For details on interrupt control, refer to 14.7 “Interrupt Control”.
Table 16.11 DMAC Interrupt Related Registers
Address Register Symbol Reset Value
004Bh | DMAO Interrupt Control Register DMOIC XXXX X000b
004Ch |DMAL Interrupt Control Register DM1IC XXXX X000b
0069h DMAZ Interrupt Control Register DM2IC XXXX X000b
006Ah | DMAS3 Interrupt Control Register DMS3IC XXXX X000b

When the DMS bit or bits DSEL4 to DSELO in the DMISL register are changed, the DMAS bit in the
DMICON sometimes becomes 1 (DMA requested) (i = 0 to 3). Therefore, set the DMAS bit to 0 (DMA not

requested) after the DMS bit or bits DSEL4 to DSELO in the DMISL register are changed. Refer to 14.13
“Notes on Interrupts” for more details.
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16.5 Notes on DMAC

16.5.1 Write to the DMAE Bit in the DMiCON Register (i =0to 3)

(Technical update number: TN-M16C-92-0306)
When both of the following conditions are met, follow steps (1) and (2) below.

Conditions
*Write 1 (DMAi is in active state) to the DMAE bit when it is 1.
* A DMA request may be generated simultaneously when writing to the DMAE bit.
Steps
(1) Set bits DMAE and DMAS in the DMICON register to 1 simultaneously. ()
(2) Make sure the DMAI circuit is in an initialized state (2) by a program.
If DMAI is not in an initialized state, repeat these two steps.

Notes:

1. The DMAS bit does not change even if set to 1. However, it becomes 0 when set to 0 (DMA not
requested). Therefore, when writing to the DMICON register to set the DMAE bit to 1, set the
value to be written to the DMAS bit to 1 to retain its state immediately before writing.

Similarly, when writing to the DMAE bit with a read-modify-write instruction, set the DMAS bit to 1
to retain the DMA request that was generated while executing the instruction.

2. Read the TCRi register to verify whether DMAI is in an initialized state.

If the read value is equal to the value that was written to the TCRi register before the DMA
transfer started, DMAI is in an initialized state. When a DMA request is generated after writing to
the DMAE bit, the read value is a value written to the TCRi register minus 1. If the read value is a
value in the middle of a transfer, DMAI is not in an initialized state.

16.5.2 Changing the DMA Request Source
When the DMS bit or any of bits from DSEL4 to DSELO in the DMISL register is changed, the DMAS bit
in the DMICON sometimes becomes 1 (DMA requested). Set the DMAS bit to 0 (DMA not requested)
after changing the DMS bit or bits DSEL4 to DSELO in the DMISL register.
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17. Timer A

17.1 Introduction

Timers A consists of timers A0 to A4. Each timer operates independently of the others. Table 17.1 lists
Timer A Specifications, Table 17.2 lists Differences in Timer A Mode, Figure 17.1 shows Timer A and B
Count Sources, Figure 17.2 shows Timer A Configuration, Figure 17.3 shows Timer A Block Diagram, and

Table 17.3 lists I/O Ports.

Table 17.1  Timer A Specifications
Iltem Specification
Configuration 16-hit timer x 5

Operating modes

* Timer mode
The timer counts an internal count source.
* Event counter mode
The timer counts pulses from an external device, or overflows and underflows of other timers.
* One-shot timer mode
The timer outputs a single pulse before it reaches the count 0000h.
* Pulse width modulation mode (PWM mode)
The timer outputs pulses of given width and cycle successively.

* Programmable output mode

The timer outputs a given pulse width of a high/low level signal (timers Al, A2, and A4).

Interrupt sources Overflow/underflow x 5

Table 17.2  Differences in Timer A Mode
Timer
Item
A0 Al A2 A3 A4
Event counter mode (two-phase pulse signal processing) No No Yes Yes Yes
Programmable output mode No Yes Yes No Yes
Clock Generator
I A
! Main clock Main clock !
l'| oscillator or i fOCO-F » fOCO-F
I | PLL frequency I
l| synthesizer : |[ ———————————————— .
! ! | ATIMAB 1 PEEKO 1 1 1mAB
i 40 MHz fOCO-F I ! > or
-chi L - |
|| onchip [ Divider & l i | f2TIMAB
| | PCKSTP11 1TCDIVOO: :
| |
| 1| PcksTP17 ’ ! f8TIMAB
I 0 CM21 5| !
| 1 Frao1 05—, [ 32TIMAB
| © s : I
I ! I f1/main clock I f64TIMAB
: 125 kHZ f 0 : fOCO-S e ==
| on-‘chlp 0OCO-S o » fOCO-S
| oscillator |
| |
| |
I Sub clock | fC I fC32 o
: oscillator 1/32 ! > fC32
: Reset : CM21: Bit in the CM2 register
| o | PCLKO: Bit in the PCLKR register
! e e e ! FRAOL: Bit in the FRAO register
L ____-~ cgister 1o ~ prescaterresey. _ ___L TCDIVOO: Bit in the TCKDIVCO register
PCKSTP17, PCKSTP11: Bit in the PCLKSTP1 register

Figure 17.1 Timer A and B Count Sources
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fcaz2

foco-

fOCO-F

64 TIMAB——————————

132 TIMAB——————————

f8TIMAB

f1TIMAB

or f2TIMAB

TCK1 to TCKO

2L Tes3 TMOD1 to TMODO  00b: Timer mode
o) 0 10b: One-shot timer mode
1‘;’; o} = 11b: PWM mode

Q : o Q\\0 - 1 Timer AO
 TeszTeso SO o “o— Timer A0 | P> interrupt
001n] OK 00by 0 01b: Event counter mode
010D 11b
Oug}g [TA0TGH to TAOTGL
1002'_0
101b) o

r 10b)
Noise
TA0IN O > ter
, JCKLt0 TCKO
00l n
TMOD1 to TMODO 00b: Timer mode

015 O 0 a8t 10b: One-shot timer mode

igb rO 10D, 11b: PWM mode, programmable output mode

o s s o\o - 1 > Timer Al
TS0 TCS4 o1ef S | Timer Al | interrupt
oote] ) 00b 0 01b: Event counter mode
010bLcy 116 [TAL1TGH to TAITGL
011D o
100b|
101b) o

< 10b)
Noise
TA1IN C> @’ filter
45 TCKLto TCKO
01b TCS3 TMOD1 to TMODO 00b: Timer mode
7002 oo 0 10b: One-shot timer mode
11b 10b 11b: PWM mode, programmable output mode :

0 - [ Q\\} - 1 Timer A2
| tcsroesn hlo o o “of—— Timer A2 f P interrupt
001b OK 00b) 5 01b: Event counter mode
010b] 11b
mﬁg [TA2TGH to TA2TGL
100b)
101E|-g

‘élob o
Noise
TA2IN O {i filter
5, TCKL 10 TCKO
o] S TCST TMOD1 to TMODO qob: Timer mode
0@ 0 10b: One-shot timer mode
o] 706, 11b: PWM mode

Q o I o [ , 1 p. Timer A3
|pqop LSBT0 TCS4 A O/C 1 Timer A3 I interrupt
oo1o] ) 000l 5 01b: Event counter mode
0100y 116 [TA3TGH to TASTGL
011b) ve)
100b) o
101b| o

10b] re)
[ Noise
TA3IN O {} filter
oop L CKLto TCKO
o] TCS3 TMOD1 to TMODO  00b: Timer mode
10b| o 0 10b: One-shot timer mode
11b) o 11b: PWM mode, programmable output mode )
0 - - 1 Timer A4
, 1CS210TCSO0 L o —| Timer A4 | > interrupt
01b: Event counter mode
11b [TA4TGH to TA4TGL
Noise
TA4N O fiter
. Timer B2 overflow or underflow
i=0to4
TCK1 to TCKO, TMOD1 to TMODO : Bits in the TAIMR register
TAITGH to TAITGL : Bits in the ONSF register or TRGSR register
TCS7 to TCSO : Bits in registers TACSO to TACS2
Note:
1. TAOIN shares a pin with TB5IN.
Figure 17.2 Timer A Configuration
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fC32

& 001hy
010by
011
1000y
1014

61%

2
550555

TAIUD

TAIIN

Timer B2 overflow @
TAj overflow @
TAK overflow

» TO external
trigger circuit

|

|

|

|

Polarity I
O select |
|

|

t

|

|

TAIOUT

I Toggle flip-flop

~ o

o]

Note:
1. Overflow or underflow

TCK1 to TCKO, TMOD1 to TMODO, MR2 to MRO: Bits in the TAIMR register

TAITGH to TAITGL: Bits in the ONSF register when i = 0, bits in the TRGSR register
wheni=1to4

TAIS: Bit in the TABSR register

TAIUD: Bit in the UDF register

TCS7 to TCSO: Bits in the registers TACSO to TACS2

POFSi: Bit in the TAPOFS register

PWMFSi: Bit in the PWMFS register

1
Decrement —

[ Toagle fioflon |

00b

foCco-s Data Bus rS
fOCO-F
64TIMAB PWMFSI—]
32TIMAB. —————— [ TAil register || TAI register ]
f8TIMAB Count source select
f1TIMAB Toss
or f2TIMAB | oopkL 0 TCKO - - Timer: TMODL to TMODO = 00b, MR2 = 0 " adTeoi
-One-shot timer: to =
One-shot i TMOD1 to TMODO =10b  \1oms 4 1MoD0 [_Reload register |
| ® 01b| o 0 TCS7__pulse width modulation, MR2 !
pe 10b o O programmable output: TMOD1 to TMODO = 11b
11b)| -Timer (gate function):
| gt O/C TGOt T 286, MR2 = 1 KO—
TCS2 10 TCSO T O
or TCo8 1o TCS4 -Event counter: TMODI to TMODO = 01b °
000l

Counter

01b_o

TMOD1 to TMODO

Increment/decrement

Always decrement except
in event counter mode

i=0to4

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

TAI TA| TAK
Timer AO | Timer A4 | Timer Al
Timer Al | Timer A0 | Timer A2
Timer A2 | Timer A1 | Timer A3
Timer A3 | Timer A2 | Timer A4
Timer A4 | Timer A3 | Timer AO

Figure 17.3 Timer A Block Diagram

Table 17.3  1/O Ports
Pin Name I/O Function
Gate input (timer mode)
Count source input (event counter mode)
TAIIN Input @ Two-pha_lse signal input (event counter mode (two-phase pulse signal
processing))
Trigger input (one-shot timer mode, PWM mode, programmable output
mode)
Pulse output (timer mode, event counter mode, one-shot timer mode, PWM
Output @)
TAIOUT mode, and programmable output mode)
Inout Two-phase pulse input (event counter mode (two-phase pulse signal
pu processing))
Z-phase (counter initialization) input (event counter mode (two-phase pulse
ZP Input () . .
signal processing))

i = 0 to 4; however, i = 2, 3, 4 for two-phase pulse input, and i = 1, 2, 4 in programmable output mode

Notes:

1. When using pins TAIiIN, TAIOUT, and ZP for input, set the port direction bits sharing pins to 0

(input mode).
2. The TAOOUT pin is N-channel open drain output.
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17.2 Registers

Table 17.4 lists registers associated with timer A.

Set the TCDIVO0O bit in the TCKDIVCO register before setting other registers associated with timer A. After
changing the TCDIVOO bit, set other registers associated with timer A again.
Refer to “registers and the setting” in each mode for registers and bit settings.

Table 17.4  Registers
Address Register Symbol Reset Value
0012h Peripheral Clock Select Register PCLKR 0000 0011b
0015h | Clock Prescaler Reset Flag CPSRF OXXX XXXXb
0016h Peripheral Clock Stop Register 1 PCLKSTP1 OXXX XX00b
01CBh | Timer AB Division Control Register 0 TCKDIVCO 0000 X000b
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 XO0h
01D4h 16-bit Pulsg Width Modulation Mode Function PWMES 0XXO X00Xb
Select Register
01D5h T|me_:r A Waveform Output Function Select TAPOFS XXX0 0000b
Reqgister
01D8h T|m§r A Output Waveform Change Enable TAOW YXX0 X0OXb
Register
0302h _ . XXh
0303 Timer Al-1 Register TA1l <xh
0304h . ) XXh
0305h Timer A2-1 Register TA21 <X
0306h . . XXh
T A4-1R TA41
0307h imer egister XN
0320h | Count Start Flag TABSR 00h
0322h | One-Shot Start Flag ONSF 00h
0323h | Trigger Select Register TRGSR 00h
0324h Increment/Decrement Flag UDF 00h
0326h . . XXh
T AOR TA
0327h imer AO Register 0 <X
0328h _ . XXh
0329h Timer Al Register TAl XN
032Ah . . XXh
032Bh Timer A2 Register TA2 <xh
032Ch Timer A3 Register TA3 XXh
032Dh 9 Xxh
032Eh . . XXh
032Fh Timer A4 Register TA4 <xh
0336h | Timer AO Mode Register TAOMR 00h
0337h Timer A1 Mode Register TALIMR 00h
0338h | Timer A2 Mode Register TA2MR 00h
0339h | Timer A3 Mode Register TA3MR 00h
033Ah | Timer A4 Mode Register TA4AMR 00h
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17.2.1 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
REERRRE
i E i ; b i | Bit Symbol Bit Name Function RW
o : [ S N T
i E E E E E i i Timers A and B clock select bit
] 1 ] ] ] ] 1 H .
I A (clock source for timers Aand | 0: f2TIMAB/f21IC
o o o . PCLKO 1B the dead time timer, and 1: fITIMAB/fLIIC RW
i b E b multi-master 1°C-bus interface)
[ [
i | E E P SI/O clock select bit
[ oy .
' (clock source for UARTO to 0: f2SI10
P P PCLKL |UART2, UARTS to UART7,  |1:f1SI0 RW
A SI/03, and SI/04)
REREN
[} H | I — .
i E i (b4-b2) Reserved bits Setto 0 RW
1 1
i E E Clock output function 0: Selected by setting bits CM01 to CM00
. e PCLK5 |expansion bit in the CMO register RW
I (enabled in single-chip mode) |1: Output f1
1 1
] ]
'] Ja— .
(b7-b6) Reserved bits Setto 0 RW
Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting this register.
17.2.2 Clock Prescaler Reset Flag (CPSRF)
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address Reset Value
CPSRF 0015h OXXX XXXXb
1 1 ] ] ] 1 1 1
P
i i E E E E i i Bit Symbol Bit Name Function RW
1 ] ] ] ] 1 1 1
AR —
(AN I S S SO S SO T (b6-b0) No register bits. If necessary, set to 0. The read values are undefined. —
]
1
i Setting this bit to 1 initializes the prescaler
"""""""""" CPSR |Clock prescaler reset flag for the timekeeping clock. RW
(The read value is 0.)
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17.2.3 Peripheral Clock Stop Register 1 (PCLKSTP1)

Peripheral Clock Stop Register 1

b7 b6 bS b4 b3 b2 bl b0 Symbol Address Reset Value
LWJ_J PCLKSTP1 0016h 0XXX XX00b
] ] [] ] ] ] 1 ]
R T T T
T T R R Bit Symbol Bit Name Function RW
] 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
T T T R Peripheral clock stop bit 0: f1 provide enabled
[
i i E i i i { PCKSTP1A (other than timer A, timer B) 1: f1 provide disabled RW
1
1 1 ] 1 1 1 I . . . .
A Timer peripheral clock stop bit | O: f1 provide enabled
i i E E E i PCKSTP11 (timer A, timer B) 1: f1 provide disabled RW
1 1 1 1 1 1
i N O O S (b6_bZ) No register bit. If necessary, set to 0. The read value is undefined. —
! i
1
h Timer clock source select bit 0:f1
L e ccccccccccc e ee---
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

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 0 (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.
To change the timer A and timer B count source from fOCO-F to f1, perform (1) and (2) above, and set
the TCDIVOO bit in the TCKDIVCO register from 1 (fOCO-F) to 0 (f1), then perform (3).

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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17.2.4 Timer AB Division Control Register 0 (TCKDIVCO)

Timer AB Division Control Register 0

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

[o]oJofofX]ofo] | Tckpiveo 01CBh 0000 X000b
I

[ T T B

i P E Do { | Bit Symbol Bit Name Function RW
I T T S B

I I T S B

A A Clock select prior to timer AB |0 : f1

A P ] TCPVOO | Givision bit 1:fOCO-F RwW
ERRREE

! i i i - (bz_bl) Reserved bits Setto 0 RW
T i

b

i i i i S (b_3) No register bit. If necessary, set to 0. The read value is undefined. —
P

|

L A R ——— (b7Tb4) Reserved bits Setto 0 RW

TCDIVO0O (Clock select prior to timer AB division bit) (b0)

Set the TCDIVOO bit while timers A and B are stopped.

Set the TCDIVOO bit before setting other registers associated with timer A.
After changing the TCDIVOO bit, set other registers associated with timer A again.
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17.2.5 Timer A Count Source Select Register i (TACSI) (i =0to 2)

Timer A Count Source Select Register 0, Timer A Count Source Select Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
TACSO0 to TACS1 01DOh to 01D1h 00h
T 7 010 T
RERRERE
tbob bt | Bit Symbol Bit Name Function RW
] ] 1 ] [ |
b b2 bl bo
Prl o =4 TCSo 0 0 0:fITIMAB or f2TIMAB RW
A 0 0 1:18TIMAB
A A 0 1 0:f32TIMAB
R i bR TCS1 |TAicountsource selecthit [0 1 1:f64TIMAB RW
P 1 0 0:fOCO-F
P 1 0 1:fOCO-S
o e TCS2 1 1 0:fC32 RW
[ 1 1 1:Donotset
[ T
nn T e
[ I B A | | count source option (0] Isable:
R TCS3 | specified bit 1: TCKO, TCK1 disabled, RW
P TCSO to TCS2 enabled
. T
T S TCS4 0 0 O0:fITIMAB or f2TIMAB RwW
o 0 0 1:f8TIMAB
o 0 1 0:f32TIMAB
i E lemmmmmmmmmmm ] TCS5 |TAj count source select bit 0 1 1:f64TIMAB RW
P 1 0 0:fOCO-F
ool 1 0 1:fOCO-S
] TCS6 1 1 0:fC32 RW
i 1 1 1:Donotset
H 0 : TCKO, TCK1 enabled,
1 . . .
e ] TAj count source option TCS4 to TCS6 disabled
TCST I specified bit 1: TCKO, TCK1 disabled, RW
TCS4 to TCS6 enabled
TACSO register:i=0,j=1 TACS1 register: i=2,j=3
Timer A Count Source Select Register 2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
TACS2 01D2h X0h
R ! H
A R I B
by bbby i | Bit Symbol Bit Name Function RW
[ T T R T
i b b b2 bl bo
L b -4 TCSO 0 0 0 : fITIMAB or f2TIMAB RW
I I R I 0 0 1:f{8TIMAB
:Eiii:: 0 1 O0: f32TIMAB
Py e TCS1 |TA4countsource selecthit |0 1 1 : f64TIMAB RW
P 1 0 0:fOCOF
Py 1 0 1:foCcO-S
I R TCS2 1 1 0:fC32 Rw
: E E i E 1 1 1 : Donotset
)
AR 0 : TCKO to TCK1 enabled,
i A TCS3 TA4 count source option TCSO to TCS2 disabled RW
I specified bit 1: TCKO to TCK1 disabled,
E E E E TCSO to TCS2 enabled
o
] ] 1 J—
Lobd ] (b7-b4) No register bits. If necessary, set to 0. The read values are undefined. —

TCS2 to TCSO (TAi count source select bit) (b2-b0) (i=0, 2, 4)
TCS6 to TCS4 (TAj count source select bit) (b6-b4) (i=1, 3)

Select fITIMAB or f2TIMAB by the PCLKO bit in the PCLKR register.
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17.2.6  16-bit Pulse Width Modulation Mode Function Select Register (PWMFS)

16-bit Pulse Width Modulation Mode Function Select Register

b7 b6 b5 bd b3 b2 bl bo Symbol Address Reset Value
L?_M}SLM PWMFS 01D4h 0XX0 X00Xb

REREREEE
v I
! E i Lo E i Bit Symbol Bit Name Function RW
ERERRRE
1 ) ! —_
i E E i E i E L4 (b0) No register bit. If necessary, set to 0. The read value is undefined. —
| T T Y I
| T T Y T
| T R R |
[ 1) | 1 . . hi
AR . PWMES1 Timer A1 rérograllmmsl_ble 0 : PWM modeb:%B bit PWM ] RW
I I output mode select bit 1: Programmable output mode
[ T I I I
[ T I I
Voo by Timer A2 programmable 0 : PWM mode 16-bit PWM
] ] ] | S P
H E . ' PWMFS2 output mode select bit 1 : Programmable output mode RW
RRN

] ] .
E P E SR b3 No register bit. If necessary, set to 0. The read value is undefined. —
b ! : (b3)

] ]
] ) 1 ]
T Timer A4 programmable 0 : PWM mode 16-bit PWM
[ | I
P PWMFS4 output mode select bit 1: Programmable output mode RW
P
E (R S (b(;bS) No register bits. If necessary, set to 0. The read value is undefined. —
i
]
] - .

(b7) Reserved bit Setto 0 RW

PWMFS1 (Timer Al programmable output mode select bit) (b1)
PWMFS2 (Timer A2 programmable output mode select bit) (b2)
PWMFS4 (Timer A4 programmable output mode select bit) (b4)

These bits are enabled when bits TMOD1 to TMODO in the TAIMR register are 11b (PWM mode or
programmable output mode), and the MR3 bit in the TAIMR register is 0 (16-bit PWM mode).
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17.2.7 Timer A Waveform Output Function Select Register (TAPOFS)
Timer A Waveform Output Function Select Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
TAPOFS 01D5h XXX0 0000b
N
A
' E b | Bit Symbol Bit Name Function RW
[ [ T B |
P
I E ] E i E L-{ POFSO |TAOOUT output polar control bit RW
[ [ H
bbb
i i E i E i [ POFS1 |TALOUT output polar control hit RW
]
bl E b i 0 : Output waveform high-level active
I , ! TR POFS2 | TA20UT output polar control bit {1 : Output waveform high-level active RW
R E (output inverted)
i i E i e POFS3 | TA3OUT output polar control bit RW
1 ] ]
Pob
Y E s POFS4 | TA4OUT output polar control bit RW
1 ]
bl —
LI (b7-b5) No register bits. If necessary, set to 0. The read value is undefined. —
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17.2.8 Timer A Output Waveform Change Enable Register (TAOW)
Timer A Output Waveform Change Enable Register
b7 b6 b5 bd b3 b2 bl bo Symbol Address Reset Value
TAOW 01D8h XXX0 X00Xb

e

EEEEEEE

bl 111111 | BitSymbol Bit Name Function RW

EEREEEE

E E E E E i i Lo (b_O) No register bit. If necessary, set to 0. The read value is undefined. —

[ |

[ |

Ve oy

I A Timer Al output waveform |0 : Change disabled

] ] ] 1 ____/ v

i i i 1 E i TALOW | change enable bit 1 : Change enabled RW
] ] 1

[ T T T

] ] 1 ) ) 1 ) .

[ Timer A2 output waveform 0 : Change disabled

P by TA20W | change enable bit 1: Change enabled RW

.
[ _

E E E R W (b3) No register bit. If necessary, set to 0. The read value is undefined. —
]

[ I

[ I

[ I

Voo Timer A4 output waveform |0 : Change disabled

E E E bomommmemeo TA4OW change enable bit 1 : Change enabled RW

b

Lod o de ] (bY:)S) No register bits. If necessary, set to 0. The read value is undefined. —

The TAOW register is enabled in programmable output mode.
To change cycles or width of the output waveform, follow the instructions below.
(1)Set the TAIOW bhit to 0 (output waveform change disabled). (i=1, 2, 4)

(2)write to the TAi register and/or the TAi1 register.

(3)Set the TAIOW bit to 1 (output waveform change enabled).

The updated value is reloaded when the TAIOW bit is 1 (output waveform change enabled) at one cycle
before the rising edge of the TAIOUT output (the falling edge when the POFSi bit is 1). The value before

the update is reloaded when the TAIOW bit is 0 (output waveform change disabled).
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17.2.9 Timer Ai Register (TAi) (i=0to 4)
Timer Ai Register (i=0to 4)
(%;5) “;?,) b7 b0 Symbol Address Reset Value
| | TAO 0327h to 0326h XXXXh
TAl 0329h to 0328h XXXXh
i TA2 032Bh to 032Ah XXXXh
i TA3 032Dh to 032Ch XXXXh
! TA4 032Fh to 032Eh XXXXh
1
1
! Mode Function Setting Range RW
]
]
o When n is a setting value,
Timer mode counter cycle: (n+1) 0000h to FFFFh RW
fj
When n is a set value,
Event counter mode |FFFFh - n + 1 count (at increment) 0000h to FFFFh RW
n + 1 count (at decrement)
When n is a set value,
One-shot timer mode | pulse width: _n 0000h to FFFFh WO
fj
Pulse width When n is a set value,
modulation mode |PWM period: (2'¢—1)
(16-bit PWM mode) R 0000h to FFFEh WO
PWM pulse width: n_
i
When n is an upper address setting value,
Pulse width and m is a lower address setting value, 00h to FEh
modulation mode | PWM period: (28 — 1) X (m + 1) (upper address) | |\,
(8-bit PWM mode) 00h to FFh
PWM pulse width: (m + 1)n (lower address)
When n is a setting value of TAil register,
and m is a setting value of TAi register,
Programmable high-level duratlon:_m 0000h to EFEEh WO
output mode fj
low-level duration: n_
fj
fj : Count source frequency

Access the register in 16-bit units. Use the MOV instruction to write to the TAi register.

Event Counter Mode
The timer counts pulses from an external device, or the overflows/underflows of other timers.

One-Shot Timer Mode

If the TAI register is set to 0000h, the counter does not work and timer Ai interrupt requests are not
generated. Furthermore, if pulse output is selected, no pulses are output from the TAIOUT pin.

Pulse Width Modulation Mode (16-bit PWM mode)

When the TAi register is set to 0000h, the counter does not work, the output level on the TAIOUT pin
remains low, and timer Ai interrupt requests are not generated.

Pulse Width Modulation Mode (8-bit PWM mode)

This mode operates as an 8-bit prescaler (lower 8 bits) and an 8-bit pulse width modulator (upper 8
bits). When the upper 8 bits of the TAi register are set to 00h, the counter does not work, the output
level on the TAIOUT pin remains low, and a timer Ai interrupt request is not generated.
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17.2.10 Timer Ai-1 Register (TAIl) (i=1, 2, 4)
Timer Ai-1 Register (i=1, 2, 4)
(b15) (b8)
b7 b0 b7 bo Symbol Address Reset Value
1
| H TA1l 0303h to 0302h XXXXh
i TA21 0305h to 0304h XXXXh
i TA4L 0307h to 0306h XXXXh
1
i Mode Function Setting Range RW
]
E When n is a setting value of TAil register,
"""""" and m is a setting value of TAi register,
Programmable high-level duration: m 0001h to FEFEh WO
output mode fj
low-level duration: _n
fi
fi: Count source frequency
Access the register in 16-bit units. Use the MOV instruction to write to the TAIil register.
17.2.11 Count Start Flag (TABSR)
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
TABSR 0320h 00h
A
bbb
brob | Bit Symbol Bit Name Function RW
[ !
] ] ) ) [ I 1
E i i E E i E -1 TAOS |Timer AO count start flag RW
| A
[
E i i E i Pbeeed TA1S  |Timer Al count start flag RW
] ] ) ) ] 1
] ] ) ) ] 1
E i i | i (S TA2S | Timer A2 count start flag RW
[
] 1 ]
o b
! IR EEEEEEES TA3S  |Timer A3 count start fla RW
! i i E ! 5 9 0 : Count stopped
A _ 1: Count started
b B et TA4S  |Timer A4 count start flag RW
] ] )
] ] )
i i e bty TBOS Timer BO count start flag RW
] 1
] 1
i L TB1S |Timer B1 count start flag RW
1
1
N R EE e TB2S  |Timer B2 count start flag RW

RO1UHO093EJ0110 Rev.1.10
Jul 31, 2012

RRENESAS

Page 283 of 839



M16C/65C Group 17. Timer A

17.2.12 One-Shot Start Flag (ONSF)

One-Shot Start Flag

The timer starts counting by setting this bit

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
ONSF 0322h 00h
R
by
Poror Bit Symbol Bit Name Function RW
] ) ] ) ]
] ) ] ) 1
] ] 1
| E i E ‘-1 TAO00OS |[Timer AO one-shot start flag RW
[ '
[
[
E [ S— TA10S |Timer Al one-shot start flag RW
P
[
[
[
'
|

it TA20S |Timer A2 one-shot start flag to 1. The read values are 0. RW
EEEEEEEL LD TA30S |Timer A3 one-shot start flag RW
]
]
]
HECEEEEEEEEEEE TA40S |Timer A4 one-shot start flag RW
]
]
] . .
R TAZIE Z-phase input enable bit 2 : §:EEZ: :EEEE 2::&'53 RW
b7 b6
E """"""""" TAOTGL Timer A0 eventitriaaer select | © € ¢ INPut on TAOIN pin selected RW
! bit 99 0 1:Timer B2 selected
] 1 0: Timer A4 selected
]
TAOTGH 1 1:Timer Al selected RW

TAIOS (Timer Ai one-shot start flag) (b4-b0) (i = 0 to 4)

This bit is enabled in one-shot timer mode. When the MR2 bit in the TAi register is 0 (TAIOS bit
enabled), the timer Ai count starts by setting the TAIOS bit to 1 after setting the TAIS bit in the TABSR
register to 1 (start counting).

TAZIE (Z-phase input enable bit) (b5)

This bit is used in event counter mode (two-phase pulse signal processing) of timer A3. Refer to
17.3.4.3 “Counter Initialization Using Two-Phase Pulse Signal Processing” for details.

TAOTGH-TAOTGL (Timer AO event/trigger select bit) (b7-b6)

These bits are used to select an event or a trigger in the following modes:
* An event in event counter mode (when not using two-phase pulse signal processing)
* A trigger in one-shot timer mode or PWM mode
The above applies when the MR2 bit in the TAOMR register is 1 (trigger selected by setting bits
TAOTGH to TAOTGL).
When bits TAOTGH to TAOTGL are 00b, the active edge of input signals can be selected by setting the
MR1 bit in the TAOMR register.
When bits TAOTGH to TAOTGL are set to 01b, 10b, or 11b, an event or a trigger occurs when an
interrupt request for the selected timer is generated. An event or trigger can occur while interrupts are
disabled because an interrupt request signal is generated regardless of the | flag, IPL, or interrupt
control registers.
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17.2.13 Trigger Select Register (TRGSR)
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address Reset Value
TRGSR 0323h 00h

Ty o T

[ T T S |

A . . .

A i | 1 |BitSymbol Bit Name Function RW

1

[

E i E ! i i E i Timer Al event/trigger bl b0

o T M TAITGL |select bit 0 O:Inputon TA1IN selected RW

P i Vo E 0 1:TB2 selected

[ [ .

i b i i - TAITGH 10 : TA(2) se:ecteg RW

P ! b ! 1 1:TA2selecte

E i E ! i . Timer A2 event/trigger b3 b2

Pl TAZTGL | select bit 0 0:Input on TA2IN selected RW

P i ! 0 1:TB2 selected

A N T TA2TGH 1 0:TA1 selected RW

: E b 1 1:TA3selected

1

i E E i Timer A3 event/trigger b5 b4

N TASTGL |select bit 0 0:Inputon TA3IN selected RW

o 0 1:TB2 selected

A R TASTGH 1 0:TA2 selected RW

- 1 1:TA4 selected

1

! E ________________ Timer A4 event/trigger b7 b6

i TA4TGL |select bit 0 0:Input on TA4IN selected RW

i 0 1:TB2 selected

R TA4TGH 1 0:TA3selected RW
1 1:TAO selected

TALTGH-TALTGL (Timer Al event/trigger select bit) (b1-b0)
TA2TGH-TA2TGL (Timer A2 event/trigger select bit) (b3-b2)
TA3TGH-TA3TGL (Timer A3 event/trigger select bit) (b5-b4)
TAATGH-TAATGL (Timer A4 event/trigger select bit) (b7-b6)

These bits are used to select an event or a trigger of the following modes:
* An event in event counter mode (when not using two-phase pulse signal processing)

* A trigger in one-shot timer mode, PWM mode, or programmable output mode

The above applies when the MR2 bit in the TAIMR register is 1 (trigger selected by setting bits

TAITGH to TAITGL).

When bits TAITGH to TAITGL are 00b, the active edge of input signals can be selected by setting the

MR1 bit in the TAIMR register.

When bits TAITGH to TAITGL are set to 01b, 10b, or 11b, an event or a trigger occurs when an interrupt
request of the selected timer is generated. An event or trigger can occur while interrupts are disabled
because an interrupt request signal is generated regardless of the | flag, IPL, or interrupt control

registers.
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17.2.14 Increment/Decrement Flag (UDF)

Increment/Decrement Flag

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
eI UDF 0324h 00h

REREEEE

] ] ] 1
i i 1 i i E i | Bit Symbol Bit Name Function RW
[ S A T B T
| I S T T B T
[ ] | 1 : H
P E : E ] TA0UD Timer AO increment/ RW
P : o decrement flag
') [ " A
A i D] TA1UD Timer Al increment/ RW
o decrement flag
RN Timer A2 increment/ 0 : Decrement
T R TA2UD 1: Increment RW
A decrement flag
[ I B " -

]
e e w
b g
[ | P i
T R N TA4UD Timer A4 increment/ RW
P decrement flag
E i E Timer A2 two-phase
e hhahathh TA2P pulse signal processing RW
I select bit

1 . H H

i : Timer A3 two-phase 0: 'I(;yvogalhgse pulse signal processing
R TA3P  |pulse signal processing Isable . . RW
1 - 1 : Two-phase pulse signal processing
1 select bit
! enabled
! Timer A4 two-phase
R TA4P  |pulse signal processing RW

select bit

TAIUD (Timer Ai increment/decrement flag) (b4 to b0) (i = 0 to 4)

Enabled in event counter mode (when not using two-phase pulse signal processing).

TA2P (Timer A2 two-phase pulse signal processing select bit) (b5)
TA3P (Timer A3 two-phase pulse signal processing select bit) (b6)
TA4P (Timer A4 two-phase pulse signal processing select bit) (b7)

Set these bits to 0 when not using two-phase pulse signal processing.
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17.2.15 Timer Ai Mode Register (TAIMR) (i =0 to 4)

Timer Ai Mode Register (i =0 to 4)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address Reset Value
L : TAOMR to TA4MR 0336h to 033Ah 00h
T | [l
BERRERE
i P b i Bit Symbol Bit Name Function RW
P
EEEEEEE b1 b0
A : i ! --1 T™MODO 0 O:Timer mode RW
T A . . 0 1:Event counter mode
[ I 1 .
: E E i : i E Operation mode select bit 1 0 One-shot timer mode
Py R — TMOD1 1 1: Pulse width modulation (PWM) mode | RW
by or programmable output mode
I !
! E i i [T MRO RW
[
A MR1 RW
o Function varies with the operation mode
! i i S MR2 RW
! ] ]
i bl MR3 RW
]
| hmmmmmmmmmeeeeeee TCKO RW
! Function varies with operation mode
"""""""""" TCK1 RW
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17.3 Operations
17.3.1 Common Operations

17.3.1.1 Operating Clock

The count source for each timer acts as a clock, controlling such timer operations as counting and
reloading.

If the conditions to start counting are met, the stopped counter starts counting at the count timing of the
first count source. For this reason, a delay exists between when the count start conditions are met and
the counter starts counting. Figure 17.4 shows Output Example of One-Shot Timer Mode.

Count source

TAIIN (trigger input)

\ &8 _ Count start
Trigger input A = output start

TAIOUT
(one-shot pulse output) < >

Maximum 1.5 cycles of the count source

Figure 17.4 Output Example of One-Shot Timer Mode

17.3.1.2 Counter Reload Timing

Timer Ai starts counting from the value set (n) in the TAi register. The TAi register consists of a counter
and a reload register. The counter starts decrementing the count source from n, reloads a value in the
reload register at the next count source after the value becomes 0000h, and continues decrementing.
When incrementing, the counter reloads a value in the reload register at the next count source after the
value becomes FFFFh.

The value written in the TAi register is reflected in the counter and the reload register at the following
timings:

*When the count is stopped
* Between when the count starts and when the first count source is input
A value written to the TAi register is immediately written to the counter and the reload register.

* After the count starts and the first count source is input
A value written to the TAi register is immediately written to the reload register. The counter
continues counting and reloads the value in the reload register at the next count source after the
value becomes 0000h (or FFFFh).
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17.3.1.3 Count Source

Internal clocks are counted in timer mode, one-shot timer mode, PWM mode, and programmable
output mode. Refer to Figure 17.1 “Timer A and B Count Sources” for details. Table 17.5 lists the Timer
A Count Sources.
f1 is any of the clocks listed below (refer to 8. “Clock Generator” for details).

* Main clock divided by 1 (no division)

*PLL clock divided by 1 (no division)

*fOCO-S divided by 1 (no division)

*fOCO-F divided by 1 (no division)
When f1 or the main clock is used for the timer A and timer B count source, set the PCKSTP11 bit in the
PCLKSTP1 register to 0 (f1 supply enabled).

When the clock mode is 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 instead of f1. Use the PCKSTP17
bit in the PCLKSTP1 register to select the clock (refer to 17.2.3 “Peripheral Clock Stop Register 1
(PCLKSTP1)").

When using wait mode, if the CMO02 bit in the CMO register is set to 1 (peripheral function clock f1 stops
in wait mode) before entering wait mode, the main clock is also stopped. Therefore, when the
PCKSTP17 bit is 1 and timer A or timer B is used while in wait mode, do not set the CMO02 bit to 1.

Table 17.5 Timer A Count Sources

Bit Setting Value
Count TCs3 | 1SS210 | roig
TCSO Remarks
Source PCLKO TC36 1 to
TCS7 TCS4 TCKO
0 - 00b
E@
fITIMAB 1 1 000b - f1 or fOCO-F
0 - 00b . .
f2TIMAB 0 f1 divided by 2 or fOCO-F divided by 2 (1)
1 000b -
f8STIMAB - 0 _ 01b f1 divided by 8 or fOCO-F divided by 8 (1)
1 001b - ivided by 8 or -F divided by
0 - 10b . .
f32TIMAB - 1 0106 - f1 divided by 32 or fOCO-F divided by 32 (1)
f64TIMAB - 1 011b - f1 divided by 64 or fOCO-F divided by 64 (1)
fOCO-F - 1 100b - fOCO-F
fOCO-S - 1 101b - fOCO-S
0 - 11b
fC32 - 1 110b - fC32

PCLKO: Bit in the PCLKR register
TCS7 to TCSO: Bits in registers TACSO0 to TACS2
TCK1 to TCKO: Bits in the TAIMR register (i = 0 to 4)
Note:
1. Setthe TCDIVOO bit in the TCKDIVCO register to select f1 or fOCO-F.

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 instead of f1. Use the PCKSTP17 bit in the
PCLKSTP1 register to select the clock (refer to 17.2.3 “Peripheral Clock Stop Register 1
(PCLKSTP1)).
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17.3.2 Timer Mode

In timer mode, the timer counts an internally generated count source. Table 17.6 lists Timer Mode
Specifications, Table 17.7 lists Registers and the Setting in Timer Mode, and Figure 17.5 shows an
Operation Example in Timer Mode.

Table 17.6  Timer Mode Specifications

Item Specification
Count source fATIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-F, fOCO-S, fC32
* Decrement
Count operation *When the timer underflows, it reloads the reload register value and
continues counting.
(n+1)

fj
n: set value of TAi register, 0000h to FFFFh
fi: frequency of count source

Counter cycles

Count start condition Set the TAIS hit in the TABSR register to 1 (start counting).
Count stop condition Set the TAIS bit to 0 (stop counting).

'I[?r:]ei:rr]gjpt request generation Timer underflow

TAIIN pin function I/O port or gate input

TAIOUT pin function I/O port or pulse output

Read from timer The count value can be read by reading the TAi register.

* When not counting
Value written to the TAi register is written to both the reload register and counter.
Write to timer * When counting
Value written to the TAi register is only written to reload register
(transferred to counter when reloaded next).

* Gate function
Counting can be started and stopped by an input signal to the TAIIN pin.

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

* Qutput polarity control
The output polarity of the TAIOUT pin is inverted. (While the TAIS bit is set to 0
(stop counting), a high-level signal is output.)

Selectable functions

i=0to4
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Table 17.7  Registers and Settings in Timer Mode (1)
Register Bit Function and Setting
PCLKR PCLKO Select the count source.
CPSRF CPSR Write 1 to reset the clock prescaler.
PCKSTP11 Set to 0 when using f1 or main clock.
PCLKSTP1
PCKSTP17 Select the count source.
TCKDIVCO TCDIV0O Select the clock used prior to timer AB frequency dividing.
PWMFS PWMFSi Setto 0.
TACSO0 to TACS2 7t00 Select the count source.
TAPOFS POES; _Select the output polarity when the MRO bit in the TAIMR register
is 1 (pulse output).
TAOW TAIOW Setto 0.
TAIl 15t0 0 - (does not need to be set)
TABSR TAIS Set to 1 when startin'g countin'g.
Set to 0 when stopping counting.
TAIOS Setto 0.
ONSF TAZIE Setto 0.
TAOTGH to TAOTGL | Set to 00b.
TRGSR TAITGH to TAITGL | Set to 00b.
TAIUD Setto 0.
UDF TAIP Set to 0.
TAI 15t0 0 Set the counter value.
TAIMR 7t00 Refer to the TAIMR register below
i=0to 4
Note:

1. This table does not describe a procedure.
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Timer Mode
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
|O| | | |0|0| TAOMR to TA4MR 0336h to 033Ah 00h

REREEEE

]
P E E E i i ! | Bit Symbol Bit Name Function RW
] 1 1 1 ]
[ : . : .
b L] Tvopo RW
A . b1 bO
E i N Operation mode select bit 0 0:Timer mode
P e TMOD1 RW
o ! [
Vo Y b
b E E E E 0 : No pulse output
E i N MRo | Pulse output function (TAIOUT pin functions as 1/O port) RW
Py select bit 1: Pulse output
bl E E ! (TAIOUT pin functions as a pulse output pin)
[
[ :
[ T T S SR b4 b3
]
' i i E MR1 0 0:) Gate function not available RW
P i Gate function select bit 0 1: [ (TAIIN pin functions as I/O port)
E i R MR2 1 0 : Counts while input on the TAIIN pin is low RW
I , 1 1: Counts while input on the TAIIN pin is high
[
[
[ — MR3  [Setto 0in timer mode RW
Do
A b7 b6
: TCKO 0 0:fLTIMAB or f2TIMAB
! Count source select bit 0 1:f8TIMAB RW
] TCK1 1 0:f32TIMAB

1 1:fC32

TCK1-TCKO (Count source select bit) (b7-b6)

These bits are enabled when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO
to TCK1 enabled).
Set the PCLKO bit in the PCLKR register to select fILTIMAB or f2TIMAB.
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Count source

[ ' 1
[ Count stopped !
1 1
o by TAIIN gate function Count stopped
' . 1
Count started
Count n T 1 i
operations i i
i !
1 1
! !
0000h i ; T ; :
EV\ Underflow i n+1 Pl i
1 I<— »I 1 1
1 and reload ! ! i i
TAIS bit in the © - I : '
TABSR register J i i i i i !—I
1 1 1 1 1
1 ! 1
TAIIN input i i i i
i : P
TAIOUT output :
| POFSLijzp% ¥ Low-level outputliv\ ﬁl W Low-Tevel outputy  Output inverted
at count stop wtput inverted at underflow i \é\li{ltiesn(}he TAI :Kat underflow
POFSi=1 N High-level output
High-level output | i 1 whenthe TAIS |

IR bit in th at count stop ,—\ L 1 bitis 0. |
TAiIICTegi:ter

Becomes 0 by accepting an interrupt request, or by a program.

i=0to 4
POFSi : Bit in the TAPOFS register

The above timing diagram assumes the following:

- The MRO bit in the TAIMR register =1 (pulse output)
- Bits MR2 to MR1 in the TAIMR register = 10b (counts while a low-level signal is applied to the TAIIN pin)
- The TAi register (n) value =0004h

Figure 17.5 Operation Example in Timer Mode
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17.3.3 Event Counter Mode (When Not Using Two-Phase Pulse Signal Processing)

In event counter mode, the timer counts pulses from an external device, or overflows/underflows of
other timers. Timers A2, A3, and A4 can count two-phase external signals. Refer to 17.3.4 “Event
Counter Mode (When Processing Two-Phase Pulse Signal)” for details. Table 17.8 lists Event Counter
Mode Specifications (When Not Using Two-Phase Pulse Signal Processing). Table 17.9 lists Registers
and the Setting in Event Counter Mode (When Not Processing Two-Phase Pulse Signal). Figure 17.6
shows Operation Example in Event Counter Mode.

Table 17.8 Event Counter Mode Specifications (When Not Using Two-Phase Pulse Signal Processing)

ltem Specification

* External signals input to the TAIIN pin (active edge can be selected)

* Timer B2 overflows or underflows

* Timer Aj overflows or underflows (j =i- 1, exceptj=4if i = 0)

* Timer Ak overflows or underflows (k =i+ 1, exceptk =0 if i = 4)

* Increment or decrement can be selected by a program.

* When the timer overflows or underflows, it reloads the reload register value and
continues counting. When selecting free-run type, the timer continues counting
without reloading.

When selecting reload type:

* FFFFh - n + 1 for increment

*n + 1 for decrement
n: setting value of the TAi register, 0000h to FFFFh

Count start condition | Set the TAIS bit in the TABSR register to 1 (start counting).

Count stop condition |Set the TAIS bit to 0 (stop counting).

Interrupt request
generation timing

Count source

Count operations

Number of counts

Timer overflow or underflow

TAIIN pin function I/O port or count source input
TAIOUT pin function |1/O port or pulse output
Read from timer Count value can be read by reading the TAi register.

* When not counting
Value written to the TAi register is written to both the reload register and
counter.

* When counting
Value written to the TAI register is written to only reload register
(transferred to counter when reloaded next).

* Free-run count function
Even when the timer overflows or underflows, the reload register content is not
reloaded.

* Pulse output function
Whenever the timer underflows or underflows, the output polarity of the
TAIOUT pin is inverted. When the TAIS bit is set to 0 (stop counting), the pin
outputs a low-level signal.

* Output polarity control
The output polarity of the TAIOUT pin is inverted. (While the TAIS bit is set to 0
(stop counting), a high-level signal is output.)

Write to timer

Selectable functions

i=0to4
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Table 17.9  Registers and Settings in Event Counter Mode (When Not Using Two-Phase Pulse
Signal Processing) (V)
Register Bit Function and Setting
PCLKR PCLKO - (setting unnecessary)
CPSRF CPSR Write 1 to reset the clock prescaler.
PCLKSTP1 PCKSTP11 - (sett!ng unnecessary)
PCKSTP17 - (setting unnecessary)
TCKDIVCO TCDIVO00 - (setting unnecessary)
PWMFS PWMFSi Set to 0.
TACSO0 to TACS2 7t00 - (setting unnecessary)
TAPOFS POFSI Selfact the output polarity when the MRO bit in the TAIMR
register is 1 (pulse output).
TAOW TAIOW Setto 0.
TAIl 15to 0 - (setting unnecessary)
TABSR TAIS Set to 1 when startin'g countin.g.
Set to 0 when stopping counting.
TAIOS Set to 0.
ONSF TAZIE Set to 0.
TAOTGH to TAOTGL | Select a count source.
TRGSR TAITGH to TAITGL |Select a count source.
UDF TAIUD Select a count operation.
TAIP Set to 0.
TAI 15t00 Set the counter value.
TAIMR 7100 Refer to the TAIMR register below.
i=0to4
Note:

1. This table does not describe a procedure.
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Event Counter Mode (When Not Using Two-Phase Pulse Signal Processing)
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
L [o[o] | Jo[1]  TAoMRtoTA4MR 0336h to 033Ah 00h
NN
I A _ _ _

o A i | Bit Symbol Bit Name Function RW
RRRRERE
Do i E b i L-2 TMODO bl bo RW
E i b E : E Operation mode select bit |0 1 : Event counter mode
]

:EE;EE' ----- TMOD1 RW
: [ : [
b E . i 0 : Pulse is not output
E i ! E E S MRO Pulse output function (TAiOQT pin functions as 1/O port) RW
I select bit 1: Pulse is output
! i i ! E (TAIOUT pin functions as pulse output pin)
R - . :
E i i E MR1 Count polarity select bit %Counts fgl!lng edge of an external s_lgnal RW
b : Counts rising edge of an external signal
[ ]
[ T
b E MR2 |Setto 0 in event counter mode RW
[
[
E i MR3 Set to 0 in event counter mode RW
[
[
[ .
| besemso———o—o— oo Count operation type 0 : Reload type
E TCKO select bit 1: Free-run type RW
]
]

TCK1 Can be 0 or 1 when not using two-phase pulse signal processing RW

MR1 (Count polarity select bit) (b3)
This bit is enabled when bits TAITGH to TAITGL in the ONSF or TRGSR register are 00b (TAIiIN pin

input).
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TAIIN input -
! I Overflow and
! i reload
1
FFFFh==== P J:'““““““““"j'—l """"
1
x| i -
~v H 1
Counter : !
operations , | Count started |
AL [
! i
o7 T R
1 1
i EU
0000h i i B Increment
\“ n+l :'KUnder'flow/
- .
H reloads stopped

TAIS bit in the I‘

TABSR register

-

1
i
1
i
TAIUD bit in the ! |V
i
1

UDF register

TAIOUT output

POFSi=0 '\Low-level output !

1
at count stop :‘/Output inverted at underﬂo\w‘qr overflow

Low-level output at count stop

POFSi =1 ®

High-level output | k
at count stop 1 ! High-level output at count stop
1 1
1

IR bitin the '_\ ’_\ ’_\
TAIIC register \ k f

Becomes 0 by accepting an interrupt request, or by a program.

i=0to4
n: TAI register setting
POFSi: Bits in the TAPOFS register

The above timing diagram assumes the following:

- Bits TAITGH to TAITGL in the ONSF or TRGSR register = 00b } (The falling edges of the TAIIN pin input is counted.)

- The MR1 bit in the TAIMR register =0
- The MRO bit in the TAIMR register =1 (pulse output)
- The TCKO bit in the TAIMR register =0 (reload type)

Figure 17.6 Operation Example in Event Counter Mode
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17.3.4 Event Counter Mode (When Processing Two-Phase Pulse Signal)
Timers A2, A3, and A4 can be used to count two-phase pulse signals. Table 17.10 lists Event Counter
Mode Specifications (When Processing Two-Phase Pulse Signal with Timers A2, A3, and A4). Table
17.11 lists Registers and the Setting in Event Counter Mode (When Processing Two-Phase Pulse
Signal).

Table 17.10 Event Counter Mode Specifications (When Processing Two-Phase Pulse Signal with
Timers A2, A3, and A4)

Item Specification
Count source Two-phase pulse signals input to the TAIIN or TAIOUT pin

* Increment or decrement can be selected by a two-phase pulse signal.

*When the timer overflows or underflows, it reloads the reload register value and
continues counting. When selecting free-run type, the timer continues counting
without reloading.

When selecting reload type:

* FFFFh - n + 1 when incrementing

*n + 1 when decrementing
n: setting value of the TAi register, 0000h to FFFFh

Count start condition | Set the TAIS bit in the TABSR register to 1 (start counting).

Count stop condition | Set the TAIS bit to O (stop counting).

Interrupt request

generation timing

Count operations

Number of counts

Timer overflow or underflow

TAIIN pin function Two-phase pulse input
TAIOUT pin function | Two-phase pulse input
Read from timer Count value can be read by reading timer A2, A3, or A4 register.

*When not counting
Value written to the TAI register is written to both the reload register and counter.
Write to timer *When counting
Value written to the TAi register is written to only reload register
(transferred to counter when reloaded next).
* Select normal or multiply-by-4 processing operation (timer A3).
Selectable functions | ¢ Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

i=2to4
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Table 17.11 Registers and Settings in Event Counter Mode (When Processing Two-Phase Pulse

Signal) (1)
Register Bit Function and Setting
PCLKR PCLKO - (setting unnecessary)
CPSRF CPSR Write 1 to reset the clock prescaler.
PCLKSTP1 PCKSTP11 - (sett!ng unnecessary)
PCKSTP17 - (setting unnecessary)
TCKDIVCO TCDIVO00 - (setting unnecessary)
PWMFS PWMFSi Set to 0.
TACSO0 to TACS2 7t00 - (setting unnecessary)
TAPOFS POFSi Set to 0.
TAOW TAIOW Set to 0.
TAIl 15to 0 - (setting unnecessary)
TABSR TAIS Set to 1 when startiqg countiqg.
Set to 0 when stopping counting.
TAIOS Set to 0.
ONSF TAZIE Set to 1 when using Z-phase input with timer A3.
TAOTGH to TAOTGL |- (setting unnecessary)
TRGSR TAITGH to TAITGL |Set to 00b.
TAIUD Setto 0.
UDF TAIP Setto 1.
TAI 15t00 Set the counter value.
TAIMR 7t00 Refer to the TAIMR register below.
i=2to4

Note:

1. This table does not describe a procedure.
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Event Counter Mode (When Using Two-Phase Pulse Signal Processing)
Timer Ai Mode Register (i = 2 to 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
| | [o]1[o]oJo[1]  TA2MRto TA4MR 0338h to 033Ah 00h
R
] 1 1
i i i b E ! | Bit Symbol Bit Name Function RW
I
[ R T T L
bbb T™oDO bl bO RW
]
H E E b E Operation mode select bit |0 1 : Event counter mode
1
bbb e TMOD1 RW
EEERR
]
i i E E E bm—m - MRO Set to 0 to use two-phase signal processing RW
[
1 1 ' ]
i i E E O MR1 Set to 0 to use two-phase signal processing RW
[
1 1 ] )
E E i et MR2 Set to 1 to use two-phase signal processing RW
1 ] ]
1 ] ]
E i — MR3 Set to 0 to use two-phase signal processing RW
10
1 ]
I Count operation type 0 : Reload type
1 1
porTTTTTTT T TCKO select bit 1: Free-run type RW
]
, Two-phase pulse signal ) .
] .
e LR LT, TCK1 |processing operation type (1):|\N/|01ma|1| p:)roc;essmg operation RW
select bit : Multiply-by-4 processing operation

TCK1 (Two-phase pulse signal processing operation type select bit) (b7)

The TCK1 bit can be set only for timer A3. No matter how this bit is set, timers A2 and A4 always
operate in normal processing mode and multiply-by-4 processing mode, respectively.
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17.3.4.1 Normal Processing

The timer increments at rising edges or decrements at falling edges on the TAjIN pin when input signals

to the TAJOUT (j = 2, 3) pin is high level.

wor |
N ENERERER

L

i=2,3

Increment Increment Increment Decrement Decrement Decrement

Figure 17.7 Normal Processing

17.3.4.2 Multiply-by-4 Processing

If the phase relationship is such that the input signal to the TAKIN pin goes high while the input signal to
the TAKOUT pin (k = 3, 4) is high, the timer increments at both rising and falling edges of the input
signal to pins TAKOUT and TAKIN. If the phase relationship is such that the input signal to the TAKIN pin
goes low while the input signal to the TAKOUT pin is high, the timer decrements at both rising and

falling edges of the input signal to pins TAKOUT and TAKIN.

TAkOUTJ*_Y*Lt inj

Increment all edges Decrement all edges

YAy A vy

Increment all edges Decrement all edges

k=3,4

Figure 17.8 Multiply-by-4 Processing
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17.3.4.3 Counter Initialization Using Two-Phase Pulse Sighal Processing

This function initializes the timer count value to 0000h using Z-phase (counter initialization) input
during two-phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal
processing, free-running type, multiply-by-4 processing, with Z-phase entered from the ZP pin.
Counter initialization by Z-phase input is enabled by writing 0000h to the TA3 register and setting the
TAZIE bit in the ONSF register to 1 (Z-phase input enabled).

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

The counter is initialized at the next count timing after accepting Z-phase input. Figure 17.9 shows
the Relationship between the Two-Phase Pulse (A-Phase and B-Phase) and the Z-Phase.

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

TA3OUT input —
(A-phase)

(B-phase)

causource | |1 [T [ [T JL JL JIJL T}

ZP input @
(Z-phase)

TASIN input |

<4—» ! |nput pulse for one clock cycle of the count
source or greater.

Timer A3 X m Xm+1X 1 X 2 X 3 X 4 X 5

Note:
1. This timing diagram assumes when the POL bit in the INT2IC register is 1 (rising edge).

Figure 17.9 Relationship between the Two-Phase Pulse (A-Phase and B-Phase) and the Z-Phase
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17.3.5 One-Shot Timer Mode
In one-shot timer mode, the timer is activated only once per trigger. When the trigger occurs, the timer
starts and continues operating for a given period. Table 17.12 lists One-Shot Timer Mode
Specifications. Table 17.13 lists Registers and the Setting in One-Shot Timer Mode. Figure 17.10
shows Operation Example in One-Shot Timer Mode.

Table 17.12 One-Shot Timer Mode Specifications

ltem Specification
Count source fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-F, fOCO-S, fC32
* Decrement
* When the timer counter reaches 0000h, it stops running after the reload
Count operations register value is reloaded
* When a trigger occurs while counting, the reload register value is reloaded into
the counter to continue counting

n n
e L
fi I L
Pulse width n: Set value of the TAi register, 0000h to FFFFh

However, the counter does not run if 0000h is set.
fi:  Count source frequency
The TAIS bit in the TABSR register is 1 (start counting) and one of the following
triggers occurs:
* External trigger input from the TAIIN pin
Count start condition | * Timer B2 overflow or underflow
* Timer Aj overflow or underflow (j =i - 1, exceptj=4if i = 0)
* Timer Ak overflow or underflow (k =i+ 1, exceptk =0 if i = 4)
* The TAIOS bit in the ONSF register is set to 1 (one-shot timer start).
* When the counter is reloaded after reaching 0000h
* The TAIS bit is set to 0 (stop counting)

Count stop condition

Interrupt request

. . When the counter reaches 0000h
generation timing

TAIIN pin function I/O port or trigger input
TAIOUT pin function | 1/O port or pulse output
Read from timer An undefined value is read when reading the TAi register.

* When not counting and until the first count source is input after counting starts,
the value written to the TAi register is written to both the reload register and
counter.

* When counting (after the first count source input), the value written to the TAi
register is written to only the reload register (transferred to the counter when
reloaded next time).

* Pulse output function
The timer outputs a low-level signal when not counting and a high-level signal
when counting.

* Output polarity control
The output polarity of the TAIOUT pin is inverted. (While the TAIS bitis setto O
(stop counting), a high-level signal is output.)

Write to timer

Selectable functions

i=0to4
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Table 17.13 Registers and Settings in One-Shot Timer Mode (1)

Register Bit Setting
PCLKR PCLKO Select the count source.
CPSRF CPSR Write 1 to reset the clock prescaler.
PCLKSTP1 PCKSTP11 Set to 0 when using f1 or main clock.
PCKSTP17 Select the count source.
TCKDIVCO TCDIVO0 Select a clock used prior to dividing timer AB frequency.
PWMFS PWMFSi Setto 0.
TACSO0 to TACS2 7t00 Select the count source.
TAPOFS POES: Selgct the output polarity when the MRO bit in the TAIMR
register is 1 (pulse output).
TAOW TAIOW Setto 0.
TAIl 15t0 0 - (setting unnecessary)
TABSR TAIS Set to 1 when startiqg countiqg.
Set to 0 when stopping counting.
TAIOS Set to 1 when starting counting while the MR2 bit is 0.
ONSF TAZIE Setto 0.
TAOTGH to TAOTGL | Select a count trigger.
TRGSR TAITGH to TAITGL |Select a count trigger.
TAIUD Setto 0.
UDF TAIP Setto 0.
TAI 15t0 0 Set a high-level pulse width. (2)
TAIMR 7t00 Refer to the TAIMR register below.
i=0to 4
Notes:

1. This table does not describe a procedure.
2. This applies when the POFSi bit in the TAPOFS register is 0.
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One-Shot Timer Mode
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
|0| | | | 1 | 0| TAOMR to TA4MR 0336h to 033Ah 00h
-
A R R
b E i 1| |BitSymbol Bit Name Function RW
T [
!
[ [ 1
Pl L] TvoDo RW
P Operation mode select bit |°* 2°
b E peration mode Selectbit |y o one-shot timer mode
P ! : I ity TMOD1 RW
O T
E i E E i i 0 : No pulse output
A . (TAIOUT pin functions as an I/O port)
1) [
E b E E N MRO sPeulles(?t %lijttpm function 1: Pulse output RW
Vo i P! (TAIOUT pin functions as a pulse output
RERE o)
1) !
E b E :_ _________ MR1 External trigger select 0 : Falling edge of input signal to TAIIN pin RW
' i i H bit 1: Rising edge of input signal to TAIIN pin
] ]
oy
oy . 5
[ ' . 0 : TAIOS bit enabled
b b MR2 | Trigger select bit 1: Selected by bits TATGH and TAITGL RW
[
[
E E — MR3 Set to 0 in one-shot timer mode RW
b
b TCKO b7 b6
HE bt 0 0:f1lTIMAB or f2TIMAB
! Count source select bit 0 1:f8TIMAB RW
] TCK1 1 0:132TIMAB
1 1:fC32

MR1 (External trigger select bit) (b3)

This bit is enabled when the MR2 bit is 1 and bits TAITGH to TAITGL in the ONSF register or TRGSR
register are set to 00b (TAIIN pin input).

TCK1 and TCKO (Count source select bit) (b7-b6)

These bits are enabled when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO
to TCK1 enabled).
Set the PCLKO bit in the PCLKR register to select f1ITIMAB or f2TIMAB.
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Count source

1

1

1

g
Count starts with a maximum of a 1.5
cycle delay of the count source after an
external trigger.

k—»: Reload and

stop counting

1
1
1
1
1
1
1
1
1
1
1
E/Reload

\_“““““““

TAIS bit in the
TABSR register Q

Trigger

TAIIN input

Retrigg
whlle countmg
Low-level output 1

1
1
1
1
1
1
1
1
1
1
. at count stop at count sto
TAIOUT output p
P X % Vs L
1
1

|
n I N
P \_‘
Count P
operations P
P
1 1
1 1
P
0000h T iReload and stop ft
After retrigger, !
i k—hcoummg when n+1gg ]
o 10000h is set. ——>
1 1
1 1
1 1
1 1
1 1
1 1
1
1

Low-level output
POFSi=0 1 High-level - Low-level output
1 ou%put 'A,H|gh—level output at count stop : at count stop P
POFSi= 1 A 3 at count start .
1 High-level output

High-level outputk

1
at count stop i Interrupt request at the falling edge

Low-level output ! of TAIOUT when POFSi is 0

Interrupt request at the rising edge
atcountstart | & of TAIOUT when POFSi is 1

at count stop

One cycle of
the CPU clock |y

IR bit in the
TAIIC register

]

Becomes 0 by accepting an interrupt request, or by a program.

i=0to4
POFSi : Bits in the TAPOFS register

The above timing diagram assumes the following:

- The MRO bit in the TAIMR register = 1 (pulse output)

- The MR1 bit in the TAIMR register

- The MR2 bit in the TAIMR register } (The rising edge of the TAIIN pin input is the trigger.)
- Bits TAITGH to TAITGL in the ONSF or TRGSR register = 00b

- The TAi register (n) value =0005h

Figure 17.10 Operation Example in One-Shot Timer Mode
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17.3.6  Pulse Width Modulation (PWM) Mode

In PWM mode, the timer outputs pulses of a given width in succession. The counter functions as either
a 16-bit pulse width modulator or 8-bit pulse width modulator. Table 17.14 lists PWM Mode
Specifications. Table 17.15 lists Registers and the Setting in PWM Mode. Figure 17.11 and Figure
17.12 show Operation Example in 16-Bit Pulse Width Modulation Mode and Operation Example in 8-Bit
Pulse Width Modulation Mode, respectively.

Table 17.14 PWM Mode Specifications

Item

Specification

Count sources

fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-F, fOCO-S, fC32

Count operations

* Decrement (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads the reload register value at a rising edge of PWM pulse and
continues counting.

* The timer is not affected by a trigger that occurs during counting.

* Pulse width 2 PN
f T
—>
216-1
16-bit PWM 16
. 2°-1)
* Cycle time (T
n: set value of the TAi register
fj: count source frequency
« Pulse width ﬂii?—;—*—l—) nx (m+1)
1
“—>
(22-1)x(m+1)
8-bit PWM

8
m: set value of the TAi register lower address
n: set value of the TAi register upper address
fj: count source frequency

Count start condition

* The TAIS bit of the TABSR register is set to 1 (start counting).

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

* The TAIS bit is 1 and one of the following triggers occurs
Timer B2 overflow or underflow
Timer Aj overflow or underflow (j=i- 1, exceptj=4ifi=0)
Timer Ak overflow or underflow (k =i+ 1, exceptk = 0 ifi = 4)

Count stop condition

The TAIS bit is set to 0 (stop counting).

Interrupt request
generation timing

On the falling edge of the PWM pulse

TAIIN pin function

I/O port or trigger input

TAIOUT pin function

Pulse output

Read from timer

An undefined value is read when reading the TAi register.

Write to timer

* When not counting

Value written to the TAi register is written to both the reload register and counter.
* When counting

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

(transferred to counter when reloaded next time).

Selectable functions

* QOutput polarity control
The output polarity of the TAIOUT pin is inverted. (While the TAIS bit is set to 0 (stop
counting), a high-level signal is output).

i=0to4
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Table 17.15 Registers and Settings in PWM Mode (1)

Register Bit Setting
PCLKR PCLKO Select the count source.
CPSRF CPSR Write 1 to reset the clock prescaler.
PCLKSTP1 PCKSTP11 Set to 0 when using f1 or main clock.
PCKSTP17 Select the count source.
TCKDIVCO TCDIVOO Select the clock used prior to dividing timer AB frequency.
PWMFS PWMFSI Setto 0.
TACSO0 to TACS2 7t00 Select the count source.
TAPOFS POFSI Select the output polarity.
TAOW TAIOW Set to 0.
TAIl 15to 0 - (setting unnecessary)
TABSR TAIS Setto 1 when starting countiqg.
Set to 0 when stopping counting.
TAIOS Setto 0.
ONSF TAZIE Setto 0.
TAOTGH to TAOGL | Select a count trigger.
TRGSR TAITGH to TAITGL | Select a count trigger.
TAIUD Setto 0.
UDF TAIP Set to 0.
TAI 15to 0 Select the PWM pulse width and cycles.
TAIMR 7t00 Refer to the TAIMR register below.
i=0to 4
Note:

1. This table does not describe a procedure.

ROLUHO093EJ0110 Rev.1.10 RENESAS Page 308 of 839
Jul 31, 2012



M16C/65C Group 17. Timer A
Pulse Width Modulation (PWM) Mode
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 bd b3 b2 bl bo Symbol Address Reset Value
| | 1 | 1 | TAOMR to TAAMR 0336h to 033Ah 00h
EERRERE
] 1
! i i i E i E ! | Bit Symbol Bit Name Function RW
] 1
P
bbbyt bq TMODO bi bo RW
b i i E i E Operation mode select bit [ 1 1 : PWM mode
' i I I TMOD1 or programmable output mode RW
]
] : 1 : 1
E i ! E ) i 0 : No pulse output
ph TAIOUT pin functions as 1/O port)
I R T Pulse output function ( P P
E i b MRO |0t bit 1:Pulseoutput RW
P ! ('_FA|OUT pin functions as a pulse output
R il
]
: i E E E MR1 External trigger select 0 : Falling edge of input signal to TAIIN pin RW
P i bit 1: Rising edge of input signal to TAIIN pin
b
]
[ . . 0 : Write 1 to the TAIS bit in the TABSR register
| I S I
R MR2 | Trigger select bit 1 - Selected by bits TATTGH to TATGL RW
I
1!
! . .
! 16-/8-bit PWM mode 0 : 16-bit PWM mode
b T MRS |select bt 1 : 8-bit PWM mode RW
[
v b7 b6
i TCKO 0 0:fITIMAB or 2TIMAB
i Count source select bit 0 1:f8TIMAB RW
] TCK1 1 0:f32TIMAB
1 1:fC32

MR1 (External trigger select bit) (b3)

This bit is enabled when the MR2 bit is 1, and bits TAITGH to TAITGL in the ONSF register or TRGSR
register are set to 00b (TAIIN pin input).

TCK1 and TCKO (Count source select bit) (b7-b6)
These bits are enabled when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO

to TCK1 enabled).

Set the PCLKO bit in the PCLKR register to select f1ITIMAB or f2TIMAB.
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65535 , 65535 65535
| i i
1 1 1
65535-n S, H | Reload count started
i H ! when a value other than
1 I I . 5
N i : ¢ 0000h is written.
Count I_ i _
operations i i I i i K
1 1
g 1] U L )
0000h 1 i | k Count stopped
1 v
1 n ! 65535-n ! ite 00DOh to the TAI Reload 0000h and
— P —p Write 0000h to the TAI g} .
\ i register during this period. 1 Stop counting.. Becomes 0

1 by a program
Cannot be a retrigger |

after count start

TAIS bit in the
TABSR register J

/4

Count stopped

TAIIN input \

! i1 Low-level output
1 1at count stop
1

: Low-level output
TA|OUT.o_utput i K at count stop
POFSi=0

i High-level output i

! ! at count stop
POFSi=1 I I | i Interrupt request generated:

POFSi is 1. (The IR bit does
not change when output has
no change.)

T
1
! | i 1 - When TAIOUT changes
i ! i 1 state from high to low while
o 65535 ! i POFSiis0.
fj i 09950 i 1 - When TAIOUT changes
" > il > i ! state from low to high while
1 1
i !
1
1
1

Interrupt request generated
- when TAIOUT changes from high to low while POFSi is 0.}
- when TAIOUT changes from low to,high while POFSi is 1.}
1 Interrupt not requested;

it in the 3 1 ‘/
ll'iﬁé reg?ster _l _l =A/ |_|
Vol ed

Set to 0 by accepting an interrupt request, or by a program.

i=0to4
POFS:i: Bit in the TAPOFS register
fi: Count source frequency

The above timing diagram assumes the following:

- The MRO bit in the TAIMR register = 1 (pulse output)

- The MR3 bit in the TAIMR register = 0 (16-bit PWM mode)
- The MR1 bit in the TAIMR register = 1

- The MR2 bit in the TAIMR register = 1 The rising edge of the TAIIN pin input is the trigger.
- Bits TAITGH to TAITGL in the ONSF or TRGSR register = 00b
b15 b0
TAi register | n |
L J

Y
Operates as a 16-bit pulse width modulator

Figure 17.11 Operation Example in 16-Bit Pulse Width Modulation Mode
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Count started

lower bits
255-n e

o It e oYt e et Y e e S R RS

Low-level output

immediately after fi

R 1
1
Counter L o s e I
operations of
upper bits
0000h
N
> >le
i I 255
TAIS bit in the : :
TABSR register I i
! ]
TAIOUT output i
POFSi=0 t
1
POFSi=1 i
1
Pt o nmel) | ey |
N PN RN
If 1 H ) :
: _255(m+1) 355(m+1)
1 - _ =
1

fj

. A

A
A

count started

IR bit in the [ ] ]

TAIIC register \ /V

Set to 0 by accepting an interrupt request, or
by a program.

i=0to 4
POFS:i: Bits in the TAPOFS register
fj: Count source frequency

The above timing diagram assumes the following:

- The MRO bit in the TAIMR register = 1 (pulse output)

- The MR2 bit in the TAIMR register = 0 (the TAIS bit in the TABSR is the trigger)
- The MR3 bit in the TAIMR register = 1 (8-bit PWM mode)

b15 b8 b7 b0
TAI register n I m | n=03h m=02h
8 A J
Y _ Y
Operates as an 8-bit Operates as a prescaler

pulse width modulator

Figure 17.12 Operation Example in 8-Bit Pulse Width Modulation Mode
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17.3.7 Programmable Output Mode (Timers Al, A2, and A4)

In programmable output mode, the timer outputs low- and high-levels of pulse width successively. Table
17.16 lists Programmable Output Mode Specifications. Table 17.17 lists Registers and the Setting in
Programmable Output Mode. Figure 17.13 shows Operation Example in Programmable Output Mode.

Table 17.16 Programmable Output Mode Specifications

Item Specification
Count sources fATIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-F, fOCO-S, fC32
* Decrement
* The timer reloads the reload register value at the rising edge of pulse and
continues counting
*When a trigger occurs while counting, the timer is not affected.

Count operations

* High-level pulse width T m_ n
fj o
S
Pulse width * Low-level pulse width P—J

m: set value of the TAI register
n: set value of the TAIl register
fj: count source frequency
* The TAIS bit of the TABSR register is set to 1 (start counting).
* The TAIS bit is 1 and external trigger input from the TAIIN pin
* The TAIS bit is 1 and one of the following external triggers occurs:
Timer B2 overflow or underflow
Timer Aj overflow or underflow (j =i - 1)
Timer Ak overflow or underflow (k =i+ 1, exceptk =0 if i = 4)
Count stop condition | The TAIS bit is set to 0 (stop counting).
Interrupt request
generation timing

Count start conditions

At the rising edge of pulse

TAIIN pin function I/O port or trigger input
TAIOUT pin function Pulse output
Read from timer An undefined value is read when reading registers TAi and TAILl.

* When writing to registers TAi and TAil while not counting, the value is written
to both reload register and counter.

* When writing to registers TAi and TAil1 while counting, the value is written to
the reload register. (transferred to the counter when reloaded next time).

Output polarity control

Selectable functions | The output polarity of the TAIOUT pin is inverted. (While the TAIS bit is setto O

(stop counting), a high-level signal is output.)

Write to timer

i=1,2,and 4
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Table 17.17 Registers and Settings in Programmable Output Mode (1)

Register Bit Function and Setting
PCLKR PCLKO Select the count source.
CPSRF CPSR Write 1 to reset the clock prescaler.
PCLKSTP1 PCKSTP11 Set to 0 when using f1 or main clock.
PCKSTP17 Select the count source.
TCKDIVCO TCDIVOO Select a clock used prior to dividing timer AB frequency.
PWMFS PWMFSi Set to 1.
TACSO0 to TACS2 7t00 Select the count source.
TAPOFS POFSI Select the output polarity.
TAOW TAIOW Set to 0 to disable output waveform change, and set to 1 to
enable output waveform change.
TAIl 15to 0 Set a low-level pulse width. (2)
: Set to 1 when starting counting.
TABSR TAIS Set to 0 when stoppigg countigg.
TAIOS Set to 0.
ONSF TAZIE Setto 0.
TAOTGH to TAOTGL | Select a count trigger.
TRGSR TAITGH to TAITGL |Select a count trigger.
TAIUD Setto 0.
UDF TAIP Set to 0.
TAI 15to 0 Set a high-level pulse width. (2)
TAIMR 7t00 Refer to the TAIMR register below.
i=1,2,and 4
Notes:

1. This table does not describe a procedure.
2. This applies when the POFSi bit in the TAPOFS register is 0.
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Programmable Output Mode
Timer Ai Mode Register (i =1, 2, 4)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address Reset Value
lo] [ [ [1]2]  TaomrRtoTAIMR 0336h to 033Ah 00h
HEH T T
RERRERE
bl E ' E ol ! | Bit Symbol Bit Name Function RW
] ] ) ) ) 1
] 1 H ) ] [} H 1
P b L] oo RW
[ T |
A R Operation mode select bit |** ©°
I P 1 1:PWM mode or programmable output mode
P H i I e TMOD1 RW
g ! [
] [
! i E i | i 0 : No pulse output
E i ' i I MRO Pulse ot_Jtput function (TAIOUT pin functions as an I/O port) RW
bl bl select bit 1: Pulse output
E i E i E (TAIOUT pin functions as a pulse output pin)
! ]
i i i i L] MR1 External trigger select 0 : Falling edge of input signal to TAIIN pin RW
1 P bit 1 : Rising edge of input signal to TAIIN pin
P
]
[ s o .
A . . 0 : Write 1 to the TAIS bit in the TABSR register
Pl MR2 | Trigger select bit 1 - Selected by bits TATGH to TAITGL RW
1 1 '
[
E i CR— MR3 Set to 0 in programmable output mode RW
]
[}
b ] b7 b6
; TCKO 0 0:fITIMAB or 2TIMAB
! Count source select bit 0 1:f8TIMAB RwW
] TCK1 1 0:f32TIMAB
1 1:fC32

MR1 (External trigger select bit) (b3)

This bit is enabled when the MR2 bit is 1, and bits TAITGH to TAITGL in the ONSF register or TRGSR
register are set to 00b (TAIIN pin input).

TCK1 and TCKO (Count source select bit) (b7-b6)
These bits are enabled when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO

to TCK1 enabled).

Set the PCLKO bit in the PCLKR register to select fITIMAB or f2TIMAB.
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M2 |eeeee e e e e e e e e e e m— e ——————
Nl |p-==—====——— =g ———————————m——m—

ml

:k Count stopped

1
1
T
1 1
1
1

0000h

<_n1 - iste i ! Count the updated !

Update registers TAi and ?
o i TAi1 during this period. value. i Setto 0
TAIS bit T - A by a program
in the TABSR registe Cannot be a retrigger

after count start

1

1

1

1

1

1

1

1

1

1

1

1 A S
Set 1o 0 by a program \‘_,—.—" i Setto 1 by a program
Update a value by aprogram

A\
m1 >.<
X

Count stopped
TAIIN input

TAIOW bit
in the TAOW register

TAi register

TAI1 register nl

! —> :
1 Do not change the output waveform during this period.
1 (When reloading, use the value before updated.)

Low-level output

TAIOUT output at count stop
POFSi=0 ! ! H 1 1
i i i i i
1 ! 1 1 1
POFSi=1 } | | |
Pomi nl i i
] fj | i i i
P |
i i Interrupt request generated
! ' - when TAIOUT changes state from low to high while POFSi is 0.
1 - when TAJOUT changes state from high to lpw while POFSi is 1.
; i Vs Al
IR bit
in the TAIIC register _,_|?\
W .4
Set to 0 by accepting an interrupt request, or by a program.
i=1,2,4

The above timing diagram assumes the following:

- The MRO bit in the TAIMR register =1 (pulse output)

- The MR1 bit in the TAIMR register =1

- The MR2 bit in the TAIMR register =1 The rising edge of the TAIIN pin input is the trigger.
- Bits TAITGH to TAITGL in the ONSF or TRGSR register = 00b

fj: Count source frequency
POFSi: Bits in the TAPOFS register

Figure 17.13 Operation Example in Programmable Output Mode
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17.4 Interrupts

Refer to individual operation examples for interrupt request generating timing.
Refer to 14.7 “Interrupt Control” for details of interrupt control. Table 17.18 lists Timer A Interrupt Related
Registers.

Table 17.18 Timer A Interrupt Related Registers

Address Register Symbol Reset Value
0055h | Timer AO Interrupt Control Register TAOIC XXXX X000b
0056h | Timer Al Interrupt Control Register TA1IC 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

The IR bit in the TAIIC register may become 1 (interrupt requested) when the TMODL1 bit in the TAIMR
register is changed from 0 to 1 (change from timer mode or event counter mode to one-shot timer mode,
PWM mode, or programmable output mode). Make sure to follow the procedure below when setting the
TMODL1 bit to 1. Refer to 14.13 “Notes on Interrupts” for details.

(1)Set bits ILVL2 to ILVLO in the TAIIC register to 000b (interrupt disabled).

(2)Set the TAIMR register.

(3)Set the IR bit in the TAIIC register to 0 (interrupt not requested).
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17.5 Notes on Timer A
17.5.1 Common Notes on Multiple Modes

17.5.1.1 Register Setting

The timer stops after reset. Set the mode, count source, counter value, etc., using registers TAIMR,
TAI, TAil, UDF, TRGSR, PWMFS, TACSO to TACS2, TAPOFS, TCKDIVCO, PCLKR, and bits TAZIE,
TAOTGL, and TAOTGH in the ONSF register before setting the TAIS bit in the TABSR register to 1
(count started) (i = 0 to 4).

Set the TCDIVOO bit in the TCKDIVCO register before setting other registers associated with timer A.
After changing the TCDIVOO bit, set other registers associated with timer A again.

Always make sure registers TAIMR, UDF, TRGSR, PWMFS, TACSO to TACS2, TAPOFS,
TCKDIVCO, PCLKR, and bits TAZIE, TAOTGL, TAOTGH in the ONSF register are modified while the
TAIS bit is 0 (count stopped), regardless of whether after reset or not.

17.5.1.2 Event or Trigger

When bits TAITGH to TAITGL in the registers ONSF or TRGSR are 01b, 10b, or 11b, an event or a
trigger occurs when an interrupt request of the selected timer is generated. An event or trigger occurs
while an interrupt is disabled because an interrupt request signal is generated regardless of the | flag,
IPL, or interrupt control registers.

For some modes of the timers selected using bits TAITGH to TAITGL, an interrupt request is
generated by a source other than overflow or underflow.

For example, when using pulse-period measurement mode or pulse-width measurement mode in
timer B2, an interrupt request is generated at an active edge of the measurement pulse. For details,
refer to the “Interrupt request generation timing” in each mode’s specification table.

17.5.1.3 Influence of SD

When a low-level signal is applied to the SD pin while the IVPCR1 bit in the TB2SC register is 1 (three-
phase output forcible cutoff by input on SD pin enabled), the following pins become high-impedance:
P7_2/CLK2/TA10UT/V, P7_3/CTS2/RTS2/TALIN/V, P7_4/TA20UT/W,

P7_5/TA2IN/W, P8_0/TA4OUT/RXD5/SCL5/U, P8_1/TA4IN/CTS5/RTS5/U

17.5.1.4 Main Clock

When using the main clock for the timer A and timer B count source (PCKSTP17 bit in the PCLKSTP1
register is 1), adhere the following:
* Set the PCKSTP11 bit in the PCLKSTP1 register to 0 (f1 supply enabled).
* The main clock can be used in PLL operating mode, high-speed mode, medium-speed mode, or
wait mode. Do not use the main clock for the timer A and timer B count source in other modes.
*When the PCKSTP17 bit is set to 1 and timer A or timer B operates in wait mode, set the CMO02 bit
to O (peripheral function clock f1 does not stop in wait mode).
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17.5.2 Timer A (Timer Mode)

17.5.2.1 Reading the Timer

The counter value can be read from the TAi register at any time while counting. However, if the
counter is read at the same time as it is reloaded, the read value is FFFFh. Also, if the counter is read
before it starts counting, or after a value is set in the TAi register while not counting, the set value is

read.
17.5.3 Timer A (Event Counter Mode)

17.5.3.1 Reading the Timer
While counting, the counter value can be read at any time by reading the TAi register. However, while
reloading, FFFFh can be read in underflow, and 0000h in overflow. When the counter is read before it
starts counting and after a value is set in the TAI register while not counting, the set value is read.

17.5.4 Timer A (One-Shot Timer Mode)

17.5.4.1 Stop While Counting
When setting the TAIS bit to 0 (count stopped), the following occurs:
* The counter stops counting and reload register values are reloaded.
* The TAIOUT pin outputs a low-level signal when the POFSi bit in the TAPOFS register is 0, and

outputs a high-level signal when itis 1.
* After one cycle of the CPU clock, the IR bit in the TAIIC register becomes 1 (interrupt requested).

17.5.4.2 Delay between the Trigger Input and Timer Output
As the one-shot timer output is synchronized with an internally generated count source, when an
external trigger is selected, a maximum 1.5 cycle delay of the count source occurs between the
trigger input to the TAIIN pin and timer output.

17.5.4.3 Changing Operating Modes
The IR bit becomes 1 when the timer operating mode is set by any of the following:
* Selecting one-shot timer mode after reset
* Changing the operating mode from timer mode to one-shot timer mode

* Changing the operating mode from event counter mode to one-shot timer mode
To use the timer Ai interrupt (IR bit), set the IR bit to O after the changes listed above are made.

17.5.4.4 Retrigger
When a trigger occurs while counting, the counter reloads the reload register to continue counting
after generating a retrigger and decrementing once. To generate a trigger while counting, generate a
retrigger after at least one cycle of the timer count source has elapsed following the previous trigger.
When an external trigger is generated, do not generate a retrigger for 300 ns before the count value
becomes 0000h. The one-shot timer may stop counting.
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17.5.5 Timer A (Pulse Width Modulation Mode)

17.5.5.1 Changing Operating Modes
The IR bit becomes 1 when setting a timer operating mode with any of the following:
* Selecting PWM mode or programmable output mode after reset
* Changing the operating mode from timer mode to PWM mode or programmable output mode
* Changing the operating mode from event counter mode to PWM mode or programmable output

mode
To use the timer Ai interrupt (IR bit), set the IR bit to O by a program after the changes listed above

are made.

17.5.5.2 Stop While Counting
When setting the TAIS bit to 0 (count stopped) during PWM pulse output, the following occur:
When the POFSi bit in the TAPOFS register is O:
* Counting stops
* When the TAIOUT pin is high, the output level goes low and the IR bit becomes 1.
* When the TAIOUT pin is low, both the output level and the IR bit remain unchanged.

When the POFSi bit in the TAPOFS register is 1:

* Counting stops.

* When the TAIOUT pin output is low, the output level goes high and the IR bit is set to 1.
*When the TAIOUT pin output is high, both the output level and the IR bit remain unchanged.
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17.5.6 Timer A (Programmable Output Mode)

17.5.6.1 Changing the Operating Mode
The IR bit becomes 1 when setting a timer operating mode with any of the following:
* Selecting PWM mode or programmable output mode after reset
* Changing the operating mode from timer mode to PWM mode or programmable output mode
* Changing the operating mode from event counter mode to PWM mode or programmable output

mode
To use the timer Ai interrupt (IR bit), set the IR bit to O by a program after the changes listed above

are made.

17.5.6.2 Stop While Counting
When setting the TAIS bit to 0 (count stopped) during pulse output, the following occur:
When the POFSi bit in the TAPOFS register is O:
* Counting stops.
* When the TAIOUT pin is high, the output level goes low.
* When the TAIOUT pin is low, the output level remains unchanged.
* The IR bit remains unchanged.

When the POFSi bit in the TAPOFS register is 1:

* Counting stops

*When the TAIOUT pin output is low, the output level goes high.

* When the TAIOUT pin output is high, the output level remains unchanged.
* The IR bit remains unchanged.
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18. Timer B

18.1 Introduction

Timer B consists of timers BO to B5. Each timer operates independently of the others. Table 18.1 lists

Timer B Specifications, Figure 18.1 shows Timer A and

B Count Sources, Figure 18.2 shows the Timer B

Configuration, Figure 18.3 shows the Timer B Block Diagram, and Table 18.2 lists the 1/0O Ports.

Table 18.1  Timer B Specifications
Item Specification
Configuration 16-bit timer x 6

Operating modes * Timer mode
* Event counter mode

* Pulse period/pulse width measurement

The timer counts an internal count source.
The timer counts pulses from an external device, or overflows and underflows of other timers.

The timer measures pulse periods or pulse widths of an external signal.

modes

Interrupt source

Overflow/underflow/active edge of measurement pulse x 6

Clock Generator

[T —— e ———— e — e ——— |
! Main clock Main clock !
I | oscillator or i fOCO-F » fOCO-F
I | PLL frequency 1
I synthesizer ! fmmmmmmm o 1
I

| | i fTIMAB 1PCEKO 1 17 imAB
|| dowHz fOCO-F ' | > or
|| ccchip - {Divider [ i i | 2TIMAB
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PCKSTP17, PCKSTP11: Bit in the PCLKSTPL1 register

Figure 18.1 Timer A and B Count Sources
R