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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 Vi (MAX)
and Vi1 (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, I/O 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 1/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 and IEBus are trademarks of NEC Electronics Corporation.

Windows and Windows NT 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.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corporation.

TRON is an acronym 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 July, 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
product in your application, please contact the NEC 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.

NEC Electronics Inc. (U.S.) - Filiale Italiana
Santa Clara, California Milano, Italy
Tel: 408-588-6000 Tel: 02-66 75 41
800-366-9782 Fax: 02-66 75 42 99
Fax: 408-588-6130
800-729-9288 - Branch The Netherlands
Eindhoven, The Netherlands
NEC do Brasil S.A. Tel: 040-244 58 45
Electron Devices Division Fax: 040-244 45 80
Guarulhos-SP, Brasil
Tel: 11-6462-6810
Fax: 11-6462-6829

« Branch Sweden
Taeby, Sweden
Tel: 08-63 80 820

NEC Electronics (Europe) GmbH Fax: 08-63 80 388
Duesseldorf, Germany
Tel: 0211-65 03 01

Fax: 0211-65 03 327

« United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133

- Sucursal en Espafia Fax: 01908-670-290

Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

» Succursale Francgaise
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Shanghai, Ltd.
Shanghai, P.R. China

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583

J02.4



Major Revisions in This Edition (1/2)

Page Description
U13029JJ6VOUDO0 — U13029JJ7VOUDOO
Throughout » Addition of package
64-pin plastic LQFP (14 x 14)
uPD780982GC-xxx-8BS, 780983GC-xxx-8BS, 780984GC-xxx-8BS
uPD780986GC-xxx-8BS, 780988GC-xxx-8BS, 78F0988AGC-8BS
uPD780982GC(A)-xxx-8BS, 780983GC(A)-xxx-8BS, 780984GC(A)-xxx-8BS
1PD780986GC(A)-xxx-8BS, 780988GC(A)-xxx-8BS
» Change of power supply voltage range as shown below.
Voo = 4.0to 5.5V — Voo = 3.0 to 5.5 V (expanded-specification products), Voo = 4.0 to 5.5 V
(conventional products)
« Change of system clock oscillation frequency (fx) as shown below.
fx = 8.38 MHz — fx = 12 MHz (expanded-specification products only), fx =8.38 MHz
» Change of minimum instruction execution time
p.26 Addition of 1.1 Expanded-Specification Products and Conventional Products
1.6 Pin Configuration (Top View)
p.30 » Addition of Cautions 2 and 3 to 64-pin plastic SDIP (19.05 mm (750))
p.31 + Addition of Cautions 2 and 3 to 64-pin plastic QFP (14 x 14), 64-pin plastic LQFP (14 x 14)
p.56 3.1.2 Internal data memory space
Addition of description on (1) Internal high-speed RAM and (2) Internal expansion RAM
p.99 Modification of Table 5-2 Relationship Between CPU Clock and Minimum Instruction
Execution Time
p.105 Modification of Figure 5-5 Switching Between System Clock and CPU Clock
p.117 Modification of Figure 6-9 Format of Prescaler Mode Register 00
p.118 Modification of Figure 6-10 Format of Prescaler Mode Register 01
p.123 Addition of Figure 6-16 Configuration Diagram of PPG Output
p.123 Addition of Figure 6-17 PPG Output Operation Timing
p.146 Modification of Figure 7-7 Format of Timer Clock Select Register 50
p.147 Modification of Figure 7-8 Format of Timer Clock Select Register 51
p.147 Modification of Figure 7-9 Format of Timer Clock Select Register 52
p.164 Modification of Figure 8-2 Format of Inverter Timer Control Register 7
p.173 Modification of Table 9-1 Loop Detection Time of Watchdog Timer
p.174 Modification of Table 9-2 Interval Time
p.175 Modification of Figure 9-2 Format of Watchdog Timer Clock Select Register
p.177 Modification of Figure 9-4 Format of Oscillation Stabilization Time Select Register
p.178 Modification of Table 9-4 Loop Detection Time of Watchdog Timer
p.179 Modification of Table 9-5 Interval Time of Interval Timer
p.204 11.2 Configuration of A/D Converter
Addition of register figure to (2) A/D conversion result register 0 (ADCRO0)
p.206 Modification of Figure 11-2 Format of A/D Converter Mode Register 0
p.214 11.5 Notes on A/D Converter
Addition of (6) Input impedance of ANIO to ANI7 pins
p.232 Modification of Figure 12-9 Format of Baud Rate Generator Control Register 0
p.233 Modification of Figure 12-10 Format of Baud Rate Generator Control Register 1
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Major Revisions in This Edition (2/2)

Page Description

12.4.2 Asynchronous serial interface (UART) mode

p.234 » Modification of description

p.235 » Modification of (1) Register setting (c) Baud rate generator control registers 0, 1 (BRGC00, BRGCO01)

p.240 Modification of Table 12-2 Relationship Between Source Clock of 5-Bit Counter and Value of m (with
UARTO00)

p.240 Modification of Table 12-3 Relationship Between Source Clock of 5-Bit Counter and Value of m (with
UARTO1)

p.241 Modification of Table 12-4 Relationship Between System Clock and Baud Rate

p.248 Addition of Remark to 12.4.3 Infrared data transfer mode

p.249 Modification of Table 12-7 Baud Rate That Can Be Set in Infrared Data Transfer Mode

p.254 Modification of Figure 13-2 Format of Serial Operation Mode Register 3

p.280 Addition of Caution to 15.1 External Device Expansion Function

p.284 Change of R/W to W in Figure 15-2 Format of Memory Expansion Mode Register

p.294 Modification of Figure 16-1 Format of Oscillation Stabilization Time Select Register

p.297 Modification of Figure 16-3 Releasing HALT Mode by RESET Input

p.300 Modification of Figure 16-5 Releasing STOP Mode by RESET Input

p.308 Revision of descriptions on flash memory programming as 18.3 Flash Memory Features

p.329 18.4.5 Entry RAM area
Modification of (¢) Write time data

p.357 Addition of CHAPTER 20 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS)

p.377 Addition of CHAPTER 21 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS)

p.396 Addition of CHAPTER 22 PACKAGE DRAWINGS

p.399 Addition of CHAPTER 23 RECOMMENDED SOLDERING CONDITIONS

p.402 Modification of APPENDIX A DEVELOPMENT TOOLS

p.414 Addition of APPENDIX B NOTES ON DESIGNING TARGET SYSTEM

U13029JJ7V0UD00 — U13029JJ7V1UDOO

p.28 Modification of 1.4 Ordering Information

p.399 Modification of CHAPTER 23 RECOMMENDED SOLDERING CONDITIONS

The mark * shows major revised points.
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Target Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for users who wish to understand the functions of the
uPD780988 Subseries and to design and develop application systems and programs
using these microcontrollers.

This manual is intended to give users an understanding of the functions described
in the organization below.

The uPD780988 Subseries User’s Manual is divided into two parts: this manual and
instructions (common to the 78K/0 Series).

uPD780988 Subseries 78K/0 Series
User’s Manual User’'s Manual
(This manual) Instructions
 Pin functions » CPU functions
« Internal block functions * Instruction set
* Interrupt functions « Explanation of instruction

Other on-chip peripheral functions
Electrical specifications

.

It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

[J To those who use this manual as the manual of the uPD780982(A), 780983(A),
780984 (A), 780986(A), 780988(A), and 78F0988A(A):
— Unless there are functional differences, the uPD780982, 780983, 780984,
780986, 780988, and 78F0988A are treated as representative devices, therefore,
when this is used as a manual for the uPD780982(A), 780983(A), 780984(A),
780986(A), 780988(A), and 78F0988A(A) read the product names as
uPD780982(A), 780983(A), 780984 (A), 780986(A), 780988(A), and 78F0988A(A).
[1To understand the functions in general:
— Read this manual in the order of the contents.
[JHow to interpret register format:
— The bit name of a bit whose number is encircled is defined as a reserved word
in the RA78KO0, and in the header file sfrbit.in the CC78K0.
[JWhen you know a register name and want to confirm its details:
— Read APPENDIX C REGISTER INDEX.
[JTo know the uPD789830 Subseries instruction functions in detail:
— Refer to 78K/0 Series Instructions User’s Manual (U12326E).

Caution Examples in this manual employ the "standard” quality grade for general electronics. When
using examples in this manual for applications that require the "special™ quality grade, review
the quality grade of each part and/or circuit actually used.
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Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: XXX (overscore over pin or signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information

Numerical representation: Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH

x Related Documents
The related documents indicated in this publication may include preliminary versions. However, preliminary versions

are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD780988 Subseries User's Manual This manual
uPD780988 Subseries Inverter Control Application Note U13119E
78K/0 Series Instructions User’s Manual U12326E
78K/0 Series Basics (l) Application Note U12704E

Documents Related to Development Software Tools (User’s Manuals)

Document Name Document No.
RA78K0 Assembler Package Operation U14445E
Language U14446E
Structured Assembly Language U11789E
CC78K0 C Compiler Operation U14297E
Language U14298E
SM78K0S, SM78K0 System Simulator Ver.2.10 or Operation (Windows® Based) U14611E
Later
SM78K Series System Simulator Ver.2.10 or Later External Part User Open U15006E
Interface Specifications
ID78K Series Integrated Debugger Ver. 2.30 or Later | Operation (Windows Based) U15185E
RX78K0 Real-Time OS Fundamentals U11537E
Installation U11536E
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-78K0-NS In-Circuit Emulator U13731E
IE-78K0-NS-A In-Circuit Emulator U14889E
|IE-78K0-NS-PA Performance Board To be prepared
IE-78001-R-A In-Circuit Emulator U14142E
IE-78K0-R-EX1 In-Circuit Emulator To be prepared

Documents Related to Flash Memory Writing

Document Name Document No.
PG-FP3 Flash Memory Programmer User's Manual U13502E
PG-FP4 Flash Memory Programmer User's Manual U15260E

Other Related Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages - X13769X
Semiconductor Device Mounting Technology Manual C10535E
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 Seethe "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.

User's Manual U13029EJ7V1UD 11



CONTENTS

CHAPTER 1 GENERAL ...t iis s insss s ssssss s s s s s s amn s s e mmn e s h e mnn e e s mmn e s e mmnns 26
1.1 Expanded-Specification Products and Conventional Products..........ccccurmmrnrmnrsssnnnssannns 26
0 == (= 27
B G T ¥ o 1o 1o o = 27
I SO @ e I ¢ 19 Vo T {0 gy 1 F= 1 o o 28
1.5 Pin Configuration (TOP VIEW) ....ccceiicrmisemininnisssssssssssssssssssssss s ssms ssssmssssms ssssmssssssss nssnssnssnees 30
1.6 78K/0 Seri€S LiNEUP ...cerrrserriiisrrisssrisssserassmsissssssssssssssss s s s sas s s sass sassmssasans nssmssnssns s sasanesasaness 33
B I A =1 (o Yo7 Q0 1= T | o 36
1.8  FUNCHIONAl OULIINEG ...oooee e s e e e s smmn e smme s e e e e e e mmnn s 37
1.9 Differences Between Standard Quality Grade Products and (A) Products..........ccceeennn. 38
1.10 Differences Between Flash Memory Products yPD78F0988A and uPD78F0988 .............. 38

CHAPTER 2 PIN FUNCTIONS .......ccccciiriissssmerrssssssessesssssse s esssssssssssssnssessssssnsssssassnnsessanssnnsessnsssnnessenssnnen 39
2.1 List Of Pin FUNCLIONS .....oiiiiiiiiiiiisins s s s s s s s s s s ssmn s snnnssmnnnnnnsen 39
2.2 Description of Pin FUNCHIONS ......cccciiiiiiieiriinsesss s s s s sssss s s ssssss s s e sssss s ennnas 42

2.2 P00 0 POB (POM 0) ...oovovveeeceeeeeeeeeeeeeeee e st ees s s s ese e s e ess s neeeeass s seeenesneneseesenennesenannans 42
2.2.2 PUOO P17 (POM 1) oottt en e n et en e enen s senenneennannans 42
2.2.3 P2010 P26 (POM 2) ....oevveieceeeeeeeeeeeeeeeee e et se e s s enn s n s esen s enen st eeen e eneannns 43
2.2.4 P3O0 P37 (POM B) ..oeeovteieceeeeeeeeeeeeeee e e et se e s s ess e n e sen s e s enen st enenneeneannans 43
2.2.5 PAD 0 PA7 (POM 4) ..ot n s en e n s n st enen et enenneeenannans 43
2.2.8 P50 10 P57 (POM 5) ...ooeivveieeceeeeeeeeeeeeeeeee e st eee s ees s ess e s s s sa e sss s seeeneanenenenssnenneeenannans 44
2.2.7 PB4 10 PB7 (POM B) ...oeveeeeeeeeeeeeeeeee et ee e ee e n s enn e n s esen et enen st enen s tnannans 44
P2 T O 0 N (o T @ 74 TSP TUPRP 45
2.2.9 AV REF .iiteeie e e ettt e e e e e ————ee e e e ————eeeeaaab———eeeaaaaa—aeeeeeaaateeeeeeaantaetaeeaaanreeeeeeaannreeaeeaannre 45
2.2.10 AVDD 1.ttt bt h et R et e e b et e a et e e bttt e R et e e ettt e e n et e e anbe e e e neeenneeeennreeean 45
P22 B Y RSP TURRPI 45
2212 RESET oottt 45
P22 1 G - o 2 USSP 45
2.2.14 VD0 QNG VDD1 .uuittiiiie e ittt e e ettt e e e ettt e e e e et e e e e se s e eeaeeeasssseeaeeasasbeeeeeesanssseeaeeeansnseeaeeeannrnneeaeaannes 45
2.2.15 VSS0 @NGA VST 1.uuiiiiiiiiieiiiiiee e e ittt e e e e ettt e e e e e st e e e e e e ssbaeeeeesassaeeeeeeaassseeeeeeaasbaeeaaeaasnaeeeeseansneaaeeannres 45
2.2.16 VPP (IPD78F0988A ONIY) ....cevveeeeceeeeeee et e s en e s st eeene e ssenen e ssneneneeenannans 45
2.2.17 TEST (Mask ROM VEISION ONIY) ....ueeiiiiiieiitie ettt et neee e 45
2.3 Pin /O Circuits and Recommended Connection of Unused Pins ........cccccuvcsmrrnnnsennnnnnnnas 46
CHAPTER 3 CPU ARCHITECTURE ........cccociriiriemerrssssssesssssssmsesessssssssssssssssessssssnmsssenssnsesessssnnsessnssnnnes 48
B T 1 1= Lo TS o T T, 48
3.1.1 Internal program MEMOTY SPACE .........eerueeruriaieeiureeitee et et et et st ate e st sbe e st e sbe e ebeesne e e beenanenans 55
3.1.2 Internal data MEMOIY SPACE ......cocuiiiiiiiiieiiii ettt ettt et nae e n e ene et e saeenans 56
3.1.3 Special function register (SFR) @rea........couiiiiiiiiiiiceie e 56
3.1.4  EXernal MEmMOIY SPACE ....cccuui ittt ettt ettt ettt b et nae et e nbe e nes 56
3.1.5 Data MemOry adaArESSING .......couiiiuiiitieiee ittt ettt nr e 57
12 User’s Manual U13029EJ7V1UD



3.2  ProcCesSOor REQISTersS .....cciuirrmrrrmmissnmrrrnssssss s rsssssss s ssssss s rnsssss s s s s e s s s s ensssam s e s ennsnnnnnnasen 63
3.2.1 CONMIOl FEQISIEIS ...ttt bttt b ettt e st e e et et e e nreea 63

3.2.2  GENEral-PUIPOSE FEOISIELS ......eeuiiiuieieiiite st sttt ettt ettt ie e se e e see et e e e sbe s e et e sanenreeas 66

3.2.3  Special function registers (SFRS) .......ocui ittt e 68

3.3 Instruction Address AddreSSiNg .....ccccerureerrssrrrnssserssssemnssss e rssss s sss s sss s sss s e sanssasans 73
3.3.1 Relative @ddreSSINg ......ocueeiiiiiieieeite et 73

3.3.2  IMMediate adArESSING .....ecetiiieiiiie ittt 74

3.3.3 Table iNdIreCt @darESSING ......cciuiiiiiiiieie ettt et 75

3.3.4 RegIStEr @ddrESSING ... .eeceiitiiiiietie ittt 76

3.4 Operand Address AdAreSSING ......ccccurirrriramrisssmsisssnsrssssssssssssssnssssssssssasssssasssasanssssanssassnssnsans 77
1O I 0] o] =Y E=To [ | =TS g T PSPPI 77

3.4.2 ReQISIEr @ArESSING .. .eeeiiiiieeitii ettt bttt e nb e e e e e nnbee s 78

O G I B ] €= To: a=To [0 [ £= 171 [ oo [ SRS TURRI 79

O 0 S o o A [T (=Yo1 K= Lo [0 [ (=TSt ] o PSPPI 80

3.4.5 Special function register (SFR) @ddreSSING .....c.ueeeiuieiiiiieiiei et 81

3.4.6 Register iNdireCt adArESSiNgG ......coiiueiiiiiie et 82

O A = 7= T Y=o = To [ [ (TS T I OSSPSR 83

3.4.8 Based iNdeXed AdArESSING ...cccueiiiieie ittt ettt e ettt e e et e e ean 84

O T =T = To [0 [ 1= 1] oo SRS SUURR I 84
CHAPTER 4 PORT FUNCTIONS .......coiiiiicccerisssssmserssssssssssessssssssssssnssessssssssessesssnnnsssasssnnsesessssnsessesssnnes 85
T T L 4 o oY g o) T o 85
4.2 Configuration Of POIMS ......ccciiiimmiismrinir s s s s s s san s s s smmn e 87
2 B o T4 3O USROS USRS 87

4.2.2 POt T it E e b e a e bttt bt et et ettt ettt r e nre e 88

4.2.3  POI 2 1ottt E bt h e bt h et et et ettt b et nreea 89

o o T4 S TSSOSO PSPPSR 90

4.2.5 PO 4 .o E bt h bttt h e ettt et e b et nreea 91

4.2.8 PO D .ottt E bbb h bt bt et e ettt n e b nre e 92

2 A o4 0 TSSOSO PP 94

4.3 Registers Controlling Port FUNCHONS .......cccociiiiimiiniisisr s s 95
4.4 Operation of Port FUNCHIONS ......ccccceiiiimiismner s s s s sas s snns 97
4.4.1 WIItING 10 1/O POM ...ttt ettt et ettt e nne e nne e et e e e nes 97

4.4.2 Reading from [/O POI .......ooiiiiiieie ettt ettt et 97

4.4.3 Arithmetic operation Of I/O POIt ..........uiiiiii et 97
CHAPTER 5 CLOCK GENERATOR ......cocitostriiiemnnrinssssnssnssssss s snssssss s s ssssssss s s sssss s s anssssss s nnsssnnns s enssnnnes 98
5.1  Function of CIOCK GENErator .........cccciimiirsmminins s s s sans s 98
5.2 Configuration of CIoCk Generator .........cccccuiermiisssmmisssinssnssss s sassssaes 98
5.3 Register Controlling CIOCK GENErator ........ccocuririmmmssnsissassssssnssssmssssmssssssssssmsssssmsssssasssssans 99
5.4 System Clock OSCillators .........cccuveiiiimminssrinss s s s 100
5.4.1  System CIOCK OSCIALOT .....couiiiiieiiiitie ettt ettt ettt e e e b e snbeeneesnne s 100

T2 Vo = OSSR PU PRSPPI 102

5.5 Operation of CIOCK GENErator .........cccccrmireriiimnmisssmissss s s sss e sassssnns 103

User's Manual U13029EJ7V1UD 13



5.6 Changing Setting of CPU CIOCK ......c.ccoiiirmminimniismsinisn s s s s s sssssssmss s sasssassnssss 104
5.6.1 Time required for sWitching CPU CIOCK .........cccciiiiiiiiiiiiiiesieesteee e 104

5.6.2 SWItChING CPU CIOCK ...t 105
CHAPTER 6 16-BIT TIMER/EVENT COUNTER ........ccooooiiiieirr s snssssss s snnsas 106
6.1 Outline of 16-Bit TIMer/EVent COUNTEr ........ccccciiiiiomminsnninsmnnssesssssansssssss s snssmssssms s sssmnsnsas 106
6.2 Function of 16-Bit Timer/Event COUNTEr .........ccccrmriismmmminnsensnnsssssss s s s ssmmnnsnas 106
6.3 Configuration of 16-Bit TiImer/Event COUNTEr ........ccccccririmmrsrmsisssmssssessssmssssmssssssssssansssss 107
6.4 Registers Controlling 16-Bit Timer/Event COUNter .........cccuicmrinimmmnsmsinsssmssesssssssssenssans 110
6.5 Operation of 16-Bit Timer/Event COUNter .........c.ccccorrmmiismmmnsssmnsss e snssss s snssssnsas 120
6.5.1 Interval tiMEr OPEIALION ......ccuei ittt n e ne e n 120

6.5.2 PPG OUIPUL OPEIATION ..ottt ettt b et 122

6.5.3 Pulse width measurement OPEratioN ..........cccocuiiiiiiieii et 124

6.5.4 External event COUNLEr OPEIatioN .........cicuiiiiiiiiiiiii ettt s 131

6.5.5 Square-wave OUtPUL OPEIALION ........citiiiii ettt 132

6.6 Notes on 16-Bit TIMer/EVeNnt COUNLET .......ccccciiiiiimmrssnnissnnrsssss s ssssss s s ssssmsssssmsssssmssssss 134
CHAPTER 7 8-BIT TIMER/EVENT COUNTER ......cotiiiiimmrrinismnsinsssssssssssssssssssssssss s ssssssssssssssssssssnsnsas 138
7.1 Outline of 8-Bit Timer/Event COUNTEN ........cccuciiriismmrisnnsissms s s s s ssssssms s sss s sssansssss 138
7.2 Function of 8-Bit Timer/Event COUNTEr ........ccccvcmmimniimmmrmnnisessnnnssssss s ssmss s ssssssmsssnas 138
7.3 Configuration of 8-Bit TImer/Event COUNtEr .........cccceciriimmmnsmsinsss s s s sssmsssssmssnsas 139
7.4 Registers Controlling 8-Bit Timer/Event COUuNter ..........cccvuvmrrnimmmnsmsnsss s s sssessnsas 142
7.5 Operation of 8-Bit Timer/Event COUNTEY .........ccccrrmirssmmmmniismnsmnnsssssssssssssss s sssssssssssssssssnas 149
7.5.1 Interval timer (8-Dit) OPEratioN .........coouiiiiiiie it 149

7.5.2 External event COUNLEr OPEIAtioN .........oiuiiiiiiiiiiiii ettt s 152

7.5.3 Square-wave output (8-bit resolution) Operation .............coceeriiiiieriiriic 153

7.5.4  8-bit PWM OULPUL OPEIALION ...ttt 154

7.5.5 Interval timer (16-Dit) OPEration ........ccoiiiiiiiiii s 157

7.6 Notes on 8-Bit Timer/EVent COUNTEN .......cccciiiiriirsmninssnissmssssss s s s sssssssmsssssasssssansssss 159
CHAPTER 8 10-BIT INVERTER CONTROL TIMER.........cccoiimiiiininmsises s s s s s ssnnssmnn s 160
8.1 Outline of 10-Bit Inverter Control TIMEer .........ccoemirinisnn s 160
8.2 Function of 10-Bit Inverter Control TIMEer .........cccomrirmrinsmmmsses s sssms s s ssmssssas 160
8.3 Configuration of 10-Bit Inverter Control TIMer .......ccccoivmrriminismnis s 160
8.4 Registers Controlling 10-Bit Inverter Control Timer........ccccoeeriiemrirmnmnnsemnsssrnes e 163
8.5 Operation of 10-Bit Inverter Control TIMEer ........cccciiiirmiiminsrnis s sans e 167
CHAPTER 9 WATCHDOG TIMER ......ccoiiiiiiiiriesnnsessisssssssssssssssss sassmsssssss sassmssnssms sassmsssssmsssnsasasssansss 173
9.1 Outline of Watchdog Timer ... s s 173
9.2 Function of Watchdog TIiMer ........ccccimirimmmmmnnsssrrnssss s s s ssss s ssmssneas 173
9.3 Configuration of Watchdog Timer ..o 174
9.4 Registers Controlling Watchdog Timer ......cccccouviemmniminssmmnssiss s s sssssenns 175
9.5 Operation of Watchdog TIMEr .......cciccomiirsminiiriisr i ss s sas s s sas s s sansess 178

14

User’s Manual U13029EJ7V1UD



9.5.1 Operation as WatChdOg tIMEN .........uii e as 178

9.5.2  Operation as iINTEIVAl TIMET ........eei ittt e e bt e e enee e e snbeeeas 179
CHAPTER 10 REAL-TIME OUTPUT PORT ....coiiiiiriisrisnssssssssssssssssssss s sassssssssss ssssmsssssms s sssmsssnsmnes 180
10.1 Function of Real-Time OQutput POrt ..o s s ssnes 180
10.2 Configuration of Real-Time Output POrt.......cco i 180
10.3 Registers Controlling Real-Time Output POrt ........ccccoiimmnimminismnissrss s ssssssssnes 185
10.4 Operation of Real-Time Output POrt ...t sssanssnes 191
10.5 Using Real-Time OUPUL POIt........oo it s ms s s s 201
10.6 Notes on Real-Time Output POrt ........ccccocmiimmiimmneiis s s e ssssssssaes 201
CHAPTER 11 A/D CONVERTER ....ooiietiiiirnets s s ssss s s s s s ms s s ssss ssmn e s 202
11.1 FUunCtion Of A/D CONVEIET .....cocicmeiiimsriimsiismssssmssssssssssssssssssss s sssssnssssssssssssssmsssssnsssasanssnsans 202
11.2 Configuration Of A/D CONVEIEY .......cccerurerrirmsmissmsrssssssissss s sssss s sssssssssasssassssssssssssssnssnssnns 202
11.3 Registers Controlling A/D CONVEIEN .....ccccviriirsmrsssmssissasssssassisssssssssssssssssssssmsssssnsssssasssssnns 205
11.4 Operation Of A/D CONVEITET .....ccccceiiiirriisniiiinsnssessissssssssssssssss s smsssssmsssssasssssssssssasssasanssnsans 208
11.4.1 Basic operation of A/D CONVEIET ........c.oiiiiiiiiii e 208

11.4.2 Input voltage and CONVErSION ESUIL ..ot 210

11.4.3 Operation Mode Of A/D CONVEIET ........couiiiiiiiiiiie ettt 211

11.5 Notes 0N A/D CONVEHET ......cccirirmriiinmrrisssrssssssassssrsssss s ssssss s s sss s sasssssasass sassssssssnsssssnsnnssnns 213
11.6 How to Read A/D Converter Characteristics Tables ........cccccrrimmnrsnmnninnnnssssssesssssnssnaeas 219
CHAPTER 12 SERIAL INTERFACES UARTO00 AND UARTOT ......ooriimriermsnmsmnses s s sssssnsanes 222
12.1 Function of Serial INterfaces .........ccccrirrmriiinminssin s 222
12.2 Configuration of Serial INterfaces .........cccourimirmnn e ———— 223
12.3 Registers Controlling Serial INterfaces ........ccccocrrrrrrinsssmnnssninss s snes 227
12.4 Operation of Serial INterfaces ..o ————— 234
12.4.1 Operation StOP MOE ......c..iiiiiieiii ettt sae e ne e 234

12.4.2 Asynchronous serial interface (UART) MOGE .......ooiiiiiiiiiiiiiiee e 234

12.4.3 Infrared data transfer MOGE ..........ooo i 248
CHAPTER 13 SERIAL INTERFACE SIO3J .......coiiiiiiisriss s s s s s s sssss s sssssssnssne s 251
13.1 Function of Serial Interface SIOJ ... s 251
13.2 Configuration of Serial INterface ..o ——— 252
13.3 Register Controlling Serial Interface ........ccccooucmnrminin e ——— 253
13.4 Operation of Serial INterface.......ccccvcirirerinisninnr e 255
13.4.1 OpEration STOP MOTE ......veiiiiiie ittt ettt e eb e e bt e e e be e e snteeesaneeeanbeeenans 255

13.4.2 3-Wire Serial /0 MOE .......ueeiiiiiieee et 256
CHAPTER 14 INTERRUPT FUNCTIONS ...t inss s ssssss s s s s sms s sssmsssssmss snsanssnsannes 259
14.1 Types of Interrupt FUNCLIONS ....ccceoiiiimirrt s 259
14.2 Interrupt Sources and Configuration ........c.cccouciriiininssmnrr s 259
14.3 Registers Controlling Interrupt FUNCHIONS .......cccceiiiiiinsminr s e 264

User's Manual U13029EJ7V1UD 15



14.4 Interrupt Servicing OPeration ..........cccciceriiisminsrscr s s s ms s s annsnnns 270

14.4.1 Non-maskable interrupt request acknowledgement operation .............ccocceeeiiiiiiiiiiiic e, 270

14.4.2 Maskable interrupt request acknowledgement operation ............cccccoiiiiiiiiiiiicniciiec e, 273

14.4.3 Software interrupt request acknowledgement 0peration ............c.ccecveeeriicieieeiesee e 275

14.4.4 Multiple interrupt SEIVICING .......cccuiiiiiiii e e 276

14.4.5 Pending iNtErrUPt FEOUESTS .....eiiiiiii ettt ettt e e e s e e et e e s nbneeeaneeeeanes 279
CHAPTER 15 EXTERNAL DEVICE EXPANSION FUNCTION ......ccoovomrimmrmissmsnssss s s sssssssssnenas 280
15.1 External Device EXpansion FUNCHION .......ccccceiiiiimmeminiisms s snsssss s s ssssms s nnnnnes 280
15.2 Registers Controlling External Device Expansion FUNCLiON .......ccccovienmiimmnseenissnnnnens 284
15.3 Timing of External Device EXpansion FUNCHION.......ccccecmiriniimssmnsissmss s snsssss s sssssss s snsssnnnes 287
15.4 Example of Connection With MEmMOIY ... s s snes 292
CHAPTER 16 STANDBY FUNCTION .......ccoiiiiiriiisnnisssissss s ssssms s ssssms s s sssmsssssms s sssasssnssne s 293
16.1 Standby Function and Configuration .........c.ccccciiiminssmmsni s ssens 293
16.1.1 STANADY FUNCHON ..ttt et e e et e e et eesbteeeanbeeeanns 293

16.1.2 Register controlling standby fUNCHON ..........ooiiiiiii e 294

16.2 Operation of Standby FUNCHION ........ccoviiiiiii s 295
16.2.1 HALT MOTE ..ottt ettt e sttt e e et e e s ne e e e s be e e e anneesneeeeanreeenaes 295

16.2.2 STOP MOGE ...ttt ettt ettt ekttt e bt e et e e eae e et e e ssteeabeesmbeebeessbeebeeenneenees 298
CHAPTER 17 RESET FUNCTION .....coiiiiiisriesssnss s sssss s ssss snssss s s ssms s s ms ssssms s sms ansmne s 301
CHAPTER 18 UPDT78FO988A .........eriietriinenrinneiissssasss s sssssssasss s nassss assms s s assss snssns s nssnsanssns e sasanasasnnes 305
18.1 Internal Memory Size Switching RegiSter .........ccccriimiiicminisninns s 306
18.2 Internal Expansion RAM Size Switching Register .........cccminiimnissmninsnnnssnsses e 307
18.3 Flash Memory CharacteriStiCs ......ccucocurrrrmiinimininrisrr s s sans s 308
18.3.1 Programming €NVIFONMENT ......co.ueiiiiiiiiiiiee ettt e et e s e s bt e e an e e e eneeessnneeeanbeeennns 308

18.3.2 COMMUNICALION MOTE ...ttt et ne 309

LR RS RN @] o B oToT=Tco I o] gl o] doTe =TT oo PRSPPI 312

18.3.4 Connection of adapter for flash WrtiNg ........cc.ooiiiiii e 315

18.4 Flash Memory Programming by Self WKite ........ccccceimiiiimnismminssnsss s s 323
18.4.1 Flash memory configuration .............cocoiiiiiiiii s 323

18.4.2 Flash programming mode control register ... 324

18.4.3 Self-WItE PrOCEAUIE ...ttt ettt et ae e 324

LR O] e U I =TT TU o= TP URR 328

18.4.5 ENY RAM GIrEa ...ttt et e e e e e e e be e e et e e e e e e e teeenan 328

18.4.6 Self-Write SUDIOULINES ..ottt eane e e 330

18.4.7 Self-write CirCuit CONFIGUIATION .......eiiiiiiiiiiie ettt et e s e e e e e 342
CHAPTER 19 INSTRUCTION SET .....coiiiimmmissrissssmsssssissssssssssssssss sassmsssssssssssssssssss s ssssssssssss snsasssasanes 343
1 T IO =1 Y 1 =Y 21 (o 3 L= 343
19.1.1 Operand representation and description fOrmMats ..........coceeiiiieiiiiiee e 343

19.1.2 Description of 0Peration COIUMIN .........oi i e ee e 344

16 User's Manual U13029EJ7V1UD



»*

19.1.3 Description of flag operation COIUMN ........ii i 344

19.2 Operation LiSt ......ccuccciiiiimiiimmiisss i s s s s ssms s s nn s mn e 345
19.3 Instruction List by AddreSSing ....ccccceiiiiiiiiiiisssmmmmrnrr s smsmms s s s s n s s e sas 353
CHAPTER 20 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS) ........ 357
CHAPTER 21 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS).....cccocerisumsrsssaneas 377
CHAPTER 22 PACKAGE DRAWINGS ......coooiiiiiimnmiimssisnssssssssssssss sssassssssss sasssssnssss sassss snsssssassms snnsmnnas 396
CHAPTER 23 RECOMMENDED SOLDERING CONDITIONS. .......cccocmmmmtmimsmnserssssssssss e snsssssasases 399
APPENDIX A DEVELOPMENT TOOLS......ccciiiimmmisanrissssssssmssssssssassmsssssssssssmsssssss s sssssssssssssnsanssnsaness 402
W0 IS T 41T T o T L T [, 404
A.2 Language Processing SOftWAre .........cccouromiiimmnnmsinsnsssmssssss s s s sssssss s sasssassnssss 404
A.3  CONLIOl SOTIWAIE .....cccceceerrerccerrrssssrerresssmr e s e s s s ssme e e e s s s smme s resssmneneessssmnsneassammennesssamnnnnanssnnnnness 405
A.4  Flash Memory Writing TOOIS .....ccccccimiiminmmmrmnnssmssmnnsssss s s s ssss s s ssmss s smmnssnas 405
A.5 Debugging Tools (HArdWare) ..........ccccuurrmmmrmmnssmmsmmnnsssssnssssss s s s ssssssmssssssssasssseas 406
A.5.1 When using the in-circuit emulator IE-78K0-NS or [E-78KO0-NS-A ..o 406

A.5.2 When using the in-circuit emulator IE-78001-R-A ......oo i 407

A.6 Debugging TooIS (SOfIWAIE) ........cccrrrimminsmrrirrinss s s e 408
A.7 Embedded SOftWAre ........cccccmrmiinmririssinssssss s s s ssm s s mmnn s 409
A.8 Upgrading from Former In-Circuit Emulator for 78K/0 Series to IE-78001-R-A .............. 410
A.9 Package Drawings for Conversion Socket and Conversion Adapter .........cccccevviiineenrrnnns 411
APPENDIX B NOTES ON DESIGNING TARGET SYSTEM .......ccccciiiirirrrms e ssseeeas 414
APPENDIX C REGISTER INDEX .....cccoctriiitmmssnnsissssnsssnsssssssssssssssss sassmsssssss ssssssssssss s ssssssssssss snsanssnsaneen 418
C.1 Register Index (In Alphabetical Order with Respect to Register Name)...........cccvvennrnnee 418
C.2 Register Index (In Alphabetical Order with Respect to Register Symbol) ........ccccecerueee 421
APPENDIX D REVISION HISTORY .....coiiiiiiiimrisinssmsssss s ssssss s sassss s ssssmsssssss s sssssssssssssssasssasanes 424

User's Manual U13029EJ7V1UD 17



LIST OF FIGURES (1/6)

Figure No. Title Page
2-1 PN 1/0 CIICUIS ittt ettt ettt e e a e et e s et et e e s e bt e bt e e ab e e e beeenbeeebeeebeesneeenbeas 47
3-1 Memory Map (UPD780982) .........uuiiieeiuiiitiaeee ettt ettt ettt et ea ettt nne e 49
3-2 Memory Map (UPD780983) ......ccoiiiiiiiiieeiiiee ettt et e e 50
3-3 Memory Map (UPD780984) .......ooiiiiiiieeitie ettt ettt e et 51
3-4 Memory Map (LPD780986) ......cc..tirueeeeiiteeaeeetee ettt ettt ettt sbe et ebe et e st e b e e een e n e nere e s 52
3-5 Memory Map (UPD780988) .......coociiiiiieiiiiee ettt ettt re e e 53
3-6 Memory Map (UPD78FO988A) ........oiiiieieiiiie ettt ettt 54
3-7 Data Memory Addressing (UPD780982) ........oociiiiiiiiiiieeiie ettt 57
3-8 Data Memory Addressing (UPD780983) .......ccuuiiiiiieaiie ettt 58
3-9 Data Memory Addressing (UPD780984) .........ueiiiiiiieiie ettt 59
3-10 Data Memory Addressing (UPD780986) .........ccuuireiiitieiieiiie ittt sttt 60
3-11 Data Memory Addressing (UPD780988) .........cuieiiiiiaiiiiieiee ettt 61
3-12 Data Memory Addressing (UPD78F0988A) ......coiuiiiiiiieiiei ettt 62
3-13 Program Counter CONfIQUIALION .........ouiiiiiiii et 63
3-14 Program Status Word ConfiQUration ..........o.eeoeeiiiiie e 63
3-15 Stack Pointer CONfIQUIALIoN ..........cciiiiiiii ittt 64
3-16 Data Saved 10 STACK MEIMOTY ......oiiiiiiieiee ettt nneas 65
3-17 Data Restored from Stack MEIMOTY .......cciiiiiiiiiiie ettt 65
3-18 General-Purpose Register CoNfigUration ............eoiiiiiir i 67
4-1 77 =TT ) o S 85
4-2 Block Diagram of POO 10 PO3 ... ..ottt ettt b e sib et b e eane e neas 88
4-3 Block Diagram Of P10 10 P17 ...ttt ettt e et e e 88
4-4 Block Diagram of P20 10 P26 ........cocuiiiiiiiee i 89
4-5 Block Diagram Of P30 10 P37 ... ittt ettt e et e st e e e ne e e e nne e nnnes 90
4-6 Block Diagram Of P40 10 PA7 ...ttt et 91
4-7 BIOCK DIag@ram Of P50 ......cueiiiieiiii ettt ettt ettt b ettt 92
4-8 Block Diagram Of P51 10 P57 ...ttt ettt e e e e e e e 93
4-9 Block Diagram Of PB4 10 PB7 ...ttt 94
4-10 Format of Port Mode REGISTET .....c.eiiiiiiiiei ettt 95
4-11 Format of Pull-up Resistor Option REGISIEN .......coiiiiiiiiiiiiie e 96
5-1 Clock Generator BIOCK DIAQIam ........ooieeieiiiie ittt ee ettt st e e e e bt e e sente e e sneeeennaeeenns 98
5-2 Format of Processor Clock Control REGISEN ..........oiiiiiiiiiiii i 99
5-3 External Circuit of System CIOCK OSCIllAtOr ........ccuiiiiiiiiiiiie e 100
5-4 Examples of Incorrect Resonator CONNECHION ........coiiiiiiiiiiiie e 101
5-5 Switching Between System Clock and CPU CIOCK ........ccuiiuiiiiiiiiiiiieieesee e 105
6-1 Block Diagram of 16-Bit Timer/Event Counter 00 ..........c.cooiiiiiiiiiiiiiiee e 107
6-2 Block Diagram of 16-Bit Timer/Event Counter 07 .......c.coiiiiiiieii e 108
6-3 Format of 16-Bit Timer Mode Control Re@iStEr 00 .........ccoiiuiiiiiiiiiiii ettt 111
6-4 Format of 16-Bit Timer Mode Control Register 07 ........oo i 112
6-5 Format of Capture/Compare Control REgISter 00 ..........coooiiiiiiiiiiiierieie et 113

18

User’s Manual U13029EJ7V1UD



LIST OF FIGURES (2/6)

Figure No. Title Page
6-6 Format of Capture/Compare Control RegiSter 07 ..o 114
6-7 Format of Timer Output Control RegiSter 00 ...........cocuiiiiiiiiiieieeie e e 115
6-8 Format of Timer Output Control REGISTEr 01 ......cuuiiiiiieeeee e 116
6-9 Format of Prescaler Mode RegiSter 00 ...........ocuiiiiiiiiiiiiieiee et 117
6-10 Format of Prescaler Mode Register 01 ..........ooiiiiiii e 118
6-11 Format of Port MOde REGISIEr 5 ...ttt 119
6-12 Control Register Settings for Interval Timer Operation ..ot 120
6-13 Interval Timer Configuration DIagram .........c.coieiiiiiieiie et 121
6-14 Timing of Interval TIMEr OPEIation ..........ueoiiiiiiee et s e et sne e snaeees 121
6-15 Control Register Settings for PPG Output OPeration ..........ccooveeiiiiiiiiieiee e 122
6-16 Configuration Diagram of PPG OULPUL ........ceoiiiiiiiicie et e 123
6-17 PPG Output Operation TiMING .......ooiueeeeiiieeeiee ettt e e e este e e snne e e e nneeeeanteeennnes 123
6-18 Control Register Settings for Pulse Width Measurement with Free-Running Counter

and ONE Capture REGISTEN .....c..i ittt 124
6-19 Configuration Diagram for Pulse Width Measurement with Free-Running Counter .............ccccceevneen. 125
6-20 Timing of Pulse Width Measurement Operation with Free-Running Counter

and One Capture Register (with Both Edges Specified) ..........cciiieiiiiiiiiii e 125
6-21 Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter ............ 126
6-22 CRO1n Capture Operation with Rising Edge Specified ..........ccciiiiiiiiiiiieee e 127
6-23 Timing of Pulse Width Measurement Operation with Free-Running Counter

(With Both EAQES SPECITIEA) .....eeeiiiiii ettt et eeneee s 127
6-24 Control Register Settings for Pulse Width Measurement with Free-Running Counter

and TWO Capture REGISIENS ......ciiuiiiiiiiiieiee ettt ettt be e bt eeneennee s 128
6-25 Timing of Pulse Width Measurement Operation by Free-Running Counter

and Two Capture Registers (with Rising Edge Specified) .........ccciiiiiiiiiiiiii e 129
6-26 Control Register Settings for Pulse Width Measurement by Means of Restart .........cccccooeiiiiiiiniene 130
6-27 Timing of Pulse Width Measurement Operation by Means of Restart

(with RisSiNg EAQe SPECIIE) ....eeuiiiiiiiiieie it 130
6-28 Control Register Settings in External Event Counter Mode ..........cccooiiiiiiiiiiiieiie e 131
6-29 External Event Counter Configuration Diagram ............ooiieiiiieeiiie e 132
6-30 External Event Counter Operation Timings (with Rising Edge Specified) .........cccovvviiiniiiiiiniciee 132
6-31 Control Register Settings in Square-Wave Output MOdE ..........coociiiiiiiiiiii e 133
6-32 Square-Wave Output Operation TiMING .........ooiueeeiiiieiiee e e e e e e sneeeabeeeeas 133
6-33 16-Bit Timer Counter Start TIMING .......cooioii et 134
6-34 Timing After Change of Compare Register During Timer Count Operation ...........ccocoeevveeieeiieeneennenn 134
6-35 Capture Register Data Retention TiIMING .......cooiiiiiiiiii e e e 135
6-36 Operation Timing of OVFON FIAQ ...ccveiiuiiiiieiii ettt 136
7-1 Block Diagram of 8-Bit Timer/Event COUNLEr 50 .........coiuiiiiiiiieiie i 139
7-2 Block Diagram of 8-Bit Timer/Event COUNLEr 51 ......ooi e 140
7-3 Block Diagram of 8-Bit Timer/Event COUNLEr 52 .......cc.ooiiiiiiiiiieiie e 140
7-4 Format of 8-Bit Timer Mode Control REGISTEr 50 .........coiiiiiiiiiiiie et 143
7-5 Format of 8-Bit Timer Mode Control REgISTEr 51 .....couiiiiiiieiee e 144
7-6 Format of 8-Bit Timer Mode Control REGISTEr 52 .........oouiiiiiiiiiie e 145

User's Manual U13029EJ7V1UD 19



LIST OF FIGURES (3/6)

Figure No. Title Page
7-7 Format of Timer Clock Select REGISTEr 50 .........coiiiiiiiiiiiiie e 146
7-8 Format of Timer Clock Select RegiSter 51 .......ooiiiiii e e 147
7-9 Format of Timer Clock Select REGISIEr 52 ........ooiuiiiiiiiiei e 147
7-10 Format of Port Mode REGISIEr 2 ..ottt 148
7-11 Interval Timer Operation TiMING ......cc.ooeerioeee ettt se e e s 149
7-12 External Event Counter Operation Timing (with Rising Edge Specified) .......cccccooiiiiiiiiiniieee 152
7-13 Square-Wave Output Operation TiMING .......coeiiieieiieiee et 153
7-14 PWM Output Operation TIMNG .......cc.oeeerieieieeee sttt be s ee s see e e see e 155
7-15 Operation Timing When CR5N IS Changed ..........ooiiiiiiiiiiee e 156
7-16 16-Bit Resolution Cascade Mode (with TM50 and TM51) ....ccuoiiiiiiiiiiee e 157
7-17 16-Bit Resolution Cascade Mode (with TM51 and TM52) ........ooiiiiiiiiieiieeie e 158
7-18 Start Timing oOf 8-Bit TIMEr COUNTET ...co.uiiiiiiie ittt eabeee s 159
7-19 Timing After Changing Values of Compare Registers During Timer Count Operation ............c.cccceeuue.. 159
8-1 Block Diagram of 10-Bit Inverter Control TIMET ........ccooieoiiiieiiiie et 161
8-2 Format of Inverter Timer Control REGISIEr 7 ......couiiiiiiiiieie e e 164
8-3 Format of Inverter Timer Mode REGISLEr 7 ........eiiiiiiiieee e b 165
8-4 TM7 Operation Timing (BasiC OPEration) .........c.ccirieiiriiiieiti ettt 169
8-5 TM7 Operation Timing (CMn (BFCMnN) = CM3 (BFCMB3)) ......coiiiiiiiiiiieiierit et 170
8-6 TM7 Operation Timing (CMn (BFCMN) = 000H) ...c..eiiitiiiiiiiie ettt 171
8-7 TM7 Operation Timing (CMn (BFCMn) = CM3 — 1/2DTM, CMn (BFCMn) > CM3 — 1/2DTM)............... 172
9-1 Watchdog Timer BIOCK DIGGIam ......c.eoiuiiiieiiii ettt ettt 174
9-2 Format of Watchdog Timer Clock Select REGISIEr .......couiiiiiiiiiie it e 175
9-3 Format of Watchdog Timer Mode REGISIET .......coiuiiiiiiiieeeie e 176
9-4 Format of Oscillation Stabilization Time Select ReQiSter ..........cociiiiiiiiiiii e 177
10-1 Block Diagram of Real-Time OULPUL POIt ........c.ooiiiiiiee e 181
10-2 Configuration of Real-Time Output Buffer RegiSter 0 ........ooouiiiiiiiii e 183
10-3 Configuration of Real-Time Output Buffer Register 1 ..o 184
10-4 Format of Port Mode REGISIEr 3 ...t 185
10-5 Format of Real-Time Output Port Mode RegiSter O ......ccooueiiiiiiiiiie e 185
10-6 Format of Real-Time Output Port Mode ReIStEr 1 .....cc.eiiiiiiiiiie e 186
10-7 Format of Real-Time Output Port Control Register O.........c.coouiiiiiiiiiiiieieeeee et 187
10-8 Format of Real-Time Output Port Control REGISTEr 1 .....cooiiiiiiee e 188
10-9 Format of DC Control REGISTEr O .....ccueiiiieiiii ettt n e sne e 189
10-10  Format of DC Control REGISTEr 1 .....oiiiiiie ittt et e e e sne e 190
10-11  Real-Time Output Port Operation Timing Example (8 BitS X 1) .eoicuiiiiiiiiiiiiieeeeee e 193
10-12  Real-Time Output Port Operation Timing Example (6 BitS X 1) ....coiiiiiiiiiiiieieeeee e 198
11-1 A/D Converter BIOCK DIagram .......cooueiiiiiieeiiit ettt st et e e et e s e e s e e e neeesneeas 203
11-2 Format of A/D Converter Mode RegISLEr O ........ooiuiiiiiiiiiiiie e 206
11-3 Format of Analog Input Channel Specification RegiSter 0 ..........ccoieiiiiiiiiiiieieeee e 207
11-4 Basic Operation Of A/D CONVEITET .....couuiiiiiiee ettt et ettt e e b e e e nbe e e enneeesneeeeas 209

20 User’'s Manual U13029EJ7V1UD



LIST OF FIGURES (4/6)

Figure No. Title Page
11-5 Relationship Between Analog Input Voltage and A/D Conversion Result ...........ccoocoveviieiiieeeiciieeee. 210
11-6 A/D Conversion by Hardware Start (with Falling Edge Specified) ..........coviriiiiiiiiinciceceeee 211
11-7 A/D Conversion by SOftWAre STArt .........c.eoe i e 212
11-8 Example of Reducing Current Consumption in Standby Mode ...........ccoeeiiiiiiiiiiiicie e 213
11-9 Processing Analog INPUE PIN ... e 214
11-10  A/D Conversion End Interrupt Request Generation TiIMiNg ........cccuveiiieiiiiiee i 215
11-11  ProcesSing Of AVDD PN ...ttt e 215
11-12  Timing of Reading Conversion Result (When Conversion Result Is Undefined) ...........cccooeecnieicnnnns 216
11-13  Timing of Reading Conversion Result (When Conversion Result Is Normal) .........ccccooeeiiiieiiiieennnen. 216
11-14  Example of Connecting Capacitor 10 AVREF PiN ......couiiiiiii it 217
11-15  Internal Equivalent Circuit of PinS ANIO t0 ANI7 ........ooiiiiiiiie e e e 218
11-16  Example of Connection if Signal Source Impedance IS High ... 218
LR A O 1V =T |1 = g {o ] O TP PPV PPTOPRTPIO 220
11-18  QUANTIZATION EITOT ...ttt a e bt e et e et e e seeeeseesseeenbeeenneenee 220
T1-19  ZEI0O-SCAIE EFTON .. ettt ettt b e e bbbt e s e e b e e seneen e 221
11220 FUI-SCAIE EITOF ...ttt sttt e s ettt s bt e en e e nbe e e beenaneenee 221
11-21  Integral LIN@Arity EITOr ... e e 221
11-22  Differential LINGAritY EITOr .......oo ittt e et e e et eeaneas 221
12-1 Block Diagram of Serial Interface UARTOO .........oiiiiiiiiiiie ittt 223
12-2 Block Diagram of UARTO0 Baud Rate GENErator............cccoviiiieiieiiiiie et 224
12-3 Block Diagram of Serial Interface UARTOT .......eiiiiiiiieiiee et 225
12-4 Block Diagram of UARTO1 Baud Rate GENErator.........cccuiiiiiiiiiiiie it 225
12-5 Format of Asynchronous Serial Interface Mode RegiSter 0 ..........ccooieiiirieiiiiienieee e 228
12-6 Format of Asynchronous Serial Interface Mode Register 1 .......coooiiiiiiiiiii e 229
12-7 Format of Asynchronous Serial Interface Status Register 0 .........ccocuviiiiiiiiiiiiieenie e 230
12-8 Format of Asynchronous Serial Interface Status Register 1 ..........ccooieiiiiiiiiiiiiic e 231
12-9 Format of Baud Rate Generator Control REgIStEr 0 ........cceviiiiiiiiieieiie e 232
12-10  Format of Baud Rate Generator Control RegISTEr 1 ........ooiiiiiiiiiiiei e 233
12-11  Baud Rate Tolerance Including Sampling Error (When K = 0) ......cccooieiiiiiniiireee e 242
12-12  Asynchronous Serial Interface Transmit/Receive Data Format ..........ccccoiiiiiiiii i 243
12-13  Timing of Asynchronous Serial Interface Transmission Completion

Interrupt REQUEST GENEIALION ........ccoiiiiiiieie ettt 245
12-14  Timing of Asynchronous Serial Interface Reception Completion Interrupt Request Generation .......... 246
12-15  RECEIVE ErrOr TIMING «ooeeiei ittt e et e e st e e e e e e e e e s e e e e nneennneas 247
12-16  Comparison of Data Format in Infrared Data Transfer Mode and UART Mode ........c.ccoceiiricnicicninnns 248
13-1 Block Diagram of Serial INterface 3 ..o 252
13-2 Format of Serial Operation Mode RegISIEr 3 ......ccuuiiiiiiiiiie e 254
13-3 Timing of 3-Wire Serial 1/O MOGE .......oooiiiieiiii e e 258
14-1 Basic Configuration of Interrupt FUNCHON .......cooiiiiiiiiiii e 262
14-2 Format of Interrupt Request Flag REgIStErs ..o 265
14-3 Format of Interrupt Mask Flag REGISTEr ......oooiuiiiiiee e e 266

User's Manual U13029EJ7V1UD 21



LIST OF FIGURES (5/6)

Figure No. Title Page
14-4 Format of Priority Specification Flag RegiSter ..........cuoiiiiiiiiiii e 267
14-5 Format of External Interrupt Rising Edge Enable Register and

External Interrupt Falling Edge Enable RegiSter .......cc.uii i 268
14-6 Format of External Interrupt Rising Edge Enable Register 5 and

External Interrupt Falling Edge Enable Register 5. 269
14-7 Configuration of Program Status WO ..........cooiiiiiii e 270
14-8 Flowchart from Non-Maskable Interrupt Request Generation to Acknowledgement .............cccceeeeenee 271
14-9 Timing of Non-Maskable Interrupt Request Acknowledgement ..., 271
14-10  Acknowledgement Operation of Non-Maskable Interrupt REQUESE .........ccocueiviiiiiiiiiiiieee e 272
14-11  Interrupt Request Acknowledgement Program AIGOrithm .........oociiiiiiieiiiieee e 274
14-12  Interrupt Request Acknowledgement Timing (Minimum TiMe) ..........cccooiiiiiiiiiii e 275
14-13  Interrupt Request Acknowledgement Timing (Maximum TimMe) .......oeviieiiiiiieiiiie e 275
14-14  Multiple INterrupt EXAMPIE .....oooiiiiiieie ettt et ne e 277
14-15  Pending INterrupt REQUEST .......c..oiiii e 279
15-1 Memory Map When External Device Expansion Function USed ...........cccocviiiiiiiiiiiinic i 281
15-2 Format of Memory Expansion Mode REQISIEN ........cocuiiiiiiiiiiiiieie et 284
15-3 Format of Memory Expansion Wait Setting RegiSter ..o 285
15-4 Format of Memory Size SWitChing REGISEr ........couiiiiiiiiiii e 286
15-5 Instruction Fetch from EXternal MEMOTY ........couioiiiiiieee ettt 288
15-6 Read Timing of External MEmMOIY ... e 289
15-7 Write Timing of EXIErNal MEMIOIY ... .eeiiiiieeeee ettt sneeas 290
15-8 Read-Modify-Write Timing of EXternal MEMOTY ...........ooiiiiiiiieie e 291
15-9 Example of Connecting tPD780984 and MEMOIY .........cccuiiuiriiriieiieiieiti ettt 292
16-1 Format of Oscillation Stabilization Time Select RegiSter ..........ccciiiiiiiiiiiiic e 294
16-2 Releasing HALT Mode by Interrupt REQUEST .........eiiiiiiiiiie e 296
16-3  Releasing HALT Mode Dy RESET INPUL .....v.vveieeeeeeeeeeeeeseeee s eseee e 297
16-4 Releasing STOP Mode by Interrupt REQUEST ..........ooiuiiiiiiiee e 299
16-5  Releasing STOP Mode by RESET INDUL .......cvrveeeeeceeeeeeeeeeeeeeeeeeeeeseeseeseeeeeeeneeseeeeesesne s eenesnesneeeeees 300
17-1 Reset FUNCHion BIOCK DIAQIam .......ooueiiiiiiie ettt et e e et e e nanee 301
17-2  Reset TIMING by RESET INDUL .....o.veveceeeeeeeeceeeeeeeeeeee e eeseesee e eeseese s eeneen e en e eneneenesnesneeeanes 302
17-3 Reset Timing by Overflow in Watchdog TIMEr ........c.ooiiiiiiiiieiee et 302
17-4  Reset Timing by RESET INPUt iN STOP MOGE ........cvveeeeeeeeeeeeeeeeeeeeeeeeee e neeen e 302
18-1 Format of Memory Size SWitChing REGISIEN ........oouuiiiiiiiiii e 306
18-2 Format of Internal Expansion RAM Size Switching RegiSter .........covviiiiiiiiiiiiiee e 307
18-3 Environment for Writing Program to FIash MemOry ..ot 308
18-4 Communication Mode Selection FOrMAL ..........oiiiiiiiiiieiee e 309
18-5 Example of Connection with Dedicated Flash Programmer ............ccoccviiiieiiiiieeeiie e 310
18-6 VPP Pin ConNection EXAMPIE ......c.eiiiiiiiiie ettt 312
18-7 Signal Conflict (Input Pin of Serial INterface) ........ccoiiiiiiiiiii e 313
18-8 Abnormal Operation of OthEr DEVICE ........coiuiiiiiiiei e 313

22 User’'s Manual U13029EJ7V1UD



LIST OF FIGURES (6/6)

Figure No. Title Page
18-9  Signal Conflict (RESET PiN) ....ocecueueiiececeeteiee et eeeeacae s sae et es s s s st esenssse s senssassesanenasansans 314
18-10  Wiring Example for Flash Writing Adapter with 3-Wire Serial I/O (SIO3) ........ccceviiiiiiieiiecrieice 315
18-11  Wiring Example for Flash Writing Adapter with 3-Wire Serial I/O (SIO3) with Handshake ................... 317
18-12  Wiring Example for Flash Writing Adapter with UART (UARTO0) .....ccovieiieiiiieiieeee e 319
18-13  Wiring Example for Flash Writing Adapter with Pseudo 3-Wire Serial I/O .........cccociiiiiiiiniciieicis 321
18-14  Flash Memory COnfigUIratioN ..........ooiiiii ittt e e s e e 323
18-15  Format of Flash Programming Mode Control REGISIer .........cocuiiiiiiiiiiiiiii e 324
18-16  Self Programming FIOWCRAI ..........ooiiiiiiii et 325
18-17  SEIf-WIIE MG .ottt ettt b et e a et e e st e e e be e e e ambe e e e nb e e e nnseeeanbeeeenteeennnee 327
18-18  Self-Write Circuit ConfiQUIation .............iiiiiiiie e 342
A-1 Configuration of Development TOOIS .........c.coiiiiiiiiie et 403
A-2 EV-9200GC-64 Package Drawing (For Reference Only) ........ccoooiiiiiiiieiiiiiicces e 411
A-3 EV-9200GC-64 Footprints (For Reference ONly) .........ooiiiiiiiiiiiieit e 412
A-4 TGC-064SAP Package Drawing (For Reference ONly) ......ccceoiiiiiiiiiieiie et 413
B-1 Distance Between In-Circuit Emulator and Conversion Socket or Conversion Adapter (1) ........c.c.c..... 414
B-2 Distance Between In-Circuit Emulator and Conversion Socket or Conversion Adapter (2) .................. 415
B-3 Distance Between In-Circuit Emulator and Conversion Socket or Conversion Adapter (3) .................. 415
B-4 Connection Condition of Target SYSTEM (1) .o.eee i e 416
B-5 Connection Condition of Target SYSTEM (2) ....coiiieiiiiiieree e e 417
B-6 Connection Condition of Target SYStEM (3) ...eeoiiii i 417

User's Manual U13029EJ7V1UD 23



LIST OF TABLES (1/2)

Table No. Title Page
1-1 Differences Between Expanded-Specification Products and Conventional Products.............cccceeeeeenee.. 26
1-2 Differences Between Standard Quality Grade Products and (A) Products ..........cccccevcueerieiiiciieeneennnen 38
1-3 Differences Between uPD78F0988A and tPD78F0988 ...........coouiiiiiiiiiieeiiie e 38
2-1 TYPES Of PiN 1/O CIFCUILS ...ttt ettt sb ettt ettt eb e neneeneenane e 46
3-1 INterNal ROM CaPACILY ....c..eeiviriieitieiieeti ettt ettt sttt b et b et b e et e e ae e e nas 55
3-2 RV =To1 o1 G =1 o)L= SRS P TSP PRSP 55
3-3 Absolute Addresses of General-Purpose REGISIENS .......cocuiiiiiiiiiiiiiiierie e 66
3-4 Special FUNCHON REGISEr LISt ......cuiiiiiiiee it s 69
4-1 PO FUNCHONS ...ttt e et e et e e e e s e e e et e e e s e e e e ner e e e e ne e e nnn e e e nerneas 86
4-2 POrt CONfIGUIATION ...ttt ettt b et e bt et ae e 87
5-1 Configuration of CIOCK GENEIATON ..........eiiiiiiee et e se e e s e e e ssee e e eneeeeneeeeaneeeeans 98
5-2 Relationship Between CPU Clock and Minimum Instruction Execution Time .........cccocveviiiiiniiniiennnnnn 99
5-3 Maximum Time Required for SWitching CPU CIOCK ..........coiiiiiiiiiiiieeceec e 104
6-1 Configuration of 16-Bit TIMEr/EVENt COUNLET .......cciiiiiieiieeiee ittt et 107
6-2 TIOONn Pin Valid Edge and CROON, CROTN Capture TrHGQErS ......cooeiiiiariiiiiesieeeie e 109
6-3 TI01n Pin Valid Edge and CROON Capture THOGET «.....cuuuiuiaieeiieeiteeiiee sttt et sne s 109
7-1 Configuration of 8-Bit TIMEr/EVENt COUNTET .........cooiiiiiiiiieii ettt e 139
8-1 Configuration of 10-Bit Inverter Control TIMEN ........c.ccuiiiiiiiiee et e 160
9-1 Loop Detection Time of WatChdog TIMET ........eouiiiiiiiii it 173
9-2 [0 (=T V= U 00T T TSRO PP PRSPPI 174
9-3 Configuration of Watchdog TIMET ......cooiiiiii et 174
9-4 Loop Detection Time of Watchdog TIMET ........eouiiiiiiee ettt 178
9-5 Interval Time of INtErval TIMET ......oo e 179
10-1 Configuration of Real-Time OULPUL PO ..........ccoi i e 180
10-2 Operation During Manipulation of Real-Time Output Buffer Register 0 .........cccoviveeiiieniiiieceeeeee 183
10-3 Operation During Manipulation of Real-Time Output Buffer Register 1 .........ccccooivoeiiiieeniiiieee e 184
10-4 Real-Time Output Port Operation Mode and Output THGGET ........ccueiieiiiriiiieieee e 187
10-5 Real-Time Output Port Operation Mode and Output THGGEr .....cceeiiiiriieriiiiieeieeee e 188
10-6 Relationship Between Settings of Each Bit of Control Register and Real-Time Output ...........cccccee.... 192
10-7 Relationship Between Settings of Each Bit of Control Register and Real-Time Output ...........cccccceee. 197
11-1 Configuration Of A/D CONVEIET ........eie ettt ettt e e sttt e e et e e et eeaes e e e e neeesneeeeanseeeaneeeaneeeans 202
11-2 Resistances and Capacitances of Equivalent Circuit (Reference Values) .........cccccceeviveieiiiiiienieee 218

24 User’'s Manual U13029EJ7V1UD



LIST OF TABLES (2/2)

Table No. Title Page
12-1 Configuration of Serial INTErfACES ......coiuiiiiiii e 223
12-2 Relationship Between Source Clock of 5-Bit Counter and Value of m (with UARTO00) ........c.cccvernenee 240
12-3 Relationship Between Source Clock of 5-Bit Counter and Value of m (with UARTO1) .....cccvveviinienne. 240
12-4 Relationship Between System Clock and Baud Rate ..........cooueeiiiiiiiiiiiiiee e 241
12-5 RECEIVE EITOr CAUSES ...ttt ettt b et n e e b st e nenenane e e 247
12-6 Bit Rate and PUISE WILh ... ettt e e e e e e e e e e e enneeeeens 249
12-7 Baud Rate That Can Be Set in Infrared Data Transfer Mode ...........ccooveiiiiiiiiiiiiniieeeeeeeeeeiee 249
13-1 Configuration of Serial INtErface 3 ......c.ei i 252
14-1 INTEITUPT SOUICE LISt ...ttt ettt e n e nen e e nneenane e 260
14-2 Flags Corresponding to Respective Interrupt ReqUESt SOUICES ........oocueeiiiiiieiiiiiic e 264
14-3 Time from Generation of Maskable Interrupt Request to Servicing .........cccceevveiiiiiiiiiee e 273
14-4 Interrupt Requests Enabled for Multiple Interrupt During Interrupt Servicing ..........ccoceeveiiiineenieenne 276
15-1 Pin Functions in External Memory EXpansion MOAE ........ccooiiiiiiiiiieiiie e 280
15-2 Status of Ports 4 and 6 in External Memory Expansion Mode ..........ccoceeiiiiiieniiniec e 280
15-3 Set Value of Internal Memory Size Switching REgIStEr ........c.oiiiiiiiiiiiie e 286
16-1 Operation Status iNn HALT MOGE .......coiiiiiiiiiiii ettt 295
16-2 Operation After Release Of HALT MOGE ......ooiuiiiiiiiiiiiiii ettt 297
16-3 Operation Status in STOP MOGE ......oooiuiiiiiiieie et b e et eesbeee s 298
16-4 Operation After Release 0f STOP MOTE ......ccueiiiiiiiiiiieieeiiee ettt 300
17-1 Status of Each Hardware After RESEt .......c.oooiiiiiiii e 303
18-1 Differences Between uPD78F0988A and Mask ROM VEISIONS ........ccceeiiiiiieiiiiiiee e 305
18-2 Set Values of Memory Size Switching REGISIEN .......ueiiiiiiieiee e 306
18-3 Set Values of Internal Expansion RAM Size Switching Register ... 307
18-4 CommuniCatioN MOAE LIST ....oeiiiiieee et e et e e e e e e e enneean 309
18-5 PiN CoNNECHON LISt ...ttt ettt et b e e ne e 311
18-6 ENITY RAM AFBQA ...tttk a ettt b ettt e bt et e s e et et esan e e bt nan e nteeeane e 328
18-7 List Of Self-Write SUDBIOULINES .....ccueiiieiie et e e e e e e e enneeeean 330
19-1 Operand Representation and Description FOrMAaLS .........coooiiiiiiiiiiiiiec e 343
23-1 Surface Mounting Type Soldering CONAITIONS .......cooueiiiiiii e 399
23-2 Insertion Type Soldering CONAItIONS ........ooiuiiiiieiei et 400
A-1 Upgrading from Former In-Circuit Emulator for 78K/0 Series to IE-78001-R-A .....ccooiiiiieiiiieeiieee, 410
B-1 Distance Between In-Circuit Emulator and Conversion Socket or Conversion Adapter .............cce..... 414

User's Manual U13029EJ7V1UD 25



CHAPTER 1 GENERAL

* 1.1 Expanded-Specification Products and Conventional Products
The expanded-specification product and conventional product refer to the following products.

Expanded-specification product: Products with a rankNete other than K
« Mask ROM versions for which orders were received after December 1, 2001.
» Flash memory versions that were shipped after January 1, 2002.
Conventional product: Products with rankNete K
» Products other than the above expanded specification products.

Note The rank is indicated by the 5th digit from the left in the lot number marked on the package.

Lot number O O O O A X X X X

Year code Week code| NEC control code

Rank

Expanded-specification products and conventional products differ in the power supply voltage range and operating
frequency ratings. The differences are shown in Table 1-1.

Table 1-1. Differences Between Expanded-Specification Products and Conventional Products

Power Supply Voltage (Vob) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products
45t055V 8.38 MHz (0.238 ps) 12 MHz (0.166 us)
4.0t0 55V 8.38 MHz (0.238 pus) 8.38 MHz (0.238 pus)
3.0to 55V - 8.38 MHz (0.238 us)

Remark The parenthesized values indicates the minimum instruction execution time.
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CHAPTER 1 GENERAL

1.2 Features

« Internal ROM and RAM

Item Program Memory Data Memory
Part Number Internal ROM | Flash Memory | Internal High-Speed RAM Internal Expansion RAM
uPD780982 16 KB — 1,024 bytes —
uPD780983 24 KB — —
uPD780984 32 KB — —
uPD780986 48 KB — 1,024 bytes
uPD780988 60 KB —
uPD78F0988A — 60 KB""®" 1,024 bytes"?

Notes 1. 16, 24, 32, 48, or 60 KB are selectable by using the internal memory size switching register (IMS).
2. 0 or 1,024 bytes are selectable by using the internal expansion RAM size switching register (IXS).

» Less EMI (Electro Magnetic Interference) noise than existing uPD78014 and 78018F Subseries
» External memory expansion space: 256 bytes (except uPD780988)
« Minimum instruction execution time: 0.166 us (@ fx = 12 MHz operation"°*®), 0.238 us (@ fx = 8.38 MHz operation)
* Instruction set suitable for system control

- Bit processing in entire address space

-+ Multiply/divide instructions
* |/O ports: 47
» A/D converter

- 10-bit resolution x 8 channels
» Serial interface: 3 channels

- UART mode: 2 channels

- 3-wire serial I/0 mode: 1 channel
» Timer: 7 channels

-+ 10-bit inverter control timer: 1 channel

+ 16-bit timer/event counter: 2 channels

- 8-bit timer/event counter: 3 channels

- Watchdog timer: 1 channel
» Vectored interrupts: 26
» Power supply voltage: Vob = 3.0 to 5.5 V (expanded-specification products)

Vop = 4.0 to 5.5 V (conventional products)

Note Expanded-specification products only.
1.3 Applications

Motor control for inverter air conditioners, washing machines, refrigerators, etc.
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* 1.4 Ordering Information

* Mask ROM products

Part Number Package Quality Grade
uPD780982CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780982CW-xxx-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780982GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780982GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Standard
UPD780983CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780983CW-xxx-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780983GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780983GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Standard
uUPD780984CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
UPD780984CW-xxx-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780984GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780984GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Standard
UPD780986CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
UPD780986CW-xxx-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780986GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780986GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Standard
uUPD780988CW-xxx 64-pin plastic SDIP (19.05 mm (750)) Standard
uUPD780988CW-xxx-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD780988GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780988GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Standard
uPD780982GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780983GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780984GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780986GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780988GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special

Remarks 1. xxx indicates ROM code suffix.
2. Products that have the part numbers suffixed by “-A” are lead-free products.

Please refer to Quality Grades on NEC Semiconductor Devices (C11531E) published by NEC Corporation
to know the specification of the quality grades of the devices and applications.
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» Flash Memory products

Part Number Package Quality Grade
uPD78F0988ACW 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD78F0988ACW-A 64-pin plastic SDIP (19.05 mm (750)) Standard
uPD78F0988AGC-AB8 64-pin plastic QFP (14 x 14) Standard
uPD78F0988AGC-ABS8-A 64-pin plastic QFP (14 x 14) Standard
uPD78F0988AGC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0988AGC-8BS-S 64-pin plastic LQFP (14 x 14) Standard
uPD78F0988AGC(A)-AB8 64-pin plastic QFP (14 x 14) Special

Remark Products that have the part numbers suffixed by “-A” are lead-free products.

Please refer to Quality Grades on NEC Semiconductor Devices (C11531E) published by NEC Corporation
to know the specification of the quality grades of the devices and applications.
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1.5 Pin Configuration (Top View)

» 64-pin plastic SDIP (19.05 mm (750))

P40/ADO O~—={ 1 N 64 [=——O P67/ASTB
P41/AD1 O=—~|2 63 [=—O P66/WAIT
P42/AD2 O=—|3 62 [«—O P65/WR
P43/AD3 O=—+{4 61 [«—O P64/RD
P44/AD4 O=—{5 60 [~—O P37/RTP7
P45/AD5 O~—~|6 59 |=—O P36/RTP6
P46/AD6 O~—+{7 58 |=—O P35/RTP5
P47/AD7 O=—{8 57 [«—O P34/RTP4
P50 O=—~9 56 [=—O P33/RTP3
P51/SCK O~=—{10 55 [=—O P32/RTP2
P52/S| O=—{ 11 54 [«—O P31/RTP1
P53/SO O=—={12 53 [«—O P30/RTPO
P54/TI000/TO00/INTP4 O=—={13 52 [=—=O PO1/INTP1
P55/TI010/INTP5 O~=— 14 51 [=—O POO/INTPO/TOFF7
P56/TI001/TO01/INTP6 C~—{15 50 [—O Vsst
P57/TI011/INTP7 O=— 16 49 |=—0O X1
Vsso O——117 48H—0O X2
Vopo O—— 18 47 —O TEST (Vep)
TO70 O=—19 46 [=—O PO3/INTP3/ADTRG
TO71 O=—20 45 [«—=O PO2/INTP2
TO72 O=~—{ 21 44 |=—O RESET
TO73 O=~—22 43 [——O AVop
TO74 O=—23 42 |=—C0O AVRer
TO75 O=—24 41 [«~—O P10/ANIO
P20/RxD00 O~—~{ 25 40 [~—O P11/ANNH
P21/TxD00 O~—~{ 26 39 [+~—O P12/ANI2
P22/RxD01 O=~—={ 27 38 [«—O P13/ANI3
P23/TxD01 O=—={ 28 37 [+=—O P14/ANI4
P24/TI50/TO50 O=—+] 29 36 [=—O P15/ANI5
P25/TI51/TO51 O~—30 35 |=—CO P16/ANI6
P26/TI52/TO52 O~—={ 31 34 [«—O P17/ANI7
Voot O——32 33—O AVss

Cautions 1. Connect the TEST pin directly to Vsso.
2. Connect the Vrp pin directly to the Vsso pin in hormal operation mode.
3. Connect the Vrp pin to Vsso via a 10 kQ pull-down resistor in the flash memory writing mode.
4. The 64-pin plastic SDIP (19.5 mm (750)) package is not supported for special quality
grade products.

Remarks 1. The pin connection in parentheses is for the uPD78F0988A.

2. When the uPD780988 Subseries is used in applications where the noise generated inside the
microcontroller needs to be reduced, the implementation of noise reduction measures, such as
supplying voltage to Vobo and Voo1 individually and connecting Vsso and Vss1 to different ground
lines, is recommended.
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- 64-pin plastic QFP (14 x 14)
« 64-pin plastic LQFP (14 x 14)

[an TS ~ © <
N~ [(e} Te] < ™ Al — o [ = o o o o
oY= = = S = = = W T 7 “f "I ‘D E E E E
L < < << L L LCBEERlR oo
N~ [(e} To] < ™ Al ~— o N~ © [To) <t ~ © e} <
<t < <t < < < < < © O O O© OO OO O o™
Lo U e V= WO U o W S o WY W« AR o WY s W o WY W o o 1
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P50 O=—{1 48 |+—O P33/RTP3
P51/SCK O=——+{2 O 47 |=—O P32/RTP2
P52/S| O=—3 46 f«=—O P31/RTP1
P53/SO O=—{4 45 [=—0O P30/RTPO
P54/T1000/TO00/INTP4 O=—5 44 +=—O PO1/INTP1
P55/TI010/INTP5 O=—6 43 |=—O PO0/INTPO/TOFF7
P56/T1001/TO01/INTP6 O=~——={7 42— Vsst
P57/TI011/INTP7 O=—8 41 l——O X1
Vsso O——— 9 40—O X2
Vooo O——— 10 39 |—O TEST (Vre)
TO70 O=— 11 38 |=—O PO3/INTP3/ADTRG
TO71 O=—12 37 f=—=O PO2/INTP2
TO72 O=—113 36 =—O RESET
TO73 O=——114 35—O AVop
TO74 O=—115 34 |+—O AVRer
TO75 O=—116 33 —O P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
8 8 5 5 83 5 ¥ a3 8¢ I 249
S >
5588888 2z2z2z22z2:z¢
g\: |: g\: l: S = N ~N © 1O < O N
S = 8§ & 83 5 Y - = - = ¥ & £
< Yo} ©
(] Al [
o o o

Cautions 1. Connect the TEST pin directly to Vsso.
2. Connect the Vrp pin directly to the Vsso pin in normal operation mode.
3. Connect the Vpr pin to Vsso via a 10 kQ pull-down resistor in the flash memory writing mode.
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Remarks 1.

The pin connection in parentheses is for the yPD78F0988A.

2. When the uPD780988 Subseries is used in applications where the noise generated inside the
microcontroller needs to be reduced, the implementation of noise reduction measures, such as
supplying voltage to Vooo and Vb1 individually and connecting Vsso and Vsst to different ground
lines, is recommended.

ADO to AD7:
ADTRG:
ANIO to ANI7:
ASTB:

AVpb:

AVREF:

AVss:

INTPO to INTP7:

P00 to P03:
P10 to P17:
P20 to P26:
P30 to P37:
P40 to P47:
P50 to P57:
P64 to P67:
RD:

RESET:

RTPO to RTP7:

Address/data bus

AD trigger input
Analog input

Address strobe
Analog power supply
Analog reference voltage
Analog ground
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Read strobe

Reset

Real-time port

RxDO00, RxDO01:

SCK:

Sl:

SO:

TEST:

TI000, TIOO1,
TIlo10, TIO11,
TI50 to TI52:
TOO00, TOO01,
TO50 to TO52,
TO70 to TO75:
TOFF7:
TxDO0O0, TxDO01:
Vbbo, VbD1:
Vep:

Vsso, Vssi:
WAIT:

WR:

X1, X2:
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Receive data
Serial clock
Serial input
Serial output
Test

Timer input

Timer output

Timer output off

Transmit data

Power supply
Programming power supply
Ground

Wait

Write strobe

Crystal
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1.6 78K/0 Series Lineup

The products in the 78K/0 Series are listed below. The names enclosed in boxes are subseries names.

: Products in mass production _ _____________ + Products under development

Y subseries products are compatible with 1°C bus.

Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin uPD78078 uPD78078Y 1 PD78054 with timer and enhanced external interface
100-pin / 1PD78070A //,uPD78070AY ROMless version of the uPD78078
100-pin 1PD780018AY/ 1PD78078Y with enhanced serial I/O and limited function
80-pin 1PD780058 // uPD780058Y / 1 PD78054 with enhanced serial I/O

80-pin / uPD78058F // uPD78058FY
80-pin / uPD78054 // ,PD78054Y
80-pin uPD780065 1PD780024A with expanded RAM

64-pin 1PD780078 uPD780078Y 1PD780034A with timer and enhanced serial /0
64-pin / yPD780034AlyPD780034AY 1 PD780024A with enhanced A/D converter
64-pin  / uPD780024A // ,PD780024AY/ 1PD78018F with enhanced serial /O

EMI-noise reduced version of the uPD78054
1 PD78018F with UART and D/A converter, and enhanced 1/O

64-pin uPD78014H EMI-noise reduced version of the xPD78018F
64-pin uPD78018F // ,PD78018FY / Basic subseries for control
42/44-pin { uPD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control
— 64-pin uPD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive

B 100-pin 1PD78044F with enhanced I/0 and VFD C/D. Display output total: 53
80-pin For panel control. On-chip VFD C/D. Display output total: 53
78K/0 || 80-pin 11PD78044F with N-ch open-drain 1/O. Display output total: 34
Series | 80-pin Basic subseries for driving VFD. Display output total: 34
LCD drive
B 100-pin 'uPD780354Y: 1 PD780344 with enhanced A/D converter
100-pin ' uPD780344Y 1tPD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780338 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 4PD780328 1PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin 4PD780318 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 1PD780308 uPD780308Y uPD78064 with enhanced SIO, and expanded ROM and RAM

100-pin uPD78064B EMI-noise reduced version of the uPD78064
| 100-pin uPD78064 // uPD78064Y 7 Basic subseries for driving LCDs, on-chip UART
Bus interface supported

[ 100-pin /' PD780948 On-chip CAN controller

80-pin uPD78098B 1PD78054 with IEBus™ controller
80-pin uPD780702Y L On-chip IEBus controller
80-pin uPD780703Y L On-chip CAN controller
80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)

| 64-pin ©PD780816 Specialized for CAN controller function

_ Meter control
100-pin uPD780958 For industrial meter control

-| 80-pin 1PD780852 On-chip automobile meter controller/driver

80-pin 1PD780828B For automobile meter driver. On-chip CAN controller

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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The major functional differences among the subseries are listed below.

e Non-Y subseries

Function Cgr())a'\élity Timer 8-Bit |10-Bit| 8-Bit Serial Interface 1/0 l\)I/IDI\[;. External
Subseries Name (Bytes) | 8-Bit |16-Bit|\Watchf WDT| A/D | A/D | D/A Value| Expansion
Control | uPD78075B|32Kt040K|4ch|1ch|1ch|1ch|8ch| — |2ch|3ch(UART:1ch) 88 (1.8V v
uPD78078 |48 Kto 60K
uPD78070A - 61 (2.7V
uPD780058| 24 Kto 60 K| 2 ch 3 ch (time-division UART: 1 ch)| 68 |1.8V
uPD78058F| 48 K to 60 K 3 ch (UART: 1 ch) 69 |2.7V
uPD78054 |16 K to 60 K 20V
uPD780065| 40 K to 48 K — |4 ch (UART: 1 ch) 60 |2.7V
uPD780078| 48 K to 60 K 2 ch - (8ch 3 ch (UART: 2 ch) 52 |1.8V
uPD780034A| 8 K to 32 K 1ch 3 ch (UART: 1 ch) 51
1PD780024A 8ch| —
uPD78014H 2 ch 53
uPD78018F| 8 K to 60 K
uPD78083 |8Kto 16K - - 1 ch (UART: 1 ch) 33 -
Inverter | uPD780988| 16 Kto 60 K| 3 ch [ Note| — |1ch| — |8ch| - |3ch (UART:2ch) 47 140V v
control
VFD uPD780208|32Kto60K| 2ch [1ch|1ch|1ch|8ch| - - |2ch 74 2.7V -
drive | pD780232(16Kt024K|3ch| - | - 4 ch 40 |45V
uPD78044H | 32Kto48K| 2ch | 1ch| 1ch 8 ch 1ch 68 2.7V
uPD78044F| 16 Kto 40 K 2ch
LCD uPD780354|24Kt032K| 4ch|1ch|1ch|1ch - 8 ch — |3 ch (UART: 1 ch) 66 |1.8V -
drive | pp780344 8ch| -
uPD780338|48 Kto 60 K| 3 ch | 2 ch — [10ch| 1ch |2ch (UART: 1 ch) 54
uPD780328 62
uPD780318 70
uPD780308| 48 Kto60K| 2 ch | 1 ch 8ch| - — | 3 ch (time-division UART: 1 ch)| 57 |2.0V
uPD78064B| 32 K 2 ch (UART: 1 ch)
uPD78064 |16 Kto 32K
Bus uPD780948| 60 K 2ch|2ch|1ch|1ch|8ch| - — |3ch (UART: 1 ch) 79 |40V| A
interface | uPD78098B| 40 K to 60 K 1ch 2ch 69 (2.7V| -
supported) | pD780816/ 32 K to 60 K 2 ch 12 ch — | 2ch (UART: 1 ch) 46 |40V
Meter | uPD780958|48Kt060K| 4ch|2ch| — |1ch| - - — |2ch (UART: 1 ch) 69 |2.2V| -
control
Dash- | uPD780852|32Kt040K| 3ch|1ch|1ch|1ch|5ch| - — |3 ch (UART: 1 ch) 56 (4.0V| -
board
control | #PD780828B| 32 K to 60 K 59
Note 16-bit timer: 2 channels

34

10-bit timer:

1 channel
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e Y subseries
Function C;z';/lity Timer 8-Bit [10-Bit| 8-Bit Serial Interface 110 I\\/I/IDI\EIJ. External
Subseries Name (Bytes) | 8-Bit [16-Bit\Watch| WDT | A/D | A/D | D/A Value [Expansion
Control | uPD78078Y|48K1t060K| 4ch [1ch|1ch|1ch|8ch| — |2ch |3c¢ch(UART:1ch,[2C:1ch) 88 (1.8V|
uPD78070AY| - 61 |2.7V
uPD780018AY |48 K to 60 K — [3ch (I2C: 1 ch) 88
uPD780058Y| 24 Kto 60 K| 2 ch 2 ch | 3ch (tme-division UART: 1 ¢h, I°C: 1 ¢h)| 68 |1.8 V
uPD78058FY | 48 K to 60 K 3ch (UART:1ch, I’C:1ch) | 69 [2.7V
uPD78054Y| 16 K to 60 K 20V
uPD780078Y| 48 K to 60 K 2 ch — |8ch| — |4ch(UART:2ch,I2C:1ch) | 52 [1.8V
UPD780034AY | 8 K to 32 K 1ch 3 ch (UART: 1 ch, I2C: 1 ch)| 51
1PD780024AY 8ch| —
uPD78018FY| 8 K to 60 K 2ch (I°C: 1 ch) 53
LCD uPD780354Y|24Kt0 32K| 4ch |[1ch [1ch |[1ch| — |8ch| — |4ch (UART:1ch, 66 (1.8V| ~
drive | pD780344Y 8ch| - *C: 1 ch)
uPD780308Y| 48 Kto 60 K| 2 ch 3 ch (time-division UART: 1 ¢h, °C: 1 ¢h)| 57 2.0 V
uPD78064Y| 16 K to 32 K 2 ch (UART: 1 ch, I2C: 1 ch)
Bus uPD780701Y| 60 K 3ch|2ch|1ch|1ch|16ch| - — |4ch (UART:1c¢ch, I’C:1¢ch) | 67 |3.5V -
interface 4PD780703Y
supported
uPD780833Y 65 |45V
Remark Functions other than the serial interface are common to both the Y and non-Y subseries.
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1.7 Block Diagram
TI000/TOO0/INTP4/P54 —=—=116-bit timer/ /‘\,:>
TIO10/INTP5/P55 ——~| event counter 00 < poto K5 Pooto Pos
TI001/TO01/INTP6/P56 ~=——16-bit timer/ /‘\I::>
TI011/INTP7/P57 ——]€vent counter 01
(A Pt K P10to P17
8-bit timer/
TOS0/TISO/P24 event counter 50 @
o P20 to P2
TO51/TI51/P25 8-bit timer/ \/:1,> <:> Port 2 <:> 0 to P26
event counter 51
8-bit timer/
TO52/TI52/P26 event counter 52 @ <:> Port 3 ® P30 to P37
ROM
78K/0
’ flash
Watchdog timer @ CPU core (mean?ory
Port 4 P40 to P47
RTPO/P30 to <": Real-time \/:1,> <:> ®
RTP7/P37 output port @ @
TxD00/P21 ~=—
ReDoOP20 - UARTO0 [0 (A Pots K >PsotoPs7
TxD01/P23 =—— @
RxD01/P22 ——* UARTO1 /l\l:>
SCK/P51 =—] Al (A Pote [ >Peatoper
SI/P52 ——» SIO3 /‘\I::>
SO/P53 =—
ADO/P40 to
A’\:[?]/|$1|301t70 AD7/P47
/
ADTRG/INTP3/P03 — oD /\\,:> RD/P64
AVoo converter <:> External _
AVss — access = WR/P65
AVREF — WAIT/P66
INTPO/TOFF7/P00 — ASTB/P67
INTP1/PO1,
INTP2/P02
INTP3/ADTRG/P03 ——
INTP4/TI000/TO00/PS4 ——=  IMermuPt L System o
control czntrol X1
INTP5/TI010/P55 ——= X2
INTP6/TI001/TO01/P56 ——=
INTP7/TI011/P57 ——
TO70 to TO75 < Eﬁggtmﬁ -
L Vopo, Vsso, TEST L
Vob1  Vsst (Vep)

Remarks 1.

2. The pin connection in parentheses is for the yPD78F0988A.
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1.8 Functional Outline
Part Number uPD780982 uPD780983 uPD780984 | uPD780986 uPD780988 | uPD78F0988A

Item
Internal ROM Mask ROM Flash memory
memory 16 KB 24 KB 32 KB | 48 KB 60 KB 60 KBMNote t

High-speed RAM | 1024 bytes

Expansion RAM | None | 1024 bytes 1024 bytesNote2
Memory space 64 KB

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction
execution time

On-chip minimum instruction execution time variable function
» Expanded-specification products
0.166 us/0.33 us/0.66 us/1.3 us/2.6 us (@ 12 MHz operation with system clock, Voo = 4.5
to 5.5 V)
0.238 us/0.48 us/0.96 us/1.9 us/3.8 us (@ 8.38 MHz operation with system clock)
» Conventional products
0.238 us/0.48 us/0.96 us/1.9 us/3.8 us (@ 8.38 MHz operation with system clock)

Instruction set

» 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

« Bit manipulation (set, reset, test, Boolean operation)
» BCD adjust, etc.

1/0O ports

Total: 47
* CMOS inputs: 8
» CMOS 1/0: 39

Real-time output ports

* 8 bits x 1 or 4 bits x 2
* 6 bits x 1 or 4 bits x 1

A/D converter

» 10-bit resolution x 8 channels

Serial interface

*« UART mode: 2 channels
» 3-wire serial /0 mode: 1 channel

Timer

» 16-bit timer/event counter: 2 channels
« 8-bit timer/event counter: 3 channels
» 10-bit inverter control timer: 1 channel
» Watchdog timer: 1 channel

Timer outputs

11 (General-purpose outputs: 5, inverter control outputs: 6)

Vectored Maskable Internal: 16, external: 8
interrupt Non-maskable Internal: 1
sources Software 1

Power supply voltage

» Voo = 3.0 to 5.5 V (expanded-specification products)
* Voo = 4.0 to 5.5 V (conventional products)

Operating ambient temperature

Ta = —40 to +85°C

Package + 64-pin plastic SDIP (19.05 mm (750))Nete3
* 64-pin plastic QFP (14 x 14)
* 64-pin plastic LQFP (14 x 14)
Notes 1. The capacity of the flash memory can be changed using the internal memory size select register (IMS).

2. The capacity of the internal expansion RAM can be changed using the internal expansion RAM size
select register (IXS).
3. Standard quality grade products only.
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The table below shows the outline of timer/event counters (for details, referto CHAPTER 6 16-BIT TIMER/EVENT
COUNTER, CHAPTER 7 8-BIT TIMER/EVENT COUNTER, CHAPTER 8 10-BIT INVERTER CONTROL TIMER,

CHAPTER 9 WATCHDOG TIMER).

16-Bit Timer/ 8-Bit Timer/ 10-Bit Inverter :
Event Counter Event Counter Control Timer Watchdog Timer
Operation | Interval timer 2 channels 3 channels 1 channel 1 channelNote
Mode External event counter \/ \ - -
Function Timer output RN N N _
PWM output - N — _
PPG output \ - - _
Pulse width measurement \/ - - _
Square-wave output y - _
Interrupt request \ N N

Note The watchdog timer can perform either the watchdog timer function or the interval timer function.

1.9 Differences Between Standard Quality Grade Products and (A) Products

The differences between standard grade products (uPD780982, 780983, 780984, 780986, 780988, 78F0988A)
and (A) products (uPD780982(A), 780983(A), 780984(A), 780986(A), 780988(A), 78F0988A(A)) are shown in Table

1-2.

Table 1-2. Differences Between Standard Quality Grade Products and (A) Products

Part Number

Iltem

Standard Products

(A) Products

Quality grade

Standard

Special

Package * 64-pin plastic SDIP (19.05 mm (750)) * 64-pin plastic QFP (14 x 14)
« 64-pin plastic QFP (14 x 14) « 64-pin plastic LQFP (14 x 14)
« 64-pin plastic LQFP (14 x 14)
1.10 Differences Between Flash Memory Products yPD78F0988A and yuPD78F0988

Table 1-3 shows the differences between the uPD78F0988A and uPD78F0988 (old product).

Table 1-3. Differences Between uPD78F0988A and yPD78F0988

Part Number

Iltem

nPD78F0988A

uPD78F0988 (Old Product)

Flash memory area 2 areas

0: 0to 1FFFH
1: 2000H to EFFFH

3 areas

0: 0to 1FFFH
1: 2000H to 7FFFH
2: 8000H to EFFFH

Quality grade

» Standard

» Special 64-pin plastic QFP (14 x 14)

Standard
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2.1 List of Pin Functions

(1) Port pins

Pin Name 1/0 Function After Reset AItern.ate
Function
P00 I/0 Port 0 Input INTPO/TOFF7
PO1 4-bit 1/0 port INTP1
P02 Input/output can be specified in 1-bit units. INTP2
P03 Use of an on-chip pull-up resistor can be specified by a software setting. INTP3/ADTRG
P10to P17 |Input| Port 1 Input ANIO to ANI7
8-bit input only port
P20 I/0 Port 2 Input RxD00
P21 7-bit 1/0 port TxD00
P22 Input/output can be specified in 1-bit units. RxDO01
P23 Use of an on-chip pull-up resistor can be specified by a software setting. TxDO1
P24 TI150/TO50
P25 T151/TO51
P26 TI52/TO52
P30 to P37 |1/O Port 3 Input RTPO to RTP7
8-bit 1/0 port
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software setting.
P40 to P47 |1/O Port 4 Input ADO to AD7
8-bit 1/0 port
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software setting.
P50 1/0 Port 5 Input —
P51 8-bit 1/0 port SCK
P52 Input/output can be specified in 1-bit units. Sl
P53 LEDs can be driven directly. SO
P54 Use of an on-chip pull-up resistor can be specified by a software setting. INTP4/TI000/TO00
P55 INTP5/TI010
P56 INTP6/TI001/TOO1
P57 INTP7/TI011
P64 I/O | Port6 Input RD
P65 4-bit 1/0 port WR
P66 Input/output can be specified in 1-bit units. WAIT
P67 Use of an on-chip pull-up resistor can be specified by a software setting. ASTB
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CHAPTER 2 PIN FUNCTIONS

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

to ports 4 and 5 to access external memory

Pin Name I/0 Function After Reset Altern.ate
Function
INTPO Input External interrupt request input for which the valid edge (rising Input POO/TOFF7
INTP1 edge, falling edge, or both rising and falling edges) can be Input PO1
INTP2 specified Input P02
INTP3 Input PO3/ADTRG
INTP4 Input P54/T1000/TO00
INTP5 Input P55/T1010
INTP6 Input P56/T1001/TO01
INTP7 Input P57/T1011
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P24/TO50
TI51 External count clock input to 8-bit timer/event counter 51 Input P25/TO51
TI52 External count clock input to 8-bit timer/event counter 52 Input P26/TO52
TI000 External count clock input to 16-bit timer/event counter 00 Input P54/INTP4/TO00
Capture trigger input to capture register (CR000, CR010) in 16-bit
timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) in 16-bit timer Input P55/INTP5
/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01 Input P56/INTP6/TO01
Capture trigger input to capture register (CR001, CR011) in 16-bit
timer/event counter 01
TIO11 Capture trigger input to capture register (CR001) in 16-bit timer Input P57/INTP7
/event counter 01
TO50 Output | 8-bit timer/event counter 50 output Input P24/T150
TO51 8-bit timer/event counter 51 output Input P25/TI51
TO52 8-bit timer/event counter 52 output Input P26/TI152
TOO00 16-bit timer/event counter 00 output Input P54/INTP4/TI000
TOO1 16-bit timer/event counter 01 output Input P56/INTP6/TI001
RTPO to RTP7 | Output | Real-time output port that outputs pulses in synchronization with Input P30 to P37
trigger signals output from the real-time pulse unit
TxDO00 Output | Asynchronous serial interface serial data output Input P21
TxDO1 Input P23
RxD00 Input Asynchronous serial interface serial data input Input P20
RxDO01 Input P22
SCK I/0 Serial interface serial clock input/output Input P51
Sl Input Serial interface serial data input Input P52
SO Output | Serial interface serial data output Input P53
ANIO to ANI7 | Input A/D converter analog input Input P10 to P17
ADTRG Input External trigger signal input to the A/D converter Input PO3/INTP3
TO70 to TO75 |Output | Timer output for the 3-phase PWM inverter control Hi-Z -
TOFF7 Input External input to stop timer output (TO70 to TO75) Input POO/INTPO
ADO to AD7 |I/O Address/data bus for when memory is expanded externally Input P40 to P47
RD Output | Strobe signal output for external memory read operation Input P64
WR Strobe signal output for external memory write operation Input P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output | Strobe output that externally latches address information output Input P67

40
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CHAPTER 2 PIN FUNCTIONS

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

Pin Name I/0 Function After Reset Altern.ate

Function
AVRer Input A/D converter reference voltage input - -
AVop - A/D converter analog power supply - -
AVss - A/D converter ground potential - -
RESET Input System reset input - -
X1 Input Connection of crystal for system clock oscillation - -
X2 - - -
Voo - Positive power supply for ports - -
Vsso — Ground potential for ports - -
Vb1 - Positive power supply (except for ports) - -
Vsst - Ground potential (except for ports) - -
TEST - Test mode set pin. Connect to Vsso directly - -
Vpphote - High-voltage application for program write/verify. Directly connect - -

this pin to Vsso in normal operation mode.

Note uPD78F0988A only
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2.2 Description of Pin Functions

2.2.1 P00 to P03 (Port 0)

These pins constitute a 4-bit I/O port, port 0. In addition, these pins are also used to input external interrupt request
signals, a timer output stop external signal and an external trigger signal of the A/D converter.

Port 0 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P00 to P03 function as a 4-bit I/O port which can be set to input or output in 1-bit units by using
port mode register 0 (PM0). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 0 (PUO).

(2) Control mode
In this mode, P00 to P03 are used to input external interrupt requests, a timer output stop external signal, and
an external trigger signal of the A/D converter.

(a) INTPO to INTP3
These pins are external interrupt request input pins for which the valid edge can be specified (rising edge,
falling edge, and both rising and falling edges). INTP2 also functions as an external trigger signal input
pin of the real-time output port when a valid edge is input.

(b) TOFF7
External input pin to stop timer output (TO70 to TO75).

(c) ADTRG
External trigger signal input pin of the A/D converter.

2.2.2 P10 to P17 (Port 1)
These pins constitute an 8-bit input port, port 1. In addition to the general-purpose input port function, these pins

also serve as the analog input pins of the A/D converter.

(1) Port mode
In this mode, P10 to P17 function as an 8-bit input port.

(2) Control mode
In this mode, P10 to P17 function as the analog input pins (ANIO to ANI7) of the A/D converter.
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2.2.3 P20 to P26 (Port 2)

These pins constitute a 7-bit I/O port, port 2. In addition, these pins are also used as the serial interface 1/0 pins,
and the timer 1/O pins.

Port 2 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P20 to P26 function as a 7-bit /O port which can be set to input or output in 1-bit units by using
port mode register 2 (PM2). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 2 (PU2).

(2) Control mode
In this mode, P20 to P26 function as the serial interface I/O pins, and timer I/O pins.

(a) RxD00, RxD01, TxD00O, TxDO1
Serial data 1/0 pins of the serial interface.

(b) TI50 to TI52
External count clock input pins of 8-bit timer/event counters 50 to 52.

(c) TO50 to TO52
Output pins of 8-bit timer/event counters 50 to 52.

2.2.4 P30 to P37 (Port 3)
These pins constitute an 8-bit I/O port, port 3. In addition, they also function as a real-time output port.
Port 3 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P30 to P37 function as an 8-bit I/O port which can be set to input or output in 1-bit units by using
port mode register 3 (PM3). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 3 (PU3).

(2) Control mode
In this mode, P30 to P37 are used as a real-time output port (RTPO to RTP7) that outputs data in
synchronization with a trigger.

2.2.5 P40 to P47 (Port 4)
These pins constitute an 8-bit I/O port, port 4. In addition, they also function as an address/data bus.
Port 4 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P40 to P47 function as an 8-bit I/0 port which can be set to input or output in 1-bit units by using
port mode register 4 (PM4). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 4 (PU4).

(2) Control mode

In this mode, P40 to P47 function as the address/data bus pins (ADO to AD7) in the external memory expansion
mode.
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2.2.6 P50 to P57 (Port 5)

These pins constitute an 8-bit I/O port, port 5. In addition, these pins also function as the serial interface clock
and 1/O, data /O, timer I/O, and external interrupt request input pins.

These pins can directly drive LEDs.

Port 5 can be set in the following operation modes in 1-bit units.

(1) Port mode

In this mode, P50 to P57 function as an 8-bit I/0 port which can be set to input or output in 1-bit units by using
port mode register 5 (PM5). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 5 (PU5).

(2

Control mode
In this mode, P50 to P57 function as the serial interface clock and data 1/O, timer I/O and external interrupt
request input pins.

(a)

(b)

(c)

(d)

(e)

()

SCK
Serial interface’s serial clock 1/O pins.

Sl, SO
Serial interface’s serial data 1/O pins.

TI000, TI0O1
The pin that inputs the external counter clock to 16-bit timer/event counters 00 and 01 and the pin that
inputs the capture trigger signal to the capture register of 16-bit timer/event counters 00 and 01.

TI010 and TIO11
The pins that input the capture trigger signal to the capture register of 16-bit timer/event counters 00 and
01.

TOO00 and TOO1
Output pins of 16-bit timer/event counters 00 and 01.

INTP4 to INTP7
External interrupt request input pins for which valid edges (rising edge, falling edge, and both rising and
falling edges) can be specified.

2.2.7 P64 to P67 (Port 6)
These pins constitute a 4-bit I/0O port, port 6, which can also be used to output control signals in the external memory

expansion mode.
Port 6 can be set in the following operation modes in 1-bit units.

(1) Port mode

In this mode, P64 to P67 function as a 4-bit I/O port which can be set to input or output in 1-bit units by using
port mode register 6 (PM6). An internal pull-up resistor can be used if so specified by pull-up resistor option
register 6 (PUG6).
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(2) Control mode
In this mode, P64 to P67 function as control signal output pins (ﬁ), WR, WAIT, and ASTB) in the external
memory expansion mode. The pins used as control signal output pins are automatically disconnected from
internal pull-up resistors.

Caution Ifthe external wait state is not used in the external memory expansion mode, P66 can be used
as an I/O port pin.

2.2.8 TO70 to TO75
These are the timer output pins for 3-phase PWM inverter control.

2.2.9 AVrreF
This pin inputs a reference voltage to the A/D converter.
Connect this pin to Vsso when the A/D converter is not used.

2.2.10 AVobp
This is the analog power supply pin of the A/D converter.
Keep this pin at the same voltage as the Vboo pin even when the A/D converter is not used.

2.2.11 AVss
This is the ground pin of the A/D converter.
Keep this pin at the same voltage as the Vsso pin even when the A/D converter is not used.

2.2.12 RESET
This pin inputs an active-low system reset signal.

2.2.13 X1 and X2
These pins are used to connect a crystal resonator for system clock oscillation.
To supply an external clock, input the clock to X1 and input the inverted signal to X2.

2.2.14 Vooo and Vbb1
Vboo is the positive power supply pin for ports.
Vop1 is the positive power supply pin for blocks other than ports.

2.2.15 Vsso and Vss1
Vsso is the ground pin for ports.
Vssi is the ground pin for blocks other than ports.

2.2.16 Vep (uPD78F0988A only)
A high voltage should be applied to this pin when the program is written or verified.

Directly connect this pin to Vsso in the normal operation mode.

2.2.17 TEST (Mask ROM version only)
This pin is used for IC testing. Connect directly to Vsso.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

The I/O circuit type of each pin and recommended connections of unused pins are shown in Table 2-1.
For each /O circuit configuration, refer to Figure 2-1.

Table 2-1. Types of Pin I/O Circuits

Pin Name 1/0O Circuit Type | 1/0 Recommended Connection of Unused Pins

POO/INTPO/TOFF7 8-C 1/0 Input:  Independently connect to Vsso via a resistor.
PO1/INTP1 Output: Leave open.

P02/INTP2
P0O3/INTP3/ADTRG
P10/ANIO to P17/ANI7 25 Input | Connect to Vooo or Vsso.

P20/RxD00 8-C 1/0 Input:  Independently connect to Vooo or Vsso via a
P21/TxD00 5-H resistor.

P22/RxD01 8-C Output: Leave open.

P23/TxD01 5-H
P24/T150/TO50 8-C
P25/T151/TO51
P26/T152/TO52
P30/RTPO to P37/RTP7 5-H
P40/ADO to P47/AD7
P50

P51/SCK 8-C
P52/SI 5-H
P53/SO
P54/INTP4/TI000/TO00
P55/INTP5/T1010
P56/INTP6/T1001/TO01
P57/INTP7/TI1011
P64/RD

P65/WR

P66/WAIT

P67/ASTB

TO70 to TO75 4 Output | Leave open.

RESET 2 — —

AVbop — Connect to Vooo.

AVRer Connect to Vsso.
AVss
TEST (mask ROM version) Connect directly to Vsso.

Vee (flash memory version)
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Figure 2-1. Pin 1/O Circuits
TYPE 2 TYPE 8-C
Vbbo
Pullup |
enable DC [ [~ P-ch
Voo
IN Data 1 D—{fPen
IN/OUT
Output N-ch
disable Vsso
Schmitt-triggered input with hysteresis characteristics
o@}
TYPE 4 TYPE 25
Vobo P-ch
Comparator
Data 1y |[=pen
ouT
—OIN
Output N-ch Vrer (threshold voltage)
disable Vsso

Push/pull output that can become high impedance
(off for both P-ch and N-ch)

Input :l

enable

TYPE 5-H

Vobo
Pullup |
enable D> P-ch
Vbbo
Pata =1 T | [-p-cn
IN/OUT

Output N-ch
disable Vsso

Input :l
enable
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CHAPTER 3 CPU ARCHITECTURE

Each product in the uPD780988 Subseries can access a memory space of 64 KB. Figures 3-1 to 3-6 show the
memory maps of the respective products.

Cautions 1. The initial value of the internal memory size switching register (IMS) is fixed (to CFH) for all
the products in the uPD780988 Subseries, regardless of the capacity of the internal memory.
Therefore, set the values shown below for each microcontroller before use.

1PD780982:
1PD780983:
1PD780984:
1/PD780986:
1PD780988:

C4H

C6H

C8H

CCH

CFH (No need to change the initial value because the yPD780988 is set to
CFH.)

uPD78F0988A: Value corresponding to mask ROM versions

2. The initial value of the internal expansion RAM size switching register (IXS) is fixed (to 0CH)
for all the products in the ©PD780988 Subseries, regardless of the capacity of the internal
expansion RAM. Therefore, set the values shown below for each microcontroller before use.
uPD780982, 780983, 780984: OCH (No need to change the initial value because the

uPD780982, 780983, 780984 are set to OCH).

1PD780986, 780988: 0AH

PD78F0988A:

Value corresponding to mask ROM versions
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Data memory
space

Program
memory
space

Figure 3-1. Memory Map (uPD780982)
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Data memory

space

Program
memory
space

Figure 3-2. Memory Map (uPD780983)
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Data memory
space

Program
memory
space

Figure 3-3. Memory Map (uPD780984)
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Figure 3-4. Memory Map (uPD780986)
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Data memory
space

Program
memory
space

Figure 3-5. Memory Map (uPD780988)
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Data memory
space

Program
memory
space

Figure 3-6. Memory Map (uPD78F0988A)
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3.1.1 Internal program memory space

The internal program memory space stores programs and table data. This space is usually addressed by the
program counter (PC).

Each model in the uyPD780988 Subseries is provided with the following internal ROM (or flash memory).

Table 3-1. Internal ROM Capacity

Part Number Capacity
Structure
uPD780982 Mask ROM 16,384 x 8 bits (0000H to 3FFFH)
1PD780983 23,775 x 8 bits (0000H to 5FFFH)
uPD780984 32,768 x 8 bits (0000H to 7FFFH)
1PD780986 49,152 x 8 bits (0000H to BFFFH)
1PD780988 61,440 x 8 bits (0000H to EFFFH)
uPD78F0988A Flash memory | 61,440 x 8 bits (0000H to EFFFH)

The following areas are allocated to the internal program memory space.

(1) Vector table area
The 64-byte area of addresses 0000H to 003FH is reserved as a vector table area. This area stores program
start addresses to which the program branches when the RESET signal is input or when an interrupt request
is generated. Of a 16-bit program start address, the lower 8 bits are stored in an even address, and the higher
8 bits are stored in an odd address.

Table 3-2. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input 001CH INTTMOO1
0004H INTWDT 001EH INTTMO11
0006H INTPO 0020H INTSERO
0008H INTP1 0022H INTSRO
000AH INTP2 0024H INTSTO
000CH INTP3 0026H INTSR1
000EH INTP4 0028H INTSTH
0010H INTP5 002AH INTTM50
0012H INTP6 002CH INTTM51
0014H INTP7 002EH INTTM52
0016H INTTM7 0030H INTCSI3
0018H INTTMO00 0032H INTADO
001AH INTTMO10 003EH BRK instruction

(2) CALLT instruction table area
The subroutine entry address of a 1-byte call instruction (CALLT) can be stored in the 64-byte area of
addresses 0040H to 007FH.
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(8) CALLF instruction entry area
A subroutine can be directly called from the area of addresses 0800H to OFFFH by using a 2-byte call instruction
(CALLF).

3.1.2 Internal data memory space
The uPD780988 Subseries are provided with the following RAM.

(1) Internal high-speed RAM
The internal expansion RAM is allocated to the 1024-byte area FBOOH to FEFFH. Four of these banks of
general-purpose registers with eight 8-bit registers per bank are allocated to the 32-byte area FEEOH to
FEFFH.
This area cannot be used as a program area in which instructions are written and executed.
The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM
In the uPD780986, 780988, and 78F0988A only, the internal expansion RAM is allocated to the 1024-byte
area F400H to F7FFH.
The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM,
as well as a program area in which instructions can be written and executed.

3.1.3 Special function register (SFR) area

Special function registers (SFRs) of on-chip peripheral hardware are allocated to the area of FFOOH to FFFFH
(refer to Table 3-4 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access an address to which no SFR is allocated.
3.1.4 External memory space

This is an external memory space that can be accessed by setting the memory expansion mode register (MEM).
This space can store programs and table data, and can be assigned to peripheral devices.
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3.1.5 Data memory addressing

The manner of specifying the address of the instruction to be executed next or specifying the address of a register
or memory to be manipulated when an instruction is executed is called addressing.

The address of the instruction to be executed next is specified by the program counter (PC) (for details, refer to
3.3 Instruction Address Addressing).

However, in consideration of operability, the uyPD780988 Subseries is equipped with a wide range of addressing
modes for memory addresses that are operational objects during instruction execution. Especially, in the areas to
which the data memory is assigned (addresses FBOOH to FFFFH), the special function registers (SFRs) and general-
purpose registers can be addressed in accordance with their function. Figures 3-7 to 3-12 illustrate the addressing
of the data memory.

For details of each addressing, refer to 3.4 Operand Address Addressing.

Figure 3-7. Data Memory Addressing (uPD780982)

FFFFH
Special function
registers (SFRs) )
256 x 8 bits SFR addressing
FF2OH}
FF1FH
FFOOH
FEFFH G | )
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FE20H|_ _____
FE1FH
Direct addressing
FBOOH
FAFFH Register indirect
addressing
Based addressing
Based indexed
addressing
Reserved
4100H
40FFH
External memory
5 .
4000H 56 x 8 bits
3FFFH
L Internal ROM L
T 16,384 x 8 bits B
0000H
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Figure 3-8. Data Memory Addressing (uPD780983)

FFFFH
Special function
registers (SFRs) )
256 x 8 bits SFR addressing
FF2OH}
FF1FH
FFOOH
FEFFH .
Generalér;urpé)igt registers Register addressing
FEEOH xS oIS | Short direct
FEDFH - addressing
Internal high-speed RAM

2= 1,024 x 8 bits >~
FE20H|
FE1FH
FBOOH
FAFFH

Reserved

6100H
BOFFH External memory
6000H 256 x 8 bits
5FFFH

L Internal ROM L

B 23,775 x 8 bits [~

0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 3-9. Data Memory Addressing (uPD780984)

SFR addressing

Register addressing

Short direct
addressing

FFFFH
Special function
registers (SFRs)
256 x 8 bits
FF2OH} ]
FF1FH
FFOOH
FEFFH .
General-purpose registers
32 x 8 bits
FEEOH
FEDFH
Internal high-speed RAM
It 1,024 x 8 bits 2
FE2OH|
FE1FH
FBOOH
FAFFH
Reserved
8100H
80FFH
External memory
8000H 256 x 8 bits
7FFFH
iy Internal ROM i
T 32,768 x 8 bits .
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 3-10. Data Memory Addressing (uPD780986)

SFR addressing

Register addressing

Short direct
addressing

FFFFH
Special function
registers (SFRs)
256 x 8 bits
FF20H{
FF1FH
FFOOH
FEFFH )
General-purpose registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
P~ 1,024 x 8 bits P~
FE20H|_____
FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
£ Internal expansion RAM -
"~ 1,024 x 8 bits
F400H
F3FFH
Reserved
C100H
COFFH External memory
BFFFH
£ Internal ROM
49,152 x 8 bits
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 3-11.

Data Memory Addressing (uPD780988)

SFR addressing

Register addressing

))
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Short direct
addressing

FFFFH
Special function
registers (SFRs)
256 x 8 bits
FF2OH|
FF1FH
FFOOH
FEFFH .
General-purpose registers
32 x 8 bits
FEEOH
FEDFH
Internal high-speed RAM
X 1,024 x 8 bits
FE2OH{
FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
L Internal expansion RAM E
"~ 1,024 x 8 bits
F400H
F3FFH
Reserved
FOOOH
EFFFH
~ Internal ROM -~
61,440 x 8 bits
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 3-12. Data Memory Addressing (uPD78F0988A)

FFFFH
Special function
registers (SFRs) .
256 x 8 bits SFR addressing
FF2OH| -
FF1FH
FFOOH
FEFFH )
Generalé%urpgigt registers Register addressing
FEEOH x 8 bits Short direct
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Internal high-speed RAM
= 1,024 x 8 bits =~
FE20H|
FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
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F3FFH
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EFFFH
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0000H
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3.2 Processor Registers

The uPD780988 Subseries is provided with the following processor registers.

3.2.1 Control registers
Each of these registers has a dedicated function such as to control the program sequence, status, and stack
memory. The control registers include the program counter (PC), program status word (PSW), and stack pointer (SP).

(M

(2

Program counter (PC)

The program counter is a 16-bit register that holds the address of the program to be executed next.

The contents of this register are automatically incremented according to the number of bytes of the instruction
to be fetched when a normal operation is performed. When a branch instruction is executed, immediate data
or the contents of a register are set to the program counter.

When the RESET signal is input, the value of the reset vector table at addresses 0000H and 0001H is set
to the program counter.

Figure 3-13. Program Counter Configuration

15 0

PC |PC15|PC14|PC13|PC12|PC11|PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

Program status word (PSW)

The program status word is an 8-bit register consisting of flags that are set or reset as a result of instruction
execution.

The contents of the program status word are automatically pushed to the stack when an interrupt request is
generated or when the PUSH PSW instruction is executed, and are automatically popped from the stack when
the RETB, RETI, or POP PSW instruction is executed.

The contents of the program status word are set to 02H when the RESET signal is input.

Figure 3-14. Program Status Word Configuration

PSW IE 4 RBS1 AC | RBSO 0 ISP CY

(a) Interrupt enable flag (IE)
This flag controls acknowledgement of an interrupt request by the CPU.
When IE = 0, all interrupt requests except the non-maskable interrupt are disabled (DI status).
When IE = 1, interrupts are enabled (El status). At this time, acknowledgement of interrupt requests is
controlled with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and
a priority specification flag.
The interrupt enable flag is reset to 0 when the DI instruction is executed or when an interrupt request
is acknowledged, and set to 1 when the El instruction is executed.

(b) Zero flag (2)
This flag is set to 1 when the result of an operation performed is 0; otherwise, it is reset to 0.
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(c)

(d)

(e)

()

Register bank select flags (RBS0 and RBS1)

These 2-bit flags select one of the four register banks.

2-bit information indicating the register bank selected by execution of the “SEL RBn” instruction is stored
in these flags.

Auxiliary carry flag (AC)
This flag is set to 1 when a carry from or a borrow to bit 3 occurs as a result of an operation; otherwise,
it is reset to 0.

In-service priority flag (ISP)

This flag controls the priority of maskable vectored interrupts that can be acknowledged. When ISP =
0, the vectored interrupt request whose priority is specified by the priority specification flag registers
(PROL, PROH, PR1L) (refer to 14.3 (3) Priority specification flag registers (PROL, PROH, PR1L)) to
be low is disabled. Whether the interrupt request is actually acknowledged is controlled by the status
of the interrupt enable flag (IE).

Carry flag (CY)

This flag records an overflow or underflow that occurs as the result of executing an add or subtract
instruction. It also records the value shifted out when a rotate instruction is executed and functions as
a bit accumulator when a bit operation instruction is executed.

Stack pointer (SP)
This is a 16-bit register that holds the first address of the stack area in the memory. Only the internal high-
speed RAM area (FBOOH to FEFFH) can be specified as the stack area.

SP

The

Figure 3-15. Stack Pointer Configuration

15 0

SP15|SP14|SP13|SP12|SP11|SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

contents of the stack pointer are decremented when data is written (saved) to the stack memory, and

incremented when data is read (restored) from the stack memory.

The

data saved/restored as a result of each stack operation is as shown in Figures 3-16 and 3-17.

Caution The contents of the SP become undefined when the RESET signal is input. Be sure to

initialize the SP before executing an instruction.

User’s Manual U13029EJ7V1UD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-16. Data Saved to Stack Memory

PUSH rp instruction CALL, CALLF, CALLT instructions Interrupt, BRK instructions
SP<SP-3
SP=SP-2 SP<SP-2 SP-3 PC7 to PCO
SP-2 Register pair, low SP-2 PC7 to PCO SP T— 2 PC15 to PC8
SP?—1 Register pair, high SPT_1 PC15 to PC8 SPT_1 PSW
STP - STP - STP -

Figure 3-17. Data Restored from Stack Memory

POP rp instruction RET instruction RETI, RETB instructions
SP = | Register pair, low SP — PC7 to PCO SP > PC7 to PCO
SP +1 Register pair, high SP +1 PC15to PC8 SP + 1 PC15 to PC8
SP <SP +2 SP=<SP+2 SP+2 PSW
SP=SP +3
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3.2.2 General-purpose registers

General-purpose registers are mapped to specific addresses of the data memory (FEEOH to FEFFH). Four banks
of general-purpose registers, each consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H) are available.

Each register can be used as an 8-bit register. Moreover, 8-bit registers can be used in pairs as 16-bit registers
(AX, BC, DE, and HL).

Each register can be described not only by a function name (X, A, C, B, E, D, L, H, AX, BC, DE, or HL) but also
by an absolute name (RO to R7, RPO to RP3).

The register bank used for instruction execution is set by the CPU control instruction (SEL RBn). Because four
register banks are provided, an efficient program can be developed by using one register bank for ordinary processing
and another bank for interrupt servicing.

Table 3-3. Absolute Addresses of General-Purpose Registers

Register Register
Absolute Absolute
Bank Name Function Absolute Address Bank Name Function Absolute Address
Name Name Name Name
H R7 FEFFH H R7 FEEFH
L R6 FEFEH L R6 FEEEH
D R5 FEFDH D R5 FEEDH
E R4 FEFCH E R4 FEECH
BANKO BANK2
B R3 FEFBH B R3 FEEBH
C R2 FEFAH C R2 FEEAH
A R1 FEF9H A R1 FEE9H
X RO FEF8H X RO FEES8H
H R7 FEF7H H R7 FEE7H
L R6 FEF6H L R6 FEEGH
D R5 FEF5H D R5 FEE5H
BANK1 E R4 FEF4H BANK3 E R4 FEE4H
B R3 FEF3H B R3 FEE3H
C R2 FEF2H C R2 FEE2H
A R1 FEF1H A R1 FEE1H
X RO FEFOH X RO FEEOH
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Figure 3-18. General-Purpose Register Configuration

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
FEF7H
R5
BANK1 RP2
R4
FEFOH
FEEFH
R3
BANK2 RP1
R2
FEE8H
FEE7H
R1
BANKS3 RPO
RO
FEEOH
15 0 7
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
FEF7H
D
BANK1 DE
E
FEFOH
FEEFH
B
BANK2 BC
C
FEE8H
FEE7H
A
BANKS3 AX
X
FEEOH
15 0 7
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3.2.3 Special function registers (SFRs)

Unlike the general-purpose registers, special function registers have their own functions and are allocated to the

area of addresses FFOOH to FFFFH.

The special function registers can also be manipulated in the same manner as the general-purpose registers by

using operation, transfer, and bit manipulation instructions. The bit units in which one register is to be manipulated

(1,

68

8, or 16 bits) differ from those of another register.
The bit unit for manipulation is specified as follows:

- 1-bit manipulation
A symbol reserved by the assembler is described as the operand (sfr.bit) of a 1-bit manipulation instruction. An
address can also be specified.

- 8-bit manipulation
A symbol reserved by the assembler is described as the operand (sfr) of an 8-bit manipulation instruction. An
address can also be specified.

- 16-bit manipulation
A symbol reserved by the assembler is described as the operand (sfrp) of a 16-bit manipulation instruction. When
specifying an address, describe an even address.

Table 3-4 lists the special function registers. The meanings of the symbols in this table are as follows:

« Symbol
These symbols indicate the addresses of the special function registers.
They are reserved words for the RA78K0 and defined by header file sfrbit.h for the CC78K0. These symbols
canbe described as the operands of instructions when the RA78K0, ID78K0-NS, ID78K0, and SM78KO0 are used.
- R/W
Indicates whether the special function register in question can be read or written.
R/W: Read/write
R: Read only
W:  Write only
- Bit unit for manipulation
“J” indicates the manipulatable bit unit (1, 8, or 16). “—” indicates the bit units for which manipulation is not
possible.
- After reset
Indicates the status of the special function register when the RESET signal is input.
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Table 3-4. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Bit Unit for Manipulation | After Reset
1 Bit | 8 Bits |16 Bits
FFOOH | Port 0 PO R/W V V - 00H
FFO1H | Port 1 P1 R J J -
FFO2H | Port2 P2 R/W J J -
FFO3H | Port 3 P3 N N _
FFO4H | Port 4 P4 \ \ -
FFO5H | Port5 P5 J J -
FFOBH | Port 6 P6 J J -
FFO7H | 8-bit timer counter 52 TM52 R - J -
FFO8H | 10-bit buffer register 0 BFCMO | BFCMOL | R'W | R/W | — \ \ 0000H
FFO9H - - -
FFOAH | 10-bit buffer register 1 BFCM1 | BFCM1L| R/W | RIW | - J J
FFOBH - - -
FFOCH | 10-bit buffer register 2 BFCM2 | BFCM2L | R'W | R'W | — \ \
FFODH - - -
FFOEH | 10-bit buffer register 3 BFCM3 | BFCM3L | R/W | RIW | — J J 00FFH
FFOFH - - -
FF10H | 16-bit timer counter 00 TMO0 R - - | A 0000H
FF11H
FF12H | 16-bit timer counter 01 TMO1 - - \
FF13H
FF14H | 8-bit timer counter 50 TM5 TM50 - J J 00H
FF15H | 8-bit timer counter 51 TM51 - V
FF16H | 8-bit compare register 50 CR5 CR50 | R/W - \ v | Undefined
FF17H | 8-bit compare register 51 CR51 - \
FF18H | A/D conversion result register 0 ADCRO R - - \
FF19H
FF1AH | Transmit shift register 0 TXS00 W - \ - FFH
Receive buffer register 0 RXB00 R - \ -
FF1BH | Transmit shift register 1 TXS01 W - \/ -
Receive buffer register 1 RXBO1 R - \ -
FF1FH | Serial I/O shift register 3 SI03 R/W - \ - Undefined
FF20H | Port mode register 0 PMO \ \ - FFH
FF22H | Port mode register 2 PM2 \ \ -
FF23H | Port mode register 3 PM3 \ \ -
FF24H | Port mode register 4 PM4 \ \ -
FF25H | Port mode register 5 PM5 \ \ -
FF26H | Port mode register 6 PM6 \ \ -
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Table 3-4. Special Function Register List (2/4)

Address Special Function Register (SFR) Name Symbol R/W Bit Unit for Manipulation | After Reset
1 Bit |8 Bits |16 Bits

FF30H | Pull-up resistor option register 0 PUO R/W \ \ - 00H

FF32H | Pull-up resistor option register 2 PU2 \ \ -

FF33H | Pull-up resistor option register 3 PU3 \ J -

FF34H | Pull-up resistor option register 4 PU4 \ \ -

FF35H | Pull-up resistor option register 5 PU5 \ \ -

FF36H | Pull-up resistor option register 6 PU6 \ J -

FF42H | Watchdog timer clock select register WDCS - \ -

FF47H | Memory extension mode register MEM W - \ -

FF48H | External interrupt rising edge enable register EGP R/W \ \ -

FF49H | External interrupt falling edge enable register | EGN \/ \/ -

FF60H | 16-bit timer mode control register 00 TMCO00 \ \ -

FF61H | Prescaler mode register 00 PRMO00 - \ -

FF62H | Capture/compare control register 00 CRCO00 \ \/ -

FF63H | Timer output control register 00 TOCO00 \ -

FF64H 16-bit capture/compare register 000 CRO000 - - \ Undefined

FF65H

FF66H 16-bit capture/compare register 010 CRO10 - - \

FF67H

FF68H | 16-bit timer mode control register 01 TMCO1 \ \ - 00H

FF69H | Prescaler mode register 01 PRMO1 - \ -

FF6AH | Capture/compare control register 01 CRCO1 \ \ -

FF6BH | Timer output control register 01 TOCO1 \ \ -

FF6CH | 16-bit capture/compare register 001 CRO0O01 - - \ Undefined

FF6DH

FF6EH | 16-bit capture/compare register 011 CRO11 - - \

FF6FH

FF70H | 8-bit timer mode control register 50 TMC50 \ \ - O0H

FF71H | Timer clock select register 50 TCL50 - d -

FF74H | 8-bit timer mode control register 51 TMC51 \ \ -

FF75H | Timer clock select register 51 TCL51 - \ -

FF78H | 8-bit timer mode control register 52 TMC52 \ \ -

FF79H | Timer clock select register 52 TCL52 - \ -

FF7AH | 8-bit compare register 52 CR52 - J — | Undefined

FF7CH | External interrupt rising edge enable register 5 | EGP5 \ \ - 00H

FF7DH | External interrupt falling edge enable register 5 | EGN5 \ \ -

FF80H | A/D converter mode register 0 ADMO \ \ -

FF81H | Analog input channel specification register 0 ADSO - \ -

FF84H | Real-time output buffer register OL RTBL0O \ \ -

FF85H | Real-time output buffer register OH RTBHOO \ -
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Table 3-4. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Bit Unit for Manipulation | After Reset
1 Bit |8 Bits |16 Bits
FF86H | Real-time output port mode register 0 RTPMO00 R/W \ \ - O0H
FF87H | Real-time output port control register 0 RTPCO00 \ \ -
FF89H | Flash programming mode control register FLPMC \ \ - 0gHNote 1
FF9OH | Inverter timer control register 7 TMC7 \ \ - O0H
FF91H | Inverter timer mode register 7 TMM7 \/ \/ -
FF92H | 10-bit compare register 0 CMO RW |RW | — \ \ 0000H
FF93H - -
FF94H | 10-bit compare register 1 CM1 R/W |RW | - \ \
FF95H - -
FF96H | 10-bit compare register 2 CM2 RW |RW | — \ \
FF97H - -
FF98H | 10-bit compare register 3 CM3 RW |RW /| — \ \ OO0FFH
FF99H - -
FF9AH | Dead time reload register DTIME W - \ - FFH
FFOCH | Real-time output buffer register 1L RTBLO1 R/W \ \ - 00H
FFODH | Real-time output buffer register 1H RTBHO1 \ \ -
FFO9EH | Real-time output port mode register 1 RTPMO1 \ \ -
FFOFH | Real-time output port control register 1 RTPCO1 \ \ -
FFAOH | Asynchronous serial interface mode register 0 | ASIM0O \/ \/ -
FFA1H | Asynchronous serial interface status register 0 | ASIS00 R - \/ -
FFA2H | Baud rate generator control register 0 BRGCO00 R/W - \ -
FFA8H | Asynchronous serial interface mode register 1 | ASIMO1 J J -
FFA9H | Asynchronous serial interface status register 1 | ASISO1 R - \ -
FFAAH | Baud rate generator control register 1 BRGCO1 R/W - \ -
FFBOH | Serial operation mode register 3 CSIM3 \ \ -
FFB8H | DC control register 0 DCCTLO \ \ -
FFBCH | DC control register 1 DCCTL1 \ \ -
FFDOH | External access areaNote 2 J J — | Undefined
FFDFH
FFEOH | Interrupt request flag register OL IFOL IFO \ \ \ O0H
FFE1H | Interrupt request flag register OH IFOH \ \
FFE2H | Interrupt request flag register 1L IF1L \ \ -
FFE4H | Interrupt mask flag register OL MKOL MKO J J J FFH
FFE5H | Interrupt mask flag register OH MKOH \ \
FFE6H | Interrupt mask flag register 1L MK1L \ \ -
FFE8H | Priority specification flag register OL PROL PRO J J J
Notes 1. Bit 2 changes according to the voltage level of Vrp.

2. The external access area cannot be accessed in the SFR addressing mode. Access this area with

direct addressing.
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Table 3-4. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/wW Bit Unit for Manipulation | After Reset
1 Bit |8 Bits |16 Bits

FFE9H | Priority specification flag register OH PROH PRO | R/W y y y FFH
FFEAH | Priority specification flag register 1L PR1L \/ \/ -

FFFOH | Memory size switching register IMS - \ — | CFHNote1
FFF4H | Internal expansion RAM size switching register | IXS - y — | OCHNote 2
FFF8H | Memory extension wait setting register MM - \ - 10H
FFF9H | Watchdog timer mode register WDTM \ \ - 00H
FFFAH | Oscillation stabilization time select register OSTS - v - 04H
FFFBH | Processor clock control register PCC \ \ -

Notes 1. The initial value is CFH, but set and operate each microcontroller with the values shown below.

uPD780982: C4H
uPD780983: C6H
uPD780984: C8H
uPD780986: CCH
uPD780988: CFH (No need to change the initial value because the uyPD780988 is set to CFH).

uPD78F0988A: Value corresponding to those of mask ROM versions
2. The initial value is 0CH, but set and operate each microcontroller with the values shown below.
uPD780982, 780983, 780984: 0CH (No need to change the initial value because the uPD780982,
780983, 780984 are set to OCH).
uPD780986, 780988: 0AH
uUPD78F0988A: Value corresponding to mask ROM versions
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3.3 Instruction Address Addressing

An instruction address is determined by the contents of the program counter (PC). The contents of the PC are
usually automatically incremented by the number of bytes of the instruction to be fetched (by 1 per byte) every time
an instruction is executed. When an instruction that causes program execution to branch is performed, the address
information of the branch destination is set to the PC by means of the following addressing (for details of each
instruction, refer to 78K/0 Series User’'s Manual Instructions (U12326E)).

3.3.1 Relative addressing

[Function]
The 8-bit immediate data (displacement value: jdisp8) of the instruction code is added to the first address of the
next instruction, the resultant sum is transferred to the program counter (PC), and program execution branches.
The displacement value is treated as signed 2’s complement data (—128 to +127), and bit 7 serves as a sign bit.
In other words, relative addressing consists of relative branching from the first address of the following instruction
to the —128 to +127 range.
This addressing is used when the “BR $addr16” instruction or conditional branch instruction is executed.

[Operation]

15 0
PC holds first address of instruction

PC next to BR instruction.

+
15 8 7 6 0

o S
jdisp8
15 0
PC

When S = 0, all bits of o are 0.
When S = 1, all bits of v are 1.

User's Manual U13029EJ7V1UD 73



CHAPTER 3 CPU ARCHITECTURE

3.3.2 Immediate addressing

[Function]
The immediate data in an instruction word is transferred to the program counter (PC), and program execution
branches.
This addressing is used when the “CALL laddr16”, “BR laddr16”, or “CALLF laddr11” instruction is executed.
The CALL 'addr16 and BR !addr16 instructions allow the program to branch to the entire memory space. The
CALLF laddr11 instruction allows the program to branch to the 0800H to OFFFH area.

[Operation]
When the “CALL !addr16” or “BR laddr16” instruction is executed

7 0
CALL or BR
Low addr.
High addr. T
15 \ 87 0

PC

When the “CALLF !addr11” instruction is executed

7 6 4 3 0

7‘ fatotos ‘ CALLF

fazwoo

PCfoOo 0 O 0 1
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3.3.3 Table indirect addressing

[Function]
The contents of a specific location table (branch destination address) addressed by the immediate data of bits
1 to 5 of an instruction code are transferred to the program counter (PC), and program execution branches.
This addressing is used when the “CALLT [addr5]” instruction is executed. This instruction references the
addresses stored in the memory table from 40H to 7FH, and allows the program to branch to the entire memory

space.

[Operation]

7 6 5 10
Instruction code 1 1 tastoo 1
15 8 7 6 5 1 10
Effective address 0 0 0O 00O OO 0|0 1 0
7 Memory (Table) 0
Low addr.
Effective address + 1 High addr. T
15 8 7 0

PC
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3.3.4 Register addressing

[Function]
The contents of the register pair (AX) specified by an instruction word are transferred to the program counter
(PC), and program execution branches.
This addressing is used when the “BR AX” instruction is executed.

[Operation]

15 8 7 0

PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]
This addressing is used to automatically (implicitly) address a register that functions as an accumulator (A or
AX) in the general-purpose register area.
The instruction words of the uPD780988 Subseries that use implied addressing are as follows.

Instruction Register Specified by Implied Addressing
MULU Register A to store multiplicand and register AX to store product
DIVUW Register AX to store dividend and quotient
ADJBA/ADJBS Register A to store numeric value subject to decimal adjustment
ROR4/ROL4 Register A to store digit data subject to digit rotation

[Operand Format]
No specific operand format is used because the operand format is automatically determined by the instruction.

[Example]
MULU X
The product between registers A and X is stored in register AX as a result of executing the multiply instruction
of 8 bits x 8 bits. In this operation, registers A and AX are specified by implied addressing.
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3.4.2 Register addressing

[Function]
This addressing is used to access a general-purpose register as an operand. The general-purpose register to
be accessed is specified by the register bank select flags (RBS0 and RBS1) and with the register specification
code (Rn and RPn) in an instruction code.
Register addressing is used when an instruction that has the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified by 3 bits in the instruction code.

[Operand Format]

Representation Description
r X,A,C, B EDLH
rp AX, BC, DE, HL

r and rp can be described not only by a function name (X, A, C, B, E, D, L, H, AX, BC, DE, or HL) but also by
an absolute name (RO to R7, RP0 to RP3).

[Example]
MOV A, C; To select C register as r

Instruction code |O 110001 0|
]

INCW DE; To select DE register pair as rp —— Register specification code

Instruction code [ 1 0 0 0 0 1 0 0|

T

Register specification code
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3.4.3 Direct addressing

[Function]

The addressing is used to directly address the memory indicated by the immediate data in an instruction word.

[Operand Format]

Representation Description
addr16 Label or 16-bit immediate data
[Example]
MOV A, I0FEOOH; To specify FEOOH as laddr16
Instruction code |1 000111 0| OP code
[ooo0o00000| ooH
[11111110] FeEH

[Operation]

OP code

addr16 (lower)

addr16 (higher)

Memory
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3.4.4 Short direct addressing

[Function]
This addressing directly addresses a memory area to be manipulated from a fixed space by using the 8-bit data
in an instruction word.
This addressing is applicable to the fixed 256-byte space of FE20H to FF1FH. The internal high-speed RAM
is mapped to addresses FE20H to FEFFH, and special function registers (SFRs) are mapped to addresses FFOOH
to FF1FH.
The SFR area (FFOOH to FF1FH) to which short direct addressing is applied is a part of the entire SFR area.
Ports that are frequently accessed in the program, and compare and capture registers of timer/event counters
are mapped to the SFR area. These SFRs can be manipulated with a few bytes and clocks.
Bit 8 of the effective address is 0 if the 8-bit immediate data is in the range of 20H to FFH, and 1 if the data is
in the range of 00H to 1FH. Refer to [Operation].

[Operand Format]

Representation Description
saddr Label or immediate data FE20H to FF1FH
saddrp Label or immediate data FE20H to FF1FH (even address only)
[Example]

MOV 0FES30H, #50H; To specify FE30H as saddr and 50H as immediate data

Instruction code | 00010001 | OP code
[00110000]|  30H (saddroffset)
[o01010000]|  50H (mmediate data)
[Operation]
7 0
OP code
saddr-offset ﬁ

Short direct memory

Effective address 11 1 1 1 1 1 |a

When 8-bit immediate data is 20H to FFH, oo = 0
When 8-bit immediate data is 00H to 1FH, o. = 1

80 User's Manual U13029EJ7V1UD



CHAPTER 3 CPU ARCHITECTURE

3.4.5 Special function register (SFR) addressing

[Function]

This addressing is to address special function registers (SFRs) mapped to the memory by using the 8-bit
immediate data in an instruction word.

This addressing is applied to the 240-byte space of FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped to the area of FFOOH to FF1FH can also be accessed by means of short direct addressing.

[Operand Format]

Representation Description
sfr Special function register name
sfrp Name of special function register that can be manipulated in 16-bit units (even address only)
[Example]

MOV PMO, A; To select PMO (FF20H) as sfr

Instruction code |1 111011 0| OP code
[00100000]|  20H (sfroffset)
[Operation]

7 0

OP code

sfr-offset

SFR

15 8 7 0

Effective address 11 1 1 1 1 1 1
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3.4.6 Register indirect addressing

[Function]
This addressing is used to address memory using the contents of a specified register pair as an operand. The
register pair to be accessed is specified by the register bank select flags (RBS0 and RBS1) and the register pair
specification code in an instruction code. This addressing can address the entire memory space.

[Operand Format]

Representation Description

— [DE], [HL]

[Example]
MOV A, [DE]; To select [DE] as register pair

Instruction code 10000101

[Operation]

15 8 7 0

DE D E
The memory address
specified with the

7 Memory 0 register pair DE

The contents of the

memory addressed

are transferred
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3.4.7 Based addressing

[Function]
This addressing is used to address the memory by using the result of adding 8-bit immediate data to the contents
of the HL register pair used as a base register. The HL register pair to be accessed is in the register bank specified
by the register bank select flags (RBS0 and RBS1). The addition is executed by extending the offset data to
16 bits as a positive number. A carry from the 16th bitis ignored. This addressing can address the entire memory
space.

[Operand Format]

Representation Description

— [HL + byte]

[Example]
MOV A, [HL + 10H]; To specify 10H as byte

Instruction code |1 010111 0|

[ooo010000]
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3.4.8 Based indexed addressing

[Function]
This addressing is used to address the memory by using the result of adding the contents of the B or C register
specified in the instruction word to the contents of the HL register used as a base register. The HL, B, and C
registers accessed are in the register bank specified by the register bank select flags (RBS0 and RBS1). The
addition is executed with the contents of the B or C register extended to 16 bits as a positive number. A carry
from the 16th bit is ignored.
This addressing can address the entire memory space.

[Operand Format]

Representation Description

— [HL + B], [HL + C]

[Example]
When MOV A, [HL + B]

Instruction code 10101011

3.4.9 Stack addressing

[Function]
This addressing is used to indirectly address the stack area by using the contents of the stack pointer (SP).
This addressing is automatically used to save/restore register contents when the PUSH, POP, subroutine call,
or return instruction is executed, or when an interrupt request is generated.
Stack addressing can access the internal high-speed RAM area only.

[Example]
When PUSH DE is executed

Instruction code 10110101
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4.1 Function of Ports

The uPD780988 Subseries is provided with eight input port pins and 39 I/O port pins. Figure 4-1 shows these
port pins. Each port can be manipulated in 1-bit or 8-bit units and controlled in various ways. Moreover, some port

pins also serve as the I/O pins of the internal hardware.

Figure 4-1. Types of Ports

<> P40 P00 I ——
- -
Port 0
- -
I E—— P03 -~
Port 4
- P10 to P17 Port 1
-
-] P20 -
-
~— P50 <~ (Port2
- -
- -
-~ P26 -
Port 5
-
-~ P30 -
- -
-
Port 3
- > P64 -
- -
Port 6
- -
- > P67 P37 -~
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Table 4-1. Port Functions

Pin Name Function Alternate Function
Port 0 P00 4-bit 1/0 port INTPO/TOFF7
PO1 Input/output can be specified in 1-bit units. INTP1
Use of an on-chip pull-up resistor can be specified by a software setting.
P02 INTP2
P03 INTP3/ADTRG
Port 1 |P10 to P17| 8-bit input-only port ANIO to ANI7
Port 2 P20 7-bit 1/0 port RxD00
P21 Input/output can be specified in 1-bit units. TxDOO
Use of an on-chip pull-up resistor can be specified by a software setting.
P22 RxDO1
P23 TxDO1
P24 TI50/TO50
P25 TI51/TO51
P26 TI52/TO52
Port 3 |P30 to P37| 8-bit I/O port RTPO to RTP7
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software setting.
Port 4 |P40 to P47| 8-bit I/O port ADO to AD7
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software setting.
Port 5 P50 8-bit 1/0O port —
P51 LEDs can be driven directly. SCK
P52 Input/output can be specified in 1-bit units. S|
Use of an on-chip pull-up resistor can be specified by a software setting.
P53 SO
P54 INTP4/TI000/TO00
P55 INTP5/TI010
P56 INTP6/TI001/TOO01
P57 INTP7/TI011
Port 6 P64 4-bit /O port RD
P65 Input/output can be specified in 1-bit units. WR
Use of an on-chip pull-up resistor can be specified by a software setting. J—
P66 WAIT
P67 ASTB

86
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4.2 Configuration of Ports
A port consists of the following hardware.

Table 4-2. Port Configuration

Item Configuration

Control registers Port mode register (PMO, PM2 to PM6)
Pull-up resistor option register (PUO, PU2 to PU6)

Ports Total 47

Input 8

1/0 39
Pull-up resistors 39 (software control)

4.2.1 Port0

This is a 4-bit I/0 port with output latches. Port 0 can be set in the input or output mode in 1-bit units via port mode
register 0 (PMO). When using port 0, internal pull-up resistors can be connected in 1-bit units by using pull-up resistor
option register 0 (PUO).

Alternate functions include external interrupt request input, external input to stop timer output, and an external
trigger signal for the A/D converter.

RESET input sets port 0 to input mode.

Figure 4-2 shows the block diagram of port 0.

Caution Because port 0 is also used as an external interrupt request input, an interrupt request flag is

set when the port is set in the output mode and its output level is changed. When using port
0 in the output mode, therefore, set the interrupt mask flag to 1.
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Figure 4-2. Block Diagram of P00 to P03

Voo

WReu
N\
o PU0O to PUO3 {>o |- P-cn
RD
o J
™~ O<{ Selector
§ WRPpoRT
© POO/INTPO/TOFF7,
s S Output latch © PO1/INTP1,
€ (P00 to PO3) PO2/INTP2,
PO3/INTP3/ADTRG
WRem
l‘/ PMOO to PMO3
L/
PU: Pull-up resistor option register
PM: Port mode register
RD: Read signal of port 0
WR: Write signal of port 0
4.2.2 Port1i

This is an 8-bit input port. Alternate functions include A/D converter analog input.
Figure 4-3 shows the block diagram of port 1.

Figure 4-3. Block Diagram of P10 to P17

RD

Internal bus
@

Q<I—OC P10/ANIO to
O p17/aN17
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4.2.3 Port 2

This is a 7-bit I/0 port with output latches. Port 2 can be set in the input or output mode in 1-bit units via port mode
register 2 (PM2). When using port 2, internal pull-up resistors can be connected in 1-bit units by using pull-up resistor
option register 2 (PU2).

Alternate functions include serial interface data 1/0 and timer 1/O.

RESET input sets port 2 to input mode.

Figure 4-4 shows the block diagram of port 2.

Caution When performing transmission using the serial interface or timer output, set the pins to be used
to output mode, and set the output latch to 0.
When performing reception or timer input, set the pins to be used to input mode.

Figure 4-4. Block Diagram of P20 to P26

Vop
WRPru
N\
O PU20 to PU26 {>O I P-ch
RD
= O< :< Selector
(2]
3| WRPport P20/RxD00,
§ P21/TxD00,
3 Output latch P22/RxDO01,
S ~ (P20 to P26) »—————© P23/TxDO01,
P24/T150/TO50,
P25/T151/TO51,
P26/T152/TO52
WRem
£ PM20 to PM26
—~/
Alternate
function

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 2

WR: Write signal of port 2
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4.2.4 Port3
This is an 8-bit /0O port with output latches. Port 3 can be set in the input or output mode in 1-bit units via port

mode register 3 (PM3). When using port 3, internal pull-up resistors can be connected in 1-bit units by using pull-
up resistor option register 3 (PU3).

Alternate functions include use as a real-time output port.

RESET input sets port 3 to input mode.

Figure 4-5 shows the block diagram of port 3.

Figure 4-5. Block Diagram of P30 to P37

WRpru
Y
o PU30 to PU37 {>o |- Peen
RD
O O<{ Selector
(2]
3 WRProRT
=z
o Output latch
[4]
£ © (P30 to P37) 0 et
WRem
£ PM30 to PM37
N
Alternate
function

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 3

WR: Write signal of port 3
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4.2.5 Port 4
This is an 8-bit /0O port with output latches. Port 4 can be set in the input or output mode in 1-bit units via port

mode register 4 (PM4). When using port 4, internal pull-up resistors can be connected in 1-bit units by using pull-

up resistor option register 4 (PU4).
Alternate functions include an address/data bus function that is used in the external memory expansion mode.

RESET input sets port 4 to input mode.
Figure 4-6 shows the block diagram of port 4.

Figure 4-6. Block Diagram of P40 to P47

WReru
N\
S PU40 to PU47 {>o I P-ch
RD
= O<{ Selector
(2]
>3
2 WRPporT
g
g Output latch o P40/ADO 1o
= ~ (P40 to P47) P47/AD7
WRpm
JQ PM40 to PM47
N

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 4

WR: Write signal of port 4
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4.2.6 Port5

This is an 8-bit /0O port with output latches. Port 5 can be set in the input or output mode in 1-bit units via port
mode register 5 (PM5). When using port 5, internal pull-up resistors can be connected in 1-bit units by using pull-
up resistor option register 5 (PU5).

Port 5 can directly drive LEDs.

Alternate functions include serial interface clock and data I/O, timer I/O, and external interrupt request input.

RESET input sets port 5 to input mode.

Figures 4-7 and 4-8 show the block diagram of port 5.

Cautions 1. When performing transmission using the serial interface or timer output, set the pins to be
used to output mode, and set the output latch to 0.
When performing reception or timer input, set the pins to be used to input mode.
2. Because pins P54 to P57 are also used as external interrupt request input pins, an interrupt
request flag is set when the port is set in the output mode and its output level is changed.
When using the output mode, therefore, set the interrupt mask flag to 1.

Figure 4-7. Block Diagram of P50
Voo

WReu
~— J\
O PU50 {>O I P-ch
RD
o
O<{ Selector
w
3 WReProRT
g
@ Output latch
= © (P50) g © Ps0
WReM
£ PM50
-/

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 5

WR: Write signal of port 5
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Figure 4-8. Block Diagram of P51 to P57

=
(97%3

PUS51 to PU57 {>o I P-ch
RD

N

| CJ
~ O< Selector

Internal bus

WRProrT P51/Sﬁ<,
P52/Sl,
A Output latch P53/S0,
~ (P51 to P57) O P54/INTP4/TI000/TO00,
P55/INTP5/TI1010,
P56/INTP6/TI001/TOO01,
P57/INTP7/TI011
WRpm
£ PM51 to PM57
Alternate
function

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 5

WR: Write signal of port 5
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4.2.7 Port 6
This is a 4-bit I/0 port with output latches. Port 6 can be set in the input or output mode in 1-bit units via port mode

register 6 (PM6). When using port 6, internal pull-up resistors can be connected in 1-bit units by using pull-up resistor
option register 6 (PUS6).

Alternate functions include a control signal output function in the external memory expansion mode.

RESET input sets port 6 to input mode.

Figure 4-9 shows the block diagram of port 6.

Caution P66 can be used as an 1/0 port pin when no external wait state is used in the external memory

expansion mode.

Figure 4-9. Block Diagram of P64 to P67

Vop
WRepu
A I
o PUG4 to PU67 {>o |- P-cn
RD
© OQ—OC Selector
1
o WRProRrT _
= P64/RD,
8 A Output latch P65/WR,
E © (P64 to P67) ' © P66/WAIT,
P67/ASTB
WRem
J\; PM64 to PM67
—~/

PU: Pull-up resistor option register
PM: Port mode register

RD: Read signal of port 6

WR: Write signal of port 6
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4.3 Registers Controlling Port Functions

The following two types of registers control the ports.

» Port mode registers (PM0, PM2, PM3, PM4, PM5, PM6)
» Pull-up resistor option registers (PUO, PU2, PU3, PU4, PU5, PUB6)

(1) Port mode registers (PM0, PM2, PM3, PM4, PM5, PM6)
These registers set the corresponding ports in the input or output mode in 1-bit units.
PMO, PM2, PM3, PM4, PM5, and PM6 are manipulated by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Cautions 1. Because port0and pins P54 to P57 are also used as external interrupt request input pins,

Symbol
PMO

PM2

PM3

PM4

PM5

PM6

interrupt request flags are set when the output mode of the port function is specified and
the output level is changed. To use this port in the output mode, therefore, set the
interrupt mask flags to 1 in advance.

2. Since pull-up resistors will not be disconnected even if ports 0 and 2 to 6 are set to output
mode, set corresponding pull-up resistor option registers to 0 when those ports are used
in output mode.

3. When a port pin that has an alternate function serves as an alternate function output pin,
set its output latch to 0.

Figure 4-10. Format of Port Mode Register

7 6 5 4 3 2 1 0 Address After reset R/W
1 1 1 1 |PMO03|PMO02 | PMO1|PMO00O FF20H FFH R/W
1 |PM26 |PM25|PM24 |PM23 | PM22 | PM21 |PM20 FF22H FFH R/W
PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 FF24H FFH R/W
PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 FF25H FFH R/W
PM67 | PM66 |PM65 |[PM64 | 1 1 1 1 FF26H FFH R/W

Selects 1/0 mode of Pmn pin
(m=0:n=0t03)
(m=2:n=01t06)
(m=3,4,5:n=01t07)
(m=6:n=41t07)

PMmn

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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96

(2) Pull-up resistor option registers (PUO, PU2, PU3, PU4, PU5, PU6)
These registers set whether the internal pull-up resistor is connected to each port. By setting PUO and PU2
to PUB, on-chip pull-up resistors corresponding to bits in PUO and PU2 to PU6 can be used.
PUO, PU2 to PU6 are individually set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Cautions 1. Port 1 is not provided with an on-chip pull-up resistor.

Symbol
PUO

PU2

PU3

PU4

PU5

PU6

2. When PUm is set to 1, an on-chip pull-up resistor is connected regardless of whether

the mode is input/output mode or external expansion mode. Accordingly, when using
the port in output or external expansion mode, set the corresponding bit of PUm to 0 (m
=0, 2 to 6).

Figure 4-11. Format of Pull-up Resistor Option Register

7 6 5 4 3 2 1 0 Address After reset R/W
0 0 0 0 |PUO3 |PUO2 | PUOT |PUOO FF30H 00H R/W
0 |PU26|PU25 |PU24 | PU23 | PU22 | PU21 [PU20 FF32H 00H R/W
PU37 | PU36 | PU35 |PU34 | PU33 | PU32 | PU31 |PU30 FF33H 00H R/W
PU47 | PU46 | PU45 | PU44 | PU43 | PU42 | PU41 |PU40 FF34H 00H R/W
PU57 | PU56 | PU55 | PU54 | PU53 | PU52 | PU51 |PU50 FF35H 00H R/W
PU67 | PU66 | PUB5 |[PUB4 | O 0 0 0 FF36H 00H R/W
\ \ \ \ \ \ \ |
PUMN Selects internal pull-up resistor of Pmn pin

(m=0:n=0to03)
(m=2:n=0t06)
(m=3,4,5:n=0t07)
(mMm=6:n=4107)

0 On-chip pull-up resistor is not used

1 On-chip pull-up resistor is used
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4.4 Operation of Port Functions

The operation of a port differs depending on whether the port is setin the input or output mode, as described below.

4.4.1 Writing to 1/O port

(1

(2

In output mode

A value can be written to the output latch of a port by using a transfer instruction. The contents of the output
latch can be output from the pins of the port.

Data once written to the output latch is retained until new data is written to the output latch.

In input mode

A value can be written to the output latch by using a transfer instruction. However, the status of the port pin
is not changed because the output buffer is off.

Data once written to the output latch is retained until new data is written to the output latch.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port. However,
this instruction accesses the port in 8-bit units. When this instruction is executed to
manipulate a bit of an input/output port, therefore, the contents of the output latch of the pin
that is set in the input mode and not subject to manipulation become undefined.

4.4.2 Reading from I/O port

(M

(2

In output mode
The contents of the output latch can be read by using a transfer instruction. The contents of the output latch
are not changed.

In input mode
The status of a pin can be read by using a transfer instruction. The contents of the output latch are not changed.

4.4.3 Arithmetic operation of I/O port

(1M

(2

In output mode

An arithmetic operation can be performed on the contents of the output latch. The result of the operation is
written to the output latch. The contents of the output latch are output from the port pins.

Data once written to the output latch is retained until new data is written to the output latch.

In input mode
The contents of the output latch become undefined. However, the status of the pin is not changed because
the output buffer is off.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port. However,
this instruction accesses the port in 8-bit units. When this instruction is executed to
manipulate a bit of an input/output port, therefore, the contents of the output latch of the pin
that is set in the input mode and not subject to manipulation become undefined.
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*x 5.1 Function of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware. Oscillation can be

stopped by executing the STOP instruction.
» Expanded-specification products

The system oscillator oscillates a frequency of 1.0 to 12.0 MHz.
» Conventional products

The system oscillator oscillates a frequency of 1.0 to 8.38 MHz.

5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration
Control register Processor clock control register (PCC)
Oscillator System clock oscillator

Figure 5-1. Clock Generator Block Diagram

Prescaler
X1 ©—| System [+ [
clock X Prescaler Clopl(r]to hard
. peripheral hardware
X2 ©—| oscillator
Mol & P i
2 | 22| 2| 2
STOP
*8 Standby Wait CPU clock
2 controller controller (feru)
%)
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5.3 Register Controlling Clock Generator
The clock generator is controlled by the processor clock control register (PCC). This register selects the CPU clock.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to 04H.

Figure 5-2. Format of Processor Clock Control Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PCC 0 0 0 0 0 |PCC2| PCC1|PCCO FFFBH 04H R/W
L]

PCC2| PCC1|PCCO| Selects CPU clock (fcru)
0 0 0 fx

0 0 1|2
0 1 0 |2
0 1 1| w2
1 0 0 |2

Other than above Setting prohibited

Caution Be sure to clear bits 3 to 7 to 0.
Remark fx: System clock oscillation frequency

The fastest instruction of the uPD780988 Subseries is executed in two CPU clocks. Therefore, the relationship
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcpu
At fx = 12 MHzNete At fx = 8.38 MHz
fx 0.166 us 0.238 us
fx/2 0.33 us 0.48 us
fx/22 0.66 us 0.96 us
fx/28 1.3 us 1.9 us
fx/24 2.6 us 3.8 us

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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5.4 System Clock Oscillators

5.4.1 System clock oscillator

The system clock oscillator is oscillated by the crystal or ceramic resonator (12 MHz TYP.) connected across the
X1 and X2 pins.

An external clock can also be input to the circuit. In this case, input the clock signal to the X1 pin, and input the
inverted signal to the X2 pin.
Figure 5-3 shows the external circuit of the system clock oscillator.

Figure 5-3. External Circuit of System Clock Oscillator

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

,,,,,,,,,,,,,,,

HIT X2 X2
=]
S

‘ External
L ,,,,,,,,,,,,,, VSS1 CIOCk
Crystal

or

Ceramic resonator

X1

Cautions 1. The STOP instruction cannot be executed when the external clock is input. This is because
if the STOP instruction is executed, the system clock operation is stopped, and the X2 pin
is pulled up to Voo1.

2. When using the system clock oscillator, wire as follows in the area enclosed by the broken
lines in the above figures to avoid an adverse effect from wiring capacitance.

- Keep the wiring length as short as possible.

- Do not cross the wiring with the other signal lines.

- Do not route the wiring near a signal line through which a high fluctuating current flows.

- Always make the ground point of the oscillator capacitor the same potential as Vssi. Do
not ground the capacitor to a ground pattern through which a high current flows.

« Do not fetch signals from the oscillator.

Figure 5-4 shows examples of incorrect resonator connection.
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Figure 5-4. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line

Pnm

X2 X1 Vss1 X2 X1 Vss1
¥ =
| |
-

a

(d) Current flowing through ground line of
oscillator (potential at points A, B,
and C fluctuates)

(c) Wiring near high fluctuating current

Vob

Pnm

X2 X1 Vssi X2 X1 Vssi
High Current E %
Ta I8 c
3 High Current
77T Ve
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Figure 5-4. Examples of Incorrect Resonator Connection (2/2)

(e) Signal is fetched

X2 XA Vsst

5.4.2 Divider
The divider divides the output of the system clock oscillator (fx) to generate various clocks.
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5.5 Operation of Clock Generator

The clock generator generates the following clocks and controls the operation modes of the CPU, such as the
standby mode.

» System clock fx

« CPUclock  fcru

» Clock to peripheral hardware

The operation of the clock generator is determined by the processor clock control register (PCC), as follows.

(a) The slowest mode (2.6 us @ 12 MHz operation, 3.8 us @ 8.38 MHz operation) of the system clock is selected
when the RESET signal is generated (PCC = 04H). While a low level is input to the RESET pin, oscillation
of the system clock is stopped.

(b) Five types of minimum instruction execution time (0.166 us, 0.33 us, 0.66 us, 1.3 us, and 2.6 us @ 12 MHz
operation/0.238 us, 0.48 us, 0.96 us, 1.9 us, and 3.8 us @ 8.38 MHz operation) can be selected via a PCC
setting when the system clock is in the selected state.

(c) Two standby modes, STOP and HALT, can be used.

(d) The clock to the peripheral hardware is supplied by dividing the system clock. Therefore, the other peripheral
hardware is stopped when the system clock is stopped (except, however, the external clock input operation).
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5.6 Changing Setting of CPU Clock

5.6.1 Time required for switching CPU clock
The CPU clock can be selected by using bits 0 to 2 (PCCO0 to PCC2) of the processor clock control register (PCC).
Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the old
clock is used for the duration of several instructions after that (refer to Table 5-3).

Table 5-3. Maximum Time Required for Switching CPU Clock

Set Value Before Set Value After Switching
Switching
PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO
PCC2 | PCC1 | PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
0 0 0 16 instructions 16 instructions | 16 instructions | 16 instructions
0 0 1 8 instructions 8 instructions 8 instructions 8 instructions
0 1 0 4 instructions 4 instructions 4 instructions 4 instructions
0 1 1 2 instructions 2 instructions 2 instructions 2 instructions
1 0 0 1 instruction 1 instruction 1 instruction 1 instruction

Remark One instruction is the minimum instruction execution time of the CPU clock before switching.
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5.6.2 Switching CPU clock
The following figure illustrates how the CPU clock is switched.

Figure 5-5. Switching Between System Clock and CPU Clock

Vob1

RESET

CPU clock ‘ <

‘ Lowest- Highest-speed

speed operation

operation

Wait (10.9 ms @ 12 MHz operation)
Internal reset operation

<1> The CPU is reset when the RESET pin is made low on power application. The effect of resetting is released
when the RESET pin is later made high, and the system clock starts oscillating. At this time, the time during
which oscillation stabilizes (2'7/fx) is automatically secured.
After that, the CPU starts instruction execution at the slowest speed of the system clock (2.6 us @ 12 MHz
operation, 3.8 us @ 8.38 MHz operation).

<2> After the time during which the Vopb1 voltage rises to the level at which the CPU can operate at the highest
speed has elapsed, processor clock control register (PCC) is rewritten so that the highest speed can be
selected.
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6.1 Outline of 16-Bit Timer/Event Counter

A 16-bit timer/event counter can be used as an interval timer, for PPG output, pulse width measurement (infrared
remote control receive function), as an external event counter, or for square-wave output of any frequency.

6.2 Function of 16-Bit Timer/Event Counter

The 16-bit timer/event counters have the following functions.

» Interval timer

+ PPG output

* Pulse width measurement
» External event counter

» Square-wave output

(1) Interval timer
TMOn generates interrupt requests at the preset time interval.

(2) PPG output
TMOn can output a square wave whose frequency and output pulse can be set freely.

(3) Pulse width measurement
TMOn can measure the pulse width of an externally input signal.

(4) External event counter
TMOn can measure the number of pulses of an externally input signal.

(5) Square-wave output
TMOn can output a square wave with any selected frequency.
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6.3 Configuration of 16-Bit Timer/Event Counter
A 16-bit timer/event counter includes the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counter

Item Configuration
Timer register 16-bit timer counter On (TMOn)
Register 16-bit capture/compare register 00n, 01n (CR0On, CR01n)
Timer output TOON

Control register 16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
Timer output control register On (TOCON)
Prescaler mode register On (PRMOn)

Port mode register 5 (PM5)Note

Note Refer to Figure 4-8 Block Diagram of P51 to P57.

Remark n=0, 1

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S

Capture/compare control
register 00 (CRCO00)

| INTP5
— INTTMO0O00
Noise £ 16-bit capture/compare
TI010/P55/INTP5 @——elimi- > register 000 (CR000)
nator 22
‘ ‘ Match
fx —_
fx/22 — | £ —
f/25 %J 16-bit timer counter 00 ECIear
n (TMOO) Out
K put TO00/P54/
[ — controller| ©INTP4/TI000
Noise Match
fx/24 —=Jelimi- | 12
nator ‘ ‘
TI000/P54/ l gll?rir%? 16-bit capture/compare
INTP4/TO00 nator register 010 (CR010)
‘ ‘ INTTMO10
INTP4
CRCO002

PRMO01PRMO0Y [rmcoosTMCo02TMC001|OVFOO| [Toc004|LVS00]LVR00[TOC001] TOEOO|
Prescaler mode ;gntt):g}]rrze[srtg?%% Timer output control
register 00 (PRM00) (TMCOO)g register 00 (TOCO00)

g Internal bus S
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Figure 6-2. Block Diagram of 16-Bit Timer/Event Counter 01

q Internal bus s

Capture/compare control
register 01 (CRCO01)

INTP7
= INTTMOO1
Noise § 16-bit capture/compare
TI011/P57/INTP7 ©——= elimi- © register 001 (CR001)
nator £
l L Match
fx —_ ‘
b2 % 16-bit ti ter 01
f/25 o -bit timer counter E
' 2 (TMo1) Cea Output TO01/P56/
ey [ controller| — ©INTP6/TI001
Noise Match
fx/2* —=1 elimi- | 12
nator ‘ ‘
TI001/P56/ l ﬁ?rﬁf 16-bit capture/compare
INTP6/TOO01 nator register 011 (CR011)
T INTTMO11
INTP6
CRCO012
PRMO11PRMO10 [mcot3mco12TMGo1 1] 0vFo1| [roco14/Lvs01]LVR01{TOC011|TOEO1]
Prescaler mode ggn?rlg}“rzgsrt:?%ﬁ Timer output control
register 01 (PRMO1) 4_bvico) register 01 (TOCO1)
q Internal bus

(1) 16-bit timer counter 00, 01 (TM0O, TMO1)
TMOO and TMO1 are 16-bit read-only registers that count the count pulses.
The counter is incremented in synchronization with the rising edge of the 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> At RESET input

<2> If TMCOn3 and TMCON2 are cleared

<3> |If the valid edge of TI0On is input in the clear & start mode entered by inputting the valid edge of TI00n
<4> If TMOn and CROONn match in the clear & start mode entered on a match between TMOn and CR0OOn

Remark n =0, 1

(2) 16-bit capture/compare register 000, 001 (CR000, CR001)
CRO000 and CR001 are 16-bit registers that have the functions of both a capture register and a compare register.
Whether to be used as a capture register or as a compare register is set by bit 0 (CRCOn0) of capture/compare

control register On (CRCOn).
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« When CROOn is used as a compare register
The value set in CROOnN is constantly compared with the 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. It can also be used as the register that holds the
interval time when TMOn is set to interval timer operation.

« When CROOn is used as a capture register
It is possible to select the valid edge of the TI00n pin or the TI0O1n pin as the capture trigger. Setting of the
TI0OOn or TI01n valid edge is performed by means of prescaler mode register On (PRMOn).
If CROON is specified as a capture register and the capture trigger is specified to be the valid edge of the TI00n
pin, the situation is as shown in Table 6-2. On the other hand, when the capture trigger is specified to be the
valid edge of the TI01n pin, the situation is as shown in Table 6-3.

Table 6-2. TIOOn Pin Valid Edge and CR00n, CRO1n Capture Triggers

ESOn1 | ESONnO TIOOn Pin Valid Edge CROON Capture Trigger CRO1 Capture Trigger
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation Both rising and falling edges
n=0,1

Table 6-3. TI0O1n Pin Valid Edge and CR0OOn Capture Trigger

ES1n1 | ES1n0 TI01n Pin Valid Edge CROON Capture Trigger
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
n=0,1

CROON is set by a 16-bit memory manipulation instruction.
RESET input makes the value of CROOn undefined.

Cautions 1. Inthe clear & start mode entered on a match between TMOn and CR0OOn, set CR0ON to a value
other than 0000H. However, in the free-running mode and the clear mode of the valid edge
of TIOOn, if CROON is set to 0000H, an interrupt request (INTTMOON) is generated after the
overflow (FFFFH).

2. If the value of CROON after changing is smaller than the value of 16-bit timer counter On
(TMOn), TMOn continues counting and overflows, then starts counting again from 0. Also,
if the value of CR0ON after changing is less than the value before changing, it is necessary
to restart the timer after CROOn changes.

3. When P54 (P56) is used as the valid edge of TIO00 (TI001), it cannot be used as the timer
output (TO00 (TOO01)). Also, ifitis used as TO00 (TO01), it cannot be used as the valid edge
of TI000 (TI001).

Remark n =0, 1
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(3) 16-bit capture/compare register 010, 011 (CR010, CR011)
CRO010 and CRO11 are 16-bit registers that have the functions of both a capture register and a compare register.
Whether to be used as a capture register or a compare register is set by bit 2 (CRCOn2) of capture/compare control
register On (CRCOn).

+ When CR0O1n is used as a compare register
The value setin CRO1n is constantly compared with the 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match.

* When CRO1n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TI0OOn valid edge is set by
means of prescaler mode register On (PRMOn).

CRO01n is set by a 16-bit memory manipulation instruction.
RESET input makes the value of CRO1n undefined.

Caution In the clear & start mode entered on a match between TMOn and CR0On, set CR01n to a value
other than 0000H. However, in the free-running mode and the clear mode of the valid edge
of TIOONn, if CRO1n is set to 0000H, an interrupt request (INTTMO1n) is generated after the
overflow (FFFFH).

Remark n=0, 1
6.4 Registers Controlling 16-Bit Timer/Event Counter
The following nine types of registers are used to control 16-bit timer/event counters 00 and 01.

» 16-bit timer mode control register 00, 01 (TMCO00, TMCO1)
» Capture/compare control register 00, 01 (CRC00, CRCO01)
» Timer output control register 00, 01 (TOC00, TOCO01)

» Prescaler mode register 00, 01 (PRM00, PRMO01)

» Port mode register 5 (PM5)

(1) 16-bit timer mode control register 00, 01 (TMC00, TMCO1)
These registers set the 16-bit timer operating mode, 16-bit timer counter 00, 01 (TM00, TMO01) clear mode, and
output timing, and detect an overflow.
TMCO00 and TMCO1 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC00 and TMCO1 to 00H.

Caution 16-bit timer counter On (TMOn) starts operating the instant that TMCOn2 and TMCOn3 (n =0,

1) are set to a value other than 0 (operation stop mode). To stop operation, set TMCOn2 and
TMCOnN3 to 0.
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Figure 6-3. Format of 16-Bit Timer Mode Control Register 00

Symbol 7 6 5 4 3 2 © Address  Afterreset  R/W
TMCO00 0 0 0 0 | TMCO003|TMC002| TMCO001|OVFQ0, FF60H 00H R/W
TMCO003 [ TMC002 | TMCO001 Operating mode ) TOO00 output timing selection Interrupt request generation
and clear mode selection
0 0 0 Operation stop No change Not generated
0 0 1 (TMOO cleared to 0)
0 1 0 Free-running mode Match between TM0O0 and Generated on match between
CRO000 or match between TMO0O and CRO000, or match
TMO00 and CR0O10 between TM0O and CR010
0 1 1 Match between TM00 and
CR000, match between TM0O0
and CR010 or TI0O0O valid edge
1 0 0 Clear & start on TI000 valid —
1 0 1 edge
1 1 0 Clear & start on match Match between TM0O and
between TM00O and CR000 CRO000 or match between
TMO00 and CR0O10
1 1 1 Match between TM00 and
CR000, match between TM00
and CRO010 or TI000 valid edge
OVF00 16-bit timer counter 00 (TMOO) overflow detection
0 Overflow not detected
1 Overflow detected
Cautions 1. Write to a bit other than the OVFO00 flag after timer operation stops.

2. Set the valid edge of the TI000/TO00/INTP4/P54 pin with prescaler mode register 00
(PRMO0O0).
3. If clear & start mode entered on a match between TM00 and CR0O00 is selected, when the
set value of CR000 is FFFFH and the TMO00 value changes from FFFFH to 0000H, the OVF00
flag is set to 1.

Remarks TOO0O:
TI000:
TMOO:
CRO000:
CRO010:

16-bit timer/event counter 00 output pin
16-bit timer/event counter 00 input pin

16-bit timer counter 00
16-bit capture/compare register 000
16-bit capture/compare register 010
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Figure 6-4. Format of 16-Bit Timer Mode Control Register 01

Symbol 7 6 5 4 3 2 1 © Address After reset R/W
TMCO1 0 0 0 0 |TMCO013|TMCO012| TMCO11|OVFO1 FF68H 00H R/W
TMCO013 [TMCO012 [ TMCO11 Operating mode ) TOO1 output timing selection Interrupt request generation
and clear mode selection
0 0 0 Operation stop No change Not generated
0 0 1 (TMO1 cleared to 0)
0 1 0 Free-running mode Match between TM01 and Generated on match between
CRO001 or match between TMO1 and CRO001, or match
TMO01 and CRO11 between TM01 and CRO11
0 1 1 Match between TM01 and
CRO001, match between TMO1
and CRO11 or TI001 valid edge
1 0 0 Clear & start on TI1001 valid —
1 0 1 edge
1 1 0 Clear & start on match Match between TM01 and
between TM01 and CRO001 CRO001 or match between
TMO01 and CRO11
1 1 1 Match between TM01 and
CRO001, match between TMO1
and CRO11 or TI001 valid edge
OVFO01 16-bit timer counter 01 (TMO1) overflow detection
0 Overflow not detected
1 Overflow detected
Cautions 1. Write to a bit other than the OVFO01 flag after timer operation stops.

2. Set the valid edge of the TI001/TO01/INTP6/P56 pin with prescaler mode register 01
(PRMO1).

3. If clear & start mode entered on a match between TM01 and CR001 is selected, when the
set value of CR001 is FFFFH and the TMO1 value changes from FFFFH to 0000H, the OVFO1
flag is set to 1.

Remarks TOO1: 16-bit timer/event counter 01 output pin

TIOO1:  16-bit timer/event counter 01 input pin
TMO1:  16-bit timer counter 01

CRO0O01: 16-bit capture/compare register 001
CRO011: 16-bit capture/compare register 011
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(2) Capture/compare control register 00, 01 (CRC00, CRCO01)
These registers control the operation of the 16-bit capture/compare registers (CR000, CR010, CR001, CR0O11).
CRCO00 and CRCO1 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRC00 and CRCO01 to 00H.

Symbol
CRCO00

Cautions 1.
2.

Figure 6-5. Format of Capture/Compare Control Register 00

7 6 5 4 3 2 1 0 Address After reset R/W
0 0 0 0 0 |CRC002| CRCO01|CRCO00 FF62H 00H R/W
CRC002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCo01 CROO00 capture trigger selection
0 Captures on valid edge of TI010
1 Captures on inverted phase of valid edge of TI000
CRC000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register
Timer operation must be stopped before setting CRC00.

When clear & start mode entered on a match between TM00 and CR00O is selected with 16-
bit timer mode control register 00 (TMC00), CR000 should not be specified as a capture
register.

If both the rising and falling edges are selected as the valid edges of TI000, capture is not
performed.

In order to ensure the capture operation, a pulse longer than two clocks of the count clock
specified by prescaler mode register 00 (PRMO00) is required for a capture trigger.
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Symbol
CRCoO1

Cautions 1.
2.

Figure 6-6. Format of Capture/Compare Control Register 01

7 6 5 4 3 2 1 0 Address After reset R/W
0 0 0 0 0 [CRC012|CRC011|CRCO10 FF6AH 00H R/W
CRC012 CRO011 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO11 CROO01 capture trigger selection
0 Captures on valid edge of TI011
1 Captures on inverted phase of valid edge of TI001
CRC010 CRO0O01 operating mode selection
0 Operates as compare register
1 Operates as capture register
Timer operation must be stopped before setting CRCO1.

When clear & start mode on a match between TM01 and CR001 is selected with 16-bit timer
mode control register 01 (TMCO01), CR001 should not be specified as a capture register.
If both the rising and falling edges are selected as the valid edges of TI001, capture is not
performed.

In order to ensure the capture operation, a pulse longer than two clocks of the count clock
specified by prescaler mode register 01 (PRMO01) is required for a capture trigger.
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(3) Timer output control register 00, 01 (TOC00, TOCO1)
These registers control the operation of the 16-bit timer/event counter 00, 01 output control circuit, including R-
S type flip-flop (LVO) setting/resetting, output inversion enabling/disabling, and 16-bit timer/event counter 00, 01
timer output enabling/disabling.
TOCO00 and TOCO1 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC00 and TOCO1 to 00H.

Figure 6-7. Format of Timer Output Control Register 00

Symbol 7 6 5 4 @ © 1 ©
TOCO00 0 0 0 |TOC004|LVSO00|LVROO| TOC001 TOEQO
TOC004 | Timer output F/F control by match of CR010 and TMOO
0 Inversion operation disabled
1 Inversion operation enabled
LVS00 | LVROO | 16-bit imer/event counter 00 timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO01| Timer output F/F control by match of CR000 and TM0O
0 Inversion operation disabled
1 Inversion operation enabled
TOEOO| 16-bit timer/event counter 00 timer output control
0 Output disabled (Output set to level 0)
1 Output enabled

Address After reset R/W
FF63H 00H R/W

Cautions 1. Timer operation must be stopped before setting TOCO00.
2. Be sure to set bits 5 to 7 of TOCO00 to 0.

Remark If LVS00 and LVROO are read after data is set, they will be 0.
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Figure 6-8. Format of Timer Output Control Register 01

Symbol 7 6 5 4 @ @@ 1 ©
TOCO1 0 0 0 |TOC014|LVS01|LVRO01|TOC011|TOEO1
TOCO014 | Timer output F/F control by match of CR011 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
LVS01 | LVROT1 | 16-bit imer/event counter 01 timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO11| Timer output F/F control by match of CR001 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
TOEO1 16-bit imer/event counter 01 timer output control
0 Output disabled (Output set to level 0)
1 Output enabled

Address
FF6BH

Cautions 1. Timer operation must be stopped before setting TOCO1.
2. Be sure to set bits 5 to 7 of TOCO1 to 0.

Remark

If LVS01 and LVRO1 are read after data is set, they will be 0.
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(4) Prescaler mode register 00, 01 (PRM00, PRMO01)

This register is used to set the 16-bit timer counter 00, 01 (TM00, TM01) count clock and T1000, TI001 input valid

edges.
PRMO00O and PRMO1 are set by an 8-bit memory manipulation instruction.
RESET input sets PRM00 and PRMO01 to O0H.

Figure 6-9. Format of Prescaler Mode Register 00

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PRMO00 | ES101 | ES100 | ES001 | ES000 0 0 PRMO001|PRM000 FF61H 00H R/W
ES101 |[ES100 TI010 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 | ES000 TI00O0 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRM001|PRM000 Count clock selection
At fx = 12 MHZzNete! At fx = 8.38 MHz
0 0 fx 12 MHz 8.38 MHz
0 1 fx/22 3 MHz 2.09 MHz
1 0 fx/25 375 kHz 262 kHz
1 1 TI00O valid edgeN°te 2

Notes 1. Expanded-specification products only
2. The external clock requires a pulse longer than two internal clocks (fx/24).

Cautions 1. If the valid edge of TI000 is set for the count clock, do not set it for the clear & start mode
or the capture trigger. Also, the P54/TI000/TO00/INTP4 pin cannot be used as a timer output
(TOO00).

2. PRMOO should be set only after timer operation has been stopped.

3. Ifthe TIOOO pin or TIO10 pin is high level immediately after system reset, and the rising edge
or both edges are specified as the valid edge of TI000 pin or TI0O10 pin thus enabling
operation of 16-bit timer counter 00 (TMO00), the rising edge will be detected immediately.
Careis therefore needed if the TI000 pin or TIO10 pinis pulled up. When operationis enabled
again after being stopped, the rising edge cannot be detected.

Remarks 1. fx: System clock oscillation frequency
2. TIOO0O, TI010: Input pins of 16-bit timer/event counter 00
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Figure 6-10. Format of Prescaler Mode Register 01

Symbol 7 6 5 4 3 2 1 0
PRMO1 | ES111 | ES110 | ES011 | ES010 0 0 PRMO011|{PRM010
ES111|ES110 TI011 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES011 |ES010 TI001 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO011|PRMO010 Count clock selection
At fx = 12 MHzNete 1 At fx = 8.38 MHz
0 0 fx 12 MHz 8.38 MHz
0 1 fx/22 3 MHz 2.09 MHz
1 0 fx/25 375 kHz 262 kHz
1 1 TI001 valid edgeM°te2

118

Notes 1. Expanded-specification products only
2. The external clock requires a pulse longer than two internal clocks (fx/2%).

Cautions 1. If the valid edge of TI001 is set for the count clock, do not set it for the clear and start mode
or the capture trigger. Also, the P56/TI001/TO01/INTP6 pin cannot be used as a timer output

2. PRMO1 should be set only after timer operation has been stopped.

If the TI0O1 pin or TIO11 pinis high level immediately after system reset, and the rising edge
or both edges are specified as the valid edge of the TI001 pin or TI011 pin thus enabling
operation of 16-bit timer counter 01 (TMO01), the rising edge will be detected immediately.
Careis therefore needed if the TI001 pin or TI011 pinis pulled up. When operationis enabled

3.

(TOO1).

Address
FF61H

again after being stopped, the rising edge cannot be detected.

Remarks 1. fx: System clock oscillation frequency
2. TIOO1, TIO11: Input pins of 16-bit timer/event counter 01
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(5) Port mode register 5 (PM5)
This register sets port 5 to input/output in 1-bit units.
When using the P54/TO00/TI000/INTP4 pin or P56/TO01/TI001/INTP6 pin for timer output, set PM54 or PM56
and the output latch of P54 or P56 to 0.
PM5 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM5 to FFH.

Figure 6-11. Format of Port Mode Register 5

Symbol 7 6 5 4 3 2 1 0
PM5 |PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50
PM5n | P5n pin input/output mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.5 Operation of 16-Bit Timer/Event Counter

6.5.1 Interval timer operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-12 allows operation as an interval timer. Interrupt requests are generated repeatedly using the count value
preset in 16-bit capture/compare register 00n (CRO0N) as the interval.

When the count value of 16-bit timer counter On (TMOn) matches the value set to CR00N, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOQON) is generated.

The count clock of TMOn can be selected with bits 0 and 1 (PRMOn0, PRMOn1) of prescaler mode register On
(PRMOnN).

See 6.6 Notes on 16-Bit Timer/Event Counter (3) Operation after compare register change during timer
count operation about the operation when the compare register value is changed during timer count operation.

Remark n=0, 1
Figure 6-12. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 1 1 01 0

\_’_1

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

CRCOn2 CRCOn1 CRCONO

CRCOn| 0 0 0 0 0 0/1 01 0

L CROON as compare register

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer. See
Figures 6-3 to 6-6.
2. n=0,1
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fx

Figure 6-13. Interval Timer Configuration Diagram

16-bit capture/compare
register 00n (CROON)

fx/22

fx/2°

16-bit timer counter On

TI00n ©— Noise eliminator

Selector

(TMoOn)

fx/2*

Remark n=0, 1

t

b

OVFOn

Clear

Figure 6-14. Timing of Interval Timer Operation

circuit

INTTMOON

|
TMOn count value  0000H X0001HX

! XN XOOOOHXOOMHX / XN I)A(OOOOHXOOMHX ! XN X

))
«

Count start Clear Clear
CROON N ! N )i N i N
: 1 1 1
INTTMOON ‘ |_| ‘ l_| |_
T 1 : A € : ( :
1 Interrupt request acknowledged | Interrupt request acknowledged ,
1 1 1
1

1
1
|
1
TOOn !
1
1
1

Interval time | Interval time

Remarks 1. Interval time = (N + 1) xt: N = 0001H to FFFFH

2. n=0, 1
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6.5.2 PPG output operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-15 allows operation as PPG (Programmable Pulse Generator) output.

In the PPG output operation, square waves are output from the TOOn pin with the pulse width and the cycle that
correspond to the count values preset in 16-bit capture/compare register 01n (CR01n) and in 16-bit capture/compare
register 00n (CROON).

Remark n=0, 1

Figure 6-15. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

—t—

Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 0 X 0

L CROON as compare register

——— CRO01n as compare register

(c) Timer output control register On (TOCOn)

TOCOn4 LVSOn LVRONn TOCONn1 TOEON

TOCOn| O 0 0 1 01 01 1 1

L L Enables TOOnN output

— Inverts output on match between TMOn and CR0OON

Specifies initial value of TOOn output F/F

Inverts output on match between TMOn and CR0O1n

Cautions 1. Values in the following range should be set in CRO0On and CR01n:
0000H < CRO1n < CROON < FFFFH
2. The cycle of the pulse generated by PPG output becomes (CR0OOn setting + 1), and the duty
becomes (CR01n setting + 1)/(CR00N setting + 1).

Remark x: don’t care
n=0,1
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Figure 6-16. Configuration Diagram of

PPG Output

16-bit timer capture/compare
register 00n (CROON)

fx ——————————— ‘ ‘

/22—

Selector

16-bit timer counter On (TMOn)

/2 ——————

Clear circuit

— TOOn

16-bit timer capture/compare
register 01n (CRO1n)

Output controller

Remark n=0, 1

Figure 6-17. PPG Output Operation Timing

1 1 1
1
1

Countclock||||||||||||
1

igEpEpipEpn

T™on count value  YooooHfoootH || Xm-1X MX \

e 2(0000HX0001 HX

1
Count start X
N 1

Clear

Value loaded to CROON

)\

Value loaded to CRO1n \\ M \
N ((
)T

1 1

TOOn | |
1

I 1

1

1

1

1

Pulse width: (M + 1)

One cycle (N + 1)

Remarks 1. 0000H < M < N < FFFFH
2. n=0,1
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6.5.3 Pulse width measurement operation

Itis possible to measure the pulse width of the signals input to the TIOOn and TI01n pins using 16-bit timer counter
Oon (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TIOOn pin.

(1) Pulse width measurement with free-running counter and one capture register

When 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 6-18),
and the edge specified by prescaler mode register On (PRMOn) is input to the TI0OOn pin, the value of TMOn is
taken into 16-bit capture/compare register 01n (CR01n) and an external interrupt request signal (INTTMO1n) is
set.

The valid edge of the TI00n pin is specified by bits 4 and 5 (ESOn0, ESOn1) of PRMON, and the rising edge, falling
edge or both edges can be selected.

When sampling is performed at the count clock cycle selected by PRMOn and the valid level of the TIOOn pin
is detected twice, the first capture operation is performed, resulting in the elimination of short pulse width noise.

Remark n=0, 1

Figure 6-18. Control Register Settings for Pulse Width Measurement
with Free-Running Counter and One Capture Register

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 0 1 01 0

—r

Free-running mode

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| 0 0 0 0 0 1 0/1 0

L CROON as compare register

CRO1n as capture register

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-3 to 6-6 for details.
2. n=0,1
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Figure 6-19. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx ——
g 16-bit timer counter On
fx/22 — 9 -bit u
% (TMon) OVFOn
s — | @ ‘ ‘
16-bit capture/compare
Ti00n © register 01n (CRO1n)
@ INTTMO1n
2 Internal bus 8

Remark n=0, 1

Figure 6-20. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

[

|
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e _fomonfoutsf || { oo oo} ([ o1 fortf ([ feeeefn) [foe k([ foo |

)
{4

TIOON pin
input )

)) )
14 T¢

e [ EX A CI N
i ] ,,

1 1
1 1
1 1
| |
T( T 148 T 14 (¢
1 1
1 1
1 1

INTTMO1n

OVFOn

)) )) ))
T( 148 14

1 1
i (D1-DO)xt 1 (10000H — D1 + D2) x t
1 1
1 1

Remark n=0,1
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(2

Measurement of two pulse widths with free-running counter

When 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 6-21),
itis possible to simultaneously measure the pulse widths of the two signals input to the TIOOn and the T101n pins.
When the edge specified by bits 4 and 5 (ESOn0, ESOn1) of prescaler mode register On (PRMOn) is input to the
TI0ON pin, the value of TMOn is taken into 16-bit capture/compare register 01n (CR01n) and an external interrupt
request signal (INTTMO1n) is set.

Also, when the edge specified by bits 6 and 7 (ES1n0, ES1n1) of PRMOn is input to the TI01n pin, the value of
TMOn is taken into 16-bit capture/compare register 00n (CR0On) and an external interrupt request signal
(INTTMOON) is set.

The valid edges of the TI0On and T101n pins are specified by bits 4 and 5 (ESOn0, ESOn1), and bits6and 7 (ES1n0,
ES1n1) of PRMON, respectively. It is possible to select the rising edge, falling edge or both edges as the valid
edge.

When sampling is performed at the count clock cycle selected by PRMOn and the valid level of the T100n or TI101
pin is detected twice, the first capture operation is performed, resulting in the elimination of short pulse width
noise.

Remark n=0, 1

Figure 6-21. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

126

(a) 16-bit timer mode control register On (TMCOR)

TMCONn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 0 1 0/1 0

—r

(b) Capture/compare control register On (CRCOn)

Free-running mode

CRCOn2 CRCOn1 CRCONO

CRCOn| 0 0 0 0 0 1 0 1

L CROON as capture register

Captures valid edge of TI01n pin to CR0ON

CRO1n as capture register

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-3 and 6-4 for details.
2. n=0,1
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- Capture operation (Free-running mode)

The capture register operation of when the capture trigger is input is shown.

Figure 6-22. CRO1n Capture Operation with Rising Edge Specified

Count clock _I | | | | | |
|

TIOON I A

Rising edge detection | |

l

|

™on J N-3 f N-2 f N-1 f N
| |

A |

| |

|

|

|

|

CRO1n )

INTTMO1n

Remark n =0, 1

Figure 6-23. Timing of Pulse Width Measurement Operation with Free-Running

Counter (with Both Edges Specified)
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s
)

OVFOn
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1

(D1 - DO) x t (10000H — D1 + D2) x t

Remark n =0, 1
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter On (TMOn) is operated in free-running mode (see register settings in Figure 6-24),
it is possible to measure the pulse width of the signal input to the TI00n pin.
When the edge specified by bits 4 and 5 (ESOn0, ESOn1) of prescaler mode register On (PRMOn) is input to the
TI0ON pin, the value of TMOn is taken into 16-bit capture/compare register 01n (CR01n) and an external interrupt
request signal (INTTMO1n) is set.
Also, when the inverse edge to that of the capture operation to CRO1n is input, the value of TMOn is taken into
16-bit capture/compare register 00n (CR0OON).
The valid edge of the TI00n pin is specified by bits 4 and 5 (ESOn0, ESOn1) of PRMOn, and it is possible to select
the rising edge or falling edge.
When sampling is performed at the count clock cycle selected by PRMOn and the valid level of the TIOOn pin
is detected twice, the first capture operation is performed, resulting in the elimination of short pulse width noise.

Caution If the valid edge of the TIOOn pin is specified to be both the rising and falling edges, capture/
compare register 00n (CR00ONn) cannot perform the capture operation.

Remark n=0, 1

Figure 6-24. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and Two Capture Registers

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 0 1 01 0

\—‘—1— Free-running mode

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| 0 0 0 0 0 1 1 1

L CROON as capture register

Captures to CR0ON at edge reverse
to valid edge of TI0On

CRO1n as capture register

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-3 and 6-4 for details.
2. n=0,1
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Figure 6-25. Timing of Pulse Width Measurement Operation by Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

1 t 1

|

Coum-{/’::(lig XOOOOHX0001HX //X E,)O XDO+1X // X E,)1 XD1+1X // XFFFFHXOOOOHX //X E,)Z XD2+1X // X D3 X

TIOON
pin input

)
(

)
«

Voo

XD2

Value loaded
to CRO1n

S
——
——
—
S

Value loaded
to CROON

To

D3

_——
—
—
—

INTTMO1n

[,

s

)) ))

| | )
(S ¢

|
1
1
L
1
1
1
1
T
)) ! )
T
1
1
1
!
[
1
1
1

(s s

OVFOn

))
(

))
I

))
€

(D1 -DO) x t (10000H — D1 + D2) x t (D3 —D2) x t

TTTTTTTTT 1T TT B I

Remark n=0,1

(4) Pulse width measurement by means of restart

When input of a valid edge to the TIOOn pin is detected, the count value of 16-bit timer counter On (TMOn) is taken
into 16-bit capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TIOONn pin
is measured by clearing TMOn and restarting the count (see register settings in Figure 6-26).

The valid edge of the TI0OOn pin is specified by bits 4 and 5 (ESOn0, ESOn1) of prescaler mode register On (PRMOn),
and it is possible to select either the rising edge or falling edge.

When sampling is performed at the count clock cycle selected by PRMOn and the valid level of the TIOOn pin
is detected twice, the first capture operation is performed, resulting in the elimination of short pulse width noise.

Caution If the valid edge of the TIOOn pin is specified to be both the rising and falling edges, capture/
compare register 00n (CR00Nn) cannot perform the capture operation.

Remark n =0, 1
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Figure 6-26. Control Register Settings for Pulse Width Measurement by Means of Restart

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 1 0 0/ 0

\—‘—1— Clears and starts at valid edge of TI0On pin.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 1 1

L CROON as capture register

Captures to CR0ON at edge
reverse to valid edge of TI0On.

CRO1n as capture register

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See Figures 6-3 and 6-4 for details.
2. n=0,1

Figure 6-27. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)
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Remark n =0, 1
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6.5.4 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI00n pin by 16-bit timer
counter On (TMOn).

TMOn is incremented each time the valid edge specified by prescaler mode register On (PRMOn) is input.

When the TMOn count value matches the 16-bit capture/compare register 00n (CR0On) value, TMOn is cleared
to 0 and an interrupt request signal (INTTMOON) is generated.

A value other than 0000H should be set for CR00On (a 1-pulse count operation is not possible).

Specify the valid edge of the TI0OOn pin using bits 4 and 5 (ESOn0, ESOn1) of PRMON. It is possible to select the
rising edge, falling edge or both edges.

When sampling is performed at the internal clock (fx/24) and the valid level of the TI0On pin is detected twice,

the first capture operation is performed, resulting in the elimination of short pulse width noise.

Caution When the 16-bit timer/event counter is being used as an external event counter, the P54/T1000/
TOOO/INTP4 pin (P56/TI001/TO01/INTP6 pin) cannot be used for timer output (TO00 (TOO01)).

Remark n=0,1
Figure 6-28. Control Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 01 0

\—‘—1— Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| © 0 0 0 0 011 01 0

L CROON as compare register
Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.

See Figures 6-3 to 6-6 for details.
2.n=0,1
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Figure 6-29. External Event Counter Configuration Diagram

16-bit capture/compare
register 00n (CROON)

iL Match
=INTTMOON
fx Clear
fx/22 §
fx/25 % 16-bit timer counter On (TMON) OVFOn
‘ )
fx/24 —| Noise eliminator U
. o . - [ | 16-bit capture/compare
Valid edge of TIOONn Noise eliminator register 01n (CRO1N)
) Internal bus !

Remark n=0, 1
Figure 6-30. External Event Counter Operation Timings (with Rising Edge Specified)

TIOOnpininputIl|||||||||||| ||||||||||||||

) IN-1) N :XOOOOHX0001HXOOOZHXOOOSHX

TMOn count value  §0000HX0001H X 0002H { 0003H { 0004H { 0005H |

CROON N [/

INTTMOON ) [

€

Caution When reading the external event counter count value, TMOn (n = 0, 1) should be read.

Remark n=0,1

6.5.5 Square-wave output operation
This is an operation whereby a square wave with any selected frequency is output using the count value preset

to 16-bit capture/compare register 00n (CR00ON) as the interval.
The TOON pin output status is inverted at the intervals of the count value preset to CR0ON by setting bit 0 (TOEON)

and bit 1 (TOCON1) of timer output control register On (TOCON) to 1. This enables a square wave with any selected

frequency to be output.

Remark n=0,1
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Figure 6-31. Control Register Settings in Square-Wave Output Mode

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 01 0

\—‘—1— Clears and starts on match between TMOn and CR0OON.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 01 01 0

L CROON as compare register
(c) Timer output control register On (TOCOn)

TOCOn4 LVSOn LVROn TOCOn1 TOEON

TOCOn| O 0 0 0 0/1 0/1 1 1
L] L Enables TOOnN output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F.

Does not invert output on match between TMOn and CRO1n.

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See
Figures 6-3 to 6-8 for details.
2. n=0,1

Figure 6-32. Square-Wave Output Operation Timing
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Remark n=0, 1
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6.6 Notes on 16-Bit Timer/Event Counter
(1) Timer start errors
An error of a maximum of one clock may occur during the time required for a match signal to be generated after

timer start. This is because 16-bit timer counter On (TMOn: n = 0, 1) is started asynchronously to the count clock.

Figure 6-33. 16-Bit Timer Counter Start Timing

Count clock j \ / \ / \ / \ / \_

TMOn count value 0000H X 0001H X 0002H X 0008H X 0004H

Timer start

Remark n=0,1

(2) 16-bit compare register setting (clear & start mode entered on a match between TMOn and CR0ON)
Set 16-bit capture/compare registers 00n, 01n (CR00n, CRO1n: n = 0, 1) to other than 0000H. This means a 1-
pulse count operation cannot be performed when they are used as event counters.

(3) Operation after compare register change during timer count operation
If the value after the change of 16-bit capture/compare register 00n (CR00n: n = 0, 1) is smaller than that of 16-
bittimer counter On (TMOn: n =0, 1), TMOn continues counting, overflows and then restarts counting from 0. Thus,
if the value (M) after the CROONn change is smaller than that (N) before the change, it is necessary to reset the
timer to restart after CROOn is changed.

Figure 6-34. Timing After Change of Compare Register During Timer Count Operation

Count clock _/_\ / \ / \_, ?—/ \ / \ / \ /_\_

CROON N X VL
\\

)

TMOn count value :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N>X>M
n=0,1
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(4) Capture register data retention timing
If the valid edge of the TI0OOn pin is input during 16-bit capture/compare register 01n (CR01n) read, CR01n
performs a capture operation, but the capture value at this time is not guaranteed. However, the interrupt request
signal (TMIF01n) is set upon detection of the valid edge.

Remark n=0, 1

Figure 6-35. Capture Register Data Retention Timing
cauntooce_ [ | L1 T 1L, LT LI 1L
TMoncountvalue X N X N+1 X N+2 X /) X M X M+1 XM+2
Edgeinpt | , [
Interrupt request flag |_| ., |—|
Capture read signal . I_‘_

CRO1n interrupt value x X )i N+ 1 X

Capture operation Capture operation,
but not guaranteed

Remark n=0,1
(5) Valid edge setting
Set the valid edge of the TI0On pin after setting bits 2 and 3 (TMCOn2 and TMCOn3) of 16-bit timer mode control

register On (TMCOn) to 0, and stopping timer operation. The valid edge is set with bits 4 and 5 (ESOn0 and ESOn1)
of prescaler mode register On (PRMOn).

Remark n=0, 1
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(6) Operation of OVFOn flag
<1> The OVFOn flag (bit 6 of 16-bit timer mode control register On (TMCOn)) is set to 1 the next time.

One of clear & start mode entered on match between TMOn and CROOn, clear & start mode entered at the
valid edge of TIOOn, and free-running mode is selected.
\2
CROOnN is set to FFFFH.
\2
When TMOn is counted up from FFFFH to 0000H.

Remark n=0, 1

Figure 6-36. Operation Timing of OVFOn Flag

countcock __ [ || || | L[| [

CROONn FFFFH

|
TMon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn |
|

INTTMOON [ ]

Remark n=0, 1

<2> After TMOn overflows, it is reset and the clear instruction becomes invalid even though the OVFOn flag is
cleared before the next count clock (before TMOn becomes 0001H).

Remark n=0, 1
(7) Conflicting Operations

<1> Conflicting operations between the read time of 16-bit capture/compare register 00n, 01n (CR0On,
CRO01n) and capture trigger input (CR0O0On and CR01n used as capture register)
Capture trigger input has priority. The data read from CR00On and CRO1n is undefined.

<2> Match timing of conflicting operations between the write period of 16-bit capture/compare register
00n, 01n (CROON, CRO1n) and 16-bit timer counter On (TMOn) (CRO0On and CR0O1n used as compare
register)
Match judgement is not performed normally. Do not write any data to CR0OOn and CR0O1n near the match

timing.

Remark n=0,1
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(8) Timer operation

<1> Even if 16-bit timer counter On (TMOn) is read, the value is not captured in 16-bit capture/compare register
01n (CRO1n).

<2> Regardless of the operation mode of the CPU, if the timer is stopped, the noise of the external interrupt
request input is not removed.

Remark n=0, 1

(9) Capture operation

<1> When the valid edge of TIOOn (n = 0, 1) is specified for the count clock, the capture register that specified
TI00On as the trigger cannot perform the capture operation normally.

<2> A capture operation is not performed when both the rising and falling edges are specified for the TI00n valid
edge.

<3> In order to ensure the capture operation, a pulse longer than two clocks of the count clock specified by
prescaler mode register On (PRMOnN) is required for a capture trigger.

<4> Capture operations start at the falling edge of the count clock. However, interrupt request input (INTTMOON)
starts at the rising edge of the count clock.

Remark n=0,1

(10) Compare operation
<1> If values are written to 16-bit capture/compare registers 00n and 01n (CR00n, CRO1n) at the timing when
the set values of CR00On and CR01n and the count value of 16-bit timer counter On (TMOn) match generating
INTTMOONn and INTTMO1n, INTTMOON and INTTMO1n may not be generated. Therefore, do not write values
to CROOn and CRO1n repeatedly even if the values are the same.
<2> CR00On and CR01n set in the compare mode cannot perform a capture operation even if the capture trigger
is input.

Remark n =0, 1

(11) Edge detection

<1> When the TI00n pin or the TI0O1n pin is high level immediately after system reset, and if the rising edge or
both edges are specified as the valid edge of the TI00n pin or the TI0O1n pin, then the rising edge is detected
immediately after operation of 16-bit timer counter On (TMOn) is enabled. Be careful when the TIOOn pin
or the TI01n pin is pulled up. When operation is enabled again after once being stopped, the rising edge
cannot be detected.

<2> A different sampling clock for noise elimination is used when the TI0On pin valid edge is used for the count
clock and when it is used for capture trigger. In the former case, a count clock of fx/2* is used, and in the
latter case the count clock specified by prescaler mode register On (PRMOn) is used for sampling. A capture
operation is only performed when sampling is performed at the above described sampling clock and when
a valid level is detected twice, thus eliminating noise with a short-pulse width.

Remark n=0, 1
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7.1 Outline of 8-Bit Timer/Event Counter

An 8-bit timer/event counter can be used as an interval timer, external event counter, to output a square wave with
any selected frequency, and for PWM output. Two 8-bit timer/event counters can be used as one 16-bit timer/event
counter.

7.2 Function of 8-Bit Timer/Event Counter

The 8-bit timer/event counters (50, 51, and 52) have the following two modes.

* Mode in which an 8-bit timer/event counter is used alone (single mode)
* Mode in which two or more 8-bittimer/event counters are connected in cascade (16-bit resolution: cascade mode)

These two modes are explained below.

(1) Mode in which an 8-bit timer/event counter is used alone (single mode)
In this mode, the 8-bit timer/event counter can be used for the following functions.

* Interval timer

» External event counter
» Square-wave output

* PWM output

(2) Mode in which TM50 and TM51, or TM51 and TM52 are connected in cascade (16-bit resolution: cascade
mode)
By connecting 8-bit timer/event counters in cascade, they can be used as a 16-bit timer/event counter.
In the cascade mode, the 8-bit timer/event counters can be used for the following functions.

« 16-bit resolution interval timer

* 16-bit resolution external event counter
* 16-bit resolution square-wave output
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7.3 Configuration of 8-Bit Timer/Event Counter

An 8-bit timer/event counter includes the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counter

Iltem

Configuration

Timer register

8-bit timer counter 5n (TM5n)

Register

8-bit compare register 5n (CR5n)

Timer output

TO5n

Control registers

8-bit timer mode control register 5n (TMC5n)
Timer clock select register 5n (TCL5n)
Port mode register 2 (PM2)Note

Note Refer to Figure 4-4 Block Diagram of P20 to P26.

Remark n=0to 2

Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

Internal bus

U

8-bit compare
register 50 -
(CR50) 3 4@—’ INTTM50
TI50/TO50/P240— 5
Match ~
fx/2 —= g [+ 3
22— 5 = S Q N
2t — § B-bit ti £
1o B |+ counerso [OVF [D—nv 8 [ [D—0Tos0mis0p24
fx/29 @ (TM50) R ]
/29 — ]
21 ] Clear 1}
Level
3 inversion
SelectorlI
| S— ‘
[rcLs02|TeLs01]TCL500f [TCES50{TMC506[TMC504|LVS50| LVR50[TMC501| TOE50)
Timer clock select 8-bit timer mode control
register 50 (TCL50) < b register 50 (TMC50)

)

Internal bus

User’s Manual U13029EJ7V1UD

139



CHAPTER 7 8-BIT TIMER/EVENT COUNTER

Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51
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Figure 7-3. Block Diagram of 8-Bit Timer/Event Counter 52
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(1

(2

8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)

TM50, TM51, and TM52 are 8-bit read-only registers that count count pulses.

These counters are incremented in synchronization with the rising edge of the count clock.

TM50 and TM51, or TM51 and TM52 can be connected in cascade and used as a 16-bit timer.

When TM50 and TM51 are connected in cascade and used as a 16-bit timer, the values of these timer counters
can be read using a 16-bit manipulation instruction. TM50 and TM51 are connected with an internal 8-bit bus,
and are read one at a time. This means that the value of TM50, for example, may change while that of TM51
is read. Therefore, read TM50 and TM51 two times to compare their first and second values for the sake of
accuracy.

When TM51 and TM52 are connected in cascade and used as a 16-bit timer, they cannot be read using a
16-bit manipulation instruction. When reading TM51 and TM52, read them separately using an 8-bit
manipulation instruction.

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 cleared to 00H in the following cases.

<1> RESET input

<2> Clearing TCE5n

<3> Match between TM5n and CR5n in clear & start mode

Caution In a cascade connection, the 16-bit timer is cleared to 00H regardless of whether TCE51 of
TM51 or TCE52 of TM52 is cleared.

Remark n=0to 2

8-bit compare registers 50, 51, and 52 (CR50, CR51, and CR52)

The value set to CR5n is always compared with the count value of 8-bit timer counter 5n (TM5n). When the
value of the compare register matches the value of the timer counter, an interrupt request (INTTM5n) is
generated (in a mode other than the PWM mode).

The value of CR5n can be set in the range of 00H to FFH and can be rewritten during counting.

If TM50 and TM51 are connected in cascade and used as a 16-bit timer, CR50 and CR51 operate as a 16-
bit compare register. Therefore, the count value and register value are compared in 16-bit units, and if the
two values match, an interrupt request (INTTM50) is generated. At this time, the INTTM51 interrupt request
is also generated. When connecting TM50 and TM51 in cascade, therefore, mask the INTTM51 interrupt
request.

The same applies when TM51 and TM52 are connected in cascade. If the value of the 16-bit timer matches
that of the 16-bit compare register, the INTTM51 interrupt requestis generated (so mask the INTTM52 interrupt
request).

CR50, CR51, and CR52 are set by an 8-bit memory manipulation instruction.

When CR50 and CR51 are connected in cascade, these registers function as the CR5 register and can be
accessed in 16 bits.

RESET input makes these registers undefined.

Caution When changing the setting value of 8-bit compare register 5n (CR5n) in cascade mode, stop
each timer operation of 8-bit timer counter 5n (TM5n) connected in cascade.

Remark n=0to2

User's Manual U13029EJ7V1UD 141



CHAPTER 7 8-BIT TIMER/EVENT COUNTER

7.4 Registers Controlling 8-Bit Timer/Event Counter

The following seven registers control 8-bit timer/event counters 50, 51, and 52.

» 8-bit timer mode control registers 50, 51, and 52 (TMC50, TMC51, and TMC52)
» Timer clock select registers 50, 51, and 52 (TCL50, TCL51, and TCL52)
» Port mode register 2 (PM2)

(1) 8-bit timer mode control registers 50, 51, and 52 (TMC50, TMC51, and TMC52)
TMC50, TMC51, and TMC52 perform the following six operations.

142

<1>
<2>
<3>
<4>
<5>

<6>

Control of count operation of 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)
Selection of operation mode of 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)
Selection of single mode or cascade mode

Setting of status of timer output F/F (flip-flop)

Control of timer F/F or selection of active level in PWM (free-running) mode

Control of timer output

TMC50, TMC51, and TMC52 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.
Figures 7-4 to 7-6 show the formats of TMC50, TMC51, and TMC52.
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Figure 7-4. Format of 8-Bit Timer Mode Control Register 50

symol (7 6 5 4 (®»® @ 1 ©
Address After reset R/W
TMC50 |TCE50|TMC5068 O 0 |LVS50|LVR50|TMC501 TOE50
FF70H 00H R/W
TCES50 TM50 count operation control
0 Disables count operation after clearing counter
to O (disables prescaler).
1 Starts counting.
TMC506 TMS50 operating mode selection
0 Clears and starts on match between TM50 and
CR50.
1 PWM (free-running) mode
LVS50 | LVR50 | Timer output F/F status setting of
8-bit timer/event counter 50
0 0 Not affected
0 1 Resets timer output F/F (to 0).
1 0 Sets timer output F/F (to 1).
1 1 Setting prohibited
TMC501]  Other than PWM PWM mode
mode (TMC506 = 0) (TMC506 = 1)
Timer F/F control Active level selection
0 Disables inverted High active
operation.
1 Enables inverted Low active
operation.
TOES50| Timer output control of 8-bit timer/event
counter 50
0 | Disables output (port mode).
1 Enables output.

Caution Be sure to set (1) the interrupt mask flag (TMMKJ50) before clearing (0) TCE50 to avoid generating
an interrupt when TCES50 is cleared. The procedure to clear (0) TCE50 is as follows.

TMMK50 =1 ; Mask set
TCE50 =0 ; Timer clear
TMIF50 = 0 ; Interrupt request flag clear
TMMK50 =0 ; Mask clear
; Timer start

TCE50 = 1

Remarks 1. The PWM output is at the inactive level in the PWM mode because TCES50 = 0.
2. If LVS50 and LVR50 are read immediately after data has been set, these bits are 0.
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Figure 7-5. Format of 8-Bit Timer Mode Control Register 51

Symbol @ 6 5 4 @ @ 1

TMC51 |TCE51 ‘TM0516‘ 0 ‘TMCSM‘ LVS51 ‘LVR51 ‘TMCS11‘TOE51|

Address After reset R/W

FF74H 00H R/W

TCE51 TM51 count operation control

0 Disables count operation after clearing counter
to O (disables prescaler).

1 Starts counting.

TMC516

0 Clears and starts on match between TM51 and
CR51.

1 PWM (free-running) mode

TM51 operating mode selection

TMC514 Single mode/cascade mode selection

0 Single mode
1 Cascade mode (connected to TM50)

LVS51 | LVR51 | Timer output F/F status setting of
8-bit timer/event counter 51
0 0 Not affected
0 1 Resets timer output F/F (to 0).
1 0 Sets timer output F/F (to 1).
1 Setting prohibited
TMC511]  Other than PWM PWM mode
mode (TMC516 = 0) (TMC516 = 1)
Timer F/F control Active level selection
0 Disables inverted High active
operation.
1 Enables inverted Low active
operation.
TOES51 | Timer output control of 8-bit timer/event

counter 51

0 Disables output (port mode).

1 Enables output.

Caution Be sure to set (1) the interrupt mask flag TMMK51 before clearing (0) TCE51 to avoid generating
an interrupt when TCE51 is cleared. The procedure to clear (0) TCE51 is as follows.

TMMK51 =1 ; Mask set
TCE51 =0 ; Timer clear
TMIF51=0 ; Interrupt request flag clear
TMMK51 =0 ; Mask clear
; Timer start

TCE51 =1

Remarks 1. PWM output is at the inactive level in the PWM mode because TCE51 = 0.
2. If LVS51 and LVR51 are read immediately after data has been set, these bits are 0.
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Figure 7-6. Format of 8-Bit Timer Mode Control Register 52

sympol (7) 6 5 4 (3 (2 1

TMC52 |TCE52‘TM0526‘ 0 ‘TMC524‘ LVSSZ‘LVR52‘TMCSZ1‘TOE52|

Address After reset R/W

FF78H 00H R/W

TCE52 TM52 count operation control

0 Disables count operation after clearing counter
to O (disables prescaler).

1 Starts counting.

TMC526 TM52 operating mode selection

0 Clears and starts on match between TM52 and
CR52.

1 PWM (free-running) mode

TMC524 Single mode/cascade mode selection

0 Single mode
1 Cascade mode (connected to TM51)

LVS52 | LVR52 | Timer output F/F status setting of

8-bit timer/event counter 52

0 | Not affected

Resets timer output F/F (to 0).
0 Sets timer output F/F (to 1).

1 Setting prohibited

a|lalo| o
—_

Other than PWM
mode (TMC526 = 0)

PWM mode
(TMC526 = 1)

TMC521

Timer F/F control

Active level selection

Disables inverted
operation.

High active

Enables inverted

Low active

operation.

TOE52| Timer output control of 8-bit timer/event

counter 52

0 Disables output (port mode).

1 Enables output.

Caution Be sure to set (1) the interrupt mask flag (TMMK52) before clearing (0) TCE52 to avoid generating
an interrupt when TCE52 is cleared. The procedure to clear (0) TCE52 is as follows.

TMMK52 =1 ; Mask set
TCE52 =0 ; Timer clear

TMIF52 = 0 ; Interrupt request flag clear
TMMK52 =0 ; Mask clear

TCE52 = 1 ; Timer start

Remarks 1. PWM output is at the inactive level in the PWM mode because TCE52 = 0.
2. If LVS52 and LVR52 are read immediately after data has been set, these bits are 0.
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(2) Timer clock select registers 50, 51, and 52 (TCL50, TCL51, and TCL52)
These registers specify the count clock of 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52) and
the valid edges of the TI50, TI51, and TI152 inputs.
TCL50, TCL51, and TCL52 are set by an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.
Figures 7-7 to 7-9 show the formats of TCL50, TCL51, and TCL52.

Figure 7-7. Format of Timer Clock Select Register 50

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL50 0 0 0 0 0 |TCL502| TCL501|TCL500 FF71H 00H R/W
TCL502 | TCL501| TCL500 Count clock selection
At fx = 12 MHzNe® At fx = 8.38 MHz

0 0 0 Falling edge of TI50
0 0 1 Rising edge of TI50
0
0

1 0 [fx2 6 MHz 4.19 MHz

1 1 |23 | 1.5 MHz 1.05 MHz
1 0 0 |[fv2® | 375kHz 262 kHz
1 0 1 |fx/2" | 93.7kHz 65.5 kHz
1 1 0 |[fx2° | 23.4kHz 16.4 kHz
1 1 1 [f2"| 5.85kHz 4.09 kHz

Note Expanded-specification products only.

Cautions 1. Before rewriting the data of TCL50, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL50 to 0.

Remark fx: System clock oscillation frequency
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Figure 7-8. Format of Timer Clock Select Register 51

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL51 0 0 0 0 0 |TCL512|TCL511|TCL510 FF75H 00H R/W
TCL512|TCL511|TCL510 Count clock selection
At fx = 12 MHzNete At fx = 8.38 MHz

0 0 0 Falling edge of TI51

0 0 1 Rising edge of TI51

0 1 0 |fx 12 MHz 8.38 MHz

0 1 1 fx/2 6 MHz 4.19 MHz

1 0 0 |[fx22 | 3MHz 2.1 MHz

1 0 1 |fx2® | 1.5MHz 1.05 MHz

1 1 0 |[fx2* | 750 kHz 524 kHz

1 1 1 fx/2° | 375 kHz 262 kHz

Note Expanded-specification products only.

Cautions 1. Before rewriting the data of TCL51, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL51 to 0.

Remarks 1. fx: System clock oscillation frequency
2. The settings of TCL510 to TCL512 are invalid when TM50 and TM51 are connected in cascade.

Figure 7-9. Format of Timer Clock Select Register 52

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
TCL52 [ © 0 0 0 0 |TCL522|TCL521|TCL520[  FF79H 00H R/W
TCL522 | TCL521|TCL520 Count clock selection
At fx = 12 MHzNo® At fx = 8.38 MHz

0 0 0 Falling edge of TI52

0 0 1 Rising edge of TI52

0 1 0 |fw2* | 750 kHz 524 kHz

0 1 1 fx/2% | 375 kHz 262 kHz

1 0 0 |fxw2% | 187 kHz 131 kHz

1 0 1 fx/27 | 93.7 kHz 65.5 kHz

1 1 0 |fx2® | 46.8kHz 32.7 kHz

1 1 1 fx/2° | 23.4 kHz 16.4 kHz

Note Expanded-specification products only.

Cautions 1. Before rewriting the data of TCL52, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL52 to 0.

Remarks 1. fx: System clock oscillation frequency
2. The settings of TCL520 to TCL522 are invalid when TM51 and TM52 are connected in cascade.
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(3) Port mode register 2 (PM2)
This register sets port 2 in the input or output mode in 1-bit units.
When the P24/T150/TO50 to P26/T152/TO52 pins are used for timer output, clear PM24 to PM26 and the output

latches of P24 to P26 to 0.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 7-10. Format of Port Mode Register 2

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM2 1 PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 FF22H FFH R/W
PM2n P2n pin I/O mode selection (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.5 Operation of 8-Bit Timer/Event Counter

7.5.1 Interval timer (8-bit) operation

The 8-bit timer/event counters operate as interval timers that repeatedly generate an interrupt request at time
intervals specified by the count values preset to corresponding 8-bit compare register 5n (CR5n).

When the count values of 8-bit timer counter 5n (TM5n) match the values set to corresponding compare register
CRb5n, the value of TM5n is cleared to 0, TM5n continues counting, and at the same time, an interrupt request signal
(INTTM5n) is generated.

The count clock of TM5n can be selected by bits 0to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n (TCL5n).

For the operation to be performed when the value of the compare register is changed during timer count operation,
refer to 7.6 Notes on 8-Bit Timer/Event Counter (2).

<Setting>
<1> Set each register.
* TCL5n: Selects count clock.
* CRbN: Compare value
« TMC5n: Selects clear & start mode entered on match between TM5n and CR5n
(TMC5n = 0000xxx0B x = don’t care).
<2> The count operation is started when TCEb5n is set to 1.
<3> INTTMb5n occurs when the values of TM5n and CR5n Match (TM5n is cleared to 00H).
<4> After that, INTTM5n repeatedly occurs at the same interval. To stop the count operation, clear TCE5n to 0.

Remark n=0to2
Figure 7-11. Interval Timer Operation Timing (1/3)

(a) Basic operation
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Remarks 1. Interval time = (N + 1) xt: N = 00H to FFH
2. n=0to2
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Figure 7-11. Interval Timer Operation Timing (2/3)

(b) When CR5n = 00H
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Remark n=0to2
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Figure 7-11. Interval Timer Operation Timing (3/3)

(d) Operation when CR5n is changed (M < N)
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Remark n=0to2
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7.5.2 External event counter operation

The external event counter counts the number of clock pulses externally input to the TI50/P24 to T152/P26 pins
by using 8-bit timer counter 5n (TM5n).

Each time the valid edge specified by timer clock select register 5n (TCL5n) is input, the value of TM5n is
incremented. Either the rising edge or falling edge can be specified as the valid edge.

When the count value of TM5n matches the values of corresponding 8-bit compare register 5n (CR5n), TM5n is
cleared to 0, and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

Remark n=0to 2

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)
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Remark N = 00H to FFH
n=0to 2
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7.5.3 Square-wave output (8-bit resolution) operation

The 8-bit timer/event counters operate as a square wave output at the interval preset to 8-bit compare register
5n (CR5n).

When bit 0 (TOESN) of 8-bit timer mode control register 5n (TMC5n) is set to 1, the output status of TO5n is inverted
at the interval time specified by the count value preset to CR5n. In this way, a square-wave of any frequency (duty
factor = 50%) can be output.

<Setting>
<1> Set each register.
» Clear the port latch and port mode register 2 (PM2) to 0.
« TCL5n:  Selects count clock
* CR5n: Compare value
* TMC5n: Clear & start mode entered on match between TM5n and CR5n

LVS5n LVR5n Timer output F/F status setting
1 0 High-level output
0 1 Low-level output

Enables inverting timer output F/F
Timer output enabled — TOE5nN = 1
<2> The count operation is started if TCE5n is set to 1.
<3> The timer output F/F is inverted if the values of TM5n and CR5n match.
INTTM5n occurs and TM5n is cleared to 00H.
<4> Afterthat, the timer output F/F is inverted at the same interval, and a square-wave is output from TO5n.

Remark n=0to2

Figure 7-13. Square-Wave Output Operation Timing

Countclock||||||||||||||||||||||||||||

TM5n count value 00H X 01H X 02H X // XN—1X N X 00H Xo1H X02H X // XN-1X N X o0oH X
A (€ (€

Count start

N\ N\
CR5n N/ N/
\C \C

D)
TO5n Note () | £ |

Note Thenitial value of TO5n output can be set with bits 2 and 3 (LVR5n and LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

Remark n=0to2
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7.5.4 8-bit PWM output operation
The PWM output operation is performed when bit 6 (TMC5n6) of 8-bit timer mode control register 5n (TMC5n)
is setto 1.
A pulse with a duty factor determined by the value set to 8-bit compare register 5n (CR5n) is output from TO5n.
Set the width of the active level of the PWM pulse to CR5n. The active level can be selected using bit 1 (TMC5n1)
of TMC5n.
The count clock can be selected by bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock select register 5n (TCL5n).
PWM output can be enabled or disabled by bit 0 (TOE5n) of TMC5n.

(1) Basic operation of PWM output

<Setting>
<1> Clear the port latch and port mode register 2 (PM2) to 0.
<2> Set an active level width with 8-bit compare register 5n (CR5n).
<3> Select a count clock with timer clock select register 5n (TCL5n).
<4> Set an active level using bit 1 (TMC5n1) of TMC5n.
<5> The count operation is started when bit 7 (TCE5n) of TMC5n is set to 1.
To stop the count operation, clear TCE5n to 0.

<PWM output operation>

<1> When the count operation is started, an inactive level is output as the PWM output (output from TO5n)
until an overflow occurs.

<2> Whenan overflow occurs, the active level setin step <1> above is output. This active levelis continuously
output until the value of CR5n matches the count value of 8-bit timer counter 5n (TM5n).

<3> Aninactive level is output as the PWM output after the value of CR5n has matched the count value of
TM5n, until an overflow occurs again.

<4> After that, <2> and <3> are repeated until the count operation is stopped.

<5> When the count operation is stopped by clearing TCE5n to 0, the PWM output becomes inactive.

Remark n=0to2
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (when active level = H)
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Remark n=0to?2
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(2) Operation when CR5n is changed

(a) If value of CR5n is changed from N to M before TM5n overflows

Figure 7-15. Operation Timing When CR5n Is Changed
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(b) If value of CR5n is changed from N to M after TM5n overflows
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(c) If value of CR5n is changed from N to M within 2 clocks (00H, 01H) immediately after TM5n overflows
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7.5.5 Interval timer (16-bit) operation

(1) Cascade (16-bit timer) mode (TM50 and TM51)
The 16-bit resolution timer/event counter mode is set by setting bit 4 (TMC514) of 8-bit timer mode control
register 51 (TMC51) to 1.
In this mode, TM50 and TM51 operate as a 16-bit interval timer that repeatedly generates an interrupt request
at intervals specified by the count value preset to 8-bit compare registers 50 and 51 (CR50 and CR51).

<Setting>
<1> Set each register.
» TCL50: TM50 selects a count clock.
TM51, which is connected in cascade, does not have to be set.
* CR50 and CR51: Compare values (each compare value can be set in the range of 00H to FFH).

+ TMC50 and TMC51: Selectthe mode that clears and starts the timer on a match between TM50 and
CR50 (TM51 and CR51).
TM50 — TMC50 = 0000xxx0B x: don't care]
[TM51 — TMC51 = 0001xxx0B x: don’t care
<2> By setting TCE51 to 1 for TMC51 first, and then setting TCE50 to 1 for TMC50, the count operation is
started.
<3> When the value of TM50 connected in cascade matches the value of CR50, TM50 generates INTTM50
(TM50 and TM51 are cleared to 00H).
<4> After that, INTTM50 is repeatedly generated at the same interval.

Cautions 1. Be sure to set the compare registers (CR50 and CR51) after stopping the timer operation.
2. Even if the timers are connected in cascade, TM51 generates INTTM51 when the count
value of TM51 matches the value of CR51. Be sure to mask TM51 to disable it from
generating an interrupt.
3. Set TCE50 and TCE51 in the order of TM51, then TM50.
4. Counting can be started or stopped by setting (1) or clearing (0) only TCE50 of TM50.

Figure 7-16 shows an example of the timing in the 16-bit resolution cascade mode.

Figure 7-16. 16-Bit Resolution Cascade Mode (with TM50 and TM51)
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(2) Cascade (16-bit timer) mode (TM51 and TM52)
The 16-bit resolution timer/event counter mode is set by setting bit 4 (TMC524) of 8-bit timer mode control

register 52 (TMC52) to 1.

In this mode, TM51 and TM52 operate as a 16-bit interval timer that repeatedly generates an interrupt request
at intervals specified by the count value preset to 8-bit compare registers 51 and 52 (CR51 and CR52).

<Setting>
<1> Set each register.
* TCL51:

« CR51 and CR52:

e TMC51 and TMC52:

started.

TM51 selects a count clock.

TM52, which is connected in cascade, does not have to be set.

Compare values (each compare value can be set in the range of 00H to FFH).
Select the mode that clears and starts the timer on a match between TM51 and

CR51 (TM52 and CR52).

TM51 — TMC51 = 0000xxx0B x: don’t care
TM52 — TMC52 = 0001xxx0B x: don’t care
<2> By setting TCE52 to 1 for TMC52 first, and then setting TCE51 to 1 for TMC51, the count operation is

<3> When the value of TM51 connected in cascade matches the value of CR51, TM51 generates INTTM51

(TM51 and TM52 are cleared to 00H).

<4> After that, INTTM51 is repeatedly generated at the same interval.

Cautions 1. Be sure to set the compare registers (CR51 and CR52) after stopping the timer operation.
2. Even if the timers are connected in cascade, TM52 generates INTTM52 when the count

value of TM52 matches the value of CR52. Be sure to mask TM52 to disable it from

generating an interrupt.

3. Set TCE51 and TCE52 in the order of TM52, then TM51.

4. Counting can be started or stopped by setting (1) or clearing (0) only TCE51 of TM51.

Figure 7-17 shows an example of timing in the 16-bit resolution cascade mode.

Figure 7-17. 16-Bit Resolution Cascade Mode (with TM51 and TM52)
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7.6 Notes on 8-Bit Timer/Event Counter
(1) Error on starting timer
An error of up to 1 clock occurs after the timer has been started until a match signal is generated. This is

because 8-bit timer counter 5n (TM5n: n = 0 to 2) is started asynchronously to the count clock.

Figure 7-18. Start Timing of 8-Bit Timer Counter

TM5n count value 00H X 01H X 02H X 03H X 04H

|

Timer starts

Remark n=0to?2

(2) Operation after changing value of compare register during timer count operation
If the new value of 8-bit compare register 5n (CR5n: n = 0 to 2) is less than the value of corresponding 8-bit
timer counter 5n (TM5n: n = 0 to 2), TM5n continues counting, overflows, and restarts counting from 0.
Therefore, if the new value of CR5n (M) is less than the old value (N), it is necessary to restart the timer after
changing the value of CR5n.

Figure 7-19. Timing After Changing Values of Compare Registers During Timer Count Operation

S\
CR5n :X N X \ M

TM5ncountvaIue:>< X -1 X X X \D( FFH X 00H X 01H X 02H

Caution Exceptwhen TI5ninputis selected, be sureto clear TCE5n to 0 before setting the STOP mode.

Remark N> X>M
n=0to2

(3) Reading TM5n during timer operation
Because the count clock is stopped when TM5n is read during operation, select a count clock with a waveform
whose high-/low-level is longer than two CPU clock cycles. For example, in the case of a CPU clock (fcru)
equal to fx, TM5n can be read as long as the selected count clock is fx/4 or lower.

Remark n=0to2
fx: System clock oscillation frequency
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8.1 Outline of 10-Bit Inverter Control Timer

The 10-bit inverter control timer makes inverter control possible. It consists of an 8-bit dead-time generation
timer, and allows non-overlapping active-level output.

8.2 Function of 10-Bit Inverter Control Timer

The 10-bit inverter control timer realizes inverter control. Itincorporates an 8-bit timer for dead time generation
and can output waveforms that do not overlap active levels. A total of six positive phase and negative phase
channels are output. In addition, an active level change function and output off function by external input (TOFF7)
or watchdog timer interrupt request input are provided.
8.3 Configuration of 10-Bit Inverter Control Timer

The 10-bit inverter control timer includes the following hardware.

Table 8-1. Configuration of 10-Bit Inverter Control Timer

ltem Function
Timer counter 10-bit up/down counter x 1 (TM7)
Dead-time timers x 3 (DTMO0, DTM1, DTM2)
Buffer transfer control timer x 1 (RTMO)

Registers 10-bit compare registers x 4 (CM0, CM1, CM2, CM3)
10-bit buffer registers x 4 (BFCM0, BFCM1, BFCM2, BFCM3)
Dead-time reload register x 1 (DTIME)

Timer outputs 6 (TO70, TO71, TO72, TO73, TO74, TO75)

Control registers Inverter timer control register 7 (TMC7)
Inverter timer mode register 7 (TMM7)
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Figure 8-1. Block Diagram of 10-Bit Inverter Control Timer
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(1) 10-bit up/down counter (TM7)
TM?7 is a 10-bit up/down counter that counts count pulses in synchronization with the rising edge of the
count clock. When the timer starts, the number of count pulse count is incremented from 0, and when
the value preset to compare register 3 (CM3) and TM7 count value match, it is switched to the count down
operation.
Anunderflow signal is generated if the value becomes 000H during the count down operation and interrupt
request signal INTTM7 is generated. When an underflow occurs, it is switched from the count down
operation to the count up operation. INTTM7 is normally generated at every underflow but the number
of occurrences can be divided by the IDEVO to IDEV2 bits of inverter timer control register 7 (TMC7).
TM7 cannot be read/written.
The cycle of TM7 is controlled by CM3.
The count clock can be selected from 6 types: fx, fx/2, fx/4, x/8, fx/16, fx/32.
RESET input or clearing the CE7 bit of TMC7 sets TM7 to 000H.

(2) 10-bit compare registers 0 to 2 (CM0 to CM2)
CMO to CM2 are 10-bit compare registers that always compare their own value with that of TM7, and if
they match, the contents of the flip-flops are changed.
Each of CM0O to CM2 are provided with a buffer register (BFCMO0 to BFCM2), so that the contents of the
buffer can be transferred to CMO0 to CM2 at the timing of interrupt request signal INTTM7 generation.
A write operation to CM0 to CM2 is possible only while TM7 is stopped.
To set the output timing, write data to BFCMO0 to BFCMS.
RESET input or clearing the CE7 bit of TMC7 sets these registers to 000H.
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(3) 10-bit compare register 3 (CM3)
CM3 is a 10-bit compare register that controls the high limit value of TM7. If the count value of TM7
matches the value of CM3 or 0, count up/down is switched at the next count clock.
CMBS provides a buffer register (BFCM3) whose contents are transferred to CM3 at the timing of interrupt
request signal INTTM7 generation.
CM3 can be written to only while TM7 is stopped.
To set the cycle to TM7, write data to BFCMS3.
RESET input sets CM3 to OFFH.
Do not set CM3 to 000H.

(4) 10-bit buffer registers 0 to 3 (BFCMO0 to BFCM3)
BFCMO to BFCMS3 are 10-bit registers. They transfer data to the compare register (CMO to CM3)
corresponding to each buffer register at the timing of interrupt request signal INTTM7 generation.
BFCMO to BFCM3 can be read/written irrespective of whether TM7 count is stopped or operating.
RESET input sets BFCMO0 to BFCM2 to 000H, and BFCM3 to OFFH.
These registers can be read/written in word and byte units. For read/write operations of less than 8 bits,
BFCMOL to BFCM3L are used.

(5) Dead-time reload register (DTIME)
DTIME is an 8-bit register to set dead time and is common to three dead-time timers (DTMO to DTM2).
However, the data load timing from DTIME to DTMO, DTM1 and DTM2 is independent.
DTIME can be written only while TM7 counting is stopped. Data does not change even if an instruction
to rewrite DTIME is executed during timer operation.
RESET input sets DTIME to FFH.
Even if DTIME is set to 00H, an output with the dead time of fx is performed.

(6) Dead-time timers 0 to 2 (DTMO to DTM2)
DTMO to DTM2 are 8-bit down counters that generate dead time.
Count down is performed after the value of the dead-time reload register (DTIME) is reloaded with the
timing of a compare match between CM0 to CM2 and TM7. DTMO to DTM2 generate an underflow signal
when 00H changes to FFH and stop with FFH.
The count clock is fx.
DTMO to DTM2 cannot be read/written.
RESET input or clearing the CE7 bit of TMC7 sets these registers to FFH.

(7) Buffer transfer control timer (RTMO)
RTMO is a 3-bit up counter. It has the function of dividing interrupt request signal INTTM?7.
Incrementing is performed with the TM7 underflow signal and INTTM7 is generated when the value
matches the number of divisions set with bits IDEVO to IDEV2 of TMC7.
RTMO cannot be read/written.
RESET input sets RTMO to 7H. Generating INTTM7 and clearing the CE7 bit of TMC7 also sets RTMO
to 7H.
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8.4 Registers Controlling 10-Bit Inverter Control Timer
The following two registers control the 10-bit inverter control timer.

* Inverter timer control register 7 (TMC?7)
* Inverter timer mode register 7 (TMM7)

(1) Inverter timer control register 7 (TMC7)
TMC7 controls the operation of TM7, dead-time timers 0 to 2 (DTMO to DTM2), and the buffer transfer
control timer (RTMO), specifies the count clock of TM7, and selects the compare register transfer cycle.
TMC?7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC7 to 00H.
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164

Figure 8-2. Format of Inverter Timer Control Register 7

Symbol @ 6 5 4 3 2 1 0 Address  After reset
TMC7 | CE7 0 |[TCL72|TCL71|TCL70|IDEV2|IDEV1|IDEVO FF90H 00H
CE7 TM7, DTMO to DTM2, RTMO operation control
0 | Clear and stop (TO70 to TO75 are Hi-Z)
1 Count enable
TCL72 | TCL71 | TCL70 Count clock selection
At fx = 12 MHzNet At fx = 8.38 MHz
0 0 0 |fx 12 MHz 8.38 MHz
0 0 1 fx/2 6 MHz 4.19 MHz
0 0 |fw22 | 3MHz 2.1 MHz
0 1 1 |fx2® | 1.5MHz 1.05 MHz
1 0 0 |fxv2* | 750 kHz 524 kHz
1 0 1 fx/25 | 375 kHz 262 kHz

Other than above

Setting prohibited

IDEV2|IDEV1|IDEVO INTTM7 occurrence frequency selection
0 0 0 | Occurs once every TM7 underflow.
0 1 Occurs once every two TM7 underflows.
0 1 0 Occurs once every three TM7 underflows.
0 1 1 Occurs once every four TM7 underflows.
1 0 0 | Occurs once every five TM7 underflows.
1 0 1 Occurs once every six TM7 underflows.
1 1 0 | Occurs once every seven TM7 underflows.
1 1 1 Occurs once every eight TM7 underflows.

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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(2)

Inverter timer mode register 7 (TMM7)
TMM?7 controls the operation of and specifies the active level of the TO70 to TO75 outputs, and sets the
valid edge of TOFF?7.

TMM?7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMM7 to 00H.

Figure 8-3. Format of Inverter Timer Mode Register 7

After reset R/W

00H R/W

Symbol 7 6 5 4 3 2 1 0 Address
Note
TMM7 0 0 0 PNOFFi3 ALV [TOEDG| TOSPPTOSPW FF91H
Note
PNOFF‘B Control status flag of TM7 output to TO70 to TO75
0 TM?7 output disabled status (TO70 to TO75 are Hi-2)
1 TM?7 output enabled status
ALV TO70 to TO75 output active level specification
0 Low level
1 High level
TOEDG TOFF7 valid edge specification
0 Falling edge
1 Rising edge
[TOSPP) TO70 to TO75 output stop control by valid edge of TOFF7
0 Output not stopped.
1 Output stopped (TO70 to TO75 are Hi-Z).
TOSPW TO70 to TO75 output stop control by INTWDT
0 Output not stopped.
1 Output stopped (TO70 to TO75 are Hi-Z).

Note The PNOFFB bitis a read-only flag. This bit cannot be set or reset by software. PNOFFB is reset
when an output stop is generated by TOFF7 and INTWDT while TM7 is stopped (CE7 = 0) or
operating (CE7 = 1).

Caution Always set bits 5 to 7 of TMM7 to 0.
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Remarks 1. TO70to TO75become Hi-Z state in the following cases. However, the TM7, DTMO0 to DTM2,
and RTMO timers do not stop if CE7 = 1 is set.

* A valid edge is input to the TOFF7 pin while TOSPP = 1.
A specified interrupt request is generated while TOSPW = 1.

To restore the output of TO70 to TO75, perform the procedure below.
<1> Write 0 to CE7 and stop the timer.
<2> Write 0 to the output stop function flag that is used.

<3> Reset the registers to their default values.

2. PNOFFB, ALV, CE7, and TO70 to TO75 are related as follows.

PNOFFB ALV CE7 TO70, TO72, TO74 | TO71, TO73, TO75
0 0 0 Hi-Z Hi-Z
0 1 0 Hi-Z Hi-Z
0 01 1 Hi-Z Hi-Z
1 0/1 1 PWM wave output PWM wave output
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8.5 Operation of 10-Bit Inverter Control Timer

(1) Setting procedure

(a)

The TM7 count clock is set with the TCL70 to TCL72 bits of inverter timer control register 7 (TMC7)
and the occurrence frequency of interrupt request signal INTTM?7 is set with the IDEVO to IDEV2 bits.

The active level of the TO70 to TO75 pins is set with the ALV bit of inverter timer mode register 7
(TMM7).

Set the half width of the first PWM cycle to 10-bit compare register 3 (CM3).
* PWM cycle = CM3 value x 2 x TM7 clock rate
(The clock rate of TM7 is set with the TMC7)
Set the half width of the second PWM cycle to 10-bit buffer register 3 (BFCM3).
Set the dead time width to the dead time reload register (DTIME).
 Dead time width = (DTIME + 1) x fx

fx: Internal system clock

Set the F/F set/reset timing that is used during the first cycle to 10-bit compare registers 0 to 2 (CMO
to CM2).

Set the F/F set/reset timing that is used during the second cycle to BFCMS3.

After the CE7 bit of TMC?7 is set (1), the operation of TM7, dead-time timers 0 to 2 (DTMO to DTM2),
and buffer transfer control timer (RTMO) is enabled.

Caution Always use a bit manipulation instruction to set the CE7 bit.

Setthe F/F set/reset timing that is used for the next cycle to BFCMO0 to BFCM3 during TM7 operation.

To stop the TM7 operation, set the CE7 bit of the TMC7 to 0.

Caution Another bit cannot be rewritten at the same time that the CE7 bit is being rewritten.
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(2)

168

Output waveform widths corresponding to set values

* PWM cycle = CM3 x 2 x Ttm7

» Dead-time width = Totm = (DTIME + 1) x fx

« Active width of positive phase (TO70, TO72, TO74 pin)
= {(CM3 = CMup) + (CM3 — CMdown)} x TTm7 — TDTM

» Active width of negative phase (TO71, TO73, TO75 pin)
= (CMdown + CMup) x TtmM7 — TDTM™

fx: System clock oscillation frequency

Twv7:  TM7 count clock

CMup:  Set value of CMO to CM2 during TM7 count up
CMdown: Set value of CM0 to CM2 during TM7 count down

Caution If a value whose active width in the positive phase or negative phase becomes 0 or
negative via the above calculation, TO70 to TO75 output a waveform fixed at the inactive
level with an active width of 0 (refer to Figure 8-5).
However, if CMn = 0 and BFCMn > CM3 are set, TO70 to TO75 output a waveform at the
active level.
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(3) Operation timing

Figure 8-4. TM7 Operation Timing (Basic Operation)

Y
X
b b
™7
_/ a a \ /

0
BFCMn b X c
CMn a X1 b Ve
BFCM3 Y X z
cM3 X X\ Y Nz

INTTM7 INTTM7

F/F
DTMn
T070, TO72, TO74
TO71, TO73, TO75

Remarks 1.n=01t0 2
2. t: Dead time = (DTIME + 1) x fx
(fx: System clock oscillation frequency)
3. The above figure assumes an active high and undivided INTTM7 occurrence.
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T™7

BFCMn

CMn

BFCM3

CM3

FIF

DTMn

TO70, TO72, TO74

TO71, TO73, TO75
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Figure 8-5. TM7 Operation Timing (CMn (BFCMn) > CM3 (BFCM3))

Y
X
_/a a\ /
0
b X c
a A b(Y) ‘e
Y X z
X A Y \z
INTTM7 INTTM?7

Remarks 1.n=0to 2
2. t: Dead time = (DTIME + 1) x fx
(fx: System clock oscillation frequency)

3. The above figure assumes an active high and undivided INTTM7 occurrence.

If a value higher than CM3 is set to BFCMn, low-level output in the positive phases (TO70, TO72, TO74
pins), and high-level output in the negative phases (TO71, TO73, TO75 pins) are continued. This setting
is effective to output signals whose low and high widths are longer than the PWM cycle when controlling

an inverter, etc.

User’s Manual U13029EJ7V1UD



CHAPTER 8 10-BIT INVERTER CONTROL TIMER

Figure 8-6. TM7 Operation Timing (CMn (BFCMn) = 000H)

Y
X Z
™7 ° N\
j a a \

0 /
BFCMn b X c(>0) d
CMn a \ b = 00H Uiec d
BFCM3 Y X 7
CcM3 X 1 Y iz FA)

INTTM7 INTTM?7 INTTM?7

FIF
DTMn J

TO70, TO72, I
TO74 @ |

TO71, TO73,
TO75

Remarks 1.n=01t0 2
2. t: Dead time = (DTIME + 1) x fx
(fx: System clock oscillation frequency)
3. The above figure assumes an active high and undivided INTTM7 occurrence.
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Figure 8-7. TM7 Operation Timing (CMn (BFCMn) = CM3 - 1/2DTM, CMn (BFCMn) > CM3 — 1/2DTM)

Y
b b
X
EVAN
™7
0 /
BFCMn b X c
CMn a(=X--1DTM) b (> Y -1-DTM) ‘e
BFCM3 Y z
CM3 X A Y \z
INTTM7 INTTM7
F/F
DTMn [\
TO70, TO72, TO74
TO71, TO73, TO75

Remarks 1.n=01to 2
2. The above figure assumes an active high and undivided INTTM7 occurrence.
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9.1 Outline of Watchdog Timer

The watchdog timer can also be used to generate a non-maskable interrupt request, maskable interrupt request,
or RESET signal at preset time intervals.

9.2 Function of Watchdog Timer
The watchdog timer has the following functions.
» Watchdog timer

* Interval timer
» Oscillation stabilization time specification

Caution Select the watchdog timer mode or interval timer mode by using the watchdog timer mode
register (WDTM). (The watchdog timer and interval timer cannot be used simultaneously.)

(1) Watchdog timer mode

The watchdog timer is used to detect an inadvertent program loop. When a loop is detected, a non-maskable
interrupt request or the RESET signal can be generated.

Table 9-1. Loop Detection Time of Watchdog Timer

Loop Note Loop Note
Detection Time At fx = 12 MHz At fx = 8.38 MHz Detection Time At fx = 12 MHz At fx = 8.38 MHz
212 % 1/fx 341.3 us 488.8 us 216 % 1/fx 5.46 ms 7.82 ms
213 % 1/#x 682.6 us 977.6 us 217 x 1/#x 10.9 ms 15.6 ms
214 x 1/fx 1.36 ms 1.96 ms 218 % 1/fx 21.8 ms 31.3 ms
215 x 1/fx 2.73 ms 3.91 ms 220 % 1/tx 87.3 ms 125.1 ms

Note Expanded-specification products only.

Remark

fx: System clock oscillation frequency
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(2) Interval timer mode
When the watchdog timer is used as an interval timer, it generates an interrupt request at preset time intervals.

Table 9-2. Interval Time

Interval Time  |At fx = 12 MHZ"""® | At fx = 8.38 MHz | Interval Time  |At fx = 12 MHz""*| At fx = 8.38 MHz
212 % 1/fx 341.3 us 488.8 us 216 % 1/ix 5.46 ms 7.82 ms
213 x 1/fx 682.6 us 977.6 us 217 x 1/fx 10.9 ms 15.6 ms
214 % 1/fx 1.36 ms 1.96 ms 218 x 1/ix 21.8 ms 31.3 ms
215 % 1/#x 2.73 ms 3.91 ms 220 % 1/fx 87.3 ms 125.1 ms

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
9.3 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 9-3. Configuration of Watchdog Timer

Item Configuration

Control registers Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)
Oscillation stabilization time select register (OSTS)

Figure 9-1. Watchdog Timer Block Diagram

8 Clock input . Division clock — INTWDT
P2 controller Divider selector Output
controller
T — RESET
RUN Division mode
selector 3

WDT mode signal

[osTs2|0sTs1|0STS0|  [wbcs2wbesiiwpeso| | RUN |wbTM4 [wDTM3|

Oscillation stabilization Watchdog timer Watchdog timer

time select register clock select mode register

(OSTS) register (WDCS) (WDTM)
Internal bus
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9.4 Registers Controlling Watchdog Timer

The following three registers control the watchdog timer.

» Watchdog timer clock select register (WDCS)

» Watchdog timer mode register (WDTM)

» Oscillation stabilization time select register (OSTS)

(1) Watchdog timer clock select register (WDCS) (refer to Figure 9-2)
This register sets the overflow time of watchdog timer and interval timer.
WDCS is set by an 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 9-2. Format of Watchdog Timer Clock Select Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset  R/W

WDCS 0 0 0 0 0 |WDCS2/WDCS1|WDCS0| FF42H O00OH R/W
WDCs2 |l woest | woeso Watchdog timer/interval timer overflow time selection
At fx = 12 MHzN°*® At fx = 8.38 MHz
0 0 0 2'2/fx 341.3 us 488.8 us
0 0 1 2'3/fx 682.6 us 977.6 us
0 1 0 214/fx 1.36 ms 1.96 ms
0 1 1 215/fx 2.73 ms 3.91 ms
1 0 0 216/fx 5.46 ms 7.82ms
1 0 1 2'7/fx 10.9 ms 15.6 ms
1 1 0 218/fx 21.8ms 31.3ms
1 1 1 220/ 87.3 ms 125.1 ms

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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(2) Watchdog timer mode register (WDTM)
This register sets the operation mode of the watchdog timer, and enables/disables counting of the watchdog

176

timer.

WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 9-3. Format of Watchdog Timer Mode Register

Symbol @ 6

5 4 3 2 1 0 Address

WDTM |RUN | O

WDTMIWDTM| 0 0 FFFOH

WDTM4 | WDTM3

Selection of operation mode of watchdog timer Nete !
and control of reset by watchdog timer and timer
interrupt

Interval timer modeNete 2 (overflow and maskable
interrupt request occur)/PWM output off function
of TM7 by INTWDT can be used.

Watchdog timer mode 1 (overflow and non-maskable
interrupt request occur)/PWM output off function of
TM7 by INTWDT can be used.

Watchdog timer mode 2 (overflow occurs and reset
operation started)

RUN Selection of watchdog timer operation Note 3

0 Stops counting.

1 Clears counter and starts counting.

After reset R/W

00H R/W

Notes 1. Once WDTM3 and WDTM4 have been set to 1, they cannot be cleared to 0 by software.
2. The watchdog timer starts operating as an interval timer as soon as the RUN bit has been set

to 1.

3. Once RUN has been set to 1, it cannot be cleared to 0 by software. Therefore, when counting
is started, it cannot be stopped by any means other than RESET input.

Caution When the watchdog timer is cleared by setting RUN to 1, the actual overflow time is up to
2%/tx seconds shorter than the time set by the watchdog timer clock select register (WDCS).

Remark x: don’t care
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(3) Oscillation stabilization time select register (OSTS)
This register selects the oscillation stabilization time that elapses after the RESET signalis applied orthe STOP
mode is released, until oscillation is stabilized.
OSTS is set by an 8-bit memory manipulation instruction.
RESET input sets this register to 04H. Therefore, to release the STOP mode by inputting the RESET signal,
the time required to release the mode is 217/fx.

Figure 9-4. Format of Oscillation Stabilization Time Select Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
OSTS 0 0 0 0 0 |OSTS2|0STS1|0STS0| FFFAH 04H R/W
0sTs2|0sTs110sTso Selection of oscillation stabilization time when STOP mode is released
At fx = 12 MHzNete At fx = 8.38 MHz
0 0 0 2"2/fx 341.3 us 488.8 us
0 0 1 214/fx 1.36 ms 1.96 ms
0 1 0 215/fx 2.73ms 3.91 ms
0 1 1 2'8/fx 5.46 ms 7.82ms
1 0 0 217/ix 10.9 ms 15.6 ms
Other than above Setting prohibited

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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9.5 Operation of Watchdog Timer

9.5.1 Operation as watchdog timer

The watchdog timer detects an inadvertent program loop when bit 4 (WDTM4) of the watchdog timer mode register
(WDTM) is set to 1.

The loop detection time interval of the watchdog timer can be selected by bits 0 to 2 (WDCSO0 to WDCS2) of the
watchdog timer clock select register (WDCS). By setting bit 7 (RUN) of WDTM to 1, the watchdog timer is started.
Set RUN to 1 within the set loop detection time interval after the watchdog timer has been started. By setting RUN
to 1, the watchdog timer can be cleared and made to start counting. If RUN is not set to 1 and the loop detection
time is exceeded, the system is reset or a non-maskable interrupt request is generated by the value of bit 3 (WDTM3)
of WDTM.

The watchdog timer continues operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN
to 1 before entering the STOP mode to clear the watchdog timer, and then execute the STOP instruction.

% Cautions 1. The actual loop detection time may be up to 28/fx seconds shorter than the set time.
2. The count operation of the watchdog timer is stopped when the subsystem clock is selected
as the CPU clock.

* Table 9-4. Loop Detection Time of Watchdog Timer
WDCS22|WDCS21 | WDCS20| Loop Detection Time | At fx = 12 MHZ"® | At fx = 8.38 MHz
0 0 0 212 % 1/fx 341.3 us 488.8 us
0 0 1 213 % 1/fx 682.6 us 977.6 us
0 1 0 214 % 1/fx 1.36 ms 1.96 ms
0 1 1 215 % 1/fx 2.73 ms 3.91 ms
1 0 0 216 % 1/fx 5.46 ms 7.82 ms
1 0 1 217 x 1/fx 10.9 ms 15.6 ms
1 1 0 218 % 1/fx 21.8 ms 31.3ms
1 1 1 220 % 1/fx 87.3 ms 125.1 ms

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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9.5.2 Operation as interval timer

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 0, the watchdog timer operates as
an interval timer that repeatedly generates an interrupt request at time intervals specified by a preset count value.

Bits 0to 2 (WDCSO0to WDCS2) of the watchdog timer clock select register (WDCS) can be used to select the interval
time of interval timer. When bit 7 (RUN) of WDTM is set to 1, the watchdog timer starts operating as an interval timer.

In the interval timer mode, the interrupt mask flag (WDTMK) and priority specification flag (WDTPR) are valid, and
a maskable interrupt request (INTWDT) can be generated. The default priority of INTWDT is set as the highest of
all the maskable interrupt requests.

The interval timer continues operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN to
1 before entering the STOP mode to clear the interval timer, and then execute the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM has been set to 1 (when the watchdog timer mode is
selected), the interval timer mode is not set, unless the RESET signal is input.
2. The interval time immediately after it has been set by WDTM may be up to 28/fx seconds
shorter than the set time.

Table 9-5. Interval Time of Interval Timer

WDCS2| WDCS1| WDCSO0 Interval Time At fx = 12 MHZ""*® At fx = 8.38 MHz
0 0 0 212 % 1/fx 341.3 us 488.8 us
0 0 1 213 % 1/fx 682.6 us 977.6 us
0 1 0 214 % 1/fx 1.36 ms 1.96 ms
0 1 1 215 % 1/fx 2.73 ms 3.91 ms
1 0 0 216 % 1/fx 5.46 ms 7.82 ms
1 0 1 217 x 1/fx 10.9 ms 15.6 ms
1 1 0 218 x 1/fx 21.8 ms 31.3 ms
1 1 1 220 % 1/fx 87.3 ms 125.1 ms

Note Expanded-specification products only.

Remark fx: System clock oscillation frequency
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10.1 Function of Real-Time Output Port

Data set previously in the real-time output buffer register can be transferred to the output latch by hardware
concurrently with timer interrupts or external interrupt request generation, then output externally. This is called the
real-time output function. The pins that output data externally are called real-time output ports.

By using the real-time output port, it is possible to output a signal with no jitter. Therefore, this is most suitable
for applications where an arbitrary pattern is output at an arbitrary interval (open-loop control of a stepper motor, etc.).

Also, it is possible to perform PWM modulation at a specified pin for the output pattern.

The uPD780988 Subseries has the following 2 channels of real-time output ports on chip. It is possible to specify
the real-time output port in 1-bit units.

» 8 bits x 1, or 4 bits x 2 ... Real-time output port 0
* 6 bits x 1, or 4 bits x 1 ... Real-time output port 1

10.2 Configuration of Real-Time Output Port
A real-time output port includes the following hardware.

Table 10-1. Configuration of Real-Time Output Port

ltem Configuration
Register Real-time output buffer register n (RTBLOn, RTBHON)
Control registers Port mode register 3 (PM3)

Real-time output port mode register n (RTPMON)
Real-time output port control register n (RTPCOn)
DC control register n (DCCTLn)
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Figure 10-1. Block Diagram of Real-Time Output Port (1/2)

(a) Real-time output port 0 (8 bits x 1, or 4 bits x 2)

Internal

I bus

Real-time output port control
register 0 (RTPCO00)

[RrPoE00|RTPEGO0

BYTEOO‘ EXTROOl

Real-time output
buffer register 0

Real-time output
buffer register 0

.

Port mode
register 3 (PM3)

Real-time output
port mode
register 0
(RTPMO00)

4 Higher 4 bits Lower 4 bits
Ty (RTBHO0) (RTBLOO)
INTP2 (from outside) — .
INTTMOOO (from TM00) — | Output trigger
INTTM52 (from TM52) .| controller
Real-time output port 0
TO50 (from TM50) output latch
Port 3

output latch

~S

modulation

P3n/RTPn pin output

P37/RTP7

Remark n=0to7

bbdbbbhs

------ P30/RTPO
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Figure 10-1. Block Diagram of Real-Time Output Port (2/2)

(b) Real-time output port 1 (6 bits x 1, or 4 bits x 1)

)

Internal bus

|RTPOE01

INTTMOO1 (from TMO1)

Real-time output port
control register 1 (RTPCO01)

BYTEO1 Real-time output | Real-time output
buffer register 1 | buffer register 1
2 Higher 4 bits Lower 4 bits
— (RTBHO01) (RTBLO1)
_ .| Output trigger
controller

TO7n (from TM7)

Remark n=0to5
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Real-time output port 1
output latch

PWM modulation

bobdbe

TO75 - - -
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(1) Real-time output buffer register 0 (RTBL00, RTBH00)
This register consists of two 4-bit registers that hold output data in advance.
The addresses of RTBL0O0 and RTBHO0O0 are mapped individually in the special function register (SFR) area
as shown in Figure 10-2.
When specifying 4 bits x 2 channels as the operation mode, data is set individually in RTBL0OO and RTBHOO.
The data of both RTBL0OO and RTBHO0O can be read all at once regardless of which address is specified.
When specifying 8 bits x 1 channel as the operation mode, data is set to both RTBLO0 and RTBHOO by writing
8-bit data to either RTBLOO or RTBH00. The data of both RTBLOO and RTBHOO can be read all at once
regardless of which address is specified.
Figure 10-2 shows the configuration of RTBLOO and RTBHO0O, and Table 10-2 shows operations during
manipulation of RTBLO0 and RTBHOO.

Figure 10-2. Configuration of Real-Time Output Buffer Register 0

Higher Lower
_4bits 4 bits
FF84H ! RTBLOO
FF85H| RTBH0O i

Table 10-2. Operation During Manipulation of Real-Time Output Buffer Register 0

Register to Be ReadingNote 1 WritingNote 2
Operating Mode )
Manipulated Higher 4 Bits | Lower 4 Bits | Higher 4 Bits | Lower 4 Bits

RTBLOO RTBHO00 RTBLOO Invalid RTBLOO
4 bits x 2 channels

RTBHOO RTBHO00 RTBLOO RTBHOO Invalid

RTBLOO RTBHO00 RTBLOO RTBHOO RTBLOO
8 bits x 1 channel

RTBHO00 RTBHO00 RTBLOO RTBHO00 RTBLOO

Notes 1. Only the bits set in the real-time output port mode can be read. When a bit set in the port mode
is read, O is read.
2. After setting data in the real-time output port, output data should be set in RTBLOO and RTBH00
by the time a real-time output trigger is generated.
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(2) Real-time output buffer register 1 (RTBL01, RTBHO01)

This register consists of two 4-bitNote registers that hold output data in advance.

The addresses of RTBLO1 and RTBHO1 are mapped individually in the special function register (SFR) area
as shown in Figure 10-3.

When specifying 4 bits x 1 channel as the operation mode, data is set in RTBLO1.

When specifying 6 bits x 1 channel as the operation mode, data is set to both RTBLO1 and RTBHO1 by writing
6-bit data to either RTBLO1 or RTBHO01. The data of both RTBLO1 and RTBHO1 can be read all at once
regardless of which address is specified.

Figure 10-3 shows the configuration of RTBLO1 and RTBHO1, and Table 10-3 shows operations during
manipulation of RTBLO1 and RTBHO1.

Note For RTBHO1, only 2 of the 4 bits are valid.

Figure 10-3. Configuration of Real-Time Output Buffer Register 1

Higher Lower
_2bits __ 4bits
FFOCH! RTBLO!
FFODH| RTBHO1 i

Table 10-3. Operation During Manipulation of Real-Time Output Buffer Register 1
Register to Be ReadingNote 1 WritingNote 2
Operating Mode .
Manipulated Higher 2 Bits | Lower 4 Bits | Higher 2 Bits | Lower 4 Bits
4 bits x 1 channel RTBLO1 Invalid RTBLO1 Invalid RTBLO1
6 bits x 1 channel RTBLO1 RTBHO1 RTBLO1 RTBHO1 RTBLO1
RTBHO1 RTBHO1 RTBLO1 RTBHO1 RTBLO1

184

Notes 1. Onlythe bits setinthe real-time output port mode can be read. When the bit specifiedas RTPM01n
=0 (RTPMO1n: bit n (n = 0 to 5) of real-time output port mode register 1 (RTPMO01)) is read, 0 is
read.

2. After setting data in the real-time output port, output data should be set in RTBLO1 and RTBHO1

by the time a real-time output trigger is generated.
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10.3 Registers Controlling Real-Time Output Port
The following seven types of registers control the real-time output ports.

» Port mode register 3 (PM3)

» Real-time output port mode register 0, 1 (RTPM00, RTPMO01)
» Real-time output port control register 0, 1 (RTPC00, RTPCO01)
» DC control register 0, 1 (DCCTLO, DCCTL1)

(1) Port mode register 3 (PM3)
This register sets the input/output mode of port 3 pins (P30 to P37) that function alternately as real-time output
pins (RTPO to RTP7). To use port 3 as a real-time output port, the input/output mode of the port pins used
as real-time output port pins must be set in the output mode (PM3n = 0: n =0 to 7).
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 10-4. Format of Port Mode Register 3

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM3 |PM37 | PM36| PM35| PM34 | PM33 | PM32| PM31 | PM30 FF23H FFH R/W
PM3n P3n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

(2) Real-time output port mode register 0 (RTPMO0O0)
This register sets the real-time output port mode or port mode in 1-bit units.
The output is RTPO to RTP7.
RTPMOO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 10-5. Format of Real-Time Output Port Mode Register 0

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W

RTPMOO [RTPM007|RTPMO06|RTPMO05|RTPM004| RTPMO03|RTPM002| RTPMO01{RTPMO0O FF86H 00H R/W

RTPMOOn Real-time output port selection (n = 0to 7)

0 Port mode

1 Real-time output port mode

Caution When using a port as a real-time output port, set the port in the output mode (by clearing the
corresponding bit of port mode register 3 (PM3) to 0).
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(3) Real-time output port mode register 1 (RTPMO01)
This register sets the real-time output port mode in 1-bit units.
The output is TO70 to TO75.
RTPMO1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 10-6. Format of Real-Time Output Port Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W

RTPMO1 0 0 |RTPMO15|RTPMO14|RTPMO13{RTPMO12|RTPMO11|RTPMO10 FFOEH 00H R/wW

RTPMO1n Real-time output port selection (n = 0 to 5)
0 “0” output

1 Real-time output port mode

Caution Be sure to set bit 6 and 7 of RTPMO01 to 0.

Remark When using as a real-time output port, TO70 to TO75 become the output.
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(4) Real-time output port control register 0 (RTPCO00)
This register is used to set the operation mode, output trigger and operation enable/disable of the real-time
output port.
The output is RTPO to RTP7.
The relationship between the operation mode of the real-time output port and output trigger is as shown in
Table 10-4.
RTPCOO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Symbol 7) (& (B @) 3 2 1 0

RTPCOO |RTPOE00|RTPEG00| BYTEOO | EXTRO0| O 0 0 0

Figure 10-7. Format of Real-Time Output Port Control Register 0

Address

FF87H

RTPOE00

Real-time output port operation control

0

Disables operationNot

1

Enables operation

RTPEG00

INTP2 valid edge specification

0

Falling edge

1

Rising edge

BYTEOO

Real-time output port operation mode

0

4 bits x 2 channels

1

8 bits x 1 channel

EXTR00

Real-time output control by INTP2

0

INTP2 not used as real-time output trigger.

1

INTP2 used as real-time output trigger.

After reset R/W
00H R/W

Note When RTPMOQON (bit n (n = 0 to 7) of real-time output port mode register 0 (RTPMO00)) is 1, INVO (bit 4 of
DC control register 0 (DCCTLO)) is 0, and real-time output operation is disabled (RTPOEOO = 0), RTPO
to RTP7 output “0”.

Table 10-4. Real-Time Output Port Operation Mode and Output Trigger

BYTEOO EXTRO00 Operation Mode RTBH00 — Port Output |RTBLO0 — Port Output
0 0 4 bits x 2 channels INTTM52 INTTMO000
0 1 INTTMO00 INTP2
1 0 8 bits x 1 channel INTTMO000
1 1 INTP2

User’s Manual U13029EJ7V1UD

187



CHAPTER 10 REAL-TIME OUTPUT PORT

(5) Real-time output port control register 1 (RTPCO1)
This register is used to set the operation mode, and enabling or disabling operation of the real-time output
port.
The output is TO70 to TO75.
The relationship between the operation mode of the real-time output port and output trigger is as shown in
Table 10-5.
RTPCO1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 10-8. Format of Real-Time Output Port Control Register 1

Symbol @ 6 @ 4 3 2 1 0 Address After reset R/W
RTPCO1 |RTPOEO1| O | BYTEO1 0 0 0 0 0 FFOFH 00H R/W
RTPOEO1 Real-time output port operation control

0 Disables operationNete

1 Enables operation

BYTEO1 Real-time output port operation mode
0 4 bits x 1 channel

1 6 bits x 1 channel

Note When RTPMO1n (bit n (n = 0 to 5) of real-time output port mode register 1 (RTPMO01)) is 1, INV1 (bit 4 of
DC control register 1 (DCCTL1)) is 0, and real-time output operation is disabled (RTPOEO1 = 0), TO70

to TO75 output “0”.

Table 10-5. Real-Time Output Port Operation Mode and Output Trigger

BYTEO1 Operation Mode RTBHO1 — Port Output |RTBLO1 — Port Output
0 4 bits x 1 channel — INTTMOO1
1 6 bits x 1 channel INTTMOO1
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(6) DC control register 0 (DCCTLDO)
This register is used to enable/disable PWM modulation, and enable/disable inversion of the output waveform
of the real-time output port.
The output is RTPO to RTP7.
DCCTLO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Symbol 7) (&) (B @) 3 2 1 0

DCCTLO

Figure 10-9. Format of DC Control Register 0

DCENO|PWMCHO| PWMCLO| INVO | O 0 0 0
DCENO Output operation specification
0 RTP output
1 PWM modulated RTP outputM°te
PWMCHO0 PWM modulation specification
(RTPO, RTP2, RTP4 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
PWMCLO PWM modulation specification
(RTP1, RTP3, RTP5 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
INVO Output waveform specification
0 Inversion disabled

Inversion enabled

Note The PWM signal uses the TO50 output.

Remarks 1. The output is RTPO to RTP7.
2. The PWMCHO, PWMCLDO, and INVO settings are valid only when DCENO = 1.
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190

(7) DC control register 1 (DCCTLA1)
This register is used to enable/disable PWM modulation, and enable/disable inversion of the output waveform
of the real-time output port.
The output is TO70 to TO75.
DCCTL1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

DCCTLA

Figure 10-10. Format of DC Control Register 1

Symbol 7) (& (B @) 3 2 1

DCENT1 [PWMCH1| PWMCL1| INV1 0 0 0
DCENT1 Output operation specification
0 Inverter timer output (TO70 to TO75)
1 PWM modulated RTP outputNete
PWMCH1 PWM modulation specification
(TO70, TO72, TO74 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
PWMCL1 PWM modulation specification
(TO71, TO73, TO75 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
INV1 Output waveform specification
0 Inversion disabled

Inversion enabled

Address After reset R/W
FFBCH 00H R/W

Note The PWM signal uses the inverter timer output (TO70 to TO75).

Remarks 1. The output is TO70 to TO75.
2. The PWMCH1, PWMCL1, and INV1 settings are valid only when DCEN1 = 1.
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10.4 Operation of Real-Time Output Port

(1) Using RTPO to RTP7 as the real-time output port ..... Real-time output port 0
(8 bits x 1, or 4 bits x 2)
When bit 7 (RTPOEQO) of real-time output port control register 0 (RTPCO00) is 1, and real-time output operation
is enabled, the data in real-time output buffer register 0 (RTBH00, RTBLOO) is transferred to the output latch
in synchronization with the generation of the selected transfer trigger (set by EXTR00 and BYTE00). Of the
transferred data, only the data of the bit specified for the real-time output port by setting real-time output port
mode register 0 (RTPMO0O) is output from bits RTPO to RTP7. The ports specified as port mode by RTPMO00
can be used as general-purpose input/output ports.
The operation mode can be selected as 8 bits x 1, or 4 bits x 2, by setting EXTR00 and BYTE0O0. By setting
INVO, it is possible to invert the output waveform. Also, by setting PWMCLO and PWMCHO, it is possible to
perform PWM modulation of the output pattern.
If real-time output was disabled (RTPOEOO = 0) when RTPMO0On = 1 and INVO = 0, then RTPO to RTP7 output
0.
The relationship between the settings for each bit of the control register and the real-time output is shown in
Table 10-6, and an example of the operation timing is shown in Figure 10-11.

Remark EXTROO: Bit 4 of real-time output port control register 0 (RTPCO00)
BYTEOO: Bit 5 of real-time output port control register 0 (RTPCQ0)
INVO: Bit 4 of DC control register 0 (DCCTLO)
PWMCLO, PWMCHO: Bits 5 and 6 of DC control register 0 (DCCTLO)
RTPMOON: Bit n (n = 0 to 7) of real-time output port mode register 0 (RTPMO0O0)
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Table 10-6. Relationship Between Settings of Each Bit of Control Register and Real-Time Output

PM3n P3n DCENO INVO PWMCHO/ | RTPOEOO | RTPMOONn
PWMCLO

RTBHOOmM/
RTBLOOm

Pin P3n Status

X
X

1 X X X X

X

Input port

0 1 X X X

X

“high” output

0 0 X X

X

“low” output

= o | X

“low” output

- O X | X

“low” output

—_

“high” output

X

“low” output

“low” output

“low” output

= o | X

“high” output

“TO50” output

“TO50” output

“TO50” output

- O X | X

“high” output

X

“high” output

X

“high” output

o

“high” output

—_

“low” output

X

“TO50” output

“TO50” output

“TO50” output

= o | X

“low” output

PM3n: Bit n of port mode register 3 (PM3)

P3n: Bit n of port 3 (P3)

DCENO: Bit 7 of DC control register 0 (DCCTLO)

INVO: Bit 4 of DCCTLO

PWMCHO: Bit 6 of DCCTLO

PWMCLO: Bit 5 of DCCTLO

RTPOEOQO: Bit 7 of real-time output port control register 0 (RTPCQ0)
RTPMOON: Bit n of real-time output port mode register 0 (RTPMOO)
RTBHOOm: Bit m of real-time output buffer register OH (RTBH00)
RTBLOOm: Bit m of real-time output buffer register OL (RTBLO0O)
n=0to7

m=0to3

x: don’t care

192 User's Manual U13029EJ7V1UD




' OAH

\ 09H><

\ 08H><

) )
07H >< 08H >< 09H

X

1 O7H

0)

\ 06H><

0, PWMCLO

X

1 O5H

\ 04H><

0, PWMCHO

X

1 O3H

CHAPTER 10 REAL-TIME OUTPUT PORT

X

Real-Time Output Port Operation Timing Example (8 Bits x 1) (1/3)

1 02H

0, BYTEOO = 1, INVO

X

1 01H

f

Figure 10-11.

(a) 8 bits x 1 channel, inverted output disabled, no PWM modulation
(EXTROO

CPU

INTTMO0O0
Operation
RTBHOO,
RTBLOO
Output latch
P30 to P37
Output latch
P30

— — - —

Output latch
P31
Output latch
P32
Output latch
P33
Output latch
P34
Output latch
P35
Output latch
P36
Output latch
P37
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Real-Time Output Port Operation Timing Example (8 Bits x 1) (2/3)

Figure 10-11.

(b) 8 bits x 1 channel, inverted output enabled, no PWM modulation

= 0)

0, PWMCLO

0, BYTEOO = 1, INVO = 1, PWMCHO =

(EXTROO

f

INTTMO00

CPU

Operation

0AH

I
|
|
1
|

| X

| 09H

|
1
1

| 08H><

|
1
Y

| 07H><

|
1
Y

| 06H><

|
1
Y

X

| 05H

| O2H>< | 03H>< | 04H><
l l
| |
Y ¥

o X
l
!
1

I
|
|
:
Y

RTBHO0,

RTBLOO
Output latch
P30 to P37

Output latch

P30

Output latch
P31
Output latch
P32
Output latch
P33

Output latch

P34

Output latch
P35

Output latch
P36

H

Output latch
P37

A: INTTMOOO software processing (RTBH00, RTBLOO write)
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Figure 10-11. Real-Time Output Port Operation Timing Example (8 Bits x 1) (3/3)

(c) 8 bits x 1 channel, inverted output enabled, PWM modulation
(EXTRO0 = 0, BYTEOO = 1, INVO = 1, PWMCHO = 1, PWMCLO = 1)

A | N | N | N | | {1 |

| | | | | | | I | ;
| | | | | | | [} | I
P 1 1 1 1 1 1 1 [} 1 I
Oper:(a:tiog AL A A AL AL AL A AL A A
l l l l l l l l l 1
| | | | | | | I | I
RTBHO0, ‘
RTBLOO 01H>< 02H>< 03H>< O4H>< 05H>< 06H>< O7H>< 08H>< OQHX EOAH
1 1 1 1 1 1 1 [} 1 [I
Output latch * ! ! { { 1 i { { y
tput lat ) ! ) ‘ ‘ ‘ \ \
P?Bgltlo 3307 >< 01H }X 02H >< 03H >< 04H >< 05H >< 06H >< 07H >< 08H >< 09H ix
| | | | | | | I | ;
| | | | | | | I |
Output latch
P30
| | | | | | I | I
| | | | | | I | I
Output latch |
P31 |
|
|

Output latch
P32

|
Output latch
P33

Output latch
P34 H

P35 H

Output latch

| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
Output latch 1 1 1 | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
H | | | | | | | |
P36 | | | | | | | |

| | | | | | | |

| | | | | | | |

Output latch
P37 H

A: INTTMOOO software processing (RTBH00, RTBLOO write)
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(2) Using TO70 to TO75 as a real-time output port ..... Real-time output port 1

196

(6 bits x 1, or 4 bits x 1)

If real-time output is enabled when bit 7 (RTPOEO01) of real-time output port control register 1 (RTPCO01) is
1, the data of real-time output buffer register 1 (RTBHO01, RTBLO1) is transferred to the output latch in
synchronization with the generation of INTTM001. Of the transferred data, only the data of the bit specified
as the real-time output port by setting real-time output port mode register 1 (RTPMO01) is output from bits TO70
to TO75. It is possible to use TO70 to TO75 as inverter timer output when inverter timer output is specified
by DCEN{1.

The operation mode can be selected as 6 bits x 1, or 4 bits x 1, by setting BYTEO1.

By setting INV1, it is possible to invert the output waveform. Also, by setting PWMCL1 and PWMCHT1, it is
possible to perform PWM modulation of the output pattern.

If real-time output was disabled (RTPOEO1 = 0) when RTPMO1n =1 and INV1 = 0, then TO70 to TO75 output
0.

The relationship between the settings for each bit of the control register and the real-time output is shown in
Table 10-7, and an example of the operation timing is shown in Figure 10-12.

Remark BYTEO1: Bit 5 of real-time output port control register 1 (RTPCO01)
DCENT1: Bit 7 of DC control register 1 (DCCTL1)
INV1: Bit 4 of DC control register 1 (DCCTL1)
PWMCL1, PWMCH?1: Bits 5 and 6 of DC control register 1 (DCCTL1)
RTPMO1n: Bit n (n = 0 to 5) of real-time output port mode register 1 (RTPMO01)
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Table 10-7. Relationship Between Settings of Each Bit of Control Register and Real-Time Output

CE7 DCENT1 INV1 PWMCH1/ | RTPOEO1 | RTPMO1n | RTBHO1m/ Pin TO7n Status
PWMCL1 RTBLO1m
0 X X X X X X Hi-Z
1 X X X X X TO7n
1 0 0 0 X X “low” output
1 0 X “low” output
1 0 “low” output
1 “high” output
1 0 X X TO7n
1 X TO7n
1 0 TO7n
1 “high” output
1 0 0 X “high” output
1 X “high” output
0 “high” output
1 “low” output
1 0 x TO7n
1 0 x TO7n
0 TO7n
1 “low” output
CE7: Bit 7 of inverter timer control register 7 (TMC7)
DCENT1: Bit 7 of DC control register (DCCTL1)
INV1: Bit 4 of DCCTLA1
PWMCH?1: Bit 6 of DCCTL1
PWMCL1: Bit5 of DCCTL1
RTPOEO1: Bit 7 of real-time output port control register 1 (RTPCO01)
RTPMO1n: Bit n of real-time output port mode register 1 (RTPMO01)
RTBHO1m: Bit m of real-time output buffer register 1H (RTBHO01)
RTBLO1m: Bit m of real-time output buffer register 1L (RTBLO1)
n=0to5
m=0to 3

x: don’t care
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Figure 10-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (1/3)

(a) 6 bits x 1 channel, inverted output disabled, no PWM modulation

(BYTEO1 =1, INV1 = 0, PWMCH1 = 0, PWMCL1 = 0)

]

INTTMOO1

CPU

Operation

1 0AH

\ 09H><

\ O8H><

\ 07H><

\ 06H><

\ 05H><

\ 04H><

\ 03H><

\ 02H><

\O1H><
>< 01H >< 02H >< 03H >< 04H >< 05H >< 06H >< 07H >< 08H ><09H !

RTBHO1,
RTBLO1

Output latch
TO70 to TO75

Output latch
TO70

Output latch
TO71

Output latch
TO72

Output latch
TO73

Output latch
TO74

L

Output latch
TO75

A: INTTMOO1 software processing (RTBHO01, RTBLO1 write)
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Figure 10-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (2/3)

(b) 6 bits x 1 channel, inverted output enabled, no PWM modulation
(BYTEO1 = 1, INV1 = 1, PWMCH1 = 0, PWMCL1 = 0)

s T

| | | I | ‘ | | | |

| | | | | | | | | |

P 1 1 1 1 1 1 1 1 1 1
Opergtio: A A A VA VA VA A flOA A A

1 1 1 1 1 1 1 1 1 1

| | | | | | | | | |

RTBHO1, |
RTBLO1 01 H>< 02H>< 03H>< 04H>< 05H>< 06H>< 07H>< 08H>< 09H>< ! 0AH

1

|

1

Output latch ‘ ! | ‘ | ‘ !
TO70 to TO75 >< 01H >< 02H >< 03H >< 04H >< 05H >< 06H >< 07H >< 08H 09H ><:

| | | | | |

| | | | | |

Output latch
TO70

_—
Output latch

TO71

Output latch
TO72

Output latch
TO73

Output latch
TO74 H

Output latch
TO75 H

A: INTTMOO1 software processing (RTBHO01, RTBLO1 write)
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(c) 6 bits x 1 channel, inverted output enabled, PWM modulation
(BYTEO1 = 1, INV1 = 1, PWMCH1 = 1, PWMCL1 = 1)

INTTMOO1

CPU
Operation

RTBHO1,

RTBLO1

Output latch
TO70 to TO75

Output latch
TO70

Output latch
TO71

Output latch
TO72

Output latch
TO73

Output latch
TO74

Output latch
TO75

f

Figure 10-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (3/3)

>< 02H

I I
1 1
H |
I I
I I
I I

H

A: INTTMOO1 software processing (RTBHO01, RTBLO1 write)
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10.5 Using Real-Time Output Port

When using the real-time output port, perform the following steps.

(1) Disable real-time output operation.
Clear bit 7 (RTPOEON) of real-time output port control register n (RTPCOn) to 0.

(2) Initial setting

Set the initial value to the port output latch (real-time output port 0 only).

Specify the real-time output port mode in 1-bit units.

Set real-time output port mode register n (RTPMOn).

Select the operation mode (trigger and a valid edge).

Set bits 4, 5, and 6 (EXTR00, BYTE00, and RTPEGO00) of RTPCO0O0 or set bit 5 (BYTEO01) of RTPCO1.
For real-time output port 0, set an initial value equal to the port output latch in real-time output buffer register
0 (RTBHO00, RTBLO0O0).

For real-time output port 1, set an initial value in real-time output buffer register 1 (RTBHO1, RTBLO1).
Set DC control register n (DCCTLn).

(3) Enable the real-time output operation.
RTPOEON = 1

(4) Set the port output latch to 0 (only for real-time output port 0).

Remark For real-time output port 0, the value output by the real-time output operation is the ORed value

of the output latch of the port and real-time output (see Figure 10-1 (a)). Therefore, when real-
time output port 0 is used, the port output latch should be set to 0 after the real-time output operation
is enabled (RTPOEOO = 0 — 1) until the first transfer trigger is generated.

(5) Set the next output to RTBHOn and RTBLONn before the selected transfer trigger is generated.

(6) Sequentially setthe next real-time output value to RTBHOn and RTBLOnN by using the interrupt servicing
corresponding to the selected trigger.

Remark n=0, 1

10.6 Notes on Real-Time Output Port

(1) Before performing the initial setting, disable the real-time output operation by clearing bit 7 (RTPOEON) of real-
time output port control register n (RTPCOn) to 0 (n = 0, 1).

(2) Once the real-time output operation has been disabled (RTPOEON = 0), be sure to set the same initial value
as the output latch to real-time output buffer register n (RTBHOn and RTBLOnN) before enabling the real-time
output operation (RTPOEOn =0 - 1) (n =0, 1).
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11.1 Function of A/D Converter

The A/D converter converts analog input signals into digital values, and consists of eight channels (ANIO to ANI7)
with a resolution of 10 bits.

This A/D converter is of successive approximation type, and the result of conversionis held by 10-bit A/D conversion
result register 0 (ADCRO).

A/D conversion can be started in the following two ways.

(1) Hardware start
Conversion is started by trigger input (ADTRG; rising edge, falling edge, or both rising and falling edges can

be specified).

(2) Software start
Conversion is started by setting A/D converter mode register 0 (ADMO).

One analog input channel is selected from ANIO to ANI7 and A/D conversion is executed. A/D conversion is
stopped, if it was started by means of hardware, after the conversion is complete, and an interrupt request (INTADO)
is generated. When A/D conversion is started by software, conversion is repeatedly performed. Each time conversion
is completed once, INTADO is generated.

11.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

Table 11-1. Configuration of A/D Converter

ltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control registers A/D converter mode register 0 (ADMO)

Analog input channel specification register 0 (ADSO0)

Registers Successive approximation register (SAR)

A/D conversion result register 0 (ADCRO)
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Figure 11-1. A/D Converter Block Diagram

ANIO/P10 ©@— i——-l-——-i
ANIT/PIT O Sample & hold circuit ol O AW
ANIZP12 O fm————— == . Voltage | 2 AVer
ANI3/P13 ©——~ & ' N : comparator | 2 | |
D —o T 131 |
ANI4/P14 ©— g | | lal
ANI5/P15 ©— | Ave A | WSS
ANI6/P16 ©— | s | Successive AR
ANZPI7 O— | approximation L_L__1 AVss
register (SAR)
Edge
ADTRG/INTP3/P03 © dotaotor ?Di Controller H INTADO
INTP3
Edge ‘
detector
3 A/D conversion
result register 0
Note (ADCRO)
—t—— Trigger enable L
ADS02| ADS01|ADS00 ADCS0 [ TRGO| FRO2|FRO1 | FROO| EGA0T| EGA0O| O
Analog input channel A/D converter mode
specification register 0 (ADSO0) register 0 (ADMO)
Internal bus S

Note Specify the valid edge by using bit 3 (EGP3, EGNS3) of the external interrupt rising/falling edge enable
registers (EGP, EGN) (refer to Figure 14-5 Format of External Interrupt Rising Edge Enable Register
and External Interrupt Falling Edge Enable Register).
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(1

(2

*  Symbol

Successive approximation register (SAR)

This register compares the voltage value of an analog input with the value of a voltage tap (compare voltage)
from the series resistor string, and holds the result of the comparison starting from the most significant bit
(MSB).

When the result is held down to the least significant bit (LSB) (end of A/D conversion), the contents of SAR
are transferred to A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO)

This is a 16-bit register that stores the results of A/D conversion. The lower 6 bits are fixed to 0. Every time
an A/D conversion is complete, the conversion results are loaded from the successive approximation register
(SAR). The loaded data is stored in ADCRO in order from the most significant bit (MSB).

ADCRO is read with a 16-bit memory manipulation instruction.

RESET input makes the contents of this register undefined.

FF19H FF18H Address After reset R/W

aocro[ T T T T T T T T T ToToJololoJlol]EEBH ungefinea R

3

4

(5

(6)

204

FF19H

Caution When a write operation is performed on A/D converter mode register 0 (ADMO) and analog
input channel specification register 0 (ADSO0), the contents of ADCRO may become undefined.
Read the conversion results after the conversion operation is complete and before the write
operation to ADMO and ADSO0. Correct conversion results may not read out at a timing other
than the above.

Sample & hold circuit

The sample & hold circuit samples analog input signals sequentially sent from the input circuit on a one-by-
one basis, and sends the sampled signals to the voltage comparator. This circuit holds the sampled analog
input voltage value during A/D conversion.

Voltage comparator
The voltage comparator compares the analog input with the output voltage of the series resistor string.

Series resistor string
The series resistor string is connected between AVrer and AVss and generates the voltage to be compared
with the analog input.

ANIO to ANI7 pins

These are the eight analog input pin channels of the A/D converter. They input the analog signals that are
converted to digital values.
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Cautions 1. Observe the rated input voltage range of ANIO to ANI7. If a voltage of AVreF or higher,
or AVss or lower (even within the range of absolute maximum ratings) is applied to a
channel, the converted value of that channel becomes undefined, or the converted value
of the other channels may be affected.

2. The analog input pins (ANIO to ANI7) are also used as input port pins (P10 to P17).

When A/D conversion is performed with any of ANIO to ANI7 selected, do not execute the
input instruction to port 1 while conversion is in progress; otherwise, the conversion
resolution may be degraded.
If a digital pulse is applied to the pins adjacent to the pin currently being used for A/D
conversion, the expected value of the A/D conversion may not be obtained due to
coupling noise. Therefore, do not apply a pulse to the adjacent pins to the pin under going
A/D conversion.

(7) AVREF pin
This pin inputs a reference voltage to the A/D converter.
Based on the voltage applied between AVrer and AVss, the signal input to ANIO to ANI7 is converted into a
digital signal.

Caution A series resistor string of several 10 kQ is connected between the AVrer and AVss pins.
If the output impedance of the reference voltage source is high, therefore, the error of the
reference voltage increases by connecting the impedance in series with the series resistor
string between the AVRrer and AVss pins.

(8) AVss pin
This is the ground pin of the A/D converter. Always make this pin the same potential as the Vsso pin even
when the A/D converter is not used.

(9) AVop pin
This is the analog power supply pin of the A/D converter. Always make this pin the same potential as the
Vopo pin even when the A/D converter is not used.

11.3 Registers Controlling A/D Converter
The following two registers control the A/D converter.

« A/D converter mode register 0 (ADMO)
» Analog input channel specification register 0 (ADSO0)

(1) A/D converter mode register 0 (ADMO)
This register sets conversion time of an analog input to be converted into a digital value, starts/stops the
conversion operation, and sets an external trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.
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Symbol

ADMO

Figure 11-2. Format of A/D Converter Mode Register 0

@ @ 5 4 3 2 1 0 Address  Afterreset R/W
ADCS0| TRGO | FR0O2 | FRO1 | FROO |[EGA01|EGA00| O FF80H 00H R/W
ADCSO0 A/D conversion operation control
0 Stops operation
1 Enables operation
TRGO Software start/hardware start selection
0 Software start
1 Hardware start
FRO2 | FRO1 | FROO A/D conversion time selectionNote 1
45V<AVop<55V 4.0 V< AVop < 4.5 V3.0V < AVoo < 4.0 VN2
Atfx = 12 MHZ"®2 | At fx = 8.38 MHz | At fx = 8.38 MHz | At fx = 8.38 MHz
0 0 0 | 144/x |12ps 17.1us 17.1us 17.1 us
0 0 1 120/fx | Setting prohibited"®?® | 14.3 us 14.3 us Setting prohibited"e®
0 1 0 96/fx Setting prohibited“®'®® | Setting prohibited“®®® | Setting prohibited™**®® | Setting prohibited"e'*?
1 0 0 72/fx Setting prohibited™®®® | Setting prohibited“®e® | Setting prohibited™**®® | Setting prohibited"e'*?
1 0 1 60/fx Setting prohibited™®e® | Setting prohibited“®®® | Setting prohibited™**®® | Setting prohibited"e®?
1 1 0 48/fx Setting prohibited™®® | Setting prohibited“®®® | Setting prohibited™*®* | Setting prohibited"e®?
Other than above Setting prohibited

EGA01 |EGA00 External trigger signal valid edge specification
0 0 No edge is detected
0 1 Detects falling edge
1 0 Detects rising edge
1 1 Detects both rising and falling edges

Notes 1. Set the A/D conversion time so that it satisfies the following ratings.
<Expanded-specification products>

4.5V < AVop < 5.5 V: 12 us or higher

4.0V <AVop < 4.5 V: 14 us or higher

3.0 V< AVbop < 4.0 V: 17 us or higher

<Conventional products>

4.0V <AVop <5.5V: 14 us or higher

2. Expanded-specification products only

3. Setting prohibited because the A/D conversion time cannot satisfy the ratings in

Note 1 during operation under these conditions.

Caution When rewriting other than the same data to FR00 to FR02, temporarily stop A/D

conversion and then rewrite.

Remark

fx: System clock oscillation frequency
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(2) Analog input channel specification register 0 (ADSO0)
This register sets the input port of the analog voltage to be converted into a digital value.
ADSO is set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 11-3. Format of Analog Input Channel Specification Register 0

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

ADSO 0 0 0 0 0 |ADS02|ADS01|ADS00| FF81H 00H R/W
ADS02|ADS01|ADS00| Analog input channel specification
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
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11.4 Operation of A/D Converter

11.4.1 Basic operation of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion using analog input channel specification register 0 (ADSO0).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When the voltage has been sampled for a specific time, the sample & hold circuit enters the hold status,
and holds the input analog voltage until A/D conversion is completed.

Bit 9 of the successive approximation register (SAR) is set. The voltage tap of the series resistor string is
set to (1/2) AVrer by the tap selector.

The voltage differential between the voltage tap of the series resistor string and the analog input is compared
by the voltage comparator. If the analog input is higher than (1/2) AVRrer, the MSB of the SAR remains set.
If it is less than (1/2) AVreF, the MSB is reset.

Next, bit 8 of the SAR is automatically set, and the next voltage differential is compared. Here the voltage
tap of the series resistor string is selected as follows, according to the value of bit 9 to which the result of
the first comparison has already been set.

* Bit9=1: (3/4) AVRer

* Bit9=0: (1/4) AVRer

This voltage tap and analog input voltage are compared, and bit 8 of the SAR is manipulated as follows,
according to the result of the comparison.

» Analog input voltage > voltage tap: Bit 8 = 1

» Analog input voltage < voltage tap: Bit8 =0

In this way, all the bits of the SAR, including bit 0, are compared.

When all the 10 bits of the SAR have been compared, the SAR holds the valid digital results, which are then
transferred and latched to A/D conversion result register 0 (ADCRO).

At the same time, an A/D conversion end interrupt request (INTADO) can be generated.

Caution The first A/D conversion value immediately after starting the A/D conversion operation may not

208

satisfy ratings.
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Figure 11-4. Basic Operation of A/D Converter

Conversion
time
Sampling time
Operation of ) .
A/D converter Sampling A/D conversion

o KR KR KRR R KK

Conversion
result

ADCRO

INTADO —|

A/D conversion is performed continuously, until bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is reset
to 0 by software.

If the data of ADMO or analog input channel specification register 0 (ADSO0) is rewritten during A/D conversion,
the conversion is initialized. If the ADCSO bit is set to 1 at this time, conversion is performed again from the start.

RESET input makes the contents of A/D conversion result register 0 (ADCRO0) undefined.
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11.4.2 Input voltage and conversion result
The relationship between the analog voltage input to the analog input pins (ANIO to ANI7) and A/D conversion
result (value stored in A/D conversion result register 0 (ADCRO0)) is as follows.

VIN

ADCRO = INT (
AVREF

x 1,024 + 0.5)

or,

AVREF
1,024

(ADCRO — 0.5) x ':‘\(/)%s Vin < (ADCRO + 0.5) x

’

Remark INT(): Function returning integer of value in parentheses
VIN: Analog input voltage
AVRer:  AVRerF pin voltage
ADCRO: Value of A/D conversion result register 0 (ADCRO)

Figure 11-5 shows the relationship between the analog input voltage and A/D conversion result.

Figure 11-5. Relationship Between Analog Input Voltage and A/D Conversion Result

1,028 11—

1,022
S S S
ADoonversion 1
reSUIt : | | | | | | 1 | | | | | |
(ADCRO) 3 | | | | | | | :777 | | | | | |

2 ,,,,,,

1 ,,,,,,

O ,,,,,,,
1 1 3 2 5 3 2,043 1,022 2,045 1,023 2,047 1

2,048 1,024 2,048 1,024 2,048 1,024 2,048 1,024 2,048 1,024 2,048
Input voltage/AV rer
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11.4.3 Operation mode of A/D converter

One analog input channel is selected from ANIO to ANI7 for A/D conversion using analog input channel specification
register 0 (ADSO0).

A/D conversion can be started in the following two ways.

+ Hardware start: Conversionis started by triggerinput (ADTRG; rising edge/falling edge, or both rising and falling
edges can be specified).
« Software start: Conversion is started by setting A/D converter mode register 0 (ADMO).

The result of the A/D conversion is stored in A/D conversion result register 0 (ADCRO0), and at the same time, an
interrupt request signal (INTADO) is generated.

(1) A/D conversion operation by hardware start

The A/D conversion operation is in standby when both bits 6 (TRGO0) and 7 (ADCSO0) of A/D converter mode
register 0 (ADMO) are set to 1. When an external trigger signal (ADTRG) is input, the voltage applied to the
analog input pin specified by analog input channel specification register 0 (ADS0) is converted into a digital value.
When A/D conversion is complete, the result of the conversion is stored in A/D conversion result register 0
(ADCRO), and an interrupt request signal (INTADO) is generated. Once A/D conversion is started and when
one A/D conversion is complete, the next A/D conversion is not started unless a new external trigger signal
is input.

If ADSO is rewritten during A/D conversion, the AD conversion under execution is stopped, and stands by until
a new external trigger signal is input. When the external trigger signal is input, A/D conversion is performed
again from the start. If ADSO is rewritten while the A/D converter is standing by, the new A/D conversion
operation will be started when the next external trigger signal is input.

When 0 is written to the ADCSO0 bit of ADMO during A/D conversion, the conversion is immediately stopped.

Caution When P03/INTP3/ADTRG is used as an external trigger input (ADTRG), specify the valid edge
by using bits 1 and 2 (EGA00 and EGAO01) of A/D converter mode register 0 (ADMO0) and set
the interrupt mask flag (PMK3) to 1.

Figure 11-6. A/D Conversion by Hardware Start (with Falling Edge Specified)

U L] U U

Setting ADMO
ADCSO =1, TRGO = 1 Rewriting ADSO
; Standby Standby Standby
A/D conversion status ANIn ANIn Status ANIn status ANIm ANIm ANIm

N RN B RN
DN ) IR

ADCRO >< ANIn >< ANIn > ANIn < ANIm >< ANIm
INTADO —l —l —l —l —l

Remark n =0,1, ...,7
m=0,1,.. 7

N
NS
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(2) A/D conversion by software start
By setting bit 6 (TRGO) of A/D converter mode register 0 (ADMO) to 0 and setting bit 7 (ADCSO0) to 1, the voltage
applied to the analog input pin specified by analog input channel specification register 0 (ADSO0) is converted
into a digital value.
When A/D conversion is complete, the result of the conversion is stored in A/D conversion result register 0
(ADCRO), and an interrupt request signal (INTADO) is generated. When A/D conversion is started once, and
one A/D conversion is complete, the next A/D conversion is immediately started. In this way, A/D conversion
is repeatedly executed until new data is written to ADSO.
If ADSO is rewritten during A/D conversion, the conversion under execution is stopped, and A/D conversion
of the newly selected analog input channel is started.
If data whose ADCSO is 0 is written to ADMO during A/D conversion, the conversion is immediately stopped.

Figure 11-7. A/D Conversion by Software Start

Setting ADMO
ADCS0=1,TRG0O=0 Rewriting ADSO ADCS0 =0
A/D conversion ANIn ANIn ANIn ANIm ANIm

v
Conversion is stopped. {
Conversion result Stopped
is not retained.
ADCRO >< ANIn >< ANIn >< ANIm

INTADO

Remark n =0,1, ...,7
m=0,1,..7
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11.5 Notes on A/D Converter

(M

(2

3

Current consumption in standby mode

The A/D converter stops operating in the standby mode. At this time, the current consumption can be reduced
by stopping the conversion operation (by clearing bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO)
to 0). An example of reducing the current consumption in standby mode is shown in Figure 11-8.

Figure 11-8. Example of Reducing Current Consumption in Standby Mode

AVRer ©

P-ch }—o<]7 ADCS0

Series resistor string

AVss ©

ANIO to ANI7 input range

Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVReF or higher, or AVss or lower
(even within the range of absolute maximum ratings) is input to an analog input channel, the converted value
of that channel becomes undefined. In addition, the converted values of the other channels may also be
affected.

Conflict

<1> Conflict between writing A/D conversion result register 0 (ADCR0) on completion of conversion
and reading ADCRO by instruction
Reading ADCRO has priority. After it has been read, a new conversion result is written to ADCRO.

<2> Conflict between writing ADCRO on completion of conversion and external trigger signal input
The external trigger signal is not acknowledged during A/D conversion. Therefore, the external trigger
signal is not acknowledged while ADCRO is being written.

<3> Conflict between writing ADCRO on completion of conversion and writing A/D converter mode
register 0 (ADMO) or writing analog input channel specification register 0 (ADSO0)
Writing ADMO or ADSO has priority. ADCRO is not written. The conversion end interrupt request signal
(INTADQO) is not generated.
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(4) Countermeasures against noise

®)

(6)

]

214

To keep the resolution of 10 bits, noise superimposed on the AVrer and ANIO to ANI7 pins must be suppressed
as much as possible. The higher the output impedance of the analog input source, the greater the effect. To
suppress noise, connecting an external capacitor as shown in Figure 11-9 is recommended.

Figure 11-9. Processing Analog Input Pin

If there is a possibility that noise of
AVrer or higher, or AVss or lower is input,
clamp the noise by using a diode with a low VF (0.3 V MAX.).

Reference AVrer
voltage input o / AVrer
j_ ANIO to ANI7
C=100to T
1000 pF Voo
AVbp
AVss
Vsso
7T

ANIO/P10 to ANI7/P17

The analog input pins (ANIO to ANI7) are also used as input port pins (P10 to P17).

When A/D conversion is performed with any of ANIO to ANI7 selected, do not execute the input instruction
to port 1 while conversion is in progress; otherwise, the conversion resolution may be degraded.

If a digital pulse is applied to the pins adjacent to the pin currently being used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the pins adjacent to the pin under going A/D conversion.

Input impedance of ANIO to ANI7 pins

This A/D converter charges the internal sampling capacitor for about 1/10 of the conversion time, and performs
sampling.

Therefore at times other than sampling, only the leak current is output. During sampling, the current for
charging the capacitor is also output, so the input impedance fluctuates and has no meaning.

However, to ensure adequate sampling, it is recommended that the output impedance of the analog input
source be set to below 10 kQ, or a 100 pF capacitor be connected to the ANIO to ANI7 pins (see Figure 11-
9).

Input impedance to AVReF pin

A series resistor string of several 10 kQ is connected between the AVRrer and AVss pins.

If the outputimpedance of the reference voltage source is high, therefore, the reference voltage error increases
when connecting the impedance in series with the series resistor string between the AVrer and AVss pins.

User’s Manual U13029EJ7V1UD



CHAPTER 11 A/D CONVERTER

(8) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even when the contents of analog input channel specification
register 0 (ADSO0) are changed.
When the analog input pin is changed during A/D conversion, therefore, the chances are that the A/D
conversion result of the old analog input and interrupt request flags was set immediately before the contents
of ADSO0 was rewritten. Consequently, ADIF may be set even if A/D conversion for the newly specified analog
input pin has not yet been completed when ADIF is read immediately after ADSO has been rewritten (refer
to Figure 11-10).
To resume A/D conversion once it has been stopped, clear ADIF first.

Figure 11-10. A/D Conversion End Interrupt Request Generation Timing

Rewriting ADMO Rewriting ADSO ADIF is set, but conversion
(ANIn conversion starts) (ANIm conversion starts) of ANIm is not complete
A/D conversion ANIn ANIn i ANIm ANIm

ADCRO X ANIn X

INTADO
Remark n=0,1, ...... .7
n=0,1, ... .7
(9) AVop pin
The AVob pin is the power supply pin to the analog circuit and supplies power to the input circuit of ANIO/P10
to ANI7/P17.

Therefore, even in applications that can be switched over to a backup power source, be sure to apply the same
voltage as Vbooo as shown in Figure 11-11.

Figure 11-11. Processing of AVop Pin

> AVRer
> Voo

. 1 1 AVop
Main power supply ~__ ____ Backup capacitor
Vsso
AVss
e
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(10) Conversion result immediately after start of A/D conversion
The first A/D conversion value immediately after starting the A/D conversion operation may not satisfy the
ratings.
Poll the A/D conversion end interrupt request (INTADO) and discard the first conversion result.

(11) Reading A/D conversion result register 0 (ADCRO0)
When performing a write operation to A/D converter mode register 0 (ADMO) and analog input channel
specification register 0 (ADSO0), the contents of ADCRO may become undefined. Read the conversion results
after the conversion operation is complete and before the write operation to ADMO and ADS0. Correct
conversion results may not be read out at a timing other than the above.

(12) Timing at which A/D conversion result is undefined
The A/D conversion value may be undefined if the timing of completion of A/D conversion and the timing of
stopping the A/D conversion conflict. Therefore, read the A/D conversion result during the A/D conversion

operation. To read the conversion result after stopping the A/D conversion operation, be sure to stop the A/
D conversion before the next conversion ends.

Figures 11-12 and 11-13 show the timing of reading the conversion result.

Figure 11-12. Timing of Reading Conversion Result (When Conversion Result Is Undefined)

A/D conversion complete A/D conversion complete
ADCRO X Normal conversion result X Undefined value
INTADO
ADCSO0
Normal conversion result is read A/D conversion  Undefined value
is stopped is read

Figure 11-13. Timing of Reading Conversion Result (When Conversion Result Is Normal)

A/D conversion complete

|

ADCRO X Normal conversion result
INTADO
ADCS0

A/D conversion is stopped Normal conversion

result is read
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(13) Notes on board design
Locate analog circuits as far away from digital circuits as possible on the board because the analog circuits
may be affected by the noise of the digital circuits. In particular, do not cross an analog signal line with a digital
signal line, or wire an analog signal line in the vicinity of a digital signal line. Otherwise, the A/D conversion
characteristics may be affected by the noise of the digital line.
Connect AVsso and Vsso at one location on the board where the voltages are stable.

(14) AVreF pin
Connect a capacitor to the AVRer pin to minimize conversion errors due to noise. If an A/D conversion operation
has been stopped and is then started, the voltage applied to the AVrer pin becomes unstable, causing the
accuracy of the A/D conversion to drop. To prevent this, also connect a capacitor to the AVRer pin.
Figure 11-14 shows an example of connecting a capacitor.

Figure 11-14. Example of Connecting Capacitor to AVrer Pin

O ’ AVRErF

Ci C. ——

O ‘ AVss

Remark C1: 4.7 uF to 10 uF (reference value)
C2: 0.01 uF to 0.1 uF (reference value)
Connect C2 as close to the pin as possible.

(15) Internal equivalent circuit of ANIO to ANI7 pins and permissible signal source impedance
To complete sampling within the sampling time with sufficient A/D conversion accuracy, the impedance of the
sensor or other signal source must be sufficiently low. Figure 11-15 shows the internal equivalent circuit of
the ANIO to ANI7 pins.
If the impedance of the signal source is high, connect capacitors with a high capacitance to pins ANIO to ANI7.
An example of this is shown in Figure 11-16. In this case, however, the microcontroller cannot follow an analog
signal with a high differential coefficient because a lowpass filter is created.
To convert a high-speed analog signal or to convert an analog signal in the scan mode, insert a low-impedance
buffer.
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Figure 11-15. Internal Equivalent Circuit of Pins ANIO to ANI7

ANIn

Remark n=0to7

Table 11-2. Resistances and Capacitances of Equivalent Circuit (Reference Values)

C1

I

R1

I

c2

R2

I

C3

AVRer R1 R2 C1 c2 C3
2.7V 12 kQ 8 kQ 8 pF 3 pF 2 pF
45V 4 kQ 2.7 kQ 8 pF 1.4 pF 2 pF
Caution The resistances and capacitances in Table 11-2 are not guaranteed values.

Figure 11-16. Example of Connection if Signal Source Impedance Is High

<Sensor internal circuit> <Microcontroller internal circuit>

Output impedance/'/
of sensor /

| co |

! C0<0.1 uF :

\ g /
\  Lowpass filter /

\_is created. /
AN

R1 R2

C1 c2 C3

~.

Remark n=0to7
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11.6 How to Read A/D Converter Characteristics Tables

This section describes the technical terms peculiar to the A/D converter.

(1

(2

(3

Resolution

This is the minimum identifiable analog input voltage. The ratio of 1 digital output bit to an analog input voltage
is said to be 1 LSB (Least Significant Bit). The ratio of the full scale to 1 LSB is expressed in %FSR (Full
Scale Range).

Where the resolution is 10 bits,

1 LSB = 1/210 = 1/1024
= 0.098% FSR

The accuracy does not depend on the resolution and is determined by the overall error.

Overall error

This is the maximum difference between actually measured and theoretical values.

The overall error indicates a zero-scale error and full-scale error, an integral linearity error, differential linearity
error, and a combination of these errors.

Note that the overall error specified in the characteristics table does not include the quantization error.

Quantization error

This is an error of £1/2 LSB that inevitably occurs when an analog value is converted into a digital value. Since
the A/D converter converts an analog input voltage in the range of £1/2 LSB into the same digital code, a
quantization error is unavoidable.

This error is not included in the overall error, zero-scale error, full-scale error, integral linearity error, and
differential linearity error specified in the characteristics table.
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Figure 11-17. Overall Error Figure 11-18. Quantization Error

Ideal straight

Digital output

4
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(6)

]

220
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Overall error

CC

AVRer
Analog input

Digital output

1
1/2LSB =

Quantization error

i 1= 1/2LSB
1 1

) )

CC

AVRer
Analog input

Zero-scale error

This is the difference between the actually measured value and the theoretical value (1/2 LSB) of an analog
input voltage when the digital output changes from 0...000 to 0...001. If the measured value is greater than
the theoretical value, it is the difference between the actually measured value and the theoretical value (3/
2 LSB) of the analog input voltage when the digital output changes from 0...001 to 0...010.

Full-scale error

This is the difference between the actually measured value and the theoretical value (full scale -3/2 LSB) of
an analog input voltage when the digital output changes from 1...110 to 1...111.

Integral linearity error

This is the degree to which the conversion characteristics shift from the ideal straight line. It indicates the
maximum difference between the measured value and the ideal straight line where the zero-scale error and
full-scale error are 0.

Differential linearity error

This is the difference between the actually measured value and the theoretical value of an input voltage when
the conversion result changes from a certain value by 1. The differential linearity error indicates the degree
of dispersion (relative drift) of input voltage variation required when changing from each conversion value in
comparison to the integral linearity error that indicates the absolute value of the drift from the theoretical value.
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Digital output (lower 3 bits)

Digital output

(8

©

Figure 11-19. Zero-Scale Error

Figure 11-20. Full-Scale Error

111 l 7
I —— ‘ Full-scale error
Ideal straight line } / n
! o
. o 11 .
1 ' 5 '
0 g :
= '
5 110} !
o
010} £ !
° 1
I '
= 1
g 101 ¢ " 77 Ideal straight 1
001 - N A a line ‘
/ ’/r— Zero-scale error ~ '
! 1
™ 000| ( | | | j
000 | i ‘ ] 0 VRer-s  VRmer2  VRer-1  AVRer
0 1 2 3 AVRer

Analog input (LSB)

Figure 11-21. Integral Linearity Error

Ideal straight
line

Integral

linearity error

Analog input

Conversion time

Time required from when an analog input voltage is given until the digital output is obtained.

AVRer

Digital output

Analog input (LSB)

Figure 11-22. Differential Linearity Error

Differential linearity

]

Analog input

Sampling time is included in the conversion time in the characteristics table.

Sampling time

AVRer

Time during which an analog switch is on to load an analog voltage to the sample & hold circuit.

~— Sampling time —=|

Conversion time ———
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12.1 Function of Serial Interfaces

Serial interfaces UART00 and UARTO1 have the following three modes.

» Operation stop mode
» Asynchronous serial interface (UART) mode
* Infrared data transfer mode (UARTOO only)

(1) Operation stop mode
This mode is used when serial transfer is not carried out, and is to reduce power consumption.

(2) Asynchronous serial interface (UART) mode
In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is
possible.
A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates.
Programming baud rate generator control registers 0 and 1 (BRGC00 and BRGCO01) allows a baud rate
selection of 600 bps to 115.2 kbps (@ fx = 8.38 MHz operation) or 1200 bps to 153.6 kbps (@ fx = 12 MHz
operation) for UART00 and 300 bps to 38.4 kbps (@ fx = 8.38 MHz operation) or 600 bps to 76.8 kbps (@
fx = 12 MHz operation) for UARTO1.

(3) Infrared data transfer mode (UARTO0O only)
This mode allows communication at a baud rate of 115.2 kbps (@ fx = 7.3728 MHz operation).
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12.2 Configuration of Serial Interfaces

Serial interfaces UART00 and UARTO1 includes the following hardware.

Table 12-1. Configuration of Serial Interfaces

ltem

Configuration

Registers

Transmit shift register n (TXS0n)
Receive shift register n (RX0n)
Receive buffer register n (RXB0On)

Control registers

Asynchronous serial interface mode register n (ASIMOn)
Asynchronous serial interface status register n (ASISOn)
Baud rate generator control register n (BRGCOn)

Port mode register 2 (PM2)Note

Note Refer to Figure 4-4 Block Diagram of P20 to P26.

Remark n=0, 1

Figure 12-1. Block Diagram of Serial Interface UART00

Internal bus

)

Asynchronous serial interface
mode register 0 (ASIM00)

TXEO00|RXE00|PS001{PS000| CLOO | SLOO |ISRMO0|IRDAMOO

Receive
buffer
register 0
(RXB00)
/\A r Asynchronous
serial interface
status register 0
(ASIS00) v
Receive Tmtnsmit
RxDOO/P20 Shit er o [PE0|FEQ0|0VER — register 0
(RXOO) (TXSOO)
TxDO00/P21 @—%
Receive \
|, ]controller ] INTSERO
(parity
check) [~ INTSRO Transmit
controller
(parity — INTSTO
addition)

Baud rate

generatoriete - fo2to f/2?

Note Refer to Figure 12-2 for the baud rate generator configuration.
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Figure 12-2. Block Diagram of UART00 Baud Rate Generator

Start bit sampling clock

TXEOO

Transmission clock

Reception clock

RXEO0
Start bit detection

S
5-bit counter E] fx/2 to fx/28
I
I {} Match *
Decoder
1o {} Match
5-bit counter
3 4
TPS002|TPS001|TPS000|{MDL003|MDL002|MDL001 |MDL000

Baud rate generator
control register 0 (BRGC00

)

4

)

Internal bus

Remark TXEOQ00: Bit 7 of asynchronous serial interface mode register 0 (ASIMQO0)
RXEQO: Bit 6 of asynchronous serial interface mode register 0 (ASIM0O0)
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Figure 12-3. Block Diagram of Serial Interface UARTO1

S Internal bus S

T T 2\ Asynchronous serial interface

mode register 1 (ASIMO1)

Receive |TXE01‘RXE01‘PSO11‘PSO1O CL01‘SL01‘ 0 ‘ 0 |
buffer

register 1 ‘
(RXB01)

/X r Asynchronous

serial interface
status register 1

(ASIS01) v
Rﬁ?eive -srltniaf?sm“
shift A
RxD01/P22 register 1 |PE01‘FE01‘OVE01| register 1
(RX01) (TXS01)
TxD01/P23 @—i}
Receive |—
L, controller
(parity
check) [ INTSR1 Transmit
controller
addition)
Baudrate |, ¢ 2 9
generatorts [ 72 10 72
Note Refer to Figure 12-4 for the baud rate generator configuration.
Figure 12-4. Block Diagram of UARTO01 Baud Rate Generator
Start bit sampling clock
TXEO1
S
5-bit counter 8 K ] twettotwee
(O]
%)
- {} Match
Transmission clock 1/2 {}
Decoder
R ti lock 1/2 w Mateh
eception cloc {}
5-bit counter
3 4
RXEO1 TPS012|TPSO011|TPS010|MDLO13|MDLO12|MDLO11|MDLO10
Start bit detection
Baud rate generator
control register 1 (BRGCO01)
Internal bus g

Remark TXEO1: Bit 7 of asynchronous serial interface mode register 1 (ASIMO01)
RXEO01: Bit 6 of asynchronous serial interface mode register 1 (ASIMO01)
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Transmit shift register n (TXS0n)

This register is used to set the transmit data. The data written in TXSOn is transmitted as serial data.

If the data length is specified as 7 bits, bits 0 to 6 of the data written in TXSOn are transferred as transmit data.
Writing data to TXSOn starts the transmit operation.

TXSO0n is written to with an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXSO0n to FFH.

Caution TXS0n must not be written to during a transmit operation. TXS0n and receive buffer register
n (RXBOn) are allocated to the same address, and when a read is performed, the value of
RXBOn is read.

Receive shift register n (RX0n)

This register is used to convert serial data input to the RxDOn pin to parallel data. When one byte of data
is received, the receive data is transferred to receive buffer register n (RXBOn).

RXO0n cannot be directly manipulated by a program.

Receive buffer register n (RXB0n)

This register holds receive data. Each time one byte of data is received, new receive data is transferred from
receive shift register n (RX0n).

If the data length is specified as 7 bits, the receive data is transferred to bits 0 to 6 of RXBOn, and the MSB
of RXBOn is always set to 0.

RXBOn is read with an 8-bit memory manipulation instruction. It cannot be written to.

RESET input sets RXBOn to FFH.

Caution RXBOn and transmit shift register n (TXS0n) are allocated to the same address, and when
a write is performed, the value is written to TXSO0n.

Transmission control circuit

This circuit performs transmit operation control such as the addition of a start bit, parity bit and stop bit to data
written in transmit shift register n (TXS0n) in accordance with the contents set in asynchronous serial interface
mode register n (ASIMOn).

Reception control circuit

This circuit controls receive operations in accordance with the contents set in asynchronous serial interface
mode register n (ASIMOn). It performs error checks for parity errors, etc., during a receive operation, and if
an error is detected, sets a value in asynchronous serial interface status register n (ASISOn) in accordance
with the error contents.

Remark n=0, 1
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12.3 Registers Controlling Serial Interfaces
The following six registers control the serial interfaces UART00 and UARTO1.

» Asynchronous serial interface mode registers 0, 1 (ASIM00, ASIMO01)
» Asynchronous serial interface status registers 0, 1 (ASIS00, ASIS01)
» Baud rate generator control registers 0, 1 (BRGC00, BRGCO01)

(1) Asynchronous serial interface mode registers 0, 1 (ASIM00, ASIMO01)
ASIMO00 and ASIMO1 are 8-bit registers that control the serial transfer operation of the asynchronous serial
interface.
These registers are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Caution Setthe port mode register (PM2x) in the UART mode, as shown below. Set each output latch
to 0.
- For reception
Set P20 (RxD00) and P22 (RxD01) to input mode (PM20 = 1, PM22 = 1)
» For transmission
Set P21 (TxD00) and P23 (TxD01) to output mode (PM21 = 0, PM23 = 0)
 For transmission and reception
Set P20 and P22 to input mode and P21 and P23 to output mode.
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Figure 12-5. Format of Asynchronous Serial Interface Mode Register 0

Symbol (7) (8 5 4 3 2 A 0  Address Afterreset R/W
ASIMO0 |TXEO00|RXE00|PS001|PS000| CLOO | SLOO |ISRM00|IRDAM00] FFAOQH 00H R/W
TXEO00 | RXEQO| Operation mode Function of Function of
RxD00/P20 pin TxD00/P21 pin
0 0 Operation stopped Port function (P20) | Port function (P21)
0 1 UART mode Serial function
(reception only) (RxD00)
1 0 UART mode Port function (P20) | Serial function
(transmission only) (TxD00)
1 1 UART mode Serial function
(transmission/reception)| (RxD0O)
PS001|PS000 Parity bit specification
0 0 No parity
0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLOO Character length specification
0 7 bits
1 8 bits
SL00 Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRMO00 Reception end interrupt control on occurrence of error
0 Reception end interrupt request generated on occurrence of error.
1 Reception end interrupt request not generated on occurrence of error.
IRDAMO00 Infrared data transfer mode operation specification*"
0 UART (transmission/reception) mode
1 Infrared data transfer (transmission/reception) modeM°¢?

Notes 1. The UART or infrared data transfer mode is specified by TXEOO0 and RXEQO.
2. When using the infrared data transfer mode, be sure to clear baud rate generator control register
0 (BRGCO00) to 00H.

Caution Before changing the operation mode, be sure to stop the serial transmission/reception.
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Figure 12-6. Format of Asynchronous Serial Interface Mode Register 1

Symbol

ASIMO1

@ @ 5 4 3 1 0 Address  After reset
TXEO1|RXEO1|PS011|PS010| CLO1 | SLO1 | O 0 FFA8H 00H
TXEO1 | RXEO1 Operation mode Function of Function of

RxD01/P22 pin TxD01/P23 pin
0 0 Operation stopped Port function (P22) | Port function (P23)
0 1 UART mode Serial function
(reception only) (RxDO01)
1 0 UART mode Port function (P22) | Serial function
(transmission only) (TxDO01)
1 1 UART mode Serial function
(transmission/reception)| (RxD01)
PS011|PS010 Parity bit specification
0 0 No parity
0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLO1 Character length specification
0 7 bits
1 8 bits
SLOo1 Transmit data stop bit length specification
0 1 bit
1 2 bits
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Caution Before changing the operation mode, be sure to stop the serial transmission/reception.
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(2) Asynchronous serial interface status registers 0, 1 (ASIS00, ASIS01)
ASIS00 and ASIS01 are the registers that indicate the error contents when a receive error occurs.
These registers can be read with an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 12-7. Format of Asynchronous Serial Interface Status Register 0

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W

ASIS00 0 0 0 0 0 | PEOO| FEOO |OVEOO| FFA1H 00H R
PEOO Parity error flag
0 Parity error does not occur.
1 Parity error occurs (transmit data parity
specification and receive data parity do not
match).
FEOO Framing error flag
0 Framing error does not occur.
1 Framing error occurs™°®’

(stop bit not detected).

OVEO00 Overrun error flag

0 Overrun error does not occur.

1 Overrun error occursM'? (next receive

completed before data is read from receive
buffer register).

Notes 1. Even if the stop bit length is set to 2 bits using bit 2 (SL00) of asynchronous serial interface mode

register 0 (ASIMOQO0), only 1 stop bit is detected during reception.

2. If an overrun error occurs, be sure to read receive buffer register 0 (RXB00). Until RXBO0O is read,

an overrun error persistently occurs each time data is received.
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Figure 12-8. Format of Asynchronous Serial Interface Status Register 1

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
ASISO01 0 0 0 0 0 PEO1 | FEO1 |OVEO1 FFA9H OOH R
PEO1 Parity error flag

0 Parity error does not occur.

1 Parity error occurs (transmit data parity
specification and receive data parity do not
match).

FEO1 Framing error flag

0 Framing error does not occur.

1 Framing error occurs™*®"

(stop bit not detected).

OVEO1 Overrun error flag

0 Overrun error does not occur.

1 Overrun error occurs™* 2 (Next receive

completed before data is read from receive
buffer register).

Notes 1. Evenif the stop bit length is set to 2 bits using bit 2 (SL01) of asynchronous serial interface mode
register 1 (ASIMO1), only 1 stop bit is detected during reception.

2. If an overrun error occurs, be sure to read receive buffer register 1 (RXB01). Until RXBO01 is read,
an overrun error persistently occurs each time data is received.

(3) Baud rate generator control registers 0, 1 (BRGC00, BRGCO01)
BRGCO00 and BRGCO1 are the registers that set the serial clock of the asynchronous serial interface.
These registers are set by an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.
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Figure 12-9. Format of Baud Rate Generator Control Register 0

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W
BRGCO0O [ O |TPS002|TPS001|TPS000(MDLO03|MDL002/MDLO01|MDL000| FFA2H 00H R/W
TPS002 | TPS001 | TPS000 5-bit counter source clock selection
At fx = 12 MHZzN°t® At fx = 8.38 MHz

0 0 0 fx/2 6 MHz 4.19 MHz
0 0 1| 2P 3 MHz 2.1 MHz
0 1 o |2 1.5 MHz 1.05 MHz
0 1 1 | w2t 750 kHz 524 kHz
1 0 0o |2 375 kHz 262 kHz
1 0 1| 2 187 kHz 131 kHz
1 1 0 |2 93.7 kHz 65.5 kHz
1 1 1| 2t 46.8 kHz 32.7 kHz

MDLO003 |MDL002| MDL0O1| MDL000 Baud rate generator input clock selection k
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 -

Note Expanded-specification products only.

Cautions 1. If a write to BRGCOO is performed during communication, the output of the baud rate
generator may be disrupted, preventing normal communication from continuing. BRGC00
should therefore not be written to during communication.

2. Set BRGCOO to 00H in the infrared data transfer mode.

Remarks 1. fx: System clock oscillation frequency

2. fsck: 5-bit counter source clock
3. k: Value set in bits MDLO0O to MDL0O03 (0 < k < 14)
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Figure 12-10. Format of Baud Rate Generator Control Register 1

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W

BRGCO01 0 |TPS012|{TPS011|TPS010\MDL013|MDL012|MDL011|MDL010] FFAAH 00H R/W
TPS012 | TPS011 | TPS010 5-bit counter source clock selection
At fx = 12 MHZ"°®® At fx = 8.38 MHz
0 0 0 |2 3 MHz 2 MHz
0 0 1| w2 1.5 MHz 1 MHz
0 1 0 |2 750 kHz 524 kHz
0 1 1| w2 375 kHz 262 kHz
1 0 O 187 kHz 131 kHz
1 0 1| w2 93.7 kHz 65.5 kHz
1 1 o |te2® 46.8 kHz 32.7 kHz
1 1 1| w2 23.4 kHz 16.4 kHz
MDLO013|MDL012|MDL011| MDL010 Baud rate generator input clock selection k
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| fsori21 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| fsok/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -

Note Expanded-specification products only.

Caution If a write to BRGCO1 is performed during communication, the output of the baud rate
generator may be disrupted, preventing normal communication from continuing. BRGCO01
should therefore not be written to during communication.

Remarks 1. fx: System clock oscillation frequency

2. fsck: 5-bit counter source clock
3. k: Value set in bits MDL0O10 to MDLO13 (0 <k < 14)
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12.4 Operation of Serial Interfaces

The following three operating modes are available for the serial interfaces UART00 and UARTO1.

» Operation stop mode
» Asynchronous serial interface (UART) mode
* Infrared data transfer mode (UARTOO only)

12.4.1 Operation stop mode
Serial transfer is not executed in this mode. Consequently, the power consumption can be reduced.
In the operation stop mode, the pins can be used as ordinary port pins.

(1) Register setting
The operation stop mode is set using asynchronous serial interface mode registers 0 and 1 (ASIM0OO and

ASIMO1).

ASIMO00 and ASIMO1 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Symbol @ @

5 4 3 2 1 0 Address  After reset
ASIMONn | TXEOn |RXEOn|PSONn1|PSONn0| CLON | SLON |ISRMOn|IRDAMon| ~ FFAOH, 00H
FFA4H
TXEOn| RXEONn Operation mode Function of RxD00/P20, | Function of TxD00/P21,

RxD01/P22 pins

TxD01/P23 pins

(transmission/reception)

0 0 Operation stopped Port function Port function
0 1 UART mode Serial function
(reception only)
1 0 UART mode Port function Serial function
(transmission only)
1 1 UART mode Serial function

R/W

R/W

Caution Before changing the operation mode, be sure to stop the serial transmission/reception.

Remark n=0, 1

12.4.2 Asynchronous serial interface (UART) mode
In this mode, one byte of data is transmitted/received following a start bit, and full-duplex operation is possible.
A baud rate generator is incorporated, enabling communication to be performed at any of a wide range of baud

rates.

Programming baud rate generator control registers 0 and 1 (BRGCO00 and BRGCO01) allows a baud rate selection
* of 600 bpsto 115.2 kbps (@ fx = 8.38 MHz operation) or 1200 bps to 153.6 kbps (@ fx = 12 MHz operation) for UART00
and 300 bps to 38.4 kbps (@ fx = 8.38 MHz operation) or 600 bps to 76.8 kbps (@ fx = 12 MHz operation) for UARTO1.

(1) Register setting
The UART mode is set using asynchronous serial interface mode registers 0 and 1 (ASIM00 and ASIMO01),
asynchronous serial interface status registers 0 and 1 (ASIS00 and ASIS01), and baud rate generator control
registers 0 and 1 (BRGCO00 and BRGCO01).
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(a) Asynchronous serial interface mode registers 0, 1 (ASIM00, ASIM01)
ASIM00 and ASIMO1 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Caution Set the port mode register (PM2x) in the UART mode, as shown below. Set each output
latch to 0.
- For reception
Set P20 (RxD00) and P22 (RxDO01) to input mode (PM20 = 1, PM22 = 1)
« For transmission
Set P21 (TxD00) and P23 (TxD01) to output mode (PM21 = 0, PM23 = 0)
- For transmission and reception
Set P20 and P22 to input mode and P21 and P23 to output mode.

Symbol (7) (5 5 4 3 2 1 0 Address  After reset R/W
ASIMO0 | TXEO00|RXE00|PS001|PS000| CLOO | SLOO |ISRM00(IRDAM00] FFAQOH 00H R/W
TXE00 | RXE0O Operation mode Function of Function of
RxD00/P20 pin TxD00/P21 pin
0 0 Operation stopped Port function (P20) | Port function (P21)
0 1 UART mode Serial function
(reception only) (RxD00)
1 0 UART mode Port function (P20) | Serial function
(transmission only) (TxDO00)
1 1 UART mode Serial function
(transmission/reception)| (RxD00)

PS001|PS000 Parity bit specification

0 0 No parity
0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)
1 0 Odd parity
1 1 Even parity
CL0O Character length specification
0 7 bits
1 8 bits
SL0O Transmit data stop bit length specification
0 1 bit
1 2 bits
ISRM00 Reception end interrupt control on occurrence of error

0 Reception end interrupt request generated on occurrence of error.

1 Reception end interrupt request not generated on occurrence of error.

Note 1

IRDAMOO Infrared data transfer mode operation specification

0 UART (transmission/reception) mode

1 Infrared data transfer (transmission/reception) modeNe?
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Notes 1. The UART or infrared data transfer mode is specified by TXE0O and RXEO0O.
2. When using the infrared data transfer mode, be sure to clear baud rate generator control register
0 (BRGCO00) to 00H.

Caution Before changing the operation mode, be sure to stop the serial transmission/reception.

Symbol (7) () 5 4 3 2 1 0 Address  After reset
ASIMO1 |TXEO1|RXEO1|PS011|PS010| CLO1 | SLO1 0 0 FFA8H 00H
TXEO1 | RXEO1 Operation mode Function of Function of
RxD01/P22 pin TxD01/P23 pin

0 0 Operation stopped Port function (P22) | Port function (P23)

0 1 UART mode Serial function
(reception only) (RxD01)

1 0 UART mode Port function (P22) | Serial function
(transmission only) (TxDO01)

1 1 UART mode Serial function
(transmission/reception)| (RxDO01)

PS011|PS010 Parity bit specification

0 0 No parity

0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)

1 0 Odd parity

1 1 Even parity

CLO1 Character length specification
0 7 bits
1 8 bits
SLo1 Transmit data stop bit length specification
0 1 bit
1 2 bits

R/W

R/W

Caution Before changing the operation mode, be sure to stop the serial transmission/reception.
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(b) Asynchronous serial interface status registers 0, 1 (ASIS00, ASIS01)
ASIS00 and ASIS01 can be read with an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset  R/W

ASISon| 0 | 0o | 0 | 0 | 0 |PEOn|FEOn|OVEON| FFATH, 00H R
FFA9H

PEON Parity error flag

0 Parity error does not occur.

1 Parity error occurs (transmit data parity
specification and receive data parity do not
match).

FEON Framing error flag

0 Framing error does not occur.

1 Framing error occurs™*"

(stop bit not detected).

OVEOn Overrun error flag

0 Overrun error does not occur.

1| Overrun error occurs™®®? (Next receive

completed before data is read from receive
buffer register).

Notes 1. Even if the stop bit length is set to 2 bits using bit 2 (SLOn) of asynchronous serial interface mode
register n (ASIMON), only 1 stop bit is detected during reception.
2. If an overrun error occurs, be sure to read receive buffer register n (RXB0On). Until RXBOn is read,
an overrun error persistently occurs each time data is received.

Remark n=0, 1

User's Manual U13029EJ7V1UD 237



CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

238

(c) Baud rate generator control registers 0, 1 (BRGC00, BRGCO01)

BRGCO00 and BRGCO1 are set by an 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W

BRGC00 0 |TPS002|TPS001|TPS000{MDL003|MDL002/MDLO01\MDL000] FFA2H 00H R/W
TPS002 | TPS001 | TPS000 5-bit counter source clock selection
At fx = 12 MHZ\** At fx = 8.38 MHz

0 0 0 fx/2 6 MHz 4.19 MHz
0 0 1| 2 3 MHz 2.1 MHz
0 1 0 |2 1.5 MHz 1.05 MHz
0 1 1| 2t 750 kHz 524 kHz
1 0 0 |2 375 kHz 262 kHz
1 0 1| w2t 187 kHz 131 kHz
1 1 0 |2 93.7 kHz 65.5 kHz
1 1 L 46.8 kHz 32.7 kHz

MDL003 |MDL002| MDL001| MDL000 Baud rate generator input clock selection k
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 -

Note Expanded-specification products only.

Cautions 1. If a write to BRGCOO is performed during communication, the output of the baud rate
generator may be disrupted, preventing normal communication from continuing. BRGC00

should therefore not be written to during communication.
2. Set BRGCOO to 00H in the infrared data transfer mode.

Remarks 1. fx: System clock oscillation frequency

2. fsck: 5-bit counter source clock
3. k: Value set in bits MDLO0O to MDLO03 (0 < k < 14)
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Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W

BRGCO1 0 |TPS012|{TPS011|TPS010{MDL013|MDL012|MDLO11|MDL0O10| FFAAH 00H R/W
TPS012| TPS011 | TPS010 5-bit counter source clock selection
At fx = 12 MHZNet® At fx = 8.38 MHz

0 0 0 |2 3 MHz 2 MHz
0 0 1| 2 1.5 MHz 1 MHz
0 1 o | et 750 kHz 524 kHz
0 1 1| w2t 375 kHz 262 kHz
1 0 0 | fxe2° 187 kHz 131 kHz
1 0 1| 2 93.7 kHz 65.5 kHz
1 1 o |t2® 46.8 kHz 32.7 kHz
1 1 1| x2® 23.4 kHz 16.4 kHz

MDLO013|MDL012| MDLO11|MDL010 Baud rate generator input clock selection k
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| fscw/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibited -

Note Expanded-specification products only.

Caution If a write to BRGCO1 is performed during communication, the output of the baud rate
generator may be disrupted, preventing normal communication from continuing. BRGCO01
should therefore not be written to during communication.

Remarks 1. fx: System clock oscillation frequency

2. fsck: 5-bit counter source clock
3. k: Value set in bits MDL0O10 to MDLO13 (0 <k £ 14)
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The transmit/receive clock for the baud rate to be generated is obtained by dividing the system clock.

.

240

Generating transmit/receive clock for baud rate from system clock
The transmit/receive clock is generated by dividing the system clock. The baud rate generated from the system
clock can be calculated from the following expression.
(Baud rate] = —*— [Hz]
2m+1(k + 16)

fx: System clock oscillation frequency
m: Value set by TPSOn0 to TPSOn2 (n =0, 1)

(1 £m <8 for UART00, 2 < m <9 for UARTO1)
k: Value set by MDLONO to MDLON3 (n =0, 1) (0 <k < 14)

Tables 12-2 and 12-3 show the relationship between the source clock of the 5-bit counter and the value of m.
Table 12-4 shows the relationship between the system clock and baud rate.

Table 12-2. Relationship Between Source Clock of 5-Bit Counter and Value of m (with UART00)

TPS002 | TPS001 | TPS000 5-Bit Counter Source Clock Selection m
At fx = 12 MHZN*® At fx = 8.38 MHz
0 0 0 | 2 | 6MHz 4.19 MHz 1
0 0 1 fx/2® | 3 MHz 2.1 MHz 2
0 1 0 fx/2° | 1.5 MHz 1.05 MHz 3
0 1 1 fx/2* | 750 kHz 524 kHz 4
1 0 0 fx/2° | 375 kHz 262 kHz 5
1 0 1 fx/2° | 187 kHz 131 kHz 6
1 1 0 fx/2” | 93.7 kHz 65.5 kHz 7
1 1 1 fx/2® | 46.8 kHz 32.7 kHz 8

Note Expanded-specification products only.

Table 12-3. Relationship Between Source Clock of 5-Bit Counter and Value of m (with UARTO01)

TPS012| TPS011 | TPS010 5-Bit Counter Source Clock Selection m
At fx = 12 MHZ"°*® At fx = 8.38 MHz
0 0 0 fx/2? 3 MHz 2 MHz 2
0 0 1 fx/2° 1.5 MHz 1 MHz 3
0 1 0 fx/2* 750 kHz 524 kHz 4
0 1 1 fx/2° 375 kHz 262 kHz 5
1 0 0 fx/2° 187 kHz 131 kHz 6
1 0 1 fx/2” 93.7 kHz 65.5 kHz 7
1 1 0 fx/2® 46.8 kHz 32.7 kHz 8
1 1 1 fx/2° 23.4 kHz 16.4 kHz 9

Note Expanded-specification products only.
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»* Table 12-4. Relationship Between System Clock and Baud Rate

System Clock 12.000MNete 10.000" 8.386 8.000 7.3728 5.000 4.1943

fx (MHz)

Baud Rate | BRGC|BRGC| Error | BRGC|BRGC| Error |BRGC|BRGC| Error |BRGC |BRGC | Error | BRGC |BRGC | Error |BRGC |BRGC | Error | BRGC |BRGC | Error
(bps) 00 | 01 | (%) | 00 | 01 | (%) | 00 | 01 | (%) | 00 | 01 | (%) | 00 | 01 | (%) | 00 | 01 | (%) | 00 | 01 | (%)
150 - - - - - - - - - - - - - - - - - - - | 7BH | 1.14
300 - - - - - - — | 7BH| 110| - | 7AH| 016| - | 78H | o0 — | 70H | 1.73 | 7BH | 6BH | 1.14
600 - | 74H| 234 - | 70H| 1.73| 7BH | 6BH | 1.10| 7AH | 6AH | 016 | 78H | 68H | 0 | 70H | 60H | 1.73 | 6BH | 5BH | 1.14
1,200 79H | 64H | —2.34| 70H | 60H | 1.73 | 6BH | 5BH | 1.10 | 6AH | 5AH | 0.16 | 68H | 58H | 0 | 60H | 50H | 1.73 | 5BH | 4BH | 1.14
2,400 69H | 54H | —2.34| 60H | 50H | 1.73 | 5BH | 4BH | 1.10 | 5AH | 4AH | 0.16 | 58H | 48H | O | 50H | 40H | 1.73 | 4BH | 3BH | 1.14
4,800 59H | 44H | —2.34| 50H | 40H | 1.73 | 4BH | 3BH | 1.10 | 4AH | 3AH | 0.16 | 48H | 38H | 0 | 40H | 30H | 1.73 | 3BH | 2BH | 1.14
9,600 49H | 34H | —2.34| 40H | 30H | 1.73 | 3BH | 2BH | 1.10 | 3AH | 2AH | 0.16 | 38H | 28H | 0 | 30H | 20H | 1.73 | 2BH | 1BH | 1.14
19,200 | 39H | 24H | —2.34| 30H | 20H | 1.73 | 2BH | 1BH | 1.10 | 2AH | 1AH | 0.16 | 28H | 18H | 0 | 20H | 10H | 1.73 | 1BH | OBH | 1.14
31,250 | 2DH | 18H| O | 24H | 14H| O | 21H | 11H | —1.34| 20H | 10H | O | 1BH | OBH | 169 | 14H | 04H | 0 | 11H | O1H | —1.31
38400 | 29H | 14H | —2.34| 20H | 10H | 1.73 | 1BH | OBH | 1.10 | 1AH | OAH | 0.16 | 18H | 08H | 0 | 10H | 0OH | 173 | OBH | - | 1.14
76,800 | 19H | 04H | —2.34| 10H | OOH | 1.73| OBH | — | 110 OAH| - | 0.16 | O8H | - 0 |O0OH| - | 173 - - -
115200 | OFH | — | 016| O6H | - | —1.36| 02H | - | 1.10| 01H| - | 212 | oOH | - 0 - - - - - -
153,600 | 04H | — | —2.34| OOH | — | 173| - - - - - - - - - - - - - - -

Note Expanded-specification products only.

10LHVN ANV 00LHVN S3OV4HALNI TVIHIS 2I H31dVHO



CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

- Range of baud rate tolerance

[1/(16 + k)].
Figure 12-11 shows an example of baud rate tolerance.

242

The range of baud rate tolerance depends on the number of bits in one frame and division ratio of the counter

Figure 12-11. Baud Rate Tolerance Including Sampling Error (When k = 0)

High-speed clock

reception 30.45T 60.9T
Low-speed clock

Ideal
sampling
point
32T 64T  256T 288T { 320T 352T
304T 336T
Basic timing h 4 \ 2
(clock cycle T) \ START DO XjCX D7 X P STOP
15.5T
(clock cycle T’) Xj
i \ START DO D7 P STOP
enabling normal 4 A / X X Sampling error
304.5T —|=-0.5T
15.5T
(clock cycle T”) Xj
enabling normal \_START 4 Do A ( A D7 X P sTOP

reception 33.55T 67.1T

Remark T: Source clock cycle of 5-bit counter

A
301.95T 335.5T

Baud rate tolerance (when k = 0) = £15.5/320 x 100 = 4.8438 (%)
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

(2) Communication operation

(a) Data format
Figure 12-12 shows transmit/receive data format.

Figure 12-12. Asynchronous Serial Interface Transmit/Receive Data Format

\ One data frame |

St‘)";‘t" po | D1 | D2 | D3| Ds|D5]| D6 | D7 Piﬂty Stop bit|

Character bit ——

One data frame consists of following bits:

» Start bits.....ccceenne. 1 bit

» Character bits ......... 7 bits/8 bits

» Parity bits ................ Even parity/odd parity/0O parity/no parity
» Stop bits ....ccerienne 1 bit/2 bits

The character bit length, parity bit and stop bit length for each data frame is specified by asynchronous
serial interface mode register n (ASIMOn).

When 7 bits are selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid; in
transmission the most significant bit (bit 7) is ignored, and in reception the most significant bit (bit 7) is
always 0.

The serial transfer rate is selected by means of baud rate generator control register n (BRGCOn).

If a serial data receive error is generated, the receive error contents can be determined by reading the
status of asynchronous serial interface status register n (ASISOn).

Remark n=0, 1
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity
bit is used on the transmitting side and the receiving side. With even parity and odd parity, a one-bit (odd
number) error can be detected. With 0 parity and no parity, an error cannot be detected.

(i) Even parity
« Transmission
The number of bits with a value of “1”, including the parity bit, in the transmit data is controlled to
be even. The value of the parity bit is as follows:

Number of bits with a value of “1” in transmit data is odd: 1
Number of bits with a value of “1” in transmit data is even: 0

» Reception
The number of bits with a value of “1”, including the parity bit, in the receive data is counted. If
it is odd, a parity error occurs.

(ii) Odd parity
« Transmission
Conversely to the situation with even parity, the number of bits with a value of “1”, including the
parity bit, in the transmit data is controlled to be odd. The value of the parity bit is as follows:

Number of bits with a value of “1” in transmit data is odd: 0
Number of bits with a value of “1” in transmit data is even: 1

« Reception
The number of bits with a value of “1”, including the parity bit, in the receive data is counted. If
it is even, a parity error occurs.

(iii) 0 Parity
When transmitting, the parity bit is set to 0 irrespective of the transmit data.
Atreception, a parity bit check is not performed. Therefore, a parity error is not generated, irrespective
of whether the parity bit is set to 0 or 1.

(iv) No parity

A parity bit is not added to the transmit data. At reception, data is received assuming that there is
no parity bit. Since there is no parity bit, a parity error is not generated.
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

(c) Transmission
Atransmit operation is enabled by setting the TXEOn bit of asynchronous serial interface mode n (ASIMOn)
to 1 and is started by writing transmit data to transmit shift register n (TXS0n). The start bit, parity bit
and stop bit(s) are added automatically.
When transmit operation starts, the data in transmit shift register n (TXSO0n) is shifted out, and when
transmit shift register n (TXSO0n) is empty, a transmission completion interrupt request (INTSTn) is
generated.

Figure 12-13. Timing of Asynchronous Serial Interface Transmission Completion

TxDOn (Output)

INTSTn

TxDOn (Output)

INTSTn

Caution

Remark

Interrupt Request Generation

(a) Stop bit length: 1

T\ AEENEEE

START

(b) Stop bit length: 2

mvcoohoo=rs

START

Rewriting of asynchronous serial interface mode register n (ASIMOn) should not be
performed during a transmit operation. If rewriting of the ASIMOn register is performed
during transmission, subsequent transmit operations may not be possible (the normal
state is restored by RESET input).

It is possible to determine whether transmission is in progress by software by using a
transmission completion interrupt request (INTSTn) or the interrupt request flag (STIFn)
set by INTSTn.

n=0,1
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(d) Reception

When the RXEOn bit of asynchronous serial interface mode register n (ASIMOn) is set (1), a receive
operation is enabled and sampling of the RxDOn pin input is performed.

RxDOn pin input sampling is performed using the serial clock specified by ASIMOn.

When the RxDOn pin input becomes low, the 5-bit counter of the baud rate generator starts counting, and
at the time when half the time determined by the specified baud rate has passed, the data sampling start
timing signal is output. If the RxDOn pin input sampled again as a result of this start timing signal is low,
it is identified as a start bit, the 5-bit counter is initialized and starts counting, and data sampling is
performed. When character data, a parity bit and one stop bit are detected after the start bit, reception
of one frame of data ends.

When one frame of data has been received, the receive data in the shift register is transferred to receive
buffer register n (RXBOn), and a reception completion interrupt request (INTSRn) is generated.

If an error occurs, the receive data in which the error occurred is still transferred to RXBOn.

INTSRn is generated if bit 1 (ISRMOn) of ASIMOn is cleared (0) on occurrence of the error.

If the ISRMOn bit is set (1), INTSRn is not generated.

If the RXEON bit is reset (0) during the receive operation, the receive operation is stopped immediately.
In this case, the contents of RXBOn and ASISOn are not changed, and INTSRn and INTSERO are not
generated.

Figure 12-14. Timing of Asynchronous Serial Interface Reception Completion Interrupt Request Generation

246

\ STOP
RxDOn (Input) / DO X D1 X D2 X}{X D6 X D7 XParity

START

INTSRn |_|

Caution Receive buffer register n (RXB0n) must be read even if a receive error occurs. If RXBOn
is not read, an overrun error will occur when the next data is received, and the receive
error state will continue indefinitely.

Remark n=0, 1
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(e) Receive errors

The three types of errors during receive operations are the parity error, framing error and overrun error.
With the UARTOO, setting the data receive result error flag in asynchronous serial interface status register
0 (ASIS00) generates a receive error interrupt request (INTSERO). The receiver error interrupt request
is generated before the receive complete interrupt request (INTSRO0). With the UARTO1, the receiver error
interrupt request is not generated. Table 12-5 shows the causes of receive errors.

Reading the data in ASISOn makes it possible to ascertain what error has occurred during reception (see
Figures 12-14 and 12-15).

The contents of ASISOn are reset (0) by reading receive buffer register n (RXBOn) or receiving the next

data (if there is an error in the next data, the corresponding error flag is set).

Table 12-5. Receive Error Causes

Receive Error Cause ASISOn Value
Parity error Transmission-time parity specification and reception data parity do not match 04H
Framing error Stop bit not detected 02H
Overrun error Reception of next data is completed before data is read from receive buffer register 01H

Figure 12-15. Receive Error Timing

STOP
RxDOn (Input) DO D1 D2 D6 D7 Parity
START

INTSRnNete 1 |_|
INTSERQNete 2
(On occurrence of
framing/overrun error)
INTSERQNete 2
(On occurrence

of parity error)

Notes 1. INTSRn is not generated if a receive error occurs when the ISRMOn bit is set (1).
2. The receive error interrupt request is not generated with UARTO1.

Cautions 1. The contents of ASISOn are reset (to 0) by reading receive buffer register n (RXBOn)
or receiving the next data. To ascertain the error contents, ASISOn must be read
before reading RXBOn.

2. Receive buffer register n (RXB0On) must be read even if a receive error has occurred.
If RXBOn is not read, an overrun error will occur when the next data is received, and
the receive error state will continue indefinitely.

Remark n=0, 1
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

12.4.3 Infrared data transfer mode

Caution The infrared data transfer mode can only be used with UARTO00.

In the infrared data transfer mode, pulses can be output and received in the following data format.

*x Remark The SIR standard is not supported (negotiation at 9,600 bps cannot be performed).

(1) Data format

248

Figure 12-16 shows the data format of the infrared data transfer mode in comparison with the data format in
UART mode.

The IR frame corresponds to the bit string of the UART frame that consists of a start bit, 8 data bits and 1
stop bit.

The length of the electrical pulse transmitted or received in the IR frame is 3/16 of a 1-bit cycle. The pulse
3/16 of a 1-bit cycle rises in the middle of the bit cycle (refer to the figure below).

Bit time

[~
Pulse width = 3/16 bit time

Figure 12-16. Comparison of Data Format in Infrared Data Transfer Mode and UART Mode

UART frame
Data bit
o [ 1 T 1 o 1
Start 1 0 1 0 0 1 1 0 Stop
bit Do D1 D2 D3 | D4 D5 D6 D7 bit
IR frame
Start Data bit Stop
bit bit
0 1 0 1 0 0 1 1 0 1
-
Bit time Pulse width = 3/16 bit time
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

(2) Bit rate and pulse width
Table 12-6 shows the values of the bit rate, bit rate tolerance, and pulse width.

Table 12-6. Bit Rate and Pulse Width

Bit Rate Bit Rate Tolerance Minimum Pulse Width | Nominal Value of Pulse Maximum Pulse
(kbits/s) (% of Bit Rate) (us)Note 2 Width 3/16 (us) Width (us)
115,2Note 1 +0.87 1.41 1.63 2.71

Notes 1. fx = @ 7.3728 MHz operation
2. Where adigital noise eliminatoris used with the microcontroller at a frequency of 1.41 MHz or higher

Caution Setbaud rate generator control register 0 (BRGCO00) to 00H in the infrared data transfer mode.

Remark fx: System clock oscillation frequency

(3) Baud rate that can be set in infrared data transfer mode

Table 12-7. Baud Rate That Can Be Set in Infrared Data Transfer Mode

System Clock fx (MHz) Baud Rate (bps)
12.00QNote 187,500Nete
8.386 131,031
8.000 125,000
7.3728 115,200
5.000 78,125
4.1943 65,536

Note Expanded-specification products only.
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CHAPTER 12 SERIAL INTERFACES UART00 AND UARTO1

(4) 1/0 data and internal signal

» Transmission timing

UARTO00 ; .
Start bit Stop bit
Output data P

UARTO00
(Inverted data)

:

Infrared data transfer ] |_| B |_| B
enable signal

TxDO0O0 pin

output signal
——

- Reception timing
Data reception is delayed by half the set baud rate.

UARTO00 M/—\—/—\ / Stop bit
Transfer data ()()
RxD00
input ()_
Edge detection —| —| | (L—I
Sampling clock |_ |_ |_ |_ ) |_ |_

Reception rate

Conversion data

Sampling timing
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CHAPTER 13 SERIAL INTERFACE SIO3

13.1 Function of Serial Interface SIO3
Serial interface SIO3 has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. For details, see 13.4.1 Operation stop mode.

(2) 3-wire serial /0 mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (ﬁ), serial output line (SO), and serial
input line (SI).
Since simultaneous transmit and receive operations are enabled in 3-wire serial I/O mode, the processing time
for data transfers is reduced.
The first bit of the serial transferred 8-bit data is fixed as the MSB.
3-wire serial 1/0 mode is useful for connection to a peripheral I/O incorporating a clock-synchronous serial
interface, a display controller, etc.
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13.2 Configuration of Serial Interface
Serial interface S103 includes the following hardware.

Table 13-1. Configuration of Serial Interface 3

Item Configuration
Register Serial 1/0 shift register 3 (SIO3)
Control register Serial operation mode register 3 (CSIM3)

Figure 13-1. Block Diagram of Serial Interface 3

2 Internal bus 8

<>

| Serial I/O shift register 3
SI/P52 © Iﬂ (SI03)
SO/P53 © I
. Interrupt
SCK/P51 © Irﬁ Serial clock . requesrt)signal = INTCSI3

counter generator

. - f/2°

1 Serial ITIOCK Selector |+ fx/27

| controller e fy/28

(1) Serial I/0 shift register 3 (SI03)
This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations) in
synchronization with the serial clock.
SIO3 is set by an 8-bit memory manipulation instruction.
When bit 7 (CSIE3) of serial operation mode register 3 (CSIM3) is set to 1, a serial operation can be started by
writing data to or reading data from SIO3.
When transmitting, data written to SIO3 is output to the serial output (SO).
When receiving, data is read from the serial input (Sl) and written to SIO3.
RESET input makes SIO3 undefined.

Caution Do not access SIO3 during a transfer operation unless the access is triggered by a transfer

start (read operations are disabled when MODE = 0 and write operations are disabled when
MODE = 1).
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CHAPTER 13 SERIAL INTERFACE SIO3

13.3 Register Controlling Serial Interface
Serial interface SI03 is controlled by the following register.
+ Serial operation mode register 3 (CSIM3)

(1) Serial operation mode register 3 (CSIM3)
This register is used to enable or disable the SIO3 serial clock, operation modes, and specific operations.
CSIM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM3 to 00H.

Caution  When using the 3-wire serial /O mode, set the port mode registers (PM5x) as shown below.
Also, set the respective output latches to 0.
- For serial clock output (master transmit/receive)
Set P51 (SCK) to the output mode (PM51 = 0).
- For serial clock input (slave transmit/receive)
Set P51 to the input mode (PM51 = 1).
» For transmit/transmit and receive mode
Set P53 (SO) to the output mode (PM53 = 0).
Set P52 (SI) to the input mode (PM52 = 1) (in transmit/receive mode).
- For receive mode
Set P52 (Sl) to the input mode (PM52 = 1).
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Figure 13-2. Format of Serial Operation Mode Register 3

Symbol  (?) 6 5 4 3 2 1 0 Address After reset R/W
CSIM3 |CSIE3| O 0 0 0 |MODE|SCL31|SCL30 FFBOH 00H R/W
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation disabled Cleared Port functionNote 1
1 Operation enabled Count operation enabled Serial function + port functionNote 2
Transfer operation modes and flags
MODE
Operation mode Transfer start trigger SO output
0 Transmit/transmit and receive mode | Write to SIO3 Normal output
1 Receive-only mode Read from SIO3 Fixed at low level
SCL31 SCL30 Clock selection
At fx = 12 MHzNote 3 At fx = 8.38 MHz
0 0 External clock input to SCK pin
0 1 fx/28 187 kHz 131 kHz
1 0 fx/27 93.7 kHz 65.5 kHz
1 1 fx/28 46.8 kHz 32.7 kHz

Notes 1. When CSIE3 = 0 (SIO3 operation stopped), the SI, SO, and SCK pins can be used for port functions.
2. When CSIES3 =1 (SI03 operation enabled), if only the transmit function is used, the Sl pin can be used
for a port function, and in the receive-only mode, the SO pin can be used for a port function.
3. Expanded-specification products only

Remark fx: System clock oscillation frequency
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13.4 Operation of Serial Interface
This section explains the two modes of serial interface SIO3.

13.4.1 Operation stop mode

Because serial transfer is not performed during this mode, the power consumption can be reduced.

In addition, pins can be used as normal /O ports.

(1) Register settings
Operation stop mode is set by serial operation mode register 3 (CSIM3).
CSIM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets CSIM3 to 00H.

Symbol (@) 6 5 4 3 2 1 0 Address  Afterreset  R/W
CSIM3 |CSIE3| O 0 0 0 |MODE|SCL31|SCL30 FFBOH 00H R/W
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation disabled Cleared Port functionNote 1
1 Operation enabled Count operation enabled Serial function + port functionNote 2

Notes 1. When CSIE3 = 0 (SIO3 operation stopped), the SlI, SO, and SCK pins can be used for port functions.
2. When CSIES3 =1 (SI0O3 operation enabled), if only the transmit function is used, the Sl pin can be used

for a port function, and in the receive-only mode, the SO pin can be used for a port function.
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13.4.2 3-wire serial /0 mode
The 3-wire serial I/O mode is useful for connection to a peripheral 1/0 incorporating a clock-synchronous serial
interface, a display controller, etc.

This mode executes data transfers via three lines: a serial clock line (SCK), serial output line (SO), and serial input
line (SI).

(1) Register settings
The 3-wire serial /0 mode is set by serial operation mode register 3 (CSIM3).
CSIMS3 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM3 to 00H.

Caution  When using the 3-wire serial /O mode, set the port mode registers (PM5x) as shown below.
Also, set the respective output latches to 0.
« For serial clock output (master transmit/receive)
Set P51 (SCK) to the output mode (PM51 = 0).
- For serial clock input (slave transmit/receive)
Set P51 to the input mode (PM51 = 1).
» For transmit/transmit and receive mode
Set P53 (SO) to the output mode (PM53 = 0).
Set P52 (SI) to the input mode (PM52 = 1) (in transmit/receive mode).
- For receive mode
Set P52 (Sl) to the input mode (PM52 = 1).
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Symbol (@) 6 5 4 3 2 1 0 Address After reset R/W
CSIM3 [CSIE3| © 0 0 0 |MODE|SCL31/SCL30 FFBOH 00H R/W
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation disabled Cleared Port functionNote 1
1 Operation enabled Count operation enabled Serial function + port functionNote 2
Transfer operation modes and flags
MODE
Operation mode Transfer start trigger SO output
0 Transmit/transmit and receive mode | Write to SIO3 Normal output
1 Receive-only mode Read from SIO3 Fixed at low level
SCL31 SCL30 Clock selection
At fx = 12 MHzNote 3 At fx = 8.38 MHz
0 0 External clock input to SCK pin
0 1 fx/28 187 kHz 131 kHz
1 0 fx/27 93.7 kHz 65.5 kHz
1 1 fx/28 46.8 kHz 32.7 kHz

Notes 1. When CSIE3 = 0 (SIO3 operation stopped), the SlI, SO, and SCK pins can be used for port functions.
2. When CSIES3 =1 (S103 operation enabled), if only the transmit function is used, the Sl pin can be used

for a port function, and in the receive-only mode, the SO pin can be used for a port function.

3. Expanded-specification products only

Remark fx: System clock oscillation frequency
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(2

3

258

Communication operations

In the 3-wire serial I/O mode, data is transmitted and received in 8-bit units. Each bit of data is transmitted or
received in synchronization with the serial clock.

Serial /0 shift register 3 (S103) is shifted in synchronization with the falling edge of the serial clock. Transmission
data is held in the SO latch and is output from the SO pin. Data that is received via the Sl pin in synchronization
with the rising edge of the serial clock is latched to SIO3.

Completion of an 8-bit transfer automatically stops operation of SIO3 and sets an interrupt request flag (CSIIF3).

Figure 13-3. Timing of 3-Wire Serial /0 Mode

sck |1 12[ 138 1a[ 15[ |e[ |7[ 1s[
SI Di7 { D6 { D15 } D14 X DI3 f DI2 | DI1 | DIO
o) D07 J D06 ) DO5 | D04 | DO3 ) o2} DO1 | DOO
CSIIF3
Transfer completion

Transfer starts in synchronization with the SCK falling edge

Transfer start
A serial transfer starts when the following conditions have been satisfied and transfer data has been set (or read)
to serial I/O shift register 3 (SIO3).

» The SIO3 operation control bit (CSIE3) = 1
» After an 8-bit serial transfer, either the internal serial clock is stopped or SCK is set to high level.
» Transmit/transmit and receive mode
When CSIE3 = 1 and MODE = 0, transfer starts when writing to SIO3.
» Receive-only mode
When CSIE3 = 1 and MODE = 1, transfer starts when reading from SIO3.

Caution After data has been written to SIO3, transfer will not start even if the CSIE3 bit value is set
to 1.

Completion of an 8-bit transfer automatically stops the serial transfer operation and sets an interrupt request flag
(CSIIF3).
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14.1 Types of Interrupt Functions

The following three types of interrupt functions are available.

(M

(2

3

Non-maskable interrupt

This interrupt is unconditionally acknowledged even in the interrupt disabled status. Itis not subject to interrupt
priority control and therefore takes precedence over all interrupt requests.

This interrupt generates a standby release signal.

One interrupt request from the watchdog timer is incorporated as a non-maskable interrupt.

Maskable interrupts

These interrupts are subject to mask control, and can be divided into two groups according to the setting of
the priority specification flag register (PROL, PROH, PR1L): one with higher priority and the other with lower
priority. Higher-priority interrupts can nest lower-priority interrupts. The priority when two or more interrupt
requests with the same priority occur at the same time is predetermined (refer to Table 14-1).

This interrupt generates a standby release signal.

Eight external interrupt requests and sixteen internal interrupt requests are incorporated as maskable
interrupts.

Software interrupt
This is a vectored interrupt generated when the BRK instruction is executed and can be acknowledged even
in the interrupt disabled status. This interrupt is not subject to interrupt priority control.

14.2 Interrupt Sources and Configuration

A total of 26 interrupt sources including non-maskable, maskable, and software interrupt sources are available
(refer to Table 14-1).

Remark There are two types of interrupt sources for the watchdog timer (INTWDT): non-maskable interrupts and

maskable interrupts (internal). Only one of these interrupts can be selected.
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Table 14-1. Interrupt Source List (1/2)

Note 1 Interrupt Source Vector Note 2
Interrupt Default Internal/ Table Basic
Type Priority External Address Configuration
Name Trigger Type
Non- — INTWDT | Watchdog timer overflow (when non- Internal 0004H (A)
maskable maskable interrupt is selected)
Maskable 0 INTWDT | Watchdog timer overflow (when interval (B)
timer mode is selected)
1 INTPO Pin input edge detection External 0006H (C)
2 INTPA 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTP6 0012H
8 INTP7 0014H
9 INTTM7 | TM7 underflow Internal 0016H (B)
10 INTTMOOO | TMO0O and CR0O00 match signal generation 0018H

(when compare register is specified)
TI010valid edge detection (when the capture
register is specified)

11 INTTMO010 |TMOO and CR010 match signal generation 001AH
(when compare register is specified)
TI000 valid edge detection (when the capture
register is specified)

12 INTTM001 |TMO1 and CR001 match signal generation 001CH
(when compare register is specified)

T1011 valid edge detection (when the capture
register is specified)

13 INTTMO11 | TMO1 and CR0O11 match signal generation 001EH
(when compare register is specified)

TI001 valid edge detection (when the capture
register is specified)

14 INTSERO |UARTOO receive error generation 0020H
15 INTSRO End of UARTOO reception 0022H
16 INTSTO End of UARTOO transmission 0024H
17 INTSR1 End of UARTO1 reception 0026H
18 INTSTH End of UARTO1 transmission 0028H

Notes 1. The default priority is the priority applicable when more than one maskable interrupt is generated at
the same time. 0 is the highest priority and 23 the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) on the next pages.
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Table 14-1. Interrupt Source List (2/2)

Interrupt D:f::l: Interrupt Source Internal/ \42?% ' BasiNcme ’
Type Priority ] External Address Configuration
Name Trigger Type
Maskable 19 INTTM50 | TM50 and CR50 match signal generation Internal 002AH (B)
20 INTTM51 | TM51 and CR51 match signal generation 002CH
21 INTTM52 | TM52 and CR52 match signal generation 002EH
22 INTCSI3 | End of SIO3 transfer 0030H
23 INTADO | End of A/D conversion 0032H
Software — BRK Execution of BRK instruction — 003EH (D)

Notes 1. The default priority is the priority applicable when more than one maskable interrupt is generated at
the same time. 0 is the highest priority and 23 the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) on the next pages.
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(A) Internal non-maskable interrupt

Figure 14-1. Basic Configuration of Interrupt Function (1/2)

Interrupt
request

Internal bus

Priority controller

Vector table

address generator

Standby

(B) Internal maskable interrupt

release signal

Internal bus

l

MK IE PR ISP
. Vector table
Interrupt Priority controller
request IF address generator
Standby
release signal
(C) External maskable interrupt
S Internal bus (
External interrupt
rising/falling edge MK IE PR ISP
enable register
(EGP, EGN, EGP5, EGN5)
. Vector table
Interrupt , Priority controller
request Edge detector IF address generator

262

Standby

User’s Manual U13029EJ7V1UD

release signal



CHAPTER 14 INTERRUPT FUNCTIONS

Figure 14-1. Basic Configuration of Interrupt Function (2/2)

(D) Software interrupt

Internal bus

Interrupt
request
IF:  Interrupt request flag
IE: Interrupt enable flag

ISP: In-service priority flag
MK: Interrupt mask flag
PR: Priority specification flag

Vector table

address generator
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14.3 Registers Controlling Interrupt Functions
The following eight types of registers control the interrupt functions.

« Interrupt request flag registers (IFOL, IFOH, IF1L)

* Interrupt mask flag registers (MKOL, MKOH, MK1L)

» Priority specification flag registers (PROL, PROH, PR1L)
» External interrupt rising edge enable register (EGP)

« External interrupt falling edge enable register (EGN)

» External interrupt rising edge enable register 5 (EGP5)
» External interrupt falling edge enable register 5 (EGN5)
» Program status word (PSW)

Table 14-2 shows the names of the interrupt request flags, interrupt mask flags, and priority specification flags
corresponding to the respective interrupt request sources.

Table 14-2. Flags Corresponding to Respective Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTWDT WDTIFNote IFOL WDTMKNote | MKOL WDTPRNote | PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTP5 PIF5 PMK5 PPR5
INTP6 PIF6 PMKe6 PPR6
INTP7 PIF7 IFOH PMK?7 MKOH PPR7 PROH
INTTM7 TMIF7 TMMK7 TMPR7
INTTMO00 TMIF000 TMMKO000 TMPRO000
INTTMO10 TMIF010 TMMKO010 TMPRO10
INTTMOO1 TMIFO0O01 TMMKO001 TMPRO001
INTTMO11 TMIFO11 TMMKO11 TMPRO11
INTSERO SERIFO SERMKO SERPRO
INTSRO SRIF0 SRMKO SRPRO
INTSTO STIFO IF1L STMKO MK1L STPRO PR1L
INTSR1 SRIF1 SRMKA1 SRPR1
INTSTH STIF1 STMK1 STPR1
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 TMMK51 TMPR51
INTTM52 TMIF52 TMMK52 TMPR52
INTCSI3 CSIIF3 CSIMK3 CSIPR3
INTADO ADIFO ADMKO ADPRO
Note Interrupt control flag when the watchdog timer is used as an interval timer

264

User’s Manual U13029EJ7V1UD




CHAPTER 14

INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
Aninterruptrequestflagis setto 1 when the corresponding interrupt requestis generated or when aninstruction
is executed, and is cleared to 0 when the interrupt request is acknowledged, when the RESET signal is input,

or when an instruction is executed.
IFOL, IFOH, and IF1L are set by a 1-bit or 8-bit memory manipulation instruction. When using IFOL and IFOH
as a 16-bit register, IF0, it is set by a 16-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 14-2. Format of Interrupt Request Flag Registers

Symbol 7y () (B @ (@ @ () (0 Address Afterreset R/W
IFOL | PIF6 | PIF5 | PIF4 | PIF3 | PIF2 | PIF1 | PIFO |WDTIF| FFEOH 00H R/W
IFOH |SRIFO|SERIF0TMIFO11TMIFO01|TMIFO10[TMIF000| TMIF7| PIF7 FFE1H 00H R/W
IF1L |ADIFO| CSIIF3 [ TMIF52 | TMIF51 [TMIF50 | STIF1 |SRIF1|STIFO| FFE2H 00H R/W
‘ xxIF Interrupt request flag
0 Interrupt request signal is not generated.

Interrupt request signal is generated and interrupt

is requested.

Cautions 1. The WDTIF flag can be read/written only when the watchdog timer is used as an interval

timer. Clear the WDTIF flag to 0 when watchdog timer mode 1 is used.

2. Beforerestarting the timer, serial interface, or A/D converter in the standby mode, be sure
to clear the interrupt request flag. Note that noise may cause an interrupt request flag
to be set.
3. When an interrupt is acknowledged, the interrupt request flag is automatically cleared,
and then the interrupt routine is started.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
An interrupt mask flag enables or disables the corresponding maskable interrupt servicing and release of the
standby mode.
MKOL, MKOH, and MK1L are set by a 1-bit or 8-bit memory manipulation instruction. When using MKOL and
MKOH as a 16-bit register, MKO, it is set by a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 14-3. Format of Interrupt Mask Flag Register

Symbol (7) (&) (B @ @ (@ (@) () Address Afterreset RW

MKOL |PMK6| PMK5| PMK4| PMK3 | PMK2 | PMK1 | PMKO [WDTMK| ~ FFE4H FFH R/W
MKOH |SRMKO|SERMK0| TMMK | TMMK | TMMK | TMMK |\t 7| pvk7 | FFESH FFH R/W

011 001 010 000

@ ® ® @ ® @® © ©

MK1L |ADMKO|CSIMK3 T"g’;"K T"g':"" T'\gg"K STMK1|SRMK1|STMKO| ~ FFE6H FFH R/W

xxMK Interrupt servicing control

0 Enables interrupt servicing

1 Disables interrupt servicing

Cautions 1. Ifthe watchdog timeris used in watchdog timer mode 1, the WDTMK flag will be undefined
when read.

2. Because port 0 and P54 to P57 have alternate functions of external interrupt request
inputs, the corresponding interrupt request flag is set when the output mode is specified
and output level of a port pin is changed.

To use the port in the output mode, therefore, set the corresponding interrupt mask flag
to 1 in advance.
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(3) Priority specification flag registers (PROL, PROH, PR1L)
A priority specification flag sets the priority of the corresponding maskable interrupt.
PROL, PROH, and PR1L are set by a 1-bit or 8-bit memory manipulation instruction. When using PROL and

PROH as a 16-bit register, PRO, it is set by a 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 14-4. Format of Priority Specification Flag Register

Symbol (7) & (B @ (@ @ (1) (© Address Afterreset R/W

PROL |PPR6 | PPR5| PPR4 |PPR3 | PPR2 | PPR1|PPRO|WDTPR| FFESH FFH RIW

@ ® 6 @ 6 & ©® ©

SRPR |SERPR| TMPR | TMPR | TMPR | TMPR
PROH 0 0 011 001 010 000 TMPR7| PPR7| FFE9H FFH R/W

©® ® & @ ® @ 0O O

PR1L |ADPROCSIPR3 T";‘ZR T“E’)':’R T";g“ STPR|SRPR| STPR | FrEAH FFH RW

xxPR Priority level selection

0 High priority level

1 Low priority level

Caution To use the watchdog timer in watchdog timer mode 1, set the WDTPR flag to 1.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register
(EGN)
EGP and EGN specify the valid edge to be detected on pins P00 to P03.
EGP and EGN can be read or written to with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 14-5. Format of External Interrupt Rising Edge Enable Register and
External Interrupt Falling Edge Enable Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset  R/W

EGP 0 0 0 0 |EGP3|EGP2|EGP1|EGPO FF48H 00H R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset  R/W

EGN 0 0 0 0 |EGN3|EGN2|EGN1|EGNO FF49H 00H R/W

EGPn | EGNn Valid edge of INTPn pin (n =0 to 3)
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
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(5) External interrupt rising edge enable register 5 (EGP5), external interrupt falling edge enable register
5 (EGN5)
EGP5 and EGNS5 specify the valid edge to be detected on pins P54 to P57.
EGP5 and EGN5 can be read or written to with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 14-6. Format of External Interrupt Rising Edge Enable Register 5 and
External Interrupt Falling Edge Enable Register 5

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset R/W

EGP5 |EGP57|EGP56|EGP55|EGP54| 0 0 0 0 FF7CH 00H R/W

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset  R/W

EGN5 [EGN57|EGN56|EGN55|EGN54| 0 0 0 0 FF7DH 00H R/W

EGP5n|EGN5n Valid edge of INTPn pin (n =4 to 7)
0 0 Interrupt disable
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
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(6) Program status word (PSW)
The program status word is a register that holds the instruction execution result and current status of interrupt
request. An IE flag that enables/disables the maskable interrupts and an ISP flag that controls multiple
interrupts processing are mapped to this register.
This register can be read or written in 8-bit units. In addition, it can also be manipulated by using a bit
manipulation instruction or dedicated instructions (El and DI). When a vectored interrupt request is
acknowledged, and when the BRK instruction is executed, the contents of the PSW are automatically saved
to the stack. At this time, the IE flag is reset to 0. If a maskable interrupt request has been acknowledged,
the contents of the priority flag of that interrupt are transferred to the ISP flag. The contents of the PSW can
also be saved to the stack by the PUSH PSW instruction, and restored from the stack by RETIl, RETB, or POP
PSW instruction.
RESET input sets the PSW to 02H.

Figure 14-7. Configuration of Program Status Word

Symbol 7 6 5 4 3 2 1 0 After reset

PSW | IE Z |RBS1| AC |RBSO| O ISP | CY 02H

‘ ‘ ‘ ‘ ‘ Used when normal instruction is executed

\— ISP Priority of interrupt currently processed

0 Interrupt with higher priority is processed (interrupt
with lower priority is disabled).
Interrupt is not acknowledged, or interrupt with lowe

1 priority is processed (all maskable interrupts are
enabled).

IE Interrupt request acknowledge enable/disable

0 Disables

1 Enables

14.4 Interrupt Servicing Operation

14.4.1 Non-maskable interrupt request acknowledgement operation

The non-maskable interrupt request is unconditionally acknowledged even when interrupt requests are disabled.
It is not subject to interrupt priority control and takes precedence over all other interrupts.

When the non-maskable interrupt request is acknowledged, the contents are saved to the stack, program status
word (PSW) and program counter (PC), in that order, the IE flag and ISP flag are reset to 0, the contents of the vector
table are loaded to the PC, and then program execution branches.

If a new non-maskable interrupt request is generated while the non-maskable interrupt service program is being
executed, the interrupt request is acknowledged when the current execution of the non-maskable interrupt service
program is complete (after the RETI instruction has been executed) and one instruction in the main routine has been
executed. Iftwo or more new non-maskable interrupt requests are generated while the non-maskable interrupt service
program is being executed, only one non-maskable interrupt request is acknowledged after execution of the non-
maskable interrupt service program is complete.

Figure 14-8 shows the flowchart from non-maskable interrupt request generation to acknowledgement, Figure 14-
9shows the timing of non-maskable interrupt request acknowledgement, and Figure 14-10 shows the acknowledgement
operation when multiple non-maskable interrupt requests are generated.
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Figure 14-8. Flowchart from Non-Maskable Interrupt Request Generation to Acknowledgement

WDTM4 = 1
(watchdog timer mode
is selected)

Interval timer

WDT
overflows

WDTM3 =0
(non-maskable interrupt
request is selected

Reset processing

Interrupt request is generated

WDT interrupt
is not processed

(Interrupt request pending )

Interrupt control
register is not
accessed

( Interrupt servicing is started )

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 14-9. Timing of Non-Maskable Interrupt Request Acknowledgement

Saving PSW and PC, and

CPU processing Instruction Instruction jumping to interrupt servicing

Interrupt servicing program

WOTIF (ST h \

Interrupt request generated during this interval is acknowledged at T

WDTIF: Watchdog timer interrupt request flag
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Figure 14-10. Acknowledgement Operation
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14.4.2 Maskable interrupt request acknowledgement operation

A maskable interrupt request can be acknowledged when the interrupt request flag is set to 1 and the corresponding
interrupt request mask (MK) flag is cleared to 0. A vectored interrupt request is acknowledged in the interrupt enabled
status (when the |IE flag is set to 1). However, an interrupt request with a lower priority cannot be acknowledged while
an interrupt with a higher priority is being serviced (when the ISP flag is reset to 0).

The time required to start the interrupt servicing after a maskable interrupt request has been generated is shown
in Table 14-3.

For the timing of the interrupt request acknowledgement, refer to Figures 14-12 and 14-13.

Table 14-3. Time from Generation of Maskable Interrupt Request to Servicing

Minimum Time Maximum TimeNote
When xxPR = 0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note The wait time is the maximum when an interrupt request is
generated immediately before a division instruction.

Remark 1 clock: 1 (fcpu: CPU clock)
fcpu

When two or more maskable interrupt requests are generated at the same time, they are acknowledged starting
from the one assigned the highest priority by the priority specification flag. If the same priorities are specified by the
priority specification flag, the interrupt with the highest default priority is acknowledged first.

A pending interrupt request is acknowledged when the status in which it can be acknowledged is set.

Figure 14-11 shows the algorithm of acknowledging interrupt requests.

When a maskable interrupt request is acknowledged, the contents are saved to the stack, the program status word
(PSW) and the program counter (PC), in that order, the IE flag is reset to 0, and the contents of the interrupt priority
specification flag of the acknowledged interrupt request are transferred to the ISP flag. In addition, the data in the
vector table determined for each interrupt request is loaded to the PC, and execution branches.

To return from interrupt servicing, use the RETI instruction.
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Figure 14-11. Interrupt Request Acknowledgement Program Algorithm

( Start )
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same time (Interrupt request pending )

Vectored interrupt
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Yes (Interrupt request pending )

No

(Interrupt request pending )

Vectored interrupt
servicing

Interrupt request flag

Interrupt mask flag

Priority specification flag

Flag that controls acknowledgement of maskable interrupt request (1 = Enable, 0 = Disable)
Flag that indicates the priority level of the interrupt currently being serviced (0 = Higher priority
interrupt servicing, 1 = No interrupt request acknowledged, or lower priority interrupt servicing)
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Figure 14-12. Interrupt Request Acknowledgement Timing (Minimum Time)

6 clocks
/—Aﬁ
. . . Saving PSW and PC, jumping|  nterrupt
CPU processing Instruction Instruction to Interrupt servicing ?,?L‘Sf;?ﬁ
/L
xxIF / \’\’ / \4(
(xxPR =1) ‘ R |
! 8 clocks !
/L
xxIF / \” / \4(
(xxPR = 0) | ) ‘
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Remark 1 clock: —'— (fcru: GPU clock)
fcpu
Figure 14-13. Interrupt Request Acknowledgement Timing (Maximum Time)
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. . . X ; i Interrupt
CPU processing Instruction Division instruction S‘“‘{‘Sﬁiﬁiﬁigﬁgc‘%ﬁp'"g servicing
program
/L
xxIF / ,\, / \_((
(xxPR =1) ‘ ) |
| 33 clocks !
/L
xxIF / \,\, / \4(
(xxPR = 0) ‘ R ‘

‘ 32 clocks !

Remark 1 clock: 1 (fcpu: CPU clock)
fcpu

14.4.3 Software interrupt request acknowledgement operation

The software interrupt request can be acknowledged when the BRK instruction is executed. This interrupt cannot
be disabled.

When the software interrupt request is acknowledged, the contents are saved to the stack, the program status
word (PSW) and the program counter (PC), in that order, the IE flag is reset to 0, the contents of the vector table
(003EH and 003FH) are loaded to the PC, and execution branches.

To return from the software interrupt servicing, use the RETB instruction.

Caution Do not use the RETI instruction to return from the software interrupt.
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14.4.4 Multiple interrupt servicing

Acknowledging another interrupt request while one interrupt is being serviced is called multiple interrupts.

Multiple interrupts are not generated unless interrupt requests are enabled (IE = 1) (except the non-maskable
interrupt). When an interrupt request is acknowledged, the other interrupts are disabled (IE = 0). To enable
multiple interrupts, therefore, the |IE flag must be set to 1 by executing the El instruction during interrupt servicing
and interrupts must be enabled.

Even if interrupt requests are enabled, some multiple interrupts are not acknowledged due to control by the
programmable priority. An interrupt has two types of priorities: a default priority and a programmable priority.
Multiple interrupts are controlled by the programmable priority.

In the El status, if an interrupt request having the same as or higher priority than that of the interrupt currently
being serviced is generated, the interrupt is acknowledged as multiple interrupt. If an interrupt request with a priority
lower than that of the interrupt currently being serviced is generated, the interrupt is not acknowledged as multiple
interrupt.

If interrupts are disabled, or if a multiple interrupt is not acknowledged because it has a low priority, the
interrupt is held pending. After the servicing of the current interrupt is complete, and after one instruction of
the main servicing has been executed, the pending interrupt is acknowledged.

Multiple interrupts are not acknowledged while the non-maskable interrupt is being serviced.

Table 14-4 shows interrupt requests enabled for multiple interrupts. Figure 14-14 shows multiple interrupt

examples.

Table 14-4. Interrupt Requests Enabled for Multiple Interrupt During Interrupt Servicing

Multiple Interrupt Maskable Interrupt Request
Non-Maskable
Request xxPR = 0 *xPR = 1
Interrupt Request
Servicing Interrupt IE =1 IE=0 | IE=1 IE=0

Non-maskable interrupt X X X X X
Maskable interrupt ISP =0 \ \ x x x
ISP = 1 v v x v x
Software interrupt \ \ x \ x

Remarks 1. V: Multiple interrupt enabled.
x: Multiple interrupt disabled.
2. ISP and IE are flags included in PSW.
ISP = 0: Interrupt with higher priority is serviced.
ISP = 1: Interrupt request is not acknowledged or interrupt with lower priority is being
serviced.
IE =0: Acknowledging interrupt request is disabled.
IE =1: Acknowledging interrupt request is enabled.
3. xxPRis flag included in PROL, PROH, and PR1L.
xxPR = 0: Higher priority level
xxPR = 1: Lower priority level
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Figure 14-14. Multiple Interrupt Example (1/2)

Example 1. Multiple interrupt is generated twice

Main servicing INTxx INTyy INTzz
servicing servicing servicing
IE=0 IE=0 IE=0
[e]
INTxx — INTyy — INTzz —
(PR=1) (PR =0) (PR=0)

[Fer]

RETI | REE'

This multiple interrupt example shows two interrupt requests, INTyy and INTzz, being acknowledged while interrupt
INTxx is being serviced. Before each interrupt request is acknowledged, the El instruction is always issued and
interrupt requests are enabled.

Example 2. Multiple interrupt is not generated because of its priority

Main servicing INTxx INTyy
servicing servicing

INTXx —
(PR =0)

1 instruction
execution

INTyy, which is generated while INTxx is being serviced, is not acknowledged and multiple interrupt servicing is
not performed because the priority of INTyy is lower than that of INTxx. INTyy is held pending and is acknowledged
after one instruction of the main servicing has been executed.

PR = 0: Higher priority level

PR =1: Lower priority level
IE =0: Acknowledging interrupt request is disabled
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Figure 14-14. Multiple Interrupt Example (2/2)

Example 3. Multiple interrupt is not generated because interrupts not enabled

Main servicing INTxx INTyy

servicing servicing

INTyy _
INTXx —» (PR=0)
(PR = 0) RETI

1 Instruction
execution

While INTxx is serviced, other interrupts are not enabled (the El instruction has not been executed). Therefore,
INTyy is not acknowledged and multiple interrupt servicing is not performed. This interrupt (INTyy) is held pending
and is acknowledged after one instruction of the main servicing has been executed.

PR = 0: Higher priority level
IE =0: Acknowledging interrupt request is disabled
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14.4.5 Pending interrupt requests

There are instructions where, even if an interrupt request is issued for them while another instruction is being
executed, request acknowledgement is held pending until the end of execution of the next instruction. These
instructions (instructions that have interrupt requests held pending) are listed below.

- MOV
- MOV
- MOV
- MOV1
- MOV
- AND1
- OR1
- XOR1
- SET1
- CLR1
- RETB
- RETI
- PUSH
- POP
- BT

- BF

- BTCLR
- El

- DI

PSW, #byte
A, PSW
PSW, A
PSW. bit, CY
CY, PSW. bit
CY, PSW. bit
CY, PSW. bit
CY, PSW. bit
PSW. bit
PSW. bit

PSW
PSW
PSW. bit, $addr16
PSW. bit, $addri16
PSW. bit, $addr16

» Manipulationinstructionto IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, EGP, EGN, EGP5, EGN5
registers

Caution The BRK instruction is not one of the above-listed instructions that have interrupt requests held
pending. However, the software interrupt activated by executing the BRK instruction causes the
IE flag to be cleared to 0. Therefore, even if a maskable interrupt request is generated during
execution of the BRK instruction, the interrupt request is not acknowledged. However, the non-
maskable interrupt request is acknowledged.

The timing with which interrupt requests are held pending is shown in Figure 14-15.

CPU processing

Figure 14-15. Pending Interrupt Request

Instruction N Instruction M

Saving PSW and PC, jumping
to interrupt servicing

Interrupt servicing
program

xxIF J

Remarks

1. Instruction N:
2. Instruction M:

\

Instruction that has interrupt request held pending
Instruction other than one which has interrupt request held pending
3. The operation of xxIF (interrupt request) is not affected by the value of xxPR (priority level).
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CHAPTER 15 EXTERNAL DEVICE EXPANSION FUNCTION

15.1 External Device Expansion Function

The external device expansion function is for connecting an external device to areas other than the internal ROM,
RAM, and SFR areas. To connect an external device, ports 4 and 6 are used. Port 4 controls address/data, read/

write strobe, wait, and address strobe signals.
The uPD780982, 780983, 780984, and 780986 can be expanded with 256 bytes of external memory. By using
an external access area in the SFR area, the uPD780988 can be expanded with 16 bytes of external memory.

Caution The external device expansion function can only be used under conditions of fx = 8.38 MHz or
lower, and Voo = 4.0 to 5.5 V.

Table 15-1. Pin Functions in External Memory Expansion Mode

Pin Function when External Device is Connected Alternate
Function
Name Function
ADO to AD7 | Multiplexed address/data bus P40 to P47
RD Read strobe signal P64
WR Write strobe signal P65
WAIT Wait signal P66
ASTB Address strobe signal P67

Table 15-2. Status of Ports 4 and 6 in External Memory Expansion Mode

Port Port 4 Port 6
External Expansion Mode - _O_tc:7_ _____ 4 ; _5_ ; _6_ _7_ N
Single-chip mode Port Port
256-byte memory expansion mode Address/data RD, WR, WAIT, ASTB

Caution When the external wait function is not used, the WAIT pin can be used as a port pin in all the
modes.
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The memory map is as follows when the external device expansion function is used.

Figure 15-1. Memory Map When External Device Expansion Function Used (1/3)

(a) Memory map of the uPD78F0988A when the
uPD780982 and flash memory capacity

are 16 KB

FFFFH

FFOOH
FEFFH

FBOOH
FAFFH

4100H
40FFH

4000H
3FFFH

0000H

SFR

Internal high-speed RAM

Reserved

256-byte memory expansion mode
(When MEM2 to MEMO = 01x)

Single-chip mode

capacity are 24 KB

FFFFH
SFR
FFOOH
FEFFH
Internal high-speed RAM
FBOOH
FAFFH
Reserved

6100H
60FFH

256-byte memory expansion mode

(When MEM2 to MEMO = 01x)
6000H
5FFFH

Single-chip mode

0000H
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Figure 15-1. Memory Map When External Device Expansion Function Used (2/3)

(c) Memory map of the uPD78F0988A when the (d) Memory map of the uPD78F0988A when

1PD780984 and flash memory capacity the ©PD780986 and flash memory
are 32 KB capacity are 48 KB
FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH
Internal high-speed RAM Internal high-speed RAM
FBOOH FBOOH
FAFFH FAFFH
Reserved
F800H
F7FFH

Internal expansion RAM

Reserved
F400H
F3FFH
Reserved
C100H
COFFH .
256-byte memory expansion mode
8100H COOOH (When MEM2 to MEMO = 01x)
80FFH ) BFFFH
256-byte memory expansion mode
8000H (When MEM2 to MEMO = 01x)
7FFFH
Single-chip mode
Single-chip mode

0000H 0000H
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Figure 15-1. Memory Map When External Device Expansion Function Used (3/3)

(e) Memory map of the uPD78F0988A when the uPD780988 and flash memory capacity are 60 KB

FFFFH
SFR
FFOOH
FEFFH
Internal high-speed RAM
FBOOH
FAFFH
Reserved
F800H
F7FFH
Internal expansion RAM
F400H
F3FFH
Reserved
FOOOH
EFFFH
Single-chip mode
0000H

Cautions 1. The uPD78F0988A of when the uPD780988 and flash memory capacity is 60 KB
cannot be expanded with external memory of 256 bytes. Use of the SFR area’s
external access area will allow 16-byte external memory expansion.

2. Setting the flash memory capacity to 48 KB or less with the internal memory size
switching register (IMS) will allow the uPD78F0988A to be expanded with 256 bytes
of external memory.
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15.2 Registers Controlling External Device Expansion Function
The external device expansion function is controlled by the following three registers.

* Memory expansion mode register (MEM)
* Memory expansion wait setting register (MM)
* Memory size switching register (IMS)

(1) Memory expansion mode register (MEM)
MEM is a register that sets an external expansion area.
MEM is set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 15-2. Format of Memory Expansion Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
MEM| 0 0 0 0 0 |MEM2|MEM1|MEMO FF47H 00H W

MEM2|MEM1|MEMO Single-chip/memory P40 to P47, P64 to P67 pin status
expansion mode selection

P40 to P47 | P64 to P67

0 0 0 Single-chip mode Port mode
0 1 x | 256-byte memory ADO to AD7 | P64 =RD
expansion mode __
P65 = WR
P66 = WAIT
P67 = ASTB

Other than above Setting prohibited

Caution Always set bits 3 to 7 to 0.

Remark x: don’t care
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(2) Memory expansion wait setting register (MM)
MM is a register that sets the number of wait states.
MM is set by an 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Symbol

MM

Figure 15-3. Format of Memory Expansion Wait Setting Register

7 6 5 4 3 2 1 0 Address  Afterreset R/W
0 0 PW1 | PWO 0 0 0 0 FFF8H 10H R/W
PW1 | PWO Wait state control

0 0 No wait

0 1 Wait (1 wait state is inserted)

1 0 Setting prohibited

1 1 Wait control by external wait pin

Caution To perform wait control using the external wait pin, be sure to set the WAIT/P66 pin to

input mode (set bit 6 (PM66) of the port mode register 6 (PM6) to 1).
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(3) Memory size switching register (IMS)
This register sets the capacities of the internal ROM and internal high-speed RAM.
IMS is set by an 8-bit memory manipulation instruction.
RESET input sets this register to CFH.

Figure 15-4. Format of Memory Size Switching Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

IMS |RAM2‘RAM1‘RAMO‘ 0 ‘ROMS‘ROMZ‘ROW‘ROMO' FFFOH CFH RW
\ \ !

ROM3 | ROM2 | ROM1 | ROMO | Internal ROM capacity selection

0 1 0 0 |16KB

o | 1 1 | 0 [24KB
1 [ o | o | o [32ks
1 1 | 0 | 0 |48KBNe

1 1 1 1 60 KB

Other than above Setting prohibited

RAM2 | RAM1 | RAMO | Internal high-speed RAM capacity selection

1 1 0 1,024 bytes

Other than above Setting prohibited

Note Make the flash memory capacity 48 KB or less when using the external device expansion function with
the uPD78F0988A.

Cautions 1. The value of IMS after reset is the same (CFH) for all the products in the uPD780988
Subseries, regardless of the internal memory capacity. Therefore, be sure to set the value
of IMS according to the internal memory capacity of the product used.

2. The external memory space can be expanded in a space other than that specified by IMS,
regardless of the internal memory capacity.

Table 15-3. Set Value of Internal Memory Size Switching Register

Part Number Set Value of IMS
uPD780982 C4H
uPD780983 C6H
uPD780984 C8H
uPD780986 CCH
uPD780988 CFHNote 1
1PD78F0988A Note 2

Notes 1. There is no need to change the set value of IMS because the initial value of the uPD780988 is
CFH.
2. Set C4H, C6H, C8H, CCH, or CFH according to the mask ROM version used.
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15.3 Timing of External Device Expansion Function

The timing control signal output pins used in the external memory expansion mode are as follows.

(1

(2

3

4

(5

RD pin (alternate function: P64)

This pin outputs a read strobe signal when an instruction is fetched or data is accessed from the external
memory.

When the internal memory is accessed, the read strobe signal is not output (instead, this pin holds a high
level).

WR pin (alternate function: P65)

This pin outputs a write strobe signal when the external memory is accessed for data.
When the internal memory is accessed, the write strobe signal is not output (this pin holds a high level).

WAIT pin (alternate function: P66)

This pin inputs an external wait signal.
When the external wait signal is not used, the WAIT pin can be used as an I/O port pin.
When the internal memory is accessed, the external wait signal is ignored.

ASTB pin (alternate function: P67)

This pin outputs an address strobe signal which is always output regardless of instruction fetch or data access
from the external memory.

The address strobe signal is also output when the internal memory is accessed.

ADO to AD7 pins (alternate function: P40 to P47)

These pins output address and data signals. The valid signals are output or input when instructions are fetched
or data is accessed from the external memory.

The status of the signal also changes when the internal memory is accessed (the output contents are
undefined).

Figures 15-5 to 15-8 show the timing charts.
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288

ASTB

RD

ADO to AD7

ASTB

RD

ADO to AD7

Internal wait signal
(1 clock wait)

ASTB

RD

ADO to AD7

WAIT

Figure 15-5. Instruction Fetch from External Memory

(a) When no wait state is set (PW1, PW0 =0, 0)

[\

| W—

X Address

X Instruction codeX

(b) When wait state is set (PW1, PW0 =0, 1)

___/ \

X Address X

(c) When external wait state is set (PW1, PW0 =1, 1)

I A

((

\

))

(( /

))

X Address X

) -
(« Instruction code X
)
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ASTB

RD

ADO to AD7

ADO to AD7

Internal wait signal
(1 clock wait)

ASTB

RD

ADO to AD7

Figure 15-6. Read Timing of External Memory

(a) When no wait state is set (PW1, PW0 =0, 0)

[\

\ /
X Address X Read data X

(b) When wait state is set (PW1, PW0 =0, 1)

(c) When external wait state is set (PW1, PW0 =1, 1)

I A "

))

- [
X

))

((
X Address X {){) Read data
)

WAIT

ey
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ASTB
WR
ADO to AD7

ASTB
WR
ADO to AD7

Internal wait signal
(1 clock wait)

ASTB

WR

ADO to AD7

[\

Figure 15-7. Write Timing of External Memory

(a) When no wait state is set (PW1, PW0 =0, 0)

—

X Address >________H_i-_Z """" '<

Write data X

(b) When wait state is set (PW1, PW0 =0, 1)

_/\

I\

Write data X

X Address )— ---------- AR -(

« Write data X

WAIT
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Figure 15-8. Read-Modify-Write Timing of External Memory

(a) When no wait state is set (PW1, PW0 =0, 0)

ASTB / \

RD \ /
WR \ /
Hi-Z
ADO to AD7 X Address X Read data )- - -( Write data X
(b) When wait state is set (PW1, PW0 =0, 1)
ASTB / \
RD \ /
WR \ /
Hi-Z
ADO to AD7 X Address X Read data >< Write data X
Internal waitsignal """ TTTTTTTTTTTTT S L v oo TTTTTTETEEEEE
(1 clock wait) vemms ! te-mm-- “
(c) When external wait state is set (PW1, PW0 =1, 1)
AST f— 1
— it
RD \ ) /
))
WR B \ ) /
) Hi-Z ))
ADO to AD7 X Address X ;: Read data )- -( ii Write data X
( (

waT S e WY
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15.4 Example of Connection with Memory
Figure 15-9 shows an example of connecting the uPD780984 and an external memory. In this application example,
SRAM is connected. In addition, the external device expansion function is used in the full address mode, and 32

KB of addresses, 0000H to 7FFFH, are allocated to internal ROM; addresses 8000H and higher are allocated to SRAM.

Figure 15-9. Example of Connecting uPD780984 and Memory

Voo ™ ™
uPD780984
uPD43256B Data bus
e
RD : OE
WR WE
1/01 to 1/08
Address bus
A0 to A7
74HC573
ASTB LE
7%7 Q0 to Q7 )
ADO to AD7 DO to D7
OE
7J7' ’\J
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CHAPTER 16 STANDBY FUNCTION

16.1 Standby Function and Configuration

16.1.1 Standby function
The standby function is used to reduce the current consumption of the system and can be effected in the following
two modes.

(1) HALT mode
This mode is set when the HALT instruction is executed. The HALT mode stops the operation clock of the
CPU. The system clock oscillator continues oscillating. This mode does not reduce the current consumption
as much as the STOP mode, but is useful for resuming processing immediately when an interrupt request
is generated, or for intermittent operations such as a watch operation.

(2) STOP mode

This mode is set when the STOP instruction is executed. The STOP mode stops the system clock oscillator
and stops the entire system. The current consumption of the CPU can be substantially reduced in this mode.
The low voltage (Vop = 2.0 V) of the data memory can be retained. Therefore, this mode is useful for retaining
the contents of the data memory at an extremely low current.

The STOP mode can be released by an interrupt request, so this mode can be used for intermittent operation.
However, a certain amount of time is required until the system clock oscillator stabilizes after the STOP mode
isreleased. If processing must be resumed immediately by using aninterrupt request, therefore, use the HALT
mode.

In both modes, the previous contents of the registers, flags, and data memory before setting the standby mode
are all retained. In addition, the statuses of the output latch of the 1/0 ports and output buffer are also retained.

Cautions 1. To set the STOP mode, be sure to stop the operations of the peripheral hardware before
executing the STOP instruction.
2. Toreduce the current consumption of the A/D converter, clear bit 7 (ADCS0) of A/D converter
mode register 0 (ADMO) to 0 to stop A/D conversion, and then execute the HALT or STOP
instruction.
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16.1.2 Register controlling standby function

The wait time during which oscillation is stabilized after the STOP mode is released by an interrupt request is
controlled by the oscillation stabilization time select register (OSTS).

OSTS is set by an 8-bit memory manipulation instruction.

RESET input sets this register to 04H. Therefore, to release the STOP mode by inputting the RESET signal, the
time required to release the mode is 217/fx.

Figure 16-1. Format of Oscillation Stabilization Time Select Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
OSTS 0 0 0 0 0 |0STS2|0STS1|0STSo| FFFAH 04H R/W
OSTS2|OSTS1|OSTSO|  Selects oscillation stabilization tim when STOP mode released
At fx = 12 MHZN°t® At fx = 8.38 MHz
0 0 0 | 2" 341.3us 488.8 us
0 0 1| 2" 1.36 ms 1.96 ms
0 1 0 2'5/fx 2.73 ms 3.91 ms
0 1 1 2'6/fx 5.46 ms 7.82ms
1 0 0 2'7ffx 10.9 ms 15.6 ms
Other than above Setting prohibited

Note Expanded-specification products only.

Caution The wait time when the STOP mode is released does not include the time required for the clock
oscillation to start after the STOP mode has been released (see “a” in the figure below). The
same applies when the STOP mode is released by RESET input or generation of an interrupt
request.

STOP mode released

Voltage
waveform
of X1 pin

Vss1

Remark fx: System clock oscillation frequency
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16.2 Operation of Standby Function

16.2.1 HALT mode

(1) Setting and operation status of HALT mode
The HALT mode is set by executing the HALT instruction.

The operation status in the HALT mode is shown in the table below.

Table 16-1. Operation Status in HALT Mode

ltem

Operation Status

Clock generator

Oscillatable

Supply of clock to CPU is stopped.

CPU

Stops operation.

Port (output latch)

Retains previous status before setting HALT mode.

16-bit timer/event counter

Operable

8-bit timer/event counter

10-bit inverter control timer

Watchdog timer

Real-time output port

A/D converter

Serial interface

External interrupt

Externally ADO to AD7 High impedance
extended bus line ASTB Low level
WR, RD High level
WAIT High impedance
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(2) Releasing HALT mode
The HALT mode can be released by the following three sources.

(a) Releasing by unmasked interrupt request
If an unmasked interrupt request is generated, the HALT mode is released. If the interrupt request is
enabled at this time, vectored interrupt servicing is performed. If the interrupt request is disabled, the
instruction at the next address is executed.

Figure 16-2. Releasing HALT Mode by Interrupt Request

HALT Interrupt
instruction request Wait [
\
Standby H
release signal H
Operation
mode HALT mode Wait Operation mode
\
Clock Oscillation

Remarks 1. The dotted lines indicate the case when the interrupt request that has released the standby
mode is acknowledged.
2. The wait time is as follows.
»  When vectored interrupt servicing is performed: 8 to 9 clocks
» When vectored interrupt servicing is not performed: 2 to 3 clocks

(b) Releasing by non-maskable interrupt request

If a non-maskable interrupt request is generated, the HALT mode is released regardless of whether
interrupt requests are enabled or disabled, and vectored interrupt servicing is performed.
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(c¢) Releasing by RESET input

If the RESET signal is input, the HALT mode is released. After branching to the reset vector address

in the same manner as the ordinary reset operation, and program execution is started again.

Figure 16-3. Releasing HALT Mode by RESET Input

HALT

instruction

l

Wait
(2'7/fx: 10.9 ms)

))

RESET (
signal
Oscillation
Operation Reset stabilization Operation
mode ‘ HALT mode period wait status ‘ mode
‘ Oscillation ‘
Clock Oscillation stops Oscillation
Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 12 MHz.
Table 16-2. Operation After Release of HALT Mode
Releasing Source MKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Executes next address instruction.
0 0 1 X Executes interrupt servicing.
0 1 0 1 Executes next address instruction.
0 1 X 0
0 1 1 1 Executes interrupt servicing.
1 X X X Retains HALT mode.
Non-maskable interrupt request - - X X Executes interrupt servicing.
RESET input - - X X Executes reset processing.

x: don’t care
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16.2.2 STOP mode

(1) Setting and operation status of STOP mode
The STOP mode is set by executing the STOP instruction.

Cautions 1. When the STOP mode is set, the X2 pin is internally pulled up to Vbb1 to suppress the
current leakage of the crystal oscillator block. Therefore, do not use the STOP mode in
a system where the external clock is used as the system clock.

2. Because the standby mode can be released by an interrupt request signal, the standby
mode isreleased as soon asitis setif there is an interrupt source whose interrupt request
flag is set and interrupt mask flag is reset. When the STOP mode is set, therefore, the
HALT mode is set immediately after the STOP instruction has been executed, the wait
time set by the oscillation stabilization time select register (OSTS) elapses, and then an
operation mode is set.

The following table shows the operation status in the STOP mode.

Table 16-3. Operation Status in STOP Mode

ltem Operation Status
Clock generator Oscillation stopped.
CPU Stops operation.
Output port (output latch) Retains previous status immediately before STOP instruction execution.
16-bit timer/event counter Operable only when TI000 or TI001 is selected as count clock.
8-bit timer/event counter Operable only when TI50, TI51, or TI52 is selected as count clock.
10-bit inverter control timer Stops operation.
Watchdog timer Stops operation.
Real-time output port Operable when external trigger is used or when TI010, TI0O11, or TI52 is selected as

count clock of timer/event counter.

A/D converter Stops operation.
Serial interface Stops operation.
External interrupt Operable
Externally | ADO to AD7 High impedance
extended | AsTB Low level
bus line — — X
WR, RD High level
WAIT High impedance
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(2) Releasing STOP mode

The STOP mode can be released by the following two sources.

(a) Releasing by unmasked interrupt request
If an unmasked interrupt request is generated, the STOP mode can be released. If interrupt requests
are enabled at this time, vectored interrupt servicing is performed, after the oscillation stabilization time
has elapsed. If interrupt requests are in the acknowledgement disabled status, the instruction at the next

address is executed.

Figure 16-4. Releasing STOP Mode by Interrupt Request

Wait
_ STOP Interrupt (Set time by OSTS) |
instruction request

))

Standby (¢ T
release signal e
Operation Oscillation stabilization Operation
mode STOP mode wait status ‘ mode

Oscillation ‘

Clock Oscillation stops Oscillation

Remark The dotted lines indicate the case when the interrupt request that has released the standby
mode is acknowledged.
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(b) Releasing by RESET input
If the RESET signal is input, the STOP mode is released. The reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 16-5. Releasing STOP Mode by RESET Input

Wait
(2'7/fx: 10.9 ms) \

STOP
instruction

\
¢ -
RESET | | (
signal

Oscillation
Operation Reset stabilization Operation
mode STOP mode ‘ period wait status ‘ mode
Oscillation ‘ ‘
Clock Oscillation stops Oscillation
Remarks 1. fx: System clock oscillation frequency
2. The parenthesized values apply to operation at fx = 12 MHz.
Table 16-4. Operation After Release of STOP Mode
Releasing Source MKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Executes next address instruction.
0 0 1 X Executes interrupt servicing.
0 1 0 1 Executes next address instruction.
0 1 X 0
0 1 1 1 Executes interrupt servicing.
1 X X X Retains STOP mode.
RESET input - - X X Executes reset processing.

x: don’t care
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The reset signal can be effected by the following two methods.

(1) External reset input from RESET pin
(2) Internal reset by inadvertent program loop detection by watchdog timer

There is no functional difference between the external reset and internal reset, and execution of the program is
started from addresses written to addresses 0000H and 0001H when the RESET signal is input.
The reset function is effected when a low-level signal is input to the RESET pin or when an overflow occurs in
the watchdog timer. As a result, each hardware enters the status shown in Table 17-1. Each pin goes into a high-
impedance state while the RESET signal is input, and during the oscillation stabilization time immediately after the

reset function has been released.

When a high-level signal is input to the RESET pin, the reset function is released, and program execution is started
after oscillation stabilization time (2'7/fx) has elapsed. The reset function effected by an overflow in the watchdog
timer is automatically released after reset, and program execution is started after the oscillation stabilization time (2'7/
fx) has elapsed (refer to Figures 17-2 to 17-4).

Cautions 1. Input a low-level signal to the RESET pin for 10 us or longer to execute an external reset.

2. Oscillation of the system clock is stopped while the RESET signal is being input.

3. When releasing the STOP mode by the RESET input, the contents during the STOP mode are
retained while the RESET signal is being input. However, the port pins go into a high-

impedance state.

RESET ©

Reset
controller

Figure 17-1. Reset Function Block Diagram

Count clock

Watchdog timer

Overflow

Stop
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Figure 17-2. Reset Timing by RESET Input

S AVAVAWA WIVAVAWAS

During normal Reset period Osc[lllatlo.n Normal operation
9 .| Resetpe —»|«— stabilization —=}<— (Reset processing)
operation ‘ ! (Oscillation stopped)} time wait P 9
! ‘
|
| ! ! !
e o
Internal | | 1 |
reset signal | | /|
| ! ! !
‘ ‘ ‘4—»‘
Delay Delay

Hi-Z
Port pin >- -------------------------- e

Figure 17-3. Reset Timing by Overflow in Watchdog Timer

S AVAVAWA I VAVAVAES

Reset period scillation Normal operation
i m ion ——————»f=t el ilizati < :
During normal operation \ :tabl |zaiE[|on | (Reset processing)

} (Oscillation stopped);
Overflow in ! |
watchdog timer / i \
|
|
|
|
|

Internal
reset signal

; >_ Hi-Z
Portpin e e e o——me————-——--e

Figure 17-4. Reset Timing by RESET Input in STOP Mode

AVAWA NIUWAVAWAEE

h
STOP instruction execution Reset period Oscillation

(S(t)op _Tltat_us - (Oscillation —>|«— stabilization —=}«——
(Osci ation stoppe ) stopped) time wait

|
RESET '\ | /
| |
- |
Internal \ ! \
reset signal ! ! ‘
| |
\ \

Hi-Z
Port pin >- -------------------- B R EEEEEEEEE

Normal operation

During normal operation —»‘ (Reset processing)
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Table 17-1. Status of Each Hardware After Reset (1/2)

Hardware Status After Reset
Program counter (PC)Note 1 Contents of reset vector table
(O000H, 0001H) are set

Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2

General-purpose registers UndefinedNote 2
Port (output latch) Ports 0 to 6 (PO to P6) 00H
Port mode registers (PM0, PM2 to PM6) FFH
Pull-up resistor option registers (PUO, PU2 to PU6) 00H
Processor clock control register (PCC) 04H
Memory expansion mode register (MEM) 00H
Memory expansion wait setting register (MM) 10H
Internal memory size select register (IMS) CFHNote 3
Internal expansion RAM size select register (IXS) OCHNote 4
Flash programming mode control register (FLPMC) 08HNote 5
Oscillation stabilization time select register (OSTS) 04H
Real-time output port Mode registers (RTPM00, RTPMO01) 00H

Control registers (RTPC00, RTPCO01) 00H

DC control registers (DCCTLO, DCCTL1) 00H

Buffer registers (RTBL00, RTBH00, RTBLO1, RTBHO1) 00H

Notes 1. Only the contents of the PC among hardware become undefined during reset input and oscillation

stabilization time wait. The other statuses do not differ from those after reset.
2. If the reset signal is input in the standby mode, the status before reset is retained even after reset.
3. Set the following value before operating each device even though the initial value is CFH.
uPD780982: C4H
uPD780983: C6H
uPD780984: C8H
uPD780986: CCH
uPD780988: CFH (No need to change the set value of IMS because the initial IMS value of the
uPD780988 is CFH).
uPD78F0988A:Values corresponding to those of mask ROM versions
4. Set the following value before operating each device even though the initial value is 0CH.
uPD780982, 780983, 780984: 0CH (No need to change the set value of IXS because the initial IXS value
of the uPD780982, 780983, 780984 are set to OCH).
uPD780986, 780988: 0AH
uPD78F0988A: Values corresponding to those of mask ROM versions
5. Bit 2 changes according to Vepr voltage level.
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Table 17-1. Status of Each Hardware After Reset (2/2)

Hardware Status After Reset
10-bit inverter control timer Compare registers (CMO0 to CM2) 0000H
Compare register (CM3) 00FFH
Buffer registers (BFCMO to BFCM2) 0000H
Buffer register (BFCM3) 00FFH
Dead-time reload register (DTIME) FFH
Control register (TMC?7) 00H
Mode register (TMM7) 00H
16-bit timer/event counter Timer counters (TM00, TMO1) 0000H
Capture/compare control registers (CRC00, CRC01) 00H
Capture/compare registers (CR000, CR010, CR001, Undefined
CRO11)
Prescaler mode registers (PRM00, PRMO01) 00H
Mode control registers (TMC00, TMCO1) 00H
Timer output control registers (TOC00, TOCO01) 00H
8-bit timer/event counter Timer counters (TM50 to TM52) 00H
Compare registers (CR50 to CR52) Undefined
Clock select registers (TCL50 to TCL52) 00H
Mode control registers (TMC50 to TMC52) 00H
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) 00H
Serial interface Asynchronous serial interface mode registers 00H

(ASIM00, ASIMO1)

Asynchronous serial interface status registers 00H
(ASIS00, ASISO01)

Transmit shift registers (TXS00, TXSO01) FFH
Receive buffer registers (RXB00, RXB01) FFH
Baud rate generator control registers 00H

(BRGCO00, BRGCO01)

Shift register (SIO3) Undefined
Mode register (CSIM3) 00H
A/D converter Mode register (ADMO) 00H
Conversion result register (ADCRO0) Undefined
Analog input channel specification register (ADSO0) 00H
Interrupt Request flag registers (IFOL, IFOH, IF1L) 00H
Mask flag registers (MKOL, MKOH, MK1L) FFH
Priority specification flag registers (PROL, PROH, PR1L) FFH
External interrupt rising edge enable registers (EGP, EGP5) 00H
External interrupt falling edge enable registers (EGN, EGN5) 00H
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CHAPTER 18 uPD78F0988A

The uPD78F0988A replaces the on-chip mask ROM of the uPD780988 with flash memory, which can be written,
deleted, and rewritten while mounted on the board. Table 18-1 lists the differences between the uPD78F0988A and
the mask ROM versions.

Table 18-1. Differences Between uPD78F0988A and Mask ROM Versions

ltem uPD78F0988A Mask ROM Versions
Internal ROM type Flash memory Mask ROM
Internal ROM capacity 60 KBNote 1 uPD780982: 16 KB

uPD780983: 24 KB
uPD780984: 32 KB
uPD780986: 48 KB
uPD780988: 60 KB

Internal expansion RAM capacity 1,024 bytesNote 2 uPD780982, 780983, 780984: None
uPD780986, 780988: 1,024 bytes

TEST pin Not available Available

Vpp pin Available Not available

Notes 1. By using the internal memory size switching register (IMS), the flash memory capacity can be set to
the same capacity as the memory in the mask ROM versions.
2. By using the internal expansion RAM size switching register (1XS), the flash memory capacity can be
set to the same capacity as the memory in the mask ROM versions.

Caution There are differences in noise immunity and noise radiation between the flash memory versions
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
for the commercial samples (hot engineering samples) of the mask ROM versions.
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18.1 Internal Memory Size Switching Register

For the uPD78F0988A, it is possible to select the capacity of the internal memory using the internal memory size
switching register (IMS). By setting IMS, the internal memory of the uPD78F0988 can be mapped identically to that
of a mask ROM version.

IMS is set by an 8-bit memory manipulation instruction.

RESET input sets this register to CFH.

Figure 18-1. Format of Memory Size Switching Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

IMS |RAM2‘RAM1‘RAMO‘ 0 ‘ROMS‘ROMZ‘ROW‘ROMO' FFFOH CFH R/W
\ | | |

ROM3 | ROM2 | ROM1 | ROMO | Internal ROM capacity selection

0 1 0 0 16 KB
0 1 1 0 |24KB
1 0 0 0 |32KB
1 1 0 0 |48KB

1 1 1 1 60 KB

Other than above Setting prohibited

RAM2 | RAM1 | RAMO | Internal high-speed RAM capacity selection

1 1 0 1024 bytes

Other than above Setting prohibited

The values set to IMS in order to obtain the same memory map as mask ROM versions are shown in Table 18-2.

Table 18-2. Set Values of Memory Size Switching Register

Applicable Mask ROM Versions Set Value of IMS
uPD780982 C4H
nPD780983 C6H
uPD780984 C8H
uPD780986 CCH
1PD780988 CFH

Caution When mask ROM versions are used, IMS should be set to the values shown in Table 18-2. The
setting value for the yPD780988 is CFH, so it is not necessary to change the initial value.
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18.2 Internal Expansion RAM Size Switching Register

For the uPD78F0988A, it is possible to select the capacity of the internal expansion RAM using the internal
expansion RAM size switching register (IXS). By setting IXS, the same memory map as mask ROM versions with
different internal expansion RAM capacities is possible.

IXS is set by an 8-bit memory manipulation instruction.

RESET input sets this register to 0CH.

Figure 18-2. Format of Internal Expansion RAM Size Switching Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

IXS| 0 ‘ 0 ‘ 0 ‘IXRAM4‘IXRAM3‘IXHAM2‘IXRAM1‘IXRAMOl FFF4H 0CH RW
\ \ \

IXRAM4/|IXRAM3|IXRAM2|IXRAM1|IXRAMO| Internal expansion RAM
capacity selection

0 1 0 1 0 | 1024 bytes

0 1 1 0 0 No internal
expansion RAM

Other than above Setting prohibited

The values set to IXS in order to obtain the same memory map as mask ROM versions are shown in Table 18-3.

Table 18-3. Set Values of Internal Expansion RAM Size Switching Register

Applicable Mask ROM Versions Set Value of IXS
uPD780982 OCH
1PD780983

uPD780984

1PD780986 0AH
1PD780988

Caution When mask ROM versions are used, IXS should be set to the values shown in Table 18-3. The
setting value for the uPD780982, 780983, and 780984 is 0CH, so it is not necessary to change
the initial value.
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x 18.3 Flash Memory Characteristics

Flash memory programming is performed by connecting a dedicated flash programmer (Flashpro Ill (part no. FL-
PR3, PG-FP3)/Flashpro IV (part no. FL-PR4, PG-FP4)) to the target system with the uPD78F0988A mounted (on-
board). A flash memory writing adapter (program adapter), which is a target board used exclusively for programming,
is also provided.

Remark FL-PR3, FL-PR4, and the program adapter are the products made by Naito Densei Machida Mfg. Co.,
Ltd. (TEL +81-45-475-4191).

Write or erase the flash memory under the following conditions.

e Expanded-specification products
- 45V <Vopb<5.5V: fx=10.0 MHz or lower
. 3.0V <Vbp<45YV:fx=28.38MHz or lower
e Conventional products
- 40V <Vop<5.5V: fx=8.38 MHz or lower

Refer to CHAPTER 20 ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS) and
CHAPTER 21 ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS) for details of conditions other than
the above.

Programming using flash memory has the following advantages.

e Software can be modified after the microcontroller is solder-mounted on the target system.
e Distinguishing software facilities low-quantity, varied model production
e Easy data adjustment when starting mass production

18.3.1 Programming environment

The following shows the environment required for yPD78F0988A flash memory programming.

When Flashpro Il or Flashpro 1V is used as a dedicated flash programmer, a host machine is required to control
the dedicated flash programmer. Communication between the host machine and flash programmer is performed via
RS-232C/USB (Rev. 1.1).

For details, refer to the manuals for Flashpro Ill/Flashpro IV.

Remark USB is supported by Flashpro IV only.

Figure 18-3. Environment for Writing Program to Flash Memory

RS-232C ] / - =
a//, Vee / \
usB
RESET BATI TN e

Dedicated flash SIO/UART/PORT 1PD78F0988A
programmer

Host machine
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18.3.2 Communication mode

Use the communication mode shown in Table 18-4 to perform communication between the dedicated flash
programmer and uPD78F0988A.

Table 18-4. Communication Mode List

Communication TYPE SettingNote 1 Pins Used | Number of Vee
Mode COMM PORT| SIO Clock | CPU CLOCK | Flash Clock | Multiple Rate Pulses
3-wire serial 1/0 | SIO ch-0 100 Hz to Any 1t0o 10 MHz | 1.0 SI/P52 0
(S103) (3-wired, 1.25 MHz Note 2 SO/P53
sync.) Note 2 SCK/P51
3-wire serial I/0O | SIO ch-3 SI/P52 3
(S103) with + handshake SO/P53
handshake SCK/P51
P50 (HS)
UART UART ch-0 4,800 to Any 1to 10 MHz | 1.0 RxD00/P20 8
(UARTO00) (Async.) 76,800 bps Note 2 TxDO00/P21
Notes 2, 4
Pseudo 3-wire | PORT A 100 Hzto 1 | Any 1to 10 MHz | 1.0 P24/T150/TO50 12
serial I/ONote 3 | (Pseudo- kHzNote 2 Note 2 (serial data input)
3-wired) P25/TI151/TO51
(serial data output)
P26/T152/TO52
(serial clock input)

Notes 1.

Selection items for TYPE settings on the dedicated flash programmer (Flashpro Ill/Flashpro V).

2. The possible setting range differs depending on the voltage. For details, refer to CHAPTER 20

ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS) and CHAPTER 21
ELECTRICAL SPECIFICATIONS (CONVENTIONAL PRODUCTS).
3. Serial transfer is executed by controlling the port with software.
4. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART
communication, thoroughly evaluate the slew as well as the baud rate error.

Figure 18-4. Communication Mode Selection Format

RESET

Vep pulses

10V

AR

User’s Manual U13029EJ7V1UD

((
)

Flash memory write mode

309



CHAPTER 18 1PD78F0988A

Figure