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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 sales 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.

You should not alter, 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. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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. You 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 electronic appliances; machine tools; personal electronic equipment; and industrial 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; aerospace 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

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

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

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

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vi1 (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is
fixed, and also in the transition period when the input level passes through the area between ViL (MAX)
and Vit (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or
GND via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins
must be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/0O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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FIP, EEPROM, and IEBus are trademarks of NEC Electronics Corporation.

Windows and WindowsNT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation in the USA.

SPARCstation is a trademark of SPARC International, Inc. in the USA.

Solaris and SunOS are trademarks of Sun Microsystems, Inc. in the USA.

HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company in the USA.

Ethernet is a trademark of Xerox Corporation in the USA.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

The information in this document is current as of August, 2005. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

NEC 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 NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this document are provided for illustrative

purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC

Electronics products, customers must incorporate sufficient safety measures in their design, such as

redundancy, fire-containment and anti-failure features.

NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and

"Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program” for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": 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, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics’ willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

« Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

[GLOBAL SUPPORT]

http://www.necel.com/en/support/support.html

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782

NEC Electronics (Europe) GmbH
Duesseldorf, Germany
Tel: 0211-65030

e Sucursal en Espafa
Madrid, Spain
Tel: 091-504 27 87

« Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

« Filiale Italiana
Milano, ltaly
Tel: 02-66 75 41

e Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2654010

 Tyskland Filial
Taeby, Sweden
Tel: 08-63 87 200

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-558-3737

NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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Major Revisions in This Edition

Page

Description

U13570EJ2VOUDO0 — U13570EJ3VOUDOO

CHAPTER 1 GENERAL

p.34 » Update of 78K/IV PRODUCT LINEUP
CHAPTER 4 CLOCK GENERATOR
p.110 » Modification of Figure 4-4 Clock Status Register (PCS) Format
CHAPTER 23 INTERRUPT FUNCTIONS
p.408 » Modification of TMICO0O0 bit name in Figure 23-1 Interrupt Control Register (xxICn)
CHAPTER 25 STANDBY FUNCTION
p.517 » Modification of Figure 25-1 Standby Function State Transitions
p.535 » Modification of Table 25-5 Operating States in STOP Mode
p.541 » Modification of description in 25.4.2 (3) Releasing the STOP mode by RESET input
p.548 » Modification of description in 25.5.2 (3) Releasing the IDLE mode by RESET input
p.551 » Modification of description in 25.6 (5) A/D converter
p.556 » Modification of description in 25.7.3 (1) (b) (iii) Releasing the HALT mode by RESET input
p.557 » Modification of description in 25.7.3 (2) (a) Setting the IDLE mode and the operating states
p.558 » Modification of description in 25.7.3 (2) (b) (iii) Releasing the IDLE mode by RESET input
p.608 Addition of CHAPTER 30 ELECTRICAL SPECIFICATIONS (uPD784214A, 784215A, 784216A, 784217A,
784218A, 784214AY, 784215AY, 784216AY, 784217AY, 784218AY)
p.632 Addition of CHAPTER 31 ELECTRICAL SPECIFICATIONS (uPD78F4216A, 78F4218A, 78F4216AY,
78F4218AY)
p.659 Addition of CHAPTER 32 PACKAGE DRAWINGS
p.661 Addition of CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS
Modification of description in APPENDIX B DEVELOPMENT TOOLS
pp.670, 671 » Addition of SP78K4 to B.1 Language Processing Software, modification of description in Remark
p.672  Addition and modification of description in B.3.1 Hardware
p.674 » Modification of description in Remark in B.3.2 Software
p.675 » Addition of B.4 Cautions on Designing Target System
p.681 Modification of description in APPENDIX C EMBEDDED SOFTWARE

U13570EJ3VOUDO0 — U13570EJ3V1UDOO

p.36

Modification of 1.2 Ordering Information

p.661

Addition of lead-free products to CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS

The mark * shows major revised points.
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Readers

Purpose

Organization

How to read this manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
uPD784216A,784218A, 784216AY, and 784218AY Subseries and design its application
systems.

This manual is intended to help users understand the hardware functions of the
uPD784216A, 784218A, 784216AY, and 784218AY Subseries.

The uPD784216A, 784218A, 784216AY, and 784218AY Subseries User's Manuals
consist of two volumes, Hardware (this manual) and Instruction.

Hardware Instruction
Pin functions CPU functions
Internal block functions Addressing
Interrupts Instruction set

Other on-chip peripheral functions
Electrical specifications

There are cautions associated with using this product.
Be sure to read the cautions in the text of each chapter and the summary at the
end of each chapter.

Reading this manual requires general knowledge about electronics, logic circuits, and
microcontrollers.

- If there are no particular differences in functions
The uPD784218A Subseries is described as the representative subseries.
The uPD784218A of the uPD784218A Subseries is described as the representative
mask ROM product, and the uPD78F4218A is described as the representative flash
memory product.

- If there are differences in functions
Each product name is presented and described individually.
Since uPD784216A, 784218A Subseries products are described as the representative
products even in this case, for information on the operation of uPD784216AY,
784218AY Subseries products, read the uPD784214A, 784215A, 784216A, 784217A,
784218A, and 78F4218A as the uPD784214AY, 784215AY, 784216AY, 784217AY,
784218AY, and 78F4218AY.

« To understand the overall functions
— Read this manual in the order of the CONTENTS.

« For unusual operations when debugging
— See the applicable cautions listed at the end of each chapter.
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« To check the details of a register whose name is known
— See APPENDIX D REGISTER INDEX.

« To learn details of the instruction functions
— Refer to the 78K/IV Series User’s Manual — Instruction (U10905E).

- To find out about the electrical specifications
— Refer to the chapter of electrical specifications

- For application examples of the functions
— Refer to the application notes (published separately).

Differences between the yPD784216A Subseries, uPD784218A Subseries, uPD784216AY Subseries, and

uPD784218AY Subseries

The only functional differences between the four subseries are the clocked serial
interface, ROM correction, and external access status functions. The four subseries
otherwise share the same functions.

Caution

The clocked serial interface is described in the following two chapters.

« CHAPTER 18 3-WIRE SERIAL I/0 MODE
« CHAPTER 19 I12C BUS MODE (uPD784216AY, 784218AY SUBSERIES ONLY)

For an overview of the serial interface, read CHAPTER 16 altogether.

Legend

Data significance:

Active low notation:
Note:

Caution:

Remark:

Numerical notations:

The left side is the most significant digit. The right side is the least
significant digit.

Xxx (overbar on pin or signal name)

Description of Note in the text

Information requiring particular attention

Supplemental description of the text

Binary numbers .............. xxxXxXB or xxxx

Decimal numbers ........... XXXX

Hexadecimal numbers ... xxxxH
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Register notation

7 6 5

EDC|B|1|0|><|A|1|0|><

A bit number enclosed with angle brackets
indicates bits whose name is defined as a

reserved word in the NEC Electronics assembler

and as an sfr variable on #pragma sfr directive

in the C compiler

When writing When reading
Write O or 1. The Read O or 1.
operation is not affected
by either value.
Must write 0. 0 is read.
Must write 1. 1 is read.

Write the value for the
function intended to be
used.

Read the value that
conforms to the operating
state.

Never write a combination of codes that have “Setting prohibited” written in the
register description in this manual.

Characters that are easily confused: 0 (zero), O (capital 0)

10

1 (one), | (letter 1), | (capital i)
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Related Documents The related documents in this publication may include preliminary versions. However, prelimi-
nary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD784216A, 784218A, 784216AY, 784218AY Subseries Hardware User's Manual This manual
78K/IV Series Software Fundamentals Application Note U10095E
78K/IV Series Instructions User's Manual U10905E

Documents Related to Development Tools (User’s Manuals)

Document Name Document No.
RA78K4 Assembler Package Operation U15254E
Language U15255E
Structured Assembler Preprocessor U11743E
CC78K4 C Compiler Operation U15557E
Language U15556E
SM78K Series Ver. 2.30 or Later System Simulator Operation (Windows™ Based) U15373E
External Part User Open Interface Specification U15802E
ID78K Series Integrated Debugger Ver. 2.30 or Later Operation (Windows Based) U15185E
RX78K4 Real-time OS Fundamentals U10603E
Installation U10604E
Project Manager Ver 3.12 or Later (Windows Based) U14610E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document for designing.
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Documents Related to Development Hardware Tools (User’s Manuals)

Document Name Document No.
|IE-78K4-NS In-Circuit Emulator U13356E
IE-784225-NS-EM1 Emulation Board U13742E
|IE-784000-R In-Circuit Emulator U12903E
|IE-784218-R-EM1 Emulation Board U12155E

Documents Related to Flash Memory Writing

Document Name Document No.

PG-FP3 Flash Memory Programmer User's Manual U13502E
Other Related Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages - X13769X
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the "Semiconductor Device Mount Manual" website (http://www.necel.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document for designing.
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CHAPTER 1 OVERVIEW

The uPD784218A Subseries is a member of the 78K/IV Series and consists of 100-pin products intended for
general-purpose applications. The 78K/IV Series has 16-bit single-chip microcontrollers and provides a high-
performance CPU with functions such as access to a 1 MB memory space.

The uPD784218A has a 256 KB mask ROM and a 12,800-byte RAM on chip. In addition, it incorporates a high-
performance timer/counter, an 8-bit A/D converter, an 8-bit D/A converter, and an independent 2-channel serial
interface.

The uPD784217A is a product with the mask ROM capacity of the uPD784218A changed to 192 KB.

The uPD784216A is based on the uPD784218A with 128 KB of mask ROM and 8,192 bytes of RAM.

The uPD784215A is based on the uPD784218A with 128 KB of mask ROM and 5,120 bytes of RAM.

The uPD784214A is based on the uPD784218A with 128 KB of mask ROM and 3,584 bytes of RAM.

The uPD78F4216A and 78F4218A are products with the mask ROM of the uPD784216A and 784218A replaced
by a flash memory.

The uPD784216AY and 784218AY Subseries adds an I°C bus control function to the uPD784216A and 784218A
Subseries.

The relationships among these products are shown below.
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OVERVIEW

On-chip flash memory product

Mask ROM product

These products can be applied in the following areas.

uUPD78F4218AY uPD784218AY
UPD78F4218A uPD784218A
Flash memory 256 K ROM 256 K
RAM 12,800 RAM 12,800
uPD784217AY
uPD784217A
ROM 192K
RAM 12,800
uPD78F4216AY uPD784216AY
UPD78F4216A uPD784216A
Flash memory 128 K ROM 128K
RAM 8,192 RAM 8,192
uPD784215AY
uPD784215A
ROM 128K
RAM 5,120
uPD784214AY
uPD784214A
ROM 96K
RAM 3,584

» Cellular phones, PHS, cordless phones, CD-ROMs, AV equipment, etc.
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CHAPTER 1 OVERVIEW

* 78K/IV Series Product Development Diagram

|:| : In mass production

I2C bus compatible

Multi-master I12C bus compatible

uPD784038Y
uPD784225Y
1PD784038
Standard Product Development uPD784225
Internal memory capacity enhanced 500
Pin-compatible with the uPD784026 pins
nPD784026 P ROM correction added

Multi-master 12C bus compatible Multi-master I12C bus compatible
A/D, 16-bit timer, and Ut i P

power management enhanced uPD784216AY uPD784218AY
HPD784216A UPD784218A
100 pins Internal memory capacity enhanced
I/0 and internal memory ROM correction added
capacity enhanced
1UPD784054
1PD784046

On-chip 10-bit A/D

ASSP Development

LPD784956A

For DC inverter control

| uPD7Bd9ssA

Function of the uPD784908 enhanced
. Internal memory capacity enhanced
- Bus™ Il y capacity
On-chip IEBus ™ controller ROM correction added

LPD784908

Multi-master 12C bus compatible

| 1PD784928Y

|| wpo7Bsss

Function of the uPD784915 enhanced

1PD784915

Software servo control
On-chip analog circuit for VCR
Timer enhanced

1PD784976A

On-chip VFD controller/driver

Remark VFD (Vacuum Fluorescent Display) is referred to as FIP™ (Fluorescent Indicator Panel) in some
documents, but the functions of the two are the same.
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.1 Features

On-chip ROM correction (uPD784218A, 784218AY Subseries only)
Inherits the peripheral functions of the uPD78078 Subseries
Minimum instruction execution time
* 160 ns (main system clock: fxx = 12.5 MHz operation)
* 61 us (subsystem clock: fxt = 32.768 kHz operation)
Instruction set suited for control applications
Interrupt controller (4-level priority)
» Vectored interrupt servicing, macro service, and context switching
Standby function
« HALT, STOP, and IDLE modes
* In the low power consumption mode: HALT and IDLE modes (subsystem clock operation)
On-chip memory: Mask ROM 256 KB (uPD784218A, 784218AY)
192 KB (uPD784217A, 784217AY)
128 KB (uPD784215A, 784216A, 784215AY, 784216AY)
96 KB (uPD784214A, 784214AY)
Flash memory 256 KB (uPD78F4218A, 78F4218AY)
128 KB (uPD78F4216A, 78F4216AY)
RAM 12,800 bytes (uPD784217A, 784218A, 784217AY, 784218AY, 78F4218A,
78F4218AY)
8,192 bytes (uPD784216A, 784216AY, 78F4216A, 78F4216AY)
5,120 bytes (uPD784215A, 784215AY)
3,584 bytes (uPD784214A, 784214AY)

I/O pins: 86

» Software programmable pull-up resistors: 70 inputs
» LED direct drive possible: 22 outputs
» Transistor direct drive possible: 6 outputs

Timer/counter: 16-bit timer/counter x 1 unit

8-bit timer/counter x 6 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
« CSI (3-wire serial /0, multimaster compatible 12C busNote): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
Real-time output port (by combining with the timer/counter, two stepping motors can be independently controlled)
Clock frequency function
Clock output function: Select from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/28, fxx/27, and fxT
Buzzer output function: Select from fxx/210, fxx/211, fxx/212, and fxx/213
Power supply voltage: Voo = 1.8 to 5.5 V (mask ROM version)

Vop = 1.9 to 5.5 V (flash memory version)

Note Only in the uPD784216AY, 784218AY Subseries

User’s Manual U13570EJ3V1UD 35



CHAPTER 1 OVERVIEW

* 1.2 Ordering Information

(1) uPD784216A, 784218A Subseries

36

Part Number Package On-chip ROM
uPD784214AGC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD784214AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD784215AGC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD784215AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD784216AGC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD784216AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
1PD784217AGC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD784217AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD784218AGC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD784218AGF-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM

uPD78F4216AGC-8EU
uPD78F4216AGF-3BA
uPD78F4218AGC-8EU
uPD78F4218AGF-3BA
uPD784214AGC-xxx-8EU-A
uPD784214AGF-xxx-3BA-A
uPD784215AGC-xxx-8EU-A
uPD784215AGF-xxx-3BA-A
uPD784216AGC-xxx-8EU-A
uPD784216AGF-xxx-3BA-A
uPD784217AGC-xxx-8EU-A
uPD784217AGF-xxx-3BA-A
uPD784218AGC-xxx-8EU-A
uPD784218AGF-xxx-3BA-A
uPD78F4216AGC-8EU-A
uPD78F4216AGF-3BA-A
uPD78F4218AGC-8EU-A
uPD78F4218AGF-3BA-A

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

Remark 1. xxx indicates ROM code suffix.

2. Products that have the part numbers suffixed by “-A” are lead-free products.
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(2) uPD784216AY, 784218AY Subseries

Part Number
uPD784214AYGC-xxx-8EU
UPD784214AYGF-xxx-3BA
uPD784215AYGC-xxx-8EU
uPD784215AYGF-xxx-3BA
1PD784216AYGC-xxx-8EU
uPD784216AYGF-xxx-3BA
uPD784217AYGC-xxx-8EU
uPD784217AYGF-xxx-3BA
uPD784218AYGC-xxx-8EU
uPD784218AYGF-xxx-3BA
uPD78F4216AYGC-8EU
uPD78F4216AYGF-3BA
uPD78F4218AYGC-8EU
uPD78F4218AYGF-3BA

Package
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

uPD784214AYGC-xxx-8EU-A  100-pin plastic LQFP (fine pitch) (14 x 14)

LPD784214AYGF-xxx-3BA-A  100-pin plastic QFP (14 x 20)

UPD784215AYGC-xxx-8EU-A  100-pin plastic LQFP (fine pitch) (14 x 14)

LPD784215AYGF-xxx-3BA-A  100-pin plastic QFP (14 x 20)

LPD784216AYGC-xxx-8EU-A  100-pin plastic LQFP (fine pitch) (14 x 14)

uPD784216AYGF-xxx-3BA-A  100-pin plastic QFP (14 x 20)

uPD784217AYGC-xxx-8EU-A  100-pin plastic LQFP (fine pitch) (14 x 14)

LPD784217AYGF-xxx-3BA-A  100-pin plastic QFP (14 x 20)

UPD784218AYGC-xxx-8EU-A  100-pin plastic LQFP (fine pitch) (14 x 14)

LPD784218AYGF-xxx-3BA-A  100-pin plastic QFP (14 x 20)

uPD78F4216AYGC-8EU-A
uPD78F4216AYGF-3BA-A
uPD78F4218AYGC-8EU-A
uPD78F4218AYGF-3BA-A

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

Remark 1. xxx indicates ROM code suffix.

2. Products that have the part numbers suffixed by “-A” are lead-free products.
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Mask ROM
Mask ROM
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Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory
Flash memory
Flash memory
Flash memory
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CHAPTER 1 OVERVIEW

1.3 Pin Configuration (Top View)

« 100-pin plastic LQFP (fine pitch) (14 x 14)

N, © I © W0
3 e O OO O
z 2 EEEE o
e - 9 AN - O XN~ © W ==z 2}
> S oo = <2
EEEEEERRREREE QEE@s
VLIT O AUN—O NN OB FTHN A~ O OO0 o NG W F M
DU OOOOOMOOOMO®M - - - - 00O OO o
[ W W o W o Yo Y o Y SO o N o Y N o Y Yo N o Yo O o T o O o O M« Wy o Wy a Wy o TR
TTTTTTT??TTTTTTTT??TTTTTT
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
P120/RTPO0 O=— 1 75 |=—0O P62/A18
P121/RTP1 O=— 2 O 74 f+—=0 Pe1/A17
P122/RTP2 O=~—~{3 73 |=—0O P60/A16
P123/RTP3 O=~—~] 4 72— Vss
P124/RTP4 O=—=5 71 |+=—0O P57/A15
P125/RTP5 O=—= 6 70 [=—0O P56/A14
P126/RTP6 O~—=7 69 [+=—=O P55/A13
P127/RTP7 O=—= 8 68 [=—O P54/A12
Voo O—9 67 [=——O P53/A11
X2 O——— 10 66 [=—0O P52/A10
X1 O—— 1 65 [=—=0O P51/A9
Vss O— 12 64 |=—O P50/A8
XT2 O 13 63 |«——O P47/AD7
XT1 O—| 14 62 [«——O P46/AD6
RESET O—={ 15 61 [«——O P45/AD5
POO/INTPO O~—] 16 60 [«——O P44/AD4
PO1/INTP1 O=—] 17 59 f«——(O P43/AD3
PO2/INTP2/NMI O~——>{ 18 58 f«——(O P42/AD2
PO3/INTP3 O~—+] 19 57 f=——O P41/AD1
P04/INTP4 O~——+] 20 56 [~——=(O P40/ADO
PO5/INTP5 O~—+] 21 55 |~——O P87/A7
P06/INTP6 O=— 22 54 |=——=0O P86/A6
AVoo O—— 23 53 |=—=O P85/A5
AVrero O—— 24 52 [«—=(O P84/A4
P10/ANI0 O—=] 25 51 f«——O P83/A3
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
J)(L(L(LJ)J)J)J)OOJ)OOOOOOOOOOOOOO
2222552835538 50/ko 3583 258
2222222282 100805882181 £5
FTAIBHI DO §§<98N95>g§<8—‘$$$
fooaoaoaa ® » g:ﬁxn:xxn.n.gn.g
- - = O = kF O g2 Be
oo S =0 S S
abh<a < oS
LN o N B @
& & &R
o N
o

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vpr pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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CHAPTER 1 OVERVIEW

- 100-pin plastic QFP (14 x 20)

~N O W S 0O N — O
Txizzzz2gIeeIzzeeee
BB P P E PP FITSrSEE8
T
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
P60/A16 O=~—=| 1 80 |[=——=0 P84/A4
P61/A17 O~—2 O 79 |=—=0O P83/A3
P62/A18 O=~—13 78 |=—=0 P82/A2
P63/A19 O=— 4 77 |=—=0O P81/A1
P64/RD O 5 76 [=—=O P80/A0
P65/WR O=~—-+|6 75 [«——=O P27/SCK0/SCLQNete !
P66/WAIT O~—+]7 74 |=——=0O P26/SO0
P67/ASTB O=~— 8 73 |[=—=0O P25/SI0/SDAQNete !
Voo O———9 72 «—0 P24/BUZ
P100/T15/TO05 O=—> 10 71 |+=—=0O P23/PCL
P101/TI6/TO6 O~—+] 11 70 =~—=0O P22/ASCK1/SCK1
P102/TI7/TO7 O~—>] 12 69 |=——=0 P21/TxD1/SO1
P103/T18/TO8 O=—= 13 68 =—=(0 P20/RxD1/SI1
P30/TO0 O=~—~| 14 67 |~——0 P72/ASCK2/SCK2
P31/TO1 O=—=| 15 66 f~—=(O P71/TxD2/SO2
P32/T02 O=—=| 16 65 |~——(O P70/RxD2/SI2
P33/Tlt O=— 17 64 ———0 AVrer
P34/TI2 O~—> 18 63 [+—=O P131/ANO1
P35/TI00 O=—>{ 19 62 [+—=(O P130/ANOO
P36/TI01 O=—=] 20 61 ——0O AVss
P37/EXANete3 (Oe—n] 21 60 |=—O P17/ANI7
TEST/VepNote2 O—— 22 59 l«——O P16/ANI6
P90 O=—~| 28 58 «——0O P15/ANI5
P91 O=—n]24 57 «+——O P14/ANI4
P92 O=—]25 56 [=—0O P13/ANI3
P93 O-—-|26 55 [«——O P12/ANI2
P94 O=—-n|27 54 |l«——O P11/ANI
P95 O=—-»]28 53 «——(O P10/ANIO
P120/RTP0 O=~—={ 29 52 —0O AVrero
P121/RTP1 O=—] 30 51 ——O AVoo
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
il
ffdgeEERXx4Echgasgdeaee
EEEEEE “XleEESEEEE
§32388KR “SZEg3IBg
A Aaaan n_n_gn_n_n_n_
[aY}
o
o

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vrpp pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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Cautions 1. Connect the TEST pin directly to Vss or pull down. For the pull-down connection, use of a

Remark

resistor with a resistance between 470 Q2 and 10 kQ is recommended.

2. Connect the Vrr pin directly to Vss or pull down during normal operation. When using a
system in which on-chip flash memory is rewritten on board, connect the Vrep pin via a pull-
down resistor.

For the pull-down connection, use of a resistor with a resistance between 470 (2 and 10 k(2
is recommended.

3. Connect the AVbo pin to Voo.

4. Connect the AVss pin to Vss.

If the device is used in an application where noise generated from the microcontroller must be reduced,
it is recommended to suppress noise by supplying power separately to Voo positive power supply for
ports and Voo for pins other than ports, and by separately connecting Vss (ground) for ports potential
Vss for pins other than ports. Make sure that Vob for ports and Voo for pins other than ports are the same
potential. In addition, Vss for ports and Vss for pins other than ports must be also the same potential.

Inthe uPD784214AGC, 784215AGC, 784216AGC, 784217AGC, 784218AGC, 78F4216AGC, 78F4218AGC,
784214AYGC, 784215AYGC, 784216AYGC, 784217AYGC, 784218AYGC, 78F4216AYGC, and
78F4218AYGC

Positive power Voo for ports: Pin 81
Positive power Voo for pins other than ports:  Pin 9
Ground potential Vss for ports: Pin 72

Ground potential Vss for pins other than ports: Pin 12

Inthe uPD784214AGF, 784215AGF, 784216AGF, 784217AGF, 784218AGF, 78F4216AGF, 78F4218AGF,
784214AYGF, 784215AYGF, 784216AYGF, 784217AYGF, 784218AYGF, 78F4216AYGF, and
78F4218AYGF

Positive power Voo for ports: Pin 9
Positive power Voo for pins other than ports:  Pin 37
Ground potential Vss for ports: Pin 100

Ground potential Vss for pins other than ports: Pin 40
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A0 to A19:
ADO to AD7:
ANIO to ANI7:
ANOO, ANO1:

ASCK1, ASCK2:

ASTB:

AVbp:

AVRerFo, AVREF1:
AVss:

BUZ:

EXANote 3.

INTPO to INTP6:

NMI:

P00 to P06:
P10 to P17:
P20 to P27:
P30 to P37:
P40 to P47:
P50 to P57:
P60 to P67:
P70 to P72:
P80 to P87:
P90 to P95:
P100 to P103:

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vep pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.

Address bus
Address/data bus

Analog input

Analog output
Asynchronous serial clock
Address strobe

Analog power supply
Analog reference voltage
Analog ground

Buzzer clock

External access status output
Interrupt from peripherals
Non-maskable interrupt
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

Port 9

Port 10

P120 to P127:
P130, P131:
PCL:

RD:

RESET:

RTPO to RTP7:
RxD1, RxD2:
SCKO to SCK2:
SCLoNote 1.
SDAQNote 1.
SI0 to Sl2:
SO0 to SO2:
TEST:

TI0O, TIOT,

T, TI2, TI5 to TI8:

TOO to TO2, TO5 to TO8:

TxD1, TxD2:
Vbb:

VvppNote 2.
Vss:

WAIT:

WR:

X1, X2:
XT1, XT2:

Port 12

Port 13
Programmable clock
Read strobe

Reset

Real-time output port
Receive data

Serial clock

Serial clock

Serial data

Serial input

Serial output

Test

Timer input
Timer output
Transmit data
Power supply

Programming power supply

Ground
Wait
Write strobe

Crystal (Main system clock)

Crystal (Subsystem clock)

3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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1.4 Block Diagram

INTP2/NMI
INTPO, INTP1,
INTP3 to INTP6
TIOO

TIO1

TOO

TH
TO1

TI2
TO2

TI5/TO5

TI6/TO6

TI7/TO7

TI8/TO8

RTPO to RTP7
NMV/INTP2

ANOO

ANO1
AVReF1

AVss

ANIO to ANI7
VReFo

AVop

AVss
P03

PCL =—

BUZ

E——

Programmable
interrupt
controller

Timer/counter
(16 bits)

Timer/counter 1
(8 bits)

R

Timer/counter 2
(8 bits)

Timer/counter 5
(8 bits)

Timer/counter 6
(8 bits)

Timer/counter 7
(8 bits)

78K/IV
CPU core

ROM

]

]

UART/IOEA

l-~—— RxD1/SI1
— TxD1/SO1

Baud-rate
generator

~—> ASCK1/SCK1

UART/IOE2

[<—— RxD2/SI2
— TxD2/S0O2

Baud-rate
generator

~— ASCK2/SCK2

Clocked
serial interface

g g

~— Sl0/SDAQN"®!
— S00
[~— SCKo/ScLoe!

{1

Bus I/F

K> ADO to AD7
> AOto A7
> A810 AT5
> A1610 A19

—— RD
L~ WR
~—— WAIT
—— ASTB

EXANote 3

|

Port 0

Port 1

j

P00 to P06

P10 to P17

Timer/counter 8
(8 bits)

Watch timer

Watchdog timer

—_— ]

Real-time
output port

D/A
converter

LT

A/D
converter

Clock output
control

O VO VA O VA A AV VA I

!

Buzzer output

{

RAM

Port 2

|

Port 3
Port 4

Port 5

!

Port 6
Port 7
Port 8
Port 9

!

Port 10
Port 12

Port 13

!

i

ii

i

P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P72
P80 to P87
P90 to P95
P100 to P103
P120 to P127

P130, P131

System control

~—— RESET
~—— X1
— X2
~—— XT1
—— XT2

— Voo
— Vss
——— TEST/VepNete?

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The Vpr pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.
3. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.

Remark The on-chip ROM capacity differs depending on the product.
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1.5 Function List

(1/2)
Product Name | uPD784214A | uPD784215A | uPD784216A | uPD78F4216A | uPD78F4217A | uPD784218A | uPD78F4218A
Iltem PD784214AY | uPD784215AY | uPD784216AY | uPD78F4216AY | uPD78F4217AY | uPD784218AY | PD78F4218AY
Number of basic instructions (mnemonics) 113
General-purpose registers 8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)
Minimum instruction execution time » 160 ns (12.5 MHz operation with main system clock)
* 61 us (32.768 kHz operation with subsystem clock)
Internal memory ROM 96 KB 128 KB 128 KB 192 KB |256 KB 256 KB
(mask ROM)| (mask ROM) (flash memory) | (mask ROM) | (mask ROM) | (flash memory)
RAM 3,584 bytes | 5,120 bytes | 8,192 bytes 12,800 bytes
Memory space 1 MB of combined program and data
1/0O ports Total 86
CMOS inputs 8
CMOS I/0 72

N-ch open-drain /O 6

Pins with added Pins with pull-up 70
functionsNote resistors

LED direct drive outputs | 22

Medium voltage pins | 6

Real-time output ports 4 bits x 2 or 8 bits x 1
Timer/event counters Timer/event counter:  Timer counter x 1 Pulse output available
(16 bits) Capture/compare register x 2 « PPG output
» Square wave output
» One-shot pulse output
Timer/event counter 1: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output
» Square wave output
Timer/event counter 2: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output
+ Square wave output
Timer/event counter 5: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output
» Square wave output
Timer/event counter 6: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output
» Square wave output
Timer/event counter 7: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output
+ Square wave output
Timer/event counter 8: Timer counter x 1 Pulse output available
(8 bits) Compare register x 1 * PWM output

» Square wave output

Note The pins with added functions are included in the 1/O pins.
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(2/2)

ltem

Product Name

UPDT84214A | yPDTBA215A | UPDTB4216A | uPDTBFA216A | uPDTBFA21TA | uPD7B4218A | uPDTBFA21BA
UPDTB4214AY | iPDTBA21SAY | LPDTB4216AY | uPDTBFA2I6AY | uPDTBFA21TAY | uPDTB421BAY | iPDTFA21BAY

Serial interfaces

* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
« CSI (3-wire serial I/0, multimaster compatible 12C busNote): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Select from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, xx/28, fxx/27, and fxt

Buzzer output

Select from fxx/210, fxx/211, fxx/212, and fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Standby * HALT, STOP, and IDLE modes
* In the low power consumption mode
(CPU operation with subsystem clock): HALT and IDLE modes
Interrupts Hardware source 29 (internal: 20, external: 9)

Software source

BRK instruction, BRKCS instruction, and operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

* 4-level programmable priority
» Three processing formats: Vectored interrupt, macro service, and context switching

Power supply voltage

Vopo =1.8t0 5.5V Voo =19 |Voo=1.8t0 55V Voo = 1.9
to 5.5V to55V

Package

» 100-pin plastic LQFP (fine pitch) (14 x 14)
» 100-pin plastic QFP (14 x 20)

Note Only in the uPD784216AY, 784218AY Subseries
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1.6 Differences Between Models in uPD784216A, 784216AY/784218A, 784218AY Subseries

The only difference between the uPD784214A, 784215A, 784216A, 784217A, and 784218A line is the internal

memory capacity.

The uPD784214AY, 784215AY, 784216AY, 784217AY, and 784218AY are models with the addition of an I2C bus

control function.

The uPD78F4216A, 78F4216AY, 78F4218A, and 78F4218AY are provided with a 128 KB/256 KB flash memory
instead of the mask ROM of the above models. These differences are summarized in Table 1-1.

Table 1-1. Differences Between Models in uyPD784216A, 784216AY/784218A, 784218AY Subseries

art Number

uPD784214A, | uPD784215A, | uPD784216A, | uPD784217A, | uPD784218A, | uPD78F4216A, | uPD78F4218A,
Item uPD784214AY | uPD784215AY | uPD784216AY | uPD784217AY | uPD784218AY | uPD78F4216AY | uPD78F4218AY
Internal ROM 96 KB 128 KB (mask ROM) 192 KB 256 KB 128 KB 256 KB

(mask (mask (mask (flash (flash

ROM) ROM) ROM) memory) memory)
Internal RAM 3,584 bytes | 5,120 bytes | 8,192 bytes | 12,800 bytes 8,192 bytes | 12,800 bytes

Internal memory

size switching
register (IMS)

Not provided

ProvidedNote

ROM correction | Not provided Provided Not Provided
provided

External access | Not provided Provided Not Provided

status function provided

Supply voltage

Voo =1.8t055V

Voo =19t0 55V

Electrical
specifications

Refer to the chapters of electrical specifications and recommended soldering conditions.

Recommended

soldering

conditions

EXA pin Not provided Provided Not Provided
provided

TEST pin Provided Not provided

Vpp pin Not provided Provided

Note The internal flash memory capacity and internal RAM capacity can be changed using the internal memory
size switching register (IMS).

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then
mass-producing it with the mask ROM version, be sure to conduct sufficient evaluations on the
commercial samples (not engineering samples) of the mask ROM version.

User’s Manual U13570EJ3V1UD
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2.1 Pin Function List

(1) Port pins (1/3)

CHAPTER 2 PIN FUNCTIONS

Pin Symbol 1/0 Alternate Function Function
P00 1/0 INTPO Port 0 (P0):
PO1 INTP1 » 7-bit /0 port
P02 INTP2/NMI » Input/output can be specified in 1-bit units
» Regardless of whether the input or output mode is specified, on-chip
Po3 INTP3 pull-up resistor connection can be specified by the setting of software
P04 INTP4 in 1-bit units
P05 INTP5
P06 INTP6
P10 to P17 Input ANIO to ANI7 Port 1 (P1):
» 8-bit dedicated input port
P20 1/0 RxD1/SI1 Port 2 (P2):
P21 TxD1/SO1 * 8-bit /O port
—— » Input/output can be specified in 1-bit units
P22 ASCK1/SCK1 nputoutpu peciiied in 1-bit unt 3 _
* Regardless of whether the input or output mode is specified, on-chip
P23 PCL pull-up resistor connection can be specified by the setting of software
P24 BUZ in 1-bit units
P25 S10/SDAQNote 1
P26 SO0
p27 SCK0/SCLQNote 1
P30 1/0 TOO Port 3 (P3):
P31 TO1 » 8-bit I/0 port
P32 T02 » Input/output can be specified in 1-bit units
» Regardless of whether the input or output mode is specified, on-chip
P33 i pull-up resistor connection can be specified by the setting of software
P34 TI2 in 1-bit units
P35 TIOO
P36 TIO1
P37 EXANote 2
P40 to P47 110 ADO to AD7 Port 4 (P4):
« 8-bit I/O port
» Input/output can be specified in 1-bit units
« For input mode pins, on-chip pull-up resistor connection can be
specified for all bits at once by the setting of software
* LED can be driven directly

Notes 1. The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
2. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
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CHAPTER 2 PIN FUNCTIONS

(1) Port Pins (2/3)

Pin Symbol 110 Alternate Function Function
P50 to P57 110 A8 to A15 Port 5 (P5):
+ 8-bit /0 port
» Input/output can be specified in 1-bit units
» For input mode pins, on-chip pull-up resistor connection can be
specified for all bits at once by the setting of software
» LED can be driven directly
P60 1/0 A16 Port 6 (P6):
P61 A17 + 8-bit I/0 port
P62 A18 » Input/output can be specified in 1-bit units
» For input mode pins, on-chip pull-up resistor connection can be
P63 A9 specified for all bits at once by the setting of software
P64 RD
P65 WR
P66 WAIT
P67 ASTB
P70 1/0 RxD2/SI12 Port 7 (P7):
+ 3-bit I/O port
P71 TxD2/SO?2 » Input/output can be specified in 1-bit units
+ Regardless of whether the input or output mode is specified, on-chip
p— pull-up resistor connection can be specified by the setting of software
P72 ASCK2/SCK2 . .
in 1-bit units
P80 to P87 1/10 AO to A7 Port 8 (P8):
+ 8-bit /0 port
» Input/output can be specified in 1-bit units
» Regardless of whether the input or output mode is specified, on-chip
pull-up resistor connection can be specified by the setting of software
in 1-bit units
« Interrupt control flag (KRIF) is set to 1 by detecting the falling edge
P90 to P95 1/0 — Port 9 (P9):
» N-channel open drain medium voltage I/O port
+ 6-bit I/O port
» Input/output can be specified in 1-bit units
* LED can be driven directly
P100 1/0 TI5/TO5 Port 10 (P10):
P101 TI6/TOG * 4-bit VO port
P102 117707 * Input/output can be specifie‘d in 1-bit units . - .
» Regardless of whether the input or output mode is specified, on-chip
P103 TI8/TO8

pull-up resistor connection can be specified by the setting of software
in 1-bit units
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(1) Port Pins (3/3)

Pin Symbol 110 Alternate Function Function
P120 to P127 1/0 RTPO to RTP7 Port 12 (P12):
» 8-bit /0 port
» Input/output can be specified in 1-bit units
» Regardless of whether the input or output mode is specified, on-chip
pull-up resistor connection can be specified by the setting of software
in 1-bit units
P130, P131 1/0 ANOO, ANO1 Port 13 (P13):
» 2-bit /0 port
» Input/output can be specified in 1-bit units
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins (1/2)

Pin Symbol 1/0 Alternate Function Function
TI00 Input P35 External count clock input to 16-bit timer counter
TI01 P36 Capture trigger signal input to capture/compare register 00
T P33 External count clock input to 8-bit timer counter 1
TI2 P34 External count clock input to 8-bit timer counter 2
TI5 P100/TO5 External count clock input to 8-bit timer counter 5
TI6 P101/TO6 External count clock input to 8-bit timer counter 6
TI7 P102/TO7 External count clock input to 8-bit timer counter 7
TI8 P103/TO8 External count clock input to 8-bit timer counter 8
TOO Output P30 16-bit timer output (shared with 14-bit PWM output)
TOA P31 8-bit timer output (shared with 8-bit PWM output)
TO2 P32
TO5 P100/TI5
TO6 P101/TI6
TO7 P102/TI7
TO8 P103/TI8

RxD1 Input P20/SI1 Serial data input (UART1)

RxD2 P70/S12 Serial data input (UART2)
TxD1 Output P21/SO1 Serial data output (UARTT)
TxD2 P71/S0O2 Serial data output (UART2)
ASCK1 Input P22/SCK1 Baud rate clock input (UART1)
ASCK2 P72/SCK2 Baud rate clock input (UART2)
SIo Input P25/SDAQNote Serial data input (3-wire serial 1/00)
S P20/RxD1 Serial data input (3-wire serial 1/01)
Si2 P70/RxD2 Serial data input (3-wire serial 1/02)
SO0 Output P26 Serial data output (3-wire serial 1/00)
SO1 P21/TxD1 Serial data output (3-wire serial 1/01)
S02 P71/TxD2 Serial data output (3-wire serial 1/02)
SDAQNote 1/0 P25/SI10 Serial data 1/0 (I2C bus)
SCKO P27/SCLQNote Serial clock I/0 (3-wire serial 1/00)
SCK1 P22/ASCK1 Serial clock 1/0O (3-wire serial 1/01)
SCK2 P72/ASCK2 Serial clock 1/0O (3-wire serial 1/02)
SCLQNote P27/SCKO Serial clock 1/0 (I2C bus)

Note The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.
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(2) Non-port pins (2/2)

Pin Symbol 1/0 Alternate Function Function

NMI Input PO2/INTP2 Non-maskable interrupt request input

INTPO P00 External interrupt request input

INTP1 PO1

INTP2 PO2/NMI

INTP3 P03

INTP4 P04

INTP5 P05

INTP6 P06

PCL Output P23 Clock output (for timming main system clock and subsystem clock)

BUZ P24 Buzzer output

RTPO to RTP7 P120 to P127 Real-time output port that outputs data synchronized with the trigger

ADO to AD7 1/0 P40 to P47 Low-order address/data bus when the memory is externally expanded

A0 to A7 Output P80 to P87 Low-order address bus when the memory is externally expanded

A8 to A15 P50 to P57 Middle-order address bus when the memory is externally expanded

A16 to A19 P60 to P63 High-order address bus when the memory is externally expanded

RD P64 Strobe signal output for external memory read operation

WR P65 Strobe signal output for external memory write operation

WAIT Input P66 Wait insertion during external memory access

ASTB Output P67 Strobe output that externally latches the address information that is
output to ports 4 to 6, and port 8 in order to access external memory

EXANote 1 P37 Status signal output during external memory access

RESET Input — System reset input

X1 — Crystal connection for main system clock oscillation

X2 —

XT1 Input — Crystal connection for subsystem clock oscillation

XT2 —

ANIO to ANI7 Input P10 to P17 Analog voltage input to A/D converter

ANOO, ANO1 Output P130, P131 Analog voltage output to D/A converter

AVREFo — — Reference voltage applied to A/D converter

AVREeF1 Reference voltage applied to D/A converter

AVop Positive power supply to A/D converter. Connect to Voo.

AVss Ground for A/D converter and D/A converter. Connect to Vss.

Vop Positive power supply

Vss GND

TEST VppNote 2 Connect directly to Vss or via a pull-down resistor. For the pull-down
connection, use of a resistor with a resistance between 470 Q and 10 kQ
is recommended.

VppNote 2 TEST Flash memory programming mode setting

High voltage application pin during program write/verify

Notes 1. The EXA pin is provided only for the uPD784218A, 784218AY Subseries.
2. The Vpp pin is provided only for the uPD78F4216A, 784218A, 78F4216AY, and 78F4218AY.
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin Function Description

(1) PO0O to P06 (Port 0)
This portis a 7-bit1/O port. In addition to being an I/O port, this port has an external interrupt request input function.
The following operating modes are selectable in 1-bit units.

(a)

(b)

Port mode

This port functions as a 7-bit /0 port. It can be specified as input port or output port in 1-bit units using the
port 0 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 0.

Control mode
The port functions as an external interrupt request input.

(i) INTPO to INTP6
INTPOto INTP6 are external interrupt request input pins that can select the valid edge (rising edge, falling
edge, or both rising and falling edges). The valid edge can be specified by the external interrupt rising
edge enable register and the external interrupt falling edge enable register. INTP2 also becomes the
external trigger signal input pin of the real-time output port by the valid edge input.

(ii) NMI

This is the external non-maskable interrupt request input pin. The valid edge can be specified by the
external interrupt rising edge enable register and the external interrupt falling edge enable register.
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(2) P10 to P17 (Port 1)
This port is an 8-bit dedicated input port. In addition to being a general-purpose input port, this port functions
as the analog input for the A/D converter.
It does not have on-chip pull-up resistors.

(a) Port mode
The port functions as an 8-bit dedicated input port.

(b) Control mode
The port functions as the analog input pins (ANIO to ANI7) of the A/D converter. The values are undefined
when the pins specified for analog input are read.

(3) P20 to P27 (Port 2)
This port is an 8-bit I/O port. In addition to being an I/0 port, this port has the data I/O function, clock I/O function,
clock output function, and output buzzer function of the serial interface.
The following operating modes are selectable in 1-bit units.

(a) Port mode
This port functions as an 8-bit I/0 port. It can be specified as input port or output port in 1-bit units using
the port 2 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 2.

(b) Control mode
This port functions as the data I/0 pins, clock I/O pins, clock output pins, and buzzer output pins of the serial
interface.
Pins P25 and P27 can be specified in the N-channel open drain by the port function control register (PF2)
(only in the uPD784216AY, 784218AY Subseries).

(i) slo, SI1, SO0, SO1, SDAO
These pins are the I/O pins for serial data in the serial interface.
The SDAO pin is provided only for the uPD784216AY, 784218AY Subseries.

(ii) SCKO, SCK1, SCLO

These pins are the I/O pins for the serial clock of the serial interface.
The SCLO pin is provided only for the uPD784216AY, 784218AY Subseries.

(iii) RxD1, TxD1
These pins are the I/O pins for serial data in the asynchronous serial interface.

(iv) ASCK1
This is the 1/O pin for the baud rate clock of the asynchronous serial interface.

(v) PCL
This is the clock output pin.

(vi) BUZ
This is the buzzer output pin.
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(4) P30 to P37 (Port 3)
This port is an 8-bit I/0 port. In addition to being an I/O port, this port has the timer 1/O function and the external
access status output function.
The following operating modes are selectable in 1-bit units.

(a)

(b)

Port mode

The port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 3 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 3.

Control mode
The port functions as timer 1/O and external access status output.

(i) TIoO
This is the external clock input pin to the 16-bit timer/counter.

(i) TIOA
This is the capture trigger signal input pin to capture/compare register 00.

(iii) T, TI2
These are the external clock input pins to the 8-bit timer/counter.

(iv) TOO to TO2
These are timer output pins.

(v) EXA
This is the external access status output pin.
The EXA pin is provided only for the uPD784218A, 784218AY Subseries.

(5) P40 to P47 (Port 4)
This is an 8-bit I/0 port. In addition to being an 1/O port, this port has the address/data bus function. LED can
be driven directly.
The following operating modes are selectable in 1-bit units.

(a)

(b)

Port mode

This port functions as an 8-bit I/0 port. It can be specified as input port or output port in 1-bit units using
the port 4 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 4 of the pull-up resistor option register (PUO4).

Control mode

The port functions as the low-order address/data bus pins (ADO to AD7) when in the external memory
expansion mode. If PUO4 = 1, pull-up resistors can be connected.
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(6) P50 to P57 (Port 5)

This port is an 8-bit I/0O port. In addition to being an I/O port, it has the address bus function. LED can be driven
directly.

The following operating modes are selectable in 1-bit units.

)

54

(a)

(b)

Port mode

The port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 5 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 5 of the pull-up resistor option register (PUO5).

Control mode
The port functions as the middle-order address bus pins (A8 to A15) when in the external memory expansion
mode. If PUOS5 = 1, pull-up resistors can be connected.

P60 to P67 (Port 6)

This port is an 8-bit I/O port. In addition to being an 1/O port, this port has the address bus function and control
function when in the external memory expansion mode.

The following operating modes are selectable in 1-bit units.

(a)

(b)

Port mode

The port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 6 mode register. When used as an input port, pull-up resistors can be connected in 8-bit units with
bit 6 of the pull-up resistor option register (PUOB).

Control mode

P60 to P63 function as the high-order address bus pins (A16 to A19) in the external memory expansion mode.
P64 to P67 function as the control signal output pins (RD, WR, WAIT, ASTB) in the external memory
expansion mode. If PUO6 = 1 in the external memory expansion mode, the pull-up resistors can be

connected.

Caution When external waits are not used during the external memory expansion mode, P66
can be used as an /O port.
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8

9

P70 to P72 (Port 7)

This is a 3-bit I/0 port. In addition to being an I/O port, this port has the data 1/0 and clock I/O functions of the
serial interface.

The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as a 3-bit I/O port. It can be specified as input port or output port in 1-bit units using the
port 7 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 7.

(b) Control mode
The port functions as data I/O and clock 1/O of the serial interface.

(i) Sl2, SO2
These are the 1/O pins for serial data of the serial interface.

(ii) SCK2
This is the 1/O pin for the serial clock in the serial interface.

(iii) RxD2, TxD2
These are the serial data I/O pins of the asynchronous serial interface.

(iv) ASCK2
This is baud rate clock input pin of the asynchronous serial interface.

P80 to P87 (Port 8)

This port is an 8-bit I/O port. In addition to being an 1/0 port, this port has the address bus function.
By detecting the falling edge, the interrupt control flag (KRIF) can be set to 1.

The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 8 mode register. Regardless of whether input or output mode is specified, pull-up resistors can be
connected in 1-bit units using pull-up resistor option register 8.

(b) Control mode

The port functions as the low-order address bus pins (A0 to A7) when in the external memory expansion
mode. If PU8n =1 (n =0 to 7), pull-up resistors can be connected.
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(10) P90 to P95 (Port 9)
This port is a 6-bit 1/0 port.
LED can be driven directly.
It can be specified as input port or output port in 1-bit units using the port 9 mode register.
This is the N-channel open drain medium voltage 1/O port.
It does not have on-chip pull-up resistors.

(11) P100 to P103 (Port 10)
This port is a 4-bit I/0O port. In addition to being an 1/O port, this port has the timer I/O function.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as a 4-bit I/O port. It can be specified as input port or output port in 1-bit units. Regardless
of whether input or output mode is specified, pull-up resistors can be connected in 1-bit units using pull-up
resistor option register 10.

(b) Control mode
The port functions as the timer 1/O port.

(i) TI5to TI8
These are the external clock input pins for the 8-bit timer/counter.

(ii) TO5 to TO8
These are the timer output pins.

(12) P120 to P127 (Port 12)
This port is an 8-bit I/O port. In addition to being an 1/0 port, this port has the real-time output port function.
The following operating modes are selectable in 1-bit units.

(a) Port mode
The port functions as an 8-bit I/O port. It can be specified as input port or output port in 1-bit units using
the port 12 mode register. Regardless of whether input or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 12.

(b) Control mode

The port functions as a real-time output port (RTPO to RTP7) that outputs data synchronized with a trigger.
The pins specified as the real-time output port are read as 0.
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(13) P130, P131 (Port 13)
This port is a 2-bit I/O port. In addition to being an 1/O port, this port has the analog output function for the D/A
converter.
The following operating modes can be specified in 2-bit units.

(a) Port mode
The port functions as a 2-bit I/O port. It can be specified as input port or output port in 1-bit units using the
port 13 mode register.
It does not have on-chip pull-up resistors.

(b) Control mode
The port functions as the analog outputs (ANOO, ANO1) for the D/A converter. The values are undefined
when the pins specified as analog output are read.

Caution If only one channel is used to the D/A converter when AVgrer1 < Vop, either of the
following should be implemented for the pins that are not used as the analog output.
« Set 1 (input mode) for the port mode register (PM13x) and connect to Vss.
- Set 0 (output mode) for the port mode register (PM13x). Set the output latch to 0 and
output a low level.

(14) AVRero
This is the reference voltage input pin for the A/D converter.
If the A/D converter is not used, connect to Vss.

(15) AVREF1
This is the reference voltage input pin for the D/A converter.
If the D/A converter is not used, connect to Vob.

(16) AVobp
This is the analog voltage supply pin for the A/D converter. Even if the A/D converter is not used, always use
this pin at the same potential as Voo pin.

(17) AVss
This is the ground potential pin for the A/D converter. Even if the A/D converter is not used, always use this pin
at the same potential as Vss pin.

(18) RESET
This is the active low system reset input pin.

(19) X1, X2
These are the crystal oscillator connection pins for main system clock oscillation.
When an external clock is supplied, input this clock signal to X1, and its inverted signal to X2.

(20) XT1, XT2

These are the crystal oscillator connection pins for subsystem clock oscillation.
When an external clock is supplied, input this clock signal to XT1, and its inverted signal to XT2.
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(21) Voo
This is the positive voltage supply pin.

(22) Vss
This is the ground potential pin.

(23) Ver (uPD78F4216A, 78F4218A, 78F4216AY, 78F4218AY only)

This is the high-voltage application pin when setting the flash memory programming mode and writing or verifying
the program.

In the normal operating mode, connect directly to Vss or via a pull-down resistor. Connect a pull-down resistor
to the Vrp pin in a system where the internal flash memory is rewritten on board. For the pull-down connection,
use of a resistor with a resistance between 470 Q and 10 kQ is recommended.

(24) TEST

Connectdirectly to Vss or via a pull-down resistor. For the pull-down connection, use of a resistor with a resistance
between 470 Q and 10 kQ is recommended.
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2.3 Pin I/O Circuit and Handling of Unused Pins

Table 2-1 shows the 1/O circuit type for the pins and how to handle unused pins.
See Figure 2-1 for each type of /O circuit.

Table 2-1. 1/0 Circuit Type for Each Pin and Handling Unused Pins (1/2)

Pin Symbol I/0O Circuit Type 1/0 Recommended Connection When Unused
POO/INTPO 8-N 110 Input: Connect to Vss individually via a resistor.
PO1/INTP1 Output: Leave open.

PO2/INTP2/NMI

PO3/INTP3 to PO6/INTP6

P10/ANIO to P17/ANI7 | 9 Input Connect to Vss or Vob.
P20/RxD1/SIH 10-K 1/0 Input: Connect to Vss individually via a resistor.
P21/TxD1/SO1 10-L Output: Leave open.
P22/ASCK1/SCK1 10-K

P23/PCL 10-L

P24/BUZ

P25/SDAONete/S|0 10-K

P26/SO0 10-L

P27/SCLONOte/SCKO 10-K

P30/TOO0 to P32/TO2 12-E

P33/TI1, P34/TI2 8-N

P35/T100, P36/TI01 10-M

P37/EXA 12-E

P40/ADO to P47/AD7 5-A

P50/A8 to P57/A15

P60/A16 to P63/A19

P64/RD

P64/WR

P66/WAIT

P67/ASTB

P70/RxD2/S12 8-N

P71/TxD2/S0O2 10-M

P72/ASCK2/SCK2 8-N

P80/A0 to P87/A7 12-E

P90 to P95 13-D

Note The SDAO and SCLO pins are

provided only for the uPD784216AY, 784218AY Subseries.
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Table 2-1. 1/0 Circuit Type for Each Pin and Handling Unused Pins (2/2)

Pin Symbol 1/0O Circuit Type 1/0 Recommended Connection When Unused
P100/T15/TO5 8-N 1/0 Input:  Connect to Vss individually via a resistor.
P101/T16/TO6 Output: Leave open.

P102/T17/TO7
P103/T18/TO8

P120/RTPO to P127/RTP7 | 12-E

P130/ANOO, P131/ANO1| 12-F

RESET 12-G Input —

XT1 16 Connect to Vss.

XT2 — Leave open.

AVREro — Connect to Vss.

AVREF1 Connect to Voo.

AVop

AVss Connect to Vss.

TEST/VeeNote Connect directly to Vss or via a pull-down resistor. For the pull-

down connection, use of a resistor with a resistance between
470 Q and 10 kQ is recommended.

Note The Vep pin is provided only for the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY.

Remark The type numbers are unified among the 78K Series, so they are not always serial within each product
(there are some circuits that are not incorporated).
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Figure 2-1. Pin I/O Circuit (1/2)
Type 2-G Type 10-K Voo
Pullup D . |
| enable P-ch
IN O |J Voo
IN/OUT
Schmitt-triggered input with hysteresis characteristics Open drain
Output disable N-ch
Type 5-A Voo Type 10-L Voo
Pullup Pull
P-ch ullup DO |
enable DO_' enable P-ch
Vop
Data :D_| Data :' )3_| P-ch
INOUT INOUT
Output Open drain
disable Output disable N-ch
Input <I|
enable
Type 8-N Voo Type 10-M Voo
Pullu [> o | Pullup {>O | i
enabIF()e P-ch enable P-ch
Voo Voo
Data :DD—' P-ch Data 7:D3_| P-ch
IN/OUT IN/OUT
Output N<h Output disable N-ch
disable
A P
\{I AN
Type 9 Type 12-E Voo
Pullup D . | }
— Comparator enable mer
ING Zz: Data 7:D3 | PX;D
—'— ;
O IN/OUT
VRer
(Threshold voltage) Output N-ch
disable
D N e Y
enable enable
Analog output
voltage N-ch=
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Figure 2-1. Pin I/O Circuit (2/2)

Type 12-F Type 16
Voo Feedback
Data 7:DO_| P-ch cut-off
IN/OUT P'ChJ_
Output N-ch —M/v—m
disable
Input :1 DQ
enable P-ch L
Analog output
9 oulp N-ch O
voltage . XT1
Type 13-D
——CO IN/OUT

Data
Output disable ——) >[N

Voo

RD —| [P
<]

Middle-voltage input buffer
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

The uPD784218A can access a 1 MB space. The mapping of the internal data area (special function register and
internal RAM) differs depending on the LOCATION instruction. The LOCATION instruction must always be executed
after releasing a reset and cannot be used more than once.

The program after releasing a reset must be as follows.

RSTVCT CSEG AT 0
DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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(1) When LOCATION OH instruction is executed

64

¢ Internal memory

The internal data area and internal ROM area are mapped as follows.

Caution

Part Number

Internal Data Area

Internal ROM Area

UPD784214A,
uPD784214AY

OF100H to OFFFFH

00000H to OFOFFH
10000H to 17FFFH

nPD784215A,
uPD784215AY

0EBOOH to OFFFFH

00000H to OEAFFH
10000H to 1FFFFH

uPD784216A,
1PD784216AY

ODFOOH to OFFFFH

00000H to ODEFFH
10000H to 1FFFFH

uPD784217A,
uPD784217AY

uPD784218A,
uPD784218AY

0CDOOH to OFFFFH

00000H to 0OCCFFH
10000H to 2FFFFH

00000H to OCCFFH
10000H to 3FFFFH

The following areas that overlap the internal data area of the internal ROM cannot be used when
the LOCATION OH instruction is executed.

Part Number

Internal Data Area

UPD784214A,
UPD784214AY

0F100H to OFFFFH (3,840 bytes)

1PD784215A,
1PD784215AY

OEBOOH to OFFFFH (5,376 bytes)

1PD784216A,
1PD784216AY

ODFOOH to OFFFFH (8,448 bytes)

uUPD784217A,
uPD784217AY

uPD784218A,
uPD784218AY

0CDOOH to OFFFFH (13,056 bytes)

e External memory

The external memory is accessed in external memory expansion mode.
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(2) When LOCATION OFH instruction is executed

¢ Internal memory
The internal data area and internal ROM area are mapped as follows.

Part Number Internal Data Area Internal ROM Area
UPD784214A, FF100H to FFFFFH 00000H to 17FFFH
uPD784214AY
uPD784215A, FEBOOH to FFFFFH 00000H to 1FFFFH
uPD784215AY
uPD784216A, FDFOOH to FFFFFH 00000H to 1FFFFH
uPD784216AY
UPD784217A, FCDOOH to FFFFFH 00000H to 2FFFFH
uPD784217AY
uPD784218A, 00000H to 3FFFFH
uPD784218AY

e External memory
The external memory is accessed in external memory expansion mode.
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Figure 3-1. uPD784214A Memory Map

LOCATION 0H instruction execution LOCATION OFH instruction execution
FFFFFH FFF FFH[Special function register (SFR)
FFFDFH’Nm;1 ”””” I
FFFDOHF ==~ - — = — = — - - — — — —
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory™°t !
(928 KB) General-purpose Internal RAM
registers (128 bytes) (3,584 bytes)
OFE8OH FFE8OH FF100H
18000H OFE7FH FFE7FH FFOFFH
17FFFH
Internal ROM
;gggga (32,768 bytes) OFESBH Macro service control FRESEH
oFFpFH|SRECialfunction register (SFR); oreoen| Word area (54 bytes) FFEO6H
A T N
8 EEQEE L Data area (512 bytes)
0FDOOH FFDOOH
Internal RAM e Program/data area e
3,584 bytes
( ytes) (3,072 bytes) External memoryNo®® !
0F100H 0F100H FF100H (980,736 bytes)
0FOFFH
17FFFH 17FFFH
iooo0o0H _ _ _ __ __ ________]
Note 2
OFOFFH””””””;”S”
Note 4 Program/data area"°'®
01000H
00FFFH
Internal ROM CALLF entry
(61,696 bytes) area (2 KB)
00800H 18000H
007FFH 17FFFH
00080H
FH
000TFRl GCALLT table Internal ROM | Note 4
0oo4on| @area (64 bytes) (96 KB)
0003FH
Vector table area
00000H 00000H (64bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 3,840 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION OH instruction execution: 94,464 bytes, LOCATION OFH instruction execution: 98,304 bytes
4. Thisisthe base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-2. uPD784215A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FRFFFH FFEFFFH[Special function register (SFR)
L i
FFFDOHPF 22 % - — - — — — ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memoryN°te !
(896 KB) General-purpose Internal RAM
registers (128 bytes) (5,120 bytes)
0FE8OH FFE8OH FEBOOH
20000H OFE7FH FFE7FH FEAFFH
1FFFFH
Internal ROM
(1] gggg: (65,536 bytes) OFE3BH )1 oro service control FFE3BH
o FFDFpfSPecial function register (SFR)| oFE0en| Word area (54 bytes) FFEOGH
e T N
gEEgg: L Data area (512 bytes)
0FDOOH FFDOOH
Internal RAM OFCFFH b dat FFCFFH
(5,120 bytes) rogram/data area
(4,608 bytes) External memoryN°t® !
0EBOOH 0EBOOH FEBOOH
0EAFFH (912,128 bytes)
1FFFFH 1FFFFH
tooooHl ]
Note 2
0EAFFH777777777777;‘717377
Note 4 Program/data area’ ¢
01000H
00FFFH
Internal ROM CALLF entry
(60,160 bytes) area (2 KB)
00800H 20000H
007FFH 1FFFFH
00080H
0007FH
CALLT table Internal ROM Note 4
0oo4on| area (64 bytes) (128 KB)
0003FH
Vector table area
00000H 0oooon| (64 Dbytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 5,376 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction
is executed.
3. LOCATION 0H instruction execution: 125,696 bytes, LOCATION OFH instruction execution: 131,072
bytes
4. Thisis the base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-3. uPD784216A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH FFFFFH|Special function register (SFR)
FFFDFH Nat; Pl
FFFDOHF == = - - = — = — — — - — - —
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memoryN°te !
(896 KB) General-purpose Internal RAM
registers (128 bytes) (8,192 bytes)
OFE8OH FFE8O0H FDFOOH
20000H OFE7FH FFE7FH FDEFFH
1FFFFH
Internal ROM
10000H (65,536 bytes) OFE3BH Macro service control FFE3BH
O E F 1 [Special function register (SFR)] oFEoen| Word area (54 bytes) FFEO6H
A A T R
SFEreH L Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(8,192 bytes) Program/data area oo
ODFO0OH (7,680 bytes) External memory >
ODFOOH FDFOOH
ODEFFH (909,056 bytes)
1FFFFH 1FFFFH
ioooon
Note 2
ODEFFH 7777777””;{;3”
Note 4 Program/data area
01000H
00FFFH
Internal ROM CALLF entry
(57,088 bytes) area (2 KB)
00800H 20000H
007FFH 1FFFFH
00080H
0007FH
CALLT table Internal ROM Note 4
0oo4on| area (64 bytes) (128 KB)
0003FH
Vector table area
00000H 00000H (64bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 8,448 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction

is executed.

3. LOCATION OH instruction execution: 122,624 bytes, LOCATION OFH instruction execution: 131,072
bytes

4. Thisisthe base area and the entry area on resets or interrupts. However, the internal RAM is excluded
on reset.
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Figure 3-4. uPD784217A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH i ] A
FRFFFH Frrnry |SPecial function register (SFR)]
FFFDOH | Notel ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
Note 1 neral-purpose
External memory Ge. eral-purp Internal RAM
(832 KB) registers 12,800 byt
(128 bytes) (12,800 bytes)
OFE80H FFE80H FCDOOH
30000H OFE7FH FFE7FH FCCFFH
2FFFFH
Internal ROM
10000H (131,072 bytes) OFE3BH | Macro service control FFE3BH
OFFFFH I'Special function register (SFR)] oFeosH | word area (54 bytes) FFEO6H
OFFDFH [ ="
o L~ {256 bytes) |
orEoon Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(12,800 bytes) Program/data area
(12,288 bytes) External memoryNote 1
DOOH
ocoren 9CD00H FCOOOH (838,912 bytes)
2FFFFH 2FFFFH
Note 4 tooooH|
Note 2
ocCrRH Program/data area
01000H Note 3
00FFFH
Internal ROM CALLF entry area
(52,480 bytes) (2KB) 30000H
00800H
007FFH 2FFFFH
00080H
0007FH Note 4
CALLT table area Internal ROM
oooson | (64 bytes) (192 KB)
0003FH
Vector table area
00000H ooooon | (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 13,056 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction

is executed.

3. LOCATION O0H instruction execution: 183,552 bytes; LOCATION OFH instruction execution: 196,608
bytes

4. Thisisthe base area and the entry area upon reset orinterrupt. However, the internal RAM is excluded
for reset.
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Figure 3-5. uPD784218A Memory Map

LOCATION OH instruction execution LOCATION OFH instruction execution
FFFFFH FFFFFH - - -
Frrpry |oPecial function register (SFR))
FFFDOH | Note1 _ _ _ _ __ _ _ ___ ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
Note 1 -
External memory Geperal purpose Internal RAM
(768 KB) registers (12,800 bytes)
(128 bytes) ’
OFE8OH FFE80OH FCDOOH
40000H OFE7FH FFE7FH FCCFFH
3FFFFH
Internal ROM
10000H (196,608 bytes) OFE3BH | Macro service control FFESBH
OFFFFH [ Special function register (SFR)] oFeosH | word area (54 bytes) FFEOGH
OFFDFH [ Note 1
oo I (256 bytes) |
8EEE§: Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM OFCFFH FFCFFH
(12,800 bytes) Program/data area
(12,288 bytes) External memoryNete 1
0CDOOH 0CDOOH FCDOOH (773,376 bytes)
OCCFFH
3FFFFH 3FFFFH
Note 4 too0OHY}
Note 2
0CCFFH Program/data area
01000H Note 3
00FFFH
Internal ROM CALLF entry area
(52,480 bytes) (2KB) 40000H
00800H 3FFFFH
007FFH
00080H
0007FH Note 4
CALLT table area Internal ROM
ooo4on | (64 bytes) (256 KB)
0003FH
Vectored-table area
00000H ooooot | (64 bytes) 00000H

Notes 1. Access in the external memory expansion mode.
2. The 13,056 bytesinthis area canbe used as the internal ROM only when the LOCATION OFH instruction

is executed.

3. LOCATION OH instruction execution: 249,088 bytes; LOCATION OFH instruction execution: 262,144
bytes

4. Thisis the base area and the entry area upon reset or interrupt. However, the internal RAM is excluded
for reset.
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3.2 Internal ROM Area

The following versions in the uyPD784218A Subseries have on-chip ROMs that can store the programs and table
data.

If the internal ROM area and internal data area overlap when the LOCATION OH instruction is executed, the internal
data area becomes the access target, and the overlapped part of the internal ROM area cannot be accessed.

Part Name Internal ROM Address Space
LOCATION OH Instruction LOCATION OFH Instruction

UPD784214A 96 K x 8 bits 00000H to OFOFFH 00000H to 17FFFH
10000H to 17FFFH

uPD784215A 128 K x 8 bits 00000H to OEAFFH 00000H to 1FFFFH
10000H to 1FFFFH

uPD784216A 00000H to ODEFFH

uPD78F4216A 10000H to 1FFFFH

UPD784217A 192 K x 8 bits 00000H to 0OCCFFH 00000H to 2FFFFH
10000H to 2FFFFH

uPD784218A 256 K x 8 bits 00000H to 0OCCFFH 00000H to 3FFFFH

uPD78F4218A 10000H to 3FFFFH

The internal ROM can be accessed at high speed. Usually, a fetch is at the same speed as an external ROM fetch.
By setting (to 1) the IFCH bit of the memory expansion mode register (MM), the high-speed fetch function is used.
An internal ROM is fetched at high-speed fetch (fetch in two system clocks in 2-byte units).

Ifthe instruction execution cycle similar to the external ROM fetch is selected, waits are inserted by the wait function.
However, when a high-speed fetch is used, waits cannot be inserted for the internal ROM. However, do not set external
waits for the internal ROM area. If an external wait is set for the internal ROM area, the CPU enters the deadlock
state. The deadlock state is only released by a reset input.

RESET input causes an instruction execution cycle similar to the external ROM fetch cycle.
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3.3 Base Area

The area from 0 to FFFFH becomes the base area. The base area is the target in the following uses.

* Reset entry address

* Interrupt entry address

» Entry address for CALLT instruction

+ 16-bit immediate addressing mode (instruction address addressing)
* 16-bit direct addressing mode

» 16-bit register addressing mode (instruction address addressing)

» 16-bit register indirect addressing mode

» Short direct 16-bit memory indirect addressing mode

The vector table area, CALLT instruction table area, and CALLF instruction entry area are allocated in the base

area.

When the LOCATION 0OH instruction is executed, the internal data area is placed in the base area. Be aware that

the program cannot be fetched from the internal high-speed RAM area and special function register (SFR) area in
the internal data area. Also, use the data in the internal RAM area after initialization.

72
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3.3.1 Vector table area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The program start addresses for
branching by interrupt requests and RESET input are stored in the vector table area. If context switching is used
by each interrupt, the register bank number of the switch destination is stored.

The portion that is not used as the vector table can be used as program memory or data memory.

The values that can be written in the vector table are a 16-bit values. Therefore, branching can only be to the base
area.

Table 3-1. Vector Table Address

Interrupt Source Vector Table Address Interrupt Source Vector Table Address
BRK instruction 003EH INTSTH 001CH
TRAPO (operand error) 003CH INTSER2 001EH
NMI 0002H INSR2 0020H
INTWDT (non-maskable) 0004H INTCSI2
INTWDT (maskable) 0006H INTST2 0022H
INTPO 0008H INTTM3 0024H
INTP1 000AH INTTMOO 0026H
INTP2 000CH INTTMO1 0028H
INTP3 000EH INTTM1 002AH
INTP4 0010H INTTM2 002CH
INTP5 0012H INTAD 002EH
INTP6 0014H INTTMS 0030H
INTIICQNote 0016H INTTM6 0032H
INTCSIO INTTM7 0034H
INTSERH1 0018H INTTM8 0036H
INTSR1 001AH INTWT 0038H
INTCSIH INTKR 003AH

Note Only in uPD784216AY, 784218AY Subseries
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3.3.2 CALLT instruction table area

The 64 KB area from 00040H to 0007FH can store the subroutine entry addresses for the 1-byte call instruction
(CALLT).

In a CALLT instruction, this table is referenced and the base area address written in the table is branched to as
the subroutine. Since a CALLT instruction is a 1-byte instruction, many subroutine call descriptions in the program
can be CALLT instructions, so the object size of the program can be reduced. Since a maximum of 32 subroutine
entry addresses can be described in the table, they should be registered in order from the most frequently described.

When not used as the CALLT instruction table, the area can be used as normal program memory or data memory.

3.3.3 CALLF instruction entry area

The area from 00800H to 00FFFH can be called directly by subroutine via the 2-byte call instruction (CALLF).

Since a CALLF instruction is a 2-byte call instruction, compared to using the CALL instruction (3-byte or 4-byte)
of a subroutine call directly, the object size can be reduced.

When higher speed is required, describing subroutines directly in this area is effective.

If decreasing the object size is required, this can be done by describing an unconditional branch (BR) in this area
and placing the actual subroutine outside this area. When a subroutine is called from five or more locations, reducing
the object size is attempted. In this case, since only a 4-byte location for the BR instruction is occupied in the CALLF
entry area, the object size of many subroutines can be reduced.
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3.4 Internal Data Area

The internal data area consists of the internal RAM area and the special function register area (see Figures 3-
1 and 3-2).

For the final address of the internal data area, either OFFFFH (when executing the LOCATION OH instruction) or
FFFFFH (when executing the LOCATION OFH instruction) can be selected by the LOCATION instruction. The address
selection of the internal data area by this LOCATION OH must be executed once immediately after areset is released.
Once either of them is selected, the other cannot be selected. The program after areset is released must be as shown
in the example. If the internal data area and another area are allocated to the same address, the internal data area
becomes the access target, and the other area cannot be accessed.

Example RSTVCT CSEGATO
DW RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH ; or LOCATION OFH
MOVG SP, #STKBGN

Caution When the LOCATION 0H instruction is executed, the program after releasing the reset must not
overlap the internal data area. In addition, make sure the entry address of the servicing routine
for a non-maskable interrupt such as NMI does not overlap the internal data area. The entry
area for a maskable interrupt must be initialized before referencing the internal data area.
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3.4.1 Internal RAM area
The uPD784218A has an on-chip general-purpose static RAM.
This area has the following configuration.

76

Internal RAM area |:

Peripheral RAM (PRAM)

Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area List

Internal High-speed RAM: IRAM

Internal RAM Internal RAM Area

Product Name Peripheral RAM: PRAM
uPD784214A 3,584 bytes 3,072 bytes

(OF100H to OFEFFH) (OF100H to OFCFFH)
uPD784215A 5,120 bytes 4,608 bytes

(OEBOOH to OFEFFH) (OEBOOH to OFCFFH)
uPD784216A 8,192 bytes 7,680 bytes
uPD78F4216A (ODFOOH to OFEFFH) (ODFOOH to OFCFFH)
uPD784217A 12,800 bytes 12,288 bytes
uPD784218A (0OCDOOH to OFEFFH) (0OCDOOH to OFCFFH)
uPD78F4218A

512 bytes
(OFDOOH to OFEFFH)

Remark The addresses in the table are the values when the LOCATION OH instruction is executed. When the

LOCATION O0FH instruction is executed, OFO0O00H is added to the above values.
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Figure 3-6 is the internal RAM memory map.

Figure 3-6. Internal RAM Memory Map

00FEFFH

00FE8OH

00FE3BH

00FEO6H

00FEOOH
00FDFFH

00FD20H
00FD1FH

00FDOOH
00FCFFH

00CDOOH

General-purpose
register area

Macro service
control word area

Internal high-speed RAM

Peripheral RAM

Available range for
short direct addressing 1

Available range for
short direct addressing 2

Remark The addresses in the figure are the values when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, OFO000H is added to the above values.
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(1

(2
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Internal high-speed RAM (IRAM)

The internal high-speed RAM can be accessed at high speed. The short direct addressing mode can be used
for high-speed access to FD20H to FEFFH. The two short direct addressing modes, short direct addressing 1
and short direct addressing 2, are available depending on the address of the target. Both addressing modes
have the same function. In some instructions, short direct addressing 2 has a shorter word length than short
direct addressing 1. For details, refer to 78K/IV Series User’s Manual — Instruction (U10905E).

A program cannot be fetched from IRAM. If a program is fetched from an address that is mapped for IRAM, CPU
runaway occurs.

The following areas are reserved for IRAM.

» General-purpose register area: FE80H to FEFFH
» Macro service control word area: FEO6H to FE3BH
* Macro service channel area: FEOOH to FEFFH (The address is set by a macro service control word.)

When these areas do not use the reserved functions, they can be used as normal data memory.

Remark The addresses inthistextare the addresses whenthe LOCATION OH instructionis executed. When
the LOCATION OFH instruction is executed, OFO0O00H is added to the values in this text.

Peripheral RAM (PRAM)

The peripheral RAM (PRAM) is used as normal program memory or data memory. When used as the program
memory, the program must be written beforehand in the peripheral RAM by a program.

A program fetch from the peripheral RAM is high speed because it can be executed in two clocks in 2-byte units.
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3.4.2 Special function register (SFR) area

The special function register (SFR) of the on-chip peripheral hardware is mapped to the area from OFFOO0H to
OFFFFH (Refer to Figures 3-1 and 3-2).

The area from OFFDOH to OFFDFH is mapped as the external SFR area. Peripheral I/O externally connected can
be accessed in the external memory expansion mode (set by the memory expansion mode register (MM)).

Caution In this area, do not access an address that is not mapped in SFR. If such an address is
mistakenly accessed, the CPU may enter the deadlock state. The deadlock state is released
only by reset input.

Remark The addresses in this text are the addresses only when the LOCATION 0OH instruction is executed. If
the LOCATION OFH instruction is executed, OFO0O00H is added to the values in the text.

3.4.3 External SFR area

In the products of the uPD784218A Subseries, the 16-byte area from OFFDOH to OFFDFH (during LOCATION OH
instruction execution, or from OFFFDOH to OFFFDFH during LOCATION OFH instruction execution) in the SFR area
is mapped as the external SFR area. In the external memory expansion mode, the externally attached peripheral
I/0O can be accessed by using the address bus and address/data bus.

Since the external SFR area can be accessed by SFR addressing, the features are that peripheral I/O operations
can be simplified; the object size can be reduced; and macro service can be used.

The bus operation when accessing an external SFR area is the same as a normal memory access.

3.5 External Memory Space

The external memory space is the memory space that can be accessed by setting the memory expansion mode
register (MM). The program and table data can be stored and peripheral I/O devices can be assigned.
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3.6 Memory Mapping of uPD78F4216A and 78F4218A

IMS is a register that is set by software and is used to specify a part of the internal memory that is not to be used.
By setting this register, the internal memory can be mapped identically to that of a mask ROM version with a different

internal memory (ROM and RAM) capacity.
IMS is set with an 8-bit memory manipulation instruction.
RESET input sets IMS to FFH.

(1) uPD78F4216A, 78F4216AY

Figure 3-7. Internal Memory Size Switching Register (IMS) Format (1/2)

Address: OFFFCH After reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM!1 ROMO Internal ROM capacity selections
0 0 48 KB
0 1 64 KB
1 0 96 KB
1 1 128 KB
RAMH1 RAMO Peripheral RAM capacity selections
0 0 3,072 bytes
0 1 4,608 bytes
1 0 6,114 bytes
1 1 7,680 bytes

Cautions 1. IMS is not provided in the mask ROM versions (uPD784214A, 784215A, 784216A, 784214AY,
784215AY, and 784216AY). Even if a write instruction is executed to IMS in a mask ROM

version, the instruction will be invalid.

2. Ifthe uPD78F4216A or 78F4216AY is selected as the emulation CPU for an in-circuit emulator,
the memory size is always the same as that of the uPD784216A, “FFH”, even if an instruction

that writes an address of IMS other than FFH is executed.

Table 3-3 shows the IMS setting values to make the memory mapping the same as that of the mask ROM versions.

Table 3-3. Setting Value of Internal Memory Size Switching Register (IMS)

Target Mask ROM Version

IMS Setting Value

uPD784214A, 784214AY

ECH

uPD78425A, 784215AY

FDH

uPD78426A, 784216AY

FFH
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(2) uPD78F4218A, 78F4218AY

Figure 3-7. Internal Memory Size Switching Register (IMS) Format (2/2)

Address: OFFFCH After reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAM1 RAMO
ROM!1 ROMO Internal ROM capacity selections
0 0 64 KB
0 1 128 KB
1 0 192 KB
1 1 256 KB
RAMH1 RAMO Peripheral RAM capacity selections
0 0 3,072 bytes
0 1 6,656 bytes
1 0 7,168 bytes
1 1 12,288 bytes

Cautions 1. IMS is not provided in the mask ROM versions (uPD784217A, 784218A, 784217AY, and
784218AY). Even if a write instruction is executed to IMS in a mask ROM version, the
instruction will be invalid.

2. Ifthe uPD78F4218A or 78F4218AY is selected as the emulation CPU for an in-circuit emulator,
the memory size is always the same as that of the uPD784218A, “FFH”, even if an instruction
that writes an address of IMS other than FFH is executed.

Table 3-4 shows the IMS setting values to make the memory mapping the same as that of the mask ROM versions.

Table 3-4. Setting Value of Internal Memory Size Switching Register (IMS)

Target Mask ROM Version IMS Setting Value

uPD784217A, 784217AY EFH
uPD784218A, 784218AY FFH
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3.7 Control Registers
The control registers are the program counter (PC), program status word (PSW), and stack pointer (SP).

3.7.1 Program counter (PC)

This is a 20-bit binary counter that holds the address information about the program to be executed next (see Figure
3-8).

Usually, this counter is automatically incremented based on the number of bytes of the instruction to be fetched.
When the instruction with branching is executed, the immediate data or register contents are set.

RESET input sets the 16-bit data at addresses 0 and 1 to the lower 16 bits of the PC, and 0000 to the higher four
bits of the PC.

Figure 3-8. Program Counter (PC) Format

19 0
PC|

3.7.2 Program status word (PSW)

The program status word (PSW) is a 16-bit register that consists of various flags that are set and reset based on
the result of the instruction execution.

A read or write access is performed in higher 8-bit (PSWH) and the lower 8-bit (PSWL) units. In addition, bit
manipulation instructions can manipulate each flag.

The contents of the PSW are automatically saved on the stack when a vectored interrupt request is accepted and
when a BRK instruction is executed, and are automatically restored when a RETI or RETB instruction is executed.
When context switching is used, the contents are automatically saved to RP3, and automatically restored when a
RETCS or RETCSB instruction is executed.

RESET input resets all of the bits to 0.

Be sure to write 0 in the bits indicated as “0” in Figure 3-9. The contents of bits indicated as “—” are undefined
when read.
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Figure 3-9. Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

PswH | ur | mes2 | mest | meso | — | — | — | — |
5 4 3 2 1 0

pswe | s | z | mss | ac | E | ev | o | cv |

Each flag is described below.

(1) Carry flag (CY)
This is the flag that stores the carry or borrow of an operation result.
When a shift rotate instruction is executed, the value shifted out is stored. When a bit manipulation instruction
is executed, this flag functions as the bit accumulator.
The state of the CY flag can be tested by a conditional branch instruction.

(2) Parity/overflow flag (P/V)
The P/V flag has the following two actions in accordance with the execution of the operation instruction.
The state of the P/V flag can be tested by a conditional branch instruction.

« Parity flag action
If the results of executing the logical instructions, shift rotate instructions, and CHKL and CHKLA instructions
set the even number of bits to 1, the flag is set to 1. If the number of bits set to 1 is odd, the flag is reset to
0. However, for 16-bit shift instructions, only the lower 8 bits of the operation result are valid for the parity
flag.

« Overflow flag action
The result of executing an arithmetic operation instruction sets the flag to 1 only if the result exceeds the
numerical range expressed in two’s complement. Otherwise, the flag is reset to 0. Specifically, the result
of the exclusive OR of the carry from the MSB and the carry to the MSB becomes the flag contents. For
example, in 8-bit arithmetic operations, the two’s complement range is from 80H (-128) to 7FH (+127). If the
operation result is out of this range, the flag is set to 1. If within this range, it is reset to 0.
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Example The action of the overflow flag when an 8-bit addition instruction is executed is described next.

When 78H (+120) and 69H (+105) are added, the operation result becomes E1H (+225). Since the
upper limit of two’s complement is exceeded, the P/V flagis setto 1. Inatwo’s complement expression,
E1H becomes —31.

78H (+120) = 0111 1000
+) 69H (+105) = +) 0110 1001
0 1110 0001 = -31 P/V = 1
T
cY

Next, since the operation result of the addition of the following two negative numbers falls within the
two’s complement range, the P/V flag is reset to 0.

FBH (-5) 1111 1011
+) FOH (-16) = +) 1111 0000
1 1110 1011 =-21 P/V =0
1
CcY

(3) Interrupt request enable flag (IE)
This flag controls the CPU interrupt request acceptance.
If IE is 0, interrupts are disabled, and only non-maskable interrupts and unmasked macro services can be
accepted. Otherwise, everything is disabled.
If IE is 1, the interrupt enable state is entered. Enabling the acceptance of interrupt requests is controlled by
the interrupt mask flags that correspond to each interrupt request and the priority of each interrupt.
This flag is set to 1 by executing the El instruction and is reset to 0 by executing the DI instruction or accepting
an interrupt.

(4) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow to bit 3, this flag is set to 1. Otherwise, the flag is reset
to 0.
This flag is used when the ADJBA and ADJBS instructions are executing.
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(5

(6)

)

(8

Register set selection flag (RSS)

This flag sets the general-purpose registers that function as X, A, C, and B and the general-purpose register pairs
(16 bits) that function as AX and BC.

This flag is used to maintain compatibility with the 78K/Ill Series. Always set this flag to 0 except when using
a 78K/Ill Series program.

Zero flag (2)

This flag indicates that the operation result is 0.

If the operation result is 0, this flag is set to 1. Otherwise, it is reset to 0. The state of the Z flag can be tested
by conditional branch instructions.

Sign flag (S)

This flag indicates that the MSB in the operation result is 1.

The flag is set to 1 when the MSB of the operation result is 1. If 0, the flag is reset to 0. The S flag state can
be tested by the conditional branch instructions.

Register bank selection flags (RBS0 to RBS2)
This is the 3-bit flag that selects one of the eight register banks (register banks 0 to 7). (Refer to Table 3-5.)

Three bit information that indicates the register bank selected by executing the SEL RBn instruction is stored.

Table 3-5. Register Bank Selection

RBS2 RBS1 RBSO0 Set Register Bank
0 0 0 Register bank 0
0 0 1 Register bank 1
0 1 0 Register bank 2
0 1 1 Register bank 3
1 0 0 Register bank 4
1 0 1 Register bank 5
1 1 0 Register bank 6
1 1 1 Register bank 7

(9) User flag (UF)

This flag is set and reset by a user program and can be used in program control.
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3.7.3 Using RSS bit

Basically, always use with the RSS bit fixed at 0.

The following descriptions discuss using a 78K/Ill Series program and a program that sets the RSS bitto 1. Reading
is not necessary if the RSS bit is fixed at 0.

The RSS bit enables the functions in A (R1), X (R0), B (R3), C (R2), AX (RP0), and BC (RP1) to also be used
in registers R4 to R7 (RP2, RP3). When this bit is effectively used, efficient programs in terms of program size and
program execution can be written.

Sometimes, however, unexpected problems arise if used carelessly. Consequently, always set the RSS bit to 0.
Use with the RSS bit set to 1 only when 78K/Ill Series programs will be used.

By setting the RSS bit to 0 in all programs, writing and debugging programs become more efficient.

Even if a program where the RSS bit is set to 1 is used, when possible, it is recommended to use the program
after modifying the program so that the RSS bit is not set to 1.

(1) Using the RSS bit
» Registers used in instructions where the A, X, B, C, and AX registers are directly described in the operand
column of the operation list (see 29.2)

+ Registersthatare implicitly specified in instructions that use the A, AX, B, and C registers by implied addressing

» Registers that are used in addressing in instructions that use the A, B, and C registers in indexed addressing
and based indexed addressing

The registers used in these cases are switched in the following ways by the RSS bit.

* When RSS =0
A—R1, X—R0, B—»R3, C—»R2, AX—RP0, BC—RP1

« When RSS = 1
A—R5, X—R4, B»R7, C—R6, AX—RP2, BC—»RP3
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The registers used in other cases always become the same registers regardless of the contents of the RSS bit.
For registers A, X, B, C, AX, and BC in NEC Electronics assembler RA78K4, instruction code is generated for
any register described by name or for registers set by an RSS pseudo instruction in the assembler.

When the RSS bit is set or reset, always specify an RSS pseudo instruction immediately before (or immediately
after) that instruction (see the following examples).

<Program examples>

« When RSS =0

RSS 0 ; RSS pseudo instruction
CLR1 PSWL. 5
MOV B, A ; This description corresponds to “MOV R3, R1”.

« When RSS =1

RSS 1 ; RSS pseudo instruction
SET1 PSWL. 5
MOV B, A ; This description corresponds to “MOV R7, R5”.

(2) Generation of instruction code in the RA78K4

» In the RA78K4, when an instruction with the same function as an instruction that directly specifies A or AX
in the operand column in the operation list of the instruction is used, the instruction code that directly describes
A or AX in the operand column is given priority and generated.

Example The MOV A, r instruction where r is B has the same function as the MOV r, r’ instruction where r

is A and r' is B. In addition, they have the same (MOV A, B) description in the assembler source
program. In this case, RA78K4 generates code that corresponds to the MOV A, r instruction.
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« If A, X, B, C, AX, or BC is described in an instruction that specifies r, r’, rp, or rp’ in the operand column, the
A, X, B, C, AX, or BCinstruction code generates the instruction code that specifies the following registers based
on the operand of the RSS pseudo instruction in RA78K4.

Register RSS =0 RSS =1
A R1 R5
X RO R4
B R3 R7
C R2 R6
AX RPO RP2
BC RP1 RP3

+ If RO to R7 and RPO to RP4 are specified inr, r’, rp, and rp’ in the operand column, an instruction code that
conforms to the specification is output (Instruction code that directly describes A or AX in the operand column
is not output).

» The A, B, and C registers that are used in indexed addressing and based indexed addressing cannot be
described as R1, R3, R2, or R5, R7, R6.

Usage Cautions

Switching the RSS bit obtains the same effect as holding two register sets. However, be careful and write the
program so that implicit descriptions in the program and dynamically changing the RSS bit during program
execution always agree.

Also, since a program with RSS = 1 cannot be used in a program that uses context switching, the portability of
the program becomes poor. Furthermore, since different registers having the same name are used, the readability
of the program worsens, and debugging becomes difficult. Therefore, when RSS = 1 must be used, write the
program while taking these problems into consideration.

A register that does not have the RSS bit set can be accessed by specifying the absolute name.
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3.7.4 Stack pointer (SP)

The 24-bit register saves the starting address of the stack (LIFO: 00000H to FFFFFFH) (refer to Figure 3-10). The
stack is used for addressing during subroutine processing or interrupt servicing. Always set the most-significant four
bits to zero.

The contents of the SP are decremented before writing to the stack area and incremented after reading from the
stack (refer to Figures 3-11 and 3-12).

SP is accessed by special instructions.

Since the SP contents become undefined when RESET is input, always initialize the SP from the initialization
program immediately after clearing the reset (before accepting a subroutine call or interrupt).

Example |Initializing SP
MOVG SP, #OFEEOH ; SP « OFEEOH (when used from FEDFH)
Figure 3-10. Stack Pointer (SP) Format

23 0
SP
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Figure 3-11. Data Saved to Stack

PUSH sfr instruction PUSH sfrp instruction
Stack Stack
SP = SP =
| |
SP—1 SII/—1 High byte
SP « SP-1 SP-2 Low byte
SP « SP-2
PUSH PSW instruction PUSH rg instruction
Stack Stack
Sf - Sf -
sp-1 PSWir 10| Undefined SP-1 High byte
SP-2 PSWL Sli—z Middle byte
SP « SP-2 SP-3 Low byte
SP « SP-3
CALL, CALLF, CALLT Vectored interrupt PUSH post, PUSHU post instructions
instructions Stack (For PUSH AX, RP2, RP3)
Stack Stack
Sf - S¢P - S¢P -
SP—1 | Undefined|Pc1s to PC15 sP—1 [BSWH710lpg191 po1s SP-1 R7
PSWH4
2 \ | RP3
85—2 PC15 to PC8 Sf—2 PSWL Sf—z R6
SP-3 PC7 to PCO SP-3 PC15 to PC8 SP-3 R5
l | RP2
SP « SP-3 SP—4 PC7 to PCO Sf—4 R4
SP « SP—4 SP-5 A
{ AX
SP-6 X
SP « SP-6
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Figure 3-12. Data Restored from Stack

POP sfr instruction

POP sfrp instruction

RP3

RP2

AX

Stack Stack
SP«SP+1 SP«SP+2
S+3+1 STP+1 High byte
SP m» SPp = Low byte
POP PSW instruction POP rg instruction
Stack Stack
SP<—STI?+2 SP«SP+3
PSWH?-to Not .
31[’+1 PSWH. —vote STF"+2 High byte
SP = PSWL S’F” Middle byte
SP = Low byte
RET instruction RETI, RETB instructions POP post, POPU post instructions
Stack Stack (For POP AX, RP2, RP3)
Stack
SP«SP+3 SP«SP+4 SP«SP+6
Not PSWHz-to
S$+2 —Note1PG19to PC16 STP+3 PSWH.  |PC1910PC16 S+3+5 R7
S+3+1 PC15to PC8 STP+2 PSWL S+3+4 R6
SP = PC7 to PCO S$+1 PC15to PC8 STP+3 R5
SPp = PC7 to PCO s¥+2 R4
SP+1 A
T
Sp =

Note This 4-bit data is ignored.
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Cautions 1. In stack addressing, the entire 1 MB space can be accessed, but the stack cannot be

92

guaranteed in the SFR area and internal ROM area.

. The stack pointer (SP) becomes undefined when RESET is input. In addition, even when SP

is in the undefined state, non-maskable interrupts can be accepted. Therefore, when the SP
is in the undefined state immediately after the reset is cleared and a request for a non-
maskable interrupt is generated, unexpected actions sometimes occur. To avoid this danger,
always specify the following in the program after clearing a reset.

RSTVCT CSEG AT O

DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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3.8 General-Purpose Registers

3.8.1 Configuration

There are sixteen 8-bit general-purpose registers. In addition, two 8-bit general-purpose registers can be combined
and used as a 16-bit general-purpose register. Furthermore, four of the 16-bit general-purpose registers are combined

with an 8-bit register for address expansion and used as a 24-bit address specification register.

The general-purpose registers except for the V, U, T, and W registers for address expansion are mapped to the

internal RAM.

These register sets provide eight banks and can be switched by the software or context switching.
RESET input selects register bank 0. In addition, the register banks that are used in an executing program can

be verified by reading the register bank selection flags (RBS0, RBS1, RBS2) in the PSW.

Figure 3-13. General-Purpose Register Format

23

7 07 0
A (R1) " X(RO)
AX(RPO)

B (R3) " C(R?

BC (RP1)

RS ! R4
RP2
R7 ! R6

— ] RP3
| R9 | R8
‘ VP (RP4)
VVP (RG4)
| R11 | R10
| UP (RP5)
UUP (RG5)
. D(R13) | E(R12)
| DE (RP6)
TDE (RG6)
. H(R15) | L(R14)
| HL (RP7) |
WHL (RG7)
15 0

Remark The parentheses enclose the absolute names.
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Figure 3-14. General-Purpose Register Addresses

8-bit processing 16-bit processing

FEFFHNote RBNKO H (R15) | L (R14) En) HL (RP7) &n)

RBNK1 D (R13) on)| E (R12) cH) DE (RP6) (cH)

RBNK2 R11 H) R10 (an) UP (RP5) aH)

RBNK3 R9 @H) R8 (8H) VP (RP4) @H)

RBNK4 R7 @n) R6 (eH) RP3 (h)

RBNK5 R5 (5H) R4 (h) RP2 2n)

RBNK6 B (R3) @H) | C (R2) n) BC (RP1) ()
FEgQHNote RBNK7 A (R1) any | X (RO) on) AX (RPO) (o)

7 07 0 15 0

Note These are the addresses when the LOCATION OH instruction is executed. The addresses when the
LOCATION OFH instruction is executed are the sum of the above values and OFO000H.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers when the RSS
bit in the PSW is set to 1. However, use this function only when using a 78K/Ill Series program.

Remark When changing the register bank and when returning to the original register bank is necessary, execute
the SEL RBn instruction after using the PUSH PSW instruction to save the PSW to the stack. If the stack
position is not changed when returning to the original state, the POP PSW instruction is used to return.
When the register banks in the vectored interrupt processing program are updated, PSW is automatically
saved on the stack when an interrupt is accepted and returned by the RETI and RETB instructions.
Therefore, when one register bank is used in an interrupt servicing routine, only the SEL RBn instruction
is executed, and the PUSH PSW or POP PSW instruction does not have to be executed.

Example When register bank 2 is specified

PUSH PSW
SEL RB2

Operation in register bank 2
POP PSW

Operation in original register bank
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3.8.2 Functions

In addition to being manipulatable in 8-bit units, general-purpose registers can be a pair of two 8-bit registers and
be manipulated in 16-bit units. Also four of the 16-bit registers can be combined with the 8-bit register for address
expansion and manipulated in 24-bit units.

Eachregister can generally be used as the temporary storage for the operation result or the operand of the operation
instruction between registers.

The area from OFE80H to OFEFFH (during LOCATION OH instruction execution, or the OFFE80H to OFFEFFH
during LOCATION OFH instruction execution) can be accessed by specifying an address as normal data memory
whether or not it is used as the general-purpose register area.

Since there are eight register banks in the 78K/IV Series, efficient programs can be written by suitably using the
register banks in normal processing or interrupt processing.

Each register has the unique functions shown below.

A (R1):

» This register is primarily for 8-bit data transfers and operation processing. It can be combined with all of the
addressing modes for 8-bit data.

» This register can be used to store bit data.

» This register can be used as a register that stores the offset value during indexed addressing or based indexed
addressing.

X (RO):
» This register can store bit data.

AX (RPO0):
» This register is primarily for 16-bit data transfers and operation results. It can be combined with all of the
addressing modes for 16-bit data.

AXDE:
* When a DIVUX, MACW, or MACSW instruction is executed, this register can be used to store 32-bit data.

B (R3):

» This register functions as a loop counter and can be used by the DBNZ instruction.

» This register can store the offset in indexed addressing and based indexed addressing.
» This register is used as the data pointer in a MACW or MACSW instruction.

C (R2):

» This register functions as a loop counter and can be used by the DBNZ instruction.
» This register can store the offset in based indexed addressing.

» This register is used as the counter in string and SACW instructions.

» This register is used as the data pointer in a MACW or MACSW instruction.

RP2:
»  When context switching is used, this register saves the low-order 16 bits of the program counter (PC).

RP3:

»  When context switching is used, this register saves the most significant 4 bits of the program counter (PC) and
the program status word (PSW) (except bits 0 to 3 in PSWH).
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VVP (RG4):
» This register functions as a pointer and specifies the base address in register indirect addressing, based
addressing, and based indexed addressing.

UUP (RG5):

» This register functions as a user stack pointer and implements another stack separate from the system stack
by the PUSHU and POPU instructions.

» This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

DE (RP6), HL (RP7):
» This register stores the offset during indexed addressing and based indexed addressing.

TDE (RG6):

» This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

» This register functions as a pointer in string and SACW instructions.

WHL (RG7):

« This register primarily performs 24-bit data transfers and operation processing.

» This register functions as a pointer and specifies the base address in register indirect addressing and based
addressing.

» This functions as a pointer in string and SACW instructions.
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In addition to its function name (X, A, C, B, E, D, L, H, AX, BC, VP, UP, DE, HL, VVP, UUP, TDE, WHL) that
emphasizes its unique function, each register can be described by its absolute name (R0 to R15, RP0 to RP7, RG4

to RG7). For the correspondence, refer to Table 3-6.

Table 3-6. Correspondence Between Function Names and Absolute Names

(a) 8-bit registers

Absolute Name

Function Name

(b) 16-bit registers

RSS

=0 RSS = 1Note

RO

X

R1

R2

R3

A
C
B

R4

R5

R6

R7

W O[> | X

Absolute Name Function Name
RSS =0 RSS = 1Note

RPO AX

RP1 BC

RP2 AX
RP3 BC
RP4 VP VP
RP5 up uP
RP6 DE DE
RP7 HL HL

R8

R9

R10

R11

(c) 24-bit registers

R12

R13

R14

R15

T |Oofm

T |Oofm

Absolute Name Function Name
RG4 VVP
RG5 UuP
RG6 TDE
RG7 WHL

Note Use RSS = 1 only when a 78K/Ill Series program is used.

Remark R8 to R11 do not have function names.
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3.9 Special Function Registers (SFRs)
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These registers are assigned special functions such as the mode register and control register of the on-chip
peripheral hardware and are mapped to the 256-byte area from OFFOOH to OFFFFHNote,

Note These are the addresses when the LOCATION OH instruction is executed. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executed.

Caution Inthis area, do not access an address that is not allocated by an SFR. If erroneously accessed,
the uPD784218A enters the deadlock state. The deadlock state is released only by reset input.

Table 3-7 shows the list of special function registers (SFRs). The meanings of the items are described next.

* Symbol

- RIW

« Bit manipulation unit -

« After reset

- This symbol indicates the on-chip SFR. In NEC Electronics assembler RA78K4, this

is a reserved word. In C compiler CC78K4, it can be used as an sfr variable by a
#pragma sfr directive.

-+ Indicates whether the corresponding SFR can be read or written.

R/W: Can read/write

R: Read only

W: Write only

When the corresponding SFR is manipulated, the appropriate bit manipulation unit is
indicated. An SFR that can manipulate 16 bits can be described in the sfrp operand.
If specified by an address, an even address is described.

An SFR that can manipulate one bit can be described in bit manipulation instructions.

- Indicates the state of each register when RESET is input.
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Table 3-7. Special Function Register (SFR) List (1/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
Note 1 1Bit | 8 Bits |16 Bits
OFFOOH | Port 0 PO RW| O O — | 0oHNote 2
OFFO1H | Port 1 P1 R O O —
OFF02H | Port 2 P2 R/W O O —
OFFO3H | Port 3 P3 @) @) —
OFF04H | Port 4 P4 O O —
OFFO5H | Port 5 P5 @) @) —
OFF06H | Port 6 P6 O O —
OFFO7H | Port 7 P7 O O —
OFF08H | Port 8 P8 @) @) —
OFFO9H | Port 9 P9 @) @) —
OFFOAH | Port 10 P10 O O —
OFFOCH | Port 12 P12 O O —
OFFODH | Port 13 P13 O O —
OFF10H | 16-bit timer counter TMO R — — O 0000H
OFF11H
OFF12H | 16-bit capture/compare register 00 CRO0O0 RW | — — O
OFF13H | (16-bit timer/event counter)
OFF14H | 16-bit capture/compare register 01 CRO1 — — O
OFF15H | (16-bit timer/event counter)
OFF16H | Capture/compare control register 0 CRCO O O — 00H
OFF18H | 16-bit timer mode control register TMCO O O —
OFF1AH | 16-bit timer output control register TOCO O O —
OFF1CH | Prescaler mode register 0 PRMO O O —
OFF20H | Port 0 mode register PMO O O — FFH
OFF22H | Port 2 mode register PM2 O O —
OFF23H | Port 3 mode register PM3 O O —
OFF24H | Port 4 mode register PM4 O O —
OFF25H | Port 5 mode register PM5 O O —
OFF26H | Port 6 mode register PM6 O O —
OFF27H | Port 7 mode register PM7 O O —
OFF28H | Port 8 mode register PM8 O O —
OFF29H | Port 9 mode register PM9 O O —
OFF2AH | Port 10 mode register PM10 O O —
Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH

instruction is executed, FOOOOH is added to these values.

. Since each port is initialized in the input mode by a reset, in fact, 00H is not read out. The output latch

is initialized to 0.
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Table 3-7. Special Function Register (SFR) List (2/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
Note 1 1Bit | 8 Bits |16 Bits
OFF2CH | Port 12 mode register PM12 RW | O O — FFH
OFF2DH | Port 13 mode register PM13 O O —
OFF30H | Pull-up resistor option register 0 PUO O O — 00H
OFF32H | Pull-up resistor option register 2 PU2 O O —
OFF33H | Pull-up resistor option register 3 PU3 O O —
OFF37H | Pull-up resistor option register 7 PU7 O O —
OFF38H | Pull-up resistor option register 8 PU8 O O —
OFF3AH | Pull-up resistor option register 10 PU10 O O —
OFF3CH | Pull-up resistor option register 12 PU12 O O —
OFF40H | Clock output control register CKS O O —
OFF42H | Port function control registerNote 2 PF2 (@) (@) —
OFF4EH | Pull-up resistor option register PUO O @) —
OFF50H | 8-bit timer counter 1 T™1 TW1W R — O O 0000H
OFF51H | 8-bit timer counter 2 T™M2 — @)

OFF52H | Compare register 10 (8-bit timer/event counter 1) | CR10 | CR1W RW | — O O
OFF53H | Compare register 20 (8-bit timer/event counter 2) | CR20 — O

OFF54H | 8-bit timer mode control register 1 TMC1 | TMC1W O O O
OFF55H | 8-bit timer mode control register 2 TMC2 O O

OFF56H | Prescaler mode register 1 PRM1 | PRM1W O O O
OFF57H | Prescaler mode register 2 PRM2 O @]

OFF60H | 8-bit timer counter 5 T™M5 TM5W R — @) @)

OFF61H | 8-bit timer counter 6 TM6 — O

OFF62H | 8-bit timer counter 7 T™7 TM7W — O O

OFF63H | 8-bit timer counter 8 T™8 — O

OFF64H | Compare register 50 (8-bit timer/event counter 5) | CR50 | CR5W RW | — O O
OFF65H | Compare register 60 (8-bit timer/event counter 6) | CR60 — O

OFF66H | Compare register 70 (8-bit timer/event counter 7) | CR70 | CR7W — O O
OFF67H | Compare register 80 (8-bit timer/event counter 8) | CR80 — O

OFF68H | 8-bit timer mode control register 5 TMC5 | TMC5W O O O
OFF69H | 8-bit timer mode control register 6 TMC6 O O

OFF6AH | 8-bit timer mode control register 7 TMC7 | TMC7W O O O
OFF6BH | 8-bit timer mode control register 8 TMC8 O O

OFF6CH | Prescaler mode register 5 PRM5 | PRM5W O O O
OFF6DH | Prescaler mode register 6 PRM6 O O

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
instruction is executed, FOOOOH is added to these values.
2. Only in the uPD784216AY, 784218AY Subseries
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Table 3-7. Special Function Register (SFR) List (3/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
Note 1 1Bit |8 Bits |16 Bits
OFFGEH | Prescaler mode register 7 PRM7 | PRM7W |RW | O O O 0000H
OFF6FH | Prescaler mode register 8 PRMS8 O O
OFF70H | Asynchronous serial interface mode register 1 | ASIM1 O O — 00H
OFF71H | Asynchronous serial interface mode register 2 | ASIM2 O O —
OFF72H | Asynchronous serial interface status register 1 | ASIS1 R O O —
OFF73H | Asynchronous serial interface status register 2 | ASIS2 O O —
OFF74H | Transmission shift register 1 TXSH W — O — FFH
Reception buffer register 1 RXB1 R — O —
OFF75H | Transmission shift register 2 TXS2 w — O —
Reception buffer register 2 RXB2 R — O —
OFF76H | Baud rate generator control register 1 BRGC1 RW | O O — 00H
OFF77H | Baud rate generator control register 2 BRGC2 O O —
OFF7AH | Oscillation mode selection register cc O O —
OFF80H | A/D converter mode register ADM O O —
OFF81H | A/D converter input selection register ADIS O O —
OFF83H | A/D conversion result register ADCR R — O — Undefined
OFF84H | D/A conversion value setting register 0 DACSO0 RW | O O — 00H
OFF85H | D/A conversion value setting register 1 DACS1 O O —
OFF86H | D/A converter mode register 0 DAMO O O —
OFF87H | D/A converter mode register 1 DAM1 O O —
OFF88H | ROM correction control register CORC O O —
OFF89H | ROM correction address pointer H CORAH — O —
OFF8AH | ROM correction address pointer L CORAL — — O 0000H
OFF8BH
OFF8CH | External bus type selection register EBTS O O — 00H
OFF8DH | External access status enable register EXAE O O —
OFF90H | Serial operating mode register 0 CSIMo O O —
OFF91H | Serial operating mode register 1 CSIM1 O O —
OFF92H | Serial operating mode register 2 CSIM2 O O —
OFF94H | Serial I/0 shift register 0 SI00 — O —
OFF95H | Serial I/O shift register 1 SI01 — O —
OFF96H | Serial I/0 shift register 2 SI02 — O —
OFF98H | Real-time output buffer register L RTBL — @] —
OFF99H | Real-time output buffer register H RTBH — O —

Note These values are when the LOCATION OH instruction is executed. When the LOCATION OFH instruction
is executed, FOOOOH is added to these values.
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Table 3-7. Special Function Register (SFR) List (4/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
Note 1 1Bit | 8 Bits |16 Bits
OFF9AH | Real-time output port mode register RTPM RW | O O — 00H
OFF9BH | Real-time output port control register RTPC O O —

OFF9CH | Watch timer mode control register WTM O O —

OFFAOH | External interrupt rising edge enable register | EGPO O O —

OFFA2H | External interrupt falling edge enable register| EGNO O O —

OFFA8H | In-service priority register ISPR R O O —

OFFA9H | Interrupt selection control register SNMI RW | O O —

OFFAAH | Interrupt mode control register IMC O O — 80H
OFFACH | Interrupt mask flag register OL MKOL | MKO O O O FFFFH
OFFADH | Interrupt mask flag register OH MKOH O O

OFFAEH | Interrupt mask flag register 1L MK1L | MK1 O O O

OFFAFH | Interrupt mask flag register 1H MK1H O O

OFFBOH | 12C bus control registerNote 2 lcco (@) (@) — | OOH
OFFB2H | Serial clock prescaler mode registerNote 2 SPRMO (@) (@) —

OFFB4H | Slave address registerNote 2 SVAO — (@) —

OFFB6H | I2C bus status registerNote 2 11CSo R (@) (@) —

OFFB8H | Serial shift registerNote 2 lco RW | O O —

OFFCOH | Standby control register STBC — O — 30H
OFFC2H | Watchdog timer mode register WDM — O — 00H
OFFC4H | Memory expansion mode register MM O O — 20H
OFFC7H | Programmable wait control register 1 PWCH O O — AAH
OFFC8H | Programmable wait control register 2 PWC2 W — — O AAAAH
OFFCEH | Clock status register PCS R O O — 32H
OFFCFH | Oscillation stabilization time specification register| OSTS R/W O O — 00H
OFFDOH to | External SFR area — O O — —
OFFDFH

OFFEOH | Interrupt control register (INTWDTM) WDTIC O O — 43H
OFFE1H | Interrupt control register (INTPO) PICO (©) (©) —

OFFE2H | Interrupt control register (INTP1) PIC1 O O —

OFFE3H | Interrupt control register (INTP2) PIC2 O O —

OFFE4H | Interrupt control register (INTP3) PIC3 O O —

OFFES5H | Interrupt control register (INTP4) PIC4 O O —

OFFE6H | Interrupt control register (INTP5) PIC5 O O —

OFFE7H | Interrupt control register (INTP6) PIC6 O O —

OFFE8H | Interrupt control register (INTIICONote 2/INTCSI0) | CSIICO (@) (@) —

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
instruction is executed, FOOOOH is added to these values.
2. Only in the uPD784216AY, 784218AY Subseries
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Table 3-7. Special Function Register (SFR) List (5/5)

Address Name of Special Function Register (SFR) Symbol R/W | Bit Manipulation Unit | After Reset
Note 1 1Bit | 8 Bits |16 Bits
OFFE9H | Interrupt control register (INTSER1) SERIC1 RW| O O — 43H
OFFEAH | Interrupt control register (INTSR1/INTCSI1) | SRIC1 O O —
OFFEBH | Interrupt control register (INTST1) STICH O O —
OFFECH | Interrupt control register (INTSER2) SERIC2 O O —
OFFEDH | Interrupt control register (INTSR2/INTCSI2) | SRIC2 O O —
OFFEEH | Interrupt control register (INTST2) STIC2 O O —
OFFEFH | Interrupt control register (INTTM3) TMIC3 O O —
OFFFOH | Interrupt control register (INTTMOO) TMICO00 O O —
OFFF1H | Interrupt control register (INTTMO1) TMICO1 O O —
OFFF2H | Interrupt control register (INTTM1) TMICH O O —
OFFF3H | Interrupt control register (INTTM2) TMIC2 O O —
OFFF4H | Interrupt control register (INTAD) ADIC O O —
OFFF5H | Interrupt control register (INTTM5) TMIC5 O O —
OFFF6H | Interrupt control register (INTTM6) TMIC6 O O —
OFFF7H | Interrupt control register (INTTM7) TMIC7 O O —
OFFF8H | Interrupt control register (INTTM8) TMIC8 O O —
OFFF9H | Interrupt control register (INTWT) WTIC O O —
OFFFAH | Interrupt control register (INTKR) KRIC O O —
OFFFCH | Internal memory size switching registerNote 2 IMS W — O — FFH
Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH

instruction is executed, FOOOOH is added to these values.

2. Only in the uPD78F4216A, 78F4218A, 78F4216AY, and 78F4218AY
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3.10 Cautions

(1)

(2)

104

Program fetches are not possible from the internal high-speed RAM area (when executing the LOCATION 0H
instruction: OFDOOH to OFEFFH, when executing the LOCATION OFH instruction: FFDOOH to FFEFFH)

Special function register (SFR)
Do not access an address that is allocated to an SFR in the area from OFFOOH to OFFFFHNote  |f mistakenly
accessed, the uPD784218A enters the deadlock state. The deadlock state is released only by RESET input.

Note These addresses are when the LOCATION OH instruction is executed. They are FFFOOH to FFFFFH
when the LOCATION OFH instruction is executed.

Stack pointer (SP) operation
Although the entire 1 MB space can be accessed by stack addressing, the stack cannot be guaranteed in the
SFR area and the internal ROM area.

Stack pointer (SP) initialization

The SP becomes undefined when RESET is input. Even after a reset is cleared, non-maskable interrupts can
be accepted. Therefore, the SP enters an undefined state immediately after clearing the reset. When a non-
maskable interrupt request is generated, unexpected operations sometimes occur. To minimize these dangers,
always describe the following in the program immediately after clearing a reset.

RSTVCT CSEG AT O

DW  RSTSTRT

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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4.1 Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware. The following two
types of system clock oscillators are available.

(1) Main system clock oscillator
This circuit oscillates at a frequency of 2 to 12.5 MHz. Oscillation can be stopped by setting the standby control
register (STBC) to STOP mode (bit 1 (STP) = 1, bit 0 (HLT) = 0) or by stopping the main system clock (bit 2 of
STBC (MCK) = 1) after switching to the subsystem clock.

(2) Subsystem clock oscillator
This circuit oscillates at the frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock
oscillator is not used, not using the internal feedback resistance can be set by STBC. This enables the power
consumption to be decreased in the STOP mode.

4.2 Configuration

The clock generator consists of the following hardware.

Table 4-1. Clock Generator Configuration

ltem Configuration

Control register Standby control register (STBC)

Oscillation mode selection register (CC)

Clock status register (PCS)

Oscillation stabilization time specification register (OSTS)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 4-1. Block Diagram of Clock Generator

XT10 Subsystem Watch timer,
clock ba clock output
XT2 O— oscillator function
Prescaler
X1 O—» Main =
system || IDLE [fx g Prescaler Clock to
clock controller D fxx peripheral
X2C oscillator 3 hardware
Divider [—1
2 2| 22| 28 L]
STOP and bit 2 (MCK) of
STBC = 1 when the subsystem 5 STOP PU clock
clock is selected as CPU clock © .| IDLE HALT | Cf U cloc
2 controlled | [controller ~ (fcru)
w Note
Internal system
clock (fork)
released.

Note The oscillation stabilization time is secured after STOP mode is
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4.3 Control Registers

(1) Standby control register (STBC)
This register is used to set the standby mode and select internal system clock. For the details of the standby
mode, refer to CHAPTER 25 STANDBY FUNCTION.
The write operation can be performed only using dedicated instructions to avoid entering into the standby mode
due to an inadvertent program loop. This dedicated instruction, MOV STBC, #byte, has a special code structure
(4 bytes). The write operation is performed only when the OP code of the 3rd byte and 4th byte are mutual 1’s
complements. When the 3rd byte and 4th byte are not mutual 1’s complements, the write operation is not
performed and an operand error interrupt is generated. In this case, the return address saved in the stack area
indicates the address of the instruction that caused an error. Therefore, the address that caused an error can
be determined from the return address that is saved in the stack area.
If a return from an operand error is performed simply with the RETB instruction, an infinite loop will be caused.
Because the operand error interrupt occurs only in the case of an inadvertent program loop (if MOV STBC, #byte
is described, only the correct dedicated instruction is generated in NEC Electronics RA78K4 assembler), initialize
the system for the program that processes an operand error interrupt.
Other write instructions such as MOV STBC, A; AND STBC, #byte; and SET1 STBC.7 are ignored and no
operation is performed. In other words, neither is a write operation to STBC performed nor is an interrupt such
as an operand error interrupt generated. STBC can be read out any time by means of a data transfer instruction.
RESET input sets STBC to 30H.
Figure 4-2 shows the format of STBC.
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Address: OFFCOH

Figure 4-2. Standby Control Register (STBC) Format

After reset: 30H R/W

Symbol 7 6 5 4 3 2 1 0
STBC SBK CK2 CK1 CKO 0 MCK STP HLT
SBK Subsystem clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
CK2 CK1 CKO CPU clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 1 1 fxt (recommended)
1 X X fxr
MCK Main system clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
STP HLT Operation specification flag
0 0 Normal operation mode
0 1 HALT mode (Automatically cleared upon cancellation of
HALT mode)
1 0 STOP mode (Automatically cleared upon cancellation of
STOP mode)
1 1 IDLE mode (Automatically cleared upon cancellation of
IDLE mode)

Cautions 1. When using the STOP mode during external clock input, make sure to set to 1 the EXTC
bit of the oscillation stabilization time specification register (OSTS) before setting the
STOP mode. If the STOP mode is used during external clock input when the EXTC bit
of OSTS has been cleared, the uPD784218A may be damaged or its reliability may be
impaired.

When setting to 1 the EXTC bit of OSTS, the clock with the opposite phase of the clock
input to the X1 pin must be input to the X2 pin.
2. Perform the NOP instruction three times after a standby instruction (after standby

108

release). Otherwise if contention arises between a standby instruction execution and
an interrupt request, the standby instruction is not performed and the interrupt request
is accepted after the execution of several instructions. The instructions executed before
the interrupt request is accepted are instructions whose execution is started within 6
clocks maximum following execution of the standby instruction.
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Example MOV STBC, #byte
NOP
NOP
NOP

3. When CK2 =0, the oscillation of the main system clock does not stop even if MCK is set
to 1 (refer to 4.5.1 Main system clock operations).

Remarks 1. fxx: Main system clock frequency (fx or fx/2)
fx:  Main system clock oscillation frequency
fxt:  Subsystem clock oscillation frequency

2. x:don’t care

(2) Oscillation mode selection register (CC)
This register specifies whether clock output from the main system clock oscillator with the same frequency as
the external clock is used to operate the internal circuit (through rate clock mode), or whether clock output that
is half of the original frequency is used to operate the internal circuit.
CC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CC to 00H.

Figure 4-3. Oscillation Mode Selection Register (CC) Format

Address: OFF7AH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CC ENMP 0 0 0 0 0 0 0
ENMP Main system clock selection
0 Half of original oscillation frequency
1 Through rate clock mode

Cautions 1. If the subsystem clock is selected via the standby control register (STBC), the ENMP bit
specification becomes invalid.
2. The ENMP bit cannot be reset by software. This bit is reset performing the system reset.
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(3) Clock status register (PCS)
This register is a read-only 8-bit register that indicates the CPU clock operation status. By reading bit 2 and bits
4 to 7 of PCS, the relevant bit of the standby control register (STBC) can be read.
PCS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCS to 32H.

Figure 4-4. Clock Status Register (PCS) Format

Address: OFFCEH After reset: 32H R

Symbol 7 6 5 4 3 2 1 0
PCS SBK CK2 CK1 CKO 0 MCK 1 csT
SBK Feedback resistor status of subsystem clock
0 Internal feedback resistor is used.
1 Internal feedback resistor is not used.
CK2 CK1 CKo CPU clock operating frequency
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 1 1 fxt (recommended)
1 X X fxr
MCK Oscillation status of main system clock
0 Use oscillator
1 Stop oscillator
CST CPU clock status
0 Main system clock operation
1 Subsystem clock operation

Caution [Timing at which bit 0 (CST) changes]
The CPU clock does not switch from the main system clock to the subsystem clock
immediately after the standby control register (STBC) is set, but switches after synchroni-
zation of both clocks (main and subsystem) has been detected. Consequently, CST changes
after synchronization detection. This is the same as when switching from the subsystem
clock to the main system clock.

Remarks 1. fxx: Main system clock frequency

fx1: Subsystem clock oscillation frequency
2. x: don’t care
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(4) Oscillation stabilization time specification register (OSTS)
This register specifies the operation of the oscillator. Either a crystal/ceramic resonator or external clock is set
to the EXTC bit in OSTS as the clock used. The STOP mode can be set even during external clock input only
when the EXTC bit is set 1.
OSTS is set by a 1-bit or 8-bit transfer instruction.
RESET input sets OSTS to 00H.

Figure 4-5. Oscillation Stabilization Time Specification Register (OSTS) Format

Address: OFFCFH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS EXTC 0 0 0 0 OSTS2 OSTS1 OSTS0
EXTC External clock selection
0 Crystal/ceramic resonator is used
1 External clock is used
EXTC OSTS2 OSTSH OSTSO0 | Oscillation stabilization time selection
0 0 0 0 2'9/fxx (42.0 ms)
0 0 0 1 2'8/fxx (21.0 ms)
0 0 1 0 2'7/fxx (10.5 ms)
0 0 1 1 2'%/fxx (5.3 ms)
0 1 0 0 2'5/fxx (2.6 ms)
0 1 0 1 2'%/fxx (1.3 ms)
0 1 1 0 2'3/fxx (0.7 ms)
0 1 1 1 2'2/fxx (0.4 ms)
1 x x x 512/fxx (41.0 us)

Cautions 1. When a crystal/ceramic resonator is used, make sure to clear the EXTC bit to 0. If the
EXTC bit is set to 1, oscillation stops.

2. When using the STOP mode during external clock input, make sure to set the EXTC bit
to 1 before setting the STOP mode. If the STOP mode is used during external clock input
when the EXTC bit of OSTS has been cleared, the uPD784218A may be damaged or its
reliability may be impaired.

3. If the EXTC bit is set to 1 during external clock input, the opposite phase of the clock
input to the X1 pin must be input to the X2 pin. If the EXTC bit is setto 1, the uPD784218A
operates only with the clock input to the X2 pin.

Remarks 1. Figures in parentheses apply to operation with fxx = 12.5 MHz.
2. x: don’t care
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4.4 System Clock Oscillator

4.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 12.5 MHz)
connected to the X1 and X2 pins.

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the X1 pin
and an antiphase clock signal to the X2 pin.

Figure 4-6 shows an external circuit of the main system clock oscillator.

Figure 4-6. External Circuit of Main System Clock Oscillator

(a) Crystal or ceramic oscillation (b) External clock

—| X2 X2

7477‘ External X1
+— X1 clock

Crystal
or
Ceramic resonator

4.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1
and XT2 pins.

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the XT1 pin
and an antiphase clock signal to the XT2 pin.

Figure 4-7 shows an external circuit of the subsystem clock oscillator.

Figure 4-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
it Vss
— XT2 XT2
! 32768
7J7._}< = kHz
[ External
14“L XT1 clock XT1
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Cautions 1. When using a main system clock oscillator and a subsystem clock oscillator, carry out wiring
in the broken line area in Figures 4-6 and 4-7 to prevent any effects from wiring capacities.

« Minimize the wiring length.

- Do not allow wiring to intersect with other signal conductors. Do not allow wiring to come
near changing high current.

- Set the potential of the grounding position of the oscillator capacitor to that of Vss. Do
not ground to any ground pattern where high current is present.

- Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.
Figure 4-8 shows examples of oscillators that are connected incorrectly.

Figure 4-8. Examples of Oscillator Connected Incorrectly (1/2)

(a) Wiring of connection (b) Signal conductors intersect
circuits is too long each other

PORTn
(n=0to0 10, 12, 13)

X2

e

Vss X2 X1 Vss

]

(S

a a

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 4-8. Examples of Oscillator Connected Incorrectly (2/2)
(c) Changing high current is too near a (d) Current flows through the ground line

signal conductor of the oscillator (potential at points A, B,
and C fluctuate)

g Vbb

AMA——/] Pnm

X2

T
T %

l 7 —thl,
current
L

Vss

SS

(e) Signals are fetched

X2 X1 Vss

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.

Cautions 2. When XT2 and X1 are wired in parallel, the cross-talk noise of X1 may increase with XT2,

resulting in malfunctioning. To prevent this from occurring, it is recommended not to wire
X1 and XT2 in parallel.
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4.4.3 Frequency divider
The frequency divider divides the main system clock oscillator output (fxx) and generates various clocks.

4.4.4 When no subsystem clocks are used
If it is not necessary to use subsystem clocks for low power consumption operations and clock operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect to Vss
XT2: Leave open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator

when the main system clock stops. To minimize leakage current, set bit 7 (SBK) of the standby control register (STBC)
to 1. In this case also, connect the XT1 and XT2 pins as described above.
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4.5 Clock Generator Operations

The clock generator generates the following types of clocks and controls the CPU operating mode including
the standby mode.

Main system clock (fxx)
Subsystem clock (fxT)

CPU clock (fcpu)

Clock to peripheral hardware

The following clock generator functions and operations are determined with the standby control register (STBC)
and the oscillation mode selection register (CC).

(a)

116

Upon generation of the RESET signal, the lowest speed mode of the main system clock (1,280 ns when
operated at 12.5 MHz) is selected (STBC = 30H, CC = 00H). Main system clock oscillation stops while low
level is
applied to the RESET pin.

With the main system clock selected, one of the five CPU clock types (80 ns, 160 ns, 320 ns, 640 ns, 1,280
ns when operated at 12.5 MHz) can be selected by setting the STBC and CC.

With the main system clock selected, two standby modes, the STOP mode and the HALT mode, are available.
To decrease current consumption in the STOP mode, the subsystem clock feedback resistor can be
disconnected to stop the subsystem clock with bit 7 (SBK) of STBC, when the system does not use a subsystem
clock.

STBC can be used to select the subsystem clock and to operate the system with low current consumption
(30.5 us when operated at 32.768 kHz).

With the subsystem clock selected, main system clock oscillation can be stopped with STBC. The HALT mode
can be used. However, the STOP mode cannot be used (Subsystem clock oscillation cannot be stopped).

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied
to the 16-bit timer/counter, the watch timer, and clock output functions only. Thus, the 16-bit timer/counter
(when watch timer output is selected for count clock during operation with a subsystem clock), the watch
function, and the clock output function can also be continued in the standby state. However, since all other
peripheral hardware operate with the main system clock, the peripheral hardware (except external input clock
operation) also stops if the main system clock is stopped.

User’s Manual U13570EJ3V1UD



CHAPTER 4 CLOCK GENERATOR

4.5.1 Main system clock operations
During operation with the main system clock (with bit 6 (CK2) of the standby control register (STBC) set to 0), the
following operations are carried out.

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by setting bits 4 to 6 (CKO to CK2) of the STBC.

(b) If bit 2 (MCK) of the STBC is set to 1 when operated with the main system clock, the main system clock
oscillation does not stop. When bit 6 (CK2) of the STBC is set to 1 and the operation is switched to subsystem
clock operation (CST = 1) after that, the main system clock oscillation stops (refer to Figure 4-9).

Figure 4-9. Main System Clock Stop Function (1/2)

(a) Operation when MCK is set after setting CK2 during main system clock operation

MCK

CK2

CST

Main system clock
oscillation

Subsystem clock
oscillation

CPU clock

(b) Operation when MCK is set during main system clock operation

MCK t>
CK2 L
CST / L
Oscillation does not stop.
Main system clock
oscillation

T Ty U o Iy B B

CPU clock ||||||||||||||||||||||||
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Figure 4-9. Main System Clock Stop Function (2/2)

(c) Operation when CK2 is set after setting MCK during main system clock operation

MCK | \

CK2

CST

Main system clock
oscillation

Subsystem clock
oscillation

CPU clock

4.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 6 (CK2) of the standby control register (STBC) set to 1), the
following operations are carried out.

(a) The instruction execution time remains constant (minimum instruction execution time: 61 us when operated
at 32.768 kHz) irrespective of the setting of bits 4 and 5 (CKO and CK1) of the STBC.

(b) Watchdog timer continues opeating.

Caution Do not set the STOP mode while the subsystem clock is operating.
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4.6 Changing System Clock and CPU Clock Settings

The system clock and CPU clock can be switched by means of bits 4 to 6 (CKO to CK2) of the standby control
register (STBC).

Whether the system is operating on the main system clock or the subsystem clock can be determined by the value
of bit 0 (CST) of the clock status register (PCS).

This section describes the switching procedure between the system clock and the CPU clock.

Figure 4-10. System Clock and CPU Clock Switching

RESET I_I

Interrupt \
request
signal

System clock ‘ ‘ ‘ fxx ‘ fxx ‘ fxr ‘ fxx
CPU clock el IN = =
‘ ‘ FMinimumT Maximum speed F Subsystem clock j Maximum speed
speed operation operation operation
operation

Wait (@84.0-ms : 12.5-MHz operation)

Internal reset operation

(1) The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts oscillating. At this time, the oscillation
stabilization time (22%/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (1,280 ns
when operated at 12.5 MHz).

(2) Afterthe lapse of a sufficient time for the Vop voltage to increase to enable operation at maximum speed, the
STBC and CC are rewritten and maximum-speed operation is carried out.

(38) Upon detection of a decrease in the Voo voltage due to an interrupt, the main system clock is switched to the
subsystem clock (which must be in a stable oscillation state).

(4) Upon detection of Voo voltage reset due to an interrupt, 0 is set to STBC bit 2 (MCK) and oscillation of the
main system clock is started. After the lapse of time required for stabilization of oscillation, STBC is rewritten
and maximum-speed operation is resumed.

Caution When a subsystem clock is being operated while the main system clock is stopped, if switching
back to the main system clock, be sure to switch after securing the oscillation stabilization time

by program.
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5.1 Digital Input/Output Ports
The ports shown in Figure 5-1, which enable a variety of controls, are provided. The function of each port is
described in Table 5-1. On-chip pull-up resistors can be specified for ports 0, 2 to 8, 10, and 12 by software during

input.

Figure 5-1. Port Configuration
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Table 5-1. Port Functions

Port Pin Name Function Specification of Software Pull-Up Resistor

Port 0 P00 to P06 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 1 P10 to P17 « Input port —

Port 2 P20 to P27 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 3 P30 to P37 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 4 P40 to P47 » Can be specified for input or output in 1-bit units | Specifiable individually for each port
»Can drive LED directly

Port 5 P50 to P57 » Can be specified for input or output in 1-bit units | Specifiable individually for each port
«Can drive LED directly

Port 6 P60 to P67 » Can be specified for input or output in 1-bit units | Specifiable individually for each port

Port 7 P70 to P72 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 8 P80 to P87 » Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 9 P90 to P95 *N-ch open drain 1/O port —
» Can be specified for input or output in 1-bit units
«Can drive LED directly

Port 10 P100 to P103| « Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 12 P120 to P127| < Can be specified for input or output in 1-bit units | Specifiable in 1-bit units

Port 13 P130, P131 » Can be specified for input or output in 1-bit units —
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5.2 Port Configuration
Ports consist of the following hardware:

Table 5-2. Port Configuration

ltem Configuration

Control register Port mode register (PMm: m =0, 2 to 10, 12, 13)
Pull-up resistor option register
(PUO, PUm: m =0, 2, 3,7,8, 10, 12)

Port Total: 86 ports (8 inputs, 78 inputs/outputs)
Pull-up resistor Total: 70 (software control)
5.2.1 Port0

Port 0 is a 7-bit input/output port with output latch. The P00 to P06 pins can specify the input mode/output mode
in 1-bit units with the port 0 mode register. A pull-up resistor can be connected to the P00 to P06 pins via pull-up
resistor option register 0, regardless of whether the input mode or output mode is specified.

Port 0 also supports external interrupt request input as an alternate function.

RESET input sets port 0 to the input mode.

Figure 5-2 shows the block diagram of port 0.

Caution Even though port 0 is also used as an external interrupt input, when port 0 is not used as an
interrupt input pin, be sure to set interrupt disabled by using the external interrupt rising edge
enable register (EGP0) and external interrupt falling edge enable register (EGNO) or setting the
interrupt enable flag (PMKn: n = 0 to 5) to 1. Otherwise, the interrupt request flag is set and
unintentional interrupt servicing may be executed when specifying ports in output mode and thus
changing the output level.
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Internal bus

WRpru

Figure 5-2. Block Diagram of P00 to P06
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5.2.2 Port 1
This is an 8-bit input-only port with no on-chip pull-up resistor.
Port 1 supports A/D converter analog input as an alternate function.
Figure 5-3 shows a block diagram of port 1.

Figure 5-3. Block Diagram of P10 to P17
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RD: Port 1 read signal
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5.2.3 Port 2
Port 2 is an 8-bit input/output port with output latch. P20 to P27 pins can specify the input mode/output mode in

1-bit units with the port 2 mode register. A pull-up resistor can be connected to the P20 to P27 pins via pull-up resistor
option register 2, regardless of whether the input mode or output mode is specified.

The P25 and P27 pins can be specified as N-ch open-drain with a port function control register (only uPD784216AY,
784218AY Subseries).

Port 2 supports serial interface data input/output, clock input/output, clock output, and buzzer output as alternate
functions.

RESET input sets port 2 to the input mode.

Figures 5-4 to 5-7 show block diagrams of port 2.

Figure 5-4. Block Diagram of P20 and P22

Vob
WRpu
[N\
O PU20, PU22 {>@ I P-ch
RD Alternate
J function
B Yant -
~ <| :( Selector
: —
3 WRPpoRT
E
§ A Output latch P20/S11/RxD1,
E ~ (P20, P22) O pooisCKi/ASCKA
WRem
£ PM20, PM22 °
N/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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WRepu
[\
&
RD
w
a WRPoRT
!
<
z ©
WRem
}
N\
PU:
PM:
RD:
WR:
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Figure 5-5. Block Diagram of P21, P23, P24, and P26

.| Pu21, PU23, [ [~ p-
PU24, PU26 {>C | [~ P-eh

o J
e O<{ Selector

P21/SO1/TxD1,

Output latch
> A P23/PCL
(P21, P23, P24, P26) P24/BUZ,
P26/SO0

PM21, PM23,

PM24, PM26

Alternate function

Pull-up resistor option register
Port mode register
Port 2 read signal
Port 2 write signal
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Figure 5-6. Block Diagram of P25

Note The SDAO pin applies only to the uPD784216AY, 784218AY Subseries.

PU:
PF:

PM:
RD:
WR:

Pull-up resistor option register

Port function control register

Port mode register
Port 2 read signal
Port 2 write signal
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Vob
WRpu
—\-/
o - pu2s >o l P-ch
RD Alternate
J function
o
~ O<{ Selector
: ——
a WRer
©
c Vop
2 < - PF25 {>O
WRProrT
A Output latch \ N P-ch
~ (P25) ] c
»—© P25/S10/SDAQNete
WRem
i S
S PM25 L .
—\-/
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Figure 5-7. Block Diagram of P27

Alternate function

Note The SCLO pin applies only to the uPD784216AY, 784218AY Subseries.

128

Alternate function

PU:
PF:

PM:
RD:
WR:

Pull-up resistor option register
Port function control register
Port mode register

Port 2 read signal

Port 2 write signal

WReu
N\
o -~ Pu27 {>@
RD
Py J <
O<{ Selector
A
3 WReF
Ke]
Ei
S & - PF27 {>C
£
WRPproRT
S Output latch AN
(P27) —
WRem
S PM27 .
N\
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5.2.4 Port3

Port 3 is an 8-bit input/output port with output latch. The P30 to P37 pins can specify the input mode/output mode
in 1-bit units with the port 3 mode register. A pull-up resistor can be connected to the P30 to P37 pins via pull-up
resistor option register 3, regardless of whether the input mode or output mode is specified.

Port 3 supports timer input/output and external access status output as alternate functions.

RESET input sets port 3 to the input mode.

Figures 5-8 and 5-9 show block diagrams of port 3.

Figure 5-8. Block Diagram of P30 to P32 and P37

Vop
WRpu
i I
A _| PU30to PU32, ]
© PU37 {>O [~ P-en
RD
O OQ—OC Selector D
8 1
o WRPpoRT
E
& A .| Output latch P30/TOO0 to
= ~ (P30 to P32, P37) O P32/TO2,
P37/EXA
WRem
J. PM30 to PM32,
~ PM37
N

Alternate function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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Figure 5-9. Block Diagram of P33 to P36

Vob
WRepu
1
& ~| PU33 to PU36 {>o l P-ch
RD Alternate
J function
VanY -
~ Selector B
2} \
a WRproRT
Tg P33/TI1,
IS .| Outputlatch © P34/TI2,
S ~ (P33 to P36) P35/TI00,
P36/T101
WRem
£ PM33 to PM36
—~/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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5.2.5 Port 4

Port 4 is an 8-bit input/output port with output latch. The P40 to P47 pins can specify the input mode/output mode
in 1-bit units with the port 4 mode register. When the P40 to P47 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 4 (PUO4) of the pull-up resistor option register.

Port 4 can drive LED directly.

Port 4 supports the address/data bus function in the external memory expansion mode as an alternate function.

ﬁinput sets port 4 to the input mode.

Figure 5-10 shows a block diagram of port 4.

Figure 5-10. Block Diagram of P40 to P47

A~ WReru
!

= B

WReru

i Voo
MMO to MM3
y U

WReu

é PM40 to P47
WReu 4|
é

WRru P40/ADO

to P47/AD7
,{ Output latch °

~ (P40 to P47)
RDr4 A

9
Y

A4

Internal data bus

1/O controller

External access data

/\//\/

2 Internal address bus

PUQO: Pull-up resistor option register
PM:  Port mode register
RD:  Port 4 read signal
WR: Port 4 write signal
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5.2.6 Port5

Port 5 is an 8-bit input/output port with output latch. The P50 to P57 pins can specify the input mode/output mode
in 1-bit units with the port 5 mode register. When the P50 to P57 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with bit 5 (PUOS5) of the pull-up resistor option register.

Port 5 can drive LEDs directly.

Port 5 supports the address bus function in the external memory expansion mode as an alternate function.

RESET input sets port 5 to the input mode.

Figure 5-11 shows a block diagram of port 5.

Figure 5-11. Block Diagram of P50 to P57

S PUO5 )

i Vopo
MMO to MM3

4

é PM50 to PM75 -

WRes P50/A8 to

-
i Output latch P57/A15

~ (P50 to P57)
RDes A

Internal data bus

1/0 controller

2 Internal address bus 2 a C | d

PUQO: Pull-up resistor option register

PM:  Port mode register

RD:  Port 5 read signal

WR: Port 5 write signal

MMO to MM3: Bits 0 to 3 of the memory expansion mode register (MM)
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5.2.7 Port 6

Port 6 is an 8-bit input/output port with output latch. The P60 to P67 pins can specify the input mode/output mode

in 1-bit units with the port 6 mode register.

When pins P60 to P67 are used as input ports, a pull-up resistor can be connected to them in 8-bit units with bit

6 (PUOB) of the pull-up resistor option register.

Port 6 supports the address bus function and the control signal output function in external memory expansion mode

as alternate functions.
RESET input sets port 6 to the input mode.
Figures 5-12 to 5-14 show block diagrams of port 6.

Figure 5-12. Block Diagram of P60 to P63

S PUO6 )

i MMO to MM3
- @

é PM60 to PM63 >

Vop

- P60/A16 to

.| Output latch P63/A19
~ (P60 to P63)

Internal data bus
=
T
3

RDrs

A

¢ ¢
Internal address bus
1/0 controller

PUO: Pull-up resistor option register

PM:  Port mode register

RD: Port 5 read signal

WR: Port 5 write signal

MMO to MM3: Bits 0 to 3 of the memory expansion mode register (MM)
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Figure 5-13. Block Diagram of P64, P65, and P67

N W;Puo
S > PUO6
RDrpuo
!
WRprMe B )
}. PM64, PM65,
~ PM67
RDpwme
A
External expansion mode —cﬁ—\
3 Y
© Timing signal for
g WRe external expansion Il
E ° 3
i .|Outputlatch | | @
N\
RDre (P64, P65, P67)
L >
O OQ
\
s <
/_\_/
PUQO: Pull-up resistor option register
PM:  Port mode register
RD: Port 6 read signal
WR: Port 6 write signal
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Internal bus

WRPpuo

Figure 5-14. Block Diagram of P66

PUO6

RDruo

A

A

WRewms

- PM66

©
RDpwme

A

WRps

External wait mode HD

Output latch

RDrs

(P66)

Wait input <—

]

3

Pull-up resistor option register
Port mode register
Port 6 read signal
Port 6 write signal
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5.2.8 Port7
This is a 3-bit input/output port with output latch. Input mode/output mode can be specified in 1-bit units with the

port 7 mode register. A pull-up resistor can be connected to the P70 to P72 pins via pull-up resistor option register
7, regardless of whether the input mode or output mode is specified.

Port 7 supports serial interface data input/output and clock input/output as alternate functions.

RES—ETinput sets port 7 to the input mode.

Figures 5-15 to 5-17 show block diagrams of port 7.

Figure 5-15. Block Diagram of P70

Vob
WReru
N\
O - PU70 {>O I P-ch
RD .
Alternate function
VanY
~ O<{ Selector
] A
2| WReort
©
c
Q Output latch P70/SI2/RxD2
£ o) (P70) ———————© 0/SI12/Rx
WRem
£ PM70
L/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Internal bus

Figure 5-16. Block Diagram of P71

WRPru
& >~ PU71
RD
e
WRPpoRrT

o

P-ch

Selector

Output latch

A

(P71)
WRpm
J\/ - PM71

PU:

PM:

RD:

WR:

Alternate function

Pull-up resistor option register

Port mode register
Port 7 read signal
Port 7 write signal
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Figure 5-17. Block Diagram of P72

Vop
WReru
[N\
o - PU72 {>Q l P-ch
RD Alternate
J function
o -
~ Selector
] \
o WRPpoRT
El .
o | Output latch P72/SCK2/
= ~ o (P72) ’ —O asck2
WRem
£ > PM72
—~/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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5.2.9 Port 8

This is an 8-bit input/output port with output latch. The P80 to P87 pins can be specified to input mode/output
mode in 1-bit units with the port 8 mode register. A pull-up resistor can be connected to the P80 to P87 pins via pull-
up resistor option register 8, regardless of whether the input mode or output mode is specified.

Interrupt control flag (KRIF) can be set to 1 with falling edge detection (key return interrupt).

Port 8 supports the address bus function in external memory expansion mode as an alternate function.

RESET input sets port 8 to the input mode.

Figure 5-18 shows a block diagram of port 8.

Figure 5-18. Block Diagram of P80 to P87

Vob
WReu
[N\
O = PU80 to PU87 {>0 I P-ch
RD
o J
R OQ—OC Selector
w
3
2 WRpoRT
g
fé A Output latch P80/A0 to
= ~ (P80 to P87) ' O pg7/a7
WRem
l‘; > PM80 to PM87
N/
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 8 read signal
WR: Port 8 write signal
Figure 5-19. Block Diagram of Falling Edge Detection Circuit
P80
P81 O—
P82 ©—L
PB3O— \ Fac'l“”g edge ~ KRIF set signal
— J etector
P84 © ’77
P85

LY@ — KRMK Hj—' Standby release
signal

P87
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5.2.10 Port 9

This is a 6-bit input/output port with output latch. The input/output mode can be specified for the P90 to P95 pins
in 1-bit units with the port 9 mode register.

Port 9 is a N-ch open drain medium-voltage I/O port.

Port 9 does not include a pull-up resistor.

Port 9 can drive LEDs directly.

RESET input sets port 9 to the input mode.

Figure 5-20 shows a block diagram of port 9.

Figure 5-20. Block Diagram of P90 to P95

N\
RD
-~ O OQ—OC Selector
a2 A
2 WRporT
[
£
] .| Output latch
E° (P90 to P95) y © P30 to P95
WRpM
J‘; > PM90 to PM95
N\

PM: Port mode register
RD: Port 9 read signal
WR: Port 9 write signal

140 User’s Manual U13570EJ3V1UD



CHAPTER 5 PORT FUNCTIONS

5.2.11 Port 10

This is a 4-bit input/output port with output latch. The input mode/output mode can be specified in 1-bit units for
the P100 to P103 pins with the port 10 mode register. A pull-up resistor can be connected to the P100 to P103 pins
via pull-up resistor option register 10, regardless of whether the input mode or output mode is specified.

Port 10 supports timer input/output as an alternate function.

RESET input sets port 10 to the input mode.

Figure 5-21 shows a block diagram of port 10.

Figure 5-21. Block Diagram of P100 to P103

PU100 to PU103

>

Selector

{J

Output latch

A

(P100 to P103)

PM100 to PM103

WReu
N\
&
RD
o o<
%)
3 WReoRT
I
c
) -
IS V o
WRem
J\/
L/

PU:

PM:
RD:
WR:

Alternate function

Pull-up resistor option register
Port mode register
Port 10 read signal
Port 10 write signal
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5.2.12 Port 12

This is an 8-bit input/output port with output latch. Input mode/output mode can be specified in 1-bit units with
the port 12 mode register. A pull-up resistor can be connected to the P120 to P127 pins via pull-up resistor option
register 12, regardless of whether the input mode or output mode is specified.

Port 12 supports the real-time output function as an alternate function.

RESET input sets port 12 to the input mode.

Figure 5-22 shows a block diagram of port 12.

Figure 5-22. Block Diagram of P120 to P127

Vop
WRpu
M\
PU120 to PU127 {>@ H P-ch
RD
Q<{ Selector
» WRporT
3
e}
g Output latch
s P120/RTPO to
£ (P120 to P127) O P127/RTP7
WRem
PM120 to PM127
N\
Alternate function |—

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal
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5.2.13 Port 13
This is a 2-bit input/output port with output latch. The input mode/output mode can be specified in 1-bit units with

the port 13 mode register. Port 13 does not include a pull-up resistor.
Port 13 supports D/A converter analog output as an alternate function.
RESET input sets port 13 to the input mode.
Figure 5-23 shows a block diagram of port 13.

Caution  When only either one of the D/A converter channels is used with AVrer1 < Vop, the other pins
that are not used as analog outputs must be set as follows:
- Set the port mode register (PM13x) to 1 (input mode) and connect the pin to Vss.
« Set the port mode register (PM13x) to 0 (output mode) and the output latch to 0 to output low

level from the pin.

Figure 5-23. Block Diagram of P130 and P131

N\
RD
© OQ—QC Selector
a A
o WRProrT
g
g Output latch P130/ANOO,
£ ~ (P130 and P131) ' O py31/ANO1
WRem
£ PM130, PM131
N\

Alternate function

PM: Port mode register
RD: Port 13 read signal
WR: Port 13 write signal
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5.3 Control Registers

The following three types of registers control the ports.

» Port mode registers (PMO0, PM2 to PM10, PM12, PM13)

» Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU8, PU10, PU12, PUO)
« Port function control register (PF2)Note

Note Applies only to the uPD784216AY, 784218AY Subseries.

(1) Port mode registers (PM0, PM2 to PM10, PM12, PM13)
These registers are used to set port input/output in 1-bit units.
PMO, PM2 to PM10, PM12, and PM13 are set with a 1-bit or 8-bit memory manipulation instruction, respectively.
RESET input sets port mode registers to FFH.
When port pins are used as alternate function pins, set the port mode registers and output latches according
to Table 5-3.

Caution Even though port 0 is also used as an external interrupt input, when port 0 is not used as an
interrupt input pin, be sure to set interrupt disabled by using the external interrupt rising edge
enable register (EGPO0) and external interrupt falling edge enable register (EGNO) or setting
the interrupt enable flag (PMKn: n =0 to 5) to 1. Otherwise, the interrupt request flag is set
and unintentional interrupt servicing may be executed when specifying ports in output mode
and thus changing the output level.
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Table 5-3. Port Mode Register and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Name I/0 Name I/0

P00, PO1 INTPO, INTP1| Input 1 X P35, P36 TI00, TIO1 Input 1 X

P02 INTP2/NMI Input 1 X P37 EXA Output 0 0
P03 to P06 INTP3 to INTP6| Input 1 X P40 to P47 ADO to AD7 110 x Note 2
P10 to P17Nete 11 ANIO to ANI7 | Input - P50 to P57 A8 to A15 Output x Note 2
P20 RxD1/SI1 Input 1 x P60 to P63 A16 to A19 Output x Note 2
P21 TxD1/SO1 Output | 0 0 P64 RD Output x Note 2
P22 ASCK1 Input 1 x P65 WR Output x Note 2
SCK1 Input 1 X P66 WAIT Input x Note 2
Output 0 0 P67 ASTB Output x Note 2

P23 PCL Output 0 0 P70 RxD2/SI2 Input 1 X

P24 BUZ Output 0 0 P71 TxD2/S0O2 Output 0 0

P25 SIo Input 1 X P72 ASCK2 Input 1 X

SDAQNote 4 /0 0 0 SCK2 Input 1 x

P26 SO0 Output 0 0 Output 0 0
p27 SCKO Input 1 x| Psoto P87 AO to A7 Output x Note 3

Output 0 0 P100 to P103 TI5to TI8 Input 1 X

SCLQNote 4 I/0 0 0 TO5 to TO8 | Output 0 0

P30 to 32 TOO to TO2 Output 0 0 P120 to P127 RTPO to RTP7| Output 0 0

P33, P34 TH, TI2 Input 1 x P130, P131Nete 1| ANOO, ANO1 | Output 1 x

Notes 1. If these ports are read out when these pins are used in the alternate function mode, undefined

values are read.
When the P40 to P47 pins, P50 to P57 pins, and P60 to P67 pins are used for an alternate function,
set the function with the memory expansion mode register.
When the P80 to P87 pins are used for an alternate function, set the function with the external bus
type selection register.
The SDAO and SCLO pins are provided only for the uPD784216AY, 784218AY Subseries.

Cautions 1. When not using external wait in the external memory expansion mode, the P66 pin can
be used as an 1/0 port.
2. When using the I2C bus mode, specify N-ch open-drain for the SCL0/P27 and SDA0/P25
pins by setting the port function control register (PF2).

Remark

X: don’t care (not necessary to set)

— Not available for the port mode register and output latch

PMxx: Port mode register

Pxx:

Port output latch
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Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM8

PM9

PM10

PM12

PM13

Figure 5-24. Port Mode Register Format

Address: OFF20H, OFF22H to OFF2AH, OFF2CH, OFF2DH After reset: FFH ~ R/W
7 6 5 4 3 2 1 0
[ 1+ | pvos | Pmos | pPmos | Pmos | Pmoz | Pmo PM0O |
| P2z | Pm2s | Pmes | Pwmea | Pm2s | Pm22 | Pm2i PM20 |
| pvs7 | Pmss | Pwmas | Pwmsa | Pmss | Pma2 | Pwmst PM30 |
[ P47z | Pmas | Pmas | Pmas | Pwm4s | Pmaz | Pmai PM40 |
| pvs7 | pPmss | Pwmss | Pwmsa | Pmss | Pms2 | Pwmst PMs0 |
| pve7 | Pmes | Pmes | Pmes | Pwmes | Pme2 | Pmet PMe0 |
[« [ « | « | «+ | 1 | puz | pPun PM70 |
| pve7 | Pmss | Pvss | Pwmss | Pmss | Pms2 | PMmst PM80 |
| 1 | 1 | PM95 | PM94 | PM93 | PM92 | PM91 PM90 |
| 1 | 1 | 1 | 1 | PM103 | PM102 | PM101 PM100 |
| PM127 | PM126 | PM125 | PM124 | PM123 | PM122 | PM121 PM120 |
| 1 | 1 | 1 | 1 | 1 | 1 | PM131 PM130 |
PMxn Pxn pin 1/0 mode specification

Xx=0:n=0to6

Xx=2106,8,12.n=0t0 7

X=7:n=0t02

x=9:n=0to5

x=10:n=0t0 3

x=13:n=0,1

0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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(2) Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU8, PU10, PU12, PUO)
These registers are used to set whether to use an internal pull-up resistor at each port or not in 1-bit or 8-bit units.
PUn(n=0, 2,3, 7,8, 10, 12) can specify the pull-up resistor connection of each port pin. PUO can specify the
pull-up resistor connection of ports 4,5, and 6. Pull-up resistors are connected irrespective of whether an alternate
function is used.
These registers are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Cautions 1. Ports 1, 9, and 13 do not incorporate a pull-up resistor.
2. Ports 4, 5, 6, and 8 can connect a pull-up resistor during external memory expansion
mode.
3. The pull-up resistor of ports 0, 2, 3,7, 8,10, and 12 is not disconnected even if these ports
are set in the output mode. To use these ports in the output mode, it is recommended
to clear the corresponding pull-up resistor option register to 0.
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Figure 5-25. Pull-Up Resistor Option Register Format

Address: OFF30H, OFF32H, OFF33H, OFF37H, OFF38H, OFF3AH, OFF3CH After reset: 00H  R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PUO | o | Puos | Puos | Puoa | Puos | Puoz | Puot | Puoo |
PU2 | puzz | Puse | pPuss | Pusa | Puzs | Puzz | Pu2t | pPu2 |
PU3 | pus7 | Puse | pPuss | Pusa | Puss | Pusz | pPust | pPuso |
PU7 [ o | o | o | o | o | pu2z | Purt | Pur
PU8 | pus7 | Pusse | pPuss | Pussa | Puss | Pus2 | Pust | Puso |
oo | o | o | o | o | puios| pute | putoi | puioo |
PUtz | Put27 | Puizs | Puizs | pPutza | Puies | Puizz | putzr | pPuizo |
PUxn Pxn pin pull-up resistor specification

x=0:n=0t06
x=2,3,8122n=0to 7
x=7:n=0to0 2
x=10:n=0t0 3

0 No pull-up resistor connection

1 Pull-up resistor connection

Address: OFF4EH After reset: 00H R/W

Symbol 7 <6> <5> <4> 3 2 1 0
PUO 0 PUO6 PUO5 PUO4 0 0 0 0
PUON Port n pull-up resistor specification (n = 4 to 6)
0 No pull-up resistor connection
1 Pull-up resistor connection
Caution  Connecting pull-up resistors unnecessarily may increase the current consumption or latch

up other devices, so specify a mode whereby pull-up resistors are only connected to the
required parts. If required and not-required parts exist together, externally connect pull-
up resistors to the required parts and set to the mode that specifies not to connect on-chip
pull-up resistors.
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(3) Port function control register (PF2)
This register specifies N-ch open-drain for pins P25 and P27.
PF2 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PF2 to O0H.

Caution  Only the uPD784216AY, 784218AY Subseries incorporates PF2. When using the I2C bus
mode (serial interface), make sure to specify N-ch open-drain for the P25 and P27 pins.

Figure 5-26. Port Function Control Register (PF2) Format

Address: OFF42H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
PF2 PF27 0 PF25 0 0 0 0
PF2n P2n pin N-ch open-drain specification (n = 5, 7)
0 Don’t set N-ch open-drain

Set N-ch open-drain
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5.4 Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to input/output port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the
pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is OFF, the pin status
does not change.
Once data is written to the output latch, it is retained until data is written to the output latch again.

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined except for the
manipulated bit.

5.4.2 Reading from input/output port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

5.4.3 Operations on input/output port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode
The output latch contents are undefined, but since the output buffer is OFF, the pin status does not change.

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined, except for the
manipulated bit.
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6.1 Functions

The real-time output function transfers preset data in the real-time output buffer register to the output latch by
hardware synchronized to the generation of a timer interrupt or an external interrupt and outputs it off the chip. Also,
the pins for output off the chip are called the real-time output port.

Since jitter-free signals can be output by using the real-time output port, the operation is optimized for the control
of stepping motors, for example.

The port mode or real-time output mode is bit selectable.

6.2 Configuration
The real-time output port consists of the following hardware.

Table 6-1. Real-Time Output Port Configuration

Item Configuration
Register Real-time output buffer registers (RTBL, RTBH)
Control register Real-time output port mode register (RTPM)
Real-time output port control register (RTPC)
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Figure 6-1. Block Diagram of Real-Time Output Port

Internal bus

RTPOE | BYTE EXTR

|

Real-time output port
control register (RTPC)

INTP2 —
INTTMA1 Output trigger

Higher 4 bits of real-

control circuit
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time output buffer
register (RTBH)

Lower 4 bits of real-
time output buffer
register (RTBL)

Port 12 output latch

Real-time output port output latch

Real-time output
port mode register
(RTPM)

RTPOE bit

v

1

P12n/RTPn pin output (n =0 to 7)
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Real-time output buffer registers (RTBL, RTBH)
These 4-bit registers save the output data beforehand. RTBL and RTBH are mapped to independent addresses
in the special function register (SFR) as shown in Figure 6-2.
When the 4 bits x 2 channels operating mode is specified, RTBL and RTBH can be independently set with data.
In addition, if the address of either RTBL or RTBH is specified, the data in both registers can be read in a batch.
When the 8 bits x 1 channel operating mode is specified, writing 8-bit data to either RTBL or RTBH can set data
in each register. In addition, if the address of either RTBL or RTBH is specified, the data in both registers can
be read in a batch.
Table 6-2 lists the operations for manipulating RTBL and RTBH.

Figure 6-2. Real-Time Output Buffer Register Configuration

OFF98H
OFF99H

Higher 4 bits

Lower 4 bits

RTBL

Table 6-2. Operations for Manipulating Real-Time Output Buffer Registers

Operating Mode

Manipulated Register

ReadingNote 1

WritingNote 2

Higher 4 bits Lower 4 bits Higher 4 bits Lower 4 bits
4 bits x 2 channels| RTBL RTBH RTBL Invalid RTBL
RTBH RTBH RTBL RTBH Invalid
8 bits x 1 channel | RTBL RTBH RTBL RTBH RTBL
RTBH RTBH RTBL RTBH RTBL

Notes 1. Only the bits specified in the real-time output port mode can be read. When the bits set in the port mode

are read, zeros are read.

2. After setting the real-time output port, set the output data in RTBL and RTBH until the real-time output
trigger is generated.
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6.3 Control Registers

The real-time output port is controlled by the following two registers.

» Real-time output port mode register (RTPM)
» Real-time output port control register (RTPC)

(1) Real-time output port mode register (RTPM)

This register sets the real-time output port mode and port mode selections in 1-bit units.
RTPM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPM to 00H.

Figure 6-3. Real-Time Output Port Mode Register (RTPM) Format

Address: OFF9AH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
RTPM RTPM7 RTPM6 RTPM5 RTPM4 RTPM3 RTPM2 RTPM1 RTPMO
RTPMm Real-time output port selection (m = 0 to 7)
0 Port mode
1 Real-time output port mode

Caution When used as a real-time output port, set the port for real-time output in the output mode.

154 User’s Manual U13570EJ3V1UD



CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

(2) Real-time output port control register (RTPC)
This register sets the operating mode and output trigger of the real-time output port.
Table 6-3 shows the relationships between the operating modes and output triggers of the real-time output port.
RTPC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPC to 00H.

Figure 6-4. Real-Time Output Port Control Register (RTPC) Format

Address: OFF9BH After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 2 1 0
RTPC RTPOE 0 BYTE EXTR 0 0 0 0
RTPOE Real-time output port operation control
0 Operation disabled
1 Operation enabledNote
BYTE Real-time output port operating mode
0 4 bits x 2 channels
1 8 bits x 1 channel
EXTR Real-time output control by INTP2
0 INTP2 is not the real-time output trigger.
1 INTP2 is the real-time output trigger.

Note When real-time output operation is enabled (RTPOE = 1), the values of the real-time output buffer
registers (RTBH and RTBL) are transferred into the output latch of the real-time output port.

Caution When INTP2 is specified as an output trigger, specify the valid edge using the external
interrupt rising edge enable register (EGP0) and external interrupt falling edge enable

register (EGNO).

Table 6-3. Operating Modes and Output Triggers of Real-Time Output Port

BYTE | EXTR Operating Mode RTBH — Port Output | RTBL — Port Output
0 0 4 bits x 2 channels INTTM2 INTTM1
0 1 INTTMA INTP2
1 0 8 bits x 1 channel INTTM1
1 1 INTP2
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6.4 Operation

When real-time output is enabled by bit 7 (RTPOE) = 1 in the real-time output port control register (RTPC), data
in the real-time output buffer registers (RTBH, RTBL) are transferred to the output latch synchronized to the generation
of the selected transfer trigger (set by EXTR and BYTEN®te)  Based on the setting of the real-time output port mode
register (RTPM), only the transferred data for the bits specified in the real-time output port are output from bits RTP0

to RTP7. A port set in the port mode by RTPM can be used as a general-purpose |/O port.

Note EXTR: Bit 4 of the real-time output port control register (RTPC)
BYTE: Bit 5 of the real-time output port control register (RTPC)

Figure 6-5. Example of Operation Timing of Real-Time Output Port (EXTR = 0, BYTE = 0)

INTTM2 _l H H H
INTTM1 y |_ |_ |_
CPU operation \ A { B A B A B A B
RTBH DO1 X \ D02 X D03 X D04 X
\
RTBL ) D11 X D12 X D13 X D14 X:

Output latch J X X X
P127 to P124 Do1 D02 D03 D04
Output latch X X X
P123 to P120 D11 D12 D13 D14

A: Software processing by INTTM2 (RTBH write)
B: Software processing by INTTM1 (RTBL write)
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6.5 Usage

(1) Disabling the real-time output operation
Set bit 7 (RTPOE) = 0 in the real-time output port control register (RTPC).

(2) Initial settings

Set the output latch to 0.

The value that is output by real-time output operation is the result of ORing the output latches of the port and
the real-time output port (refer to Figure 6-1 Block Diagram of Real-Time Output Port). Therefore, after
the real-time output operation is enabled, set the port output latch to 0 until the transfer trigger is generated.
Set the port in output mode.

Set the real-time output buffer registers (RTBH, RTBL) to the initial value.

(3) Enable real-time output operation.
RTPOE = 1
After the real-time output operation is enabled, the values of RTBH and RTBL are latched to the real-time output
port output latch.

(4) When the selected transfer trigger is generated, the values of RTBH and RTBL are latched to the pin, and the
next output is set to RTBH and RTBL by the interrupt processing corresponding to the trigger.

(5) Hereafter, the next real-time output values are sequentially setin the RTBH and RTBL by the interrupt processing
corresponding to the selected trigger.

6.6 Cautions

For the initial setting, set bit 7 (RTPOE) in the real-time output port control register (RTPC) to 0 to disable the real-
time output operation.
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CHAPTER 7 TIMER OVERVIEW

There are one on-chip 16-bit timer/event counter and six on-chip 8-bit timer/event counters.
Since a total of eight interrupt requests is supported, these timer/counters can function as eight timer/counters.

Table 7-1. Timer/Counter Operation

Name | 16-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/ | 8-Bit Timer/
ltem Event Counter | Event Counter 1| Event Counter 2| Event Counter 5| Event Counter 6] Event Counter 7| Event Counter 8
Count 8 bits — @] O O O O O
width | 44 pits o o o o
Operating| Interval timer 1 ch 1 ch 1 ch 1 ch 1 ch 1 ch 1 ch
mode External event counter O O O O O O O
Function | Timer output 1ch 1ch 1ch 1ch 1ch 1ch 1ch
PPG output O — — — — — —
PWM output — O O O O O O
Square wave output @] @] @] @] @] O O
One-shot pulse output @] — — — — — —
Pulse width measurement | 2 inputs — — — — — —
No. of interrupt requests 2 1 1 1 1 1 1
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16-bit timer/event counter

Figure 7-1. Timer/Counter Block Diagram (1/2)
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CHAPTER 7 TIMER OVERVIEW

Figure 7-1. Timer/Counter Block Diagram (2/2)
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER

8.1 Function

The 16-bit timer/event counter has the following functions:

(M

(2

(3

4

®)

(6)

Interval timer

PPG output

Pulse width measurement
External event counter
Square wave output
One-shot pulse output

Interval timer
When the 16-bittimer/event counteris used as an interval timer, it generates an interrupt request at predetermined
time intervals.

PPG output
The 16-bit timer/event counter can output a square wave whose frequency and output pulse width can be freely
set.

Pulse width measurement
The 16-bit timer/event counter can be used to measure the pulse width of a signal input from an external source.

External event counter
The 16-bit timer/event counter can be used to measure the number of pulses of a signal input from an external

source.

Square wave output
The 16-bit timer/event counter can output a square wave with any frequency.

One-shot pulse output
The 16-bit timer/event counter can output a one-shot pulse with any output pulse width.
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8.2 Configuration
The 16-bit timer/event counter consists of the following hardware:

Table 8-1. 16-Bit Timer/Event Counter Configuration

Item Configuration

Timer counter 16 bits x 1 (TMO)

Register 16-bit capture/compare register: 16 bits x 2 (CR00, CRO01)

Timer output 1 (TOO0)

Control register 16-bit timer mode control register (TMCO)
Capture/compare control register 0 (CRCO)
16-bit timer output control register (TOCO)
Prescaler mode register 0 (PRMO)

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter

( Internal bus !
Capture/compare
control register 0
(CRCO)
|cReo2/creot|cRe0o]
S
|| gl INTTMOO
Tio1 Noise g 6—_ it capture/compare
© ™ eliminator 3 register 00 (CR00)
‘ ‘ Match
fox/d—n] ] o
= 16-bit timer counter 0 (TMO) <—|E|;| Output
fx/16 % controller | 5To0
INTTM3— g ‘ ‘
Match
’—>
fox = Noise
xx eliminator
I} Noise 16-bit capture/compare
Tioo® eliminator register 01 (CRO1) _
— é INTTMO1
[
[ |
CRC02 —
PRMO1/PRM00 [rmcos[TMco2[TMco1]OvFo| [0SPT/OSPE[TOC04] LVSO|LVRO TOC01 TOEO|
Prescaler mode Timer mode 16-bit timer output
register 0 (PRMO) control register (TMCO) control register (TOCO)
2 Internal bus 2
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(1) 16-bit timer counter 0 (TMO)
TMO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of an input clock. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read. The
count value is reset to 0000H in the following cases:

<1> RESET is input .

<2> TMCO03 and TMCO02 are cleared.

<3> Valid edge of TIOO is input in the clear & start mode by inputting valid edge of TI0O.

<4> TMO and CRO0O match in the clear & start mode on match between TMO and CRO0O0.

<5> Bit 6 of TOCO (OSPT) is set or if the valid edge of TIOO is input in the one-shot pulse output mode.
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(2) 16-bit capture/compare register 00 (CR00)

CRO0O0 is a 16-bit register that functions as a capture register and as a compare register. Whether this register
functions as a capture or compare register is specified by using bit 0 (CRC00) of capture/compare control register

0 (CRCO).

« When using CR00 as compare register

The value set to CRO0O0 is always compared with the count value of 16-bit timer counter 0 (TM0). When the
values of the two match, an interrupt request (INTTMO0O) is generated. When TMO is used as an interval timer,

CROO0 can also be used as a register that holds the interval time.

« When using CR0O0 as capture register

The valid edge of the TI00 or TI0O1 pin can be selected as a capture trigger. The valid edge of TI00 and TI01

is set via prescaler mode register 0 (PRMO).

Tables 8-2 and 8-3 show the conditions that apply when the capture trigger is specified as the valid edge of

the TI100 pin and the valid edge of the TI01 pin, respectively.

Table 8-2. Valid Edge of TIOO Pin and Capture Trigger of CR00

ES01 ES00 Valid Edge of TI0O Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited

Both rising and falling edges

No capture operation

Table 8-3. Valid Edge of TI01 Pin and Capture Trigger of CR00

ES01 ES00 Valid Edge of TI01 Pin Capture Trigger of CR00
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.

RESET input sets CR00 to 0000H.

Caution

for one-pulse cannot be operated.
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Set CRO0O to the value other than 0000H. When using the register as an event counter, a count
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(3) 16-bit capture/compare register 01 (CR01)
This is a 16-bit register that can be used as a capture register and a compare register. Whether it is used as
a capture register or compare register is specified by bit 2 (CRC02) of capture/compare control register 0 (CRCO).

« When using CR01 as compare register
The value set to CRO1 is always compared with the count value of 16-bit timer counter 0 (TMO). When the
values of the two match, an interrupt request (INTTMO1) is generated.

« When using CRO1 as capture register
The valid edge of the TIOO0 pin can be selected as a capture trigger. The valid edge of TI0O0 is specified by
using prescaler mode register 0 (PRMO).
Table 8-4 shows the conditions that apply when the capture trigger is specified as the valid edge of the TI00

pin.

Table 8-4. Valid Edge of TIOO Pin and Capture Trigger of CRO1

ES01 ES00 Valid Edge of TI0OO Pin Capture Trigger of CRO1
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited

1

Both rising and falling edges

Both rising and falling edges

CRO01 is set by a 16-bit memory manipulation instruction.

RESET input sets CR01 to 0000H.

Caution  Set CRO1 to the value other than 0000H. When using an event counter, a count for one-pulse
cannot be operated.
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8.3 Control Registers
The following four types of registers control the 16-bit timer/event counter.

* 16-bit timer mode control register (TMCO)
» Capture/compare control register 0 (CRCO)
» 16-bit timer output control register (TOCO)
* Prescaler mode register 0 (PRMO)

(1) 16-bit timer mode control register (TMCO)
This register specifies the operation mode of the 16-bit timer; and the clear mode, output timing, and overflow
detection of the 16-bit timer register.
TMCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to 00H.

Caution The 16-bit timer register starts operating when a value other than 0, 0 (operation stop mode)
is set to TMC02 and TMCO03. To stop the operation, set 0, 0 to TMC02 and TMCO03.

166 User’s Manual U13570EJ3V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER

Address: OFF18H After reset:

Symbol
TMCO

Figure 8-2. Format of 16-Bit Timer Mode Control Register (TMCO)

00H R/W

o
N

3

2 1

<0>

TMCO03

TMCO02

TMCO1

OVFo

TMCO1

Selection of
operating mode
and clear mode

Selection of TOO
output timing

Generation of
interrupt

Operation stop
(TMO is cleared
to 0).

Not affected

Does not
generate.

Free-running
mode

Match between
TMO and CR0OO
or match
between TMO
and CRO1

Match between
TMO and CROO0,
match between
TMO and CRO1,
or valid edge of
TIOO

Clears and
starts at valid
edge of TI00.

Match between
TMO and CR0OO
or match
between TMO
and CRO1

Match between
TMO and CRO0O0,
match between
TMO and CRO1,
or valid edge of
TIOO

Clears and
starts on match
between TMO
and CRO0O.

Match between
TMO and CR0O
or match
between TMO
and CRO1

Match between
TMO and CROO,
match between
TMO and CRO1,
or valid edge of
TIOO

Generates on
match between
TMO and CR0OO
or match
between TMO
and CRO1.

OVFo

Detection of overflow of 16-bit timer register

Overflows.

Does not overflow.
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Cautions 1. Before changing the clear mode and TOO output timing, be sure to stop the timer

operation (reset TMC02 and TMCO03 to 0, 0).
The valid edge of the TIOO pin is selected by using prescaler mode register 0 (PRMO).

2. Whenamodeinwhichthetimeris cleared and started on a match between TM0 and CR00,
the OVFO flag is set to 1 when the count value of TMO changes from FFFFH to 0000H with
CRO0O0 set to FFFFH.

3. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode.
If the software trigger is used in one-shot pulse output mode, the TI0OO0 pin cannot be used
as a general-purpose port pin. Therefore, fix the TI0OO pin to either high level or low level.

Remark TOO: Output pin of 16-bit timer counter (TMO)
TI00: Input pin of 16-bit timer counter (TMO)
TMO:  16-bit timer register
CRO00: Compare register 00
CRO01: Compare register 01
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(2) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00 and CR01).
CRCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO to 00H.

Figure 8-3. Format of Capture/Compare Control Register 0 (CRCO0)

Address: OFF16H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRCO02 CRCO1 CRCO00
CRCO02 Selection of operation mode of CRO1
0 Operates as compare register.
1 Operates as capture register.
CRCO1 Selection of capture trigger of CR00
0 Captured at valid edge of TI01.
1 Captured in reverse phase of valid edge of TI00.
CRCO00 Selection of operation mode of CR00
0 Operates as compare register.
1 Operates as capture register.

Cautions 1. Before setting CRCO, be sure to stop the timer operation.
2. When the mode in which the timer is cleared and started on a match between TMO and
CRO0O0 is selected by the 16-bit timer mode control register (TMCO0), do not specify CR00
as a capture register.

(3) 16-bit timer output control register (TOCO)
This register controls the operation of the 16-bit timer/event counter output controller by setting or resetting the
R-S flip-flop (LV0), enabling or disabling reverse output, enabling or disabling output of the 16-bit timer/event
counter, enabling or disabling one-shot pulse output operation, and selecting an output trigger for a one-shot
pulse by software.
TOCQO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO to 00H.
Figure 8-4 shows the format of TOCO.
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Figure 8-4. Format of 16-Bit Timer Output Control Register (TOCO)

Address: OFF1AH After reset: 0O0H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO 0 OSPT OSPE TOCO04 LVSO LVRO TOCO1 TOEO

OSPT Output trigger control of one-shot pulse by software
0 No one-shot pulse trigger
1 Uses one-shot pulse trigger.

OSPE Controls of one-shot pulse output operation
0 Successive pulse output
1 One-shot pulse output

TOCO04 Timer output control on match between CR01 and TMO
0 Disables reverse timer output F/F.
1 Enables reverse timer output F/F.

LVSO LVRO Timer output control by software
0 0 Not affected
0 1 Resets (0).
1 0 Sets (1).
1 1 Setting prohibited

TOCO1 Timer output control on match between CR00 and TMO and

valid edge of TI00

0 Disables reverse timer output F/F.
1 Enables reverse timer output F/F.

TOEO Output control of 16-bit timer/event counter
0 Disables output (output is fixed to 0 level).
1 Enables output.

Cautions 1. Before setting TOCO, be sure to stop the timer operation.
2. LVSO0 and LVRO are 0 when read after data have been set to them.
3. OSPT is 0 when read because it is automatically cleared after data has been set.
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(4) Prescaler mode register 0 (PRMO)

This register selects a count clock of the 16-bit timer counter (TMOQ) and the valid edge of the TI00, TI01 input.

PRMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRMO to 00H.

Figure 8-5. Format of Prescaler Mode Register 0 (PRMO0)

Address: OFF1CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO1 ES00 0 0 PRMO1 PRMO00
ES11 ES10 Selection of valid edge of TI01
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES01 ES00 Selection of valid edge of TI00
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO1 PRMO00O Selection of count clock
0 0 fxx/4 (3.13 MHz)
0 1 fxx/16 (781 kHz)
1 0 INTTM3 (Timer output for clock)
1 1 Valid edge of TI00

Caution When selecting the valid edge of TI0OO0 as the count clock, do not specify the valid edge of
TIOO to clear and start the timer and as a capture trigger. Set the count clock to be fxx/4

or below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz
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8.4 Operation

8.4.1 Operation as interval timer (16-bit operation)

The 16-bit timer/event counter operates as an interval timer when the 16-bit timer mode control register (TMCQ)
and capture/compare control register 0 (CRCO) are set as shown in Figure 8-6.

In this case, the 16-bit timer/event counter repeatedly generates an interrupt at the time interval specified by the
count value set in advance to 16-bit capture/compare register 00 (CR00).

When the count value of the 16-bit timer counter (TM0) matches the set value of CR0O, the value of TMO is cleared
to 0, and the timer continues counting. At the same time, an interrupt request signal (INTTMOQO) is generated.

The count clock of the 16-bit timer/event counter can be selected by bits 0 and 1 (PRM00 and PRMO1) of prescaler
mode register 0 (PRMO).

Figure 8-6. Control Register Settings During Interval Timer Operation

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\_'_1

Clears and starts on
match between
TMO and CRO0O0.

(b) Capture/compare control register 0 (CRCO)

CRC02 CRC01 CRC00

CRCoO 0 0 0 0 0 0/ 0/ 0

L CRO00 as compare
register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the interval
timer function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-7. Configuration of Interval Timer

16-bit capture/compare
register 00 (CR00)

fxx/4

fxx/16  ——

INTTM3

Selector

TIOO/P35 ©—

INTTMOO

16-bit timer counter (TMO0)

OVFO0

Clear circuit

Figure 8-8. Timing of Interval Timer Operation

Lt

0 W W
TMo countvalue 0000 X001 X /X N XooooXoootX / X N XooooXoootX / X N X
; \ A \T A \T 3
fCount starts 1CIear 1CIear
3 \\ | \\ 1 )\ |
CRO0O N / N / N J/ N
! \\ ! \\ ! \\ !
INTTMOO i ) |_| ) |_| ) |_
1 — — —
' Interrupt acknowledged ! Interrupt acknowledged
TOO i ) ) 8 8 ) I_
j 0 : : 0 :
i Interval time ; Interval time ; Interval time ;

Remark Interval time = (N + 1) x t: N = 0001H to FFFFH
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8.4.2 Operation as PPG output
The 16-bit timer/event counter can be used for PPG (Programmable Pulse Generator) output by setting the 16-
bit timer mode control register (TMCO0) and capture/compare control register 0 (CRCO0) as shown in Figure 8-9.
The PPG output function outputs a rectangular wave with a cycle specified by the count value set in advance to
16-bit capture/compare register 00 (CR00) and a pulse width specified by the count value set in advance to 16-bit
capture/compare register 01 (CR01).

Figure 8-9. Control Register Settings During PPG Output Operation
(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 0 0

\—‘—1— Clears and starts on

match between
TMO and CROO.

(b) Capture/compare control register 0 (CRCO)

CRC02 CRC01 CRC00

CRCO 0 0 0 0 0 0 X 0
L CRO0O as compare register

CRO1 as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| O 0 0 1 01 01 1 1
L] L L Enables TOO output.

Reverses output on match
between TMO0 and CROO.

Specifies initial value of
TOO output F/F.

Reverses output on match
between TMO and CRO1.

Disables one-shot pulse output.

Remark x: don’t care

Caution Set a value in the following range to CR00 and CRO1.
0000H < CRO1 < CROO < FFFFH
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8.4.3 Operation as pulse width measurement
The 16-bit timer counter (TMO) can be used to measure the pulse widths of the signals input to the TI00/P35 and

TI01/P36 pins.

Measurement can be carried out with TMO used as a free-running counter or by restarting the timer in

synchronization with the edge of the signal input to the TI00/P35 pin.

(1) Pulse width measurement with free-running counter and one capture register

Ifthe edge specified by prescaler mode register 0 (PRMO) is input to the TI00/P35 pin when the 16-bit timer counter
(TMO) is used as a free-running counter (refer to Figure 8-10), the value of TMO is loaded to 16-bit capture/
compare register 01 (CRO1), and an external interrupt request signal (INTTMO1) is set.

The edge is specified by using bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO0). The rising
edge, falling edge, or both the rising and falling edges can be selected.

The valid edge is detected through sampling at a count clock cycle selected by prescaler mode register 0 (PRMO),
and the capture operation is not performed until the valid level is detected two times. Therefore, noise with a

short pulse width can be eliminated.

Figure 8-10. Control Register Settings During Pulse Width Measurement with
Free-Running Counter and One Capture Register

TMCO

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

0 0 0 0 0

1

0/1

0

—r

Free-running mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO01 CRC00

CRCO

1

01

0

L CROO as compare register

CRO1 as capture register

Remark 0/1: When these bits are reset to 0 or setto 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-11. Configuration of Pulse Width Measurement with Free-Running Counter

fxx/4d  —
S
fo16 3 16-bit timer counter (TMO) OVF0
@
INTTM3 —
16-bit capture/compare register 01
TIOO/P35 ©
© (CRO1)

‘ ‘ INTTMO1

S Internal bus %

Figure 8-12. Timing of Pulse Width Measurement with Free-Running Counter
and One Capture Register (with Both Edges Specified)

t

"

TMO countvalue X 0000 {0001 X \/\\/\ X po X \/\\/\ X b1 X \/\\/\ XFFFEFX 0000 X \/\\/\ X b2 X \/\\/\ X b3 X

TI00 pin input , | F_| N | ‘Pli L
T ; ! ; dod

Valu?ol%agg? /\/\ X DO /\/\ X D1 // // X D2 /\/\ X D3

INTTMO1 ) l | , l | ) ! \ l | , l |
1 1 1¢ ; 1 1

OVFO0

Caution For simplication purposes, delay due to noise elimination is not taken into consideration in the
capture operation by TI00 pin input and in the interrupt request generation timing in the above
figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture Operation with Rising
Edge Specified.
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(2) Measurement of two pulse widths with free-running counter
The pulse widths of the two signals respectively input to the TI0O0/P35 and TI01/P36 pins can be measured when
the 16-bit timer counter (TMO) is used as a free-running counter (refer to Figure 8-13).
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P35 pin, the value of the TMO is loaded to 16-bit capture/compare register 01 (CR01) and an external
interrupt request signal (INTTMO1) is set.
When the edge specified by bits 6 and 7 (ES10 and ES11) of prescaler mode register 0 (PRMO) is input to the
TI01/P36 pin, the value of TMO is loaded to 16-bit capture/compare register 00 (CR00), and an external interrupt
request signal (INTTMOO) is set.
The edges of the TI00/P35 and T101/P36 pins are specified by bits 4 and 5 (ES00 and ES01) and bits 6 and 7
(ES10 and ES11) of PRMO, respectively. The rising, falling, or both rising and falling edges can be specified.
The valid edge of the T100/P35 pin and TI01/P36 pin is detected through sampling at a count clock cycle selected
by prescaler mode register 0 (PRMO0), and the capture operation is not performed until the valid level is detected
two times. Therefore, noise with a short pulse width can be eliminated.

Figure 8-13. Control Register Settings During Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0 1 0N 0

—t

(b) Capture/compare control register 0 (CRCO0)

Free-running mode

CRC02 CRCO1 CRC00

CRCO| © 0 0 0 0 1 0 1

L CROO as capture register

Captures valid edge of TI01/P36 pin to CR0O0.

CRO1 as capture register

Remark 0/1: When these bits are reset to 0 or setto 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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« Capture operation (free-running mode)
The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 8-14. CRO1 Capture Operation with Rising Edge Specified

Count clock _| I I I I I I

™ [ n-3 [ n-2 [ n-1 |

TIOO | A
A
Rising edge detection l |

CRO1 I
INTTMO1 | |

Figure 8-15. Timing of Pulse Width Measurement with Free-Running Counter
(with Both Edges Specified)

x n+1 X

ot

|
]
| |
| |
| |
| |

A\

TMO countvalue X 0000 X 0001 \/\/ X po X \/\\/\ X b1 X \/\\/\ XFFFF}(OOOOX \/\\/\ X p2 X \/\\/\ X 03 X

TI0O pin input *‘|: N
_— ; d

Value Ioadggc;? //\ X Do /\ /\

INTTMO1 El | El | y

TI01 pin input N N
T i 1 (=
\ W W - )
Value loaded to // ! / X D1 // // | XNg e
CROO T T \C N A
INTTMOO )) 3 ) | | )) )) : | | ) :
L { i 19 (l; j l;
| | N
| | ((‘ ; H:
OVFo ) o )) | | | |
0 j 0 j 0 | : :
3(D1—D0)xti (10000H — D1 + D2) x t (D3-D2) xt"

‘ "~ (10000H — D1 + (D2 + 1)) x t ‘

Note D2 + 1

Caution  For simplication purposes, delay due to noise elimination is not taken into consideration
in the capture operation by TI00 pin input and in the interrupt request generation timing
in the above figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture
Operation with Rising Edge Specified.

178 User’s Manual U13570EJ3V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER

(3) Pulse width measurement with free-running counter and two capture registers
When the 16-bit timer counter (TMO) is used as a free-running counter (refer to Figure 8-16), the pulse width
of the signal input to the TI00/P35 pin can be measured.
When the edge specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO) is input to the
TI00/P35 pin, the value of TMO is loaded to 16-bit capture/compare register 01 (CR01), and an external interrupt
request signal (INTTMO1) is set.
The value of TMO is also loaded to 16-bit capture/compare register 00 (CR00) when an edge reverse to the one
that triggers capturing to CRO1 is input.
The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising or falling edge can be specified.
The valid edge of the TI00/P35 pin is detected through sampling at a count clock cycle selected by prescaler
mode register 0 (PRMO0), and the capture operation is not performed until the valid level is detected two times.
Therefore, noise with a short pulse width can be eliminated.

Caution If the valid edge of the TI00/P35 pin is specified to be both the rising and falling edges, 16-
bit capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 8-16. Control Register Settings During Pulse Width Measurement
with Free-Running Counter and Two Capture Registers

(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 0 1 0 0

\—‘—1— Free-running mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO01 CRCO00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

Captures to CR0O0 at edge reverse to valid
edge of TI00/P35 pin.

CRO1 as capture register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-17. Timing of Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

TMO countvalue X 0000X 0001 X /\/\ X po X /\/\ X b1 X \/\\/\ XFFFF}(OOOOX \/\\/\ Y 02 X \/\\/\ X os X

T 1\

TI0O pin input X | P_l; N
( H f

g

1\ )\ . )\ 3 1) )\ 3
Value loaded t DO ! ‘ D2//
e loadog o A ooy Ao
1\ : \\ )\ : )\ | 1\ |
Value loaded t | ‘ D1 | ! ! D3
e loadeg o ¢ /i I (N |
INTTMO1 iﬂ H§ ) 3 )(J_l Hi
( : ( : 0 : { : ( :
i 1 | - -
OVFO0 )L )L )) | | |
( ; [ ; f : :
1(01 —D0)><t§ (10000H — D1 + D2) x t §(D3—D2)><t§

Caution For simplication purposes, delay due to noise elimination is not taken into consideration in
the capture operation by TI00 pin input and in the interrupt request generation timing in the
above figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture Operation with
Rising Edge Specified.
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(4) Pulse width measurement by restarting
When the valid edge of the TIO0/P35 pin is detected, the pulse width of the signal input to the TI00/P35 pin can
be measured by clearing the 16-bit timer counter (TMO0) once and then resuming counting after loading the count
value of TMO to 16-bit capture/compare register 01 (CR01) (refer to Figure 8-18).
The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising or falling edge can be specified.
The valid edge is detected through sampling at a count clock cycle selected by prescaler mode register 0 (PRMO),
and the capture operation is not performed until the valid level is detected two times. Therefore, noise with a
short pulse width can be eliminated.

Caution If the valid edge of the TI00/P35 pin is specified to be both the rising and falling edges, 16-
bit capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 8-18. Control Register Settings During Pulse Width Measurement by Restarting

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO| © 0 0 0 1 0 071 0

\—‘—1— Clears and starts at valid edge of TI00/P35 pin.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO1 CRC00

CRCO| O 0 0 0 0 1 1 1

L CROO as capture register

Captures to CR0OO at edge reverse to
valid edge of TI00/P35 pin.

CRO1 as capture register

Remark 0/1: When these bits are reset to 0 or setto 1, the other functions can be used along with the pulse
width measurement function. For details, refer to Figures 8-2 and 8-3.
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Figure 8-19. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)

TMo countvalue 0000 {0001 X // X Do XooooXooo1XD1\/\\/\X X X XDz X 0000X0001 X

TIOO pin input )?J | N | |_
1, I T( !
i\ : ‘ A\ ‘
Value loaded to // X DO ! // X D2
CRO01 W T\ ;
A\ 3 ! AN |
Value loaded to // XD1 / : X
CRO00 A oo\
INTTMO1 ,J_l i )) |_|
11 : 0

D1 xt i

D2 x t o

Caution For simplication purposes, delay due to noise elimination is not taken into consideration in the
capture operation by TI00 pin input and in the interrupt request generation timing in the above
figure. For a more accurate picture, refer to Figure 8-14 CR01 Capture Operation with Rising
Edge Specified.

8.4.4 Operation as external event counter

The 16-bit timer/counter can be used as an external event counter which counts the number of clock pulses input
to the TI00/P35 pin from an external source by using the 16-bit timer counter (TMO).

Each time the valid edge specified by prescaler mode register 0 (PRMO0) has been input to the TI00/P35 pin, TMO
is incremented.

To perform a count operation using the TI00/P35 pin input clock, specify the TI0O0 valid edge using bits 0 and 1
of PRMO (PRMO00, PRMO01).

Set CRO0O to a value other than 0000H (a 1-pulse counter can not be operated).

The edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0 (PRMO).
The rising, falling, or both the rising and falling edges can be specified.

When using the TI00 pin input as the count clock, sampling for valid edge detection is locked by the main system
clock (fxx) and the capture operation is not performed until the valid level is detected two times. Therefore, noise
with a short pulse width can be eliminated.
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Figure 8-20. Control Register Settings During External Event Counter Mode

(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 1 1 0/ 0

—t

Clears and starts on match
between TMO and CRO00.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| © 0 0 0 0 o1 | on 0

L CRO0O as compare register

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the external
event counter function. For details, refer to Figures 8-2 and 8-3.

Figure 8-21. Configuration of External Event Counter

16-bit capture/compare
register 00 (CR00)

’ INTTMOO
Clear

Valid edge of TI00 16-bit timer counter (TMO0) OVFO0

16-bit capture/compare
register 01 (CRO1)

S Internal bus %
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Figure 8-22. Timing of External Event Counter Operation (with Rising Edge Specified)

TIOOpmlnput||||||||||||||||||||||||||||

)

\ |
TMO countvalue X 0000 {0001 X 0002){0003 X 0004 0005 // XN-1X N Xoooo)X 0001 X 0002) 0003 X

\\

\
CRO0 N /
\

INTTMOO ; ]
((

Caution Read TMO when reading the count value of the external event counter.

8.4.5 Operation as square wave output

T

he 16-bit timer/event counter can be used to output a square wave with any frequency at an interval specified

by the count value set in advance to 16-bit capture/compare register 00 (CR00).

B

y setting bits 0 (TOEO) and 1 (TOCO01) of 16-bit timer output control register (TOCO) to 1, the output status of

the TOO/P30 pin is reversed at an interval specified by the count value set in advance to CR0O. In this way, a square
wave of any frequency can be output.

184
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Figure 8-23. Control Register Settings During Square Wave Output Mode

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

T™MCO| O 0 0 0 1 1 0/1 0

—r

Clears and starts on match
between TMO and CR0O.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO01 CRC00

CRCO| © 0 0 0 0 01 | on 0

L CROO0 as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

TOCO| O 0 0 0 0/1 0/1 1 1
L L] L Enables TOO output.
Reverses output on match
between TMO and CROO.
Specifies initial value of TOO
output.

Does not reverse output on match
between TMO and CRO1.

Disables one-shot pulse output.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the square
wave output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Figure 8-24. Timing of Square Wave Output Operation

Countclock|||||||||||||||||||||||||||

A\ 3\ .

TMo countvalue  X0000X 0001 {0002X /) XN-1X N XooooX 0001X0002X // XN-1X N X oooo

\\ \\ i

o |

\

CRO00

\

INTTMOO

N
—

TOO pin output J
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8.4.6 Operation as one-shot pulse output
The 16-bittimer/event counter can output a one-shot pulse in synchronization with a software trigger and an external
trigger (T100/P35 pin input).

(1

186

One-shot pulse output with software trigger

A one-shot pulse can be output from the TO0/P30 pin by setting the 16-bit timer mode control register (TMCO),
capture/compare control register 0 (CRCO), and 16-bit timer output control register (TOCOQ) as shown in Figure
8-25, and by setting bit 6 (OSPT) of TOCO by software.

By setting OSPT to 1, the 16-bit timer/event counter is cleared and started, and its output is asserted active at
the count value set in advance to 16-bit capture/compare register 01 (CRO1). After that, the output is deasserted
inactive at the count value set in advance to 16-bit capture/compare register 00 (CRQO0).

Even after the one-shot pulse has been output, TMO continues its operation. To stop TMO, TMCO must be reset
to O0H.

Cautions 1. Do not set OSPT to 1 while the one-shot pulse is being output. To output the one-shot
pulse again, wait until INTTMO00, which occurs on a match between TMO and CRO0O0,
occurs.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI0O0 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.
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Figure 8-25. Control Register Settings During One-Shot Pulse Output with Software Trigger
(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

TMCO| O 0 0 0 01 01 011 0

\—‘—1— Clears and starts, or free-running

by the valid edge of TI00/P35 pin.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRC00

CRCO| O 0 0 0 0 0 (VA 0

L CRO0O0 as compare register

CRO1 as compare register

(c) 16-bit timer output control register (TOCO0)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| O 0 1 1 0/1 on 1 1
L] L Enables TOO output.

Reverses output on match
between TMO and CROO.

Specifies initial value of TOO0 output.

Reverses output on match
between TMO and CRO1.

Sets one-shot pulse output mode.

Set to 1 for output.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the one-
shot pulse output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Caution Set a value in the following range to CR00 and CRO1.
0000H < CRO1 < CRO0O < FFFFH
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Figure 8-26. Timing of One-Shot Pulse Output Operation with Software Trigger

Sets 0CH to TMCO
(TMO count starts)

TMO count value 0000 X0001 X //X XN+1XXOOOOX \/\/ XN-1X N X // Xm-1X ™ XM+1XM+2XM+3

A\ ‘ w )\ : )\ ‘
CRO1 set value N // N // N // N
\\ i ' \\ i \( i

i\ w ‘ ) 1 W 1
CROO set value M / M / M / M
\¢ ‘ ! ¢ \¢

OSPT

INTTMO1 |_| \ | | . 1
s ( i

INTTMOO

1

TOO pin output |

Cautions 1. The 16-bit timer register starts operating as soon as a value other than 0, 0 (operation
stop mode) has been set to TMC02 and TMCO03.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI0O0 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI0O0 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.

(2) One-shot pulse output with external trigger

A one-shot pulse can be output from the TO0/P30 pin by setting the 16-bit timer mode control register (TMCO),
capture/compare control register 0 (CRCO), and 16-bit timer output control register (TOCOQ) as shown in Figure
8-27, and by using the valid edge of the TI00/P35 pin as an external trigger.

The valid edge of the TI00/P35 pin is specified by bits 4 and 5 (ES00 and ES01) of prescaler mode register 0
(PRMO). The rising, falling, or both the rising and falling edges can be specified.

When the valid edge of the TI00/P35 pin is detected, the 16-bit timer/event counter is cleared and started, and
the output is asserted active at the count value set in advance to 16-bit capture/compare register 01 (CR01).
After that, the output is deasserted inactive at the count value set in advance to 16-bit capture/compare register

0 (CR0O).
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Cautions 1. If the external trigger is generated while the one-shot pulse is output, the counter is
cleared and started, and the one-shot pulse is output again.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)
and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI00 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.

Figure 8-27. Control Register Settings During One-Shot Pulse Output with External Trigger

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO1 OVFO

T™MCO| O 0 0 0 0/1 | 01 | 0N 0

\—‘—‘— Clears and starts, or free-running at

valid edge of TI00/P35 pin.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRC01 CRCO00

CRCO| O 0 0 0 0 0 011 0

L CROO0 as compare register

CRO1 as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOC01 TOEO

TOCO| O 0 1 1 01 0N 1 1
L] L Enables TOO output.

Reverses output on match between
TMO and CRO0O.

Specifies initial value of TOO output.

Reverses output on match between
TMO and CRO1.

Sets one-shot pulse output mode.

Remark 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the one-
shot pulse output function. For details, refer to Figures 8-2, 8-3, and 8-4.

Caution Set a value in the following range to CR00 and CRO1.
0000H < CRO1 < CR0O0 < FFFFH
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Figure 8-28. Timing of One-Shot Pulse Output Operation with External Trigger

Count clock

TMO count value

CRO1 set value

CRO0O0 set value

TIOO pin input

INTTMO1

INTTMOO

TOO pin output

(with Rising Edge Specified)

Sets 08H to TMCO
(TMO count starts)

mmmw

0000 X001 X // XXooocX //X XN+ 1XN + 2§ // Xm—2XM-1X M XM+1XM+2XM+3

Cautions 1. The 16-bit timer register starts operating as soon as a value other than 0, 0 (operation

190

stop mode) has been set to TMC02 and TMCO03.

2. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1)

and the external trigger (TI00 input) are always valid in one-shot pulse output mode. If
the software trigger is used in one-shot pulse output mode, the TI00 pin cannot be used
as a general-purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low
level.
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8.5 Cautions
(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is

because the 16-bit timer counter (TMO) is started asynchronously in respect to the count pulse.

Figure 8-29. Start Timing of 16-Bit Timer Register

Count pulse _/_\_/_\_/_\ / \ / \

TMO count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

(2) Setting 16-bit compare register
Set 16-bit capture/compare register 00, 01 (CR00, CR01) to a value other than 0000H. When using this register
as an event counter, a count for one-pulse cannot be operated.

(3) Setting compare register during timer count operation
If the value to which the current value of 16-bit capture/compare register 00 (CR00) has been changed is less
than the value of the 16-bit timer counter (TMO0), TMO continues counting, overflows, and starts counting again
from 0. If the new value of CR0OO0 (M) is less than the old value (N), the timer must be restarted after the value

of CROO has been changed.

Figure 8-30. Timing After Changing Value of Compare Register During Timer Count Operation

Count pulse J \ / \ / \—N—/ \_/ \_/_\_/_\_
CRO0 N X \/\/\ M
TMO count value :X X-1 X X X \

\
\
/D( FFFFH X 0000H X 0001H X 0002H

Remark N> X>M
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(4) Data hold timing of capture register
If the valid edge is input to the TI00/P35 pin while 16-bit capture/compare register 01 (CR01) is read, CR01 does
not perform the capture operation, and holds the data. However, the interrupt request flag (INTTMO1) is set as
a result of detection of the valid edge.

Figure 8-31. Data Hold Timing of Capture Register

Count pulse j \ / \ / \_/_\_”_/_\_/ \_/ \_

TMO count value N X N +1 X N+2 X / M X M+ 1 X M+ 2
Edge input \ ) /
0
Interrupt request flag |_| N |_|
[
Capture read signal ; /—\—
[
\) -
Value loaded to CRO1 X X J N+t 3

s
o
R —

Capture operation ignored

(5) Setting valid edge
Before setting the valid edge of the TI00/P35 pin, stop the timer operation by resetting bits 2 and 3 (TMC02 and
TMCO03) of the 16-bit timer mode control register (TMCO) to 0, 0. Set the valid edge by using bits 4 and 5 (ES00
and ESO01) of prescaler mode register 0 (PRMO).

(6) Cautions on edge detection

<1> When the TIO0/TIO1 pin is high level immediately after system reset, it may be detected as a rising edge
after the first 16-bit timer/event counter operation is enabled. Bear this in mind when pulling up, etc.

<2> Regardless of whether interrupt acknowledgement is disabled (DI) or enabled (El), the edge of the external
input signal is detected at the second clock after the signal is changed.

TIOO/TIO1 pin input /

Interrupt acknow- ><

ledgement status Interrupts disabled (DI) Interrupts enabled (El)

Countclock||||||||||||||||||||||||||||

Edge detection
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)

()]

(C)]

Trigger for one-shot pulse

The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1) and the external trigger
(T100 input) are always valid in one-shot pulse output mode.

If the software trigger is used in one-shot pulse output mode, the P35/TI00 pin cannot be used as a general-
purpose port pin. Therefore, fix the P35/TI00 pin to either high level or low level.

Re-triggering one-shot pulse

(a) One-shot pulse output by software
When a one-shot pulse is output, do not set OSPT to 1. Do not output the one-shot pulse again until INTTMOO,
which occurs on a match between TMO and CROO, occurs.

(b) One-shot pulse output with external trigger
If the external trigger occurs while a one-shot pulse is output, the counter is cleared and started, and the
one-shot pulse is output again.

Operation of OVFO flag
The OVFO flag is set to 1 in the following case:
Select mode in which the 16-bit timer/event counter is cleared and started on a match between TMO and CR0OO0
\2
Set CR0O0 to FFFFH
\2
When TMO counts up from FFFFH to 0000H

Figure 8-32. Operation Timing of OVFO0 Flag

Count pulse

CROO FFFFH /

X 0000H X 0001H X

—_|

T™O FFFEH X FFFFH

/
\
\

INTTMOO

]

(10) Contention operation

<1> Contention between the read period of 16-bit capture/compare registers (CR00 and CR01) and the
capture trigger input (CR00 and CRO1 are used as capture registers)
The capture trigger input has priority. The read data of CR00 and CRO1 is undefined.

<2> Match timing contention between the write period of 16-bit capture/compare registers (CR00 and
CRO01) and 16-bit timer counter (TM0) (CR00 and CRO1 are used as compare registers)
Match detection is not normally performed. Do not perform the write operation of CR00 and CR01 around
the match timing.
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9.1 Functions

8-bit timer/event counter 1, 2 (TM1, TM2) have the following two modes.

» Mode using 8-bit timer/event counter 1, 2 (TM1, TM2) alone (individual mode)
» Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 1, 2 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

* Interval timer

» External event counter
» Square wave output
 PWM output

(2) Mode using the cascade connection (16-bit resolution: cascade connection mode)
The timer operates as a 16-bit timer/event counter by connecting in cascade.
It can have the following functions.

« Interval timer with 16-bit resolution

» External event counter with 16-bit resolution
» Square wave output with 16-bit resolution
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9.2 Configuration

8-bit timer/event counter 1, 2 consist of the following hardware.

Table 9-1. 8-Bit Timer/Event Counter 1, 2 Configuration

Item Configuration
Timer counter 8 bits x 2 (TM1, TM2)
Register 8 bits x 2 (CR10, CR20)

Timer output

2 (TO1, TO2)

Control register

8-bit timer mode control register 1 (TMC1)
8-bit timer mode control register 2 (TMC2)
Prescaler mode register 1 (PRM1)
Prescaler mode register 2 (PRM2)

Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 1, 2 (1/2)

Internal bus

TM2 compare match

TH O—

Edge detector

fxx/22 —
fxx/28 —
fxx/24 —1
fxx/25 —1
fxx/27 —=1

fxx/2% —=

Selector

T
Y

(1) 8-bit timer/event counter 1
8-bit compare
register 10 (CR10)

B
T won

i .

8-bit timer

Mask circuit

counter 1 (TM1)

Selector

INTTM1

to TM2

Clear  INTTM2
Selector |=

Output
controller

—O TO1

[ ToLt2 | oLt | ToLio|

[TOE1 |TMC16] 0 | Lvst |LVR1| TMCI | TOET |

Prescaler mode

register 1 (PRM1)

1

8-bit timer mode
control register 1 (TMC1)

Internal bus
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 1, 2 (2/2)

(2) 8-bit timer/event counter 2

S Internal bus S

I

TI2 O—— Edge detector 8-bit compare Selector INTTM2
o202 — register 20 (CR20) 5
[$]
fxx/23 — S
X 5 @ Match i
fx/2t — £ &
fn/25 — ﬁ =
fxx/27 —= @
5 8-bit timer T
bod/2? —= counter 2 (TM2)
TM1 overflow—»_ Clear
SelectorI
Output
controller O TO2
[ ToL22 | ToL2t | TeLao| [ TOE2 [TmMC26|TMC24| Lvs2 | LVR2 | TMC2 | TOE2 |
Prescaler mode 8-bit timer mode
register 2 (PRM2) control register 2 (TMC2)
Internal bus
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(1) 8-bit timer counter 1, 2 (TM1, TM2)

(2

TM1 and TM2 are 8-bit read-only registers that count the count pulses.

The counter is incremented in synchronization with the rising edge of the count clock. When the count is read
out during operation, the count clock input temporarily stops and the count is read at that time. In the following
cases, the count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRn0 match in the clear and start mode.

Caution Inacascade connection, the count becomes 00H by clearing both bit 7 (TCE1) of 8-bit timer
mode control register 1 (TMC1) and bit 7 (TCE2) of 8-bit timer mode control register 2
(TMC2).

Remark n=1,2

8-bit compare register (CR10, CR20)

The value setin CR10 and CR20 are compared to the count in 8-bit timer counter 1 (TM1) and 8-bit timer counter
2 (TM2), respectively. If the two values match, interrupt requests (INTTM1, INTTM2) is generated (except in
the PWM mode).

The values of CR10 and CR20 can be set in the range of 00H to FFH, and can be written during counting.

Caution While the timers are connected in cascade, always set data after stopping the timer. To stop
timer operation, clear both bit 7 of TMC1 (TCE1) and bit 7 of TMC2 (TCEZ2).
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9.3 Control Registers
The following four registers control 8-bit timer/event counter 1, 2.

+ 8-bit timer mode control register 1, 2 (TMC1, TMC2)
» Prescaler mode register 1, 2 (PRM1, PRM2)

(1) 8-bit timer mode control register 1, 2 (TMC1, TMC2)
The TMC1 and TMC2 registers make the following six settings.

<1> Controls the counting for 8-bit timer counter 1, 2 (TM1, TM2).

<2> Selects the operating mode of 8-bit timer counter 1, 2 (TM1, TM2).

<3> Selects the individual mode or cascade mode.

<4> Sets the state of the timer output.

<5> Controls the timer output or selects the active level during the PWM (free-running) mode.
<6> Controls timer output.

TMC1 and TMC2 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC1 and TMC2 to 00H.
Figures 9-2 and 9-3 show the TMC1 format and TMC2 format respectively.
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Figure 9-2. Format of 8-Bit Timer Mode Control Register 1 (TMC1)

Address: OFF54H After reset: 0OOH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC1 TCEA1 TMC16 0 0 LVS1 LVR1 TMC11 TOE1
TCEA1 TM1 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC16 TM1 operating mode selection
0 Clear and start mode when TM1 and CR10 match.
1 PWM (free-running) mode

LVSH LVR1 Timer output control by software

0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC11 Other than PWM mode (TMC16 = 0) PWM mode (TMC16 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE1 Timer output control
0 Disable output (port mode)
1 Enable output

Caution When selecting the TM1 operation mode using TMC16, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE1 = 0.
2. If LVS1 and LVR1 are read after setting data, 0 is read.
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Figure 9-3. Format of 8-Bit Timer Mode Control Register 2 (TMC2)

Address: OFF55H After reset: O0OH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC2 TCE2 TMC26 0 TMC24 LVS2 LVR2 TMC21 TOE2

TCE2 TM2 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC26 TM2 operating mode selection
0 Clear and start mode when TM2 and CR20 match
1 PWM (free-running) mode

TMC24 Individual mode or cascade connection mode selection
0 Individual mode
1 Cascade connection mode (connection with TM1)

LVS2 LVR2 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC21 Other than PWM mode (TMC26 = 0) PWM mode (TMC26 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE2 Timer output control
0 Disable output (port mode)
1 Enable output

Caution When selecting the TM2 operation mode using TMC26 or selecting discrete/cascade connec-
tion mode using TMC24, stop timer operation in advance. To stop the timer operation during
cascade connection, clear both bit 7 (TCE1) of 8-bit timer mode control register 1 (TMC1) and
bit 7 (TCE2) of TMC2.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE2 = 0.
2. If LVS2 and LVR2 are read after setting data, 0 is read.
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(2) Prescaler mode register 1, 2 (PRM1, PRM2)
This register sets the count clock of 8-bit timer counter 1, 2 (TM1, TM2) and the valid edge of TI1, TI2
inputs.
PRM1 and PRM2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM1 and PRM2 to 00H.

Figure 9-4. Format of Prescaler Mode Register 1 (PRM1)

Address: OFF56H After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
PRM1 0 0 0 0 0 TCL12 TCL11 TCL10
TCL12 TCL11 TCL10 Count clock selection
0 0 0 Falling edge of TI1
0 0 1 Rising edge of TI1
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM1, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM1 to 0.
3. When specifying the valid edge of TI1 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 9-5. Format of Prescaler Mode Register 2 (PRM2)

Address: OFF57H After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
PRM2 0 0 0 0 0 TCL22 TCL21 TCL20
TCL22 TCL21 TCL20 Count clock selection
0 0 0 Falling edge of TI2
0 0 1 Rising edge of TI2
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM2, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM2 to 0.
3. When specifying the valid edge of TI2 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.

202 User’s Manual U13570EJ3V1UD



CHAPTER 9 8-BIT TIMER/EVENT COUNTER 1, 2

9.4 Operation

9.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 10, 20 (CR10, CR20).

If the count in 8-bit timer register 1, 2 (TM1, TM2) matches the value setin CR10, CR20, simultaneous to clearing
the value of TM1, TM2 to 0 and continuing the count, the interrupt request signal (INTTM1, INTTM2) is generated.

The TM1 and TM2 count clocks can be selected with bits 0 to 2 (TCLn0 to TCLn2) in prescaler mode register 1,
2 (PRM1, PRM2).

<Setting method>

<1> Set each register.

« PRMn: Selects the count clock.

+ CRn0: Compare value

» TMCn: Selects the clear and start mode when TMn and CRn0O match.

(TMCn = 0000xxx0B, x is don’t care)

<2> When TCEn = 1 is set, counting starts.
<3> When the values of TMn and CRn0O match, INTTMn is generated (TMn is cleared to O0H).
<4> Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=1,2
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Figure 9-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

\

TMn count ooH X o1H X /\/\ X N XooH X ot ) //\ X N X ooH X o1HX /\/\ XnX
A \\ A \ A \\

1 \ I
fStart count Clear Clear |
! \\ i A\ : 1) :
S Y ) 3 I
— \T w \C \ \T ‘
! | )) . )) . )) .
TCEn ! I i ! T ! T( :
INTTMn | ] ] 0
1 1} ! 1} ! ¢ !
! LA LA |
' Interrupt request received | Interrupt request received
: | )) | :
1 [
TOn ! N )) |_
| f | | [ |
3 Interval time ; Interval time ; Interval time ;

Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=1,2
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Figure 9-6. Timing of Interval Timer Operation (2/3)

(b) When CRn0 = 00H

|
Count clock |‘|||||||||||||
|

00H ' OOH w w w

TMn O0H

|
INTTMn‘IlllIlIlIlIl

TOn 1 | [
Interval time
(¢) When CRn0O = FFH
[ S
[a—]
Countclock':l'lll |||||||||| I—ll—ll—ll—ll—l
TMn o JotH | /] [ FEH | FFH | o0H | // [ FEH | FFH | 0oH |
CRn0O | FFH // FFH. // FFH

TCEn J 7¢

]
!
1
:
I
INTTMn 'Y | | 'Y | |
(( (( )

I
L
|
) ) !
[
I
I
I

A A

| Interrupt request acknowledged | Interrupt

! 1 ' request
knowl

TOn " T( acknowledged
T( -
i 1
[ Interval time !

Remark n=1,2
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Figure 9-6. Timing of Interval Timer Operation (3/3)

(d) Operated by CRnO transition (M < N)

Countclock|||||||||||||||||||||||

| |
T™n N| ooH | | m | | N | | FFH [ ooH | | ™

|
[ ooH |

| | | |
CRnO N X Y 1
| | | |
e i i i

INTTMn [ ] 1 1 []
| | | |

TOn _| * 1 L
1
CRnO transition TMn overflows since M < N.

(e) Operated by CRnO transition (M > N)

Countclock||||||||||||||||||I||||

|
T™n  [N-1] N JooH [ 01H] [ N ] [M-1] M | ooH| o1H |
| | |
CRnO N ! X M ;
| | |
TCEn H ! | ;
| | |
INTTMn [ []
1
| | |
TOn I | |
4
CRnNO transition

Remark n=1,2
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9.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to the TI11/P33 and T12/P34
pins with 8-bit timer counter 1, 2 (TM1, TM2).

Each time a valid edge specified in prescaler mode register 1, 2 (PRM1, PRM2) is input, TM1 and TM2 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM1 and TM2 matches with the values of 8-bit compare register 10, 20 (CR10, CR20), the TM1
and TM2 are cleared to 0 and the interrupt request signal (INTTM1, INTTM2) is generated.

INTTM1 and INTTM2 are generated each time when the value of the TM1 and TM2 matches the value of CR10
and CR20.

Figure 9-7. Timing of External Event Counter Operation (with Rising Edge Specified)

TInpmmput||||||||||||||||||||||||||||

A\

TMncount X 00H X 01H X 02H X 03H X 04H X 05H X // XN-1X N S(OOHXO1HX02HX03HX

\

\
CRn0 N (
\

INTTMn |_|

Remark N = 00H to FFH
n=1,2
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9.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 10, 20 (CR10, CR20).
By setting bit 0 (TOE1, TOEZ2) of 8-bit timer mode control register 1, 2 (TMC1, TMC2) to 1, the output state of TO1,
TO2 is inverted with the count preset in CR10, CR20 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

» Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
« PRMn: Select the count clock.

*+ CRn0: Compare value

« TMCn: Clear and start mode when TMn and CRn0O match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled — TOEn = 1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRn0 match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to 0O0H.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=1,2
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9.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC16, TMC26) of 8-bit timer mode control register 1, 2 (TMC1, TMC2) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 10, 20 (CR10, CR20) is output
from TO1, TO2.

Set the width of the active level of the PWM pulse in CR10, CR20. The active level can be selected by bit 1 (TMC11,
TMC12) in TMC1, TMC2.

The count clock can be selected by bits 0 to 2 (TCLn0 to TCLn2) of prescaler mode register 1, 2 (PRM1, PRM2).

The PWM output can be enabled and disabled by bit 0 (TOE1, TOE2) of TMC1, TMC2.

(1) Basic operation of the PWM output

<Setting method>

<1>
<2>
<3>
<4>
<5>

<6>

Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
Set the active level width in 8-bit compare register (CRn0).

Select the count clock in prescaler mode register n (PRMn).

Set the active level in bit 1 (TMCn1) of TMCn.

Set bit 0 of TMCn (TOEN) to 1 to enable timer output.

If bit 7 (TCEn) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1>

<2>

<3>
<4>

<5>

When counting starts, the PWM output (output from TOn) outputs the inactive level until an overflow occurs.
When the overflow occurs, the active level is output. The active level is output until CRn0 and the count
of 8-bit timer counter n (TMn) match.

The PWM output after CRn and the count match is the inactive level until an overflow occurs again.
Steps <2> and <3> repeat until counting stops.

If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=1,2
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Figure 9-8. Timing of PWM Output

(a) Basic operation (active level = H)

Count clock mmmm

TMn OdH loiH] /! IFFHlooH[o1Hfo2H] // I N IN+1f // [FFHJoOH[o1H[o2H] )/ M| OOH
| | | | | | |

CRnO M A G ) XN )
CRnO | | | |
read value ‘ N (c ‘ N ‘ (c ‘ (C ‘ N ‘ (c ‘
| D) | | D) | D) | | D) |
TCEn —l‘ T( i i T( i T( i i T( |
| | | | | |
INTTMn | ) |_| : )) : ) |_| : )) :
: T( : : T( : T( : : T( :
D))
TOn ! ! T( | I—B(ﬁ—l
L (\(\ L I | )
f ! f f f
Reload Active level Inactive level Reload Active level

(b) When CRn0 =0

Countelock [T ML Lo, M LT LT LT L T T LT L L TR

| L | |
TMn _00H Jo1H] )/ [FFHJooHJo1H]o2H] /) T N IN+1N+2] // [FFH[ooH]o1H]o2H]  // M| 0OH

CRn0O | M I X 00H /(¢ (( X 00H (! !
| | | |
CR 0 | | | |
read valﬂe . O0H (¢ . ooH (L (! ' 00H (! !
‘ ) ‘ )) )) ‘ )) ‘
TCEn T( T( T( T(
— | 1 —

INTTMn_ — 2 — —
Ton — 2 — —
} 4 } 4

Inactive level Reload Reload Inactive level

(c) When CRn0 = FFH

| | | | | | |
TMn _00H JoiH[ )/ TFFH[00H[0TH]02A] /T N N+ 1N+ 2]/ JFFA[o0H[0TH[02H] )/ TM] 00H
|

CRNO W T FFH R " FrH !
1 1 1 1 1 1 1
CRnO | | | | | | |
read value —EPH__([____FFH_ R A —
TCEn _l‘ s : : s s — (s |‘
| | | | |
\ | | | | | |
INTTMn : )) |_I : )) )) |_I : : )) :
! C( [ ! C( C( [ ! ! (( !
| | | Yy vy | | | 3y, |
Ton ___ N [ . A AR S
T(
* f * Reload * *
Inactive level Reload Active level b Active level Inactive level
Inactive level

Remark n=1,2
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Figure 9-9. Timing of Operation Based on CRn0 Transitions
(a) When the CRn0 value from N to M before TMn overflows

%?Sﬂmmmmmmmmm

™ N IN+1IN+2 FFHI00Hf 01H ] 02H M IM+1]M+2 FFH] 00H | 01H | 02H M IM+1M+2
n_l I+I+I‘//I I I I I /1 |+|+I (1 I I I | A I+|+I

|
CRn0 NV X ™M/ ‘ R X ™ R ‘
CRnO | I | | | | | |
read value N XV M L ‘ R ‘ M R ‘ |
TCEn™H I —¢ I I U I g I I U I
INTTMn l Y M l l ) M l l
| 1 CC | | ¢ ] €9 | ] C ]
| I | | | | | |
TOn_I | (8 | | U ] 88 | | U |
4 4 4
CRnNO transition  Reload Reload
(N— M)

(b) When the CRn0 value changes from N to M after TMn overflows

Count
clockmwmmm
|
N|N+1|N+2| ?} |FFH|00H|01H|02H|03H|?PIN|N+1|N+2| ?2 |FFH|00H|01H|02HI ?/ IM|M+1|M+2I
|

| ;
|
CRnO ) A S— — X W )] ‘
| | | | | | | |
ead o0 N N X WM WM T ) ‘
I 3 I I L I 5 I I 5) I
TCEn H | te | | | te | te | | H |
INTTMn I 5) I_I I Lo I y) I_I I 5) I
] ) ] ] ot ] 0 ] ] ) ]
. ) . . 3) .
TOn I (\(\ I | P ] 88 I | H I—
4 4 4
Reload CRnO transition Reload
(N—> M)

TMn ININ+1IN+2I /{ IFFHIOOHI01HI02HI I//ININ+1IN+2I It IFFHIOOHI01HI02HI /(L IMM+2I
‘ | ‘ ‘ ‘ ‘ ‘

CRnO N ) R ‘ X - ‘
CRn0O ! ! ! ! ! ! !
read value N (« A M (« M, (« I M ( I
! )) ! ! )) ! )) ! ! )) !
TCEn H ; C ; ; C ; C ; ; C ;
INTTMn I ) |l I y) I ) 1 I )) I
| C | | C | C | | C |
D) D)
Ton T L [ « L — I
4 4
Reload & CRnO transition Reload
(N—-> M)

Remarks 1. n=1,2
2. CRnO (M): Master side, CRnO (S): Slave side
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9.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode

By setting bit 4 (TMC24) of 8-bit timer mode control register 2 (TMC2) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 10, 20 (CR10, CR20) as the interval, the timer operates as an
interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>

<3>

<4>

Set each register.
« PRM1: TM1 selects the count clock. TM2 connected in cascade are not used in setting.
+ CRnO: Compare values (each compare value can be set from 00H to FFH).
*« TMCn: Select the clear and start mode when TMn and CRn0 match.

[TM1 — TMC1 = 0000xxx0B, x: don’t care

TM2 — TMC2 = 0001xxx0B, x: don’t care }

Setting TCE2 = 1 for TMC2 and finally setting TCE1 = 1 in TMC1 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0 match, the INTTM1 of TM1 is generated.
(TM1 and TM2 are cleared to 00H.)
INTTM1 are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR10, CR20) after stopping timer operation.
2. If TM2 count matches CR20 even when used in a cascade connection, INTTM2 of TM2
is generated. Always mask TM2 in order to disable interrupts.
3. The TCE1, TCE2 setting begins at TM2. Set the TM1 last.
4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE1 of TMC1.
Note, however, that bit 7 (TCE1) of TMC1 and bit 7 (TCE2) of TMC2 must be cleared when
setting the compare register (CR10, CR20).

Figure 9-10 shows a timing example of the cascade connection mode with 16-bit resolution.
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Figure 9-10. Cascade Connection Mode with 16-Bit Resolution

Court mn n, Un, L L L U, ULUnU L Uue

TM1 __00H, [o1HI ) ITN N1l IFeArood )/ TFEAIOORT P/ IFFHIOORIOTHL ) ) T N T00RIOTHL )/ T A 100H
! |

TM2 __00H, L /L 101H // loohl ¢/ M-11M /L 100H ({18 JooH
| , |
CR10 | ((N (L (L (L (L ! (L ‘
1 ‘ ‘
CR20 ‘ /M L /L /L /L ! /L ‘
1 )) ) )) )Y ) ! )) !

TCEA1 l t( ( ( ( ( ‘ t( L
A A )) )) A ! )) !

TCE2 _ [T (¢ (¢ (¢ (¢ ¢ ; (¢ 1
| | |
INTTM1 ! ) ) Y Y 3 M 3 l
} (( (( (( (( (( I (( [
TO1 | 5 VY Interval time M) ) | 2? !
| (( (( (( (( (( I !

Enable Interrupt Operatio

operation request stopped

Starting count generated

9.5. Cautions

(1) Error when the timer starts

Level inverted
Counter cleared

n

The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason
is the starting of 8-bit timer counter 1, 2 (TM1, TM2) is asynchronous with respect to the count pulse.

Figure 9-11. Start Timing of 8-Bit Timer Counter

Count pulse _/_\_/_\_/_\ / \ / \

TM1, TM2 count

00H

X

01H

A

o2H X

03H

X o04H

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 10, 20 (CR10, CR20) changes is less than the value of the 8-bit timer
counter (TM1, TM2), counting continues, overflows, and counting starts again from 0. Consequently, when the
value (M) after CR10, CR20 changes is less than the value (N) before the change, the timer must restart after
CR10, CR20 changes.

Figure 9-12. Timing After Compare Register Changes During Timer Counting

Count pulse _/_\_/_\_/ \_‘, ?—/ \ / \ / \ / \_

CR10, CR20 N X / M
\\

\
™1, TM2eount X X-1_ X X X \/D( FFFFH X 0000H X 0001H X 0002H

Caution Except when the TI1, TI2 input is selected, always set TCE1 = 0, TCE2 = 0 before setting
the STOP mode.

Remark N> X>M

(3) TM1, TM2 read out during timer operation
Since the count clock stops temporarily when TM1 and TM2 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.
When reading TM1 and TM2 during cascade connection, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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10.1 Functions

8-bit timer/event counter 5, 6 (TM5, TM6) have the following two modes.

» Mode using 8-bit timer/event counter 5, 6 (TM5, TM6) alone (individual mode)
» Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 5, 6 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

* Interval timer

» External event counter
» Square wave output
 PWM output

(2) Mode using the cascade connection (16-bit resolution: cascade connection mode)
The timer operates as a 16-bit timer/event counter by connecting in cascade.
It can have the following functions.

« Interval timer with 16-bit resolution

» External event counter with 16-bit resolution
» Square wave output with 16-bit resolution
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10.2 Configuration
8-bit timer/event counter 5, 6 consist of the following hardware.

Table 10-1. 8-Bit Timer/Event Counter 5, 6 Configuration

Item Configuration

Timer counter 8 bits x 2 (TM5, TM6)
Register 8 bits x 2 (CR50, CR60)
Timer outputs 2 (TO5, TO6)

Control registers | 8-bit timer mode control register 5 (TMC5)
8-bit timer mode control register 6 (TMCB6)
Prescaler mode register 5 (PRM5)
Prescaler mode register 6 (PRM6)

Figure 10-1. Block Diagram of 8-Bit Timer/Event Counter 5, 6 (1/2)

(1) 8-bit timer/event counter 5

S Internal bus S

TM6 compare match IE L_

TI5 0 Edge detector 8-bit compare Selector INTTM5

fxx/22 —» register 50 (CR50) §

fxx/28 — {} Match S

fox/2t — 2 ﬁ f‘@

fxx/25 —= ﬁ =

fxx/27 —= 8-bit timer |

fo/2® counter 5 (TM5) - To TM6

Clear INTTM6
Selector |
Output
controller TO5

[ TcLs2 | TeLst | TeLso | [TCE5 [TMCs6] 0 | LvS5 | LVRS [TMC51| TOES |
Prescaler mode 8-bit timer mode
register 5 (PRM5) control register 5 (TMC5)

Internal bus
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Figure 10-1. Block Diagram of 8-Bit Timer/Event Counter 5, 6 (2/2)

(2) 8-bit timer/event counter 6

S Internal bus S

1

TI6 O Edge detector 8-bit compare Selector INTTM6
fyx/22 —»] register 60 (CR60) ~<5:
od2? @ Match S
fo/2t —=15 ﬁ §
fxx/25 —=| 3 =
fxx/27 ——w] 8 8-bit timer ||
fro/29 counter 6 (TM6)
TMS5 overflow —= Clear
] Selector
! Circuit
controller O TO6
[ TcLez | TcLet | TCLeO | [ TcEs [TMces | TMCe4 | Lvse | LvRe [TmCe1| TOES |
Prescaler mode 8-bit timer mode
register 6 (PRM6) control register 6 (TMCB6)
Internal bus S
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(1

(2

218

8-bit timer counter 5, 6 (TM5, TM6)

TM5 and TM6 are 8-bit read-only registers that count the count pulses.

The counter is incremented in synchronization with the rising edge of the count clock. When the count is read
out during operation, the count clock input temporarily stops and the count is read at that time. In the following
cases, the count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRn0 match in the clear and start mode.

Caution Inacascade connection, the count becomes 00H by clearing bit 7 (TCE5) of 8-bit timer mode
control register 5 (TMC5) and bit 7 (TCE6) of 8-bit timer mode control register 6 (TMC6).

Remark n=5,6

8-bit compare register (CR50, CR60)

The value setin CR50 and CR60 are compared to the count in 8-bit timer counter 5 (TM5) and 8-bit timer counter
6 (TM6), respectively. If the two values match, interrupt requests (INTTM5, INTTMB8) is generated (except in
the PWM mode).

The values of CR50 and CR60 can be set in the range of 00H to FFH, and can be written during counting.

Caution Be sure to stop the timer operation before setting data in cascade connection mode. To
stop the timer operation, clear both bit 7 (TCE5) of TMC5 and bit 7 (TCE6) of TMC6.
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10.3 Control Registers
The following four registers control 8-bit timer/event counter 5, 6.

+ 8-bit timer mode control register 5, 6 (TMC5, TMC®6)
» Prescaler mode register 5, 6 (PRM5, PRM®6)

(1) 8-bit timer mode control register 5, 6 (TMC5, TMC®6)
The TMC5 and TMC6 registers make the following six settings.

<1> Controls the counting for 8-bit timer counter 5, 6 (TM5, TM6).

<2> Selects the operating mode of 8-bit timer counter 5, 6 (TM5, TM6).

<3> Selects the individual mode or cascade mode.

<4> Sets the state of the timer output.

<5> Controls the timer output or selects the active level during the PWM (free-running) mode.
<6> Controls timer output.

TMC5 and TMC6 are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC5 and TMC6 to 00H.
Figures 10-2 and 10-3 show the TMC5 format and TMC6 format respectively.
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Figure 10-2. Format of 8-Bit Timer Mode Control Register 5 (TMC5)

Address: OFF68H After reset: 0O0OH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC5 TCE5 TMC56 0 0 LVS5 LVR5 TMC51 TOES5
TCE5 TM5 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC56 TM5 operating mode selection
0 Clear and start mode when TM5 and CR50 match.
1 PWM (free-running) mode

LVS5 LVR5 Timer output control by software

0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC51 Other than PWM mode (TMC56 = 0) PWM mode (TMC56 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOES5 Timer output control
0 Disable output (port mode)
1 Enable output

Caution  When selecting the TM5 operation mode using TMC56, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE5 = 0.
2. If LVS5 and LVR5 are read after setting data, 0 is read.
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Figure 10-3. Format of 8-Bit Timer Mode Control Register 6 (TMC6)

Address: OFF69H After reset: O0OH R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC6 TCE6 TMC66 0 TMC64 LVS6 LVR6 TMC61 TOE6

TCE6 TM6 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC66 TM6 operating mode selection
0 Clear and start mode when TM6 and CR60 match
1 PWM (free-running) mode

TMC64 Individual mode or cascade connection mode selection
0 Individual mode
1 Cascade connection mode (connection with TM5)

LVS6 LVR6 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC61 Other than PWM mode (TMC66 = 0) PWM mode (TMC66 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE6 Timer output control
0 Disable output (port mode)
1 Enable output

Caution When selecting the TM6 operation mode using TMC66 or selecting discrete/cascade
connection mode using TMC64, stop the timer operation in advance. To stop the timer
operation during cascade connection, clear both bit 7 (TCE5) of 8-bit timer mode control

register 5 (TMCS5) and bit 7 (TCE6) of TMC6.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE6 = 0.
2. If LVS6 and LVR6 are read after setting data, 0 is read.
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(2) Prescaler mode register 5, 6 (PRM5, PRM®6)
This register sets the count clock of 8-bit timer counter 5, 6 (TM5, TM6) and the valid edge of TI5, TI6
inputs.
PRM5 and PRMS6 are set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets PRM5 and PRM6 to 00H.

Figure 10-4. Format of Prescaler Mode Register 5 (PRM5)

Address: OFF6CH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM5 0 0 0 0 0 TCL52 TCL51 TCL50
TCL52 TCL51 TCL50 Count clock selection
0 0 0 Falling edge of TI5
0 0 1 Rising edge of TI5
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM5, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM5 to 0.
3. When specifying the valid edge of TI5 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 10-5. Format of Prescaler Mode Register 6 (PRM6)

Address: OFF6DH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM6 0 0 0 0 0 TCL62 TCL61 TCL60
TCL62 TCL61 TCL60 Count clock selection
0 0 0 Falling edge of TI6
0 0 1 Rising edge of TI6
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM6, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM6 to 0.
3. When specifying the valid edge of TI6 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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10.4 Operation

10.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 50, 60 (CR50, CR60).

If the count in 8-bit timer counter 5, 6 (TM5, TM6) matches the value set in CR50, CR60, the value of TM5, TM6
is cleared to 0, counting continues, and the interrupt request signals (INTTM5, INTTM6) are generated.

The TM5 and TM6 count clocks can be selected with bits 0 to 2 (TCLn0 to TCLn2) in prescaler mode register 5,
6 (PRM5, PRMS6).

<Setting method>

<1> Set each register.

« PRMn:  Selects the count clock.

* CRnO: Compare value

e TMCn: Selects the clear and start mode when TMn and CRn0O match.

(TMCn = 0000xxx0B, x is don’t care)

<2> When TCEn = 1 is set, counting starts.
<3> When the values of TMn and CRn0 match, INTTMn is generated (TMn is cleared to O0H).
<4> Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=5,6
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Figure 10-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

ot

) ) i\

TMn count ooH XotHX /X N XoonXotHX / X N XooHXoX / X n X
N \T A \0 A \T !
fStar‘[ count :Clear :Clear
i\ 1 \) 1 i\ 1

T 3 ) 3 i
— — — —
TCEn | | ¢ : ! : ! :
T = 2 ] — —
! LA LA 1
3 ! Interrupt request received | Interrupt request received
: | ) | :
o ) | ) | ) [
i Interval time ; Interval time ; Interval time ;

Remarks 1. Interval time = (N + 1) xt; N = 00H to FFH

2. n=5,6
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Figure 10-6. Timing of Interval Timer Operation (2/3)

(b) When CRn0 = 00H

|
Count clock |‘|||||||||||||
|

00H ' OOH w w w

TMn O0H

00H

|
INTTMn‘IlllIlIlIlIl

| |
| L |
TOn | [
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| 3‘_4
Interval time
(¢) When CRn0O = FFH
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[ E———
| |
Count clock l\lllll )]Illlllllll )) ||||||||||
|
| | |
T™n C JotH | )/ [ FEH | FFH | ooH | // [ FEH | FFH | ooH |
I ' | |
CRnO | FFH // FFH // FFH |
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TCEn | |
— : i
| | |
INTTMn )) |_| )) |_|
T( A T/ A
i Interrupt request received i Interrupt
! N ' request
TOn . 7( received
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I |
I Interval time !

Remark n=5,6
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Figure 10-6. Timing of Interval Timer Operation (3/3)

(d) Operated by CRnO transition (M < N)

Countclock|||||||||||||||||||||||

| |
T™n N| ooH | | m | | N | | FFH [ ooH | | ™

| | 00H |
 — ;
roen ; ; ;
INTTMn [ ] | [
ron_| 4 } |
CRnO transition Tl\ﬁln overflows since M < N.

(e) Operated by CRnO transition (M > N)

Countclock||||||||||||||||||I||||

|
T™n  [N-1] N JooH | 01H] [ N ] [M-1] M | ooH| o1H |
| | |
CRn0 N | X M ;
| | |
TCEn H | ! |
| | |
INTTMn 1 []
1
| | |
TOn I | |
4
CRnNO transition

Remark n=5,6
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10.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to TI5/P100 and TI16/P101
pins with 8-bit timer counter 5, 6 (TM5, TM6).

Each time a valid edge specified in prescaler mode register 5, 6 (PRM5, PRM®6) is input, TM5 and TM6 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM5 and TM6 matches the values of 8-bit compare register 50, 60 (CR50, CR60), the TM5 and
TM6 are cleared to 0 and the interrupt request signal (INTTM5, INTTM6) is generated.

INTTMS5 and INTTM®6 are generated each time when the value of the TM5 and TM6 matches with the value of CR50
and CR60.

Figure 10-7. Timing of External Event Counter Operation (with Rising Edge Specified)

Tlnpmlnput||||||||||||||||||||||||||||

A\

TMncount X 00H X 01H X 02H X 03H X 04H X 05H X // XN-1X N S(OOHX01HX02HX03HX

\

\
CRnO N (
\

INTTMn |_|

Remark N = 00H to FFH
n=56
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10.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 50, 60 (CR50, CR60).
By setting bit 0 (TOE5, TOEBS) of 8-bit timer mode control register 5, 6 (TMC5, TMCB6) to 1, the output state of TO5,
TOB6 is inverted with the count preset in CR50, CR60 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

» Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
« PRMn: Select the count clock.

« CRn0: Compare value

« TMCn: Clear and start mode when TMn and CRn0 match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled — TOEn = 1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRn0 match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to O0H.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=5,6
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10.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC56, TMC66) of 8-bit timer mode control register 5, 6 (TMC5, TMCB6) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 50, 60 (CR50, CR60) is output
from TO5, TOS6.

Set the width of the active level of the PWM pulse in CR50, CR60. The active level can be selected by bit 1 (TMC51,
TMC61) in TMC5, TMC6.

The count clock can be selected by bits 0 to 2 (TCLn0 to TCLn2) of prescaler mode register 5, 6 (PRM5, PRM6).

The PWM output can be enabled and disabled by bit 0 (TOE5, TOES6) of TMC5, TMC6.

(1) Basic operation of the PWM output

<Setting method>

<1> Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
<2> Set the active level width in the 8-bit compare register (CRn0).

<3> Select the count clock in prescaler mode register n (PRMn).

<4> Set the active level in bit 1 (TMCn1) of TMCn.

<5> Set bit 0 of TMCn (TOERN) to 1 to enable timer output.

<6> If bit 7 (TCEn) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1> When counting starts, the PWM output (output from TOn) outputs the inactive level until an overflow occurs.

<2> When the overflow occurs, the active level is output. The active level is output until CRn0 and the count of 8-
bit timer counter n (TMn) match.

<3> The PWM output after CRn and the count match is the inactive level until an overflow occurs again.

<4> Steps <2> and <3> repeat until counting stops.

<5> If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=5,6
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Figure 10-8. Timing of PWM Output

(a) Basic operation (active level = H)

Count clock mwmwm

TMn OdH 101H] /_IFFH[ooH[o1H]o2H] /I N IN+1 /) [FFHlooH[01H]O2H]  // IMi 00H
| | | | | | |
CRnO __ M (¢ X N (¢ (¢ X N (¢
CRI’]O | | | |
read value ‘ N (¢ ‘ N ‘ (c ‘ (C ‘ N ‘ (c ‘
TCEn _i & & & & |‘
| | | | | | |
INTTMn : )) |_I : )) : )) |_I : )) :
: A r A .
Ton_ : ‘ L
& !
f ! t f f
Reload Active level Inactive level  Reload Active level

(b) When CRnO = 0

Countclock _[TL ML Lo, ML LT L L LT T LT L L TR

TMn _00H JoiH[ )/ TFFH[ooH[0TH[o2HT /7 T N TN+ 1[N+ 2] // TFFH[ooH[0oH[o2H] ) TMT 00H
| | | |
CRn0 ™ M I X 00H (! R X 00H K ‘
| | | |
CR 0 | | | |
read value —__00H )/ GoH R (oo R
TCEn | P— & P — 2—

- ; ; I
| | | |
T — | 2 — 1 —
i & y s s i e y
Inactive level Reload Reload Inactive level

(c) When CRn0 = FFH

Count clock mwmwm

| | | | | | |
TMn _00H J01H] /(_|FFH]00H]01H]02H] /LN |N+1IN+2|N |FFH[ooH[01H]02H] — // IM] 00H
| | | | ! | |
CRNO M ) X___FrA R )X _FrH R,
1 1 1 1 ' 1 1
CRnO | | | | ! | |
read value ——H—(_ FFH_ /L A (—
| 5) ! ! 5) 5) ! ! ! 5) |
TCEn_l‘ T( : : T( T( ! 3 ! T( l
| | | | |
INTTMn : ) |_| : )) ) |_| | : ) :
[ T( [ w T( T( [ * w T( w
| | | 3y ) | ! ! ) !
Ton __. N [ . A AR S
(( |
f * * Reload ' * f
Inactive level Reload Active level Active level Inactive level
Inactive level
Remark n=5,6
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Figure 10-9. Timing of Operation Based on CRn0 Transitions
(a) When the CRn0 value changes from N to M before TMn overflows

%?é‘?&mmmmﬂmmm

TMn_] N IN+1[N+2 FFH] 0oHT01H [ 02H M M+ 1[M+2 FFHJ00HT 01H] 02H M M+ 1]M+2
| I+I+I‘//I ! | ! /1 |+|+I (1 I | I I /1 I+|+I

|
CRnO N ‘ /! X M (! {(l X M (!
CRno | I | | | | | |
read value N XV - R ‘ L ‘ M R ‘ |
L 1 ) L L ) L L L ) L
TCEn H ] S ] ] o ] « ] ] o ]
INTTMn 1 L M 1 5 1 M 1 3 1
| S | | C( | C | 1 C( 1
| | | | 3y | | ! b)) !
TOn_l | ” | | T( ] 0 | | T( |
4 4 4
CRnNO transition  Reload Reload
(N—> M)

(b) When the CRn0 value changes from N to M after TMn overflows

Count
cIockmwmmm
N|N+1|N+2| ?2 |FFH|00H|01H|02H|03H|?/|N|N+1|N+2| /! |FFH!00H|01H!02HI /L |M|+1|M+2I

|
|
CRnO ‘N X Y — ‘ XM R ‘
| | | } | | | |
oad nno N N W —— 2 ‘
| 3y | | I )y | 3y | | 3y |
TCEn H ; C ; ; ; C ; C ; ; C i
INTTMn 1 ) l_l 1 1 )) 1 ) l_l 1 b)) 1
I ¢ I I S I « I I ¢ I
i L D) | i ) |
Ton . L e
4 4 4
Reload CRnNO transition Reload
(N> M)

(c) When the CRn0 value changes from N to M during two clocks (00H, 01H) immediately after TMn
overflows

TMn _| N |N+1|N+2| /(L |FFH|00H|01H|02HI L/CIN IN+TIN+2] 7/ |FFH|00H|01H|02HI (1M |M+1|M+2I
‘ ‘ ‘ ‘ ‘
|

| |
CRn0 N X ‘ R ‘ R X ™M/ ‘
CR 0 L \ L L ! | |
readvalﬂe N (¢ X M [ M. (c ‘ M ¢ f
! )) ! ! )) ! ) | | )y |
TCEn H } ¢ : : T¢ : T¢ : : T¢ :
INTTMn ‘ ) l_l ‘ ) ‘ ) l_l ‘ ) ‘
| t | | e | ¢ | | ¢ |
D) D)
Ton T | 2 1 [ ¢ 1 2 1 | ¢ |
4 4
Reload & CRnO transition Reload
(N> M)

Remarks 1. n=1,2
2. CRnO(M): Master side, CRn0(S): Slave side
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10.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode

By setting bit 4 (TMC64) of 8-bit timer mode control register 6 (TMCB6) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 50, 60 (CR50, CR60) as the interval, the timer operates as an
interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>

<3>

<4>

Set each register.
« PRM5: TMS5 selects the count clock. TM6 connected in cascade are not used in setting.
* CRnO: Compare values (Each compare value can be set from 00H to FFH.)
*« TMCn: Select the clear and start mode when TMn and CRn0 match.
TM5 — TMC5 = 0000xxx0B, x: don’t care

[TMG — TMC6 = 0001xxx0B, x: don’t care }
Setting TCE6 = 1 for TMC6 and finally setting TCES = 1 in TMC5 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0O match, the INTTM5 of TM5 is generated.
(TM5 and TM6 are cleared to 00H.)
INTTMS are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR50, CR60) after stopping timer operation.

2. If TM6 count matches CR60 even when used in a cascade connection, INTTM6 of TM6 is
generated. Always mask TM6 in order to disable interrupts.

3. The TCES5, TCE6 setting begins at TM6. Set the TM5 last.

4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE5 of TMC5. Note,
however, that bit 7 (TCE5) of TMC5 and bit 7 (TCE6) of TMC6 must be cleared when setting
compare registers CR50 and CR60.

Figure 10-10 shows a timing example of the cascade connection mode with 16-bit resolution.
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Figure 10-10. Cascade Connection Mode with 16-Bit Resolution

Court _TLILrLnLr
ook = LT S UL LU UL UL UL UL
TM5 __00H, [01HI JOIN NI 22 TFEHIOOHT  // [FFHIOOHI )/ IFFHIOOHIOIHT /2 I N [00HIOTHI // IA!OOH

TM6 __00H, (L /L 101H // JooHT // M-1[M L 100H ({18 JooH
| , |
CR50 ‘ ((N (L I (L (L ! (L ‘
1 ‘ ‘
CR60 ‘ /M L /L /L /L ! /L ‘
1 ) ) ) )) ) ! )Y !
TCE5 l t( ( t( ( ( } t( L
3) 3) )) )) A ! )) !
TCE6 __ [ (¢ (¢ (¢ (¢ (¢ ; (¢ 1
| | |
INTTM5 ! ) ) 3 3 ) M 3 l
} (( (( (( (( (( I (( !
TO5 w ¥ ) Interval time ) A | 22 !
| (( (( (( (( (( I !
Enable Interrupt Operation
operation request stopped
Starting count generated

Level inverted
Counter cleared

10.5 Cautions
(1) Error when the timer starts
The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason

is the starting of 8-bit timer counter 5, 6 (TM5, TM6) is asynchronous with respect to the count pulse.

Figure 10-11. Start Timing of 8-Bit Timer Counter

Count pulse j \ / \ /_\_/_\_/_\_

TMS, TM6 count 00H X oH X o02H X 034 X 04H

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 50, 60 (CR50, CR60) changes is less than the value of the 8-bit timer
counter (TM5, TM6), counting continues, overflows, and counting starts again from 0. Consequently, when the
value (M) after CR50, CR60 changes is less than the value (N) before the change, the timer must restart after
CR50, CR60 changes.

Figure 10-12. Timing After Compare Register Changes During Timer Counting

Count pulse _/_\ / \ / \_“_/ \ / \ /_\_/_\_

CR50, CR60 N X / M
\\

\
T™s, TMecont X_ x-1_ X x X /D( FFFFH X 0000H X 0001H X 0002H

Caution Except when the TI5, TI6 input is selected, always set TCE5 = 0, TCE6 = 0 before setting
the STOP mode.

Remark N> X>M

(3) TM5, TM6 read out during timer operation
Since the count clock stops temporarily when TM5 and TM6 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.
When reading TM5 and TM6 in cascade connection mode, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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11.1 Functions

8-bit timer/event counter 7, 8 (TM7, TM8) have the following two modes.

» Mode using 8-bit timer/event counter 7, 8 (TM7, TM8) alone (individual mode)
» Mode using the cascade connection (16-bit resolution: cascade connection mode)

These two modes are described next.

(1) Mode using 8-bit timer/event counter 7, 8 alone (individual mode)
The timer operates as an 8-bit timer/event counter.
It can have the following functions.

* Interval timer

» External event counter
» Square wave output
 PWM output

(2) Mode using the cascade connection (16-bit resolution: cascade connection mode)
The timer operates as a 16-bit timer/event counter by connecting in cascade.
It can have the following functions.

« Interval timer with 16-bit resolution

» External event counter with 16-bit resolution
» Square wave output with 16-bit resolution
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11.2 Configuration

8-bit timer/event counter 7, 8 are constructed from the following hardware.

Table 11-1. 8-Bit Timer/Event Counter 7, 8 Configuration

ltem

Configuration

Timer counter

8 bits x 2 (TM7, TM8)

Register

8 bits x 2 (CR70, CR80)

Timer output

2 (TO7, TO8)

Control register

8-bit timer mode control register 7 (TMC7)
8-bit timer mode control register 8 (TMC8)
Prescaler mode register 7 (PRM7)
Prescaler mode register 8 (PRM8)

Figure 11-1.

Block Diagram of 8-Bit Timer/Event Counter 7, 8 (1/2)

(1) 8-bit timer/event counter 7

Internal bus

TM8 compare match

TI7 O—

Edge detector

fxx/22 —=
fxx/2% —
fxx/24 —=
fxx/2% —=
fxx/27 ——=

Selector

J
8-bit compare
register 70 (CR70)

{} Match
1t :

8-bit timer

Mask circuit

fxx/2% —=

counter 7 (TM7)

Selector

INTTM7

To TM8

Clear |NTTM8
Selectorl‘

[ [ ]

Output
controller

—O TO7

[ ToL72 | ToL7

| ToL70 |

[TOE7[TMC78] 0 | Lvs7 | LVR7 | TMCT7 | TOET |

Prescaler mode
register 7 (PRM7)

8-bit timer mode
control register 7 (TMC7)

Internal bus
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Figure 11-1. Block Diagram of 8-Bit Timer/Event Counter 7, 8 (2/2)

(1) 8-bit timer/event counter 8

S Internal bus S
TI8 O—— Edge detector 8-b?t compare - Selector INTTM8
o p— register 80 (CR80) 5
(&)
f 23 _ =
fxi//Z . 5 @ Match %
X e <
bos2® —~ g ﬁ =
7 ]
P 29 8-bit timer T
bov/2 > counter 8 (TM8)
™7 overﬂow—»_ Clear
SelectorI
Output
controller © TO8

|TOE8 \TMCBG\TMCM\ LVS8 \ LVR8 \ TMC8 ‘TOE8|

[ ToLs2 | TcLst | TCL8O |

Prescaler mode 8-bit timer mode
register 8 (PRM8) control register 8 (TMC8)

Internal bus
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(1) 8-bit timer counter 7, 8 (TM7, TM8)
TM7 and TM8 are 8-bit read-only registers that count the count pulses.
The counter is incremented synchronous to the rising edge of the count clock. When the count is read out during
operation, the count clock input temporarily stops and the count is read at that time. In the following cases, the
count becomes 00H.

<1> RESET is input.
<2> TCEn is cleared.
<3> TMn and CRn0 match in the clear and start mode.

Caution Inacascade connection, the count becomes 00H by clearing bit 7 (TCE7) of 8-bit timer mode
control register 7 (TMC7) and bit 7 (TCE8) of 8-bit timer mode control register 8 (TMC8).

Remark n=7,8

(2) 8-bit compare register (CR70, CR80)
The value setin CR70 and CR80 are compared to the count in 8-bit timer counter 7 (TM7) and 8-bit timer counter
8 (TM8), respectively. If the two values match, interrupt requests (INTTM7, INTTMS8) is generated (except in
the PWM mode).
The values of CR70 and CR80 can be set in the range of 00H to FFH, and can be written during counting.

Caution  While the timers are connected in cascade, always set data after stopping the timer. To
stop timer operation, clear both bit 7 of TMC7 (TCE7) and bit 7 of TMC8 (TCES).
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11.3 Control Registers

The following four registers control 8-bit timer/event counter 7, 8.

8-bit timer mode control register 7, 8 (TMC7, TMC8)
Prescaler mode register 7, 8 (PRM7, PRM8)

(1) 8-bit timer mode control register 7, 8 (TMC7, TMCS8)
The TMC7 and TMC8 registers make the following six settings.

240

<1>
<2>
<3>
<4>
<5>

<6>

Controls the counting for 8-bit timer counter 7, 8 (TM7, TM8)

Selects the operating mode of 8-bit timer counter 7, 8 (TM7, TM8)

Selects the individual mode or cascade mode

Sets the state of the timer output

Controls the timer output or selects the active level during the PWM (free-running) mode
Controls timer output

TMC7 and TMCS8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC7 and TMC8 to 00H.
Figures 11-2 and 11-3 show the TMC7 format and TMC8 format respectively.
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Figure 11-2. Format of 8-Bit Timer Mode Control Register 7 (TMC7)

Address: OFF6AH After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC7 TCE7 TMC76 0 0 LvS7 LVR7 TMC71 TOE7

TCE7 TM7 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC76 TM?7 operating mode selection
0 Clear and start mode when TM7 and CR70 match.
1 PWM (free-running) mode

LvVS7 LVR7 Timer output control by software
0 0 No change
0 1 Reset (to 0).
1 0 Set (to 1).
1 1 Setting prohibited

TMC71 Other than PWM mode (TMC76 = 0) PWM mode (TMC76 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOE7 Timer output control
0 Disable output (port mode)
1 Enable output

Caution  When selecting the TM7 operation mode using TMC76, stop the timer operation in advance.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE7 = 0.

2.

If LVS7 and LVR7 are read after setting data, 0 is read.
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Figure 11-3. Format of 8-Bit Timer Mode Control Register 8 (TMC8)

Address: OFF6BH After reset: 00H R/W

242

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC8 TCES8 TMC86 0 TMC84 LVS8 LVR8 TMC81 TOES8
TCES8 TM8 count control
0 Counting is disabled (prescaler disabled) after the counter is cleared to 0.
1 Start counting

TMC86 TM8 operating mode selection
0 Clear and start mode when TM8 and CR80 match
1 PWM (free-running) mode

TMC84 Individual mode or cascade connection mode selection
0 Individual mode
1 Cascade connection mode (connection with TM7)

LVS8 LVR8 Timer output control by software
0 0 No change
0 1 Reset (to 0)
1 0 Set (to 1)
1 1 Setting prohibited

TMC81 Other than PWM mode (TMC86 = 0) PWM mode (TMC86 = 1)

Timer output control Active level selection

0 Disable inversion operation Active high
1 Enable inversion operation Active low

TOES8 Timer output control
0 Disable output (port mode)
1 Enable output

Caution When selecting the TM8 operation mode using TMC86 or selecting the discrete/cascade

connection mode using TMC84, stop the timer operation in advance. To stop the timer
operation during cascade connection, clear both bit 7 (TCE7) of 8-bit timer mode control

register 7 (TMC7) and bit 7 (TCES8) of TMC8.

Remarks 1. In the PWM mode, the PWM output is set to the inactive level by TCE8 = 0.

2.

If LVS8 and LVR8 are read after setting data, 0 is read.
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(2) Prescaler mode register 7, 8 (PRM7, PRM8)
This register sets the count clock of 8-bit timer counter 7, 8 (TM7, TM8) and the valid edge of T17, TI8
inputs.
PRM7 and PRMS8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRM7 and PRMS8 to 00H.

Figure 11-4. Format of Prescaler Mode Register 7 (PRM7)

Address: OFF6EH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM7 0 0 0 0 0 TCL72 TCL71 TCL70
TCL72 TCL71 TCL70 Count clock selection
0 0 0 Falling edge of T17
0 0 1 Rising edge of T17
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM7 is written, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRM7 to 0.
3. When specifying the valid edge of TI7 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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Figure 11-5. Format of Prescaler Mode Register 8 (PRM8)

Address: OFF6FH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRM8 0 0 0 0 0 TCL82 TCL81 TCL80
TCL82 TCL81 TCL80 Count clock selection
0 0 0 Falling edge of TI8
0 0 1 Rising edge of TI8
0 1 0 fxx/4 (3.13 MHz)
0 1 1 fxx/8 (1.56 MHz)
1 0 0 fxx/16 (781 kHz)
1 0 1 fxx/32 (391 kHz)
1 1 0 fxx/128 (97.6 kHz)
1 1 1 fxx/512 (24.4 kHz)

Cautions 1. If writing data different than that of PRM8 is written, stop the timer beforehand.
2. Be sure to set bits 3 to 7 of PRMS8 to 0.
3. When specifying the valid edge of TI8 for the count clock, set the count clock to fxx/4 or
below.

Remark Figures in parentheses apply to operation with fxx = 12.5 MHz.
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11.4 Operation

11.4.1 Operation as interval timer (8-bit operation)

The timer operates as an interval timer that repeatedly generates interrupt requests at the interval of the preset
count in 8-bit compare register 70, 80 (CR70, CR80).

If the count in 8-bit timer counter 7, 8 (TM7, TM8) matches the value set in CR70, CR80, simultaneous to clearing
the value of TM7, TM8 to 0 and continuing the count, the interrupt request signal (INTTM7, INTTMS8) is generated.

The TM7 and TM8 count clocks can be selected with bits 0 to 2 (TCLn0 to TCLn2) in prescaler mode register 7,
8 (PRM7, PRMS).

<Setting method>

<1> Set each register.

« PRMn:  Selects the count clock.

+ CRnO: Compare value

* TMCn: Selects the clear and start mode when TMn and CRn0 match.

(TMCn = 0000xxx0B, x is don’t care)

<2> When TCEn = 1 is set, counting starts.
<3> When the values of TMn and CRn0 match, INTTMn is generated (TMn is cleared to 00H).
<4> Then, INTTMn is repeatedly generated during the same interval. When counting stops, set TCEn = 0.

Remark n=7,8
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Figure 11-6. Timing of Interval Timer Operation (1/3)

(a) Basic operation

0 0 N
TMn count ooH XotHX / X N Xoon)XoHX / X N XoonXomX / X n X

A \T A \T A \T

fStart count :Clear :Clear

0 | 0 | i |

- y ) 3 I

— — N —

TCEn | | “ | ! | i |
NTTMn ? [ 2 [] 0 [

! LA LA |

' Interrupt request received | Interrupt request received

: | )) | :
o ) | ) | ) [

i Interval time ; Interval time ; Interval time ;

Remarks 1. Interval time = (N + 1) x t; N = 00H to FFH

2. n=7,8
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Figure 11-6. Timing of Interval Timer Operation (2/3)

(b) When CRnO = 00H

|
Count clock |‘|||||||||||||
|

00H ' OOH w w w

TMn O0H

|
INTTMn‘IlllIlIlIlIl

| |
| L |
TOn | [
- ‘
| 3‘_4
Interval time
(¢) When CRnO = FFH
ot
[ E———
| |
Count clock l\lllll )]Illlllllll )) ||||||||||
|
| | |
T™n C JotH | )/ [ FEH | FFH | ooH | // [ FEH | FFH | ooH |
I ' | |
CRn0 ! FFH // FFH! // FFH '
1 ) 1 ) |
TCEn | |
— : i
| | |
INTTMn )) |_| )) |_|
T( A T/ A
i Interrupt request received i Interrupt
! N ' request
TOn . 7( received
T/
I |
I Interval time !

Remark n=7,8
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Figure 11-6. Timing of Interval Timer Operation (3/3)

(d) Operated by CRnO transition (M < N)

Countclock|||||||||||||||||||||||

| |
T™Mn N| ooH | [ ™M | [ N | | FFH | ooH | | ™

|
| ooH |
| 1 | |
CRn0 N X Y 1
| | | |
TCEn 1 H i 1 1
| | | |
INTTMn | | ! l []
| | | |
Ton_| | | I
4 4
CRnO transition TMn overflows since M < N

(e) Operated by CRnO transition (M > N)

Countclock||||||||||||||||||I||||

|
T™n [N-1] N JooH [ 01H] [ N ] [M—-1] M | ooH| o1H |
| | |
CRnO N X M 1
| | |
TCEn H ! ! |
| | |
INTTMn 1 []
| : |
TOn | | |
4
CRnO transition

Remark n=7,8
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11.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses that are input to TI7/P102 and TI8/P103
pins with 8-bit timer counter 7, 8 (TM7, TM8).

Each time a valid edge specified in prescaler mode register 7, 8 (PRM7, PRM8) is input, TM7 and TM8 are
incremented. The edge setting is selected to be either a rising edge or falling edge.

If the counting of TM7 and TM8 matches with the values of 8-bit compare register 70, 80 (CR70, CR80), the TM7
and TM8 are cleared to 0 and the interrupt request signal (INTTM7, INTTM8) is generated.

INTTM7 and INTTM8 are generated each time when the value of the TM7 and TM8 matches with the value of CR70
and CR80.

Figure 11-7. Timing of External Event Counter Operation (with Rising Edge Specified)

Tlnpmmput||||||||||||||||||||||||||||

A\

TMncount X 0oH X 01H X 02H X 03H X 04H {osH X // XN-1X N s(OOHXO1HX02HX03HX

\\

\

)
CRnO N /
\

INTTMn |_|

Remark N = 00H to FFH
n=7,8
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11.4.3 Operation as square wave output (8-bit resolution)
A square wave having any frequency is output at the interval preset in 8-bit compare register 70, 80 (CR70, CR80).
By setting bit 0 (TOE7, TOES) of 8-bit timer mode control register 7, 8 (TMC7, TMC8) to 1, the output state of TO7,
TO8 is inverted with the count preset in CR70, CR80 as the interval. Therefore, a square wave output having any
frequency (duty cycle = 50 %) is possible.

<Setting method>

<1>

<2>

<3>

<4>

Set the registers.

» Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
« PRMn: Select the count clock.

« CRn0: Compare value

* TMCn: Clear and start mode when TMn and CRn0 match.

LVSn LVRn Timer Output Control by Software
1 0 High level output
0 1 Low level output

Inversion of timer output enabled
Timer output enabled — TOEn = 1

When TCEn = 1 is set, the counter starts operating.

If the values of TMn and CRn0 match, the timer output inverts. Also, INTTMn is generated and TMn is cleared
to 0O0H.

Then, the timer output is inverted for the same interval to output a square wave from TOn.

Remark n=7,8
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11.4.4 Operation as 8-bit PWM output

By setting bit 6 (TMC76, TMC86) of 8-bit timer mode control register 7, 8 (TMC7, TMCS8) to 1, the timer operates
as a PWM output.

Pulses with the duty cycle determined by the value set in 8-bit compare register 70, 80 (CR70, CR80) is output
from TO7, TOS8.

Set the width of the active level of the PWM pulse in CR70, CR80. The active level can be selected by bit 1 (TMC71,
TMC81) in TMC7, TMCS.

The count clock can be selected by bits 0 to 2 (TCLn0 to TCLn2) of prescaler mode register 7, 8 (PRM7, PRM8).

The PWM output can be enabled and disabled by bit 0 (TOE7, TOES8) of TMC7, TMC8.

(1) Basic operation of the PWM output

<Setting method>

<1> Set the port latch, which also functions as a timer output pin and the port mode register, to 0.
<2> Set the active level width in the 8-bit compare register (CRn0).

<3> Select the count clock in prescaler mode register n (PRMn).

<4> Set the active level in bit 1 (TMCn1) of TMCn.

<5> Set bit 0 of TMCn (TOERN) to 1 to enable timer output.

<6> If bit 7 (TCEn) of TMCn is set to 1, counting starts. When counting stops, set TCEn to 0.

<PWM output operation>

<1> When counting starts, the PWM output (output from TOn) outputs the inactive level until an overflow occurs.

<2> When the overflow occurs, the active level is output. The active level is output until CRn0 and the count of 8-
bit timer counter n (TMn) match.

<3> The PWM output after CRn0 and the count match is the inactive level until an overflow occurs again.

<4> Steps <2> and <3> repeat until counting stops.

<5> If counting is stopped by TCEn = 0, the PWM output goes to the inactive level.

Remark n=7,8
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Figure 11-8. Timing of PWM Output

(a) Basic operation (active level = H)

Count clock mwmw

TMn —GOH [otH[ /! TFFH[ooH[o1HJo2H] )/ T N IN+ 1/ TFFH[ooH[o1HJo2H] / TM] ooH
I | | | | I I

CRn0___ M X N R ——X N
CRnO | | | | |
read value — N (C ‘ N ‘ i ‘ I ‘ N ‘ (L ‘
TCEn_| P — —— ——]
| | | | | | |
INTTMn : D) |_I : D) : D) |_I : D) :
: C( : : (( : (( : : C( :
D)
Ton__ ; g IS e BN
L (\(\ I
! } ! 4 !
Reload Active level Inactive level  Reload Active level

(b) When CRn0 =0

Countelock [T ML Lo, M LT LT LT L T T LT L TLLL

TMn _00H Jo1H]  // [FFHJooH[O1H]02H] /) | N IN+1IN+2] // [FFH[oOH[01H]02H] // [M] 0OH

CRn0O__ T M /! X 00H N (L X 00H i ‘
| | | |
CR 0 L . ! |
read valﬂe O0H (¢ . O0H (L U " 00H )/ ‘
! 5 ‘ )3 N \ N |
TCEn T( T( T( T(
— | | L
| | | |
INTTMn i M ) » M ; |
Ton — 2 — —
} t } f
Inactive level Reload Reload Inactive level

(c) When CRnO = FFH

Countetock TTLILM L LML LML T LML FLL UL L T L

| | | | | | |
TMn _00H JoiH] )/ TFFH[0oRT01H[02A] )/ T N IN+ 1N + 2/ [FFH[00R[0TH[02H] )/ M _OOH
|

CRNO M (__X___FrA R )X _FrH R
1 1 1 1 ' 1 1
CRI"IO | | | | ! | |
read value — FFH (c ‘ FFH ‘ (c (c ‘ FEH ‘ (c ‘
I 5) ! ! ) y) ! ! ! 5) |
TCEn T( | | T( T( | T | T(
— o o —
|
INTTMn : ) |_| : ) )) |_| ! : )) :
[ T( [ w T( T( [ ‘ w T( w
! ! ! )) )) ! : ! )) !
Ton_| N [ . A AR S
(( |
* * * Reload ' * f
Inactive level Reload Active level b Active level Inactive level
Inactive level

Remark n=7,8
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Figure 11-9. Timing of Operation Based on CRn0 Transitions

(a) When the CRnO value changes from N to M before TMn overflows

Count

doce T MMM, LML LML LML L UL L L L L UL

TMn_| N IN+2IN+2I (! IFFHIO0HI01HI02HI (I M +1|M+2I I IFFHIOOHI01HI02HI (I Mm] +1|M+2I

1 ' | T

| 1 I 1 I I
CRnO N . (! X M /! . /! X M i .

1 1 1 1 1 1 1 1

ead o0 N X M 2 2 Y R—

: : D) : : D)) : ) : : D) :
TCEn H 1 1 (€ | | T( | T( | I T( |

1 1 1 1 1 1

INTTMn ! ) I_I ! 5) ! y) I_I ! y) !

| A | | o | v | | N |

TOn l X 22 X | ¢ ] 2 X | ¢ L
4 4 4
CRnO transition Reload Reload

(N—>M)

(b) When the CRnO value changes from N to M after TMn overflows

%?Sgémmmmmmmm

------l [N IN+2IN+2I )l IFFHIOOHI01HI02HI P LY Ii'_M+2I
: I I
CRn0O . N X X . N . X . X X M X .
1 1 1 1 1 1 1 1
road A0 - N X M 2! Y 2!
. D) : : : D) : D) : : D) :
TCEn H 1 e 1 1 ¢ 1 e 1 1 e 1
INTTMn : b)) I_I : : ) : ) I_I : ) :
1 ( 1 1 i ( 1 ( 1 1 ( 1
1 1 D) 1 1 D) 1
Ton 1 , | f e | 5 | f T |
o 4 4 4
Reload CRnO transition Reload
(N—>M)

(c) When the CRn0 value changes from N to M during two clocks (00H, 01H) immediately after TMn overflows

%?:Q&mmmmmmm

TMn _IN |N+2|N+2| (( |FFH|00H|01H|02H| 1/ IN |N+2!N+2| (( |FFH|00H|01H|02H| (1M IM +1|M+2|
! ! | 1 | |
CRnO X N I A S— - .
1 1 1 1 1 1 1
ead oang N/ X VR M 2 VI
X ) X X Y X ) X X ) X
TCEn H 1 e 1 1 N 1 e 1 1 e 1
INTTMn X ) M X Y X 5 1 X ) X
| e [ | N | e [ | e |
1 D)) i 1 D) i
Ton 1 B I f ‘ | o I f T L
4 4
Reload & CRnO transition Reload

(N>M)

Remarks 1. n=7,8

2. CRnO (M): Master side, CRnO (S): Slave side
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11.4.5 Operation as interval timer (16-bit operation)

Cascade connection (16-bit timer) mode

By setting bit 4 (TMC84) of 8-bit timer mode control register 8 (TMC8) to 1, the timer enters the timer/counter
mode with 16-bit resolution.

With the count preset in 8-bit compare register 70, 80 (CR70, CR80) as the interval, the timer operates as an
interval timer by repeatedly generating interrupt requests.

<Setting method>

<1>

<2>

<3>

<4>

Set each register.
« PRM7: TM7 selects the count clock. TM8 connected in cascade are not used in setting.
* CRnO: Compare values (Each compare value can be set from 00H to FFH.)
*« TMCn: Select the clear and start mode when TMn and CRn0 match.

[TM? — TMC7 = 0000xxx0B, x: don’t care

TM8 — TMC8 = 0001xxx0B, x: don’t care}

Setting TCE8 = 1 for TMC8 and finally setting TCE7 = 1 in TMC7 starts the count operation.
If the values of TMn of all timers connected in cascade and CRn0O match, the INTTM7 of TM7 is generated.
(TM7 and TM8 are cleared to 00H.)
INTTM7 are repeatedly generated at the same interval.

Cautions 1. Always set the compare register (CR70, CR80) after stopping timer operation.

2. If TM8 count matches CR80 even when used in a cascade connection, INTTM8 of TM8 is
generated. Always mask TM8 in order to disable interrupts.

3. The TCE7, TCES8 setting begins at TM8. Set the TM7 last.

4. Restarting and stopping the count is possible by setting 1 or 0 only in TCE7 of TMC7. Note,
however, that bit 7 (TCE7) of TMC7 and bit 7 (TCE8) of TMC8 must be cleared when setting
compare registers CR70 and CR80.

Figure 11-10 shows a timing example of the cascade connection mode with 16-bit resolution.
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Figure 11-10. Cascade Connection Mode with 16-Bit Resolution

Court _TLILrLnLr
ook = LT S UL LU UL UL UL UL
TM7 _OOH. T0TH[ /TN IN:1 )/ TFFHIOORT )/ TFFAIQOAT )/ IFFHIOOHIOTHT )/ TN T00HIOTHT )/ T A JO0H
! |
TM8 —00H. 0L 0L [oH )/ [ooAl )/ M—11M™ 0L [o0H ( _TB IR
| ‘ X
CR70 | ((N (L a4 (L (L ! (L ‘
1 ‘ ‘
CR80 \ /(M /L WY WY L ! /L ‘
1 ) ) )) )) ) ! )) !
TCE? l q q q q q ‘ q L_
3 3 3) 3 3 ! 3) !
TCE8 __ [ (¢ (¢ (¢ (¢ (¢ ; (¢ 1
| | |
INTTM?7 ! ) ) 3 3 ) M 3 l
; q T T( q T( j T( 1
TO7 w ¥ ) Interval time ) A | 22 !
‘ T q T( T( T w !
Enable Interrupt Operation
operation request stopped
Starting count generated

11.5 Cautions

(1) Error when the timer starts

Level inverted

Counter cleared

The time until the match signal is generated after the timer starts has a maximum error of one clock. The reason
is the starting of 8-bit timer counter 7, 8 (TM7, TM8) is asynchronous with respect to the count pulse.

Figure 11-11. Start Timing of 8-Bit Timer Counter Register

Count pulse _/_\_/_\_/ \ / \ / \

TM7, TM8 count 00OH

03H

X oH X o2H X

X o4

Timer starts
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(2) Operation after the compare register is changed while the timer is counting
If the value after 8-bit compare register 70, 80 (CR70, CR80) changes is less than the value of the 8-bit timer
counter (TM7, TM8), counting continues, overflows, and counting starts again from 0. Consequently, when the

value (M) after CR70, CR80 changes is less than the value (N) before the change, the timer must restart after
CR70, CR80 changes.

Figure 11-12. Timing After Compare Register Changes During Timer Counting

Count pulse _/_\_/ \_/ \_”_/ \ / \ / \ /_\_

CR70, CR80 N X VL
\\

)
TM7,TM800unt:X x-1 X x X /D( FFFFH X 0000H X 0001H X 0002H

Caution Except when the TI7, TI8 input is selected, always set TCE7 = 0, TCE8 = 0 before setting
the STOP mode.

Remark N> X>M

(3) TM7, TM8 read out during timer operation
Since the count clock stops temporarily when TM7 and TM8 are read during operation, select for the count clock
a waveform with a high and low level that exceed 2 cycles of the CPU clock.
When reading TM7 and TM8 in cascade connection mode, to avoid reading while the count is changing, take
measures such as obtaining a count match by reading twice using software.
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12.1 Function

CHAPT

The watch timer has the following functions:

* Watch timer
* Interval timer

ER 12 WATCH TIMER

The watch timer and interval timer functions can be used at the same time.

(1) Watch timer

The watch timer generates an interrupt request (INTWT) at time intervals of 0.5 seconds by using the main system
clock of 4.19 MHz or subsystem clock of 32.768 kHz.

Caution

(2) Interval timer

The watch timer generates an interrupt request (INTTM3) at time intervals specified in advance.

The time interval of 0.5 seconds cannot be created with the 12.5 MHz main system clock.
Use the 32.768 kHz subsystem clock to create the 0.5-second time interval.

Table 12-1. Interval Time of Interval Timer
Interval Time fxx = 12.5 MHz fxx = 4.19 MHz fxr = 32.768 kHz
211 % 1 /fxx 164 us 488 us 488 us
212 % 1/fxx 328 us 977 us 977 us
213 % 1/fxx 655 us 1.95 ms 1.95 ms
214 5 1/fxx 1.31 ms 3.91 ms 3.91 ms
215 % 1 /fxx 2.62 ms 7.81 ms 7.81 ms
216 5 1/fxx 5.24 ms 15.6 ms 15.6 ms

Remark fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
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12.2 Configuration
The watch timer consists of the following hardware.

Table 12-2. Configuration of Watch Timer

Item Configuration
Counter 5 bits x 1
Prescaler 9 bits x 1
Control register Watch timer mode control register (WTM)

Figure 12-1. Block Diagram of Watch Timer

S
Clear 3 5-bit counter INTWT
[0
n
fxx/27 5 9-bit prescaler Clear
5 | fw
% fw| fw| fw| fw| fw fw T
fxr — 0 /23| /25| 28| 27| 28| /29
S
3 INTTM3
[0
»n
|WTM7|WTM6|WTM5|WTM4|WTM3|WTM1 |WTMO|
Watch timer mode
control register (WTM) ‘ ‘
2 Internal bus 2

Remark fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
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12.3 Control Register

- Watch timer mode control register (WTM)
This register enables or disables the count clock and operation of the watch timer, sets the interval time of the
prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch flag.
WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WTM to 00H.

User’s Manual U13570EJ3V1UD 259



CHAPTER 12 WATCH TIMER

Figure 12-2. Format of Watch Timer Mode Control Register (WTM)

Address: OFFOCH  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 WTM3 0 WTMA1 WTMO
WTM7 Selects count clock of watch timer
0 Main system clock (fxx/27)
1 Subsystem clock (fxr)
WTM6 WTM5 WTM4 Selects interval time of prescaler
0 0 0 24/fw (488 us)
0 0 1 25/fw (977 us)
0 1 0 26/fw (1.95 ms)
0 1 1 27/fw (3.91 ms)
1 0 0 28/fw (7.81 ms)
1 0 1 2%fw (15.6 ms)
Other than above Setting prohibited
WTM3 Selects set time of watch flag
0 214/fw (0.5 s)
1 25/fw (977 us)
WTM1 Controls operation of 5-bit counter
0 Clear after operation stop
1 Start
WTMO Enables operation of watch timer
0 Operation stop (clear both prescaler and timer)
1 Operation enable

Cautions 1. Stop the timer operation before overwriting WTM.
2. Do not overwrite WTM when both the watch timer and interval timer are being used. If the
timer is stopped to overwrite WTM, both the prescaler and timer are cleared, causing an error
to occur in the watch timer interrupt (INTWT).

Remarks 1. fw: Watch timer clock frequency (fxx/27 or fx1)
fxx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
2. Figures in parentheses apply to operation with fw = 32.768 kHz.
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12.4 Operation

12.4.1 Operation as watch timer

The watch timer operates with time intervals of 0.5 seconds with the main system clock (4.19 MHz) or subsystem
clock (32.768 kHz).

The watch timer generates an interrupt request (INTWT) at fixed time intervals.

The count operation of the watch timer is started when bits 0 (WTMO0) and 1 (WTM?1) of the watch timer mode control
register (WTM) are set to 1. When these bits are cleared to 0, the 5-bit counter is cleared, and the watch timer stops
the count operation.

Only the watch timer can be started from zero seconds by clearing WTM1 to 0 when the interval timer operates
at the same time. In this case, however, the 9-bit prescaler is not cleared. Therefore, an error of up to 1/fw or 29
x 1/fw occurs at the first overflow (INTWT) after the watch timer has been started from zero seconds.

12.4.2 Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt request (INTTM3)
at intervals specified by a count value set in advance.

The interval time can be selected by bits 4 to 6 (WTM4 to WTMB6) of the watch timer mode control register (WTM).

Table 12-3. Interval Time of Interval Timer
WTM6 | WTM5 | WTM4 Interval time fxx = 12.5 MHz fxx = 4.19 MHz fxt = 32.768 kHz
0 0 0 24 x 1/fw 164 us 488 us 488 us
0 0 1 25 x 1/fw 328 us 977 us 977 us
0 1 0 26 % 1/fw 655 us 1.95 ms 1.95 ms
0 1 1 27 x 1/fw 1.31 ms 3.91 ms 3.91 ms
1 0 0 28 % 1/fw 2.62 ms 7.81 ms 7.81 ms
1 0 1 29 x 1/fw 5.24 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Cautions 1. Stop the timer operation before overwriting WTM.
2. Do not overwrite WTM when both the watch timer and interval timer are being used. If the
timer is stopped to overwrite WTM, both the prescaler and timer are cleared, causing an error

to occur in the watch timer interrupt (INTWT).

Remark fw: Watch timer clock frequency (fxx/27 or fxt)
fxx: Main system clock frequency

fxT: Subsystem clock oscillation frequency
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Figure 12-3. Operation Timing of Watch Timer/Interval Timer

Watch timer
OH
Overflow Overflow

St‘art : !

Countclock LML MMM, ML
| | |
Watch timer ! w |

interrupt INTWT 1 ) [1 2 ) [

| |
Interrupt time of watch timer 1 Interrupt time of watch timer 1
| |

Interval timer

|
|
|
. |
interrupt INTTM3 3 |‘ | ?? |—| !_l_?? |—|
|
|
|
I
|

-
Interval time !

M

Interval time :
) ‘

nT K nT

Caution When enabling operation of the watch timer mode control register (WTM), watch timer, and 5-
bit counter, the time until the first watch timer interrupt request (INTWT) is generated is not
exactly the same time as set by bits 4 to 6 of WTM (WTM4 to WTM6). This is because the 5-bit
counter starts counting 1 cycle after 9-bit prescaler output. Following the first INTWT generation,
the INTWT signal is generated at the set interval time.

Remark n: Number of interval timer operations
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The watchdog timer detects runaway programs.

Program or system errors are detected by the generation of watchdog timer interrupts. Therefore, at each location
in the program, the instruction that clears the watchdog timer (starts the count) within a constant time is input.

Ifthe watchdog timer overflows without executing the instruction that clears the watchdog timer within the set period,

a watchdog timer interrupt (INTWDT) is generated to signal a program error.

13.1 Configuration

Figure 13-1 shows a block diagram of the watchdog timer.

RUNNete
HALT
IDLE
STOP

Note Write 1 to bit 7 (RUN) of the watchdog timer mode register (WDM).

Figure 13-1. Watchdog Timer Block Diagram

fork = Watchdog timer
fewk/221
foLk/220
19
Clear signal fok/2
fewk/217

Remark fcik: Internal system clock (fxx to fxx/8), and subsystem clock

User’s Manual U13570EJ3V1UD

Selector

INTWDT

263



CHAPTER 13 WATCHDOG TIMER

13.2 Control Register

- Watchdog timer mode register (WDM)
The WDM is the 8-bit register that controls watchdog timer operation.
To prevent the watchdog timer from erroneously clearing this register due to a runaway program, this register is
only written by a special instruction. This special instruction has a special code format (4 bytes) in the MOV WDM,
#byte instruction. Writing takes place only when the third and fourth op codes are mutual 1’s complements.
If the third and fourth op codes are not mutual 1’s complements and not written, the operand error interrupt is
generated. In this case, the return address saved in the stack is the address of the instruction that caused the
error. Therefore, the address that caused the error can be identified from the return address saved in the stack.
If returning by simply using the RETB instruction from the operand error, an infinite loop results.
Since an operand error interrupt is generated only when the program is running wild (the correct special instruction
is only generated when MOV WDM, #byte is described in the RA78K4 NEC Electronics assembler), make the
program initialize the system.
Other write instructions (MOV WDM, A; AND WDM, #byte; SET1 WDM.7, etc.) are ignored and nothing happens.
In other words, WDM is not written, and interrupts, such as operand error interrupts, are not generated.
After a system reset (RESET input), when the watchdog timer starts (when the RUN bit is set to 1), the WDM
contents cannot change. Only areset can stop the watchdog timer. The watchdog timer can be cleared by a special
instruction.
The WDM can be read by 8-bit data transfer instructions.
RESET input sets WDM to 00H.
Figure 13-2 shows the WDM format.

264 User’s Manual U13570EJ3V1UD



CHAPTER 13 WATCHDOG TIMER

Figure 13-2. Watchdog Timer Mode Register (WDM) Format

Address: OFFC2H After reset: 00H R/W
Symbol 7 6 5 4 3 1 0
WDM RUN 0 0 WDT4 0 WDT2 WDTH1 0
RUN Watchdog timer operation setting
0 Stops the watchdog timer.
1 Clears the watchdog timer and starts counting.
WDT4 Watchdog timer interrupt request priority
0 Watchdog timer interrupt request
< NMI pin input interrupt request
1 Watchdog timer interrupt request
> NMI pin input interrupt request
WDT2 WDTH1 Count clock Overflow time [ms]
(ferk = 12.5 MHz)
0 0 fou/217 10.5
0 1 fow/219 41.9
1 0 foLk/220 83.9
1 1 foLk/221 167.8

Cautions 1. Only the special instruction (MOV WDM, #byte) can write to the watchdog timer mode register

(WDM).

2. When writing to WDM to set the RUN bit to 1, write the same value every time. Even if different
values are written, the contents written the first time cannot be updated.
3. When the RUN bit is set to 1, it cannot be reset to 0 by the software.

Remark fcik: Internal system clock (fxx to fxx/8), and subsystem clock
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13.3 Operations

13.3.1 Count operation

The watchdog timer is cleared by setting the RUN bit of the watchdog timer mode register (WDM) to 1 to start
counting. After the RUN bit is set to 1, when the overflow time set by bits WDT2 and WDT1 in WDM has elapsed,
a non-maskable interrupt (INTWDT) is generated.

If the RUN bit is reset to 1 before the overflow time elapses, the watchdog timer is cleared, and counting restarts.

13.3.2 Interrupt priority order

The watchdog timer interrupt (INTWDT) can be specified as either maskable or non-maskable according to the
interrupt selection control register (SNMI) setting. When writing 0 to bit 1 (SDWT) of SNMI, the watchdog timer interrupt
can be used as a non-maskable interrupt. In additiontothe INTWDT, the non-maskable interrupts include the interrupt
(NMI) from the NMI pin. By setting bit 4 of the watchdog timer mode register (WDM), the acceptance order when
INTWDT and NMI are simultaneously generated can be set.

If accepting NMI is given priority, even if INTWDT is generated in an NMI processing program that is executing,
INTWDT is not accepted, but is accepted after the NMI processing program ends.
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13.4 Cautions

13.4.1 General cautions when using watchdog timer

(1) The watchdog timer is one way to detect runaway operation, but all runaway operations cannot be detected.
Therefore, in a device that particularly demands reliability, the runaway operation must be detected early not only
by the on-chip watchdog timer but by an externally attached circuit; and when returning to the normal state or
while in the stable state, processing like stopping the operation must be possible.

The watchdog timer cannot detect runaway operation in the following cases.

<1>

<2>

<3>

<4>

<5>

<6>

When the watchdog timer is cleared in a timer interrupt servicing program

When there are successive temporary stores of interrupt requests and macro services (see 23.9 When
Interrupt Requests and Macro Service Are Temporarily Held Pending)

When runaway operation is caused by logical errors in the program (when each module in the program
operates normally, but the entire system does not operate properly), and when the watchdog timer is
periodically cleared

When the watchdog timer is periodically cleared by an instruction group that is executed during runaway
operation

When the STOP, HALT, or IDLE mode is the result of runaway operation

When the watchdog timer also runs wild when the CPU runs wild because of introduced noise

In cases <1>, <2>, and <3>, detection becomes possible by correcting the program.
In case <4>, the watchdog timer can be cleared only by the 4-byte special instruction. Similarly in <55, if there

is no 4-byte special instruction, the STOP, HALT, or IDLE mode cannot be set. Since the result of the runaway
operation is to enter state <2>, three or more bytes of consecutive data must be a specific pattern (example,
BT PSWL.bit, $$). Therefore, the results of <4>, <5>, and the runaway operation are believed to very rarely enter
state <2>.

13.4.2 Cautions about uPD784218A Subseries watchdog timer

(1) Only the special instruction (MOV WDM, #byte) can write to the watchdog timer mode register (WDM).

(@)

@)

If the RUN bit is set to 1 by writing to the watchdog timer mode register (WDM), write the same value every time.
Even when different values are written, the contents written the first time cannot be changed.

If the RUN bit is set to 1, it cannot be reset to 0 by the software.
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14.1 Functions

The A/D converter converts analog inputs to digital values, and is configured by eight 8-bit resolution channels
(ANIO to ANI7).

Successive approximation is used as the conversion method, and conversion results are saved in the 8-bit A/D
conversion result register (ADCR).

A/D conversion operation is activated by the following two methods.

(1) Hardware start
Conversion is started by trigger input (P03) (rising edge, falling edge, or both rising and falling edges can be

specified).

(2) Software start
Conversion is started by setting the A/D converter mode register (ADM).

A/D converter selects one channel for analog input from ANIO to ANI7 to perform A/D conversion. Atthe hardware
start time, A/D conversion stops after the A/D conversion operation is completed, and an interrupt request (INTAD)
is issued. At the software start time, the A/D conversion operation is repeated. Each time one A/D conversion is
completed, an interrupt request (INTAD) is issued.

14.2 Configuration

The A/D converter has the following hardware configuration.

Table 14-1. A/D Converter Configuration

ltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control registers A/D converter mode register (ADM)

A/D converter input selection register (ADIS)

Registers Successive approximation register (SAR)
A/D conversion result register (ADCR)
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Figure 14-1. A/D Converter Block Diagram

Series resistor string
ANIO @] P
NI Sample & hold circuit I O AV
ANI2- O—— 5 b S 2 A Voltage : g : | © AVRero
ANI3 ©—~ © I N\ I comparator | 2 | |
o) L Rz |
ANI4 ©— % | | Lol |
ANI5 ©——~ | ! _ S
ANI6 ©O—+] L I Succes.sw?. Lo © AVss
© approximation L
ANI7 register (SAR) = !
Edge
INTP3/P03 © detector ’iDi Controller H INTAD
Edge
3 detector INTP3
fNole
Trigger enable A/D conversion
ADIS2|ADIS1|ADISO ADCS TRG | FR2 |FR1 | FRO [EGA1|EGAO/ADCE [ﬁ%’gé?g'S‘ef
A/D converter input A/D converter
selection register (ADIS) mode register (ADM)
§ Internal bus §

Note Valid edge specified with bit 3 of the EGPO, EGNOL registers (Refer to Figure 22-1 Format of External
Interrupt Rising Edge Enable Register (EGP0) and External Interrupt Falling Edge Enable Register
(EGNO)).
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(1

(2

3

4

(5

(6)

]

8

270

Successive approximation register (SAR)

Compares the voltage of the analog input with the voltage tap (comparison voltage) from the series resistor string,
and retains the result from the most significant bit (MSB).

When retaining the result to the least significant bit (LSB) (A/D conversion end), the contents of the SAR register
are transferred to the A/D conversion result register.

A/D conversion result register (ADCR)

Retains A/D conversion results. At the end of each A/D conversion operation, the conversion result from the
successive approximation register is loaded.

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes its contents undefined.

Sample & hold circuit
Samples analog input signals one by one as they are sent from the input circuit, and sends them to the voltage
comparator. The sampled analog input voltages are saved during A/D conversion.

Voltage comparator
Compares the analog input voltage with the output voltage of the series resistor string.

Series resistor string
Connected between AVrero and AVss, generates the voltage that is compared with that of analog input.

ANIO to ANI7 pins
Eight analog input channels used for inputting analog data to the A/D converter for A/D conversion. Pins not
selected for analog input with the A/D converter input selection register (ADIS) can be used as input ports.

Cautions 1. Use ANIOto ANI7 input voltages within the rated voltage range. Inputting a voltage equal
to or greater than AVrero, or equal to or smaller than AVss (even if within the absolute
maximum rated range) will cause the channel’s conversion values to become undefined,
or may affect the conversion values of other channels.

2. Analog input (AN10 to AN17) pins alternate with input port (P10 to P17) pins. When
performing an A/D conversion with the selection of any one of inputs from AN10 to AN17,
do not execute input instructions to port 1 during conversion. Conversion resolution
may decrease. When a digital pulse is applied to the pin which adjoins a pin in the A/
D conversion, an expected A/D conversion value may not be acquired due to the coupling
noise. Therefore do not apply a pulse to the pin which adjoins the pin in the A/D
conversion.

AVREFo pin

Used to input the reference voltage of the A/D converter.

Based on the voltage applied between AVrero and AVss, signals input to ANIO to ANI7 are converted to digital
signals.

AVss pin

Ground pin of the A/D converter. Always use this pin at the same electric potential as the Vss pin, even when
not using the A/D converter.
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(9) AVop pin

Analog power supply pin of the A/D converter. Always use this pin at the same electric potential as the Voo pin,
even when not using the A/D converter.

14.3 Control Registers
The A/D converter controls the following two registers.

» A/D converter mode register (ADM)
» A/D converter input selection register (ADIS)

(1) A/D converter mode register (ADM)

Used to set the A/D conversion time of analog input to be converted, start/stop of conversion operation, and
external triggers.

ADM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 00H.
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Figure 14-2. A/D Converter Mode Register (ADM) Format

Address: OFF80H After reset: 00H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
ADM ADCS TRG FR2 FR1 FRO EGA1 EGAO ADCE
ADCS A/D conversion control
0 Conversion stop
1 Conversion enable
TRG Software start/hardware start selection
0 Software start
1 Hardware start
FR2 FR1 FRO A/D conversion time selection
Number of clocks | @fxx = 12.5 MHz | @fxx = 6.25 MHz
0 0 0 144/fxx Setting prohibited | 23.0 us
0 0 1 120/fxx Setting prohibited | 19.2 us
0 1 0 96/fxx Setting prohibited | 15.4 us
1 0 0 288/fxx 23.0 us 46.1 us
1 0 1 240/fxx 19.2 us 38.4 us
1 1 0 192/fxx 15.4 us 30.7 us
Other than above - Setting prohibited
EGA1 EGAO External trigger signal valid edge selection
0 0 No edge detection
0 1 Detection of falling edge
1 0 Detection of rising edge
1 1 Detection of both falling and rising edges
ADCE Reference voltage circuit control
0 Circuit stoppedNote
1 Circuit operating
Note The reference voltage circuit operates when ADCS is 1.
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Cautions 1. Set the A/D conversion time as follows:
When Vop = 2.7 V to 5.5 V: 14 us or more
When Vop = 2.0 V to 2.7 V: 28 us or more
When Vop = 1.9 V to 2.0 V: 48 us or more (flash version only, such as yPD78F4218A)
When Vop = 1.8 V to 2.0 V: 48 us or more (mask version only, such as uPD784218A)

2. When overwriting FRO to FR2 to different data, temporarily end the A/D conversion
operations before continuing.
3. If ADCS is set after ADCE is set and the following time has elapsed, the first A/D
conversion value can be used.
When Vop = 2.7 V to 5.5 V: 14 us or more
When Vop = 2.0 V to 2.7 V: 28 us or more

When Vopo = 1.9 Vto 2.0 V:
When Voo = 1.8 V to 2.0 V:

Remark fxx: Main system clock frequency (fx or fx/2)
fx: Main system clock oscillation frequency

(2) A/D converter input selection register (ADIS)
Used to specify the input ports for analog signals to be A/D converted.

ADIS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADIS to 00H.

Figure 14-3. A/D Converter Input Selection Register (ADIS) Format

Address: OFF81H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
ADIS 0 0 0 0 0 ADIS2 ADISH
ADIS2 ADIS1 ADISO Analog input channel setting
0 0 0 ANIO
0 0 1 ANI1
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANI5
1 1 0 ANI6
1 1 1 ANI7

User’s Manual U13570EJ3V1UD

48 us or more (flash version only, such as yPD78F4218A)
48 us or more (mask version only, such as yPD784218A)
4. If ADCS is set when ADCE = 0, the first A/D conversion value is undefined.
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14.4 Operations

14.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion with the A/D converter input selection register (ADIS).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

After sampling has been performed for a certain time, the sample & hold circuit enters the hold status, and the
input analog voltage is held until A/D conversion ends.

Bit 7 of the successive approximation register (SAR) is set, and the tap selector brings the series resistor string
voltage tap to half the AVRero level.

The series resistor string voltage tap and the analog input voltage difference are compared by the voltage
comparator. If the analog input is equal to or greater than half the AVRero level, it is set to the MSB of SAR.
If the analog input is equal to or smaller than one half the AVRrero level, the MSB is reset.

Next, bit 6 of SAR is automatically set, and the next comparison is started. The series resistor string voltage
tap is selected as shown below according to bit 7 to which a result has already been set.

* Bit 7 =1: (3/4) AVRero

* Bit 7 =0: (1/4) AVReFo

The voltage tap and analog input voltage are compared, and bit 6 of SAR is manipulated according to the result,
as follows.

» Analog input voltage > Voltage tap: Bit 6 = 1

» Analog input voltage < Voltage tap: Bit 6 =0

Comparisons of this kind are repeated until bit 0 of SAR.

When comparison of all eight bits is completed, the valid digital result remains in SAR, and this value is
transferred to the A/D conversion result register (ADCR) and latched.

At the same time, it is possible to have an A/D conversion end interrupt request (INTAD) issued.

Caution The value of the first A/D conversion is undefined if ADCS is set when bit 0 (ADCE) of the A/
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D converter mode register (ADM) is 0.
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Figure 14-4. Basic Operations of A/D Converter
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A/D conversion is performed continuously until ADM bit 7 (ADCS) is reset to 0 by software.

If a write operation to ADM or ADIS is performed during A/D conversion, the conversion operation is reset and
conversion restarts from the beginning if the ADCS bit is set to 1.

RESET input makes ADCR undefined.

If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion is undefined

immediately after A/D conversion starts. Poll the A/D conversion end interrupt request (INTAD) and take measures
such as discarding the first A/D conversion result.
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14.4.2 Input voltage and conversion result
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (value saved in A/D conversion result register (ADCR)) is expressed by the following equation.

ADCR = INT (YN 256 + 0.5)
AVREeFo
or
(ADCR - 0.5) x AVFEF _ vy < (ADCR + 0.5) x AVREF0
256 56

Remark INT( ): Function returning the integer portion of the value in parentheses
VIN: Analog input voltage
AVRrerFo: AVREerFo pin voltage
ADCR: A/D conversion result register (ADCR) value

Figure 14-5 shows the relationship between analog input voltage and the A/D conversion result.

Figure 14-5. Relationship Between Analog Input Voltage and A/D Conversion Result

255 |ttt

.

A/D conversion 253 -

result i
(ADCR) i
3
2 M —— -
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1 1 3 2 5 3 507 254 509 255 511
512 256 512 256 512 256 512 256 512 256 512
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14.4.3 Operation mode of A/D converter

One channel is selected from ANIO to ANI7 by the A/D converter input selection register (ADIS) and start the

A/D conversion.

A/D conversion can be started in the following two ways.

» Hardware start: Conversion start by trigger input (P03)
» Software start: Conversion start by setting ADM

The A/D conversion result is saved in the A/D conversion result register (ADCR), and an interrupt request signal

(INTAD) is issued at the same time.

(M

A/D conversion operation by hardware start

The A/D conversion operation can be made to enter the standby status by setting “1” to bit 6 (TRG) and bit 7
(ADCS) of the A/D converter mode register (ADM). When an external trigger signal (P03) is input, conversion
of the voltage applied to the analog input pin set with ADIS begins.

When the A/D conversion ends, the conversion result is saved in the A/D conversion result register (ADCR), and
an interrupt request signal (INTAD) is issued. When the A/D conversion operation that was started completes
the first A/D conversion, no other A/D conversion operation is started unless an external trigger signal is input.
When ADCS is rewritten during the operation of A/D conversion, that operation is interrupted and waits until an
external trigger signal is input. When the external trigger signal is input again, the A/D conversion is performed
from the beginning. When ADCS is rewritten during the standby for A/D conversion, the operation of A/D
conversion starts at the time when the next external trigger input signal is input.

If, during A/D conversion, data that ADCS is 0 is written to ADM, A/D conversion is immediately stopped.

Caution When PO3/INTP3 is used as the external trigger input (P03), specify a valid edge with bits
1and 2 (EGAO and EGA1) of the A/D converter mode register (ADM) and set 1 to the interrupt
mask flag (PMK3).

Figure 14-6. A/D Conversion Operation by Hardware Start (with Falling Edge Specified)

dod dod

ADM write ADM write
ADCS =1, TRG =1 ADCS =1, TRG =1
Y
! Standby Standby Standby
A/D conversion Status ANIn ANIn Status ANIn Status ANIm ANIm ANIm

NI NN
NI PN

ADCR ANInNete ANIn ANIn ANIm™* X ANIm

T Tl 11

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.
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(2) A/D conversion operation by software start
A/D conversion of the voltage applied to the analog input pin specified with ADIS is started by setting “0” to bit
6 (TRG) and “1” to bit 7 (ADCS) of the A/D converter mode register (ADM).
When A/D conversion ends, the conversion result is saved in the A/D conversion result register (ADCR), and
an interrupt request signal (INTAD) is issued. When an A/D conversion operation that was started completes
the first A/D conversion, the next A/D conversion starts immediately. A/D conversion operations are performed
continuously until new data is written to ADM.
If, during A/D conversion, ADCS is rewritten, the A/D conversion operation being performed at that time is
interrupted, and A/D conversion of the newly selected analog input channels starts.
If, during A/D conversion, data where ADCS is 0 is written to ADM, the A/D conversion operation is immediately
stopped.

Figure 14-7. A/D Conversion Operation by Software Start

Setting ADM

ADCS =1 TRG=0 ADIS rewrite ADCS =0

A/D conversion ANIn ANIn ANIn ANIm ANIm

%/—/ .
Conversion operation
interrupted and conver- L Stop
sion result not left over
ADCR >< ANInNet >< ANIn >< ANIm"ete

INTAD

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.
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14.5 Cautions

(M

(2

3

Current consumption standby mode

The A/D converter operation is stopped during the standby mode. At this time, the current consumption can be
reduced by setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 0 or by stopping the reference voltage
circuit (bit of ADM (ADCE) = 0).

The method to reduce the current consumption in the standby mode is shown in Figure 14-8.

Figure 14-8. Method to Reduce Current Consumption in Standby Mode

AVob ©

P-ch I—o< I ADCS
Series resistor string 4@ ADCE

AVss @

Reference voltage circuit

ANIO to ANI7 input range

Use ANIO to ANI7 input voltages within the rated voltage range. Inputting a voltage equal to or greater than AVRero,
or equal to or smaller than AVss (even if within the absolute maximum rated range) will cause the channel’s
conversion values to become undefined, or may affect the conversion values of other channels.

Contention operation

<1> Contention with ADCR read due to contention between A/D conversion result register (ADCR) write
and instruction at conversion end
The read operation to ADCR is prioritized. After the read operation, a new conversion result is written to
ADCR.

<2> Contention between ADCR write and external trigger signal input at conversion end
External trigger signals cannot be received during A/D conversion. Therefore, external trigger signals
during ADCR write operation are not received.

<3> Contention between ADCR write and A/D converter mode register (ADM) write, or between A/D
converter input selection register (ADIS) write at conversion end
The write operation to ADM or ADIS is prioritized. Write to ADCR is not performed. Moreover, no interrupt
signal (INTAD) is issued at conversion end.
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4

®)

(6)

280

Anti-noise measures

Attention must be paid to noise fed to AVrero and ANIO to ANI7 to preserve the 8-bit resolution. The influence
of noise grows proportionally to the output impedance of the analog input source. Therefore, it is recommended
to connect C externally, as shown in Figure 14-9.

Figure 14-9. Handling of Analog Input Pin

If there is the possibility that noise equal to or greater than AVrero,
or equal to or smaller than AVss, may enter,
clamp with a diode having a small VF (0.3 V or less).

Reference
voltage input  © ‘ / AVRero
O ’ ANIO to ANI7
L e
C =100 to 1,000 pF

Voo
AVbb
AVss
Vss

ANIO/P10 to ANI7/P17

The analog input pins (ANIO to ANI7) can also be used as an input port pin (P10 to P17).

If any of ANIO to ANI7 is selected and A/D conversion is performed, do not execute input instructions to PORT1
during conversion. This would result in a lowered resolution.

Moreover, if a digital pulse is applied to pins adjacent to the pin for which A/D conversion is being performed,
the A/D conversion value will not be obtained as expected because of coupling noise. Therefore, do not apply
a pulse to pins adjacent to the pin for which A/D conversion is being performed.

Input impedance of AVRero pin

A series resistor string of approximately 46 kQ is connected between the AVRrero and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, connecting in parallel a series resistor
string between the AVRrero and AVss pins will result in a large reference voltage error.
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(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter input select register (ADIS) is changed.
Therefore, if the analog input pin is changed during A/D conversion, the A/D conversion result for the analog
input immediately preceding the write operation to ADIS, and ADIF may be set. Also, if ADIF is read immediately
after ADIS is written to, ADIF may be set even if A/D conversion for the analog input following the write operation
to ADIS is not completed. These facts should be kept in mind.
Moreover, if A/D conversion is stopped once and then resumed, clear ADIF before resuming conversion.

Figure 14-10. A/D Conversion End Interrupt Generation Timing

ADM write ADIS write ADIF is set, but ANIm
(ANIn conversion start) (ANIm conver:Wconversion has not completed
A/D conversion ANIn ANIn ANIm ANIm

N W —
DU W R

ADCR X ANInNe X ANIn X ANImN°*© X ANIm

INTAD

Note If bit 0 (ADCE) of the A/D converter mode register is not set to 1, the value of the first A/D conversion
is undefined immediately after A/D conversion starts. Poll the A/D conversion end interrupt request
(INTAD) and take measures such as discarding the first A/D conversion result.

Remark n=0,1, -, 7
m=0,1, -, 7

(8) Bit 0 (ADCE) of A/D converter mode register (ADM)

Setting ADCE to 1 allows the value of the first A/D conversion immediately after A/D conversion operation start
to be used.
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(9) Conversion results immediately after A/D conversion is started
If bit 7 (ADCSO0) of the A/D converter mode register (ADM) is set to 1 without setting bit 0 (ADCE) to 1, the value
of the first A/D conversion is undefined immediately after the A/D conversion operation starts. Poll the A/D
conversion end interrupt request (INTAD) and take measures such as discarding the first conversion result.

Figure 14-11. Conversion Results Immediately After A/D Conversion Is Started

A/D conversion end A/D conversion end A/D conversion end

ADCR >< Undefined value ><Norma| conversion resul><

INTAD |_| |_|

ADCS J
T T T

A/D startup Dummy Reading of conversion result

(10) Reading A/D conversion result register (ADCR)
If the conversion result register (ADCR) is read after stopping the A/D conversion operation, the conversion result
may be undefined. Therefore, be sure to read ADCR before stopping operation of the A/D converter.

(11) Timing that makes the A/D conversion result undefined
If the timing of the end of A/D conversion and the timing of the stop of operation of the A/C converter conflict,
the A/D conversion value may be undefined. Because of this, be sure to read the A/D conversion result while
the A/D converter is in operation. Furthermore, when reading an A/D conversion result after the A/D converter
operation has stopped, be sure to have done so by the time the next conversion result is complete.
The conversion result read timing is shown in Figures 14-12 and 14-13 below.

Figure 14-12. Conversion Result Read Timing (When Conversion Result Is Undefined)

A/D conversion end A/D conversion end
ADCR >< Normal conversion result >< Undefined value
INTAD | |

ADCS

T T T

Normal conversion A/D operation Undefined
result read stopped value read
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Figure 14-13. Conversion Result Read Timing (When Conversion Result Is Normal)

A/D conversion end

l

ADCR >< Normal conversion result
INTAD |
ADCS

T T

A/D operation stopped Normal conversion
result read

(12) Cautions on board design

In order to avoid negative effects from digital circuit noise on the board, analog circuits must be placed as far
away as possible from digital circuits. It is particularly important to prevent analog and digital signal lines from
crossing or coming into close proximity, as A/D conversion characteristics are vulnerable to degradation from
the induction of noise or other such factors.

(13) AVop pin

The AVbb pin is the power supply pin of the analog circuit, and also supplies power to the ANIO/P10 to ANI7/
P17 input circuits.

Therefore, be sure to apply the same electric potential level as Voo as shown in Figure 14-14, even in applications
that can be switched to a backup power supply.

Figure 14-14. Handling of AVop Pin

N AVRero
N Vob
Main AVop
power — —— Backup capacitor
supply
AVss
Vss
7T

(14) Internal equivalence circuit and allowable sighal source impedance of ANIO to ANI7

In order to complete sampling within the sampling time and obtain a high enough A/D conversion accuracy, it
is necessary to sufficiently reduce the impedance of the sensor and other signal sources. Figure 14-15 shows
the internal equivalence circuit of the ANIO to ANI7 pins in the microcontroller.

If the impedance of the signal source is high, it can be made to seem smaller by connecting a large capacitance
to the ANIO to ANI7 pins. A circuit example is shown in Figure 14-16. In this case, because a low pass filter
is configured in the circuit, impedance will no longer be able to follow analog signals with large differential
coefficients.

When converting high-speed analog signals or performing conversion in scan mode, be sure to insert a low-
impedance buffer.
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Figure 14-15. Internal Equivalence Circuit of ANIO to ANI7 Pins

I 1

Remark n=0to7

Table 14-2. Resistance and Capacitance Values for Equivalent Circuits (Reference Values)

Vooo R1 R2 C1 c2 c3
1.8V 75 kQ 30 kQ 3 pF 4 pF 2 pF
2.7V 12 kQ 8 kQ 3 pF 3 pF 2 pF
45V 3 kQ 2.7 kQ 3 pF 1.4 pF 2 pF

Caution The resistance and capacitance values in Table 14-2 cannot be guaranteed.

Figure 14-16. Example of Circuit When Signal Source Impedance Is High

<Sensor internal>

R1 R2

\
1
1
-_——m - ———-
1
1

impedance

1

1

1

1

1

1

1

1 Sensor output .
1 ’
1

1

1

1

1

C1 c2 c3
' CO<0.1 uF

AY .
N Low pass filter ’
. configured R

~

------

Remark n=0to7
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CHAPTER 15 D/A CONVERTER

15.1 Function

The D/A converter converts the digital input into analog values and consists of two channels of voltage output D/

A converters with 8-bit resolution.

The conversion method is a R-2R resistor ladder.
Set DACEO of D/A converter mode register 0 (DAMO0) and DACE1 of D/A converter mode register 1 (DAM1) to

start the D/A conversion.

The D/A converter has the following two modes.

(1) Normal mode

After D/A conversion, the analog voltage is immediately output.

(2) Real-time output mode

After D/A conversion, the analog voltage is output synchronized to the output trigger.

Since a sine wave is created when this mode is used, MSK modems can be easily incorporated into cordless

phones.

Caution If only one channel of the D/A converter is used when AVgrer1 < Vob, make either of the

following setting at pins that are not used for analog output.

- Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.

« Set the port mode register (PM13x) to 0 (output mode) and the output latch to 0, and

output a low level.

15.2 Configuration

The D/A converter has the following hardware.

Table 15-1. D/A Converter Configuration

ltem

Configuration

Registers

D/A conversion setting register 0 (DACS0)
D/A conversion setting register 1 (DACS1)

Control registers

D/A converter mode register 0 (DAMO)
D/A converter mode register 1 (DAM1)
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CHAPTER 15 D/A CONVERTER

Figure 15-1. D/A Converter Block Diagram

S Internal bus S
DACSH1 @
write D/A conversion setting
register 1 (DACSH1)
INTTM2
V?,ﬁgso D/A conversion setting
e i DA
INTTM1 - register 0 (DACSO0)
© ANO1/P131
AVrer1 © 2R %R
Selector
AVss © 2R IR
2R
2R ANOO0/P130
2R 2R
Selector
2R <R
2R
1
\
DAM1 | DACE1| | DAMO|DACEQ
D/A converter D/A converter
mode register 1 mode register 0
(DAMT1) (DAMO)

S Internal bus S

(1) D/A conversion setting registers 0, 1 (DACS0, DACS1)
The DACSO0 and DACSH registers set the analog voltages that are output to the ANOO and ANO1 pins,
respectively.
DACSO0 and DACST are set by 8-bit memory manipulation instructions.
RESET input sets DACS0 and DACS1 to 00H.
The analog voltages output by the ANOO and ANO1 pins are determined by the following equation.

ANOnN output voltage = AVRer1 X %

n=0,1
Cautions 1. In the real-time output mode, when the data set in DACS0 and DACS1 are read before
the output trigger is generated, the set data is not read and the previous data is read.

2. In the real-time output mode, set the data of DACS0 and DACS1 until the next output
trigger is generated after the output trigger is generated.
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CHAPTER 15 D/A CONVERTER

15.3 Control Registers

» D/A converter mode registers 0, 1 (DAMO, DAM1)

D/A converters are controlled by D/A converter mode registers 0, 1 (DAMO, DAM1). These registers enable or

stop the operation of the D/A converters.
DAMO and DAM1 are set by a 1-bit and 8-bit memory manipulation instruction.
RESET input sets DAMO and DAM1 to 00H.

Figure 15-2. D/A Converter Mode Registers 0, 1 (DAMO, DAM1) Formats

Address: OFF86H, OFF87H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 <0>
DAMnN 0 0 0 0 0 0 DAMnN DACEnN
DAMnN D/A converter channel n operating mode
0 Normal mode
1 Real-time output mode
DACEN D/A converter channel n control
0 Stop conversion
1 Enable conversion

Cautions 1. When the D/A converters are used, set the shared port pins to the input mode and disconnect

the pull-up resistors.
2. Always set bits 2 to 7 to 0.

3. The output when the D/A converter operation has stopped enters high impedance state.
4. The output triggers in the real-time output mode are INTTM1 in channel 0 and INTTM2 in

channel 1.

Remark n=0,1
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CHAPTER 15 D/A CONVERTER

15.4 Operation

<1>

<2>

<3>

<4>

<5>

Select the operating mode in channel 0 in DAMO of D/A converter mode register 0 (DAMO) and the operating
mode of the channel 1 in DAM1 of D/A converter mode register 1 (DAM1).

Set the data that corresponds to the analog voltages that are output to pins ANOO/P130 and ANO1/P131 of
D/A conversion setting registers 0 and 1 (DACS0, DACS1).

Set DACEO of DAMO and DACE1 of DAM1 to start D/A conversion in channels 0 and 1.

After D/A conversion in the normal mode, the analog voltages at pins ANOO/P130 and ANO1/P131 are
immediately output. Inthe real-time output mode, the analog voltage is output synchronized to the output trigger.
In the normal mode, the output analog voltages are maintained until new data are set in DACS0 and DACS1.
In the real-time output mode, after new data are set in DACS0 and DACS1, they are held until the next output
trigger is generated.

Caution Set DACEO and DACE1 after data are set in DACS0 and DACS1.

15.5 Cautions

(M

288

Output impedances of the D/A converters

Since the output impedances of the D/A converters are high, the current cannot be taken from the ANOn pin (n
=0,1). If the input impedance of the load is low, insert a buffer amp between the load and the ANOn pin. In
addition, use the shortest possible wire from the buffer amp or load (to increase the output impedance). If the
wire is long, surround it with a ground pattern.
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CHAPTER 15 D/A CONVERTER

Figure 15-3. Buffer Amp Insertion Example

(a) Inverting Amp

uPD784218A ﬁ
Rz
Ri
ANON _
O
gt
» The input impedance of the buffer amp is R1.
(b) Voltage follower
1 PD784218A
R
ANOnN ' ’ +
j_
R C _

+ The input impedance of the buffer amp is R1.
« If there is no R1 and RESET is low, the output is undefined.

(2) Output voltages of the D/A converters
Since the output voltages of the D/A converters change in stages, use the signals output from the D/A converters
after passing them through low-pass filters.

(3) AVREF1 pin
When AVRrer1 < Vob and the D/A converter is used in only one channel, handle the pins that are not used for analog

output in either of the following ways.

» Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.
» Set the port mode register (PM13x) to 0 (output mode), set the output latch to 0, and output a low level.
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CHAPTER 16 SERIAL INTERFACE OVERVIEW
The uPD784218A Subseries has a serial interface with three independent channels. Therefore, communication
outside and within the system can be simultaneous on the three channels.

* Asynchronous serial interface (UART)/3-wire serial I/O (IOE) x 2 channels
— See CHAPTER 17.

* Clock-synchronized serial interface (CSI) x 1 channel
» 3-wire serial /0O mode (MSB first)
— See CHAPTER 18.

+ 12C bus mode (multimaster compatible) (only in the uPD784216AY, 784218AY Subseries)
— See CHAPTER 19.
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CHAPTER 16 SERIAL INTERFACE

OVERVIEW

Figure 16-1. Serial Interface Example

(a) UART + I2C

uPD784218AY (master)
Vop Vop
uPD4711A g g uPD78054Y (slave)
ART (C)
(U ) RxD1 SDAO SDA
RS-232C TxD1 SCLO SCL
driver/receiver
} Port
1PD78062Y (slave)
uPD4711A SDA
(UART)

RxD2 SCL

RS-232C TxD2
driver/receiver
} Port
(b) UART + 3-wire serial I1/0
uPD784218AY (master) PD75108 (slave)
uPD4711A SO1 [3-wire serial 1/0] o]
UART
RS-232C TxD2 INTPm Note Port
driver/receiver ( INT
} Port Port

Note Handshake lines
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

The uPD784218A provides on-chip two serial interface channels for which the asynchronous serial interface
(UART) mode and the 3-wire serial I/O (IOE) mode can be selected.
These two serial interface channels have exactly the same functions.

Table 17-1. Designation Differences Between UART1/IOE1 and UART2/IOE2

Item UART1/IOEA UART2/IOE2
Pin name P22/ASCK1/SCK1, P72/ASCK2/SCK2,
P20/RxD1/SI1, P70/RxD2/S12,
P21/TxD1/SO2 P71/TxD2/SO2
Asynchronous serial interface mode register ASIM1 ASIM2

Name of bits inside asynchronous serial interface mode register

TXE1, RXE1, PS11,
PS10, CL1, SL1,

TXE2, RXE2, PS21,
PS20, CL2, SL2,

ISRM1, IRDAM1 ISRM2, IRDAM2
Asynchronous serial interface status register ASIS1 ASIS2
Name of bits inside asynchronous serial interface status register PE1, FE1, OVE1 PE2, FE2, OVE2
Serial operation mode register CSIM1 CSIM2
Name of bits inside serial operation mode register CSIE1, MODET1, CSIE2, MODE2,
SCL11, SCL10 SCL21, SCL20
Baud rate generator control register BRGCH1 BRGC2

Name of bits inside baud rate generator control register

TPS10 to TPS12,
MDL10 to MDL13

TPS20 to TPS22,
MDL20 to MDL23

Interrupt request name

INTSR1/INTCSIH,
INTSER1, INTST1

INTSR2/INTCSI2,
INTSER2, INTST2

Interrupt control register and name of bits used in this chapter

SRIC1, SERIC1, STIC1,
SRIF1, SERIF1, STIF1

SRIC2, SERIC2, STIC2,
SRIF2, SERIF2, STIF2
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

17.1 Switching Between Asynchronous Serial Interface Mode and 3-Wire Serial I/0 Mode
The asynchronous serial interface mode and the 3-wire serial /O mode cannot be used at the same time. Both
these modes can be switched by setting the asynchronous serial interface mode registers (ASIM1, ASIM2) and the

serial operation mode registers (CSIM1, CSIM2), as shown in Figure 17-1 below.

Figure 17-1. Switching Asynchronous Serial Interface Mode and 3-Wire Serial /0 Mode

7> <6> 5 4 3 2 1 0 Address ~ After R/W

reset
ASIM1 [ TXE1 |RXE1|PS11|PS10| CL1 | SL1 |ISRM1|IRDAM! OFF70H 00H R/W
AsIM2 [ TXE2 |RxE2|PS21 | PS20| cL2 | sL2 |iISRM2/RoAM2|  OFF71H 00H R/W

Specification of operation in asynchronous serial
interface mode (see Figure 17-3).

TXE1 |RXE1|CSIET1 Operation mode
TXE2 | RXE2|CSIE2)

0 0 | Operation stop mode

1 3-wire serial I/O mode

o | o | o
o

Asynchronous serial interface
mode

1 0

o | o | o

1 1

Other than above | Setting prohibited

]
7> 6 5 4 3 2 1 0 Address  After R/W

reset
csmilcsier] o | o | o | o |mopEi|scLitlscLio|  oFFe1H 00H R/W
csimz|csie2l o | o | o | o |mobEzlscLetlscleo|  oFFe2H 00H R/W

Specification of operation in 3-wire serial I/O mode
(see Figure 17-13).
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

Table 17-2. Serial Interface Operation Mode Settings

(1) Operation stopped mode

ASIMn CSIMn PM20| P20 [PM21| P21 |PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 [P22/ASCK1/SCK1
TXEn | RXEn [CSIEn|SCLn1/SCLN0|PM70| P70 [PM71| P71 |PM72| P72 | Bit | Clock | P70/RxD2/SI2 | P71/TxD2/S0O2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
0 0 0 % |xNote 1 Note 1], Note 1|, Note 1|, Note 1, Note 1 — — P20 P21 p22
P70 P71 P72
Other than above Setting prohibited
(2) Asynchronous serial interface mode
ASIMn CSIMn PM20| P20 |PM21| P21 [PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 |P22/ASCK1/SCK1
TXEn | RXEn| CSIEn|SCLn1|SCLNO{PM70| P70 |PM71| P71 |[PM72| P72 | Bit | Clock | P70/RxD2/SI2 | P71/TxD2/S0O2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
10| 0 x |xNotet|\Notet|gNote2 o | ¢ | x | LSB |External P20 TxDn ASCKn input
clock P70 (CMOS output)
xNote 1) Note 1 Internal P22
clock P72
0| 1 1| x [xNotelyNotet] 1 | External RxDn P21 ASCKn input
clock P71
xNote 1/ Note 1 Internal P22
clock P72
1] 1 oNote2 o | 1 | x External TxDn ASCKn input
clock (CMOS output)
xNote 1 Note 1 Internal P22
clock P72
Other than above Setting prohibited
(3) 3-wire serial I/0 mode
ASIMn CSIMn PM20| P20 |PM21| P21 |PM22| P22 | First | Shift | P20/RxD1/SI1 | P21/TxD1/SO1 [P22/ASCK1/SCK1
TXEn | RXEn |CSIEN [SCLn11SCLN0|PM70 | P70 (PM71| P71 |PM72| P72 | Bit | Clock | P70/RxD2/S12 | P71/TxD2/SO2 |P72/ASCK2/SCK2
Pin Function Pin Function Pin Function
0| 0| 1 0 |{Note 3} Note 3 0 | 1 | x | MSB |External| ~ SinNote 3 SOn SCKn input
clock (CMOS output)
Note 4 | Note 4 0| o0 Internal SCKn output
clock
Other than above Setting prohibited
Notes 1. These pins can be used for port functions.

2. Refer to asynchronous serial interface mode (c) transmission.
3. When only transmission is used, these pins can be used as P20, P70 (CMOS input/output).
4. Refer to serial operation mode registers 1, 2 (CSIM1, CSIM2).

Remark x: don’t care
n=1,2
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

17.2 Asynchronous Serial Interface Mode

The asynchronous serial interface (UART: Universal Asynchronous Receiver Transmitter) offers the following three
modes.

(1) Operation stop mode
This mode is used when serial transfer is not performed to reduce the power consumption.

(2) Asynchronous serial interface (UART) mode
This mode is used to send and receive 1-byte data that follows the start bit, and supports full-duplex transmission.
A UART-dedicated baud rate generator is provided on-chip, enabling transmission at any baud rate within a broad
range. The baud rate can also be defined by dividing the input clock to the ASCK pin.
The MIDI specification baud rate (31.25 kbps) can be used by utilizing the UART-dedicated baud rate generator.

(3) Infrared data transfer mode
17.2.1 Configuration
The asynchronous serial interface has the following hardware configuration.

Figure 17-2 gives the block diagram of the asynchronous serial interface.

Table 17-3. Asynchronous Serial Interface Configuration

Item Configuration

Registers Transmit shift registers (TXS1, TXS2)
Receive shift registers (RX1, RX2)
Receive buffer registers (RXB1, RXB2)

Control registers Asynchronous serial interface mode registers (ASIM1, ASIM2)
Asynchronous serial interface status registers (ASIS1, ASIS2)
Baud rate generator control registers (BRGC1, BRGC2)
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296

Figure 17-2. Block Diagram in Asynchronous Serial Interface Mode

RxD1, RxD2 O

)

Internal bus

48>

Receive buffer registers
1,2 (RXB1, RXB2)

A

TxD1, TxD2 O—<}

Baud rate generator

N Receive shift registers
|

1,2 (RX1, RX2)

—

Transmit shift registers
1,2 (TXS1, TXS2)

Receive control
parity check

[ INTSRT,

INTSR2

Transmit control] __ INTSTH,
parity addition INTST2

"""""""" e

5-bit counter x 2 '
transmission/reception Selector :

ASCK1, ASCK2 O

clock generator -
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(1

(2

3

4

(5

Transmit shift registers (TXS1, TXS2)

These registers are used to set transmit data. Data written to TXS1 and TXS2 is sent as serial data.

If a data length of 7 bits is specified, bits 0 to 6 of the data written to TXS1 and TXS2 are transferred as transmit
data. Transmission is started by writing data to TXS1 and TXS2.

TXS1 and TXS2 can be written with an 8-bit memory manipulation instruction, but cannot be read.

RESET input sets TXS1 and TXS2 to FFH.

Caution Do not write to TXS1 and TXS2 during transmission.
TXS1, TXS2, and receive buffer registers (RXB1, RXB2) are allocated to the same address.
Therefore, attempting to read TXS1 and TXS2 will result in reading the values of RXB1 and
RXB2.

Receive shift registers (RX1, RX2)

These registers are used to convert serial data input to the RxD1 and RxD2 pins to parallel data. Receive data
is transferred to the receive buffer register (RXB1, RSB2) one byte at a time as it is received.

RX1 and RX2 cannot be directly manipulated by program.

Receive buffer registers (RXB1, RXB2)

These registers are used to hold receive data. Each time one byte of data is received, new receive data is
transferred from the receive shift registers (RX1, RX2).

If a data length of 7 bits is specified, receive data is transferred to bits 0 to 6 of RXB1 and RXB2, and the MSB
of RXB1 and RXB2 always becomes 0.

RXB1 and RXB2 can be read by an 8-bit memory manipulation instruction, but cannot be written.

RESET input sets RXB1 and RXB2 to FFH.

Caution RXB1, RXB2, and transmit shift registers (TXS1, TXS2) are allocated to the same address.
Therefore, attempting to write to RXB1 and RXB2 will result in writing the values to TXS1
and TXS2.

Transmission control circuit

This circuit controls transmit operations such as the addition of a start bit, parity bit, and stop bit(s) to data written
to the transmit shift registers (TXS1, TXS2), according to the contents set to the asynchronous serial interface
mode registers (ASIM1, ASIM2).

Reception control circuit

This circuit controls reception according to the contents set to the asynchronous serial interface mode registers
(ASIM1, ASIM2). It also performs error check for parity errors, etc., during reception. If it detects an error, it
sets a value corresponding to the nature of the error in the asynchronous serial interface status registers (ASIS1,
ASIS2).
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17.2.2 Control registers
The asynchronous serial interface controls the following six types of registers.

» Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
» Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
» Baud rate generator control registers 1, 2 (BRGC1, BRGC2)

(1) Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
ASIM1 and ASIM2 are 8-bit registers that control serial transfer using the asynchronous serial interface.
ASIM1 and ASIM2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 and ASIM2 to 00H.
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Figure 17-3. Asynchronous Serial Interface Mode Registers 1, 2 (ASIM1, ASIM2) Format

Address: OFF70H, OFF71H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSn1 PSno CLn SLn ISRMn IRDAMn
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PSn1 PSn0 Parity bit specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLn Transmit data character length specification
0 7 bits
1 8 bits
SLn Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs
IRDAMN Infrared data transfer mode operation specificationNete 1
0 UART (Transmit/Receive) mode
1 Infrared data transfer (Transmit/Receive) modeNete 2

Notes 1. Specification of the UART/infrared data transfer mode is controlled with TXEn and RXEn.

2. When the infrared data transfer mode is used, be sure to set “0000” (set clock to fsck/16) to bits

3 to 0 (MLDn3 to MLDnO) of baud rate generator control register n (BRGCn).

Caution

Remark n=1,2
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CHAPTER 17 ASYNCHRONOUS SERIAL INTERFACE/3-WIRE SERIAL 1/0

(2) Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
ASIS1 and ASIS2 are registers used display the type of error when a receive error occurs.
ASIS1 and ASIS2 can be read with 1-bit and 8-bit memory manipulation instructions.
'RESET input sets ASIS1 and ASIS2 to 00H.

Figure 17-4. Asynchronous Serial Interface Status Registers 1, 2 (ASIS1, ASIS2) Format

Address: OFF72H, OFF73H After reset: O0H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ASISn 0 0 0 0 0 PEn FEn OVEn
PEn Parity error flag
0 Parity error not generated
1 Parity error generated

(when parity of transmit data does not match)

FEn Framing error flag
0 Framing error not generated
1 Framing error generatedNete 1

(when stop bit(s) is not detected)

OVEn Overrun error flag
0 Overrun error not generated
1 Overrun error generatedNete 2

(When next receive operation is completed before data from receive buffer
register is read)

Notes 1. Even if the stop bit length has been set to 2 bits with bit 2 (SLn) of asynchronous serial interface
mode register n (ASIMn), stop bit detection during reception is only 1 bit.
2. Be sure to read receive buffer register n (RXBn) when an overrun error occurs.
An overrun error is generated each time data is received until RXBn is read.

Remark n=1,2
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(3) Baud rate generator control registers 1, 2 (BRGC1, BRGC2)
BRGC1 and BRGC2 are registers used to set the serial clock of the asynchronous serial interface.
BRGC1 and BRGC2 are set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets BRGC1 and BRGC2 to 00H.
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302

Figure 17-5. Baud Rate Generator Control Registers 1, 2 (BRGC1, BRGC2) Format

Address: OFF76H, OFF77H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
BRGCn 0 TPSn2 TPSn1 TPSNnO MDLn3 MDLn2 MDLn1 MDLnO
TPSn2 TPSn1 TPSnO 5-bit counter source clock selection m
0 0 0 External clock (ASCKn) 0
0 0 1 fxx (12.5 MHz) 0
0 1 0 fxx/2 (6.25 MHz) 1
0 1 1 fxx/4 (3.13 MHz) 2
1 0 0 fxx/8 (1.56 MHz) 3
1 0 1 fxx/16 (781 kHz) 4
1 1 0 fxx/32 (391 kHz) 5
1 1 1 TO1 (TM1 output) 0
MDLn3 MDLn2 MDLn1 MDLnO Baud rate generator k
input clock selection
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -

Cautions 1. If a write operation to BRGCn is performed during communication, the baud rate
generator output will become garbled and normal communication will not be achieved.

Therefore, do not perform write operations to BRGCn during communication.

2. Refer to the data sheet for details of the high-/low-level width of ASCKn when selecting
the external clock (ASCKn) for the source clock of the 5-bit counter.

Remarks 1. n=1,2

2. Data in parentheses is for when fxx = 12.5 MHz

3. fsck: Source clock of 5-bit counter

4. m: Value setin TPSn0 to TPSn2 (0 < m < 5)

5. k: Value set in MDLnO to MDLn3 (0 < k < 14)
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17.3 Operation

The asynchronous serial interface has the following three types of operation modes.

» Operation stop mode
» Asynchronous serial interface (UART) mode
» Infrared data transfer mode

17.3.1 Operation stop mode

Serial transfer cannot be performed in the operation stop mode, resulting in reduced power consumption.

Moreover, in the operation stop mode, pins can be used as regular ports.

(1) Register setting

Setting of the operation stop mode is done with asynchronous serial interface mode registers 1 and 2 (ASIM1,

ASIM2).
ASIM1 and ASIM2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 and ASIM2 to 00H.

Address: OFF70H, OFF71H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSn1 PSn0 CLn SLn ISRMn IRDAMN
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
Caution Before switching the operation mode, stop serial transmission or reception.

Remark n=1,2
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17.3.2 Asynchronous serial interface (UART) mode
This mode is used to transmit and receive the 1-byte data following the start bit. It supports full-duplex operation.
A UART-dedicated baud rate generator is incorporated enabling communication using any baud rate within a large
range.
The MIDI standard’s baud rate (31.25 kbps) can be used utilizing the UART-dedicated baud rate generator.

(1) Register setting
The UART mode is set with asynchronous serial interface mode registers 1 and 2 (ASIM1, ASIM2), asynchronous
serial interface status registers 1 and 2 (ASIS1, ASIS2), and baud rate generator control registers 1 and 2
(BRGC1, BRGC2).
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(a) Asynchronous serial interface mode registers 1, 2 (ASIM1, ASIM2)
ASIM1 and ASIM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM1 and ASIM2 to 00H.

Address: OFF70H, OFF71H After reset: 00H R/W
Symbol <7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PSn1 PSn0 CLn SLn ISRMn IRDAMN
TXEn RXEn Operation mode | RxD1/P20, RxD2/P70 | TxD1/P21, TxD2/P71
pin function pin function
0 0 Operation stop Port function Port function
0 1 UART mode Serial function Port function
(Receive only)
1 0 UART mode Port function Serial function
(Transmit only)
1 1 UART mode Serial function Serial function
(Transmit/Receive)
PSn1 PSn0 Parity bit specification
0 0 No parity
0 1 Always add 0 parity during transmission
Do not perform parity check during reception (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLn Transmit data character length specification
0 7 bits
1 8 bits
SLn Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control at error occurrence
0 Generate receive completion interrupt when error occurs
1 Do not generate receive completion interrupt when error occurs
IRDAMnN Infrared data transfer mode operation specificationNote 1
0 UART (Transmit/Receive) mode
1 Infrared data transfer (Transmit/Receive) modeNote 2

Notes 1. Specification of the UART or infrared data transfer mode is controlled with TXEn and RXEn.
2. When the infrared data transfer mode is used, be sure to set “0000” (set clock to fsck/16) to

bits 3 to 0 (MLDn3 to MLDnO) of baud rate generator control register n (BRGCn).

Caution

Remark n=1,2
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(b) Asynchronous serial interface status registers 1, 2 (ASIS1, ASIS2)
ASIS1 and ASIS2 can be read by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIS1 and ASIS2 to 00H.

Address: OFF72H, OFF73H After reset: O0H R

Symbol 7 6 5 4 3 <2> <1> <0>
ASISn 0 0 0 0 0 PEn FEn OVEn
PEn Parity error flag
0 Parity error not generated

1 Parity error generated

(when parity of transmit data does not match)

FEn Framing error flag
0 Framing error not generated
1 Framing error generatedNete 1

(when stop bit(s) is not detected)

OVEn Overrun error flag
0 Overrun error not generated
1 Overrun error generatedNete 2

(When next receive operation is completed before data from receive buffer
register is read)

Notes 1. Evenifthe stop bitlength has been set to 2 bits with bit 2 (SLn) of asynchronous serial interface
mode register n (ASIMn), stop bit detection during reception is only 1 bit.
2. Be sure to read receive buffer register n (RXBn) when an overrun error occurs.
An overrun error is generated each time data is received until RXBn is read.

Remark n=1,2
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(c) Baud rate generator control registers 1, 2 (BRGC1, BRGC2)
BRGC1 and BRGC2 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets BRGC1 and BRGC2 to 00H.

Address: OFF76H, OFF77H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
BRGCn 0 TPSn2 TPSn1 TPSNO MDLn3 MDLn2 MDLn1 MDLnO
TPSn2 TPSn1 TPSNnO 5-bit counter source clock selection m
0 0 0 External clock (ASCKn) 0
0 0 1 fxx (12.5 MHz) 0
0 1 0 fxx/2 (6.25 MHz) 1
0 1 1 fxx/4 (3.13 MHz) 2
1 0 0 fxx/8 (1.56 MHz) 3
1 0 1 fxx/16 (781 kHz) 4
1 1 0 fxx/32 (391 kHz) 5
1 1 1 TO1 (TM1 output) 0
MDLn3 MDLn2 MDLn1 MDLnO Baud rate generator k
input clock selection
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -
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Cautions 1. If a write operation to BRGC1 and BRGC2 is performed during communication, the
baud rate generator output will become garbled and normal communication will not
be achieved. Therefore, do not perform write operations to BRGC1 and BRGC2
during communication.

2. Refer to the data sheet for details of the high-/low-level width of ASCKn when
selecting the external clock (ASCKn) for the source clock of the 5-bit counter.

3. Set the 8-bit timer mode control register (TMC1) as follows when selecting TO1 for
the source clock of the 5-bit counter.
TMC16 =0, LVS1 =0, LVR1 =0, TMC11 =1
Moreover, set TOE1 to 0 when TO1 is not output externally and to 1 when TO1 is
output externally.

Remarks 1. n=1,2
2. Figures in parentheses apply to operation at fxx = 12.5 MHz.
3. fsck: Source clock of 5-bit counter
4. m: Value set in TPSn0 to TPSn2 (0 < m < 5)
5. k: Value set in MDLNO to MDLNn3 (0 < k < 14)

The transmit/receive clock for the baud rate to be generated is the signal obtained by dividing the 5-bit counter
source clock.

« Generation of transmit/receive clock for baud rate
The baud rate is obtained from the following equation.

T

21 % (k5 16) 112

[Baud rate] =
T: 5-bit counter source clock
* When using a divided main system clock: Main system clock (fxx)
* When an external clock (ASCKn) is selected: Output frequency of ASCKn
» When the timer 1 output (TO1) is selected: Output frequency of TO1
m: Value set in TPSn0 to TPSn2 (0 < m < 5)
k: Value set in MDLNnO to MDLn3 (0 < k < 14)

- Baud rate capacity error range
The baud rate capacity range depends on the number of bits per frame and the counter division
ratio [1/(16 + k)].
Table 17-4 shows the relation between the main system clock and the baud rate, Figure 17-6 shows
a baud rate capacity error example.
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Table 17-4. Relationship Between Main System Clock and Baud Rate

Baud rate fxx = 12.5 MHz fxx = 6.25 MHz fxx = 3.00 MHz
(bps) BRGC Value |Error (%)| BRGC Value |Error (%)| BRGC Value |Error (%)
2,400 — — — — 64H 2.34
4,800 — — 64H 1.73 54H 2.34
9,600 64H 1.73 54H 1.73 44H 2.34

19,200 54H 1.73 44H 1.73 34H 2.34
31,250 49H 0.00 39H 0.00 28H 0
38,400 44H 1.73 34H 1.73 24H 2.34
76,800 34H 1.73 24H 1.73 14H 2.34
150K 24H 1.73 14H 1.73 — —
300K 14H 1.73 — — — —

Remark When TM1 output is used, 150 to 38,400 bps is supported (during operation with fxx = 12.5

MHz)

Figure 17-6. Baud Rate Capacity Error Considering Sampling Errors (When k = 0)

Reference timing
(clock period T)

High-speed clock for which
normal reception is enabled
(clock period T°)

Low-speed clock for which
normal reception is enabled
(clock period T7)

32T

64T

DO D7
START
\START
A A /

256T

288T
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304T
L2

point
320T

352T
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336T

STOP
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STOP
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B ES

30.45T

60.9T

304.5T

—

15.5T]

—

. Sampling error
0.5T

&

33.55T

67.1T

Remark T: 5-bit counter source clock period

Baud rate capacity error (k = 0)

+15.5
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(2) Communication operation

(a) Data format

310

The transmission/reception data format consists of a start bit, character bits, parity bit, and stop bit(s) forming
character frames, as shown in Figure 17-7.

Specification of the character bit length inside data frames, selection of the parity, and selection of the stop
bit length, are performed with asynchronous serial interface mode register n (ASIMn).

Figure 17-7. Asynchronous Serial Interface Transmit/Receive Data Format

\ 1-data frame |

Startf o [ py [ p2 | D3| D4 | D5 | D6 | D7 [P

bit bit Stop bit(s)

<— Character bit ——

o Start bit....ccooveeeies 1 bit

+ Character bits .............. 7 bits/8 bits

» Parity bit ..o Even parity/Odd parity/0 parity/No parity
* Stop bit(S) .eevveeeeiieenns 1 bit/2 bits

If 7 bits has been selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid. In
the case of transmission, the highest bit (bit 7) is ignored. In the case of reception, the highest bit (bit 7)
always becomes “0”.

The setting of the serial transfer rate is performed with asynchronous serial interface mode register n (ASIMn)
and baud rate generator control register n (BRGCn).

If a serial data reception error occurs, it is possible to determine the contents of the reception error by reading
the status of asynchronous serial interface status register n (ASISn).

Remark n=1,2
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(b) Parity types and operations
Parity bits serve to detect bit errors in transmit data. Normally, the parity bit used on the transmit side and
the receive side are of the same type. In the case of even parity and odd parity, it is possible to detect “1”
bit (odd number) errors. In the case of 0 parity and no parity, errors cannot be detected.

(i) Even parity
» During transmission
Makes the number of “1”s in transmit data that includes the parity bit even. The value of the parity
bit changes as follows.

If the number of “1” bits in transmit data is odd: 1
if the number of “1” bits in transmit data is even: 0

* During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is odd, a parity
error occurs.

(ii) Odd parity
» During transmission
Odd parity is the reverse of even parity. It makes the number of “1”s in transmit data that includes
the parity bit odd. The value of the parity bit changes as follows.

If the number of “1” bits in transmit data is odd: 0
if the number of “1” bits in transmit data is even: 1

* During reception
The number of “1” bits in receive data that includes the parity bit is counted, and if it is even, a parity
error occurs.

(iii) 0 Parity
During transmission, makes the parity bit “0”, regardless of the transmit data.
Parity bit check is not performed during reception. Therefore, no parity error occurs, regardless of
whether the parity bit value is “0” or “1”.

(iv) No parity
No parity is appended to transmit data.
Receive data is received assuming that it has no parity bit. No parity error can occur because there
is no parity bit.
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(c) Transmission
Transmission is begun by writing transmit data to transmit shift register n (TXSn). The start bit, parity bit,
and stop bit(s) are automatically added.
The contents of transmit shift register n (TXSn) are shifted out upon transmission start, and when transmit
shift register n (TXSn) becomes empty, a transmit completion interrupt (INTSTn) is generated.

Caution In the case of UART transmission, follow the procedure below when performing

transmission for the first time.

<1> Setthe port to the input mode (PM21 =1 or 