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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

When exporting the 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. 'Y ou should not use Renesas
Electronics products or the 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. 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.

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 products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. 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 categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. 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 an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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 system
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.

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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




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.
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HOW TO USE THIS MANUAL

Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A
basic knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.
The manual comprises an overview of the product; descriptions of the CPU, system control functions,
peripheral functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the M16C/64 Group. Make sure to refer to the latest versions of these
documents. The newest versions of the documents listed may be obtained from the Renesas Technology
Web site.

Document Type Description Document Title | Document No.
Datasheet Hardware overview and electrical characteristics | M16C/64 Group |REJ03B0216
Datasheet
Hardware manual | Hardware specifications (pin assignments, M16C/64 Group | This hardware
memory maps, peripheral function Hardware Manual | manual

specifications, electrical characteristics, timing
charts) and operation description

Note: Refer to the application notes for details on
using peripheral functions.

Software Manual |Descriptions of Instruction set M16C/60, M16C/ |REJ09B0137
20, M16C/Tiny
Series Software

Manual
Application note |Information on using peripheral functions and Available from Renesas
application examples Technology Web site.

Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update |etc.
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Notation of Numbers and Symbols

The notation conventions for register names, bit names, numbers, and symbols used in this manual are
described below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the
word “register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO3 bit in the PMO register
P3_5 pin, VCC pin

(2) Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is
appended to the values of single bits. The indication “h” is appended to numeric values given in
hexadecimal format. Nothing is appended to numeric values given in decimal format.
Examples  Binary: 11b
Hexadecimal: EFAQOh
Decimal: 1234



3. Register Notation

The symbols and terms used in register diagrams are described below.

XXX Register *1

b7 b6 b5 b4 b3 b2 bl bo

| | | | | 0 |><| ( Symbol Address After Reset
T T T T T T T T XXX XXX OOh
1 1 1 1 1 1 1 1
Pl
oot Bit Symbol Bit Name Function RW *9
[ T T R T N B | | —
1 1 1 1 1 1 1 L_ XXX bltS bl b0
I XXX0 1.0: XXX
T T T S R 0 1: XXX
(I O T T R N 1 0: Do not set.
P Tt oxxa 11 XXX RW
T R T T
-
A N - Nothing is assigned. If necessary, set to 0.
T A (b2) When read, the content is undefined. - | %3
T R
1 1 1 1 1
1 1 1 1 1 —_— —
i nininintally (b3) Reserved bits Set to 0. RW N
I T |- *4
T I
I jon var | ng |
[ T XXX4 XXX bits Function varies according to the operating RW
[ | mode.
P
1 1 1
1 1 1
I XXX5 \\e}
P
1 1
1 1
1 1
| e XXX6 RW
!
1
bommmmmm oo oo oo XXX7 | XXX bit 9 XX RO

*1

Blank: Set to 0 or 1 according to the application.

0: Setto 0.

1: Set to 1.

X: Nothing is assigned.

*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.

*3
* Reserved bit
Reserved bit. Set to specified value.

*4

« Nothing is assigned
Nothing is assigned to the bit. As the bit may be used for future functions, if necessary, set to 0.

* Do not set to a value
Operation is not guaranteed when a value is set.

« Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for infor-
mation on the individual modes.



4. List of Abbreviations and Acronyms

Abbreviation Full Form
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.

IEBus is a registered trademark of NEC Electronics Corporation.
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SFR Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0042h INT7 Interrupt Control Register INT7IC 106
0001h 0043h INT6 Interrupt Control Register INT6IC 106
0002h 0044h INT3 Interrupt Control Register INT3IC 106
0003h 0045h Timer B5 Interrupt Control Register TBSIC 105
0004h Processor Mode Register 0 PMO 48 0046h Timer B4 Interrupt Control Register, UART1 | TB4IC, 105
0005h Processor Mode Register 1 PML 29 ELEJ;S(feorllision Detection Interrupt Control U1BCNIC
0006h | System Clack Control Register 0 cMo 76 0047h | Timer B3 Interrupt Control Register, UARTOBUS | TB3IC, 105
0007h System Clock Control Register 1 CM1 77 Collision Detection Interrupt Control Register UOBCNIC
0008h Chip Select Control Register CSR 55 0048h SI/04 Interrupt Control Register, INTS S4IC, INT5IC 106
0009h Interrupt Control Register
- 0049h SI/03 Interrupt Control Register, INT4 S3IC, INT4IC 106
000Ah Protect Register PRCR 98 Interrupt Control Register
000Bh | Data Bank Register DBR 67 004Ah | UART2 BUS Collision Detection Interrupt BCNIC 106
000Ch Oscillation Stop Detection Register CM2 78 Control Register
000Dh 004Bh DMAQO Interrupt Control Register DMoIC 105
000Eh 004Ch DMAL Interrupt Control Register DM1IC 105
000Fh 004Dh Key Input Interrupt Control Register KUPIC 105
0010h Program 2 Area Control Register PRG2C 50 004Eh A/D Conversion Interrupt Control Register ADIC 105
0011h 004Fh UART2 Transmit Interrupt Control Register S2TIC 105
0012h Peripheral Clock Select Register PCLKR 79 0050h UART2 Receive Interrupt Control Register S2RIC 105
0013h 0051h UARTO Transmit Interrupt Control Register SOTIC 105
0014h 0052h UARTO Receive Interrupt Control Register SORIC 105
0015h Clock Prescaler Reset Flag CPSRF 142 0053h UART1 Transmit Interrupt Control Register S1TIC 105
0016h 0054h UART1 Receive Interrupt Control Register S1RIC 105
0017h 0055h Timer AO Interrupt Control Register TAOIC 105
0018h Reset Source Determine Flag RSTFR 46 0056h Timer Al Interrupt Control Register TAlIC 105
0019h Voltage Detection 2 Circuit Flag Register VCR1 38 0057h Timer A2 Interrupt Control Register TA2IC 105
001Ah | Voltage Detection Circuit Operation Enable | VCR2 a8 0058h | Timer A3 Interrupt Control Register TA3IC 105
Register 0059h Timer A4 Interrupt Control Register TA4IC 105
001Bh | Chip Select Expansion Control Register CSE 62 005Ah | Timer BO Interrupt Control Register TBOIC 105
001Ch PLL Control Register 0 PLCO 80 005Bh | Timer B1 Interrupt Control Register TB1IC 105
001Dh 005Ch | Timer B2 Interrupt Control Register TB2IC 105
001Eh Processor Mode Register 2 PM2 79 005Dh | INTO Interrupt Control Register INTOIC 106
001Fh Low Voltage Detection Interrupt Register DAINT 39 005Eh INT1 Interrupt Control Register INT1IC 106
0020h 005Fh | INT2 Interrupt Control Register INT2IC 106
0021h 0060h
0022h 0061h
0023h 0062h
0024h 0063h
0025h 0064h
0026h 0065h
0027h 0066h
0028h 0067h
0029h 0068h
002Ah Voltage Monitor 0 Circuit Control Register VwoC 40 0069h DMA2 Interrupt Control Register DM2IC 105
002Bh 006Ah DMAS Interrupt Control Register DM3IC 105
002Ch 006Bh | UARTS5 BUS Collision Detection Interrupt Control | USBCNIC 105
002Dh Register
002Eh 006Ch UART5 Transmit Interrupt Control Register S5TIC 105
002Fh 006Dh UART5 Receive Interrupt Control Register S5RIC 105
0030h 006Eh UART6 BUS_ Collision Detection Interrupt UBBCNIC 105
Control Register
0031h 006Fh UART®6 Transmit Interrupt Control Register S6TIC 105
0032h 0070h UART®6 Receive Interrupt Control Register S6RIC 105
0033h 0071h UART?7 BUS Caollision Detection Interrupt U7BCNIC 105
0034h Control Register
0035h 0072h UART?7 Transmit Interrupt Control Register S7TIC 105
0036h 0073h UART7 Receive Interrupt Control Register S7RIC 105
0037h 0074h
0038h 0075h
003%h 0076h
003Ah 0077h
003Bh 0078h
003Ch 007%h
003Dh 007Ah
003Eh 007Bh
003Fh 007Ch
0040h 007Dh
0041h 007Eh
007Fh
NOTE: 1. Blank columns are all reserved space. No access is allowed. DO80h to
D17Fh
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Address Register Symbol Page Address Register Symbol Page
0180h DMAO Source Pointer SARO 129 01C3h

0181h 01C4h

0182h 01C5h

0183h 01C6h

0184h DMAQ Destination Pointer DARO 129 01C7h

0185h 01C8h Timer B Count Source Select Register 0 TBCSO 158
0186h 01C9%h Timer B Count Source Select Register 1 TBCS1 158
0187h 01CAh

0188h DMAO Transfer Counter TCRO 129 01CBh

0189h 01CCh

018Ah 01CDh

018Bh 01CEh

018Ch DMAO Control Register DMOCON 129 01CFh

018Dh 01D0h Timer A Count Source Select Register 0 TACSO 142
018Eh 01D1h Timer A Count Source Select Register 1 TACS1 142
018Fh 01D2h Timer A Count Source Select Register 2 TACS2 143
0190h DMAL1 Source Pointer SAR1 129 01D3h

0191h 01D4h

0192h 01D5h Timer A Waveform Output Function Select TAPOFS 143
0193h Register

0194h DMAL Destination Pointer DAR1 129 01D6h

0195h 01D7h

0196h 01D8h

0197h 01D%h

0198h DMAL Transfer Counter TCR1 01DAR

0199h 129 01DBh

O19AN 01DEh

019Bh 01DCh

019Ch DMAL1 Control Register DM1CON 128 01DDh

0190h 01DFh

O19EN 01EOh

O19Fh 01E1lh

01A0h DMA2 Source Pointer SAR2 129 O1E2h

01A1h 01E3h

01A2h 01E4h

o1A3N 01E5h

01A4h DMA2 Destination Pointer DAR2 129 01E6h

01A5h 01E7h

01A6h 01E8h Timer B Count Source Select Register 2 TBCS2 158
01A7h 01E9h Timer B Count Source Select Register 3 TBCS3 158
01A8h | DMA2 Transfer Counter TCR2 129 O1EAR

01A%h 01EBh

O1AAD 01ECh

OLABN 01EDh

01ACh | DMA2 Control Register DM2CON 128 O1EER

OLADh 01EFh

OLAER 01FOh

OLAED 01F1h

01BOh DMA3 Source Pointer SAR3 129 01F2h

01B1h 01F3h

0182h 01F4h

01B3h 01F5h

01B4h | DMA3 Destination Pointer DAR3 129 01F6h

01B5h 01F7h

01B6h 01F8h

o1B7h 01F9h

01B8h DMAS3 Transfer Counter TCR3 129 OLFAR

01B9h 01FBh

O1BAR 01FCh

01BBh 01FDh

01BCh DMA3 Control Register DM3CON 129 O1FEh

o18Dh 01FFh

O1BED 0200h

01BFh 0201h

o1Coh 0202h

o1cih 0203h

01C2h 0204h

NOTE: 1. Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page Address Register Symbol Page
0205h Interrupt Source Select Register 3 IFSR3A 114 0249h UARTO Bit Rate Register UOBRG 181
0206h Interrupt Source Select Register 2 IFSR2A 114 024Ah UARTO Transmit Buffer Register uoTB 180
0207h Interrupt Source Select Register IFSR 113 024Bh

0208h 024Ch UARTO Transmit/Receive Control Register 0 | UOCO 182
0209h 024Dh UARTO Transmit/Receive Control Register 1 | UOC1 183
020Ah 024Eh UARTO Receive Buffer Register UORB 180
020Bh 024Fh

020Ch 0250h UART Transmit/Receive Control Register 2 UCON 184
020Dh 0251h

020Eh Address Match Interrupt Enable Register AIER 117 0252h

020Fh Address Match Interrupt Enable Register 2 AIER2 117 0253h

0210h Address Match Interrupt Register 0 RMADO 117 0254h UART1 Special Mode Register 4 U1SMR4 186
0211h 0255h UART1 Special Mode Register 3 U1SMR3 185
0212h 0256h UART1 Special Mode Register 2 U1SMR2 185
0213h 0257h UART1 Special Mode Register U1SMR 184
0214h Address Match Interrupt Register 1 RMAD1 117 0258h UART1 Transmit/Receive Mode Register UIMR 181
0215h 0259h UART1 Bit Rate Register U1BRG 181
0216h 025Ah UART1 Transmit Buffer Register ulTB 171
0217h 025Bh

0218h Address Match Interrupt Register 2 RMAD2 117 025Ch UART1 Transmit/Receive Control Register 0 [ U1CO 181
0219h 025Dh UART1 Transmit/Receive Control Register 1 | U1C1 183
021Ah 025Eh UART1 Receive Buffer Register U1RB

021Bh 025Fh R
021Ch | Address Match Interrupt Register 3 RMAD3 117 0260h

021Dh 0261h

021Eh 0262h

021Fh 0263h

0220h Flash Memory Control Register 0 FMRO 275 0264h UART2 Special Mode Register 4 U2SMR4 186
0221h Flash Memory Control Register 1 FMR1 276 0265h UART2 Special Mode Register 3 U2SMR3 185
0222h Flash Memory Control Register 2 FMR2 277 0266h UART2 Special Mode Register 2 U2SMR2 185
0223h 0267h UART2 Special Mode Register U2SMR 184
0224h 0268h UART2 Transmit/Receive Mode Register U2MR 181
0225h 0269h UART?2 Bit Rate Register U2BRG 181
0226h 026Ah UART2 Transmit Buffer Register u2TB 171
0227h 026Bh

0228h 026Ch UART2 Transmit/Receive Control Register 0 | U2CO 182
0229h 026Dh UART2 Transmit/Receive Control Register 1 | U2C1 183
022Ah 026Eh UART2 Receive Buffer Register U2RB 180
022Bh 026Fh

022Ch 0270h SI/03 Transmit/Receive Register S3TRR 226
022Dh 0271h

022Eh 0272h SI/03 Control Register S3C 226
022Fh 0273h SI/O3 Bit Rate Register S3BRG 226
0230h Flash Memory Control Register 6 FMR6 278 0274h SI/04 Transmit/Receive Register S4TRR 226
0231h 0275h

0232h 0276h SI/04 Control Register S4ac 226
0233h 0277h S1/04 Bit Rate Register S4BRG 226
0234h 0278h S1/034 Control Register 2 S34C2 227
0235h 0279h

0236h 027Ah

0237h 027Bh

0238h 027Ch

0239h 027Dh

023Ah 027Eh

023Bh 027Fh

023Ch 0280h

023Dh 0281h

023Eh 0282h

023Fh 0283h

0240h 0284h UARTS5 Special Mode Register 4 US5SMR4 186
0241h 0285h UARTS5 Special Mode Register 3 U5SMR3 185
0242h 0286h UARTS5 Special Mode Register 2 U5SMR2 185
0243h 0287h UARTS5 Special Mode Register USSMR 184
0244h UARTO Special Mode Register 4 UOSMR4 186 0288h UART5 Transmit/Receive Mode Register USMR 181
0245h UARTO Special Mode Register 3 UOSMR3 185 0289h UARTS5 Bit Rate Register U5BRG 181
0246h UARTO Special Mode Register 2 UOSMR2 185

0247h | UARTO Special Mode Register UOSMR 184 NOTE: 1. Blank columns are all reserved space. No access is allowed.

0248h UARTO Transmit/Receive Mode Register UOMR 181




Address Register Symbol Page Address Register Symbol Page
028Ah UARTS5 Transmit Buffer Register U5TB 180 031Ah
028Bh 031Bh Timer B3 Mode Register TB3MR 156
028Ch | UARTS5 Transmit/Receive Control Register 0 | USCO 182 031Ch Timer B4 Mode Register TB4MR 156
028Dh UARTS Transmit/Receive Control Register 1 [ USC1 183 031Dh Timer B5 Mode Register TB5MR 156
028Eh UARTS5 Receive Buffer Register USRB 171 031Eh
028Fh 031Fh
0290h 0320h Count Start Flag TABSR 157
0291h 0321h
0292h 0322h One-Shot Start Flag ONSF 141
0293h 0323h Trigger Select Register TRGSR 141
0294h UART®6 Special Mode Register 4 U6SMR4 186 0324h Up/Down Flag UDF 140
0295h UART6 Special Mode Register 3 U6SMR3 185 0325h
0296h UART®6 Special Mode Register 2 U6SMR2 185 0326h Timer AO Register TAO 153
0297h UART6 Special Mode Register U6SMR 184 0327h
0298h UART6 Transmit/Receive Mode Register U6MR 181 0328h Timer Al Register TA1 153
0299h UARTS6 Bit Rate Register UBBRG 181 0329h
029Ah UART6 Transmit Buffer Register U6TB 180 032Ah Timer A2 Register TA2 153
029Bh 032Bh
029Ch UART®6 Transmit/Receive Control Register 0 | U6CO 182 032Ch Timer A3 Register TA3 153
029Dh UART®6 Transmit/Receive Control Register 1 | U6C1 183 032Dh
029Eh UART6 Receive Buffer Register U6RB 180 032Eh Timer A4 Register TA4 153
029Fh 032Fh
02A0h 0330h Timer BO Register TBO 156
02A1h 0331h
02A2h 0332h Timer B1 Register TB1 156
02A3h 0333h
02A4h UART7 Special Mode Register 4 U7SMR4 186 0334h Timer B2 Register TB2 156
02A5h | UART?7 Special Mode Register 3 U7SMR3 185 0335h
02A6h UART7 Special Mode Register 2 U7SMR2 185 0336h Timer AO Mode Register TAOMR 139
02A7h UART7 Special Mode Register U7SMR 184 0337h Timer A1 Mode Register TAIMR 139
02A8h UART7 Transmit/Receive Mode Register U7MR 181 0338h Timer A2 Mode Register TA2MR 139
02A%h UARTY7 Bit Rate Register U7BRG 181 033%h Timer A3 Mode Register TA3MR 139
02AAh | UARTY Transmit Buffer Register u7TB 180 033Ah Timer A4 Mode Register TAAMR 139
02ABh 033Bh Timer BO Mode Register TBOMR 156
02ACh | UARTY Transmit/Receive Control Register 0 | U7CO 182 033Ch Timer B1 Mode Register TBIMR 156
02ADh | UARTY Transmit/Receive Control Register 1 | U7C1 183 033Dh Timer B2 Mode Register TB2MR 156
02AEh UART7 Receive Buffer Register U7RB 180 033Eh Timer B2 Special Mode Register TB2SC 171
02AFh 033Fh
02B0h 0340h
to 0341h
02FFh 0342h
0300h Timer B3,4,5 Count Start Flag TBSR 157 0343h
0301h 0344h
0302h Timer Al-1 Register TA11l 171 0345h
0303h 0346h
0304h Timer A2-1 Register TA21 171 0347h
0305h 0348h
0306h Timer A4-1 Register TA41 171 0349h
0307h 034Ah
0308h Three-Phase PWM Control Register 0 INVCO 168 034Bh
0309h Three-Phase PWM Control Register 1 INVC1 169 034Ch
030Ah Three-Phase Output Buffer Register 0 IDBO 170 034Dh
030Bh Three-Phase Output Buffer Register 1 IDB1 170 034Eh
030Ch | Dead Time Timer DTT 170 034Fh
030Dh | Timer B2 Interrupt Generation Frequency Set | ICTB2 170 0350h

Counter 0351h
030Eh 0352h
030Fh . _ oa5ah
0310h Timer B3 Register TB3 156 0354h
0311h . - 03550
0312h Timer B4 Register TB4 156 0356h
0313h . - 0357h
0314h Timer B5 Register TB5 156 0358h
0315h 0359h
0316h 035AN
0317h 0358h
0318h
0319h NOTE: 1. Blank columns are all reserved space. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
035Ch 03A0h
035Dh 03Alh
035Eh 03A2h
035Fh 03A3h
0360h Pull-Up Control Register 0 PURO 261 03A4h
0361h Pull-Up Control Register 1 PUR1 261 03A5h
0362h Pull-Up Control Register 2 PUR2 262 03A6h
0363h 03A7h
0364h 03A8h
0365h 03A%h
0366h Port Control Register PCR 262 03AAh
0367h 03ABh
0368h 03ACh
0369h 03ADh
036Ah 03AEh
036Bh 03AFh
036Ch 03B0Oh
036Dh 03B1h
036Eh 03B2h
036Fh 03B3h
0370h 03B4h
0371h 03B5h
0372h 03B6h
0373h 03B7h
0374h 03B8h
0375h 03B%Sh
0376h 03BAh
0377h 03BBh
0378h 03BCh CRC Data Register CRCD 251
0379h 03BDh
037Ah 03BEh CRC Input Register CRCIN 251
037Bh 03BFh
037Ch | Count Source Protection Mode Register CSPR 120 03COh A/D Register 0 ADO 235
037Dh | Watchdog Timer Reset Register WDTR 119 03C1h
037Eh Watchdog Timer Start Register WDTS 119 03C2h A/D Register 1 AD1 235
037Fh Watchdog Timer Control Register wDC 119 03C3h
0380h 03C4h A/D Register 2 AD2 235
0381h 03C5h
0382h 03C6h A/D Register 3 AD3 235
0383h 03C7h
0384h 03C8h A/D Register 4 AD4 235
0385h 03C%h
0386h 03CAh A/D Register 5 AD5 235
0387h 03CBh
0388h 03CCh | A/D Register 6 AD6 235
0389h 03CDh
038Ah 03CEh A/D Register 7 AD7 235
038Bh 03CFh
038Ch 03D0h
038Dh 03D1h
038Eh 03D2h
038Fh 03D3h
0390h DMA2 Source Select Register DM2SL 125 03D4h A/D Control Register 2 ADCON2 235
0391h 03D5h
0392h DMA3 Source Select Register DM3SL 125 03D6h A/D Control Register 0 ADCONO 234
0393h 03D7h A/D Control Register 1 ADCON1 234
0394h 03D8h D/AO Register DAO 250
0395h 03D%h
0396h 03DAh D/A1 Register DAl 250
0397h 03DBh
0398h DMAO Source Select Register DMOSL 125 03DCh D/A Control Register DACON 250
0399h 03DDh
039Ah DMA1 Source Select Register DM1SL 125 03DEh
039Bh 03DFh
039Ch 03EOh Port PO Register PO 260
039Dh 03E1lh Port P1 Register P1 260
039Eh 03E2h Port PO Direction Register PDO 259
039Fh 03E3h Port P1 Direction Register PD1 259
NOTE: 1. Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page
03E4h Port P2 Register P2 260
03E5h Port P3 Register P3 260
03E6h Port P2 Direction Register PD2 259
03E7h Port P3 Direction Register PD3 259
03E8h Port P4 Register P4 260
03E%h Port P5 Register P5 260
03EAh Port P4 Direction Register PD4 259
03EBh Port P5 Direction Register PDS 259
03ECh | Port P6 Register P6 260
03EDh | Port P7 Register P7 260
03EEh Port P6 Direction Register PD6 259
03EFh Port P7 Direction Register PD7 259
03F0h Port P8 Register P8 260
03F1h Port P9 Register P9 260
03F2h Port P8 Direction Register PD8 259
03F3h Port P9 Direction Register PD9 259
03F4h Port P10 Register P10 260
03F5h

03F6h Port P10 Direction Register PD10 259
03F7h

03F8h

03F9h

03FAh

03FBh

03FCh

03FDh

03FEh

03FFh

DO00Oh

to

D7FFh

OFS1 Optional Feature Select Address OFS1 272

NOTE: 1. Blank columns are all reserved space. No access is allowed.



LENESAS

M16C/64 Group
RENESAS MCU

1. Overview

1.1 Features

The M16C/64 Group MCUs incorporate the M16C/60 Series CPU core and flash memory, employing
sophisticated instructions for a high level of efficiency. With 1 Mbyte of address space (expandable to 4
Mbyte), this MCU is capable of executing instructions at high speed. In addiditon, the CPU core boasts a
multiplier for high-speed operation processing.

Power consumption is low, and the M16C/64 Group 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 EMI. Integration of many peripheral functions, including multifunction timer and
serial interface, reduces the number of system components.

1.1.1 Applications

Audio, cameras, television, home appliance, office equipment, communication equipment, portable
equipment, industrial equipment, etc.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
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M16C/64 Group

1. Overview

1.2

Specifications

Tables 1.1 and 1.2 list Specifications Outline.

Table 1.1 Specifications (1)
Item Function Specification
CPU Central processing unit M16C/60 core (multiplier: 16-bit x 16-bit = 32 bits,
multiply and accumulate instruction: 16 x 16 + 32 =32 hits)
* Number of basic instructions: 91
* Minimum instruction execution time:
40.0 ns ( f(BCLK) = 25 MHz, VCC1 =VCC2 =2.7t0 5.5V)
« Operating modes: Single-chip, memory expansion, and microprocessor
Memory ROM, RAM, See Table 1.3 “Product List”.
data flash
Voltage Voltage detection circuit Low-voltage detection unit
Detection
Clock Clock generation circuit « 4 circuits: Main clock, sub clock, on-chip oscillator (125 kHz), PLL

frequency synthesize
* Oscillation stop detection: Main clock oscillation stop detection and re-
oscillation detection function
 Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8 and 16
» Low-power consumption modes: Wait mode, stop mode

External Bus
Expansion

Bus and memory expansion

» Address space: 1 Mbyte

 External bus interface: 0 to 3 waits states, chip select 4 outputs,
memory area expansion function (up to 4 Mbytes)

 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 buses)

1/0 Ports

Programmable I/O ports

*« CMOS 1/O ports: 85, selectable pull-up resistor
* Nch open drain ports: 3

Interrupts

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

Watchdog Timer

15 bits x 1 (with prescaler)
Automatic reset start function selectable

DMA DMAC * 4 channels, cycle steal mode
« Trigger sources: 43
« Transfer modes: 2 (single transfer, repeat transfer)
Timer 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 channels
Timer B 16-bit timer x 6
Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode
Timer functions for three- Three-phase inverter control (timer Al, timer A2, timer A4, timer B2),
phase motor control On-chip dead time timer
Serial UARTO to UART2, UART5 to  |Clock synchronous/asynchronous x 6 channels
Interface UART7 12C-bus, IEBus (1), special mode 2, SIM (UART2)
S1/03, SI/04 Clock synchronization only x 2 channels
Note:

1. IEBus is a registered trademark of NEC Electronics Corporation.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
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M16C/64 Group 1. Overview

Table 1.2 Specifications (2)

Item | Function Specification
A/D Converter 10-bit resolution x 26 channels, including sample and hold function,
Conversion time: 1.72 ps
D/A Converter 8-bit resolution x 2
CRC Calculation Circuit CRC-CCITT (X6 + X12 + X5 + 1) compliant
Flash Memory Programming and erasure power supply voltage: 2.7 Vto 5.5V

Programming and erasure endurance: 100 times
Program security: ROM code protect, ID code check

Debug Function Functions on-chip debug, on-board flash rewrite function, address match x 4
Operation Frequency/Supply Voltage 25 MHz/VCC1=VCC2=2.7t05.5V
Power Consumption 20 mA (25 MHz/VCC1 =VCC2 =3 V)TBD
3.0 JA(VCC1 =VCC2 = 3V, in stop mode)
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: PLQP0100KB-A (Previous package code: 100P6Q-A)

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 3 of 383



M16C/64 Group

1. Overview

1.3

Product List

Table 1.3 lists product information. Figure 1.1 shows part numbers, memory sizes, and packages. Figure
1.2 shows a Marking Diagram of Flash Memory Version (Top View).

Table 1.3 Product List
ROM Capacity RAM

Part No. pRr(é)gl\;laT pRroOgl\;la;n Data Flash| Capacity Package Code Remarks
R5F36406NFA (D) 128 Kbytes |16 Kbytes |4 Kbytes |12 Kbytes |PRQP0100JD-B |Operating
R5F36406NFB (D) x 2 blocks PLQPO100KB-A |temperature
R5F3640DNFA (D) |256 Kbytes |16 Kbytes |4 Kbytes |16 Kbytes |PRQP0100JD-B -20°Cto85°C
R5F3640DNFB (D) x 2 blocks PLQPO100KB-A
R5F3640MNFA (D) 512 Kbytes |16 Kbytes |4 Kbytes |31 Kbytes |PRQP0100JD-B
R5F3640MNFB (D) x 2 blocks PLQPO0100KB-A
R5F36406DFA (D) |128 Kbytes |16 Kbytes |4 Kbytes |12 Kbytes |PRQP0100JD-B |Operating
R5F36406DFB (D) x 2 blocks PLQPO100KB-A |temperature
RSF3640DDFA (D) |256 Kbytes |16 Kbytes |4 Kbytes |16 Kbytes |PRQP0100JD-B | 0 C1085°C
R5F3640DDFB (D) x 2 blocks PLQP0O100KB-A
R5F3640MDFA (D) |512 Kbytes |16 Kbytes |4 Kbytes |31 Kbytes |PRQP0100JD-B
R5F3640MDFB (D) x 2 blocks PLQPO100KB-A

(D) : Under development

Note:

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

Part No.

R 5 FE 3 640

6 D

EA
I

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

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

Memory type:
F: Flash memory

Memory capacity
Program ROM 1/ RAM
6: 128 Kbytes / 12 Kbytes
D: 256 Kbytes / 16 Kbytes
M: 512 Kbytes / 31 Kbytes
M16C / 64 Group

16-bit microcomputer

Renesas microcomputer

Renesas semiconductor

Figure 1.1

Correspondence of Part No., with Memory Size and Package

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
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M16C/64 Group 1. Overview

M1 6 C
Part No. (See Figure 1.1 Correspondence of Part No.,
R5F36406DFA with Memory Size and Package)
XXXXXXX Date code seven digits

@)

Figure 1.2  Marking Diagram of Flash Memory Version (Top View)
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M16C/64 Group 1. Overview

1.4 Block Diagram
Figure 1.3 is a M16C/64 Group Block Diagram.

A S S S S &
v v v v v v
| PortPO | | PortP1 | [ PortP2 | | PortP3 | | PortP4 | [ PortPs |
VCC2 ports

Internal peripheral functions

UART or Clock generation circuits
! ) clock synchronous serial I/O XIN-XOUT
Timer (16-bit) (6 channels) XCIN-XCOUT
. . PLL frequency synthesizer
Outputs (Timer A?- 5 Clock synchronous serial /O On-chip oscillator (125 kHz)
Inputs (Timer B): 6 (8 bits x 2 channels)
DMAC
Three-phase motor control circuit (4 channels)

CRC calculation circuit (CCITT)

Watchdog timer (Polynomial X6 + X12+ X5+ 1)

(15 bits)
A/D converter M16C/60 Series CPU core Memory
(10 bits x 26 channels) ©
ROH [ ROL |] [ SB | ROM
RiH [ RiL ] Usp
D/A converter R2 I
i (@)
(8 bits x 2 channels) . R3 ISP RAM
| INTB |
AQ I
AL | PC |
FB | FLG Multiplier

VCC1 ports

| PortP10 || PortP9 || PortP8 || PortP7 || PortP6 |

As A3 As 4s 438

oor b

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

Figure 1.3  Block Diagram
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M16C/64 Group

1. Overview

15

Pin Assignments

Figures 1.4 and 1.5 show pin assignments (top view). Tables 1.4 and 1.5list Pin Names, for 100-Pin

Package.
®3)
e
[alyal
I
gEgiizg
g2d2888%:
- S o I
o o SENEEEE
® ZAa SadoI9er
S @a $$$$;IBI$$
n < SN FO -~
Ped2 sznzagesdes &
CELS S Fis RN NNV
Fﬁxﬁﬁkkk%%ggkkgg s 293393895%9
COZEQIEIZEIIIIEELL £ L LLLLL
OHNM#LO(OI\OHNM#LOADI\(/,OSHNW)?LO(OI\OHNM
HIHIHIHIH‘H‘ HIH‘N‘N‘NINININININIU) MIU mlm‘m‘mlmlmlmlvlvlvlvl
[« o T a W T o Y Y Y Y T Y W N M Y Y S o 1= o I WY Y o N W o I o WY WY o WY a W Y
el el el el
PO_7/ANO_7/D7 4—[81] |50] €—» P4_4/CTS7/RTS7/CSO
PO_6/ANO_6/D6 4—»[82] VCC2 ports l20] «—» P4_5/CLK7/CST
PO_5/ANO_5/D5 «—»[83] 48] 4—» P4_6/RXD7/SCL7/CS2
PO_4/ANO_4/D4 <« [84] la7] 4—» P4_7/TXD7/SDAT/CS3
PO_3/ANO_3/D3 4—»% %4—» P5_O/WRL/WR
PO_2/ANO_2/D2 <4—[s6 <—» p5_1/WRH/BHE
PO_1/ANO_1/D1 <4 [g1] M 1 6C/64 G rou p l44] 4—» p5_>/RD
PO_O/ANO_0/D0 4 ss] l43] 4—» p5_3/BCLK
P10_7/AN7/KI3 €—p[so| |42] 4—» p5_4/ALDA
P10_6/AN6/KI2 €—[o0] |41 | «4—» p5_5/HOLD
P10_5/ANS/KIT <—[o1] PRQ P0100JD-B 140 | 4— p5_6/ALE
P10_4/AN4/KT0 <—[92] 39 |4—¥ p5_7/RDY/CLKOUT
P10_3/AN3 <—»[o3] (1 00P6 F'A) A [38|4—» pg 0/CTSO/RTSO
P10_2/AN2 €[4 ( H ) 137 | 4— P6_1/CLKO
P10_1/AN1 «—p|95] tOp view 136 | €—P P6_2/RXDO/SCLO
AVSS Los| 35| 4— p6_3/TXDO/SDAO
P10_0/ANO <€—»[o7] 34] 4—» P6_4/CTSI/RTSI/CTSO/CLKS1
VREF —» [l |33 | €—P p6_5/CLK1
AvVCC [og] VCC1 ports 32| 4—» pg_6/RXD1/SCL1
P9_7/ADTRG/SIN4 €100 |31 |4 p6_7/TXD1/SDAL
1 0 e 0 S S = S s S = S e B S B R R B R R R R R R
e E e o SR NEEBJ 2585 ELE
o o n < 7 = o)
DOPPOo20mzXgWR >>‘|—ENE@Q@N32050
29=522z Onxk BEn B828s8E3Ee
xUSS5Zo0] @S SRR X2RGINEZE
UzssakEe ® B TREEEIEP IS
zLY, I=Bak= o o O DB3cFR Vg xI<
LB oox g | o SE 2% ~Ng 250
colgllﬂ-m”g_g QDEQ D“w%ﬁg
o e <0 T« N Ra)
o - < (@] [}
hl 'E g| Bl & g £
S S
AN g X2
o an
’\I
Notes: o
1. N-channel open-drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Symbols in brackets [ ] represent a functional signal as a whole.

Figure 1.4

Pin Assignment (Top View)
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M16C/64 Group 1. Overview

—~
w
=

[A5/D5], [A5/DA4]

, [A2/D2], [A2/D1]
. [A6/D6], [A6/D5]
, [A7/D7], [A7/D6]

[67 ] 4—» P2_3/AN2_3/A3, [A3/D3], [A3/D2]

[66] € p2
[65] € p2

, [AO/DO], AO

[69] €—» P2_1/AN2_1/A1, [A1/D1], [A1/DO]

[68] €—» p2_2/AN2_2/A2

[A8/D7]

5/INT3/D13

6/INT4/D14

7/INT5/D15

4/INTG/AN2_4/A4, [A4/D4], [A4/D3]

5/INT7/AN2_5/A5

[63] 4—» p2_7/AN2_7/A7

[75] €—» P1_3/TXD6/SDA6/D11
VSS
VvCC2

[74] > P1_4/D12

73] «—» P1

[72] «—» P1

[71] «—» P21

[70] €4—» p2_0/AN2_0/AD
[64] 4—» p2_6/AN2_6/A6
[61] «—» P3 0/A8

[59] 4—» P3_1/A9

[58] «—» P3_2/A10

[57] €4 P3_3/A11

(56| €—» P3_4/A12

[55] «—» P3 5/A13

[54] €4—» P3_6/A14

[53] «—» P3_7/A15

[52] € P4_0/A16

[51] € P4_1/A17

[52]
[50]

J

P1_2/RXD6/SCL6/D10
P1_1/CLK6/D9
P1_0/CTS6/RTS6/DS
PO_7/ANO_7/D7
PO_6/ANO_6/D6
PO_5/ANO_5/D5
PO_4/ANO_4/D4
PO_3/ANO_3/D3
PO_2/ANO_2/D2
PO_1/ANO_1/D1
PO_O/ANO_0/DO
P10_7/AN7/KI3
P10_6/ANG/KIZ
P10_5/ANS/KIT
P10_4/AN4/KIO

<P p4 2/A18
<—» P4 _3/A19

4—» p4_4[CTS7/RTS7/CSO
<4—» p4 5/CLK7/CST
4P p4 6/RXD7/SCL7/CS2
<4—» p4 7/TXD7/SDA7/CS3
<4—» pP5_0/WRL/WR

<4—» pP5_1/WRH/BHE
<+—» P5_2/RD

<—» pP5 3/BCLK

<4—» p5_4/HLDA

<4—» pP5_5HOLD

<4—» P5_6/ALE

<4 p5_7/RDY/CLKOUT
<4—» p6_0/CTSO/RTSO

W@

VCC2 ports 4\

M16C/64 Group

PLQPO100KB-A
(100P6Q-A) !

P10_3/AN3 : <—» P6_1/CLKO
P10_2/AN2 (tOp VleW) <4—» P6_2/RXDO/SCLO
P10_1/AN1 <—» P6_3/TXDO/SDAD

AVSS <4—» pg_4/CTSI/RTSI/CTSO/CLKS1
P10_0/ANO <—» P6_5/CLK1

VREF <«—» P6_6/RXD1/SCL1

AvVCC <«—» P6_7/TXD1/SDAL

VCC1 ports

<4—» P7_0/TXD2/SDA2/TAOOUT®
<4—» p7_1/RXD2/SCL2/TAOIN/TBSIN®
<4 p7 2/CLK2/TALOUTV

P9_7/ADTRG/SIN4
P9_6/ANEX1/SOUT4
P9_5/ANEX0/CLK4

101 I

N [N [N oo [feo [[oo [{eo [feo [[eo [[eo [[eo f[eo f[eo [l [l [l (1 |1 [ (1S (1 (1D (|1
N[ |[O][S|[F [N || [|a][o ||N || |[© |[S (I | (e || [ [[o N [ |[©

O O

I:IIﬂlMMMI&IH&IEIIEIEIIEIIEIEIIEIIEIEIIEIIEII&II&II&II&II&II&I/

MWNZEFFNZASa >
SZE2C0LPES o BE0pNEEBaLLEZE
am_2nax=2200Wo> O‘mNZZD—O—IDZ =
EEQ3Q@mZzX o WX SEESQE200y g
56222 ONgk e BBZRESE
<< ZH3S © S ZSo00zakE

= m S < aal- X < < |
fogep L ol B ! CEZEEOER
=R o ® o S3rER Sk
DD J o | > E 12 NI
aa YN o TO o
o a 380.«, ‘ﬁ

a .i:v < (@]

= = =

aZ S (3]

oS I !

a by o

Notes: o

1. N-channel open-drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Symbols in brackets [ ] represent a functional signal as a whole.

Figure 1.5  Pin Assignment (Top View)
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M16C/64 Group 1. Overview

Table 1.4 Pin Names for 100-Pin Package(1)

Pin No. 1/0 Pin Functions for of Peripheral Modules

FA | FB Control Pin Port Interrupt Timer Serial interface glli zg:zg:g: Bus Control Pin
1 | 99 P9_6 SOuUT4 ANEX1

2 | 100 P9 5 CLK4 ANEXO0

3 1 P9_4 TB4IN DAl

4 2 P9_3 TB3IN DAO

5 3 P9 _2 TB2IN SOUT3

6 4 P9 1 TB1IN SIN3

7 5 P9_0 TBOIN CLK3

8 6 |BYTE

9 7 |CNVSS

10 | 8 |XCIN P8_7

1 | 9 |xcout P8_6

12 | 10 |RESET

13 | 11 [XouT

14 | 12 |vSS

15 | 13 [XIN

16 | 14 |vCC1

17 | 15 P8 5 |NMI SD

18 | 16 P8_4 |INT2 zZP

19 | 17 P8_3 |INTT

20 | 18 P8_2 |INTO

21 | 19 P8 1 TA4IN/U CTS5/RTS5

22 | 20 P8_0 TA40UT/U RXD5/SCL5

23 | 21 P7_7 TA3IN CLK5

24 | 22 P7_6 TA30UT TXD5/SDA5

25 | 23 P7 5 TA2IN/W

26 | 24 P7_4 TA20UT/W

27 | 25 P7_3 TALINNV CTS2/RTS2

28 | 26 P7_2 TAL1OUTIV CLK2

29 | 27 P7_1 TAOIN/TB5IN RXD2/SCL2

30 | 28 P7_0 TAOOUT TXD2/SDA2

31 | 29 P6_7 TXD1/SDA1

32 | 30 P6_6 RXD1/SCL1

33 | 31 P6_5 CLK1

34 | 32 P6_4 CTS1/RTS1/CTS0/CLKS1

35 | 33 P6_3 TXDO/SDAO

36 | 34 P6_2 RXDO/SCLO

37 | 35 P6_1 CLKO

38 | 36 P6_0 CTSO/RTSO

39 | 37 P5_7 RDY/CLKOUT
40 | 38 P5_6 ALE
41 | 39 P5_5 HOLD
42 | 40 P5 4 HLDA
43 | 41 P5_3 BCLK
44 | 42 P5 2 RD
45 | 43 P5 1 WRH/BHE
46 | 44 P50 WRL/WR
47 | 45 P4_7 TXD7/SDA7 CS3
48 | 46 P4 6 RXD7/SCL7 Cs2
49 | 47 P4 5 CLK7 CS1
50 | 48 P4 4 CTS7/RTS7 CSo

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
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M16C/64 Group

1. Overview

Table 1.5 Pin Names for 100-Pin Package(2)
Pin No. 1/0 Pin Functions for of Peripheral Modules

Coqtrol Port . L A/D converter Bus Control Pin

FA FB Pin Timer Serial interface
D/A converter

51 | 49 P4_3 A19
52 | 50 P4_2 Al18
53 | 51 P4_1 Al7
54 | 52 P4_0 Al6
55 | 53 P3 7 Al5
56 | 54 P3_ 6 Al4
57 | 55 P3_5 A13
58 | 56 P3_4 Al12
59 | 57 P33 All
60 | 58 P3 2 A10
61 | 59 P31 A9
62 | 60 |vcec2
63 | 61 P30 A8, [A8/D7]
64 | 62 |VSS
65 | 63 P27 AN2_7 A7, [A7/D7], [A7/D6]
66 | 64 P2_6 AN2_6 AB, [AB/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], A0
73 | 71 P1_7 D15
74 | 72 P16 D14
75 | 73 P15 D13
76 | 74 P14 D12
77 | 75 P13 TXD6/SDA6 D11
78 | 76 P12 RXD6/SCL6 D10
79 | 77 P11 CLK6 D9
80 | 78 P1_0 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_0O ANO_0 DO
89 | 87 P10_7 |KI3 AN7
90 | 88 P10_6 |KI2 AN6
91 | 89 P10 5 |KIT 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/64 Group 1. Overview

1.6 Pin Functions

Table 1.6 Pin Functions (1)

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 and 0 V to the VSS pin (1)

VSS

Analog power AVCC I VCC1 Apply the power supply for the A/D converter. Connect the
supply input AVSS AVCC pin to VCC1. Connect the AVSS pin to VSS.
Reset input RESET | VCC1 Low active input pin. Driving this pin Low resets the MCU.
CNVSS CNVSS I VCC1 Input pin to switch processor mode. To start up in single-chip

mode after a reset, connect the CNVSS pin to VSS via
resister. To start up in microprocessor mode, connect the
CNVSS pin to VSS1.

External data BYTE | VCC1 Input pin to select the data bus of the external memory area.
bus width The data bus is 16-bit when it is Low and 8-bit when it is
select input High. This pin must be fixed either High or Low. Connect the
BYTE pin to VSS in single-chip mode
Bus control DO to D7 /10 |VCC2 Inputs or outputs data (DO to D7) while accessing an
pins external memory area with separate bus
D8 to D15 /0 |VCC2 Inputs or outputs data (D8 to D15) while accessing an
external memory area with 16-bit separate bus
AO to A19 O |vCC2 Outputs address bits A0 to A19
AO0/DO to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A7/D7 (A0 to A7) by timesharing, while accessing an external
memory area with 8-bit multiplexed bus
A1/DO to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A8/D7 (A1 to A8) by timesharing, while accessing an external
memory area with 16-bit multiplexed bus
S0 to CS3 O |vCce2 Outputs chip-select signals CS0 to CS3 to specify an
external memory area
WRL/WR O |vce2 Low active output pins. Outputs WRL, WRH, (WR, BHE), RD
WRH/BHE signals. WRL and WRH can be switched with or WR and
D BHE can be selected by a program.

WRL, WRH and RD selected

If the external data bus is 16-bit, data is written to an even
address in external memory area when WRL is driven low.
Data is written to an odd address when WRH is driven low.
Data is read when RD is driven low.

WR, BHE and RD are selected

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

ALE O |vCC2 Output ALE signal to latch address.

HOLD | VCC2 Low active input pin. The MCU is placed in hold state while
the HOLD pin is driven low.

HLDA O |vce2 Low active output pin. In a hold state, HLDA outputs a low-
level signal.

RDY | VCC2 Low active input pin. The MCU is placed in wait state while

the RDY pin is driven low.

Note:
1. VCC1 is hereinafter referred to as VCC unless otherwise noted.
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M16C/64 Group

1. Overview

Table 1.7 Pin Functions (2)
Signal Name Pin Name I/0 Power Description
Supply
Main clock input XIN | VCC1 I/O pins for the main clock oscillation circuit. Connect
a ceramic resonator or crystal oscillator between XIN
Main clock output | XOUT O |vcc1 and XOUT®). To apply an external clock, connect it to
XIN and leave XOUT open.
Sub clock input XCIN | VCC1 I/0O pins for a sub clock oscillation circuit. Connect a
crystal oscillator between XCIN and XCOUT (1)
Sub clock output XCOUT O |(|vcci To apply an external clock, connect it to XCIN and
leave XCOUT open
BCLK output BCLK O |vCce2 Output pin for BCLK signal
Clock output CLKOUT O |vce2 This pin outputs the clock having the same frequency
as fC, f1, f8, or f32
INT interrupt input  |INTO to INT2 I |vccl Low active input pins for INT interrupt
INT3to INT7 I VCC2
NMI interrupt input  |NMI I VCC1 Low active input pin for NMI interrupt
Key input KIO to KI3 I |vCcC1 Low active input pins for key input interrupt
interrupt input
Timer A TAOOUT to /0 |VvCC1 Timer AO to A4 1/O pins (TAOOUT as an output pin is
TA40UT N-channel open drain output)
TAOIN to TA4IN I VCC1 Timer AO to A4 input pins
ZP | VCC1 Input pin for Z-phase
Timer B TBOIN to TB5IN I VCC1 Timer BO to B5 input pins
Three-phase motor |U, U, V, V, W, W O |vcCc1 Output pins for three-phase motor control timer output
control timer SD | VCC1 Input pin for three-phase motor control timer input
Serial interface CTS0to CTS2, | VCC1 Input pins to control data transmission
UARTO to UART2, |CTS5
UARTSto UARTY  I5TS6, CTS7 I |vcez2
RTSO0 to RTS2, O |vcCc1 Output pins to control data reception
RTS5
RTS6, RTS7 O |vece2
CLKO to CLK2, /O VCC1 Transfer clock 1/O pins
CLK5
CLK®6, CLK7 /0 |VCC2
RXDO to RXD2, | VCC1 Serial data input pins
RXD5
RXD6, RXD7 I VCC2
TXDO to TXD2, O |vCc1 Serial data output pins(®
TXD5
TXD6, TXD7 O |vce2
CLKS1 O |vcCc1 Output pin for transfer clock multiple-pin output

function

Notes:

1. Consult the oscillator manufacturer 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 by a program.
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M16C/64 Group

1. Overview

Table 1.8 Pin Functions (3)
Signal Name Pin Name 110 Power Description
Supply
UARTO to SDAO to SDA2, /O VCC1 Serial data I/0 pins
UART?2, SDA5
UARTS 10 [spag, SDAT o |vcez
UART7
12C mode SCLO to SCL2, yo |VeCl Transfer clock 1/O pins (1)
SCL5
SCL6, SCL7 /0 |VvCC2
Serial CLKS3, CLKS4 /O |VCC1 Transfer clock I/O pins
interface SIN3, SIN4 I |vcel Serial data input pins
S1/03, SlI/04 - -
SOUT3, SOUT4 O |vCci Serial data output pins
Reference VREF | VCC1 Reference voltage input pins for the A/D converter and D/A
voltage input converter. Connect to VCC1.
A/D ANO to AN7 | VCC1 Analog input pins for the A/D converter
converter  'ANO 0 to ANO_7 . |veez
AN2_0to AN2_7
ADTRG | VCC1 Input pin for an external A/D trigger
ANEXO0, ANEX1 | VCC1 Extended analog input pin for the A/D converter
DI/IA DAO, DA1 O |vCcC1 Output pin for the D/A converter
converter
1/0 port PO _Oto PO_7 /10 |VCC2 8-bit CMOS I/O ports. A direction register determines whether
P1 OtoP1_7 each pin is used as an input port or an output port. A pull-up
P2 _0toP2_7 resistor may be enabled or disabled for input ports in 4-bit
P3_0to P3_7 units.
P4 0toP4 7
P5 0toP5 7
P6_0to P6_7 /10 |VCC1 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-drain
P8 0to P8 7 output ports. No pull-up resistor is provided. P8_5 is an input
P9 Oto P9 7 port for verifying the NMI pin level and shares a pin with NMI.
P10 _0to P10_7
Note:

1. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i = 0, 1, 5 to 7), SDAI, SCLi can be
selected as CMOS output pin or N-channel open drain output pin by program.
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M16C/64 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (R0, R1, R2, R3, A0, Al, and FB) out of thirteen
registers configure a register bank. There are two sets of register banks.

b31

bi5 b8b7

b0

R2

ROH (high orcer bits of RO)| ROL (owarder bits of R) ||

R3

Note:

b19

R2

RIH (high orcker hits of RY)| RIL (lowarcer bitsof RY) ||

Data registers @

R3

A0

Al

} Address registers @

FB

Frame base registers @

bi5

b0

[ INTBH |

INTBL

| Interrupt table register

INTBH is 4 high-order bits of INTB register and
INTBL is 16 low-order bits of INTB register

b19

b0

PC

Program counter

b15

b0

USP

User stack pointer

ISP

Interrupt stack pointer

SB

Static base register

b0

| FLG

Flag register

b8 b7

b0}

| [ | ] lu[i]o[s[s[z]p]c

|— Carry flag

Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

1. These registers comprise a register bank. There are two sets of register banks.

Reserved area

Figure 2.1

Central Processing Unit Register

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 high-order (ROH/R1H) and low-order bits (ROL/R1L) to be used separately as 8-bit data
registers. RO can be combined with R2 and used as a 32-bit data register (R2R0). The same applies to

R3R1.
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M16C/64 Group 2. Central Processing Unit (CPU)

2.2 Address Registers (A0 and Al)

A0 and Al are 16-bit registers used for AO-/Al-indirect addressing, AO-/Al-relative addressing, transfer,
arithmetic and logic operations. AO can be combined with A1 and used as a 32-bit address register
(A1AO0).

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

2.4 Interrupt Table Register (INTB)

INTB is a 20-bit register indicating the start address of an relocatable interrupt vector table.

2.5 Program Counter (PC)
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 stack pointers (SP), as USP and ISP, are each 16 bits wide. 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 a 11-bit register indicating the CPU state.

2.8.1 Carry Flag (C Flag)

The C flag retains a carry, borrow, or shift-out bit that has been generated by the arithmetic/logic unit.

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

2.8.3 Zero Flag (Z Flag)
The Z flag is set to 1 when an arithmetic operation results in 0; otherwise to O.

2.8.4 Sign Flag (S Flag)

The S flag is set to 1 when an arithmetic operation results in a negative value; otherwise to 0.

2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when the B flag is set to 0. Register bank 1 is selected when this flag is set
to 1.

2.8.6 Overflow Flag (O Flag)
The O flag is set to 1 when an arithmetic operation results in an overflow; otherwise to 0.

2.8.7 Interrupt Enable Flag (I Flag)
The | flag enables maskable interrupts.
Maskable interrupts are disabled when the | flag is set to 0, and enabled when it is set to 1. The | flag is
set to 0 when an interrupt request is acknowledged.
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M16C/64 Group 2. Central Processing Unit (CPU)

2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is set to 0; USP is selected when the U flag is setto 1.
The U flag is set to 0 when a hardware interrupt request is acknowledged or the INT instruction of
software interrupt number 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

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

2.8.10 Reserved Space
Only write O to bits assigned as reserved bits. The read value is undefined.
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M16C/64 Group 3. Memory

3. Memory
Figure 3.1 is a memory map of the M16C/64 Group. The M16C/64 Group has 1 Mbyte address space from

address 00000h to FFFFFh.

The internal ROM is flash memory. Program ROM 1 is allocated from address FFFFFh to lower.

For example, a 64-Kbyte program ROM 1 is addressed from FOO00Oh to FFFFFh. An 8-Kbyte data flash is
addressed from OEOOOh to OFFFFh. This data flash space is used not only for data storage but also for
program storage. Program ROM 2 is allocated addresses 10000h to 13FFFh. The user boot code area is

assigned addresses 13FFOh to 13FFFh in the program ROM 2.
The fixed interrupt vectors are addressed from FFFDCh to FFFFFh. They store the starting address of each

interrupt routine.

The internal RAM is allocated from address 00400h to higher. For example, a 10-Kbyte internal RAM is
addressed from 00400h to 02BFFh. The internal RAM is used not only for data storage but also for stack
area when subroutines are called or when interrupt request are acknowledged.

SFRs are allocated from address 00000h to 003FFh and from ODOOOh to OD7FFh. Peripheral function
control registers are located here. All blank spaces within SFRs are reserved and cannot be accessed by
users.

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

In memory expansion mode or microprocessor mode, some spaces are reserved and cannot be accessed

by users.
00000h
SFR
00400h
Internal RAM
XXXXXh
Reserved area
0D000h 113FFOh
SFR '/ User boot code area
0D800h 7 13FFFh
] ,’
External area ,",/
!l
OE000h Internal ROM ,",:'
(data flash) /i JFFEOOh P
10000h Internal ROM ,'I" ," v?actor tgblge
/ 1 FFFD8h
(program ROM 2) [/ 1
14000h | ',' Reserved area
27000h External area ':' FFFDCh E Undefined instruction 3
Reserved area ! E Overflow 3
28000h ! E BRK instruction 3
1 = =
Internal RAM Internal ROM External area ! F_Address match 3
- - 80000h ! 3 Single step 3
Size Address XXXXXh Size Address YYYYYh @ !
Reserved area / E  Watchdog timer 3
12 Kbytes 033FFh 128 Kbytes E0000h YYYYYh H E el =
1 E 3
16 Kbytes 043FFh | 256 Kbytes C0000h Internal ROM | E NV E
(program ROM 1) |/ = =
31 Kbytes 07FFFh 512 Kbytes 80000h FEEFEh ! EFFFFhE Reset 3
Notes:
1. This memory map is based on the case that the PM10 bit in the PM1 register is 1, the PM13 bit in the PM1 register is 1,
and the PRG2CO bit in the PRG2C register is 0.
2. Available as external area in microprocessor mode.

Figure 3.1  Memory Map
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M16C/64 Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (Special Function Register) is a control register for a peripheral function. Tables 4.1 to 4.14 list SFR
information.

Table 4.1 SFR Information (1) @

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00000000b (CNVSS pinis “L")
00000011b(CNVSS pin is “H") ()
0005h Processor Mode Register 1 PM1 00001000b
0006h System Clock Control Register 0 CMO 01001000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Chip Select Control Register CSR 00000001b
0009h
000Ah Protect Register PRCR 00h
000Bh Data Bank Register DBR 00h
000Ch Oscillation Stop Detection Register CM2 0X000010b (3)
000Dh
000Eh
000Fh
0010h Program 2 Area Control Register PRG2C XXXXXX00b
0011h
0012h Peripheral Clock Select Register PCLKR 00000011b
0013h
0014h
0015h Clock Prescaler Reset Flag CPSRF OXXXXXXXb
0016h
0017h
0018h Reset Source Determine Flag RSTFR OXXXXXXXb (4)
0019h Voltage Detection 2 Circuit Flag Register VCR1 00001000b (@
001Ah Voltage Detection Circuit Operation Enable Register VCR2 000X0000b (Hardware reset 1)
001X0000b (Brown-out reset) (2)
001Bh Chip Select Expansion Control Register CSE 00h
001Ch PLL Control Register 0 PLCO 0X01X010b
001Dh
001Eh Processor Mode Register 2 PM2 XX000X01b
001Fh Low Voltage Detection Interrupt Register D4INT 00h
0020h
0021h
0022h
0023h
0024h
0025h
0026h
0027h
0028h
0029h
002Ah Voltage Monitor O Circuit Control Register VWO0C 10001X10b (Hardware Reset 1)
11001X11b (Brown-out reset) (2)

002Bh
002Ch
002Dh
002Eh
002Fh

Notes: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. Software reset, watchdog timer reset, and oscillation stop detection reset do not affect bits PM01 and PMOO in the PMO register, and registers
VCR1, VCR2, and VWOC.
3. Oscillation stop detection reset do not affect bits CM20, CM21, and CM27.
4. The CWR bit in the RSTFR register is set to 0 after brown-out reset. This bit does not change by any other reset.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) (1)

Address Register Symbol After Reset

0030h

0031h

0032h

0033h

0034h

0035h

0036h

0037h

0038h

0039h

003Ah

003Bh

003Ch

003Dh

003Eh

003Fh

0040h

0041h

0042h INT7 Interrupt Control Register INT7IC XX00X000b
0043h INT6 Interrupt Control Register INT6IC XX00X000b
0044h INT3 Interrupt Control Register INT3IC XX00X000b
0045h Timer B5 Interrupt Control Register TB5IC XXXXX000b
0046h Timer B4 Interrupt Control Register, UART1 BUS Collision Detection Interrupt TBA4IC, UIBCNIC | XXXXX000b

Control Register
0047h Timer B3 Interrupt Control Register, UARTO BUS Collision Detection Interrupt TB3IC, UOBCNIC | XXXXX000b
Control Register

0048h S1/04 Interrupt Control Register, INT5 Interrupt Control Register S4IC, INT5IC XX00X000b
0049h SI/03 Interrupt Control Register, INT4 Interrupt Control Register S3IC, INT4IC XX00X000b
004Ah UART2 BUS Collision Detection Interrupt Control Register BCNIC XXXXX000b
004Bh DMAQO Interrupt Control Register DMoIC XXXXX000b
004Ch DMAL Interrupt Control Register DM1IC XXXXX000b
004Dh Key Input Interrupt Control Register KUPIC XXXXX000b
004Eh A/D Conversion Interrupt Control Register ADIC XXXXX000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXXX000b
0050h UART2 Receive Interrupt Control Register S2RIC XXXXX000b
0051h UARTO Transmit Interrupt Control Register SOTIC XXXXX000b
0052h UARTO Receive Interrupt Control Register SORIC XXXXX000b
0053h UART1 Transmit Interrupt Control Register SITIC XXXXX000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXXX000b
0055h Timer AO Interrupt Control Register TAOIC XXXXX000b
0056h Timer Al Interrupt Control Register TAlIC XXXXX000b
0057h Timer A2 Interrupt Control Register TA2IC XXXXX000b
0058h Timer A3 Interrupt Control Register TA3IC XXXXX000b
0059h Timer A4 Interrupt Control Register TA4IC XXXXX000b
005Ah Timer BO Interrupt Control Register TBOIC XXXXX000b
005Bh Timer B1 Interrupt Control Register TB1IC XXXXX000b
005Ch Timer B2 Interrupt Control Register TB2IC XXXXX000b
005Dh INTO Interrupt Control Register INTOIC XX00X000b
005Eh INT1 Interrupt Control Register INT1IC XX00X000b
005Fh INT2 Interrupt Control Register INT2IC XX00X000b
Note: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) M

Address Register Symbol After Reset
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMA2 Interrupt Control Register DM2IC XXXXX000b
006Ah DMAZ Interrupt Control Register DM3IC XXXXX000b
006Bh UARTS5 BUS Collision Detection Interrupt Control Register U5BCNIC XXXXX000b
006Ch UARTS5 Transmit Interrupt Control Register S5TIC XXXXX000b
006Dh UARTS5 Receive Interrupt Control Register S5RIC XXXXX000b
006Eh UART6 BUS Collision Detection Interrupt Control Register U6BCNIC XXXXX000b
006Fh UART6 Transmit Interrupt Control Register S6TIC XXXXX000b
0070h UART6 Receive Interrupt Control Register S6RIC XXXXX000b
0071h UART7 BUS Collision Detection Interrupt Control Register U7BCNIC XXXXX000b
0072h UART7 Transmit Interrupt Control Register S7TIC XXXXX000b
0073h UART7 Receive Interrupt Control Register S7RIC XXXXX000b
0074h
0075h
0076h
0077h
0078h
0079h
007Ah
007Bh
007Ch
007Dh
007Eh
007Fh
0080h
0081h
0082h
0083h
0084h
0085h
0086h
0087h
0088h
0089h
008Ah
008Bh
008Ch
008Dh
008Eh
008Fh
0090h
0091h
0092h
0093h
0094h
0095h
0096h
0097h
0098h
0099
009Ah
009Bh
009Ch
009Dh
009Eh
009Fh to 015Fh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.4  SFRInformation (4) ®

Address Register Symbol After Reset
0160h
0161h
0162h
0163h
0164h
0165h
0166h
0167h
0168h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h
0171h
0172h
0173h
0174h
0175h
0176h
0177h
0178h
0179h
017Ah
017Bh
017Ch
017Dh
017Eh
017Fh
0180h DMAO Source Pointer SARO XXh
0181h XXh
0182h 0xh
0183h
0184h DMAO Destination Pointer DARO XXh
0185h XXh
0186h 0xh
0187h
0188h DMAO Transfer Counter TCRO XXh
0189h XXh
018Ah
018Bh
018Ch DMAO Control Register DMOCON 00000X00b
018Dh
018Eh
018Fh
0190h DMA1 Source Pointer SAR1 XXh
0191h XXh
0192h 0Xh
0193h
0194h DMAL1 Destination Pointer DAR1 XXh
0195h XXh
0196h 0Xh
0197h
0198h DMAL1 Transfer Counter TCR1 XXh
0199h XXh
019Ah
019Bh
019Ch DMA1 Control Register DM1CON 00000X00b
019Dh
019Eh
019Fh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) ®

Address Register Symbol After Reset
01A0h DMA2 Source Pointer SAR2 XXh
01A1h XXh
01A2h 0Xh
01A3h
01A4h DMAZ2 Destination Pointer DAR2 XXh
01A5h XXh
01A6h 0xh
01A7h
01A8h DMAZ2 Transfer Counter TCR2 XXh
01A9%h XXh
01AAh
01ABh
01ACh DMAZ2 Control Register DM2CON 00000X00b
01ADh
01AEh
01AFh
01BOh DMA3 Source Pointer SAR3 XXh
01B1h XXh
01B2h 0Xh
01B3h
01B4h DMAZ3 Destination Pointer DAR3 XXh
01B5h XXh
01B6h 0Xh
01B7h
01B8h DMAZ3 Transfer Counter TCR3 XXh
01B9%h XXh
01BAh
01BBh
01BCh DMAS3 Control Register DM3CON 00000X00b
01BDh
01BEh
01BFh
01COh
01C1h
01C2h
01C3h
01C4h
01C5h
01C6h
01C7h
01C8h Timer B Count Source Select Register 0 TBCSO 00h
01C9%h Timer B Count Source Select Register 1 TBCS1 X0h
01CAh
01CBh
01CCh
01CDh
01CEh
01CFh
01DO0h 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
01D5h Timer A Waveform Output Function Select Register TAPOFS XXX00000b
01D6h
01D7h
01D8h
01D%h
01DAh
01DBh
01DCh
01DDh
01DEh
01DFh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) V)

Address Register Symbol After Reset
01EOh
01E1h
01E2h
01E3h
01E4h
01E5h
01E6h
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
01F1h
01F2h
01F3h
01F4h
01F5h
01F6h
01F7h
01F8h
01F9h
01FAh
01FBh
01FCh
01FDh
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 XXXXXX00b
020Fh Address Match Interrupt Enable Register 2 AIER2 XXXXXX00b
0210h Address Match Interrupt Register 0 RMADO 00h
0211h 00h
0212h X0h
0213h
0214h Address Match Interrupt Register 1 RMAD1 00h
0215h 00h
0216h XO0h
0217h
0218h Address Match Interrupt Register 2 RMAD2 00h
0219h 00h
021Ah XOh
021Bh
021Ch Address Match Interrupt Register 3 RMAD3 00h
021Dh 00h
021Eh X0h
021Fh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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Table 4.7 SFR Information (7) ®

Address Register Symbol After Reset

0220h Flash Memory Control Register 0 FMRO 0000 0001b
(Other than user boot mode)
0010 0001b (User boot mode)

0221h Flash Memory Control Register 1 FMR1 00X0XX0Xb

0222h Flash Memory Control Register 2 FMR2 XXXX0000b

0223h

0224h

0225h

0226h

0227h

0228h

0229h

022Ah

022Bh

022Ch

022Dh

022Eh

022Fh

0230h Flash Memory Control Register 6 FMR6 XX0XXX00b

0231h

0232h

0233h

0234h

0235h

0236h

0237h

0238h

0239

023Ah

023Bh

023Ch

023Dh

023Eh

023Fh

0240h

0241h

0242h

0243h

0244h UARTO Special Mode Register 4 UOSMR4 00h

0245h UARTO Special Mode Register 3 UOSMR3 000X0X0Xb

0246h UARTO Special Mode Register 2 UOSMR2 X0000000b

0247h UARTO Special Mode Register UOSMR X0000000b

0248h UARTO Transmit/Receive Mode Register UOMR 00h

0249h UARTO Bit Rate Register UOBRG XXh

024Ah UARTO Transmit Buffer Register uoTB XXh

024Bh XXh

024Ch UARTO Transmit/Receive Control Register 0 uoco 00001000b

024Dh UARTO Transmit/Receive Control Register 1 uoC1l 00XX0010b

024Eh UARTO Receive Buffer Register UORB XXh

024Fh XXh

0250h UART Transmit/Receive Control Register 2 UCON X0000000b

0251h

0252h

0253h

0254h UART1 Special Mode Register 4 U1SMR4 00h

0255h UART1 Special Mode Register 3 U1SMR3 000X0X0Xb

0256h UART1 Special Mode Register 2 U1SMR2 X0000000b

0257h UART1 Special Mode Register UISMR X0000000b

0258h UART1 Transmit/Receive Mode Register UIMR 00h

0259h UART1 Bit Rate Register U1BRG XXh

025Ah UART1 Transmit Buffer Register UlTB XXh

025Bh XXh

025Ch UART1 Transmit/Receive Control Register 0 uico 00001000b

025Dh UART1 Transmit/Receive Control Register 1 uUicC1i 00XX0010b

025Eh UART1 Receive Buffer Register U1RB XXh

025Fh XXh

Note: X: Undefine

1. The blank areas are reserved and cannot be accessed by users.
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Table 4.8 SFR Information (8) M

Address Register Symbol After Reset
0260h
0261h
0262h
0263h
0264h UART?2 Special Mode Register 4 U2SMR4 00h
0265h UART2 Special Mode Register 3 U2SMR3 000X0X0Xb
0266h UART2 Special Mode Register 2 U2SMR2 X0000000b
0267h UART?2 Special Mode Register U2SMR X0000000b
0268h UART2 Transmit/Receive Mode Register U2MR 00h
0269h UART?2 Bit Rate Register U2BRG XXh
026Ah UART2 Transmit Buffer Register u2TB XXh
026Bh XXh
026Ch UART2 Transmit/Receive Control Register 0 u2Cco 00001000b
026Dh UART2 Transmit/Receive Control Register 1 u2C1 00000010b
026Eh UART2 Receive Buffer Register U2RB XXh
026Fh XXh
0270h S1/03 Transmit/Receive Register S3TRR XXh
0271h
0272h S1/O3 Control Register S3C 01000000b
0273h S1/03 Bit Rate Register S3BRG XXh
0274h S1/O4 Transmit/Receive Register S4TRR XXh
0275h
0276h S1/04 Control Register S4ac 01000000b
0277h S1/O4 Bit Rate Register S4BRG XXh
0278h S1/034 Control Register 2 S34C2 00XXX0XO0b
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 000X0X0Xb
0286h UARTS5 Special Mode Register 2 U5SMR2 X0000000b
0287h UARTS5 Special Mode Register U5SMR X0000000b
0288h UARTS5 Transmit/Receive Mode Register U5S5MR 00h
0289h UARTS5 Bit Rate Register U5BRG XXh
028Ah UARTS5 Transmit Buffer Register U5TB XXh
028Bh XXh
028Ch UARTS5 Transmit/Receive Control Register 0 U5Co 00001000b
028Dh UARTS5 Transmit/Receive Control Register 1 U5C1 00000010b
028Eh UARTS5 Receive Buffer Register U5RB XXh
028Fh XXh
0290h
0291h
0292h
0293h
0294h UART6 Special Mode Register 4 U6SMR4 00h
0295h UART6 Special Mode Register 3 UBSMR3 000X0X0Xb
0296h UART6 Special Mode Register 2 U6SMR2 X0000000b
0297h UART6 Special Mode Register U6SMR X0000000b
0298h UART6 Transmit/Receive Mode Register U6MR 00h
0299h UARTS6 Bit Rate Register U6BRG XXh
029Ah UART6 Transmit Buffer Register U6TB XXh
029Bh XXh
029Ch UART6 Transmit/Receive Control Register 0 U6Co 00001000b
029Dh UART6 Transmit/Receive Control Register 1 u6C1l 00000010b
029Eh UART6 Receive Buffer Register U6RB XXh
029Fh XXh
Note: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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Table 4.9 SFR Information (9) ®

Address Register Symbol After Reset
02A0h
02A1lh
02A2h
02A3h
02A4h UART7 Special Mode Register 4 U7SMR4 00h
02A5h UART?7 Special Mode Register 3 U7SMR3 000X0X0Xb
02A6h UART7 Special Mode Register 2 U7SMR2 X0000000b
02A7h UART7 Special Mode Register U7SMR X0000000b
02A8h UART7 Transmit/Receive Mode Register U7MR 00h
02A9%h UARTY7 Bit Rate Register U7BRG XXh
02AAh UART7 Transmit Buffer Register u7TB XXh
02ABh XXh
02ACh UART7 Transmit/Receive Control Register 0 u7Cco 00001000b
02ADh UART7 Transmit/Receive Control Register 1 u7C1 00000010b
02AEh UART7 Receive Buffer Register U7RB XXh
02AFh XXh
02B0h
02B1h
02B2h
02B3h
02B4h
02B5h
02B6h
02B7h
02B8h
02B%h
02BAh
02BBh
02BCh
02BDh
02BEh
02BFh
02C0h
02C1h
02C2h
02C3h
02C4h
02C5h
02C6h
02C7h
02C8h
02C9%h
02CAh
02CBh
02CCh
02CDh
02CEh
02CFh
02D0h
02D1h
02D2h
02D3h
02D4h
02D5h
02D6h
02D7h
02D8h
02D%h
02DAh
02DBh
02DCh
02DDh
02DEh
02DFh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10) ()

Address

Register

Symbol After Reset

02EOh

02E1h

02E2h

02E3h

02E4h

02E5h

02E6h

02E7h

02E8h

02E9h

02EAh

02EBh

02ECh

02EDh

02EEh

02EFh

02FO0h

02F1h

02F2h

02F3h

02F4h

02F5h

02F6h

02F7h

02F8h

02F9h

02FAh

02FBh

02FCh

02FDh

02FEh

02FFh

0300h

Timer B3,4,5 Count Start Flag

TBSR 000XXXXXb

0301h

0302h
0303h

Timer Al-1 Register

TALl XXh

XXh

0304h
0305h

Timer A2-1 Register

TA2

1 XXh
XXh

0306h
0307h

Timer A4-1 Register

TA4

1 XXh
XXh

0308h

Three-Phase PWM Control Register 0

INVCO 00h

0309h

Three-Phase PWM Control Register 1

INVC1 00h

030Ah

Three-Phase Output Buffer Register 0

IDBO XX111111b

030Bh

Three-Phase Output Buffer Register 1

IDB1 XX111111b

030Ch

Dead Time Timer

DTT XXh

030Dh

Timer B2 Interrupt Generation Frequency Set Counter

ICTB2 XXh

030Eh

030Fh

0310h
0311h

Timer B3 Register

TB3

XXh
XXh

0312h
0313h

Timer B4 Register

TB4

XXh
XXh

0314h
0315h

Timer B5 Register

TB5

XXh
XXh

0316h

0317h

0318h

0319h

031Ah

031Bh

Timer B3 Mode Register

TB3l

MR 00XX0000b

031Ch

Timer B4 Mode Register

TB4

MR 00XX0000b

031Dh

Timer B5 Mode Register

TB5

MR 00XX0000b

031Eh

031Fh

Note:

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

X: Undefined
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Table 4.11  SFR Information (11) ()

Address Register Symbol After Reset
0320h Count Start Flag TABSR 00h
0321h
0322h One-Shot Start Flag ONSF 00h
0323h Trigger Select Register TRGSR 00h
0324h Up/Down Flag UDF 00h
0325h
0326h Timer AO Register TAO XXh
0327h XXh
0328h Timer Al Register TAl XXh
0329 XXh
032Ah Timer A2 Register TA2 XXh
032Bh XXh
032Ch Timer A3 Register TA3 XXh
032Dh XXh
032Eh Timer A4 Register TA4 XXh
032Fh XXh
0330h Timer BO Register TBO XXh
0331h XXh
0332h Timer B1 Register TB1 XXh
0333h XXh
0334h Timer B2 Register TB2 XXh
0335h XXh
0336h Timer A0 Mode Register TAOMR 00h
0337h Timer A1 Mode Register TAIMR 00h
0338h Timer A2 Mode Register TA2MR 00h
0339h Timer A3 Mode Register TA3MR 00h
033Ah Timer A4 Mode Register TAAMR 00h
033Bh Timer BO Mode Register TBOMR 00XX0000b
033Ch Timer B1 Mode Register TB1IMR 00XX0000b
033Dh Timer B2 Mode Register TB2MR 00XX0000b
033Eh Timer B2 Special Mode Register TB2SC XXXXXX00b
033Fh
0340h
0341h
0342h
0343h
0344h
0345h
0346h
0347h
0348h
0349h
034Ah
034Bh
034Ch
034Dh
034Eh
034Fh
0350h
0351h
0352h
0353h
0354h
0355h
0356h
0357h
0358h
0359h
035Ah
035Bh
035Ch
035Dh
035Eh
035Fh

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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Table 4.12  SFR Information (12) @)

Address Register Symbol After Reset
0360h Pull-Up Control Register 0 PURO 00h
0361h Pull-Up Control Register 1 PUR1 00000000b (2
00000010b
0362h Pull-Up Control Register 2 PUR2 00h
0363h
0364h
0365h
0366h Port Control Register PCR 00000XX0bh
0367h
0368h
0369
036Ah
036Bh
036Ch
036Dh
036Eh
036Fh
0370h
0371h
0372h
0373h
0374h
0375h
0376h
0377h
0378h
0379h
037Ah
037Bh
037Ch Count Source Protection Mode Register CSPR 00h (3
037Dh Watchdog Timer Reset Register WDTR XXh
037Eh Watchdog Timer Start Register WDTS XXh
037Fh Watchdog Timer Control Register WDC 00XXXXXXb
0380h
0381h
0382h
0383h
0384h
0385h
0386h
0387h
0388h
0389h
038Ah
038Bh
038Ch
038Dh
038Eh
038Fh

Notes: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. Values after hardware reset 1 or brown-out reset are as follows:
« 00000000b when "L" is input to the CNVSS pin
* 00000010b when "H" is input to the CNVSS pin
Values after software reset, watchdog timer reset, and oscillation stop detection reset are as follows:
« 00000000b when bits PM01 and PMO0O in the PMO register are set to 00b (single-chip mode).
« 00000010b when bits PM01 and PMOO in the PMO register are set to 01b (memory expansion mode) or 11b (microprocessor mode).
3. When the CSPROINI bit in the OFS1 address is set to 0, value after reset is 10000000b
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Table 4.13  SFR Information (13)

Address Register Symbol After Reset
0390h DMAZ2 Source Select Register DM2SL 00h
0391h
0392h DMAB3 Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h DMAO Source Select Register DMOSL 00h
0399
039Ah DMA1 Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh
03A0h
03A1h
03A2h
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A%h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03B0Oh
03B1h
03B2h
03B3h
03B4h
03B5h
03B6h
03B7h
03B8h
03B%h
03BAh
03BBh
03BCh CRC Data Register CRCD XXh
03BDh XXh
03BEh CRC Input Register CRCIN XXh
03BFh
03CO0h A/D Register 0 ADO XXXXXXXXb
03C1lh 000000XXb
03C2h A/D Register 1 AD1 XXXXXXXXb
03C3h 000000XXb

03C4h A/D Register 2 AD2 XXXXXXXXb
03C5h 000000XXb

03C6h A/D Register 3 AD3 XXXXXXXXb
03C7h 000000XXb

03C8h A/D Register 4 AD4 XXXXXXXXb
03C9h 000000XXb

Note: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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Table 4.14  SFR Information (14) @

Address Register Symbol After Reset
03CAh A/D Register 5 AD5 XXXXXXXXb
03CBh 000000XXb
03CCh A/D Register 6 AD6 XXXXXXXXb
03CDh 000000XXb
03CEh AID Register 7 AD7 XXXXXXXXb
03CEh 000000XXb
03D0h
03D1h
03D2h
03D3h
03D4h A/D Control Register 2 ADCON2 0000X00Xb
03D5h
03D6h A/D Control Register 0 ADCONO 00000XXXb
03D7h A/D Control Register 1 ADCON1 0000X000b
03D8h D/AO Register DAO 00h
03D9%h
03DAh D/A1 Register DAl 00h
03DBh
03DCh D/A Control Register DACON 00h
03DDh
03DEh
03DFh
03EOh Port PO Register PO XXh
03E1h Port P1 Register P1 XXh
03E2h Port PO Direction Register PDO 00h
03E3h Port P1 Direction Register PD1 00h
03E4h Port P2 Register P2 XXh
03E5h Port P3 Register P3 XXh
03E6h Port P2 Direction Register PD2 00h
03E7h Port P3 Direction Register PD3 00h
03E8h Port P4 Register P4 XXh
03E%h 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
03F0Oh Port P8 Register P8 XXh
03F1h Port P9 Register P9 XXh
03F2h Port P8 Direction Register PD8 00h
03F3h Port P9 Direction Register PD9 00h
03F4h Port P10 Register P10 XXh
03F5h
03F6h Port P10 Direction Register PD10 00h
03F7h
03F8h
03F9h
03FAh
03FBh
03FCh
03FDh
03FEh
03FFh
DO000h to
D7FFh
Note: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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5. Reset

5. Reset

Hardware reset 1, brown-out reset, software reset, watchdog timer reset and oscillation stop detection reset

are available to reset the microcomputer.

51 Hardware Reset 1

The microcomputer resets pins, the CPU, and SFR by setting the RESET pin. If the supply voltage meets
the recommended operating conditions, the microcomputer resets all pins, the CPU, and SFR when an
“L” signal is applied to the RESET pin (see Table 5.1 “Pin Status When RESET Pin Level is “L"").

When the signal applied to the RESET pin changes low (“L") to high (“H"), the microcomputer executes
the program in an address indicated by the reset vector. The 125 kHz on-chip oscillator clock divided by 8

is automatically selected as a CPU clock after reset.

Refer to 4. “Special Function Registers (SFRs)” for SFR states after reset.
The internal RAM is not reset. When an “L” signal is applied to the RESET pin while writing data to the

internal RAM, the internal RAM is in an indeterminate state.

Figure 5.1 shows an Example Reset Circuit. Figure 5.2 shows a Reset Sequence. Table 5.1 lists Pin

Status When RESET Pin Level is “L".

5.1.1 Reset on a Stable Supply Voltage

(1) Apply “L” to the RESET pin
(2) Wait for 1/fOCO-S x 20
(3) Apply an “H” signal to the RESET pin

51.2 Power-on Reset

(1) Apply “L" to the RESET pin

(2) Raise the supply voltage to the recommended operating level
(3) Insert td(P-R) ms as wait time for the internal voltage to stabilize

(4) Wait for 1/fOCO-S x 20
(5) Apply “H” to the RESET pin

0.2 VCC1 or below

1

1

Recommended—# i

operation Pt

VCCl voltage i E

1 1

1 1

1 1

ov -

RESET VCC1 -
— \N\N\— 0o
? RESET Lo

* H < [
1 1

2 1 1
1

1 1

1 1

1 1

P

1
<+ (P-R)*r5c0 —5 X 20 or above

Figure 5.1  Example Reset Circuit
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VCC1, vCC2
»le B
Microprocessor mode|| td(P-R) | More than
BYTE = “H” 20 cycles of|
fOCO-S are
necessary.
RESET BCLK 48 cycles

‘ fOCO-S divided by 8 x 48 R

o e NS e Y Y O O B e B W

Address FFFFCh X FFFFDh X FFFFEh X Content of reset vector

o [ ] [ ] I

CSO K

Microprocessor mode
BYTE ="“L"

Address FFFFCh X FFFFER X Content of reset vector X

" [ ] e
WR

CS0 A

Single-chip
mode FFFFCh Content Dlresel vector

Address [ eerren |

Figure 5.2  Reset Sequence
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Table 5.1 Pin Status When RESET Pin Level is “L”

Status
Pin Name CNVSS =vcc1 @
CNVSS = VSS
BYTE = VSS BYTE = VCC1
PO Input port Data input Data input
P1 Input port Data input Input port
P2, P3, P4 0to P4 _3 |Input port Address output (undefined) Address output (undefined)
P4_4 Input port CSO0 output (“H” is output) CSO0 output (“H” is output)
P4 5toP4_7 Input port Input port (pulled high) Input port (pulled high)
P5 0 Input port WR output (“H” is output) WR output (“H” is output)
P5 1 Input port BHE output (undefined) BHE output (undefined)
P5 2 Input port RD output (“H” is output) RD output (“H” is output)
P5 3 Input port BCLK output BCLK output
P5 4 Input port HLDA output (The output value|HLDA output (The output value
depends on the input to the depends on the input to the
HOLD pin) HOLD pin)

P55 Input port HOLD input @ HOLD input (@
P5 6 Input port ALE output (“L” is output) ALE output (“L” is output)
P5 7 Input port RDY input RDY input
P6, P7, P8, P9, P10 |Input port Input port Input port

Note:

1. Shown here is the valid pin state when the internal power supply voltage has stabilized after power
on. When CNVSS = VCC1, the pin state is indeterminate until the internal power supply voltage
stabilizes.

2. Apply a “H” signal.
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52 Brown-out Reset

The microcomputer resets pins, the CPU, or SFRs by setting the built-in voltage detection 0O circuit. The
voltage detection O circuit monitors the voltage applied to the VCC1 pin (Vdet0).

The microcomputer resets pins, the CPU, and SFR as soon as the voltage that is applied to the VCC1 pin
drops to VdetO or below.

Then, 125 kHz on-chip oscillator clock starts counting when the voltage that is applied to the VCCL1 pin
goes up to VdetO or above. The internal reset signal becomes “H” after the 125 kHz on-chip oscillator
clock is counted 32 times, and then reset sequence starts (see Figure 5.2). The 125 kHz on-chip oscillator
clock divided by 8 is automatically selected as a CPU clock after reset.

Refer to 4. “Special Function Registers (SFRs)” for the SFR status after brown-out reset.

The internal RAM is not reset. When the voltage that is applied to the VCC1 pin drops to VdetO or below
while writing data to the internal RAM, the internal RAM is in an indeterminate state.

Refer to 6. “Voltage Detection Circuit” for details of the voltage detection O circuit.

53 Software Reset

The microcomputer resets pins, the CPU, and SFRs when the PMO03 bit in the PMO register is set to 1
(microcomputer reset). Then the microcomputer executes the program in an address determined by the
reset vector. The 125 kHz on-chip oscillator clock divided by 8 is automatically selected as a CPU clock
after reset.

In the software reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special Function
Registers (SFRs)” for details.

The internal RAM is not reset.

5.4 Watchdog Timer Reset

The microcomputer resets pins, the CPU, and SFRs when the PM12 bit in the PM1 register is set to 1
(reset when watchdog timer underflows) and the watchdog timer underflows. Then the microcomputer
executes the program in an address determined by the reset vector. The 125 kHz on-chip oscillator clock
divided by 8 is automatically selected as a CPU clock after reset.

In the watchdog timer reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special
Function Registers (SFRs)” for details.

The internal RAM is not reset. When the watchdog timer underflows while writing data to the internal
RAM, the internal RAM is in an indeterminate state.

Refer to 13. “Watchdog Timer” for details.

5.5 Oscillation Stop Detection Reset

The microcomputer resets and stops pins, the CPU, and SFRs when the CM27 bit in the CM2 register is
0 (reset when oscillation stop detected), if it detects main clock oscillation circuit stop. Refer to 10.6
“Oscillation Stop and Re-Oscillation Detect Function” for details.

In the oscillation stop detection reset, the microcomputer does not reset a part of the SFRs. Refer to 4.
“Special Function Registers (SFRs)” for details. Processor mode remains unchanged since bits PM01
to PMOO in the PMO register are not reset.
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5. Reset

5.6 Internal Space
Figure 5.3 shows CPU Register Status After Reset. Refer to 4. “ Special Function Registers (SFRs)” for

SFR states after reset.

b19

b15

bo

0000h

0000h

0000h

0000h

0000h

0000h

0000h

bo

00000h

Content of addresses FFFFEh to FFFFCh

b15

b0

0000h

0000h

0000h

b0

—_

Data register (RO)
Data register (R1)
Data register (R2)

Data register (R3)
Address register (A0)
Address register (A1)
Frame base register (FB)

Interrupt table register (INTB)
Program counter (PC)

User stack pointer (USP)
Interrupt stack pointer (ISP)
Static base register (SB)

Flag register (FLG)

Figure 5.3 CPU Register Status After Reset
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6. Voltage Detection Circuit

The voltage detection circuit consists of the voltage detection 0 circuit and the low voltage detection circuit.
The voltage detection O circuit monitors the voltage applied to the VCCL1 pin. The microcomputer is reset
if the voltage detection O circuit detects VCC1 is VdetO or below.

The low voltage detection circuit also monitors the voltage applied to the VCC1 pin. The low voltage

detection signal is generated when the low voltage detection circuit detects that VCC1 passes through

Vdet2. This signal generates the low voltage detection interrupt. The VC13 bit in the VCRL1 register

determines whether VCCL1 is Vdet2 and above or below Vdet2.

The voltage detection circuit is available when VCC1 =5 V.

Figure 6.1 shows a Voltage Detection Circuit Block Diagram. Figure 6.2 shows the Registers VCR1 and
VCR2, Figure 6.3 shows the D4INT Register, and Figure 6.4 shows the VWOC Register.

Low voltage

detection circuit
VC27

veer O—

Low voltage detection

Int I : ’\f‘i?tljre ) interrupt signal
nterna ] . interruptsignal
reference P

voltago > vdet2
g VCR1 register

VC13 bit

VC25

Voltage
detection O
circuit

Voltage detection O signal
|-

-

2> Vdet0

Figure 6.1  Voltage Detection Circuit Block Diagram
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M16C/64 Group 6. Voltage Detection Circuit

Voltage Detection 2 Circuit Flag Register

b7 b6 b5 b4 b3 b2 bl b0

|(-)|(.)|(.)|(.)| . |(.)|(.)|(.)| Symbol Address After Reset @

() () ] ] 1 ] ] ]

I T A I VCR1 001%h 00001000b

O T T T R T

) ) ] ] ] ] ] ]

) ) ] ] 1 ] ] ]

) ) ] ] ] ] ] ]

i1 1 1 1 1 1 1 |Bit Symbol Bit Name Function RW
RRREREE

T R T R R A — d bi

[ (b2-b0) Reserved bits Setto 0 RW
I I

S 0:VCC1 < Vdet2

I VC13 [Low voltage monitor flag @ : € RO
oo 1:VCC1 2> Vdet2

() () ] ]

R — .

LS N SO I (b7-b4) Reserved bits Setto 0 RW

Notes :

1. The VC13 bhitis enabled when the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled).
The VC13 bit is always 1 (VCC1 = Vdet2) when the VC27 bit is set to O (low voltage detection circuit disabled).

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

Voltage Detection Circuit Operation Enable Register (!

b7 b6 bS5 b4 b3 b2 bl bo

0 5 0|0]0|0 Symbol Address After Reset @

000X0000b (Hardware reset 1)

] 1 (] ] 1 (] 1 1

] ] (] ] 1 (] 1 1

e VCR2 001AN 001X0000b (Brown-out reset)

] 1 (] ] 1 [} 1 1

] 1 [} ] 1 [} 1 1

Pt [Bit Symbol Bit Name Function RW

T T I R

I A N N — .

P eedeaeetd (b3-b0) Reserved bits Setto 0 RW

o

B _

E i E B (b4) No register bit. If necessary, set to 0. Read as undefined value —

S

O Voltage detection O enable bit |0 : Disable voltage detection 0 circuit

E i Ve2s ey 1 : Enable voltage detection O circuit RW

B

| - R

i (b6) Reserved bit Setto 0 RW

]

]

] . - . .

b e ] VC27 Low voltage monitor bit G5 0 Disable low VOItage detecpon CEII'CU.It RW
1: Enable low voltage detection circuit

Notes :

1. Write to this register after setting the PRC3 bit in the PRCR register to 1 (write enabled).

2. To use brown-out reset, set the VC25 bit to 1 (voltage detection O circuit enabled).

3. When the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to 1 (low
voltage detection interrupt enabled), set the VC27 bit to 1 (low voltage detection circuit enabled).

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

5. The detection circuit does not start operation until td(E-A) elapses after the VC25 bit or VC27 bit is set to 1.

Figure 6.2  Registers VCR1 and VCR2
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M16C/64 Group 6. Voltage Detection Circuit

Low Voltage Detection Interrupt Register Y

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
A DAINT 001Fh 00h
] ] 1 [) ] 1 ) ]
] ] 1 ) ] ] [) ]
] ] 1 ) ] ] [) ]
b 411 |Bit Symbol Bit Name Function RW
RERRRRE
] ] 1 [) ] 1 ) ] . .
| Low voltage detection 0 : Disabled
E i i E i i E 1 P4 linterrupt enable bit ® 1: Enabled RW
] ] 1 ) ] 1 [)
I A 0 : Disabled (the low voltage
I A detection interrupt is not used for
I D41 STOP mode deactivation recovery from stop mode) RW
N T A N control bit 6 1 : Enabled (the low voltage detection
N R interrupt is used for recovery from stop
[ I R T I | mode)
R
] ] 1 ) ] ] .
I I Voltage change detection 0 : Not detected ®
I T T ity D42 |fiag 3 1: Vdet2 passing detection RW
RERE
(T T T SO 0 : Not detected @
E E i E D43 WDT overflow detect flag 1 Detected RW
RS
T T S DFO b5 b4 RW
I 0 0:DA4INT clock divided by 8
T Sampling clock select bit 0  1:DA4INT clock divided by 16
T 1 O:DA4INT clock divided by 32
I DF1 1 1:DAINT clock divided by 64 RW
|
] ]
] ]

(b7TbG) No register bits. If necessary, set to 0. Read as undefined value. —

Notes :
1. Write to this register after setting the PRC3 bit in the PRCR register to 1 (write enabled).
2. This flag is enabled when the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled).
If the VC27 bit is set to 0 (low voltage detection circuit disabled), the D42 bit is set to 0 (not detected).
3. This bitis set to 0 by writing a 0 in a program. (writing a 1 has no effect.)
4. If the low voltage detection interrupt needs to be used to get out of stop mode again after once used for that
purpose, reset the D41 bit by writing a 0 and then a 1.
5. The D40 bit is effective when the VC27 bit in the VCR2 register = 1.
To set the D40 bit to 1, set bits in the following order.
(a) Set the VC27 hit to 1.
(b) Wait for td(E-A) until the detection circuit is actuated.
(c) Wait for the sampling time. (See Table 6.3 Sampling Period.)
(d) Set the D40 bit to 1.
6. This bit is used for wait mode exiting control when the CMO02 bit in the CMO register is 1 (stop peripheral function
clock f1 in wait mode).

Figure 6.3  D4INT Register
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Voltage Monitor 0 Circuit Control Register (1)

b7 b6 b5 b4 b3 b2 bl b0

|?|:!'| | | 0| | | Symbol Address After Reset @
10001X10b (Hardware reset 1)

R

] ] ] LI} ] ]

HE R T R vwoc 002Ah 11001X11b (Brown-out reset)

] ] ] LI} ] )

] ] ] LI} ] )

{14 odid 1 |Bit Symbol Bit Name Function RW

T T R I R

I ] -

tb bt bt vwoco  [Brown-out reset enable bit @ |0 Disabled RW

I B 1: Enabled

T A I

e e Voltage monitor 0 digital filter |0 : Enable digital filter

1 ] ] [ I . ) 1

AR VWOCT | isable mode select bit 1: Disable digital filter RW

] 1 ] LI | ]

] 1 ] LI} ===

] 1 ] LI}

[ T R — . Setto 0.

E E E i i _______ (b2)  |Reserved bit Read as undefined value RW

A

] ] ] [

e - Reserved bit Read as undefined value RO

A (b3)

P

R b5 b4

P T VWOFO 0 0:fOCO-S divided by 1

A Sampling clock select bit 0 1:fOCO-S divided by 2 RW

R 1 0:fOCO-S divided by 4

] VWOF1

P 0 1 1:fOCO-S divided by 8

|

L LD EL (b7-b6) Reserved bits Setto 1 RW
Notes :

1. Setthe PRC3 bit in the PRCR register to 1 (write enabled) to rewrite the VWOC register.

2. The value of this register remain unchanged after software reset, watchdog timer reset, or oscillation stop detection
reset.

3. Setthe VC25 bit in the VCR2 register to 1 (voltage detection 0 circuit enabled) to enable the VWOCO bit. Set the
VWOCO bit to 0 (disabled) when the VC25 bit is set to 0 (voltage detection O circuit disabled).

Figure 6.4 VWOC Register

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 40 of 383



M16C/64 Group 6. Voltage Detection Circuit

6.1 Brown-out Reset

Figure 6.5 is a block diagram illustrating brown-out reset generation circuit. Table 6.1 shows a setting pro-
cedure of the bits for brown-out reset. Figure 6.6 provides an example of brown-out reset operation.
When using brown-out reset to exit stop mode, set the VWOCL1 bit in the VWOC register to 1 (digital filter
disabled).

Table 6.1 Setting Procedures of the Bits for Brown-out Reset
Procedure |When using the digital filter |When not using the digital filter
1 Set the PM25 bit in the PM2 register to 1 (D4INT clock provide enable)
2 Set the VC25 bit in the VCR2 register to 1 (voltage detection 0 circuit enabled)
3 Wait for td (E-A)
4 Use bits VWOFO to VWOFL1 in the VWOC regis- | Set the VWOC1 bit in the VWOC register to 1
ter to select the digital filter sampling clock. Set | (digital filter disabled), and bits 6 and 7 to 1
the VWOCL1 bit to 0 (digital filter enabled), bits 6
and 7to 1
5 Set bit 2 in the VWOC register to 0 (setting bit 2 to 0 once again after procedure 3 is neces-
sary)
6 Set the CM14 bit in the CM1 register to 0 (125 |-
kHz on-chip oscillator oscillates)
7 Wait for digital filter sampling clock x 4 cycles |- (no wait time)
8 Set the VWOCO bit in the VWOC register to 1 (brown-out reset enabled)
Brown-out reset generation circuit
VWOF1 to VWOFO
= 00b
=01b lo X_
Voltage detection O circuit =10b o
fOCO-S 12fed12te{1oFHE L o
VC25
VWOC1
vee— s Digital
Internal _| Voltage filter
reference detection
Lvoltage 0 signal
When the VC25 bit is set to
0 (disabled), the voltage
detection 0 signal becomes >
“H.” Brown-out
reset signal
VWO0C1
l_)D_T_D7 VWOCO
1
1
VWO0CO to VWOC1, VWOFO to VWOF1 = the bits in the VWOC register
VC25 = the bit in the VC2 register

Figure 6.5 Brown-out Reset Generation Circuit
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VCC
Vdet0
1
1
1
'
1
1
'
!
Digital filter sampling qock :;Xaz
1 fOCO-S
X4 cybles | 1
1 |
] 1
' i
When the VWOC1 bit is 0 Internal reset signal !
(digital filter enabled) 0 ' E
' :
) 1
1 : 1
]
i {focos 32
H —
1
] ! 1
1 ' |
When the VWOCL bit is 1 Internal reset signal |

(digital filter disabled)

VWOC1 = the bit in the VWOC register

The above diagram shows an instance in which the following conditions are all met.
eThe VC25 bit in the VCR2 register = 1 (voltage detection 0O circuit enabled)
eThe VWOCO bit in the VWOC register = 1 (brown-out reset enabled)

Pins, the CPU, and SFRs are initialized when the internal reset signal becomes low.

The microcomputer executes the program in an address indicated by the reset vector when the internal reset signal changes low
to high.

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

Figure 6.6  Brown-out Reset Operation Example

6.2 Low Voltage Detection Interrupt

If the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled), the low voltage
detection interrupt request is generated when the voltage applied to the VCCL1 pin is above or below
Vdet2. The low voltage detection interrupt shares the same interrupt vector with the watchdog timer inter-
rupt, oscillation stop, and re-oscillation detection interrupt.

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

The D42 bit in the D4INT register is set to 1 as soon as the voltage applied to the VCCL1 pin reaches
Vdet2 due to the voltage rise and voltage drop. When the D42 bit changes 0 to 1, the low voltage detec-
tion interrupt request is generated. Set the D42 bit to O by program. However, when the D41 bit is set to 1
and the microcomputer is in stop mode, the low voltage detection interrupt request is generated regard-
less of the D42 bit state if the voltage applied to the VCC1 pin is detected to be above Vdet2. The micro-
computer then exits stop mode.

Table 6.2 shows Low Voltage Detection Interrupt Request Generation Conditions.

Bits DF1 to DFO in the D4INT register determine the sampling period that detects the voltage applied to
the VCC1 pin reaches Vdet2. Table 6.3 shows the Sampling Periods. Figure 6.7 shows Low Voltage
detection Interrupt Generation Block Diagram, and Figure 6.8 shows a Low Voltage Detection Interrupt
Generation Circuit Operation Example
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Table 6.2 Low Voltage Detection Interrupt Request Generation Conditions

Operating Mode VC27 Bit D40 Bit D41 Bit D42 Bit CMO02 Bit | VC13 Bit
i (€] 3
Normal Operating Mode i 0to 1 ) Otol
1t0 0
i 2 3
Wait Mode 1 1 0to 1 0 Oto1l
- 1t00@®)
- 1 Oto1l
Stop Mode (2) 1 - 0 Oto1l

- indicates either 0 or 1 is settable.
Note:

1. The status except wait mode and stop mode is handled as normal mode. (Refer to 10. “Clock Gen-
eration Circuit”)

2. Referto 6.3 “Limitations on Exiting Stop Mode” and 6.4 “Limitations on Exiting Wait Mode”.

3. Aninterrupt request for voltage reduction is generated after the value of the VC13 bit changes and a
sampling time elapses. See Figure 6.8 “Low Voltage Detection Interrupt Generation Circuit
Operation Example” for details.

Table 6.3 Sampling Periods

CPU Clock Sampling Clock (us)
(D4INT clock) | DF1 to DFO = 00 DF1to DFO =01 DF1to DFO =10 DF1to DFO=11
(MHz) (CPU clock divided by 8) | (CPU clock divided by 16) | (CPU clock divided by 32) | (CPU clock divided by 64)
16 3.0 6.0 12.0 24.0

Low voltage detection interrupt generation circuit

DF1, DFO
00b
o 0lb | The D42 bit is set to 0 (not
Low voltage detection circuit - detected) by program. When the
O VC27 bit is set to 0 (low voltage
DA4INT clock detection circuit disabled), the
VC27 (the clock with © D42 bit is set to 0.

which it operates
also in wait mode)

Watchdog timer

—VC13 interrupt signal
VCC1 Noise ot Digital
rejection e rejsetion filter
VREF. Low voltage circuit
o detection
(Rejection range : 200 ns) signal

The low voltage detection
signal becomes “H” when the
VC27 bitis setto 0

Low voltage

detection - Non-maskable
interrupt signal interrupt signal
Oscillation stop,

(disabled).
CM10
re-oscillation
detection interrupt
CMO02 signal

WAIT instruction (wait mode)

Watchdog timer block
e D43

» D40 —

Watchdog timer
underflow signal This bit is set to 0 (not detected) by program.

Figure 6.7 Low Voltage detection Interrupt Generation Block Diagram
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VCC1 \ / \ J—
VC13 bit | |
1 | | |
l Sampling I | IS i
Sampling Sampling | | ampling
|
|

|
|
|
I I

| No low voltage detection |

| interrupt signals are generafed

| when the D42 bitis “H." |
1
|
|
|
|
|
|
|
|
|

Output of the digital filter @

D42 bit

| |

Set the D42 hjt to 0 (not |
detected) by program. |
|

|

|

Low voltage detection interrupt signal

!
|
;

4/

|
|
| |
| | |
| 1
Notes :
1. The D40 bit is set to 1 (low voltage detection interrupt enabled).
2. Output of the digital filter is shown in Figure 6.7.

Figure 6.8  Low Voltage Detection Interrupt Generation Circuit Operation Example

6.3 Limitations on Exiting Stop Mode

The low voltage detection interrupt is immediately generated and the microcomputer exits stop mode if
the CM10 bit in the CM1 register is set to 1 (stop mode) under the conditions below.

» The VC27 hit in the VCR2 register is set to 1 (low voltage detection circuit enabled)

» The D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)

* The D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit stop mode)

* The voltage applied to the VCC1 pin is higher than Vdet2 (the VC13 bit in the VCR1 register is 1)
If the microcomputer is set to enter stop mode when the voltage applied to the VCC1 pin drops below
Vdet2 and to exit stop mode when the voltage applied rises to Vdet2 or above, set the CM10 bit to 1 when
VC13 bitis 0 (VCCL1 < Vdet2).

6.4 Limitations on Exiting Wait Mode

The low voltage detection interrupt is immediately generated and the microcomputer exits wait mode If
WAIT instruction is executed under the conditions below.
» The CMO02 bit in the CMO register is set to 1 (stop peripheral function clock)
» The VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled)
» The D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)
» The D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit wait mode)
* The voltage applied to the VCC1 pin is higher than Vdet2 (the VC13 bit in the VCRL1 register is 1)
If the microcomputer is set to enter wait mode when the voltage applied to the VCC1 pin drops below
Vdet2 and to exit wait mode when the voltage applied rises to Vdet2 or above, perform WAIT instruction
when the VC13 bitis 0 (VCCL1 < Vdet2).
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6.5 Cold Start-up / Warm Start-up Discrimination

As for the cold start-up / warm start-up discrimination, the CWR bit in the RSTFR register determines
either cold start-up (reset process) when power-on or warm start-up (reset process) when reset signal is
applied during the microcomputer running.

The value of the CWR bit is 0 when power is applied. The CWR bit is also set to 0 after brown-out reset.
The CWR bit is set to 1 by writing a 1 in a program and does not change at hardware reset 1, software
reset, watchdog timer reset, and oscillation stop detection reset.

Use brown-out reset for cold start-up / warm start-up discrimination.

Follow Table 6.1 Setting Procedures of the Bits for Brown-out Reset to set the bits for brown-out reset.
Figure 6.9 shows Cold Start-up / Warm Start-up Discrimination Example. Figure 6.10 shows RSTFR Reg-
ister.

VCC1
i
1
: o
Setto 1 by Setto 1 by '
program program !
CWR bit ' !
1 1
¥
Brown-out reset |—’ I_I

The above diagram shows an instance in which the digital filter is not used.

Figure 6.9  Cold Start-up / Warm Start-up Discrimination Example
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Reset Source Determine Flag
b7 b6 b5 b4 b3 b2 bl b0
|(,)|9| . | : | . | . | . | . | Symbol Address After Reset
] ] ] ] ] ) ] ]
AR A RSTFR 0018h OXXXXXXXb @)
I R A
] 1 ] ] 1 ) ] 1
] 1 ] ] 1 ) ] 1
{40111 |Bit Symbol Bit Name Function RW
EEREEEE
] ] ] ] ] ) ] ] .
T Cold stgrt-up / \(/;/aSEm start 0 : Cold start-up RW
I B A A determine flag 1: Warm start-up
I A I
] ] ] ] ] ] ] —_
] ] | M KON WP Ny Epp— I 1
Do (b5-b1) Reserved bits Read as undefined value RO
P
P — _
EE L L LT (b7-b6) Reserved bits Setto 0 RW
Notes :
1. The CWR bitis set to O (cold start-up) after power activation or brown-out reset. The CWR bit remains unchanged
after hardware reset 1, software reset, watchdog timer reset, or oscillation stop detection reset.
2. The CWR bhitis set to 1 by writing a 1 in a program (writing a 0 has no effect).
3. The CWR bit is undefined when the VWOCO bit in the VWOC register is set to 0 (brown-out reset disabled).

Figure 6.10 RSTFR Register
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7. Processor Mode

7.1 Types of Processor Mode

Three processor modes are available to choose from: single-chip mode, memory expansion mode, and
microprocessor mode. Table 7.1 shows the Features of Processor Modes.

Table 7.1 Features of Processor Modes

Processor Modes Access Space Pins Which Are Assigned 1/O Ports
Single-chip mode SFR, internal RAM, internal ROM All pins are 1/O ports or peripheral function I/
O pins
Memory expansion SFR, internal RAM, internal ROM,  |Some pins serve as bus control pins (1)
mode external area (1)
Microprocessor mode |SFR, internal RAM, external area (1) |Some pins serve as bus control pins (1)

Note:
1. Referto 8. “Bus” for details.

7.2  Setting Processor Modes

Processor mode is set by using the CNVSS pin and bits PM0O1 to PMOO in the PMO register.
Table 7.2 shows the Processor Mode After Hardware Reset. Table 7.3 shows Bits PMO01 to PM0O Set
Values and Processor Modes

Table 7.2 Processor Mode After Hardware Reset

CNVSS Pin Input Level Processor Modes
VSS Single-chip mode
vCcCl 1,2 Microprocessor mode

Notes:
1. If the microcomputer is reset in hardware by applying VCC1 to the CNVSS pin (hardware reset 1 or

brown-out reset), the internal ROM cannot be accessed regardless of the status of bits PM10 to
PMO0O.

2. The multiplexed bus cannot be assigned to the entire CS space.

Table 7.3 Bits PMO1 to PMOO Set Values and Processor Modes

Bits PM01 to PMOO Processor Modes
00b Single-chip mode
01b Memory expansion mode
10b Do not set
11b Microprocessor mode

Rewriting bits PM01 to PMO0O places the microcomputer in the corresponding processor mode regardless
of whether the input level on the CNVSS pin is “H” or “L”. Note, however, that bits PM01 to PM0O cannot
be rewritten to 01b (memory expansion mode) or 11b (microprocessor mode) at the same time bits PMQO7
to PMO2 are rewritten. Note also that these bits cannot be rewritten to enter microprocessor mode in the
internal ROM, nor can they be rewritten to exit microprocessor mode in areas overlapping the internal
ROM.

If the microcomputer is reset in hardware by applying VCC1 to the CNVSS pin (hardware reset 1 or
brown-out reset), the internal ROM cannot be accessed regardless of bits PM01 to PMOO.

Figures 7.1 to 7.3 show the PMO Register and PM1 Register.
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Processor Mode Register 0 (M

b7 b6 b5 b4 b3 b2 bl b0

L LD Symbol Address After Reset @

1 [} 1

H i P E i i PMO 0004h 00000000b (CNVSS pin = “L")

A 00000011b (CNVSS pin = “H")

1 1 ] 1

I

I [

i ! i E i E i E Bit Symbol Bit Name Function RW
! [

R bl bo

P i | PMOO 0 0: Single-chip mode RW

R ! @ 0 1:Memory expansion mode

P b Processor mode bit 1 0:Do notset

i ! i E i i L PMO1 1 1:Microprocessor mode RW
1

[ T A B B

[

oo g

[ T A R __ _

1 [ . RHE

fo P e PM02 |R/W mode select bit @ 2 ; %: _L\?V%EH ,W_RRL RW

R

i i i E i Setting this bitto 1 ts th

I R D, PMO03  [Software reset bit m‘iecrlggomI;ut:eroRe;zsgsSO € RW

RN |

] ¢ 1

[

Voo v b5 b4

i i i PMO4 0 O: Multiplexed bus is unusﬂ RW

! i ! Multiplexed bus space select (separate bus in the entire CS space)

A bit @ 0 1:Allocated to CS2 space

bl e PMO5 1 0:Allocated to CST space_ RW

Y 1 1: Allocated to the entire CS space

t o

[}

o

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

]

: 0: BCLK is output

e PMO7 |BCLK output disable bit @ 1: BCLK is not output RW

(pin is left high-impedance)

Notes :

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

2. Bits PM02, and PM04 to PMO7 are effective when bits PM01 and PMOO are set to 01b (memory expansion mode) or 11b
(microprocessor mode).

3. To set bits PM0O1 and PM0O to 01b and bits PMO05 and PM04 to 11b (multiplexed bus assigned to the entire CS space),
apply an “H” signal to the BYTE pin (external data bus is 8 bits wide). While the CNVSS pin is held “H” (= VCC1), do not
rewrite the PMO5 and PMO04 bits to 11b after reset. If bits PM0O5 and PM04 are set to 11b during memory expansion
mode, P3_1to P3_7 and P4_0 to P4_3 become 1/O ports, in which case the accessible area for each CS is 256 bytes.

4. Bits PM01 and PMOO do not change at software reset, watchdog timer reset, and oscillation stop detection reset.

Figure 7.1  PMO Register
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Processor Mode Register 1 @

b7 b6 b5 b4 b3 b2 bl b0

| ; |0| ; | : | T | T | 7 | ; | Symbol Address After Reset

) 1 1 1
P PM1 0005h 00001000b
Plbb
Pl P

] 1 ]
E ! i i {111 |Bit Symbol Bit Name Function RW
[ T I B '
[ Vo
b R pMio  |CS2 area switch bit 0 : TS2 (0E000h to OFFFFh ) RW
by i b (data flash enable bit) @ 1 : Data flash (OEO0Oh to OFFFFh)
[ T T B B |
[ T T R B |
T I B | . i
Vo ] Port P3_7 to P3_4 function 0 : Address output
b i | P PMIL " select bit @ 1: Port function RW
I R I
AR Watchdog ti i : imer i
g timer function select |0 : Watchdog timer interrupt

i E i i pommes PM12 - pit @ 1 : Watchdog timer reset RW
[ I
[ ]
[ B
o ! Internal reserved area
i E { i """" PM13 expansion bit 2 © (NOTE 6) RW
o H
] [ ]
by b5 b4

]
i | i T PM14 0 0:1-Mbyte mode (no expansion) RW
[ . <@ |0 1:Donotset
E E i Memory area expansion bit ® 1 0 Do not set
: E I e e e PM15 1 1: 4'Mbyte mode RW
)
P
]
] —

L )
E (b6) Reserved bit Setto 0 RW
]
]
] . .
—— PM17  |Wait bit ® 9 ;\?'v‘;i‘{""s"t'gfeta(tfwait) RW

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

2. Bits PM10 and PM13 are automatically set to 1 while the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite
mode).

3. Bits PM11, PM14, and PM 15 are effective when bits PM01 and PMOO are set to 01b (memory expansion mode) or 11b
(microprocessor mode).

4. The PM12 bitis set to 1 by writing a 1 in a program (writing a 0 has no effect).

The PM12 bit is automatically set to 1 when the CSPRO bit in the CSPR register is 1 (count source protection mode

enabled).

5. When the PM17 bit is set to 1 (wait state), one wait state is inserted when accessing the internal RAM or internal ROM.
When the PM17 bit is set to 1 and accesses an external area, set the CSiW bit in the CSR register (i=0to 3) to 0
(wait state).

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

Access Area PM13 =0 PM13=1

Internal RAM Up to Addresses 00400h to 03FFFh (15 Kbytes) | The entire area is usable

Program ROM 1 [Up to Addresses D0O000Oh to FFFFFh (192 Kbytes) | The entire area is usable

External Address 04000h to OCFFFh are usable Address 04000h to OCFFFh are reserved
Address 80000h to CFFFFh are usable Address 80000h to CFFFFh are reserved
(in memory expansion mode)

Figure 7.2  PM1 Register
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g g gy

r
1

0

Program 2 Area Control Register @

b7 b6 b5 b4 b3 b2 bl b0

fmmm————————————

e ettt

1Yy g gy g S

Symbol Address After Reset
PRG2CW 0010h XXXXXX00b
Bit Symbol Bit Name Function RW
PRG2C |Program ROM 2 disable bit 8 E?;TE%%%%T&%%ZZ RW
(a) Reserved bit Setto 0 RW
(b7Tb2) No register bits. If necessary, set to 0. Read as undefined value —

Note :

1. Write to this register after setting the PRC6 bit in the PRCR register to 1 (write enabled).

Figure 7.3

PRG2C Register
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7.3 Internal Memory

The internal RAM can be used in all processor modes. The range of the internal RAM depends on the
setting of the PM 13 bit in the PM1 register.

The internal ROM is used in single-chip mode and memory expansion mode. Three internal ROMs are
available: data flash, program ROM 2, and program ROM 1.

Data flash includes block A (addresses OEO00h to OEFFFh) and block B (addresses OF000h to OFFFFh).
When data flash is selected by the setting of the PM10 bit in the PM1 register, both block A and block B
can be used. Table 7.4 shows Data Flash (addresses OEO0Oh to OFFFFh).

Table 7.4 Data Flash (addresses OEQ0Oh to OFFFFh)

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

Set the PRG2CO bit in the PRG2C register to select program ROM 2. Table 7.5 shows Program ROM 2
(addresses 10000h to 13FFFh).

Do not use the last 16 bytes (addresses 13FFOh to 13FFFh) when using program ROM 2 in single-chip
mode or memory expansion mode. These bytes are assigned as the user boot code area (refer to 22.1.2
“User Boot Function”).

Table 7.5 Program ROM 2 (addresses 10000h to 13FFFh)

PRG2CO bit in PRG2C Register 0 1
Processor Modes Single-chip mode Program ROM 2 External area
Memory expansion mode Program ROM 2 External area
Microprocessor mode Reserved area External area

The range of program ROM 1 depends on the setting of the PM13 bit in the PM1 register. Figure 7.4
indicates the Memory Map in Single-Chip Mode.
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Single-chip Mode
00000h
SFR
00400h
Internal RAM PM13 =0
Internal RAM Internal ROM
XXXXXh Size Address XXXXXh Size IAddress YYYYYh
Unusable
12 Kbytes | 033FFh 128 Kbytes| E0000h
0D000h - 16 Kbytes | 03FFFh ® | 256 Kbytes| D0000h @
0D800h 31 Kbytes| 03FFFh® | 512 Kbytes| D0000h ™)
Unusable
OEO000h PM13 =1
2,
Internal ROM @ Internal RAM Internal ROM
(data flash) - -
10000h Size Address XXXXXh Size Address YYYYYh
Internal ROM ®
(program ROM 2) 12 Kbytes 033FFh 128 Kbytes E0000h
14000h 16 Kbytes 043FFh 256 Kbytes C0000h
Unusable 31Kbytes| O7FFFh | 512 Kbytes|  80000h
YYYYYh
Internal ROM
(program ROM 1)
FFFFFh
Notes :
1. If the PM13 bit is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
2. Data flash can be used when the PM10 bit in the PM1 register is 1 (OEO00h to OFFFFh = data flash).
3. Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled).

Figure 7.4  Memory Map in Single-Chip Mode
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8. Bus

During memory expansion or microprocessor mode, some pins serve as the bus control pins to perform
data input /output to and from external devices. These bus control pins include A0 to A19, DO to D15, CS0O
to CS3, RD, WRL /WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and BCLK.

8.1 Bus Mode

Bus mode, either multiplexed or separate, can be selected using bits PM05 and PM04 in the PMO
register. Table 8.1 shows the Difference between Separate Bus and Multiplexed Bus.

8.1.1 Separate Bus
In this bus mode, data and address are separate.

8.1.2 Multiplexed Bus

In this bus mode, data and address are multiplexed.

8.1.2.1  When the Input Level on BYTE Pin is High (8-Bit Data Bus)
DO to D7 and A0 to A7 are multiplexed.

8.1.2.2  When the Input Level on 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 D8 to D15.
External devices connecting to a multiplexed bus are allocated to only the even addresses of the
microcomputer. Odd addresses cannot be accessed.

Table 8.1 Difference between Separate Bus and Multiplexed Bus

Pin Name (1) Separate Bus EVTES “HI,\,/IuItipIexed BUEYTE —
PO_0to PO_7 / DO to D7 >< potoD7 ¥ (NOTE 2) (NOTE 2)
P1 0toP1_7/D8to D15 >< D810D15 ) 5 11/(? tgcl’;;j (NOTE 2)
P2_0/ A0 (/ DO) >< AO >< >< AO >< DO >< >< AO ><
P(/Z—Dlltt‘z) F[;27—/7é gtlotng; >< ALto A7 >< ><A1 to A7(D110 D7 >< ><A1 to A7XDO to D6 ><
P3_0/A8 (/ D7) >< A8 >< >< A8 X >< A8 >< D7 ><

Notes:
1. See Table 8.6 “Pin Functions for Each Processor Mode” for bus control signals other than the
above.
2. It changes with a setting of PM05 and PM04, and area to access.
See Table 8.6 “Pin Functions for Each Processor Mode” for details.
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8.2 Bus Control

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

821 Address Bus

The address bus consists of 20 lines: A0 to A19. The address bus width can be chosen to be 12, 16, or
20 bits by using the PMO06 bit in the PMO register and the PM11 bit in the PM1 register. Table 8.2 shows
the Set Value of Bits PM06 and PM11, and Address Bus Width.

Table 8.2 Set Value of Bits PM06 and PM11, and Address Bus Width

Bits Set Value (1) Pin Function Address Bus Width
PM11=1 P3 4toP3 7 12 bits
PMO06 = 1 P4 Oto P4 3
PM11=0 Al2 to A15 16 bits
PMO06 = 1 P4 Oto P4 3
PM11 =0 Al2 to A15 20 bits
PM06 =0 Al16 to A19
Note:

1. No values other than those shown above can be set.

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

8.2.2 Data Bus

When input on the BYTE pin is high (data bus is 8 bits wide), 8 lines DO to D7 comprise the data bus;
when input on the BYTE pin is low (data bus is 16 bits wide), 16 lines DO to D15 comprise the data bus.
Do not change the input level on the BYTE pin while in operation.

8.2.3 Chip Select Signal

The chip select (hereafter referred to as the CS) signals are output from the CSi (i = 0 to 3) pins. These
pins can be chosen to function as I/O ports or as CS by using the CSi bit in the CSR register. Figure 8.1
shows the CSR Register.

During 1-Mbyte mode, the external area can be separated into up to 4 by the CSi signal which is output
from the CSi pin. During 4-Mbyte mode, CSi signal or bank number is output from the CSi pin. Refer to
9. “Memory Space Expansion Function”. Figure 8.2 shows Examples of Address Bus and CSi Signal
Output in 1-Mbyte mode.
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Chip Select Control Register

b7 b6 b5 b4 b3 b2 bl b0

A1 . Symbol Address After Reset
[ T T
PL CSR 0008h 01h
A R
P
t14 b [BitSymbol Bit Name Function RW
I 1 "o
[ 1
b E i E i 0 : Disable chip select output
I RS BN 011y S0 output enable bit (functions as 1/0 port) RW
I A 1 : Enable chip select output
[ T T T R
[ T T T R
P41l L cs1 [CSToutputenable bit RW
RERRE
1 1 1 1 1
o P A S— CS2  |CS2 output enable bit RW
] [
R
] E—
! E E i femmomees CS3 CS3 output enable bit RW
oy
oy
i P 0 : Wait state
I CSOW  |CS0 wait bit 1 : No wait state %23 RW
L
1 ]
] 1 [—
R CSIW  |CST wait bit RW
o
P
R CS2W  |CSZ wait bit RW
!
]
R T e CS3wW S3 wait bit RW

1. When the RDY signal is used in the area indicated by CSi (i = 0 to 3) or the multiplex bus is used, set the CSiW bit to 0
(wait state).

2. When the PM17 bit in the PM1 register is set to 1 (wait state), set the CSiW bit to 0 (wait state).

3. When the CSiW bit = 0 (wait state), the number of wait states can be selected using bits CSEi1W to CSEiOW in the CSE
register.

Figure 8.1 CSR Register
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Example 1

To access 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 between these
two cycles.

Access to the external

rmal  Access to the external
area indicated by CSi

area indicated by CSj

&

niulnl;
al

BCLK
Read signal T (
Data bus @»——@}—
Address bus Address f Address
CSi
CSj

Example 3

To access the external area indicated by CSi in the next cycle after

accessing the external area indicated by the same CSi

The address bus changes state but the chip select signal does not change
state

Access to the same
external area

.
1

Access to the external
area indicated by CSi

L

BCLK
Read signal u ’_
Data bus @>“@>‘
Address bus Address ¥ Address

CSi

Note :

Example 2

To access 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 does not change

state
Access to the external ~ Access to the internal
area indicated by CSi  ROM or internal RAM
BCLK
Read signal
Data bus Data:
Address bus Address
Csi

Example 4
Not to access any area (nor instruction prefetch generated) in the next cycle after

accessing the external area indicated by CSi

Neither the address bus nor the chip select signal changes state between the!
two cycles

Access to the external No access

area indicated by CSi

1L

< Ll

[ 1]

BCLK
Read signal I_
Data bus @}
Address bus Addtess

Csi

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 more than two cycles depending on a combination of these examples.

Shown above is the case where separate bus is selected and the area is accessed for read without wait states.

i=0to 3,j=0to 3 (notincluding i, however)

Se

Figure 8.2 Examples of Address Bus and CSi Signal Output in 1-Mbyte Mode
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8.2.4 Read and Write Signals

When the data bus is 16 bits wide, the read and write signals can be chosen to be a combination of RD,
BHE, and, WR or a combination of RD, WRL, and WRH by using the PMO02 bit in the PMO register.
When the data bus is 8 bits wide, use a combination of RD, WR, and BHE.

Table 8.3 shows the Operation of RD, WRL, and WRH Signals. Table 8.4 shows the Operation of RD,
WR, and BHE Signals.

Table 8.3 Operation of RD, WRL, and WRH Signals

Data Bus Width RD RL RH Status of External Data Bus
16-bit L H H Read data
(BYTE pin input =“L") [H L H Write 1 byte of data to an even address
H H L Write 1 byte of data to an odd address
H L L Write data to both even and odd addresses
Table 8.4 Operation of RD, WR, and BHE Signals
Data Bus RD WR BHE | A0 Status of External Data Bus
Width
16-bit H L L H | Write 1 byte of data to an odd address
(BYTE pin L H L H Read 1 byte of data from an odd address
input = “L") H L H L |Wwrite 1 byte of data to an even address
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 = “H") L H _ @ |HorL |Read 1 byte of data
Note:

1. Do notuse.

8.2.5 ALE Signal

The ALE signal latches the address when accessing the multiplexed bus space. Latch the address
when the ALE signal falls.

When BYTE pin input = “H" When BYTE pin input = “L”
ALE ALE
A0/DO to A7/D7 >< Address >< Data >< A0 >< Address ><

When bits PM05 and PM04 are “01b” or “10b” (the multiplexed bus is either the CS2 or CS1 space)

A8 to A19 >< Address >< A1/DO to A8/D7 Address >< Data

r
A9 to A19 >< Address X

When bits PMO05 and PM04 are “11b” (the entire CS space is the multiplexed bus)

A8 X Address ><

Figure 8.3  ALE Signal, Address Bus, Data Bus
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8.2.6 RDY Signal

This signal is provided for accessing external devices which need to be accessed at low speed. If input
on the RDY pin is low at the last falling edge of BCLK of the bus cycle, one wait state is inserted in the
bus cycle. While in a 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 the input on the RDY pin is detected high at the falling edge of BCLK, the remaining bus
cycle is executed. Figure 8.4 shows Examples in which the Wait State was Inserted into Read Cycle by
RDY Signal. To use the RDY signal, set the corresponding bit (bits CS3W to CSOW) in the CSR register
to O (with wait state). When not using the RDY signal, the RDY pin need to be pulled-up.

In an instance of separate bus

s /[ /A
e

CsSi
(i=0t03)

RDY

<
<

tsu (RDY-BCLK)

f

Accept timing of RDY signal

In an instance of multiplexed bus

BCLK
RD
s 7\ V[ 7 —
(i=0to3)
RDY \ \ /
< »| tsu (RDY-BCLK)

Accept timing of RDY signal

o

: Wait using RDY signal
: Wait using software

tsu (RDY - BCLK) : Duration for RDY input setup

Shown above is the case where bits CSEi1W to CSEIOW (i = 0 to 3) in the CSE register
are 00b (one wait state).

Figure 8.4 Examples in Which Wait State Was Inserted into Read Cycle by RDY Signal
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8.2.7 HOLD Signal

This signal is used to transfer control of the bus from the CPU or DMAC to an external circuit. When the
input on the HOLD pin is pulled low, the microcomputer is placed in a hold state after the bus access at
that time finishes. The microcomputer remains in the hold state while the HOLD pin is held low, during
which time the HLDA pin outputs a low-level signal.

Table 8.5 shows the Microcomputer Status in Hold State.

Bus-using priorities are given to HOLD, DMAC, and CPU in descending order. However, if the CPU is
accessing an odd address in word units, the DMAC cannot gain control of the bus during two separate
accesses.

HOLD > DMAC > CPU

Figure 85  Bus-Using Priorities

Table 8.5 Microcomputer Status in Hold State

ltem Status

BCLK Output
A0 to A19, DO to D15, CSO to CS3, RD, WRL,WRH, |High-impedance
WR, BHE
I/O ports PO, P1, P3,P4 (1) High-impedance

P6 to P10 Maintains status when HOLD signal is received
HLDA Output “L”
Internal Peripheral Circuits On (but watchdog timer stops) (2
ALE Undefined
Notes:

1. When I/O port function is selected.
2. The watchdog timer does not stop when the CSPRO bit in the CSPR register is set to 1 (count source

protection mode enabled).

8.2.8  BCLK Output

If the PMOQ7 bit in the PMO register is set to 0 (output enabled), a clock with the same frequency as that
of the CPU clock is output as BCLK from the BCLK pin. Refer to 10.2 “CPU Clock and Peripheral
Function Clock”.
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Table 8.6 Pin Functions for Each Processor Mode

Processor Mode Memory Expansion Mode or Microprocessor Mode Memory
Expansion Mode
Bits PM05 and PM04 00b (separate bus) 01b (CS2 s for multiplexed bus and | 11b (multiplexed
the others are for separate bus) bus for the entire
10b (CS1 is for multiplexed bus and | space) (1)
the others are for separate bus)
Data Bus Width 8 bits 16 hits 8 bits 16 bits 8 bits
BYTE Pin “H” “Lr “H” ‘L “H”
PO _Oto PO _7 DO to D7 DO to D7 DO to D7 (4 DO to D7 (4) I/O ports
P1 OtoP1 7 I/O ports D8 to D15 I/0 ports D8 to D154 I/O ports
P2 0 A0 A0 A0/DO () A0 A0/DO
P2_1toP2_7 Al to A7 Alto A7 Al to A7 Alto A7 Al to A7
/D1 to D7 () /DO to D6 (2) /D1 to D7
P3 0 A8 A8 A8 A8/D7 (2 A8
P3 1toP3_3 A9 to All 1/0O ports
P3 4to PM11=0 |Al2to Al5 I/O ports
P3_7 PM11=1 |l/O ports
P4 Oto PM06 =0 |[A16to Al9 I/O ports
P4_3 PMO6 =1 |1/O ports
P4 4 CS0=0 I/O ports
cso=1 |CSO
P4 5 CS1=0 I/O ports
Ccsi=1 |CS1
P4 6 CS2=0 I/O ports
cs2=1 |CS2
P4 7 CS3=0 I/O ports
Cs3=1 |CS3
P5 0 PM0O2=0 [WR
PMO2=1 [. @) | WRC |- | WRL |-
P5 1 PM02=0 |BHE
PMO2=1 |-f |WRH |- |WRH |-
P5 2 RD
P5_3 BCLK
P5 4 HLDA
P5 5 HOLD
P5 6 ALE
P5 7 RDY

I/O ports : Function as I/O ports or peripheral function I/O pins.

Notes:

1. When bits PM01 and PMOO are set to 01b (memory expansion mode) and bits PM05 and PM04 are
set to 11b (multiplexed bus assigned to the entire CS space), apply “H” to the BYTE pin (external
data bus 8 bits wide). While the CNVSS pin is held “H” (= VCC1), do not rewrite bits PM05 and PM04
to 11b after reset. If bits PM05 and PMO04 are set to 11b during memory expansion mode, P3_1 to
P3_7 and P4_0 to P4_3 become I/O ports, in which case the accessible area for each CS is 256
bytes.

2. In separate bus mode, these pins serve as the address bus.

If the data bus is 8 bits wide, make sure the PM02 bit is set to 0 (RD, BHE, WR).
4. When accessing the area that uses a multiplexed bus, these pins output an indeterminate value dur-
ing a write.

w
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8.2.9 External Bus Status When Internal Area IS Accessed
Table 8.7 shows the External Bus Status When Internal Area Accessed.
Table 8.7 External Bus Status When Internal Area Accessed
ltem SFR Accessed Internal ROM, RAM Accessed

A0 to A19 Address output Maintain the last accessed address of
external area or SFR

DO to D15 |When Read High-impedance High-impedance

When Write Output data Undefined

RD, WR, WRL, WRH RD, WR, WRL, WRH output Output “H”

BHE BHE output Maintain the last accessed status of exter-
nal area or SFR

CS0to CS3 Output “H” Output “H”

ALE Output “L” Output “L”

8.2.10 Software Wait

The PM17 bit in the PM1 register, which is a software-wait-related bit, has an influence over the internal
memory and the external area.

The SFR area is accessed in 2 BCLK or 3 BCLK cycles as determined by the PM20 bit in the PM2
register. Data flash, one of the internal ROMs, is affected by the PM17 bit and the FMR17 bit in the
FMRL1 register.

Software waits can be inserted to the external area by setting the PM17 bit or setting the CSiW bit in the
CSR register or 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 (with wait state).

Table 8.8 shows the Bits and Bus Cycles Related to Software Wait (SFR, Internal Memory), Figure 8.6
shows the CSE register, and Table 8.9 shows the Bits and Bus Cycles Related to Software Wait
(External Area).

Table 8.8 Bits and Bus Cycles Related to Software Wait (SFR, Internal Memory)

Area Setting of Software-Wait-related Bits Soft- Bus cycle
PM2 Register |FMR1 Register |PM1 Register ware
PM20 Bit (1) FMR17 Bit PM17 Bit Wait
SER 1 - - 1wait |2 BCLK cycles®)
0 - - 2 waits |3 BCLK cycles
Internal - - 0 No wait |1 BCLK cycle®
RAM 1 1 wait 2 BCLK cycles
Internal | Program ROM 1 |- - 0 No wait |1 BCLK cycle(®)
ROM Program ROM 2 1 1wait |2 BCLK cycles
Data Flash () - - lwait |2 BCLK cycles®)
1 0 No wait |1 BCLK cycle
1 1 wait 2 BCLK cycle
— indicates that either 0 or 1 can be set.
Notes:
1. The PM 20 bit is valid when the PLCO7 bit in the PLCO register is set to 1 (PLL operation).
2. When27V< VCC1< 3.0Vandf (BCLK)>16 MHz, orwhen 3.0V < VCC1< 5.5V and f (BCLK) >20 MHz, 1
wait is necessary to read data flash. Use the PM17 bit or the FMR 17 bit to set 1 wait.
3. Status after reset.
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b7 b6 b5 b4 b3 b2 bl b0

Chip Select Expansion Control Register

e B R Symbol Address After Reset

(] ] () ] ]

I CSE 001Bh 00h

I A

[ R T | : H

I A R

HE T I A i ! |Bit Symbol Bit Name Function RW
I

T A A bl b0

e i --| CSEoOW 0 0:1wait RW
oo —_ . . . 0 1:2waits

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

Coror oy b L CSEOIW 1 1:Do notset RW
b

A A b3 b2

N CSE10W 0 0:1wait RW
[ R —_— . . 0 1:2waits

i i i E E CS1 wait expansion bit @ 1 0:3waits

(I R CSE11W 1 1:Do notset RW
P

] ] ] ()

A b5 b4 )

L ik CSE20W 0 0:1wait RW
Vo . _— 0 1:2waits

i ! i S2 wait expansion bit () 1 0:3waits

H i B e CSE21W 1 1:Do notset RW
(]

P

P b7 b6

VT CSE30W 0 0:1wait RW
1 —_— . . . 0 1:2waits

i S3 wait expansion bit () 1 0:3waits

| CSE31W 1 1:Donotset RW

Note :

1. Setthe CSiW bit (i = 0 to 3) in the CSR register to 0 (wait state) before writing to bits CSEi1W to CSEIOW. If the CSiW bit
needs to be set to 1 (no wait state), set bits CSEi1W and CSEiOW to 00b before setting it.

Figure 8.6  CSE Register
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Table 8.9 Bits and Bus Cycles Related to Software Wait (External Area)

Area Bus Mode Setting of Software-Wait-related Bits Software |Bus Cycle
PM1 Regis- |CSR Register |CSE Register |Wait
ter PM17 Bit |CSiw Bit (1 Bits CSEi1W to
CSEioOW
External |Separate 0 1 00b No wait 1 BCLK cycle
Area Bus (Read)
2 BCLK cycles
(Write)
- 0 00b 1 wait 2 BCLK cycles (4)
- 0 01b 2 waits 3 BCLK cycles
- 0 10b 3 waits 4 BCLK cycles
1 0® 00b 1 wait 2 BCLK cycles
Multiplexed |- 0@ 00b 1 wait 3 BCLK cycles
Bus - 0@ 01b 2 waits 3 BCLK cycles
- 0@ 10b 3 waits 4 BCLK cycles
1 0@ 3 00b 1 wait 3 BCLK cycles

i=0to 3
— indicates that either 0 or 1 can be set.
Notes:
1. To use the RDY signal, set the CSiW bit to 0 (with wait state).
2. To access in multiplexed bus mode, set the CSiW bit to 0 (with wait state).
3. When the PM17 bit is set to 1 and accesses an external area, set the CSiW bit to 0 (with wait state).
4. After reset, the PM17 bit is set to 0 (without wait state), bits CSOW to CS3W are set to 0 (with 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.
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(1) Separate Bus, No Wait Setting

Bus cycle @ Bus cycle @

BCLK

Write signal

Read signal

Data bus { outputi ) ————{Input) = = — & — — —
Address bus >< Addtess X XAddressX X

Ts |

(2) Separate Bus, 1-Wait Setting
Bus cycle @ Bus cycle @

BCLK

Write signal

Read signal

Data bus
Address bus >< Add;ress >< >< Add;ress ><

Cs i

(3) Separate Bus, 2-Wait Setting

Bus cycle @ Bus cycle @

. A

BCLK

Write signal

Read signal I

Data bus E———_;—_—_:{ Output §>'___;____;—____;-_

Address bus >< EAddress >< >< éAddress ><

oS b

Note :
1. These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and
write cycles in succession.

Figure 8.7  Typical Bus Timings Using Software Wait (1)
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(1) Separate Bus, 3-Wait Setting

Bus cycle @ Bus cycle @

BCLK

Write signal |

Read signal |

- —< Output:

Address bus X Adt;iress >< X Add:ress

Data bus

o~ I

(2) Multiplexed Bus, 1- or 2-Wait Setting

Bus cycle ® Bus cycle @

BCLK
Write signal - . : -

Read signal

Address bus ( {Address | X iAddress >_

Address bus/ XAddressX Data butput XAddressE— - -4+
Data bus /! 3 : / : :

Ts : : l

(3) Multiplexed Bus, 3-Wait Setting

Bus cycle @
o [ ] L
Write signal :
Read signal l_
Address bus < Addréess X X Add:ress >_
Address bus/ >%<Addressi< ijata outp?ut X >?<Address>E - —— - - --
Data bus ; : : : A ; : E

Bus cycle @

s |

Note :
1. These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in
succession.

Figure 8.8  Typical Bus Timings Using Software Wait (2)
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9. Memory Space Expansion Function

The following describes a memory space expansion function.

During memory expansion or microprocessor mode, the memory space expansion function allows the
access space to be expanded using the appropriate register bits.

Table 9.1 shows Setting of Memory Space Expansion Function, Memory Space.

Table 9.1 Setting of Memory Space Expansion Function, Memory Space

Memory Space Expansion Function Setting (PM15 to PM14) Memory Space
1-Mbyte Mode 00b 1 Mbyte (no expansion)
4-Mbyte Mode 11b 4 Mbytes

9.1 1-Mbyte Mode

In this mode, the memory space is 1 Mbyte. In 1-Mbyte mode, the external area to be accessed is
specified using the CSi (i = 0 to 3) signals (hereafter referred to as the CSi area). Figures 9.2 and 9.3
show the Memory Mapping and CS Area in 1-Mbyte mode.

9.2 4-Mbyte Mode
In this mode, the memory space is 4 Mbytes. Figure 9.1 shows the DBR Register. Bits BSR2 to BSRO in
the DBR register select a bank number which is to be accessed to read or write data. Setting the OFS bit
to 1 (with offset) allows the accessed address to be offset by 40000h.

In 4-Mbyte mode, the CSi (i = 0 to 3) pin function differs depending on an area to be accessed.

9.2.1 Addresses 04000h to 3FFFFh, C0000h to FFFFFh

« The CSi signal is output from the CSi pin (same operation as 1-Mbyte mode; however, the last
address of the CS1 area is 3FFFFh).

9.2.2 Addresses 40000h to BFFFFh

» The CSO0 pin outputs “L”
« Pins CS1 to CS3 output the setting values of bits BSR2 to BSRO (bank number)

Figures 9.4 and 9.5 show the Memory Mapping and CS Area in 4-Mbyte mode. Note that banks 0 to 6
are data-only areas. Locate the program in bank 7 or the CSi area.
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9. Memory Space Expansion

Function

Data Bank Register @

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
T DBR 000Bh 00h
] ] ) ] ] 1 ] ]
] ] ) ] ] 1 ] ]
T A A I . _
11 1 |Bit Symbol Bit Name Function RW
AR
I R R R R — . .
e ) No register bits. If necessary, set to 0. Read as 0 —
I
P . 0 : Not offset
i i E E i LREDLED OFS Offset bit 1 : Offset RW
1 1 1 1 1
] ] ) ] ]
P
R Ry BSRO R
P b5 b4 b3 b5 b4 b3
P 0 0 0 :BankO 0 0 1:Bankl
R TR BSR1 |Bank selection bits 0 1 0 :Bank2 0 1 1:Bank3 RW
P 1 0 0:Bank4 1 0 1:Bank5
P 11 0:Bank6 11 1:Bank7
I BSR2 RW
P
P
1 1 - . .

(b7-b6) No register bits. If necessary, set to 0. Read as 0 —

Note :

1. Effective when bits PM01 and PMOO in the PMO register are set to 01b (memory expansion mode) or 11b

(microprocessor mode).

Figure 9.1

DBR Register
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9. Memory Space Expansion Function

Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [ |°°°7°
Internal RAM Internal RAM
XXXXXh |\
Reservedarea | Reservedarea |
04000h CS3 (16 Kbytes)
08000h [~~~ """ [T T T [ ¥ = (o0 kire
0Do00Oh ———— 1 ————
0D800h SFR SFR
0E000h Data flash @ - Reserved, external area @
10000h Prpgram ROM 2 ) Reserved, external area )
14000h [ [T 77
27000n Resevedarea | Reserved area
28000h [ [T 77
30000 [T T[T T[T T
External area External area
DooOOh [ T T T T T T T T T T T T T T
Reserved area
YYYYYh
Internal ROM
FFFFFROL 1 @@y _______
PM13=0
Internal RAM Internal ROM External Area
Capacity | Address XXXXXh Capacity | Address YYYYYh CS0 CS1 CS2 CS3
12 Kbytes| 033FFh 128 Kbytes| EO000h Memory expansion mode  {28000h to ~ |38000n to OGEFFh 04000h to
16 Kbytes | 03FFFh @) 256 Kbytes| D0000h @) 30000h to CFFFFh 2FFFFh ;\‘ﬁte that this applies m!hlhe 07FFFh
jollowing areas only In the
31 Kbytes| 03FFFh ® 512 Kbytes|DO00Oh @ | Microprocessor mode conditions described below.
30000h to FFFFFh When PM10 = 0
0E000h to OFFFFh
When PRG2CO = 1
10000h to 13FFFh
Notes :
1. When the PM13 bit in the PM1 register is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
2. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
3. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
4. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.2

Memory Mapping and CS Area in 1-Mbyte Mode (PM13 = 0)

Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [— |- °°°7
Internal RAM Internal RAM
XXXXxh o
08000h Reserved area Reserved area
0D000h
0D800h SFR | SFR L
O0E000h Dataflash® | Reserved, external area
10000h ProgamROM2@ | Reserved, external area ) CS2 (16 Kbytes) CS2 (102 kbytes)
14000h [ | """/ [ ¥~"~""~~——"77
S2 (76 Kbytes)
27000h [ = e R e e -
Reservedarea | Reservedarea |
28000h , CS1 (32 Kbytes)
30000h [~ T[T T T K
External area External area
CSO0 (memory expansion mode : 320 Kbytes)
80000h [ _—— —  |TT T T "
Reserved area CS0 (misropocessor mode : 832 Kbytes)
YYYYYh
Internal ROM
FFFFPFPR L 1 Vv _______
PM13=1
Internal RAM Internal ROM External area
Capacity |Address XXXxxh| Capacity |Address YYYYYh| CS0 Cs1 CSs2 CS3
12 Kbytes 033FFh 128 Kbytes E0000h Memory expansion mode | 28000hto | 9D800h to 26FFFh ' | No area
ote that IS applies to the
16 Kbytes | 043FFh | 256 Kbytes | C0000h | 30000h to 7FFFFh 2FFFFh | fofiowing areacanly i the.
. conditions described below.|
Microprocessor mode \When PM10 = 0,
30000h to FFFFFh OEO00h to OFFFFh
When PRG2CO = 1,
10000h to 13FFFh
Notes :
1. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
2. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
3. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
4. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.3

Memory Mapping and CS Area in 1-Mbyte Mode (PM13 = 1)
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Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [— __ _ |° 777
Internal RAM Internal RAM
XXXxxh |
Reservedarea | Reserved area
04000h
0goooh [~ T T T T T T T T T[T T T T T T B
oboooh |—795¥— @M M r-——---—
0D8O0h SFR | SFR o
OEOOOh P———r—— 1 —————
Data flash ) Reserved, external area
10000 Program ROM 2 ®) Reserved, external area © CS2 (102 Kbytes)
140000 [ [ ~°°°
27000h ———————F —— -
000 Reservedarea | Reserved area e
28000h j TS (96 Khytes)
40000h -
External area External area Other than the CS area (512 Kbytes x 8 banks)
C0000h F===—~—~—~~—~~~[~—~——~—f~~~ "~~~ —~——— T4 " F " .
CSO0 (memory expansion mode : 64 Kbytes)
DO0000h
Reserved area CSO0 (misropocessor mode : 256 Kbytes)
YYYYYh
Internal ROM
FFFFFRO LV ___ @@ ly _______
PM13 =0
Internal RAM Internal ROM External area
Capacity |Address XXXXXh| Capacity |Address YYYYYh CS0 CS1 CS2 CS3 Other than the CS area @
12 Kbytes | 033FFh 128 Kbytes | E0000h Memory expansion mode | 28000h to SBD%%%?\‘%()Z%EEEE 04000h to | 40000h to BFEFFh
16 Kbytes | 03FFFh @ 256 Kbytes | D0000h @ C0000h to CFFFFh 3FFFFh ;\lcﬁ(e that this applies tohthe 07FFFh
31 Kbytes | 03FFFh @ 512 Kbytes | DO00Oh @ Microprocessor mode Conditions deseribed beiow.
CO0000h to FFFFFh When PM10 =0,
0E000h to OFFFFh:
When PRG2CO = 1,
10000h to 13FFFh
Notes :
1. The CSO pin outputs a low signal, and pins CS1 to CS3 output a bank number.
2. When the PM13 bit is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
3. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
4. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
6. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.4  Memory Mapping and CS Area in 4-Mbyte Mode (PM13 = 0)

Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [ |T°°7°
Internal Internal RAM
XXXXXh RAM | _____
08000h Reserved area Reserved area
0DOOOh F——— - ———-—
0D800h SFR_ L ____ SFR __
0E000h Dataflash @ | Reserved, external area )
10000 ProgramROM 2 © | Reserved, external area () CS2 (102 Kbytes)
14000h [ |~ —°°
27000h Reserved area ::::: Reservedarea | -
28000h F ST (06 koyees)
40000h ____E___I_ _____________ E_X ___I ______ Tt F
EOEE] ETe el e Other than the TS area (memory expansion mode: 256 Kbytes x 8 banks)
* Change offset to use 256 Kbytes x 8 banks x2
80000h
CO0000h
Reserved area
YYYYYh CS0 (misropocessor mode: 256 Kbytes)
Internal ROM
FFFFFROL 1 1y
PM13 =1
Internal RAM Internal ROM External Area
Capacity |Address XXXXXh| Capacity |Address YYYYYI CS0 CS1 CS2 CS3 Other than the CS area )
12 Kbytes O33FFh _ [128 Kbytes E0000h Microprocessor mode 28000h to ng?é)gwhaﬁhzig?;:“es othe| Noarea | Memory expansion mode
16 Kbytes 043FFh | 256 Kbytes |  C0000h | C0000h to FFFFFh 3FFFFh | iollowing areacanly in the 40000h to 7FFFFh
31 Kbytes 07FFFh  [512 Kbytes 80000h conditions described below. Microprocessor mode
When PM10 = 0, 40000h to BFFFFh
0E000h to OFFFFh
When PRG2CO0 = 1,
10000h to 13FFFh

Notes :
1. The CS0 pin outputs a low signal, and pins CST to CS3 output a bank number.
2. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
3. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
4. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.5 Memory Mapping and CS Area in 4-Mbyte Mode (PM13 = 1)
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Figure 9.6 shows the External Memory Connect Example in 4-Mbyte Mode.

In this example, the CS pin of 4-Mbyte ROM is connected to the CS0 pin of the microcomputer. The 4-
Mbyte ROM address input pins AD21, AD20, and AD19 are connected to pins CS3, CS2, and CS1 of
the microcomputer, respectively. The address input AD18 pin is connected to the A19 pin of
microcomputer. Figures 9.7 to 9.9 show the relationship of addresses between the 4-Mbyte ROM and
the microcomputer for the case of a connection example in Figure 9.6.

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

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

Because the SRAM can be accessed on condition that the chip select signals S2 = “H” and S1 = “L”,
CSO0 and CS2 can be connected to S2 and S1, respectively. If the SRAM does not have the input pins
which accept “H” active and “L” active chip select signals (S1, S2), CS0 and CS2 should be decoded
external to the chip.

DO to D7 DQO to DQ7
AOto A16 17 ADO to AD16
AL7 AD17 s
5 AL AD18 8
s 2
E ©TsI AD1O 5
§ Cs2 AD20 S
-‘23 CS3 AD21
RD OE
CS0 [
WR DQO to
WR —1DQ7 2
ADOto 5
AD16 o
_
OE S
s2 o
S Y
i

Note :
1. If only one chip select pin (S or S2) is present, using an external circuit is required for decode.

Figure 9.6  External Memory Connect Example in 4-Mbyte Mode
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Memory expansion mode where PM13 =0
ROM address Microcomputer address - -
OFS bitin DBR  OFS bitin DBR | Bank Access ﬁmgf“‘ from the M'°"::d“r‘e"s“s‘e(;;':usl
regiSIer =0 regiSIer =1 Number | OFS frea CS3 | CS2 | CS1 | A19 | A18 | A17 | Al16 |Al15to AO
A 000000h 40000h ) o |40000h | o [ o ool a|o]| o] omnon 000000h
bank 0 e o BFFFFh [ o 0 0 1 1 1 FFFFh 07FFFFh
040000h (512 Kbytes) \ 40000h 1 40000h 0 0 0 1 0 0 0000h 040000h
BFFFFh bank 0 BFFFFh [ o 0 1 0 1 1 1 FFFFh OBFFFFh
080000h 40000h (512 Kbytes) o |-40000h 0 0 1 0 1 0 0 | 0000h 080000h
bank 1 | ___BFFFFh__ 1 BFFFFh | 0o 0 1 1 0 1 1 | FFFFh OFFFFFh
0C0000h (512 Kbytes) < 40000h 1 40000h 0 0 1 1 0 0 0 | 0000h 0C0000h
BFFFFh bank 1 BFFFFh [ o 1] 0o 1 1 1 | FFFFh 13FFFFh
100000h \ 40000h (512 Kbytes) 0 40000h 0 1 0 0 1 0 0 0000h 100000h
bank 2 < _____ BFFFFh__ 2 BFFFFh | o 1] o0 10 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h 1 40000h | o 1] o0 1@ 0 | o | 0000h 140000h
BEFFFh bank 2 BFFFFh [ o 1 1] o0 1 1 1 | FFFFh 1BFFFFh
180000h \ 40000h ) (512 Kbytes) 0 40000h | o | 1 | 1| o | 1| o | o | ooooh 180000h
Data only] bank 3 BFFFFh 3 BFFFFh [ o | 1 | 1 | 1 | o | 1 | 1 | FFFFh 1FFFFFh
1C0000h (512 Kbytes) \ 40000h 1 40000h | o | 1 | 1| 1| o | o | o | oooon 1C0000h
BFFFFh bank 3 BFFFFh | 1 0 0 0 1 1 1 | FFFFh 23FFFFh
200000h \ 40000h (512 Kbytes) 0 40000h 1 0 0 0 1 0 0 | 0000h 200000h
bank 4 < _____ BEEFEh _ 4 BFFFFh [ 1 | o | 0o | 1 | o | 1 | 1 | FFFFh 27FFFFh
240000h j (512 Kbytes) 40000h 1 40000h 1 0 0 1 0 0 0 0000h 240000h
BEFFFh bank 4 BFFFFh [ 1 | o | 1 | 0o | 1 | 1 | 1 | FFFFh 2BFFFFh
280000h 40000h (512 Kbytes) 0 40000h 1] o0 1] 0 1 0o | o | 0000h 280000h
\ bank 5 ) BFFFFh 5 BFFFFh | 1 0 1 1 0 1 1 | FFFFh 2FFFFFh
2C0000h j (512 Kbytes) \) 40000h 1 40000h | 1 | o | 1| 1| o | o | o | ooooh 2C0000h
BEFFFh bank 5 BFFFFh [ 1 1] 0o 1 1 1 | FFFFh 33FFFFh
300000h 40000h (512 Kbytes) o 40000h 1 1 0 0 1 0 0 0000h 300000h
\ bank 6 ) BFFFFh 6 BFFFFh | 1 | 1 | o | 1 | o | 1 | 1 | FFFFh 37FFFFh
340000h (512 Kbytes) 40000h 40000h 1 1 0 1 0 0 0 0000h 340000h
. 4 j BEEEFh \ bank 6 ! BFFFFh | 1 1 1 0 1 1 1 | FFFFh 3BFFFFh
Program & 3800000 \ 40000h / (512 Kbytes) 400000 | 2 | 1| 1| o] 1| o | o | oooon 380000h
or data y bank 7 ] ___BFFFFh__ TFFFFh | 1 | 12 | 1 | o 1 | 1 | FFFFh 3BFFFFh
Program A 3C0000h (512 Kbytes) 80000h 1 0 0 0 0000h 3C0000h
ordata W 3rEEEER _BFFFFh - 0 BFFFFh [ 1 | 12 | 1 | 1 | o | 1 | 1 | FFFFh 3FFFFFh
C0000h 1 1 1 1 0 0 0000h 3C0000h
CFFFFh | 1 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 | N.C. | AL7 | A6 |AI5t0AO[ 4 Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 9.7 Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (1)
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Memory expansion mode where PM13 =1
ROM address Microcomputer address Output from the Microcomputer Pins
OFSbitin DBR  OFS bit in DBR ook Lops | Agess TS Output Address Outpu
register =0 register = 1 CS3 | CS2 | TS1 | A19 | A18 | A17 | A16 |Al5to AO
A 000000h bank o 40000h 40000h | o 0 0 0 1 0 0 | 0000h 000000h
(256 Kbytes) 0 ® TZFFFFn | 0 | 0 | o 0 | 1 | 1| 1 | FFFFh 03FFFFh
040000h bank g 40000h 40000h [ o [ o | o | 1| o | o | o | ooooh 040000h
) 256 Kbytes) Y ZRFFRn | 0 | 0 | 0 | 1 | o | 1 | 1 | Feemn 07FFFFh
080000h bank 1 _40000h 40000h | o | o | 1 | o | 1| o | o | ooooh 080000h
(256 Kbytes) O [7rreen | 0 | o | 1 | o | 1 | 1| 1| reeem OBFFFFh
0C0000h bank 1 40000h ! 40000h | o | o | 2 | 1| 0o | o | o | 0oooh 0C0000h
) 256 Kbytes) EEh ! 7FFFFh | o 0 1 1 0 1 1 | FFFFh OFFFFFh
100000h bank 2 40000h 40000h | o 1 0 0 1 0 0 | 0000h 100000h
)(256 Kbytes) O Zrrren | 0 | 1 | o | o | 1 | 1 | 1 | reeen | 13FFFFN
140000h bank 2 40000h 2 40000h | o 1 0 1 0 0 0 | 0000h 140000h
) 256 Kbyteg) S ET====n o | 1| o | 1] o] 1| 1|c€Fen 17FFFFh
180000h bank 3 40000h o 40000h | o 1 1] 0 1 0 0 | 0000h 180000h
Data only (256 Koytes) s 7FFFFh [ o | 1 | 1 | o | 1 | 1 | 1 | Feen | 1BFFFFR
1C0000h bank 3 40000h 40000h | o 1 1 1 0 0 0 | ooooh 1C0000h
) 256 Kbytes) Y 7REREn | o | 1 | 1 | 1| o | 1 | 1 | Feen 1FFFFFh
200000h bank 4 40000h 40000n | 1 0 0 0 1 0 0 | 0000h 200000h
>(256 Kbytes) ® Zreren | 2 | o | o | o | 1| 1| 1 | Freem 23FFFFh
240000h bank 4 40000h 4 40000h | 1 | o | o | 1| o | o | o | ooooh 240000h
) 256 Kbytes) Y 7erFrn 1 oo | 1] o] 1| 1]|Frn 27FFFFh
280000h bank 5 40000h 40000h | 1 | o | 12 | o | 1 | o | o | ooooh 280000h
(256 Kbytes) Frh 0 TFFFFh | 1 | o | 2 | o | 1 | 1 | 1 | FFFFh 2BFFFFh
2C0000h bank 5 40000h ° 40000h [ 1 | o | 1 | 1| o | o | o | 0000k 2C0000h
) 256 Kbytes) L UTReEen | 1 | o | 1| 1| o | 1| 1 | eeeen |  orrrFen
300000h bank 6 40000h 40000h | 1 | 12 | o | o | 1| o | o | ooooh 300000h
)(255 Khytes?z 0 TFFFFh | 1 | 1 | o | o | 1 | 1 | 1 | FFFFh 33FFFFh
340000h bank 6 40000h 6 40000h [ 1 | 1 | o | 12| o | o | o | ooooh 340000h
) 256 Kbyte) Y U7eeen | 2 | 1 | o | 2 | o | 1| 1| reeen|  a7erren
Program 380000h pank 7 40000h 40000h | 1 1 1 o | 1 0 0 | 0000h 380000h
or data (256 Kbytes) O I 0 N O 0 O W AU 5 3BFFFFh
A 3C0000h bank 7 40000h 80000h Internal ROM access|
Data only‘ J— >(256 Kbytes')__ FFFFFh Internal ROM access|
- 40000h 1 1 1 1 0 0 0 | 0000h 3C0000h
7 1 | 7FFFFh | 1 1 1 1|0 1 1 | FFFFh 3FFFFFh
80000h Internal ROM access|
FFFFFh Internal ROM access|
A21 | A20 | A19 | A18 | N.C. | Al17 | Al16 |Al5to AO 4-Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 9.8  Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (2)
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Microprocessor mode
ROM address Microcomputer address
Output from the Microcomputer Pins
OFS bitin DBR  OFS bitin DBR oark | opg | Access TS output Address Output

_ register = 0 register = 1 TS3 | TS2 | TSI | A19 | A18 | A17 | A16 |Al5t0 AO
A 000000h 40000h 0 40000h [ o | o | o 0 1| 0o | o | 0000h 000000h
bank0 0 BFFFFh | o 0 0 1 0 1 1 FFFFh 07FFFFh
040000h (512 Kbytes) \ 40000h L 40000h | o | o | o | 1| o | o | o | ooooh 040000h
BFFFFh bank 0 i BFFFFh | o 0 1 0 1 1 1 FFFFh OBFFFFh
080000h 40000h (512 Kbytes) 40000h | o | o | 2 | o | 2 | o | o | oooon 080000h
bank 1 o _____Effffh_ 1 0 BFFFFh | o 0 1 1 0 1 1 | FFFFh OFFFFFh
0C0000h (512 Kbytes) 40000h . 40000h [ o | o | 1 | 1| o | o | o | ooooh 0C0000h
BFFFFh bank 1 . BFFFFh [ o 1 0 0 1 1 1 | FFFFh 13FFFFh
100000h \ 40000h (512 Kbytes) 40000h [ o | 1 | o | o | 1| o | o | ooooh 100000h
bank 2 ___J_____BFFFFh_ ) 0 BFFFFh [ o 1 0 1 0 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h 1 40000h | o 1 0 1 0 0 0 | 0000h 140000h
BFFEEh bank 2 BFFFFh [ o 1 1 0 1 1 1 | FFFFh 1BFFFFh
180000h \ 40000h (512 Kbytes) 40000h [ o | 1 | 1| o 1 | o | o | 0000h 180000h
Data only bank 3 —eed ____BFFFFh_ 3 0 BFFFFh [ o 1 1 1 0 1 1 | FFFFh 1FFFFFh
1C0000h (512 Kbytes) 40000h 1 40000h [ o | 1 | 1 | 1| o | o | o | ooooh 1C0000h
BFFFFh bank 3 . BFFFFh | 1 0 0 0 1 1 1 | FFFFh 23FFFFh
200000h \ 40000h (512 Kbytes) o | 400000 | 1 | o | o | o) 1| o | o | owoon 200000h
bank 4 ___J ____BFFFFh_ 4 BFFFFh | 1 0 0 1 0 1 1 | FFFFh 27FFFFh
240000h ) (512 Kbytes) \ 40000h L 1400000 | 3 o] of 1| o] ool oom| 240000
BFFFFh bank 4 . BFFFFh [ 1 0 1 0 1 1 1 | FFFFh 2BFFFFh
280000h \ 40000h (512 Kbytes) o |40000h | 1 | o] a|o|a|o] o] omm 280000h
bank 5 d o ___BFFFFh_ s BFFFFh| 1 | o | 1 1,8 1 1 | FFFFh 2FFFFFh
2C0000h J (512 Kbytes) 40000h N 40000h | 1 | o | 12| 1| o | o | o | oooon 2C0000h
BFFFFh bank 5 BFFFFh [ 1 1 0 0 1 1 1 | FFFFh 33FFFFh
300000h \ 40000h (512 Kbytes) 0 40000h | 1 1] 0| o0 1 | o | o | 0000h 300000h
bank 6 o/ ____BFFFFh_ 6 BFFFFh | 1 1 0 1 0 1 1 | FFFFh 37FFFFh
340000h ) (512 Kbytes) 40000h L |40000h | 1+ | 1 | o | 1] oo o | ooon 340000h
y BFFFFh bank 6 : BFFFFh [ 1 1 1 0 1 1 1 | FFFFh 3BFFFFh
Program 4 3800000 bank 7 40000h (512 Kbytes) 400000 [ 1 | 1 | 1 | o | 1| o | o | ooooh 380000h
or data (Grzkoyes) BFFFFh 7FFFFh | 1 | 1 | 1 | o | 1 [ 1| 1 | Feeen | 3BFFFFR
Program A 3C0000h j c0000h ; 0 80000h | 1 | 1 | 1| 1| o | o | o | ooooh 3C0000h
ordata W 3rerrEh FFEFFFh BFFFFh | 1 | 1 | 1 | 1 | 0 | 1 | 1 | FFFFh 3FFFFFh
C0000h | 1 1 1 1 1 0 0 | 0000h 3C0000h
FFFFFh | 1 1 1 1 1 1 1 | FFFFh 3FFFFFh

A21 | A20 | A19 | A18 | N.C. | A17 | A16 |Al5to AD 4-Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 9.9  Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (3)
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10. Clock Generation Circuit

10. Clock Generation Circuit

10.1

Type of the Clock Generation Circuit

4 circuits are incorporated to generate the system clock signal:
» Main clock oscillation circuit
* Sub clock oscillation circuit
* 125 kHz on-chip oscillator
* PLL frequency synthesizer

Table 10.1 lists the Clock Generation Circuit Specifications. Figure 10.1 shows the System Clock
Generation Circuit.
Figures 10.2 to 10.6 show the clock-related registers.

Table 10.1  Clock Generation Circuit Specifications
ltem Main Clock Sub Clock 125 kHz On-Chip PLL Frequency
Oscillation Circuit | Oscillation Circuit Oscillator Synthesizer
Use of Clock CPU clock source  |CPU clock source |CPU clock source CPU clock source

Peripheral function

Clock source of

Peripheral function

Peripheral function

clock source timer A and B. clock source clock source
CPU and peripheral
function clock
sources when the
main clock stops
oscillating
Clock Frequency |0 to 20 MHz 32.768 kHz 125 kHz 10 to 25 MHz
Usable Oscillator |Ceramic oscillator  |Crystal oscillator - -@
Crystal oscillator
Pins to Connect | XIN, XOUT XCIN, XCOUT - -@
Oscillator
Oscillation Stop, |Presence Presence Presence Presence
Restart Function
Oscillator Status | Oscillating Stopped Oscillating Stopped
After Reset
Other Externally derived clock can be input - -@
Note:

1. The PLL frequency synthesizer uses the main clock oscillation circuit as a reference clock source.
The items above are based on those of the main clock oscillation circuit.
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Subclock

CMO1 to CMO0O0 = 00b

RESET
Softwarereset ¥

Z|

PM24
Brown-out reset
Watchdog timer reset
Oscillation stop detect reset

Interrupt request leve! judgement output

CMO02, CM04, CM05, CM06, CMO7 : bits in the CMO register
CM10, CM11, CM14, CM16, CM17 : bits in the CML1 register
PCLKO, PCLK1 : bits in the PCLKR register

CM21, CM27  : bits in the CM2 register

; - 1/0 ports
oscillation circuit PMO1 to PMOO = 00b, CMOL1 to CMO0 = 01b
XCIN XCOUT PMO1 to PMOO = 00b, CMO1 to CMOO0 = 1gb CLKoUT
° PMO01 to PM0OO = 00b,
CMO01 to CM00 = 11b
fc32
oMo {1z}
Subclock
I+
fC
N~
cM14 15k |2 'EHZ L
q on-chip on-chip
" oscillator
oscillator clock D 32
Oscillation foco-s
stop, f1
re-oscillation >
detection
circuit
CM10 = 1 (stop mode) s Q
PLL
XIN
frequency b
R synthesizer DAINT clock
PLL CcM21=1
1 | clock o CPU clock
clock
Main clock 0 CM21=0 BCLK
illation circui CcMm11
CMososcnIatlon circuit
CcMo2 ﬁ);
S Q b \
d J Y
WAIT instruction —— R Vmmmmmm e

sy [y o

12 L—{P—{ 1/2

CMO06 =0

CM17 to CM16 = 01b

1/16

CMO06 =0
CM17 to CM16 = 11b
CMOG 1

CMO06 =0
CM17 to CM16 = lOb

CM06 =0
CM17 to CM16 = 00b

Details of the Divider

Oscillation Stop, Re-Oscillation Detection Circuit

Reset
Pulse generation CM27=0 generating | o Oscillation stop
Main circuit for clock Charge / circuit detection reset
lock edge detection — discharge illati
cloc and charge / circuit Oscillation stop, Oscillation stop,
discharge control o re-oscillation re-oscillation
CM27 =1 detection interrupt detection interrupt
generating circuit signal
CM21 switch signal
PLL Frequency Synthesizer
[ e I
|
|
| 1/32 > PLL clock
| Phase Charge Voltage
comparator pump control
! oscillator
Main clock ——{ Reference (vCO)
i clock divider

Internal lowpass
filter

Figure 10.1 System Clock Generation Circuit
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M16C/64 Group 10. Clock Generation Circuit

System Clock Control Register 0 (Y

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
CMO 0006h 01001000b
T T M T T T
RRRRERE
¢4 bbb 1| Bitsymbol Bit Name Function RW
A A A
P bl b0
Prlbb b1t cMoo , .
bbb Clock output function select bit| 0 0 : /O port P5_7
P E E o (valid only in single-chip 0 1:OutputfC RW
(] ] 1 1 .
[ I A A S mode) 1 0:Outputf8
RN cMo1 1 1:0utputf32
[ R A
o bl i 0 : Peripheral function clock f1 does not
o i R cMoz | WAIT mode peripheral stop in wait mode RW
AR function clock stop bit 1 : Peripheral function clock f1 stops in
' i E ! wait mode ©
) ]
oot
E E E E O CMO3 XCIN-XCOUT drive capacity select|0 : LQW RW
I bit @ 1: High
1 1 ] ]
[
[ . 0:1/0 ports P8_6, P8_7
R T ©) _0, Fo_
' E CMo4  Port XC select bit 1 : XCIN-XCOUT oscillation function © RW
[) ]
[
[ . .
ol Main clock stop bit 0:0n
ity CMO5 (34 10,12, 13) P 1:Off ® RW
() ] .
) ]
) ]
[ Main clock division 0: CM16 and CM17 enabled
[ T
H CMo6 select bit 0 (7:13.14) 1 : Division-by-8 mode RW
)
]
H Svstem clock select bit 0 : Main clock, PLL clock, or 125 kHz on-
R EE e CMo7 (Gme 11, 12) chig olscilllator clock RW
1: Sub cloc

1. Rewrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).

2.  The CMO03 hit is set to 1 (high) while the CMO04 bit is set to 0 (I/O port) or when entering stop mode.

3. This bit is provided to stop the main clock when the low power consumption mode or 125 kHz on-chip oscilla-
tor low power dissipation mode is selected. This bit cannot be used for detection as to whether the main
clock stops or not. To stop the main clock, set bits as follows:

(&) Setthe CMO7 bitto 1 (sub clock selected) with the sub-clock stably oscillates, or set the CM21 bit in the
CM2 register to 1 (125 kHz on-chip oscillator selected).

(b) Setthe CM20 bit in the CM2 register to O (oscillation stop, re-oscillation detection function disabled).

(c) Setthe CMOS5 bit to 1 (stop).

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

5.  When the CMO5 bit is set to 1, the XOUT pin is held iHi. Because the internal feedback resistor remains con-
nected, the XIN pin is pulled iHT to the same level as XOUT via the feedback resistor.

6. After setting the CMO04 bit to 1 (XCIN-XCOUT oscillator function), wait until the sub-clock oscillates stably

before switching the CMO7 bit from 0 to 1 (sub clock).

When entering stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

The fC32 and fOCO-S clocks, which are clock sources of time A and B, do not stop.

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

10. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), the value remains unchanged
even if writing to bits CM02, CM05, and CM07.

11. When setting the PM21 bit to 1, set the CMO07 bit to 0 (main clock) before setting the PM21 hit to 1.

12. To use the main clock as the clock source for the CPU clock, set bits as follows.

(@) Setthe CMO5 bit to 0 (oscillate).
(b) Wait the main clock oscillation stabilizes.
(c) Setbits CM11, CM21, and CMO07 to O.

13. When the CMO07 bit is set to 1 (sub clock) and the CMO5 bit is set to 1 (main clock stops), the CMO06 bit is
fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).

14. To return from 125 kHz on-chip oscillator mode to high-speed or middle-speed mode, set bits CM06 and
CM15to 1.

© N

Figure 10.2 CMO Register
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System Clock Control Register 1 )

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | 0|0 Ccm1 0007h 00100000b

ERERREE

1
A R i | Bitsymbol Bit Name Function RW
P
et 0: Clock on

[ = it 4.6) :
i bbb i E CM10 |All clock stop control bit 1+ All clocks off (stop mode) RW
P
1 ] ] ] 1 ] [] H
I T I T T T . 0 : Main clock
A CM11 |System clock select bit 1 ¢ 7 1-PLL clock ® RW
P
I —
I T [ SO PR i
P (b3-b2) Reserved bits Setto 0 RW
1 ] 1 ]
1 ] 1 1
1 1 ] ] . . . .
[ T T PO 125 kHz on-chip oscillator stop [0 : 125 kHz on-chip oscillator on
i E E cM14 bit &9 1 : 125 kHz on-chip oscillator off RW
1 ] 1
] ] 1
Y XIN-XOUT drive capacity 0: Low
] ] L
Lo CMIS | select bit @ 1: High RW
] ]
1 ]
1 1
S CM16 b7 b6 o
‘ . L . 0 0: No division mode
! Main clock division select bit 1 0 1: Divide-by-2 mode RW
1 ®3) .
o] 1 0: Divide-by-4 mode
cMm17 1 1:Divide-by-16 mode

1. Rewrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).

2. When entering stop mode or the CMO05 bit is set to 1 (main clock stops) in low speed mode, the CM15 bit is set to
1 (drive capacity high).

3. This bit is valid when the CMO6 bit is set to O (bits CM16 and CM17 enabled).

4. If the CM10 bit is set to 1 (stop mode), XOUT is held “H” and the internal feedback resistor is disconnected. Pins
XCIN and XCOUT are in high-impedance state. When the CM11 bit is set to 1 (PLL clock), or the CM20 bit in the
CM2 register is set to 1 (oscillation stop detection function enabled), do not set the CM10 bit to 1.

5. After setting the PLCO7 bit in the PLCO register to 1 (PLL operation), wait tsu (PLL) elapses before setting the
CM11 bit to 1 (PLL clock).

6. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), the value remains unchanged even
if writing to bits CM10 and CM11. When the CSPRO bit in the CSPR register is set to 1 (count source protection
mode), the value remains unchanged even if writing to the CM10 bit.

7. The CM11 bit is valid when bits CM07 and CM21 are set to 0.

8. The CM14 bit can be set to 1 (125 kHz on-chip oscillator off) when the CM21 bit is set to 0 (main clock or PLL
clock). When the CM21 bit is set to 1 (125 kHz on-chip oscillator clock), the CM14 bit is set to 0 (125 kHz on-chip
oscillator on) and remains unchanged even if writing 1 to this bit.

9. When the CSPRO bit in the CSPR register is set to 1 (count source protection mode), the CM14 bit is automatically
set to 0 (125 kHz on-chip oscillator on) and remains unchanged even if writing a 1 to this bit (125 kHz on-chip
oscillator does not stop).

Figure 10.3 CM1 Register
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Oscillation Stop Detection Register ()

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| ofo[ [ I} CM2 000Ch 0X000010b (9
T
Bit Symbol Bit Name Function RW

0: Oscillation stop and re-oscillation

Oscillation stop and detection function disabled

e ————————

fmmmmmm— e m,— e, —————— ]

-4 CM20 re-oscillation detection enable |, . L _ RwW
bit (7.9, 10.11) 1: Oscillation stop and re-oscillation
detection function enabled
System clock select bit 2 0: Main clock or PLL clock
---o| M2 le5es 1: 125 kHz on-chip oscillator clock RW

Oscillation stop and 0: Main clock stops and re-oscillation not

s . detected
| s=————— -
CM22 ;IZ oignlauon detection 1: Main clock stops and re-oscillation RW
9 detected

[ CM23 [ XIN monitor flag ® 0: Main clock oscillates RO
1: Main clock stops

.............. (b5-b4) Reserved bits Setto 0 RW
................ (b_6) No register bit. If necessary, set to 0. Read as undefined value —
Operation select bit 0: Oscillation stop detection reset
e CM27  [(when an oscillation stops and |1: Oscillation stop, re-oscillation detection RW
re-oscillation is detected) 1 interrupt

1. Rewrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).

2. When the CM20 bit is set to 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is
set to 1 (oscillation stop and re-oscillation detection interrupt), and the CPU clock source is the main clock, the
CM21 bit is set to 1 (125 kHz on-chip oscillator clock) if the main clock stop is detected.

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

4. This bit is set to 1 when the main clock stop is detected and the main clock re-oscillation is detected. When
this flag changes state from 0 to 1, an oscillation stop or a re-oscillation detection interrupt is generated. Use
this bit in an interrupt routine to determine the factors of interrupts between the oscillation stop, re-oscillation
etection interrupt and the watchdog timer interrupt. This bit is set to 0 by writing O in a program.

(This bit remains unchanged even if a 1 is written. Nor is it set to 0 when an oscillation stop or a
re-oscillation detection interrupt request is acknowledged.) When the CM22 bit is set to 1 and an oscillation
stop or a re-oscillation is detected, an oscillation stop or a re-oscillation detection interrupt is not generated.

5. Determine the main clock status by reading the CM23 bit several times in an oscillation stop or a re-oscillation
detection interrupt routine.

6. This bit is valid when the CMO7 bit in the CMO register is set to 0.

7. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), the value remains unchanged
even if writing to the CM20 bit.

8. When the CM20 bit is set to 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is 1
(oscillation stop and re-oscillation detection interrupt), and the CM11 bit is set to 1 (PLL clock is selected as
the CPU clock source), the CM21 bit remains unchanged even if a main clock stop is detected. When the
CM22 bit is set to 0 under these conditions, an oscillation stop, a re-oscillation detection interrupt request is
generated at main clock stop detection. Set the CM21 bit to 1 (125 kHz on-chip oscillator clock) in the interrupt
routine.

9. Set the CM20 bit to O (disabled) before entering stop mode. Exit stop mode before setting the CM20 bit back to
1 (enabled).

10. Set the CM20 bit in the CM2 register to 0 (disabled) before setting the CMO5 bit in the CMO register to 1 (main

clock stops).

11. Bits CM20, CM21, and CM27 remain unchanged at the oscillation stop detection reset.

12. When the CM21 bit is set to 0 (main clock or PLL clock) and the CMO5 bit is set to 1 (main clock stops), the

CMO6 bit is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).

Figure 10.4 CM2 Register
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Peripheral Clock Select Register V)

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
|O|0|0|0|O|0| | | PCLKR 0012h 00000011b
T T T T T T
Bit Symbol Bit Name Function RW

Timers A and B clock select bit .

-4 PCLKO |(clock source for Timers A, B, 0 : f2TIMAB RW
. . 1:flITIMAB

and the dead time timer)

SI/O clock select bit
(clock source for UARTO to 0:f2SIO

| ISP
1 PCLK1 UART2, UARTS5 to UART7, SI/ |1 : f1SIO RW
| 03, and SI/04)
]
]
1 — . )
------------------- (b7-b2) Reserved bits Set to 0. Read as undefined value RW
Processor Mode Register 2 (1)
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
0 PM2 001Eh XX000X01b
REERERE
] ]
o E {1t 4| Bit Symbol Bit Name Function RW
[ [ |
[ I T N A
| T N B T S ifvi it wh
I pecifying wait when . .
Pl L) pM20  accessing SFR at PLL (1) : ixz:? RW
E i i ! E i i operation :
!
i i H E E E i PM21 System clock protection bit 0 : Clock is protected by PRCR register RW
(. i I G4 1 : Clock modification disabled
] ] [
RN
1 1 J—
i i i i E Loy (b2) No register bit. If necessary, set to 0. Read as undefined value —
R
R _
] e — - 1
i i E i (b3) Reserved bit Setto 0 RW
] 1
oot
o v ! -
oo N . 0 : NMI interrupt disabled
| ()} —
I PM24 | NMI interrupt enable bit 1 NMT interrupt enabled RW
[
[
[ . .
Co DAINTI/fC clock provide 0 : provide enabled
L |
. PM25 | enable bit © 1: provide disabled RW
0
] 1
T (b7:)6) No register bits. If necessary, set to 0. Read as undefined value —

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. The PM20 bit becomes effective when the PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the
PM20 bit when the PLCO7 bit is set to O (PLL off).
3. Once this bit is set to 1, it cannot be cleared to 0 in a program.
4. If the PM21 hit is set to 1, writing to the following bits has no effect:
CMO02 bhit in CMO register
CMO5 bit in CMO register (main clock does not stop)
CMO7 bit in CMO register (clock source for the CPU clock does not change)
CM10 bit in CM1 register (stop mode is not entered)
CM11 bit in CM1 register (clock source for the CPU clock does not change)
CM20 bit in CM2 register (oscillation stop and re-oscillation detection function settings do not change)
All bits in PLCO register (PLL frequency synthesizer settings do not change)
Be aware that the WAIT instruction cannot be executed when the PM21 bit is set to 1.
5. When using low voltage detection interrupt, set the PM25 bit to 1 (provide enabled).

Figure 10.5 PCLKR Register and PM2 Register
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PLL Control Register 0 &2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
PLCO 001Ch 0X01X010b
R
I
i I Bit Symbol Bit Name Function RW
I A
T T T T b2 bl bo
blboa 1 Tt PLCOO 0 0 0:Donotset RW
i i E i E i i 0 0 1:Multiplyby2
[ A N 0 1 O:Multiply by 4
] ] 1 1
T T O (Y T 1031 SQECTE::'E')V'”Q factor 0 1 1:Multiplyby6 RW
A 1 0 O0:Multiply by 8
RERRE o1
i I PLCO?2 1 1 0: | Donot set RW
I 1 1 1:
[ T ]
[ N T ]
brra —
R [ Reserved bit Read as undefined value RO
I (b3)
P
] 1 ]
| b5 b4
A ittt PLCO4 0 0: No division RW
Vol Reference frequency counter e
Vol . 0 1:Divide-by-2
b set bit & 1 0:Divide-by-4
| lememmemmmee oo !
. PLCOS 1 1:Do not set RW
B
! —
i S (b6) No register bit. If necessary, set to 0. Read as undefined value —
1
1
1
1 . . 0 : PLL off
------------------- (4)
PLCO7 [Operation enable bit 1:PLL on RW
Notes :
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
2. When the PM21 bit in the PM2 register is 1 (clock modification disabled), the values of this register do not
change even if writing to this register.
3. Bits PLCO0O0 to PLC02, PLC04, and PLC5 can only be modified when the PLCO7 bit is set to 0 (PLL turned off).
4. Before setting the PLCO7 bit to 1, set the CMO05 bit to 0 (main clock oscillation).

Figure 10.6 PLCO Register
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The following describes the clocks generated by the clock generation circuit.

10.1.1 Main Clock

This clock is provided by the main clock oscillation circuit and used as the clock source for the CPU and
peripheral function clocks. The main clock oscillation circuit is configured by connecting a resonator
between pins XIN and XOUT. The main clock oscillation circuit contains a feedback resistor, which is
disconnected from the oscillation circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillation circuit may also be configured by feeding an externally
generated clock to the XIN pin. Figure 10.7 shows the Examples of Main Clock Connection Circuit.

The power consumption in the chip can be reduced by setting the CMO5 bit in the CMO register to 1 (main
clock oscillation circuit turned off) after switching the clock source for the CPU clock to a sub clock or 125
kHz on-chip oscillation clock. In this case, XOUT goes “H”. Furthermore, because the internal feedback
resistor remains on, XIN is pulled “H” to XOUT via the feedback resistor.

During stop mode, all clocks including the main clock are turned off. Refer to 10.4 “Power Control” for

details.
Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
CIN
XIN L { '— XIN | -«—— External clock
Oscillator C3
| oo LI LI L
XOUTAAN\—e— |—o VSS
Rd @ cout
VSS j XOUT| Open
Note :
1. Place a damping resistor if required. The resistance will vary depending on the
oscillator and the oscillation drive capacity setting. Use the value recommended by
each oscillator manufacturer.
When the oscillation drive capacity is set to low, check if oscillation is stable at low.
Also, place a feedback resistor between XIN and XOUT if the oscillator manufacturer
recommends placing the resistor externally.

Figure 10.7 Examples of Main Clock Connection Circuit
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10.1.2 Sub Clock

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

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

Figure 10.8 shows the Examples of Sub Clock Connection Circuit.

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

To use the sub clock for the CPU clock, set the CMO07 bit in the CMO register to 1 (sub clock) after the
sub clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to 10.4 “Power Control” for
details.

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

CCIN
XCIN *—| XCIN |<«—— External clock

Oscillator @

vee J LITLILI

XCOUTAAN—o— |—o VSS
RCA®  ccout

VSS XCOUT| Open

/777

Note:

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

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

Figure 10.8 Examples of Sub Clock Connection Circuit
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10.1.3 125 kHz On-Chip Oscillator Clock (fOCO-S)

This clock, approximately 125 kHz, is supplied by 125 kHz on-chip oscillator. This clock is used as the
clock source for the CPU and peripheral function clocks. In addition, if 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 13.2 “Count Source Protection Mode Enabled”).

After reset, the 125 kHz on-chip oscillator divided by 8 provides the CPU clock. It stops when the CM14
bit in the CM1 register is set to 0 (125 kHz on-chip oscillator stops). If the main clock stops oscillating
when the CM20 bit in the CM2 register is 1 (oscillation stop, re-oscillation detection function enabled)
and the CM27 bit is 1 (oscillation stop, re-oscillation detection interrupt), the 125 kHz on-chip oscillator
automatically starts operating and supplying the necessary clock for the microcomputer.

10.1.4 PLL Clock

The 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 turned off. The
PLL frequency synthesizer is activated by setting the PLCO7 bit to 1 (PLL operation). When the PLL
clock is used as the clock source for the CPU clock, wait for tsu (PLL) until the PLL clock to be stable,
and then set the CM11 bit in the CML1 register to 1.

Before entering wait mode or stop mode, be sure to set the CM11 bit to 0 (CPU clock source is the main
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to O
(PLL stops). Figure 10.10 shows the Procedure to Use PLL Clock as CPU Clock Source.

The PLL clock is the main clock divided by the selected values of bits PLC0O5 and PLCO04 in the PLCO
register, and then multiplied by the selected values of bits PLC02 to PLCOO. Set bits PLC05 and PLC04
to fit divided frequency between 2 MHz and 5 MHz. Figure 10.9 shows the Relation between the Main
Clock and the PLL Clock.

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

n :1, 2,4 (selected by bits PLC05 and PLCO04 in the PLCO register)
m : 2,4, 6, 8 (selected by bits PLC02 to PLCO0O0 in the PLCO register)

Notes :
1. Set the frequency divided by n between 2 MHz and 5 MHz.
2. Set 10 MHz < PLL clock frequency < 25 MHz

Figure 10.9 Relation between the Main Clock and the PLL Clock
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Table 10.2 shows the Example for Setting PLL Clock Frequencies.

Table 10.2  Example for Setting PLL Clock Frequencies

. Setting Value
Main Clock &P Co5 and PLCO4 Bits PLCO2 to PLCOO PLL Clock
10 MHz 01b (divided by 2) 010b (multiplied by 4) 20 MHz
5 MHz 00b (not divided) 010b (multiplied by 4)
12 MHz 10b (divided by 4) 100b (multiplied by 8) 24 MHz
6 MHz 01b (divided by 2) 100b (multiplied by 8)
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C Using the PLL clock as the clock source for the CPU )

Set the CMO07 bit to 0 (main clock)

Set bits PLCO05 and PLCO04 (reference clock divided).
Set bits PLC02 to PLC00 (multiplying factor)

Set the PLCO7 bit to 1 (PLL operation)

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

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

C END )

Figure 10.10 Procedure to Use PLL Clock as CPU Clock Source
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10.2 CPU Clock and Peripheral Function Clock

Two types of clock exists: CPU clock to operate the CPU
Peripheral function clocks to operate the peripheral functions.

10.2.1 CPU Clock and BCLK

These are operating clocks for the CPU and watchdog timer.

The main clock, sub clock, 125 kHz on-chip oscillator clock, or the PLL clock can be selected as the
clock source for the CPU clock.

When the main clock, PLL clock, or 125 kHz on-chip oscillator clock is selected as the clock source for
the CPU clock, the selected clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the
CPU clock. Use the CMO06 bit in the CMO register and bits CM17 and CM16 in the CM1 register to
select a divide-by-n value.

After reset, the 125 kHz on-chip oscillator clock divided by 8 provides the CPU clock.

During 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 PMO7 bit in the PMO register to 0 (output
enabled).

Note that when entering stop mode or when the CMO5 bit in the CMO register is set to 1 (stop) in low-
speed mode, the CM06 bit in the CMO register is set to 1 (divide-by-8 mode).
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10.2.2 Peripheral Function Clock (f1, fC32)

These are operating clocks for the peripheral functions.

f1 is produced from the main clock, the PLL clock, or the 125 kHz on-chip oscillator clock, and is used
for timers A and B, UARTO to UART2, UARTS5 to UART7, SI/O3, SI/O4, and 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), or when the microcomputer is in low power consumption
mode, the f1 clock is turned off.

The fC32 clock is produced from the sub clock, and is used for timers A and B. This clock can be used
when the sub clock is on.

fOCO-S is used for timers A and B. fOCO-S can be used when the CM14 bit in the CM1 register is set
to 0 (125 kHz on-chip oscillator oscillates).

Figure 10.11 shows the Peripheral Function Clock.

32 Lfc2 | ] . .
fC { 182 = — Timer A, Timer B
fOCO-S

UARTO to UART2

Main clock

PLL clock —©O CM21=0 SI1/03, SI/04
CM11=1

— UARTS to UART7

A/D converter

Figure 10.11 Peripheral Function Clock

10.3 Clock Output Function

During single-chip mode, the 8, f32, or fC clock can be output from the CLKOUT pin. Use bits CMO01 and
CMOO in the CMO register to select.
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10.4 Power Control

Normal operating mode, wait mode, and stop mode are provided as the power consumption control. All
mode states, except wait mode and stop mode, are called normal operating mode in this document.

10.4.1 Normal Operating Mode

Normal operating mode is further classified into seven modes.

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

Before the clock sources for the CPU clock can be switched over, the new clock source to which
switched must be oscillating stably. If the new clock source is the main clock, sub clock, or PLL clock,
allow a sufficient wait time in a program until it becomes oscillating stably.

When the CPU clock source is changed from the 125 kHz on-chip oscillator to the main clock, change
the operating mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8
(the CMO06 bit in the CMO register was set to 1) in the 125 kHz on-chip oscillator mode.

10.4.1.1 High-speed Mode

The main clock divided by 1 provides the CPU clock. If the sub clock is on, fC32 can be used as the
count source for timers A and B.

10.4.1.2 PLL Operating Mode

The PLL clock serves as the CPU clock. If the sub clock is on, fC32 can be used as the count source
for timers A and B. If fOCO-S is oscillating, fOCO-S can be used as the count source for timers A and
B. PLL operating mode can be entered from high-speed mode or medium-speed mode. If PLL
operating mode is to be changed to wait or stop mode, first go to high-speed mode or medium-speed
mode before changing.

10.4.1.3 Medium-Speed Mode

The main clock divided by 2, 4, 8, or 16 provides the CPU clock. If the sub clock is on, fC32 can be
used as the count source for timers A and B. If fOCO-S is oscillating, fOCO-S can be used as the
count source for timers A and B.

10.4.1.4 Low-Speed Mode

The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit in the CM2 register is set to 0 (main clock or PLL clock), and the
125 kHz on-chip oscillator clock is used when the CM21 bit is set to 1 (125 kHz on-chip oscillator
clock).

The fC32 clock can be used as the count source for timers A and B.

10.4.1.5 Low Power Consumption Mode

In this mode, the main clock is turned off after being placed in low speed mode. The sub clock
provides the CPU clock. The fC32 clock can be used as the count source for timers A and B.

If fOCO-S is oscillating, fOCO-S can be used as the count source for timers A and B.
Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes 1 (divided by
8 mode). In the low power consumption mode, do not change the CMO06 bit. Consequently, the
medium-speed (divided by 8) mode is to be selected when the main clock is operated next.
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10.4.1.6 125 kHz On-Chip Oscillator Mode

The 125 kHz on-chip oscillator clock divided by 1 (undivided), 2, 4, 8, or 16 provides the CPU clock.
The 125 kHz on-chip oscillator clock is also the clock source for the peripheral function clocks. If the
sub clock is on, fC32 can be used as the count source for timers A and B. When the operating mode
is returned to the high- and medium-speed modes, set the CMO06 bit in the CMO register to 1 (divided
by 8 mode).

10.4.1.7 125 kHz On-Chip Oscillator Low Power Consumption Mode
The main clock is turned off after being placed in 125 kHz on-chip oscillator mode. The CPU clock
can be selected as in the 125 kHz on-chip oscillator mode. The 125 kHz on-chip oscillator clock is the
clock source for the peripheral function clocks. If the sub clock is on, fC32 can be used as the count
source for timers A and B.

Table 10.3  Setting Clock Related Bit and Modes

CMZ CM1 Register CMO Register
Mode Register
CM21 | CM11 | CM14 | CM17, CM16 | CMO7 | CMO6 | CMO5 | CM04

PLL divided by 1 |0 1 - 00b 0 0 0 -
Operating divided by 2 |0 1 - 01b 0 0 0 -
Mode divided by 4 |0 1 - 10b 0 0 0 -

divided by 8 |0 1 - - 0 1 0 -

divided by 16 |0 1 - 11b 0 0 0 -
High-Speed Mode 0 0 - 00b 0 0 0 -
Medium- divided by 2 |0 0 - 01b 0 0 0 -
Speed Mode |divided by 4 |0 0 - 10b 0 0 0 -

divided by 8 |0 0 - - 0 1 0 -

divided by 16 |0 0 - 11b 0 0 0 -
Low-Speed Mode - 0 - - 1 - 0 1
Low Power Consumption 0 0 - - 1 1@ (1@ |1
Mode
125 kHz divided by 1 |1 0 0 00b 0 0 0 -
On-chip Oscil- |divided by 2 |1 0 0 01b 0 0 0 -
lator Mode  Iqjvided by 4 |1 0 0 10b 0 0 0 -

divided by 8 |1 0 0 - 0 1 0 -

divided by 16 |1 0 0 11b 0 0 0 -
125 kHz On-Chip Oscillator |1 0 0 (2 0 (2) 1 -
Low Power Consumption
Mode

- indicates that either 0 or 1 is set.

Notes:
1. When the CMO05 bit is set to 1 (main clock turned off) in low-speed mode, the mode goes to low
power consumption mode and the CMO06 bit is set to 1 (divided by 8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in 125 kHz on-chip oscillator mode.
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10.4.2 Wait Mode

In wait mode, the CPU clock is turned off, so are the CPU and the watchdog timer because they are
operated by the CPU clock. However, if the CSPRO bit in the CSPR register is 1 (count source
protection enabled), the watchdog timer remains active. Because the main clock, sub clock, and 125
kHz on-chip oscillator clock all are on, the peripheral functions using these clocks keep operating.

10.4.2.1 Peripheral Function Clock Stop Function

If the CMO2 bit in the CMO register is 1 (peripheral function clock f1 turned off during wait mode), the
f1 clock is turned off while in wait mode, with the power consumption reduced that much. However,
fC32 and fOCO-S (clock source of Timers A and B) remain on for the CMO02 bit.

10.4.2.2 Entering Wait Mode

The microcomputer is placed into wait mode by executing the WAIT instruction.

When the CM11 bit = 1 (CPU clock source is the PLL clock), be sure to clear the CM11 bit in the CM1
register to 0 (CPU clock source is the main clock) before going to wait mode. The power consumption
of the chip can be reduced by clearing the PLCO7 bit in the PLCO register to 0 (PLL stops).

10.4.2.3 Pin Status during Wait Mode
Table 10.4 lists Pin Status during Wait Mode.

Table 10.4  Pin Status during Wait Mode

A0 to A19, DO to D15, Retains status just prior to enter- |Cannot be used as a bus control pin
CS0 to CS3, BHE ing wait mode
RD, WR, WRL, WRH H
HLDA, BCLK “H”
ALE “L”
I/O ports Retains status just prior to enter- |Retains status before wait mode
ing wait mode
CLKOUT When fC Cannot be used as a CLKOUT  |Does not stop
selected pin
When {8, 32 Does not stop when the CM02 bit is 0.
selected When the CMO02 bit is 1, the status
immediately prior to entering wait mode
is maintained
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10.4.2.4 Exiting Wait Mode

The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt, low voltage
detection interrupt or peripheral function interrupt.

If the microcomputer is to exit wait mode by a hardware reset, NMI interrupt, or low voltage detection
interrupt, set the peripheral function interrupt bits ILVL2 to ILVLO to 000b (interrupts disabled) before
executing the WAIT instruction.

The peripheral function interrupts are affected by the CMO02 bit. If the CMO02 bit is O (peripheral
function clocks not turned off during wait mode), peripheral function interrupts can be used to exit
wait mode. If the CMO02 bit is 1 (peripheral function clocks turned off during wait mode), the peripheral
functions using the peripheral function clocks stop operating, so that only the peripheral functions
activated by external signals can be used to exit wait mode.

Table 10.5 Resets and Interrupts to Exit Wait Mode and Use Conditions

Reset, Interrupt CM02=0 CM02=1
NMI Interrupt Usable Usable
Serial Interface Interrupt |Usable when operating with internal or Usable when operating with exter-
external clock nal clock
Key Input Interrupt Usable Usable
A/D Conversion Usable in one-shot mode or single sweep |Do not use
Interrupt mode
Timer A Interrupt Usable in all modes Usable in event counter mode or
Timer B Interrupt when the count source is fC32
INT Interrupt Usable Usable
Low Voltage Detection |Usable Usable
Interrupt
Hardware Reset 1 Usable
Brown-out Reset Usable (See 6.1 “Brown-out Reset”)
Watchdog Timer Reset |Usable when count source protection mode is enabled (CSPRO = 1)

Table 10.5 lists the Resets and Interrupts to Exit Wait Mode and Use Conditions.
If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the
following before executing the WAIT instruction.

(1) Set bits ILVL2 to ILVLO in the interrupt control register, for peripheral function interrupts used to
exit wait mode.
Bits ILVL2 to ILVLO in all other interrupt control registers, for peripheral function interrupts not
used to exit wait mode, are set to 000b (interrupt disabled).

(2) Setthe | flag to 1.

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

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

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function

clocks.

Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to pins VCC1 and VCC2 is VRAM or
greater, the internal RAM is retained. When applying 2.7 or less voltage to pins VCC1 and VCC2, make
sure VCC1 = VCC2 > VRAM.
However, the peripheral functions activated by external signals keep operating. The following resets
and interrupts can be used to exit stop mode. Table 10.6 lists Resets and Interrupts to Stop Mode and

Use Conditions

Table 10.6  Resets and Interrupts to Stop Mode and Use Conditions

Reset, Interrupt

Condition

NMI Interrupt Usable
Key Input Interrupt Usable
INT Interrupt Usable

Timer A Interrupt
Timer B Interrupt

mode

Usable when counting external pulses in event counter

Serial Interface Interrupt

Usable when external clock is selected

Low Voltage Detection Interrupt

Usable (See 6.2 “Low Voltage Detection Interrupt”)

Hardware Reset 1

Usable

Brown-out Reset

Usable when digital filter is disabled (VWOC = 1)

10.4.3.1 Entering Stop

Mode

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

Before entering stop mode, set the CM20 bit in the CM2 register to 0 (oscillation stop, re-oscillation
detection function disabled).
Also, if the CM11 bit in the CM1 register is 1 (PLL clock for the CPU clock source), set the CM11 bit to
0 (main clock for the CPU clock source) and the PLCO7 bit in the PLCO register to 0 (PLL turned off)
before entering stop mode.

10.4.3.2 Pin Status in Stop Mode
Table 10.7 lists Pin Status in Stop Mode.

Table 10.7 Pin Status in Sto

p Mode

Pin

Memory Expansion Mode
Microprocessor Mode

Single-Chip Mode

A0 to A19, DO to D15,
CSO0to CS3, BHE

Retains status just prior to stop
mode

Cannot be used as a bus control pin

RD, WR, WRL, WRH “H”

HLDA, BCLK “H”

ALE indeterminate

I/O ports Retains status just prior to stop Retains status just prior to stop
mode mode

CLKOUT Cannot be used as a CLKOUT pin  |“H”
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10.4.3.3 Exiting Stop Mode
Stop mode is exited by a hardware reset, NMI interrupt, low voltage detection interrupt, or peripheral
function interrupt.
When the hardware reset, NMI interrupt, or low voltage detection interrupt is used to exit stop mode,
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 peripheral function interrupt is used to exit stop mode, set the CM10 bit to 1 after the
following settings are completed.
(1) Set bits ILVL2 to ILVLO in the interrupt control registers to decide the peripheral priority level of
the peripheral function interrupt.
Set the interrupt priority levels of the interrupts, not being used to exit stop mode, to 0 by setting
bits ILVL2 to ILVLO to 000b (interrupt disabled).
(2) Set the | flag to 1.
(3) Start operation of peripheral function being used to exit stop mode.
When exiting stop mode by the peripheral function interrupt, the interrupt routine is performed
after an interrupt request is generated and then the CPU clock is supplied again.
When stop mode is exited by the peripheral function interrupt, low voltage detection interrupt, or NMI
interrupt, the CPU clock source is as follows, in accordance with the CPU clock source setting before
the microcomputer had entered stop mode.
* When the sub clock is the CPU clock before entering stop mode: sub clock
« When the main clock is the CPU clock source before entering stop mode: main clock divided by 8
* When the 125 kHz on-chip oscillator clock is the CPU clock source before entering stop mode: 125
kHz on-chip oscillator clock divided by 8
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Figure 10.12 shows the power Control Transition

Power Control Mode State Transition

Reset

Normal Operation
( Mode

y

125 kHz on-chip oscillator mode
CM07=0,CM21=1
CM14=0,CM05=0

125 kHz on-chip oscillator
low power consumption mode
CM05=1,CM07 =0
CM14=0,CM21=1

PLCO7=0
CM11 =0

PLL operation mode High-speed mode,

Low-speed mode
CMO04 = 1, CM05 = 0, CM07 = 1

CMO05 =0 medium-speed mode
CM07 =0 CMO05 =0
CM11=1 CM07 =0
CM21=0 CM11=0

Low power
consumption mode

CM11=1
PLCO7=1

PLCO7=1 CM21 =0

CM04 =1,CM05=1
CMO07 =1

Interrupt WAIT instruction

CPU operation stopped

CMO04, CMO05, CM06, CMO7: bits in the CMO register
CM11, CM14, CM16, CM17: bits in the CM1 register
CM21: bits in the CM2 register

Interrupt CM10=1

All the oscillations stopped

Figure 10.12 Power Control Transition
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10.5 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 by an
unexpected program operation.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits cannot be
written to:

* 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

When using the system clock protection function, set the CMO05 bit in the CMO register to 0O (main clock
oscillation) and CMO7 bit to 0 (main clock as CPU clock source) and follow the procedure below.

(1) Set the PRC1 bit in the PRCR register to 1 (write to the 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 the PM2 register disabled).
When the PM21 bit is set to 1, do not execute the WAIT instruction.
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10.6 Oscillation Stop and Re-Oscillation Detect Function

The oscillation stop and re-oscillation detect function is such that main clock oscillation circuit stop and re-
oscillation are detected. At oscillation stop or re-oscillation detection, reset oscillation stop or re-oscillation
detection interrupt are generated. Which is to be generated can be selected using the CM27 bit in the
CM2 register. The oscillation stop and re-oscillation detect function can be enabled and disabled by the
CM20 bit in the CM2 register. Table 10.8 lists a Specification Overview of Oscillation Stop and Re-
Oscillation Detect Function.

Table 10.8  Specification Overview of Oscillation Stop and Re-Oscillation Detect Function

ltem Specification
Oscillation Stop Detectable Clock and f(XIN) > 2 MHz
Frequency Bandwidth
Enabling Condition for Oscillation Stop, Set CM20 bit to 1 (enabled)
Re-Oscillation Detect Function
Operation at Oscillation Stop, Reset occurs (when CM27 bit = 0)
Re-Oscillation Detection Oscillation stop, re-oscillation detection interrupt generated
(when CM27 bit = 1)

10.6.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)

When main clock stop is detected when the CM20 bit is 1 (oscillation stop, re-oscillation detection
function enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset. Refer to 4.
“Special Function Registers (SFRs)”, 5. “Reset”).

This status is reset with hardware reset 1 or brown-out reset. Also, even when re-oscillation is detected,
the microcomputer can be initialized and stopped; it is, however, necessary to avoid such usage
(During main clock stop, do not set the CM20 bit to 1 and the CM27 bit to 0).

10.6.2 Operation When CM27 bit = 1 (Oscillation Stop and Re-oscillation Detect
Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and
re-oscillation detect function enabled), the system is placed in the following state if the main clock
comes to a halt.

« Oscillation stop and re-oscillation detect interrupt request occurs.

« CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

* CM21 bit =1 (125 kHz on-chip oscillator clock for CPU clock source and clock source of peripheral

function.)

* CM22 bit = 1 (main clock stop detected)

* CM23 bit = 1 (main clock stopped)
When the PLL clock corresponds to the CPU clock source and the CM20 bit is 1, the system is placed
in the following state if the main clock comes to a halt. Since the CM21 bit remains unchanged, set it to
1 (125 kHz on-chip oscillator clock) inside the interrupt routine.

« Oscillation stop and re-oscillation detect interrupt request occurs.

* CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

« CM22 bit = 1 (main clock stop detected)

« CM23 bit = 1 (main clock stopped)

« CM21 bit remains unchanged
When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from
the stop condition.

« Oscillation stop and re-oscillation detect interrupt request occurs.

« CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

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

* CM23 bit = 0 (main clock oscillation)

* CM21 bit remains unchanged
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10.6.3 How to Use Oscillation Stop and Re-Oscillation Detect Function

» The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer
interrupt and low voltage detection interrupt. If the oscillation stop, re-oscillation detection and
watchdog timer interrupts both are used, read the CM22 bit in an interrupt routine to determine
which interrupt source is requesting the interrupt. Set CM22 bit to “0” (not detected) in a program
after determined the inerrupt source.

* When the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and
peripheral functions must be switched to the main clock in a program. Figure 10.13 shows the
Procedure to Switch Clock Source from 125 kHz On-chip Oscillator to Main Clock.

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

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop and re-
oscillation detection interrupt request is generated. At the same time, the 125 kHz on-chip
oscillator starts oscillating. In this case, although the CPU clock is derived from the sub clock as it
was before the interrupt occurred, the peripheral function clocks now are derived from the 125 kHz
on-chip oscillator clock.

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

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

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

( Switch the main clock j

Determine several times whether
the CM23 bit is setto 0
(main clock oscillates)

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

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

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

( End J Bits CM21 to CM23: bits in the CM2 register

Figure 10.13 Procedure to Switch Clock Source From 125 kHz On-chip Oscillator to Main Clock
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11. Protection

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 11.1 shows the PRCR Register. The following lists the registers protected by
the PRCR register.

* The PRCO bit protects registers CM0O, CM1, CM2, PLCO, and PCLKR.

« The PRC1 bit protects registers PM0, PM1, PM2, TB2SC, INVCO, and INVC1.

* The PRC2 bit protects registers PD9, S3C, and S4C.

* The PRC3 bit protects registers VCR2, D4INT, and VWOC.

* The PRCS6 bit protects the PRG2C register.

Set the PRC2 bit to 1 (write enabled) and then write to given SFR address, and the PRC2 bit will be cleared
to 0 (write protected). The registers protected by the PRC2 bit should be changed in the next instruction
after setting the PRC2 bit to 1. Make sure no interrupts or DMA transfers will occur between the instruction
in which the PRC2 bit is set to 1 and the next instruction. Bits PRCO, PRC1, PRC3, and PRC6 are not
automatically cleared to O by writing to given SFR address. They can only be cleared in a program.

Protect Register )

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
o[ [ofo] [T []  prer 000Ah ooh
H T T
Bit Symbol Bit Name Function RW

Enable write to registers CM0O, CM1,
CM2, PLCO and PCLKR

0 : Write protected

1 : Write enabled

Enable write to registers PMO, PM1, PM2,
TB2SC, INVCO, and INVC1

0 : Write protected

1 : Write enabled

Enable write to registers PD9, S3C, and
_______ . S4C
PRC2 |Protect bit 2 0 : Write protected RW

1 : Write enabled

Enable write to registers VCR2, D4INT,
. and VWOC
PRC3 |Protect bit 3 0 : Write protected RW

1 : Write enabled

“=1 PRCO Protect bit 0 RW

----- PRC1 |Protect bit 1 -

,______________________________________-

I S R (b5-ba) Reserved bits Setto 0 RW

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

___________________ (b7) Reserved bit Setto 0 RW

Note :
1. The PRC2 bit is set to 0 by writing to given SFR address after setting it to 1. Other bits are not set to 0
automatically by the same token. Therefore, set them to 0 in a program.

Figure 11.1 PRCR Register
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12. Interrupt

12.1 Type of Interrupts

Figure 12.1 shows Type of Interrupts.

~
Undefined instruction (UND instruction)
Overflow (INTO instruction)

~ Software

Interrupt <

Notes:
interrupt.

development tools.

(non-maskable interrupt)

\. Hardware _—

1. The peripheral functions in the microcomputer are used to generate the peripheral

2. Do not normally use this interrupt because it is provided exclusively for use by

BRK instruction
g INT instruction

r —
NMI
DBC @
Watchdog timer

Special < Oscillation stop

(non-maskable interrupt) and re-oscillation detection
Low voltage detection
Single step @

Peripheral function ) _ Address match

(maskable interrupt)

Figure 12.1 Type of Interrupts

» Maskable Interrupt

* Non-Maskable Interrupt

: The interrupt priority can be changed by enabling (disabling) an
interrupt with the interrupt enable flag (I flag) or by using interrupt
priority levels.

:The interrupt priority cannot be changed by enabling (disabling) an
interrupt with the interrupt enable flag (I flag) or by using interrupt
priority levels.
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12.2 Software Interrupts

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

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

12.2.2 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 followings are instructions whose O flag changes by
arithmetic: ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

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

12.2.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction. Because software interrupt Nos. 2 to 31 and 41 to 51 are
assigned to peripheral function interrupts, the same interrupt routine as for peripheral function interrupts
can be executed by executing the INT instruction.

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

12.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

12.3.1.1 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to 12.7 “NMI Interrupt”.

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

12.3.1.3 Watchdog Timer Interrupt

Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to 13. “Watchdog Timer”.

12.3.1.4 Oscillation Stop and Re-Oscillation Detection Interrupt

Generated by the oscillation stop and re-oscillation detection function. For details about the
oscillation stop and re-oscillation detection function, refer to 10. “Clock Generation Circuit”.

12.3.1.5 Low Voltage Detection Interrupt

Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to 6.
“Voltage Detection Circuit”.

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

12.3.1.7 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address
indicated by registers RMADO to RMAD3 that correspond to one of the AIERO or AIERL1 bit in the
AIER register or the AIER20 or AIER21 bit in the AIERZ2 register which is 1 (address match interrupt
enabled). For details about the address match interrupt, refer to 12.9 “Address Match Interrupt”.

12.3.2 Peripheral Function Interrupts

The peripheral function interrupt occurs when a request from the peripheral functions in the
microcomputer is acknowledged. The peripheral function interrupt is a maskable interrupt. See Tables
12.2 and 12.3 Relocatable Vector Tables. Refer to the descriptions of each function for details about
how the peripheral function interrupt occurs.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 101 of 383



M16C/64 Group 12. Interrupt

12.4 Interrupts and Interrupt Vector

One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 12.2 shows the Interrupt Vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

High-order
0000 address
Vector address (H) 0000 0000

Figure 12.2 Interrupt Vector

12.4.1 Fixed Vector Tables

The fixed vector tables are allocated to the addresses from FFFDCh to FFFFFh. Table 12.1 lists the
Fixed Vector Table. In the flash memory version of microcomputer, the vector addresses (H) of fixed
vectors are used by the ID code check function. For details, refer to 22.2 “Functions to Prevent Flash
Memory from Rewriting”.

Table 12.1 Fixed Vector Table

Interrupt Source Vector Table Addresses Reference
P Address (L) to Address (H)

Undefined Instruction FFFDCh to FFFDFh M16C/60, M16C/20, M16C/Tiny
(UND instruction) Series Software Manual
Overflow (INTO instruction) FFFEOh to FFFE3h
BRK Instruction (2 FFFE4h to FFFE7h
Address Match FFFE8h to FFFEBh 12.9 “Address Match Interrupt”
Single Step (1) FFFECh to FFFEFh -
Watchdog Timer, FFFFOh to FFFF3h 13. *Watchdog Timer”
Oscillation Stop and Re-Oscil- 10. “Clock Generation Circuit”
lation Detection, 6. “Voltage Detection Circuit”
Low Voltage Detection
DBC (1) FFFF4h to FFFF7h -
NMI FFFF8h to FFFFBh 12.7 “NMI Interrupt”
Reset FFFFCh to FFFFFh 5. “Reset”

Notes:
1. Do not normally use this interrupt because it is provided exclusively for use by development tools.

2. If the contents of address FFFE6h is FFh, program execution starts from the address shown by the
vector in the relocatable vector table.
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12.4.2 Relocatable Vector Tables

The 256 bytes beginning with the start address set in the INTB register comprise a relocatable vector
table area. Tables 12.3 and 12.3 list the Relocatable Vector Tables. Setting an even address in the

INTB register results in the interrupt sequence being executed faster than setting an odd address.

Table 12.2  Relocatable Vector Table (1)
Vector Address () Software
Interrupt Source Address (L) to Address (H) Illlwtenrqrﬁgrt Reference
BRK Instruction () +0 to +3 (0000h to 0003h) 0 M16C/60, M16C/20, M16C/
_ (Reserved) Tiny Series Software Man-
ual

INT7 +8 to +11 (0008h to 000Bh) 2 12.6 “INT Interrupt”
INT6 +12 to +15 (000Ch to 000Fh) 3

INT3 +16 to +19 (0010h to 0013h) 4

Timer B5 +20 to +23 (0014h to 0017h) 5 15. “Timers”

Timer B4, UART1 Bus Collision Detect | +24 to +27 (0018h to 001Bh) 6 15. “Timers”

(4, 6) 17. “Serial Interface”
Timer B3, UARTO Bus Collision Detect |+28 to +31 (001Ch to 001Fh) 7

(4, 6)

SI/04, INT5 (@ +32 to +35 (0020h to 0023h) 12.6 “INT Interrupt”
SI/03, INTZ +36 to +39 (0024h to 0027h) 17. " Serial Interface”
UART?2 Bus Collision Detection (6) +40 to +43 (0028h to 002Bh) 10 17. “Serial Interface”
DMAO +44 to +47 (002Ch to 002Fh) 11 14. “DMAC”

DMA1 +48 to +51 (0030h to 0033h) 12

Key Input Interrupt +52 to +55 (0034h to 0037h) 13 12.8 “Key Input Interrupt”
A/D Converter +56 to +59 (0038h to 003Bh) 14 18. “A/D Converter”
UART2 Transmit, NACK2 () +60 to +63 (003Ch to 003Fh) 15 17. “Serial Interface”
UART2 Receive, ACK2 () +64 to +67 (0040h to 0043h) 16

UARTO Transmit, NACKO () +68 to +71 (0044h to 0047h) 17

UARTO Receive, ACKO () +72 to +75 (0048h to 004Bh) 18

UART1 Transmit, NACK1 () +76 to +79 (004Ch to 004Fh) 19

UART1 Receive, ACK1 () +80 to +83 (0050h to 0053h) 20

Timer AO +84 to +87 (0054h to 0057h) 21 15. “Timers”

Timer Al +88 to +91 (0058h to 005Bh) 22

Timer A2 +92 to +95 (005Ch to 005Fh) 23

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

Timer B2 +112 to +115 (0070h to 0073h) |28

Notes:

1. Address relative to address in INTB.

o0k wnN

Use bits IFSR6 and IFSR7 in the IFSR register to select.
During 12C mode, interrupts NACK and ACK comprise the interrupt source.
Use bits IFSR26 and IFSR27 in the IFSR2A register to select.

These interrupts cannot be disabled using the | flag.
Bus collision detection: During IE mode, this bus collision detection constitutes the interrupt source.

During 12C mode, however, a start condition or a stop condition detection constitutes the interrupt

source.
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Table 12.3  Relocatable Vector Table (2)
Interrupt Source Vector Address (1 ISnci:\rArll?;r)T Reference
Address (L) to Address (H) Number

INTO +116 to +119 (0074h to 0077h) 29 12.6 “INT Interrupt”

INTT +120 to +123 (0078h to 007Bh) 30

INT2 +124 to +127 (007Ch to 007Fh) 31

INT Instruction Interrupt @) |+128 to +131 (0080h to 0083h) M16C/60, M16C/20,
to 32to0 40 |M16C/Tiny Series Soft-
+160 to +163 (00AOh to 00A3h) ware Manual

DMA2 +164 to +167 (00A4h to 00A7h) 41 14. “DMAC”

DMA3 +168 to +171(00A8h to 00ABh) 42

UARTS5 Bus Collision Detec- |+172 to +175(00ACh to 0AFh) 43 17. “Serial Interface”

tion(4)

UARTS5 Transmit, NACK5(2) |+176 to +179(00B0h to 00B3h) 44

UART5 Receive, ACK5 (2) +180 to +183(00B4h to 00B7h) 45

UART®6 Bus Collision Detec- |+184 to +187(00B8h to 00BBh) 46

tion (4)

UART6 Transmit, NACKG6 (2) |+188 to +191(00BCh to O0BFh) 47

UART6 Receive, ACK6 (2) +192 to +195(00CO0h to 00C3h) 48

UART7 Bus Collision Detec- |+196 to +199(00C4h to 00C7h) 49

tion (4)

UART?7 Transmit, NACK7 (2) |+200 to +203(00C8h to 00CBh) 50

UART7 Receive, ACK7 (2) +204 to +207(00CCh to 00CFh) 51

INT Instruction Interrupt 3)  |+208 to +211(00D0Oh to 00D3h) to M16C/60, M16C/20,
+252 to +255(00FCh to 00FFh) 521063 |M16C/Tiny Series Soft-

ware Manual

Notes:

1. Address relative to address in INTB.

Eal SN

interrupt.

During 12C mode, interrupts NACK and ACK comprise the interrupt source.
These interrupts cannot be disabled using the | flag.
Bus collision detection: During IE mode, this bus collision detection constitutes the factor of an

5. Bus collision detection: During IE mode, this bus collision detection constitutes the interrupt source.
During 12C mode, however, a start condition or a stop condition detection constitutes the interrupt

source.
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12.5 Interrupt Control

The following describes how to enable / disable the maskable interrupts, and how to set the priority in
which order they are accepted. What is explained here does not apply to nonmaskable interrupts.

Use the | flag in the FLG register, IPL, and bits ILVL2 to ILVLO in each interrupt control register to
enable / disable the maskable interrupts. Whether an interrupt is requested or not is indicated by the IR
bit in each interrupt control register.

Figures 12.3 and 12.4 show the Interrupt Control Registers.

Interrupt Control Register 1
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
Prr b TB5IC 0045h XXXXX000b
I I A I TB4IC / UIBCNIC® 0046h XXXXX000b
i P P i TB3IC / UOBCNIC @ 0047h XXXXX000b
borrr b BCNIC 004Ah XXXXX000b
I R A I DMOIC to DM3IC 004Bh, 004Ch, 0069h, 006Ah XXXXX000b
I A A R KUPIC @ 004Dh XXXXX000b
A A ADIC 004Eh XXXXX000b
I A SOTIC to S2TIC 0051h, 0053h, 004Fh XXXXX000b
I I A SORIC to S2RIC 0052h, 0054h, 0050h XXXXX000b
A TAOIC to TA4IC 0055h to 005%h XXXXX000b
A A R T TBOIC to TB2IC 005Ah to 005Ch XXXXX000b
AR USBCNIC to U7BCNIC 006Bh, 006Eh, 0071h XXXXX000b
b S5TIC to S7TIC 006Ch, 006Fh, 0072h XXXXX000b
A I A S5RIC to S7TRIC 006Dh, 0070h, 0073h XXXXX000b
EEREEEE _ .
fororor b | BitSymbol Bit Name Function RW
| ]
AR b2 bl bo
Coror b =+ LV 0 0 0:Level O (interrupt disabled) RW
i b i i 0 0 1:Levell
[ T T T - 0 1 0:Level 2
i i i E i i -1 LVl Ibr;;[errupt priority level select 0 1 1 Level3 RW
L R I 1 0 O:lLevel4d
E o i 1 0 1:Level5
: i i E i e ILVL2 1 1 O0:lLevel6 RW
T 1 1 1:Level?
| S T T B |
| T T |
i I L SRR IR Interrupt request bit 0 Interrupt not requested RwW®
b 1: Interrupt requested
R
C_d_a__ - H : :
------------------- (b7-b4) No register bits. If necessary, set to 0. Read as undefined value —
Notes
1. The IR bit can only be reset by writing a 0. (Do not write a 1).
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.
3. Use the IFSR2A register to select.
4. To use the key input interrupts, set the PCR7 bit in the PCR register to 0 (key input enabled).

Figure 12.3 Interrupt Control Register (1)

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 105 of 383



M16C/64 Group

12. Interrupt

Interrupt Control Register 2
b7 b6 b5 b4 b3 b2 bl b0
0 Symbol Address After Reset
R INT7IC .7 0042h XX00X000b
A INT6IC ©.7) 0043h XX00X000b
i A I INT3IC @ 0044h XX00X000b
oL A S4IC/INTS5IC @ 0048h XX00X000b
A A S3IC/INT4IC 0049h XX00X000b
R INTOIC to INT2IC 005Dh to 005Fh XX00X000b
ERRRRER
i i ! i i i i i Bit Symbol Bit Name Function RW
[
E ! i Col b2 bl bo
bl i | i i == ILVLO 0 0 0:Level O (interrupt disabled) RW
A 0 0 1:Levell
t i P Interrupt priority level select 0 1 0:Level2
A . [AVE T e 0 1 1:Level3 RW
! E ! i i i 1 0 O:lLeveld
o E b 1 0 1l:Level5
A ILVL2 1 1 O:level6 RW
Py b 1 1 1:Level?
1 1 1 1
H R S N . 0: Interrupt not requested 1
i i i i IR Interrupt request bit 1: Interrupt requested RW @
b
A ] .
i i E POL  |Polarity select bit 39 0 j Select falling edge RW
Pl 1: Select rising edge
I
i E (b_5) Reserved bit Setto 0 RW
{
(b7Tb6) No register bits. If necessary, set to 0. Read as undefined value —
Notes :
1. The IR bit can only be reset by writing a 0. (Do not write a 1).
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.
3. If the IFSRI bit in the IFSR register are 1 (both edges), set the POL bit in the INTIIC register to 0
(falling edge) (i = 0 to 5). Similarly, if bits IFSR30 and IFSR31 in the IFSR3A register are 1 (both edges), set
the POL bits in registers INT6IC and INT7IC to O (falling edge).
4. When the BYTE pin is low and the processor mode is memory expansion or microprocessor mode, set bits
ILVL2 to ILVLO in registers INT5IC to INT3IC to 000b (interrupts disabled).
5. Set the POL bit in the S3IC or S4IC register to O (falling edge) when the IFSR6 bit in the IFSR register = 0 (SI/
O3 selected) or IFSR7 bit = 0 (SI/O4 selected), respectively.
6. When the processor mode is memory expansion or microprocessor mode, set bits ILVL2 to ILVLO in registers
INT6IC and INT7IC to 000b (interrupts disabled).
7. To use the INTG interrupts, set the PCR5 bit in the PCR register to 0 (INT6 input enabled).
To use the INT7 interrupts, set the PCR6 bit in the PCR register to 0 (INT7 input enabled).
Figure 12.4 Interrupt Control Register (2)
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12.5.1 |Flag

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

1252 IR Bit

The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted, the IR bit is cleared to O (interrupt not requested).
The IR bit can be cleared to 0 in a program. Do not write a 1 to this bit.

12.5.3 Bits ILVL2 to ILVLO and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 12.4 shows the Settings of Interrupt Priority Levels and Table 12.5 shows the Interrupt Priority
Levels Enabled by IPL.

The followings are conditions under which an interrupt is accepted:
elflag=1
IR bit=1
« Interrupt priority level > IPL

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

another.
Table 12.4  Settings of Interrupt Priority Table 12.5 Interrupt Priority Levels Enabled
Levels by IPL
Bits ILVL2 to Interrupt Priority Level Priority IPL Enabled Interrupt Priority Levels
ILVLO Order 000b Interrupt levels 1 and above are enabled
000b Level O (interrupt disabled) - 001b Interrupt levels 2 and above are enabled
001b Level 1 L 010b Interrupt levels 3 and above are enabled
010b Level 2 011b Interrupt levels 4 and above are enabled
011b Level 3 100b Interrupt levels 5 and above are enabled
100b Level 4 101b Interrupt levels 6 and above are enabled
101b Level 5 110b Interrupt levels 7 and above are enabled
110b Level 6 111b All maskable interrupts are disabled
111b Level 7 High
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12.5.4 Interrupt Sequence

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

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

The CPU behavior during the interrupt sequence is described below. Figure 12.5 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 an interrupt sequence, is saved to a temporary register (1) within the
CPU.

(3) Flags I, D, and U in the FLG register become 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 if an INT instruction for software interrupt Nos. 32 to 63
is executed.

(4) The temporary register (1) within the CPU is saved to the stack.

(5) The PC is saved to the stack.

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

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

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

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Address bus XAddress OOOOORX Indeterminate X SP-2 X SP-4 X vec X vec+2 X PC

~Interrupt ; 1 X SP-2 X SP-4 vec X vec+2
Data bus >< information >< Indeterminate ®) contents contents contents contents
RD m Indeterminate ® y
R L L

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

Figure 12.5 Time Required for Executing Interrupt Sequence
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12.5.5 Interrupt Response Time

Figure 12.6 shows the Interrupt Response Time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated until when the first instruction in the
interrupt routine is executed. Specifically, it consists of a time from when an interrupt request is
generated until when the executing instruction is completed ((a) on Figure 12.6) and a time during
which the interrupt sequence is executed ((b) on Figure 12.6).

Interrupt request  Interrupt request

generated acknowledged
—» Time
[ 4} ®,
Instruction Interrupt sequence _Instruction in
interrupt routine
d 7
< @ 5lq (b) >

Interrupt response time

register).

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

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

Interrupt Vector Address | SP Value | 16-Bit Bus, Without Wait 8-Bit Bus, Without Wait
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 12.6 Interrupt Response Time

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

set in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels
listed in Table 12.6 is set in the IPL. Table 12.6 lists the IPL Level That is Set to IPL When a Software or

Special Interrupt is Accepted.

Table 12.6  IPL Level That is Set to IPL When a Software or Special Interrupt is Accepted

Interrupt Sources

Level Set to IPL

Voltage Detection

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

7

Software, Address Match, DBC, Single-Step

Not changed
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12.5.7 Saving Registers

In the interrupt sequence, the FLG register and PC are saved to the stack.

At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits in the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 12.7 shows the Stack Status Before and After Acceptance of Interrupt Request.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address Stack Address Stack
MSB LSB MSB LSB

[SP]

m-4 m-4 PCL l4—— New SP value

m-3 m-3 PCM

m-1 m-1 FLGH PCH

[SP]
i SP value before i

m Content of previous stack ¢—— interrupt request is accepted. m Content of previous stack PCL 8 low-order bits of PC
PCM : 8 middle-order bits of PC

m+1 Content of previous stack m+ 1| Content of previous stack PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH : 4 high-order bits of FLG

Stack status Stack status
before interrupt request is acknowledged after interrupt request is acknowledged

Figure 12.7 Stack Status Before and After Acceptance of Interrupt Request

The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP
(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 12.8 shows the Operation of Saving Register.

Note:

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

(1) SP contains even number (2) SP contains odd number
Address Stack Sequence in which order Address Stack Sequence in which order
registers are saved registers are saved
[SP] - 5 (Odd) [SP] - 5 (Even)
[SP] - 4 (Even) PCL [SP] - 4 (Odd) PCL <_(3)
(2) Saved simultaneously,
[SP] - 3 (Odd) PCM all 16 bits [SP] - 3 (Even) PCM R
Saved, 8 bits at a time
[SP] - 2 (Even) FLGL [SP] - 2 (Odd) FLGL 4_(1)
(1) Saved _simultaneously,
[SP] - 1 (Odd) FLGH | PCH all 16 bits [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 low-order bits of PC
PCM : 8 middle-order bits of PC
Note :

PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH : 4 high-order bits of FLG

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

Figure 12.8 Operation of Saving Register
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12.5.8 Returning from an Interrupt Routine

The FLG register and PC in the state in which they were immediately before entering the interrupt
sequence are restored from the stack by executing the REIT instruction at the end of the interrupt
routine.

Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.

Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

Register bank is switched back to the bank used prior to the interrupt sequence by the REIT instruction.

12.5.9 Interrupt Priority

If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether
an interrupt request is generated or not), the interrupt with the highest priority is acknowledged.

For maskable interrupts (peripheral functions interrupt), any desired 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 resolved by hardware, with the highest priority interrupt accepted.

The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 12.9
shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control
branches invariably to the interrupt routine.

Reset High
NMI A
DBC

Watchdog Timer
Oscillation Stop
and Re-Oscillation Detection,
Low Voltage Detection

Peripheral Function

Single Step v

Address Match Low

Figure 12.9 Hardware Interrupt Priority

12.5.10 Interrupt Priority Level Select Circuit

The interrupt priority level select circuit selects the highest priority interrupt in a sampled interrupt
request(s) at the same sampling point.
Figure 12.10 shows the Interrupts Priority Select Circuit.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 111 of 383



M16C/64 Group

12. Interrupt

Higher

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

Lower

Priority level of each interrupt

UART?7 transmit, NACK7

UARTEG receive, ACK6

UARTS6 bus collision detection

UARTS transmit, NACK5

DMA3

UART?7 receive, ACK7

UART? bus collision detection

UARTS transmit, NACK6

UARTS receive, ACK5

UARTS5 bus collision detection

DMA2

INT1

Timer B2

Timer BO

Timer A3

Timer A1

Timer B4, UART1 bus collision

INT3

INT.

Nl

INTO

Timer B1

Timer A4

Timer A2

Timer B3, UARTO bus collision

Timer BS

UART1 receive, ACK1

B N S s St RSO N S v SV Sy SN i Syl M R M PV S R Y iy S S S (T R

IPL

Level O
(initial value)

Priority level of each interrupt

UARTO receive, ACKO

UART?2 receive, ACK2

A/D conversion

DMA1

UART2 bus collision

SI/04, INTS

Timer AO

UART1 transmit, NACK1

UARTO transmit, NACKO

UART2 transmit, NACK2

Key input interrupt

DMAO

SI/03, INT4

INT6

IN

J

I I I _ I _ I I - T-- - T I I I - _I--_T-_-_"L-

I flag

v

Address match

Watchdog timer

Oscillation stop and
re-oscillation detection

Interrupt request level determinate

. S eLerIine
output to clock generating circuit

(Figure 10.1 Clock Generation Circuit)

Interrupt request
accepted

Low voltage detection

)
Ol

B!

NI

<

Figure 12.10 Interrupts Priority Select Circuit
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12.6  INT Interrupt

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 bit in the IFSR3A register.
INT4 and INT5 share the interrupt vector and interrupt control register with SI/O3 and SI/O4, respectively.
To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to 1 (INT4). To use the INT5 interrupt, set
the IFSR7 bit in the IFSR register to 1 (INT5).
After modifying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to O (interrupt not requested) before

enabling the interrupt.

To use the INT®6 interrupt, set the PCR5 bit in the PCR register to 0 (INT6 input enabled). To use the INT7
interrupt, set the PCR®6 bit in the PCR register to 0 (INT7 input enabled).
Figure 12.11 shows the IFSR Register, and Figure 12.12 shows Registers IFSR2A, IFSR3A, and PCR.

b7 b6 b5 b4 b3 b2 bl b0

Interrupt Source Select Register

Symbol Address After Reset
IFSR 0207h 00h
Bit Symbol Bit Name Function RW
IFSRO Ibl\iltTO interrupt polarity switch 2 ggteh i?j%is o RW
IESR1 Ibl\iltTl interrupt polarity switch 2 ggt(; ee(égéis " RW
IESR2 Ibl\iltTZ interrupt polarity switch 2 ggt(; ee(égéis " RW
IESR3 Ibl\iltTS interrupt polarity switch 2 ggt(; Z(?j%is " RW
IESR4 Ibl\iltT4 interrupt polarity switch 2 ggt(; Z(?j%is " RW
IESR5 Ibl\iltTS interrupt polarity switch 2 g(r)]t(:] Z((ﬂjggees o RW
IFSR6 Isr‘latleergtjgittrg)quest source (; %3 @ RW
IFSR7 Isr‘latleergtjgittrg)quest source (; %4 @ RW

Notes :

(falling edge).

(falling edge).

1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT5IC are set to O

2. During memory expansion and microprocessor modes, when the data bus is 16 bits wide (BYTE pin is “L"), set
this bit to 0 (SI/03, SI/04).
3. When setting this bit to 0 (SI/0O3, SI/04), make sure the POL bit in registers S3IC and S4IC are setto 0

Figure 12.11 IFSR Register
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Interrupt Source Select Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
oaoen oon
[ 1 1 1 [}
A
Yoy b r v | Bit Symbol Bit Name Function RW
T R A
Pl —
boL_a i .
| (b5-b0) Reserved bits Setto 0 RW
1
1
, Interrupt request source select [0 : Timer B3
1
________________ IFSR26 i) 1: UARTO bus collision detection RW
H Interrupt request source select |0 : Timer B4
1
"""""""""" IFSR27 1pit @ 1: UART1 bus collision detection RW

Notes :
1. Timer B3 and UARTO bus collision detection share the vector and interrupt control register. When using Timer
B3 interrupt, clear the IFSR26 bit to 0 (Timer B3). When using UARTO bus collision detection, set the IFSR26
bitto 1.
2. Timer B4 and UART1 bus collision detection share the vector and interrupt control register. When using
Timer B4 interrupt, clear the IFSR27 bit to 0 (Timer B4). When using UART1 bus collision detection, set the
IFSR27 bit to 1.

Interrupt Source Select Register 3

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
EEEEEE.. IFSR3A 0205h 00h
] ] [}
: b
: ! 1 | BitSymbol Bit Name Function RW
] [}
] [}
1 [}
H [ INT6 interrupt polarity switch |0 : One edge
E E IFSR30 1 it 1: Both edges RW
] ]
] )
1 . ] .
1 [ INT7 interrupt polarity switch |0 : One edge
E IFSRSL | it 1: Both edges @ RW
% |
ta [T — i
(b7-b2) Reserved bits Setto 0 RW

Note :

edge).

Port Control Register

1. When setting this bit to 1 (both edges), make sure the POL bit in registers INT6IC and INT7IC are set to O (falling

1. To use the AN2_4 pin as an analog input pin, set the PCR5 bit to 1 (INT6 input disabled).
2. To use the AN2_5 pin as an analog input pin, set the PCR®6 bit to 1 (INT7 input disabled).
3. To use pins AN4 to AN7 as analog input pins, set the PCR7 bit to 1 (key input disabled).

b7 b6 b5 b4 b3 bo Symbol Address After Reset
... 0 EMM. PCR 0366h 00000XX0b
REERE RS
]
E i : E | BitSymbol Bit Name Function RW
[ [ '
: i P E Operation performed when the P1 register is
i 1 read
i : 0 : When the port is set for input, the input
1
H -4  PCRO |Port P1 control bit levels of pins P1_0 to P1_7 are read. RW
1 When set for output, the port latch is read.
H 1: The port latch is read regardless of
! whether the port is set for input or output.
1
1
i ------ (bZTbl) No register bits. If necessary, set to 0. Read as 0 —
1]
1 )
1 ) —_ . .
E i E Y R, (b4-b3) Reserved Should be written with 0 RW
1 1 ()
T INT6 input enable bit @ 0 : Enabled
bl by PCRS 1' Disabled RW
1 1
1 1 TS .
Vo INT7 input enable bit @ 0 : Enabled
Vo TTTTTTTTTTT T PCRE 1 : Disabled RW
1
) . .
! Key input enable bit ¢ 0 : Enabled
""""""""" PCR7 1: Disabled RW
Notes :

Figure 12.12 Registers IFSR2A, IFSR3A, and PCR
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12.7 NMI Interrupt

An NMI interrupt is generated when input on 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).

12.8 Key Input Interrupt

Of P10_4 to P10_7, a key input interrupt is generated when input on any of pins P10_4 to P10_7 which
has had bits PD10_4 to PD10_7 in the PD10 register set to 0 (input) goes low. Key input interrupts can be
used as a key-on wake up function, the function which gets the microcomputer out of wait or stop mode.
However, if using the key input interrupt, do not use P10_4 to P10_7 as analog input pins. Figure 12.13
shows the block diagram of the Key Input Interrupt. Note, however, that while input on any pin which has
had bits PD10_4 to PD10_7 set to O (input mode) is pulled low, inputs on all other pins of the port are not
detected as interrupts. Set the PCR7 bit in the PCR register to 0 (key input enabled) to use key input

interrupts.

PU25 bit in
Pull-up PUR2 register
transistor PD10_7 bitin

PD10 register

PD10_7 bitin PD10 register

K3 O

Pull-up
transistor

Rz O—%

|

PD10_6 bitin
PD10 register

L

N

Pull-up
transistor

|

O

PD10_5 bit in
PD10 register

_O’r

Kl

[y

Pull-up
transistor

|

PD10_4 bitin
PD10 register

Ko O—%

—

KUPIC register

Interrupt control circuit Key input
interrupt request

Figure 12.13 Key Input Interrupt
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12.9 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADI register (i = 0 to 3). Set the start address of any instruction in the RMADiI register.
Use bits AIERO and AIERL1 in the AIER register and bits AIER20 and AIER21 in the AIERZ2 register to
enable or disable the interrupt. Note that the address match interrupt is unaffected by the | flag and IPL.
When address match interrupt requests are acknowledged, the value of the PC that is saved to the stack
area (refer to 12.5.7 “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, follow one of the methods described below to return from the address match interrupt.

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

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

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

Table 12.7 shows the Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt
Request is Accepted. Table 12.8 shows the Relationship between Address Match Interrupt Sources and
Associated Registers.
Figure 12.14 shows Registers AIER, AIER2, and RMADO to RMAD3.

Table 12.7 Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt
Request is Accepted

Instruction at the Address Indicated by the RMADI Register Value of the PC that is
saved to the stack area
16-bit op-code instruction The address
Instruction shown below among 8-bit operation code instructions indicated by the
ADD.B:S #IMMS8, dest SUB.B:S #IMM8, dest AND.B:S #IMM8, dest RMAD:I register +2

OR.B:S #IMM8, dest MOV.B:S #IMM8, dest STZ.B:S #IMM8, dest
STNZ.B:S #IMMS8, dest STZX.B:S #IMM81, #IMM82,dest
CMP.B:S #IMM8, dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S  #IMM, dest (However, dest = AO or Al)

Instructions other than the above The address
indicated by the
RMAD:I register +1

Note:

Value of the PC that is saved to the stack area: Refer to 12.5.7 “Saving Registers”.

Table 12.8  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 O AIERO RMADO
Address Match Interrupt 1 AIER1 RMAD1
Address Match Interrupt 2 AIER20 RMAD2
Address Match Interrupt 3 AIER21 RMAD3
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Address Match Interrupt Enable Register

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
AIER 020Eh XXXXXX00b
R T T T A
I A
! i . i { Bit Symbol Bit Name Function RW
) | I I R | H
P
] ] ] ) 1 H . H
E P :._- AIERO Address ‘match interrupt O 0 : Interrupt disabled RW
b enable bit 1 : Interrupt enabled
Pl
] ] ] ) 1 H . H
E b vt AERL Address .match interrupt 1 0 : Interrupt disabled RW
P enable bit 1: Interrupt enabled
EEREE
I N A S (b7:)2) No register bits. If necessary, set to 0. Read as undefined value —
Address Match Interrupt Enable Register 2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
AIER2 020Fh XXXXXX00b
IR
P
! i E E E E i ' Bit Symbol Bit Name Function RW
] 1
P
[ R B R . 3 .
E Poro L_ AIER20 Address _match interrupt 2 0 : Interrupt disabled RW
A enable bit 1: Interrupt enabled
P
I I B | . . .
E b v i AER21 Address _match interrupt 3 0 : Interrupt disabled RW
A enable bit 1: Interrupt enabled
ERRRE
1 —_
LI S - W (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —
Address Match Interrupt Registeri (i = 0 to 3)
(b23)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 bo
| Symbol Address After Reset
T T T T
P i RMADO 0212h to 0210h X00000h
P 1 RMAD1 0216h to 0214h X00000h
E P 1 RMAD2 021Ah to 0218h X00000h
i : i RMAD3 021Eh to 021Ch X00000h
R !
i i i Function Setting Range RW
! ] 1
i H | i i i
: i ] Address setting register for address match interrupt 00000h to FEFEEh RW
: [ : (b19 to bO)
| |
1
IR S No register bits. If necessary, set to 0. Read as undefined value —

Figure 12.14 Registers AIER, AIER2, and RMADO to RMAD3
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13. Watchdog Timer

The watchdog timer detects whether the program is out of control. Therefore, we recommend using the
watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit counter, and count
source protection mode (enabled / disabled) is set here.

Table 13.1 shows the Watchdog Timer Specification.

Refer to 5.4 “Watchdog Timer Reset” for details of watchdog timer reset.
Figure 13.1 shows the Watchdog Timer Block Diagram. Figure 13.2 shows the Registers WDTR, WDTS,
and WDC. Figure 13.3 shows the CSPR Register and OFS1 Address.

Table 13.1  Watchdog Timer Specification

When count source protection mode When count source protection mode is
Iltem .
is disabled enabled
Count Source CPU clock 125kHz on-chip oscillator clock
Count Operation Decrement

Count Start Condition

Either of the followings can be selected.
Count automatically starts after reset.
Count starts by writing to the WDTS register.

Count Stop Condition |Stop mode, wait mode, hold state None

Watchdog Timer Reset

Reset Condition Write 00h, and then FFh to the WDTR register.
Underflow

Operation When the
Timer Underflows

Watchdog timer interrupt or watchdog  |Watchdog timer reset
timer reset

Select Function

Prescaler divide ratio

Set the WDCY7 bit in the WDC register to select this mode.

Count source protection mode

Set the CSPROINI bit (flash memory) in the OFS1 address to select whether this
mode is enabled or disabled after reset. If this mode is set to disabled after reset,
set the CSPRO bit (program) in the CSPR register.

Start up or stop watchdog timer after reset

Set the WDTON bit in the OFS1 address to select startup or stop.

(“L” active)

Note :

Internal reset signal

Write to WDTR register —|—r\

Prescaler
m—————- , CM07=0

WDC7 =0
' T 116

]
|
! H CSPRO =0 PM12 =0
[ 1/128 ¢ o) Watchdog timer
: CMO07 =0, interrupt request
! =
|

1 0

! WDC7=1 .
clock  —] i -1/2 o Watchdog timer |—<>—o/
HOLD | CM07 =1

bemmee e 1 A PM12=1
foco-s——0O Watchdog timer
CSPRO=1 reset

Set to 7FFFh @

CSPRO : bitin CSPR register
WDC7 : bitin WDC register
PM12 : bitin PM1 register
CMO7 : bitin CMO register

1. OFFFh is set when the CSPRO bit is set to 1 (count source protection mode enabled).

Figure 13.1 Watchdog Timer Block Diagram
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Watchdog Timer Reset Register

b7 b0 Symbol Address After Reset
| | WDTR 037Dh Indeterminate
Function RwW

Setting 00h and then FFh initializes the watchdog timer. @

and to OFFFh when count source protection mode is enabled. @

"""""" The watchdog timer is initialized to 7FFFh when count source protection mode is disabled,| WO

Notes :

protection mode enabled).

Watchdog Timer Start Register

1. The watchdog timer is set to OFFFh when the CSPRO bit in the CSPR register is set to 1 (count source

2. After the watchdog timer interrupt occurs, reset the watchdog timer by setting the WDTR register.

b7 b0 Symbol Address After Reset
| | WDTS 037Eh Indeterminate
E
)
: Function RW
!
]
b The watchdog timer starts counting after a write instruction to this register WO
Watchdog Timer Control Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| |O N | | | WDC 037Fh 00XXXXXXb
A
T A
! i v E E !t | Bit Symbol Bit Name Function RW
) ] 1 1
ERRRRRE
R N S i Higher-order bits of watchdog timer RO
' o (b4-bo) |9 9
o
v
E i e (E)) No register bit. If necessary, setto 0. Read as 0 —
.
)
[ — .
E """""""" (b6) Reserved bit Setto 0 RW
]
)
: . 0 : Divided by 16
------------------ WDC7 |Prescaler select bit 1" Divided by 128 RW

Figure 13.2 Registers WDTR, WDTS, and WDC
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Count Source Protection Mode Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset @
[ ToJo]o]o]oo]o]  cspr 037Ch 0oh

I

EEE RN

L R A A Bit Symbol Bit Name Function RW
I A A

P —

FJN S Y A O S (b6-b0) Reserved bits Setto 0 RW

0 : Count source protection mode
disabled RW
1 : Count source protection mode enabled

Count source protection mode

___________________ CSPRO select bit @

Notes :
1. When a 0 is written to the CSPROINI bit in the OFS1 address, 10000000b is set after reset.
2. Write a 0 and then a 1 to set the CSPRO bit to 1. 0 cannot be set in a program.

Optional Feature Select Address

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
[ [a]e]a] [a]2] |  orst FFFFFh FFh @

RERRRRE

1 I

! i E i E ! E E Bit Symbol Bit Name Function RW

[ B T T |

! ] ]

P i i E | i i 0 : Watchdog timer starts automatically

[ .

[ Watchdog timer start after reset

i E b i E WDTON | select blt%‘ 4 1 : Watchdog timer is in a stopped state RW

AR after reset

[ I : '

A — .

i i i E : temm e (b2-b1) Reserved bits Setto 1 RW

[ ] :

[ .

I . . 0 : ROM code protection enabled

[ T T T

i i i i ROMCP1 [ROM code protection bit 1: ROM code protection disabled RW

RN _ _

E (b6-ba) Reserved bits Setto 1 RW

1

i 0 : Count source protection mode

! After-reset count source enabled after reset

1

““““““““““ CSPROINI protection mode select bit @ |1 : Count source protection mode RW
disabled after reset

Notes :

1. The OFS1 address exists in flash memory. Set the values when writing a program.

2. The OFS1 address is set to FFh when a block including the OFS1 address is erased.

3. 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).

4. This function is also effective in user boot mode.

5. The OFS1 address can be set in single-chip and memory expansion mode.
The OFS1 address cannot be used in micro microprocessor mode. Before using the OFS1 address, clear the
internal ROM.

Figure 13.3 CSPR Register and OFS1 Address
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13.1 Count Source Protection Mode Disabled

The CPU clock is used for the watchdog timer count source when count source protection mode is
disabled.
Table 13.2 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Disabled).

Table 13.2  Watchdog Timer Specifications (When Count Source Protection Mode is Disabled)

Item Specification
Count Source CPU Clock
Count Operation Decrement
Period When the CMOQ7 bit in the CMO register is 0 (main clock, PLL clock, 125-kHz on-chip

oscillator clock):

Prescaler value (n) x watchdog timer count value (32768) @
CPU clock

When the CMO07 bit is 1 (sub clock):

Prescaler value (2) x watchdog timer count value (32768) @
CPU clock

example: When CPU clock frequency = 16 MHz and prescaler divided by 16,
period = approximately 32.8ms

Watchdog Timer * Reset
Reset Condition » Write 00h, and then FFh to the WDTR register.
* Underflow
Count Start Set the WDTON bit (2) in the OFS1 address (FFFFFh) to select the watchdog timer
Condition operation after reset.

*«When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.

* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.

Count Stop Condi- Stop mode, wait mode, hold state (count resumes from the hold value after exiting.)
tion

Operation when the | « When the PM 12 bit in the PM1 register is setto 0

Timer Underflows Watchdog timer interrupt

* When the PM 12 bit in the PM1 register is setto 1
Watchdog timer reset (see 5.4 “Watchdog Timer Reset”)

Notes:
1. Write 00h, and then FFh to the WDTR register to initialize the watchdog timer. The prescaler is ini-
tialized after reset. Some errors in the period of the watchdog timer may be caused by the prescaler.
2. The WDTON bit cannot be changed by a program. Write a 0 to bit 0 of address FFFFFh with a flash
programmer to set the WDTON bit.
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13.2 Count Source Protection Mode Enabled

The 125 kHz on-chip oscillator clock is used for the watchdog timer count source when count source
protection mode is enabled. If the CPU clock stops when a program is out of control, the clock can still be
supplied to the watchdog timer.

Table 13.3 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Enabled).

Table 13.3  Watchdog Timer Specifications (When Count Source Protection Mode is Enabled)

Item Specification
Count Source 125 kHz on-chip oscillator clock
Count Operation Decrement
Period Watchdog timer count value (4096)

125 kHz on-chip oscillator clock

example: When 125 kHz on-chip oscillator clock = 125 kHz, period = approximately

32.8ms

Watchdog Timer * Reset

Reset Condition » Write 00h, and then FFh to the WDTR register.
» Underflow

Count Start Condition|Set the WDTON bit (1) in the OFS1 address (FFFFFh) to select the watchdog timer

operation after reset.

* When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.

*«When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.

Count Stop Condition|None (Count does not stop in wait mode or in hold state once count starts. The MCU
does not enter stop mode.)

Operation when the |Watchdog timer reset (see 5.4 “Watchdog Timer Reset” )

Timer Underflows
Registers, Bits *«When the CSPRO bit in the CSPR register is set to 1 (count source protection
mode enabled) (?), the followings are set automatically.

-Set OFFFh to the watchdog timer.

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

-Set the PM12 bit in the PM1 register to 1 (The watchdog timer reset is generated
when watchdog timer underflows.).

The following conditions apply in count source protection mode.

-Writing to the CM10 bit in the CM1 register is disabled (It remains unchanged
even if it is set to 1. The MCU does not enter stop mode.).

-Writing to the CM14 bit in the CML1 register is disabled (It remains unchanged
even if it is set to 1. The 125 kHz on-chip oscillator does not stop.).

Notes:
1. The WDTON bit cannot be changed by a program. Write 0 to bit O of address FFFFFh with a flash
programmer to set the WDTON bit.
2. Evenif 0 is written to the CSPROINI bit in the OFS1 address, the CSPRO is set to 1. The CSPROINI
bit cannot be changed by a program. Write O to bit 7 of address FFFFFh with a flash programmer to
set the CSPROINI bit.
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14. DMAC

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Four DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by the
CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of a
cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time after
a DMA request is generated. Figure 14.1 shows the DMAC Block Diagram. Table 14.1 lists the DMAC
Specifications. Figures 14.2 to 14.4 show the DMAC-related registers.

S Address bus S

DMAO source pomter SARO (20)
(addresses 0182h to 0180h)
DMAO destrnatron pointer DARO (20)
V {J(addresses 0186h to 0184h)
DMAO forward address pointer (20) @
DMAL1 source pointer SAR1 (20)
[ (addresses 0192h to 0190h)
DMAL1 destination pointer DAR1 (20)
_ v v (addresses 0196h to 094h)

U>

v

[VARY,

LY

—\:>|DMAO transfer counter reload register TCRO (16) l:> DMAL forward address pointer (20) @ ':>
{/ (addresses 0189h, 0188h)
|DMAO transfer counter TCRO (16) l:> DMA2 source pomter SAR2 (20) |:>
(addresses 01A2h to 01A0h)
:>|DMA1 transfer counter reload register TCR1 (16) |:> DMA2 destmanon pointer DAR2 (20) |:>
v (addresses 0199h, 0198h) V(addresses 01A6h to 01A4h)

|DMA1 transfer counter TCR1 (16) ':> |DMA2 forward address pointer (20) ®

:>|DMA2 transfer counter reload register TCR2 (16) ':> EDMAS source polnter SAR3 (20)

V U

U (addresses 01A9h, 01A8h) (addresses 01B2h to 01BOh)

|DMA2 transfer counter TCR2 (16) |:> DMA3 dest|nat|on pointer DAR3 (20) |:>
V(addresses 01B6h to 01B4h)
:>|DMA3 transfer counter reload register TCR3 (16) l:> |DMA3 forward address pointer (20) ® ':>
{/) (addresses 01B9h, 01B8h)
[DMAS transfer counter TCR3 (16) > [ DMA latch high-order bits | DMA latch low-order bits |
Vv vV x
A\ AWA

A\ \Y

S_ Data bus low-order bits S

V

S Data bus high-order bits S

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

Figure 14.1 DMAC Block Diagram

A DMA request is generated by a write to the DSR bit in the DMISL register (i = 0 to 3), as well as by an
interrupt request which is generated by any function specified by bits DMS and DSEL4 to DSELO in the
DMISL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the |
flag and the interrupt control register, so that even when interrupt requests are disabled and no interrupt
request can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not
affect interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON
register = 1 (DMA enabled). However, if the cycle in which a DMA request is generated is faster than the
DMA transfer cycle, the number of transfer requests generated and the number of times data is transferred
may not match. Refer to 14.4 “DMA Request” for details.
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Table 14.1

DMAC Specifications ()

Item

Specification

No. of Channels

4 (cycle steal method)

Transfer Memory Space

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

Maximum No. of Bytes
Transferred

128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers)

DMA Request Factors (1. 2)

Falling edge of INTO to INT7

Both edges of INTO to INT7

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to 2, UARTS5 to 7 transmission interrupt requests
UARTO to 2, UARTS5 to 7 reception / ACK interrupt requests
S1/03, SI/O4 interrupt requests

A/D conversion interrupt requests

Software triggers

Channel Priority

DMAO > DMA1 > DMA2 > DMA3 (DMAQO takes precedence)

Transfer Unit

8 bits or 16 bits

Transfer Address Direction

Forward or fixed (The source and destination addresses cannot both be in
the forward direction.)

Transfer is completed when the DMAI transfer counter underflows.

Transfer Single Trans-
Mode fer
Repeat
Transfer

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

DMA Interrupt Request
Generation Timing

When the DMAI transfer counter underflowed

DMA Transfer Start Data transfer is initiated each time a DMA request is generated when the
DMAE bit in the DMAICON register = 1 (enabled).
DMA Trans- |[Single Trans- | « When the DMAE bit is set to 0 (disabled)
fer Stop fer « After the DMAI transfer counter underflows
Repeat When the DMAE bit is set to 0 (disabled)
Transfer

Reload Timing for Forward
Address Pointer and DMA.
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
pointer whichever is specified to be in the forward direction and the DMAI
transfer counter is reloaded with the value of the DMAI transfer counter
reload register.

DMA Transfer Cycles

Minimum 3 cycles between SFR and internal RAM

Notes:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the I flag nor by the

interrupt control register.

2.
3.
i=0to3

The selectable factors of DMA requests differ with each channel.
Make sure that no DMAC-related registers (addresses 0180h to 01BFh) are accessed by the DMAC.
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DMAI Source Select Register (i=0to 3)
b7 b6 b5 b4 b3 b2 bl b0
| Symbol Address After Reset
T DMOSL 0398h 00h
A A Bmgt 039Ah 00h

] 1 ] ]
I I O Ve 0390n oon
AEREREE 0392 oo
LI ] y Vot
i E E i E i E E Bit Symbol Bit Name Function RW
[
[
P4 b1 ) L| DSELO RW
I I
[ : [
T ! 1! ... DSEL1
RERRE i

]
P E i N DSEL2 bDI{\/IA request source select (NOTE 1)
1 1 ] 1
P RW
A DSEL3
P

] ]
I DSEL4 RW
P
P _
bt (b5) No register bit. If necessary, setto 0. Read as 0 —
[
[
[
I DMA request source 0: Basic request source
e DMS . : RW
' expansion select bit 1: Extended request source
]
E A DMA request is generated by setting this
H bit to 1 when the DMS bit is 0 (basic
O S EEREE T DSR Software DMA request bit source) and bits DSEL4 to DSELO are RW

00001b (software trigger).
Read as 0
Note :
1. The sources of DMAI requests can be selected by a combination of the DMS bit and bits DSEL4 to DSELO in
the manner described in Table 14.2 to Table 14.5.

Figure 14.2 Registers DMOSL, DM1SL, DM2SL, and DM3SL (1)
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Table 14.2 DMAO Register
DSEL4 to DSELO DMS = 0 (Basic Factor of Request) DMS =1 (Extended Factor of Request)
00000b Falling edge of INTO pin -
00001b Software trigger -
00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 -
00110hb Timer A4 Both edges of 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 UART?2 reception -
01110b A/D converter -
01111b UART1 transmission -
10000b UART1 reception Falling edge of INT4 pin
10001b UARTS5 transmission Both edges of INT4 pin
10010b UARTS reception -
10011b UART®6 transmission -
10100b UART6 reception -
10101b UART7 transmission -
10110b UARTY reception -
10111b - -
11XXXb - -

Xindicates O or 1. -

indicates no setting.

Table 14.3 DMAL Register
DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) DMS =1 (Extended Factor of Request)
00000b Falling edge of INTT 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 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 INT5 pin
10001b UARTS5 transmission Both edges of INT5 pin
10010b UARTS reception / ACK5 -
10011b UART®6 transmission -
10100b UART®6 reception / ACK6 -
10101b UART7 transmission -
10110b UARTY reception / ACK7 -
10111b - -
11XXXb - -

Xindicates 0 or 1. -

indicates no setting.
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Table 14.4 DMAZ2 Register
DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) DMS =1 (Extended Factor of Request)
00000b Falling edge of INT2 pin -
00001b Software trigger -
00010b Timer AO -
00011b Timer A1 -
00100b Timer A2 -
00101b Timer A3 -
00110hb Timer A4 Both edges of 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 UART?2 reception -
01110b A/D converter -
01111b UART1 transmission -
10000b UART1 reception Falling edge of INT6 pin
10001b UARTS5 transmission Both edges of INT6 pin
10010b UARTS reception -
10011b UART®6 transmission -
10100b UART6 reception -
10101b UART7 transmission -
10110b UARTY reception -
10111b - -
11XXXb - -

Xindicates O or 1. -

indicates no setting.

Table 14.5 DMA3 Register
DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) DMS =1 (Extended Factor of Request)
00000b Falling edge of 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 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 INT7 pin
10001b UARTS5 transmission Both edges of INT7 pin
10010b UARTS reception / ACK5 -
10011b UART®6 transmission -
10100b UART®6 reception / ACK6 -
10101b UART?7 transmission -
10110b UARTY reception / ACK7 -
10111b - -
11XXXb - -

Xindicates 0 or 1. -

indicates no setting.
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DMAI Control Register (i = 0 to 3)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
DMOCON 018Ch 00000X00b
A DM1CON 019Ch 00000X00b
A DM2CON 01ACh 00000X00b
AR A DM3CON 01BCh 00000X00b
[ I T T T T T
[
A E Bit Symbol Bit Name Function RW
EEEEEE
AR A 0: 16 bits
] ] 1 ] 1 1 ] pap— I I I .
P DMBIT [Transfer unit bit select bit 1 -8 bits RW
] ] 1 ] ] ] ]
I Ca
prorr b b DMASL Repeat transfer mode select |0 : Single transfer RW
I bit 1: Repeat transfer
1 1 1 ] 1 1
1 1 1 ] ] ]
P . 0 : DMA not requested
[ O T T T S @)
P DMAS |DMA request bit 1 : DMA requested RW
BERRE
[ T T T A . 0 : Disabled
E E i i DMAE |DMA enable bit 1 - Enabled RW
] 1 1 ]
] 1 1 ]
R Source address direction select [0 : Fixed
] ] 1 ]
E E i """""" DSD bit @ 1 : Forward RW
] ] 1
] ] 1
[ T PR Destination address direction [0 : Fixed
E E DAD select bit @ 1: Forward RW
P
] ]
] 1 - . .
----------------- (b7-b6) No register bits. If necessary, set to 0. Read as 0 —

Notes :

1. The DMAS bit can be set to 0 by writing a 0 in a program (This bit remains unchanged even if 1 is written).
2. Set at least either the DAD bit or DSD bit to O (address direction fixed).

Figure 14.3 Registers DMOCON, DM1CON, DM2CON, and DM3CON
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DMAI Source Pointer (i=0to 3) @

(023)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
><DI<DI<>I< | . | | Symbol Address After Reset
i . ! SARO 0182h to 0180h OXXXXXh
P | SAR1 0192h to 0190h OXXXXXh
! i i i i SAR2 01A2h to 01A0h OXXXXXh
E P : SAR3 01B2h to 01BOh OXXXXXh
[ | 1
] ] 1 1
i A i Function Setting Range RW
RN |
H ] ] 1 1
E . lememmaae Set the source address of transfer 00000h to FFFFFh RW
SN0
]
[0 ES O No register bits. If necessary, set to 0. Read as 0 —

Note :
1. If the DSD bit in the DMICON register is 0 (fixed), write to this 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 DMAI forward address pointer can be read from this
register. Otherwise, the value written to it can be read.

DMAI Destination Pointer (i=0to 3) @

(b23)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
| Symbol Address After Reset
! 1 DARO 0186h to 0184h OXXXXXh
H i DAR1 0196h to 0194h OXXXXXh
H (A i DAR2 01A6h to 01A4h OXXXXXh
i v ! DAR3 01B6h to 01B4h OXXXXXh
: 1 1 1 :
1
E i Function Setting Range RW
1
= !
E e Set the destination address of transfer 00000h to FFFFFh RW
e
1
] No register bits. If necessary, set to 0. Read as 0 —
Note :

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

DMAI Transfer Counter (i = 0 to 3)

(b15) (b8)

b7 b0 b7 b0

| | Symbol Address After Reset
TCRO 0189h to 0188h Indeterminate
TCR1 0199h to 0198h Indeterminate
TCR2 01A9h to 01A8h Indeterminate
TCR3 01B9h to 01B8h Indeterminate

Function Setting Range RW

Set the transfer count minus 1. The written value is stored in the
DMAI transfer counter reload register, and when the DMAE bit
in the DMICON register is set to 1 (DMA enabled) or the DMAI
transfer counter underflows when the DMASL bit in the DMICON
register is 1 (repeat transfer), the value of the DMAI transfer 0000h to FFFFh RW
counter reload register is transferred to the DMAI transfer
counter.

When read, the DMAI transfer counter is read.

[

Figure 14.4 Registers SARO, SAR1, SAR2, SAR3, DARO, DAR1, DAR2, DAR3, TCRO, TCR1, TCR2,
and TCR3
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14.1 Transfer Cycles

Transfer cycle is composed of a bus cycle to read data from source address (source read) and a bus
cycle to write data to destination address (destination write). The number of read and write bus cycles
depends on source and destination addresses. During memory extension and microprocessor modes, it
is also affected by the BYTE pin level. Furthermore, the bus cycle itself is extended by a software wait or
RDY signal.

14.1.1 Effect of Source and Destination Addresses

When a 16-bit data is transferred with a 16-bit data bus and a source address starts with an odd
address, source-read cycle is incremented by one bus cycle, compared to a source address starting
with an even address.

When a 16-bit data is transferred with a 16-bit data bus and a destination address starts with an odd
address, destination-write cycle is incremented by one bus cycle, compared to a destination address
starting with an even address.

14.1.2 Effect of BYTE Pin Level

During memory extension and microprocessor modes, if 16 bits of data are to be transferred on an 8-bit
data bus (input on the BYTE pin = 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 is to access the internal area (internal ROM, internal RAM, or SFR), unlike in
the case of the CPU, the DMAC does it through the data bus width selected by the BYTE pin.

14.1.3 Effect of Software Wait

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

14.1.4 Effect of RDY Signal

During memory extension and microprocessor modes, DMA transfers to and from an external area are

affected by the RDY signal. Refer to 8.2.6 “RDY Signal”.
Figure 14.5 shows the example of the Transfer Cycles for Source Read. For convenience, the destination
write cycle is shown as one cycle and the source read cycles for the different conditions are shown. In
reality, the destination write cycle is subject to the same conditions as the source read cycle, with the
transfer cycle changing accordingly. When calculating transfer cycles, take into consideration each
condition for the source read and the destination write cycle, respectively. For example, when data is
transferred in 16 bit units using an 8-bit bus ((2) on Figure 14.5), two source read bus cycles and two
destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address
BCLK
Qggress CPU use Source Destination Dé;;gln;y CPU use
RD signal
WR signal
Data bus CPU use Source Destination bummy CPU use
cycle
(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the
transfer unit is 16 bits and an 8-bit bus is used
BCLK
Address CPU use Source ISource +1 Destination Dummy CPU use
bus cycle
RD signal
WR signal
Data bus CPU use Source ¥ Source + 1 Destination Dé‘;glrgy CPU use
(3) When the source read cycle under condition (1) has one wait state inserted
BCLK
Address CPU use Source Destination Dummy CPU use
bus cycle
RD signal
WR signal
Data bus CPU use Source Destination Dummy CPU use
cycle
(4) When the source read cycle under condition (2) has one wait state inserted
BCLK
Address CPU use Source Source + 1 Destination Dummy CPU use
bus cycle
RD signal
WR signal
Data bus CPU use Source Source + 1 Destination Déj;glrgy CPU use
Note :
1. The same timing changes occur with the respective conditions at the destination as at the source.

Figure 14.5 Transfer Cycles for Source Read
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14.2 DMA Transfer Cycles

The number of DMA transfer cycles can be calculated as follows.
Table 14.6 lists the DMAC Transfer Cycles. Table 14.7 lists the Coefficients j and k.

Number of transfer cycles per transfer unit = Number of read cycles x j + Number of write cycles x k

Table 14.6 DMAC Transfer Cycles
Single-Chip Mode Memory Expansion Mode
. . Access Microprocessor Mode
Transfer Unit Bus Width - -
Address No. of Read | No. of Write | No. of Read | No. of Write
Cycles Cycles Cycles Cycles
8-bit Transfers | 16-bit Even 1 1 1 1
(DMBIT=1) (BYTE ="L") Odd 1 1 1 1
8-bit Even 1 1
(BYTE =“H") Odd - - 1 1
16-bit Transfers | 16-bit Even 1 1 1 1
(DMBIT= 0) (BYTE =“L") Oodd 2 2 2 2
8-hit Even - - 2 2
(BYTE = “H") Odd - - 2 2
- indicates that no condition exists.
Table 14.7  Coefficients j and k
Internal Area External Area
Internal ROM, .
RAM SFR Separate Bus Multiplex Bus
i 1-Wait | 2-Wai i it (1) i it Q)
No Wait W|th ait ait No Wait .Wlth Wallt - .Wlth Wa.lt .
Wait @ @ 1-Wait | 2-Wait | 3-Wait | 1-Wait | 2-Wait | 3-Wait
i 1 2 2 3 1 2 3 4 3 3 4
k 1 2 2 3 2 2 3 4 3 3 4
Notes:

1. It depends on the set value of the CSE register.
2. It depends on the set value of the PM20 bit in the PM2 register.
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14.3 DMA Enabled

When a data transfer starts after setting the DMAE bit in the DMICON register (i = 0 to 3) to 1 (enabled),
the DMAC operates as follows:

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

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

If the DMAE bit is set to 1 again while it remains set, the DMAC performs the above operation. However,
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
Step 1: Write 1 to the DMAE bit and DMAS bit in the DMICON register simultaneously.
Step 2: Make sure that the DMAI is in an initial state as described above (1) and (2) in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

14.4 DMA Request

The DMAC can generate a DMA request as triggered by the factor of request that is selected with the
DMS bit and bits DSEL4 to DSELO in the DMISL register (i = 0 to 3) on either channel. Table 14.1 lists
the Timing at Which the DMAS Bit Changes State.

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

The DMAS bit may be set to 1 when the DMS bit or bits DSEL4 to DSELO change state. Therefore,
always be sure to set the DMAS bit to 0 after changing the DMS bit or bits DSEL4 to DSELO.

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

Table 14.8  Timing at Which the DMAS Bit Changes State

DMA Factor DMAS Bit in the DMiCON Register
Timing at which the bit is set to 1 Timing at which the bit is setto 0
Software Trigger When the DSR bit in the DMISL register | « Immediately before a data transfer
issetto 1 starts

Peripheral Function |When the interrupt control register for | * When set by writing a 0 in a program
the peripheral function that is selected by
bits DSEL4 to DSELO and DMS in the
DMISL register has its IR bit set to 1

i=0to3
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14.5 Channel Priority and DMA Transfer Timing

If several channels of DMAO to DMA3 are enabled and DMA transfer request signals are detected active
in the same sampling period (one period from a falling edge to the next falling edge of BCLK), the DMAS
bit on each channel is set to 1 (DMA requested) at the same time. In this case, the DMA requests are
arbitrated according to the channel priority: DMAO > DMA1 > DMA2 > DMAS3. The following describes
DMAC operation when DMAO and DMAL requests are detected active in the same sampling period.
Figure 14.6 shows an example of DMA Transfer by External Factors.

In Figure 14.6, DMAO request having priority is received first to start a transfer when DMAO and DMA1
requests are generated simultaneously. After one DMAO transfer is completed, a bus access privilege is
returned to the CPU. When the CPU has completed one bus access, a DMAL transfer starts. After one
DMAL transfer is completed, the bus access privilege is again returned to the CPU.

In addition, DMA requests cannot be incremented since each channel has one DMAS bit. Therefore,
when DMA requests, as DMA1 in Figure 14.6, occurs more than one time, the DMAS bit is set to O after
getting the bus access privilege. The bus access privilege is returned to the CPU when one transfer is
completed.

Refer to 8.2.7 “HOLD Signal” for details about bus access privilege.

An example when DMA requests for external factors are detected active
at the same time and DMA transfer is executed in the shortest cycle

< U UUOUHDUHUUY

DMA v,
DMAL I \_Bus

access

CPU {Z‘ privilege
INTO

DMAS bit
in DMAO

T |

DMAS bit
in DMA1

Figure 14.6 DMA Transfer by External Factors
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15. Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function as
either Timer A (five) and Timer B (six). The count source for each timer acts as a clock, to control such timer
operations as counting, reloading, etc. Figure 15.1 shows Timers A and B count source, and Figures 15.2
and 15.3 show block diagrams of Timer A and Timer B configuration, respectively.

Clock Generation Circuit

Reset

CM21 : bitin the CM2 register
Set the CPSR bit in the CPSRF PCLKO : bit in the PCLKR register

register to 1 (prescaler reset).

e A

| Main clock CM21 = 0 |

| oscillator iy | -

| [or PLL frequency| o L f1 " fiTIMAB F;CLKO =t fATIMAB

I [ synthesizer (c | P or

| CM21=1 I f2TIMAB

1 1 PCLKO=0

: : - fSTIMAB

: : f32TIMAB
Pl 125 KHz [ 12 f64TIMAB
Il onchip |fOCO-S | foco-s »0CO-S

I oscillator :

| |

| Subclock fC L fC32

1 | oscillator 1/32 | P fC32

| |

| |

| |

| |

Figure 15.1 Timers A and B Count Source
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fC32

foCo-s
f64TIMAB
f32TIMAB
f8TIMAB

fITIMAB
or 2TIMAB

TCK1 to TCKO

O

0
Q TCS3
o 10) 0
10
0]

TCS21to TCSO

TMOD1 to TMODO  00: Timer mode

10: One-shot timer mode

000
001
010
011

AN © O

Timer AO interrupt
-

T 11: PWM mode
[ \c I
Eg/c 0 l Timer AO
00| o 01: Event counter mode

Taun O

’o) 11 [TAOTGH to TAOTGL
101 %
10, 0
[N Noise
| filter
TCK1 to TCKO
00 . .
oL TCS? TMOD1 to TMODO  Q0: Timer mod_e
I O 10: One-shot timer mode
m O T 11: PWM mode
O [} I
TCS6 to TCS4 "a'?/c %) | Timer Al
000
001 005 01: Event counter mode
010l 5 11 [TALTGH to TAITGL
011 ’e)
101 o
110 0
filter

TCK1 to TCKO

00

TMOD1 to TMODO Q0: Timer mode

Timer Al interrupt
>

Timer A2 interrupt
>

01 TCS3
10 g 0 10: One-shot timer mode
11] 1 11: PWM mode
O [e) I
,TCS2 10 TCSO 'a'g/c 1) l Timer A2
00 o 01: Event counter mode

101

110

00(
001
o0ls
O
O
O

Ta2in O

o

11 [TA2TGH to TA2TGL

Ta3N O

Timer A3 interrupt
-

Timer A4 interrupt
|

l)\ Noise

|zl filter

oo TCKLIG TCKO

01 TCS7 TMOD1 to TMODO - 00: Timer mode

10 g 0 10: One-shot timer mode
11] Ti 11: PWM mode

O - [e) |
TCS6 to TCS4 "ﬁ'g/c o l Timer A3

000
001 005 01: Event counter mode
010165 11 [TA3TGH to TASTGL
011 ’o)
101 o)

10 o

l)\ Noise

|-l filter

40 TCKL10 TCKO

01 TCS3 TMOD1 to TMODO - 00: Timer mode

10 g 0 10: One-shot timer mode
11 10, 11: PWM mode

O - [e) I
TCS2 to TCSO "H'g/c 2 l Timer A4
00 01: Event counter mode

000]
001
ouls
O
O
O

Noise

Taan O

Note:

[
Il

TAIGH to TAIGL
TCSO to TCS7

filter

11 [TA4TGH to TA4TGL

Timer B2 overflow or underflow

TCK1 to TCKO, TMOD1 to TMODO : bits in the TAIMR register
- bits in the ONSF register or TRGSR register

: bits in registers TACSO to TACS2

1. Be aware that TAOIN shares pins with TB5IN.

Figure 15.2 Timer A Configuration
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fc32
foco-s
64TIMAB ———————————————
132TIMAB —————————— Timer B2 overflow or underflow
f8TIMAB. ——————— (to a count source of Timer A)
fITIMAB ——— 1
or f2TIMAB
0 TCK1 to TCKO TMOD1 to TMODO
oL TCs3 00: Timer mode
o[@ 0 10: Pulse width / pulse period measurement mode
O . .
11 - Timer BO interrupt
2 T P o \O—l Timer BO |—0—>
TCS2 to TCSO 1001 O
000 TCK1 01: Event counter mode
001
o Ox
101 %
10 Ie)
Noise
0 TCK1 to TCKO TMOD1 to TMODO
o1 TCs? 00: Timer mode
o[@ 0 10: Pulse width / pulse period measurement mode
O . .
1 Timer B1 interrupt
O \0 .
T 1 |_°_| —l Timer B1 |—0—>
TCS6 to TCS4 Al o
000 TCK1 01: Event counter mode
001
o :\>
101 %
0|

81N () 2

TCK1 to TCKO TMOD1 to TMODO

gg TCS3 00: Timer mode

0 O 0 0: Pulse width / pulse period measurement mode

11 Timer B2 interrupt
o} \0 - P!

T 1 %C —l Timer B2 |—0—>
TCS2to TCSO == 12
ggo TCK1 01: Event counter mode
1

ol

101 %

20| 5

82N () {b—@—

0 LCKL10 TCKO TMOD1 to TMODO

oL TCS3 00: Timer mode

m g 10: Pulse width / pulse period measurement mode

11 Timer B3 interrupt

8) —'-_O O\o i P
T 1 o —l Timer B3 |“’—>

TCS2 to TCSO 0 007

ggi TCK1 01: Event counter mode

o
O

101 o)

10 o

3N O §>—| Noer I—

0 LCKL 10 TCKO TMOD1 to TMODO

o Tcs? 00: Timer mode

m g 0 10: Pulse width / pulse period measurement mode

11 Timer B4 interrupt

O Ko ) P!
1 1 |_§~_|C o —l Timer B4 |—0—>

TCS6 to TCS4 o =2

000 01: Event counter mode

010
011
101

10

84N O {b—@—

CK1 to TCKO TMOD1 to TMODO
00: Timer mode
10: Pulse width / pulse period measurement mode

n e Ko—| Timer B5 |" Timer B5 interrupt

S
00
0° ?/o
.
(e}
A
=

-

00
01
10

TCS3

00
09/0

TCS2 to TCSO 0001 o
000 TCK1 01: Event counter mode
001
010
011 gl
2o TCK1 to TCKO, TMOD1 to TMODO : bits in the TBiMR register (i = 0 to 5)
° TCSOto TCS7 : bits in registers TBCSO to TBCS3

TBSIN (l)O 2 Note:

1. Be aware that TB5IN shares pins with TAOIN.

Figure 15.3 Timer B Configuration
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15.1 Timer A
Figure 15.4 shows a Timer A Block Diagram. Figures 15.5 to 15.9 show registers related to Timer A.
Timer A supports the following four modes. Except in event counter mode, Timers AO to A4 all have the
same function. Use bits TMOD1 to TMODO in the TAIMR register (i = 0 to 4) to select the desired mode.

 Timer Mode The timer counts an internal count source.

» Event Counter Mode The timer counts pulses from an external device or overflows and
underflows of other timers.

* One-shot Timer Mode The timer outputs a pulse only once before it reaches the minimum
count 0000h.

* Pulse Width Modulation (PWM) Mode
The timer outputs pulses in a given width successively.

fC32
fOCO-S
f64TIMAB
f32TIMAB
8TIMAB. ——rimom— | | | | _ _ _ _ _ o e _____Z Count source select
fTIMAB —— T oss T8 [DEIE 2D 5
or 2TIMAB | optCKLIO TCKO T qimer, TMOD1 to TMODO = 00, MR2 =0 I
-One-shot timer: (o] =
: 01 o i 0 TCS7_ pulse width modulation: TMOD1 to TMODO = 11 ;\rnhé(szl to TMODO,
10 ]
O - — vV
| 1 5 D '?ﬁ&ﬁg’%%%%"g% MR =1 -OKO— | [ Reload Register ]
I TCS2 to TCSO 1 -Event counter: TMOD1 to TMODO = 01
| 0o 1CS610TCSA : o |
R sunmErana Y st et
| ggé Ir . Counter —
O Increment / decrement
| ol |
101 Always decrement except
| o]
110 o | 00 in event counter mode
| | 10
! Polarit | Decrement =
olarl
I O |
| TAIIN 00| |
| o1 | TMOD1 to TMODO
] TB2 overflow @ T'O t » To external
| TAj overflow T'O trigger circuit
TAk overflow © ——O |
I TATGH o TATGL |
|
|
lm—— e e -
MRO MR2
POFSI )1
TAIOUT 0 Toggle Flip Flo
o 0/2 ) oQ R ggle Flip Flop
i=0to4
j=i-1, however,j=4ifi=0
Note: k=i+1, however,k=0ifi=4
1. Overflow or underflow Tai TA TAK
TCK1 to TCKO, TMOD1 to TMODO, MR2 to MRL : bits in the TAIMR register Timer AO_| TimerA4 | Timer Al
TAITGH to TAITGL : bits in the ONSF register when i=0, bits in the TRGSR register wheni=1to 4 Timer A1 Timer AO Timer A2
TAIS : bits in the TABSR register Timer A2 Timer A1 Timer A3
TAIUD : bits in the UDF register Timer A3 Timer A2 Timer Ad
TCSO to TCS7 : bits in the registers TACSO to TACS2 - - -
POFSi : bits in the TAPOFS register Timer Ad Timer A3 Timer AQ

Figure 15.4 Timer A Block Diagram
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Timer Ai Mode Register (i= 0 to 4)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
: TAOMR to TA4MR 0336h to 033Ah 00h
I
A A _ _
o E i 4 1 | BitSymbol Bit Name Function RW
[ S T A
] 1
E I E Vo E E Operation mode select bit bl bO
bbb TvMoDo 0 0: Timer mode RW
AR 0 1:Eventcounter mode
P E 1 0: One-shot timer mode
A I - TMOD1 1 1:Pulse width modulation (PWM) RW
P E i mode
[
bl R — MRO RW
[
A W MR1 RW
P Function varies with each operation mode
| I MR2 RW
1 1
i bl MR3 RW
1
]
i TCKO | count source select bit @ RW
o] Tcky |(Function varies with each operation mode) RW
Note :
1. Valid when the bit3 or the bit 7 in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).
Timer Ai Register (i=0to 4) @
(b15) (b8)
|h7 be b7 ko Symbol Address After Reset
TAO 0327h to 0326h Indeterminate
H TA1 0329h to 0328h Indeterminate
: TA2 032Bh to 032Ah Indeterminate
i TA3 032Dh to 032Ch Indeterminate
! TA4 032Fh to 032Eh Indeterminate
1
1
' Mode Function Setting Range RW
1
1
1
! L
___________ Timer mode D|\_/|de the count source by n + 1 where 0000h to EFFEh RW
n = set value
Divide the count source by FFFFh —n +
Event counter mode |1 where n = set value when counting up 0000h to FFFFh RW
or by n + 1 when counting down ©
One-shot timer mode | 2/VIde the count source by nwhere n =\ g4 1 Frrpp 29 | wo
set value, and the counter stops
Modify the pulse width as follows: 0000h to FFFEh @4 WO
PWM mode PWM period: (26 —1) /fj
(16-bit pulse width |PWM pulse width: n/ fj
modulation) where n = set value, fj = count source
frequency
Modify thg pulse width as foIIows:' 00h to FEh
PWM period: (28 —1) X (m + 1) /fj (High-order
PWM mode PWM pulse width: (m + 1) X n /fj address)
(8-bit pulse width | where n = high-order address set 00h to FFh WO
modulation) value, m = low-order address set (Low-order address)
value, (3.4)
fj = count source frequency
Notes :

1. Access to the register in 16-bit units.

2. If the TAi register is set to 0000h, the counter does not work and timer Ai interrupt requests are not generated
either. Furthermore, if pulse output is selected, no pulses are output from the TAIOUT pin.

3. If the TAi register is set to 0000h, the pulse width modulator does not work, the output level on the TAIOUT pin
remains low, and timer Ai interrupt requests are not generated either. The same applies when the 8 high-order
bits of the timer TAi register are set to 00h while operating as an 8-bit pulse width modulator.

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

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

Figure 15.5 Registers TAOMR to TA4MR and TAO to TA4
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Count Start Flag

b7 b6 b5 bd b3 b2 bl bo Symbol Address After Reset
TABSR 0320h 00h

RERRERE

1
i i boro i i ! | BitSymbol Bit Name Function RW
bbb
| 1 ) -
! i b E i i L-{ TAOS |Timer AO count start flag 0 - Stop counting RW
b bl b ! 1 : Start counting
1 ] ] 1
! i E E E i REEEE TA1S |Timer Al count start flag RW
[ T |
] 1 ) H ] 1
E i E ' E S— TA2S | Timer A2 count start flag RW
[
] 1 ) H ]
E i R s TA3S  |Timer A3 count start flag RW
Py
ey
i I TA4S  |Timer A4 count start flag RW
[
] ] )
E i Temmmme oo TBOS  [Timer BO count start flag RW
] ]
] ]
e TB1S |Timer B1 count start flag RW
]
]
L TB2S |Timer B2 count start flag RW

Up / Down Flag

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UDF 0324h 00h

Bit Symbol Bit Name Function RW

-1 TAOUD |Timer A0 up/ down flag gaif;fn";i?t RW

] T
1 ]
1 1
1 ]
'
1 ]
1 ]
1 ]
o
1 ]
1 ]
1 ]
P
' i e TALUD | Timer AL up/ down flag RW
]
H H Enabled during event counter mode (when not
i E (N TA2UD |Timer A2 up/ down flag using two-phase pulse signal) RW
] ]
1 ]
E E | fmmmmmmd TA3UD | Timer A3 up/ down flag RW
1 ] 1
] ] 1

] 1
i ' : e TA4UD | Timer A4 up/ down flag RW
'
ot
| i i Timer A2 two-phase 0 : Two-phase pulse signal processing
i b temm e oo TA2P pulse signal processing disabled RW
' select bit 1: Two-phase pulse signal processing

1 1,2
i H Timer A3 two-phase enabled
R TA3P  |pulse signal processing RW
i select bit
!
1
1

Timer A4 two-phase
................... TA4P  |pulse signal processing RW
select bit

Notes :
1. Set the port direction bits for pins TA2IN to TA4IN and pins TA20UT to TA40UT to 0 (input mode).
2. When not using the two-phase pulse signal processing function, set the bit corresponding to Timer A2 to Timer
A4 to 0.

Figure 15.6 Registers TABSR and UDF

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
Page 140 of 383



M16C/64 Group

15. Timers

One-Shot Start Flag

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
ONSF 0322h 00h
T T T T T T T
[ T T -
[ T T - R
1 ] ]
P | i o i 1| BitSymbol Bit Name Function RW
[ T T T B
[ T T T B |
T T A ) The timer starts counting by setting this bit
[ T | | I -
P TAOOS | Timer AO one-shot startflag |’y \yhile bits TMOD1 and TMODO inthe | WV
: i i A _ TAIMR register (i = 0 to 4) = 10b (one-shot
o - TALOS |Timer Al one-shot start flag |timer mode) and the MR2 bit in the TAIMR | RW
E E ! i ! E register = 0 (TAIOS bit enabled). Read as 0
1l i ! i tommmoo TA20S |[Timer A2 one-shot start flag RW
EARR
P fmmmeeeeed TA30S [Timer A3 one-shot start flag RW
] ] 1 1
] ] 1 1
1 1 1 1
E HERIELCEEEE LR TA40S |[Timer A4 one-shot start flag RW
1 1
] 1 1
1 1 1
T . . 0 : Z-phase input disabled
| T =
i : TAZIE  |Z-phase input enable bit 1: Z-phase input enabled RW
]
[ ]
] ]
[N b7 b6
i """"""""""" TAOTGL Timer A0 event / triager 0 0:Inputon TAOIN pin is selected RW
! select bit 99 0 1:TB2isselected @
e TAOTGH 1 0:TA4is selected @ RW
1 1:TAlisselected ®
Notes :
1. Make sure the PD7_1 bit in the PD7 register is set to 0 ( input mode).
2. Overflow or underflow.
Trigger Select Register
b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
TRGSR 0323h 00h
I
Pl
forb 14 r 1| BitSymbol Bit Name Function RW
[ : [ L]
i i ! E E i i Timer Al event/ trigger bl b0
A A A TALTGL |select bit 0 0:Inputon TALIN is selected RW
Pl i i ! i 0 1:TB2is selected @
[ ] . H 2
i P i R — TALTGH 10 : TAO s selected Ezi RW
A 1 1:TA2is selected
1
i E H i E _______ Timer A2 event / trigger b3 b2
Py TAZTGL | select bit 0 0:Inputon TA2IN is selected ® RW
A i ! 0 1:TB2is selected @
[ 1 . f 2
1 T P TA2TGH 1 0:TAlis selected (2> RW
pol 1 1:TA3is selected @
1
! i E H Timer A3 event / trigger b5 b4
A TASTGL |select bit 0 0:Inputon TA3IN is selected @ RW
i b 0 1:TB2is selected @
: i b TASTGH 1 0:TA2is selected @ RW
Lo 1 1:TA4is selected @
1
| i ________________ Timer A4 event / trigger b7 b6
i TA4TGL | gelect bit 0 0:Inputon TA4IN is selected @ RW
i 0 1:TB2is selected @
. B 2
I TA4TGH 1 0:TA3is selected @ RW
1 1:TAOis selected @

Notes :

2. Overflow or underflow

1. Set the port direction bits for the pins TALIN to TA4IN to O (input mode).

Figure 15.7 Registers ONSF and TRGSR
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Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
CPSRF 0015h OXXXXXXXb

[ ]

T A

HE A Bit Symbol Bit Name Function RW

A

Pl —

LI S O S D N I No register bits. If necessary, set to 0. Read as undefined value —

! (b6-b0)

1

1

1 " .

Fommmmmmmm oo o CPSR |Clock prescaler reset flag I(ggzl(ljz;'lsgot)h e clock prescaler. RW
Timer A Count Source Select Register 0, Timer A Count Source Select Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

TACSO to TACS1 01D0h to 01D1h 00h

T

EEEEEEE

E tyb 1 b1 | BitSymbol Bit Name Function RW

[ T T I A

E i E E E i E i TAi count source select bit (P2 bl bO

e TCSO 0 O O:fLTIMAB or f2TIMAB @ RW

A 0 0 1:f8TIMAB

bbb 0 1 0:f32TIMAB

N TCS1 0 1 1:f64TIMAB RW

E i i E E i 1 0 0:Donotset

I 1 0 1:fO0CO-S

T TCS2 1 1 0:fC32 RW

! i b 1 1 1:Donotset

] ] ]

A E 1 0: TCKO, TCK1 enabled, TCSO to TCS2

] 1 ] ) ] H : H

Voo TAI count source option disabled

R TCS3 | specified bit 1: TCKO, TCK1 disabled, TCS0to Tcs2 | RW

P E enabled

E i E E b6 b5 b4

T S S TCS4 0 0 O0:fTIMAB orf2TIMAB @ RW

. 0 O 1:f8TIMAB

b 0 1 0:f32TIMAB

E i e TCS5 |TAj count source select bit 0 1 1:f64TIMAB RW

bl 1 0 O0:Donotset

N 1 0 1:f0OCO-S

I TCS6 1 1 0:fC32 RW

E 1 1 1:Donotset

i 0 : TCKO, TCK1 enabled, TCS4 to TCS6

] . . .

Ve ] TAj count source option disabled

TCST | specified bit 1: TCKO, TCK1 disabled, TCS4to TCS6 | ~W
enabled
TACSO register:i=0,j=1 TACSL1 register: i=2,j=3
Note :
1. Set this value at the PCLKO bit in the PCLKR register.

Figure 15.8 Registers CPSRF, TACSO0, and TACS1

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
Page 142 of 383



M16C/64 Group 15. Timers
Timer A Count Source Select Register 2
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
TACS2 01D2h X0h
I ! :
P
A A R R : Bit Symbol Bit Name Function RW
[ R A T B
] ] ] )
i P i E i TA4 count source select bit (b2 bl bo
A b TCSO 0 0 O : flTIMAB or f2TIMAB ® RW
A B 0 0 1:f8TIMAB
::::E:: 0 1 0: f32TIMAB
A TCSs1 0 1 1:(f64TIMAB RW
i e i 1 0 O : Donotset
P 1 0 1:foCO-S
I R TCS2 1 1 0:fC32 RW
P E 1 1 1 : Donotset
1
P 1: TCKO, TCK1 enabled, TCSO to TCS2
i e Tcs3 TA4 F:_ount source option disabled _ RW
P specified bit 0 : TCKO, TCK1 disabled, TCSO to TCS2
o enabled
I ]
P _
L] No register bits. If necessary, set to 0. Read as undefined value. —
(b7-b4)
Note :
1. Set this value at the PCLKO bit in the PCLKR register.
Timer A Waveform Output Function Select Register
b7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
TAPOFS 01D5h XXX00000b
A
RN
by b bt | BitSymbol Bit Name Function RW
] ] ] [} ]
[ T R T T
I . e :
P i | i i i -1 POFSO |TAOOUT output polar control bit 0 : Output waveform "H" active RW
I 1 : Output waveform "L" active
A (output reversed)
P ! ! , ! e POFS1 |TA1OUT output polar control bit RW
[ T T
I
i E H i i S POFS2 | TA20UT output polar control bit RW
T
[ B
i E i E R POFS3 | TA3OUT output polar control bit RW
] ] ]
o b
o b
Y i et POFS4 | TA4OUT output polar control bit RW
] ]
[
:___:__E ______________ — No register bits. If necessary, set to 0. Read as undefined value _
(b7-b5)
Figure 15.9 Registers TACS2 and TAPOFS
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15.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally. Table 15.1 lists the Specifications
in Timer Mode. Figure 15.10 shows TAIMR Register in Timer Mode.

Table 15.1  Specifications in Timer Mode

Iltem Specification
Count Source fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation « Decrement

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

Divide Ratio 1/(n+1) n: set value of 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 | Timer underflow
TAIIN Pin Function 1/O port or gate input
TAIOUT Pin Function 1/O port or pulse output
Read from Timer Count value can be read by reading the TAi register
Write to Timer « When not counting

Value written to the TAi register is written to both reload register and counter
* When counting

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

(Transferred to counter when reloaded next)

Select Function * Gate function
Counting can be started and stopped by an input signal to the TAIIN pin

« Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted. When the TAIS
bit is set to 0 (stop counting), the pin outputs low.(when the POFSL1 bit in the TAPOFS register is
set to 1, the timer outputs high.)

« Waveform output select function
The output polarity of the TAIOUT pin is selected.

i=0to4

Timer Ai Mode Register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
0 0jo TAOMR to TA4MR 0336h to 033Ah 0o0h
e
o
i H Bit Symbol Bit Name Function RW
!
"
i L= TmoDO RW
i Operation mode select bit b1 b0
! P 0 0:Timer mode
ELEEE TMOD1 RW
0 : No pulse output
MRO Pulse output function (TAIOUT pin functions as I/O port) RW
select bit 1 : Pulse output @
(TAIOUT pin functions as a pulse output pin)
b4 b3
MR1 0 0:) Gate function not available RW
Gate function select bit 0 1: [ (TAIIN pin functions as I/O port)
____________ MR2 1 0: Counts while input on the TAIN pinislow @ | o/
1 1 : Countswhile input onthe TAIN pinis high @
MR3 Set to 0 in timer mode RW
bl bo
TCKO 0 0:fITIMAB or f2TIMAB ©
Count source select bit @ [ 0 1:f8TIMAB RW
TCK1 1 0:132TIMAB
1 1:fC32

Notes :
1. The TAOOUT pin is N-channel open drain output.
2. Set the port direction bit for the TAIIN pin to O (input mode).
3. Selected by the PCLKO bit in the PCLKR register.
4. Valid when the TCS3 bit or TCS7 bit in registers TACSO0 to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.10 TAIMR Register in Timer Mode
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15.1.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3, and A4 can count two-phase external signals. Table 15.2 lists the
Specifications in Event Counter Mode (When Not Processing Two-Phase Pulse Signal). Figure 15.11
shows the TAIMR Register in Event Counter Mode (when not using two-phase pulse signal
processing).

Table 15.2  Specifications in Event Counter Mode (When Not Processing Two-Phase Pulse Signal)

ltem Specification
Count Source « External signals input to the TAIIN pin (effective edge can be selected)
* Timer B2 overflows or underflows,
Timer Aj (j =i -1, exceptj=4ifi=0)overflows or underflows,
Timer Ak (k =i + 1, except k=0 if i = 4) overflows or underflows
Count Operation « Increment or decrement can be selected by program.

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

Divide Ratio *1/ (FFFFh - n + 1) for increment

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

Count Start Condition Set the TAIS bit in the TABSR register to 1 (start counting)
Count Stop Condition Set the TAIS bit to O (stop counting)

Interrupt Request Timer overflow or underflow

Generation Timing

TAIIN Pin Function I/O port or count source input

TAIOUT Pin Function I/O port, pulse output

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

Write to Timer * When not counting

Value written to the TAi register is written to both reload register and counter
* When counting
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select Function * Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it
« Pulse output function
Whenever the timer underflows or underflows, the output polarity of the
TAIOUT pin is inverted. When the TAIS bit is set to 0 (stop counting), the pin
outputs low. (when the POFSL1 bit in the TAPOFS register is set to 1, the
timer outputs high.)
» Waveform output select function
The output polarity of the TAIOUT pin is selected.

i=0to4
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Timer Ai Mode Register (i =0 to 4)
(When Not Using Two-Phase Pulse Signal Processing)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | [o[o] | [o]1]  TaomRtoTA4MR 0336h to 033Ah 00h
IR
IR
E Eo i oo Bit Symbol Bit Name Function RW
1
EEERERE
P E i o i L1 TMODO bl bO RW
E b i : i Operation mode select bit |0 1 : Event counter mode ®
]
! i E ! i i ELEEE TMOD1 RW
] ]
[ T N
b i ! i i 0 : Pulse is not output
T S R S Pulse output function (TAIOUT pin functions as I/O port)
R MRO ; . : ® RW
R select bit 1: Pulse is output
! i E ! E (TAIOUT pin functions as pulse output pin)
] ]
ol : [ . . .
] i b MR1 Count polarity select bit 0 : Counts f_al!lng edge of external s_lgnal RW
' : ! 1: Counts rising edge of external signal
[ ]
[ N I
E i ! MR2 Write O in event counter mode RW
N
E ! MR3 Write 0 in event counter mode RW
[
[
[ . )
! TCKO Count o_peranon type 0 : Reload type RW
! select bit 1: Free-run type
]
]
TCK1 |Can be 0 or 1 when not using two-phase pulse signal processing RW
Notes :

1. During event counter mode, the count source can be selected using registers ONSF and TRGSR.
2. Valid when bits TAITGH and TAITGL in the ONSF or TRGSR register are 00b (TAIIN pin input).
3. The TAOOUT pin is N-channel open drain output.

Figure 15.11 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal
processing)
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Table 15.3 lists Specifications in Event Counter Mode (when processing two-phase pulse signal with
Timers A2, A3, and A4). Figure 15.12 shows Registers TA2MR to TA4MR in Event Counter Mode
(when using two-phase pulse signal processing with Timers A2, A3, and A4).

Table 15.3  Specifications in Event Counter Mode (when processing two-phase pulse signal with
Timers A2, A3, and A4)

Item Specification
Count Source Two-phase pulse signals input to TAIIN or TAIOUT pin
Count Operation « Increment or decrement can be selected by two-phase pulse signal

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

Divide Ratio e 1/ (FFFFh - n + 1) for increment
«1/(n + 1) for decrement  n: set value of the TAi register  0000h to FFFFh

Count Start Condition Set the TAIS bit in the TABSR register to 1 (start counting)
Count Stop Condition Set the TAIS bit to 0 (stop counting)
Interrupt Request Generation Timing [ Timer 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
Write to Timer When not counting

Value written to the TAi register is written to both reload register and counter

When counting

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

(Transferred to counter when reloaded next)

Select Function @) Normal processing operation (Timer A2 and Timer A3)

The timer increments rising edges or decrements falling edges on the TAjIN pin when input
signals on the TAJOUT pin is “H".

TAJOUT J L
TAIN j * * + + L

Increment  Increment  Increment Decrement Decrement Decrement

Multiply-by-4 processing operation (Timer A3 and Timer A4)

If the phase relationship is such that TAKIN pin goes “H” when the input signal on the TAk-
OUT pin is “H,” the timer increments rising and falling edges on pins TAKOUT and TAKIN. If
the phase relationship is such that the TAKIN pin goes “L” when the input signal on the TAk-
OUT pin is “H,” the timer counts down rising and falling edges on pins TAKOUT and TAKIN.

TAkOUT\_*th Uyut

Increment all edges Decrement all edges

N S A2y Ay

Increment all edges Decrement all edges

Counter initialization by Z-phase input (Timer A3)
The timer count value is initialized to 0 by Z-phase input.
i=2t04,j=2,3,k=3,4
Note:
1. Only Timer A3 is selectable. Timer A2 is fixed to normal processing operation, and Timer A4 is fixed
to multiply-by-4 processing operation.
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Timer Ai Mode Register (i = 2 to 4)
(When Using Two-Phase Pulse Signal Processing)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
|I|I|?|1|?|0|9|?| TA2MR to TAAMR 0338h to 033Ah 0oh
[ R A !
1 1 ] ) ] 1 ] H
E i D E | 1| sit symbol Bit Name Function RW
[ T I B A !
1 1 ] ) ] 1 ] H
R ii i L.] T™MODO b1 bo RW
I ' i ! H Operation mode select bit 0 1:Eventcounter mode
A TMOD1 ' RW
[ 1
[
] ] )
E i i E E fmmmme e MRO Set to O to use two-phase pulse signal processing RW
! ]
[ T T
[ I}
i H E E R MR1 Set to 0 to use two-phase pulse signal processing RW
1 ]
[ N
[
E i E et MR2 Set to 1 to use two-phase pulse signal processing RW
[
] 1 ]
E E (R MR3 Set to 0 to use two-phase pulse signal processing RW
] 1
] 1
] 1 . .
E ] TCKO bC‘ount operation type select |0 : Reload type RW
! it 1 : Free-run type
]
H Two-phase pulse signal . .
] .
] TCK1 |processing operation type 2 : I\Nll(l)JrItrinelll iro_iesfg;gesgﬁragogration RW
select bit &2 ) ply-by-4p 9 op
Notes :
1. The TCK1 bit can be set only for Timer A3 mode register. No matter how this bit is set, Timers A2 and A4 always
operate in normal processing mode and x4 processing mode, respectively.
2. To use two-phase pulse signal processing, following the register setting below:
« Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
« Set bits TAITGH and TAITGL in the TRGSR register to 00b (TAIIN pin input).
« Set the port direction bits for TAIIN and TAIOUT to 0 (input mode).

Figure 15.12 Registers TA2MR to TA4MR in Event Counter Mode (when using two-phase pulse
signal processing with Timers A2, A3, and A4)
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15.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing

This function initializes the timer count value to 0 by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in Timer A3 event counter mode during two-phase pulse signal
processing, free-running type, 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 detecting Z-phase input edge. The active edge can be
chosen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse
width applied to the ZP pin must be equal to or greater than one clock cycle of Timer A3 count
source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 15.13 shows
the Relationship between the Two-Phase Pulse (A Phase and B Phase) and the Z Phase.

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

TA30UT —
(A phase)

(B phase)

counnsowrce [ | [T [T [1 [T 1L T JT T JI

ZP O

TA3IN |

<4—» ! |nput equal to or greater than one clock cycle
of count source

Timer A3 X m Xm+1X 1 X 2 X 3 X 4 X 5

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

Figure 15.13 Relationship between the Two-Phase Pulse (A Phase and B Phase) and the Z Phase
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15.1.3 One-Shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. When the trigger occurs, the
timer starts up and continues operating for a given period. Table 15.4 lists the Specifications in One-

shot Timer Mode Figure 15.14 shows the TAIMR Register in One-Shot Timer Mode.

Table 15.4

Specifications in One-shot Timer Mode

Item

Specification

Count Source

fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32

Count Operation

* Decrement

« When the counter reaches 0000h, it stops counting after reloading a new
value.

« If a trigger occurs when counting, the timer reloads a new count and restarts
counting.

Divide Ratio

1/n n: set value of the TAi register ~ 0000h to FFFFh
However, the counter does not work if the divide-by-n value is set to 0000h.

Count Start Condition

The TAIS bit in the TABSR register = 1 (start counting) and one of the following
triggers occurs.
« External trigger input from the TAIIN pin
 Timer B2 overflow or underflow,
Timer Aj (j =i- 1, exceptj=4ifi=0) overflow or underflow,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflow or underflow
* The TAIOS bit in the ONSF register is set to 1 (timer starts)

Count Stop Condition

* When the counter is reloaded after reaching 0000h
* The TAIS bit is set to 0 (stop counting)

Interrupt Request
Generation Timing

When the counter reaches 0000h

TAIIN Pin Function

I/O port or trigger input

TAIOUT Pin Function

I/O port or pulse output

Read from Timer

An indeterminate value is read by reading the TAi register

Write to Timer

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

Select Function

« Pulse output function
The timer outputs low when not counting and high when counting. (when the
POFS1 bit in the TAPOFS register and is set to 1 the timer does not count, the
timer outputs high. When the timer counts, the timer outputs low.)

« Waveform output select function
The output polarity of the TAIOUT pin is selected.

i=0to4

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS

Page 150 of 383




M16C/64 Group 15. Timers
Timer Ai Mode Register (i =0 to 4)
b7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
o] [ | I1[o]  TaomRt TAsuR 0336h to 033Ah 00h

T T T :
REREREE

]
P i ! i ! | Bit Symbol Bit Name Function RW
" ] [
[ R T B |
P Operati lect bi
R T R N T A peration mode select bit |b1 b0
! E i ! i i ! TMODO 1 0: One-shot timer mode RW
I I 1
[ L |
I TMOD1 RW
R T I R B
i i i i E E 0 : No pulse output
A . (TAIOUT pin functions as I/O port)

[ [
P — MRO SP:IIES; (k))Lthtput function 1: Pulse output @ RW
' i ! ! (TAIOUT pin functions as a pulse output
BERR o)
[ 1
i Vo i : _________ MR1 External trigger select 0 : Falling edge of input signal to TAIIN pin ©) RW
' E i ! bit @ 1 : Rising edge of input signal to TAIIN pin ©
1 ]
[
[ | . .
ol : . 0 : TAIOS bit enabled
R MR2  Trigger select bit 1: Selected by bits TAITGH and TAITGL RW
o !
[
i E R —— MR3 Set to 0 in one-shot timer mode RW
o
Lo b7 b6
Potmmmmommmomoood TCKO 0 0:f1TIMAB or f2TIMAB
! Count source select bit ® [ 0 1 : f8TIMAB RW
] TCK1 1 0:f32TIMAB
1 1:fC32
Notes :

1. The TAOOUT pin is N-channel open drain output.

2. Valid when bits TAITGH and TAITGL in the ONSF register or TRGSR register are set to 00b (TAIIN pin input).

3. Set the port direction bit for the TAIIN pin to O (input mode).

4. Selected by the PCLKO bit in the PCLKR register.

5. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.14 TAIMR Register in One-Shot Timer Mode
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15.1.4 PWM Mode (Pulse Width Modulation Mode)

In PWM mode, the timer outputs pulses of a given width in succession. The counter functions as either
16-bit pulse width modulator or 8-bit pulse width modulator. Table 15.5 lists the Specifications in PWM
Mode. Figure 15.15 shows TAIMR Register in PWM Mode. Figures 15.16 and 15.17 show an Example
of 16-Bit Pulse Width Modulator Operation and 8-bit Pulse Width Modulator Operation, respectively.

Table 15.5  Specifications in PWM Mode

Item Specification
Count Source fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation » Decrement (operating as an 8-bit or a 16-bit pulse width modulator)
* The timer reloads a new value on a rising edge of PWM pulse and continues
counting.

(when output waveform low active is selected, the timer reloads on a falling
edge and continues counting. (i = 1 to 4))
* The timer is not affected by a trigger that occurs during counting.
16-bit PWM * Pulse width n /fj n: set value of the TAI register
« Cycle time (216 - 1)/ fj fixed fj: count source frequency (1ITIMAB, f2TIMAB,
f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32)
8-bit PWM e Pulse width n x (m+1) / fj  n: set value of the TAi register high-order address
* Cycle time (28-1) x (m+1) / fj
m: set value of the TAI register low-order address
Count Start Condition * The TAIS bit of the TABSR register is set to 1 (start counting)
* The TAIS bit = 1 and external trigger input from the TAIIN pin
* The TAIS bit = 1 and one of the following external triggers occurs
Timer B2 overflow or underflow,
Timer Aj (j =1i- 1, exceptj=4ifi=0) overflow or underflow,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflow or underflow
Count Stop Condition The TAIS bit is set to 0 (stop counting)

Interrupt Request On the falling edge of PWM pulse (when the POFSI bit is set to “1”, on a rising
Generation Timing edge)

TAIIN Pin Function I/O port or trigger input

TAIOUT Pin Function Pulse output

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

Write to Timer « When not counting

Value written to the TAi register is written to both reload register and counter
* When counting
Value written to the TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select Function « Pulse output function
The timer outputs low when not counting and the timer outputs a PWM pulse
when counting. (when the POFS1 bit is set to 1 and the timer does not count,
the timer outputs high.)
« Waveform output select function
The output polarity of the TAIOUT pin is selected.

i=0to4
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Timer Ai Mode Register (i = 0 to 4)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
[1]1]  TAOMRto TA4MR 0336h to 033Ah 00h
T
EERRERE
! E AR ! Bit Symbol Bit Name Function RW
1 [}
[ T L
O T B - .
A Operation mode select bit (b1 b0
R TMODO 1 1:PWM mode RW
yoror v
I I — TMOD1 RW
P
bbb bl 0 : No pulse output
[ | 1 H H :
T T T . (TAIOUT pin functions as 1/O port)
: i E E i t=mmmmT MRO SP:II:Cet %ﬁtﬁgjt function 1 : Pulse output RW
i Lo (TAIOUT pin functions as a pulse output
A pin)
A '
P External trigger select 0 : Falling edge of input signal to TAIIN pin ®
I O S MR1 =2 gy . A N e 3) RW
o bit 1 : Rising edge of input signal to TAIIN pin
A
1 b
[ . . 0: White 1 to the TAIS hit in the TABSR register
L R I
bl MR2 | Trigger select bit 1 Selected by bits TATGH and TATGL RW
[
!
i E E ______________ MR3 16/ 8-bit PWM mode select |0 : Functions as a 16-bit pulse width modulator RW
b bit 1: Functions as an 8-hit pulse width modulator
I
] b7 b6
i TCKO 0 0:fLTIMAB or 2TIMAB ©
i Count source selectbit ® [ 0 1:f8TIMAB RW
] TCK1 1 0:f32TIMAB
1 1:fC32
Notes
1. The TAOOUT pin is N-channel open drain output.
2. Valid when bits TAITGH and TAITGL bit in the ONSF register or TRGSR register are set to 00b (TAIIN pin
input).

3. Set the port direction bit for the TAIIN pin to 0 (input mode).

4. Set this bit to 1 (pulse output) to output PWM pulse.

5. Selected by the PCLKO bit in the PCLKR register.

6. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.15 TAIMR Register in PWM Mode
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1/fix (26 -1)

WUUUUUUL

Count source JI :

Input signal to TAIIN pin H f f\
T

PWM pulse output

==="

Uyl

Trigger is not generated by this signal }

from TAIOUT pin 1/fixn

When POFSi =0 “H»

(waveform output = “H”

active, not inverted) L — e —

=

When POFSi = 1 H— TTTTTTTTTTTTTTo
(waveform output =“L"
active, inverted)
aqn
IR bit in TAIIC register
“0" ______________

fi: count source frequency V\ . . /
(fLITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, Set to 0 upon accepting an interrupt
f64TIMAB, fOCO-S, fC32) request or by writing in program.
i=0to4
POFSi: bit in the TAPOFS register
Notes :

1. n =0000h to FFFEh

2. This timing diagram is for the case where the TAi register is 0003h, bits TAITGH and TAITGL in the
ONSEF register or TRGSR register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 1
(rising edge), and the MR2 bit in the TAIMR register is 1 (trigger selected by bits TAITGH and TAITGL).

Figure 15.16 Example of 16-Bit Pulse Width Modulator Operation

1/fix (m+1) x (28-1)

ni B!
Count source @ i I

apr
Input signal to TAIIN pin }

1/fix (m+1)

8-bit prescaler H— L e —————
underflow signal ? o

PWM pulse output 1/fix(m+1)xn
from TAIOUT pin N

When POFSi =0
(waveform output = “H”
active, not inverted) “r L -

When POFSi = 1 H ] S —\—,_
(waveform output = “L”  «»

active, inverted)

IR bit in TAIIC register 1
L e

fi: count source frequency

. f64TIMAB, fOCO-S, fC32) writing in- program.
i=0to4

POFSi: bit in TAPOFS register

Notes :

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

2. The 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.

3. m = 00h to FFh, n=00h to FEh

4. This timing diagram is for the case where the TAi register is 0202h, bits TAITGH and TAITGL in the
ONSF register or TRGSR register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 0
(falling edge), and the MR2 bit in the TAIMR register is 1 (trigger selected by bits TAITGH and TAITGL).

(fLTIMAB, f2TIMAB, fSTIMAB, f32TIMAB, \ Set to 0 upon accepting an interrupt request or by

Figure 15.17 Example of 8-Bit Pulse Width Modulator Operation
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15.2 Timer B
Figure 15.18 shows Timer B Block Diagram. Figures 15.19 to 15.21 show registers related to Timer B.
Timer B supports the following three modes. Use bits TMOD1 and TMODO in the TBiMR register (i = 0 to
5) to select the desired mode.
» Timer Mode : The timer counts an internal count source.
 Event Counter Mode :The timer counts pulses from an external device or overflows or
underflows of other timers.
* Pulse Period, Pulse Width Measurement Mode
:The timer measures pulse period or pulse width of an external signal.

S Data Bus S
4
f1ITIMAB Select Clock Source
or TCK1 to TCKO
f2TIMAB JQ—%O TC?gg 00: Timer \/
01 or 10: Pulse Period -
f8STIMAB —— 0 . Reload Register
f32TIMABig o) and Pulse Width Measurement ~ MOD1 to TMODO | 9 |
fc3z 1l 4 0/0 x
f1TIMAB TCS2 to TCSO 1
or or TCS6 to TCS4 ; TCK1 ) . Counter |
__000] . 01: Event Counter y
f2TIMAB TBj e} o
f8TiIMAB —9L1 Overflow @ o
32TIMAB—220
64TIMAB—2LL0
foco-s —%io
fcz2 19 o :

TBilN (O—{ Switching and T
Edge Pulse
I Counter Reset Circuit |—

i=0to5

Note : L . . . .
1. Overflows or underflows. j=i-1;however,j=2wheni=0,j=5wheni=3

TCK1 to TCKO, _T8Bi _T8j

TMOD1 to TMODO : bits in the TBiIMR register Timer BO Timer B2

TBiS : bits in the TABSR register or TBSR register Timer B1 Timer BO

TCSO to TCS7 : bits in registers TBCSO to TBCS3 Timer B2 Timer B1

Timer B3 Timer B5
Timer B4 Timer B3
Timer B5 Timer B4

Figure 15.18 Timer B Block Diagram
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Timer Bi Mode Register (i=0to 5)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
T S B TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
) ooy !
[ H
! E bl E E i i Bit Symbol Bit Name Function RW
] [ B
[ T T !
1 E P i i E Operation mode select bit ~ |b1 b0
E i i E E i 1 "7 T™MODO 0 0:Timer mode RW
! : P i i 0 1:Eventcounter mode
! i A 1 0: Pulse period measurement mode
H ! I R B S TMOD1 Pulse width measurement mode RW
P 1 1:Do notset
[
I I A S MRO RW
P ! i Function varies with each operation mode
Pobor o e MR1 RW
RN _
R b (b4) No register bit. If necessary, set to 0. Read as undefined value —
Yo
[
E E e MR3  |Function varies with each operation mode RO
) 1
1 1
bt TCKO | count source select bit @ RW
] TCK1 (Function varies with each operation mode) RW
Note :
1. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).
Timer Bi Register (i=0to 5) @
(b15) (b9
b7 b0 b7 b0
| | | Symbol Address After Reset
' TBO 0331h to 0330h Indeterminate
! TB1 0333h to 0332h Indeterminate
! TB2 0335h to 0334h Indeterminate
H TB3 0311hto 0310h Indeterminate
i TB4 0313h to 0312h Indeterminate
E TB5 0315h to 0314h Indeterminate
]
i Mode Function Setting Range RW
1
]
] ..
:_ __________ Timer mode Dllllde the count source by n + 1 where 0000h to EEFEh RW
n = set value
Event counter mode Divide the count source by n + 1 where 0000h to FFFFh RW

n = set value @

Notes :

Pulse period

measurement mode

Pulse width

measurement mode

Measures a pulse period or width

0000h to FFFFh @

RW ©®

1. Access to the register in 16-bit units.

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

3. Set it when the TBIS bit in the TABSR or TBSR register is set to 0 (count stops).

4. Read only (RO) when the TBIS bit in the TABSR or TBSR register is set to 1 (count starts).

Figure 15.19 Register TBOMR to TB5MR and TBO to TB5
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Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TABSR 0320h 00h
EERREEE
S A _ _ .
Vo b Vo o Bit Symbol Bit Name Function RW
A
] ] ) H [ I 1 -
] .
bl b L] TA0S | Timer A0 count start flag 0+ Stop counting RW
Proa b 1: Start counting
] ] ]
Do b E Po-amd TA1S  [Timer Al count start flag RW
] 1 ) H ] 1
] 1 ) H ] 1
E E E ! E S TA2S | Timer A2 count start flag RW
[
] 1 ) H ]
E E P TA3S | Timer A3 count start flag RW
b
Vg
i E L SIS TA4S  |Timer A4 count start flag RW
[
] ] )
E i et TBOS | Timer BO count start flag RW
] ]
] ]
R TB1S |Timer B1 count start flag RW
]
]
GGt E LTt TB2S  |Timer B2 count start flag RW
Timer B3, B4, B5 Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
TBSR 0300h 000XXXXXb
A
1 ] 1 ] ] ] 1 ]
E ; b4t i1 | BitSymbol Bit Name Function RW
] 1 1 1 1 1 1 1
E ! E i E i i E _ No register bits. If necessary, set to 0. Read as undefined value
P TR (b4bo) -
1 1 1
1 1 1
Lo ) 0 : Stop counting
[ | I ——
i i TB3S  |Timer B3 count start flag 1 Start counting RW
1 1
R TB4S  [Timer B4 count start flag RW
1
]
]
L T TB5S  |Timer B5 count start flag RW
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
CPSRF 0015h OXXXXXXXb
: : ] ] ] ] 1 1
G _ . -
HE A R Bit Symbol Bit Name Function RW
ERRRRE
i :___:__:__:__i__:__:___ (b(;bO) No register bits. If necessary, set to 0. Read as undefined value —
i
1
1
] Initializing the clock prescaler.
CPSR |Clock prescaler reset flag (Read as 0) RW

Figure 15.20

Register TABSR, TBSR, and CPSRF
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Timer B Count Source Select Register 0, Timer B Count Source Select Register 2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

TBCSO 01C8h 00h
T T T T T TBCS2 01E8h 00h
[
1 ] ] ] ]
Vo i i i E i i Bit Symbol Bit Name Function RW
[ [
[ ] ] ]
A R | TBi count source select bit  |b2 bl b0
bt -9 TCSO 0 0 0:fITIMAB or f2TIMAB ® RW
b P 0 0 1:f8TIMAB
Pl 0 1 0:f32TIMAB
N TCS1 0 1 1:f64TIMAB RW
A 1 0 0:Donotset
Pooobdd 1 0 1:f0CO-S
bbb e TCS2 1 1 0:fc32 RW
i : i ! 1 1 1:Donotset
P i 1: TCKO, TCK1 enabled, TCSO to TCS2
! ) ) :
: i P ] TCS3 TBi count source option .dlsabled _ RW
b specified bit 0: TCKO, TCK1 disabled, TCS0 to TCS2
o i enabled
|
i o TBj count source select bit  |b6 b5 b4
i TCs4 0 0 0:flTIMAB or f2TIMAB ® RW
o ! 0 0 1:f8TIMAB
P 0 1 0:f32TIMAB
P ] TCSS 0 1 1:f64TIMAB RW
o 1 0 0:Donotset
o 1 0 1:foco-s
: e, TCS6 1 1 0:fC32 RW
i 1 1 1:Donotset
| 1:TCKO, TCK1 enabled, TCS4 to TCS6
1 . . .
L] TBj count source option disabled
TCST \specified bit 0: TCKO, TCK1 disabled, TCS4to Tcse | "W
enabled
TBCSO register: i=0,j=1 TBCS2 register: i=3,j=4
Note :
1. Set this value at the PCLKO bit in the PCLKR register.
Timer B Count Source Select Register 1, Timer B Count Source Select Register 3
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TBCS1 01C%h XO0h
1 HE TBCS3 01ESh X0h
I I A A
i E i i i i i i Bit Symbol Bit Name Function RW
R I R T B R T
E i i i : i i i TBi count source select bit  |b2 bl b0
! I H Poroe TCSO 0 0 O :fiTIMAB or f2TIMAB @ RW
R 0 0 1 :f8TIMAB
I R 0 1 0 :f32TIMAB
Pl e TCS1 0 1 1 :164TIMAB RW
i A 1 0 0 :Donotset
P 1 0 1:fO0CO-S
Pobb b teeeee TCS2 1 1 0:fCc32 RW
Pl 1 1 1 :Donotset
Py i 1: TCKO, TCK1 enabled, TCSO to TCS2
Ll TBi count source option disabled
1 1 1 1 [ —
P TCS3 | specified bit 0: TCKO, TCK1 disabled, TcsotoTcs2 | RW
i E i i enabled
oo
] ] 1 J—
(R N S I (b7-ba) No register bits. If necessary, set to 0. Read as undefined value —
TBCS1 register:i=2 TBCS3register: i=5
Note :
1. Set this value at the PCLKO bit in the PCLKR register.

Figure 15.21 Registers TBCSO, TBCS1, TBCS2, and TBCS3
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15.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally. Table 15.6 lists the Specifications
in Timer Mode. Figure 15.22 shows the TBiIMR Register in Timer Mode.

Table 15.6  Specifications in Timer Mode

Item Specification
Count Source fAITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation * Decrement
« When the timer underflows, it reloads the reload register contents and continues
counting
Divide Ratio 1/(n+1) n: set value of the TBI register 0000h to FFFFh

Count Start Condition | Set the TBIS bit () to 1 (start counting)
Count Stop Condition | Set the TBiS bit to 0 (stop counting)
Interrupt Request Timer underflow
Generation Timing
TBIIN Pin Function I/O port
Read from Timer Count value can be read by reading the TBi register
Write to Timer * When not counting
Value written to the TBi register is written to both reload register and counter
* When counting
Value written to the TBi register is written to only reload register
(Transferred to counter when reloaded next)

i=0to5
Note:
1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i =0 to 5)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| | | Xlo]o]o]o|  TBOMRtoTB2MR 033Bh to 033Dh 00XX0000b
o . TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
' 1 |
] ] ] | ] 1
: i P E ! | Bit symbol Bit Name Function RW
P bt
R I
pbor o Ld TMODO RW
: E . i Operation mode select bit [2* 2°
oo P 0 0:Timer mode
oo e TMOD1 RW
]
]
bl (S MRO RW
b Set to 0 in timer mode
S SRR MR1 RW
i
]
]

[ I — No register bit. If necessary, set to 0. Read as undefined value —

Write 0 in timer mode.
| —
MR3 Read as undefined value in timer mode RO

b7 b6
I TCKO 0 0:fLTIMAB or f2TIMAB @ RW
Count source selectbit @ | 0 1:f8TIMAB
1 0:f32TIMAB
___________________ TCK1 1 1-f032 RW
Notes :

1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.22 TBiMR Register in Timer Mode
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15.2.2

Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Table 15.7 lists the Specifications in Event Counter Mode. Figure 15.23 shows the TBIMR

Register in Event Counter Mode.

Table 15.7

Specifications in Event Counter Mode

Iltem

Specification

Count Source

« External signals input to TBIIN pin (effective edge rising edge, falling edge,
or both rising and falling edges) can be selected in a program)
« Timer Bj overflow or underflow (j =i- 1, exceptj=2ifi=0,j=5if i = 3)

Count Operation

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

continues counting.

Divide Ratio

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

Count Start Condition

Set the TBIS bit (U to 1 (start counting)

Count Stop Condition

Set the TBIS bit to 0 (stop counting)

Interrupt Request
Generation Timing

Timer underflow

TBIIN Pin Function

Count source input

Read from Timer

Count value can be read by reading the TBi register.

Write to Timer

* When not counting
Value written to the TBi register is written to both reload register and counter
* When counting
Value written to the TBi register is written to only reload register
(Transferred to counter when reloaded next)

i=0to5
Note:

1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i =0 to 5)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
lo[1]  TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
R TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
I T S R
E E E E H i E ! | Bit symbol Bit Name Function RW
roa ! N !
[ oYy
por bS] TMoDo bl bo RW
]
E ! E E Vo E Operation mode select bit |0 1 : Event counter mode
] 1
bbb e TMOD1 RW
| [
i S | b3 b2
' i ) ! i [P MRO 0 0: Counts falling edges of external RW
o Pl signal
P! E P! Count polarity select bit @[ 0 1 : Counts rising edges of external signal
| i E ' 1 0: Counts falling and rising edges
E borr T MR1 external signal RW
! i V! 1 1 :Do not set to this value
roy H
E i E S — No register bit. If necessary, set to 0. Read as undefined value —
bl
1 ! . .
! i b ] MR3 Write 0 in even_t counter rr_]ode. RO
! : Read as undefined value in event counter mode
o
[ L
[ Invalid in event counter mode.
I
i TCKO SetOor 1 RW
]
]
1 0 : Input from TBIIN pin @
L TCK1 Event clock select 1: TBj overflow or underflow RW
(=i-1; however, j=2ifi=0, j=5ifi=3)
Notes :
1. Valid when the TCK1 bit = 0 (input from TBIIN pin). If the TCK1 bit = 1 (TBj overflow or underflow), these bits
can be setto O or 1.
2. Set the port direction bit for the TBIIN pin to 0 (input mode).

Figure 15.23 TBiMR Register in Event Counter Mode
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15.2.3 Pulse Period and Pulse Width Measurement Modes
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of
an external signal (see Table 15.8). Figure 15.24 shows the TBIMR Register in Pulse Period and Pulse
Width Measurement Mode. Figure 15.25 shows the Operation Timing when Measuring a Pulse Period.
Figure 15.26 shows the Operation Timing when Measuring a Pulse Width.

Table 15.8  Specifications in Pulse Period and Pulse Width Measurement Mode

Item Specification
Count Source fATIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
* Increment
Count Operation  Counter value is transferred to reload register at an effective edge of

measurement pulse. The counter value is set to 0000h to continue counting.
Count Start Condition | Set the TBIS bit (3) to 1 (start counting)
Count Stop Condition Set the TBIS bit to O (stop counting)

Interrupt Request « When an effective edge of measurement pulse is input (1)

Generation Timing Timer overflow. When an overflow occurs, the MR3 bit in the TBIMR register is set
to 1 (overflowed) simultaneously.

TBIIN Pin Function Measurement pulse input

Contents of the reload register (measurement result) can be read by reading the

Read from Timer TBi register @

Write to Timer Value written to the TBi register is written to neither reload register nor counter
i=0tob
Notes:
1. Interrupt request is not generated when the first effective edge is input after the timer started
counting.

2. Value read from the TBi register is indeterminate until the second valid edge is input after the timer

starts counting.
3. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i =0 to 5)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| 1 | 0 | TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
T ; T TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
[
i | E E Vo 11| BitSymbol Bit Name Function RW
SRR
] ]
:i:iii:'--- TMODO bl bo RW
i i E ! Pl E Operation mode select bit| 1 0 : Pulse period, pulse width
P E E E i [I— TMOD1 measurement mode RW
I} 1 ] 1
ERE %
P i 0 0: Pulse period measurement
R i P (Measurement between a falling edge and
E ' i b MRO the next falling edge of measured pulse) RwW
A 0 1: Pulse period measurement
P M ¢ mod (Measurement between a rising edge and
A elzastutr)t_etmen mode the next rising edge of measured pulse)
P E E ! select bi 1 0: Pulse width measurement
E E b i (Measurement between a falling edge and
b e MR1 the next rising edge of measured pulse RW
P and between a rising edge and the next
b falling edge)
E | E : 1 1:Donot set to this value
[T )
b i b o] — No register bit. If necessary, set to 0. Read as undefined value —
i1
] 1 ]
N ) . a |0 :No overflow
E i MR3 Timer Bi overflow flag 1 - Overflow RO
[
b b7 b6
: TCKO 0 0:f1TIMAB or f2TIMAB @ RW
' Count source select bit @ | 0 1: f8TIMAB
] .
Vo] TCK1 1 0:f32TIMAB RW
1 1:fC32
Notes :
1. This flag is undefined after reset. The MR3 bit is cleared to 0 (no overflow) by writing to the TBIMR register.
The MR3 bit cannot be set to 1 in a program.
2. Selected by the PCLKO bit in the PCLKR register.
3. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS3 is set to 0 (TCKO, TCK1 enabled).

Figure 15.24 TBIiMR Register in Pulse Period and Pulse Width Measurement Mode
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Count source upruyrryyuuririyyuu-ouiuuyL
Measurement pulse ': tJ * | *

/Transfer ¥ Transfer
(indeterminate value) (measured value)

Reload register-4-counter
transfer timing

/(NOTE 1) /(NOTE 1) /(NOTE 2)

Timing at which counter —l
reaches 0000h
TBIS bit v

“gr
IR bit in TBIIC register R

.

Set to 0 upon accepting an interrupt request or by writing in program

MR3 bit in TBIMR register v

“gr

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

i=0to5

Notes :
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 00b (measure the interval from
falling edge to falling edge of the measurement pulse).

Figure 15.25 Operation Timing when Measuring a Pulse Period

Count source |_|_|_|_H J || _—|_|_|_|_l_—|_|_|_|"|_|_|_|_—|_|_|_|_|_|_|_
Measurement pulse T j_} Y * ; -

Transfer Transfer Transfer Transfer
W(indeterminatp o (measured i (measured ¥ (measured
value) 11 value) value) value)

Reload register<—counter
transfer timing

/ (NOTE 1) /(NOTE 1) /(NOTE )/'(NOTE 1) /1 (NOTE 2)

Timing at which counter "|
reaches 0000h
- aqn
TBIS bit
0 ——
IR bit in TBIIC register S
“gr \ o
“1” Set to 0 upon accepting an interrupt request or by writing in program
MR3 bit in TBIMR register ! P ping pLreq y gin program
o

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

i=0to5

Notes :
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 10b (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the
measurement pulse).

Figure 15.26 Operation Timing when Measuring a Pulse Width
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16. Three-Phase Motor Control Timer Function

Timers Al, A2, A4, and B2 can be used to output three-phase motor drive waveforms. Table 16.1 lists the
Three-phase Motor Control Timer Functions Specifications. Figure 16.1 shows the Three-phase Motor
Control Timer Functions Block Diagram. Also, the related registers are shown on Figures 16.2 to 16.7.

Table 16.1  Three-phase Motor Control Timer Functions Specifications

ltem Specification
Three-Phase Waveform  [Six pins (U, U, V, V, W, W)

Output Pin

Forced Cutoff Input (1) Input “L” to the SD pin

Used Timers Timer A4, Al, A2 (used in one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode)
Carrier wave cycle control
Dead time timer (3 eight-bit timers and shared reload register)
Dead time control
Output Waveform Triangular wave modulation, sawtooth wave modulation
< Enable to output “H” or “L” for one cycle
< Enable to set positive-phase level and negative-phase level independently
Carrier Wave Cycle Triangular wave modulation : count source x (m + 1) x 2
Sawtooth wave modulation : count source x (m + 1)
m: setting value of the TB2 register, 0000h to FFFFh
Count source: fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S,

fC32
Three-Phase PWM Output |Triangular wave modulation: count source x n x 2
Width Sawtooth wave modulation: count source x n

n: setting value of registers TA4, TA1, and TA2 (of registers TA4, TA41, TA1L,
TA11, TA2, and TA21 when setting the INV11 bit to 1), 0001h to FFFFh
Count source: fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S,
fC32

Dead Time Count source x p, or no dead time

p: setting value of the DTT register, 01h to FFh

Count source: fITIMAB, f2TIMAB, fITIMAB divided by 2, f2TIMAB divided by

2
Active Level Enable to select “H” or “L”
Positive and Negative- Positive-and negative-phases concurrent active disable function

Phase Concurrent Active  |Positive-and negative-phases concurrent active detect function
Disable Function
Interrupt Frequency Timer B2 interrupt is generated every g times
g: carrier wave cycle-to-cycle basis, 1 to 15

Notes:

1. Forced cutoff with SD input is effective when the IVPCR1 bit in the TB2SC register is set to 1 (three-
phase output forcible cutoff by SD input enabled). If an “L” signal is applied to the SD pin when the
IVPCR1 hit is 1, the related pins go to a high-impedance state regardless of which functions of those
pins are being used.

2. Related pins: P7_2/CLK2/TA1OUT/V, P7_3/CTS2/RTS2/TALIN/V, P7_4/TA20UT/W,

P7_5/TA2IN/W, P8_0/TA40UT/RXD5/SCL5/U, P8_1/TA4IN/CTS5/RTS5/U
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INVOO to INVO7: bits in the INVCO register
INV10 to INV15: bits in the INVC1 register

DUi, DUBI : bits in the IDBi register (i = 0,1)
TA1S to TA4S : bits in the TABSR register - ) INVO3
PWCOM  bits in the TB2SC register ICTB2 register Value to be written to
n=1t15 INVO3 bit
F—— ; Write signal to INVO3 bit
INVO1 Circuit to set interrupt

generation frequency
INVOO:

Reload control signal for Timer Al ICTB2 counter Timer B2 NV
n=1to15 minterrupt nyos
request bit

Timer B2 underflow

(Timer mode)

INVO4

Reload register|

n=1to 255
Transfer trigger @ b S . 'Wefl_l:
ead time time U

n=1to 255 +H1bQ control )

Trigger 30 R
U-phase output
| TAA register | |TA41register| control circuit

Write signal to
Timer B2
INV10

Start trigger signal for Timers A1, A2, and A«

| Reload || Reload |

Timer A4
control signal

U-phaie

output signal

Timer A4 Three-phase
one-shot output
pulse shift register
(U phase)

q VL l_l. Inverse >_O U
When setting the TA4S bit to 0, 3 DQ control
signal is set to 0. TU-phase T

TAL register TA11 register output signal
I I
[ Recad || Reoad |
Timer A4

control signal

[nverse

control

Timer A1 V-phase output

one-shot control circuit

pulse Inverse

control

When setting the TA1S bit to 0, signal is spt fo 0.

output signal
| TA2 register | |TA21 registerl

| Reload || Reload |

Timer A2 one-
shot pulse

Dead Time Timel
n=1to 255

>Ow
Zir?;?srrﬁ_ﬁ W-phase output W-phase
pulse control circuit output signal Thverse _
control W
W-phase
When setting the TA2S bit to 0, output signal

signal is set to 0.

Switching to P8_0, P8_1 and P7_2 to P7_5 is not shown in this diagram.
Note :

1. Transfer trigger is generated only when registers IDBO and IDB1 are set and the first timer B2 underflows, if the INV0O6
bit is set to O (triangular wave modulation).

Figure 16.1 Three-phase Motor Control Timer Functions Block Diagram
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Three-Phase PWM Control Register 0 ()

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
INVCO 0308h 00h
] [} ] ] 1 1 1 )
1 1 1} 1} 1 1 1 1
[ R T R A | R R
Py oprrrr bl Bit Symbol Bit Name Function RW
1 1 1 1
i E E i 0: The ICTB2 counter is decremented by one onthe
[ INVOO Interrupt enable output rising edge of Timer Al reload control signal RW
[ polarity select bit 1: The ICTBR counter is decremented by one onthe
i E falling edge of Timer Al reload contrd signal ©
Vo Interrupt enable outout 0: ICTB2 counter is decremented by one when
e LN N bt Timer B2 underfiows RW
| P 1: Selected by the INVOO bit @
1
' . 0 : No three-phase control timer functions
1 ) ) ) | I )
i E E E i INVO2 | Mode select bit 1 : Three-phase control timer function ® RW
1
)
! . 0 : Disables three-phase control timer output ©
P ©)
INVO3 | Output control bit 1: Enables three-phase control timer output RW
) )
1 H Positive-and negative- )
) ) .
\ LR INV0O4 phases concurrent active 0 . E_nables concurrent aCtIYe output RW
1 ) h . 1 : Disables concurrent active output
(N disable function bit
) Positive-and negative-
' .
B LD INVO5 | phases concurrent active 0 . Not detects d RW
1: Detected ™
output detect flag
)
- INVOS Modulation mode 0 : Triangular wave modulation mode RW
select bit ® 1 : Sawtooth wave modulation mode ©
1
E Transfer trigger is generated when the INVO7 bit
INVO7  |Software trigger select bit is setto 1. Trigger to the dead time timer is also RW

generated when setting the INVO6 bit to 1. Read
as 0.

Notes :

1. Set the INVCO register after the PRC1 bit in the PRCR register is set to 1 (write enabled). Rewrite bits INVOO
to INVO2 and INVO6 when Timers Al, A2, A4 and B2 stop.

2. Set the INVO1 bit to 1 after setting the ICTB2 register

3. Bits INV0O and INVO1 are enabled only when the INV11 bit is set to 1 (three-phase mode 1). The ICTB2
counter is decremented by one every time Timer B2 underflows, regardless of INVOO and INVO1 bit settings,
when the INV11 bit is set to O (three-phase mode). When setting the INVO1 bit to 1, set Timer Al count start
flag to 1 before the first Timer B2 underflow. When the INVOO bit is set to 1, the first interrupt is generated
when Timer B2 underflows n-1 times, if n is the value set in the ICTB2 counter. Subsequent interrupts are
generated every n times Timer B2 underflows.

4. Set the INVO2 bit to 1 to operate the dead time timer, U-, V-and W-phase output control circuits and ICTB2
counter.

5. When the INVCO3 bit is set to 1, the pins applied to U/V/W output three-phase PWM. Pins U, U, V, V, W and
W, including pins shared with other output functions, are all placed in high-impedance states when the
following conditions are all met.

» The INVO02 bit is set to 1 (three-phase motor control timer function)

* The INVO3 bit is set to O (three-phase motor control timer output disabled)
« Direction registers of each port are set to 0 (input mode)

6. The INVO3 bit is set to 0 when the followings conditions are all met.

* Reset

« A concurrent active state occurs while the INV04 bit is set to 1

* The INVO3 bit is set to 0 by program

« A signal applied to the SD pin changes “H” to “L”

When both bits INVC04 and INVCO5 are set to 1, the INVCO3 bit is set to 0.

7. The INVO5 bit can not be set to 1 by program. Set the INVO04 bit to 0 as well when setting the INVO5 bit to 0.

8. The following table describes how the INVO6 bit works.

Item INV06 =0 INVO6 = 1
Mode Triangular wave modulation mode Sawtooth wave modulation mode

Timing to transfer from registers | Transferred once by generating a Transferred every time a transfer
IDBO and IDBL1 to three-phase [transfer trigger after setting registers |trigger is generated

output shift register IDBO and IDB1
Timing to trigger the dead time |On the falling edge of a one-shot On the falling edge of a one-shot pulse of the
timer when the INV16 bit = 0 pulse of the timer A1, A2, or A4 timer AL, A2, or A4, and transfer a trigger

Enabled when the INV11 bit = 1 and

the INVO6 bit = 0 Disabled

INV13 bit

Transfer trigger : Timer B2 underflows and write to the INVO7 bit, or write to the TB2 register during timer B2
stop when INV10 = 1

9. When the INVO6 bit is set to 1, set the INV11 bit to O (three-phase mode 0) and the PWCON bit in the TB2SC
register to O (reload Timer B2 with Timer B2 underflow).

Figure 16.2 INVCO Register
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Three-Phase PWM Control Register 1 @

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
|0| | | | | | | | INVC1 0309h 00h
I
I T R A _ _
A Bit Symbol Bit Name Function RW
1 ) ] ] 1 ] ] ]
1 ) ] ] 1 ] ] ]
N ) 0 : Timer B2 underflow
1 ) ] ] 1 ] ] ]
bbbl v |TimerAl A2 and Adstart e go nderflow and write to Timer RW
[ T T T A trigger select bit : .
[ T T T R R B2 during timer B2 stop
NEREEE
1 ] ] ] 1 ] ] .
[ T T T B R Timer Al-1, A2-1 and A4-1 |0 : Three-phase mode 0 ®
i E E E i E t----| INVIL control bit @ 1 : Three-phase mode 1 RW
AR - 0 FLTIMAB or f2TIMAB
bbb INvip |Dead time timer count 1: fTIMAB divided by 2 RW
oy source select bit ’ -
T T or f2TIMAB divided by 2
1 ) ] ] ]
[ N I | - . .
I I INVI3  |Carrier wave detect bit @  |© * Timer Al reload control signal is O RO
oo 1: Timer Al reload control signal is 1
) ) ] ]
) ) ] ]
I . . 0 : Active “L” of an output waveform
] ) ] ]
E E i ------------ INV14  |Output polarity control bit 1 Active “H” of an output waveform RW
] ] ]
[ . .
N — INV15  |Dead time disable bit 9: Deadime enabled RW
] ) .
] )
] 0 : Falling edge of a one-shot pulse of Timer AL,
] ) . . .
[ I Dead time timer trigger A2, and A4
E INV16 select bit ® 1: Rising edge of the three-phase output shift RW
! register (U-, V-, W-phase)
]
]
] - .
& b7) Reserved bit Setto 0 RW

Notes :
1. Rewrite the INVCL1 register after the PRC1 bit in the PRCR register is set to 1 (write enabled). Rewrite while
the timers Al, A2, A4, and B2 stop.
2. The following table lists how the INV11 bit works.

Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
Registers TA11, TA21, and TA41 Not used Used
Bits INVOO and INVOL1 in the INVCO | Disabled. Enabled
register The ICTB2 counter is decremented
whenever Timer B2 underflows
INV13 bit Disabled Enabled when INV11 =1 and INVO6 =0

3. When the INVO6 bit is set to 1 (sawtooth wave modulation mode), set the INV11 bit to O (three-phase mode 0).
Also, when the INV11 bit is set to 0, set the PWCON bit in the TB2SC register to O (timer B2 is reloaded when
Timer B2 underflows).

4. The INV13 bit is enabled only when the INVO6 bit is set to 0 (triangular wave modulation mode) and the INV11
bit to 1 (three-phase mode 1).

5. If the following conditions are all met, set the INV16 bit to 1 (rising edge of the three-phase output shift register).

» The INV15 bit is set to 0 (dead time timer enabled)

» The Dij bit and DiBj bit always have different values when the INV03 bit is set to 1 (the positive-phase and
negative-phase always output opposite level signals) (i=U, Vor W, j=0, 1).

If above conditions are not met, set the INV16 bit to 0 (dead time timer is triggered on the falling edge of a one-

shot pulse of timers).

Figure 16.3 INVC1 Register
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Three-Phase Output Buffer Register i @ (i = 0, 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
IDBO 030Ah XX111111b
T . IDB1 030Bh XX111111b
) 1
] [
! | || Bit symbol Bit Name Function RW
1 1
1 1]
[ ) ) Write output level
[ N
: DUi U-phase output buffer i 0: Active level RW
E 1 : Inactive level
1 . — .
----| DUBI  |U-phase output buffer i When read, the value of the three-phase RW
shift register is read.
------- DVi V-phase output buffer i RW
! DVBi  |V-phase output buffer i RW
:
----------- DWi  |W-phase output buffer i RW
—————————————— DWBi  |W-phase output buffer i RW
(b7-b6) No register bits. If necessary, set to 0. Read as undefined value —

Note :

1. Values of registers IDBO and IDBL1 are transferred to the three-phase output shift register by a transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output signal
first. Then the value written in the IDB1 register on the falling edge of Timers Al, A2, and A4 one-shot pulse
determines each phase output signal.

Dead Time Timer (.2

b7 bo Symbol Address After Reset

|:| DTT 030Ch Indeterminate

1
1
1
i Function Setting Range RW
1
1
1
1

If setting value is n, the timer stops when counting n times
"""""" a count source selected by the INV12 after start trigger
occurs. Positive or negative phase, which changes from 1to 255 WO
inactive level to active level, shifts when the dead time
timer stops.

Notes :
1. Use the MOV instruction to set the DTT register.
2. The DTT register is enabled when the INV15 bit in the INVCL1 register is set to 0 (dead time enabled). No
dead time can be set when the INV15 bit is set to 1 (dead time disabled). The INVO06 bit in the INVCO register
determines start trigger of the DTT register.

Timer B2 Interrupt Generation Frequency Set Counter @-2.3)

b7 bo Symbol Address After Reset
W—l ICTB2 030Dh Indeterminate

i

| Function Setting Range RW

When the INVOL1 bit is set to 0 (the ICTB2 counter increments
whenever Timer B2 underflows) and the setting value is n,
Timer B2 interrupt is generated every nth time Timer B2
tmmmm- underflow occurs.

When the INVOL1 bit is set to 1 (the INVOO bit selects count
timing of the ICTB2 counter) and setting value is n, Timer B2
interrupt is generated every nth time Timer B2 underflow
meeting the condition selected in the INVOO bit occurs.

1to 15 wo

No register bits. If necessary, setto 0 —

Notes :

1. Use the MOV instruction to set the ICTB2 register.

2. If the INVO1 bit in the INVCO register is set to 1, set the ICTB2 register when the TB2S bit in the TABSR
register is set to 0 (Timer B2 counter stopped).
If the INVOL1 bit is set to 0 and the TB2S bit to 1 (Timer B2 counter start), do not set the ICTB2 register when
Timer B2 underflows.

3. If the INVOO bit is set to 1, the first interrupt is generated when Timer B2 underflows n-1 times, n being the
value set in the ICTB2 counter. Subsequent interrupts are generated every n times Timer B2 underflows.

Figure 16.4 Registers IDBO, IDB1, DTT, and ICTB2
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Timer Ai, Ai-1 Register (i =1, 2, 4) 1:2.3.4.9)

[

of registers TAi and TAil are counted alternately.

Timer B2 Special Mode Register

(b15) (b8)
b7 b0 b7 b0
| H | Symbol Address After Reset
]
1 TAL, TA2, TA4 0329h to 0328h, 032Bh to 032Ah, 032Fh to 032Eh Indeterminate
i TA1l, TA21, TA41  0303h to 0302h, 0305h to 0304h, 0307h to 0306h Indeterminate
]
1
H Function Setting Range RW
1
1
H If setting value is n, the timer stops when the nth count
H : : A -
----------- source is counted after a start trigger is generated. Positive
and negative phases change when Timers Al, A2, and A4 0000h to FFFFh wo
stop.
Notes :
1. Write to the register in 16-bit units.
2. If the TAI or Tai-1 register is set to 0000h, no counters start and no Timer Ai interrupt is generated.
3. Use the MOV instruction to set registers TAi and Tai-1.
4. When the INV15 bit in the INVCL1 register is set to O (dead timer enabled), phase switches from an inactive

level to an active level when the dead time timer stops.
. When the INV11 bit is set to 1 (three-phase mode 1), the value of the TAil register is first counted. The values

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
AVA L TB2SC 033Eh XXXXXX00b
P b
1 1}
bl ! i Bit Symbol Bit Name Function RW
[ 1
1 ) 1 1
[ ! i imi : Timer B2 underflow

Timer B2 reload timin
i E | t-{ PWCON |guitch bit 9 : Timer A output at odd-numbered RW
] 2)

P i occurrences ¢
P E " . A 0 : Three-phase output forcible cutoff by
[ -} pPCR1 ree-phase output por SD input (high-impedance) disabled RW
b control bit 1 ) : Three-phase output forcible cutoff by
1 SD input (high-impedance) enabled @
1 1}
1 1}
1 ) _— . .

[N (67-b2) No register bits. If necessary, set to 0. Read as 0 —

Notes :

PWCON bit to 0 (Timer B2 underflow).

by SD input enabled ).

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. If the INV11 bit is O (three-phase mode 0) or the INVO6 bit is 1 (sawtooth wave modulation mode), set the

3. Make sure to set the PD8_5 bit to 0 (input) when setting the IVPCRL1 bit to 1 (three-phase output forcible cutoff

4. Related pins are U(P8_0), U(P8_1), V(P7_2), V(P7_3), W(P7_4), and W(P7_5). If a low-level signal is applied to
the P8_5/NMI/SD pin, three-phase motor control timer output is disabled (INVO3 = 0). Then, the target pins go
to a high-impedance state regardless of which functions of those pins are being used. After forced interrupt
(cutoff), input “H” to the P8_5/NMI/SD pin and set the IVPCRL1 bit to 0 to cancel the forced cutoff.

Figure 16.5 Registers TAL, TA2, TA4, TAll, TA21, TA41, and TB2SC
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Timer B2 Register @
(1‘35) (Eg) o v Symbol Address After Reset
TB2 0335h to 0334h Indeterminate
E
E Function Setting Range RW
]
]
' If setting value is n, count source is divided by n+1.
] 1
Timers Al, A2 and A4 start every time an underflow occurs. 0000h to FFFFh RW
Note :
1. Read and write in 16-bit units.
Trigger Select Register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
TRGSR 0323h 00h
!
E Bit Symbol Bit Name Function RW
1
i Timer Al event / trigger bl b0
t-4 TALTGL |gglect bit 0 0:Inputon TALIN is selected ® RW
0 1:TB2is selected @
_____ TAITGH 1 0:TAOis selected @ RW
1 1:TA2is selected @
_______ Timer A2 event / trigger b3 b2
TA2TGL |select bit 0 0:Inputon TA2IN is selected ® RW
0 1:TB2is selected @
_________ TA2TGH 1 0:TAlis selected @ RW
1 1:TA3is selected @
Timer A3 event / trigger b5 b4
"""""" TA3TGL (select bit 0 0:Inputon TA3IN is selected ™ RW
0 1:TB2is selected @
______________ TA3TGH 1 0:TA2is selected @ RW
1 1:TA4is selected @
________________ Timer A4 event / trigger b7 b6
TAATGL |gelect bit 0 0:Inputon TA4IN is selected ® RW
0 1:TB2isselected @
___________________ TA4TGH 1 0:TAS3is selected @ RW
1 1:TAOis selected @
Notes :
1. Set the port direction bits for the pins TALIN to TA4IN to O (input mode).
2. Overflow or underflow
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
TABSR 0320h 00h
[]
EERRERE
1
Pl ; i 1| Bitsymbol Bit Name Function RW
[ A
[ T T R T N
1 ] .
! E b bt TAOS | Timer A0 count start flag 0 - Stop counting RW
A ' ! 1: Start counting
] ] 1
i b E b TALS  |Timer Al count start flag RW
[ B A
[ R R
E | b (R — TA2S  [Timer A2 count start flag RW
[
1 ] ) i 1
i E I EEEREEEE TA3S  |Timer A3 count start flag RW
[ H
1 1 1 i
I ) SR TA4S  |Timer A4 count start flag RW
[
[
| | tmmmmmmmmee e TBOS  |Timer BO count start flag RW
] 1
1 1
bt TB1S  |Timer B1 count start flag RW
1
1
e e R P EE e TB2S  |Timer B2 count start flag RW

Figure 16.6

Registers TB2, TRGSR, and TABSR
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Timer Ai Mode Register (i=1, 2, 4)

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

[ | [o[a]o]o]a]o]  TAmR 0337h 00h
T — - TA2MR 0338h 00h
I A B TA4MR 033Ah 00h
[ [
[ [
o i i i ' 1| Bitsymbol Bit Name Function RW
1 ] 1
RERRERES
A TMODO RW
[ A ) ) Set to 10b (one-shot timer mode) with the
[ I Operation mode select bit A .
Pl oe___J three-phase motor control timer function
b TMOD1 RW
ERRR
! I (— Pulse output function select |[Set to 0 with the three-phase motor control
i MRO h - ; RW
IR bit timer function
1 1 ! 1 )
[ : [ j
i i i i [ —— MR1 External trigger select bit Set to 0 Wl.th the three-phase motor control RW
P timer function
[ H
i i H i Set to 1 (selected by the TRGSR register)
U E e MR2 Trigger select bit with the three-phase motor control timer RW
! i i function
1
[

11

E ittty MR3 Set to 0 with the three-phase motor control timer function RW
[
B
1
[ b7 b6
R TCKo 0 0:fITIMAB or f2TIMAB ® RW
! Count source select bit @ 0 1:f8TIMAB
! 1 0:f32TIMAB
1
................... TCK1 1 1-ica2 RwW

Notes :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when bits TCS3 and TCS7 in registers TACSO to TACS2 are set to 0. Selected by bits TCS2 to TCSO or
TCS6 to TCS4 in registers TACSO to TACS2 when bits TCS3 and TCS7 are set to 1. (Refer to Figure 15.8
Registers TACSO0 and TACS and Figure 15.9 TACS2 Register ).

Timer B2 Mode Register

b7 b6 b5 b4 b3 b2 bl b0

olo Symbol Address After Reset
e R TB2MR 033Dh 00XX0000b
A R A
1
bbbl b | BitSymbol Bit Name Function RW
EEEREEE
[ T T T S T B |
brbb e ]l TMODO ) ) RW
[ A ) . Set to 00b (timer mode) when using the
e Operation mode select bit hree- ) .
[ three-phase motor control timer function
H P ittty TMOD1 RW
1 1
P
1 1
H i tmmmmmmq MRO Disabled when using the three-phase motor control timer function. RW
! | i ] If necessary, set to 0.
! i [ S MR1 Read as undefined value RW
P
R _
! i | — (b4) No register bit. If necessary, set to 0. Read as undefined value —
1
1
e ] MR3 When write in three-phase motor control timer function, set to 0. RO
Read as undefined value in three-phase motor control timer function
[ b7 b6
1 TCKO 0 0:f1TIMAB or f2TIMAB @) RW
i Count source select bit @ 0 1:f8TIMAB
[ 1 0:f32TIMAB
TCKL 1 1:fC32 RW

Notes :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when the TCS3 bit in the TBCS1 register is set to 0. Selected by bits TCS2 to TCSO0 in the TBCS1
register when the TCS3 bit in the TBCS1 register is set to 1 (Refer to Figure 15.21 TBCS1 Register).

Figure 16.7 Registers TAIMR, TA2MR, TAAMR, and TB2MR
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The three-phase motor control timer function is enabled by setting the INVO02 bit in the INVCO register to 1.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, Al, and A2 are used to
control three-phase PWM outputs (U, U, V, V, W, and W). The dead time is controlled by a dedicated dead
time timer. Figure 16.8 shows an Example of Triangular Wave Modulation Operation and Figure 16.9 shows

an Example of Sawtooth Wave Modulation Operation.

Triangular Waveform as a Carrier Wave

Carrier wave ———#
Signal wave —»

TB2S bit

in TABSR register J

Timer B2 \
Timer A1

reload control signal ®

Timer A4 —| -|

start trigger signal ©

TA4 register @ — m

TA4-1 register @ —(

3|
X
e =1 S =1

3|
3
S|

Reload register @ —(

Timer A4
one-shot pulse ®

Rewrite registers IDBO and IDB1

U-phase output signal @

U-phase output signal @

{1 / \ Rewritten value is

-t / reflected here

U-phase
INV14 =0

(“L” active)

U-phase

| il

Dead time

U-phase
INV14 =1

(“H” active)

—»i l4— Dead time

U-phase

INVO0O,INVOL1 : bits in the INVCO register
INV11, INV14: bits in the INVCL1 register

Notes :

2. Applies only when the INV11 bit is set to 1 (three-phase mode).

The followings are examples of PWM output change.

(a) When INV11 = 1 (three-phase mode 1)

- INVO1 = 0 and ICTB2 = 2h (Timer B2 interrupt is
generated with every second Timer B2 underflow) or
INVO1 =1, INVOO0 =1, and ICTB2 = 1h (Timer B2 interrupt
is generated on the falling edge of Timer A reload control
signal _

- Default value of the timer: TA41 =m, TA4=m
Registers TA4 and TA41 are changed whenever
Timer B2 interrupt is generated.

First time: TA41 =n, TA4=n.
Second time: TA41 =p, TA4 =p.

- Default value of registers IDBO and IDB1
DUO=1,DUB0=0,DU1=0,DUB1=1
They are changed to DUO = 1, DUBO =0, DU1 =1,
DUBL = 0 by the third Timer B2 interrupt.

1. Internal signals. See Figure 16.1 Three-phase Motor Control Timer Functions Block Diagram.

The above applies when INVCO = 00XX11XXb (X varies depending on each system) and INVC1 = 010XXXXb.

(b) When INV11 = 0 (three-phase mode 0)

- INVO1 =0, ICTB2 = 1h (Timer B2 interrupt is generated
whenever Timer B2 underflows) __

- Default value of the timer: TA4 =m
The TA4 register is changed whenever Timer B2
interrupt is generated. _
First time: TA4 = m Second time: TA4 =n.
Third time: TA4 =n Fourth time: TA =p.
Fifth time: TA4=p.

- Default value of registers IDB0O and IDB1:
DUO=1,DUB0=0,DU1=0,DUB1=1
They are changed to DUO =1, DUBO=0,DU1 =1,
DUBL1 = 0 by the sixth Timer B2 interrupt.

Figure 16.8

Example of Triangular Wave Modulation Operation
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Sawtooth Waveform as a Carrier Wave

Carrier Wave
T

Signal Wave —p

S E NN N

Timer A4 start trigger sign(elll -| —| -| —| —| -| —|

Timer A4 one-shot pulse | | | | | | |
(6]

Rewrite registers
DBO and IDB1

Rewritten value is reflected here

U-phase output signal
| | |

U-phase output signal
o | | | |

INvi4=o [ UPhase L L] N

(“L” active) —» 4= Dead time

Hpi i

U-phase _,_ l_l l_l

—»! 4= Dead time

U-phase ,_l ,_l ,_l ,_l

INV14: bit in the INVCL1 register

INV14 =1
(“H” active)

Note:
1. See Figure 16.1 Three-Phase Motor Control Timer Functions Block Diagram.

The above applies when INVCO = 01XX110Xb (X varies depending on each system) and INVC1 = 010XXX00b
The following is an example of PWM output change.
- Default value of registers IDB0O and IDB1: DUO =0,DUB0=1,DU1=1,DUB1=1
They are changed to DUO = 1, DUBO = 0, DU1 = 1, DUB1 = 1 by the timer B2 interrupt.

Figure 16.9 Example of Sawtooth Wave Modulation Operation

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 ;‘(ENESAS
Page 175 of 383



M16C/64 Group 17. Serial Interface

17. Serial Interface
Serial interfaces consist of eight channels: UARTO to UART2, UARTS to UART7, SI/03, and SI/O4.

17.1 UARTi(i=0t0 2,5t0 7)

Each UARTI has an exclusive timer to generate a transfer clock, so it operates independently of each
other.

Figures 17.1 to 17.3 show the block diagrams of UARTiI. Figure 17.4 shows the UARTi Transmit / Receive
Unit.

UARTI has the following modes:
* Clock synchronous serial 1/O mode
* Clock asynchronous serial I/O mode (UART mode)
» Special mode 1 (I12C mode)
* Special mode 2
» Special mode 3 (Bus collision detection function, IE mode)
* Special mode 4 (SIM mode) : UART2

Figures 17.5 to 17.11 show the UARTi-related registers.
Refer to tables for each mode for register setting.

UART6 and UART7 cannot be used in memory expansion mode or microprocessor mode.
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n: Values set to the U1BRG register

f1SIO or f2S10
f8SIO
32810
TXD | TXDO
RXD polarity polarity
RXDO ( )—i hrrLonsrindn e O
switching circuit switchini
9 UART reception SMD2 to SMDO circuitg
010, 100, 101, 110 - n i .
; T [ Reception Rlecilve Translmlt/
Clock source selection Clock sync type L control cloc receive
CLK110 CLKO  cypiR i ind circuit unit
fsIoor__oo, internal  UOBRG 11
f2s10 01 )\ 0 register 1
ro | 0l . .
f:gg:g 10 'Ko_ UART transmission : H — Transmit
1o V1617510, 100, 101, 110 _KOE_T’E‘”S”"S.S'OT‘ clock
1 Clock sync type T control circuit
External ———a
001
Clock synchronous type
(when internal clock is selected)
Il
o
Clock synchronous type CROIR
when external clock is selected,
CKPOL Clock synchronous type )
CLK (when internal clock is selected)
polarity
cko - O reversing AN
circuit
TS /TS sel d CTS / RTS disabled
selecte STaR
— RTSO
CTSO/ |
RTSO
CTS / RTS disabled
CTS0
CTSO from UART1
1 cro
. VSS
n: values set to the UOBRG register PCLK1 : bitin the PCLKR register
SMD2 to SMDO, CKDIR : bits in the UOMR register
CLK1 to CLKO, CKPOL, CRD, CRS: bits in the UOCO register
RCSP : bit in the UCON register
Figure 17.1 UARTO Block Diagram
f1SIO or f2SI0
f8sIo
f32s10
pt-nrl)e(xlr?ty TXD1
RXD polarity o —C)
RXD1 C switching circuit UART i switching
reception  svmp2 to SMDO circuit
010, 100, 101, 110 i
) — ) Receive | Transmit/
Clock source selection Clock sync type L | Reception clock f
yne typ control circuit] receive
CLK110 CLKO kiR 001 [FO it
f1SI0 or | uni
f2510—9%4 Internal U1BRG o |
tasi0 —Lo )\ UART transmission 1 )
10 010, 100, 101, 110 | Transmit
132510 ——1—0 1/16 ‘Ko Transmission| | clock
Clock sync type | control circui
External 001 L2,
Clock synchronous type
(when internal clock is selected)
p—
Clock synchronous type
p (when external clock is selected) 1 °
CKPOL
Clock synchronous type CKDIR
CILKty o CLKMDO  (when internal clock is selected)
polari
CLK1 O_ reversing {c
circuit N
Clock |Ou§pm CTS / RTS selected TS/ RTS disabled
CTS1/RTS1/ (M) P selee CRS M RTS1
CTSO/CLKS1 5 AN
CLimMD1 CTS /RTS disabled a1
0 ' CTs1

1
VSS CRD

PCLK1 : bit in the PCLKR register

SMD2 to SMDO, CKDIR

CLKMDO, CLKMD1, RCSP

CLK1 to CLKO, CKPOL, CRD, CRS: bits in the U1CO register

: bits in the ULMR register

: bits in the UCON register

Figure 17.2 UART1 Block Diagram
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PCLK1
f2sl0 o
e
f1SI10 — 1510 or f2SI10
1 11 5]
1/8 f8SI0
1/4 132510

RXD polarity dart TX( D)i
. 1 i
RXDi ( )—l switching circuit ] saloitlgfrllgg

UART reception  gyvp2 to SMDO

. circuit @
010,100, 101, 110 _p==-~ ‘ Receive |Transmit/
Clock source selection : Reception | clock receive

CLK1 to CLKO 1 | control circuit .

to CKDIR 001 [T ! unit
f1SIO or . 1 1
__00; Internal UiBRG 1 1
fZSIOJ.'L E\ register 1

fBsio™ ° _O“O\o P i Transmit
132510 —1—0 1, 1/(n+1) 010, 100, 101, 110 ! 1 [Transmission{ | clock
1 Clock sync type control circuit
External
001
Clock synchronous type

(when internal clock is selected
[

Lo

Clock synchronous type
CKPOL Clock synchronous type (When external clock is selected) CKDIR

(when internal clock is selected)

CLK J’I
: polarity
CLKi O_ reversing \]
circuit
- ‘CTS / RTS disabled
CTS / RTS selected }/‘ RTSI
CTSi/ o7 N
RTSI crs lo o CTS/RTS disabled
L Kc CTSiI
CRD
VSS
n: values set to the UiBRG register PCLK1 : bitin the PCLKR register
i=2,5t07 SMD2 to SMDO, CKDIR : bits in the UIMR register

CLK1 to CLKO, CKPOL, CRD, CRS:: bits in the UiCO register

Note :
1. UART2 is an N-channel open-drain output. CMOS output cannot be set.

Figure 17.3 UART2, and UART5 to UART7 Block Diagram
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I0POL
No reverse

RXDi 0]
. RXD data m
reverse circuit 1

Reverse

Clock sync type

12C
Clock sync

(8 bits)
UART (7 bits)
0

) UARTI receive register

1 1

12C
UART clock sync type
(9 bits)

1 1
PAR enabled UART
2sP SMD2 to SMDO

register

ototoiotototoios| [pripeipD5ipD4aiD3ip2}ip1ipo] YRe
I

|Logic reverse circuit + MSB / LSB conversion circuitl

Data bus high-order bits

Data bus low-order bits

|Logic reverse circuit + MSB / LSB conversion circuitl

v H H H H i H H uiTB
BH |D|7.D6.D5.D4.D3.D2.Dl.DO e er
UART
(@8 bits)
UART
(9 bits)
12C 12C
STPS PRYE SMD2 to SMDO %Agt:) clock sync type
2SP PAR enabled UART

0 UARTI transmit register

2
PAR 12C

" disabled S,?,Zk syne UART (7 bits)
i i IOPOL .
- Closk sync type Erroroslgnal output disabled o No reverse TXDl
SP - stop blt. ' Error signal TXD data
PAR: parity bit output reverse
UIERE 1 circuit Revirse circuit
i=0to2,5t07 Error signal output enabled

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : bits in the UiIMR register
CLK1 to CLKO, CKPOL, CRD, CRS : bits in the UiCO register
UIERE : bit in the UiC1 register

Figure 17.4 UARTI Transmit / Receive Unit
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UARTI Transmit Buffer Register i=0to 2,5to0 7) (2

b7 b8 b7 b0 Symbol Address After Reset
W(NXI | | UoTB 024Bh to 024Ah Indeterminate
NNN N, AS - u1TB 025Bh to 025Ah Indeterminate
P ' u2TB 026Bh to 026Ah Indeterminate
: i E i i E ! | ' USTB 028Bh to 028Ah Indeterminate
RERRERE : u7TB 02ABh to 02AAh Indeterminate
EEREERE =

P H H Function RW
R i

S ! .

el Transmit data WO
EERREE

O I T T T

[ L S O USSR No register bits. If necessary, set to 0. Read as undefined value —

Notes :
1. Use MOV instruction to write to this register.
2. When the transfer data is 9 bits long, write in 16-bit unit or write high byte then low byte in 8-bit unit.

UARTI Receive Buffer Register (i=0to 2, 5to0 7)

(b15)  (b8)

7 7 0 ymbo ress er Reset
b bO b b Symbol Add After R
T | UORB 024Fh to 024Eh Indeterminate
REEERE T U1RB 025Fh to 025Eh Indeterminate
EEREREE : U2RB 026Fh to 026Eh Indeterminate
EEREREE : USRB 028Fh to 028Eh Indeterminate
EEREREE | UBRB 029Fh to 029Eh Indeterminate
E i L i Ly : U7RB 02AFh to 02AEh Indeterminate
RERRRRE 1
byt 1
" i E i ! i E i Bit Symbol Bit Name Function RW
[} 1!

HHHI .

BEREREE [ — - :

Hi E ) E o (b7-b0) Receive data (D7 to DO) RO
REREREE
SERERE — .

E i E E i i i ooy (b8) — Receive data (D8) RO
i
] 1
EREERN — . . X -

: i i E 1o (b10-b9) No register bits. If necessary, set to 0. Read as undefined value
} 1
R
AR
AN _— 0 : Not detected
E E i i e ABT Avrbitration lost detect flag @ | 1! patected RW
i
[} .

[ 0 : No overrun error
P i OER Overrun error flag @ 1 : Overrun error found RO
[

!

[ . .

E oo FER  |Framing error flag &3 EL) ; El%g?r%lrgrg?%und RO
[ .

[

[

[ .

V] " ) 0 : No parity error
| PER  |Parity error flag 9 1 : Parity error found RO
]

]

]

! 0 : No error
fommmm oo SUM  |Error sum flag @3 1" Error found RO

Notes :

1. When bits SMD2 to SMDO in the UiMR register = 000b (serial interface disabled) or the RE bit in the UiC1 register
= 0 (reception disabled), all of bits SUM, PER, FER, and OER are set to O (no error). The SUM bit is set to 0 (no
error) when all of bits PER, FER, and OER = 0 (no error). Bits PER and FER are set to 0 by reading the lower
byte of the UiRB register.

2. The ABT bit is set to 0 by writing 0 in a program. (Writing a 1 has no effect.)

3. These error flags are disabled when bits SMD2 to SMDO are set to 001b (clock synchronous serial I/O mode) or
to 010b (I°C mode). Read as undefined values.

Figure 17.5 Registers UOTB to U2TB, U5TB to U7TB, UORB to U2RB, and U5RB to U7RB
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b7

b0

UARTI Bit Rate Register (i=0t02,5t07) @29

Symbol

UOBRG, U1BRG, U2BRG
US5BRG, U6BRG, U7BRG

0249h, 0259h, 0269h
0289h, 0299h, 02A9h

Address

After Reset
Indeterminate
Indeterminate

Notes :

b7 b6 b5 b4 b3 b2 bl bo

Function Setting Range RW
If set value = n, UiBRG divides the count source by n + 1 00h to FFh WO
1. Write to this register while serial interface is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
3. Write to this register after setting bits CLK1 to CLKO in the UiCO register.
UARTI Transmit / Receive Mode Register (i=0to 2,5to0 7)
Symbol Address After Reset
UOMR, UIMR, U2MR 0248h, 0258h, 0268h 00h
U5MR, UBMR, U7TMR 0288h, 0298h, 02A8h 00h
Bit Symbol Bit Name Function RW
b2 bl b0
SMDO 0 0 O0: Serial interface disabled RW
0 0 1:Clock synchronous serial I/O mode
] [0 1 0:12C mode ®
SMD1 |Serial I/O mode selectbit |1 o o :UART mode transfer data 7 bits long | RW
1 0 1:UART mode transfer data 8 bits long
1 1 0:UART mode transfer data 9 bits long
SMb2 Do not set except above RW
Internal / external clock 0 : Internal clock
CKDIR select bit 1 : External clock RW
. .. |0:1 stop bit
STPS Stop bit length select bit 1: 2 stop bits RW
. Valid when PRYE =1
PRY Qdd / even parity select 0: Odd parity RW
bit : -
1 : Even parity
. . 0 : Parity disabled
PRYE |Parity enable bit 1: Parity enabled RW
IOPOL TXD, RXD 1/0O polarity 0 No reverse RW
reverse bit 1: Reverse

. Set the corresponding port direction bit for each CLKi pin to 0 (input mode).
. To receive data, set the corresponding port direction bit for each RXDi pin to O (input mode).
. Set the corresponding port direction bit for pins SCLi and SDA. to O (input mode).

Figure 17.6

Registers UOBRG to U2BRG, U5BRG to U7BRG, UOMR to U2MR, and U5MR to U7MR
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UARTI Transmit / Receive Control Register 0 (i=0to 2,5to0 7)

. 0 0:f1SIO or f2SI0O is selected ®
UIBRG count source select 0 1:18SI0 is selected

bit ©) i
1 0:f32SIOis selected
_____ CLKL 1 1:Do not set to this value RW

[ — . . | Valid when CRD =0
_______ CRS S)TS /'RTS function select bit 0 : CTS function selected @ RW

1: RTS function selected

0 : Data present in transmit register
(during transmission)

1: No data present in transmit register
(transmission completed)

0: CTS/RTS function enabled
—— e . . : CTS / RTS function disabled
_______ CRD CTS / RTS disable bit (P6_0, P6_4, P7 3, P8_1, P10, and RW

P4_4 can be used as I/O ports)

0 : Pins TXDi / SDAi and SCLi are CMOS
output

1: Pins TXDi/ SDAIi and SCLi are N-
channel open-drain output

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
U0CO, U1Co, Uu2Co 024Ch, 025Ch, 026Ch 00001000b
i ) U5CO0, U6CO0, U7CO 028Ch, 029Ch, 02ACh 00001000b
]
e
I E Bit Symbol Bit Name Function RW
[
[
[
]
t 1L cLko b1 1O RW
o
[
o

O TXEPT |Transmit register empty flag RO

=

-------------- NCH |Data output select bit @ RW

0 : Transmit data is output at the falling
edge of transfer clock and receive data
is input at the rising edge

1: Transmit data is output at the rising

edge of transfer clock and receive data
is input at the falling edge

: LSB first

___________________ it 3 :
UFORM [Transfer format select bit 1 - MSB first RW

CKPOL |CLK polarity select bit RW

o

Notes :

1. Set the corresponding port direction bit for each CTSi pin to 0 (input mode).

2. TXD2 / SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. No NCH bit in
the U2CO register is assigned. If necessary, set to 0.

3. The UFORM bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0O mode), or 101b (UART mode, 8-bit transfer data).
Set this bit to 1 when bits SMD2 to SMDO are set to 010b (12C mode), and to 0 when bits SMD2 to SMDO are
set to 100b (UART mode, 7-bit transfer data) or 110b (UART mode, 9-bit transfer data).

4. CTS1/RTS1 can be used when the CLKMD1 bit in the UCON register = 0 (only CLK1 output) and the RCSP
bit in the UCON register = 0 (CTS0 / RTSO not separated).

5. Selected by the PCLK1 bit in the PCLKR register.

6. When changing bits CLK1 and CLKO, set the UiBRG register.

Figure 17.7 Registers UOCO to U2C0 and U5CO0 to U7CO

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 182 of 383



M16C/64 Group 17. Serial Interface

UARTI Transmit / Receive Control Register 1 (i=0, 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
i e . uoC1, uicl 024Dh, 025Dh 00XX0010b
PLo
N A
bbb | BitSymbol Bit Name Function RW
! [
[ T T
[ R R T T ]
o 1 . L .
Vo E i E -4 TE Transmit enable bit 0 : Transmission disabled RW
o P 1: Transmission enabled
N
e by . . .
oo by gy . 0 : Data present in UiTB register
1 | T S —
H E i i E i Tl Transmit buffer empty flag 1: No data present in UiTB register RO
[ I R
[ A T
| I N T . : H
T S— RE Receive enable bit 0: Reception disabled RW
N : 1 : Reception enabled
[ T T
| I T L | . . .
N . 0 : Data present in UiRB register
1 [ 1 [
I i : RI Receive complete flag 1 : No data present in UiRB register RO
[ T |
L _
] No register bits. If necessary, set to 0. Read as undefined value —
b (b5-b4)
P
! .

N P UIiLCH [Data logic select bit ) 0 : No reverse RW
! 1: Reverse
1
1
H . . . |0: Output disabled
1

------------------ UIERE | Error signal output enable bit 1 - Output enabled RW

Note :
1. The UiLCH bit enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock sychronous serial I/
O mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data). Set this bit to 0
when bits SMD2 to SMDO are setto 010b (1°C mode) or 110b (UART mode, 9-bit transfer data).

UARTI Transmit / Receive Control Register 1 (i=2,5t0 7)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
T u2C1 026Dh 00000010b
i ! E i HEI i U5C1, U6C1, U7C1 028Dh, 029Dh, 02ADh 00000010b
AR A A
] [ ]
i E i bt i i i Bit symbol Bit Name Function RW
R
HE O S 1 . L
' E P i E - TE Transmit enable bit 0 : Transmission disabled RW
P 1: Transmission enabled
[
[ S T . . .
[ . 0 : Data present in UiTB register
E i i i i i Tl Transmit buffer empty flag 1: No data present in UiTB register RO
| T T B
[ T B T
[l [ . 1 H
AT O S RE Receive enable bit 0 : Reception disabled RW
P 1 : Reception enabled
[
[ T R . . :
(A : 0 : No data present in UiRB register
i E ! i RI Receive complete flag 1: Data present in UiRB register RO
1 1 1 1
] ! 1
: E i ] UIIRS UARTI transmit interrupt 0 : UiTB register empty (Tl = 1) RW
P source select bit 1 : Transmit completed (TXEPT = 1)
[
i i i ______________ UIRRM UARTI continuous receive |0 : Continuous receive mode disabled RW
H ! mode enable bit 1: Continuous receive mode enabled
i E 0: No reverse
i e UILCH [Data logic select bit @ 1 Reverse RW
! :
1
]
! . . .. |0 : Output disabled
1
] UIERE |Error signal output enable bit 1: Output enabled RW

Note :
1. The UIiLCH bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0 mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data).
Set this bit to 0 when bits SMD2 to SMDO are set to 010b (I12C mode) or 110b (UART mode, 9-bit transfer data).

Figure 17.8 Registers UOC1 to U2C1 and U5C1 to U7C1
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b7 b6 b5 b4 b3 b2 bl b0

UART Transmit / Receive Control Register 2

[T S R

Note :

b7 b6 b5 b4 b3 b2 bl b0

to O (internal clock).

Notes :

Symbol Address After Reset
UCON 0250h X0000000b
Bit symbol Bit Name Function RwW
UOIRS UARTO transmit interrupt 0 : Transmit buffer empty (Tl = 1) RW
source select bit 1 : Transmission completed (TXEPT = 1)
ULIRS UART1 transmit interrupt 0 : Transmit buffer empty (Tl = 1) RW
source select bit 1: Transmission completed (TXEPT = 1)
UARTO continuous receive |0 : Continuous receive mode disabled
UORRM . : . . RW
mode enable bit 1 : Continuous receive mode enabled
UART1 continuous receive |0 : Continuous receive mode disabled
U1RRM . : . . RwW
mode enable bit 1 : Continuous receive mode enabled
Valid when CLKMD1 =1
CLKMDO [UARTICLK, CLKS select bit 0 |0 : Clock output from CLK1 RW
1: Clock output from CLKS1
. 0 : CLK output is only from CLK1
CLKMD1 (Lf)ARTlCLK, CLKS select bit 1 1: Transfer clock output from multiple-pin RW
output function selected
0: CTS/RTS shared pin
RCsp  |Separate UARTO 1: CTS/RTS separated (CTS0 supplied RW
CTS/RTS bit .
from the P6_4 pin)
(E) No register bit. If necessary, set to 0. Read as undefined value —
1. To use the multiple transfer clock output pin function, set the CKDIR bit in the ULMR register
UARTI Special Mode Register (i=0to 2, 5t0 7)
Symbol Address After Reset
UOSMR, U1SMR, U2SMR 0247h, 0257h, 0267h X0000000b
U5SMR, U6SMR, U7SMR 0287h, 0297h, 02A7h X0000000b
Bit Symbol Bit Name Function RwW
. 2,
IICM 12C mode select bit 0 : Cz)ther than C mode RW
1:12C mode
Arbitration lost detect flag 0 : Update per bit
ABC control bit 1: Update per byte RW
0 : Stop-condition detected
@
BBS Bus busy flag 1 : Start-condition detected (busy) RW
(b3) Reserved bit Setto 0 RW
Bus collision detect sampling |0 : Rising edge of transfer clock
ABSCS clock select bit 1 : Underflow signal of Timer Aj @ RW
ACSE Auto clear function select bit |0 : No auto clear function RW
of transmit enable bit 1 : Auto clear at occurrence of bus collision
sss Transmit start condition 0 : Not synchronized to RXDi RW
select bit 1: Synchronized to RXDi ©®
(E) No register bit. If necessary, set to 0. Read as undefined value —
1. The BBS bit is set to 0 by writing a 0 in a program (Writing a 1 has no effect).
2. Underflow signal of Timer A3 in UARTO and UART®6, underflow signal of Timer A4 in UART1 and UART?7,
and underflow signal of Timer A0 in UART2 and UART5
3. When a transfer begins, the SSS bit is set to 0 (not synchronized to RXDi).

Figure 17.9 Registers UCON, UOSMR to U2SMR, and U5SMR to U7SMR
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UARTI Special Mode Register 2 (i=0to 2,510 7)
b7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
_| UOSMR2, U1SMR2, U2SMR2 0246h, 0256h, 0266h X0000000b
i i i1 1 1 1 USSMR2, U6SMR2, U7SMR2 0286h,0296h,02A6h X0000000b
o) N !
Pl b i | st symbol Bit Name Function RW
1 1
RERRE
1
! i i i E t-1 IICM2 |I2C mode select bit 2 See Table 17.13 I2C Mode Functions RW
] ! I
[
A o
' i E E i Lo CsC Clock synchronization bit 2 ) E:;t:)lfc? RW
[ : 1 :
[ 1
] [ : 1 .
i I . . 0 : Disabled
i . E E i ' SwWcC SCL wait output bit 1 - Enabled RW
T T
bbb 0 : Disabled
| T S S i .
i i E ALS SDA output stop bit 1 - Enabled RW
[
[
[ .
(R S S STAC  |UARTI initialization bit 0 Disabled RW
1o 1: Enabled
1 1
1 1
[ .
b SWC2  |SCL wait output bit 2 0: Transfer clock RW
! 1: “L” output
1
1
i . . 0: Enabled
Lo SDHI | SDA output disable bit 1: Disabled (high-impedance) RW
1
1
1
et (b_7) No register bit. If necessary, set to 0. Read as undefined value —
UARTI Special Mode Register 3 (i=0to 2,5t0 7)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UOSMR3, U1ISMR3, U2SMR3 0245h, 0255h, 0265h 000X0X0Xb
I R R U5SMR3, U6SMR3, U7SMR3 0285h, 0295h, 02A5h 000X0X0Xb
[ | v ) Il
| T A
b b E i ! | Bitsymbol Bit Name Function RW
! ] [l
REEEEEE
1 J—
E i ! i ! E i 1 (b0) No register bit. If necessary, set to 0. Read as undefined value —
1 1
REEERE. .
: E i é i i CKPH |Clock phase set bit 2 w:gnoc%gil(oglélgﬁlay RW
[
e
] J—
: E i i H = (b2) No register bit. If necessary, set to 0. Read as undefined value —
[} ]
I T B
[ | H
[ | 1 ..
[ ] p 0 : CLKiis CMOS output
i | i I NODC | Clock output select bit |7 &)'y; i< N-channel open drain output RW
RN
E E i e (b_4) No register bit. If necessary, set to 0. Read as undefined value —
' ] 1
! ] 1
oo
T b7 b6 b5
1
H E I DLo 0 0 0:Without delay RW
1 0 0 1:1to2cycle(s)of UBRG count source
[ PR 0 1 0:2to 3cycles of UIBRG count source
E T — DL1 SDAI dlgl(tialz)delay 0 1 1:3to4cycles of UBRG count source RW
! setup bit & 1 0 0:4to5 cycles of UBRG count source
: 1 0 1:5to6 cycles of UBRG count source
H DL2 1 1 0:6to 7 cycles of UBRG count source RW
"""""""""" 1 1 1:7to8cycles of UBRG count source
Notes :
1. Bits DL2 to DLO are used to generate a delay in SDAI output by digital means during 1°C mode. In other
than I°C mode, set these bits to 000b (no delay).
2. The amount of delay varies with the load on pins SCLi and SDAI. Also, when using an external clock, the
amount of delay increases by about 100 ns.

Figure 17.10 Registers UOSMR2 to U2SMR2, U5SSMR2 to U7SMR2, UOSMR3 to U2SMR3, and
U5SMR3 to U7SMR3
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UARTI Special Mode Register4 (i=0to 2,5t0 7)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
UOSMR4, ULISMR4, U2SMR4 0244h, 0254h, 0264h 00h
i o b : U5SMR4, U6SMR4, U7SMR4 0284h, 0294h, 02A4h 00h
EEEEEEE
A b1 1| Bitsymbol Bit Name Function RW
A
ooy byt
[ o, . .
i | [ Start condition generate bit |0 : Clear
i i ] i i E i =1 STAREQ | 1: Start RW
1 : : : o
I T T .
I A Restart condition generate |0 : Clear
i P T RSTAREQ | i 1: Start RW
EREEE
I Stop condition generate bit |0 : Clear
i i i i E I STPREQ | 1: Start RW
1
P
P "
! .
Polod ) temeeeeee STSPSEL |SCL, SDA output select it |© * Start and stop conditions not output RW
poro 1: Start and stop conditions output
1
RN
o 0: ACK
| ] B .
i | E ............ ACKD |ACK data bit 11 NACK RW
[
1 1 1
Pl . 0 : Serial interface data output
1
i i R ACKC |ACK data output enable bit 1 ACK data output RW
b
1 1 . H
i ittty SCLHI  |SCL output stop enable bit 2 E;]S:[gf(? RW
1
1
1
1 . wpn H
S — SWC9  [SCL wait bit 3 9:5CL k. hoid disabled RW

Note :
1. Set to 0 when each condition is generated.

Figure 17.11 Registers UOSMR4 to U2SMR4 and U5SMR4 to U7SMR4
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17.1.1 Clock Synchronous Serial /0 Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 17.1 lists
the Clock Synchronous Serial I/O Mode Specifications. Table 17.2 lists Registers to Be Used and Settings
in Clock Synchronous Serial I/O Mode.

Table 17.1  Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock * CKDIR bit in the UiMR register = 0 (internal clock): fj / (2(n+1))

fj = f1SIO, f2SI0, f8SIO, f32SI0  n = setting value of UIBRG register 00h to FFh
* CKDIR bit = 1 (external clock) : input from CLKi pin

Transmission, Reception Selectable from CTS function, RTS function or CTS / RTS function disable
Control

Transmission Start Condition |Before transmission starts, satisfy the following requirements (1)

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”

Reception Start Condition Before reception starts, satisfy the following requirements (1)

» The RE bit in the UiC1 register = 1 (reception enabled)

» The TE bit in the UiC1 register = 1 (transmission enabled)

 The Tl bit in the UiC1 register = 0 (data present and dummy written in the UiTB

register)
Interrupt Request For transmission, one of the following conditions can be selected
Generation Timing « The UIIRS bit 3) = 0 (transmit buffer empty): when transferring data from the UiTB

register to the UARTI transmit register (at start of transmission)

 The UIIRS bit =1 (transfer completed): when the serial interface finished sending data
from the UARTI transmit register

For reception

» When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)

Error Detection Overrun error (2)

This error occurs if the serial interface started receiving the next data before read-
ing the UIRB register and received the 7th bit of the next data

Select Function ¢ CLK polarity selection
Transfer data input / output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock

* LSB first, MSB first selection
Whether to start sending / receiving data beginning with bit 0 or beginning with bit 7
can be selected

« Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register

« Switching serial data logic
This function reverses the logic value of the transmit / receive data

« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set

» Separate CTS / RTS pins (UARTO)
CTSO0 and RTSO are input / output from separate pins

i=0to2,5t07
Notes:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the CKPOL bit in the UiCO register = 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in the SIiRIC
register does not change to 1 (interrupt requested).

3. Bits UOIRS and U1IRS correspond to bits 0 and 1 in the UCON register respectively. Bits U2IRS, U5IRS, U6IRS,
and U7IRS are in registers U2C1, U5C1, U6C1, and U7C1 respectively.
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Table 17.2  Registers to Be Used and Settings in Clock Synchronous Serial /0 Mode

Register Bit Function
uiTB 3) Oto7 Set transmission data
UiRB (3 Oto7 Reception data can be read
OER Overrun error flag
UiBRG Oto7 Set a bit rate
UIMR B |SMD2 to SMDO |Setto 001b
CKDIR Select the internal clock or external clock
IOPOL Setto 0
UiCo CLK1 to CLKO Select the count source for the UIBRG register
CRS Select either CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (2)
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
UiCl TE Set this bit to 1 to enable transmission / reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UjIRS (D Select the source of UART] transmit interrupt
UjRRM (1) Set this bit to 1 to use continuous reception mode
UILCH Set this bit to 1 to use inverted data logic
UIERE Setto 0
UiISMR Oto7 Setto 0
UiSMR2 |0to7 Setto 0
UiISMR3 |0to2 Setto 0
NODC Select clock output mode
4t07 Setto O
UiSMR4 |0to7 Setto 0
UCON UOIRS Select the source of UARTO transmit interrupt
U1lIRS Select the source of UART1 transmit interrupt
UORRM To use UARTO, set this bit to 1 to use continuous reception mode
U1RRM To use UARTL, set this bit to 1 to use continuous reception mode
CLKMDO Select the transfer clock output pin when CLKMD1 =1
CLKMD1 Set this bit to 1 to output UARTL transfer clock from two pins
RCSP Set this bit to 1 to accept as input the CTSO signal of UARTO from the P6_4
pin
7 Setto 0
i=0to2,5t07
j=2,5t07
Notes:
1. Set bits 4 and 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the UCON
register.

2. The TXD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to 0.
3. Set bits not listed above to 0 when writing to the registers in clock synchronous serial /0 mode.
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Table 17.3 lists the functions of the input / output pins during clock synchronous serial I/O mode. Table
17.3 shows pin functions for the case where the multiple transfer clock output pin select function is not
selected. Table 17.4 lists the P6_4 Pin Functions during clock synchronous serial I/0O mode.

Note that for a period from when UARTI operating mode is selected to when transfer starts, the TXDi pin
outputs “H” (If the N-channel open-drain output is selected, this pin is in high-impedance state).

Table 17.3  Pin Functions during Clock Synchronous Serial /0O Mode (Multiple Transfer Clock
Output Pin Function Not Selected)

Pin Name Function Method of Selection
TXDi Serial data output (Outputs dummy data when performing reception only)
RXDi Serial data input Set the port direction bit corresponding to the RXDi pin =0
(can be used as an input port when performing transmission
only)
CLKi Transfer clock output |The CKDIR bit in the UIMR register = 0

Transfer clock input  |The CKDIR bit in the UIMR register = 1
Set the port direction bit corresponding to the CLKi pin=0

CTSi/ RTSi CTS input The CRD bit in the UiCO register =0
The CRS bit in the UiCO register = 0
Set the port direction bit corresponding to the CTSi pin=0

RTS output The CRD bit in the UiCO register =0
The CRS bit in the UiCO register = 1
I/O port The CRD bit in the UiCO register = 1

i=0to2,5t07

Table 17.4  P6_4 Pin Functions during Clock Synchronous Serial /O Mode

Bit Set Value
Pin Function U1CO Register UCON Register PD6 Register
CRD CRS RCSP CLKMD1 | CLKMDO PD6_4

P6_4 1 - 0 0 - Input: 0, Output: 1
CTS1 0 0 0 0 - 0

RTS1 0 1 0 0 - -

CTS0 (@ 0 0 1 0 - 0

CLKS1 - - - 1@ 1 -

- indicates either O or 1

Notes:

1. Inaddition to this, set the CRD bit in the UOCO register to 0 (CTS0 / RTS0 enabled) and the CRS bit in the UOCO
register to 1 (RTSO selected).
2. When the CLKMD1 hit = 1 and the CLKMDO bit = 0, the following logic levels are output:
« High if the CLKPOL bit in the U1CO register =0

* Low if the CLKPOL bit in the U1CO register = 1
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(1) Example of Transmit Timing (when internal clock is selected)
Tc

e

Transfer clock

S puuiuiviiviviivivy vuvuiuuuyy

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UIMR register = 0 (internal clock)
- The CRD bit in the UiCO register =0 (CTS/RTS enabled), the CRS bit = 0 (CTS selected)
- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)
=0 (an interrupt request occurs when the UiTB register
becomes empty)

- The UiIRS bit in the UiC1 register

(2) Example of Receive Timing (when external clock is selected)

TE bitin v | |
UiC1 register ‘" - :Data is set in the UiTB register
Tl bitin ‘17
UiC1 register -
0 Data is transferred from the UiTB register to
g | the UARTI transmit register

CTsi L Il Tclk I—

| ;gﬁ; ?é”a",fpﬁggﬁgs% H Pulse stops because the TE bit is set to 0
CLKi

| | |
™0 (0oXo1X0aXp3XoaXoXooXor RooXoiKpaXpsXosXosXoeXor  KooXerXpeXesXosXosKosXer

| | |
TXEPT flag in R I_ Ii I_
UiCO register “Qr

1 | |
IR bit in “1” l I
SiTIC register g

i =0t02,5t07 \

Set to 0 by an interrupt request acknowledgement or by program

Te=Te=2(n+1)/1j
fj: frequency of UIBRG count source
(f1SI10, f2SI0, f8SI0, f32SI0)
n: value set to the UiBRG register

RE bit in 1
UiC1 register g —o
TE bitin “qn
UiC1 register . . . . i
0 _I Dummy data is set in the UiTB register

Tl bitin l—| 1
UiC1 register

uqr |

N

Data is transferred from the UiTB register to the UARTI transmit register

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UIMR register = 1 (external clock) -
- The CRD bit in the UiCO register = 0 (CTS / RTS enabled), the CRS bit = 1 (RTS selected)
- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)

fEXT: frequency of the external clock

apyr
RTSI
Ln
] —D'—'d— 1/ fEXT |'\ An "L" signal is applied when the UiRB register is read
CLKi R
Received data is taken in
RXDi
" Data is transferred from the UARTI | Read by the UiRB register | |
Rl bitin “1"  receive register to the UiRB register I
UiC1 register wAn !
0
| |
_ . 1 1
IR bitin 1
SiRIC register “Qgr :
. - I
Set to 0 by an interrupt request acknowledgement or by program |
OER flag in wqn !
UiRB register uge
i=0to2,5t07

Make sure the following conditions are met when input to
the CLKi pin before receiving data is high:
- The TE bit in the UiCO register = 1 (transmit enabled)
- The RE bit in the UiC1 register = 1 (receive enabled)
- Write dummy data to the UiTB register

Figure 17.12 Transmit and Receive Operation during Clock Synchronous Serial /0 Mode
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17.1.1.1 Counter Measure for Communication Error
If a communication error occurs while transmitting or receiving in clock synchronous serial /0 mode,
follow the procedures below.
« Resetting the UiRB register (i=0to 2,5t0 7)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set bits SMD2 to SMDO in the UIMR register to 000b (serial interface disabled)
(3) Set bits SMD2 to SMDO in the UiMR register to 001b (clock synchronous serial I/O mode)
(4) Set the RE bit in the UiC1 register to 1 (reception enabled)

« Resetting the UiTB register (i=0to 2,5t0 7)
(1) Set bits SMD2 to SMDO in the UIMR register to 000b (serial interface disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 001b (clock synchronous serial I/O mode)
(3) A 1is written to the RE bit in the UiC1 register (transmission enabled), regardless of the value of

the TE bit in the UiCi register

17.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i = 0 to 2, 5 to 7) to select the transfer clock polarity. Figure
17.13 shows the Transfer Clock Polarity.

(1) When the CKPOL bit in the UiCO register = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

CLKi “H” is output from the CLKi pin
\L during no transmission.

N\
Txoi—XD—OXDlXDZ/)XD3XD4XD5XDGXD7
RXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the CKPOL bit = 1 (transmit data output at the rising edge and the
receive data taken in at the falling edge of the transfer clock) “L”is output from the CLKi pin

during no transmission.
TP N I

A\
TXDi X DO l;é D1XD‘2/)XD3XD4XD5XD6XD7

RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

The above applies to the case where

the UFORM bit in the UiCO register = 0 (LSB first) and
the UILCH bit in the UiC1 register = 0 (no reverse).
i=0to2,5t07

Figure 17.13 Transfer Clock Polarity
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17.1.1.3 LSB First/ MSB First Select Function

Use the UFORM bit in the UiCO register (i= 0 to 2, 5 to 7) to select the transfer format. Figure 17.14
shows the Transfer Format.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)

i L Ly
TXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7
RXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)

i L LT L
TXDi X D7 XD6 X D5 X D4 X D3 X D2 X D1 X DO
RXDi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

The above applies to the case where

the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge
and the receive data taken in at the rising edge of the transfer clock), and

the UILCH bit in the UiC1 register = 0 (no reverse).

i=0to2,5t07

Figure 17.14 Transfer Format

17.1.1.4 Continuous Reception Mode

In continuous reception mode, receive operation becomes enabled when the receive buffer register
is read. It is not necessary to write dummy data into the transmit buffer register to enable receive
operation in this mode. However, a dummy read of the receive buffer register is required when
starting the operating mode.

When the UIRRM bit (i=0to 2, 5to 7) = 1 (continuous reception mode), the Tl bit in the UiC1 register
is set to 0 (data present in the UiTB register) by reading the UiRB register. In this case, i.e., URRM
bit = 1, do not write dummy data to the UiTB register in a program. Bits UOURRM and U1RRM
correspond to bits 2 and 3 in the UCON register, respectively. Bits U2ZRRM, USRRM, U6RRM, and
U7RRM are in registers U2C1, U5C1, U6C1, and U7C1.
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17.1.1.5 Serial Data Logic Switching Function

When the UILCH bit in the UiC1 register (i=0to 2, 5to 7) = 1 (reverse), the data written to the UiTB
register has its logic reversed before being transmitted. Similarly, the received data has its logic
reversed when read from the UiRB register. Figure 17.15 shows Serial Data Logic Switching.

(1) When the UIiLCH Bit in the UiC1 Register = 0 (No Reverse)

Transfer Clock “H“
o

o Rev;ﬁg :’ Y Do \ b1 \ D2 \ D3 \ D4 D5 ) D6 ) D7

(2) When the UIiLCH Bit in the UiC1 Register = 1 (Reverse)

Transfer Clock “H"
W

(Reversg) v (00 (1 Y02 {03 )04 5 (o8 N7

This applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock), and
the UFORM bit in the UiCO register = 0 (LSB first)

i=0to2,5t07

Figure 17.15 Serial Data Logic Switching

17.1.1.6 Transfer Clock Output from Multiple Pins (UART1)

Use bits CLKMD1 to CLKMDO in the UCON register to select one of the two transfer clock output
pins (see Figure 17.16). This function can be used when the selected transfer clock for UART1 is an
internal clock.

Microcomputer

TXD1 (P6_7)

CLKS1 (P6_4)

CLK1 (P6_5) —I— IN IN

CLK CLK

Transfer enabled when the CLKMDO Transfer enabled when the CLKMDO
bit in the UCON register = 0 bit in the UCON register = 1

The above applies to the case where
the CKDIR bit in the ULMR register = 0 (internal clock) and
the CLKMD1 bit in the UCON register = 1 (transfer clock output from multiple pins).

Figure 17.16 Transfer Clock Output from Multiple Pins
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17.1.1.7 CTS/RTS Function

The CTS function is used to start transmit and receive operation when “L” is applied to the CTSi /
RTSi (i = 0 to 2, 5 to 7) pin. Transmit and receive operation begins when the CTSi / RTSi pin is held
“L". If the “L” signal is switched to “H” during a transmit or receive operation, the operation stops
before the next data.
For the RTS function, the CTSi / RTSi pin outputs “L” when the microcomputer is ready to receive.
The output level becomes “H” on the first falling edge of the CLKi pin.
« The CRD bit in the UiCO register = 1 (disable CTS / RTS function)

CTSi/ RTSi pin is programmable I/O function
« The CRD bit = 0, CRS bit = 0 (CTS function selected)CTSi / RTSi pin is CTS function
« The CRD bit = 0, CRS bit = 1 (RTS function selected)CTSi / RTSi pin is RTS function

17.1.1.8 CTS/RTS Separate Function (UARTO)
This function separates CTS0 / RTSO, outputs RTSO from the P6_0 pin, and inputs CTSO from the
P6_4 pin. To use this function, set the register bits as shown below.

 The CRD bit in the UOCO register =0 (enable CTS / RTS of UARTO)

* The CRS bit in the UOCO register =1 (output RTS of UARTO)

 The CRD bit in the U1CO register =0 (enable CTS / RTS of UART1)

« The CRS bit in the U1CO register =0 (input CTS of UART1)

* The RCSP bit in the UCON register = 1 (inputs CTSO from the P6_4 pin)

e The CLKMDL1 bit in the UCON register =0 (CLKS1 not used)
Note that when using the CTS / RTS separate function, CTS / RTS of UART1 function cannot be

used.
Microcomputer IC
TXDO (P6_3) »| IN
RXDO (P6_2) & ouT
CLKO (P6_1) P CLK
RTSO (P6_0) P CTS
CTSO (P6_4) € RTS

Figure 17.17 CTS/RTS Separate Function

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 194 of 383



M16C/64 Group 17. Serial Interface

17.1.2 Clock Asynchronous Serial I/O (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer
data format. Table 17.5 lists the UART Mode Specifications.

Table 17.5 UART Mode Specifications

Item Specification
Transfer Data Format « Character bit (transfer data): selectable from 7, 8, or 9 bits
« Start bit : 1 bit
« Parity bit : selectable from odd, even, or none
« Stop bit : selectable from 1 bit or 2 bits
Transfer Clock » The CKDIR bit in the UiMR register = 0 (internal clock): fj / (16(n + 1))

fj = f1SIO, f2SI0, f8SIO, f32SIO n: setting value of UiIBRG register 00h to FFh
* CKDIR bit = 1 (external clock): fEXT / (16(n + 1))
fEXT: input from CLKi pin n: setting value of UIBRG register 00h to FFh
Transmission, Reception Selectable from CTS function, RTS function or CTS / RTS function disabled
Control
Transmission Start Condition |Before transmission starts, satisfy the following requirements
e The TE bit in the UiC1 register = 1 (transmission enabled)
« The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”
Reception Start Condition Before reception starts, satisfy the following requirements
* The RE bit in the UiC1 register = 1 (reception enabled)
« Start bit detection
Interrupt Request For transmission, one of the following conditions can be selected
Generation Timing « The UilRS bit @ = 0 (transmit buffer empty): when transferring data from the UiTB
register to the UARTI transmit register (at start of transmission)
* The UilRS bit =1 (transfer completed): when the serial interface completes sending
data from the UARTI transmit register
For reception
* When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error Detection « Overrun error (1)
This error occurs if the serial interface started receiving the next data before reading
the UiRB register and received the bit one before the last stop bit of the next data
« Framing error (3)
This error occurs when the number of stop bits set is not detected
« Parity error (3)
This error occurs when if parity is enabled, the number of 1 in parity and character
bits does not match the number of 1 set
« Error sum flag
This flag is set to 1 when any of the overrun, framing, or parity errors occur
Select Function * LSB first, MSB first selection
Whether to start sending / receiving data beginning with bit 0O or beginning with bit 7
can be selected
« Serial data logic switch
This function reverses the logic of the transmit / receive data. The start and stop bits
are not reversed.
* TXD, RXD I/O polarity switch
This function reverses the polarities of the TXD pin output and RXD pin input. The
logic levels of all /O data are reversed.
« Separate CTS / RTS pins (UARTO)
CTS0 and RTSO are input / output from separate pins.

i=0to2,5t07
Notes:
1. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in the SIRIC
register does not change.
2. Bits UOIRS and U1IRS are bits 0 and 1 in the UCON register. Bits U2IRS, U5IRS, U6IRS, and U7IRS are in
registers U2C1, U5C1, U6C1, and U7C1.
3. The timing at which the framing error flag and the parity error flag are set is detected when data is transferred
from the UARTI receive register to the UiRB register.
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Table 17.6  Registers to Be Used and Settings in UART Mode

Register Bit

Function

UiTB Oto 8

Set transmission data (1)

UiRB Oto8

Reception data can be read (1. 4)

OER, FER, PER, SUM

Error flag

UBRG |0to7

Set a bit rate

UIMR SMD2 to SMDO

Set these bits to 100b when transfer data is 7 bits long

Set these bits to 101b when transfer data is 8 bits long

Set these bits to 110b when transfer data is 9 bits long

CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TXD / RXD input / output polarity
uiCo CLKO, CLK1 Select the count source for the UiIBRG register
CRS Select CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (3)
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this bit
to 0 when transfer data is 7 or 9 bits long.
uUiC1l TE Set this bit to 1 to enable transmission
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UjIRS (@ Select the source of UART] transmit interrupt
UjRRM (@) Setto 0
UiLCH Set this bit to 1 to use reversed data logic
UIERE Setto 0
USMR |0to7 Setto 0
UiSMR2 |0to7 Setto 0
UiSMR3 |0to 7 Setto 0
UiSMR4 |0to 7 Setto 0

UCON UOIRS

Select the source of UARTO transmit interrupt

U1IRS Select the source of UART1 transmit interrupt
UORRM Setto 0
U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Setto 0
RCSP Set this bit to 1 to accept as input CTS0 signal of UARTO from the P6_4 pin
7 Setto 0
i=0to2,5t07
j=2,5t07

Notes:

1. The bits used for transmit / receive data are as follows: bit O to bit 6 when transfer data is 7 bits long; bit O to bit 7
when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
2. Set the bit 4 and bit 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are included

in the UCON register.

3. TXD2 pinis N channel open-drain output. Set the NCH bit in the U2CO register to O.
4. When the transfer data is 7 bits long, the contents of the bits 7 and 8 are undefined.
When the transfer data is 8 bits long, the content of the bit 8 is undefined.
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Table 17.7 lists the functions of the input / output pins during UART mode. Table 17.8 lists the P6_4 Pin
Functions in UART Mode. Note that for a period from when the UARTi operating mode is selected to
when transfer starts, the TXDi pin outputs “H” (If the N-channel open-drain output is selected, this pin is
in high-impedance state).

Table 17.7 I1/0 Pin Functions in UART Mode

Pin Name Function Method of Selection

TXDi Serial data output (high output when performing reception only)

RXDi Serial data input Set the port direction bit corresponding to the RXDi pinto 0
(can be used as an input port when performing transmission
only)

CLKi Input / output port The CKDIR bit in the UIMR register = 0

Transfer clock input |The CKDIR bit in the UIMR register = 1
Set the port direction bit corresponding to the CLKi pin to 0

CTSi/RTSi CTS input The CRD bit in the UiCO register =0
The CRS bit in the UiCO register = 0
Set the port direction bit corresponding to the CTSi pin to 0

RTS input The CRD bit in the UiCO register = 0
The CRS bit in the UiCO register = 1

Input / output port The CRD bit in the UiCO register = 1

i=0to2,5t07

Table 17.8  P6_4 Pin Functions in UART Mode

Bit Set Value
Pin Function U1CO Register UCON Reqgister PD6 Register
CRD CRS RCSP CLKMD1 PD6_4

P6_4 1 - 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 -
CTS0 (1) 0 0 1 0 0
— indicates either O orl.
Note:

1. Inaddition to this, set the CRD bit in the UOCO register to 0 (CTS0 / RTS0 enabled) and the CRS bit in the UOCO
register to 1 (RTSO selected).
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(1) 8-bit Data Transmit Timing (with a Parity and 1 Stop Bit)

e ¥
Transfer clock I | I

The transfer clock stops once because an “H” signal is applied to the CTS pin when
the stop bit is verified.
Tc The transfer clock resumes running as soon as an “L” signal is applied to the CTS pin.

]
TE bitin J 1
UiC1 register “0* |

|

“y

§ |

1 —

Data is set in the UiTB register

T
Data is transferred from the UiTB register
to the YART] transmit register

CTSi

Tl bit in o _|
UIC1 register g
|
|

L

TXEPT bit in S —|
UiCO register “y

1
Start bit bit | hit

TXDi : ST @@@@@@ D6, @o ?p | ST

R !
Parityl  Stop

[ B

B ]

0

IR bit in “1”

SITIC register agr
i=0to2,5t07

- The PRYE bit in the UiMR register

- The STPS bit in the UIMR register

- The CRD bit in the UiCO register
the CRS bit

- The UiIRS bit in the UiC1 register

The above timing diagram applies to the case where the register bits are set as follows:

(2) 9-bit Data Transmit Timing (with No Parity and 2 Stop Bits)

Transfer clock | l I l l

Set to 0 by an interrupt request acknowledgement or by program

Tc=16 (n+1)/fjor16 (n+1)/fEXT

fi : frequency of UiBRG count source
= 1 (parity enabled) (f1S10, 2510, 8SI0, £32SI0)
0 (1 stop bit) fEXT : frequency of UIBRG count source (external clock)
0 (CTS/RTS enabled) and n  :value setto UIBRG

0 (CTS selected)
1 (an interrupt request occurs when transmit completed)

Tc

——e—

|
TE bit in ! _I T
UIC1 register “Q" : Data

TI bit in 1—‘
UiC1 register

'
Start bit

L “1r
TXEPT bit in |
UiCO register

o EEREEREE- T \RERREERE T e

|
' I
is set in the UiTB register :

]

| Data is transferred from the UiTB register
| to the UARTI transmit register
Stpp St(_)p

|

|

1

|

d‘ |
x :

l

|

N

“r 0

IR bit in v 1—| 1—‘ —
SIiTIC register |

i=0to2,5t07
The above timing diagram applies to the case where the register bits are set as follows: TC=16(n+1)/fjor16 (n + 1)/ fEXT
- The PRYE bit in the UIMR register = 0 (parity disabled) fi - frequency of UIBRG count source
- The STPS bit in the UiMR register = 1 (2 stop bits) o f1g,|o I;SIO 10, 1395
- The CRD bit in the UiCO register =1 (CTS/ RTS disabled) ( ' ' : )
- The UIIRS bit in the UiC1 register =0 (an interrupt request occurs when transmit fEXT: frequency of UIBRG count source (external clock)
buffer becomes empty) n  :value setto UiIBRG

Set to 0 by an interrupt request acknowledgement or by program

Figure 17.18 Transmit Timing in UART Mode
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(Parity Disabled, One Stop

Example of Receive Timing When Transfer Data is 8 Bits Long

Bit)

Receive data taken in

Transfer clock

1t
:Reception triggered when transfer clock Transferred from UART!

source -

RE bit in r —

UiC1 register  “0” —l .
1 - Stop bit

RXDi ! A o X b1 _ .. D7) |

i Sampled “L"
1
1

[ S I

i receive register !

RI bit in ‘1 :is anerated by falling edge of start bit to UiRB register
UiCl register 0" -t . -
1
_— “H” |
RTSi o
IR bit in “1"
g

SIRIC register

L I
1

The above timing diagram applies to the case where the register bi
- The PRYE bit in the UIMR register = 0 (parity disabled)
- The STPS bit in the UIMR register =0 (1 stop bit)
- The CRD bit in the UiCO register
the CRS bit
i=0to2,5t07

=1 (RTSi selected)

ts are set as follows:

=0 (CTSi/ RTSi enabled) and

Set to 0 by an interrupt request acknowledgement or by program

Figure 17.19 Receive Timing in UART Mod

17.1.2.1 Bit Rate

In UART mode, the frequency set by the UiBRG register (i=0 to 2, 5 to 7) divided by 16 become bit

rates. Table 17.9 lists an Example of Bit Rates and Settings.

Table 17.9  Example of Bit Rates and Settings
Peripheral Function Clock f1: Peripheral Function Clock f1:
Bit Rate Count Source 16 MHz 24 MHz
(bps) of UBRG Set Value of Bit Rate (bps) [Set value of Bit Rate (bps)
UIBRG: n UIBRG: n

1200 f8SIO 103 (67h) 1202 155 (9Bh) 1202
2400 f8SIO 51 (33h) 2404 77 (4Dh) 2404
4800 f8SIO 25 (19h) 4808 38 (26h) 4808
9600 f1SIO 103 (67h) 9615 155 (9Bh) 9615
14400 f1SIO 68 (44h) 14493 103 (67h) 14423
19200 f1SIO 51 (33h) 19231 77 (4Dh) 19231
28800 f1S1O 34 (22h) 28571 51 (33h) 28846
31250 f1SIO 31 (1Fh) 31250 47 (2Fh) 31250
38400 f1SIO 25 (19h) 38462 38 (26h) 38462
51200 f1SIO 19 (13h) 50000 28 (1Ch) 51724
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17.1.2.2 Counter Measure for Communication Error

If a communication error occurs while transmitting or receiving in UART mode, follow the procedures
below.
« Resetting the UiRB register (i=0to 2,5t0 7)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set the RE bit in the UiC1 register to 1 (reception enabled)
* Resetting the UiTB register
(1) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled)
(2) Reset bits SMD2 to SMDO in the UiMR register to 001b, 101b, and 110b.
(3) 1 is written to the RE bit in the UiC1 register (transmission enabled), regardless of the TE bit in
the UIC1 register

17.1.2.3 LSB First / MSB First Select Function

Use the UFORM bit in the UiCO register to select the transfer format. This function is valid when
transfer data is 8 bits long. Figure 17.20 shows the Transfer Format.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)
CLKi

TXDi \ sT A Do XD1 X D2 XD3 X D4 X D5 X D6 X D7 X P ) sP
RXDi \ sT ADo X D1 X D2 XD3 XD4 X D5 XD6 X D7 X P ) sP

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)
CLKi

TXDi \ ST AD7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X P Y sP
RXDi \ sT AD7 X D6 X D5 X D4 XD3 X D2 X D1 XD0 X P ) SP

ST : start bit

P : parity bit
SP : stop bit
i=0to2,5t0 7

The above applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and the receive

data taken in at the rising edge of the transfer clock),
the UILCH bit in the UiC1 register =0 (no reverse),
the STPS bit in the UIMR register =0 (1 stop bit), and
the PRYE bit in the UiMR register =1 (parity enabled).

Figure 17.20 Transfer Format

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 200 of 383



M16C/64 Group 17. Serial Interface

17.1.2.4 Serial Data Logic Switching Function
The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the
received data has its logic reversed when read from the UiRB register. Figure 17.21 shows Serial
Data Logic Switching.

(1) When the UILCH bit in the UiC1 Register = 0 (No Reverse)

Transfer Hl|||||||||||||||||||||||||
Clock L

(Tﬁngeverse) T \_s7 (‘oo X'p1 \ o2 X b3 \ D4 \ D5 \ D6 D7 [ P Jsp

(2) When the UILCH Bit in the UiC1 Register = 1 (Reverse)

Transfer Hl|||||||||||||||||||||||||

Clock

TXDi H S = e = = e s e =
(Reverse) \STADOXDI\D2XD3\D4)XD5 D6 XD7 \ P ) SP
ST : start bit
P : parity bit
SP : stop bit
i=0to2,5t07

The above applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock),
the UFORM bit in the UiCO register = 0 (LSB first),
the STPS bit in the UIMR register 0 (1 stop bit), and
the PRYE bit in the UIMR register = 1 (parity enabled).

r

r

Figure 17.21 Serial Data Logic Switching

17.1.2.5 TXD and RXD I/O Polarity Reverse Function
This function reverses the polarities of the TXDi pin output and RXDi pin input. The logic levels of all
input / output data (including bits for start, stop, and parity) are reversed. Figure 17.22 shows the TXD
and RXD /O Polarity Reverse.

(1) When the IOPOL Bit in the UIMR Register = 0 (No Reverse)

Transfer Hl|||||||||||||||||||||||||

Clock L
(Tl\)l(oDIi?everse)Zl;: \ ST {Do fp1 D2 fD3 kD4 D5 fo6 kD7 N P JsP
RXDi H \sT Apo XDl XD2)kD3)XD4XD5 D6 ko7 P Jsp

(No Reverse)“L”
(2) When the IOPOL Bit in the UIMR Register = 1 (Reverse)

Transfer H|||||||||||||_||_|I_||_||—||—||—|

Clock
TXDi
(Reverse)
RXDi
(Reverse)

ST: start bit

P : parity bit
SP: stop bit
i=0to2,5t07

The above applies to the case where the UFORM bit in the UiCO register = 0 (LSB first), the
STPS bit in the UIMR register = 0 (1 stop bit), and the PRYE bit in the UIMR register = 1
(parity enabled).

e

Figure 17.22 TXD and RXD I/O Polarity Reverse
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17.1.2.6 CTS/RTS Function

The CTS function is used to start transmit operation when “L” is applied to the CTSi/ RTSi (i=0to 2,
5 to 7) pin. Transmit operation begins when the CTSi / RTSi pin is held “L". If the “L” signal is
switched to “H” during a transmit operation, the operation stops after the ongoing transmit / receive
operation is completed.
When the RTS function is used, the CTSi/ RTSi pin outputs “L” when the microcomputer is ready to
receive. The output level becomes “H” when a start bit is detected.
« The CRD bit in the UiCO register = 1 (disable CTS / RTS function)

CTSi/ RTSi pin is programmable I/O function
 The CRD bit = 0, the CRS bit = 0 (CTS function is selected) CTSi/ RTSi pin is CTS function
» The CRD bit = 0, the CRS bit = 1 (RTS function is selected) CTSi/ RTSi pin is RTS function

17.1.2.7 CTS/RTS Separate Function (UARTO)
This function separates CTS0 / RTSO, outputs RTSO from the P6_0 pin, and inputs CTSO from the
P6_4 pin. To use this function, set the register bits as shown below.

 The CRD bit in the UOCO register =0 (enable CTS / RTS of UARTO)

* The CRS bit in the UOCO register =1 (output RTS of UARTO)

 The CRD bit in the U1CO register =0 (enable CTS / RTS of UART1)

« The CRS bit in the U1CO register =0 (input CTS of UART1)

* The RCSP bit in the UCON register = 1 (inputs CTSO from the P6_4 pin)

e The CLKMDL1 bit in the UCON register =0 (CLKS1 not used)
Note that when using the CTS / RTS separate function, CTS / RTS of UART1 function cannot be

used.

microcomputer IC
TXDO (P6_3) »| IN
RXDO (P6_2) | ouT
RTSO (P6_0) P CTS
CTSO (P6_4) € RTS

Figure 17.23 CTS / RTS Separate Function
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17.1.3 Special Mode 1 (12C mode)

I2C mode is provided for use as a simplified 12C interface compatible mode. Table 17.10 lists the
specifications of 12C mode. Tables 17.11 and 17.12 list the registers used in 12C mode and the register
values set. Table 17.13 lists the 12C Mode Functions. Figure 17.24 shows the block diagram for 12C
mode. Figure 17.25 shows Transfer to UiRB Register and Interrupt Timing.

As shown in Table 17.13, the microcomputer is placed in 12C mode by setting bits SMD2 to SMDO to
010b and the IICM bit to 1. Because SDAI transmit output has a delay circuit attached, SDAI output

does not change state until SCLi goes low and remains stably low.

Table 17.10 12C Mode Specifications

Item Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock « During master

CKDIR bit in the UiMR register = 0 (internal clock): fj / (2(n+1))
fj = f1SIO, f2SI0, f8SI0, f32SI0
n = setting value of the UiBRG register 00h to FFh
« During slave
CKDIR bit = 1 (external clock): input from the SCLi pin

Transmission Start Before transmission starts, satisfy the following requirements (1)
Condition » The TE bit in the UiC1 register = 1 (transmission enabled)

« The Tl bit in the UiC1 register = 0 (data present in UiTB register)
Reception Start Condition |Before reception starts, satisfy the following requirements ()

* The RE bit in the UiC1 register = 1 (reception enabled)

* The TE bit in the UiC1 register = 1 (transmission enabled)
« The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Interrupt Request When start or stop condition is detected, acknowledge undetected, or
Generation Timing acknowledge detected
Error Detection Overrun error (2

This error occurs if the serial interface started receiving the next data
before reading the UiRB register and received the 8th bit of the next data

Select Function « Arbitration lost

Timing at which the ABT bit in the UiRB register is updated can be selected
« SDAI digital delay

No digital delay or a delay of 2 to 8 UIBRG count source clock cycles selectable
« Clock phase setting

With or without clock delay selectable

i=0to2,5t07
Notes:

1. When an external clock is selected, the conditions must be met while the external clock is in high state.
2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in the SiRIC
register does not change.
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SDAI

STSPSEL =1

Start and stop condition generation block

Delay
circuit

STSPSEL =0

SDA (STSP)
SCL (STSP)

lICM2 =1

Noise
filter

Transmission

f~——>

» DMAO to DMA3 request

UARTI transmit, NACKi

SCLi

register interrupt request
" IICM =1 and
UARTI ICM2 =0
ALS
Arbitration » DMAO, DMA2 request
- IIcM2=1
Regeptlon Q UARTI receive,
register [y ACKi interrupt request,
UARTI IICM = 1 and DMA1, DMA3 request
Start condition licM2 =0
detection L
Bus
[ busy
Stop c_ondition ! NACK
detection
—
P Q
Falling edge T
detection
P Q
ister @
IICM = 0 Port register T | ACK
1/0 port 9th bit
Internal clock
. Start/ stop condition detection

1ICM

i=0to2,5t07

STSPSEL, ACKD, ACKC

UARTI o<F-swez| | cLk
- IICM=1 STSPSEL External control
Noise =1 clock
filter UARTI

: bit in the UiSMR register

9th bit falling edge
SwWC

This diagram applies to the case where bits SMD2 to SMDO in the UiMR register = 010b and the [ICM bit in the UiSMR register = 1.

1ICM2, SWC, ALS, SWC2, SDHI : bits in the UiISMR2 register
: bits in the UiISMR4 register

If the IICM bit = 1, the pin can be read even when the port direction bit corresponding to the SCLi pin = 1 (output mode).

" interrupt request

Figure 17.24 12C Mode Block Diagram
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Table 17.11 Registers to Be Used and Settings in 12C Mode (1)

. . Function
Register Bit
Master Slave
uiTB Oto7 Set transmission data Set transmission data
UIRB®) |0to7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
UiBRG Oto7 Set a bit rate Invalid
UiIMR ®) |SMD2 to Set to 010b Set to 010b
SMDO
CKDIR Setto 0 Setto 1
IOPOL Setto 0 Setto 0
uUiCo CLK1, CLKO |Select the count source for the UiBRG register Invalid
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit register empty flag Transmit register empty flag
CRD 4 Setto 1 Setto 1
NCH Setto 1 (2 Setto 1 (2
CKPOL Setto 0 Setto 0
UFORM Setto 1 Setto 1
UiCl TE Set this bit to 1 to enable transmission Set this bit to 1 to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to 1 to enable reception Set this bit to 1 to enable reception
RI Reception complete flag Reception complete flag
UjIRS @) Setto 1 Setto 1
UjRRM () Setto 0 Setto 0
UiLCH Setto 0 Setto 0
UIERE Setto 0 Setto 0
UiSMR IICM Setto 1 Setto 1
ABC Select the timing at which arbitration lost is |Invalid
detected
BBS Bus busy flag Bus busy flag
3to7 Setto 0 Setto 0
UiSMR2 |lICM2 See Table 17.13 “12C Mode Functions” See Table 17.13 “12C Mode Functions”
CsC Set this bit to 1 to enable clock synchronization |Setto O
SWC Set this bit to 1 to have SCLi output fixed to |Set this bit to 1 to have SCLi output fixed to
“L” at the falling edge of the 9th bit of clock |“L” at the falling edge of the 9th bit of clock
ALS Set this bit to 1 to have SDAI output stopped |Set to O
when arbitration lost is detected
STAC Setto 0 Set this bit to 1 to initialize UARTI at start
condition detection
SWC2 Set this bit to 1 to have SCLi output forcibly |Set this bit to 1 to have SCLi output forcibly
pulled low pulled low
SDHI Set this bit to 1 to disable SDAI output Set this bit to 1 to disable SDAI output
7 Setto 0 Setto 0
i=0to2,5t07
j=2,5t07
Notes:

1. Set the bit 4 and bit 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the
UCON register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to 0.

3. Set the bits not listed above to 0 when writing to the registers in 12C mode.

4.  When using UART1 in 12C mode and enabling the CTS / RTS separate function of UARTO, set the CRD bit in the
U1CO register to 0 (CTS / RTS enabled) and the CRS bit to 0 (CTS input).
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Table 17.12 Registers to Be Used and Settings in 12C Mode (2)

. . Function
Register Bit
Master Slave
UiSMR3 |0, 2, 4,and |Setto 0 Setto 0
NODC
CKPH See Table 17.13 “I12C Mode See Table 17.13 “12C Mode
Functions” Functions”
DL2 to DLO |Set the amount of SDAI digital delay Set the amount of SDAI digital delay
UiSMR4 |STAREQ Set this bit to 1 to generate start Setto 0
condition
RSTAREQ |Set this bit to 1 to generate restart Setto 0
condition
STPREQ Set this bit to 1 to generate stop Setto 0
condition
STSPSEL |Set this bit to 1 to output each condition |Setto 0
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to 1 to output ACK data Set this bit to 1 to output ACK data
SCLHI Set this bit to 1 to have SCLi output Setto 0
stopped when stop condition is detected
SWC9 Setto 0 Set this bit to 1 to set the SCLi to “L”
hold at the falling edge of the 9th bit of
clock
IFSR2A |IFSR26, Setto 1l Setto 1l
ISFR27
UCON |UOIRS, Setto 1 Setto 1
U1IRS Setto 1 Setto 1l
UORRM Setto 0 Setto 0
U1RRM Setto 0 Setto O
CLKMDO Setto O Setto 0
CLKMD1 Setto 0 Setto 0
RCSP Setto O Setto 0
7 Setto 0 Setto 0
i=0to2,5t07
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Table 17.13

I2C Mode Functions

Function

Clock Synchronous Serial
1/0 Mode (SMD2 to SMDO
=001b, IICM = 0)

12C Mode (SMD2 to SMDO = 010b, IICM = 1)

IICM2 =0 IICM2 =1

(NACK/ACK interrupt) (UART transmit / receive interrupt)
CKPH=0 CKPH =1 CKPH=0 CKPH =1
(No clock delay) (Clock delay) (No clock delay) (Clock delay)

Factor of Interrupt Number
6,7, 10, 43, 46, and 49 (1. 5.
7

Start condition detection or stop condition detection
(See Table 17.14 “STSPSEL Bit Functions”)

Factor of Interrupt Number
15, 17, 19, 44, 47, and 50 (1,
.8

UARTI transmission
Transmission started or
completed (selected by
UIIRS)

No acknowledgment
detection (NACK)
Rising edge of SCLi 9th bit

UARTI transmission
Falling edge of SCLi
next to the 9th bit

UARTI transmission
Rising edge of SCLi
9th bit

Factor of Interrupt Number
16, 18, 20, 45, 48, and 51 (1,
6))

UARTI reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection (ACK)
Rising edge of SCLi 9th bit

UARTI reception
Falling edge of SCLi 9th bit

Timing for Transferring Data
from the UART Reception
Shift Register to the UiRB
Register

CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCLi 9th bit

Falling edge of SCLi
9th bit

Falling and rising
edges of SCLi 9th bit

UARTI Transmission Output | Not delayed Delayed

Delay

Functions of TXDi / SDAi TXDi output SDAI input / output
Functions of RXDi/ SCLi RXDi input SCLi input / output

Functions of CLKi

CLKi input or output port
selected

— (Cannot be used in I12C mode)

Noise Filter Width

15ns

200ns

Read RXDi and SCLi Pin
Levels

Possible when the
corresponding port
direction bit =0

Always possible no matter how the corresponding port direction bit is set

Initial Value of TXDi and
SDAI Outputs

CKPOL = 0 ("H")
CKPOL =1 (L")

The value set in the port register before setting 12C mode (2)

Initial and End Values of
SCLi

g L

“ CHl

DMA1 and DMA3 Factor (6)

UARTI reception

Acknowledgment detection (ACK)

UARTI reception
Falling edge of SCLi 9th bit

Store Received Data

1st to 8th bits of the
received data are stored
into bits 0 to 7 in the UiIRB
register

1st to 8th bits of the received data are stored
into bits 7 to 0 in the UiRB register

1st to 7th bits of the received data are stored
into bits 6 to 0 in the UiRB register. 8th bit is
stored into bit 8 in the UiRB register

1st to 8th bits are
stored into bits 7 to 0 in
the UIRB register (3)

Read Received Data

The UIRB register status is read

Bits 6 to 0 in the UIRB

register are read as bits
7to 1. Bit 8 in the UiRB
register is read as bit 0

(4)

i=0to2,5t07
Notes:

1. If the source or factor of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may

inadvertently be set to 1 (interrupt requested). (Refer to 24.7 “Interrupt”)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore,
always be sure to clear the IR bit to O (interrupt not requested) after changing those bits.

Bits SMD2 to SMDO in the UiMR register, the IICM bit in the UiSMR register, the ICM2 bit in the UiSMR register, and the

CKPH bit in the UiSMR3 register

Nookrwd

Set the initial value of SDAI output while bits SMD2 to SMDO in the UiMR register = 000b (serial interface disabled).
Second data transfer to the UiRB register (rising edge of SCLi 9th bit)
First data transfer to the UIiRB register (falling edge of SCLi 9th bit)

See Figure 17.27 “STSPSEL Bit Functions”.

See Figure 17.25 “Transfer to UiRB Register and Interrupt Timing”.
When using UARTO, be sure to set the IFSR26 bit in the IFSR2A register to 1 (factor of interrupt: UARTO bus collision).

When using UART1, be sure to set the IFSR27 bit in the IFSR2A register to 1 (factor of interrupt: UART1 bus collision).
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(1) ICM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

s LI LT LI LT Lo
spai X b7 X o6 X 5 X pa X 03 X p2 X D1 X Do X D8 (ACK, NACK)
T

ACK interrupt (DMA1, DMAS3 request),
NACK interrupt

Transfer to UIRB register
b15 b9 b8 b7 bo
Dl ]D8]D7]D6]D5]D4]D3]D2]DIIDO|
UIRB register

(2) ICM2 = 0, CKPH =1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

ST I [ I I
spai X 07 X o6 X ps X pa X b3 X p2 X b1 X po X D8 (ACK, NACK)
T

ACK interrupt (DMA1, DMA3 request),
NACK interrupt

Transfer to UiRB register
b1s b9 b8 b7 b0

Dl ]D8]D7]DS]D5]D4]D3]DZ]D1]DO|

UiRB register

(3) ICM2 = 1 (UART transmit / receive interrupt), CKPH =0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

soai X 07 X b6 X ps X pa X p3 X p2 X b1 X po >T<DT8 (ACK, NACK)

Receive interrupt Transmit
(DMAL, DMA3 interrupt
request) f
Transfer to UiRB register
b1s b9 b8 b7 bo
Dl ]DO]—lD7lD6]D5]D4lD3lD2]D1|
UiRB register

(4)IICM2 =1, CKPH =1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

spai X 07 X b6 X b5 X p4 X b3 X b2 X b1 X DO>¢<D8(A¢CK, NACK)

Receive interrupt Transmit interrupt
(DMA1, DMA3
request) ?
Transfer to UiRB register ~ Transfer to UiRB register
b15 b9 b8 b7 bo bis b9 b8 b7 b0
Dl |D0|_|D7|D6|D5|D4|DS|D2|DI| Dl |D8|D7|D6|D5|D4|DS|D2|D1|DO|
UIRB register UIRB register

i=0to2,5t07

This diagram applies to the case where the following condition is met.
- The CKDIR bit in the UIMR register = 0 (slave selected)

Figure 17.25 Transfer to UiRB Register and Interrupt Timing

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 208 of 383



M16C/64 Group 17. Serial Interface

17.1.3.1 Detection of Start and Stop Condition

Whether a start or a stop condition has been detected is determined.

A start condition detect interrupt request is generated when the SDAI pin changes state from high to
low while the SCLi pin is in the high state. A stop condition detect interrupt request is generated when
the SDAI pin changes state from low to high while the SCLi pin is in the high state.

Because the start and stop condition detect interrupts share the interrupt control register and vector,
check the BBS bit in the UiISMR register to determine which interrupt source is requesting the
interrupt.

3to 6 cycles < setup time @©
3 to 6 cycles < hold time @

I Setup time Hold time |

SCLi

SDAI
(Start condition)

SDAI
(Stop condition)

i=0to2,5t07

Note:
1. When the PCLKZ1 bit in the PCLKR register is 1, this is the cycle count of
f1SIO, and the PCLK1 bit is 0, the cycle count of f2SIO.

Figure 17.26 Detection of Start and Stop Condition

17.1.3.2 Output of Start and Stop Condition

A start condition is generated by setting the STAREQ bit in the UiSMR4 register (i=0to 2,5to 7) to
1 (start).
A restart condition is generated by setting the RSTAREQ bit in the UiSMRA4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the UiISMRA4 register to 1 (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).
(2) Set the STSPSEL bit in the UiISMR4 register to 1 (output).
The function of the STSPSEL bit is shown in Tables 17.14 and 17.27.
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Table 17.14 STSPSEL Bit Functions

Function STSPSEL =0 STSPSEL =1
Output of Pins SCLi and  |Output of transfer clock and data Output of a start / stop condition
SDAI Output of start / stop condition is according to bits STAREQ,

accomplished by a program using ports |[RSTAREQ, and STPREQ
(not automatically generated in
hardware)

Start / Stop Condition Detect start / stop condition Complete generating start / stop
Interrupt Request condition
Generation Timing

(1) When Slave
CKDIR =1 (external clock)

STSPSEL bit 0

1st 2nd 3rd 4¢y 5th 6th 7th 8th 9th bit
SCLi

SDAI

1

Start condition Stop condition
detection interrupt detection interrupt

(2) When Master
CKDIR =0 (internal clock), CKPH =1 (clock delayed)

STSPSELbit | ] L
\ \ \ \

Settolin SettoOin Settolin SettoOin
a program a program a program a program
1st 2nd 3rd 4th,5th 6th 7th 8th Oth bit

SCLi

SDAI

Set STLREQ =1 / T

start » ) Set STPREQ=1 . .
( ) Start condition detection (start) Stop condition detection

i=0to2.5t0 7 interrupt interrupt

Figure 17.27 STSPSEL Bit Functions

17.1.3.3 Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising
edge of SCLi. Use the ABC bit in the UiISMR register to select the timing at which the ABT bit in the
UiRB register is updated. If the ABC bit = 0 (update per bit), the ABT bit is set to 1 at the same time
unmatching is detected during check, and is cleared to 0 when not detected. In cases when the ABC
bit is set to 1, if unmatching is ever detected, the ABT bit is set to 1 (unmatching detected) at the
falling edge of the clock pulse of 9th bit. If the ABT bit needs to be updated per byte, clear the ABT bit
to 0 (undetected) after detecting acknowledge in the first byte, before transferring the next byte.
Setting the ALS bit in the UISMR2 register to 1 (SDA output stop enabled) factors arbitration-lost to
occur, in which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit
is set to 1 (unmatching detected).
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17.1.3.4 Transfer Clock

The transfer clock is used to transmit and receive data as is shown in Figure 17.25 Transfer to UiRB
Register and Interrupt Timing.

The CSC bit in the UISMR2 register is used to synchronize the internally generated clock (internal
SCLi) and an external clock supplied to the SCLi pin. In cases when the CSC bit is set to 1 (clock
synchronization enabled), if a falling edge on the SCLi pin is detected while the internal SCLi is high,
the internal SCLi goes low, at which time the value of the UIBRG register is reloaded with and starts
counting in the low-level interval. If the internal SCLi changes state from low to high while the SCLi
pin is low, counting stops, and when the SCLi pin goes high, counting restarts.

In this way, the UARTI transfer clock is equivalent to AND of the internal SCLi and the clock signal
applied to the SCLi pin. The transfer clock works between a half cycle before the falling edge of the
internal SCLi 1st bit and the rising edge of the 9th bit. To use this function, select an internal clock for
the transfer clock.

The SWC bit in the UiSMR2 register determines whether the SCLi pin is fixed to be or freed from low-
level output at the falling edge of the 9th clock pulse.

If the SCLHI bit in the UISMRA4 register is set to 1 (enabled), SCLi output is turned off (placed in the
high-impedance state) when a stop condition is detected.

Setting the SWC2 bit in the UiISMR2 register = 1 (0 output) makes it possible to forcibly output a low-
level signal from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to 0
(transfer clock) allows the transfer clock to be output from or supplied to the SCLi pin, instead of
outputting a low-level signal.

If the SWC9 bit in the UiSMR4 register is set to 1 (SCL hold low enabled) when the CKPH bit in the
UiSMR3 register = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse
next to the 9th. Setting the SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level
output.

17.1.3.5 SDA Output

The data written to bits 7 to 0 (D7 to DO) in the UiTB register is output in descending order from D7.
The 9th bit (D8) is ACK or NACK.

Set the initial value of SDAI transmit output when IICM = 1 (12C mode) and bits SMD2 to SMDO in the
UIMR register = 000b (serial interface disabled).

Bits DL2 to DLO in the UiSMRS3 register allow to add no delays or a delay of 2 to 8 UIBRG count
source clock cycles to SDAI output.

Setting the SDHI bit in the UiISMR2 register = 1 (SDA output disabled) forcibly places the SDAI pin in
the high-impedance state. Do not write to the SDHI bit at the rising edge of the UARTI transfer clock.
This is because the ABT bit may inadvertently be set to 1 (detected).

17.1.3.6 SDA Input

When the IICM2 bit = 0, the 1st to 8th bits (D7 to DO) of received data are stored in bits 7 to 0 in the
UiRB register. The 9th bit (D8) is ACK or NACK.

When the [ICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in bits 6 to 0 in the
UiRB register and the 8th bit (DO0) is stored in bit 8 in the UiRB register. Even when the IICM2 bit = 1,
providing the CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read. To read the data,
read the UIRB register after the rising edge of 9th bit of the corresponding clock pulse.
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17.1.3.7 ACK and NACK

If the STSPSEL bit in the UiSMRA4 register is set to O (start and stop conditions not generated) and
the ACKC bit in the UiSMR4 register is set to 1 (ACK data output), the value of the ACKD bit in the
UiSMRA4 register is output from the SDAI pin.

If the IICM2 bit = 0, the NACK interrupt request is generated if the SDAI pin remains high at the rising
edge of the 9th bit of transmit clock pulse. The ACK interrupt request is generated if the SDAI pin is
low at the rising edge of the 9th bit of transmit clock pulse.

If ACKi is selected to generate a DMA1 or DMA3 request source, a DMA transfer can be activated by
detection of an acknowledge.

17.1.3.8 Initialization of Transmission / Reception

If a start condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial

interface operates as described below.

» The transmit shift register is initialized, and the content of the UiTB register is transferred to the
transmit shift register. In this way, the serial interface starts sending data synchronously with the
next clock pulse applied. However, the UARTi output value does not change state and remains the
same as when a start condition was detected until the first bit of data is output synchronously with
the input clock.

» The receive shift register is initialized, and the serial interface starts receiving data synchronously
with the next clock pulse applied.

* The SWC bitis set to 1 (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the
falling edge of the 9th clock pulse.

Note that when UARTI transmission / reception is started using this function, the Tl bit does not

change state. Select the external clock as the transfer clock to start UARTI transmission / reception

with this setting.
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17.1.4 Special Mode 2

In special mode 2, serial communication between one or multiple masters and multiple slaves is
available. Transfer clock polarity and phase are selectable. Table 17.15 lists the Special Mode 2
Specifications. Table 17.16 lists the Registers to Be Used and Settings in Special Mode 2. Figure 17.28
shows Special Mode 2 Communication Control Example (UART2).

Table 17.15 Special Mode 2 Specifications

Iltem

Specification

Transfer Data Format

Transfer data length: 8 bits

Transfer Clock

* Master mode

The CKDIR bit in the UIMR register = 0 (internal clock): fj / (2(n + 1))

fj = f1SIO, f2SI0, f8SIO, f32SI0 n: setting value of UIBRG register 00h to FFh
« Slave mode
* The CKDIR bit = 1 (external clock selected): input from the CLKi pin

Transmit / Receive Control

Controlled by input / output ports

Transmission Start Condition

Before transmission starts, satisfy the following requirements (1)

« The TE bit in the UiC1 register =1 (transmission enabled)

« The Tl bit in the UiC1 register = 0 (data present in UiTB register)
Reception Start Condition Before reception starts, satisfy the following requirements (1)

« The RE bit in the UiC1 register =1 (reception enabled)

* The TE bit =1 (transmission enabled)

* The Tl bit = 0 (data present in the UiTB register)

Interrupt Request Generation
Timing

While transmitting, one of the following conditions can be selected

« The UIIRS bit in the UiC1 register= 0 (transmit buffer empty): when transferring data
from the UiTB register to the UARTI transmit register (at start of transmission)

* The UIIRS bit =1 (transfer completed):
when the serial interface completed sending data from the UARTI transmit register

While receiving

* When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)

Error Detection

Overrun error ()
This error occurs if the serial interface starts receiving the next data before reading
the UIRB register and receives the 7th bit of the next data

Select Function

¢ CLK polarity selection
Transfer data input / output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
« LSB first, MSB first selection
Whether to start sending / receiving data beginning with bit 0 or beginning with bit 7
can be selected
« Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
« Switching serial data logic
This function reverses the logic value of the transmit / receive data
« Clock phase setting
Selectable from four combinations of transfer clock polarities and phases

i=0to2,5t0 7
Notes:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in high state; if the CKPOL bit = 1 (transmit data output at the rising edge and the receive data
taken in at the falling edge of the transfer clock), the external clock is in low state.

2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in the SiRIC
register does not change.
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P13
P1_.
P9_3
P7_2(CLK2) P7_2(CLK2)
P7_1(RXD2)[ P7_1(RXD2)
P7_0(TXD2) P7_0(TXD2)
Microcomputer Microcomputer
(master) (slave)
P9 3
P7_2(CLK2)
P7_1(RXD2)
P7_0(TXD2)
Microcomputer
(slave)

Figure 17.28 Special Mode 2 Communication Control Example (UART2)
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Table 17.16 Registers to Be Used and Settings in Special Mode 2

Register Bit Function
uitB® |Oto7 Set transmission data
UIRB® |0to7 Reception data can be read
OER Overrun error flag
UiBRG Oto7 Set a bit rate
UiIMR 3 |SMD2 to SMDO Set to 001b
CKDIR Set to 0 in master mode or 1 in slave mode
IOPOL Setto 0
UiCo CLKO, CLK1 Select the count source for the UIBRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Clock phases can be set in combination with the CKPH bit in the
UiSMRS register
UFORM Select LSB first or MSB first.
UiCcl TE Set to 1 to enable transmission / reception
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UjIRS D Select UART] transmit interrupt source
UjRRM (1) Set this bit to 1 to use continuous receive mode
UILCH Set this bit to 1 to use inverted data logic
UIERE Setto 0
UiISMR Oto7 Setto 0
UiISMR2 |Oto7 Setto 0
UiSMR3 |CKPH Clock phases can be set in combination with the CKPOL bit in the UiCO
register
NODC Setto 0
0,2,4t07 Setto 0
UiSMR4 |Oto7 Setto 0
UCON UOIRS Select UARTO transmit interrupt source
U1lIRS Select UART1 transmit interrupt source
UORRM Setto 0
U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 |Setto O
i=0to2,5t07
j=2,5t07
Notes:

1. Set bits 4 and 5 in registers U0OCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the UCON

register.
2.  The TXD2 pinis N channel open-drain output. No NCH bit in the U2CO register is assighed. When write, set to 0.
3. Set the bits not listed above to 0 when writing to the registers in special mode 2.
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17.1.4.1 Clock Phase Setting Function

One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit
in the UiISMR3 register and the CKPOL bit in the UiCO register.

Make sure the transfer clock polarity and phase are the same for the master and salves to be
communicated.

Figure 17.29 shows the Transmission and Reception Timing in Master Mode (Internal Clock).

Figure 17.30 shows the Transmission and Reception Timing (CKPH = 0) in Slave Mode (External
Clock) while Figure 17.31 shows the Transmission and Reception Timing (CKPH = 1) in Slave Mode
(External Clock).

Clock output R
(CKPOL = 0, CKPH = 0) “”

Clock output “H
(CKPOL =1, CKPH = 0) « »

Clock output “H”
(CKPOL =0,CKPH=1) «»

Clock output “H”
(CKPOL =1, CKPH = 1) « »

g
wn

Data output timing

Do X DL X D2 X D3 X D4 D5|D6}<D7

Figure 17.29 Transmission and Reception Timing in Master Mode (Internal Clock)
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_

Slave control input

Clock input
(CKPOL =0, CKPH =0) “L”

é
|

1
1
1
1
1
1
Clock input “H H
(CKPOL =1, CKPH =0) a : 1
1
! !
H I
Data output timing “H” fnde
wr T \ined DO )
1 1 1
1 1 1
I i I

Y

Note:
1. UARTZ2 output is an N-channel open drain and must be pulled-up externally.

_ZX:D3X:D4iDl5kD.6%I?D7 y——

|
[

S m = =
o

Figure 17.30 Transmission and Reception Timing (CKPH = 0) in Slave Mode (External Clock)

Slave control input

_ |

Clock input “H”
(CKPOL=0, CKPH=1) 4.

:

Clock input “H”
(CKPOL=1, CKPH=1)  «»

Data output timing @

P
1
8

1
1
1
|
1
1
|
1
1
1
Data input timing T

Note:
1. UART2 output is an N-channel open drain and must be pulled-up externally.

Figure 17.31 Transmission and Reception Timing (CKPH = 1) in Slave Mode (External Clock)
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17.1.5 Special Mode 3 (IE mode)
In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.
Table 17.17 lists the Registers to Be Used and Settings in IE Mode. Figure 17.32 shows the Bus
Collision Detect Function-Related Bits.
If the TXDi pin (i = 0 to 2, 5 to 7) output level and RXDi pin input level do not match, a UARTi bus
collision detect interrupt request is generated.
Use bits IFSR26 and IFSR27 in the IFSR2A register to enable the UARTO / UART1 bus collision detect
function.

Table 17.17 Registers to Be Used and Settings in IE Mode

Register Bit Function
UiTB Oto8 Set transmission data
UiRB Oto8 Reception data can be read
OER, FER, PER, SUM Error flag
UIBRG Oto7 Set a bit rate
UIMR SMD2 to SMDO Set to 110b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Invalid because PRYE =0
PRYE Setto 0
I0POL Select the TXD and RXD input / output polarity
Uico CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Setto 0
UFORM Setto 0
uUiC1 TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UjIRS Select the source of UART] transmit interrupt
UjRRM () Setto 0
UiLCH Setto 0
UIERE Setto 0
UiISMR 0to 3,7 Setto 0
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to 1 to use the auto clear function of transmit enable bit
SSS Select the transmit start condition
UiSMR2 0to7 Setto 0
UiSMR3 Oto7 Setto 0
UiSMR4 Oto7 Setto 0
IFSR2A IFSR26, IFSR27 Setto 1
UCON UOIRS Select the source of UARTO transmit interrupt
U1lIRS Select the source of UART1 transmit interrupt
UORRM Setto 0
U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 Setto 0
i=0to2,5t07
j= 2,5t07
Notes:

1. Setbits 4 and 5 in registers UOCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the UCON register.
2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to 0.
3. Set the bits not listed above to 0 when writing to the registers in IE mode.
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(1) The ABSCS Bit in the UiSMR Register (Bus collision detect sampling clock select) (i=0to2,5to7)

If ABSCS =0, bus collision is determined at the rising edge of the transfer clock

\\
‘ —
Transfer clock N S I I I O I |
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP
TXDi

RXDi

Trigger signal is applied to the TAjIN pin

TimersAp o O

If ABSCS = 1, bus collision is determined when timer Aj (one-shot timer mode) underflows.

Timer Aj: Timer A3 in UARTO; Timer A4 in UARTZ; Timer AO in UART2
Timer AO in UARTS; Timer A3 in UART6; Timer A4 in UART7

(2) The ACSE Bit in the UiSMR Register (Auto clear of transmit enable bit)

Transfer clock R I I I I
ST DO D1 D2 D3 D4 D5 D6 D7 D8 spP
TXDi ‘—

RXDi
IR bit in UIBCNIC and I ; )

. If ACSE bit = 1 (automatically
BCNIC register clear when bus collision occurs),

the TE bit is cleared to 0
(transmission disabled) when the

TE bit in UiC1 register IR bit in the UIBCNIC register =
| 1 (unmatching detected).

(3) The SSS Bit in the UiSMR Register (Transmit start condition select)

If SSS bit = 0, the serial interface starts sending data one transfer
clock cycle after the transmission enable condition is met.

Transfer clock _I_T
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi T | |

Transmit enable conditions are met

If SSS bit = 1, the serial interface starts sending data at the rising edge of RXDi @

CLKi
ST Do DL D2 D3 D4 D5 D6 D7 D8 SP

TXDi @ ) I |
RXO _ 7 | |

Notes :
1. The falling edge of RXDi when IOPOL = 0; the rising edge of RXDi when IOPOL = 1.
2. The transmit condition must be met before the falling edge of RXDi @,

The above diagram applies to the case where IOPOL = 1 (reversed).

i=0to2,5t07

Figure 17.32 Bus Collision Detect Function-Related Bits
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17.1.6 Special Mode 4 (SIM Mode) (UART?2)

SIM interface devices can communicate in UART mode. Both direct and inverse formats are
available. The TXD2 pin outputs a low-level signal when a parity error is detected.

Table 17.18 lists the SIM Mode Specifications. Table 17.19 lists the Registers to Be Used and
Settings in SIM Mode.

Table 17.18 SIM Mode Specifications

Item Specification

Transfer Data Format « Direct format
* Inverse format

Transfer Clock » The CKDIR bit in the U2MR register = 0 (internal clock): fi / (16(n + 1))
fi = f1SIO, f2SI0, f8SI0, f32SI0
n = setting value of the U2BRG register 00h to FFh
» The CKDIR bit = 1 (external clock): fEXT / (16(n + 1))
fEXT = input from the CLK2 pin
n = setting value of the U2BRG register 00h to FFh

Transmission Start Before transmission starts, satisfy the following requirements
Condition e The TE bit in the U2C1 register =1 (transmission enabled)
» The Tl bit in the U2C1 register = 0 (data present in the U2TB register)
Reception Start Before reception starts, satisfy the following requirements
Condition  The RE hit in the U2C1 register = 1 (reception enabled)
* Start bit detection
Interrupt Request * While transmitting
Generation Timing When the serial interface completed sending data from the UART2 transmit register (the
U2IRS hit =1)

* While receiving
When transferring data from the UART?2 receive register to the U2RB register (at
completion of reception)

Error Detection « Overrun error (1)
This error occurs if the serial interface started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit of the next data

« Framing error (3)
This error occurs when the number of stop bits set is not detected

* Parity error @)
During reception, if a parity error is detected, parity error signal is output from the TXD2
pin.
During transmission, a parity error is detected by the level of input to the RXD2 pin when
a transmission interrupt occurs

* Error sum flag
This flag is set to 1 when one of the overrun, framing, and parity errors occurs

Notes:

1. If an overrun error occurs, the received data of the U2RB register will be indeterminate. The IR bit in the S2RIC
register does not change.

2. Atransmit interrupt request is generated by setting the U2IRS bit to 1 (transmission completed) and the U2ERE
bit to 1 (error signal output) in the U2C1 register after reset is canceled. Therefore, when using SIM mode, set
the IR bit to O (interrupt not requested) after setting the bits.

3. The timing at which the framing error flag and the parity error flag are set is detected when data is transferred
from the UART2 receive register to the U2RB register.

Table 17.19 Registers to Be Used and Settings in SIM Mode

Register Bit Function
u2TB (M Oto7 Set transmission data
U2RB (1) Oto7 Reception data can be read
OER,FER,PER,SUM Error flag
U2BRG Oto7 Set a bhit rate
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Table 17.19 Registers to Be Used and Settings in SIM Mode
U2MR SMD2 to SMDO Set to 101b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Set to 1 in direct format or 0 in inverse format
PRYE Setto 1
IOPOL Setto 0
u2Cco CLKO,CLK1 Select the count source for the U2BRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Settol
NCH Setto 0
CKPOL Setto 0
UFORM Set to 0 in direct format or 1 in inverse format
u2C1 TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
U2IRS Setto 1l
U2RRM Setto 0
U2LCH Set to 0 in direct format or 1 in inverse format
U2ERE Settol
U2SMR (1) |0to3 Setto 0
U2SMR2 Oto7 Setto 0
U2SMR3 Oto7 Setto 0
U2SMR4 Oto7 Setto 0

Note:

1. Set the bits not listed above to 0 when writing to the registers in SIM mode.
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(1) Transmit Timing Te

Transfer clock

L ||

I o
Data is written to the U2TB register | ~(Note 1)
Lo W
|
|
|
|

TE bitin S
U2C1 register wgr

Tl bit in ‘v
U2C1 register -

TR

| .
I | Datais transferred from the U2TB
[ register to the UART2 transmit register
by
|

'
Parity Sto|
Start bit bitp

ACEEEREEDY | EE0EREMS

Parity error signal
returned from
receiving end

RXD2 pin level @

|

T

| An"“L"signal is applied from the /|
I SIM card due to a parity error

|
| .
An interrupt An interrupt routine detects
TXEPT bit in “” : routine “H” or “L” o detec
U2CO register o | detects “H” or “L :
. o [ by I

IR bit in 1 I I—I I |
S2TIC register “0" 1 I 1

Set to 0 by an interrupt request acknowledgement or by program
The above timing diagram applies to the case where data is
transmitted in the direct format.

* The STPS bit in the U2MR register =0 (1 stop bit) TC=16 (n+1)/fior16 (n+1)/fEXT
. TEe PRY bit irt: the %ZMR register =1 Eevenfpar)ity) i : frequency of U2BRG count source (f1S10, f2S10, f8SI0, f32S10)
» The UFORM bit in the U2CO register = 0 (LSB first, FEXT - f f U2BR t o I clock
» The U2LCH bit in the U2C1 register = 0 (no reverse) ) relquency © UUZBRGG count source (external clock)
« The U2IRS bit in the U2C1 register = 1 (transmit completed) n  :valuesetto
(2) Receive Timing Tc
Transfer clock
l | I ]
s “n } t
RE bit in J I ! |
U2C1 register g I : : I
. | Parity Sto I
Transmit waveform | Séﬁn bit bilp : |

vanemiting ent voeeeeeceos TAKRRAKKKRR
e TXD2 provides “L” output/ I'\_/_

due to a parity error

RXD2 pin level ® | - @@@@@@@@o sp ST @@@@@@@@o

RI bit in wpr ————]
U2C1 register I
non I \
| Read the U2RB register

aqr
IR bitin
S2RIC register 0" \

Set to 0 by an interrupt request acknowledgement or by program

\\jXJ

The above timing diagram applies to the case where data is TC=16 (n+1)/fior 16 (n + 1) / fEXT
received in the direct format. : .
fi . f f U2BR t f1SI10, f2SI0, f8SI0, f32SI
« The STPS bit in the U2MR register = 0 (1 stop bit) fl : frequency of U2 g count source (f1SIO, | Slok 8SI0, 132510)
« The PRY bit in the U2MR register = 1 (even parity) EXT : frequency of U2BRG count source (external clock)
*» The UFORM bit in the U2CO register = 0 (LSB first) n - value set to U2BRG

» The U2LCH bit in the U2C1 register = 0 (no reverse)
» The U2IRS bit in the U2C1 register =1 (transmit completed)

Notes:
1. Data transmission starts when BRG overflows after a value is set to the U2TB register on the rising edge of the Tl bit.
2. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
TXD2 pin and parity error signal from the receiving end, is generated.
3. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
transmitting end and parity error signal from the TXD2 pin, is generated.

Figure 17.33 Transmit and Receive Timing in SIM Mode
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Figure 17.34 shows an Example of SIM Interface Connection. Connect TXD2 and RXD2, and then
place a pull-up resistance.

Microcomputer

TXD2 I
RXD2 |

SIM card

Figure 17.34 Example of SIM Interface Connection

17.1.6.1 Parity Error Signal Output

The parity error signal is enabled by setting the U2ERE bit in the U2C1 register to 1 (error signal
output).

The parity error signal is output when a parity error is detected while receiving data. A low-level signal
is output from the TXD2 pin in the timing shown in Figure 17.35. If the U2RB register is read while
outputting a parity error signal, the PER bit is cleared to 0 (no parity error) and at the same time the
TXD2 output is returned high.

When transmitting, a transmission complete interrupt request is generated at the falling edge of the
transfer clock pulse that immediately follows the stop bit. Therefore, whether a parity error signal has
been returned can be determined by reading the port that shares the RXD2 pin in a transmission
complete interrupt routine.

Transfer clock "H”
oL

RXD2 ': \ st {po X b1 D2 ) p3) pa)ps) s o7 pP )sp
ar
TXD2 (NOTE 1)
Rl bitin
U2C1 register ‘0"
This timing diagram applies to the case where the direct format is implemented. ST : Start bit
P : Even Parity
Note: SP : Stop bit

1. The output of microcomputer is in the high-impedance state (pulled up externally).

Figure 17.35 Parity Error Signal Output Timing
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17.1.6.2 Format

Two formats are available: direct format and inverse format.

In direct format, set the PRYE bit in the U2MR register to 1 (parity enabled), the PRY bit to 1(even
parity), the UFORM bit in the U2CO register to 0 (LSB first) and the U2LCH bit in the U2C1 register to
0 (not inverted). When data are transmitted, data set in the U2TB register are transmitted with the
even-numbered parity, starting from DO. When data are received, received data are stored in the
U2RB register, starting from DO. The even-numbered parity determines whether a parity error occurs.
In inverse format, set the PRYE bit to 1, the PRY bit to 0 (odd parity), the UFORM bit to 1 (MSB first),
and the U2LCH bit to 1 (inverted). When data are transmitted, values set in the U2TB register are
logically inversed and are transmitted with the odd-numbered parity, starting from D7. When data are
received, received data are logically inversed to be stored in the U2RB register, starting from D7. The

odd-numbered parity determines whether a parity error occurs.

(1) Direct format

ar
Transfer clock -

(2) Inverse format

TXD2 T \ (poXp1)p2fp3)Dp4)D5) D6 D7 P /

ar
Transfer clock -

P : Even parity

™02 ¥\ (57 D6 ) D5 ) D4 J D3 D2 X DL DO L P |

P : Odd parity

Figure 17.36 SIM Interface Format
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17.2  SI/O3 and SI/0O4

SI/O3 and S1/04 are exclusive clock-synchronous serial I/Os.

Figure 17.37 shows the SI1/0O3 and SI/04 Block Diagram, and Figure 17.38 shows the Registers S3C,
S4C, S3BRG, S4BRG, S3TRR, and S4TRR.

Table 17.20 shows the SI/O3 and S1/04 Specifications.

Clock source select

fZSIO PCLK1=0 SMil to SMi0

O
Main clock, f1SI10 - = 00b Data bus
PLL clock, or *—¢ o1b
on-chip oscillator clock PCLK1 =1 f8SIO =

P L{ 1/8 } . o o
=10b
m f32S10

SMi6

SMi6=0_ =1 |Synchronous
— >~ » nrot
circuit 1 / (n * 1)
. SMi3 A SiBRG register
SMi4 SMi6 SMi6

CLK polarity .
CLKi 07 reversing //I { S I/O counter i } > S1/0i

circuit | interrupt request

SMi2
SMi3

souti () M1 sMi5 LSB<e— MSB

|
SINi O { SIiTRR register

| ST

N

NOTE :
i=3,4
n: velue set in the SIBRG register

Figure 17.37 SI/O3 and SI/0O4 Block Diagram
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17. Serial Interface

SI/Oi Control Register (i = 3, 4) @

No o

bo

the pin is being used.

Selected by the PCLK1 bit in the PCLKR register.

When the values of bits SMil and SMiO are changed, set the SiBRG register.

. Set the value when SMi3 bit is set to 0 (I/O port). When the SMi3 bit is set to 1 (SOUTI output)
subsequently, the selected level signal by the SMi7 bit is output from the SOUTi pin.

SI/Oi Bit Rate Register (i = 3, 4) 1.2.3)

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After Reset
S3C 0272h 01000000b
" T S4C 0276h 01000000b
[ HE
[ '
. E ! Bit symbol Bit Name Function RW
RERRRE —
[ A 1 b0
[ Vo1 SMi0 . : (5)
b i Internal synchronous 0 O0: Select!ng f1SIO or f2SI0
. ! clock select bit © 0 1: Selecting f8SIO RW
[ SMil 1 0: Selecting f32SI0
! E 1 1:Do notset
1
E E i SMi2 SOUTi output disable bit |0 : SOUTi output enabled RW
[ I ity @ 1 : SOUTi output disabled (high-lImpedance)
']
i E 0 : Input / output port
[ . ) . serial interface disabled
[
Yoy T SMi3 | SI/Oi port select bit 1 : SOUTi output, CLKi function RW
H i E serial interface enabled
H 1
: E H 0 : Transmit data is output at falling edge of transfer
[ . . . clock and receive data is input at rising edge
1
E LI ILEEELLLE SMi4 CLK polarity select bit 1: Transmit data is output at rising edge of transfer RW
[ clock and receive data is input at falling edge
]
I
[ . Transfer direction select |0 : LSB first
[
e SMIS it 1: MSB first RW
1
1
]
! ) Synchronous clock 0 : External clock @
"""""""""" SMi6 select bit 1 : Internal clock @ RW
1
! Valid when SMi6 =0 ©
"""""""""" SMi7 SOUTi initial value set bit [0 : “L” output RW
1:“H” output
Notes :
1. Make sure this register is written to by the next instruction after setting the PRC2 bit in the PRCR register
to 1 (write enabled).
2. Set the SMi3 bit to 1 and the corresponding port direction bit to 0 (input mode).
3. Set the SMi3 bit to 1 (SOUTi output, CLKi function).
4. When the SMi2 bit is set to 1, the target pin goes to high-impedance state regardless of which function of

b7 Symbol Address After Reset
|:| S3BRG 0273h Indeterminate
! S4BRG 0277h Indeterminate
i
: Function Setting Range RW
i
[}
L BRGi divides the count source by n + 1 where n = set value 00h to FFh WO
Notes :
1. Write to this register while serial interface is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
3. Write to this register after setting bits SMil and SMi0 in the SiC register.
SI/Oi Transmit / Receive Register (i = 3, 4) 4.2
b7 8o Symbol Address After Reset
|:| S3TRR 0270h Indeterminate
S4TRR 0274h Indeterminate

Function

Setting Range

RW

Transmission / reception starts by writing transmit data to this register. After

transmission / reception completes, reception data can be read by reading this register.

RW

Notes :

1. Write to this register while serial interface is neither transmitting nor receiving.
2. To receive data, set the corresponding port direction bit for SINi to O (input mode).

Figure 17.38 Registers S3C, S4C, S3BRG, S4BRG, S3TRR, and S4TRR
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SI/O 34 Control Register 2

b7 b6 b5 b4 b3 b2 bl bo

SOUTS status after transmission
---------------- SM26 | SOUT3 output control bit @ |0 : High-impedance RW
1: Last bit level retained

SOUT4 status after transmission
------------------- SM27 | SOUT4 output control bit @ |0 : High-impedance RW
1: Last bit level retained

0 Symbol Address After Reset
; NN S34C2 0278h 00XXX0X0b
A
Ph
Pordob i1t | BitSymbol Bit Name Function RW
A
I _
E T B A (b0) Reserved bit Setto 0 RW
] 1 ] ] ] [} )
] 1 ] 1 ] [} )
I _
i i RS (b1) No register bit. If necessary, set to 0. Read as undefined value —
ERNEN
I — .
! i Pl teemmeey (b2) Reserved bit Setto 0 RW
R
P
1 1 P N I - H H : _
ol (b5-b3) No register bits. If necessary, set to 0. Read as undefined value
'
[
[
[
VL
]
]
]
]
]
]
1

NOTE :
1. Bits SM26 and SM27 are valid when the SMi3 bit in registers S3C and S4C are set to 1 (SOUT, CLK)

Figure 17.39 S34C2 Register
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Table 17.20 SI/O3 and SI/O4 Specifications

Item Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock » The SMi6 bit in the SiC (i = 3, 4) register = 1 (internal clock): fj / (2(n + 1))

fj = f1SIO, f8SI0, f32S10
n = setting value of the SiBRG register 00h to FFh

» The SMi6 bit = 0 (external clock): input from the CLKi pin (1)

Transmission / Reception Before transmission / reception starts, satisfy the following requirements
Start Condition Write transmit data to the SiTRR register (2. 3)

Interrupt Request Generation | « When the SMi4 bit in the SiC register = 0

Timing The rising edge of the last transfer clock pulse (4)

* When the SMi4 bit = 1
The falling edge of the last transfer clock pulse (4)

CLKi Pin Function I/O port, transfer clock input, transfer clock output
SOUTi Pin Function I/O port, transmit data output, high-impedance
SINi Pin Function 1/0O port, receive data input

Select Function * LSB first or MSB first selection

Whether to start sending / receiving data beginning with bit O or beginning with bit
7 can be selected

* CLK polarity selection
Whether transmit data is output / input at the rising edge or falling edge of transfer
clock can be selected.

« Function for setting an SOUTi initial value set function
When the SMi6 bit in the SiC register = 0 (external clock), the SOUTI pin output
level while not transmitting can be selected.

« SOUTI state selection after transmission
Whether to set to high-impedance or retain the last bit level can be selected.

Notes:
1. To set the SMi6 bit in the SiC register to 0 (external clock), follow the procedure described below.

« If the SMi4 bit in the SiC register = 0, write transmit data to the SiTRR register while input on the
CLKi pin is high. The same applies when rewriting the SMi7 bit in the SiC register.

« If the SMi4 bit = 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The
same applies when rewriting the SMi7 bit.

« Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop
the transfer clock after supplying eight pulses. If the SMi6 bit = 1 (internal clock), the transfer clock

automatically stops.

2. Unlike UARTO to UARTZ2, SI/Qi (i = 3 to 4) is not separated between the transfer register and buffer. Therefore,
do not write the next transmit data to the SiTRR register during transmission.

3.  When the SMi6 bit = 1 (internal clock) and bits SM26 (SOUT3) and SM27 (SOUT4) in the S34C2 register = 0
(high-impedance after transmission), SOUTi retains the last data for a 1/2 transfer clock period after completion
of transfer and, thereafter, goes to high-impedance state. However, if transmit data is written to the SiTRR
register during this period, SOUTi immediately goes to high-impedance state, with the data hold time thereby
reduced.

4.  When the SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit = 0, or stops in the
low state if the SMi4 bit = 1.
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17.2.1 SI/Oi Operation Timing
Figure 17.40 shows the SI/Oi Operation Timing

0.5to 1.0 cycle (max.) @

<€ >

SI/Oi internal clock L

I

\

SIiTRR register
SOUTI output H ——————— — Do & D1 X D2] X b3 X b4 X D5 X D6 X D7 }— —
X X

CLKi output

[
T

Signal written to

H
ar
SINi input T X X X X X X
IR bitin uy
SilC register “gr
i=3,4
Notes :

1. This diagram applies to the case where the SiC register bits are set as follows:
SMi2 = 0 (SOUTI output), SMi3 = 1 (SOUTi output, CLKi function), SMi4 = 0 (transmit data output at the falling edge and receive
data input at the rising edge of the transfer clock), SMi5 = 0 (LSB first) and SMi6 = 1 (internal clock)
Bits SM26 (SOUT3) and SM27 (SOUT4) in the S34C2 register are 0 (high-impedance after transmission).

2. If the SMi6 bit = 1 (internal clock), the serial 1/O starts sending or receiving data a maximum of 0.5 to 1.0 transfer clock cycles after
writing to the SITRR register.

Figure 17.40 SI/Oi Operation Timing

17.2.2 CLK Polarity Selection

The SMi4 bit in the SiC register allows selection of the polarity of the transfer clock. Figure 17.41 shows
the Polarity of Transfer Clock

(1) When the SMi4 bit in the SiC register =0

e LWL L
A\

SOUT X DO l;é DlXDZ/)X D3 X D4 X D5 X D6 X D7

SINi X po X b1 X D2 X 3 X D4 X D5 X D6 X D7

(2) When the SMi4 bit =1

CLKi

|
SOUT XDOXDlXDZ/)XDSXD4XD5><D6><D7

SINi X oo X o1 X 02 X 03 X D4 X 05 X 06 X D7

i= 34

Notes:
This diagram applies to the case where the SiC register bits are set as follows:
1. When the SMi5 = 0 (LSB first) and the SMi6 = 1 (internal clock)
2. When the SMi6 bit =1 (internal clock), high level is output from the CLKi pin if not transferring data.
3. When the SMi6 bit =1

Figure 17.41 Polarity of Transfer Clock
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17.2.3 Functions for Setting an SOUTI Initial Value

If the SMi6 bit in the SiC register = 0 (external clock), the SOUTi pin output can be fixed high or low
when not transferring. However, the last bit value of the former data is retained between data and data

when transmitting data consecutively. Figure 17.42 shows the timing chart for setting an SOUTI initial
value and how to set it.

(Example) When “H” Selected for SOUTI Initial Value @

Signal written to

SIiTRR register

Initial value setting of SOUTI output
and

o starting of transmission / reception
SMi7 bit ¢

Set the SMi3 bit to 0
SMi3 bit (SOUTiI pin functions as an 1/O port)

'

Set the SMi7 bit to 1

SOUTi pin output

SOUTI (internal) Do (SOUTi initial value = “H")
Port output DO Set the SMi3 bit to 1

(SOUTI pin functions as SOUTi output)

—
P —upn (3)
Initial value =*H lH level is output from the SOUTI pin
(i=3.4) Setting the SOUTi  Port selection switching Write to the SITRR register
initial value to “H” @ (1/O port — SOUTI) l
Notes:

Serial transmit / reception starts
This diagram applies to the case where the bits in the SiC register are set as follows:

1. SMi2 = 0 (SOUTi output), SMi5 = 0 (LSB first) and SMi6 = 0 (external clock)
2. SOUTi can only be initialized when input on the CLKi pin is in the high state if the
SMi4 bit in the SiC register = 0 (transmit data output at the falling edge of the transfer clock)
or in the low state if the SMi4 bit = 1 (transmit data output at the rising edge of the
transfer clock).
3. If the SMi6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SOUT output disabled),
this output goes to the high-impedance state.

Figure 17.42 SOUTi Initial Value Setting
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17.2.4 Functions for Selecting SOUTI State after Transmission

If bits SM26 and SM27 in the S34C2 register = 1 (last bit level retained), output from the SOUTi pin
retains the last bit level after transmission. Figure 17.43 shows the Level of SOUT3 Pin after
Transmission.

SI/O internal clock H
apn

CLK3 output wL» i

When SM26 = 0 '

(high-impedance) >< D6 >< b7 >_ ____________
SOUT3
output When SM26 = 1

en =
(last bit level retained) >< D6 >< b7

The above SOUT3 example applies to the case where
The SM32 bit in the S3C register = 0 (SOUT3 output),
The SM33 bit in the S3C register = 1 (SOUT3 output, CLK3 selected),
The SM34 bit in the S3C register = 0 (transmit data output at the falling edge and the receive
data taken in at the rising edge of the transfer clock),
The SM35 bit in the S3C register = 0 (LSB first), and
The SM36 bit in the S3C register = 1 (internal clock)

Figure 17.43 Level of SOUT3 Pin after Transmission
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18. A/D Converter

The microcomputer contains one A/D converter circuit based on 10-bit successive approximation method.
The analog inputs share the pins with P10_0 to P10_7, P9_5, P9 6, PO_0to PO_7, and P2_0to P2 7.
Similarly, ADTRG input shares the pin with P9_7. Therefore, when using these inputs, make sure the
corresponding port direction bits are set to O (input mode).

When not using the A/D converter, set the ADSTBY bit to 0 (A/D operation stop: standby), so that no current
will flow for the A/D converter, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register for pins ANi, ANO i, and AN2_i (i=0to 7).

Table 18.1 shows the A/D Converter Specifications. Figure 18.1 shows the A/D Converter Block Diagram,
and Figures 18.2 and 18.3 show the A/D converter-related registers.

Table 18.1  A/D Converter Specifications

Item Performance
A/D Conversion Successive approximation
Method
Analog Input Voltage [0V to AVCC (VCC1)
1)
Operating clock AD |fAD, divide-by-2 of fAD, divide-by-3 of fAD, divide-by-4 of fAD, divide-by-6 of fAD,
(1) divide-by-12 of fAD

Resolution 10-bit
Integral Nonlinearity |When AVCC = VREF = 5V
Error ANO to AN7 input, ANO_0 to ANO_7 input or AN2_0 to AN2_7 input: £3LSB

ANEXO or ANEX1 input: +3LSB

When AVCC = VREF = 3.0V
ANO to AN7 input, ANO_0 to ANO_7 input or AN2_0 to AN2_7 input: +£3LSB
ANEXO0 or ANEX1 input: +3LSB

Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,

repeat sweep mode 1

Analog Input Pins 8 pins (ANO to AN7) + 2 pins (ANEXO and ANEX1) + 8 pins (ANO_0 to ANO_7)

+ 8 pins (AN2_0 to AN2_7)

A/D Conversion Start | « Software trigger

Condition The ADST bit in the ADCONO register is set to 1 (A/D conversion start)

« External trigger (retriggerable)
Input on the ADTRG pin changes state from high to low after the ADST bit is set
tol
(A/D conversion start)

Conversion Speed per |43 ¢AD cycles minimum

Pin

Notes:
1. Set ¢AD frequency as follows:
When VCC1 =4.0t0 5.5V, 2 MHz < ¢AD < 25 MHz
When VCC1 =3.2t04.0V, 2 MHz < ¢AD <16 MHz
When VCC1 =3.0t0 3.2V, 2 MHz < $AD < 10 MHz
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A/D conversion rate selection 1 %KSl
o CKsS2 i 4AD
0 />
\ |1,2|l|1/2| ] il
fAD 1 I 1 I
fl ———— 1/3 T2 CKS0
Software trigger —0\0
ADTRGO il Trigger

TRG

VREF o ST
AVSS 1 nalog circui I
ADSTEY %%7 m

ADCON1 reg|ster

Successive conversion register

ADCONO register

ADO register (16 bits) [«
AD1 register (16 bits) [«
AD?2 register (16 bits)  [€
AD3 register (16 bits)  [€ Decoder
AD4 register (16 bits)  [€ for register
AD5 register (16 bits) [«
ADG register (16 bits) €
AD7 register (16 bits)  [€
Z I1
S Data bus (hlgh order) S

ADCONZ register
S Data bus (Iow—order) S \—l ?
PMOO—q Y, o _l
PMO1 v Vref

(€]

Decoder
for channel
selection

Comparator
N

PortP10group Y Y VVVY ¢ ;

ADGSEL1.0 ANEX1.0 CH2 to CHO
= 00b = 00b = 000b
ANOO =00b___=00b = 00lbo
ANLO —ob - ooh = 010bo
Port PO group ﬁmgg = 00b =00b = Ollbz
PMO1 and PMOO = 00b ® ANZ O =00b =00b =100bg
ADGSEL1.0 ANEX1.0 CH2 to CHO AN5 O = ggg = ggg z i%go
oo o= —mmo | eSS i
ANO_1 O —10b - oop = 01063
= = — Q
ﬁ“g—g 8 =10b = 00b = 0Lllb N
ANO 4 O = 10b = 00b = 100b 3
ANO 5 O = 10b =00b = 101b 3
ANO 6 O = 10b =00b = 110b 3
ANO_7 O =10b =00b = 111b 3
Port P2 group
PM01andPMO0=00b v v v v v v v Y
ADGSEL1.0 ANEX1.0 CH2 to CHO
= 11b = 00b__ = 000b
ﬁmg—g 8 =11b = 0ob = 001b o
AN2 2 O = 11b = 00b = 010b o
AN2 3 O = 11b = 00b = 011b ;N\
AN2 4 O = 11b = 00b = 100b o
AN25 O = 11b = 00b = 101b
AN2 6 o = 11b = 00b = 110b °
AN2 7 O = 11b = 00b = 111b °
- ADEX1 to ADEXO0 = 01b
ANEXOC o o
ADEX1 tg ADEX0 = 10b
ANEX1 O )

Note :
1. Port PO group (ANO_O to ANO_7) can be used as analog input pins even when bits PMO1 and PMOO are set to 01b
(memory expansion mode) and bits PMO5 and PMO04 are set to 11b (multiplex bus allocated to the entire CS space).

Figure 18.1 A/D Converter Block Diagram
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b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 0 @

Symbol Address After Reset

i : ADCONO 03D6h 00000XXXb
1 ] [ T
P
A i Bit Symbol Bit Name Function RW
[
! [ ]
i i E i i E i - CHO Analog input pin select bit | Function varies with each operation mode RW
I R A
t b e o RW
[ R |
A CH2 RW
T
i E i E i A/D operation mode select |p4 b3
A MDo  [bitO 0 0 : One-shot mode RW
v 0 1: Repeat mode
i ! i i 1 0: Single sweep mode
I MD1 11 : Repeat sweep mode O or RW
H E H repeat sweep mode 1
] ) ]
1 ] ] . i
i E — TRG |Trigger select bit 8 %\C)Tﬂvgetrtig%ge?r RW
P!
[
| . .
i R — ADST | A/D conversion start flag (l) : %B ggﬂxgz:gﬂ gigﬂ RW
]
]
]
LT CKSO |Frequency select bit 0 Refer to Note 2 of the ADCON2 Register RW

Note :

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 1 @

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
L i AL ADCON1 03D7h 0000X000b
.
Pl | Btsymba Bit Name Function RW
[ [ T
[ L B A
L scANo RW
: E : E : i i A/D sweep pin select bit | Function varies with each operation mode
I ! I b SCAN1 RW
[ L |
[ L B .
b i : i L VD2 A/D operation mode select 0: f\ny mode other than repeat sweep mode W
] ] ] I
b i b bit 1 1: Repeat sweep mode 1
[ 1!
oo
i E ! E I (ﬁ) No register bit. If necessary, set to 0. Read as undefined value —
Vo b
Vo b
Vo b
i E i [ CKS1 |Frequency select bit 1 Refer to Note 2 of the ADCON2 Register RW
o !
o !
o ! .
v + @) 0 : A/D operation stopped (standby)
i E ' ADSTBY | A/D standby bit 1: A/D operation enabled RW
] ]
b ADEX0 RW
! Extended pin select bit Function varies with each operation mode
L RS R —— ADEX1 RW

Notes:

1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1 $AD
cycle or more before starting A/D conversion.

Figure 18.2 Registers ADCONO and ADCON1

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS

Page 234 of 383



M16C/64 Group

18. A/D Converter

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 2 @

CKS2 CKS1 CKSO 0AD
0 0 0 fAD divided by 4
0 0 1 fAD divided by 2
0 1 0

fAD
0 1 1
1 0 0 fAD divided by 12
1 0 1 fAD divided by 6
1 1 0

fAD divided by 3
1 1 1

A/D Register (i=0to 7)

Note :

Symbol Address After Reset
[0]o]o] . XL aoconz 03D4h 0000X00Xb

EEEEE

1
! E E P! i E i | Bit symbol Bit Name Function RW
A
| T [
i E i H E i E - (%) No register bit. If necessary, set to 0. Read as undefined value —
b
SRR b2 bl
|| Voo
R E Pl ADGSELO 0 0: Select port P10 group RW
E b E ! A/D input group select bit |0 1 : Do not set

ey 1 0: Select port PO group
E A ADGSEL1 1 1: Select port P2 group RW
Pl
[
E E i 1 eeeeeee- (E)) No register bit. If necessary, set to 0. Read as undefined value —
Yoo :
[
E P i 0: Selects fAD, fAD divided by 2, or fAD
[ T S - divided by 4.
b CKS2  |Frequency selectbit2 @ |4. sgjects fAD divided by 3, fAD divided RW
N by 6, or fAD divided by 12.
Pl
LA PR - i
(b7-b5) Reserved bits Setto 0 RW
Notes :

1. If the ADCONB2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. 0AD frequency is selected by a combination of the CKSO bit in the ADCONO register, the CKS1 bit in
the ADCONL register, and the CKS2 bit in the ADCONZ2 register.

Symbol Address After Reset
(619 (. bo ADO 03C1h to 03COh 000000XXb, XXXXXXXXb

AD1 03C3h to 03C2h 000000XXbh, XXXXXXXXb
DDA | | | AD2 03C5h to 03C4h 000000XXb, XXXXXXXXb
T T T ; AD3 03C7h to 03C6h 000000XXb, XXXXXXXXb
e i AD4 03C9h to 03C8h 000000XXb, XXXXXXXXb
R : AD5 03CBh to 03CAh 000000XXb, XXXXXXXXb
P ' AD6 03CDh to 03CCh 000000XXb, XXXXXXXXb
! IR E ! ! AD7 03CFh to 03CEh 000000XXh, XXXXXXXXb
A A '
RN b ! Function RW
L T T B T H
L A T B T H
i i i E E i ! E bmmmmmem Eight low-order bits of A/D conversion result RO
[ ] : '
E i i i i i Ll ] Two high-order bits of A/D conversion result RO
E P
R LRI No register bits. If necessary, set to 0. Read as 0 —
1
1
1
"""""""""""""""" Reserved bit Read as 0 RO

1. Use the MOV instruction to write to this register.

Figure 18.3 Registers ADCON2 and ADO to AD7
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18.1 Mode Description

18.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table
18.2 shows the One-Shot Mode Specifications. Figure 18.4 shows the Registers ADCONO and
ADCON1 (One-shot Mode).

Table 18.2  One-Shot Mode Specifications
Item Specification

Function Bits CH2 to CHO in the ADCONQO register and bits ADGSEL1 and ADGSELO
in the ADCONZ2 register, or bits ADEX1 and ADEXO in the ADCONL1 register
select a pin. Analog voltage applied to the pin is converted to a digital code

once.
A/D Conversion Start Condi- | « When the TRG bit in the ADCONO register is 0 (software trigger)
tion the ADST bit in the ADCONO register is set to 1 (A/D conversion starts)

* When the TRG bitis 1 (ADTRG trigger)
input on the ADTRG pin changes state from high to low after the ADST bit
is set to 1 (A/D conversion start)
A/D Conversion Stop Condi- | « Completion of A/D conversion (The ADST bhit is cleared to 0 (A/D conver-
tion sion stop))
» Set the ADST bhitto 0

Interrupt Request Generation |Completion of A/D conversion

Timing

Analog Input Pin Select one pin from ANO to AN7, ANO_0O to ANO_7, AN2_0 to AN2_7,
ANEXO, and ANEX1

Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin

Converter
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A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
ojo] | ADCONO 03D6h 00000XXXb

RN
I A . .
H v : H : ! ! Bit Symbol Bit Name Function RW
[ ] ]
[) ] ] ]
vl A b2 bl boO
AR CHo 0 0 O0:Select ANO RW
' i A 0 0 1:SelectAN1
o i ' 0 1 O0:SelectAN2
ol --- CH1 Analog input pin selectbit® [0 1 1:Select AN3 RW
E A 1 0 O0:Select AN4
Pl H : 1 0 1:Select AN5
! Pt : T CH2 1 1 O0:Select AN6 RW
E Pl : E 1 1 1:SelectAN7
O R b4 b3
L T T R S MDO . RW
P i A/D operation mode select |0 0 One-shot mode
I bit 0
I S MD1 RW
oy
1o
L .
[ . . 0 : Software trigger
E i leccccmcemee ] TRG Trigger select bit 1 ADTRG trigger RW
[
]
' . .
E tommmmmmmmmmoees ADST  |A/D conversion start flag 2 : %B gggxgz:gﬂ gigﬂ RW
]
)
]
__________________ . Refer to Note 2 of the ADCON2

CKSO0 Frequency select bit 0 Register RW

Notes :
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits ADGSEL1
and ADGSELO in the ADCONZ2 register to select the desired pin.

A/D Control Register 1 ®

________ (%) No register bit. If necessary, set to 0. Read as undefined value —

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
1|.M? - ADCON1 03D7h 0000X000b
1
T
b i Bit Symbol Bit Name Function RW
| T R T T
| T I T T
P scANo RW
! E ‘ i E A/D sweep pin select bit  |Invalid in one-shot mode
br =--1 scany RW
[
Yoot
] ] 1 1 .
i H i EEEELE MD2 ﬁi/tli?l.operatlon mode select | set 16 0 when one-shot mode is selected RW
o
I 11 ]
] 1 ]
[
o
b
o

e ————— e ————————————————————— = = =]

e CKS1 [Frequency select bit 1 Refer to NOTE 2 of the ADCON2 Register RW
!
]
I ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
............... b7 b6
ADEX0 0 0:ANEX0 and ANEX1 are not used RW
Extended pin select bit 0 1:ANEXO inputis A/D converted
""""""""" ADEX1 1 0:ANEX1inputis A/D converted RW

1 1:Do notset

Notes :
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
®AD cycle or more before starting A/D conversion.

Figure 18.4 Registers ADCONO and ADCONL1 (One-shot Mode)
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18.1.2 Repeat Mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
18.3 shows the Repeat Mode Specifications. Figure 18.5 shows the Registers ADCONO and ADCON1
(Repeat Mode).

Table 18.3 Repeat Mode Specifications

Item Specification
Function Bits CH2 to CHO in the ADCONO register and bits ADGSEL1 and ADGSELO
in the ADCONZ2 register, or bits ADEX1 and ADEXO in the ADCONL1 register
select a pin. Analog voltage applied to this pin is repeatedly converted to a

digital code.
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)

*When the TRG bitis 1 (ADTRG trigger)
input on the ADTRG pin changes state from high to low after the ADST bit
is set to 1 (A/D conversion start)

A/D Conversion Stop Set the ADST bit to 0 (A/D conversion stop)

Condition

Interrupt Request No interrupt requests generated

Generation timing

Analog Input Pin Select one pin from ANO to AN7, ANO_0 to ANO_7, AN2_0to AN2_7,
ANEXO0, and ANEX1

Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin

Converter
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18. A/D Converter

b7 b6 b5 b4 b3 b2 bl b0

A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl b0
1] [X[o]

A/D Control Register 1 ()

Symbol Address After Reset
lof1] . ADCONO 03D6h 00000XXXb
T —
REREEEE
Pl 1| Bitsymbol Bit Name Function RW
' [
] ] !
R b2 b1 b0
A A CHO 0 0 0:Select ANO RW
AR R 0 0 1:SelectAN1
AN 0 1 0:Select AN2
i L1 1t kel CH1  |Analoginput pin select bit @0 1 1:Select AN3 RW
P 1 0 0:Select AN4
Pt 1 0 1:SelectAN5
! i ! i i R CH2 1 1 0:Select AN6 RW
Pl 1 1 1:SelectAN7
Voo b
1 1
[ MDO _ b4 b3 RW
A @_/%operatlon mode select |0 1:Repeat mode
) ' it
bl e MD1 RW
[
1 1 1
] | . .
bl temmmmme e TRG  |Trigger select bit g;igﬁrﬁ%ﬁrﬁggggff RW
] i .
)
[
1 1 .
[ : 0 : A/ID conversion stop
i b e ADST |A/D conversion start flag 1 A/D conversion start RW
1
1
e L EEE T CKSO0 [Frequency select bit 0 Refer to Note 2 of the ADCON2 Register | RW
Notes :

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0Oto ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCON2 register to select the desired pin.

Symbol Address After Reset
ADCON1 03D7h 0000X000b
Bit Symbol Bit Name Function RW
SCANO RW
A/D sweep pin select bit  |Invalid in repeat mode
SCAN1 RW
MD2 ﬁ‘i/tDloperation mode select Set to 0 when repeat mode is selected RW
(E,) No register bit. If necessary, set to 0. Read as undefined value —
CKS1 [Frequency select bit 1 Refer to Note 2 of the ADCON2 Register RW
ADSTBY |A/D standby bit ? Set to 1 (A/D operation enabled) RW
b7 b6
ADEX0 0 0:ANEX0 and ANEX1 are not used RW
Extended pin select bit 0 1:ANEXO inputis A/D converted
1 0:ANEX1inputis A/D converted
ADEX1 1 1:Do notset RW

Notes :

1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. When the ADSTBY bit is reset from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
dAD cycle or more before starting A/D conversion.

Figure 18.5 Registers ADCONO and ADCONL1 (Repeat Mode)
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M16C/64 Group 18. A/D Converter

18.1.3 Single Sweep Mode

In single sweep mode, analog voltage that is applied to selected pins is converted one-by-one to a
digital code. Table 18.4 shows the Single Sweep Mode Specifications. Figure 18.6 shows Registers
ADCONO and ADCONL1 (Single Sweep Mode).

Table 18.4  Single Sweep Mode Specifications

Item Specification

Function Bits SCAN1 and SCANO in the ADCONZ1 register and bits ADGSEL1 and
ADGSELDO in the ADCONZ2 register select pins. Analog voltage applied to
the pins is converted one-by-one to a digital code.
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)
+ When the TRG bit is 1 (ADTRG trigger)

input on the ADTRG pin changes state from high to low after the ADST bit

is set to 1 (A/D conversion start)

A/D Conversion Stop « Completion of A/D conversion (The ADST bit is cleared to 0 (A/D conver-
Condition sion stop))
* Set the ADST bit to O
Interrupt Request Completion of A/D conversion
Generation timing
Analog Input Pin Select from ANO and ANL1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6
pins), and ANO to AN7 (8 pin) ()
Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin
Converter
Note:

1. ANO_Oto ANO_7 and AN2_0to AN2_7 can be used in the same way as ANO to AN7.
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A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl b0

0 : Software trigger

e et TRG  |Trigger select bit 1: ADTRG trigger

RW

0 : A/D conversion stop

D ettt ADST |A/D conversion start flag 1+ A/D conversion start

RW

Symbol Address After Reset
11 ?? L1 ADCONO 03D6h 0000 OXXXb
PL
o Pl i Bit Symbol Bit Name Function RW
N 1 1 ] 1 1 1 1
P oo RW
) 1
R T R R I
R T T R I
E i i E E i '---1 CH1 Analog input pin select bit |Invalid in single sweep mode RW
T
b R CH2 RW
'
g vt
I MDO _ RW
A i A/D operation mode select (b4 b3
I bit 0 1 0:Single sweep mode
H : ----------- MDl RW
b
N
N
N
N
L
L
o
(]
(]
)
(]
(]
]

------------------ CKSO0 [Frequency select bit 0 Refer to Note 2 of the ADCON2 Register RW

Note :
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 @

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
03D7h
1| I><IO| | ADCON1 0000 X000b
Bit Symbol Bit Name Function RW

- When single sweep mode is selected
SCANO bl bo RW

. . 0 0: ANO to AN1 (2 pins)
@ :
A/D sweep pin select bit 1: ANO to AN3 (4 pins)

0
“="1 ScAN1 1 0: ANO to ANS5 (6 pins) RW
1 1:ANOto AN7 (8 pins)

lemem e MD2 Qi/tDloperatlon mode select Set to 0 in single sweep mode. RW

e e (&) No register bit. If necessary, set to 0. Read as undefined value —

Femmmm e e mmmmm e mmmmmmmm e m e ——————————————— ]

e CKS1 [Frequency select bit 1 Refer to Note 2 of the ADCON2 Register RW
1
1
— ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
ADEX0 by b6 RW
"""""""" 0 0: ANEXO and ANEX1 are not used
Extended pin select bit 0 1: Do not set
1 0: Do not set
------------------ ADEX1 1 1: Do not set RW

Notes :
1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0 to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCONZ2 register to select the desired pin.
3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
®AD cycle or more before starting A/D conversion.

Figure 18.6 Registers ADCONO and ADCONL (Single Sweep Mode)
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18.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital
code.

Table 18.5 shows the Repeat Sweep Mode 0 Specifications. Figure 18.7 shows Registers ADCONO
and ADCON1 (Repeat Sweep Mode 0).

Table 18.5 Repeat Sweep Mode 0 Specifications

Item Specification

Function Bits SCAN1 and SCANO in the ADCONZ1 register and bits ADGSEL1 and
ADGSELO in the ADCONZ2 register select pins. Analog voltage applied to
the pins is repeatedly converted to a digital code.
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)
« When the TRG bit is 1 (ADTRG trigger)

input on the ADTRG pin changes state from high to low after the ADST bit

is set to 1 (A/D conversion start)

A/D Conversion Stop Set the ADST bit to 0 (A/D conversion stop)

Condition

Interrupt Request No interrupt requests generated

Generation timing

Analog Input Pin Select from ANO and AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6
pins), and ANO to AN7 (8 pin) ()

Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin

Converter

Note:

1. ANO_Oto ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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A/D Control Register 0 (1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
[1]1] ADCONO 03D6h 00000XXXb
R
AR A
E t11 14 1| BitSymbol Bit Name Function RW
" N A |
H 1 | ] ] 1 1 1
:i:iiii'- CHO RW
] )
O T T I
' i ' i E i '---1 CH1 Analog input pin select bit |Invalid in repeat sweep mode 0 RW
] )
R T B |
R CH2 RW
i 1 | 1 ]
v g b
I MDO , RW
i i i i A/D operation mode select bf b:E}:Repeat sweep mode 0 or
E i i ] MD1 bit 0 repeat sweep mode 1 RW
v
[
v : : 0 : Software trigger
]
E i R ettt TRG  |Trigger select bit 1: ADTRG trigger RW
]
1 ]
[ .
[ ; 0 : A/D conversion stop
E --------------- ADST |A/D conversion start flag 1 A/D conversion start RW
)
)
T CKSO0 [Frequency select bit 0 Refer to Note 2 of the ADCON2 Register RW
Note :

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

1]

X[9]

Notes :
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
ADCON1 03D7h 0000X000b
Bit Symbol Bit Name Function RW
When repeat sweep mode 0 is selected
SCANO bl b0 RW
. ; 0 0:ANOtoAN1 (2 pins)
@
A/D sweep pin select bit 0 1:ANOtoAN3 (4 pins)
SCAN1 1 0:ANOto AN5 (6 pins) RW
1 1:ANOtoAN7 (8 pins)
A/D operation mode select |Set to 0 when repeat sweep mode 0 is
MD2 bit 1 selected RW
(%) No register bit. If necessary, set to 0. Read as undefined value —
CKS1 [Frequency select bit 1 Refer to Note 2 of the ADCON2 Register RW
ADSTBY |A/D standby bit ¢ Set to 1 (A/D operation enabled) RW
b7 b6
ADEX0 0 0:ANEX0 and ANEX1 are not used RW
Extension pin select bit 0 1:Do notset
1 0:Donotset
ADEX1 1 1:Do notset RW

2. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCONB2 register to select the desired pin.

3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

dAD cycle or more before starting A/D conversion.

Figure 18.7 Registers ADCONO and ADCON1 (Repeat Sweep Mode 0)
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18.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltage selectively applied to all pins is repeatedly converted to a
digital code. Table 18.6 shows the Repeat Sweep Mode 1 Specifications. Figure 18.8 shows Registers
ADCONO and ADCONL1 (Repeat Sweep Mode 1).

Table 18.6  Repeat Sweep Mode 1 Specifications

Item Specification
Function The input voltages on all pins selected by bits ADGSEL1 and ADGSELDO in
the ADCONZ2 register are A/D converted repeatedly, with priority given to
pins selected by bits SCAN1 and SCANO in the ADCONL1 register and bits
ADGSEL1 and ADGSELO.

Example: If ANO selected, input voltages are A/D converted in order of
ANO—AN1—->ANO—AN2—-ANO—AN3, and so on.
A/D Conversion Start *When the TRG bit in the ADCONO register is 0 (software trigger),
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)

«When the TRG bitis 1 (ADTRG trigger),
input on the ADTRG pin changes state from high to low after the ADST
bit is set to 1 (A/D conversion start)

A/D Conversion Stop Set the ADST bit to 0 (A/D conversion stop)
Condition
Interrupt Request No interrupt requests generated

Generation timing
Analog Input Pins to be Given |Select from ANO (1 pin), ANO and AN1 (2 pins), ANO to AN2 (3 pins),
Priority When A/D Converted |and ANO to AN3 (4 pins) ()

Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin
Converter

Notes:
1. ANO_0Oto ANO_7 and AN2_0to AN2_7 can be used in the same way as ANO to AN7.
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18

. A/D Converter

A/D Control Register 0 @

b7 b6 b5 b4 b3 b2 bl b0

1]

1]

A/D Control Register 1 @

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
11 |1|1| L ADCONO 03D6h 00000XXXb
I A
E : i ol i Bit Symbol Bit Name Function RW
H 1 | 1 ] 1 1 1
' 1 | 1 ] ] 1 1
RN LT R~
(] ]
R T T R I
H i H E E i '---1 CH1 Analog input pin select bit |Invalid in repeat sweep mode 1 RW
] ]
[ T
b S CH2 RW
' 1 1 1 ]
[ I b4 b3
P e MDO
E v A/D operation mode select |1 1:Repeat sweep mode 0 or RW
[ bit 0 repeat sweep mode 1
oy e MD1 RW
[
[
[ : : 0 : Software trigger
] —_—
E i e ettt TRG  |Trigger select bit 1: ADTRG trigger RW
!
1 ]
[ .
v ! . 0 : A/D conversion stop
E D ettt ADST |A/D conversion start flag 1 A/D conversion start RW
(]
)
O T CKSO0 [Frequency select bit O Refer to Note 2 of the ADCON2 Register RW
Note :

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
ADCON1 03D7h 0000X000b
Bit Symbol Bit Name Function RW
When repeat sweep mode 1 is selected
SCANO bl bo RW
. . 0 0:ANO (1 pin)
@)
A/D sweep pin select bit 0 1:ANI (2 pins)
SCAN1 1 0:AN2 (3 pins) RW
1 1:AN3 (4 pins)
MD2 QiltDloperation mode select 1: Repeat sweep mode 1 RW
(@) No register bit. If necessary, set to 0. Read as undefined value —
CKS1 [Frequency select bit 1 Refer to Note 2 of the ADCON2 Register RW
ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
b7 b6
ADEX0 0 0:ANEXO and ANEX1 are not used RW
Extended pin select bit 0 1:Do not set
1 0:Donotset
ADEX1 1 1:Do not set RW

Notes :
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_0 to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits

ADGSEL1 and ADGSELO in the ADCONZ2 register to select the desired pin.

dAD cycle or more before starting A/D conversion.

3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

Figure 18.8 Registers ADCONO and ADCONL1 (Repeat Sweep Mode 1)
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18.2 Conversion Rate

The conversion rate is defined as follows.

Start dummy time depends on which ¢AD is selected. Table 18.7 shows Start Dummy Time. When the
ADST bit in the ADCONO register is set to 1 (A/D conversion start), A/D conversion starts after start
dummy time elapses. 0 (A/D conversion stop) is read if the ADST bit is read before A/D conversion starts.
For multiple pins or A/D conversion repeat mode, for each pin, between-execution dummy time is inserted
between A/D conversion execution time and the next A/D conversion execution time.

The ADST bit is set to 0 during the end dummy time, and the last A/D conversion result is set to the ADi
register in one-shot mode and single sweep mode.

While in one-shot mode:
Start dummy time + A/D conversion execution time + end dummy time

When two pins are selected while in single sweep mode:
Start dummy time + (A/D conversion execution time + between-execution dummy time + A/D conversion
execution time) + end dummy time

Start dummy time: See Table 18.7 “ Start Dummy Time”
A/D conversion execution time: 40 ¢AD cycles per pin
Between-execution dummy time: 1 ¢AD cycle

End dummy time: 2 to 3 cycles of fAD

18. A/D Converter

Table 18.7  Start Dummy Time

0AD Selection

Start Dummy Time

fAD

1to 2 cycles of fAD

fAD divided by 2

2 to 3 cycles of fAD

fAD divided by 3

3 to 4 cycles of fAD

fAD divided by 4

3 to 4 cycles of fAD

fAD divided by 6

4 to 5 cycles of fAD

fAD divided by 12

7 to 8 cycles of fAD

18.3 Extended Analog Input Pins

In one-shot and repeat modes, pins ANEXO and ANEX1 can be used as analog input pins. Use bits
ADEX1 and ADEXO in the ADCONL1 register to select whether or not to use ANEXO and ANEX1.

The A/D conversion results of ANEXO and ANEX1 inputs are stored in registers ADO and AD1,
respectively.

18.4 Current Consumption Reducing Function

When not using the A/D converter, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to 0 (A/D operation stopped: standby) to shut off any analog circuit current flow.

To use the A/D converter, set the ADSTBY bit to 1 (A/D operation enabled) after operating longer than
one cycle of a timer count source, and then set the ADST bit in the ADCONO register to 1 (A/D conversion
start). Do not set bits ADST and ADSTBY to 1 at the same time.

Also, do not set the ADSTBY bit to 0 (A/D operation stopped: standby) during A/D conversion.
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18.5 External Sensor

To perform A/D conversion accurately, charging the internal capacitor C shown in Figure 18.9 must be
completed within a specified period of time.

T: Specified period of time (sampling time)

RO: Output impedance of sensor equivalent circuit
R: Internal resistance of the MCU

X: Precision (error) of the A/D converter

Y: Resolution of the A/D converter be Y (Y is 1024)

1
-t
Generally, VC = VIN{l_e C(RO +R) }

Whent=T, VC = VIN—>—¢VIN: V|N(1—>V<)

1

e CROTR) = X
Y
L X
cro R My
T

Therefore, RO= — -R

CelnX
Y

Figure 18.9 shows Analog Input Pin and External Sensor Equivalent Circuit. Impedance RO by which
voltage VC between pins of the capacitor C changes from 0 to VIN - (0.1/1024)VIN in time T when the
difference between VIN and VC is 0.1LSB is obtained. (0.1/1024) means that A/D precision drop due to
insufficient capacitor charge is kept to 0.1LSB in A/D conversion. Actual error however is the value of
absolute accuracy added to 0.1LSB.

When ¢AD is 20 MHz, T is 0.75 ps. Output impedance RO for charging capacitor C sufficiently within the
time T is obtained as follows.

T=0.75pus, R=10kQ, C=6.0 pF, X=0.1, and Y = 1024. Therefore,

0.75x 1078

6.0x10 2 e n 2L
1024

RO= — —10x10%~35x 103

Thus, the output impedance RO of the sensor equivalent circuit, making the A/D converter precision
(error) 0.1LSB or less, is up to 3.5 kQ.
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MCU

1
1
1
1
1
1
1
RO ! R (10 kQ)
1
1
1
1
1

VIN AL_\/W\_‘_O_\/W\?
J/-T é C (6.0 pF) e

_______________________ i

Figure 18.9 Analog Input Pin and External Sensor Equivalent Circuit
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19. D/A Converter

19. D/A Converter

19.1 Summary

The D/A converter consists of two independent 8-bit R-2R type D/A converters.
D/A conversion is performed by writing to the DA register (i = 0 to 1). To output the result of conversion,
set the DAIE bit in the DACON register to 1 (output enabled). Before using D/A conversion, clear the
corresponding port direction bit to O (input mode). When the DAIE bit is set to 1 (input enabled), pull-up of
a corresponding port is disabled.

Output analog voltage (V) is determined by a set value (n: decimal) in the DAI register.

V = VREF x L (n=0to 255)
256

VREF: reference voltage

Table 19.1 lists the D/A Converter Performance. Figure 19.1 shows the D/A Converter Block Diagram.
Figure 19.2 shows Registers DACON, DAO, and DA1. Figure 19.3 shows the D/A Converter Equivalent

Circuit.

Table 19.1 D/A Converter Performance

Item

Performance

D/A Conversion Method

R-2R

Resolution

8 bits

Analog Output Pin

2 channels (DAO and DA1)

Low-Order Bits of Data Bus

DAO register

R-2R resistor ladder

0

DAL register

R-2R resistor ladder

o ¢ o+ bAo

1
DAOE bit

0

o o

—() pA1

1
DALE bit

Figure 19.1 D/A Converter Block Diagram
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M16C/64 Group 19. D/A Converter

D/A Control Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
DACON 03DCh 00h
Bit Symbol Bit Name Function RW

P ——

0 : Output disabled

-4 DAOE D/A 0 output enable bit 1 : Output enabled

RW

0 : Output disabled

1 : Output enabled RW

, ----o DALE |D/A 1 output enable bit

___________________ (b7-b2) No register bits. If necessary, set to 0. Read as 0 —

1. When not using the D/A converter, clear the DAIE bit (i = 0 to 1) to O (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to 00h to prevent current from flowing
into the R-2R resistor ladder.

D/Ai Register (i=0to 1) @

b7 b0 Symbol Address After Reset
| | DAO 03D8h 00h
i DAl 03DAh 00h
]
H
i Function Setting Range RW
1
i
DT Output value of D/A conversion 00h to FFh RW
Note :

1. When not using the D/A converter, clear the DAIE bit (i = 0 to 1) to O (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to 00h to prevent current from flowing
into the R-2R resistor ladder.

Figure 19.2 Registers DACON, DAO, and DA1

DAE bit
0
\ %—
oai O—"\M~—o A"
1
MSB
i T
1 1
1 1
DAi register : :
- N N
avss O
vREF® (O
i=0to1l

Notes:
1. The above diagram applies when the DAI register is set to 2Ah.
2. VREF is not related to ADSTBY bit in the ADOCONL1 register.

Figure 19.3 D/A Converter Equivalent Circuit

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 250 of 383



M16C/64 Group 20. CRC Operation

20. CRC Operation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses a
generator polynomial of CRC_CCITT (X16 + X12 + X5 + 1) to generate CRC code.

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8 bit
units. After the initial value is set in the CRCD register, the CRC code is set in that register each time one
byte of data is written to the CRCIN register. CRC code generation for one-byte data is finished in two
cycles.

Figure 20.1 shows the CRC Circuit Block Diagram. Figure 20.2 shows Registers CRCD and CRCIN.

Figure 20.3 shows an example using the CRC Operation.

§ Data bus (high-order)
N Data bus (low-order)
Eight low-order bits ‘ l Eight high-order bits

CRCD register

I I

CRC code generating circuit
X16+ X12+ X5+ 1

CRCIN register

! )

Figure 20.1 CRC Circuit Block Diagram

CRC Data Register

(b15) (b8)

b7 b0 b7 bo Symbol Address After Reset

| CRCD 03BDh to 03BCh Indeterminate
Function Setting Range RW

When data is written to the CRCIN register after setting the
initial value in the CRCD register, the CRC code can be 0000h to FFFFh RW
read out from the CRCD register.

CRC Input Register

b7 b0 Symbol Address After Reset
I:I CRCIN 03BEh Indeterminate

1

i

1

1 Function Setting Range RW

:

1

P s Data input 00h to FFh RW

Figure 20.2 Registers CRCD and CRCIN
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Setup procedure and CRC operation when generating CRC code “80C4h”
* CRC operation performed by the M16C

CRC code : remainder of a division in which the value written to the CRCIN register with its bit positions reversed is divided
by the generator polynomial
Generator polynomial : X6 + X2 + X5 + 1 (1 0001 0000 0010 0001b)

 Setting procedure

(1) Reverse the bit positions of the value “80C4h” by program in 1-byte units.

80h — 01h, C4h — 23h

b15 b0
(2) Write 0000h (initial value) —»

CRCD register

b7 b0

(3) Write O1h —> |:| CRCIN register

Two cycles later, the CRC code for 80h, i.e., 9188h, has its bit
U positions reversed to become 1189h which is stored in the CRCD

register.
b15 b0

1189h

CRCD register

(4) Write 23h — |:| CRCIN register

Two cycles later, the CRC code for 80C4h, i.e., 8250h, has its bit
U positions reversed to become 0A41h which is stored in the CRCD
b0

register.
b15

0A41h | CRCD register

« Details of CRC operation

As shown in (3) above, bit position of 01h (00000001b) written to the CRCIN register is reversed and becomes 10000000b.
Add 1000 0000 0000 0000 0000 0000b, as 10000000b plus 16 digits, to 0000 0000 0000 0000 0000 0000b,
as 0000 0000 0000 0000b plus 8 digits as the default value of the CRCD register to perform the modulo-2 division.

Modulo-2 operation is

1000 1000 operation that complies
10001 0000 0010 0001 [ 1000 0000 0000 0000 0000 0000 4 Data with the law given below.
1000 1000 0001 0000 1
Generator polynomial 1000 0001 0000 1000 0 0+0=0
1000 1000 0001 0000 1 0+1=1
1001 0001 1000 1000 1+0=1
A it

CRC code

0001 0001 1000 1001b (1189h), the remainder 1001 0001 1000 1000b (9188h) with inversed bit position, can
be read from the CRCD register.

When going on to (4) above, 23h (00100011b) written in the CRCIN register is reversed and becomes 11000100b.

Add 1100 0100 0000 0000 0000 0000b, as 11000100b plus 16 digits, to 1001 0001 1000 1000 0000 0000b, as 1001 0001 1000 1000b
plus 8 digits as a remainder of (3) left in the CRCD register to perform the modulo-2 division.

0000 1010 0100 0001b (0A41h), the remainder with reversed bit position, can be read from the CRCD register.

Figure 20.3 CRC Operation
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M16C/64 Group 21. Programmable I/O Ports

21. Programmable I/O Ports

88 programmable input / output ports (I/O ports) are available. The direction registers determine individual
port status, input or output. The pull-up control registers determine whether the pots, divided into groups of
four ports, are pulled up or not. P8_5 is an input port and no pull-up is allowed. Port P8 5 shares the pin
with NMI, so that the NMI input level can be read from the P8_5 bit in the P8 register.

Figures 21.1 to 21.5 show the I/O ports. Figure 21.6 shows the 1/O Pins.

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 individual functions. If any pin is used as a peripheral
function input or D/A converter output pin, set the direction bit of the corresponding pin to 0 (input mode).
Any pin used as an output pin for peripheral functions other than the D/A converter is directed for output no
matter how the corresponding direction bit is set.

To use as bus control pins, refer to 8.2 “Bus Control”.

PO to P5 are capable of VCC2-level input / output; P6 to P10 are capable of VCC1- level input / output.

21.1 Port Pi Direction Register (PDi Register, i =0to 10)

Figure 21.7 shows the Pi Direction Registers.

This register selects whether the 1/0 port is to be used for input or output. Each bit in the PDi register
corresponds to one port.

During memory extension or microprocessor mode, the PDi registers for the pins functioning as bus
control pins (AO to A19, DO to D15, CSO to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA,
and BCLK) cannot be modified.

21.2 Port Pi Register (Pi Register, i =0to 10)

Figure 21.8 shows the Pi Registers.

Data input / output to and from external devices are accomplished by reading and writing to the Pi
register.

Each bit of the Pi register consists of a port latch to hold the output data and a circuit to read the pin
status.

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

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

During memory extension or microprocessor mode, the Pi registers for the pins functioning as bus control
pins (AO to A19, DO to D15, CSO0 to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified.

21.3 Pull-up Control Register 0 to Pull-up Control Register 2 (Registers PURO to
PUR2)

Figures 21.9 and 21.10 show the Registers PURO to PUR2.

Bits in registers PURO to PUR2 can be used to select whether or not to pull the corresponding port high in
4 pin units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit
is set for input mode.

However, the pull-up control register has no effect on PO to P3, P4_0 to P4_3, and P5 during memory
extension or microprocessor mode. Although the register contents can be modified, no pull-up resistors
are connected.

21.4 Port Control Register (PCR Register)

Figure 21.11 shows the PCR Register.
When the P1 register is read after setting the PCRO bit in the PCR register to 1, the corresponding port
latch can be read no matter how the PD1 register is set.
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21. Programmable I/O Ports

PO_0to PO_7,
P2 0to P2_3,
P2_6t0 P2_7,
P10_0to P10_3

P3 0toP3 7,
P4_0to P4_3,
P5 0to P5_4, P5_6

P10

P1 1toP1_3

(dotted section
included)

Data bus —4

(dotted section
not included)

Pull-up selection

Direction
register

Port latch

ﬁ%ﬂi

Analog input

)| &=

Pull-up selection

Direction
register

d

Data bus—4

Data bus—

Note:

~

| Port P1 control register}—‘

Port latch

)

't

g

O

(NOTE 1)

3--—-»—-4'-—»-—-(')

i;

0

Pull-up selection

Direction
register

| Port P1 control register}—‘

1

S

CMOS/Nch___|
Selection

Y
v

O

(NOTE 1)

}--ﬁ-«--»--cl)

~

----i¢---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCCL1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 21.1

I/0 Ports (1)
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M16C/64 Group 21. Programmable I/O Ports

Pull-up selection

Direction
P1 4 register
(dotted section not included)
P1 5to P1_7 e

(dotted section included) ~ _D)J

[Port P1 control register

Data bus —D—| Port latch }—‘ *

)

O

1
&
¢
*
I (NOTE 1)
777

~
S
L

E Input to respective
1peripheral functions

Pull-up selection

P2 4,P2 5 Direction
P10_4 to P10_7 register

d

N l_DJ j
Data bus ——4—| Portiateh |
~N

Analog input —0\0—0
Input to respective peripheral functions .

e
&
+

(NOTE 1)

Port control register

Pull-up selection

Direction

P4_4,P5_7, P6_0, register

P6_4,P7_3to P7_5,

P8_1, P9_0, P9_2 ,_<]_‘.;_g\o_< j

output !
Data bus —o—| Port latch _2\0—
\ll/l—o
1

—

~
Input to respective peripheral functions @
Note:
1. -et----- symbolizes a parasitic diode.

Make sure the input voltage on each port will never exceed VCC.
VCC: VCCL1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 21.2 1/O Ports (2)
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M16C/64 Group 21. Programmable I/O Ports

Pull-up selection
Direction
P4 5to P4 7, register
P6_1to P6_3,
P6_5to P6_7, P7_2, o -
P7_6to P7_7,P8 0 i *
output ! !
Data bus —0—| Port latch _g\o—
*
! (NOTE 1)
77

CMOS / Nch
selection

Jé

!

N

Input to respective peripheral functions @

Pull-up selection

Direction > “ >o:' )3

5 5,P8 2toP8_4,

9 1,P9 7

Data bus —4»—@ I_D_‘
T il

N

Input to respective peripheral functions @

Direction
P7_0,P7_1 register

T U
©

1
1>—<]—<»—o !
output |
Data bus —¢——_Port latch _g\c . O
, *
i (NOTE1)
[ 777
N
Input to respective peripheral functions @]
Note:
1. ----k---- symbolizes a parasitic diode.

Make sure the input voltage on each port will never exceed VCC.
VCC: VCCL1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 21.3 1/O Ports (3)
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M16C/64 Group 21. Programmable I/O Ports

NMI enabled
| Direction
register
P8 5 g
o—<]7
Data bus —0—| Port latch ————o—(O)
1
. *
! (NOTE1)
[
~
NMI interrupt input %‘ @l
NMI enabled
SD input
Pull-up selection
D/A output enabled
Direction DC
register
P9_3,P9_4 g

I

Data bus —1—| Port latch FDJ
. *
’—T | (NOTE 1)
[ 777
~

Input to respective peripheral functions @

Analog output oG
D/A output enabled

Pull-up selection
P9 5 Dire_ction
(Inside dotted-line included) register
1

P9_'6 . . A _;K'\o
(Inside dotted-line not included) N i

output i
Data bus —0—| Port latch _;\0—

| (NOTE 1)
[ 777
~

Input to respective
peripheral functions
Analog input 0\0
Note:
1. ----l¢---- symbolizes a parasitic diode.

Make sure the input voltage on each port will never exceed VCC.
VCC: VCCL1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 21.4 1/O Ports (4)
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M16C/64 Group

Pull-up selection
Direction
P8_7 register
A —Q—
~ !
o4
Data bus —0—| Port latch 1" O
1
, x
! (NOTE1)
q 77
~
Rf
Pull-up selection
Direction Rd
P8_6 register
1 e
"—Q _;K!\C 1
i i
output: ! !
Data bus —1—| Port latch _g\c
. ¥
:I ! (NOTE 1)
\l 777-
~
Note:
1. ----&---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCCI1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 21.5 1/O Ports (5)
1
1
BYTE L
1
BYTE signal input \@l ¢ O
1
3
7_}.7 (NOTE 1)
1
1
CNVSS T
CNVSS signal input @ ? O
X
7_}:7 (NOTE 1)
1
1
RESET f
1
RESET signal input @ ? O
X
Note: i (NOTE1)
1. ---l&--- symbolizes a parasitic diode. 7T
Make sure the input voltage on each port will never exceed VCCL1.
Figure 21.6 1/O Pins
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M16C/64 Group 21. Programmable I/O Ports

Port Pi Direction Register (i=0to 10) &2
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
PDO to PD3 03E2h, 03E3h, 03E6h, 03E7h 00h
R PD4 to PD7 03EAh, 03EBh, 03EEh, 03EFh 00h
T A PD8 03F2h 00h
A PD9, PD10 03F3h, 03F6h 00h
[ T R T B
[ R T T R T B
R R i | Bit symbol Bit Name Function RW
[ R T T T T
t 114411 s PDi_O |PortPi0 direction bit 0:Inputmode RW
{041} Y- PDL_1 [PortPi_1 direction bit 1 :(gﬂ?gﬂf’,';sogg an input por) RW
i i i i E e PDi_2 |Port Pi_2 direction bit (Functions as an output port) RW
i E i i e PDi_3 |Port Pi_3 direction bit RW
i E i e PDi_4 |Port Pi_4 direction bit RW
i i el PDi_5 |PortPi_5 direction bit RW
i e PDi_6 |Port Pi_6 direction bit RW
e Lt L L L L PDi_7 |Port Pi_7 direction bit RW
Notes
1. Make sure the PD9 register is written following the instruction to set the PRC2 bit in the PRCR register to 1
(write enabled).
2. During memory extension and microprocessor modes, 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.

Figure 21.7 Registers PDO to PD10

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 259 of 383



M16C/64 Group 21. Programmable I/O Ports
Port Pi Register (i = 0 to 10) @
b7 b6 b5 b4 b3 b2 bl b0  Symbol Address After Reset
PO to P3 03EOh, 03E1h, 03E4h, 03E5h Indeterminate

HER P4 to P7 03E8h, 03E9h, 03ECh, 03EDh Indeterminate
A A P8 03F0h Indeterminate
A P9, P10 03F1h, 03F4h Indeterminate
[ R T T R N
[ R T T T B R
i i i E i E i i Bit Symbol Bit Name Function RW
[ e R
E i i i i E E - Pi_0 Port Pi_0 bit g'he pin Ieve(ljon an)k/) /10 pgréwhict&is seﬁ RW
[ I T R B - - - or input mode can be read by reading the
I Pi_l  [Port Pi_1 bit corresponding bit in this register. RW
T S S . Pi 2 Port Pi_2 bit The pin level on any I/O port which is set RW
I - — for output mode can be controlled by
T Pi_3 Port Pi_3 bit writing to the corresponding bit in this RW
Poyop s Pi_4_ [Port Pi_4 bit ot el RW
i i [ Pi_5 Port Pi_5 bit 1:“H" level ® RW
{obmmmmmm e Pi_6  |PortPi_6 bit RW
e i b Pi_7  |Port Pi_7 bit RW

1. Since P7_0, P7_1, and P8_5 are N-channel open drain ports, the pin status becomes high-impedance.
2. During memory extension and microprocessor modes, the Pi 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.

Figure 21.8 Registers PO to P10
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Pull-up Control Register 0 (1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
(TTTTT1T] Puro 0360h ooh
I
bbb
I I i Bit Symbol Bit Name Function RW
[ A
P i E  L_]7 PUO0  [P0_0to PO_3 pull-up 0 : Not pulled h(i h RW
t 4 bbb i PUOT  |PO_4to PO_7 pullup 1 +Pulled high RW
T I S— PU02 |P1 0toP1_3pull-up RW
] ] 1
R PU0O3 |P1_4to P1_7 pull-up RW
R PUO4 |P2_0to P2_3 pull-up RW
ol e PUO5 |P2_4to P2_7 pull-up RW
R GGREECEE LR PUO6 |P3_0to P3_3 pull-up RW
L — PUO7 |P3_4to P3_7 pull-up RW
Notes
1. During memory extension or microprocessor mode, the corresponding register contents can be
modified, but the pins are not pulled high.
2. The pin for which this bit is 1 (pulled high) and the direction bit is 0 (input mode) is pulled high.
Pull-up Control Register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset ®
PUR1 0361h 00000000b
A 00000010b
bbb
A A I i Bit Symbol Bit Name Function RW
] ] ] ] (] 1 1 H
vl bbby LT PUID [P4_0to P4_3 pull-up @ 0 : Not pulled high RW
A 7 1 : Pulled high ¢
Pyt b ieeeel PULL [P4_4to P4_7 pull-up @ RW
1
S R A S— PU12 |P5_0to P5_3 pull-up @ RW
1 ] ] ]
R R o PU13  [P5_4to P5_7 pull-up @ RW
I PU14 |P6_0 to P6_3 pull-up RW
R PU15 |P6_4to P6_7 pull-up RW
e e PU16 |P7 2to P7 3pull-up ® RW
R — PU17 [P7_4toP7_7 pull-up RW
Notes
1. Pins P7_0 and P7_1 do not have pull-ups.
2. During memory extension and microprocessor modes, the pins are not pulled high although the contents of
these bits can be modified.
3. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).
4. If bits PM01 to PMO0O in the PMO register are set to 01b (memory expansion mode) or 11b (microprocessor
mode) in a program during single-chip mode, the PU11 bit becomes 1.
5. The values after hardware reset 1 or brown-out reset is as follows:
+ 00000000b when input on CNVSS pin is “L”
» 00000010b when input on CNVSS pin is “H”
The values after software reset, watchdog timer reset, and oscillation stop detection reset are as follows:
» 00000000b when bits PM01 to PMOO are 00b (single-chip mode)
» 00000010b when bits PM01 to PM0O0 are 01b (memory expansion mode) or 11b (microprocessor mode)

Figure 21.9 Registers PURO and PUR1
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b7 b6 b5 b4 b3 b2 bl b0

Pull-up Control Register 2

Symbol Address After Reset
PUR2 0362h 00h

Bit Symbol Bit Name Function RW
PU20 P8_0to P8_3 pull-up 0 : Not pulled h(i1 h RW
PU21L |P8_4to P8_7 pull-up @ 1+ Pulled high RW
PU22 P9 _0to P9_3 pull-up RW
PU23 P9_4to P9_7 pull-up RW
PU24 |P10_0to P10_3 pull-up RW
PU25 P10_4 to P10_7 pull-up RW
(b7-b6) No register bits. If necessary, set to 0. Read as 0 —

1. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).
2. The P8_5 pin does not have pull-up.

Figure 21.10 PUR2 Register

b7 b6 bS b4 b3 b2 bl b0
0|0

Port Control Register

[Py -

Symbol Address After Reset
PCR 0366h 00000XX0b
Bit Symbol Bit Name Function RW
Operation performed when the P1 register is
read
0 : When the port is set for input, the input
PCRO [Port P1 control bit levels of pins P1_0to P1_7 are read. RW
When set for output, the port latch is read.
1: The port latch is read regardless of
whether the port is set for input or output.
(b2-b1) No register bits. If necessary, set to 0. Read as 0 —
(b4-b3) Reserved Should be written with 0 RW
INT6 input enable bit @ 0 : Enabled
PCR5 1: Disabled RW
INT7 input enable bit @ [0 : Enabled
PCR6 1: Disabled RW
Key input enable bit & 0 : Enabled
PCR7 1: Disabled RW

Notes :

1. To use the AN2_4 pin as an analog input pin, set the PCR5 bit to 1 (INT6 input disabled).
2. To use the AN2_5 pin as an analog input pin, set the PCR6 bit to 1 (INT7 input disabled).
3. To use pins AN4 to AN7 as analog input pins, set the PCR7 bit to 1 (key input disabled).

Figure 21.11 PCR Register
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Table 21.1  Unassigned Pin Handling in Single-chip Mode

Pin Name Connection (2

Ports PO to P5 One of the followings:

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

Ports P6 to P10 One of the followings:

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

XOUT @) Open

XIN Connect to VCC1 (pull-up) via resistor
AVCC, VREF Connect to VCC1

AVSS, BYTE Connect to VSS

Notes:

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

2. Furthermore, by considering a possibility that the contents of the direction registers could be changed
by noise or noise-induced loss of control, it is recommended that the contents of the direction
registers be regularly reset in software to improve reliability of the program.

3. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

4. When the ports P7_0, P7_1, and P8 5 are set for output mode, make sure a low-level signal is
output from the pins.

5. The ports P7_0, P7_1, and P8_5 are N-channel open-drain outputs.

6. This applies when external clock is input to the XIN pin or when VCCL1 is connected to via a resistor.
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Table 21.2  Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode

Pin Name Connection 2-
Ports PO to P5 One of the followings:
Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCC2 via resistor (pull-up)
Set for output mode and leave the pins open (1. 3)
Ports P6 to P10 One of the followings:
Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCCL1 via resistor (pull-up)
Set for output mode and leave the pins open (1. 4)

BHE, ALE, HLDA, Open

XOUT (), BCLK (6)

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

AVSS Connect to VSS

Notes:

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

2. Furthermore, by considering a possibility that the contents of the direction registers could be changed
by noise or noise-induced loss of control, it is recommended that the contents of the direction
registers be regularly reset in software to improve reliability of the program.

3. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

4. If the CNVSS pin has the VSS level applied to it, these pins are set for input ports until the processor
mode is switched over in a program after reset. For this reason, the voltage levels on these pins
become indeterminate, causing the power supply current to increase while they remain set for input
ports.

5. When the ports P7_0, P7_1, and P8_5 are set for output mode, make sure a low-level signal is
output from the pins.

6. The ports P7_0, P7_1, and P8_5 are N-channel open-drain outputs.

This applies when external clock is input to the XIN pin or when VCCL1 is connected to via a resistor.

8. If the PMO7 bit in the PMO register is set to 1 (BCLK not output), connect this pin to VCC2 via a
resistor (pulled high).

~
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Microcomputer Microcomputer

PortPOto P10 (Input mode) NNV PortP6to P10 (INPutmode) AN N/
(it moce] VN1 gt mosey VN7t
(Output mode)— Open  ycc1| VCC2 (Output mode)— Open ?
f A A A Port P4_5 / C51 XIN
XIN to P4_7/CS3 BHE|——
HLDA|——
XouT Open ALE |——
vcel Open
XOUT |—— VCC2
AVCC BCLK O |——
HOLD veel
VREF - S
DY
BYTE
AvCC
AVSS VREF
AVSS
VSS VSS
. . 777
In single-chip mode In memory expansion mode or 7T

in microprocessor mode

Note:
1. If the PMO7 bit in the PMO register is set to 1 (BCLK not output), connect this pin to VCC2 via a resistor (pulled high).

Figure 21.12 Unassigned Pin Handling
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22. Flash Memory Version

The flash memory can perform in three rewrite modes: CPU rewrite mode, standard serial I/O mode, and
parallel /O mode. Table 22.1 lists specifications of the flash memory version. See Tables 1.1 and 1.2
Specifications Overview for the items not listed in Table 22.1.

Table 22.1

Flash Memory Version Specifications

Item

Specification

Flash Memory Rewrite Mode

3 modes (CPU rewrite, standard serial 1/0, parallel 1/0)

Erase Block Program ROM 1

See Figure 22.1 “Flash Memory Block Diagram”

Program ROM 2

1 block (16 Kbytes)

Data Flash

2 blocks (4 Kbytes each)

Program Method

In units of 2 words

Erase Method

Block erase

Program and Erase Control Method

Program and erase controlled by software command

Protect Method

The lock bit protects each block

Number of Commands 8 commands
Program and Erase Endurance 100 times (@)
Data Retention 10 years

ROM Code Protection

Parallel I/O and standard serial /0O modes are supported

Note:
1. Definition of program and erase endurance

The program and erase endurance refers to the number of per-block erasures.

For example, assume a case where a 4 Kbyte block is programmed in 1,024 operations, writing two words at a
time, and erased thereafter. In this case, the block is reckoned as having been programmed and erased once.

If the program and erase endurance is 100 times, each block can be erased up to 100 times.

Table 22.2

Flash Memory Rewrite Modes Overview

Flash Memory

; 1
Rewrite Mode CPU rewrite Mode (1)

Standard Serial I/O Mode Parallel I/O Mode

Function Program ROM 1, program
ROM 2, and data flash are
rewritten when the CPU
executes software commands.
EWO0 mode:

Rewritable in areas other than
flash memory (2)

EW1 mode:

Rewritable in the flash memory

Program ROM 1, program ROM 2, and
data flash are rewritten using a dedicated
serial programmer.

Standard serial I/O mode 1:

clock synchronous serial 1/0

Standard serial I/O mode 2:

clock asynchronous serial 110

Standard serial /0O mode 3:

special clock asynchronous serial 1/0

Program ROM 1,
program ROM 2 and
data flash are rewritten
using a dedicated
parallel programmer.

Areas Which Can
Be Rewritten

Program ROM 1, program
ROM 2, and data flash

Program ROM 1, program ROM 2, and
data flash

Program ROM 1, program
ROM 2, and data flash

Operating Mode |Single-chip mode
Memory expansion mode

(EWO0 mode)

Boot mode Parallel I/O mode

ROM Programmer |None

Serial programmer Parallel programmer

Notes:

1. The PM13 bit remains set to 1 while the FMRO1 bit in the FMRO register = 1 (CPU rewrite mode enabled). The
PM13 bit is reverted to its original value by clearing the FMRO1 bit to 0 (CPU rewrite mode disabled). However, if
the PM13 bit is changed during CPU rewrite mode, its changed value is not reflected until after the FMRO1 bit is

cleared to O.

2. In CPU rewrite mode, bits PM10 and PM13 in the PM1 register are set to 1. The rewrite control program can only
be executed in the internal RAM or in an external area that is enabled for use when the PM10 bit and PM13 bit
are 1. When the PM13 bit = 0 and the flash memory is used in 4-Mbyte mode, the extended accessible area

(40000h to BFFFFh) cannot be used.
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22.1 Memory Map

The flash memory contains program ROM 1, program ROM 2, and a data flash. Figure 22.1 shows a

Flash Memory Block Diagram.

Program ROM 1 is divided into several blocks, each of which can be protected (locked) from program or
erase. Program ROM 1 and program ROM 2 can be rewritten in CPU rewrite, standard serial 1/0, and

parallel /0O modes.

Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is set to 0 (program ROM 2
enabled). The user boot code area is in program ROM 2. Data flash can be used when the PM10 bit in the
PM1 register is set to 1 (OE000h to OFFFFh: data flash). Data flash is divided into block A and block B.

00EO000h

00EFFFh
00F000h
O00FFFFh
010000h

013FFFh

080000h

08FFFFh
090000h

09FFFFh
0A0000h

OAFFFFh
0B000Oh

OBFFFFh
0C0000h

OCFFFFh
0D0000h

ODFFFFh
0E0000h

OEFFFFh
0F0000h

OFFFFFh

Notes:

Block A

Block B

Program ROM 2

Block 7 : 64 Kbytes

Block 6 : 64 Kbytes

Block 5 : 64 Kbytes

Block 4 : 64 Kbytes

Block 3 : 64 Kbytes

Block 2 : 64 Kbytes

Block 1 : 64 Kbytes

Block 0 : 64 Kbytes

} Data flash

~ Program ROM 1

1. To specify a block, use an even address in that block.
2. Shown here is a block diagram during single-chip mode.

Figure 22.1 Flash Memory Block Diagram
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22.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset occurs while an “L” signal is applied to the
P5_5 pin and an “H” signal is applied to pins CNVSS and P5_0. In boot mode, user boot mode or
standard serial I/O mode is selected in accordance with the data in the user boot code area. Refer to 22.4
“Standard Serial 1/0 Mode” for details.

22.1.2 User Boot Function

User boot mode can be selected by the status of a port when the MCU starts in boot mode. Table 22.3
shows the user boot function specifications.

Table 22.3  User Boot Function Specifications

ltem Specification

Entry Pin None or select a port from PO_0 to P10_7

User Boot Start Level Select “H” or “L”

User Boot Start Address Address 10000h (the start address of program ROM 2)

Set “UserBoot” in ASCII code to the addresses 13FFO0h to 13FF7h in the user boot code area and
select a port for entry from addresses13FF8h to 13FF9h and the start level with the address 13FFBh.
After starting boot mode, user boot mode or standard serial I/O mode is selected in accordance with the
level of the selected port.

In addition, if addresses 13FF0h to 13FF7h are set to “UserBoot” in ASCII code and address 13FF8h to
13FFBh are set to “00h”, user boot mode is selected.

In user boot mode, the program of address 10000h (the start address of program ROM?2) is executed.
Figure 22.2 shows user boot code area, Table 22.4 shows the start mode, Tables 22.5 and 22.6 the
values to be set to the user boot code area.

Program ROM 2
10000h 9 User Boot Code Area
User Boot Start Address 13FFOh
' Boot Code
III
s
’
,
/
’
’
Il
/ 13FF8h Address . )
/ Port information for
I/ 13FFAh Bit entry
/I ggggﬂ Start Level Select
I/’ Reserved Space
13FFOh ’
13FFFh
13FEEh User BootCode Area | ="

Figure 22.2 User Boot Code Area
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Table 22.4  Start Mode (When the Port Pj_j is Selected for Entry)
Boot Code Port information for entry Port Start Mode
(13FFOhto  |address Bit Start level Pi_jinput
13FF7h) (13FF8hto  |(13FFAh) |Select level
13FF9h) (13FFBh)
“UserBoot” in  {0000h 00h 00h - User boot mode
ASCII code Pi register 00h to 07h [00h H Standard serial /0 mode
address (value of j) L User boot mode
Pi register 00h to 07h |01h H User boot mode
address (value of j) L Standard serial I/O mode
Other Than - - - Standard serial /0 mode
“UserBoot” in -
ASCII code

i=0to 10, j=0to 7

Notes:

1. Do not use another combination of values apart from Table 22.4.

2. Referto Table 22.5 ““UserBoot”in ASCIl code”

3. Referto Table 22.6 “Addresses of Selectable Ports for Entry”

Table 22.5  “UserBoot”in ASCIl code
Address |13FFOh |13FF1h |13FF2h |13FF3h |13FF4h |13FF5h |13FF6h  [13FF7h

ASCIl code [55h 73h 65h 72h 42h 6Fh 6Fh 74h
(V) (s) (e) (n (B) (0) (0) (t)
Upper- Lower-case Upper- Lower-case
case case

Table 22.6  Addresses of Selectable Ports for Entry

Port Address Port Address

PO 03EOh P6 03ECh

P1 03E1h P7 03EDh

P2 03E4h P8 03FOh

P3 03E5h P9 03F1h

P4 03E8h P10 03F4h

P5 03E9h
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22.2 Functions to Prevent Flash Memory from Rewriting

The flash memory has a built-in ROM code protect function for parallel I/O mode and a built-in ID code
check function for standard 1/0 mode to prevent the flash memory from reading or rewriting.

2221

ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel
input/output mode. Figure 22.3 shows the OFS1 Address. The OFS1 address is located in block 0 in
program ROM 1.

The ROM code protect function is enabled when the ROMCP1 bit is set to 0.

When exiting ROM code protect, erase block 0 including the OFS1 address by the CPU rewrite mode
or the standard serial I/O mode.

22.2.2 ID Code Check Function

Use the ID code check function in standard serial I/O mode. The ID code sent from the serial
programmer is compared with the ID code written in the flash memory for a match. If the ID codes do
not match, commands sent from the serial programmer are not accepted. However, if the four bytes of
the reset vector are “FFFFFFFFh”, ID codes are not compared, allowing all commands to be accepted.
The ID codes are 7-byte data stored consecutively, starting with the first byte, into addresses OFFFDFh,
OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh. The flash memory must have a
program with the ID codes set in these addresses.

Table 22.7 shows address for ID code stored.

The reserved character sequence of the ASCII codes “ALeRASE” is used for forced erase function.
The reserved character sequence of the ASCII codes “Protect” is used for standard serial /0 mode
disabled function. Table 22.7 lists reserved character sequence.

When the ID codes stored in the ID code addresses in the user ROM area are set to the ASCII codes:
“ALeRASE” as the combination table listed in Table 22.7, forced erase function becomes active. When
the forced erase function or standard serial /O mode disabled function is not used, use another
combination of the ASCII codes.

Table 22.7 Reserved Character Sequence (Reserved Word)

Reserved word combination
ID Code Address of ID Code (ASCII)
ALeRASE Protect
FFFDFh ID1 41h (A) 50h (upper-case P)
FFFE3h ID2 4Ch (L) 72h (lower-case r)
FFFEBh ID3 65h (e) 6Fh (lower-case 0)
FFFEFh ID4 52h (R) 74h (lower-case t)
FFFF3h ID5 41h (A) 65h (lower-case e)
FFFF7h ID6 53h (S) 63h (lower-case c)
FFFFBh ID7 45h (E) 74h (lower-case t)

Reserve word for forced erase function: A set of reserved characters that match
all the ID code addresses in sequence as the combination table listed in Table

22.7.
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22.2.3 Forced Erase Function

This function is available only in standard serial I/O mode.

When the reserved characters, “ALeRASE” in ASCII code, are sent from the serial programmer as ID
codes, the content of program ROM 1 and program ROM 2 will be erased at once. However, if the 1D
codes stored in the ID code addresses in the user ROM area are set to other than a reserved word
“ALeRASE” (other than the combination table listed in Table 22.7) when the ROMCP bit in the OFS1
address is set to 0 (ROM code protect enabled), forced erase function is ignored and ID code check is
executed. Table 22.8 lists conditions and functions for forced erase function.

When both the ID codes sent from the serial programmer and the ID codes stored in the ID code
addresses correspond to the reserved word “ALeRASE”, program ROM 1 and program ROM 2 will be
erased. However, when the serial programmer sends other than “ALeRASE”, even if the ID codes
stored in the ID code addresses are “ALeRASE”, there is no ID match and any command is ignored.
The flash memory remains protected accordingly.

Table 22.8 Forced Erase Function

Condition Function
ID code from Code in ID code |ROMCPL1 bit in the
serial programmer |stored address OFS1 address
ALeRASE ALeRASE - Program ROM 1 and program ROM 2 all
Other than 1 (ROM code protect |erase (forced erase function)
ALeRASE (1) disabled)
0 (ROM code protect |ID code check
enabled)
Other than ALeRASE - ID code check (no ID match)
ALeRASE Other than - ID code check
ALeRASE (1)

Note:
1. For the combination of the stored addresses is “Protect”, refer to 22.2.4 “ Standard Serial /0 Mode
Disable Function”.

22.2.4 Standard Serial /O Mode Disable Function

This function is available in standard serial /O mode. When the ID codes in the ID code stored
addresses are set to “Protect” in ASCII code, the MCU does not communicate with a serial
programmer. Therefore, the flash memory cannot be read, written or erased by a serial programmer.
User boot mode can be selected, when the ID codes set to “Protect”.

When the ID codes are set to “Protect” and the ROMCP1 bit in the address OFS1 is set to 0 (ROM
code protect enabled), ROM code protection cannot be disabled by a serial programmer. Therefore, the
flash memory cannot be read, written or erased by a serial or parallel programmer.
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Optional Feature Select Address (- 5)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
[Tafa]a] Jafo] ] OFs1 FFFFFh FFh @

EERERRE

1 1

. b Pl i1 | Bitsymbol Bit Name Function RW

[ e |

] ] 1

H E E E 1 E i 0 : Watchdog timer starts automatically

[ | .

[ R R R B Ll Watchdog timer start after reset

i E E E ! i E WDTON Iselect bit %) 1 : Watchdog timer is in a stopped state RW

A after reset

[ ]

| R

ol — .

i E E E i bemm e (b2-b1) Reserved bits Setto 1 RW

[ A

| T .

[ . . 0 : ROM code protection enabled

| Y T T

i i i i ROMCP1 [ROM code protection bit 1 : ROM code protection disabled RW

R — |

E (b6-b4) Reserved bits Setto 1 RW

1

i 0 : Count source protection mode

! After-reset count source enabled after reset

bommmmmmmmmeo CSPROINI protection mode select bit ® |1 : Count source protection mode RW
disabled after reset

Notes :

1. The OFS1 address exists in flash memory. Set the values when writing a program.

2. The OFS1 address is set to FFh when a block including the OFS1 address is erased.

3. Set the WDTON bit to 0 (watchdog timer starts automatically after reset) when setting the CSPROINI bitto 0
(count source protection mode enabled after reset).

4. This function is also effective in user boot mode.

5. The OFS1 address can be set in single-chip and memory expansion mode.
The OFS1 address cannot be used in micro microprocessor mode. Before using the OFS1 address, clear the
internal ROM.

Figure 22.3 OFS1 Address

g

Address =
OFFFDFh to OFFFDCh ID1 Undefined instruction vector
OFFFE3h to OFFFEOh ID2 Overflow vector

OFFFE7h to OFFFE4h BRK instruction vector

:

1

i

i

i

i

1

i
OFFFEBh to OFFFES8h ID3 | Address match vector

1

1
OFFFEFh to OFFFECh ID4 | Single step vector
OFFFF3h to OFFFFOh IDS i Watchdog timer vector
OFFFF7h to OFFFF4h ID6 E DBC vector
OFFFFBh to OFFFF8h ID7 i NMI vector

T
OFFFFFh to OFFFFCh OFS1 | Resetvector .

— _
—
4 bytes

Figure 22.4 Address for ID Code Stored
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22.3 CPU Rewrite Mode

In CPU rewrite mode, the flash memory can be rewritten when the CPU executes software commands.
Program ROM 1, program ROM 2, and the data flash can be rewritten with the microcomputer mounted
on a board without using a ROM programmer.

The program and block erase commands are executed only in each block area of program ROM 1,
program ROM 2, and the data flash.

Erase-write 0 (EWO0) mode and erase-write 1 (EW1) mode are provided as CPU rewrite mode. Table 22.9
lists differences between erase-write 0 (EWO0) and erase-write 1 (EW1) modes.

Table 22.9 EWO0 Mode and EW1 Mode

Item EWO0 Mode EW1 Mode
Operating Mode « Single-chip mode Single-chip mode
*« Memory expansion mode
Rewrite Control * Program ROM 1 * Program ROM 1
Program Allocatable | « Program ROM 2 e Program ROM 2
Area  External memory area
Rewrite Control The rewrite control program must be The rewrite control program can be
Program Executable |transferred to any area other than the executed in program ROM 1 and
Area flash memory (e.g., RAM) before being |program ROM 2.
executed (@)
Rewritable Area * Program ROM 1 Program ROM 1, program ROM 2, and
* Program ROM 2 data flash, excluding blocks with the
* Data flash rewrite control program
Software Command |None * Program and block erase commands
Restriction cannot be executed in a block having

the rewrite control program.
» Read status register command cannot

be used.

Mode after Program |Read status register mode Read array mode
or Erase
CPU State during Operating Maintains hold state (/O ports maintains
Auto Write and Auto the state before the command execution)
Erase 1)
Flash Memory Status | * Read bits FMR00, FMRO06, and Read bits FMR0O, FMRO06, and FMRO7
Detection FMRO7 in the FMRO register by in the FMRO register by program

program

» Execute the read status register

command to read bits SR7, SR5, and

SR4 in the status register.
Notes:

1. Do not generate an interrupt (except NMI interrupt) or start a DMA transfer.

2. When in CPU rewrite mode, bits PM10 and PM13 in the PM1 register are set to 1. The rewrite control
program can only be executed in the internal RAM or in an external area that is enabled for use when
the PM10 bit and PM13 bit are 1. When the PM13 bit = 0 and the flash memory is used in 4-Mbyte
mode, the extended accessible area (40000h to BFFFFh) cannot be used.
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22.3.1 EWO Mode

The microcomputer enters CPU rewrite mode by setting the FMRO1 bit in the FMRO register to 1 (CPU
rewrite mode enabled) and is ready to accept commands. EW0 mode is selected by setting the FMR60
bit in the FMR®6 register to 0. Figure 22.12 shows setting and resetting of EW0 mode.

The software commands control programming and erasing. The FMRO register or the status register
indicates whether a program or erase operation is completed as expected or not.

22.3.2 EW1 Mode

EW1 mode is selected by setting the FMRG60 bit to 1 after setting the FMROL1 bit to 1. Figure 22.8 shows
setting and resetting of EW1 mode.

The FMRO register indicates whether or not a program or erase operation has been completed as
expected. The status register cannot be read in EW1 mode.

When a program / erase operation is initiated, the CPU halts all program execution until the operation is
completed.
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22.3.3 Flash Memory Control Register (Registers FMRO, FMR1, FMR2 and FMR6)
Figures 22.5 to 22.8 show the registers FMRO, FMR1, FMR2 and FMR®6, respectively.

Flash Memory Control Register 0

b7 b6|b5|b4|b3 b2 b1 b0 Symbol Address After Reset
0|0 0000 0001b (other than user boot mode)
R B FMRO 0220h 0010 0001b (user boot mode)
1 ] ]
[ T : :
E E i i i i ! 1| Bit Symbol Bit Name Function RW
Voo b vt
T I A A B
oo by b . i i ©)
I R E *-1 FMR00 |RY/BY status flag 0 : Busy (being written or erased) RO
A : 1: Ready
[ T T B
N
[ I I A CPU rewrite mode select |0 : CPU rewrite mode disabled
E i E ! i i Lo FMRO1 bit @ 1: CPU rewrite mode enabled RW
[ T I B |
I N I R R
[ T I | o . .
[ T S T P Lock bit disable select bit |0 : Lock bit enabled
EEEE FMROZ ¢ 1 Lock bit disabled RW
]
[ T
] 1
E E i . ) 0 : Flash memory operation enabled
b Y] FMSTP Flash memory stop bit 1 : Flash memory operation stopped RW
oo @57 (placed in low power mode, flash memory
P initialized)
]
gy o
E E i E - Reserved bit Setto 0 RW
P T (b4)
o)
[ .
roa — . Set to 0 in other than user boot mode
A (bs) |Reservedbit Set to 1 in user boot mode RW
]
[
1 .
! 0 : Terminated normall
! R — FMRO6 |Program status flag ® 1 - Terminated in errory RO
]
]
1
, 0 : Terminated normally
[]
------------------- FMRO7  |Erase Status Flag ¥ 1 - Terminated in error RO

Notes :

1. To set the FMRO1 bit to 1, write a 0 and then a 1 in succession. Make sure no interrupts or DMA transfers will
occur before writing a 1 after writing a 0. While in EW0 mode, write to this bit from a program in other than the
flash memory. Enter read array mode, and then set this bit to 0.

2. To set the FMRO02 bit to 1, write a 0 and then a 1 in succession when the FMRO1 bit = 1. Make sure no interrupts
or no DMA transfers will occur before writing a 1 after writing a 0.

3. Write to the FMSTP bit from a program in area other than the flash memory.

4. Bits FMR06 and FMRO7 are cleared to 0 by executing the clear status command.

5. The FMSTP bit is valid when the FMROL1 bit = 1 (CPU rewrite mode). If the FMROL1 bit = O, although the FMSTP
bit can be set to 1 by writing 1 in a program, the flash memory is neither placed in low power mode nor initialized.

6. This status includes writing or reading with the lock bit program, blank check, or read lock bit status command.

7. When the FMR23 bit in the FMR 2 register is set to 1 (low-current consumption), do not set the FMSTP bit to 1
(flash memory stop). Also, when the FMSTP bit is set to 1, do not set the FMR23 bit to 1.

Figure 22.5 FMRO Register
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Flash Memory Control Register 1
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
1Kol [ ] FMR1 0221h 00XOXXO0Xb
EEREEEE
b i ' i P i Bit Symbol Bit Name Function RW
[ } ]
EERRER
1 J—
[ R Reserved bit Read as undefined value RO
S (b0)
[ ' 1 ]
R AL T
T R . . .
[ T T R R T Write to FMR6 register 0 : Disabled
i E i i i b FMRLL " lenable bit 1: Enabled RW
1
REREY
1 1
T L T D - B 3
b i i (b3-b2) Reserved bits Read as undefined value RO
P
[ L I I —_— .
o E (ba) Reserved bit Setto 0 RwW
P
I (g) No register bit. If necessary, set to 0. Read as undefined value RW
1 ]
1 ]
1 ]
I : 0: Lock
]
i L FMR16 |Lock bit status flag 1 Unlock RO
1
1
! - 0:1 wait
(&)
B FMR17 | Data flash wait bit 1: Follow the setting of the PM17 bit RW
Note :
1. When 2.7 V < VCC1 < 3.0 V and f(BCLK) > 16 MHz, or when 3.0 V < VCC1 < 5.5 V and f(BCLK) > 20 MHz, one wait
is necessary to execute a program and read data of the data flash. Use the PM17 or FMR17 bit to set one wait.

Figure 22.6 FMRL1 Register
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Flash Memory Control Register 2

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
0]0 FMR2 0222h XXXX0000b

EEEEEEN

A I A T Bit Symbol Bit Name Function RW

R

pEb —

1 ] ] I T T

i E E i b L (b1-b0) Reserved bit Setto 0 RW

b

I .

[ I A I Slow read mode enable |0 : Disabled

i i i i i [ FMR22  |pi(1,3.4,5) 1: Enabled RW

[ T T |

prr Low-current consumption :

Prr : 0 : Disabled

[ T T S,

P FMR23 [2‘3?%?2(’7‘)3 enable bit 1 - Enabled RW

P

[ N |

| | —_— : ; ]

e ] (b7-b4) No register bit. If necessary, set to 0. Read as undefined value —

Notes:

1. Slow read mode can be used when f(BCLK) < 5 MHz. When f(BCLK) >5 MHz, set the FMR22 bit to O (slow
read mode disabled).

2. The low-current consumption read mode can be used when f(BCLK) < 32.768 kHz. When f(BCLK) >
32.768 kHz, set the FMR23 bit to 0 (low-current consumption read mode disabled).

3. To set the FMROL1 bit to 1, write a 0 and then a 1 in succession. Make sure no interrupts or DMA transfers
will occur before writing a 1 after writing a 0.

4. This bit enables the mode to reduce the amount of current consumption when reading the flash memory.
To rewrite flash memory (CPU rewrite mode), set the FMR22 and FMR23 bits to 0.

5. 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 0 (slow read mode disabled). Do not write the FMR22 and FMR23 bits at same time.

6. When the FMR23 bit is set to 1, do not set the FMSTP bit in the FMRO register to 1 (flash memory
stopped). Also, when the FMSTP bit is set to 1, do not set the FMR23 bit to 1.

7. When the FMR23 bit in the FMR2 register is set to 1 (Low-current consumption read mode enabled),
do not enter wait mode or stop mode. To enter wait mode or stop mode, set the FMR23 bit to O (low-
current consumption read mode disabled) before entering.

Figure 22.7 FMR2 Register
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Flash Memory Control Register 6

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
110 HEE FMR6 0230h XXOXXX00b
T T T T T 1
BEEEE NN
oty br b v | BitSymbol Bit Name Function RW
P
S R A i 0 : EW0 mode
1 ] w1 :
! i : i i E E FMR60 [EW1 mode select bit 1 EW1 mode RW
: [ I T T |
R
A A FMR61 |Reserved bit @ Setto 1 RW
1
A
RN
[ T SO - i i
E b (b4-b2) Reserved bits Read as undefined value RO
Pl
1
o ! - i
b [ (b5) Reserved bit Setto O RW
B
bl — . )
___________________ (b7-b6) Reserved bits Read as undefined value RO

1. To set the FMRG60 bit to 1, write 1 when both bits FMR0O1 and FMR11 are 1.

. To use CPU rewrite mode, setto 1.

. When accessing the FMR®6 register, set a CPU clock frequency of 10 MHz or less by the CMO06 bit in the CMO
register and bits CM17 and CM16 in the CM1 register. Also, set the PM17 bit in the PM1 register to 1 (wait state).

Figure 22.8 FMR6 Register
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22.3.3.1 FMRO0O Bit
This bit indicates the flash memory operating state. It is set to 0 while the program, block erase, lock
bit program, read lock bit status command, or blank check command is being executed; otherwise, it
is setto 1.

22.3.3.2 FMRO01 Bit
The microcomputer can accept commands when the FMRO1 bit is set to 1 (CPU rewrite mode).

22.3.3.3 FMRO02 Bit
The lock bit is disabled by setting the FMRO02 bit to 1 (lock bit disabled). (Refer to 22.3.6 “Data
Protect Function”.) The lock bit is enabled by setting the FMRO02 bit to 0 (lock bit enabled).
The FMRO02 bit does not change the lock bit status but disables the lock bit function. If an erase
command is executed when the FMRO2 bit is set to 1, the lock bit status changes 0 (locked) to 1
(unlocked) after command execution is completed.
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22.3.3.4 FMSTP Bit
The FMSTP bit resets the flash memory control circuits and minimizes power consumption in the
flash memory. Access to the flash memory is disabled when the FMSTP bit is set to 1 (flash memory
stops). Set the FMSTP bit by program in an area other than the flash memory.
Set the FMSTP bit to 1 if one of the followings occurs:
« A flash memory access error occurs while erasing or programming in EW0 mode (the FMROO bit

does not switch back to 1 (ready)).

* Low-power consumption mode or on-chip oscillator low-power consumption mode is entered

Use the following steps to stop the flash memory.

(1) Setthe FMSTP bitto 1

(2) Wait tps (the wait time to stabilize the flash memory circuit)
Use the following steps to restart.

(1) Set the FMSTP bitto 0

(2) Wait tps (the wait time to stabilize the flash memory circuit)

Figure 22.9 shows a Flow Chart lllustrating How to Start and Stop the Flash Memory Processing
Before and After Low-Power Consumption Mode or On-Chip Oscillator Low-Power Consumption
Mode. Follow the procedure on this flow chart.

When entering stop or wait mode, the flash memory is automatically turned off. When exiting stop or
wait mode, the flash memory is turned back on. The FMRO register does not need to be set.

}

- Low-power consumption
Transfer the low-power consumption mode or _mode or on-chip oscillator
on-chip oscillator low-power consumption mode low-power consumption mode |
program to an area other than the flash memory program v
l Set the FMROL1 bit to 1 after setting to 0

Jump to the low-power consumption mode or (CPU rewrite mode enabled)
on-chip oscillator low-power consumption mode program
transferred to an area other than the flash memory. (In the

following steps, use the .
low-power consumption mode or on-chip oscillator low- Set the FMSTP bit to 1 (The flash memory stops

power consumption mode program in an area other than operating. In a low-power consumption state) )
the flash memory.) l

Switch clock source of the CPU clock.
The main clock stops @

l

Process in low-power consumption mode or
on-chip oscillator low-power consumption mode )

|

Notes: ) o ! Wait until ;
1. Set the FMSTP bit to 1 after the FMROL1 bit is set to 1 Start main oscillation Switch clock source
(CPU rewrite mode enabled). clock oscillation —9» cabitzon — of the CPU clock @

2. Wait until clock stabilizes to switch clock source of
the CPU clock to the main clock or sub clock.

3. Add tps wait time by program. Do not access the i .
flash memory during this wait time. Set the FMSTP bit to 0 (flash memory operation)

4. Before entering wait mode or stop mode, be sure
to set the FMRO1 bit to 0. l

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

|

Wait until the flash memory stabilizes (tps) @

l

Jump to a desired address in the flash memory

}

Figure 22.9 Processing Before and After Low-Power Consumption Mode or On-Chip Oscillator
Low-Power Consumption Mode
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22.3.3.5 FMRO06 Bit

This is a read-only bit indicating an auto program operation state. The FMRO06 bit is set to 1 when a
program error occurs; otherwise, it is set to 0. Refer to 22.3.8 “ Full Status Check”.

22.3.3.6 FMRO7 Bit

This is a read-only bit indicating the auto erase operation status. The FMRO7 bit is set to 1 when an
erase error occurs; otherwise, it is set to 0. The FMRO7 bit is also used for blank check. For details,
refer to 22.3.8 “Full Status Check”.

22.3.3.7 FMR11 Bit
The FMR11 bit enables programming to the FMR6 register.

22.3.3.8 FMR16 Bit

This is a read-only bit indicating the execution result of the read lock bit status command.

When the block, where the read lock bit status command is executed, is locked, the FMR16 bit is set
to 0.

When the block, where the read lock bit status command is executed, is unlocked, the FMR16 bit is
setto 1.

22.3.3.9 FMR17 Bit
This is a bit to select wait state for data flash.

22.3.3.10 FMR22 Bit

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

Also, when f(BCLK) > 5 MHz, set the FMR22 bit to 0 (slow read mode disabled).

Figure 22.10 shows setting and resetting of the slow read mode.
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( Slow read mode )
Set the frequency of CPU clock to 5 MHz or less
. Setting
procedure
After writing 0, write 1 (enabled) to the FMR22 bit
J
Process in slow read mode
-
Write 0 to FMR22 bit
. Resetting
procedure
Return to the prior frequency of the CPU clock
/
( Slow read mode is completed )

Figure 22.10 Setting and Resetting of Slow Read Mode

22.3.3.11 FMR23 Bit

This bit enables the mode to reduce 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).

This bit is effective when the FMR22 bit is enabled. Use the low-current consumption read mode
when CMO07 bit in the CMO register is “1” (CPU clock is sub clock). When CMOQ7 bit is “0”, set FMR23
bit to “0” (low-current consumption read mode is disabled).

Figure 22.11 shows setting and resetting of the low-current consumption read mode.
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Low-current consumption read mode

Write 1 to the CMO7 bit to select
the sub clock in CPU clock ()

Set the CMO05 bit to 1 (main clock oscillation stop)

Settin
\ g

After writing 0, write 1 (enabled) to the FMR22 bit

procedure

After writing 0, write 1 (enabled) to the FMR23 bit

Process in low-current consumption mode

Write 0 to FMR23 bit )

Write 0 to FMR22 bit @

Return to the prior CPU clock

Resetting
Procedure

C

Slow read mode is completed

Notes :

1. This is to use the low-power consumption mode.
To use 125 kHz on-chip oscillator low power consumption mode, set the 125 kHz

on-chip oscillator divided by 8 or 16 (Refer to Table 10.3 Setting Clock Related Bit
and Modes).

2. Do not write the FMR22 bit and FMR23 bit at the same time.

Figure 22.11 Setting and Resetting of Low-current Consumption Read Mode

22.3.3.12 FMRG60 Bit

This bit is used to select EW1 mode when the FMRO1 bit is set to 1 (CPU rewrite mode enabled).
Figure 22.12 shows Setting and Resetting of EW0 Mode and Figure 22.13 for Setting and Resetting

of EW1 Mode.
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Procedure to Enter EW0 Mode

l — Rewrite control program (“i ,

: . Set the FMRO1 bit to 0,

Single-chip m_Ode and then 1 (CPU rewrite mode enabled). @

or memory expansion mode Set the FMR11 bit to 1 (FMR6 register write enabled),
l and then set the FMRG6 register to 02h (EWO0 mode),

and then set the FMR11 bit to 0 (FMR®6 register write disabled)|

Transfer the rewrite control program in CPU rewrite l
mode to an area other than the flash memory @
l Execute the software commands
Set registers CM0, CM1, and PM1 ® l
l Execute the read array command @

Jump to the rewrite control program transferred to an l ;

area other than the flash memory. (In the following Set the FMRO1 bit to (:
steps, use the rewrite control program in an area (CPU rewrite mode disabled)
other than the flash memory)

Jump to a desired address in the flash memory
Notes : l

1. In CPU rewrite mode, set the CMO06 bit in the CMO register and bits CM17 and CM16 in the
CM1 register to CPU clock frequency of 10 MHz or less. Set the PM17 bit in the PM1
register to 1 (with wait state).

Set the FMRO1 bit to 1 immmediately after setting it to 0. Do not generate an interrupt or a
DMA transfer between setting the bit to 0 and setting it to 1. Set the FMROL1 bit in a space
other than flash memory.

Exit CPU rewrite mode after executing the read array command.

When in CPU rewrite mode, bits PM10 and PM13 in the PM1 register are setto 1. The
rewrite control program can only be executed in the internal RAM or in an external area that
is enabled for use when the PM10 bit and PM13 bit are 1. When the PM13 bit = 0 and the
flash memory is used in 4-Mbyte mode, the extended accessible area (40000h to BFFFFh)
cannot be used.

N

Ealed

gure 22.12 Setting and Resetting of EW0 Mode

Procedure to Enter EW1 Mode

Program in the ROM

)

Single-chip mode ®

|

Set registers CM0, CM1, and PM1 @

|

Set the FMROL1 bit to 1 (CPU rewrite mode enabled) after
writing a 0. ©®

Set the FMR11 bit to 1 (FMR® register rewrite enabled),
and then set the FMR®6 register to 03h (EW1 mode),

and then set the FMR11 bit to 0 (FMR®6 register rewrite
disabled).

Execute the software commands

}

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

Notes:

1. In EW1 mode, do not enter memory expansion.

2. In CPU rewrite mode, set the CMO06 bit in the CMO register and bits CM17 and CM16
in the CML1 register to CPU clock frequency of 10 MHz or less. Set the PM17 bit in
the PM1 register to 1 (with wait state).

3. To set the FMROL1 bit to 1, write a 0 and then a 1 to the FMRO1 bit. Make sure no
interrupts or no DMA transfers will occur before writing a 1 after writing a 0. When
setting the FMR11 bit to 1, set 1 while the FMROL1 bit is set to 1.

Figure 22.13 Setting and Resetting of EW1 Mode
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22.3.3.13 FMR61 Bit

To use CPU rewrite mode, set to 1.
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22.3.4 Precautions on CPU Rewrite Mode

22.3.4.1 Operating Speed
Set the CMO06 bit in the CMO register and bits CM17 and CM16 in the CM1 register to a CPU clock
frequency of 10 MHz or less before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the
PM17 bit in the PM1 register to 1 (wait state).

22.3.4.2 Prohibited Instructions
The following instructions cannot be used in EW0 mode because the CPU tries to read data in the
flash memory: the UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK
instruction.

22.3.4.3 Interrupts (EW0 mode)

« To use interrupts with vectors in a relocatable vector table, relocate the vectors to the RAM area.

« The NMI and watchdog timer interrupts are available since registers FMRO and FMR1 are forcibly
reset when either interrupt occurs. Allocate the jump addresses for each interrupt routine to the fixed
vector table. Flash memory rewrite operation stops when the NMI or watchdog timer interrupt
occurs. Execute the rewrite program again after exiting the interrupt routine.

* The address match interrupt is not available since the CPU tries to read data in the flash memory.

22.3.4.4 Interrupts (EW1 mode)

» Do not acknowledge any interrupts with vectors in a relocatable vector table or address match
interrupt during the auto program or auto erase period.

 The NMI interrupt is available since registers FMRO and FMR1 are forcibly reset when the interrupt
occurs. Allocate the jump address for the interrupt routine to the fixed vector table. Flash memory
rewrite operation stops when the NMI interrupt occurs. Execute the rewrite program again after
exiting the interrupt routine.

» The watchdog timer stops counting during auto write and auto erase.

22.3.4.5 How to Access

To set the FMRO1 or FMRO2 bit to 1, write a 1 after first setting the bit to 0. Make sure that no
interrupts or no DMA transfers will occur before writing a 1 after writing a 0.

22.3.4.6 Rewrite (EW0 mode)
If the supply voltage drops while rewriting the block where the rewrite control program is stored, the
rewrite control program is not correctly rewritten. This may cause the flash memory not to be
rewritten. If this error occurs, use standard serial I/O mode or parallel I/O mode for rewriting.

22.3.4.7 Rewrite (EW1 mode)
* Do not rewrite any block in which the rewrite control program is stored.
* When a software command is executed for another block on the flash memory, the software
command may not be executed as expected. This may occur when RAM is written by the rewriting
program which is executed in EW1 mode.
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Example Program (When the program command is executed)

PRG_CMD:

MOV.W PRG_ADDR , A0 ;

MOV.W PRG_ADDR+2 , Al ;

STE.W #0041h . [A1AOQ] ;  Program command

STE.W WR_DATAO . [A1AQ] ;. The first word data to write

ADD.W #4 , PRG_ADDR ; <«Writeto RAM
(This is acknowledged as the second
data to write)

MOV.W PRG_ADDR , A0 ;

STE.W WR_DATA1L . [A1AQ] ; The second word data to write

(Depending on the value of
WR_DATAL1, this may be
acknowledged as next software
command)

JMP PRG_CMD
*PRG_ADDR; RAM address (the executing command address to be stored.)

When rewriting flash memory, execute a rewriting program on the area other than flash memory such
as RAM or external area in EW0 mode. When using EW1 mode, do not write to RAM in EW1 mode.

22.3.4.8 DMA Transfer

In EW1 mode, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to 0
(auto programming or auto erasing).

22.3.4.9 Writing Command and Data
Write commands and data to even addresses.

22.3.4.10 Wait Mode

When entering wait mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled) before executing the
WAIT instruction.

22.3.4.11 Stop Mode

To enter stop mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled) and disable DMA transfer,
then execute a command to set the CM10 bit to 1 (stop mode).

22.3.4.12 Low-Power Consumption Mode and On-Chip Oscillator Low-power
Consumption Mode

When the CMO5 bit is set to 1 (main clock stopped), do not execute the following commands:
* Program

* Block erase

« Lock bit program

* Read lock bit status

« Block blank check
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22.3.5 Software Commands

Software commands are described below. Read and write the command code and data in 16-bit units,
from and to even addresses in program ROM 1, program ROM 2, and the data flash. When the
command code is written, the 8 high-order bits (D15 to D8) are ignored.

Table 22.10 Software Commands

First Bus Cycle Second Bus Cycle Third Bus Cycle
Command Data Data Data
Mode | Address | (D15to | Mode | Address | (D15to | Mode | Address| (D15to
DO) DO) DO)
Read Array Write X xXFFh
Read Status Register | Write X xx70h | Read X SRD
Clear Status Register | Write X xx50h
Program Write WA xx41h | Write WA WDO | Write WA WD1
Block Erase Write X xx20h | Write BA xxD0h
Lock Bit Program Write BA XX77h | Write BA xxD0Oh
Read Lock Bit Status | Write X Xx71h | Write BA xxD0h
Block blank check Write X xx25h | Write BA xXDO0h

SRD : Data in the status register (D7 to DO)

WA : Address are written (the last digit of write address must be 0, 4, 8, or C in hexadecimal)
WDO0 : Write data low-order word (16 bits)

WD1 : Write data high-order word (16 bits)

BA : Highest-order block address (even address)

X : Given even address in program ROM 1, program ROM 2, and the data flash

XX : Eight high-order bits of command code (ignored)

22.3.5.1 Read Array Command
The read array command reads the flash memory.
By writing the command code xxFFh in the first bus cycle, read array mode is entered. Content of a
specified address can be read in 16-bit units by entering an address to be read after the next bus
cycle.
The microcomputer remains in read array mode until another command is written. Therefore,
contents from multiple addresses can be read consecutively.

22.3.5.2 Read Status Register Command
The read status register command reads the status register.
By writing the command code xx70h in the first bus cycle, the status register can be read in the
second bus cycle (refer to 22.3.7 “ Status Register”l). Read an even address in program ROM 1,
program ROM 2, and the data flash.
Do not execute this command in EW1 mode.
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22.3.5.3 Clear Status Register Command

The clear status register command clears the status register. By writing xx50h in the first bus cycle,
bits FMR0O7 and FMRO06 in the FMRO register are set to 00b, and bits SR5 and SR4 in the status
register are set to 00b.

22.3.5.4 Program Command

The program command writes 2-word (4 bytes) data to the flash memory. By writing xx41h in the first
bus cycle and data to the write address in the second and third bus cycles, an auto program
operation (data program and verify) will start. The last digit of write address must be 0, 4, 8, or C in
hexadecimal.

The FMROO bit in the FMRO register indicates whether an auto program operation has been
completed. The FMROO bit is set to 0 (busy) during auto program and to 1 (ready) while in an auto
program operation.

After the completion of an auto program operation, the FMRO6 bit in the FMRO register indicates
whether or not the auto program operation has been completed as expected. (Refer to 22.3.8 “Full
Status Check”.)

An address that is already written cannot be altered or rewritten. Figure 22.14 shows a Flow Chart of
the Program Command Programming.

The lock bit protects each block from being programmed inadvertently. (Refer to 22.3.6 “Data
Protect Function”.)

In EW1 mode, do not execute this command on the block to which the rewrite control program is
allocated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto program
operation starts. The status register can be read. The SR7 bit in the status register is set to 0 at the
same time an auto program operation starts. It is set to 1 when the auto program operation is
completed. The microcomputer remains in read status register mode until the read array command is
written. After completion of an auto program operation, the status register indicates whether or not
the auto program operation has been completed as expected.

(s )

v

Write the command
code xx41h to an
address to be written

v

Write data to an
address to be written

[P
<

NO

YES

Full status check

v

Program operation is
completed

Note:
1. Write the command code and data to even addresses.

Figure 22.14 Program Command
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22.3.5.5 Block Erase Command

By writing xx20h in the first bus cycle and xxDO0h in the second bus cycle to the highest-order even
address of a block, an auto erase operation (erase and verify) will start in the specified block.

The FMROO bit in the FMRO register indicates whether an auto erase operation has been completed.
The FMROO bit is set to 0 (busy) during auto erase and to 1 (ready) when the auto erase operation is
completed.

After the completion of an auto erase operation, the FMRO7 bit in the FMRO register indicates
whether or not the auto erase operation has been completed as expected. (Refer to 22.3.8 “Full
Status Check”.)

Figure 22.15 shows a Block Erase Command.

The lock bit protects each block from being erased inadvertently. (Refer to 22.3.6 “Data Protect
Function”.)

In EW1 mode, do not execute this command on the block where the rewrite control program is
allocated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto erase
operation starts. The status register can be read. The SR7 bit in the status register is set to 0 at the
same time an auto erase operation starts. It is set to 1 when an auto erase operation is completed.
The microcomputer remains in read status register mode until the read array command or read lock
bit status command is written. If an erase error occurs, execute the clear status register command
and then block erase command at least 3 times until an erase error is not generated.

(s )
v

Write the command code
xx20h ®

y

Write xxDOh to the highest-
order block address

>

NO

YES

Full status check @3

v

Block erase operation
is completed

Notes:
1. Write the command code and data to even addresses.
2. Refer to Figure 22.15 Full Status Check and Handling Procedure
for Each Error.
3. If an erase error occurs, execute the clear status register command and then
block erase command at least 3 times until an erase error is not generated.

Figure 22.15 Block Erase Command
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22.3.5.6 Lock Bit Program Command

The lock bit program command sets the lock bit for a specified block to 0 (locked).

By writing xx77h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the lock bit for the specified block is set to 0. The address value specified in the
first bus cycle must be the same highest-order address of a block specified in the second bus cycle.
Figure 22.16 shows a Flow Chart of the Lock Bit Program Command Programming. Execute read
lock bit status command to read lock bit state (lock bit data).

The FMROO bit in the FMRO register indicates whether a lock bit program operation is completed.
Refer to 22.3.6 “Data Protect Function” for details on lock bit functions and how to set it to 1
(unlocked).

[ Start j
|

Write the command code xx77h
to the highest-order block
address

|

Write xxDOh to the highest-
order block address

2

NO

YES

Full status check

Lock bit program
operation is completed

Note:
1. Write the command code and data to even addresses.

Figure 22.16 Lock Bit Program Command
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22.3.5.7 Read Lock Bit Status Command

The read lock bit status command reads the lock bit state of a specified block.

By writing xx71h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the FMR16 bit in the FMR1 register stores information on the lock bit status of a
specified block. Read the FMR16 bit after the FMROO bit in the FMRO register is set to 1 (ready).
Figure 22.17 shows a Flow Chart of the Read Lock Bit Status Command Programming.

[ Start ]
v

Write the command code xx71h

!

Write xxDOh to the highest-
order block address

[ Block is locked J [ Block is notlockedj

Note:
1. Write the command code and data to even addresses.

Figure 22.17 Read Lock Bit Status Command
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22.3.5.8 Block Blank Check

The block blank check command checks whether or not a specified block is blank (state after erase).
By writing xx25h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the check result is stored in the FMRO7 bit in the FMRO register. Read the FMR07
bit after the FMROO bit in the FMRO register is set to 1 (ready).

The block blank check command is valid for unlocked blocks. If the block blank check command is
executed to a block whose lock bit is 0 (locked), the FMRO7 bit (SR5) is set to 1 (not blank)
regardless of the FMRO02 bit state.

Figure 22.18 shows a Flow Chart of the Block Blank Check Command.

( Start j
v

Write the command code xx25h

!

Write xxDOh to the highest-
order block address

] [ Not blank ]
Note:

1. Write the command code and data to even addresses.

Figure 22.18 Block Blank Check Command
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22.3.6 Data Protect Function

Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMR02
bit to O (lock bit enabled). The lock bit allows each block to be individually protected (locked) against
program and erase. This prevents data from being inadvertently written to or erased from the flash
memory.
A block changes its status according to the lock bit status:

* When the lock bit status is set to 0, the block is locked (block is protected against program and

erase).
« When the lock bit status is set to 1, the block is not locked (block can be programmed or erased).

The lock bit status is set to 0 (locked) by executing the lock bit program command and to 1 (unlocked)
by erasing the block. No commands can set the lock bit status to 1.
The lock bit status can be read by the read lock bit status command.

When the FMRO2 bit is set to 1, the lock bit function is disabled, and all blocks are unlocked. However,
individual lock bit status remains unchanged. The lock bit function is enabled by setting the FMRO02 bit
to 0. Lock bit status is retained.

If the block erase command is executed while the FMRO2 bit is set to 1, the target block or all blocks are
erased regardless of lock bit status. The lock bit status of each block is set to 1 after an erase operation
is completed.

Refer to 22.3.5 “ Software Commands” for details on each command.

22.3.7 Status Register

The status register indicates the flash memory operation state and whether or not an erase or program
operation is completed as expected. Bits FMR00, FMR06, and FMRO7 in the FMRO register indicate
status register states.
Table 22.11 shows the Status Register.
In EWO0 mode, the status register can be read when the followings occur.
< Any even address in program ROM 1, program ROM 2, or the data flash is read after writing the
read status register command.
« Any even address in program ROM 1, program ROM 2, or the data flash is read from when the pro-
gram, block erase, lock bit program, or block blank check command is executed until when the
read array command is executed.

22.3.7.1 Sequencer Status (Bits SR7 and FMRO00)

The sequencer status indicates the flash memory operation state. It is set to 0 while the program,
block erase, lock bit program, block blank check, or read lock bit status command is being executed;
otherwise, it is setto 1.

22.3.7.2 Erase Status (Bits SR5 and FMRQ7)
Refer to 22.3.8 “Full Status Check”.

22.3.7.3 Program Status (Bits SR4 and FMRO06)
Refer to 22.3.8 “Full Status Check”.
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Table 22.11 Status Register

Bits in Status |Bitin FMRO Definition Value after
Register Register Status name 0 1 Reset
SRO (DO0) - Reserved - - -
SR1 (D1) - Reserved - - -
SR2 (D2) - Reserved - - -
SR3 (D3) - Reserved - - -
SR4 (D4) FMRO6 Program status | Terminated normally | Terminated in error 0
SR5 (D5) FMRO7 Erase status Terminated normally | Terminated in error 0
SR6 (D6) - Reserved - - -
SR7 (D7) FMROO |Sequencer status Busy Ready 1

DO to D7 are the data buses read when the read status register command is executed.

Bits FMRO7 (SR5) and FMRO06 (SR4) are set to 0 when the clear status register command is executed.
When the FMRO7 (SR5) or FMRO6 bit (SR4) is set to 1, the program, block erase, lock bit program, blank
check, and read lock bit status commands are not accepted.
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22.3.8 Full Status Check
If an error occurs when a program or erase operation is completed, bits FMR06 and FMRO7 in the
FMRO register are set to 1, indicating a specific error. Therefore, execution results can be confirmed

by checking these status (full status check).
Table 22.12 lists Errors and FMRO Register State. Figure 22.19 shows a Full Status Check and

Handling Procedure for Each Error.

Table 22.12 Errors and FMRO Register State

FMROO Register
(Status Register)
State Error Error Occurrence Conditions
FMRO7 bit| FMRO6 bit
(SR5 bit) | (SR4 bit)
« Command is written incorrectly
1 1 Command * A value other than xxDOh or xxFFh is written in the second bus
Sequence error .
cycle of the lock bit program or block erase command ()
« The block erase command is executed on a locked block (2)
* The block erase command is executed on an unlocked block,
1 0 Erase error but auto erase operation is not completed as expected
« The block blank check command is executed, and the check
result is not blank
* The block blank check command is executed on a locked block
« The program command is executed on a locked block (2)
» The program command is executed on an unlocked block, but
0 1 Program error program operation is not completed as expected
« The lock bit program command is executed, but the lock bit is
not written as expected (2)
Notes:

1. The flash memory enters read array mode by writing command code xxFFh in the second bus cycle
of the commands. The command code written in the first bus cycle becomes invalid.
2. When the FMRO2 bit is set to 1 (lock bit disabled), no error occurs even under the conditions above.
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( Full status check )

= * =(1) Execute the clear status register command and set bits FMR06 and FMRO7
to 0 (completed as expected) .
(2) Check if the command is written correctly and execute the correct command.

Command
sequence error
Erase error

. » = (1) Execute the clear status register command and set the FMRO7 bit to 0
(completed as expected).

(2) Execute the read lock bit status command. Set the FMRO02 bit in the FMRO
register to 1 (lock bit disabled) if the lock bit in the block where the error occurred
is set to O (locked).

(3) Execute the block erase command again.

(4) Execute (1), (2), and (3) at least 3 times until an erase error is not generated.

FMR07=07?

NOTE: If an error still occurs, do not use that block.

= = = [When a program operation is executed]
(1) Execute the clear status register command and set the FMRO06 bit to 0

(completed as expected) .

(2) Execute the read lock bit status command. Set the FMRO02 bit in the FMRO
register to 1 if the lock bit in the block where the error occurred is set to 0. If
the lock bit is set to 1 (unlocked), do not use the address in which error has
occurred as it is. Execute the block erase command to erase the block, in
which error has occurred, before executing the program command to write to
the same address again.

(3) Execute the program command again.

NOTE: If an error occurs, do not use that block.

[When a lock bit program operation is executed]
(1) Execute the clear status register command and set the FMRO6 bit to 0.
(2) Set the FMRO2 bit in the FMRO register to 1.

v (3) Execute the block erase command to erase the block where the error
Full status check occurred. ) . N
( completed j (4) Execute the lock bit program command again after writing the data as needed

NOTE: If an error occurs, do not use that block.
FMRO7, FMRO6: Bits in the FMRO register

Note: When either FMR06 or FMRO7 bit is set to 1 (terminated by error), the program, block erase, lock bit program, block blank check, and read
lock bit status commands cannot be accepted. Execute the clear status register command before executing each command.

Figure 22.19 Full Status Check and Handling Procedure for Each Error
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22.4 Standard Serial I/O Mode
In standard serial I/O mode, the serial programmer supporting the M16C/64 Group can be used to
rewrite program ROM 1, program ROM 2, and the data flash in the microcomputer mounted on a
board.
For more information about the serial programmer, contact your serial programmer manufacturer.
Refer to the user's manual included with your serial programmer for instructions.
Table 22.13 lists Pin Functions (Flash Memory Standard Serial /O Mode). Figures 22.20 and 22.21
show Pin Connections in Serial /0O Mode.

22.4.1 ID Code Check Function
The ID code check function determines whether the ID codes sent from the serial programmer match
those written in the flash memory. (Refer to 22.2 “Functions to Prevent Flash Memory from
Rewriting”.)
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Table 22.13 Pin Functions (Flash Memory Standard Serial /0O Mode)

Pin Name 110 SPS;\;)?; Description
VCC1, VCC2, |Power input - Apply the flash program and erase voltage to the VCCL1 pin,
VSS and VCC2 to the VCC2 pin. The VCC apply condition is that
VCC2 =VCCL1. Apply 0 V to the VSS pin.
CNVSS CNVSS I VCC1 |Connectto VCC1 pin.
RESET Reset input |l VCC1 |Setthe RESET pin low during td (ROC).
XIN Clock input |l VCC1 |Connect a ceramic resonator or crystal oscillator between
XOUT Clock output [0 [vcc1 |pins XIN and XOUT. To input an externally generated clock,
input it to the XIN pin and open the XOUT pin.
BYTE BYTE input |l VCC1 |Connect this pin to VCC1 or VSS.
AVCC, AVSS |Analog power Connect AVSS to VSS and AVCC to VCC1, respectively.
supply input
VREF Reference I Reference voltage input pin for A/D converter. Connect to
voltage input VCC1.
PO 0to PO_7 |Input port PO |l VCC2 |Input “H” or “L” level signal or open.
P1_0toP1_7 |Inputport P1 |l VCC2 |Input “H” or “L” level signal or open.
P2 0toP2_7 |Inputport P2 |l VCC2 |Input “H” or “L” level signal or open.
P3 0to P3_7 |[Inputport P3 |l VCC2 |Input “H” or “L” level signal or open.
P4 0toP4_7 |Inputport P4 |I VCC2 [Input “H” or “L” level signal or open.
P5_1to P5_4, |Input port P5 |l VCC2 |Input “H” or “L" level signal or open.
P5_6, P5_7
P5_0 CE input | VCC2 |Input “H” level signal.
P5 5 EPMinput |l VCC2 |Input “L” level signal.
P6_0to P6_3 |Input port P6 |l VCC1 [Input “H” or “L” level signal or open.
P6_4/RTS1 |BUSY output |O |vCC1 |Standard serial I/O mode 1: BUSY signal output pin
Standard serial I/O mode 2: monitor signal output pin to
check the boot program
operation
P6_5/CLK1 SCLK input |l VCC1 |Standard serial /0O mode 1: serial clock input pin
Standard serial /0O mode 2: Input “L".
P6_6/RXD1 |RXD input I VCC1 |Serial data input pin.
P6_7/TXD1 |TXD input O |VCC1 |Serial data output pin. (1)
P7_0to P7_7 |Input port P7 |I VCC1 |Input “H” or “L” level signal or open.
P8 0to P8 7 |Inputport P8 |l VCC1 |Input “H” or “L” level signal or open.
P9 0toP9_7 |Input port P9 |l VCC1 (Input “H” or “L" level signal or open.
P10 0to P10_7 |Input port P10/l VCC1 |Input “H” or “L” level signal or open.

Notes:

1. When using the standard serial 1/O mode, the internal pull-up is enabled for the TXD1 (P6_7) pin
while the RESET pin is “L".
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Mode setup method
m Signal Value
penernd CNVSS | vcel
EPM vss
m RESET | VSStoVCC1
& CE veez
é Package: PRQP0100JD-B (100P6F-A)

Figure 22.20 Pin Connections for Standard Serial /0 Mode (1)

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
Page 300 of 383



M16C/64 Group 22. Flash Memory Version

;

(Hﬂ@@ﬂ@@@ﬁ@@@@@@e @@H@@@@@H\

O

s[zlzlelzllkEERERE]

M16C / 64 Group
Flash Memory Version

:

pIEEEkkkkkERERREREREREERRERE

EeEEREEEREERE]

O O

J
\mmmwmmwl 9 A 2 2 1

Vss
i Mode setup method
— Signal Value
ceciisior CNVSS | vCCl
. circuit m VSS
] RESET | VSS to VCC1
CE VCC2

VCC1

Package: PLQP0100KB-A (100P6Q-A)

Figure 22.21 Pin Connections for Standard Serial 1/0 Mode (2)
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22.4.2 Example of Circuit Application in the Standard Serial 1/0O Mode

Figures 22.22 and 22.23 show examples of Circuit Application in Standard Serial I/O Mode 1 and Mode
2, respectively. Refer to the user's manual of your serial programmer to handle pins controlled by the
serial programmer.

VCC1

. VCC2
Microcomputer

% -
VCC1 N
% P5_0 (CE)
TXD output ) o

P6_7/TXD1 p5 5 (EPM)

(_ SCLKinput ) P6_5/CLK1

VCC1

:pWJM

BUSY output P6_4 /RTS1

(_ RXDinput ) = » P6_6/RXD1 CNVSS

Reset input

User reset signal

Notes:

1. Control pins and external circuitry will vary according to a programmer.
For more information, see the programmer manual.

2. In this example, modes are switched between single-chip mode and standard
serial input / output mode by controlling the CNVSS input with a switch.

3. If in standard serial input / output mode 1 there is a possibility that the user reset
signal will go low during serial input / output mode, break the connection between
the user reset signal and RESET pin by using, for example, a jumper switch.

Figure 22.22 Circuit Application in Standard Serial /0 Mode 1
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VCC2

Microcomputer
| P6_5/CLK1 P5 0O (ﬁ) g
; TXD output ) P6_7/TXD1 ps5 5 (EPM)

veel ;
(Monitor output)< P6_4/RTS1 ‘?—
( RXDintput ) »| P6_6/RXD1 CNVSS

VCC1
AR

Reset input

User reset signal

Note:
1. In this example, modes are switched between single-chip mode and standard serial input /
output mode by controlling the CNVSS input with a switch.

Figure 22.23 Circuit Application in Standard Serial 1/0 Mode 2
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22,5 Parallel I/O Mode

In parallel I/O mode, program ROM 1, program ROM 2, and the data flash can be rewritten by a parallel
programmer supporting the M16C/64 Group. Contact your parallel programmer manufacturer for more
information on the parallel programmer. Refer to the user's manual included with your parallel
programmer for instructions.

225.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten. (Refer to
22.2 “Functions to Prevent Flash Memory from Rewriting”.)

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 RENESAS
Page 304 of 383



M16C/64 Group 23. Electrical Characteristics

23. Electrical Characteristics
23.1 Electrical Characteristics

Table 23.1  Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
VCC1, Supply Voltage VCC1=VCC2 -0.3t06.5 \Y,
VCC2 =AVCC
AVCC Analog Supply Voltage VCC1=AvCC -0.3t06.5 \%
VI Input Voltage |RESET, CNVSS, BYTE, -0.3to VCC1+0.3 | V

P6_0to P6_7,P7_2to P7_7,
P8_0to P8 _4, P8_6, P8_7, P9 0 to
P9 7,P10 Oto P10_7

XIN

PO Oto PO_7,P1 Oto P1_7, —0.3t0 VCC2+0.3 | V
P2 0toP2_7,P3 0to P3 7,
P4 0to P4 _7,P5 0toP5 7,
P7_0,P7_1,P8 5 —0.3t06.5 v

VO Output Voltage |P6_0to P6_7, P7_2to P7_7, -0.3to VCC1+0.3 \%
P8 _0to P8_4,P8_6, P8 7,
P9_0toP9_7,P10_0to P10_7,
XOUT

PO_OtoPO_7,P1 0OtoP1_7, -0.3to VCC2+0.3 | V
P2 0toP2_7,P3_0to P3_7,
P4 OtoP4 7,P5 0toP5_7

P7_0,P7_1,P8_5 -0.3t06.5 \Y,
Pd Power Dissipation —40°C<Topr<85°C 300 mw
Topr Operating When the Microcomputer is Operating —20t085/-40t0 85 | °C
Ambient Tem-|Fjash Program Erase 0to 60
perature
Tstg Storage Temperature —65 to 150 °C
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Table 23.2 Recommended Operating Conditions (1)
Symbol Parameter - Standard Unit
Min. Typ. Max.
VCC1, Supply Voltage (VCC1 = VCC2) 2.7 5.0 5.5 Vv
VCC2
AvVCC Analog Supply Voltage VCC1 \%
VSS Supply Voltage 0 Vv
AVSS Analog Supply Voltage 0 \%
VIH HIGH Input Volt- |P3_1to P3_7, P4 O0to P4_7,P5 0toP5_7 0.8vCc2 VCC2 \Y
age PO_OtoPO_7,P1 OtoP1_7,P2_0toP2_7,P3 0 0.8vCC2 VCC2 \
(during single-chip mode)
PO_OtoPO_7,P1 OtoP1_7,P2_0toP2_7,P3 0 0.5vCC2 VCC2 \
(data input during memory expansion and microprocessor mode)
P6_0to P6_7,P7_2to P7_7,P8_0to P8 4, P8_6,P8_7, |0.8VCC1 VCC1 \
P9 0to P9 _7,P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
P7_0,P7_1,P8 5 0.8vCC1 6.5 \Y
VIL LOW Input Volt- |P3_1to P3_7,P4_0toP4_7,P5_0toP5_7 0 0.2vCC2 \
age PO_O0toPO_7,P1 OtoP1_7,P2_0toP2_7,P3 0 0.2vCC2 \
(during single-chip mode)
PO_OtoPO_7,P1 OtoP1_7,P2_0toP2_7,P3_0 0 0.16VCC2 \Y
(data input during memory expansion and microprocessor mode)
P6_0to P6_7,P7_0toP7_7,P8_0toP8_7,P9 0toP9 7, 0 0.2vCC \Y
P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
IOH(peak) |HIGH Peak PO 0toPO_7,P1 OtoP1 7,P2 O0toP2_7,P3 0toP3 7, -10.0 mA
Output Current (P4 OtoP4_7,P5 OtoP5_7,P6 0toP6_7,P7_2to P7_7,
P8 O0to P8 _4,P8 6,P8 7,P9 0to P9 _7, P10_0to P10_7
IOH(avg) HIGH Average |PO_0toPO_7,P1 OtoP1 7,P2 0toP2_7,P3 0toP3 7, —-5.0 mA
Output Current (P4 OtoP4_7,P5 0toP5_7,P6_0toP6_7,P7_2to P7_7,
P8_0toP8_4,P8_6,P8_7,P9_0toP9_7,P10_0to P10_7,
IOL(peak) |LOW Peak Out- |PO_OtoPO_7,P1_OtoP1_7,P2_0toP2_7,P3_0toP3_7, 10.0 mA
put Current P4 0toP4_7,P5 0toP5_7,P6_0toP6_7,P7_0toP7_7,
P8_0to P8 7,P9_0to P9 _7,P10_0to P10_7
I0L(avg) LOW Average |PO_OtoPO_7,P1 OtoP1_7,P2_0OtoP2_7,P3_0toP3_7, 5.0 mA
Output Current (P4 _OtoP4_7,P5_0toP5_7,P6_0toP6_7,P7_0to P7_7,
P8_0to P8 _7,P9_0toP9_7,P10_0to P10_7
f(XIN) Main Clock Input Oscillation Frequency |VCC1:2.7V to 5.5V 0 20 MHz
f(XCIN) Sub-Clock Oscillation Frequency 32.768 50 kHz
f(OCO) 125kHz On-chip Oscillation Frequency 100 125 150 kHz
f(PLL) PLL Clock Oscillation Frequency |VCC1=2.7V to 5.5V 10 25 MHz
f(BCLK) CPU Operation Clock 0 25 MHz
tSU(PLL) PLL Frequency Synthesizer Stabilization Wait |VCC1=5.0V 3 ms
Time VCC1=3.0V ms
Notes:

1. Referencedto VCC1 = VCC2=2.7 to 5.5V at Topr = —20 to 85°C/-40 to 85°C unless otherwise specified.

2. The Average Output Current is the mean value within 100ms.

3. The total IOL(peak) for ports PO, P1, P2, P8_6, P8 7, P9 and P10 must be 80mA max. The total IOL(peak) for
ports P3, P4, P5, P6, P7 and P8_0 to P8_5 must be 80mA max. The total IOH(peak) for ports PO, P1, and P2
must be —40mA max. The total IOH(peak) for ports P3, P4 and P5 must be —40mA max. The total IOH(peak) for
ports P6, P7_2 to P7_7 and P8_0 to P8_4 must be —40mA max.
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Table 23.3  A/D Conversion Characteristics (1)

. i Standard .

Symbol Parameter Measuring Condition - Unit
Min. Typ. Max.

- Resolution VREF=VCC1 10 Bits

INL Integral Non-Linearity 10bit VREF= | ANO to AN7 input, +3 LSB

Error VCC1=|ANO_0 to ANO_7 input,
5.0V |AN2_0to AN2_7 input,
ANEXO0, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1=|ANO_O to ANO_7 input,
3.3V |AN2_0to AN2_7 input,
ANEXO, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1=|ANO_0 to ANO_7 input,
3.0V |AN2_0to AN2_7 input,
ANEXO, ANEX1 input

- Absolute Accuracy 10bit VREF= | ANO to AN7 input, +3 LSB
VCC1=|ANO_0 to ANO_7 input,
5.0V |AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1 |ANO_Oto ANO_7 input,
=3.3V |AN2_0to AN2_7 input,
ANEXO, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1 |ANO_Oto ANO_7 input,
=3.0V |AN2_0to AN2_7 input,
ANEXO, ANEX1 input

- Tolerance Level Impedance 3 kQ
DNL Differential Non-Linearity Error +1 LSB
- Offset Error +3 LSB
- Gain Error +3 LSB
tCONV 10-bit Conversion Time VREF=VCC1=5V, ¢AD:25MHZ 1.60 us
tSAMP Sampling Time 0.60 us
VREF Reference Voltage VCC1 \%
VIA Analog Input Voltage 0 VREF \%

Notes:

1. Referenced to VCC1=AVCC=VREF=3.0 to 5.5V, VSS=AVSS=0V at Topr = -20 to 85°C/-40 to 85°C unless
otherwise specified.

2. Set ¢AD frequency as follows:
When VCC1 =4.0t0 5.5V, 2 MHz < $AD <25 MHz
When VCC1 =3.2t0 4.0V, 2 MHz < $AD < 16 MHz
When VCC1 =3.0t0 3.2V, 2 MHz < $AD <10 MHz

3. Use when VREF=VCCI1.
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Table 23.4  D/A Conversion Characteristics (1)
. " Standard )
Symbol Parameter Measuring Condition - Unit
Min. Typ. Max.
- Resolution 8 Bits
- Absolute Accuracy 25 LSB
tSuU Setup Time 3 us
RO Output Resistance 5 6 8.2 kQ2
IVREF Reference Power Supply Input Current (NOTE 2) 15 mA
Notes:
1. Referenced to VCC1=VREF=3.0 to 5.5V, VSS=AVSS=0V at Topr = -20 to 85°C / -40 to 85°C unless otherwise specified.

2. This applies when using one D/A converter, with the D/A register for the unused D/A converter set to “00h”.
3. The current consumption of the A/D converter is not included. Also, when D/A register contents are not “00h”, the IVREF will
flow even if Vref id disconnected by the A/D control register.
Table 23.5  Flash Memory Version Electrical Characteristics @
Standard .
Symbol Parameter - Unit
Min. Typ. Max.
- Program and Erase Endurance (2 Other than data 100 cycle
flash
Data flash 100 cycle
- 2 Word Program Time Other than data 150 us
(VCC1=3.3V at Topr=25°C) flash
Data flash 300 us
- Lock Bit Program Time Other than data 70 us
(VCC1=3.3V at Topr=25°C) flash
Data flash 140 us
- Block Erase Time 4-Kbyte block 0.20 3 S
(VCC1=3.3V at Topr=25°C) 16-Kbyte block 0.20 3 S
64-Kbyte block 0.20 3 S
tPS Flash Memory Circuit Stabilization Wait Time 50 us
- Data Hold Time ) 10 year
Notes:
1. Referenced to VCC1=2.7 to 5.5V at Topr = 0 to 60 °C unless otherwise specified.
2. Definition of program and erase endurance
The program and erase endurance refers to the number of per-block erasures.
If the program and erase endurance is n (n=100), each block can be erased n times.
For example, if a 4 Kbyte block is erased after writing two word data 1,024 times, each to a different address, this
counts as one program and erase endurance. Data cannot be written to the same address more than once
without erasing the block. (Rewrite prohibited)
3.  Topr=-20to 85 °C/-40 to 85°C
Table 23.6  Flash Memory Version Program / Erase Voltage and Read Operation Voltage

Characteristics (at Topr =0to 60 °C)

Flash Program, Erase Voltage

Flash Read Operation Voltage

VCC1=27t055V

VCC1=2.7t0 5.5V
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M16C/64 Group 23. Electrical Characteristics

Table 23.7  Low Voltage Detection Circuit Electrical Characteristics®)

. " Standard )
Symbol Parameter Measuring Condition - Unit
Min. Typ. Max.
Vdet2 Low Voltage Detection Voltage V) VCC1=0.8V to 5.5V 3.3 3.8 4.4 \Y
VdetO Reset Level Detection Voltage (1) 1.9 \%
Vdet2 -Vdet0 |Electric potential difference of Low Voltage 0.3 \Y
Detection and Reset Level Detection
VdetOs Low Voltage Reset Retention Voltage 0.8 \%
VdetOr Low Voltage Reset Release Voltage () 2.0 \
Notes:
1. Vdet2 > VdetO.
2. VdetOr > Vdet0 is not guaranteed.
3. The voltage detection circuit is designed to use when VCC1 is set to 5V.
Table 23.8  Power Supply Circuit Timing Characteristics
. . Standard )
Symbol Parameter Measuring Condition - Unit
Min. Typ. Max.
td(P-R) Time for Internal Power Supply Stabiliza- |VCC1=2.7V to 5.5V 5 ms
tion During Powering-On
td(R-S) STOP Release Time 150 us
td(W-S) Low Power Dissipation Mode Wait Mode 150 us
Release Time
td(S-R) Brown-out Detection Reset (Hardware VCC1=VdetOr to 5.5V 6@ 20 ms
Reset 2) Release Wait Time
td(E-A) Low Voltage Detection Circuit Operation |VCC1=2.7V to 5.5V 20 us
Start Time

Note:
1. When VCC1 =5V.
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Recommended
td(P-R) operation voltage

1

1
Time for Internal Power i
Supply Stabilization During Vcel e el

Powering-On

S S, A

td(P-R)
CPU clock
Interrupt for
td(R-S) (a) Stop mode release
STOP Release Time o or
(b) Wait mode release ! T
1 1
1
td(w-S) | i
Low Power Dissipation Mode L t
Wait Mode Release Time CPU clock : i
! 1
a
@ H td(R-S) !
1
(b) § taW-s) 1
td(S-Rr)

Low Voltage Detection
Reset (Hardware Reset 2)
Release Wait Time Vcer

CPU clock
td(E-A)
Low Voltage Detection Circuit VC25, VC27
Operation Start Time :
Low Voltage T
Detection Circuit Stop 1 I Operate
i }
1
!
' tae-n)

Figure 23.1 Power Supply Circuit Timing Diagram
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VCC1=VCC2=5V

Table 23.9  Electrical Characteristics (1) (1)

. . Standard .
Symbol Parameter Measuring Condition - Unit
Min. Typ. Max.
VOH HIGH Out- |P6_0 to P6_7, P7_2to P7_7, P8_0to P8_4, JOH=—5mA VCC1—2.0 vCCl| V
put Voltage |P8_6, P8_7, P9_0to P9_7, P10_0 to P10_7
PO_0Oto PO_7,P1 OtoP1_7,P2_0toP2_7, |IOH=—5mA VCC2—2.0 VCC2
P3_0toP3_7,P4 0toP4_7,P5_0toP5_7
VOH HIGH Out- |P6_0to P6_7,P7_2toP7_7,P8 _0to P8_4, OH=—200LLA VCC1—0.3 VCC1 \
put Voltage |P8_6, P8_7, P9_0 to P9_7, P10_0 to P10_7
PO_0to P0O_7,P1_0toP1_7,P2_0toP2_7, IOH=—200[LA VCC2—-0.3 vce2
P3 0toP3_7,P4 0toP4_7,P5_0toP5_7
VOH HIGH Output Voltage ~ XOUT HIGHPOWER IOH=—1mA VCC1—2.0 vCCl| V
LOWPOWER IOH=—0.5mA VCC1—2.0 vcCl
HIGH Output Voltage XCOUT HIGHPOWER With no load applied 2.6 \%
LOWPOWER With no load applied 2.2
VoL LOW Out- |P6_0toP6_7,P7_0toP7_7,P8_0to P8_7,P9_0toP9_7, |IOL=5mA 2.0 v
put Voltage |P10_0 to P10_7
PO_0to P0_7,P1_0toP1_7,P2_0to P2_7, I0L=5mA 2.0
P3 0toP3 7,P4 OtoP4 7,P5 OtoP5 7
VoL LOW Out- |P6_0to P6_7, P7_0toP7_7,P8_0to P8_7, IOL=2001A 045 | V
put Voltage (P9 0to P9_7, P10_0to P10_7
PO_OtoP0O_7,P1 OtoP1_7,P2 0OtoP2_7, IOL=200LLA 0.45
P3_0toP3_7,P4 0toP4_7,P5_0toP5_7
VOL LOW Output Voltage  XOUT HIGHPOWER IOL=1mA 2.0 \%
LOWPOWER I0L=0.5mA 2.0
LOW Output Voltage =~ XCOUT HIGHPOWER With no load applied 0 \Y
LOWPOWER With no load applied 0
VT+-VT- |Hysteresis HOLD, RDY, TAOIN to TA4IN, TBOIN to TB5IN, 0.5 2.0 \%
INTO to INT7, NMI, ADTRG, CTSO0 to CTS2, CTS5 to CTS7,
SCLO to SCL2, SCL5 to SCL7, SDAO to SDA2,
SDAS5 to SDA7, CLKO to CLK7, TAOOUT to TA40UT,
KIO to KI3, RXDO to RXD2, RXD5 to RXD7, SIN3, SIN4
VT+-VT- |Hysteresis RESET 0.5 2.0 \%
IH HIGH Input PO_0toPO_7,P1 OtoP1 7, P2 Oto P2_7, P3_0to P3_7, |VI=5V 5.0 LA
Current P4 OtoP4 7,P5 0toP5_7, P6_0toP6_7,P7 OtoP7 7,
P8_0toP8_7, P9_0toP9_7, P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
I LOW Input PO_OtoPO_7,P1 OtoP1_7,P2_0toP2_7, P3_0to P3_7, |VI=OV —50 | pA
Current P4_0toP4_7,P5 0toP5_7, P6_0toP6_7, P7_0to P7_7,
P8 0toP8 7,P9 OtoP9 7, P10 _0to P10_7,
XIN, RESET, CNVSS, BYTE
RPULLUP |Pull-Up PO_OtoP0O_7,P1_0toP1_7,P2_0toP2_7,P3 0to P3_7, |VI=OV 30 50 100 | kQ
Resistance P4_0toP4_7,P5 OtoP5 7,P6_0toP6_7, P7_2to P7_7,
P8_0to P8_4,P8 6,P8_7,P9_0toP9_7,P10_0to P10_7
RfXIN Feedback Resistance XIN 15 MQ
RfXCIN Feedback Resistance XCIN 15 MQ
VRAM RAM Retention Voltage At stop mode 18 \Y
Notes:

1. Referenced to VCC1=VCC2=4.2 to 5.5V, VSS = 0V at Topr = —20 to 85°C/-40 to 85°C, f(BCLK)=25MHz unless
otherwise specified.
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VCC1=VCC2=5V

Table 23.10 Electrical Characteristics (2) (1)

. - Standard )
Symbol Parameter Measuring Condition - Unit
Min. | Typ. | Max.
ICC Power Supply Current In single-chip Flash f(BCLK)=25MHz, 20 30 mA
(VCC1=4.0V to 5.5V) mode, the output  [Memory No division,
pins are open and PLL operation
other pins are VSS 125 kHz On-chip 450 LA
oscillation,
No division,
FMR22=1
Flash Memory |f(BCLK)=10MHz, 20 mA
Program VCC1=5.0V
Flash Memory |f(BCLK)=10MHz, 30 mA
Erase VCC1=5.0V
Flash Memory |f(BCLK)=32kHz 45 UA
Low power dissipation
mode, RAM ©®)
f(BCLK)=32kHz 200 YA
Low power dissipation
mode, Flash Memory ()
FMR22=FMR23=1
125 kHz On-chip 20 UA
oscillation,
Wait mode
f(BCLK)=32kHz 11.0 LA
Wait mode (@),
Oscillation capability High
f(BCLK)=32kHz 6.0 HA
Wait mode (@),
Oscillation capability Low
Stop mode 1.8 HA
Topr =25°C
Idet2 Low Voltage Detection Dissipation Current (4) 3.0 YA
Idet0 Reset Area Detection Dissipation Current (4) 6.0 UA

Notes:
1. Referenced to VCC1=VCC2=4.2 to 5.5V, VSS = 0V at Topr = —20 to 85°C/-40 to 85°C, f(BCLK)=25MHz unless
otherwise specified.
2. With one timer operated using fC32.
This indicates the memory in which the program to be executed exists.
4. Idetis dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet2: VC27 bit in the VCR2 register
Idet0: VC25 bit in the VCR2 register

w
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VCC1=VCC2=5V

Timing Requirements
(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.11 External Clock Input (XIN input) (1)

Symbol Parameter - Standard Unit
Min. Max.
tc External Clock Input Cycle Time 50 ns
tw(H) External Clock Input HIGH Pulse Width 20 ns
tw(L) External Clock Input LOW Pulse Width 20 ns
tr External Clock Rise Time 9 ns
tf External Clock Fall Time 9 ns
Note:
1. The condition is VCC1=VCC2=3.0 to 5.0V.
Table 23.12 Memory Expansion Mode and Microprocessor Mode
Symbol Parameter - Standard Unit
Min. Max.
tac1(RD-DB) Data Input Access Time (for setting with no wait) (NOTE 1) ns
tac2(RD-DB) Data Input Access Time (for setting with wait) (NOTE 2) ns
tac3(RD-DB) Data Input Access Time (when accessing multiplex bus area) (NOTE 3) ns
tsu(DB-RD) Data Input Setup Time 40 ns
tsu(RDY-BCLK)  |RDY Input Setup Time 30 ns
tsu(HOLD-BCLK) |HOLD Input Setup Time 40 ns
th(RD-DB) Data Input Hold Time 0 ns
th(BCLK-RDY)  |RDY Input Hold Time 0 ns
th(BCLK-HOLD) |HOLD Input Hold Time 0 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
280"
2. Calculated according to the BCLK frequency as follows:
(_’lf:(_g_-g)ﬁ_(l)(f —45[ns] n is "2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait setting.
3. Calculated according to the BCLK frequency as follows:
%} —45[ns] n is “2” for 2-wait setting, “3” for 3-wait setting.
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VCC1=VCC2=5V
Timing Requirements
(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.13 Timer A Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 100 ns
tw(TAH) TAIIN Input HIGH Pulse Width 40 ns
tw(TAL) TAIIN Input LOW Pulse Width 40 ns
Table 23.14 Timer A Input (Gating Input in Timer Mode)
Standard )
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 400 ns
tw(TAH) TAIIN Input HIGH Pulse Width 200 ns
tw(TAL) TAIIN Input LOW Pulse Width 200 ns
Table 23.15 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard )
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 200 ns
tw(TAH) TAIIN Input HIGH Pulse Width 100 ns
tw(TAL) TAIIN Input LOW Pulse Width 100 ns
Table 23.16 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter - Unit
Min. Max.
tw(TAH) TAIIN Input HIGH Pulse Width 100 ns
tw(TAL) TAIIN Input LOW Pulse Width 100 ns
Table 23.17 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard )
Symbol Parameter - Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 800 ns
tsu(TAIN-TAOUT) |TAIOUT Input Setup Time 200 ns
tsu(TAOUT-TAIN) |TAIIN Input Setup Time 200 ns
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VCC1=VCC2=5V
Timing Requirements

(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.18 Timer B Input (Counter Input in Event Counter Mode)

Standard )
Symbol Parameter . Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time (counted on one edge) 100 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on one edge) 40 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on one edge) 40 ns
tc(TB) TBIIN Input Cycle Time (counted on both edges) 200 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on both edges) 80 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on both edges) 80 ns
Table 23.19 Timer B Input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time 400 ns
tw(TBH) TBIIN Input HIGH Pulse Width 200 ns
tw(TBL) TBIIN Input LOW Pulse Width 200 ns
Table 23.20 Timer B Input (Pulse Width Measurement Mode)
Standard )
Symbol Parameter . Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time 400 ns
tw(TBH) TBIIN Input HIGH Pulse Width 200 ns
tw(TBL) TBIIN Input LOW Pulse Width 200 ns
Table 23.21 A/D Trigger Input
Standard )
Symbol Parameter - Unit
Min. Max.
tc(AD) ADTRG Input Cycle Time 1000 ns
tw(ADL) ADTRG input LOW Pulse Width 125 ns
Table 23.22  Serial Interface
Standard )
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi Input Cycle Time 200 ns
tw(CKH) CLKi Input HIGH Pulse Width 100 ns
tw(CKL) CLKi Input LOW Pulse Width 100 ns
td(C-Q) TXDi Output Delay Time 80 ns
th(C-Q) TXDi Hold Time 0 ns
tsu(D-C) RXDi Input Setup Time 70 ns
th(C-D) RXDi Input Hold Time 90 ns
Table 23.23 External Interrupt INTi Input
Standard )
Symbol Parameter . Unit
Min. Max.
tw(INH) INTi Input HIGH Pulse Width 250 ns
tw(INL) INTi Input LOW Pulse Width 250 ns
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VCC1=VCC2=5V

Switching Characteristics
(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.24 Memory Expansion and Microprocessor Modes (for setting with no wait)

i Standard
Symbol Parameter Meast.Jr_lng - Unit
Condition Min. Max.
td(BCLK-AD) Address Output Delay Time 25 ns
th(BCLK-AD) Address Output Hold Time (in relation to BCLK) 2 ns
th(RD-AD) Address Output Hold Time (in relation to RD) 0 ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 2) ns
td(BCLK-CS) Chip Select Output Delay Time 25 ns
th(BCLK-CS) Chip Select Output Hold Time (in relation to BCLK) 2 ns
td(BCLK-ALE) ALE Signal Output Delay Time 15 ns
th(BCLK-ALE) ALE Signal Output Hold Time —4 ns
See
td(BCLK-RD) RD Signal Output Delay Time Figure 23.2 25 ns
th(BCLK-RD) RD Signal Output Hold Time 0 ns
td(BCLK-WR) WR Signal Output Delay Time 25 ns
th(BCLK-WR) WR Signal Output Hold Time 0 ns
td(BCLK-DB) Data Output Delay Time (in relation to BCLK) 40 ns
th(BCLK-DB) Data Output Hold Time (in relation to BCLK) () 2 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 1) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (3) (NOTE 2) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
0.5x10 :
——————40[ns f(BCLK) is 12.5MHz or less.
f(BCLK) (ns] ( )
2. Calculated according to the BCLK frequency as follows:
9
0.5x10
—————-10[ns
f(BCLK) (ns]
3. This standard value shows the timing when the output is off, and
does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up
(pull-down) resistance value.
Hold time of data bus is expressed in .
t=—CR X In (1-VOL / VCC2) DBi c
by a circuit of the right figure.
For example, when VOL = 0.2VCC2, C = 30pF, R = 1k, hold time
of output "L” level is
t =—30pF X 1k 2 X In(1-0.2VCC2 / VCC2)
=6.7ns.
PO
P1 O
P2
P3 30pF
P4
s
P6
P7
P8
P9
P10
P11
P12
P13
P14

Figure 23.2 Ports PO to P14 Measurement Circuit
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23. Electrical Characteristics

Switching Characteristics

(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

VCC1=VCC2=5V

Table 23.25 Memory Expansion and Microprocessor Modes (for 1- to 3-wait setting and external

area access)

Symbol

Parameter

Measuring
Condition

Standard

Min.

Max.

Unit

td(BCLK-AD)

Address Output Delay Time

th(BCLK-AD)

Address Output Hold Time (in relation to BCLK)

th(RD-AD)

Address Output Hold Time (in relation to RD)

th(WR-AD)

Address Output Hold Time (in relation to WR)

td(BCLK-CS)

Chip Select Output Delay Time

th(BCLK-CS)

Chip Select Output Hold Time (in relation to BCLK)

td(BCLK-ALE)

ALE Signal Output Delay Time

th(BCLK-ALE)

ALE Signal Output Hold Time

td(BCLK-RD)

RD Signal Output Delay Time

th(BCLK-RD)

RD Signal Output Hold Time

td(BCLK-WR)

WR Signal Output Delay Time

th(BCLK-WR)

WR Signal Output Hold Time

td(BCLK-DB)

Data Output Delay Time (in relation to BCLK)

th(BCLK-DB)

Data Output Hold Time (in relation to BCLK) ()

See
Figure 23.2

25

ns

2

ns

0

ns

(NOTE 2)

ns

25

ns

ns

15

ns

ns

25

ns

ns

25

ns

ns

40

ns

2

ns

td(DB-WR) (NOTE 1) ns
th(WR-DB) Data Output Hold Time (in relation to WR)(®) (NOTE 2) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns

Data Output Delay Time (in relation to WR)

Notes:

1. Calculated according to the BCLK frequency as follows:

9 nis “1” for 1-wait setting, “2” for 2-wait setting
n-05)x10 —40[ns] and “3” for 3-wait setting.

f(BCLK) When n=1, (BCLK) is 12.5MHz or less.
2. Calculated according to the BCLK frequency as follows:

0.5x10°
f(BCLK)

3. This standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-
up (pull-down) resistance value. R
Hold time of data bus is expressed in
t=—CR X In (1-VOL / VCC2) DBi
by a circuit of the right figure.
For example, when VOL = 0.2VCC2, C = 30pF, R = 1kQ,
hold time of output "L" level is
t = —-30pF X 1kQ2 X In(1-0.2VCC2 / VCC2)
=6.7ns.

—10[ns]

H
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VCC1=VCC2=5V

Switching Characteristics
(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.26 Memory Expansion and Microprocessor Modes (for 1- to 3-wait setting, external area

access and multiplex bus selection)(®)

Symbol Parameter I\él:i?;lijtrilc?r? Mins.tandarl\c:lax' Unit
td(BCLK-AD) |Address Output Delay Time 25 ns
th(BCLK-AD) |Address Output Hold Time (in relation to BCLK) 2 ns
th(RD-AD) Address Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-CS) |Chip Select Output Delay Time 25 ns
th(BCLK-CS) |Chip Select Output Hold Time (in relation to BCLK) 2 ns
th(RD-CS) Chip Select Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-CS) Chip Select Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-RD) |RD Signal Output Delay Time 25 ns
th(BCLK-RD) |RD Signal Output Hold Time 0 ns
td(BCLK-WR) |WR Signal Output Delay Time 25 ns
th(BCLK-WR) |WR Signal Output Hold Time See 0 ns
td(BCLK-DB) |Data Output Delay Time (in relation to BCLK) Figure 23.2 40 ns
th(BCLK-DB) |Data Output Hold Time (in relation to BCLK) 2 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 2) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
td(BCLK-ALE) |ALE Signal Output Delay Time (in relation to BCLK) 15 ns
th(BCLK-ALE) |ALE Signal Output Hold Time (in relation to BCLK) —4 ns
td(AD-ALE) ALE Signal Output Delay Time (in relation to Address) (NOTE 3) ns
th(AD-ALE) ALE Signal Output Hold Time (in relation to Address) (NOTE 4) ns
td(AD-RD) RD Signal Output Delay From the End of Address 0 ns
td(AD-WR) WR Signal Output Delay From the End of Address 0 ns
tdz(RD-AD) Address Output Floating Start Time 8 ns
Notes:

1. Calculated according to the BCLK frequency as follows:
9
240" 1o

2. Calculated according to the BCLK frequency as follows:

9
;L”f_(gé’lf)o —40[ns] nis “2” for 2-wait setting, “3” for 3-wait setting.

3. Calculated according to the BCLK frequency as follows:

0.5x109
f(BCLK)

—-25[ns]

4. Calculated according to the BCLK frequency as follows:

O.5x109
f(BCLK)

—-15[ns]

5. When using multiplex bus, set f(BCLK) 12.5MHz or less.
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Vcci=Vcce=5V

XIN input
— tf
tr tw(H) R tw(L) R
> ¢ >
< tc
o te(TA)
 WW(TAH)
TAIIN input \
< tw(TAL) N
teup)
tw(uPH
TAIOUT input \
tw(upL) J
Two-phase pulse input in
event counter mode
te(TA)
- / \
TAIIN input / N /

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)
TAIOUT input /

tsu(TAOUT-TAIN)

tc(tB)
tw(TBH)
TBIIN input \
B tw(TBL) N
tc(aD) J
tw(ADL)
ADTRG input

Figure 23.3 Timing Diagram (1)
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Vcci1=Vcce=5V

te(ck)

\ 4

tw(CKH)

CLKi

tw(cKL)

th(c-Q)

TXDi >< ><

tdc-Q tsu(d-c)
» th(c-D)
RXDi 4 F

tw(INL)

INTiinput

tw(INH)

Figure 23.4 Timing Diagram (2)
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Vcci=Vcce=5V

Memory Expansion Mode, Microprocessor Mode
(Effective for setting with wait)

BCLK VAR YA A S A A

RD \ jmmmm e 7T
(Separate bus) /

WR, WRL, WRH \ /____7
(Separate bus) /

3
O

ultiplexed bus) \ l/ _______ 7

2

WR, WRL, WRH
(Multiplexed bus)

RDY input
tsu(RDY-BCLK) €——»|  th(BCLK-RDY)

(Common to setting with wait and setting without wait)

BCLK
tsu(HOLD-BCLK) th(BCLK-HOLD)
1
o e
| ! 5 }
/
1

HOLD input —_\\ & J J / )

HLDA input '/ \

—> —>
1d(BCLK-HLDA) td(BCLK-HLDA)
PO, P1, P2, \ iz

P3, P4, /

(Fl>)5_0 to P5_2

/\'\

Note:
1. These pins are set to high-impedance regardless of the input level of the
BYTE pin, PMO06 bit in PMO register and PM11 bit in PM1 register.

Measuring conditions :
-Vcc1=Vcea=5V
- Input timing voltage : Determined with ViL=1.0V, ViH=4.0V
- Output timing voltage : Determined with VoL=2.5V, VoH=2.5V

Figure 23.5 Timing Diagram (3)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For setting with no wait)

Read timing

Vcci=Vcce=5V

Write timing

| ' : : ' : : |
| | 1 |
ST A G A U A U N
Fd(BCLK-CS) I ! ! | | | I
| | thecLK-CS) [ | [ [ I
N_ﬁl 25ns.max : IH—DI[ 2ns.min I ! : : |
o | | | |
CSi : ! 1 I I \ 1 L/ :
. | ! I : ] ] I
I tcvcI N] 1 | 1 | |
| | | | | | | 1
| | 1 1 | 1 1 |
| ' : : ' : : |
! 1
td(BCLK-AD) | | 1 : | | |
| | Ith(BCLK-AD) | | | 1 |
[« 25ns.max | "_JI 2ns.min ] | | | 1
ADi t | T + + T + + t
BHE X ! LA 5 L X 5 L X !
1 | | | | |
taecLK-ALE) }h(_BCLK-ALE). |—>= [ th(Ro-AD) | : | | |
¢ 15ns.max —by :‘_ -nsmin 11 onsmin | I ! ! !
| 1 11 |
ALE | | 11 | : | | 1
| | | | 1
I td(BCLK-RD) [ | | [ [ I
| 1 th(BCLK-RD) | | |
: H 25ns.max —®| = Onsmin | : | | :
I 11 ! |
: tac1(RD-DB) | | : : I : | :
| (0.5 x teyc-45)ns.max ol I | | : | | |
| | ! [N I I I |
X | Hi-Z | | |
| | 1
| tsu(DB-RD) :‘—g—’g‘—’lth(RD-DB) I | 1 ! [
' 40ns.min I ons.min ' '

Measuring conditions

-Vcci=Veea=5v

- Input timing voltage : ViL=0.8V, VIH=2.0V

- Output timing voltage : VoL=0.4V, VoH=2.4V

BCLK 1 | I
1
I tsoLk-cs) : : : I th@cLk-cs) : : :
:‘—ﬁ 25ns.max | | : L 2nsmin | | !
— T\! I I o t t
Csi Loy I I ! i {/ ! : !
: : : ! : | | 1 |
e teye | » | | | 1 | !
| | | | | | | |
1 1
I I I : I ! ! !
[ | | [
td(BCLK-AD) | | [ | | |
| ! | | th(BCLK-AD) |
|H 25ns.max : : | H—JI | 2ns.min : : |
ADi | X’ | | T | X T I H
— I [ | !
BHE 1 1 1 \ 1 \
| 1 ! Tl 1 t T t
I d I I !
I tdBCLK-ALE) | thBCLK-ALE) | 11 thwr-ap) | |
HlSns.max — |h_ -4ns.min : 1 : (0.5 x tcyc-lo)ns.m;ir\ : : 1
ALE L '\ ! 1 i, A I |
| | T | T T
: : : tdBCLK-WR) | : th(BCLK—WR): | | I
| : r_*ZSns.max_‘l 1 onsmin | : : :
— — L 1
WR, WRL, i r\ L i ! ! |
WRH | A ' : | :
| I I tdBOLK-DB) H ! thecwkos) | I !
| : H 4ons.max | | H—b: 2ns.min : : |
! Hi-Z Tt t |
R === i S I e
| | 1 e N HEN| | | 1
! ! P o Pl ! ! !
’ td(DB-WR) th(WR-DB)
1 (0.5 x teye-40)ns.min (0.5 x teyc-10)ns.min
ye=
f(BCLK)

Figure 23.6 Timing Diagram (4)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(for 1-wait setting and external area access)

Read timing

Vcci1=Vcce=5V

Write timing

I I I ! I ! I !
| | I : | ! :
| tagcikcs) | I | | th(BCLK-CS) : I |
I 25ns.max : : | h  2ns.min | : |
— ! I I ! ! T T f
Csi ! . . I L | | [
[ ] ] f L | | I
| teyc | ! : | [ | :
I« ! » | I ! ! |
I I
| I I ! | I I I
I I I : I I I !
| tdBcLk-ap) | | | I ! ! |
Il | | | th@eclk-ap) | I
—pi 250S.max | | | ¢ II ans.min | | |
ADi — 1 1 | ! - 1 ] |
o~ I X I I : H X I I :
BHE ! 1 | 1 | |
| I I ! ol T | T
|td(BICLK-ALE) |th(BCLK-ALE) | : th(RD-AD)| "y I I | :
{—pyi5ns.max —p :4— —4ns.min : | Ons.min | : I : |
[ | ! /—i‘\ I
I
ALE I / : \ ! : ! ! : | :
|t - ] |
: | ld@cLkRD) | ! : | thcLk-RD) | | |
| ¥ 25psmax | : —» & Ons.min : I :
t + | 11
— I I | !
RD : I ‘.\ ! : 4 . . !
I
! Lo ' tacaRo-DE) | | : by I i !
| | : (15xteyc-45)ns.max | P | | :
I HiZ I T > ! !
DBi e — e ————— I————— - ——d———— e
| I I
I | | ! ———Pie>i thrp0B) ! ! !
tsu(DB»RD) Ons.min
40ns.min

Measuring conditions
-Vcci=Vcee=5v
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VoH=2.4V

I I I ' | ' [
1 I | | 1 | ! |
1 tdEBCLK-CS) : : | I thBCLK-CS) | : |
h ] 25ns.max | | : L J 2ns.min | | !
— 1 I | | | | t t
CSi 1\ I I ! I / ! I :
1| T T | I : | : |
:‘ teye : J | : | | | |
I | | : | : [ !
| I I | I ! I
1 I I | I : : |
1 [ [ 1
td(BCLK-AD) | | I | | |
1 i | | th(BCLK-AD) |
:‘—’I 25ns.max : : | :1—’} 2ns.min : : |
ADi N | ] ] t ] 1 T T
_ I [ | !
BHE : A ! l ; ' 1}( i T ;
I tdBcLk-ALE) | thBCcLK-ALE) | 11 thwr-apy | ! |
| IlSns.max_’| |h_ —4ns.min : | : (0,5><tcyc-10)ns.lmin : : |
) | |
ALE ' ! ! Il L/ 1\ I |
| | T | T T
: : : taEoLKwR) | : th(BCLK—WR): I I I
1 : r_ﬂ 25ns.max_’: 1= ons.min | : : :
—_— 1 1
R, WRL, 1 | i\ I | [ | I
S : - ' : | :
1 I
| I I td(BCLK-DB) : : | theclk-De) | I :
I ! 40ns.max | | K—>I 2ns.min I I |
I : Hi-z JI_ ) Tt } ! JI- : |
DBi S S o | '! ! e E T T T
I | I e e —»! ! [ :
! ! Lo g i ! ! !
td(DB-WR) th(WR-DB)
1 (0.5xtcyc-40)ns.min (0.5xteyc-10)ns.min
teye= ——
f(BCLK)

Figure 23.7 Timing Diagram (5)
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M16C/64 Group

23. Electrical Characteristics

_ _ Vcci=Vccee=5V
Memory Expansion Mode, Microprocessor Mode
(for 2-wait setting and external area access)
Read timing
le 1 feye , I I I I I I I I I
) I | | I I I I I I I I
ST A GRS B G A R A U D G A O
I I I I I I I I I I I I
I I I I I I I ! I I I I
1 1 | 1 ! ! ! th(BCLK-CS) ! ! ! |
L : | ! Le—ptzns iy ! ! ! !
— I I I I I I I I I ] I I
CSi I | | | | | | /1| I I I I I
I 1 T T T T T T | | | | | |
11 1 I I I I [ ! I I I I
: td(BCLK-AD) : : : : | th(BCLK-AD) : : : :
) I<—25ns‘m|ax | | | | H Znsmin | | | |
ADi ] ] ] ] ] ] ] |X ] ] ] ] ]
BOE I [ [ I [ I [ I [ I I [
BHE 1 T T T T T T : T T T T T
td@cLK-ALE) | ! ! ! ! (| ! ! ! ! !
15n5.max : th(BCLK-ALE) : : : I | Th(RD-AD) : : : :
= La—-4ns.min I I I —H eoreny I I I I
I ] I I I I 1 f 1\ I I I I
ALE | 1 1 1 1 1 1 1 1 I 1 1
| I T T T T m| | T T T T
I 1y 1 I I I 1 I I I I I
: : td(BCLK-RD) : : : —>: l4— th(BCLK-RD) : : : :
i I‘_’: 25ns.may | i i i : Ons.min i i i i
B I I I I I I I I I I I I
RD I I I I I I I i/ I I I I I
' Lo : : : i l l l l l
| Do I 1 1ac2(RD-DB); I T I I I I I
1 1 ! 1 (2, 5xteyc-45)ns.max | R 1 | | | | |
I | e T T T — 1 ! I I I I I
: [ I I l I I I I [ [ I
DBi - === —==== T————- r——‘(jj]———r————ﬂ ————— T———== ——=== T-=
I I I I I I I | I I I I I
! ! ! ! ! tsu(DB-RD) ¢ .h e th(RD-DB) ! ! ! !
40ns.min Ons.min
Write timing
I I 1 I I I I I I I I I
1 I I I I I I I I I
I I I I I |
BCLK
1 I 1 I 1 I 1 I 1 I 1 I
I I 1 I I I I I I I I I
e N T
—» :<—25n5-m.ax I I I I [? 2nsmip I I I I
I‘\ I 1 I I I I / T T T T T
CSi I I 1 I I I I I I I I I
csi I } } } } } —/ I I I I I
1. I 1 I I I [ I I I I I
| tecuon) l l l | 1 tecko) l l l
_ h ez 1 I I I (e 2nsmin I I I I
ADI_ ) I i I I I PN I I I I
BHE | 1 1 1 | | - 1 1 | 1 |
tascLcALD) | ! | | | bowan) | | | |
15ns.may | th(BCLK-ALE) | | 11 (0.5xtcyc-1p)ns min | | | | |
s e Y
I
AT 7 N VA SN SN SN | IV A VO A S N
I 11 1 ] ] I I I ] ] ] ]
I L ! I I i th(BCLk WR) : : : : :
I I 1 : I 11 -
I I -l :,.tz(;ﬁ%;xm) : *: [ Ons.min; I I I I I
—_——— T T T T T T T T T
R, WRL [ [ 1 \ [ [ J [ [ 1 1 1 1
WBH I I 1 1 1 1 I I I I I I
RH I I 1 : 1 ] |: I I I I I I
| | | | teckos | 1 | theciko) | | | |
I I LA mpx I I i |4—2ns.min, I I I I
I (- 1 t t H t I I I I I
DB —l——————l—ﬂ"—z——-l-{ I I I |})____1._____| _____ b e A
I I 1 1 1 1l 1 I 1 ] 1 ]
I I 15 | | e ) I I I I I
| | 1 ' ' T N | | | | 1
1 i 1 td(DBfWR) ‘ th(WR-DB) 1 1 i i
(1.5xtcyc-40)ns.min (0.5xtcyc-10)ns.min
cyc= ———
f(BCLK)
Measuring conditions
-Vcci=Veea=5V
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VoH=2.4V

Figure 23.8 Timing Diagram (6)
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23. Electrical Characteristics

M16C/64 Group

=\Vcc2=5V

\Vcc1

Memory Expansion Mode, Microprocessor Mode

(for 3-wait setting and external area access)

Read timing

|
|
(PSS SRR UV N N ——— SR ——_— I ————— F——-
|
|
|
|
|
—= et S e e e Tt St
|
|
@ = a 1
a )
M 2 f= g 3
—-— —-Seq——=—-g A-—-1- o t{--——-S{-——————— +— Q
OE e € g 0'E | fa)
Q4 O E S S Q4 4
=T c Q 4 + o < ] =
=R =8 < S | =
S~———-5& .ﬁ W
|H HVA B Svive sttt vl

(3.5xtcyc-45)ns.max

]

|

|

|

|
I P S

H—»lltb:

tsu(DB-RD)

= )
u o4
g v
- ———F———--1- X c———T— g&—-—
oE @ g I
Qg 24 [
ol ~ _ E5 Iy |
3 @ ) Y__-___ ¥
ket Q < o |*| S |
—{— ——-xo | _Xc | _ L _—— - = —_
JE oE T
ag oL @ !
S8 S& 2 “
DR N
|«| o |+| -mml« — e
Qa4
V= —_—— e ———— —_—— el J Ep——
£ L3 =5 F _
X~
— — — (W w —
O 2] Q| | [a] o
m (@] < |} < [n [a]

Ons.min

40ns.min

Write timing

1 teye

I
I
||||||||||||||||||||||||||||||||| -
I
I
I
I
l
R e s B e S
I
I
@ 8 _
Q < o |
s = e = S e il aitata it el Q i ——
OE O E X c 1
[ (S OE 1
S& S8 s £
IHlyﬁl H.N.ﬂl .ml T 5 e m
; - JVI c
g z 3 &
S NS JS R bede &d-d- T ~f 3 f &S
-5 ] a%
[aln O E ol
3 L4 £<
D 2 =
x e s6 2w
26 I« se
|||||||||||||||| = WlHHnHJHHHl/HHHHH.HHHmW“
£
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g
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5
3
is
~ [
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S x $x o J_ "
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gE gE F T
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y oL Jd3 W !
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s il e e N IR L e
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Figure 23.9 Timing Diagram (7)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 1- or 2-wait setting, external area access and multiplex bus selection)
Read timing
I I I I 1 1 I I
I I I I 1 1 I I
| | I I I I
BCLK
! taecikecs) : : : : | thro-co) thEcLCs) :
| . . .
| | yons e | : teye | : (0.5><itcyc_-10)ns.min ,h—’:znsm'” !
Mg | ——
J— | I I I 1 11 I
CSi 1\ | | [ 1 1| | (I I
[ T T T T T T | I
td(AD-ALE) 3
: | (o.5xtcyc-25)r;s.min : thALE-AD) | ) : | : : I : : :
| H—H(—JI * T 1 I(?,Sxtcyc-ls)ns,lmln | | P ]| | |
A B SRR 1 ST S T T S o G
/DBi | ; ; | —h' tdz(RD-AD) | PY] t | i
8ns.ma - h(RD-DB;
: : I : | Iﬁ_ " tac3(RD-DB) : ! tsu(DB-RD)V O(ns.min) : :
I I 1l I(L5xteyc-45)ns.max | J) 4ons.min : I I
I I [ y 1 4 1 I I
I P! |—p kg Ld(AD-RD) I 1 I I
- I | 1] Ons.min I 11 | tecikan) |
I tdBCLK-AD) | [ I 1 11 I - I
H 25ns.max I : I 1 I : : I l‘_.' 2ns.min I
. 1 1 i
ADi I X L I I 1 11 I X I
BHE 1 1 L 1 1 11 L { 1
td(BCLK-ALE) I [ I 1 I le——— L !
T 1 Ith(BCLK—Ap_E) | 1 | 1 1 I th(RD-AD) I |
:‘_.: 15ns.max _y| r_ —4ns.min : : : : : i (0.5xtcyc-10)ns.r:'lin |
I I I I 1 1 1/ I\
ALE A ) 1 : 1 1 1 1 1
: : I td(BICLK-RD) : : : :th(BCLK-RD) : :
| | ¥ 25ns.max | 1 —>»f  l¢—Ons.min | |
B i i T I | | i i
RD . . \ 1 1 1 /|/ | |
1 - .
Write timing
I 1 I I
BCLK { I ( 1 I I I
I taecikcs) ! I teye 1 R I thwres) | ThBCLKCS) |
] : 25ns.max : I 0 i (05xteye-10)ns.min KI HI 2ns.min :
I | | | | | 1>
CSi I\ | [ [ | 1 | * |
| | T T T T I} T 1 |
| | I tdecik-pB) | | [ | thscLK-DB) |
I I ] 1 I I e in 1
' : i r—;} 40ns.max : : : : : : 2ns.min !
ADi —,——{ Address | u( | Data output | i | |X Address
/DB ol s T T Toie — T
! < re
: I taaD-ALE) | : :I | taoswr) | : : thMR‘DB): ' :
: l(0.5><tcyc-25)ns.lmiln : : (il..Sxtcyc-AO)ns.min i : | (0.5xtcyc—10)ns.miin :
I i : 1 : 1 I I : I I
I I 1 1 I I I I
td(BCLK-AD) | | | | th(BCLK-AD)
I I 1 1 I I I I
[—Py 25ns.max | : | : | | | : h_dl 2ns.min |
- 1 L 1 1 1 1 1 4 1 1
ADiI I X 17 1| 1 I i I IX I
BHE I I : 1 : 1 I Ly [ I
] ] 1 1 ] | ————¥ ]
| td(IBC'-K'A'-E) I :th(BCLK—ALE) 1 II td(AD-WR) | I Il thwrap)l !
:‘_,'15ns.max —pl [——4ns.min :_p: :4—0n5,min : : : | (0.5><tcyc-10)ns.lmin |
I 1 i
ALE [ 1 I\ 11 1 [ 1 | / 1\
| 1 : 1 1 1 1 |
| 1 H T
] I 1 1 ] ] ] I
I I 1 tdBCLK-WR) | I I :th(BCLK-WR) I I
| | le—»t 25ns.max : : —D: — Ons.min I !
_WR7_RL, 1 1 'l I I 1 1
WRH ! I b\ ! ! v ! !
I I [ 1 ] [ I I
Measuring conditions
. VCCl:_V(_JCZZSV
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VOH=2.4V

Figure 23.10 Timing Diagram (8)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 3-wait setting, external area access and multiplex bus selection)

Read timing

Vcci=Vccae=5V

Measuring conditions
- Vcci1=Veea=5vV
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VOH=2.4V

1 toe I I I I I I I I I
) | | l I I I I I I I I
ST A U B G A W A U S S A
I I I I I I I ' I I I I
I I I I I I I th(rD-Cs) I : I I
| td(BCILK s | | | | I (05xteyc-10)ns.min | th(BCLK-CS) | |
: I I I I I | 2ns.min I I
-+ :‘_zsns,max | | | | | | H—’:"’! ] ] ]
S | \1 I I I I I I I : I / | | |
I 1 [ 1 [ [ [ ! 1 I I I
| T T T T T T T 1 | I I
e e s A e A A
| (0.5xteyc-25)ns min (0.5xtcyc-18)ns.min | | | 1] | | | |
le—ple—Ipi| | I
P T2 s S N SN N v S R S NN
I T |
Hta(ECLKAD) : b Ir_t%Z(RD-AD) ! : : le—— 4 ongmin, ! : :
osnsmax | td@oRDy OTSTE (2stlac3(4RBl)D-DB) I I tsuos-Ro) | i gh(BCpK-AD) i I
; | ' 1 Ons.min | -5xlcyc-45)ns.max | j40ns.min . | |, 2ns.min | |
ADi > 1y -P!:‘ t t t ! ] : i B | | |
BHE I I I I I I I I I I I I
BHE | 1 1! | | I | 1! | K | | |
(nO multlplex) T 1 T T 1 T T T T T L L) T T T
tageka ! I I I I I | I I I
15ns.max 1 ! | | | | | Ith(RD—AD) | | |
) 1| th(BCLK-ALE) ! 1 ! ! ! | (05xteye-10)ns.min | 1 1
—»i |<_ 14~ _4ns.min [ [ [ [ [ | [ [ [
ALE | | | | | | | T | | |
L A A
I
I I | I I I I 11 thecLkrD) I I I
! ! | td(BCLK-RD) I I I I ons.min I I |
le— le—
_ I I 2+ 2sns max i i i Ml I I I
RD | 1 1 I I 1 I I 1 I 1 1
I I . t t t t /1 I I I I
I I I I I I I P! I I I I
Write timing
teye
—+—9¢ ) I I I I I 1 I I I
I I I I I I
BCLK I I | | | I I
I I I I I I I ! tnwrcs) | I I I
: ! : : : : : (0.5xtcyc-10)ns.min th(BC_LK’CS) : :
h—ﬁl td(BCLK-CS) | | | | | | '4-»! 2ns.min | | d
oI _r\ aonem | | | | | I 1 i i i
Si ' /
] 1 1 1 1 1 1 | 1 ] ] ]
: ! : : td(BCLK-DB) : : : : : : : thgcLk-DB) : :
|, | 1 40ns.rr|1a>< | | | 1 “_’I 2ns.m|ri | |
i T T T T T T T T T T T
/Al\DDB!i |><: Address | XX I I Data output I 1 XX I I I
tdl( ) | : | T T T e 1 =: | | |
AD-ALE) | | I I I I 11 I I I
. | td(OB-wWR) th(WR-DB)
(O.?xtcyc-ZS)ns.rn:nl : | : : (2.5xtcyc-40)ns.min : : :(O.Sxtcyc-lo)ns.min : : :
tagcian) | ! I: I I I I 11 1 th ! ) I I
-AD) | | I I I I I I 1 BCLK-AD] I I
25ns.max | | 11 I I I I 11 1 | 2ns.min . I I
i fe! Il 1 I I I I [ « I I I
ADi ] ] T ] ] ] ] ] 1 ] ] ]
BHE I 11 I I I I I 11 1 I I I
ol ! — t t t t t — t t t t
(o mUP®) ¢ ecikaie) | I th(BCLK-ALE) ! ! ! ! ! ™ ! ! !
15ns.max | 1-ans.min ! : : : I 1thwr-AD) ! ! !
1 . xtcye- i
L T S B § e N A
ALE I : | r_ons'm.'" I I I 11 1 : I I
H ) — t t t t —+ t
I I I I I I I 11 1 I I I
i | . i | i Ll oo | i
| td(BCLK-WR) Ons.min .
1 | »l I I I » e 1 1 1 1
wRWRL T\ v T
WRH I I | } } } } } 1 I I I
1
teye= ————
f(BCLK)

Figure 23.11 Timing Diagram (9)
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M16C/64 Group

23. Electrical Characteristics

Table 23.27 Electrical Characteristics (1) (1)

VCC1=VCC2=3V

. . Standard )
Symbol Parameter Measuring Condition - Unit
Min. Typ. | Max.
VOH HIGH Qut- |(P6 0toP6_7,P7_2toP7_7,P8_0toP8 4, ||OH=—1mA VCC1— VCC1| V
put Voltage (P8 6, P8 7,P9 Oto P9 7, P10 _0to P10_7 05
PO 0toPO_7,P1 0toP1_7,P2 0toP2_7, |IOH=—1mA (@ VCC2— VvCC2
P3 0toP3_7,P4 OtoP4_7,P5 0toP5_7 05
VOH HIGH Output Voltage  XOUT HIGHPOWER IOH=—0.1mA VCC1— VCC1| V
0.5
LOWPOWER IOH=—50pA VCC1— VCC1
0.5
HIGH Output Voltage XCOUT HIGHPOWER With no load applied 2.6 \%
LOWPOWER With no load applied 2.2
VOL LOW Out- (P6_0toP6_7,P7_0toP7_7,P8_0toP8 7, |[IOL=1mA 0.5 Y
put Voltage |P9_0to P9_7, P10 Oto P10 _7
PO OtoPO_7,P1 OtoP1_7,P2 0toP2_7, |IOL=1mA @ 0.5
P3 0toP3 7,P4 OtoP4_7,P5 OtoP5_7
VOL LOW Output Voltage = XOUT HIGHPOWER I0L=0.1mA 0.5 Y
LOWPOWER IOL=50pA 0.5
LOW Output Voltage XCOUT HIGHPOWER With no load applied 0 \%
LOWPOWER With no load applied 0
VT+-VT- |Hysteresis HOLD, RDY, TAOIN to TA4IN, 0.5 2.0 \%
TBOIN to TB5IN, INTO to INT7, NMI,
ADTRG, CTSO0 to CTS2, CTS5to CTS7,
SCLO to SCL2, SCL5 to SCL7,
SDAO to SDA2, SDAS to SDA7,
CLKO to CLK7, TAOOUT to TA4OUT,
KIO to KI3, RXDO to RXD2, RXD5 to RXD7,
SIN3, SIN4
VT+-VT- |Hysteresis RESET 0.5 2.0 \%
IIH HIGH Input PO_O0toPO_7,P1 O0toP1_7,P2_0toP2_7, |VI=3V 4.0 pA
Current P3 0toP3 7,P4 O0toP4_7,P5 0toP5_7,
P6 OtoP6_7,P7 OtoP7_7,P8 0toP8_7,
P9 O0to P9 7, P10 _0to P10_7,
XIN, RESET, CNVSS, BYTE
lIL LOW Input PO _OtoPO_7,P1 OtoP1_7,P2_0toP2_7, |VI=OV —40 | pA
Current P3 0toP3_7,P4 OtoP4_7,P5 0toP5_7,
P6 OtoP6_7,P7 0toP7_7,P8 0toP8_7,
P9 Oto P9 7, P10 _0to P10_7,
XIN, RESET, CNVSS, BYTE
RPUL- |Pull-Up PO OtoPO_7,P1 OtoP1 7,P2 OtoP2_7, |VI=0V 50 80 150 | kQ
LUP Resistance P3 0toP3_7,P4 0toP4_7,P5 0toP5_7,
P6_0to P6_7,P7_2to P7_7,P8_0to P8_4,
P8 6,P8_7,P9 0toP9 7,P10 _0to P10_7
RfXIN Feedback Resistance XIN 3.0 MQ
RfXCIN |Feedback Resistance XCIN 30 MQ
VRAM |RAM Retention Voltage At stop mode 1.8 \%
Notes:

1. Referenced to VCC1 =VCC2 =2.7 to 3.3V, VSS = 0V at Topr = —20 to 85°C/-40 to 85°C, f(XIN)=25MHz unless
otherwise specified.
2. VCC1 for the port P6 to P10 and VCC2 for the port PO to P5.
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M16C/64 Group 23. Electrical Characteristics

Table 23.28 Electrical Characteristics (2) (1)

. . Standard .
Symbol Parameter Measuring Condition - Unit
Min. Typ. | Max.
ICC Power Supply Current In single-chip mode, |Flash f(BCLK)=25MHz, 20 30 mA
(VCC1=2.7V t0 3.6V) the output pins are  |Memory No division
open and other pins 125 kHz On-chip 450 UA
are VSS oscillation,
No division,
FMR22=1
Flash Memory |f(BCLK)=10MHz, 20 mA
Program VCC1=3.0V
Flash Memory |f(BCLK)=10MHz, 30 mA
Erase VCC1=3.0V
Flash Memory |[f(BCLK)=32kHz 40 HA
Low power dissipation
mode, RAM (3)
f(BCLK)=32kHz 200 UA
Low power dissipation
mode, Flash Memory ()
FMR22=FMR23=1
125 kHz On-chip 20 HA
oscillation,
Wait mode
f(BCLK)=32kHz 7.0 A
Wait mode (2,
Oscillation capability
High
f(BCLK)=32kHz 5.0 UA
Wait mode (2,
Oscillation capability
Low
Stop mode 1.8 4 HA
Topr =25°C
ldet2 Low Voltage Detection Dissipation Current (4) 3 HA
Idet0 Reset Area Detection Dissipation Current (4) 6 UHA
Notes:

1. Referenced to VCC1=VCC2=2.7 to 3.3V, VSS = 0V at Topr = —20 to 85°C/-40 to 85°C, f(BCLK)=25MHz unless
otherwise specified.
With one timer operated using fC32.
This indicates the memory in which the program to be executed exists.
4. Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet2: VC27 bit in the VCR2 register
IdetO: VC25 bit in the VCR2 register

wn

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 329 of 383



M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Timing Requirements
(VCC1 =VCC2 =3V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.29 External Clock Input (XIN input)()

Standard .
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 50 ns
tw(H) External Clock Input HIGH Pulse Width 20 ns
tw(L) External Clock Input LOW Pulse Width 20 ns
tr External Clock Rise Time 9 ns
tf External Clock Fall Time 9 ns
Note:

1. The condition is VCC1=VCC2=2.7 to 3.0V.
Table 23.30 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter - Standard Unit
Min. Max.

tac1(RD-DB) Data Input Access Time (for setting with no wait) (NOTE 1) ns
tac2(RD-DB) Data Input Access Time (for setting with wait) (NOTE 2) ns
tac3(RD-DB) Data Input Access Time (when accessing multiplex bus area) (NOTE 3) ns
tsu(DB-RD) Data Input Setup Time 50 ns
tsu(RDY-BCLK) |RDY Input Setup Time 40 ns
tsu(HOLD-BCLK) |HOLD Input Setup Time 50 ns
th(RD-DB) Data Input Hold Time 0 ns
th(BCLK-RDY) |RDY Input Hold Time 0 ns
th(BCLK-HOLD) |[HOLD Input Hold Time 0 ns
Notes:

1. Calculated according to the BCLK frequency as follows:

9
f(zBSét?() —-60[ns]

2. Calculated according to the BCLK frequency as follows:

9
n-05)x10 _ 60[ns] nis"2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait setting.
f(BCLK)
3. Calculated according to the BCLK frequency as follows:

0.5 109
(n-0.5x10_ _ 60[ns] nis“2" for 2-wait setting, “3” for 3-wait setting.
f(BCLK)
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M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Timing Requirements
(VCC1 =VCC2 =3V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.31 Timer A Input (Counter Input in Event Counter Mode)

Standard )

Symbol Parameter - Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 150 ns

tw(TAH) TAIIN Input HIGH Pulse Width 60 ns

tw(TAL) TAIIN Input LOW Pulse Width 60 ns

Table 23.32 Timer A Input (Gating Input in Timer Mode)

Standard )

Symbol Parameter - Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 600 ns

tw(TAH) TAIIN Input HIGH Pulse Width 300 ns

tw(TAL) TAIIN Input LOW Pulse Width 300 ns

Table 23.33 Timer A Input (External Trigger Input in One-shot Timer Mode)

Standard )

Symbol Parameter - Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 300 ns

tw(TAH) TAIIN Input HIGH Pulse Width 150 ns

tw(TAL) TAIIN Input LOW Pulse Width 150 ns
Table 23.34 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard )

Symbol Parameter - Unit
Min. Max.

tw(TAH) TAIIN Input HIGH Pulse Width 150 ns

tw(TAL) TAIIN Input LOW Pulse Width 150 ns

Table 23.35 Timer A Input (Two-phase Pulse Input in Event Counter Mode)

Standard )

Symbol Parameter - Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 2 us

tsu(TAIN-TAOUT) |TAIOUT Input Setup Time 500 ns

tsu(TAOUT-TAIN) |TAIIN Input Setup Time 500 ns
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M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Timing Requirements
(VCC1 =VCC2 =3V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.36  Timer B Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter - Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time (counted on one edge) 150 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on one edge) 60 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on one edge) 60 ns
tc(TB) TBIIN Input Cycle Time (counted on both edges) 300 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on both edges) 120 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on both edges) 120 ns
Table 23.37 Timer B Input (Pulse Period Measurement Mode)
Standard
Symbol Parameter - Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time 600 ns
tw(TBH) TBIIN Input HIGH Pulse Width 300 ns
tw(TBL) TBIIN Input LOW Pulse Width 300 ns
Table 23.38 Timer B Input (Pulse Width Measurement Mode)
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TB) TBIIN Input Cycle Time 600 ns
tw(TBH) TBIIN Input HIGH Pulse Width 300 ns
tw(TBL) TBIIN Input LOW Pulse Width 300 ns
Table 23.39 A/D Trigger Input
Standard
Symbol Parameter - Unit
Min. Max.
tc(AD) ADTRG Input Cycle Time 1500 ns
tw(ADL) ADTRG Input LOW Pulse Width 200 ns
Table 23.40 Serial Interface
Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi Input Cycle Time 300 ns
tw(CKH) CLKi Input HIGH Pulse Width 150 ns
tw(CKL) CLKi Input LOW Pulse Width 150 ns
td(C-Q) TXDi Output Delay Time 160 ns
th(C-Q) TXDi Hold Time 0 ns
tsu(D-C) RXDi Input Setup Time 100 ns
th(C-D) RXDi Input Hold Time 90 ns
Table 23.41 External Interrupt INTi Input
Standard
Symbol Parameter - Unit
Min. Max.
tw(INH) INTIi Input HIGH Pulse Width 380 ns
tw(INL) INTi Input LOW Pulse Width 380 ns
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M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Switching Characteristics
(VCC1 =VCC2 =3V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.42 Memory Expansion and Microprocessor Modes (for setting with no wait)

Measuring Standard .
Symbol Parameter . - Unit
Condition Min. Max.
td(BCLK-AD) Address Output Delay Time 30 ns
th(BCLK-AD) Address Output Hold Time (in relation to BCLK) 2 ns
th(RD-AD) Address Output Hold Time (in relation to RD) 0 ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 2) ns
td(BCLK-CS) Chip Select Output Delay Time 30 ns
th(BCLK-CS) Chip Select Output Hold Time (in relation to BCLK) 2 ns
td(BCLK-ALE) ALE Signal Output Delay Time 25 ns
th(BCLK-ALE) ALE Signal Output Hold Time —4 ns
td(BCLK-RD) RD Signal Output Delay Time Figur8:23.12 30 ns
th(BCLK-RD) RD Signal Output Hold Time 0 ns
td(BCLK-WR) WR Signal Output Delay Time 30 ns
th(BCLK-WR) WR Signal Output Hold Time 0 ns
td(BCLK-DB) Data Output Delay Time (in relation to BCLK) 40 ns
th(BCLK-DB) Data Output Hold Time (in relation to BCLK) () 2 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 1) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (3) (NOTE 2) ns
td(BCLK-HLDA)  |HLDA Output Delay Time 40 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9
fo('gé—ll_?q —40[ns]f (BCLK)is 12.5MHz or less.
2. Calculated according to the BCLK frequency as follows:
0.5x109 1
fBCLKy ~ Lons]
This standard value shows the timing when the output is off, and does
not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up (pull-
down) resistance value. R
Hold time of data bus is expressed in
t= —CR X In (1-VOL / VCC2) DBi
by a circuit of the right figure. C
For example, when VOL = 0.2VCC2, C = 30pF, R = 1kQ), ;L.
hold time of output "L” level is

t = —30pF X 1k €2 X In(1-0.2VCC2 / VCC2)
=6.7ns.

PO
P1 O
P2
P3

30pF
P4
=1
P6

P7
P8
P9
P10
P11
P12
P13
P14

Figure 23.12 Ports PO to P14 Measurement Circuit
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M16C/64 Group

23. Electrical Characteristics

Switching Characteristics

(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

VCC1=VCC2=3V

Table 23.43 Memory Expansion and Microprocessor Modes (for 1- to 3-wait setting and external

area access)

i Standard
Symbol Parameter Measgrllng - Unit
Condition Min. Max.
td(BCLK-AD) |Address Output Delay Time 30 ns
th(BCLK-AD) |Address Output Hold Time (in relation to BCLK) 2 ns
th(RD-AD) Address Output Hold Time (in relation to RD) 0 ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 2) ns
td(BCLK-CS) |Chip Select Output Delay Time 30 ns
th(BCLK-CS) |Chip Select Output Hold Time (in relation to BCLK) 2 ns
td(BCLK-ALE) [ALE Signal Output Delay Time 25 ns
th(BCLK-ALE) |ALE Signal Output Hold Time -4 ns
td(BCLK-RD) |RD Signal Output Delay Time See 30 ns
Fi 23.12
th(BCLK-RD) |RD Signal Output Hold Time e 0 ns
td(BCLK-WR) [WR Signal Output Delay Time 30 ns
th(BCLK-WR) |WR Signal Output Hold Time 0 ns
td(BCLK-DB) |Data Output Delay Time (in relation to BCLK) 40 ns
th(BCLK-DB) | Data Output Hold Time (in relation to BCLK) (3) 2 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 1) ns
th(WR-DB) Data Output Hold Time (in relation to WR)®) (NOTE 2) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
Notes:
1. Calculated according to the BCLK frequency as follows:
9 nis “1” for 1-wait setting, “2” for 2-wait setting
-0.5)x10
% —40[ns]  and “3” for 3-wait setting.
When n = 1, (BCLK) is 12.5MHz or less.
2. Calculated according to the BCLK frequency as follows:
9
0.5x10
fBCLKy ~ LoIns]
3. This standard value shows the timing when the output is off,
and does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-
up (pull-down) resistance value. R
Hold time of data bus is expressed in
t=—CR X In (1-VOL / VCC2) DBI
by a circuit of the right figure. c
For example, when VOL = 0.2VCC2, C = 30pF, R = 1kQ, j/;
hold time of output "L" level is
t =-30pF X 1kQ X In(1-0.2VCC2 / VCC2)

=6.7ns.
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M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Switching Characteristics
(VCC1 =VCC2 =5V, VSS =0V, at Topr =-20 to 85°C/-40 to 85°C unless otherwise specified)

Table 23.44 Memory Expansion and Microprocessor Modes (for 1- to 3-wait setting, external area
access and multiplex bus selection)(®)

Symbol Parameter I\él:i?;lijtrilc?r? Mins.tandarl\c:lax' Unit
td(BCLK-AD) |Address Output Delay Time 50 ns
th(BCLK-AD) |Address Output Hold Time (in relation to BCLK) 2 ns
th(RD-AD) Address Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-CS) |Chip Select Output Delay Time 50 ns
th(BCLK-CS) |Chip Select Output Hold Time (in relation to BCLK) 2 ns
th(RD-CS) Chip Select Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-CS) Chip Select Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-RD) |RD Signal Output Delay Time 40 ns
th(BCLK-RD) |RD Signal Output Hold Time 0 ns
td(BCLK-WR) |WR Signal Output Delay Time 40 ns
th(BCLK-WR) |WR Signal Output Hold Time See 0 ns
td(BCLK-DB) |Data Output Delay Time (in relation to BCLK) Figure 23.12 50 ns
th(BCLK-DB) |Data Output Hold Time (in relation to BCLK) 2 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 2) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
td(BCLK-ALE) |ALE Signal Output Delay Time (in relation to BCLK) 25 ns
th(BCLK-ALE) |ALE Signal Output Hold Time (in relation to BCLK) —4 ns
td(AD-ALE) ALE Signal Output Delay Time (in relation to Address) (NOTE 3) ns
th(AD-ALE) ALE Signal Output Hold Time (in relation to Address) (NOTE 4) ns
td(AD-RD) RD Signal Output Delay From the End of Address 0 ns
td(AD-WR) WR Signal Output Delay From the End of Address 0 ns
tdz(RD-AD) Address Output Floating Start Time 8 ns
Notes:

1. Calculated according to the BCLK frequency as follows:
9
2240”101

2. Calculated according to the BCLK frequency as follows:

0.5x109
f(BCLK)

-50[ns]

3. Calculated according to the BCLK frequency as follows:

0.5x109
f(BCLK)

-40[ns]

4. Calculated according to the BCLK frequency as follows:

O.5x109
f(BCLK)

—-15[ns]

5. When using multiplex bus, set f(BCLK) 12.5MHz or less.

n is “2” for 2-wait setting, “3” for 3-wait setting.
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Vcci=Vcce=3V

XIN input
L tc
te(tA) >
¢ tw(TAH) >
TAIIN input \
¢ tw(TAL) >
tcup) >
< tw(UPH) >
TAIOUT input \
tw(upL)
L

Two-Phase Pulse Input in
Event Counter Mode te(Ta) N

TAIIN input /! N /
tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
[ S— >

tsu(TAOUT-TAIN)
TAIOUT input /

tsu(TAOUT-TAIN)

A
W

te(TB)

tw(TBH)

TBIIN input

tw(ADL)
ADTRG input %

Figure 23.13 Timing Diagram (1)

tw(TBL)

tc(aD)
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Vcci1=Vcce=3V

te(ck)

4

¢ tw(CkH) )
CLKi

tw(cKL)

thc-Q)

TXDi X #(
tdc-Q) tsu(d-c) thieD)
RXDi

tw(NL)

INTI input
tw(INH)

Figure 23.14 Timing Diagram (2)

Z
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Vcci=Vcce=3V

Memory Expansion Mode, Microprocessor Mode
(Effective for setting with wait)

RD \ == _/—
(Separate bus) /

WR, WRL, WRH \ I~ /

(Separate bus) /

RD \ /T T~ /

(Multiplexed bus) v

WR, WRL, WRH \ /T == 7

(Multiplexed bus) /

RDY input

{su(RDY-BCLK) |€———> th(BCLK-RDY)

(Common to setting with wait and setting without wait)

BCLK

tsu(HOLD-BCLK) th(BCLK-HOLD)
< e
-\ ! Ay
HOLD input _\\ | /
! N } j !
HLDA output \ /
— > —»
td(BCLK-HLDA) td(BCLK-HLDA)

PO, P1, P2, '

P3. P4, ) Hi-Z {

P5 0to P5_2® / \

Notes:

1. These pins are set to high-impedance regardless of the input level of the
BYTE pin, PMO06 bit in PMO register and PM11 bit in PM1 register.

Measuring conditions :
-Vcc1=Veea=3V
- Input timing voltage : Determined with VIL=0.6V, VIH=2.4V
- Output timing voltage : Determined with VoL=1.5V, VoH=1.5V

Figure 23.15 Timing Diagram (3)
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23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode Vcci=Vcee=3V
(for setting with no wait)
Read timing
I I I I I |
| : ! ! : ! ! |
e\
: td(?CLK'Cs) : : th(IBCLK-cs) : : : : :
14—} 30ns.max | '4—5[ 2ns.min : 1 [ [ !
— ! ! Dol . ‘ I I
cSi ! ! . {/ , ! \ . . I
| ! | | | | | |
« teye ! » I : I I I
| | | | | | | |
| | | | | | | |
| | | | | | | |
ta ! I I ! I I '
'JI(BC"K,‘AD) :  th(BCLK-AD) | : | | :
. ﬁ_’! 30ns.max la— 2ns.min ! | ! ! I
ADi T T + + T + + 1
— I I I I I |
BHE + X : 1 IK 1 : X ] } X }
td(BCLK-ALE) th(BCLK-ALE) H (¢ th(RD-AD) : I : : :
H 25ns.max —b: IH— -4ns.min 1 1~ oOnsmin | : | 1 1
| 1 11 |
' I
| : td(BCLK-RD) 11 th(BCLK-RD)I | | | |
: '4—’: 30ns.max —’: Iﬂ— Ons.min : : : : :
_ Il I ]
RD | F | r ro\ I/ ro\ W i
: tac1(RD-DB) | i : | : | :
| (0.5 x teyc-60)ns.max el | | 1 1 | ! |
| i [ 11| 1 1 | |
. I i I [ I
I i e SN St S G N LS S G DS B
: tS“(DB'BD) l——»1eH th(ro-DB) | : 1 1 :
. sons.min | B ons.min " . . . .
Write timing
I I ! I I I |
T A D T U T U A U
I |
| tdecikcs) | I l I thecLics) | ! l
HSOns.max : : | J ! 2ns.min 1 | |
S ™\ I I ! o t f t
CSi i\ ! ! ; ' ’,/ | : :
| | [ | |
L teye | J I : | I | I
I I I : | I I !
I I I | I ! I |
I : : I ' : i I
I I
| Ed(BCLK’AD) | I : I thEcLiAD) : : :
<y 30nsmax | | | H—VI 2nsmin | |
ADi ! X : : t ! X T T t
— I I
BHE : : : t . 1 : : +
| WECLKALE) | thecikALs) | : o | ! |
hZSns.max —» | -4ns.min : | : (0.5 tcyc-lO)l:’IS.min | : |
I I
ALE Ly A ! i L M\ ! |
P! |1 ] f 1 I T t
d | | td(IBCLK-WR) I : th(BCLK-WR) | | | |
I : :‘_ﬂ 30ns.max_’: |4 Onsmin : : :
WR, WRL, ™ [ Yy L i [ i T
WO e o |
: | | tdecik-pB) | : : th(BCLK-DB) | 1 [
I : :d—bl 40ns.max : 1 H: 2ns.min : :
| Hi-Z Tt t |
R oo o R -
le 1 —>! [ [ '
I i | g i ! ! !
. td(DB-WR) th(wr-DB)
(0.5 x teyc-40)ns.min - (0.5 x teyc-10)ns.min
teye= —mmm
" {BCLK)
Measuring conditions
-Vcci=Veea=3V
- Input timing voltage : VIL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V

Figure 23.16 Timing Diagram (4)
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23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode Vcei=Veea=3V
(for 1-wait setting and external area access)
Read timing
I I I : I : I :
ST S W S U A G A
| ! | 1 1
I tagcik-cs) | ! : I thEcLk-Cs) : : :
I} 30ns.max : : | h 2ns.min | | |
—— | I I ! Pl T T f
CSi ' I | i [
b : : ; i '/ ! ! |
! toge N . ! : ' .
I« + 1 | | | ! |
| | | | | . : .
| | |
| 1 1 | [ |
I td@cLk-ap) | I : | ! ! :
I Taonsmax | | | | thBCcLK-AD) : 1 |
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Measuring conditions
-Vcci=Veee=3V
- Input timing voltage : VIL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V

Figure 23.17 Timing Diagram (5)
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23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(for 2-wait setting and external area access)

Read timing

Vcci1=Vcce=3V

Measuring conditions
-Vcci=Veez=3V
- Input timing voltage : VIL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V
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Figure 23.18 Timing Diagram (6)
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23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(for 3-wait setting and external area access)

Read timing

BCLK

Vcci =Vceez =3V

Measuring conditions
-Vcci1=Veea=3V
- Input timing voltage : ViL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V
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Figure 23.19 Timing Diagram (7)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 2-wait setting, external area access and multiplex bus selection)

Read timing

Vcci=Vcco=3V
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Measuring conditions
-Vcci=Veea=3V
- Input timing voltage : ViL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V
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Figure 23.20 Timing Diagram (8)
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M16C/64 Group 23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 3-wait setting, external area access and multiplex bus selection)
Read timing
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Measuring conditions
-Vcci=Veez=3V
- Input timing voltage : ViL=0.6V, VIH=2.4V
- Output timing voltage : VoL=1.5V, VoH=1.5V

Figure 23.21 Timing Diagram (9)
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24. Precautions

24. Precautions
24.1 SFR

24.1.1 Register Settings

Table 24.1 lists Registers with Write-Only Bits. Set these registers with immediate values. When
establishing a 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.

Table 24.1  Registers with Write-Only Bits

Register Symbol Address
Watchdog timer reset register WDTR 037Dh
Watchdog timer start register WDTS 037Eh
Timer Al-1 register TA11 0303h to 0302h
Timer A2-1 register TA21 0305h to 0304h
Timer A4-1 register TA41 0307h to 0306h
Dead time timer DTT 030Ch
Timer B2 interrupt generation frequency set counter ICTB2 030Dh
SI/O3 bit rate register S3BRG 0273h
S1/O4 bit rate register S4BRG 0277h
UARTO bit rate register UOBRG 0249h
UART1 bit rate register U1BRG 0259h
UART?2 bit rate register U2BRG 0269h
UARTS bit rate register U5BRG 0289h
UARTS® bit rate register U6BRG 0299h
UART?7 bit rate register U7BRG 02A9h
UARTO transmit buffer register uoTB 024Bh to 024Ah
UART1 transmit buffer register uilTB 025Bh to 025Ah
UART2 transmit buffer register u2TB 026Bh to 026Ah
UARTS transmit buffer register USTB 028Bh to 028Ah
UARTS®6 transmit buffer register uUeTB 029Bh to 029Ah
UARTY7 transmit buffer register U7TB 02ABh to 02AAhN

Timer AO register TAO 0327h to 0326h
Timer Al register TA1l 0329h to 0328h
Timer A2 register TA2 032Bh to 032Ah
Timer A3 register TA3 032Dh to 032Ch
Timer A4 register TA4 032Fh to 032Eh
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M16C/64 Group 24. Precautions

24.2 Reset

2421 VCC1

When supplying power to the microcomputer, the power supply voltage applied to the VCC1 pin must
meet the conditions of SVCC.

Symbol Parameter - Standard Unit
Min. | Typ. | Max.
Svcc | Power supply rising gradient (Vcci) (Voltage range 0 to 2) 0.05 V/ms
Voltage
SVcc
Power supply rising 2V
gradient (Vcci)
ov

Figure 24.1 Timing of SVcc

24.2.2 CNVSS

To start to operate in single-chip mode after reset, connect to VSS via resistor. The internal pull-up of
the CNVSS pin is on immediately after hardware reset 1 or 2 is released in single-chip mode.
Therefore, the CNVSS pin level becomes high for two cycles of fOCO-S maximum.
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24.3 Bus

* When hardware reset 1 or brown-out reset is performed with “H” input on the CNVSS pin, contents of
internal ROM cannot be read.
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24. Precautions

24.4 PLL Frequency Synthesizer
To use the PLL frequency synthesizer, stabilize supply voltage so that the standard of the power supply

ripple is met.
Symbol Parameter Standard Unit
y Min. Typ. | Max.
f (ripple) Power supply ripple allowable frequency (Vcci) 10 kHz
VP-P (ripple) Power supply ripple allowable (Vcci=5V) 0.5 V
amplitude voltage (Vcel = 3V) 0.3 vV
Vcc (av IAT)) | Power supply ripple rising / falling | (Vcci=5V) 0.3 V/ms
gradient (Vcel = 3V) 03 | V/ms
f (ripple) . f (ripple)
Power supply ripple allowable <
frequency (VCC1)
Vp-p (ripple) T N I e
Power supply ripple allowable
amplitude voltage Vcel ~_ Vp-p (ripple)

Figure 24.2 Voltage Fluctuation Timing
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245 Power Control

» When exiting stop mode by hardware reset 1, set the RESET pin to “L” until a main clock oscillation is
stabilized.

« Set the MRO bit in the TAIMR register (i = 0 to 4) to 0 (pulse is not output) to use the timer A to exit
stop mode.

* After the WAIT instruction, insert at least four NOP instructions. When entering wait mode, the
instruction queue reads ahead the instructions following WAIT, and depending on timing, some of
these may execute before the microcomputer enters wait mode.

Program example when entering wait mode is shown below.

Program Example: FSET | ;

WAIT ;Enter wait mode

NOP ;More than four NOP instructions

NOP

NOP

NOP

* When entering stop mode, insert a JMP.B instruction immediately after executing an instruction which

sets the CM10 bit in the CM1 register to 1, and then insert at least four NOP instructions. When
entering stop mode, the instruction queue reads ahead the instructions following the instruction which
sets the CM10 bit to 1 (all clock stop), and some of these may execute before the microcomputer
enters stop mode or before the interrupt routine for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I
BSET 0, CM1 ; Enter stop mode
JMP.B L2 ; Insert a JIMP.B instruction
L2:
NOP ; More than four NOP instructions
NOP
NOP
NOP

» The CLKOUT pin outputs high in stop mode. Therefore, when the CLKOUT pin changes state from
high to low and is immediately driven in stop mode, the low level width becomes short.

a
-

CLKOUT |_|

 Wait until the main clock oscillation stabilizes, before switching the clock source for the CPU clock to
the main clock. Similarly, wait until the sub clock oscillates stably before switching the clock source
for the CPU clock to the sub clock.

]
i Stop mode
1

* Do not stop the externally-generated clock when the externally-generated clock is input to the XIN pin
and the main clock is used as the clock source for the CPU clock.

* Suggestions to reduce power consumption
Refer to the following descriptions when designing a system or programming.
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Ports
The processor retains the state of each I/O port even when it goes to wait mode or to stop mode. A
current flows in active output ports. A pass current flows to input ports in high-impedance state. When
entering wait mode or stop mode, set non-used ports to input and stabilize the potential.

A/D converter
When A/D conversion is not performed, set the ADSTBY bit in the ADCONL1 register to 0 (A/D operation
stop). When A/D conversion is performed, start the A/D conversion at least 1 $AD cycle or longer after
setting the ADSTBY bit to 1 (A/D operation enabled).

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

Stopping peripheral functions
Use the CMO02 bit in the CMO register to stop the unnecessary peripheral functions during wait mode.

Switching the oscillation-driving capacity
Set the driving capacity to “L” when oscillation is stable.
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24.6 Protect
Set the PRC2 bit to 1 (write enabled) and then write to given SFR address, and the PRC2 bit will be
cleared to O (write protected). Change the registers protected by the PRC2 bit in the next instruction after
setting the PRC2 bit to 1. Make sure no interrupts or DMA transfers will occur between the instruction in

which the PRC2 bit is set to 1 and the next instruction.
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24.7 Interrupt

24.7.1 Reading address 00000h

Do not read the address 00000h in a program. When a maskable interrupt request is accepted, the
CPU reads interrupt information (interrupt number and interrupt request priority level) from the address
00000h during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to O.
If the address 00000h is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to 0. This factors a problem that the interrupt is canceled, or an
unexpected interrupt request is generated.

24.7.2 SP Setting

Set any value in the SP (USP, ISP) before accepting an interrupt. The SP (USP, ISP) is cleared to
0000h after reset. Therefore, if an interrupt is accepted before setting any value in the SP (USP, ISP),
the program may go out of control.

Especially when using the NMI interrupt, set a value in the ISP at the beginning of the program. Only for
the first instruction after reset, all interrupts including the NMI interrupt are disabled.

24.7.3 NMI Interrupt

« The NMI interrupt cannot be disabled. If this interrupt is not used, set the PM24 bit in the PM2
register to 0 (NMI interrupt disabled).

« Stop mode cannot be entered into while input on the NMI pin is low because the CM10 bit in the
CML1 register is fixed to 0.

« Do not enter wait mode while input on the NMI pin is low because the CPU clock remains active
even though the CPU stops, and therefore, the current consumption in the chip does not drop. In
this case, normal condition is restored by a subsequent interrupt generated.

« 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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24.7.4 Changing an Interrupt Generate Factor

If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed
interrupt may inadvertently be set to 1 (interrupt requested). To use an interrupt, change the interrupt
generate factor, and then be sure to clear the IR bit for that interrupt to 0 (interrupt not requested).
Changing the interrupt generate factor referred to here means any act of changing the source, polarity
or timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of
any peripheral function involves changing the 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
description of each peripheral function for details about the interrupts from peripheral functions.

Figure 24.3 shows the Procedure for Changing the Interrupt Generate Factor.

C Change the interrupt source )

Disable interrupts 3

Change the interrupt generate factor
(including a mode change of peripheral function)

Use the MOV instruction to clear the IR bit to O (interrupt not requested) ©

Enable interrupts @ 3

( Change is completed )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

Notes :

1.The above settings must be executed individually. Do not execute two or more
settings simultaneously (using one instruction).

2.Use the | flag for the INTi interrupt (i = 0 to 5).
For the interrupts from peripheral functions other than the INTi interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an
interrupt request before changing the interrupt generate factor. In this case, if the
maskable interrupts can all be disabled without causing a problem, use the | flag.
Otherwise, use the corresponding bits ILVL2 to ILVLO for the interrupt whose interrupt
generate factor is to be changed.

3. Refer to 24.7.6 Rewriting the Interrupt Control Register for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 24.3 Procedure for Changing the Interrupt Generate Factor

24.7.5 INT Interrupt

« Either an “L” level of at least tw (INL) width or an “H” 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 and IFSR30 in the IFSR3A register are changed, the IR bit may inadvertently set to 1
(interrupt requested). Be sure to clear the IR bit to O (interrupt not requested) after changing any of
those register bits.
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24.7.6 Rewriting the Interrupt Control Register

(a) The interrupt control register for any interrupt should be modified in places where no requests for
that interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control
register.

(b) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with

the instruction to be used.

» Changing any bit other than the IR bit
When interrupts corresponding to the register occur, the IR bit may not become 1 (interrupt
requested) and the interrupts may be ignored. If this causes any troubles, use any of the
following instructions to change registers.
AND, OR, BCLR, or BSET.

» Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to 0 (interrupt not
requested). Therefore, be sure to use the MOV instruction to clear the IR bit.

(c) When using the | flag to disable an interrupt, set the | flag while referring to the sample program
fragments shown below. (Refer to (b) for details about rewriting the interrupt control registers in the
sample program fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to 1 (interrupt enabled) before
the interrupt control register is rewritten, owing to the effects of the internal bus and the instruction
gueue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the interrupt control register
is modified
INT_SWITCH1:

FCLR I ; Disable interrupts.

AND.B #00h, 0055h ; Set the TAOIC register to 00h.

NOP ;

NOP

FSET I ; Enable interrupts.

The number of the NOP instructions is as follows.
PM20 =1 (1 wait) : 2, PM20 = 0 (2 waits) : 3, when using the HOLD function : 4.

Example 2: Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Set the TAOIC register to 00h.
MOV.W  MEM, RO ; Dummy read.
FSET I ; Enable interrupts.

Example 3: Using the POPC instruction to change the | flag

INT_SWITCHS3:
PUSHC FLG
FCLR I ; Disable interrupts.
AND.B  #00h, 0055h ; Set the TAOIC register to 00h.
POPC FLG ; Enable interrupts.
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24.7.7 Watchdog Timer Interrupt

Initialize the watchdog timer after the watchdog timer interrupt occurs.
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24.8 DMAC

24.8.1 Write to the DMAE Bit in the DMiCON Register (i =0to 3)
When both of the conditions below are met, follow the steps below.

Conditions
« The DMAE bit is set to 1 (DMAI is in active state) again while it remains 1.
« A DMA request may occur simultaneously when the DMAE bit is being written.
Steps
(1) Write a 1 to the DMAE bit and DMAS bit in the DMICON register simultaneously ().
(2) Make sure that the DMAI is in initial state (2) in a program.
If the DMAI is not in initial state, repeat the above steps.

Notes:

1. The DMAS bit remains unchanged even if a 1 is written. However, if a 0 is written to this bit, it is
set to 0 (DMA not requested). In order to prevent the DMAS bit from being modified to 0, 1
should be written to the DMAS bit when 1 is written to the DMAE bit. In this way the state of the
DMAS bit immediately before being written can be maintained.

2. Similarly, when writing to the DMAE bit with a read-modify-write instruction, 1 should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

3. Read the TCRi register to verify whether the DMAI is in initial state. If the read value is equal to a
value which was written to the TCRi register before DMA transfer start, the DMAI is in initial state.
(In the case a DMA request occurs after writing to the DMAE bit, the read value is a value written
to the TCRi register minus one.) If the read value is a value in the middle of transfer, the DMAI is
not in initial state.

24.8.2 DMAC Channel Priority

When a same DMA request source is selected for DMAC channels, the DMA transfer may not be
executed in the priority order of DMAO>DMA1>DMA2>DMA3.
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249 Timers
2491 Timer A

24.9.1.1 Timer A (Timer Mode)
The timer is stopped after reset. Set the mode, count source, counter value, and others using
registers TAIMR, TAi, TACSO to TACS2, and TAPOFS before setting the TAIS bit in the TABSR
register to 1 (count starts) (i = 0 to 4).
Always make sure registers TAIMR, TACSO to TACS2, and TAPOFS are modified while the TAIS bit
is 0 (count stops) regardless of whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the counter is read at the same time it is reloaded, the value FFFFh is read. Also,
if the counter is read before it starts counting after a value is set in the TAi register while not counting,
the set value is read.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on the SD pin enabled), pins TAIOUT, TA20UT, and TA40UT go
to high-impedance state.
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24.9.1.2 Timer A (Event Counter Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using the
TAIMR register, the TAi register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the ONSF
register and the TRGSR register, and TAPOS register before setting the TAIS bit in the TABSR
register to 1 (count starts) (i = 0 to 4).

Always make sure the TAIMR register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the
ONSF register, the TRGSR register, and TAPOFS register are modified while the TAIS bit is O (count
stops) regardless of whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, while reloading, FFFFh can be read in underflow, and 0000h in overflow. When the
counter is read before it starts counting after a value is set in the TAi register while not counting, the
set value is read.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on SD pin enabled), pins TAIOUT, TA20UT, and TA40UT go to
high-impedance state.
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24.9.1.3 Timer A (One-Shot Timer Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using the
TAIMR register, the TAi register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR
register, registers TACSO to TACS2 and the TAPOFS register before setting the TAIS bit in the
TABSR register to 1 (count starts) (i = 0 to 4).

Always make sure the TAIMR register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR
register, registers TACSO to TACS2, and the TAPOFS register are modified while the TAIS bit is 0
(count stops) regardless of whether after reset or not.

When setting the TAIS bit to 0 (count stops), the followings occur:

« A counter stops counting and a content of reload register is reloaded.

* The TAIOUT pin outputs “L” when the POFSi bit in the TAPOFS register is 0; outputs “H” when 1.
« After one cycle of the CPU clock, the IR bit in the TAIIC register is set to 1 (interrupt requested).

Output in one-shot timer mode synchronizes with a count source internally generated. When an
external trigger is selected, one-and-half-cycle delay of a count source as maximum occurs between
a trigger input to the TAIIN pin and output in one-shot timer mode.

The IR bit is set to 1 when timer operating mode is set with any of the following procedures:

« Select one-shot timer mode after reset.

« Change an operating mode from timer mode to one-shot timer mode.

« Change an operating mode from event counter mode to one-shot timer mode.

To use the Timer Ai interrupt (the IR bit), set the IR bit to 0 after the changes listed above are made.

When a trigger occurs while counting, a counter reloads the reload register to continue counting after
generating a re-trigger and counting down once. To generate a trigger while counting, generate a
second trigger between generating the previous trigger and operating longer than one cycle of a
timer count source.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on the SD pin enabled), pins TALOUT, TA20UT, and TA40UT go
to high-impedance state.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 359 of 383



M16C/64 Group 24. Precautions

24.9.1.4 Timer A (Pulse Width Modulation Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using the
TAIMR register, the TAi register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR
register, registers TACSO to TACS2, and the TAPOF register before setting the TAIS bit in the TABSR
register to 1 (count starts) (i = 0 to 4).

Always make sure the TAIMR register, bits TAOTGL and TAOTGH in the ONSF register, the TRGSR
register, registers TACSO to TACS2, and the TAPOFS register are modified while the TAIS bit is 0
(count stops) regardless of whether after reset or not.

The IR bit is set to 1 when setting a timer operating mode with any of the following procedures:

* Select PWM mode after reset.

* Change an operating mode from timer mode to PWM mode.

« Change an operating mode from event counter mode to PWM mode.

To use the timer Ai interrupt (IR bit), set the IR bit to 0 by program after the changes listed above are
made.

When setting the TAIS register to 0 (count stops) during PWM pulse output, the following action
occurs.

When the POFSi bit in the TAPOFS register is O:

« Stop counting.

* When the TAIOUT pin is output “H,” output level is set to “L” and the IR bit is set to 1.

« When the TAIOUT pin is output “L,” both output level and the IR bit remains unchanged.

When the POFSi bit in the TAPOFS register is 1:

« Stop counting.

* When the TAIOUT pin is output “L,” output level is set to “H” and the IR bit is set to 1.

* When the TAIOUT pin is output “H,” both output level and the IR bit remains unchanged.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on the SD pin enabled), pins TALOUT, TA20UT, and TA40UT go
to high-impedance state.
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249.2 TimerB

24.9.2.1 Timer B (Timer Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using
registers TBIMR, TBi, and TBCSO to TBCS3 before setting the TBIiS bit in the TABSR or the TBSR
register to 1 (count starts) (i = 0 to 5).

Always make sure the TBiIMR register and registers TBCSO to TBCS3 are modified while the TBIiS bit
is 0 (count stops) regardless of whether after reset or not.

A value of a counter while counting, can be read in the TBi register at any time. FFFFh is read while
reloading. If the counter is read before it starts counting after a value is set in the TBi register while
not counting, the set value is read.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 361 of 383



M16C/64 Group 24. Precautions

24.9.2.2 Timer B (Event Counter Mode)

The timer is stopped after reset. Set the mode, count source, counter value, and others using the
TBIMR register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to 1
(count starts) (i=0to 5).

Always make sure the TBIMR register is modified while the TBIS bit is 0 (count stops) regardless of
whether after reset or not.

While counting is in progress, the counter value can be read out at any time by reading the TBi
register. However, if this register is read at the same time the counter is reloaded, the read value is
always FFFFh. If the TBi register is read after setting a value in it while not counting but before the
counter starts counting, the read value is the value set in the register.
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24.9.2.3 Timer B (Pulse Period / Pulse Width Measurement Mode)

The timer is stopped after reset. Set the mode, count source, etc. using the TBiMR register before
setting the TBIS bit in the TABSR or the TBSR register to 1 (count starts) (i = 0 to 5).

Always make sure the TBIMR register and registers TBCSO0 to TBCS3 are modified while the TBiS bit
is 0 (count stops) regardless of whether after reset or not. To clear the MR3 bit to 0 by writing to the
TBIMR register while the TBIS bit = 1 (count starts), be sure to write the same value as previously
written to bits TMODO, TMOD1, MRO, MR1, TCKO, and TCK1 and a 0 to bit 4.

The IR bit in the TBIilC register goes to 1 (interrupt requested) when an effective edge of a
measurement pulse is input or Timer Bi is overflowed (i = 0 to 5). The factor of interrupt request can
be determined by use of the MR3 bit in the TBIMR register within the interrupt routine.

If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse
input and a timer overflow occur at the same time, use another timer to count the number of times
Timer B has overflowed.

Use the IR bit in the TBIIC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor.

When a count is started and the first effective edge is input, an indeterminate value is transferred to
the reload register. At this time, Timer Bi interrupt request is not generated.

A value of the counter is indeterminate after reset. If a count is started in this state, the MR3 bit may
be set to 1 and Timer Bi interrupt request may be generated after a count start before an effective
edge input. When a value is set to the TBi register while the TBiS bit is 0 (count stops), the same
value is written to the counter.

For pulse width measurement, pulse widths are successively measured. Use program to check
whether the measurement result is “H” level width or “L” level width.
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24.10 Serial Interface
24.10.1 Clock Synchronous Serial I1/0

24.10.1.1 Transmission / Reception

When the RTS function is used with an external clock, RTSi pin (i=0to 2, 5 to 7) outputs “L,” which
informs the transmitting side that the MCU is ready for a receive operation. The RTSi pin outputs “H”
when a receive operation starts. Therefore, a transmit timing and receive timing can be synchronized
by connecting the RTSi pin to the CTSi pin of the transmitting side. The RTS function is disabled
when an internal clock is selected.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on SD pin enabled), the following pins go to high-impedance
state:

P7_2/CLK2/TA1OUT/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
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24.10.1.2 Transmission
If an external clock is selected, the following conditions must be met while the external clock is held
“H” when the CKPOL bit in the UiCO register (i=0to 2, 5to 7) is set to O (transmit data output at the
falling edge and receive data input at the rising edge of the serial clock), or while the external clock is
held “L” when the CKPOL bit is set to 1 (transmit data output at the rising edge and receive data input
at the falling edge of the serial clock).
e The TE bit in the UiC1 register = 1 (transmission enabled)
* The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”

24.10.1.3 Reception
In clock synchronous serial /0 mode, the shift clock is generated by activating a transmitter. Set the
UARTi-associated registers for a transmit operation even if the MCU is used for receive operation
only. Dummy data is output from the TXDi pin (i=0to 2, 5 to 7) while receiving.

When an internal clock is selected, the shift clock is generated by setting the TE bit in the UiC1
register to 1 (transmission enabled) and placing dummy data in the UiTB register. When an external
clock is selected, set the TE bit to 1 (transmission enabled), place dummy data in the UiTB register,
and input an external clock to the CLKi pin to generate the shift clock.

If data is received consecutively, an overrun error occurs when the RI bit in the UiC1 register is set to
1 (data present in the UiRB register) and the next receive data is received in the UARTI receive
register. And then, the OER bit in the UiRB register is set to 1 (overrun error occurred). At this time,
the UIRB register is undefined. If an overrun error occurs, the IR bit in the SiRIC register remains
unchanged.

To receive data consecutively, set dummy data in the low-order byte in the UiTB register per each
receive operation.

If an external clock is selected, the following conditions must be met while the external clock is held
“H” when the CKPOL bit is set to 0 (transmit data output at the falling edge and receive data input at
the rising edge of the serial clock), or while the external clock is held “L” when the CKPOL bit is set to
1 (transmit data output at the rising edge and receive data input at the falling edge of the serial clock).
* The RE bit in the UiC1 register = 1 (reception enabled)

« The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = 0 (data present in the UiTB register)
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24.10.2 UART (Clock Asynchronous Serial 1/0) Mode

24.10.2.1 Transmission / Reception

When the RTS function is used with an external clock, RTSi pin (i = 0 to 2, 5 to 7) outputs “L,” which
informs the transmitting side that the MCU is ready for a receive operation. The RTSi pin outputs “H”
when a receive operation starts. Therefore, a transmit timing and receive timing can be synchronized
by connecting the RTSi pin to the CTSi pin of the transmitting side. The RTS function is disabled
when an internal clock is selected.

If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-
phase output forcible cutoff by input on SD pin enabled), the following pins go to high-impedance
state:

P7_2/CLK2/TA10UT/V, P7_3/CTS2/RTS2/TA1IN/V, P7_4/TA20UT/W, P7_5/TA2IN/W, P8_0/
TA40OUT/RXD5/SCL5/U, P8_1/TA4IN/CTS5/RTS5/U

24.10.2.2 Transmission

If an external clock is selected, the following conditions must be met while the external clock is held
“H” when the CKPOL bit in the UiCO register (i=0to 2, 5to 7) is set to O (transmit data output at the
falling edge and receive data input at the rising edge of the serial clock), or while the external clock is
held “L” when the CKPOL bit is set to 1 (transmit data output at the rising edge and receive data input
at the falling edge of the serial clock).

« The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

«If CTS function is selected, input on the CTSi pin = “L”

24.10.3 Special Mode 1 (12C Mode)

24.10.3.1 Generating Conditions

When generating start, stop, and restart conditions, set the STSPSEL bit in the UiISMR4 register (i=0
to 2, 5to 7) to 0 and wait for more than half cycle of the transfer clock before setting each condition
generation bit (STAREQ, RSTAREQ, and STPREQ) from O to 1.

24.10.3.2 UARTS5, UART7
When the bits SMD2 to SMDO in the UiSMR register is set to “010b”, the IICM bit in the UiSMR
register is set to 1 and UARTS and UART7 is used in I2C mode, The SCLi pin level cannot be read

properly. When using UART5 and UART7 in 12C mode, do not read the SCLi pin level. If it is
nessesary to read the SCLi pin level, use UART]j (j =0 to 2 and 6).

24.10.4 Special Mode 4 (SIM Mode)

A transmit interrupt request is generated by setting bits U2IRS and U2ERE in the U2C1 register to 1
(transmission completed) and 1 (error signal output), respectively. Therefore, when using SIM mode,
make sure to clear the IR bit to O (interrupt not requested) after setting these bits.
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24.10.5 SI/O3, SI/04

The SOUTI default value which is set to the SOUTI pin by the SMi7 bit approximately 10 ns may be
output when changing the SMi3 bit from 0 (1/O port) to 1 (SOUTi output and CLKi function) while the
SMi2 bit in the SiC to 0 (SOUTI output) and the SMi6 bit is set to 1 (internal clock). And then the SOUTI
pin is held high-impedance.

If the output level from the SOUTI pin is a problem when changing the SMi3 bit from 0 to 1, set the
default value of the SOUTI pin by the SMi7 bit.

i=3,4
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24.11 A/D Converter

Set registers ADCONO (except bit 6), ADCON1, and ADCON2 when A/D conversion is stopped (before a
trigger occurs). After A/D conversion is stopped, set the ADSTBY bit from 1 to O.

When the ADSTBY bit in the ADCONL register is changed from 0 (A/D operation stopped) to 1 (A/D
operation enabled), wait for 1 $AD cycle or longer to start A/D conversion.

To prevent noise-induced device malfunction or latchup, as well as to minimize conversion errors, insert
capacitors between pins AVCC, VREF, analog input (ANi (i = 0 to 7), ANO_i, AN2_i), and AVSS. Similarly,
insert a capacitor between pins VCC1 and VSS. Figure 24.4 shows an example connection of individual
pin.

Make sure the port direction bits corresponding to the pins that are used as analog inputs are set to 0
(input mode).

When the TRG bit in the ADCONO register = 1 (external trigger), make sure the port direction bit for the
ADTRG pin is set to 0 (input mode).

When using key input interrupts, do not use any of the four pins AN4 to AN7 as analog inputs. (A key input
interrupt request is generated when the A/D input voltage goes low.)

When changing an A/D operating mode, set bits CH2 to CHO in the ADCONO register and bits SCANL1 to
SCANQO in the ADCONL register again to select analog input pins.

Microcomputer

VCC1 VCC1
VCC1 AVCC
Cc4 VCC1
ﬁ VSS VREF
C1 c2
VCC2 ? AVSS %
VCC2 Cc3
C5 ANi
% vss

ANi: ANi, ANO_i, and AN2_i (i= 0 to 7)

NOTES :
1. C1>0.47mF, C2>0.47mF, C3>100pF, C4>0.1mF, C5>0.1mF (reference)
2. Use thick and shortest possible wiring to connect capacitors.

Figure 24.4 Use of Capacitors to Reduce Noise
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When A/D conversion is forcibly terminated by setting the ADST bit in the ADOCONO register to 0 (A/D
conversion stops) by program during A/D conversion, the A/D conversion result is undefined. The ADi
register not performing A/D conversion may also be undefined. If the ADST bit is set to 0 by program
during A/D conversion, do not use values obtained from any ADi registers.

The applied intermediate potential may cause more increase in power consumption to AN4 to AN7 than to
other analog input pins (ANO to AN3, ANO_0 to ANO_7, and AN2_0 to AN2_7) since AN4 to AN7 are used
with KI0 to KI3.

When A/D conversion is stopped in one-shot mode or single sweep mode, the ADST bit in the ADCONO
register becomes 0 (A/D conversion stop). Also, when a trigger by ADTRG is selected, the ADST bit
becomes 0. Therefore, set the ADST bit to 1 (A/D conversion start) by a program if there is a possibility
that a trigger is input subsequently.

Connect the VREF pin to VCC1 pin. Because the VREF pin is connected to VCC1 pin inside, current
flows if potential difference occurs between the pins.

When the ADi register is read before an A/D conversion completes, an undefined value is read.
Therefore, read the ADi register after a conversion completes. The followings show measures to detect a
completion of an A/D conversion.
* In one shot mode or single sweep mode
After an A/D conversion the IR bit in the ADIC register becomes 1 (interrupt requested). Read the
ADi register after making sure the IR bit is 1.
When not using the A/D interrupt, set the IR bit to 0 (interrupt not requested) by a program after ADi
register is read.
* In repeat mode, repeat sweep mode 0, or repeat sweep mode 1
The IR bit does not change. At first, read the ADi register after waiting for one conversion done (refer
to 18.2 “Conversion Rate”). After that, when the ADi register is read at a desired timing, the data
which was converted before the reading is read.
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24.11.1 Repeat Mode, Repeat Sweep Mode 0, and Repeat Sweep Mode 1
In repeat mode, repeat sweep mode 0, and repeat sweep mode 1, when reading the ADi register (i=0
to 7) during the period when the ADi register value is rewritten, the undefined value may be read. Read
the ADi register for several times to determine whether the read value is valid. The period when the
undefined value is read is for one cycle of fAD.

A/D conversion ANO AN1 N2
Ie_ ..
1

ADO register

ADL1 register

|
|

AD7 register

N _L
|

F=3 P

|
le—
One cycle of fAD One cycle of fAD One cycle of fAD  One cycle of fAD

L:: I
f

L

|

f

The ADO register is rewritten during this period.
When reading the ADO register during this period,
the undefined value is read.

The above diagram shows an instance in which the following conditions are met:
* Bits MD1 to MDO in the ADCONO register are 11b, and
the MD2 bit in the ADCONL1 register is O (repeat sweep mode 0)
* Bits ADGSEL1 to ADGSELO in the ADCONZ2 register are 00b (ANO to AN7 groups selected)
* Bits SCAN1 to SCANO in the ADCONL1 register are 11b (ANO to AN7(8 pins) selected)

Figure 24.5 Period When the ADi Register Value is Rewritten
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24.12 Programmable I/O Ports
If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register = 1 (three-phase
output forcible cutoff by input on the SD pin enabled), pins P7_2 to P7_5 and P8_0 and P8_1 go to high-
impedance state.

Setting the SM32 bit in the S3C register to 1 causes the P9_2 pin to go to high-impedance state.
Similarly, setting the SM42 bit in the S4C register to 1 causes the P9_6 pin to go to high-impedance state.
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24.13 Flash Memory Version

24.13.1 Functions to Inhibit Rewriting Flash Memory

ID codes are stored in addresses OFFFDFh, OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and
OFFFFBh. If wrong data are written to theses addresses, the flash memory cannot be read or written in
standard serial I/O mode.

The ROMCP register is mapped in address OFFFFFh. If wrong data is written to this address, the flash
memory cannot be read or written in parallel 1/O mode.

In the flash memory version of microcomputer, these addresses are allocated to the vector addresses
(H) of fixed vectors.

24.13.2 Stop Mode

When the microcomputer enters stop mode, execute the instruction which sets the CM10 bit in the CM1
register to 1 (stop mode) after setting the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) and disabling the DMA transfer.

24.13.3 Wait Mode

When shifting to wait mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled) before executing the
WAIT instruction.

24.13.4 Low Power Consumption Mode,
On-Chip Oscillator Low Power Consumption Mode

If the CMO5 bit in the CMO register is set to 1 (main clock stop), do not execute the following
commands.

e Program

* Block erase

* Lock bit program

24.13.5 Writing Command and Data
Write the command code and data at even addresses.

24.13.6 Program Command

Write xx41h in the first bus cycle and write data to the write address in the second bus cycle and third
bus cycle, and an auto program operation (data program and verify) will start. Make sure the address
value specified in the first bus cycle is the same even address as the write address specified in the
second bus cycle and third bus cycle.

24.13.7 Lock Bit Program Command

Write xx77h in the first bus cycle and write xxDOh in the second bus cycle to the highest-order even
address of a block, and the lock bit for the specified block is cleared to 0. Make sure then address value
specified in the first bus cycle is the same highest-order block address that is specified in the second
bus cycle.

REJ09B0392-0105 Rev.1.05 Mar 17, 2009 :{ENESAS
Page 372 of 383



M16C/64 Group 24. Precautions

24.13.8 Operation Speed
Before entering CPU rewrite mode (EWO0 or EW1 mode), set the CM11 bit in the CM1 register to 0
(main clock), select 10 MHz or less for CPU clock using the CMO06 bit in the CMO register and bits
CML17 and CM16 in the CM1 register. Also, set the PM17 bit in the PM1 register to 1 (with wait state).

24.13.9 Instructions Inhibited against Use

The following instructions cannot be used in EW0 mode because the flash memory internal data is
referred: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction.

24.13.10 Interrupts
EWO0 Mode

« Any interrupt which has a vector in the relocatable vector table can be used providing that its vector
is transferred into the RAM area.

« The NMI and watchdog timer (oscillation stop, re-oscillation detect, and low voltage detect)
interrupts can be used because registers FMRO and FMR1 are initialized when one of those
interrupts occurs. The jump addresses for those interrupt routines should be set in the fixed vector
table.

« Because the rewrite operation stops when an NMI or watchdog timer (oscillation stop, re-oscillation
detect, and low voltage detect) interrupt occurs, the rewrite program must be executed again after
exiting the interrupt routine.

» The address match interrupt cannot be used because the flash memory internal data is referred.

EW1 Mode

» Make sure that any interrupt which has a vector in the relocatable vector table or address match
interrupt will not be accepted during the auto program or auto erase period.

« Avoid using watchdog timer (oscillation stop, re-oscillation detect, and low voltage detect)
interrupts.

« The NMI interrupt can be used because registers FMRO and FMR1 are initialized when this
interrupt occurs. The jump address for the interrupt routine should be set in the fixed vector table.

» Because the rewrite operation is halted when an NMI interrupt occurs, execute the rewrite program

again after exiting the interrupt routine.

24.13.11 How to Access
To set the FMRO1, FMRO02, or FMR11 bit to 1, write 0 and then 1 in succession. Ensure that no
interrupts or DMA transfers will occur before writing 1 after writing 0. Perform it when the NMI pin is “H”
level if the PM24 bit is 1 (NMI interrupt enabled).
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24.13.12 Writing

EWO0 Mode
« If the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, the rewrite control program may not be correctly rewritten and, consequently, the flash
memory becomes unable to be rewritten thereafter. In this case, use standard serial I/O or parallel
I/O mode.
EW1 Mode
« Avoid rewriting any block in which the rewrite control program is stored.
* When a software command is executed for another block on the flash memory, the software
command may not be executed as expected. This may occur when RAM is written by the rewriting
program which is executed in EW1 mode.

Example Program (When the program command is executed)

PRG_CMD:

MOV.W PRG_ADDR , A0 ;

MOV.W PRG_ADDR+2 , Al ;

STEW #0041h . [A1AQ] ; Program command

STE.W WR_DATAO . [A1AQ] ;  The first word data to write

ADD.W #4 , PRG_ADDR ; <«Writeto RAM
(This is acknowledged as the second
data to write)

MOV.W PRG_ADDR , A0 ;

STEW WR_DATA1L ,  [A1AOQ] ;  The second word data to write

(Depending on the value of
WR_DATAL, this may be
acknowledged as next software
command)

JMP PRG_CMD
*PRG_ADDR; RAM address (the executing command address to be stored.)

When rewriting flash memory, execute a rewriting program on the area other than flash memory such
as RAM or external area in EW0 mode. When using EW1 mode, do not write to RAM in EW1 mode.

24.13.13 DMA transfer

In EW1 mode, make sure that no DMA transfers will occur while the FMROO bit in the FMRO register =
0 (during the auto program or auto erase period).
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24.13.14 Programming / Erasing Endurance and Execution Time

As the number of programming / erasing times increases, so does the execution time for software
commands (program, block erase, and lock bit program commands).

The software commands are stopped by hardware reset 1, brown-out reset, NMI interrupt, and
watchdog timer (oscillation stop, re-oscillation detect, and low voltage detect) interrupt. If a software
command is stopped by such reset or interrupt, erase the block in process before reexecuting the
stopped command.

24.13.15 When Entering to Boot Mode

When applying high to the P5_0 pin, “L" to the P5_5 and high to the CNVSS pin while applying “L" to
the RESET pin to enter boot mode, the following pins output an undefined signal for approximately 4
ns.

Also, when an input signal of the P8_5 pin becomes “L" from high while the RESET pin is applied low,
the P5_0 pin is applied high, the P5_5 pin is applied low and the CNVSS pin is applied high, the P7_0
pin outputs an undefined signal for approximately 4 ns.

When connecting a serial programmer by using standard serial I/O mode 1 or 2, the conditions above
may be met. Therefore, the following pins may output an undefined signal.

* Subject: PO_Oto PO_7,P1 0toP1_7,P2_0,P4_4,P7_0
(The P7_0 pin outputs an undefined signal when the P8_5 pin becomes high to low)

The undefined output from the pins can be avoided by controlling timing of the pins as shown below.
[To avoid the undefined output]

(1) Operate the microcomputer in single-chip mode.

(2) Apply high to the CNVSS pin, high to the P5_0 pin, low to P5_5 and high to the P8_5 pin in

single-chip mode.
(3) Apply low to the RESET pin and wait for 1/fOCO-S x 20 or more.
(4) Apply high to the RESET pin.

Single-chip mode Reset state Boot mode
Processor mode

V.
A
v

Wait for 20 cycles or v
more of fOCO-S

H
CNVSS /

PRI A8
p— TR R

s " [I7717-
/

After controlling levels of the CNVSS, P5_0, P5_5 and P8_5 pins, change the RESET pin level to “L” from “H”.

Figure 24.6 Pin Control Timing
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24.14 Noise

Connect a bypass capacitor (approximately 0.1 yuF) across pins VCC1 and VSS, and pins VCC2 and VSS
using the shortest and thicker possible wiring. Figure 24.7 shows the Bypass Capacitor Connection.

Bypass Capacitor

Connecting Pattern

Connecting Pattern

|

H%(

VCC2

M16C / 64 Group

VCC1

T

|

Connecting Pattern \ Connecting Pattern

Bypass Capacitor

Figure 24.7 Bypass Capacitor Connection
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Appendix 1.Package Dimensions

The information on the latest package dimensions or packaging may be obtained from “Packages” on the
Renesas Technology Website.

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ] |
P-QFP100-14x20-0.65 | PRQP0100JD-B | 100P6F-A | 185 |
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JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
P-LQFP100-14x14-0.50 | PLQP0100KB-A [100P6Q-A / FP-100U / FP-100UV | 0.69 |
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Appendix 2.Difference Between M16C/64 and M16C/62P

Table Appendix 2.1 Difference Between M16C/64 and M16C/62P (1)

Item

M16C/62P

M16C/64

Minimum instruction
execution time:

41.7ns(f (BCLK)=24MHz, VCC1=3.0V to 5.5V)
100ns(f (BCLK)=10MHz, VCC1=2.7V to 5.5V)

40ns(f (BCLK)=25MHz, VCC1=2.7V to 5.5V)

1/0 Port

I/0O: 87 (N channel open-drain:2), Input port: 1

1/0: 88 (N channel open-drain:3)

Disabling function of
key input interrupt,
INT6, and INT7 in while
using A/D converter

Not available

available

NMI

Enable after reset is canceled.

Disable after reset is canceled.
Selectable valid mode with PM24 bit.

CNVSS - After reset is deserted, internal pull-up is valid
maximum two cycles in 125kHz on-chip
oscillator in single-chip mode.

CLKOUT Retain status when entering stop mode. Output "high" when entering stop mode

P8_2 to P8_4(INTO to
INT2)

Common to peripheral function and port input.

Divide peripheral function and port input.
(same configuration as INT3 to INT7)

Handling of unused
pins

VREF pin: connect the pin to VSS

VREF pin: connect the pin to VCC1

External Bus

The usable area has been changed due to
placing SFR area (0D0O00Oh-OD7FFh) and
program ROM 2 area and enhanced data
flash area.

DMAC

2ch (25 sources)

4ch (43 sources)

Low-voltage detection
CIRCUIT

Vdet3

Vdet0 (the name is changed)

When using low-voltage detection circuit, be
sure to set PM25 bit to 1: (clock supply
enabled). (PM25 bit: New additional bit.)

Cold start-up/ warm
start-up determine flag

VdetO: unlinked

VdetO: linked

reset is canceled

Frequency of the On-  |About 1MHz About 125kHz
chip oscillator
CPU clock source after |Main clock 125kHz on-chip oscillator clock

PLL frequency
synthesizer

Multiplying factor: 2,4,6,8

Multiplying factor: 2,4,6,8

Main clock: undivided (through), 2 or 4
provides

Before entering clock to PLL frequency
synthesizer, make sure clock form is 2 MHz to
5 MHz.

Multiplying factor modification;
only 1time after reset

Multiplying factor modification; unlimited

SFR access wait (when
CPU clock is over
16MHz)

2 waits

1wait

Protection of writing to
registers

New protect bit 6 protects PRG2C register.
Protect bit 3 protects VWOC register.
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Table Appendix 2.2 Difference Between M16C/64 and M16C/62P (2)

Item M16C/62P M16C/64
A/D converter Operation frequency: Operation frequency:
3.3V:f AD = 10MHz(+5LSB) 3.0V:f AD =10MHz(+3LSB)
5.0V:f AD =12MHz(+3LSB) 3.3V:f AD =16MHz (+3LSB)
5.0V:f AD =25MHz(+3LSB)
VREFCUT: Wait 1us after connecting. A/D Standby: Start in 1cycle after connecting.
Selectable 10 bit or 8 bit conversion mode Fixed 10 bit conversion mode
Selectable with/without sample and hold Fixed sample and hold function
function
Available external operational amplifier No external operational amplifier connection
connection mode mode
Can be used when operating with Be sure to use VCC1, AVCC, VREF with
2.0VSVREF<VCC1 same power supply
ADST bit when using external trigger: After A/|ADST bit when using external trigger: After A/
D conversion, ADST bit "1" is maintained. D conversion, ADST bit becomes "0".
The operation after writing "1" in ADST bit: | The operation after writing "1" in ADST bit:
ADST bit set to "1" shortly. After the passage of dummy time period,
ADST bit is set to "1".
Timer A, B Operating clocks: Operating clocks:
*1,2,8,0r32infl clock *1,2,8,32,0r64 infl clock(one frequency
* fc32 circuit in timer A and B and Three-phase
timer)
* fc32
* On-chip oscillator (125kHz)
Fixed PWM output level PWM output level can be inverted
Select up count or down count: Select up count or down count:
Selectable with TAJOUT pin (j=0 to 4) Not selectable with TAjout pin (j=0 to 4)
Timer Bi register (i=0 to 5) in pulse Timer Bi register (i=0 to 5) in pulse
measurement mode / pulse period measurement mode / pulse period
measurement mode: disable to set the initial |measurement mode: enable to set the initial
value value
Timer B over-flow flag: disable to clear the Timer B overflow flag: enable to clear the flag
flag while not counting. while not counting
Timer A2 to A4 two-phase pulse signal Timer A2 to A4 two-phase pulse signal
Processing select bit in up/down flag register |Processing Select bit in up/down flag
is write enable only. register is read and write enable.
Three-phase timer Three-phase timer output cutoff: NMI pin\ Three-phase timer output cutoff: SD pin
Watchdog timer Common to start and refresh register Reset register and Start register are divided.

Optional function select address (OFS1)
enables select and protect count source.

Serial interface UART3ch (UART 0 to 2) UART6ch (UART Oto 2,5t0 7)
UART Operating clock: Operating clock:
diveded by 1, 2, 8, or 32 in f1 clock diveded by 1, 2, 8, or 32 (Each UARTO to
UART2, UARTS5 to UART7 has one divider
circuit)
SIO Operating clock: Operating clock:
diveded by 1, 2, 8, or 32 in f1 clock diveded by 1, 2, 8, or 32 in f1 clock
(one divider circuit belongs to SI/O3 and SlI/
04)
SOUT output: high impedance SOUT output: selectable "high impedance”

and "last bit level hold" function.
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Table Appendix 2.3 Difference Between M16C/64 and M16C/62P (3)
Item M16C/62P M16C/64

Interrupt 35 vectors 48 vectors

6 external interrupts 8 external interrupts (add INT6, INT7)

- New interrupt source
DMA2, DMAS, UARTS5, UART6, UART7, INT6,

INT7
Flash memory Block: (256 Kbytes version) Block: (256 Kbytes version)
* User area: * Program ROM 1 area: 64K+64K+64K+64K
4AK+4K+8K+8K+8K+32K+64K+64K+64K * Program ROM 2 area: 16K
* Boot ROM area: 4K * Data flash: 4K+4K

e Data area: 4K

- Flash distinction register (FIDR) is deleted

- User ROM area select bit (FMRO05) is deleted
- New data flash wait bit (FMR17)

lwait is required when connecting to data
flash.

Selectable protect option Selectable protect option
+watchdog timer count source selection mode
and count source protection mode

- Available slow read mode

- Available low-current consumption mode

- Available user boot function

- Available forced erase function

- Available forced erase function

Erase/write time Erase/write time
* For all area: 100 times For all area:100 times

¢ Block 1, Block A: 10,000 times
* The other blocks: 1,000 times

CPU rewrite mode Program command: 40h Program command: 41h
Unit: 1 word Unit: 2 words

- Setting procedure of EW0, EW1 mode has
been changed.

Available all unlock block erase command No all unlock block erase command
Power supply Can be used when operating with Be sure to use VCC1 and VCC2 with same
VCC1>VCC2>2.7V current source.

Note: Make sure to use VREF and AVCC with
same current source, too.

Current consumption |14mA (VCC1=5V, f(BCLK)=24MHz) 20mA (VCC1=5V, f(BCLK)=25MHz)

8mA (VCC1=3V, f(BCLK)=10MHz) 5.7pA (VCC1=3V, f(XCIN)=32kHz, waite mode)
1.8uA (VCC1=3V,f(XCIN)=32kHz, waite mode)|3.0pA (VCC1=3V, stop mode)

0.7uA (VCC1=3V, stop mode)

Parallel programmer Adapter for M16C/64 is required
Note:
1. Please refer to the hardware manual for more information of the details and the electrical
characteristics.
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REGISTER INDEX INVCO wcooovvvvcvvvrennsessssssneeesnnnsessssssenns 168
LAY Y 169

[A] (K]

ADO 10 AD7 ..covvvvrrrrrssesenneecnnnneensssssse 235

ADCONO, ADCON1 234, 237, 239, 241' 243, KUPIC e 105

245

J:YoTcle] N7 2 235

ADIC oooceeiicerrernesssss s 105 [O]

AIER oo 117 OFSL it 120,272
127 2 117 ONSF covvssisisnnssss s 141
[C] [Q]

BCNIC oo 105, 106 POTO P10 oo 260
CMO oo 76 e 9
CML iveeceereeeeenssssessseesnsssese e 77 PCR oo 114, 262
CM2 v 78 PDO 0 PD10 cooversssisissvvnnnsssssssnnn 259
CPSRF ........................................... 142, 157 PMO .......................................................... 48
CRCD ..................................................... 251 PMl .......................................................... 49
CRCIN .................................................... 251 PM2 ---------------------------------------------------------- 79
CSE wevvvemmmmmmmmmmssssssssssssssssssssssssses e 62 PLEO ot 80
CSPR L mmmm———— 120 PRCR coovvvvvecervvreesssssssssmseeesssnessssssssons 08
TSR evveeernsreesssssssseeesssssess e 55 PRE2C ..o 50

PURO, PURL vvvvoosrceeesonvcesrnnnnssssssssnnn 261
PUR2. cooovovvceennreensssssssseessssssessssssssnns 262
[E]
113 39
DAO, DAL woooooceiomeeenneeeessssssssssnnicenees 250 [S]
DACON .ooorrreeiinmeeensnnensssssssssnnncenees 250 SORIC to S2RIC, SSRIC to STRIC ........ 105
DARO t0 DARS w...oovvvvcevrrrrrnnsssssssssnneeeens 129 SOTIC to S2TIC, SSTIC 10 STTIC oo 105
DBR .ovccevvvrreeesessesssnmsesssssenesssssssssnnceees 67 SBAC2 oo 227
DMOCON 10 DM3GON . 178 SBC, SAC cvvrrrveeerrreeneresssssseeensneeeeees 226
DMOIC .covvvvreresssneeennnssesssssssssneeeees 106 S3BRG, SABRG ovvvvvvvsssisivininnees 226
DMOIC 10 DMBIG 105 SBIC, SAC ovvvvvvevrrrrrrnssssssmieereneeneees 106
DMOSL 0 DM3SL - 195 SBTRR, SATRR ..covvvrvrrrrrissssimiecennnnnnes 226
03 OO 170 SARD 0 SARS ocvvvvvecssisissivnnnnss 129
RMADO t0 RMADS ........oovvveerrrrrrnrsnssens 117
IS 1 46
[G]
FMRO .covvvveeeeassemneennneeeesssessssenncenees 275
FMRL coovvvveereeesnonscensnenenssssssssssnneenees 276 [U]
FMR2 covvvrerrssecsninncesnnenensssssssssnneenees 277 UOCO O U2CD ovvvvvvcrsssssiivinnns 182
FMRE .covvvveereecsnonnccnnnneensssssssssnneeeees 278 AR 183
UOBCNIC, ULIBCNIC, USBCNIC to U7BCNIC
105
[1] UOBRG 10 U2BRG ...cccvvvvvvvvcrrrrrrnrsssscnn 181
[0y 1= 2 170 UOMR 10 UZMR ovvvvvrsssssiivvvnnnnesss 181
IDBO, IDBL ccocecevvvvccvrrrrensesssssssnnneeeens 170 UORB {0 UZRB .vvvvvvriisisiiivvninnnesss 180
15 113 UOSMR 10 U2SMR ....ooooovnnen 184
IFSR2A, IFSR3A ......ooovvvvevcevcnnennnnnnnnnnnnn 114 UOSMR2 10 U2SMR2. ..........oooooovivivivvee 185
NLVTTSR T N) ([ R 106 UOSMR3 10 UZSMRS oo 185
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UOSMR4 t0 U2SMR4 ......ovvveviiiiiiiiiiis 186
UOTB to U2TB ....cooiiiiiiiiiieeeeeeee e 180
ULIBCNIC ..o 106
USCO tO U7CO .ooeeeiiiiieeeeereee e 182
USCLtoU7CL ..o 183
USBCNICA'U7BCNIC ....ccevvveevie, 106
USBRG to U7TBRG ..., 181
USMR t0 U7TMR ..o 181
USRBtO U7RB .......ooooiiiiiiiiiii, 180
USSMR to U7SMR ..., 184
US5SMR2 10 U7SMR2 ......ovvvviiiiiiiiiiiis 185
USSMR3 t0 U7SMRS3 .......oiiiviiiiiiiiiis 185
USSMR4 to U7TSMR4 ... 186
USTBtO U7TTB ..ccooiiiiiiiiiieeeeeeeeee e 180
TAO O TAG o 139
TAOIC to TALIC ..oovvveiieiieiiiie, 105
TAOMR to TAAMR .. 139, 144, 146, 151, 153
TAL TAZ 171
TALL oo 171
TAIMR, TAZMR o 173
TAZL o 171
TAZMR to TAAMR ..o, 148
TAL 171
TALL i 171
TAAMR o 173
TACSO, TACST ..ot 142
TACS2 oo 143
TABSR ..., 140, 157, 172
TAPOFS ..., 143
TBOIO TB5 ..o 156
TBOIC to TBSIC ...oveeeiieiieeieiieee 105
TBOMR to TB5MR .......... 156, 160, 162, 164
TB2 i 172
TB2MR ..o, 173
TB2SC .o, 171
TBCSOto TBCSS ..o, 158
UCON e 184
TCROtO TCR3 ..ot 129
TBSR oo 157
UDF .., 140
TRGSR ..o, 141,172
[W]
VCRI oo 38
VCR2Z oo 38
WDTS ., 119
VWOC ..o 40
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4 Table 1.3 Product List is partly revised.
0.62 | Jul 04, 2007 17 3. Memory (including the figure) is partly revised.
32 Figure 5.1 Example Reset Circuit is partly revised.
51 7.3 Internal Memory is partly revised.
75 Figure 10.1 System Clock Generation Circuit is partly revised.
163 |Figure 15.24 TBIMR Register in Pulse Period and Pulse Width Mea-
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220 |Figure 17.33 Transmit and Receive Timing in SIM Mode is partly
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224 |Figure 17.38 Registers S3C, S4C, S3BRG, S4BRG, S3TRR, and
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287 |23.1.1 Boot Mode is partly revised.
265 |22.1.2 User Boot Function is added.
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267 |22.2.2 ID Code Check Function is added.
268 |22.2.3 Forced Erase Function is added.
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revised.
320 |Figure 23.21 Pin Connections for Standard Serial I/O Mode (2) is partly
revised.
321 |Figure 23.22 Circuit Application in Standard Serial I/O Mode 1 is partly
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322 |Figure 23.23 Circuit Application in Standard Serial I/O Mode 2 is partly
revised.
343 |24.5 Power Control is partly revised.
362 |24.11 A/D Converter is partly revised.
0.63 |Sep 21, 2007 3 Table 1.2 Specifications (2) is partly revised.
5 Figure 1.2 Marking Diagram of Flash Memory Version (Top View) is
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29 Table 4.12 SFR Information (12) is partly revised.
79 Figure 10.5 PM2 Register is partly revised.
92 Table 10.7 Pin Status in Stop Mode is partly revised.
114  |Figure 12.12 Registers IFSR2A, IFSR3A, and PCR is partly revised.
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238 |Table 18.4 Single Sweep Mode Specifications is partly revised.
239 Figure 18_.6 Registers ADCONO and ADCONL1 (Single Sweep Mode) is
partly revised.
240 |Table 18.5 Repeat Sweep Mode 0 Specifications is partly revised.
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342 |24.2.1 VCC1 is added.
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