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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

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS
Note:
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 once, when it has occurred.
Environmental control must be adequate. When it is dry, humidifier should be used. Itis
recommended to avoid using insulators that easily build 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 bench and floor should
be grounded. The operator should be grounded using wrist strap. Semiconductor devices
must not be touched with bare hands. Similar precautions need to be taken for PW boards
with semiconductor devices on it.

® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is
provided to the input pins, it is possible that an internal input level may be generated due to
noise, etc., hence causing malfunction. CMOS devices behave differently than Bipolar or NMOS
devices. Inputlevels of CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to V oo or GND with aresistor, if itis considered
to have a possibility of being an output pin. All handling related to the unused pins must be
judged device by device and related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES
Note:
Power-on does not necessarily define initial status of MOS device. Production process of
MOS does not define the initial operation status of the device. Immediately after the power
source is turned ON, the devices with reset function have not yet been initialized. Hence,
power-on does not guarantee out-pin levels, 1/0O settings or contents of registers. Device is
not initialized until the reset signal is received. Reset operation must be executed immedi-
ately after power-on for devices having reset function.

FIP and IEBus are trademarks of NEC Corporation.

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

IBM DOS, PC/AT and PC DOS are trademarks of International Business Machines Corporation.
HP9000 Series 300, HP9000 Series 700, and HP-UX are trademarks of Hewlett-Packard Company.
SPARCSstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corporation.

NEWS and NEWS-OS are trademarks of Sony Corporation.

OSF/Motif is a trademark of Open Software Foundation, Inc.

TRON is an abbreviation of The Real-time Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.




The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from
a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed: UPD78P048AKL-S

The customer must judge the need for license: uPD78042FGF-xxx-3B9,
HUPD78043FGF-xxx-3B9,
HUPD78044FGF-xxx-3B9,
HUPD78045FGF-xxx-3B9,
HPD78P048AGF-3B9

The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

The information in this document is subject to change without notice.

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

NEC Corporation does notassume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special”, and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program* for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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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
e 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.)
Santa Clara, California

Tel: 800-366-9782

Fax: 800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.1.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388

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 Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Sao Paulo-SP, Brasil
Tel: 011-889-1680
Fax: 011-889-1689
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Major Revisions in This Edition

Page Description
Throughout Change of all target devices from “under development” to “developed”
p.2 Addition of 1.4 Quality Grade
p.89 Change of Caution in 5.4.1 Main system clock oscillator
p.93 5.5 Clock Generator Operations
Correction of description on current consumption in STOP mode
p.124 6.6 16-Bit Timer/Event Counter Operating Precautions
Addition of (6) OVFO flag operation
p.142, 146 Addition of figure of Square Wave Output Operation Timings
p.160 Change of Figure 9-3 Watchdog Timer Mode Register Format  and addition of Note and Caution
p.190, 195 Addition of Caution on selecting serial interface channel 0 operating mode

p.244, 245, 254,
255

Addition of Caution on busy control when controlling interval time by using automatic data transmit/
receive interval specify register (ADTI)

p.326 8.2.2 STOP mode
Correction of Caution on setting STOP mode
p.333 Table 20-1 Differences between uPD78P048A and Mask ROM Versions
Addition of Caution on switching from PROM version to mask ROM version
p.361 Table A-1 Differences among pPD78044, 78044A, and 78044F Subseries
Change of display output current of FIP controller/driver of uPD78044F Subseries
p.363 Addition of following products in APPENDIX B DEVELOPMENT TOOLS
IE-78000-R-A, IE-70000-98-1F-B, IE-70000-98N-IF, IE-70000-PC-IF-B, IE-78000-R-SV3, ID78K0
p.383 Addition of APPENDIX E REVISION HISTORY

The mark * shows major revised points.




Readers

Purpose

Organization

PREFACE

This manual has been prepared for user engineers who want to understand the functions of the
uPD78044F Subseries and design and develop its application systems and programs.

Caution Amongthe uPD78044F Subseriesproducts,the pPD78P048AKL-S does nothave the
reliability level required for mass production. Use this model for experiment or
function evaluation only.

This manual is intended for users to understand the functions described in the Organization below.

The pPD78044F Subseries manual consists of two parts: this manual and Instructions (common to
the 78K/0 Series)

uUPD78044F Subseries 78K/0 Series
User's Manual User’'s Manual
(This manual) — Instructions —
* Pin functions * CPU functions
* Internal block functions * Instruction set
* Interrupts ¢ Explanation of each instruction

Miscellaneous on-chip peripheral functions

How to Read This Manual

Before reading this manual, you must have general knowledge of electric and logic circuits and
microcontrollers.

* When you want to understand the functions in general:
—> Read this manual in the order listed in CONTENTS.
* How to interpret the register format:
—> For the circled bit number, the bit name is defined as a reserved word in RA78K/0, and in
the CC78K/0, already defined in the header file named sfrbit.h.
* When confirming the details of a register whose register name is known:
—> Refer to APPENDIX D "REGISTER INDEX."
* When you want to know differences with the uPD78044 and uPD78044A Subseries:
—> Read APPENDIX A "DIFFERENCES AMONG pPD78044, uPD78044A, AND puPD78044F
SUBSERIES."
* When you want to know the details of the uPD78044F Subseries instruction function:
—> Refer to 78K/0 Series User's Manual: Instructions (U12326E)
* When you want to know the electrical specifications of the yPD78044F Subseries:
—> Referto uPD78042F, 78043F, 78044F, and 78045F Data Sheet (U10700E) and uPD78P048A
Data Sheet (U10611E).
* When you want to know the application examples of each function of the yPD78044F Subseries:
—> Refer to 78K/0 Series Application Note: Basics (Il) (U10121E)



Legend Data representation weight

Active low representations

High digits on the left and low digits on the right
© XXX (top bar over pin or signal name)

Note Description of “Note” in the text.
Caution Information requiring particular attention
Remark Additional explanatory material
Numeral representations Binary .............. XXXX Or XXXXB
Decimal............ XXXX
Hexadecimal .... xxxxH

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 number

Japanese version

English version

uPD78042F, 78043F, 78044F, 78045F Data Sheet U10700J U10700E
uPD78P048A Data Sheet U10611J U10611E
uPD78044F Subseries User's Manual u10908J This manual
78K/0 Series Instruction Table U10903J —
78K/0 Series Instruction Set U10904J —
uPD78044A, 78044F Subseries Special Function Register Table U10701J —
78K/0 Series User’'s Manual: Instructions U12326J U12326E
78K/0 Series Application Note: Basics (Il) u10121J U10121E

Documents related to development tools (User's Manual) (1/2)

Document name

Document number

Japanese version

English version

Know-How

RA78K Series Assembler Package Operation EEU-809 EEU-1399
Language EEU-815 EEU-1404
RA78K Series Structured Assembler Preprocessor EEU-817 EEU-1402
RA78KO0 Assembler Package Operation U11802J U11802E
Assembly U11801J U11801E
Language
Structured U11789J U11789E
Assembly
Language
CC78K Series C Compiler Operation EEU-656 EEU-1280
Language EEU-655 EEU-1284
CC78K0 C Compiler Operation U11517J U11517E
Language U11518J U11518E
CC78K/0 C Compiler Application Note Programming EEA-618 EEA-1208

Caution: The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.




» Documents related to development tools (User's Manual) (2/2)

Document name

Document number

Japanese version

English version

CC78K Series Library Source File U12322J —
PG-1500 PROM Programmer U11940J EEU-1335
PG-1500 Controller— PC-9800 Series (MS-DOS™) Based EEU-704 EEU-1291
PG-1500 Controller— IBM PC Series (PC DOS™) Based EEU-5008 U10540E
IE-78000-R U11376J U11376E
IE-78000-R-A U10057J U10057E
IE-78000-R-BK EEU-867 EEU-1427
IE-78044-R-EM EEU-833 EEU-1424
EP-78130GF-R EEU-943 EEU-1470
SM78K0 System Simulator Windows™ Based Reference uU10181J U10181E
SM78K Series System Simulator External User uU10092J U10092E

Open Interface

Specification
ID78KO Integrated Debugger EWS Based Reference U11151J —
ID78KO Integrated Debugger PC Based Reference U11539J U11539E
ID78KO Integrated Debugger Windows Based Guide U11649J U11649E
SD78K/0 Screen Debugger Introduction EEU-852 U10539E
PC-9800 Series (MS-DOS) Based Reference U10952J —
SD78K/0 Screen Debugger Introduction EEU-5024 EEU-1414
IBM PC/AT™ (PC DOS) Based Reference U11279J U11279E

» Documents related to embedded software (User's Manual)
Document name Document numb.er .
Japanese version | English version

78K/0 Series Real-Time OS Basics U11537J —

Installation U11536J —
78K/0 Series OS MX78K0 Basics U12257J —
Fuzzy Knowledge Data Input Tools EEU-829 EEU-1438
78K/0, 78K/Il, 87AD Series Fuzzy Inference Development Support System (Translator) EEU-862 EEU-1444
78K/0 Series Fuzzy Inference Development Support System (Fuzzy Inference Module) EEU-858 EEU-1441
78K/0 Series Fuzzy Inference Development Support System (Fuzzy Inference Debugger) EEU-921 EEU-1458

Caution: The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.




» Other documents

Document name

Document number

Japanese version

English version

IC Package Manual C10943X

Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Devices C11531J C11531E
Reliability and Quality Control of NEC Semiconductor Devices C10983J C10983E
Electrostatic Discharge (ESD) Test MEM-539 —
Guide to Quality Assurance for Semiconductor Devices C11893J MEI-1202
Guide to Microcomputer-Related Products — Third Party Manufacturers U11416J —

Caution: The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.
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1.1 Features

CHAPTER 1 OUTLINE

e On-chip large-capacity ROM and RAM

Iltem Program Memory Data memory
Part ROM PROM Internal high-  |Internal expansion Buffer RAM FIP display RAM
Number speed RAM RAM
uPD78042F 16 Kbytes — 512 bytes None 64 bytes 48 bytes
UPD78043F 24 Kbytes —
UPD78044F 32 Kbytes — 1024 bytes
LPD78045F 40 Kbytes —
uPD78P048A — 60 Kbytes Ne1| 1024 bytes Noe2 1024 bytes Note3

Notes 1. 16 K, 24 K, 32 K, 40 K or 60 Kbytes can be selected by the memory size switching register (IMS).
2. 512 or 1024 bytes can be selected by IMS.
3. 0 or 1024 bytes can be selected by the internal expansion RAM size switching register (1XS).

e Minimum instruction execution time changeable from high speed (0.4 us: @ 5.0 MHz with main system clock)

to ultra-low speed (122 us: @ 32.768 kHz with subsystem clock)
e 68 1/0 ports
e FIP™ controller/driver: 34 display outputs in total

e Segments: 9 to 24

« Digits:

¢ 8-bit resolution A/D converter:

21to0 16

8 channels

« Power supply voltage (AVop = 4.0 to 5.5 V)

* Serial interface: 2 channels

« 3-wire serial |/O/SBI/2-wire serial I/O mode: 1 channel

» 3-wire serial /0 mode (Automatic transmit/receive function): 1 channel

e Timer:

6 channels

* 16-bit timer/event counter: 1 channel

* 8-bit timer/event counter: 2 channels

e Watch timer: 1 channel

e Watchdog timer: 1 channel

e 6-bit up/down counter: 1 channel
e 16 vectored interrupt sources
¢ One test input

* Two types of on-chip clock oscillators (for main system and subsystem clocks)

e Power supply voltage: Vob = 2.7 to 5.5 V
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1.2 Application Fields
CD players, cassette decks, tuners, integrated mini stereo systems, VCRs, microwave ovens, ECRs, etc.

1.3 Ordering Information

Part Number Package Internal ROM
HPD78042FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM
HuPD78043FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM
UPD78044FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM
HPD78045FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78P048AGF-3B9 80-pin plastic QFP (14 x 20 mm) One-time PROM
UPD78P048AKL-S 80-pin ceramic WQFN EPROM

Remark xxx is ROM code suffix.

*x 1.4 Quality Grade

Part Number Package Quality Grade
UPD78042FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm)  Standard (for general electronic equipment)
uPD78043FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm)  Standard (for general electronic equipment)
UPD78044FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm)  Standard (for general electronic equipment)
UPD78045FGF-xxx-3B9 80-pin plastic QFP (14 x 20 mm)  Standard (for general electronic equipment)
uPD78P048AGF-3B9 80-pin plastic QFP (14 x 20 mm)  Standard (for general electronic equipment)
UPD78P048AKL-S 80-pin ceramic WQFN Not applied (for function evaluation)

Caution The uPD78P048AKL-S does not have the reliability level required for mass production. Use this
model for experiment or function evaluation only.

Remark xxx is ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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1.5 Pin Configuration (Top View)
(1) Normal operating mode

* 80-pin plastic QFP (14 x 20 mm)
UPD78042FGF-xxx-3B9, uPD78043FGF-xxx-3B9,
UPD78044FGF-xxx-3B9, uPD78045FGF-xxx-3B9,
UPF78P048AGF-3B9,

e 80-pin ceramic WQFN
UPD78P048AKL-S

SoS9g8Y¥8 S5E33I
~ 00 O A A O O oA A [ I o TR o TR o I a B o Y
.20 Froirioiil LCLOLCCDELoOL
LSS0 Ind odrdad3
n © -~ O O O © o o o O O d = «A
O O O A A A A A - e T B I B B e |
Ao OO0 Qo000 >0 0000 o
TTT?TTTTTTTTTTTT
80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65
PO4/FIP6 O~—]1 64 |<—>=0 P114/FIP22
pog/Fips 0=——2 () 63[~—=0 P115/FIP23
PO2/FIP4 O~—3 62|<—=0 P116/FIP24
POL/FIP3 O~—|4 61|~—>0 P117/FIP25
PYO/FIP2 O<~—5 60 |<—>0 P120/FIP26
P8L/FIPL O~—|6 59 [~—>0 P121/FIP27
P8O/FIPO O~——7 58 |~—>=0 P122/FIP28
Voo O——|8 57 |~—>=0 P123/FIP29
P27/SCK0 O~—=|9 56 |<—=0 P124/FIP30
P26/S00/SBL O~—>|10 55 [«~—>0 P125/FIP31
P25/SI0/SB0 O~—>|11 54|<~—>0 P126/FIP32
P24/BUSY O=~—>|12 53|~—>0 P127/FIP33
P23/STB O~<~—>|13 52|——O Voo
P22/SCK1 O~—>|14 51|~—=0 P70
P21/S01 O~—>|15 50 [~—0 P71
P20/SI1 O=~—>|16 49[~—0 P72
RESET O—|17 48]0 1C(Ver)
P74 O~—>|18 47 [~——0 PoonNTPO/TIO
P73 O~—>|19 46 [~—=0 PoLINTPL
AVss O——20 45 [«—=0 pPo2/NTP2
P17/ANI7 O~—>|21 44[~—=0 PO3/INTP3/CIO
P16/ANI6 O~—>|22 43|~—=0 P30/TO0
P15/ANI5 O<~—>|23 42[«~—0 p317O1
P14/ANI4 O~—>|24 41[~—0 p32mO2
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
ooooiiiiiliooooo
DN -9 gyt gy s Ny
zZ2 Z2 Z2 2 x > = =
<\z<\z<\t<\t<>z<>(§>< e R,
2839 ) 8888
o aoaa o o o

Cautions 1. Be sure to connect IC (Internally Connected) pin to V ss directly.
2. Connect AV op pin to V bp.
3. Connect AV ss pin to V ss.

Remark Pin connection in parentheses is intended for uPD78P048A.
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ANIO to ANI7
AVbD

AVREF

AVss

BUSY

BUZ

CIo

FIPO to FIP33
IC

INTPO to INTP3
P00 to P04
P10 to P17
P20 to P27
P30 to P37
P70 to P74
P80, P81

P90 to P97
P100 to P107

: Analog Input

: Analog Power Supply

. Analog Reference Voltage
. Analog Ground

Busy
Buzzer Clock

. Counter Input

Fluorescent Indicator Panel
Internally Connected
Interrupt from Peripherals
Port0

Portl

Port2

. Port3

Port7
Port8
Port9
Port10

P110 to P117
P120 to P127
PCL

RESET

SBO, SB1
SCKO, SCK1
SIo, SI1
SO0, SO1
STB

TIO to TI2
TOO to TO2
Vbb

VioaD

\Vpp

Vss

X1, X2

XT1, XT2

: Portll

. Portl2

. Programmable Clock

: Reset

: Serial Bus

. Serial Clock

: Serial Input

: Serial Output

. Strobe

. Timer Input

: Timer Output

. Power Supply

: Negative Power Supply

: Programming Power Supply
: Ground

. Crystal (Main System Clock)
. Crystal (Subsystem Clock)
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(2) PROM programming mode

e 80-pin plastic QFP (14 x 20 mm)
uPD78P048AGF-3B9

e 80-pin ceramic WQFN
uPD78P048AKL-S

(™)

} ()

Rf——o0n8

7]
N
>

Q0 A16
P 0 A0
Sf—-o0A11

80 79 78 77 76 75 74 73 72 71 70 69
o—— 1 64 [«—O A12
o——2 QO 63 [«~——0O A13
oO— 3 62 [«~—O Al4
LV o—4 61 [«—O A15
oO—|5 60 —O
oO—16 50 —O
o—7 58 [—O
Voo O—— 8 57}—O L
A7O—= 9 56 [—O
A6 O—— 10 55 [—O
A5 O— 11 54— o
A4 O—— 12 58 ——O
A3O— 13 52 f—O Voo
A20—= 14 51 —©O
ALO— 15 50 ——O (L)
AOO—| 16 49——0
RESET O—— 17 480 Ver
18 47 [«<—O A9
(L){ o——] 19 46 ——O (L)
Vss O———| 20 45 [«——O PGM
(L){ o——— 21 4—>0 (L)
o— 22 43 [~—=0 DO
CEO—> 23 42 [«—>0O D1
OEO—>] 24 41 [«~—>0 D2
LTI
5 $2233832558888
o
Cautions 1. (L) : Connect individually to V  ss via a pull-down resistor.
2. Vss . Connect to the ground.
3. RESET : Set to the low level.
4. Open : Do not connect anything.
A0 to A16 : Address Bus OE : Output Enable Voo : Power Supply
CE : Chip Enable PGM : Program Vep : Programming Power Supply

DO to D7 : Data Bus RESET : Reset Vss : Ground



*

CHAPTER 1 OUTLINE

1.6 78K/0 Series Expansion

The 78K/0 Series consists of the following subseries. The part numbers enclosed with slanted rectangles are the
subseries names.

: Products in mass production

Y
. ,+* Products under development

Y subseries products are compatible with 12C bus.

Control
100-pin EMI noise reduction version of the yPD78078.
100-pin A timer was added to the uPD78054, and external interface function was enhanced.
100-pin , ROM- less versions of the yPD78078.

100-pin 'o yp|373()018N°t ¢ _, ,uPD780018Y ey Senal 1/0 of the yPD78078 was enhanced, and only selected functions are provided.

80-pin i LI-D-D-7-8-O-O-5-8 . -;;P-D-750-0§8-YN°7€ -" Serial I/O of the uPD78054 was enhanced, EMI noise reduction version.
80-pin /yPD?SOSSF,Z/:uPWBOSSFY EMI noise reduction version of the yPD78054.
80-pin / 1PD78054 /_/uPD78054Y , UART and D/A converter were added to the uPD78014, and I/O was enhanced.

| 64-pin o uPD780034 S, yPD780034Y o An A/D converter of the yPD780024 was enhanced.

s -7

64-pin Serial I/0 of the yPD78018F was enhanced, EMI noise reduction version.

64-pin EMI noise reduction version of the uPD78018F.

64-pin Low-voltage (1.8 V) operation versions of the zPD78014 with several ROM and RAM capacities are available.
64-pin / uPD78014 A/,uPD78014Y An A/D converter and 16-bit timer were added to the uPD78002.

64-pin uPD780001 An A/D converter was added to the uPD78002.

64-pin ©PD78002 ©PD78002Y Basic subseries for control.

42/44-pin/ uPD78083 / On-chip UART, capable of operating at a low voltage (1.8 V).

Inverter control

64-pin
64-pin

An A/D converter of the uPD780924 was enhanced.
On-chip inverter control circuit and UART, EMI noise reduction version.

FIP drive

7lOO-pin uPD780208 /. The 1/0 and FIP C/D of the uPD78044F were enhanced, Display output total: 53
78K/0 R
.

100-pin ‘ uPD780228 - The I/O and FIP C/D of the uPD78044H were enhanced, Display output total: 48

Series

80-pin pPD78044H N-ch open-drain input/output was added to the uPD78044F, Display output total: 34
80-pin HPD78044F Basic subseries for driving FIP, Display output total: 34
LCD drive

[ 100-pin // 1iPD780308 / /1/PD780308Y,/ SIO of the PD78064 was enhanced, and ROM and RAM were expanded.
100-pin UPD78064B EMI noise reduction version of the uPD78064.
100-pin ©PD78064 / uPD78064Y ; Basic subseries for driving LCDs, On-chip UART.

IEBus™ supported

80-pin puPD78098B EMI noise reduction version of the uPD78098.

] 80-pin HPD78098 The IEBus controller was added to the uPD78054.

Meter control

80-pin . uPD780973 . General-purpose model of automobile meter driving controller/driver of uPD780805.
100-pin . /JPD780805 . Internal automobile meter driving controller/driver.
LV
~— 64-pin yPD78P0914 . On-chip PWM output, LV digital code decoder, Hsync counter.

Note Under planning
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The major functional differences among the subseries are shown below.

Function| 2 om Timer 8-bit |10-bit| 8-bit | VoD | ternal
) Capacity ) - A/D | A/D | DIA Serial Interface | 1/O | MIN. Expansion
Subseries Name 8-bit | 16-bit | Watch| WDT Value
Control | uPD78075B | 32Kto40K| 4ch | 1ch | 1ch | 1ch |8ch| — |2ch|3ch(UART:1ch)| 88 [1.8V |Available
uPD78078 | 48 Kto 60 K
uPD78070A — 61 [2.7V
uPD780018 | 48 K to 60 K — | 2 ch (time-division| 88
3-wire:1 ch)
uPD780058 | 24 Kto 60K | 2 ch 2 ch | 3 ch (time-division| 68 |1.8 V
UART: 1 ch)
UPD78058F | 48 K to 60 K 3 ch (UART: 1ch)| 69 [2.7V
uPD78054 16 K to 60 K 20V
uPD780034 | 8Kto 32K - |8ch| — [3ch(UART:1ch,| 51 [1.8V
time-division
UPD780024 8ch| - 3-wire: 1 ch)
uPD78014H 2 ch 53
HuPD78018F | 8 Kto 60 K
uPD78014 | 8Kto32K 27V
HPD780001 | 8 K - - 1lch 39 -
uPD78002 | 8Ktol6K 1ch - 53 Available
uPD78083 - 8 ch 1ch (UART:1ch)| 33 |18V| -
Inverter | uPD780964 | 8Kto 32K | 3 ch | Note - 1ch — |8ch| — |2ch (UART: 2 ch)| 47 |2.7 V |Available
control |, pp780924 8ch| -
FIP uPD780208 | 32Kto60K| 2ch | 1ch | 1ch |1ch |8ch| - — |2ch 74 2.7V -
drive UPD780228 | 48K1060K| 3¢ch | — - 1ch 72 |45V
uPD78044H | 32Kt048K| 2ch | 1ch | 1ch 68 [2.7V
uPD78044F | 16 Kto 40 K 2 ch
LCD uPD780308 | 48Kt060K| 2ch | 1ch | 1ch | 1ch [8ch| - — | 3 ch (time-division| 57 |2.0V| -
drive UART: 1 ch)
uPD78064B | 32 K 2 ch (UART: 1 ch)
uPD78064 16 Kto 32 K
IEBus uPD78098B | 40Kto60K| 2ch | 1ch | 1ch | 1ch |8ch| — |2ch|3ch (UART:1ch)| 69 |2.7 V |Available
supported| ; pp78098 | 32 K to 60 K
Meter uPD780973 | 24Kt032K| 3ch | 1ch | 1ch | 1ch [5ch| - — | 2ch (UART:1ch)| 56 |45V| -
control | ,;pD780805 | 40K t0 60K | 2 ch 8 ch 39 2.7V
LV uPD78P0914| 32 K 6 ch - - lch [8ch| - — |2ch 54 |4.5V |Available
Note 10-bit timer: 1 channel
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1.7 Block Diagram

TOO/P30 =—
TIO/INTPO/PO0 ——=

16-bit TIMER/
EVENT COUNTER

TO1/P31 ~—
TI1/P33 —*

8-bit TIMER/
EVENT COUNTER 1

TO2/P32 =-—
TI2/P34

8-bit TIMER/
EVENT COUNTER 2

WATCHDOG TIMER
WATCH TIMER

CIO/INTP3/PO3 ——*

6-bit UP/DOWN
COUNTER

SI0/SB0/P25 ~—
SO0/SB1/P26 =—*
SCKO/P27 =—

SERIAL
INTERFACE 0

SI1/P20 —~
SO1/P21 =—
SCK1/P22 =—
STB/P23
BUSY/P24 —=

SERIAL
INTERFACE 1

ANIO/P10 to
ANI7/P17
AVbp

AVss

AVRer —

A/D CONVERTER

INTPO/TIO0/POO to
INTP3/CI0/P03

INTERRUPT
CONTROL

I L

BUZ/P36

|

BUZZER OUTPUT

PCL/P35 =—

CLOCK OUTPUT

CONTROL

78KI/0
crucore || ROM
RAM
Voo Vss IC

(Ver)

SR A | A A

PORTO <TL> PO1 to PO3
-~ P04
PORT1 @ P10 to P17
PORT2 @ P20 to P27
PORT3 @ P30 to P37
PORT7 @ P70 to P74
PORTS ﬁ> P80, P81
PORT9 ﬁ> P90 to P97
PORT10 ﬁ> P100 to P107
PORT11 <TL> P110 to P117
PORT12 @ P120 to P127
P ﬁ> FIPO to FIP33
CONTROLLER/
DRIVER
Vioap
«—— RESET
-—— x1
SYSTEM o
CONTROL
XT1/P04
XT2

Remarks 1. The ROM and RAM capacities vary depending on the part number.
2. Pin names in parentheses apply to the uPD78P048A only.
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1.8 Outline of Function

ltem Part Number | pp78042F | pPD78043F | uPD78044F | uPD78045F | LPD78P048A
Internal ROM Mask ROM One-time
memory PROM/EPROM
16 Kbytes 24 Kbytes 32 Kbytes 40 Kbytes | 60 KbytesNoe1!
High-speed RAM 512 bytes 1024 bytes 1024 bytes 1024 bytesNete 2
Expansion RAM — 1024 bytesNete3
Buffer RAM 64 bytes
FIP display RAM 48 bytes

General register

8 bits x 8 x 4 banks

Minumum With main system 0.4 us/0.8 us/1.6 us/3.2 usl6.4 us
instruction clock selected (when operated at 5.0 MHz)

execution With subsystem 122 us (when operated at 32.768 kHz)
time clock selected

Instruction set

16-bit operation

Multiply/divide (8-bit x 8-bit, 16-bit / 8-bit)

Bit manipulate (set, reset, test, and Boolean operation)
BCD adjust, and other related operations

1/0 port (Includes FIP dual-function pins) Total 68 1/0 pins
¢ CMOS input 2 pins
¢« CMOS input/output 27 pins
¢ N-ch open-drain 1/0 5 pins
¢ P-ch open-drain I/O 16 pins
¢ P-ch open-drain output 18 pins

FIP controller/driver Total of display output 34 outputs
* Segments 9 to 24 pins
* Digits 2 to 16 pins

A/D converter

8-bit resolution x 8 channels
Power supply voltage : AVoo =4.0to 5.5V

Serial interface

3-wire serial 1/0O/SBI/2-wire serial 1/O mode selection
possible
3-wire serial /O mode (Maximum 64-byte on-chip automatic transmit/

1 channel

Timer

receive function) 1 channel
16-bit timer/event counter 1 channel

8-bit timer/event counter 2 channels

Watch timer 1 channel

Watchdog timer 1 channel

6-bit up/down counter 1 channel

Timer output

3 outputs: (14-bit PWM generation possible from one output)

Clock output

19.5 kHz, 39.1 kHz, 78.1 kHz, 156 kHz, 313 kHz, 625 kHz
(@ 5.0 MHz with main system clock)
32.768 kHz (@ 32.768 kHz with subsystem clock)

Notes 1. 16 K, 24 K, 32 K, 40 K or 60 Kbytes can be selected by the memory size switching register (IMS).
2. 512 or 1024 bytes can be selected by IMS.
3. 0 or 1024 bytes can be selected by the internal expansion RAM switching register (IXS).
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Item Part Number | ,pp78042F | LPD78043F | pPD78044F | pPD78045F |uPD78P048A
Buzzer output 1.2 kHz, 2.4 kHz, 4.9 kHz (@ 5.0 MHz with main system clock)
Vectored Maskable Internal : 10
interrupt External : 4
source Non-maskable Internal: 1

Software 1
Test input Internal : 1
Power supply voltage Vop = 2.7t0 5.5V
Package ¢ 80-pin plastic QFP (14 x 20 mm)

* 80-pin ceramic WQFN: uPD78P048A only

1.9 Mask Options

The mask ROM versions (uPD78042F, uPD78043F, uPD78044F, uPD78045F) have mask options. By specifying
the mask options when ordering, the pull-up resistors and pull-down resistors listed in Table 1-1 can be incorporated.
When these resistors are necessary, the number of external components and mounting space can be saved by utilizing
the mask options.

Table 1-1. Mask Options in Mask ROM Versions

Pin Name Mask Option

P30/TO0 to P32/TO2, On-chip pull-down resistor specifiable bit-wise.
P33/TI1, P34/TI2,
P35/PCL, P36/BUZ, P37

P70 to P74 On-chip pull-up resistor specifiable bit-wise.

P80/FIPO, P81/FIP1 On-chip pull-down resistor specifiable bit-wise.
Connection to VLoAD or Vss specifiable in 2-bit units from P80.

P90/FIP2 to P97/FIP9, On-chip pull-down resistor specifiable bit-wise.

P100/FIP10 to P107/FIP17, | Connection to VLoAD or Vss specifiable in 4-bit units from P90.
P110/FIP18 to P117/FIP25,
P120/FIP26 to P127/FIP33

10
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2.1 Pin Function List

2.1.1 Normal operating mode pins

(1) Port pins (1/3)

Alternate
X Input/ . After .
Pin Name Function Function
Output Reset )
Pin
P00 Input Port 0. Input only Input INTPO/TIO
P01 Input/ 5-bit input/output port. Input/output specifiable bit-wise. Input INTP1
P02 output If used as an input port, an on-chip pull- INTP2
P03 up resistor can be connected by software. INTP3/CIO
pPO4nete 1 Input Input only Input XT1
P10 to P17 Input/ Port 1. Input ANIO to ANI7
output 8-bit input/output port.
Input/output specifiable bit-wise.
If used as input port, an on-chip pull-up resistor can be connected by
software.Note 2
P20 Input/ Port 2. Input SI1
P21 output 8-bit input/output port. so1
Input/output specifiable bit-wise. —
P22 . . ) SCK1
If used as an input port, an on-chip pull-up resistor can be connected
P23 by software. STB
P24 BUSY
P25 SI10/SBO
P26 SO0/SB1
P27 SCKO

Notes 1. Whenthe PO4/XT1 pinis used as an input port, set the bit 6 (FRC) of the processor clock control register
(PCC) to 1 (do not use the feedback resistor contained in the subsystem clock oscillator).
2. When pins P10/ANIO to P17/ANI7 are used as an analog input of the A/D converter, set the port 1 to
the input mode. In this case, its on-chip pull-up resistor will be automatically disabled.

11
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(1) Port pins (2/3)

Pin Name

Input/
Output

Function

After
Reset

Alternate
Function
Pin

P30

P31

P32

P33

P34

P35

P36

P37

Input/
output

Port 3.

8-bit input/output port.

LED can be driven directly.

Input/output specifiable bit-wise.

If used as an input port, an on-chip pull-up resistor can be connected
by software.

Mask ROM version can specify pull-down resistors bit-wise with the
mask option.

Input

TOO

TO1

TO2

TI1

TI2

PCL

BUZ

P70 to P74

Input/
output

Port 7.

N-ch open drain 5-bit I/O port.

Input/output specifiable bit-wise.

LED can be driven directly.

Mask ROM version can specify pull-up resistors bit-wise with the
mask option.

Input

P80, P81

Output

Port 8.

P-ch open drain 2-bit high breakdown voltage output port.

LED can be driven directly.

Mask ROM version can specify pull-down resistors bit-wise with the
mask option (connection to Vioao or Vss specifiable in 2-bit units).
The yPD78P048A has on-chip pull-down resistors (connected to
VLoAD).

Output

FIPO, FIP1

P90 to P97

Output

Port 9.

P-ch open drain 8-bit high breakdown voltage output port.

LED can be driven directly.

Mask ROM version can specify pull-down resistors bit-wise with the
mask option (connection to Vioao or Vss specifiable in 4-bit units).
The yPD78P048A has on-chip pull-down resistors (connected to
VLoAD).

Output

FIP2 to FIP9

P100 to P107

Output

Port 10.

P-ch open drain 8-bit high breakdown voltage output port.

LED can be driven directly by P100 to P105.

Mask ROM version can specify pull-down resistors bit-wise with the
mask option (connection to Vioao or Vss specifiable in 4-bit units).
The uPD78P048A has on-chip pull-down resistors for P100 to P105
(connected to Vioap).

Output

FIP10 to FIP7

12
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(1) Port pins (3/3)

LED can be driven directly.

Input/output specifiable bit-wise.

Mask ROM version can specify pull-down resistors bit-wise with the
mask option (connection to Vioao or Vss specifiable in 4-bit units).

Alt t
. Input/ . After ern.a €
Pin Name Function Function
Output Reset .
Pin
P110 to P117 | Input/ Port 11. Input FIP18 to FIP25
output P-ch open-drain 8-bit high breakdown voltage input/output port.
LED can be driven directly.
Input/output specifiable bit-wise.
Mask ROM version can specify a pull-down resistor bit-wise with the
mask option (connection to Vioao or Vss specifiable in 4-bit units).
P120 to P127 | Input/ Port 12. Input FIP26 to FIP33
output P-ch open-drain 8-bit high breakdown voltage input/output port.

13
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(2) Non-Port Pins (1/2)

Alternate
Pin Name nput/ Function After Function
Output Reset Pin
INTPO Input External interrupt request inputs with specifiable valid edges Input POO/TIO
INTP1 (rising edge, falling edge, both rising and falling edges). PO1
INTP2 P02
INTP3 External interrupt input with falling edge detection. PO3/CI0
SI0 Input Serial interface serial data input. Input P25/SB0
SI1 P20
SO0 Output Serial interface serial data output. Input P26/SB1
SO1 P21
SBO Input/ Serial interface serial data input/output. Input P25/S10
SB1 output P26/S00
'SCKO Input/ Serial interface serial clock input/output. Input P27
SCK1 output p22
STB Output Serial interface automatic transmit/receive strobe output. Input P23
BUSY Input Serial interface automatic transmit/receive busy input. Input P24
TIO Input Input of external count clock to 16-bit timer (TMO). Input POO/INTPO
TI1 Input of external count clock to 8-bit timer (TM1). P33
TI2 Input of external count clock to 8-bit timer (TM2). P34
TOO Output 16-bit timer (TMO) output (alternate function as 14-bit PWM output). Input P30
TO1 8-bit timer (TM1) output. P31
TO2 8-bit timer (TM2) output. P32
CIo Input 6-bit up/down counter clock input. Input PO3/INTP3
PCL Output Clock output (for main system clock and subsystem clock trimming). | Input P35
BUZ Output Buzzer output. Input P36
FIPO, FIP1 Output High breakdown voltage and high current output for FIP controller/ Output | P80, P81
FIP2 to FIP9 driver digit output. P90 to P97
FIP10 to FIP15| Output High breakdown voltage and high current output for FIP controller/ Output | P100 to P105
driver digit/segment output.
FIP16, FIP17 | Output High breakdown voltage output for FIP controller/driver segment Output | P106, P107
FIP18 to FIP25 output. Input P110 to P117
FIP26 to FIP33 P120 to P127
VioAD — Pull-down resistor connection for FIP controller/driver. — —
ANIO to ANI7 | Input A/D converter analog input. Input P10 to P17
AVRer Input A/D converter reference voltage input. — —

14
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(2) Non-Port Pins (2/2)

Alternate

Pin Name nput/ Function After Function
Output Reset Pin
AVop — A/D converter analog power supply. Connected to Voo. — —
AVss — A/D converter ground potential. Connected to Vss. — —
RESET Input System reset input. — —
X1 Input Crystal resonator connection for main system clock oscillation. — —
X2 — — —

XT1 Input Crystal resonator connection for subsystem clock oscillation. Input P04
XT2 — — —
Voo — Positive power supply. — —
Vep — Applies high voltage for writing/verifying program. Directly connect — —
to Vss in normal operation mode.

Vss — Ground potential. — —
IC — Internally connected. Directly connected to Vss. — —

2.1.2 PROM programming mode pins ( pPD78P048A only)

Pin Name énuﬁsfjt Function
RESET Input PROM programming mode setting.
When +5 V or +12.5 V is applied to the Ver pin or a low level voltage is applied to the RESET
pin, the PROM programming mode is set.
Vep Input High-voltage application for PROM programming mode setting and program write/verify.
A0 to A16 Input Address bus.
DO to D7 Input/ Data bus.
output
CE Input PROM enable input/program pulse input.
OE Input Read strobe input to PROM.
PGM Input Program/program inhibit input in PROM programming mode.
Voo — Positive power supply.
Vss — Ground potential.

15
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2.2 Description of Pin Functions

2.2.1 POO to P04 (Port 0)

These are 5-bit input/output ports. Besides serving as input/output ports, they function as an external interrupt
request input, an external count clock input to the timer, a capture trigger signal input and crystal resonator connection
for subsystem clock oscillation.

The following operating modes can be specified bit-wise.

(1) Port mode
P00 and P04 function as input-only ports and PO1 to P03 function as input/output ports.
P01 to P03 can be specified for input or output ports bit-wise with port mode register 0 (PM0). When they are
used as input ports, a pull-up resistor can be used for them with an on-chip pull-up resistor option register (PUO).

(2) Control mode

In this mode, these ports function as an external interrupt request input, an external count clock input to the timer,
and crystal connection for subsystem clock oscillation.

(@) INTPO to INTP3
INTPO to INTP2 are external interrupt request input pins which can specify valid edges (rising edge, falling
edge, and both rising and falling edges). INTPO become a 16-bit timer/event counter capture trigger signal
input pin with a valid edge input. INTP3 become a falling edge detection external interrupt request input
pin.

(b) TIO, CIO
TIO is a pin for external count clock input to 16-bit timer/event counter, and CIO is a pin for external count
clock input to 6-bit up/down counter.

(c) XT1
Crystal connect pin for subsystem clock oscillation

2.2.2 P10 to P17 (Port 1)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an A/D converter analog
input.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with

a port mode register 1 (PM1). If used as an input port, a pull-up resistor can be used for these ports with an
on-chip pull-up resistor option register (PUO).

(2) Control mode

These ports function as A/D converter analog input pins (ANIO to ANI7). The on-chip pull-up resistor is
automatically disabled when the pins are specified for analog input.

16
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2.2.3 P20 to P27 (Port 2)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/
from the serial interface, clock input/output, automatic transmit/receive busy input, and strobe output functions.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with a
port mode register 2 (PM2). When they are used as input ports, a pull-up resistor can be used to them with an
on-chip pull-up resistor option register (PUO).

(2) Control mode
These ports function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output functions.

(a) Slo, sI1, SO0, so1
Serial interface serial data input/output pins

(b) SCKO and SCK1
Serial interface serial clock input/output pins

(c) SBO and SB1
NEC standard serial bus interface input/output pins

(d) BUSY
Serial interface automatic transmit/receive busy input pins

(e) STB
Serial interface automatic transmit/receive strobe output pins

Caution If port 2 is used as a serial interface, the 1/O and output latches must be set according
to its functions. For the setting method, refer to Figure 14-3, "Serial Operating Mode
Register 0 Format", and Figure 15-3, "Serial Operating Mode Register 1 Format".

2.2.4 P30 to P37 (Port 3)

These are 8-bit input/output ports. Beside serving as input/output ports, they function as timer input/output, clock
output and buzzer output.

Mask ROM version can contain pull-down resistors with the mask option.

Port 3 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with port
mode register 3 (PM3). When they are used as input ports, a pull-up resistor can be used with an on-chip pull-
up resistor option register (PUO).

17
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(2) Control mode
These ports function as timer input/output, clock output, and buzzer output.

(@ TI1and TI2
Pin for external count clock input to the 8-bit timer/event counter.

(b) TOO to TO2
Timer output pins

(c) PCL
Clock output pin

(d) BUZ
Buzzer output pin

2.2.5 P70 to P74 (Port 7)
These are 5-bit input/output ports. They can be specified bit-wise for input or output ports by port mode register 7 (PM7).
Port 7 can drive LEDs directly.
P70 to P74 are N-ch open-drain outputs.
Mask ROM version can contain pull-up resistors with the mask option.

2.2.6 P80 and P81 (Port 8)

These are 2-bit output dedicated ports. Besides serving as output port, they function as an digit output for FIP
controller/driver.

Port 8 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 2-bit output dedicated ports. P80 and P81 are P-ch open-drain. Mask ROM version
can contain pull-down resistors with the mask option. The uPD78P048A contains pull-down resistors.

(2) Control mode
These ports function as digit output pins (FIPO, FIP1) of the FIP controller/driver.

2.2.7 P90 to P97 (Port 9)

These are 8-bit output dedicated ports. Besides serving as output ports, they function as a digit output for FIP
controller/driver.

They can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit output dedicated ports.
P90 to P97 are P-ch open-drain outputs. Mask ROM version can contain pull-up resistors with the mask option.
The uPD78P048A contains pull-down resistors.

(2) Control mode
These ports function as pins for digit output of the FIP controller/driver (FIP2 to FIP9).

18
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2.2.8 P100 to P107 (Port 10)

These are 8-bit output dedicated ports. In addition to their use as an output port, they also have FIP controller/
driver digit/segment outputs and segment output functions.

P100 to P105 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
Port 10 functions as an 8-bit output dedicated port. P100to P107 are P-ch open-drain outputs. Mask ROM version
can contain pull-down resistors with the mask option.
The pPD78P048A contains pull-down resistors in P100 to P105.

(2) Control mode
P100 to P105 function as digit/segment output pins for FIP controller/driver (FIP10 to FIP15). P106 and P107
function as segment output pins for FIP controller/driver (FIP16, FIP17).

2.2.9 P110 to P117 (Port 11)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as a segment output for
FIP controller/driver.

P110 to P117 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. P110 to P117 are P-ch open-drain outputs. Mask ROM version
can contain pull-down resistors with the mask option.

(2) Control mode
These ports function as segment output pins for FIP controller/driver (FIP18 to FIP25).

2.2.10 P120 to P127 (Port 12)

These are 8-bit input/output ports. Besides serving as input/output ports, they are used for segment output pins
for FIP controller/driver.

P120 to P127 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. P120 to P127 are P-ch open-drain. Mask ROM version can
contain pull-down resistors with the mask option.

(2) Control mode
These ports function as segment output pins for FIP controller/driver (FIP26 to FIP33).

2.2.11 AVREF
The A/D converter's reference voltage should be input from this pin.

2.2.12 AVop

This pin supplies power for A/D converter operations dedicatedly. Always apply to this pin the same voltage as
the Vob pin voltage even if the A/D converter is not used.
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2.2.13 AVss
This pin supplies the ground level for A/D converter operations dedicatedly. Always apply to this pin the same
voltage as the Vss pin voltage even if the A/D converter is not used.

2.2.14 RESET
This is an active-low system reset input pin.

2.2.15 X1 and X2
These are crystal resonator connection pins for main system clock oscillation. For external clock supply, input
it to X1 and its inverted signal to X2.

2.2.16 XT1 and XT2
These are crystal resonator connection pins for subsystem clock oscillation.
For external clock supply, input it to XT1 and its inverted signal to XT2.

2.2.17 Vop
Positive power should be supplied from this pin.

2.2.18 Vss
Ground potential should be supplied from this pin.

2.2.19 Vep (UPD78P048A only)
A high-voltage should be applied to this pin during PROM programming mode setting and in program write/verify
mode. Connect directly to Vss in normal operating mode.

2.2.20 IC (Mask ROM version only)

The IC (Internally Connected) pin sets a test mode in which the yPD78042F, 78043F, 78044F and 78045F are
tested before shipment. In normal operation mode, connect the IC pin directly to Vss with as short a wiring length
as possible.

If there is a potential difference between the IC and Vss pins because the wiring length between the IC and Vss
pin is too long, or external noise is superimposed on the IC pin, your program may not run correctly.

« Directly connect the IC pin to the V  ss.

||
™S

Keep the wiring length as short as possible.
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2.3 Input/Output Circuit and Recommended Connection of Unused Pins

Table 2-1 shows the input/output circuit types of pins and the recommended connections for unused pins.
Refer to Figure 2-1 for the configuration of the input/output circuit of each type.

Table 2-1. Pin Input/Output Circuit Types (1/2)

Pin Name I(r:llp:slt'lllto_l;;zlg Input/Output Recommended Connection of Unused Pins
POO/INTPO/TIO 2 Input Connect to Vss.
PO1/INTP1 8-A Input/output Connect to Vss via a resistor independently.
PO2/INTP2
PO3/INTP3/CIO
PO4/XT1 16 Input Connect to Voo or Vss.
P10/ANIO to P17/ANI7 11 Input/output Connect to Vss or Voo via a resistor independently.
P20/S11 8-A
P21/SO1 5-A
P22/SCK1 8-A
P23/STB 5-A
P24/BUSY 8-A
P25/S10/SB0O 10-A
P26/SO0/SB1
P27/SCKO
Mask ROM version
P30/TO0 5-C Input/output Connect to Voo or Vss via a resistor independently.
P31/TO1
P32/TO2
P33/TI1 8-B
P34/TI2
P35/PCL 5-C
P36/BUZ
P37
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Table 2-1. Pin Input/Output Circuit Types (2/2)

Pin Name Eﬁs:‘?:;iuet Input/Output Recommended Connection of Unused Pins
HPD78P048A
P30/TO0 5-A Input/output Connect to Voo or Vss via a resistor independently.
P31/TO1
P32/TO2
P33/TI1 8-A
P34/TI2
P35/PCL 5-A
P36/BUZ
P37
Mask ROM version
P70 to P74 13-B Input/output Connect to Voo or Vss via a resistor independently.
P80/FIPO, P81/FIP1 14-A Output Open
P90/FIP2 to P97/FIP9
P100/FIP10 to P107/FIP17
P110/FIP18 to P117/FIP25 15-C Input/output Connect to Voo or Vss via a resistor independently.
P120/FIP26 to P127/FIP33
IC — — Connect directly to Vss.
HPD78P048A
P70 to P74 13-D Input/output Connect to Voo or Vss via a resistor independently.
P80/FIPO, P81/FIP1 14 Output Open
P90/FIP2 to P97/FIP9
P100/FIP10 to P105/FIP15
P106/FIP16, P107/FIP17 14-B Output Open
P110/FIP18 to P117/FIP25 15-B Input/output Connect to Voo or Vss via a resistor independently.
P120/FIP26 to P127/FIP33
Vep — — Connect directly to Vss.
RESET 2 Input —
XT2 16 — Open
AVRer — Connect to Vss.
AVop Connect to Voo.
AVss Connect to Vss.
Vioap
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Figure 2-1. Pin Input/Output Circuit List (1/3)

Type 2 Type 8-A | Voo
Pullup 'l: | P-ch
enable
IN >
Vob
Data 4<:Do_| P-ch
Schmitt-Triggered Input with IN/OUT
Hysteresis Characteristics Output N-ch
disable
Type 5-A Vob Type 8-B | y
DD
Pullup P-ch Bl
enable > | ) ullup >0 | }
enable P-ch
Voo
Vbb
P-ch Data »:Do_l p-ch
IN/OUT
Output N-ch ‘ IN/OUT
disable Output N-ch| 1
disable % Mask
4—06_‘7 " | option
Input |
enable bd
Type 5-C Voo Type 10-A
Vob
PU"Up Do—l ) Pullu
enable P-ch enabﬁe DO—' P-ch
Voo
D Vbb
IN/OUT
| IN/OUT
Output B ! Open drain
disable N-ch § {Ma_sk } Output disable N-ch
' | option
|
|
" ol
enable
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Figure 2-1. Pin Input/Output Circuit List (2/3)

<]

Middle-voltage input buffer

Type 11 Vob Type 14
enable P-ch
VDD Voo Vob
Data 4«
+——OIN/OUT 4' P-ch P-ch
Output
disable . Data i 1 ©out
ChJ_
Comparator | N-ch
; N-chl_ — O Vwoap
VREF (Threshold voltage)
Input
enable
Type 13-B \Vob Type 14-A
-
Mask
optlon Vop Vop
+—O IN/OUT
e ) > h
Output disable N-c 4| P-ch P-ch
Data —» : ouT
[ [Mask
- 4| N-ch % option
RD 4' P-ch !
|
o O Vioap
| [ Mask }
| :
Middle-voltage input buffer 7 option
Type 13-D Type 14-B
——O IN/OUT
Data Vop Vob
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Figure 2-1. Pin Input/Output Circuit List (3/3)

Type 15-B Voo

P-ch

Data —» [

N-ch

Voo
—l P-ch
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Spaces

Each yPD78044F Subseries device accesses a memory space of 64 Kbytes. Figures 3-1 to 3-5 show memory
maps.

Figure 3-1. Memory Map ( pPD78042F)

- FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
T Internal high-speed RAM T
512 x 8 bits
3FFFH
FDOOH
FCFFH i i
> Program area =
0 Reserved
FBOOH
Data memory FAEEH 1000H
space Buffer RAM OFEEH
FACOH 64 x 8 bits i |
FABFH T CALLF entry area =
Reserved 0800H
EAS0H 07FFH
FATFH FIP display RAM A Proaram area L
FA50H 48 x 8 bits B 9 B
FA4FH
0080H
F Reserved 007FH
4000H CALLT table area
T 3FFFH
0040H
Program 003FH
memory A Internal ROM A
space i 16384 x 8 bits § Vector table area
Ly 0000H 0000H
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Data memory
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T

Program
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1

FFFFH
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FEFFH

FEEOH
FEDFH

FDOOH
FCFFH

FBOOH
FAFFH

FACOH
FABFH

FA80H
FA7FH

FAS50H
FA4FH

6000H
5FFFH

0000H

Figure 3-2. Memory Map ( pPD78043F)
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Data memory

space

T

Program
memory
space

FFFFH
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FEEOH
FEDFH

FBOOH
FAFFH

FACOH
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FA80H
FA7FH
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FA4FH
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Figure 3-3. Memory Map ( pPD78044F)
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Figure 3-4. Memory Map ( pPD78045F)
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Data memory
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Figure 3-5. Memory Map ( puPD78P048A)
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3.1.1 Internal program memory space

Internal program memory store programs and table data. Normally, they are addressed with a program counter

(PC).

The pyPD78044F Subseries contains internal ROM (or PROM) in each product having the capacity shown below.

Table 3-1. Internal ROM Capacity

Internal ROM
Part Number - - .
Configuration Capacity
uPD78042F Mask ROM 16384 x 8 bits
uUPD78043F Mask ROM 24576 x 8 bits
uPD78044F Mask ROM 32768 x 8 bits
UPD78045F Mask ROM 40960 x 8 bits
UPD78P048A PROM 61440 x 8 bits

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

€

Vector table area

The 64-byte area 0000H to O03FH is reserved as vector table area. The RESET input and program start
addresses for branch upon generation of each interrupt request are stored in the vector table area. Of the 16-
bit address, the low-order 8 bits are stored at even addresses and the high-order 8 bits are stored at odd

addresses.

Table 3-2. Vector Table

Vector Table Address

Interrupt Source

Vector Table Address

Interrupt Source

0000H RESET input 0010H INTCSI1
0004H INTWDT 0012H INTTM3
0006H INTPO 0014H INTTMO
0008H INTP1 0016H INTTM1
000AH INTP2 0018H INTTM2
000CH INTP3/INTUD 001AH INTAD

000EH INTCSIO 001CH INTKS

003EH BRK Instruction

(2) CALLT instruction table area

The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(38) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2 Internal data memory space

The uPD78044F Subseries units incorporate the following RAMs.

(1) Internal high-speed RAM

)

®)

(4)

The yPD78044F Subseries units incorporate the following capacity of internal high-speed RAM in each product.

Table 3-3. Internal High-Speed RAM Capacities

Part Number Internal High-Speed RAM Capacity
uPD78042F 512 x 8 bits
uPD78043F 512 x 8 bits
uPD78044F 1024 x 8 bits
uPD78045F 1024 x 8 bits
HPD78P048A 1024 x 8 bits

4 banks of general registers, each bank consisting of eight 8-bit registers are allocated in the 32-byte area
FEEOH to FEFFH.

The internal high-speed RAM can also be used as a stack memory.

Internal Expansion RAM
Internal expansion RAM is allocated to the 1024-byte area from F400H to F7FFH of the uPD78P048A.

Buffer RAM

Buffer RAM is allocated to the 64-byte area from FACOH to FAFFH. The buffer RAM is used to store the transmit/
receive data of serial interface channel 1 (3-wire serial I/O mode with automatic transmit/receive function).
When the 3-wire serial I/0O mode with automatic transmit/receive function is not used, the buffer RAM can also
be used as normal RAM.

FIP display RAM

FIP display RAM is allocated to the 48-byte area from FA50H to FA7FH. FIP display RAM can also be used
as normal RAM.

3.1.3 Special function register (SFR) area
An on-chip peripheral hardware special-function register (SFR) is allocated in the area FFOOH to FFFFH (Refer
to Table 3-4 Special Function Register List  of 3.2.3 Special function register (SFR) ).

Caution Do not access addresses where the SFR is not assigned.
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3.1.4 Data memory addressing

The method to specify the address of the instruction to be executed next or the address of a register or memory
area 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 ).

To address a memory area to be manipulated when an instruction is executed, the uPD78044F Subseries has
many addressing modes to improve the operability. Especially, in the areas to which the data memory is assigned
(addresses FDOOH to FFFFH for the uPD78042F and 78043F, and FBOOH to FFFFH for the uPD78044F, 78045F,
and 78P048A), the special function registers (SFRs) and general-purpose registers can be addressed in accordance
with their function.

Data memory addressing is shown in Figures 3-6 to 3-10.

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

Figure 3-6. Data Memory Addressing ( uPD78042F)

FFFFH
Special function
registers (SFRs)
256 x 8 bits SFR addressing
FF20H{ .
FF1FH
FFOOH
FEFFH General-purpose ) )
registers Register addressing
FEEOH 32 x 8 bits L Short direct
FEDFH addressing
Internal high-speed RAM
L 512 x 8 bits ~
FE20H|
FE1FH Direct addressing
FDOOH Register indirect addressing
FCFFH Reserved Based addressing
FBOOH Based indexed addressing
FAFFH Buffer RAM
64 x 8 bits
FACOH
FABFH
Reserved
FA80H
FATFH FIP display RAM
EA50H 48 x 8 bits
FA4FH
= Reserved =
4000H
3FFFH
AL Internal ROM A
T 16384 x 8 bits T
0000H
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FFFFH
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Figure 3-7. Data Memory Addressing ( uPD78043F)
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Figure 3-8. Data Memory Addressing ( uPD78044F)
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

FACOH
FABFH

FA80H
FA7FH

FA50H
FA4FH

AOOOH
9FFFH

0000H

Figure 3-9. Data Memory Addressing ( uPD78045F)
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Figure 3-10. Data Memory Addressing ( puPD78P048A)
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3.2 Processor Registers
The uPD78044F Subseries units incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. A program counter (PC), a
program status word (PSW) and a stack pointer (SP) are control registers.

(1) Program counter (PC)
The program counter is a 16-bit register which holds the address information of the next program to be executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction
to be fetched. When a branch instruction is executed, immediate data and register contents are set.
RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-11. Program Counter Configuration

15 0

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

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags to be set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW
instruction execution and are automatically reset upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 3-12. Program Status Word Configuration

PSW IE Z RBS1| AC RBSO 0 ISP CcY

(a) Interrupt enable flag (IE)
This flag controls interrupt request acknowledge operations of CPU.
All interrupts, except the non-maskable interrupt, are disabled (DI status) when IE = 0.
The interrupts are enabled when IE = 1. At this time, acknowledging an interrupt request is controlled with
an inservice priority flag (ISP), an interrupt mask flag for various interrupt sources and a priority
specification flag.
The IE is reset (to 0) upon DI instruction execution or interrupt request acknowledgment and is set (to 1)
upon El instruction execution.

(b) Zero flag (2)
When the operation result is zero, this flag is set (to 1). It is reset (to 0) in all other cases.

(c) Register bank select flags (RBS0O and RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information which indicates the register bank selected by SEL RBn instruction
execution is stored.
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(d) Auxiliary carry flag (AC)

(e)

()

If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (to 1). It is reset (to 0)
in all other cases.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts.

When ISP = 0, the vector interrupt assigned a low priority by the priority specify flag registers (PROL and
PROH) (refer to 17.3 (3) Priority specify flag registers (PROL and PROH) ) is disabled and cannot be
acknowledged. Whether an interrupt request is actually acknowledged is controlled with the interrupt
enable flag (IE).

Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-outvalue
upon rotate instruction execution and functions as a bit accumulator during bit manipulation instruction
execution.

(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM
area can be set as the stack area.

Each product of internal high-speed RAM is as follows.

15

uPD78042F, 78043F: FDOOH to FEFFH
uPD78044F, 78045F, 78P048A: FBOOH to FEFFH

Figure 3-13. Stack Pointer Configuration

SP15

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

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (reset) from
the stack memory.
Each stack operation saves/resets data as shown in Figures 3-14 and 3-15.

Caution Since RESET input makes SP contents indeterminate, be sure to initialize the SP before
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Figure 3-14. Data to be Saved to Stack Memory

Interrupt and

CALL, CALLF, and BRK Instruction

PUSH rp Instruction CALLT Instruction

SP=SP-3
SP <SP -2 SP <SP -2 SP -3 PC7 to PCO
SP_2 Register pair SP-2 PC7 to PCO SP-2 PC15to PC8

lower

Register pair

SP-1 SP-1 PC15 to PC8 SP-1 PSW
T upper T T
SP - SP - SP —»
Figure 3-15. Data to be Reset from Stack Memory
POP rp Instruction RET Instruction EE:;L?S(?”RETB
sp - |  Register pair sP~ | pc7topco sP > |  Pc7topPCO
l lower L L
Register pair
SP+1 upper SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP <SP +2 SP <SP +2 SP +2 PSW
SP =SP +3

3.2.2 General registers

A general register is mapped at particular addresses (FEEOH to FEFFH) of the data memory. It consists of 4
banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L and H).

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

They can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE and HL) and absolute
names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set with the CPU control instruction (SEL RBn). Because
of the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interruption for each bank.
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FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

FEFFH

FEF8H

FEFOH

FEESH

FEEOH

Figure 3-16. General Register Configuration

(a) Absolute Name

16-Bit Processing

8-Bit Processing

R7
BANKO RP3

R6

RS
BANK1 RP2

R4

R3
BANK2 RP1

R2

R1
BANKS3 RPO

RO

15
(b) Function Name
16-Bit Processing 8-Bit Processing

H
BANKO HL

L

D
BANK1 DE

E

B
BANK2 BC

Cc

A
BANKS3 AX

X
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3.2.3 Special function register (SFR)

Unlike a general register, each special function register has special functions. It is allocated in the FFOOH to
FFFFH area.

The special function register can be manipulated, like the general register, with the operation, transfer and bit
manipulation instructions. Manipulatable bit units, 1, 8 and 16, depend on the special function register type.

Each manipulation bit unit can be specified as follows:

1-bit manipulation
Describe the symbol reserved with assembler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

8-bit manipulation
Describe the symbol reserved with assembler for the 8-bit manipulation instruction operand (sfr).
This manipulation can also be specified with an address.

16-bit manipulation
Describe the symbol reserved with assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, describe an even address.

Table 3-4 gives a list of special function registers. The meaning of items in the table is as follows.

Symbol

Indicates symbols that specify the addresses of the special function registers. RA78K/0 uses these symbols
as the reserved words, and CC78K/0 has defined them in the header file named "sfrbit.h". Symbols can be
used as instruction operands if RA78K/0, ID78K0, or CC78K/0 is used.

R/W

Indicates whether the corresponding special function register can be read or written.
R/W : Read/write enable

R : Read only

W : Write only

Manipulatable bit units
"V" indicates the manipulatable bit units, 1, 8, and 16.

"—" indicates a bit unit for which manipulation is not possible.

After reset
Indicates each register status upon RESET input.
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Table 3-4. Special Function Register List (1/3)

Manipulatable

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

FFOOH Port 0 PO R/W v v - 00H

FFO1H Port 1 P1 v —

FFO2H Port 2 P2 v vo| -

FFO3H Port 3 P3 v vo| -

FFO7H Port 7 P7 v vo| -

FFO8H Port 8 P8 W v v -

FFO9H Port 9 P9 v v -

FFOAH Port 10 P10 v v -

FFOBH Port 11 P11 R/W v v -

FFOCH Port 12 P12 v vo| -

FF10H 16-bit compare register CROO - - v Undefined

FF11H

FF12H 16-bit capture register CRO1 R - - v

FF13H

FF14H 16-bit timer register TMO - - v 0000H

FF15H

FF16H 8-bit compare register CR10 R/W - v - Undefined

FF17H 8-bit compare register CR20 - v -

FF18H 8-bit timer register 1 TMS | TM1 R - v v 00H

FF19H 8-bit timer register 2 T™M2 - v

FF1AH Serial I/O shift register 0 S100 R/W - v - Undefined

FF1BH Serial 1/0 shift register 1 Slo1 - v -

FF1FH A/D conversion result register ADCR R - v -

FF20H Port mode register 0 PMO R/W v v - 1FH

FF21H Port mode register 1 PM1 v v - FFH

FF22H Port mode register 2 PM2 v v -

FF23H Port mode register 3 PM3 v v -

FF27H Port mode register 7 PM7 v Vv - 1FH

FF2BH Port mode register 11 PM11 v v - FFH

FF2CH Port mode register 12 PM12 v Vv -
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Table 3-4. Special Function Register List (2/3)

Manipulatable

Address Special Function Register (SFR) Name Symbol R/W Bit Unit After Reset
1 Bit | 8 Bits|16 Bits
FF40H Timer clock select register 0 TCLO R/W v v - 00H
FF41H Timer clock select register 1 TCL1 - v -
FF42H Timer clock select register 2 TCL2 - v -
FF43H Timer clock select register 3 TCL3 v - 88H
FF47H Sampling clock select register SCS - v - 00H
FF48H 16-bit timer mode control register TMCO v v -
FF49H 8-bit timer mode control register TMC1 v v -
FF4AH Watch timer mode control register TMC2 v v -
FF4EH 16-bit timer output control register TOCO v v -
FF4FH 8-bit timer output control register TOC1 v v -
FF60H Serial operating mode register 0 CSIMO v v -
FF61H Serial bus interface control register SBIC v v -
FF62H Slave address register SVA - v - Undefined
FF63H Interrupt timing specify register SINT v v - 00H
FF68H Serial operating mode register 1 CSIM1 v v -
FF69H Automatic data transmit/receive control register ADTC v v -
FF6AH Automatic data transmit/receive address pointer ADTP - v -
FF6BH Automatic data transmit/receive interval specify ADTI
register
FF80H A/D converter mode register ADM v v - 01H
FF84H A/D converter input select register ADIS - v - 00H
FFAOH Display mode register 0 DSPMO ANoe |/ -
FFA1H Display mode register 1 DSPM1 - v -
FFA8H 6-bit up/down counter mode register UbDM v v -
FFA9H 6-bit up/down counter ubC - v -
FFAAH 6-bit up/down counter compare register UDCC - v -
FFEOH Interrupt request flag register OL IFO | IFOL v v v
FFE1H Interrupt request flag register OH IFOH v v
FFE4H Interrupt mask flag register OL MKO | MKOL v v v FFH
FFE5H Interrupt mask flag register OH MKOH v v
FFESH Priority order specify flag register OL PRO | PROL v v v
FFE9H Priority order specify flag register OH PROH v v
FFECH External interrupt mode register INTMO - v - OOH

Note Only bit 7 enables for read-only operation.
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Table 3-4. Special Function Register List (3/3)

Manipulatable

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

FFFOH Memory size switching register IMS R/W - v - Note
FFF4H Internal expansion RAM size switching register IXS w - v - Note
FFF7H Pull-up resistor option register PUO R/W v v - 00H
FFFOH Watchdog timer mode register WDTM v v -

FFFAH Oscillation stabilization time select register OSTS - v - 04H
FFFBH Processor clock control register PCC v v -

Note Thevalue whenresetmemory size switching register (IMS) and internal expansion RAM size register (1XS)
depends on products.

If using the mask ROM version, do not set any value other than that when reset to IMS and IXS.

HUPD78042F uPD78043F uPD78044F uPD78045F uPD78P048A
IMS 44H 46H C8H CAH CFH
IXS None O0AH
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3.3 Instruction Address Addressing

Aninstruction address is determined by program counter (PC) contents. The PC contentis normally incremented
(+1 for each byte) automatically according to the number of bytes of an instruction to be fetched each time another
instruction is executed. When a branch instruction is executed, the branch destination information is set to the PC
and branched by the following addressing (For details of instructions, refer to 78K/0 Series User's Manual:
Instructions (U12326E) .

3.3.1 Relative addressing

[Function]

The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The displacement
value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit. In other words,
execution branches in a relative range of —128 to +127 from the start address of the subsequent instruction in the
relative addressing mode.

This function is carried out when the BR $addrl16 instruction or a conditional branch instruction is executed.

[Mlustration]

15 0
PC ...PC indicates the start address
of the instruction
+ after the BR instruction.
15 8 7 6 0
a S
jdisp8
15 0

PC

When S = 0, all bits of a are 0.
When S = 1, all bits of a are 1.
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3.3.2 Immediate addressing

[Function]

Immediate data in the instruction word is transferred to the program counter (PC) and branched.

This function is carried out when the CALL !addrl6 or BR !laddrl6 or CALLF !addrll instruction is executed.
The CALL !addrl6 and BR !addrl6 instructions can branch in the entire memory space. The CALL laddrll

instruction branches in an area of 0800H to OFFFH.

[Hlustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr.
15 87 0

PC

In the case of CALLF 'addrl1l instruction

7 6 4 3 0
4{ faio-s CALLF
faz-o
15 11 10 87 0

PC|O0O O O O 1
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3.3.3 Table indirect addressing

[Function]

Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.

Table indirect addressing is performed when the CALLT [addr5] instruction is executed. This instruction can
reference addresses stored to the memory table of 40H to 7FH and can branch in the entire memory space.

[Hlustration]
7 6 5 10
Operation Code 1 1 tas-o 1
15 8 7 6 5 1 10
Effective Address |0 0 0O 0 0 O O O |0 1 0
7 Memory (Table) 0
Low Addr.
Effective Address+1 High Addr.
15 8 7 0

PC
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3.3.4 Register addressing

[Function]

Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.

This function is carried out when the BR AX instruction is executed.

[Hlustration]

p A X

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) which undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]

The register which functions as an accumulator (A and AX) in the general register is automatically (implicitly)
addressed.

Of the uPD78044F Subseries instruction words, the following instructions employ implied addressing.

Instruction Register to be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage.
DIVUW AX register for dividend and quotient storage.
ADJBA/ADJBS A register for storage of numeric values subject to decimal adjustment.
ROR4/ROL4 A register for storage of digit data which undergoes digit rotation.

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format
is necessary.

[Description example]

In the case of MULU X

With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]

This addressing is to access a general register as an operand. The general register to be accessed is specified

by the register bank select flags (RBS0 and RBS1) and the register specify codes (Rn and RPn) in the instruction
code.

Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A C B ED,LH
p AX, BC, DE, HL

‘rand ‘rp’ can be described with function names (X, A, C, B, E, D, L, H, AX, BC, DE and HL) as well as absolute
names (RO to R7 and RPO to RP3).

[Description example]
MOV A, C; when selecting C register as r

Operation code 0 1 1 0 0 0 1 O

\—‘—1— Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1 0 0 0 0O 121 0O

\_H— Register specify code
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3.4.3 Direct addressing

[Function]
This addressing is to directly address a memory area indicated by the immediate data in the instruction word.

[Operand format]

Identifier Description

addrl6 Label or 16-bit immediate data

[Description example]
MOV A, !0FEOOH; when setting 'addr16 to FEOOH

Operation code 1 0 0 0 1 1 1 0| OPcode

0 0 0 0 0 0O O Of OOH

1 1 1 1 1 1 1 0] FEH

[Mlustration]

OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.

This addressing is applied to the 256-byte space FE20H to FF1FH for a fixed space. An internal high-speed
RAM and a special function register (SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the entire SFR area. To
this area, ports which are frequently accessed in a program and a compare register of the timer/event counter and
a capture register of the timer/event counter are mapped and these SFRs can be manipulated with a small number
of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 0OH to 1FH,
bit 8 is set to 1. Refer to the [lllustration] on the next page.

[Operand format]

Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label of FE20H to FF1FH immediate data (even address only)
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[Description example]
MOV OFE30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operation code 0 0 01 0 O O 1| OPcode

0 0 1 1 0 O O Of 30H (saddr-offset)

0 1 0 1 0 0O 0 O] 50H(immediate data)

[Mlustration]

OP code

saddr-offset

Short Direct Memory

Effectiveaddress |1 1 1 1 1 1 1 |a

When 8-bit immediate data is 20H to FFH, a =0
When 8-bit immediate data is OOH to 1FH, a = 1
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3.4.5 Special function register (SFR) addressing

[Function]

The memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction
word.

This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFR
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier Description
sfr Special function register name
sfrp 16-bit manipulatable special function register name (even address only)

[Description example]
MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code 1 1 1 1 0 1 1 0] OPcode

0 01 0 0 O O O] 20H (sfroffset)

[Mlustration]

OP code

sfr-offset

15 8 7 0 SFR

Effectiveaddress |1 1 1 1 1 1 1 1
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3.4.6 Register indirect addressing

[Function]

This addressing is to address a memory area with the contents of a register pair specified as an operand. The
register pair to be accessed is specified by the register bank select flag (RBS0 and RBS1) and the register pair
specify code in an instruction code. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]
MOV A, [DE]; when selecting [DE] as register pair

Operation code 1 0 0 0 0 1 0 1

[Hlustration]

15 87 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the
memory addressed

are transferred.

7 0
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3.4.7 Based addressing

[Function]

This addressing is to address a memory area by using the result of adding 8-bit immediate data to the contents
of the HL register pair which is 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). Addition is performed by expanding the offset data
as a positive number to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for all
the memory spaces.

[Operand format]

Identifier Description
— [HL+byte]

[Description example]
MOV A, [HL+10H]; When setting byte to 10H

Operation code 1 0 1 0 1 1 1 O
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3.4.8 Based indexed addressing

[Function]

This addressing is to address a memory area 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 pair which serves as a base register. The HL
and B or C register to be accessed are in the register bank specified by the register bank select flags (RBS0 and
RBS1). The addition is performed by expanding the contents of the B or C register as a positive number to 16 bits.
A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description
— [HL+B], [HL+C]

[Description example]
In the case of MOV A, [HL+B]

Operation code 1 0 1 0 1 0 1 1
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3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.

This addressing method is automatically employed when the PUSH, POP, subroutine call and RETURN
instructions are executed or the register is saved/reset upon generation of an interrupt request.

Stack addressing enables addressing the internal high-speed RAM area only.

[Description example]
In the case of PUSH DE

Operation code 1 0 1 1 0 1 0 1
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4.1 Port Functions

The uPD78044F Subseries units incorporate two input ports, 18 output ports and 48 input/output ports. Figure
4-1 shows the port configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out
considerably varied control operations. Besides port functions, the ports can also serve as built-in hardware input/
output pins.

Figure 4-1. Port Types

<~ P80 P00 [«— )
Port 8 { <~
e — P81 |« Por[ 0
D mm—
(=— P90 P04 je—
- |
= P10 j=——
-]
Port 9 ) >
e EEE—
~— D mm—
. Port 1
\ <—— P97 I EE——
D mm—
(<— P100 P17 je—
- |
- P20 [«=— )
-]
Port 10 < >
|
~— O
< Port 2
L =—— P107 « 5
l—— >
(<—= P110 P27 je—
-
= > P30 j=—
B T
Port 11 “ >
e EEE—
B B—— e« »
- ] Port 3
L =— P117 « 5
e EE—
[~ P120 P37 [«
-
-~ P70 [=— )
B S— |« »

Port 12 Port 7
- |l »
-~ P74 <>

L =— P127
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Table 4-1. Port Functions (1/2)

Alternate
Pin Name Function Function
Pin
P00 Port 0. Input only. INTPO/TIO
P01 5-bit input/output port. Input/output specifiable bit-wise. INTP1
P02 If used as an input port, the on-chip pull-up INTP2
P03 resistors can be used. INTP3/CI0
P04 Input only. XT1
P10 to P17 | Port 1. ANIO to ANI7
8-bit input/output port.
Input/output specifiable bit-wise.
If used as an input port, the on-chip pull-up resistors can be used.
P20 Port 2. Si1
P21 8-bit input/output port. so1
P22 ::‘E‘;Zg“;g“;:?::;‘le'i'bt';;"’:ne_-(:hip pull-up resistors can be used. SeKL
P23 STB
P24 BUSY
P25 SI0/SBO
P26 SO0/SB1
P27 SCKO
P30 Port 3. TOO
P31 8-bit input/output port. TO1
P33 If used as an input port, the on-chip pull-up resistors can be used. Tl
P34 Only mask ROM version can specify pull-down registers bit-wise with the mask option. TI2
P35 PCL
P36 BUZ
P37 -
P70 to P74 | Port 7. —

N-ch open-drain 5-bit input/output port.

Input/output specifiable bit-wise.

LED can be driven directly.

Only mask ROM version can specify a pull-up resistor bit-wise with the mask option.
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Table 4-1. Port Functions (2/2)

Alternate
Pin Name Function Function
Pin

P80, P81 Port 8. FIPO, FIP1

P-ch open-drain 2 bits high breakdown voltage output ports.

LEDs can be driven directly.

Mask ROM version can specify pull-down resistors bit-wise with the mask option

(can be specified to Vioap or Vss in 2-bit units).

UPD78P048A contains a pull-down resistor (connected to Vioap).
P90 to P97 | Port 9. FIP2 to FIP9

P-ch open-drain 8-bit high breakdown voltage output ports.

LEDs can be driven directly.

Mask ROM version can specify pull-down resistors bit-wise with the mask option
(can be specified to Vioap or Vss in 4-bit units).

UPD78P048A contains a pull-down resistor (connected to Vioap).

P100 to P107

Port 10.

P-ch open-drain 8-bit high breakdown voltage output ports.

P100 to P105 can drive LEDs directly.

Mask ROM version can specify pull-down resistors bit-wise with the mask option
(can be specified to Vioap or Vss in 4-bit units).

UPD78P048A contains pull-down resistors in P100 to P105 (connected to Vioap).

FIP10 to FIP17

P110 to P117

Port 11.

P-ch open-drain 8-bit high breakdown voltage input/output ports.

Can specify input/output bit-wise.

P110 to P117 can drive LEDs directly.

Only mask ROM version can specify pull-down resistors bit-wise with the mask option
(can be specified to Vioap or Vss in 4-bit units).

FIP18 to FIP25

P120 to P127

Port 12.

P-ch open-drain 8-bit high breakdown voltage input/output ports.

Can specify input/output bit-wise.

P120 to P127 can drive LEDs directly.

Mask ROM version can specify pull-down resistors bit-wise with the mask option
(can be specified to Vioap or Vss in 4-bit units).

FIP26 to FIP33
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4.2 Port Configuration
A port consists of the following hardware.

Table 4-2. Port Configuration

Iltem Configuration
Control register Port mode register (PMm: m =0, 1, 2, 3, 7, 11, 12)
Pull-up resistor option register (PUO)
Port Total: 68 ports (2 inputs, 18 outputs, 48 inputs/outputs)
Pull-up resistor ¢ Mask ROM versions

Total: 32 (software specifiable: 27, mask option: 5)
e uPD78PO048A ... Total: 27

Pull-down resistor | « Mask ROM version ... Total: 42 (mask option: 42)
* uPD78PO048A ... Total: 16

4.2.1 PortO

Port 0 is a 5-bit input/output port with output latch. P01 to P03 pins can specify the input mode/output mode
in 1-bit units with the port mode register 0 (PM0). P00 and P04 pins are input-only ports. When P01 to P03 pins
are used as input ports, on-chip pull-up resistors can be specified for them in 3-bit units with the pull-up resistor
option register (PUO).

Alternate functions include external interrupt request input, external count clock input to the timer and crystal
connection for subsystem clock oscillation.

RESET input sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Caution Because port 0 also serves for external interrupt request input, when the port function output

mode is specified and the output level is changed, the interrupt request flag is set. Thus, when
the output mode is used, set the interrupt mask flag to 1.

64



CHAPTER 4 PORT FUNCTIONS

Internal bus

WRpuo

Figure 4-2. P00 and P04 Block Diagram

(¢

PUOO

N

WRpoRrT

o]

B

Selector

N\
RD
[92]
: |
T
=
o
g O O<]—QC4@ POO/INTPO/TIO,
- PO4/XT1
S
Figure 4-3. P01 to P03 Block Diagram
Voo

P-ch

Output latch

WRem

(PO1 to PO3)

PUO :
: Port mode register
. Port 0 read signal
: Port 0 write signal

PM
RD
WR

PMO1 to PM03

Pull-up resistor option register

O PO1/INTPL,
PO2/INTP2,

PO3/INTP3/CIO
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4.2.2 Portl

Port 1 is an 8-bit input/output port with output latch. P10 to P17 pins can specify the input mode/output mode
in 1-bit units with a port mode register 1 (PM1). When P10 to P17 pins are used as input ports, on-chip pull-up
resistors can be specified for them in 8-bit units with the pull-up resistor option register (PUO).

Alternate functions include an A/D converter analog input.

RESET input sets port 1 to input mode.

Figure 4-4 shows a block diagram of port 1.

Caution A pull-up resistor cannot be used for pins used as A/D converter analog input.

Figure 4-4. P10 to P17 Block Diagram

Vob
WRpuo
—\-/
FanY
O PUO1 ): | P-ch
RD
VanY J
~ Selector
3
a WRPpoRT
g o P10/ANIO
8 utput latc to
O O
WReM
£ PM10 to PM17
—~_

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 1 read signal
WR : Port 1 write signal

66



CHAPTER 4 PORT FUNCTIONS

4.2.3 Port 2

Port 2 is an 8-bit input/output port with output latch. P20 to P27 pins can specify the input mode/output mode
in 1-bit units with the port mode register 2 (PM2). When P20 to P27 pins are used as input ports, on-chip pull-up
resistors can be specified for them in 8-bit units with the pull-up resistor option register (PUO).

Alternate functions include serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output.

RESET input sets port 2 to input mode.

Figures 4-5 and 4-6 show a block diagram of port 2.

Cautions 1. If used as serial interface, set the input/output latch according to each function.
Refer to Figure 14-3 Serial Operating Mode Register 0 Format and Figure 15-3 Serial
Operating Mode Register 1 Format for setting.
2. Toread the status of a pin in the SBI mode, set the PM2n bit of PM2to 1 (n =5 or 6) (refer
to 14.4.3 (10) Judging busy status of slave).

Figure 4-5. P20, P21, P23 to P26 Block Diagram

Vop
WRepuo
1
S PUO2 D@—| P-ch
RD
o
S 0<%3( Selector
3
a WRPpoRT
©
b= Output latch
(4]
£ © (P20, P21, P23 to P26) D—« —0 Eggggll'
P23/STB,
P24/BUSY,
P25/S10/SBO,
WRen P26/SO0/SB1
/J\ PM20, PM21
~ PM23 to PM26
S

Alternate function

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal

67



CHAPTER 4 PORT FUNCTIONS

68

Figure 4-6. P22 and P27 Block Diagram

Vbb
WRPpuo
~— i
O PUO2 ): | P-ch
RD
VanY J
~ O< :( Selector
]
[92]
3 WRpoRT
!
= Output latch ~U7
] A P22/SCK1,
E (P22, P27) | ) ¢ g O p2715cK0
WRem
l‘, PM22, PM27
N\
Alternate function
PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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4.2.4 Port 3

Port 3 is an 8-bit input/output port with output latch. P30 to P37 pins can specify the input mode/output mode
in 1-bit units with the port mode register 3 (PM3). When P30 to P37 pins are used as input ports, on-chip pull-up
resistors can be specified for them in 8-bit units with the pull-up resistor option register (PUO).

Mask ROM version can contain pull-down resistors bit-wise with the mask option. The uPD78P048A does not

contain pull-down resistors.
Port 3 can drive LEDs directly.
Alternate functions include timer input/output, clock output and buzzer output.
RESET input sets port 3 to input mode.
Figure 4-7 shows a block diagram of port 3.

WRpuo

Figure 4-7. P30 to P37 Block Diagram

(¢

PUO3

Internal bus

WRpoRrT

©

B

{J

Selector

P-ch

Output latch

WRpm

(P30 to P37)

T

PM30 to PM37

PUO :
. Port mode register
: Port 3 read signal
: Port 3 write signal

PM
RD
WR

Alternate function

Pull-up resistor option register

>
>

7T

———O

P30/TOO0 to P32/TO2,
P33/TI1,

P34/TI2,

P35/PCL,

P36/BUZ,

P37

Mask option
Mask ROM only
HPD78P048A
has no pull-down
resistor.
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425 Port7
Port 7 is a 5-bit input/output port with output latch. Pins from 70 to 74 can specify /0O mode bit-wise with the

port mode register 7 (PM7). Mask ROM version can contain pull-up resistors bit-wise with the mask option. The
uUPD78P048A does not contain pull-up resistors.

Port 7 can drive LEDs directly.

RESET input sets port 7 to input mode.

Figure 4-8 shows a block diagram of port 7.

Caution The low-level input leak current flowing to the P70 to P74 pins varies depending on the
following conditions.

[For Mask ROM version]
* When a pull-up resistor is connected:
» -3 UA (max.) regardless of operational conditions
* When a pull-up resistor is not connected:
»—-150 pA (max.) during 1.5 clock cycles
after a read instruction execution to port 7 (P7) or port mode register 7 (PM7)
* -3 UA (max.) in other conditions

[For PROM version]
»—150 pA (max.) during 1.5 clock cycles
after a read instruction execution to port 7 (P7) or port mode register 7 (PM7)
* -3 UA (max.) in other conditions

Figure 4-8. P70 to P74 Block Diagram

[
Voo
——
RD
Mask option
J Only mask ROM
version. The
Selector UPD78P048A has
no pull-up resistor.
é) WRpoRT
g
= Output latch I
]
< (P70 to P74) Pg © P70to P74
WRem
PM70 to PM74
T

PM : Port mode register
RD : Port 7 read signal
WR : Port 7 write signal
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4.2.6 Port8
Port 8 is a 2-bit output only port. Mask ROM version can specify pull-down resistors bit-wise with the mask option.

Pull-down resistor connection to Vioap or Vss can be specified in 2-bit units. The uPD78P048A contains a pull-
down resistor which is connected to Vioap.

Port 8 can drive LEDs directly.
In addition, FIP controller/driver digit output is provided as an alternate function.

RESET input sets port 8 to output mode.
Figure 4-9 shows a block diagram of port 8.

Figure 4-9. P80 and P81 Block Diagram

—

é WRPpoRT

©

c

£ Output latch P-ch open-drain P90/FIP2

IS (P90 to P97)

P97/FIP9
Alternate function
O—0 VLioap

S Mask option

Only mask ROM version.
The uPD78P048A is
connected to Vioab via
pull-down resistors.

WR : Port 8 write signal
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4.2.7 Port9

Port 9 is an 8-bit output only port.
option. Pull-down resistor connection to Vioap or Vss can be specified in 4-bit units. The yPD78P048A contains

Mask ROM version can specify pull-down resistors bit-wise with the mask

a pull-down resistor which is connected to Vioap.

Port 9 can drive LEDs directly.
In addition, FIP controller/driver digit output is provided as an alternate function.

RESET input sets port 9 to output mode.
Figure 4-10 shows a block diagram of port 9.

Figure 4-10. P90 to P97 Block Diagram

—

é WRPpoRT

©

c

£ Output latch P-ch open-drain P90/FIP2

IS (P90 to P97)

P97/FIP9
Alternate function
O—0 VLioap

S Mask option

Only mask ROM version.
The uPD78P048A is
connected to Vioab via
pull-down resistors.

WR : Port 9 write signal
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4.2.8 Port 10

Port 10 is an 8-bit output only port. Mask ROM version can specify pull-down resistors bit-wise with the mask
option. Pull-down resistors connection to Vioap or Vss can be specified in 4-bit units. The uPD78P048A contains

pull-down resistor which are connected to Vioap from P100 to P105.

From P100 to P105 can drive LEDs directly.
In addition, FIP controller/driver segment/digit output is provided as an alternate function.

RESET input sets port 10 to output mode.
Figure 4-11 shows a block diagram of port 10.

Figure 4-11. P100 to P107 Block Diagram

—~
4 WRpoRT
o)
© .
= Output latch P-ch open-drain P100/FIP10
£ (P100 to P107) , © to
P107/FIP17
Alternate function
O—0 Viorp
S Mask option
Only mask ROM version.

The uPD78P048A is
connected to Vioso via
pull-down resistors (P100
to P105).

WR : Port 10 write signal
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4.2.9 Portll
Port 11 is an 8-bit input/output port with output latch. P110 to P117 pins can specify input/output mode bit-wise

with the port mode register 11 (PM11). Mask ROM version can specify pull-down resistors bit-wise with the mask
option. Pull-down resistors connection to Vioap or Vss can be specified in 4-bit units. The uPD78P048A does not
contain pull-down resistors.

Port 11 can drive LEDs directly.

In addition, FIP controller/driver segment output is provided as an alternate function.

RESET input sets port 11 to input mode.

Figure 4-12 shows a block diagram of port 11.

Figure 4-12. P110 to P117 Block Diagram

[
RD
<| ( Selector
%]
a2 WRPporT
E
ki Output latch P110/FIP18
E (P110 to P117) DH%/( o 1o
P117/FIP25
WRpM O—0 Vioap
PM110 to PM117 Mask option
Only mask ROM
T version. The
Alternate function HPD78P048A has no
pull-down resistor.

PM : Port mode register
RD : Port 11 read signal
WR : Port 11 write signal
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4.2.10 Port 12
This is an 8-bit input/output port with output latches. P120 to P127 pins can specify input mode/output mode

bit-wise by means of port mode register 12 (PM12).
Mask ROM version can specify pull-down resistors bit-wise with the mask option. Pull-down resistors connection
to Vioap or Vss can be specified in 4-bit units. The uPD78P048A does not contain pull-down resistors.
Port 12 can drive LEDs directly.
In addition, FIP controller/driver segment output is provided as an alternate function.

RESET input sets the input mode.
The port 12 block diagram is shown in Figure 4-13.

Figure 4-13. P120 to P127 Block Diagram

Selector

P120/FIP26
DD 0"
P127/FIP33

O—0 Vwioap

Mask option

[
RD
3
a WRpoRT
©
£
g Output latch
= (P120 to P127)
WRpm
PM120 to PM127
T
Alternate function

Mask ROM only
HPD78P048A has no
pull-down resistors.

PM : Port mode register
RD : Port 12 read signal
WR : Port 12 write signal
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4.3 Port Function Control Registers

The following two types of registers control the ports.
e Port mode registers (PM0O, PM1, PM2, PM3, PM7, PM11, PM12)
e Pull-up resistor option register (PUO)

(1) Port mode registers (PM0O, PM1, PM2, PM3, PM7, PM11, PM12)
These registers are used to set port input/output in 1-bit units.
PMO, PM1, PM2, PM3, PM7, PM11, and PM12 are independently set with a 1-bit or 8-bit memory
manipulation instruction.
RESET input sets PMO and PM7 to 1FH, other registers to FFH.

When a port pin is used as its alternate function pin, set the port mode register and the output latch according
to Table 4-3.

Cautions 1. Pins P00 and P04 are input-only pins.

2. Pins P80 and P81, P90 to P97 and P100 to P107 are output only pins.

3. As port 0 has an alternate function as external interrupt request input, when the port
function output mode is specified and the output level is changed, the interrupt request
flag is set. When the output mode is used, therefore, the interrupt mask flag should be
set to 1 beforehand.

Table 4-3. Port Mode Register and Output Latch Setting when Alternate Function is Used

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Function Name | Input/ Function Name | Input/
Output Output
P00 INTPO Input 1 (fixed) None P30 to P32 TOO to TO2 Output 0 0
TIO Input | 1 (fixed) None P33, P34 TI1, TI2 Input 1 X
P01, P02 INTP1, INTP2 Input 1 X P35 PCL Output 0 0
P03 INTP3 Input 1 X P36 BUZ Output 0 0
Clo Input 1 X P110 to P117 | FIP18 to FIP25 | Output 0 0
pPQ4Note XT1 Input | 1 (fixed) None |[[P120to P127 | FIP26 to FIP33 | Output 0 0
P10 to P17%®| ANIO to ANI7 Input 1 X

Note Ifareadis executed to these ports in the alternate function mode, the read data will be undefined values.

Caution When Port 2 is used as serial interface pin, input/output and the output latch should be set
according to functions. For setting, refer to Figure 14-3. Serial Operating Mode Register 0
Format and Figure 15-3. Serial Operating Mode Register 1 Format.

Remark x . don't care

PMxx : Port mode register
Pxx  : Port output latch
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Symbol

PMO

PM1

PM2

PM3

PM7

PM11

PM12

7

Figure 4-14. Port Mode Register Format

0

PMO03

PM02

PMO1

PM17

PM16

PM15

PM14

PM13

PM12

PM11

PM10

PM27

PM26

PM25

PM24

PM23

PM22

PM21

PM20

PM37

PM36

PM35

PM34

PM33

PM32

PM31

PM30

PM74

PM73

PM72

PM71

PM70

PM117

PM116

PM115

PM114

PM113

PM112

PM111

PM110

PM127

PM126

PM125

PM124

PM123

PM122

PM121

PM120

Address

FF20H

FF21H

FF22H

FF23H

FF27H

FF2BH

FF2CH

After Reset

1FH

FFH

FFH

FFH

1FH

FFH

FFH

R/W
R/W

R/W

R/W

R/W

R/W

R/IW

R/W

PMmn

Pmn Pin Input/Output Mode Selection
(m=0,1,2,3,7,11,12:n=01t0 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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2

78

Pull-up resistor option register (PUO)

The PUO register enables or disables the on-chip pull-up resistor for each port pin. To enable the on-chip pull-
up resistor of a port pin, the pin must be in the input mode and the corresponding bit in the PUO register must
be setto 1. For any pin specified to the output mode or used as an analog input pin, the on-chip pull-up resistors
cannot be used, regardless of the PUO register setting.

PUO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Cautions 1. PO0O and P04 pins do not incorporate a pull-up resistor.
2. When port 1is used as analog input for A/D converter, an on-chip pull-up resistor cannot
be used even if 1 is set in PUOL.

Figure 4-15. Pull-Up Resistor Option Register Format

Symbol 7 6 5 4 ® ) @ © Address  After Reset  R/W

PUO 0 0 0 0 | PUO3| PUO2 | PUO1 | PUOO FFF7H 00H RIW
\ \ \ !

Pm Internal Pull-up Resistor Selection
(m=0,1,2,3)

0 Internal pull-up resistor not used

PUOmM

1 Internal pull-up resistor used
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to input/output port

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

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

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

4.4.2 Reading from input/output port

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

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

4.4.3 Operations on input/output port

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

(2) In input mode
The output latch contents become undefined. However, the pin status does not change because the output
buffer is turned off.

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

The following mask option is provided in mask ROM version. The yPD78P048A has no mask option.

Table 4-4. Comparison between Mask ROM Version and the

UPD78P048A

Pin Name

Mask option of mask ROM version

LPD78P048A

P30/TOO0 to P32/TO2,
P33/T11, P34/T12,
P35/PCL, P36/BUZ, P37

Can incorporate on-chip pull-down resistors
bit-wise.

Does not have on-chip pull-down resistors.

P70 to P74

Can incorporate on-chip pull-up resistors bit-
wise.

Does not have on-chip pull-up resistors.

P80/FIPO, P81/FIP1

Can incorporate on-chip pull-down resistors
bit-wise. Can specify to be connected to Vioan
or Vss in 2-bit units from P80.

Has on-chip pull-down resistors.
(Connected to Vioan.)

P90/FIP2 to PO7/FIP9

Can incorporate on-chip pull-down resistors
bit-wise.

Can specify to be connected to Vioap or
Vss in 4-bit units from P90.

Has on-chip pull-down resistors.
(Connected to Vioan.)

P100/FIP10 to
P107/FIP17

Can incorporate on-chip pull-down resistors
bit-wise.

Can specify to be connected to Vioap or
Vss in 4-bit units from P100.

P100/FIP10 to P105/FIP15 pins have on-chip
pull-down resistors (Connected to Vioab).
P106/FIP16 and P107/FIP17 pins do not have
on-chip pull-down resistors.

P110/FIP18 to
P117/FIP25,
P120/FIP26 to
P127/FIP33

Can incorporate on-chip pull-down resistors
bit-wise.

Can specify to be connected to Vioap or
Vss in 4-bit units from P110.

Does not have on-chip pull-down resistors.
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5.1 Clock Generator Functions

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

(1) Main system clock oscillator
This circuit oscillates at frequencies of 1 to 5.0 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the processor clock control register (PCC).

(2) Subsystem clock oscillator
The circuit oscillates at a frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock
oscillator is not used, the internal feedback resistor can be disabled by the processor clock control register
(PCC). This enables to decrease power consumption in the STOP mode.
The noise eliminator is operating automatically to reduce the effect of switching noise when FIP is displayed.
5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1. Clock Generator Configuration

Item Configuration

Control register Processor clock control register (PCC)
Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)

Oscillator Main system clock oscillator
Subsystem clock oscillator
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Figure 5-1. Clock Generator Block Diagram

FRC

XT1/P04 ©—=| Subsystem ‘
clock oscillator |- T . Clock output function
XT2 @ circuit L
S
5 )
Noise % Watch timer
eliminator N
fxi8 —= S
X g 41‘ T
/16 —= g Note 2
DIGSO to E/zl
L bspmog et DIGS3
fx Prescaler
— Watchdog timer Clock to
X1 @ Main system fur peripheral
c!ock oscillator Prescaler T hardware
X2 ©— creut fobo] B ] b ] b
2| 22 2°| 2*
% Startldtl)y CPU clock
2 [ contro f
% circuit (ferv)
To INTPO
sampling
3 clock

STOP T lib—‘

MCC | FRC| CLS | CSS | PCC2|PCC1|PCCO

Processor clock control register

S Internal bus S

Notes 1. Bit 6 of display mode register 0 (DSPMO0)
2. Bits 4 to 7 of display mode register 1 (DSPM1)
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5.3 Clock Generator Control Register
The clock generator is controlled by the following three registers:

e Processor clock control register (PCC)
e Display mode register 0 (DSPMO0)
« Display mode register 1 (DSPM1)

(1) Processor clock control register (PCC)
The PCC sets CPU clock selection, the ratio of division, main system clock oscillator operation/stop and
subsystem clock oscillator internal feedback resistor use/disable.
The PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the PCC to 04H.

Figure 5-2. Feedback Resistor of Subsystem Clock

FRC

P-ch

>
§[>O*

© ©,
XT1 XT2
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Figure 5-3. Processor Clock Control Register Format

Symbol (@) ® ® @ 3 2 1 0 Address  After Reset  R/W
PCC [ MCC | FRC | CLS | CSS | 0 |PCC2|PCC1|PCCO FFFBH 04H R/wW Mot
RIW
CSS | PCC2 | PCC1 | PCCO | CPU Clock (fcru) selectionMote2
0 0 0 fx
0 0 1 fx/2
0 0 1 0 |2
0 1 1| w2
1 0 0 |2
0 0 0
0 0 1
1 0 1 0 fxt/2
0 1 1
1 0 0
Other than above Setting prohibited
R
CLS | CPU Clock Status
0 Main system clock
1 Subsystem clock
R/W
FRC | Subsystem Clock Feedback Resistor Selection
0 Internal feedback resistor used
1 Internal feedback resistor not used
R/W

84

MCC | Main System Clock Oscillation Control Not¢3

0 Oscillation possible

1 Oscillation stopped

Notes 1. Bit 5 is Read Only.

2. FIP can be displayed only when CSS is 0 and PCC2 to PCCO are 000 or 001.
3. When the CPU is operating on the subsystem clock, MCC should be used to stop the main system

clock oscillation. A STOP instruction should not be used.

Caution Bit 3 must be set to 0.

Remarks 1. fx : Main system clock oscillation frequency
2. fxr : Subsystem clock oscillation frequency
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The fastest instruction of the pPD78044F Subseries is executed in two CPU clocks. Therefore, the relation
between the CPU clock (fcpu) and minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relation between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction Execution Time: 2/fcpu
fx 0.4 us
fx/2 0.8 us
fx/22 1.6 us
fx/23 3.2 us
fx/24 6.4 us
fxt/2 122 us

fx = 5.0 MHz, fxt = 32.768 kHz
fx: Main system clock oscillation frequency
fxt: Subsystem clock oscillation frequency

(2) Display mode register 0 (DSPMO)
This register sets the mode for noise elimination circuit of the subsystem clock.
DSPMO is set with 8-bit memory manipulation instruction.
Only bit 7 (KSF) can be read with 1-bit memory manipulation instruction.
RESET input clears DSPMO to O0H.

Remark In addition to the function mentioned above, DSPMO can also set the number of display segments
and display key scan timing.
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Figure 5-4. Display Mode Register 0 Format

Symbol  (7) 6 5 4 3 2 1 0 Address  After Reset  R/W
DSPMO | KSF |psPmos| 0 0 |SEGS3|SEGS2|SEGS1|SEGS0 FFAOH 00H R/W Note
| | | |
SEGS3|SEGS2|SEGS1|SEGSO0| Display segment
0 0 0 0 9 segments
0 0 0 1 10 segments
0 0 1 0 11 segments
0 0 1 1 12 segments
0 1 0 0 13 segments
0 1 0 1 14 segments
0 1 1 0 15 segments
0 1 1 1 16 segments
1 0 0 0 17 segments
1 0 0 1 18 segments
1 0 1 0 19 segments
1 0 1 1 20 segments
1 1 0 0 21 segments
1 1 0 1 22 segments
1 1 1 0 23 segments
1 1 1 1 24 segments
DSPMO6 SupSySLEthCIOCk Noise Reduction Circuit Mode
setting
0 2.5 MHz < fx < 5.0 MHz
1 1.25 MHz < fx< 2.5 MHz
KSF | Timing Status
0 Display timing
1 Key scan timing

86

Notes 1. Bit 7 (KSF) is read only.

2. Setthe value following the main system clock frequency (fx) to be used. The noise elimination circuit

is effective when FIP is driven.

Remark fx: Main system clock oscillation frequency
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(3) Display mode register 1 (DSPM1)
Register to set display operating/stopping.
DSPM1 is set by 8-bit memory manipulation instruction.
RESET input clears DSPM1 to 00H.

Remark DSPM1 has functions which set display digits, cut width of the digital signal and display cycle except
display operating/stopping.
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Figure 5-5. Display Mode Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W

DSPM1 [DIGS3|DIGS2 | DIGS1 | DIGSO | DIMS3 |DIMS2 | DIMS1 | DIMSO FFA1H O0H RIW

| | | | | | L
DIMSO| Display Cycle Selection

0 1024/ix is 1 display cycle.
(1 display cycle = 204.8 us: when operated at 5.0 MHz)

1 2048/fx is 1 display cycle.
(1 display cycle = 409.6 us: when operated at 5.0 MHz)

DIMS3|DIMS2 |DIMS1| Digit signal cut width

0 0 0 1/16

0 0 1 2/16

0 1 0 4/16

0 1 1 6/16

1 0 0 8/16

1 0 1 10/16

1 1 0 12/16

1 1 1 14/16
DIGS3|DIGS2 | DIGS1 | DIGSO | Display digit

0 0 0 0 Display stopped (Static display)NOte

0 0 0 1 2 digits

0 0 1 0 3 digits

0 0 1 1 4 digits

0 1 0 0 5 digits

0 1 0 1 6 digits

0 1 1 0 7 digits

0 1 1 1 8 digits

1 0 0 0 9 digits

1 0 0 1 10 digits

1 0 1 0 11 digits

1 0 1 1 12 digits

1 1 0 0 13 digits

1 1 0 1 14 digits

1 1 1 0 15 digits

1 1 1 1 16 digits

Note When setting to display stopped, static display can be set by operating port output latch.

Remark fx: Main system clock oscillation frequency

88



CHAPTER 5 CLOCK GENERATOR

5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard: 5.0 MHz)
connected to the X1 and X2 pins.

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

Figure 5-6 shows an external circuit of the main system clock oscillator.

Figure 5-6. External Circuit of Main System Clock Oscillator

(a) Crystal or ceramic oscillation (b) External clock
I Vss External X1
1'4||T X1 clock
|

&1 = LPD74HCU04
| —Hi X2 X2
Crystal or - -

ceramic resonator

Caution The STOP instruction cannot be executed and bit 7 (MCC) of the processor clock control
register (PCC) cannot be set to 1 while an external clock is being input. This is because the
X2 pin is pulled up to V op.

5.4.2 Subsystem clock oscillator

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

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

Figure 5-7 shows an external circuit of the subsystem clock oscillator.

Figure 5-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock
! External
i 4' 32.768 XTl clock XT1
#‘u — kHz
| UPD74HCUO4
;,4||LW XT2 XT2
L Vss

Cautions are shown to the next page.
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Caution When using a main system clock oscillator and a subsystem clock oscillator, carry out wiring
in the broken-line area in Figures 5-6 and 5-7 as follows to prevent any effects from wiring
capacities.

* Minimize the wiring length.

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

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

» Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.
Figure 5-8 shows examples of oscillator having bad connection.

Figure 5-8. Examples of Oscillator with Bad Connection (1/2)

(a) Too long wiring of connected circuit (b) Crossed signal lines

PORTnN
(n=0t03,7t012)

Vss Vss X1 X2

v n

N '\

?

)
(€

=
=

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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Figure 5-8. Examples of Oscillator with Bad Connection (2/2)

(c) High alternating current close to (d) Current flowing through ground line
signal lines of oscillator circuit (potentials at points
A, B, and C change)

Voo
Vss b X1 X2 Pmn
|:| Vss X1 X2
High |:|
J current
A J8 e
| - I High current
e
(e) Signal extracted (f) Signal lines of main system clock and

subsystem clock are parallel and adjacent.

Vss X1 X2 Vss X1 X2

XT1 XT2 A ‘ ‘
R L H%
:‘LJ - [l _'_ [“7_

T Al

il

XT2 and X1 are wired parallel.

4|

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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5.4.3 Divider
The divider divides the main system clock oscillator output (fx) and generates various clocks.

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

XT1: Connect to Vop or Vss
XT2: Open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To prevent that from happening, the above internal feedback resistance can
be removed with bit 6 (FRC) of the processor clock control register. In this case also, connect the XT1 and XT2
pins as described above.
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5.5 Clock Generator Operations

The clock generator generates the following various types of clocks and controls the CPU operating mode

including the standby mode.

Main system clock fx
Subsystem clock fxr

CPU clock fcpu

Clock to peripheral hardware

The function and operation of the clock generator circuit are determined by the processor clock control register

(PCC) as follows:

(@)

(b)

(c)

(d)

(e)

)

Upon generation of RESET signal, the lowest speed mode of the main system clock (6.4 us when operated
at5.0 MHz) is selected (PCC = 04H). Main system clock oscillation stops while low level is applied to the RESET

pin.

With the main system clock selected, one of the five (0.4 us, 0.8 us, 1.6 us, 3.2 us and 6.4 us: when operated
at 5.0 MHz) CPU clock stages can be selected by setting the PCC.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. In a
system where the subsystem clock is not used, the current consumption in the STOP mode can be further
reduced by not using the internal feedback resistor if so specified by bit 6 (FRC) of the PCC.

The PCC can be used to select the subsystem clock and to operate the system with low current consumption
(122 ms when operated at 32.768 kHz).

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

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied
to the watch timer and clock output functions only. Thus, the watch function and the clock output function can
also be continued in the standby state. However, since all other peripheral hardware operate with the main
system clock, the peripheral hardware also stops if the main system clock is stopped (except external input
clock operation).
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5.5.1 Main system clock operations
When operated with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set
to 0), the following operations are carried out by PCC setting.

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by bits 0 to 2 (PCCO to PCC2) of the PCC.

(b) Ifbit7 (MCC) ofthe PCCis setto 1 when operated with the main system clock, the main system clock oscillation
does not stop. When bit 4 (CSS) of the PCC is set to 1 and the operation is switched to subsystem clock
operation (CLS = 1) after that, the main system clock oscillation stops (see Figure 5-9).

Figure 5-9. Main System Clock Stop Function (1/2)

(a) Operation when MCC is set after setting CSS with main system clock operation

MCC

CSS

CLS

Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

CPUcIock||||||||||||!>|||||

(b) Operation when MCC is set with main system clock operation

Mcc
css L
cLs / L

Oscillation does not stop.
Main system clock oscillation

Subsystem clock oscillation J | | | | | | | | | | |

CPUcIock||||||||||||||||||||||||
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Figure 5-9. Main System Clock Stop Function (2/2)

(c) Operation when CSS is set after setting MCC with main system clock operation

mcc | \

CSS

CLS

d
Main system clock oscillation | | | | | | | | | | i |/
I ( | L

Subsystem clock oscillation

CPU clock | | | | |

5.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 5 (CLS) of the processor clock control register (PCC) setto 1), the
following operations are carried out.

(a) The minimum instruction execution time remains constant (122 us when operated at 32.768 kHz) irrespective
of bits 0 to 2 (PCCO to PCC2) of the PCC.

(b) Watchdog timer counting stops.

Caution Do not execute the STOP instruction while the subsystem clock is in operation.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO0 to PCC2) and hit 4 (CSS)

of the processor clock control register (PCC).

The actual switchover operation is not performed directly after writing to the PCC, but operation continues on

the pre-switchover clock for several instructions (see Table 5-3.).

Determination as to whether the system is operating on the main system clock or the subsystem clock is

performed by bit 5 (CLS) of the PCC register.

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

Set Values before Switchover Set Values after Switchover
CSS |PCC2|PCCL|PCCO| CSS |PCC2| PCCL|{PCCO| CSS |PCC2|PCCL|PCCO| CSS | PCC2| PCCL|PCCO| CSS | PCC2| PCCL{PCCO| CSS | PCC2| PCCL|PCCO
CSS|PCC2 |PCCL|PCCO
oflo|o ofofo|1foflo0o|2|o|loOo]|]Oof|21|1]|]Oo|1|O]|O|1]|Xx]|XxX]|x
fx [2fxr
o|o0f|oO 16 instructions 16 instructions 16 instructions 16 instructions instructions
(64 instructions)
fx 14 xr
0 0 1 8 instructions 8 instructions 8 instructions 8 instructions instructions
(32 instructions)
fx/8fxr
oo 1 0 4 instructions 4 instructions 4 instructions 4 instructions instructions
(16 instructions)
fx/16fxr
0 1 1 2 instructions 2 instructions 2 instructions 2 instructions instructions
(8 instructions)
fx/32fxr
1100 1 instruction 1 instruction 1 instruction 1 instruction instructions
(4 instructions)
1 x| x| X 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction
Caution Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main

Remarks 1. One instruction is the minimum instruction execution time with the pre-switchover CPU clock.
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system clock to the subsystem clock (changing CSS from 0 to 1) should not be performed

simultaneously.
Simultaneous setting is possible, however, for selection of the CPU clock cycle scaling factor
(PCCO0to PCC2) and switchover from the subsystem clock to the main system clock (changing

CSS from 1 to 0).

2. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
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5.6.2 System clock and CPU clock switching procedure
This section describes the switching procedure between system clock and CPU clock.

Figure 5-10. System Clock and CPU Clock Switching

Vop
RESET I_I
Interrupt %
request
signal
System clock Ll & \ fx \ fxr \ fx
CPU clock [ Minimum | Maximum speed |  Subsystem clock High-speed
speed operation operation operation
operation

Wait (26.2 ms : @5.0 MHz)
Internal reset operation

[1] The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, main system clock starts oscillation. At this time, oscillation
stabilization time (217/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (6.4 us when
operated at 5.0 MHz).

[2] After the lapse of a sufficient time for the Vop voltage to increase to enable operation at maximum speeds, the
processor clock control register (PCC) is rewritten and the maximum-speed operation is carried out.

[3] Upon detection of a decrease of the Vop voltage due to an interrupt request signal, the main system clock is
switched to the subsystem clock (which must be in an oscillation stable state).

[4] Upon detection of Voo voltage reset due to an interrupt request signal, 0 is set to bit 7 (MCC) of PCC and
oscillation of the main system clock is started. After the lapse of time required for stabilization of oscillation,
the PCC is rewritten and the maximum-speed operation is resumed.

Caution When the main system clock is stopped and the subsystem clock is performing, switching to

the main system clock must be done after securing the oscillation stabilization time by a
program.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.1 Outline of Internal Timer of pPD78044F Subseries

This chapter explains the 16-bit timer/event counter. Before that, the timers incorporated into the uPD78044F
Subseries, and the related functions are outlined below.

(1) 16-bit timer/event counter (TMO)
The TMO can be used for an interval timer, PWM output, pulse widths measurement (infrared ray remote control
receive function), external event counter or square wave output of any frequency.

(2) 8-bit timer/event counters (TM1 and TM2)
TM1 and TM2 can be used to serve as an interval timer and an external event counter and to output square waves
with any selected frequency. Two 8-bit timer/event counters can be used as one 16-bit timer/event counter
(See CHAPTER 7 8-BIT TIMER/EVENT COUNTER).

(3) Watch timer (TM3)
Thistimer can setaflag every 0.5 sec. and simultaneously generates interrupt requests at the preset time intervals
(See CHAPTER 8 WATCH TIMER).

(4) Watchdog timer (WDTM)
WDTM can perform the watchdog timer function or generate non-maskable interrupt requests, maskable interrupt
requests and RESET at the preset time intervals (See CHAPTER 9 WATCHDOG TIMER).

(5) 6-bit up/down counter (UDC)
UDC can increment or decrement counter with valid edge input.
(See CHAPTER 10 6-BIT UP/DOWN COUNTER.)

(6) Clock output control circuit
This circuit supplies other devices with the divided main system clock and the subsystem clock (See CHAPTER
11 CLOCK OUTPUT CONTROL CIRCUIT).

(7) Buzzer output control circuit

This circuit outputs the buzzer frequency obtained by dividing the main system clock (See CHAPTER 12 BUZZER
OUTPUT CONTROL CIRCUIT).
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Table 6-1. Timer/Event Counter Types and Functions

16-Bit Timer/ 8-Bit Timer/ Watch Watchdog 6-Bit Up/Down
Event Counter | Event Counter Timer Timer Counter
Type Interval timer 1 channel 2 channels 1 channel™t | 1 channelNoe2 —
External event counter v v - - v
Function | Timer output v v - - -
PWM output v - - - -
Pulse width measurement v - - - -
Square-wave output v v - - -
Interrupt request v v - v v
Test input - - v - -

Notes 1. Watch timer can perform both watch timer and interval timer functions at the same time.
2. Watchdog timer can perform either the watchdog timer function or the interval timer function.

6.2 16-Bit Timer/Event Counter Functions
The 16-bit timer/event counter (TMO) has the following functions.
e Interval timer
« PWM output
¢ Pulse width measurement

« External event counter
e Square-wave output
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(1) Interval timer

TMO generates interrupt requests at the preset time interval.

Table 6-2. 16-Bit Timer/Event Counter Interval Times

Minimum Interval Time

Maximum Interval Time

Resolution

2 x TIO input cycle

2% x TI0 input cycle

TIO input edge cycle

2 x 1/fx (400 ns)

216 x 1/fx (13.1 ms)

1/fx (200 ns)

22 x 1/fx (800 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

23 x 1/fx (1.6 pus)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

24 x 1/fx (3.2 ps)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 ps)

Remarks 1. fx: Main system clock frequency

2. Values in parentheses when operated at fx = 5.0 MHz

(2) PWM output

TMO can generate 14-bit resolution PWM output.

(3) Pulse width measurement

TMO can measure the pulse width of an externally input signal.

(4) External event counter

TMO can measure the number of pulses of an externally input signal.

(5) Square-wave output

TMO can output a square wave with any selected frequency.
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Table 6-3. 16-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Pulse Width

Maximum Pulse Width

Resolution

2 x TIO input cycle

2% x TI0 input cycle

TIO input edge cycle

2 x 1/fx (400 ns)

216 x 1/fx (13.1 ms)

1/fx (200 ns)

22 x 1/fx (800 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

23 x 1/fx (1.6 pus)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

24 x 1/fx (3.2 ps)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 pus)

Remarks 1.

fx: Main system clock frequency

2. Values in parentheses when operated at fx = 5.0 MHz

6.3 16-Bit Timer/Event Counter Configuration

The 16-bit timer/event counter consists of the following hardware.

Table 6-4. 16-Bit Timer/Event Counter Configuration

Item

Configuration

Timer register

16 bits x 1 (TMO)

Register

16-bit compare register: 1 (CR00)
16-bit capture register: 1 (CRO1)

Timer output

1 (TOO)

Control register

Timer clock select register 0 (TCLO)

16-bit timer mode control register (TMCO)

16-bit timer output control register (TOCO)
Port mode register 3 (PM3)

External interrupt mode register 0 (INTMO)
Sampling clock select register (SCS) Noe

Note Refer to Figure 17-1. Basic Configuration of Interrupt Function
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Figure 6-1. 16-Bit Timer/Event Counter (Timer Mode) Block Diagram

S Internal bus

16-bit compare register (CR00)

Match Match
INTTMO
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Timer clock selection register 0 16-bit timer mode 16-bit timer output
control register control register
S Internal bus S

Notes 1. Edge detection circuit
2. The configuration of the 16-bit timer/event counter output control circuit is shown in Figure 6-3.
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Figure 6-2. 16-Bit Timer/Event Counter (PWM Mode) Block Diagram
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Remark The circuitry enclosed by the dotted line is the output control circuit.
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Figure 6-3. 16-Bit Timer/Event Counter Output Control Circuit Block Diagram
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|
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Notes 1. Bits 2 and 3 of the external interrupt mode register (INTMO)
2. Bit 0 of the port mode register 3 (PM3)

Remark The circuitry enclosed by the dotted line is the output control circuit.
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(1) 16-bit compare register (CR0O0)
CROO is a 16-bit register where the value set in the CROO is constantly compared with the 16-bit timer register
(TMO) count value, and interrupt request (INTTMO) is generated if they match.
It can also be used as the register which holds the interval time when TMO is set to interval timer operation, and
as the register which sets the pulse width in the PWM operating mode.
CROO is set with a 16-bit memory manipulation instruction. The value of 0001H to FFFFH can be set.
After RESET input, the value of CROO is undefined.

Cautions 1. The PWM data (14 bits) must be set in the upper 14 bits of CR00. The lower two bits must

be set to 00.

2. CRO0O should be set to a valve other than 0000H. This means that when the timer is used
as an event counter, 1-pulse count operation is not available.

3. If the value after CROO is changed is smaller than that of the 16-bit timer register (TMO),
TMO continues counting, overflows, and then restarts counting from 0. Thus, if the value
after CROO change is smaller than that before change, it is necessary to restart the timer
after changing CRO0O0.

(2) 16-bit capture register (CR01)
CROL1 is a 16-bit register capturing the content of 16-bit timer (TMO).
Capture trigger is INTPO/TIO pin valid edge input. Setting of INTPO valid edge is operated with the external
interrupt mode register (INTMO).
CROL1 is read with a 16-bit memory manipulation instruction.
After RESET input, the value set of CRO1 is undefined.

Caution If the active edge for the TIO/POO pin is input during a read from CR01, CR01 does not perform
the capture operation and holds the previous data. In this case, however, the interrupt request
flag (PIFOQ) is set because an active edge is detected.

(3) 16-bit timer register (TMO)
TMO is a 16-bit register counts count pulse.
TMO is read with a 16-bit memory manipulation instruction.

After RESET input, the value of TMO is 0000H.

Caution As reading of the value of TMO is performed via CR01, the previously set value of CRO1 is lost.

106



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.4 16-Bit Timer/Event Counter Control Registers
The following six types of registers are used to control the 16-bit timer/event counter.

e Timer clock select register 0 (TCLO)

e 16-bit timer mode control register (TMCO)
e 16-bit timer output control register (TOCO)
e Port mode register 3 (PM3)

e External interrupt mode register (INTMO)
e Sampling clock select register (SCS)

(1) Timer clock select register 0 (TCLO)
This register is used to set the count clock of the 16-bit timer register.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TCLO value to 00H.

Remark TCLO has the function of setting the PCL output clock in addition to that of setting the count clock of
the 16-bit timer register.

107



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Figure 6-4. Timer Clock Select Register 0 Format

Symbol  (7) 6 5 4 3 2 1 0 Address  After Reset  R/W
TCLO | CLOE | TCLO6 | TCLO5 | TCLO4 | TCLO3|TCLO2 | TCLO1 | TCLOO FF40H O0H R/W
| | | | | |
\—TCLO?, TCLO2 | TCLO1| TCLOO| PCL Output Clock Selection
0 0 0 0 fxr (32.768 kHz)
0 1 1 1 | fx/2° (625 kHz)
1 0 0 0 | f/2* (313 kHz)
1 0 0 1 | fx/2° (156 kHz)
1 0 1 0 | f/2°(78.1kHz)
1 0 1 1 | /27 (39.1 kHz)
1 1 0 0 | f2®(19.5kHz)
Other than above Setting prohibited
TcLos | TeLos | TeLoa 16-bit Timer Register Count Clock
Selection
0 0 0 TIO (Valid edge specifiable)
0 0 1 | fx (5.0 MHz)
0 1 0 | fx/2 (2.5 MH2)
0 1 1 | /2% (1.25 MHz)
1 0 0 | fx/2° (625 kHz)
Other than above Setting prohibited
CLOE | PCL Output Control
0 Output disabled
1 Output enabled
Cautions 1. Setting ofthe TIO/INTPO pin valid edge is performed by the external interrupt mode register
(INTMO), and selection of the sampling clock frequency is performed by the sampling clock
select register (SCS).
2. When enabling PCL output, set TCL0O to TCLO03, then set 1 in CLOE with a 1-bit memory
manipulation instruction.
3. Toread the count value when TI0 has been specified as the TMO count clock, the value
should be read from TMO, not from the 16-bit capture register (CRO1).
4. |If TCLO is to be rewritten in data other than identical data, the timer operation must be
stopped first.
Remarks 1. fx: Main system clock frequency
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fxt: Subsystem clock oscillation frequency
TI0: 16-bit timer/event counter input pin

TMO: 16-bit timer register
Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
See CHAPTER 11 Clock Output Control Circuit for PCL
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(2) 16-bit timer mode control register (TMCO)

This register sets the 16-bit timer operating mode, the 16-bit timer register clear mode and output timing, and
detects an overflow.

TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMCO value to O0H.

Caution The 16-bit timer register starts operation when TMCO1 to TMCO03 are set to a value other than

0, 0, O (operation stop mode). To stop the timer operation, set TMCO01 to TCMO03 to O, 0, O.
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Figure 6-5. 16-Bit Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 1 © Address After Reset R/W
TCLO| O 0 0 0 |TMCO03|TMC02|TMCO1|OVF00 FF48H 00H RIW
OVFO0 | 16-Bit Timer Register Overflow Detection
0 Overflow not detected
1 Overflow detected
™co3 | TMeoz | TMco1 '\Oﬂgzreat‘i’r:]elllltf)odne & Clear ;(ejlte)ci(l;;put Timing Interrupt Generation
0 0 0 Operation stop No change Not generated
(TMO cleared to 0)
0 0 1 PWM mode (free running) PWM pulse output Generated on match
0 1 0 Free running mode Match between TMO and between TMO and CR00
CRO00O
0 1 1 Match between TMO and
CROO or TIO valid edge
1 0 0 Clear & start on TIO valid Match between TMO and
edge CROO
1 o 1 Match between TMO and
CROO or TIO valid edge
1 1 0 Clear & start on match Match between TMO and
between TMO and CROO CROO
1 1 1 Match between TMO and
CROO or TIO valid edge
Cautions 1. Switch the clear mode and the TOO output timing after stopping the timer operation (by
setting TMCO1 to TMCO03 to 0, 0, 0).
2. Setthe valid edge of the TIO/INTPO pin with an external interrupt mode register and select
the sampling clock frequency with a sampling clock select register.
3.  When using the PWM mode, set the PWM and then set data to CR0O.
Remarks 1. TOO: 16-bit timer/event counter output pin
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2. TIO: 16-bit timer/event counter input pin

3. TMO: 16-bit

timer register

4. CRO0O0: Compare register 00
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(3) 16-hit timer output control register (TOCO)
This register controls the operation of the 16-bit timer/event counter output control circuit. It sets R-S type flip-
flop (LVO) setting/resetting, the active level in PWM mode, inversion enabling/disabling in modes other than PWM
mode and data output mode.
TOCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCO value to O0H.

Figure 6-6. 16-Bit Timer Output Control Register Format

Symbol 7 6 5 4 ® ©) 1 ©) Address  After Reset  R/W
TOCO 0 0 0 0 LVSO | LVRO | TOCO01| TOEO FF4EH 00H R/W
TOEO | 16-Bit Timer/Event Counter Output Control

0 Output disabled (Port mode)

1 Output enabled

In PWM Mode In Other Modes
TOCO01] - - :
Active Level Selection| Timer Output F/F Control
0 | Active high Inversion operation disabled
1 Active low Inversion operation enabled

16-Bit Timer/Event Counter Timer Output F/F
LVSO | LVRO | status Setting

0 No change

Timer output F/F reset (to 0)

Timer output F/F set (to 1)

P |k, O| O
R |lOo|r

Setting prohibited

Cautions 1. Timer operation must be stopped before setting TOCO.
2. If LVSO and LVRO are read after data is set, they will be 0.
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(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.

When using the P30/TOO pin for timer output, set PM30 and output latch of P30 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 value to FFH.

Figure 6-7. Port Mode Register 3 Format

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 Input/Output Mode Selection (n =0 to 7)
0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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(5) External interrupt mode register (INTMO)
This register is used to set INTPO to INTP2 valid edges.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input clears INTMO value to O0H.

Remarks 1. INTPO pin is dual used with TI10/P0O0.
2. INTP3 is fixed at falling edge.

Figure 6-8. External Interrupt Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
INTMO | ES31 | ES30 | ES21 | ES20 | ES11| ES10| 0 0 FFECH 00H RIW
\ | \ | \ |
ES11| ES10| INTPO Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES21| ES20| INTP1 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES31| ES30| INTP2 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

Caution  Setting the active edge of the INTPO/TIO/P0O0 pin should be made after the timer operation is
stopped. To stop the timer, set bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control

register to 000.
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(6) Sampling clock select register (SCS)
This register sets clocks which undergo clock sampling of valid edges to be input to INTPO. When remote
controlled reception is carried out using INTPO, digital noise is removed with sampling clock.
SCS is set with an 8-bit memory manipulation instruction.
RESET input clears SCS value to 00H.

Figure 6-9. Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
SCs 0 0 0 0 0 0 |SCS1|ScCso FF47H 00H R/IW
L

SCS1|SCS0| INTPO Sampling Clock Selection
0 0 | fx2N*t

0 1 Setting prohibited
1 0 | fx/2°(78.1 kHz)
1 1 | /2" (39.1 kHz)

Caution fx/2N*1is the clock supplied to the CPU, and f  x/26 and fx/27 are clocks supplied to peripheral
hardware. fx/2N*1is stopped in HALT mode.

Remarks 1. N: Value set in bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC) (N =0
to 4)
2. fx: Main system clock frequency
3. Figures in parentheses apply to operation with fx = 5.0 MHz.
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6.5 16-Bit Timer/Event Counter Operations

6.5.1 Interval timer operations

By setting bits 2 and 3 (TMCO02 and TMCO03) of the 16-bit timer mode control register (TMCO) to 1 and 1, they are
operated as an interval timer. Interrupt requests are generated repeatedly using the count value setin 16-bit compare
register (CR0O0) beforehand is used as the interval.

When the count value of the 16-bit timer register (TM0) matches the value set to CR00, counting continues with
the TMO value cleared to 0 and the interrupt request signal (INTTMO) is generated. CROO should be set to a value
other than 0000H.

Count clock of the 16-bit timer/event counter can be selected with bits 4 to 6 (TCL04 to TCLO6) of the timer clock
select register 0 (TCLO).

For the operation when the value of the compare register is changed while the timer/counter operates, refer to
6.6 16-Bit Timer/Event Counter Operating Precautions (3)

Figure 6-10. Interval Timer Configuration Diagram

16-bit compare register (CR00)

INTTMO

fx —

fx/2 — 5
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Clear
circuit
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Count clock

TMO count value

CROO

INTTMO

TOO

Figure 6-11. Interval Timer Operation Timings
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Remark Interval time = (N + 1) x t ,where N = 0001H to FFFFH
Table 6-5. 16-Bit Timer/Event Counter Interval Times
TCLO6 |[TCLO5|TCL04 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 2 x TIO input cycle 21 x TIO input cycle TIO input edge cycle
0 0 1 2 x 1/fx (400 ns) 216 x 1/fx (13.1 ms) 1/fx (200 ns)
0 1 0 22 x 1/fx (800 ns) 217 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 23 x 1/fx (1.6 us) 218 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
1 0 0 24 x 1/fx (3.2 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)

Other than above

Setting prohibited

Remarks 1.
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6.5.2 PWM output operations

By setting bits 1 to 3 (TMCO1 to TMCO03) of the 16-bit timer mode control register (TMCO) to 1, 0, and 0, they are
operated as PWM output. Pulses with the duty rate determined by the value set in 16-bit compare register (CR00)
beforehand are output from the TOO/P30 pin.

Set the active level width of the PWM pulse to the high-order 14 bits of CR00. Select the active level with bit 1
(TOCO01) of the 16-bit timer output control register (TOCDO).

This PWM pulse has a 14-bit resolution. The pulse can be converted to an analog voltage by integrating it with
an external low-pass filter (LPF). The PWM pulse has a combination of the basic cycle determined by 28/pand the
sub-cycle determined by 214/¢ so that the time constant of the external LPF can be shortened. Count clock @ can
be selected with bits 4 to 6 (TCL04 to TCLO6) of the timer clock select register 0 (TCLO).

PWM output enable/disable can be selected with bit 0 (TOEO) of TOCO.

Cautions 1. PWM operation mode should be selected before setting CROO.
2. Be sure to write 0 to bits 0 and 1 of CROO.
3. Do not select PWM operation mode for external clock input from the TIO/POO0 pin.

By integrating 14-bit resolution PWM pulses with an external low-pass filter, they can be converted to an analog
voltage and used for electronic tuning and D/A converter applications, etc.
The analog output voltage (Van) used for D/A conversion with the configuration shown in Figure 6-12 is as follows.

compare register (CR00) value

VaN = VREF X
216

Vrer : External switching circuit reference voltage

Figure 6-12. Example of D/A Converter Configuration with PWM Output

HuPD78044F
VRer
PWM
signal i Analog output (Van)
TOO0/P30 2‘:25:1 ing Low-pass filter
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Figure 6-13 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Figure 6-13. TV Tuner Application Circuit Example

+110V
HPD78044F
22 kQ
47 kQ 47 kQ 47 kQ
100 pF
TO0/P30 25C o 0.22pF [0.22pF [0.224F | glocronic
8.2kQ 2352 1 /pC574) tuner
8.2 kQ
Vss 7l7 L . - GND

6.5.3 Pulse width measurement operations
The pulse width of the signal input to the TI0O/P0O0 pin can be measured by using the 16-bit timer register (TMO).
There are two measurement methods: measuring with the 16-bit timer register (TMO) used in free-running mode,
and measuring by restarting the timer in synchronization with the valid edge of the signal input to the TIO/P0O pin.

(1) Pulse width measurement with free-running

When the TMO is operated in the free-running mode, the edge specified by the external interrupt mode register
(INTMO) is input, the value of TMO is taken into the capture register (CR01) and an external interrupt request
signal (INTPO) is set.

Any of three edge specifications can be selected-rising, falling, or both edges—by means of bits 2 and 3 (ES10
and ES11) of INTMO.

For valid edge detection, sampling is performed at the interval selected by means of the sampling clock selection
register (SCS), and a capture operation is only performed when a valid level is detected twice, thus eliminating
noise with a short pulse width.
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Figure 6-14. Configuration Diagram for Pulse Width Measurement by Free-Running Counter

fx
) 5
, 3 16-bit timer register (TMO0) OVFO0
fx/2 ©
n
fu/2°
TIO/POO/INTPO © 16-bit capture

register 01 (CR0O1)

INTPO

S Internal bus S

Figure 6-15. Timing of Pulse Width Measurement Operation by Free-Running Counter
and One Capture Register (with Both Edges Specified)

TMO count value X 0000 X 0001 X \/\/ X Do X \/\/ X D1 X \/\/ XFrre) 0000 \/\/ X D2 X \/\/ X D3 X

CROL captured value Y 0 /Y o1 ) | Y o2 /Y o

TIO pin input

INTPO , ' | , ' | "
¢ ¢ €

OVFO

)
€4 €4

I
I
I
I
T
I
I
|
I
(D1-D0) x t
I
I
|
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(2) Pulse width measurement by means of restart
When input of a valid edge to the TI0O/P0OO pin is detected, the count value of the 16-bit timer register (TMO) is
taken into the 16-bit capture register (CR01), and then the pulse width of the signal input to the TI0/P0O pin is
measured by clearing TMO and restarting the count.
The edge specification can be selected from three types, rising, falling, and both edges by the external interrupt
mode register (INTMO) bit 2 and bit 3 (ES10 and ES11).
In a valid edge detection, the sampling is performed by a cycle selected by the sampling clock selection register
(SCS), and a capture operation is not performed before detecting valid levels twice allowing short pulse width
noise to be eliminated.

Figure 6-16. Timing of Pulse Width Measurement Operation by Means of Restart
(with Both Edges Specified)

Countclock'|'|||||||||||||||||||||||||
| |

TMO dount value ‘XooooXoomX \/\/ ?( Do X0000 X 000X \/\/X X X ‘XDl X 0000 X 0001 {

\ \
\ \ \
\ [ ) \
TIO pin input } ?J ; « ”
[ O [
[ [ [
} A\ A\ ‘
CRO1 captured value | / K DO // K D1
[ [ [
\ \ \
[ \ \
INTPO \ | |
| ) )) |_|
| R ¢ |
[ ; ;
! oo+1)xt | (D1 +1) xt !

6.5.4 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TIO/P0O pin with the 16-
bit timer register (TMO0).

TMO is incremented each time the valid edge specified with the external interrupt mode register (INTMO) is input.

When the TMO counted value matches the 16-bit compare register (CR00) value, TMO is cleared to 0 and the
interrupt request signal (INTTMO) is generated.

Set a value other than 0000H to CROO (1-pulse count operation cannot be performed).

The rising edge, the falling edge or both edges can be selected with bits 2 and 3 (ES10 and ES11) of INTMO.

Because operation is carried out only after the valid edge is detected twice by sampling at the cycle selected with
the sampling clock select register (SCS), noise with short pulse widths can be removed.
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Figure 6-17. External Event Counter Configuration Diagram

16-bit compare
register (CR0O0)

Clear

TIO valid edge 16-bit timer register (TMO0)

OVFO0

16-bit capture
register (CR01)

S Internal bus S

Figure 6-18 . External Event Counter Operation Timings (with Rising Edge Specified)

TIOplnlnput||||||||||||||||||I|||||||||

INTTMO

INTPO

0000) 0001 X 0002 X 0003 X

A\l
TMO count value X 0000 Y0001 X 0002) 0003 0004) 0005 // XN-1X N
\\

CROO N /)
\§

——4-F-—-bdg -

INTTMO | |_|
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6.5.5 Square-wave output operation

The 16-bit timer/event counter operates as square wave output at intervals of the count value preset to the 16-
bit compare register (CR00).

The TOO/P30 pin output status is reversed at intervals of the count value preset to CROO by setting bit 0 (TOEO)
and bit 1 (TOCO01) of the 16-bit timer output control register (TOCO) to 1. This enables a square with any selected
frequency to be output.

Table 6-6. 16-Bit Timer/Event Counter Square-Wave Output Ranges

TCLO6|TCLO5|TCLO4 Minimum Pulse Width Maximum Pulse Width Resolution
0 0 0 2 x TI0 input cycle 216 x TIO input cycle TIO input edge cycle
0 0 1 2 x 1/fx (400 ns) 216 x 1/fx (13.1 ms) 1/fx (200 ns)
0 1 0 22 x 1/fx (800 ns) 217 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 23 x 1/fx (1.6 us) 218 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
1 0 0 24 x 1/fx (3.2 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)

Remarks 1. fx: Main system clock frequency
2. TCLO4 to TCLO6: Bits 4 to 6 of timer clock select register 0 (TCLO)
3. Figures in parentheses apply to operation with fx = 5.0 MHz

Figure 6-19. Square-Wave Output Operation Timings

Countclock||||||||||||||||||||||||||||

A\ A\
TMO count value 0000X0001 0002 X // XN-1X N X0000X0001 X0002X // XN—-1X N X0000 X
N \ \

Count start
0\ 0\
CRO0 N/ N/
\\ \\

))

TOO Note N | €4 |

Note Initial value of TOO output can be set with bits 2 and 3 (LVRO and LVSO0) of the 16-bit timer output control
register (TOCO).
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6.6 16-Bit Timer/Event Counter Operating Precautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be generated

after timer start. This is because the 16-bit timer register (TMO0) is started asynchronously with the count pulse.

Figure 6-20. 16-Bit Timer Register Start Timings

TMO count value 0000H X oooth X ooo2H X 0003H X 0004H

Timer start

(2) 16-bit compare register set
Set a value other than 0000H to the 16-bit compare register (CR00).
Thus, when using the 16-bit compare register as event counter, one-pulse count operation cannot be
carried out.

(3) Operation after compare register change during timer count operation
If the value after the 16-bit compare register (CR00) is changed is smaller than that of the 16-bit timer register
(TMO0), TMO continues counting, overflows and then restarts counting from 0. Thus, if the value after CRO0 change

(M) is smaller than that before change (N), it is necessary to restart the timer after changing CR0O0.

Figure 6-21. Timings after Change of Compare Register during Timer Count Operation

Count pulse 3_/_\ / \ /_\_/_\_

CROO captured value N X // M

™ocountvaue X x-1 X x X /D( FrFFH X ooooH X 0001H X 0002H

Remark N>X>M
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(4) Capture register data retention timings
If the valid edge of the TI0/P0O pin is input during 16-bit capture register (CR01) read, CRO1 holds data without
carrying out the capture operation. However, the interrupt request flag (PIF0) is set upon detection of the valid
edge.

Figure 6-22. Capture Register Data Retention Timings

compize /NN S o S N
TMO
counvmte X0 X wer X wez XX X e X e
) /
€
Interrupt
request flag | | )) | |
Capture
read signal ) / \ -
CRO1
captured value X X // N+1 f

!

Capture operation
ignored

Edge input \

(5) Valid edge set
Set the valid edge of the TIO/POO/INTPO pin after setting bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode
control register (TMCO) to 0, 0 and 0, respectively, and then stopping timer operation. Valid edge setting is carried
out with bits 2 and 3 (ES10 and ES11) of the external interrupt mode register (INTMO).

(6) OVFO flag operation
OVFO flag is set to 1 in the following case.
The clear & start mode on match between TMO and CROO is selected.
!
CROO is set to FFFFH.
!
When TMO is counted up from FFFFH to 0000H.

Figure 6-23. OVFO Flag Operation Timings

Count pulse |
CROO FFFFH /
T™MO FFFEH X FFFFH /X 0000H X 0001H X
OVFO0 K\
\
INTTMOO —l
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7.1 8-Bit Timer/Event Counter Functions

For the 8-bit timer/event counter incorporated in the uPD78044F Subseries, the following two modes are
available.

e 8-bit timer/event counter mode : two-channel 8-bit timer/event counters to be used separately
» 16-bit timer/event counter mode : two-channel 8-bit timer/event counters to be used as 16-bit timer/event
counter

7.1.1 8-bit timer/event counter mode
The 8-bit timer/event counters 1 and 2 (TM1 and TM2) have the following functions.

¢ Interval timer

« External event counter
e Square-wave output
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(1) 8-bit interval timer
Interrupt requests are generated at the preset time intervals.

Table 7-1. 8-Bit Timer/Event Counter Interval Times

Minimum Interval Time Maximum Interval Time Resolution
2 x 1/fx (400 ns) 2° x 1/fx (102.4 pus) 2 x 1/fx (400 ns)
22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
2% x 1/fx (1.6 us) 211 x 1/fx (409.6 us) 2% x 1/fx (1.6 us)
24 x 1/fx (3.2 pus) 212 x 1/fx (819.2 ps) 24 x 1/fx (3.2 pus)
2% x 1/fx (6.4 us) 213 x 1/fx (1.64 ms) 2% x 1/fx (6.4 us)
26 x 1/fx (12.8 ps) 214 x 1/fx (3.28 ms) 28 x 1/fx (12.8 ps)
27 x 1/fx (25.6 us) 215 x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
28 x 1/fx (51.2 us) 216 x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
29 x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 29 x 1/fx (102.4 us)
210 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 210 x 1/fx (204.8 us)
212 x 1/fx (819.2 ps) 220 x 1/fx (209.7 ms) 212 x 1/fx (819.2 ps)

Remarks 1. fx: Main system clock frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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(2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square-wave output
A square wave with any selected frequency can be output.

Table 7-2. 8-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Pulse Time

Maximum Pulse Time

Resolution

2 x 1/fx (400 ns)

2% x 1/fx (102.4 pus)

2 x 1/fx (400 ns)

22 x 1/fx (800 ns)

210 x 1/fx (204.8 us)

22 x 1/fx (800 ns)

23 x 1/fx (1.6 us)

211 x 1/fx (409.6 us)

23 x 1/fx (1.6 us)

24 x 1/fx (3.2 us)

212 x 1/fx (819.2 us)

24 x 1/fx (3.2 us)

25 x 1/fx (6.4 ps)

213 x 1/fx (1.64 ms)

25 x 1/fx (6.4 ps)

26 x 1/fx (12.8 pus)

2% x 1/fx (3.28 ms)

26 x 1/fx (12.8 us)

27 x 1/fx (25.6 ps)

215 x 1/fx (6.55 ms)

27 x 1/fx (25.6 us)

28 x 1/fx (51.2 ps)

216 x 1/fx (13.1 ms)

28 x 1/fx (51.2 us)

2% x 1/fx (102.4 pus)

217 x 1/fx (26.2 ms)

2% x 1/fx (102.4 pus)

210 x 1/fx (204.8 us)

218 x 1/fx (52.4 ms)

210 x 1/fx (204.8 us)

212 x 1/fx (819.2 us)

220 x 1/fx (209.7 ms)

212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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7.1.2 16-bit timer/event counter mode

(1) 16-bit interval timer
Interrupt requests can be generated at the preset time intervals.

Table 7-3.

Interval Times when 8-Bit Timer/Event Counter is Used as 16-Bit Timer/Event Counter

Minimum Interval Time

Maximum Interval Time

Resolution

2 x 1/fx (400 ns)

217 x 1/fx (26.2 ms)

2 x 1/fx (400 ns)

22 x 1/fx (800 ns)

218 x 1/fx (52.4 ms)

22 x 1/fx (800 ns)

23 x 1/fx (1.6 us)

219 x 1/fx (104.9 ms)

23 x 1/fx (1.6 us)

24 x 1/fx (3.2 ps)

220 x 1/fx (209.7 ms)

24 x 1/ix (3.2 ps)

25 x 1/fx (6.4 ps)

221 x 1/fx (419.4 ms)

25 x 1/fx (6.4 ps)

26 x 1/fx (12.8 ps)

272 x 1/fx (838.9 ms)

26 x 1/fx (12.8 us)

27 x 1/fx (25.6 ps)

2% x 1/fx (1.7 s)

27 x 1/fx (25.6 us)

28 x 1/fx (51.2 ps)

22 x 1/fx (3.4 s)

28 x 1/fx (51.2 us)

2% x 1/fx (102.4 us)

275 x 1/fx (6.7 S)

2% x 1/fx (102.4 us)

210 x 1/fx (204.8 us)

2% x 1/fx (13.4 s)

210 x 1/fx (204.8 us)

212 x 1/fx (819.2 us)

278 x 1/fx (53.7 s)

212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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(2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square-wave output
A square wave with any selected frequency can be output.

Table 7-4. Square-Wave Output Ranges when 8-Bit Timer/Event
Counter is Used as 16-Bit Timer/Event Counter

Minimum Pulse Time Maximum Pulse Time Resolution
2 x 1/fx (400 ns) 217 x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
22 x 1/fx (800 ns) 218 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
23 x 1/fx (1.6 us) 219 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)
24 x 1/fx (3.2 us) 220 x 1/fx (209.7 ms) 24 x 1/fx (3.2 us)
25 x 1/fx (6.4 ps) 22t x 1/fx (419.4 ms) 25 x 1/fx (6.4 ps)
26 x 1/fx (12.8 ps) 222 x 1/fx (838.9 ms) 26 x 1/fx (12.8 us)
27 x 1/fx (25.6 ps) 228 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
28 x 1/fx (51.2 ps) 224 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
29 x 1/fx (102.4 us) 225 x 1/fx (6.7 s) 29 x 1/fx (102.4 us)
210 x 1/fx (204.8 us) 226 x 1/fx (13.4 s) 210 x 1/fx (204.8 us)
212 x 1/fx (819.2 us) 228 x 1/fx (53.7 s) 212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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7.2 8-Bit Timer/Event Counter Configuration

The 8-bit timer/event counter consists of the following hardware.

Table 7-5. 8-Bit Timer/Event Counter Configuration

Item

Configuration

Timer register

8-bit x 2 (TM1, TM2)

Register

8-bit compare register: 2 (CR10, CR20)

Timer output

2 (TO1, TO2)

Control register

Timer clock select register 1 (TCL1)
8-bit timer mode control register (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3) Nete

Note Refer to Figure 4-7 P30 to P37 Block Diagram
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Figure 7-1. 8-Bit Timer/Event Counter Block Diagram
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LVR1

LVS1

Figure 7-2. 8-Bit Timer/Event Counter Output Control Circuit 1 Block Diagram

Level FIF
(LV1)

R

TOC1l —f—— ) INV

|
|
!
INTTM1

Note Bit 1 of port mode register 3 (PM3)

Remark The section in the broken line is an output control circuit.

LVR2

LVS2

P31
Output latch

PM31 Mot

Figure 7-3. 8-Bit Timer/Event Counter Output Control Circuit 2 Block Diagram

Level FIF
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R

ToCc15 — 17— ) INV

|

|

|
INTTM2

Note Bit 2 of port mode register 3 (PM3)

fsck

P32

Output latch

Remarks 1. The section in the broken line is an output control circuit.
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(€]

@)

8-bit compare registers (CR10, CR20)

This is an 8-bit register to compare the value set to CR10 to the 8-bit timer register 1 (TM1) count value, and
the value setto CR20 to the 8-bit timer register 2 (TM2) count value, and, if they match, generates an interrupt
request (INTTM1 and INTTM2, respectively).

CR10 and CR20 are set with an 8-bit memory manipulation instruction. They cannot be set with a 16-bit
memory manipulation instruction. When the compare register is used as 8-bit timer/event counter, the O0OH
to FFH values can be set. When the compare register is used as 16-bit timer/event counter, the 0000H to
FFFFH values can be set.

'RESET input makes CR10 and CR20 undefined.

Cautions 1. When using the compare register as 16-bit timer/event counter, be sure to set data after
stopping timer operation.

2. If the values after CR10 and CR20 are changed are smaller than those of 8-bit timer
registers (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restart
counting from 0. Thus, if the value after CR10 and CR20 change is smaller than that before
change, it is necessary to restart the timer after changing CR10 and CR20.

8-bit timer registers 1, 2 (TM1, TM2)

These are 8-bit registers to count count pulses.

When TM1 and TM2 are used in the "two 8-bit timer channels" mode, they should be read with an 8-bit memory
manipulation instruction. When TM1 and TM2 are used in the "one 16-bit timer channel" mode, the 16-bit
timer (TMS) should be read with a 16-bit memory manipulation instruction.

RESET input clears TM1 and TM2 to 00H.

7.3 8-Bit Timer/Event Counter Control Registers

@

The following four types of registers are used to control the 8-bit timer/event counter.

Timer clock select register 1 (TCL1)
8-bit timer mode control register (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)

Timer clock select register 1 (TCL1)

This register sets count clocks of 8-bit timer registers 1 and 2.
TCL1 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL1 to 00H.
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Symbol 7 6
TCL1

134

5

Figure 7-4. Timer Clock Select Register 1 Format

4

3

2

1

0

TCL17

TCL16

TCL15

TCL14

TCL13

TCL12

TCL11

TCL10

Caution

Address

FFA1H

After R

eset

00H

R/W
R/IW

TCL13

TCL12 |TCL11

TCL10

8-bit Timer Register 1 Count
Clock Selection

TI1 falling edge

TI1 rising edge

fx/2 (2.5 MHz)

fx/2? (1.25 MHz)

fx/2® (625 kHz)

fx/2* (313 kHz)

fx/2° (156 kHz)

fx/2° (78.1 kHz)

fx/2” (39.1 kHz)

fx/2® (19.5 kHz)

fx/2° (9.8 kHz)

PlPr|PlOOlO|O|FR ||| O|O
OOl | P OO || O|lO|O

fx/2'° (4.9 kHz)

Rr|lr|lRr|Pr|lkPr|RP|PR|kPR|lOojlOo|Oo|O|O

1 1

mr|lo|r|Oo|lr|O|Rr|O|lkR|Oo|lrR|rR|O

fx/2"? (1.2 kHz)

Other than above

Setting prohibited

If TCL1 is to be rewritten in data other

than identical data, the timer opera-

tion must be stopped first.

Remarks

1.
2.
3.
4.

fx: Main system clock frequency

TI1: 8-bit timer register 1 input pin

TI12: 8-bit timer register 2 input pin

TCL17

TCL16 |TCL15

TCL14

8-bit Timer Register 2 Count
Clock Selection

TI2 falling edge

TI2 rising edge

f«/2 (2.5 MHz)

fx/2? (1.25 MHz)

fx/2% (625 kHz)

fx/2* (313 kHz)

fx/2° (156 kHz)

fx/2° (78.1 kHz)

fx/2” (39.1 kHz)

fx/2° (19.5 kHz)

fx/2° (9.8 kHz)

PP |P OO |lO|OCO|FR || |O|O
P OO |FR |k | OOk |k |O|O|OC

fx/2'° (4.9 kHz)

RlRr|Rr|Pr|lkr|Pr|PR|kR|lojlo|o|o|O

1 1

r|lo|lr|o|lr|O|Rr|O|lrR|O|R|rR|O

fx/2"? (1.2 kHz)

Other than above

Setting prohibited

Figures in parentheses apply to operation with fX = 5.0 MHz.
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(2) 8-bit timer mode control register (TMC1)
This register enables/stops operation of 8-bit timer registers 1 and 2 and sets the operating mode of 8-bit timer
register 2.
TMCL1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC1 to O0H.

Figure 7-5. 8-Bit Timer Mode Control Register Format

Symbol 7 6 5

S
w

2 ®© O Address  After Reset  R/W
TMC1 0 0 0 0 0 |TMC12|TCE2 | TCE1l FF49H 00H R/W

L TCE1

0 Operation stop (TM1 clear to 0)

8-Bit Timer Register 1 Operation Control

1 Operation enable

TCE2 8-Bit Timer Register 2 Operation Control

0 Operation stop (TM2 clear to 0)

1 Operation enable

TMC12 Operating Mode Selection

0 8-Bit timer register x 2-channel mode (TM1, TM2)

1 16-Bit timer register x 1-channel mode (TMS)

Cautions 1. Switch the operating mode after stopping timer operation.
2. When used as 16-bit timer register, TCE1 should be used for operation enable/stop.
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(3) 8-bit timer output control register (TOC1)
This register controls operation of 8-bit timer/event counter output control circuits 1 and 2.
It sets/resets the R-S flip-flops (LV1 and LV2) and enables/disables inversion and 8-bit timer output of 8-bit
timer registers 1 and 2.
TOCL1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOC1 to O0H.

Figure 7-6. 8-Bit Timer Output Control Register Format
symbol @ (® 5 @ & © 1 © Address  After Reset  R/W

TOC1 | LVS2|LVR2 [TOC15 TOE2 | LVS1| LVR1 [TOC1] TOE1 FF4FH 00H RIW
L] L] L

TOE1 8-Bit Timer/Event Counter 1 Output Control

0 Output disable (port mode)

1 Output enable

TOC11| 8-Bit Timer/Event Counter 1 Timer Output F/F Control

0 Inverted operation disable

1 Inverted operation enable

8-Bit Timer/Event Counter 1 Timer Output F/F
Status Set

0 0 Unchanged

LVS1 | LVR1

0 1 Timer output F/F reset (to 0)

=
o

Timer output F/F set (to 1)

-
[E

Setting prohibited

TOE2 8-Bit Timer/Event Counter 2 Output Control

0 Output disable (port mode)

1 Output enable

TOC15| 8-Bit Timer/Event Counter 2 Timer Output F/F Control

0 Inverted operation disable

1 Inverted operation enable

8-Bit Timer/Event Counter 2 Timer Output F/F
Status Set

0 0 Unchanged

LVS2 | LVR2

0 1 Timer output F/F reset (to 0)

1 0 Timer output F/F set (to 1)

1 1 Setting prohibited

Cautions 1. Be sure to set TOCL1 after stopping timer operation.
2. After data setting, 0 can be read from LVS1, LVS2, LVR1 and LVR2.
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4

Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.

When using the P31/TO1 and P32/TO2 pins for timer output, set PM31, PM32, and output latches of P31 and

P32 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 7-7. Port Mode Register 3 Format

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 Input/Output Mode Selection (n =0 to 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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7.4 8-Bit Timer/Event Counter Operations
7.4.1 8-bit timer/event counter mode

(1) Interval timer operations
The 8-bit timer/event counter operates as interval timer which generates interrupt requests repeatedly at
intervals of the count value preset to 8-bit compare registers (CR10 and CR20).
When the count values of the 8-bit timer registers 1 and 2 (TM1 and TM2) match the values set to CR10 and
CR20, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signals (INTTM1
and INTTM2) are generated.
Countclock of TM1 can be selected with bits 0to 3 (TCL10 to TCL13) of the timer clock selectregister 1 (TCL1).
Countclock of TM2 can be selected with bits 4to 7 (TCL14 to TCL17) of the timer clock selectregister 1 (TCL1).
For the operation when the value of the compare register is changed while the timer/counter operates, refer
to 7.5 8-Bit Timer/Event Counter Operating Precautions (3)

Figure 7-8. Interval Timer Operation Timings

TM1 count value 00 X 01 X \/\/ X ‘X X X // X X 00 X 01 X \/\/ X N X

Count start Clear Clear

CR10 N // | N // | N // N
S I o B

INTTM1

)

T I |
\ A
[ Interrupt request acknowledge | Interrupt request acknowledge
[ [

TO1 N ))
€ C

Interval time Interval time Interval time

r
r

Remark Interval time = (N + 1) x t, where N = 00H to FFH
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Table 7-6. 8-Bit Timer/Event Counter 1 Interval Times

TCL13 | TCL12 | TCL11 | TCL10 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 0 0 1 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 1 (0] 1 2 x 1/fx (400 ns) 29 x 1/fx (102.4 pus) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 pus) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 21 x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/fx (819.2 pus) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 213 x 1/fx (1.64 ms) 25 x 1/fx (6.4 us)
1 0 1 0 25 x 1/fx (12.8 us) 21 x 1/fx (3.28 ms) 25 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 215 x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 216 x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 pus) 217 x 1/fx (26.2 ms) 29 x 1/fx (102.4 pus)
1 1 1 0 210 x 1/fx (204.8 pus) 218 x 1/fx (52.4 ms) 210 x 1/fx (204.8 pus)
1 1 1 1 212 x 1/fx (819.2 ps) 220 x 1/fx (209.7 ms) 212 x 1/fx (819.2 us)

Other than above

Setting prohibited

Remarks 1.

fx: Main system clock frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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Table 7-7. 8-Bit Timer/Event Counter 2 Interval Times

TCL17 | TCL16 | TCL15 | TCL14 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 0 0 1 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 1 0 1 2 x 1/fx (400 ns) 2% x 1/fx (102.4 pus) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 21 x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 (0] 0 24 x 1/fx (3.2 ps) 212 x 1/fx (819.2 pus) 24 x 1/fx (3.2 ps)
1 0 (0] 1 25 x 1/fx (6.4 ps) 213 x 1/fx (1.64 ms) 25 x 1/fx (6.4 ps)
1 0 1 0 26 x 1/fx (12.8 ps) 214 x 1/fx (3.28 ms) 26 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 215 x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 216 x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 29 x 1/fx (102.4 us)
1 1 1 0 210 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 pus) 220 x 1/fx (209.7 ms) 212 x 1/fx (819.2 pus)

Other than above

Setting prohibited

Remarks 1.
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(2) External event counter operation
The external event counter counts the number of external clock pulses to be input to the TI1/P33 and TI2/
P34 pins with 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer clock select register 1 (TCL1)
is input. Either the rising or falling edge can be selected.
When the TM1 and TM2 counted values match the values of 8-bit compare registers (CR10 and CR20), TM1
and TM2 are cleared to 0 and the interrupt request signals (INTTM1 and INTTM2) are generated.

Figure 7-9. External Event Counter Operation Timings (with Rising Edge Specified)

TllplnlnputIlllllllllllllllllll||||||||

TM1countvalue X 00 X o1 X 02 X 03 X 04 X 05 /\/\XN—lX N 5( oo X o1 X 02 X 03 X

CR10 N /)
s

INTTM1

D) ' |
C

Remark N = 00H to FFH
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(3) Square-wave output operation
The 8-bit timer/event counter operates as square wave output at intervals of the value preset to 8-bit compare
registers (CR10 and CR20).
The TO1/P31 or TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 or CR20

by setting bit 0 (TOE1) or bit 4 (TOE2) of the 8-bit timer output control register (TOC1) to 1.
This enables a square wave with any selected frequency to be output.

Table 7-8. 8-Bit Timer/Event Counter Square-Wave Output Ranges

TCL13 | TCL12 | TCL11 | TCL10 Minimum Pulse Time Maximum Pulse Time Resolution

0 1 0 1 2 x 1/fx (400 ns) 2% x 1/fx (102.4 pus) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (204.8 us) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 211 x 1/fx (409.6 us) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/fx (819.2 us) 24 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 ps) 213 x 1/fx (1.64 ms) 25 x 1/fx (6.4 ps)
1 0 1 0 26 x 1/fx (12.8 ps) 214 x 1/fx (3.28 ms) 26 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 ps) 215 x 1/fx (6.55 ms) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 ps) 216 x 1/fx (13.1 ms) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 217 x 1/fx (26.2 ms) 29 x 1/fx (102.4 us)
1 1 1 0 210 x 1/fx (204.8 us) 218 x 1/fx (52.4 ms) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 us) 220 x 1/fx (209.7 ms) 212 x 1/fx (819.2 us)
Remarks 1. fx: Main system clock frequency

2. TCL10 to TCL13: Bits 0 to 3 of the timer clock select register 1 (TCL1)
3. Values in parentheses when operated at fx = 5.0 MHz.

TM1 count value

Figure 7-10. Square-Wave Output Operation Timings

Countclock||||||||||||||||||||||||||||

00 Xo1 X 02 X /XN-1X N X oo Xo1 Xo02X /XN-2X N X 00 X
A \ \

Count start

CR10

i\
N_/ N/
\\

TO1 Note

Note Initial value of TO1 output can be set with bits 2 and 3 (LVR1 and LVS1) of the 8-bit timer output control

register (TOC1)
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7.4.2 16-bit timer/event counter mode

When bit 2 (TMC12) of 8-bit timer mode control register (TMC1) is set to 1, the 16-bit timer/counter mode is
set.

In this mode, the count clock is selected with bits 0 to 3 (TCL10to TCL13) of the time clock select register (TCL1).
The overflow signal of the 8-bit timer/event counter 1 (TM1) is used as the count clock of the 8-bit timer/counter
2 (TM2). Count operation enable/disable in this mode is selected with bit 0 (TCE1) of TMCL1.

(1) Interval timer operations
The 8-bit timer/event counter operates as interval which generates interrupt requests repeatedly at intervals
of the count value preset to 2-channel 8-bit compare registers (CR10 and CR20). When setting a count value,
set the value of the high-order 8 bits to CR20 and the value of the low-order 8 bits to CR10. For the count
value (interval time) that can be set, refer to Table 7-9.
When the 8-bit timer register 1 (TM1) and CR10 values match and the 8-bit timer register 2 (TM2) and CR20
values match, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signal
(INTTM2) is generated. For the operation timing of the interval timer, refer to Figure 7-11.
Count clock can be selected with bits 0 to 3 (TCL10 to TCL13) of the timer clock select register 1 (TCL1).
The overflow signal of TM1 is used as the count clock of TM2.

Figure 7-11. Interval Timer Operation Timings

oy !

|
| | |
TMS (TML, TM2) count value ooooXooorX )/ X N YoooofooorX ) X ~ YooooXooor ) X ~ X
\\ A \\ A \\ ;
|
|

YAN

Count start Clear Clear

CR10, CR20 N // ‘ N // ‘ N // N
.o

\ \
I I A
| Interrupt request acknowledge | Interrupt request acknowledge
I I

| |
| |
| |
| [
|
[ |
| |
| |
| |
| )
TO2 \ « l_
i i
| |
[ |
| |
| |
| |

INTTM2

Interval time Interval time Interval time

Remark Interval time = (N + 1) x t, where N = 0000H to FFFFH
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Caution

Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches the

CR10 value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter
output control circuit Lisinverted. Thus, when using 8-bit timer/event counter as 16-bitinterval
timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.

When reading 16-bit timer (TMS) count value, use the 16-bit memory manipulation instruction.

Table 7-9. Interval Times when 2-Channel 8-Bit Timer/Event Counters
(TM1 and TM2) are Used as 16-Bit Timer/Event Counter

TCL13 | TCL12 | TCL11 | TCL10 Minimum Interval Time Maximum Interval Time Resolution
0 0 0 0 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 0 0 1 TI1 input cycle 28 x TI1 input cycle TI1 input edge cycle
0 1 0 1 2 x 1/fx (400 ns) 2% x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 21 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 ps) 212 x 1/fx (209.7 ms) 24 x 1/fx (3.2 ps)
1 0 0 1 25 x 1/fx (6.4 ps) 213 x 1/fx (419.4 ms) 25 x 1/fx (6.4 ps)
1 0 1 0 25 x 1/fx (12.8 us) 214 x 1/fx (838.9 ms) 25 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 215 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 216 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 217 x 1/fx (6.7 s) 29 x 1/fx (102.4 us)
1 1 1 0 210 x 1/fx (204.8 ps) 218 x 1/fx (13.4 s) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 ps) 220 x 1/fx (53.7 s) 212 x 1/fx (819.2 us)

Other than above

Setting prohibited

Remarks 1.
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(2) External event counter operations
The external event counter counts the number of external clock pulses to be input to the TI1/P33 pin by using
the two channels of 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 is incremented each time the valid edge specified with timer clock select register 1 (TCL1) is input. If
TM1 overflows as a result, the overflow signal is used as a count clock, and TM2 is incremented. Either the
rising or falling edge can be selected.

When the count value of TM1 and TM2 matches the value of the 8-bit compare registers (CR10 and CR20),
both TM1 and TM2 are cleared to 0O and the interrupt request signal (INTTM2) is generated.

Figure 7-12. External Event Counter Operation Timings (with Rising Edge Specified)

TIlplnlnput||||||||||||||Illlllllllllll

i\
TMS (TM1, TM2) count value X 0000 0001 X 0002) 0003) 0004 0005X // XN—-1X N X 0000X 0001 X 0002 X 0003 X
\\

|

|

|

CR10, CR20 // N |
\8 ;

|

INTTM2 | |_|

Caution Eveninthe 16-bittimer/event counter mode, interrupt request (INTTM1) will be generated when
the TM1 count value matches the CR10 value, inverting the flipflop of 8-bit timer/event counter
output control circuit 1. Thus, when using the 8-bit timer/event counters as a 16-bit interval
timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.

When reading the 16-bit timer (TMS) count value, use the 16-bit memory manipulation
instruction.
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(3) Square-wave output operation
Square wave signals can be generated at the user-specified frequency. The frequency, or pulse interval is
determined by the value preset in the 8-bit compare registers (CR10 and CR20). To set a count value, set
the value of the high-order 8 bits to CR20, and the value of the low-order 8 bits to CR10.
The TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 and CR20 by setting
bit4 (TOEZ2) of the 8-bit timer output control register (TOC1) to 1. This enables a square wave with any selected
frequency to be output.

Table 7-10. Square-Wave Output Ranges when 2-Channel 8-Bit Timer/Event Counters
(TM1 and TM2) are Used as 16-Bit Timer/Event Counter

TCL13 | TCL12 | TCL11 | TCL10 Minimum Pulse Time Maximum Pulse Time Resolution
0 1 0 1 2 x 1/fx (400 ns) 2% x 1/fx (26.2 ms) 2 x 1/fx (400 ns)
0 1 1 0 22 x 1/fx (800 ns) 210 x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
0 1 1 1 23 x 1/fx (1.6 us) 21 x 1/fx (104.9 ms) 23 x 1/fx (1.6 us)
1 0 0 0 24 x 1/fx (3.2 ps) 212 x 1/fx (209.7 ms) 24 x 1/fx (3.2 ps)
1 0 0 1 25 x 1/fx (6.4 ps) 213 x 1/fx (419.4 ms) 25 x 1/fx (6.4 ps)
1 0 1 0 26 x 1/fx (12.8 ps) 214 x 1/fx (838.9 ms) 26 x 1/fx (12.8 us)
1 0 1 1 27 x 1/fx (25.6 us) 215 x 1/fx (1.7 s) 27 x 1/fx (25.6 us)
1 1 0 0 28 x 1/fx (51.2 us) 216 x 1/fx (3.4 s) 28 x 1/fx (51.2 us)
1 1 0 1 29 x 1/fx (102.4 us) 217 x 1/fx (6.7 s) 29 x 1/fx (102.4 us)
1 1 1 0 210 x 1/fx (204.8 us) 218 x 1/fx (13.4 s) 210 x 1/fx (204.8 us)
1 1 1 1 212 x 1/fx (819.2 ps) 220 x 1/fx (53.7 s) 212 x 1/fx (819.2 us)

Remarks 1. fx: Main system clock frequency
2. TCL10 to TCL13: Bits 0 to 3 of timer clock select register 1 (TCL1)
3. Values in parentheses when operated at fx = 5.0 MHz.

Figure 7-13. Square-Wave Output Operation Timings
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TO2 i Interval time —

Count start Level reverse
counter clear
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7.5 8-Bit Timer/Event Counter Operating Precautions

(€]

@)

Timer start errors

An error with a maximum of one clock may occur concerning the time required for a match signal to be
generated after timer start. This is because 8-bit timer registers 1 and 2 (TM1 and TM2) are started
asynchronously with the count pulse.

Figure 7-14. 8-Bit Timer Register Start Timings

cmpie /N /N S S o

TM1, TM2 count value 00H X 01H X o X o3H X o4

Timer start

8-bit compare registers 1 and 2 sets

The 8-bit compare registers (CR10 and CR20) can be set to O0H.

Thus, when the 8-bit compare register is used as event counter, one-pulse count operation can be carried
out.

When the 8-bit compare register is used as 16-bit timer/event counter, write data to CR10 and CR20 after
setting bit 0 (TCE1) of the 8-bit timer mode control register (TMC1) to 0 and stopping timer operation.

Figure 7-15. External Event Counter Operation Timings

TI1, TI2 input _/_\_/_\_/_\_/_\_/_\_

CR10, CR20 00H

TM1, TM2 count value X O0H X O0H X OOH X O0OH

TO1, TO2 /—\—/—\—
Interrupt request flag | | | | | | | |
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(3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers (CR10 and CR20) are changed are smaller than those of 8-
bit timer registers (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restart counting from
0. Thus, if the value after CR10 and CR20 (M) change is smaller than that before change (N), it is necessary
to restart the timer after changing CR10 and CR20.

Figure 7-16. Timings after Compare Register Change during Timer Count Operation

CR10, CR20 N X

A
TM1, TM2 count value :>< X-1 X X X /D< FFH X 00H X 01H X 02H

Remark N> X>M
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8.1 Watch Timer Functions

CHAPTER 8 WATCH TIMER

The watch timer has the following functions.

Watch timer
Interval timer

The watch timer and the interval timer can be used simultaneously.

(€]

&)

Watch timer

When the 32.768-kHz subsystem clock is used, a flag (WTIF) is set at 0.5 second or 0.25 second intervals.
In addition, when the 4.19-MHz (Standard: 4.19304 MHz) main system clock is used, a flag (WTIF) is set at

0.5 second or 1 second intervals.

Caution 0.5 second intervals cannot be generated with the 5.0-MHz main system clock. You should
switch to the 32.768-kHz subsystem clock to generate 0.5 second intervals.

Interval timer

Interrupt requests (INTTM3) are generated at the preset time interval.

Table 8-1. Interval Timer Interval Time
Interval Time When Operated at When Operated at When Operated at
fx = 5.0 MHz fx = 4.19 MHz fxt = 32.768 kHz
212 x 1/fx 819 us 978 us 488 us
213 x 1/fx 1.64 ms 1.96 ms 977 us
214 x 1/fx 3.28 ms 3.91 ms 1.95 ms
215 x 1/fx 6.55 ms 7.82 ms 3.91 ms
216 x 1/fx 13.1 ms 15.6 ms 7.81 ms
217 x 1/fx 26.2 ms 31.3ms 15.6 ms

Remarks 1. fx: Main system clock frequency

2. fxt: Subsystem clock oscillation frequency
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8.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 8-2. Watch Timer Configuration

Item Configuration

Counter 5 bits x 1

Control register | Timer clock select register 2 (TCL2)
Watch timer mode control register (TMC2)

8.3 Watch Timer Control Registers
The following two types of registers are used to control the watch timer.

e Timer clock select register 2 (TCL2)
e Watch timer mode control register (TMC2)

(1) Timer clock select register 2 (TCL2) (Refer  to Figure 8-2.)
This register sets the watch timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL2 to O0H.

Remark Besides setting the watch timer count clock, TCL2 sets the watchdog timer count clock and buzzer
output frequency.
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Figure 8-2. Timer Clock Select Register 2 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL2 | TCL27|TCL26 | TCL25 | TCL24 0 TCL22 | TCL21 | TCL20 FF42H O00OH R/W

Count Clock Selection

TCL22 | TCL21|TCL20 ) )
Watchdog Timer Mode | Interval Timer Mode

fx/2% (625 kHz) fx/2* (313 kHz)

fx/2* (313 kHz) fx/2° (156 kHz)

fx/2° (156 kHz) fx/2° (78.1 kHz)

fx/2° (78.1 kHz) fx/2” (39.1 kHz)

fx/2" (39.1 kHz) fx/2® (19.5 kHz)

fx/2® (19.5 kHz) fx/2° (9.8 kHz)

fx/2° (9.8 kHz) fx/2'° (4.9 kHz)

PP,k OO | OO
PP O|O|FR | |O|O
P | Ol |O|FRr|O|FL, | O

fx/2'* (2.4 kHz) fx/2'2 (1.2 kHz)

TCL24| Watch Timer Count Clock Selection '

0 | f2®(19.5kHz)

1 | fxr (32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer Output Frequency Selection

0 X X Buzzer output disable

fx/2'° (4.9 kHz)

fx/i2™ (2.4 kHz)

fx/2? (1.2 kHz)

N

0 0
0 1
1 0
1 1

Setting prohibited

Note When using a main system clock of 1.25 MHz or less and FIP controller/driver, select fx/28 as the counter
clock for watch timer.

Caution If TCL2 is to be rewritten in data other than identical data, the timer operation must be
stopped first.

Remarks 1. fx: Main system clock frequency

2. fxt: Subsystem clock oscillation frequency

3. x: Don't care

4. Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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(2) Watch timer mode control register (TMC2)
This register sets the watch timer operating mode, watch flag set time and prescaler interval time and enables/
disables prescaler and 5-bit counter operations. TMC2 is set with a 1-bit or 8-bit memory manipulation
instruction.
RESET input clears TMC2 to O0H.

Figure 8-3. Watch Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TMC2 0 |TMC26|{TMC25|TMC24|TMC23|TMC22|TMC21{TMC20 FF4AH O00OH R/W
I
TMC23|TMC20 Watch Flag Set Time Selection
0 2%/fw (0.5 )
1 ° 2%/fw (0.25s)
0 2w (977 us)
1 ! 2*fw (488 us)
T™MC21 Prescaler Operation Control Note
0 Clear after operation stops
1 Operation enable

TMC22 5-Bit Counter Operation Control

0 | Clear after operation stops

1 Operation enable

TMC26{TMC25{TMC24| Prescaler Interval Time Selection

0 0 0 | 2%w (488 pus)

0 1 | 2%w (977 us)

2%fw (1.95 ms)

o|o |o
I
o

1 1 | 2w (3.91ms)

1 0 0 | 2%w (7.81ms)

1 0 1 | 2%w (15.6ms)

Other than above Setting prohibited

Note Do not frequently clear the prescaler when using the watch timer.

Remarks 1. fw: Watch timer clock frequency (fx/22 or fxT)
2. Figures in parentheses apply to operation with fw = 32.768 kHz.
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8.4 Watch Timer Operations

8.4.1 Watch timer operation

When the 32.768-kHz subsystem clock is used, the timer operates as a watch timer with a 0.5 second or 0.25
second interval. In addition, when the 4.19-MHz main system clock is used, the timer can operate as a watch
timer with a 0.5 second or 1 second interval.

The watch timer sets the test input flag (WTIF) to 1 at the constant time interval. The standby state (STOP
mode/HALT mode) can be cleared by setting WTIF to 1.

When bit 2 (TMC22) of the watch timer mode control register (TMC2) is set to 0, the 5-bit counter is cleared
and the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting TMC22 to 0
(maximum error: 26.2 ms when operated at 5.0 MHz).

8.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt requests repeatedly at an interval of the
preset count value.

The interval time can be selected with bits 4 to 6 (TMC24 to TMC26) of the watch timer mode control register
(TMC2).

Table 8-3. Interval Timer Interval Time

mc26 | Tvezs | Tme2a Interval Time When Operated at When Operated at When Operated at
fx = 5.0 MHz fx = 4.19 MHz fxr = 32.768 kHz
0 0 0 24 x 1/fw 819 us 978 us 488 s
0 0 1 25 x 1/fw 1.64 ms 1.96 ms 977 us
0 1 0 28 x 1/fw 3.28 ms 3.91 ms 1.95 ms
0 1 1 27 x 1/fw 6.55 ms 7.82 ms 3.91 ms
1 0 0 28 x 1/fw 13.1 ms 15.6 ms 7.81 ms
1 0 1 29 x 1/fw 26.2 ms 31.3ms 15.6 ms
Other than above Setting prohibited

fx: Main system clock frequency
fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency (fx/28 or fxT)
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9.1 Watchdog Timer Functions
The watchdog timer has the following functions.

e Watchdog timer
e Interval timer

Caution Select the watchdog timer mode or the interval timer mode with the watchdog timer mode
register (WDTM) (The watchdog timer and interval timer cannot be used at the same time).

(1) Watchdog timer mode
An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-maskable

interrupt request or RESET can be generated.

Table 9-1. Watchdog Timer Inadvertent Detection Time

Inadvertent When Operated at Inadvertent When Operated at
Detection Time fx = 5.0 MHz Detection Time fx = 5.0 MHz

21 x 1/fx 410 ps 215 x 1/fx 6.55 us

212 x 1/fx 819 us 216 x 1/fx 13.1 ps

213 x 1/fx 1.64 ms 217 x 1/fx 26.2 ms

214 x 1/fx 3.28 ms 219 x 1/fx 105.0 ms

fx: Main system clock oscillation frequency

(2) Interval timer mode
Interrupt requests are generated at the preset time intervals.

Table 9-2. Interval Time

Interval Time When Operated Interval Time When Operated at
at fx = 5.0 MHz fx = 5.0 MHz
212 x 1/fx 819 us 216 x 1/fx 13.1 ms
213 x 1/fx 1.64 ms 217 x 1/fx 26.2 ms
214 x 1/fx 3.28 ms 218 x 1/fx 52.4 ms
215 x 1/fx 6.55 ms 220 x 1/fx 210 ms

fx: Main system clock oscillation frequency
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CHAPTER 9 WATCHDOG TIMER

9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-3. Watchdog Timer Configuration

Item Configuration

Control register | Timer clock select register 2 (TCL2)
Watchdog timer mode register (WDTM)
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Figure 9-1. Watchdog Timer Block Diagram
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CHAPTER 9 WATCHDOG TIMER

9.3 Watchdog Timer Control Registers

The following two types of registers are used to control the watchdog timer

Timer clock select register 2 (TCL2)

Watchdog timer mode register (WDTM)

(1) Timer clock select register 2 (TCL2)
This register sets the watchdog timer count clock.

TCL2 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL2 to O0H.

Remark Besides setting the watchdog timer count clock, TCL2 sets the watch timer count clock and buzzer
output clock.
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Figure 9-2. Timer Clock Select Register 2 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL2 | TCL27|TCL26 | TCL25|TCL24 0 TCL22|TCL21 | TCL20 FF42H OOH R/W

Count Clock Selection

TCL22 | TCL21|TCL20
Watchdog Timer Mode | Interval Timer Mode

fx/2® (625 kHz)

fx/2* (313 kHz)

fx/2* (313 kHz)

fx/2° (156 kHz)

fx/2° (156 kHz)

fx/2° (78.1 kHz)

fx/2° (78.1 kHz)

fx/2” (39.1 kHz)

fx/2” (39.1 kHz)

fx/2°® (19.5 kHz)

fx/2® (19.5 kHz)

fx/2° (9.8 kHz)

fx/2° (9.8k Hz)

x/2'° (4.9 kHz)

PP |P|P|O|O|O|O

PP OO, |, |O|O
P | Ok, |O|Fr | O|Fr | O

fx/2' (2.4 kHz)

fx/2'% (1.2 kHz)

TCL24| Watch Timer Count Clock Selection '

0 | /2% (19.5kHz)

1 | fxr (32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer Output Frequency Selection

0 X X Buzzer output disable

x/2'° (4.9 kHz)

fx/2™ (2.4 kHz)

0 0

0 1

1 0 | 2% @1.2kHz)

1 1 Setting prohibited

R

Note fx/28 must be selected as the watch timer count clock when using main system clock at 1.25 MHz or
less and FIP controller/driver.

Caution If TCL2 is to be rewritten in data other than identical data, the timer operation must be
stopped first.

Remarks 1. fx: Main system clock frequency
2. fxt: Subsystem clock oscillation frequency
3. x:don't care
4. Figures in parentheses apply to operation with fx = 5.0 MHz or fxt = 32.768 kHz.
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(2) Watchdog timer mode register (WDTM)

This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WDTM to OOH.

Figure 9-3. Watchdog Timer Mode Register Format

Symbol @ 6 5 4 3 2 1 0 Address After Reset R/W
WDTM | RUN 0 0 |WDTM4 |WDTM3| O 0 0 FFFOH 00H R/W

\T_l

WDTM4 | WDTM3 | Watchdog Timer Operating Mode Selection™**®*

0 x | Interval imer Mode™**®?
(Maskable interrupt request occurs upon
generation of an overflow.)

1 0 Watchdog timer mode 1
(Non-maskable interrupt request occurs
upon generation of an overflow.)

1 1 Watchdog timer mode 2
(Reset operation is activated upon
generation of an overflow.)

RUN Watchdog Timer Operation Selection"**®?

0 Count stop

1 Counter is cleared and counting starts.

Notes 1. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
2. The watchdog timer starts operating as an interval timer as soon as RUN has been set to 1.

3. Once set to 1, RUN cannot be cleared to 0 by software. Thus, once counting starts, it can only
be stopped by RESET input.

Cautions 1. When 1is setin RUN so that watchdog timer is cleared, the actual overflow time is up to
0.5% shorter than the time set by the timer clock select register 2 (TCL2).
2. Whenusing watchdog timer mode 1 or 2, set WDTM4 to 1 after confirming that the interrupt
request flag (TMIF4)is 0. IfWDTM4 is setto 1 when TMIF4 is 1, the non-maskable interrupt
request is generated regardless of the contents of WDTM3.

Remark x: don’t care
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9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is operated
to detect any inadvertent program loop.

The watchdog timer count clock (inadvertent program loop detection time interval) can be selected with bits
0 to 2 (TCL20 to TCL22) of the timer clock select register 2 (TCL2).

Watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started, set RUN to
1 within the set overrun time detection interval. The watchdog timer can be cleared and counting is started by
setting RUN to 1. If RUN is not set to 1 and the inadvertent program loop detection time is past, system reset
or a non-maskable interrupt request is generated according to the WDTM bit 3 (WDTM3) value.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to
1 before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Cautions 1. The actual overrun detection time may be shorter than the set time by a maximum of 0.5%.
2. When the subsystem clock is selected for CPU clock, watchdog timer count operation is

stopped.
Table 9-4. Watchdog Timer Overrun Detection Time
TCL22 | TCL21 | TCL20 Runaway Detection fx = 5.0 MHz
0 0 0 211 x 1/fx 410 ps
0 0 1 212 x 1/fx 819 us
0 1 0 218 x 1/fx 1.64 ms
0 1 1 214 x 1/fx 3.28 ms
1 0 0 215 x 1/fx 6.55 ms
1 0 1 216 x 1/fx 13.1 ms
1 1 0 217 x 1/fx 26.2 ms
1 1 1 219 x 1/fx 105.0 ms

fx: Main system clock frequency
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9.4.2 Interval timer operation

The watchdog timer operates as an interval timer which generates interrupt requests repeatedly at intervals
of a preset count value when bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 0.

Count clock (interval time) can be selected with bits 0 to 2 (TCL20 to TCL22) of the timer clock select register
2 (TCL2). The watchdog timer starts operating as an interval timer when bit 7 (RUN) of WDTM has been set to
1.

When the watchdog timer operated as interval timer, the interrupt mask flag (TMMK4) and priority specify flag
(TMPR4) are validated and the maskable interrupt request (INTWDT) can be generated. Among maskable
interrupt requests, the INTWDT default has the highest priority.

The interval timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to
1 before the STOP mode is set, clear the interval timer and then execute the STOP instruction.

Cautions 1. Oncebit4 (WDTM4)of WDTMis setto 1 (with the watchdog timer mode selected), the interval
timer mode is not set unless RESET input is applied.
2. Theintervaltime justafter setting with WDTM may be shorter than the settime by amaximum
of 0.5%.
3. When the subsystem clock is selected for CPU clock, watchdog timer count operation is

stopped.
Table 9-5. Interval Timer Interval Time
TCL22 | TCL21 | TCL20 Interval Detection fx = 5.0 MHz

0 0 0 212 x 1/fx 819 us

0 0 1 213 x 1/fx 1.64 ms
0 1 0 214 x 1/fx 3.28 ms
0 1 1 215 x 1/fx 6.55 ms
1 0 0 216 x 1/fx 13.1 ms
1 0 1 217 x 1/fx 26.2 ms
1 1 0 218 x 1/fx 52.4 ms
1 1 1 220 x 1/fx 210.0 ms

fx: Main system clock frequency
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10.1 6-Bit Up/Down Counter Function

The 6-bit up/down counter increases and decreases its count when effective edges are input from
the C10/PO3/INTP3 pin.

10.2 6-Bit Up/Down Counter Configuration
The 6-bit up/down counter consists of the following hardware.

Table 10-1. 6-Bit Up/Down Counter Configuration

Iltem Configuration
Counter register 6-bit up/down counter (UDC)
Register 6-bit up/down counter compare register (UDCC)
Control register 6-bit up/down counter mode register (UDM)

Figure 10-1. 6-Bit Up/Down Counter Block Diagram

S Internal bus S

i} Selector [ INTP3/INTUD

6-bit up/down counter
compare register (UDCC)

Loaded [
Matched C&

_l
tD%‘red
Edge
CIO/PO3/INTP3 @—D detection 6-bit up/down counter (UDC) Underflow
circuit ’_Di

UDM2

Cleared

[ !} \

UDM4|UDM3|UDM2{UDM1|UDMO

6-bit up/down counter
mode register (UDM)

S Internal bus S

Caution When using the 6-bit up/down counter, set the CI0/PO3/INTP3 pin to the input mode (set 1
to bit 3 (PM03) of the port mode register 0).
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1)

(2)

164

6-bit up/down counter (UDC)

This 6-bit register counts the count pulses input to the CIO/PO3/INTP3 pin.
The UDC is set with an 8-bit memory manipulation instruction.

RESET input clears UDC to 00H.

Cautions 1. Be sure to stop count operations first before setting the UDC.
2. Read and write the UDC after inputting the RESET signal and setting data to the UDM.

6-bit up/down counter compare register (UDCC)

This register constantly compares the values set for the UDCC and the count values in the 6-bit up/down
counter (UDC), and generates the interruption request (INTUD) when the values match.

When UDCC and UDC values match during up count operations, the UDCC sets the interruption request
flag (INTUD) and clears the UDC to 0.

When UDCC and UDC values match during down count operations, the UDCC sets the interruption request
flag (INTUD) and loads a value less than the UDCC by one to the UDC.

The UDCC is set with an 8-bit memory manipulation instruction.

RESET input clears UDCC to 00H.

Caution Be sure to stop count operations first before setting the UDCC.
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10.3 6-Bit Up/Down Counter Control Register

The 6-bit up/down counter is controlled by the 6-bit up/down counter mode register (UDM). The register clears
the counter, enables/disables count operations, selects up count or down count, and sets the valid edges of input
signals and the INTP3 flag set signal.

The UDM is set with a 1-bit memory manipulation instruction or 8-bit memory manipulation instruction.

RESET input clears UDM to O0H.

Figure 10-2. 6-Bit Up/Down Counter Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W

UDM 0 0 0 UDM4 | UDM3 | UDM2 | UDM1 | UDMO FFA8H OOH R/W

L UDMO | Valid Edge Selection

0 CI0 falling edge

1 Cl0 rising edge

UDML1 | Operation Mode Selection

0 Down counter operation

1 Up counter operation

UDM2 | Count Operation Control

0 The count operation is stopped (The count value is retained)

1 The count operation is enabled

UDM3 | Counter Clear

0 Count operation

1 The counter is cleared

UDM4 | INTP3 Flag Set Signal Selection

0 Set using the INTP3 interruption signal

1 Set using the INTUD interruption signal

Cautions 1. Do not set the UDMO, UDM1, and UDM3 using the same timings as the effective edges
input to the CIO/PO3/INTP3 pin.
2. The UDC is cleared to 0 by writing 1 in the UDM3.
When the UDC is cleared, the UDM3 is automatically cleared to 0.
3. The UDC cannot be read/written until the RESET signal is input and data is set to the
UDM.
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10.4 6-Bit Up/Down Counter Precautions

(1) Precautions for the 6-bit up/down counter (UDC)
e Be sure to stop counter operations first before setting the UDC.
e When using the UDC, set the CIO/PO3/INTP3 pin to the input mode (set 1 to bit 3 (PM03) of the port mode
register 0).
e When writing the data in the UDC after releasing the reset and before starting UDC operations, set the
UDM to O first.

(2) Precautions for the 6-bit up/down counter compare register (UDCC)
e Be sure to stop counter operations first before setting the UDCC.

(3) Precautions for the 6-bit up/down counter mode register (UDM)
e Do not set the UDMO, UDM1, and UDMS3 using the same timings as the effective edges input to the CI10/
PO3/INTP3 pin.
e The UDM4 can be rewritten from 0 to 1 immediately afteritis reset. Do notrewrite it during UDC operations
nor rewrite it from 1 to O.
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11.1 Clock Output Control Circuit Functions

The clock output control circuit is intended for carrier output during remote controlled transmission and clock
output for supply to peripheral LSI. Clocks selected with the timer clock select register 0 (TCLO) are output from
the PCL/P35 pin.

Follow the procedure below to output clock pulses.

[1] Selectthe clock pulse output frequency (with clock pulse output disabled) with bits 0to 3 (TCLOO to TCL03)
of TCLO.

[2] Set the P35 output latch to 0.

[3] Set bit 5 (PM35) of port mode register 3 (PM3) to O (set to output mode).

[4] Set bit 7 (CLOE) of TCLO to 1.

Caution Clock output cannot be used when setting P35 output latch to 1.

Remark When clock output enable/disable is switched, the clock output control circuit does not output pulses
with small widths (See the mark % in Figure 11-1).

Figure 11-1. Remote Controlled Output Application Example
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11.2 Clock Output Control Circuit Configuration
The clock output control circuit consists of the following hardware.

Table 11-1. Clock Output Control Circuit Configuration

Item Configuration

Timer clock select register 0 (TCLO)

Control register )
Port mode register 3 (PM3)

Figure 11-2. Clock Output Control Circuit Block Diagram

32> ————
fx2t ———

fx/2° —————]

fx2® ————

Selector

Synchro-
nizing
nizing . » © PCLIP35

2 —

2 —

fxr ————

4

[ =t
P35

CLOE|TCLO3|TCL02|TCLO1|TCLOO output PM35
latch

Port mode register 3

‘ ‘ Timer clock select register 0

S Internal bus S

11.3 Clock Output Function Control Registers

The following two types of registers are used to control the clock output function.

e Timer clock select register 0 (TCLO)
e Port mode register 3 (PM3)

(1) Timer clock select register 0 (TCLO)
This register sets PCL output clock.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TCLO to 00H.

Remark Besides setting PCL output clock, TCLO sets the 16-bit timer register count clock.
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Symbol () 6

Figure 11-3. Timer Clock Select Register 0 Format

5 4 3 2 1 0 Address After Reset R/W
TCLO | CLOE | TCLO6 | TCLO5| TCLO4 | TCLO3 | TCLO2 | TCLO1 | TCLOO FF40H 00H RIW
| | | | | |
TCLO3|TCLO2 | TCLO1 | TCLOO| PCL Output Clock Selection
0 0 0 0 | fxr (32.768 kHz)
0 1 1 1 | /2% (625 kHz)
1 0 0 0 | /2" (313 kHz)
1 0 0 1 | fx/2° (156 kHz)
1 0 1 0 | f/2°(78.1 kHz)
1 0 1 1 | /2" (39.1 kHz)
1 1 0 0 | /2 (19.5 kHz)
Other than above Setting prohibited
TcLos | TeLos | TeLoa 16-bit Timer Register Count Clock
Selection
0 0 0 TIO (Valid edge specifiable)
0 0 1 | fx (5.0 MHz)
0 1 0 |2 (2.5MHz)
0 1 1 | fx/2° (1.25 MHz)
1 0 0 | f/2° (625 kHz)

Other than above

Setting prohibited

CLOE | PCL Output Control
0 Output disable
1 Output enable

Cautions 1. Setting of the TIO/POO/INTPO pin valid edge is performed by external interrupt mode
register (INTMO), and selection of the sampling clock frequency is performed by the
sampling clock select register (SCS).
When enabling PCL output, set TCLOO to TCLO3, then set 1in CLOE with a 1-bit memory
manipulation instruction.
To read the count value when TI0 has been specified as the TMO count clock, the value
should be read from TMO, not from the 16-bit capture register (CR0O1).

If TCLO is to be rewritten in data other than identical data, the timer operation must
be stopped first.

Remarks 1. fx

T
T

o s~ wDbd

fxr

: Main system clock frequency

10 : 16-bit timer/event counter input pin
MO : 16-bit timer register

: Subsystem clock oscillation frequency

Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P35/PCL pin for clock output function, set PM35 and output latch of P35 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3

170

Figure 11-4. Port Mode Register 3 Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
PM37|PM36 | PM35| PM34 | PM33 | PM32 | PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n| P3n 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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12.1 Buzzer Output Control Circuit Functions

The buzzer output control circuit outputs 1.2 kHz, 2.4 kHz, or 4.9 kHz frequency square-wave. The buzzer
frequency selected with timer clock select register 2 (TCL2) is output from the BUZ/P36 pin.
Follow the procedure below to output the buzzer frequency.

[1] Select the buzzer output frequency with bits 5 to 7 (TCL25 to TCL27) of TCL2.

[2] Set the P36 output latch to 0.

[3] Set bit 6 (PM36) of port mode register 3 (PM3) to 0 (Set to output mode).

Caution Buzzer output cannot be used when setting P36 output latch to 1.

12.2 Buzzer Output Control Circuit Configuration

The buzzer output control circuit consists of the following hardware.

Table 12-1. Buzzer Output Control Circuit Configuration

Item

Configuration

Control register

Timer clock select register 2 (TCL2)

Port mode register 3 (PM3)

Figure 12-1. Buzzer Output Control Circuit Block Diagram

fx/2" ———— 5
11 °
2 2 BUZ/P36
)2? - »
3
P36
[TCL27[TCL26[TCL25 output PM36
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)
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12.3 Buzzer Output Function Control Registers
The following two types of registers are used to control the buzzer output function.

e Timer clock select register 2 (TCL2)
e Port mode register 3 (PM3)

(1) Timer clock select register 2 (TCL2)
This register sets the buzzer output frequency.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input clears TCL2 to 00H.

Remark Besides setting the buzzer output frequency, TCL2 sets the watch timer count clock and the
watchdog timer count clock.
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Figure 12-2. Timer Clock Select Register 2 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL2 [TCL27|TCL26|TCL25|TCL24| 0 |TCL22|TCL21|TCL20 FF42H 00H RIW
Count Clock Selection

TCL22|TCL21 TCL20 Watchdog Timer Mode | Interval Timer Mode
0 0 0 | fx2° (625 kHz) fx/2* (313 kHz)
0 0 1 | fx2* (313 kHz) x/2° (156 kHz)
0 1 0 | fx2° (156 kHz) x/2° (78.1 kHz)
0 1 1 | fx/2° (78.1 kHz) x/27 (39.1 kHz)
1 0 0 |27 (39.1 kHz) x/2° (19.5 kHz)
1 0 1 | f¥2° (19.5 kHz) x/2° (9.8 kHz)
1 1 0 | f¥2° (9.8 kHz) x/2'° (4.9 kHz)
1 1 1 | fx2" (2.4 kHz) x/2'2 (1.2 kHz)

TCL24 | Watch Timer Count Clock Selection
0 | f2°(19.5kHz)
1 | fxr(32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer Output Frequency Selection
0 X X Buzzer output disable
1 0 0 | 2" (4.9 kHz)
1 0 1 | fx2" (2.4 kHz)
1 1 0 | 2" (1.2kHz)
1 1 1 Setting prohibited

Caution If TCL2isto be rewritten in data other than identical data, the timer operation must be stopped
first.
Remarks 1. fx : Main system clock frequency

2. fx1: Subsystem clock oscillation frequency
3. x:don’t care
4. Figures in parentheses apply to operation with fx = 5.0 MHz or fxr = 32.768 kHz.
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P36/BUZ pin for buzzer output function, set PM36 and output latch of P36 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
PM3

174

Figure 12-3. Port Mode Register 3 Format

7 6 5 4 3 2 1 0 Address  After Reset R/W
PM37|PM36 | PM35| PM34 | PM33| PM32 |PM31 | PM30 FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n| P3n Pin Input/Output Mode Selection (n =0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)




CHAPTER 13 A/D CONVERTER

13.1 A/D Converter Functions

The A/D converter converts an analog input into a digital value. It consists of 8 channels (ANIO to ANI7) with
an 8-bit resolution.

The conversion method is based on successive approximation and the conversion result is held in the 8-bit
A/D conversion result register (ADCR).

The following two ways are available to start A/D conversion.

(1) Hardware start
Conversion is started by trigger input (INTP3).

(2) Software start
Conversion is started by setting the A/D converter mode register (ADM).

One channel of analog input is selected from ANIO to ANI7 and A/D conversion is carried out. In the case
of hardware start, A/D conversion operation stops when it terminates, and an interrupt request (INTAD) is
generated. Inthe case of software start, the A/D conversion operation is repeated. Each time an A/D conversion
operation ends, an interrupt request (INTAD) is generated.

13.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

Table 13-1. A/D Converter Configuration

Iltem Configuration

Analog input 8 channels (ANIO to ANI7)

Control register | A/D converter mode register (ADM)
A/D converter input select register (ADIS)

Register Successive approximation register (SAR)
A/D conversion result register (ADCR)
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Figure 13-1. A/D Converter Block Diagram

S Internal bus g

iE A/D converter input select register
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Notes 1. Selector to select the number of channels to be used for analog input
2. Selector to select the channel for A/D conversion
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1)

)

©)

4)

(5)

(6)

)

(8)

9)

Successive approximation register (SAR)

This register compares the analog input voltage value to the voltage tap (compare voltage) value applied
from the series resistor string and holds the result from the most significant bit (MSB).

When up to the least significant bit (LSB) is held (termination of A/D conversion), the SAR contents are
transferred to the A/D conversion result register (ADCR).

A/D conversion result register (ADCR)

This register holds the A/D conversion result. Each time A/D conversion terminates, the conversion result
is loaded from the successive approximation register (SAR).

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes ADCR undefined.

Sample & hold circuit

The sample & hold circuit samples each analog input signal sequentially applied from the input circuit and
sends it 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 to the series resistor string output voltage.

Series resistor string
The series resistor string is connected between AVrer and AVss and generates a voltage to be compared
to the analog input.

ANIO to ANI7 pins

These are 8-channel analog input pins to input analog signals to undergo A/D conversion to the A/D
converter.

These pins except analog input pins selected with the A/D converter input select register (ADIS) can be used
as the input/output port.

Caution Use ANIO to ANI7 input voltages within the specified range. If a voltage higher than AV REF
or lower than AV ss is applied (even if within the absolute maximum ratings), the converted
value of the corresponding channel becomes indeterminate and may adversely affect the
converted values of other channels.

AVREF pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrer
and AVss.

AVss pin
Ground potential pin of the A/D converter. It must be atthe same level as the Vss pin evenif the A/D converter
is not used.

AVop pin

Analog power supply pin of the A/D converter. It must be at the same level as the Vob pin even if the A/
D converter is not used.
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13.3 A/D Converter Control Registers

The following two types of registers are used to control the A/D converter.

e A/D converter mode register (ADM)
e A/D converter input select register (ADIS)

(1) A/D converter mode register (ADM)

This register sets the analog input channel for A/D conversion, conversion time, conversion start/stop, and
external trigger.

ADM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 01H.
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Figure 13-2. A/D Converter Mode Register Format

Symbol (%) (B 5 4 3 2 1 0  Address After Reset R/W

ADM | CS | TRG | FR1 | FRO |/ADM3|ADM2|ADM1| HSC FF80H 01H R/W

ADM3 |ADM2 | ADM1 | Analog Input Channel Selection
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

A/D Conversion Time Selection Note®

FR1 FRO
When Operated at fx = 5.0 MHz When Operated at fx = 4.19 MHz
0 0 160/fx (32.0 us) 160/fx (38.1 us)
0 1 80/fx (setting prohibited Nete 2) 80/fx (19.1 pus)
1 0 200/fx (40.0 us) 200/fx (47.7 us)
1 1 Setting prohibited

TRG | External Trigger Selection

0 No external trigger (software starts mode)

1 Conversion started by external trigger (hardware starts mode)

CS A/D Conversion Operation Control

0 Operation stop

1 Operation start

Notes 1. Set so that the A/D conversion time is 19.1 us or more.
2. Setting prohibited because A/D conversion time is less than 19.1 ps.

Cautions 1. "1" should be set in bit 0.
2. In consideration of power consumption reduction at the A/D converter when the
standby function is working, clear bit 7 (CS) of this register to 0 to stop the A/D
conversion operation before executing a HALT or STOP instruction.
3. When restarting the stopped A/D conversion operation, start the A/D conversion
operation after clearing the interrupt request flag (ADIF) to O.

Remark fx: Main system clock frequency
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(2) A/D converter input select register (ADIS)
This register determines whether the ANI0/P10 to ANI7/P17 pins should be used for analog input channels
or ports. The pins which are not selected for analog input pins can be used as the input/output port.

ADIS is set with an 8-bit memory manipulation instruction.

RESET input clears ADIS to 00H.

Cautions 1. Set the analog input channel in the following order.

[1] Set the number of analog input channels with ADIS.

[2] Using ADM, select one channel to undergo A/D conversion among the channels

which are set for analog input with ADIS.

2. Nointernal pull-up resistor can be connected to the channels set for analog input with

ADIS, irrespective of the value of bit 1 (PUOL1) of the pull-up resistor option register.

Figure 13-3. A/D Converter Input Select Register Format

Symbol 7 6 5 4 3 2

1 0 Address  After Reset RIW
ADIS 0 0 0 0 |ADIS3|ADIS2|ADIS1|ADISO| FF84H 00H R/IW
\ \ \ \
ADIS3|ADIS2 | ADIS1 | ADISO| Number of Analog Input Channel Selection

0 0 0 0 No analog input channel (P10 to P17)
0 0 0 1 1 channel (ANIO, P11 to P17)
0 0 1 0 2 channels (ANIO, ANI1, P12 to P17)
0 0 1 1 3 channels (ANIO to ANI2, P13 to P17)
0 1 0 0 4 channels (ANIO to ANI3, P14 to P17)
0 1 0 1 5 channels (ANIO to ANI4, P15 to P17)
0 1 1 0 6 channels (ANIO to ANI5, P16, P17)
0 1 1 1 7 channels (ANIO to ANI6, P17)
1 0 0 0 8 channels (ANIO to ANI7)
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13.4

A/D Converter Operations

13.4.1 Basic operations of A/D converter

[1]
(2]

(3]
[4]

(5]

(6]

(7]

(8]
(9]

Set the number of analog input channels with the A/D converter input select register (ADIS).

From among the analog input channels set with ADIS, select one channel for A/D conversion with the
A/D converter mode register (ADM).

Sample the voltage input to the selected analog input channel with the sample & hold circuit.
Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
holds the input analog voltage until termination of A/D conversion.

Bit 7 of successive approximation register (SAR) is set and the tap selector sets the series resistor string
voltage tap to (1/2) AVRer.

The voltage difference between the series resistor string voltage tap and analog input is compared with
a voltage comparator. If the analog input is larger than (1/2) AVrer, the MSB of SAR remains set. If the
input is smaller than (1/2) AVrer, the MSB is reset.

Next, bit 6 of SAR is automatically set and the operation proceeds to the next comparison. In this case,
the series resistor string voltage tap is selected according to the preset value of bit 7 as described below.
* Bit 7 =1: (3/4) AVRrer

e Bit 7 =0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated with the result
as follows.

* Analog input voltage > Voltage tap: Bit6 =1

* Analog input voltage < Voltage tap: Bit 6 = 0

Comparison of this sort continues up to bit 0 of SAR.

Upon completion of the comparison of 8 bits, any effective digital resultant value remains in SAR and the
resultant value is transferred to and latched in the A/D conversion result register (ADCR).

At the same time, the A/D conversion termination interrupt request (INTAD) can also be generated.
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A/D converter
operation

SAR

ADCR

INTAD

Figure 13-4. A/D Converter Basic Operation
Conversion
time
Sampling time
Sampling A/D conversion
. COH .
g ;J_n g 80H or Converlsmn
efine 40H result
\
Conversion
Result

A/D conversion operations are performed continuously until the CS bit is reset (to 0) by software.
If a write to the ADM register is performed during an A/D conversion operation, the conversion operation is

initialized, and if the CS bit is set (to 1), conversion starts again from the beginning.
After RESET input, the value of ADCR is undefined.
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13.4.2 Input voltage and conversion results
The relation between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D

conversion result (the value stored in the AD conversion result register (ADCR)) is shown by the following
expression.

VIN
ADCR = INT( x 256 + 0.5)
AVREF
or
AVREF AVREF

(ADCR - 0.5) x

< Vin < (ADCR + 0.5) x

256
Remarks 1. INT ( ) : Function which returns integer parts of value in parentheses.
2. Vin : Analog input voltage

3. AVRrRer : AVREer pin voltage
4. ADCR : A/D conversion result register (ADCR) value

Figure 13-5 shows the relation between the analog input voltage and the A/D conversion result.

Figure 13-5. Relation between Analog Input Voltage and A/D Conversion Result

255 -
264 +—————+—F—---——--
253 o muas
A/D T T T S S N
Conversion N T S S S S SR SR R
Results e
(ADCR) 3 e
2 7777777
1 7777777
O 7777777
1 1 3 2 5 3 507 254 509 255 511 1
512 256 512 256 512 256 512 256 512 256 512

Input Voltage AVrer
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13.4.3 A/D converter operating mode

One analog input channel is selected from among ANIO to ANI7 with the A/D converter input select register
(ADIS) and A/D converter mode register (ADM) and A/D conversion is started.

The following two ways are available to start A/D conversion.

* Hardware start: Conversion is started by trigger input (INTP3).
e Software start: Conversion is started by setting ADM.

The A/D conversion result is stored in the A/D conversion result register (ADCR) and the interrupt request
signal (INTAD) is simultaneously generated.

(1) A/D conversion by hardware start
When bit 6 (TRG) and bit 7 (CS) of ADM are set to 1, the A/D conversion standby state is set. When the
external trigger signal (INTP3) is input, the A/D conversion starts on the voltage applied to the analog input
pins specified with bits 1 to 3 (ADM1 to ADM3) of the A/D converter mode register (ADM).
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, another operation is not started until a new external trigger signal is input.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and waits for a new external trigger signal to be input. When the external trigger input
signal is reinput, A/D conversion is carried out from the beginning.
If data with CS set to O is written to ADM during A/D conversion, the A/D conversion operation stops
immediately.

Figure 13-6. A/D Conversion by Hardware Start

L L L] oUu

ADM rewrite ADM rewrite
CS=1,TRG=1 CS=1,TRG=1
A/D conversion Standby ANIn ANIn [S@ndby | AN Standby ANIm | ANIm | ANIm
state state state

NN NN
AR ) 1|0

ADCR

NS

< ANIn >< ANIn >< ANIn >< ANIm >< ANIm

T LI

Remark n=0,1, ...,7
m=0,1,..,7
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(2) A/D conversion by software start
When bit 6 (TRG) and bit 7 (CS) of A/D converter mode register (ADM) are set to 0 and 1, respectively,
the A/D conversion starts on the voltage applied to the analog input pins specified with bits 1 to 3 (ADM1
to ADM3) of ADM.
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, the next A/D conversion operation starts immediately. The A/D conversion operation
continues repeatedly until new data is written to ADM.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and starts A/D conversion on the newly written data.
If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops

immediately.
Figure 13-7. A/D Conversion by Software Start
Conversion start ADM rewrite ADM rewrite
CS=1,TRG=0 CS=1,TRG=0 CS=0,TRG=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

S
Conversion suspended {
Conversion results Stop
are not stored
ADCR >< ANIn >< ANIn >< ANIm

INTAD

Remark n=0,1, ...,7
m=0,1,..,7

185



CHAPTER 13 A/D CONVERTER

13.5 A/D Converter Precautions

(1) Current consumption in standby mode
The A/D converter operates on the main system clock. Therefore, its operation stops in STOP mode or in
HALT mode with the subsystem clock. As a current still flows in the AVRrer pin at this time, this current must
be cut in order to minimize the overall system power dissipation.
In this example, the power dissipation can be reduced if a low level is output to the output port in the standby
mode. However, the actual AVrer voltage is not so accurate and, accordingly, the converted value is not
accurate and should be used for relative comparison only.

Figure 13-8. Example of Method of Reducing Current Consumption in Standby Mode

Voo
Output port
AVRer
AVRer = Vbb
Series resistor string
AVss

UPD78044F
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(2

(3)

4)

(5)

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage above
AVRrer or below AVss is input (even if within the absolute maximum rating range), the conversion value for
that channel will be indeterminate. The conversion values of the other channels may also be affected.

Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on pins AVrer and ANIO to ANI7. Since
the effect increases in proportion to the output impedance of the analog input source, it is recommended
that a capacitor is connected externally as shown in Figure 13-9 in order to reduce noise.

Figure 13-9. Analog Input Pin Disposition

If there is possibility to enter noise whose
level is AVrer or higher or AVss or lower,
clamp with a diode with a small V£ (0.3 V or less).

Reference AVrer
voltage input o /
AVREF
j_ ANIO to ANI7
C=100to *+

1000 pF \Vbb
AVbD
AVss
Vss

Pins ANIO/P10 to ANI7/P17

The analog input pins ANIO to ANI7 also function as input/output port (PORT1) pins. Pins used as the analog
input should be specified to the input mode. When A/D conversion is performed with any of pins To execute
A/D conversion by selecting any of ANIO to ANI7, do not execute an instruction that inputs data to PORT
1 during conversion, as this may reduce the conversion resolution.

Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to
pins adjacent to the pin undergoing A/D conversion.

AVREer pin input impedance

A series resistor string of approximately 10 kQ is connected between the AVrer pin and the AVss pin.
Therefore, if the output impedance of the reference voltage source is high, this will result in parallel
connection to the series resistor string between the AVrer pin and the AVss pin, and there will be a large
reference voltage error.
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(6)

)

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the A/D converter mode register (ADM) is changed.
Caution is therefore required since, if a change of analog input pin is performed during A/D conversion, the
ADIF and the A/D conversion result for the pre-change analog input may be set just before the ADM rewrite,
and when ADIF is read immediately after the ADM rewrite, ADIF may be set despite the fact that the A/D
conversion for the post-change analog input has not ended. (Refer to Figure 13-10.)

When the A/D conversion is stopped, the ADIF must be cleared before restarting.

Figure 13-10. A/D Conversion End Interrupt Request Generation Timing

ADM rewrite ADM rewrite ADIF is set but ANIm
(Start of ANIn conversion) (Start of ANIm conversion) conversion has not ended
A/D conversion ANIn ANIn ANIm ANIm

;
I
I
I
I
I
I
I
I
:
ADCR ANIn ! ANIn ANIm ANIm
|
|
I
I
|

INTAD

Remark n=0,1, ...,7
m=0,1,..,7

AVop pin

The AVop pin is the analog circuit power supply pin, and supplies power to the input circuits of ANIO/P10
to ANI7/P17.

Therefore, be sure to apply the voltage at the same level as Vop as shown in Figure 13-11 even in an
application where the power supply is switched to the back-up power supply.

Figure 13-11. AV ob Pin Connection

N AVrer

Main power supply — Back up AVoo
T capacitor
. Vss
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The uPD78044F Subseries incorporates two channels of clock synchronous serial interfaces.
Differences between channels 0 and 1 are as follows (Referto CHAPTER 15 SERIAL INTERFACE CHANNEL

1 for details of the serial interface channel 1).

Table 14-1. Differences between Channels 0 and 1

Serial Transfer Mode

Channel 0

Channel 1

3-wire serial I/O | Clock selection

fx/22, fx/23, x124, fx/25, /28,
fx/27, £x/28, fx/2° external
clock, TO2 output

/22, £x123, fx/24, fx/2°, fx/28,
fx/27, £x/28, fx/2° external
clock, TO2 output

Transfer method

MSB/LSB switchable as
the start bit

MSB/LSB switchable as
the start bit

Automatic transmit/
receive function

Transfer end flag

Serial transfer end interrupt
request flag (CSIIFO)

Serial transfer end interrupt
request flag (CSIIF1)

SBI (serial bus interface)

2-wire serial I/O

Use possible

None
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14.1 Serial Interface Channel 0 Functions

Serial interface channel 0 employs the following four modes.

Table 14-2. Difference of Serial Interface Channel 0 Mode

Operating Mode

Used Pin

Features

Usage

Operation stop
mode

Used when serial transfer is not carried.
Power consumption can be reduced.

3-wire serial I/0

SCKO (serial clock),

Input and output lines are independent and

mode SO0 (serial output), they can transfer/receive at the same time,
SI0 (serial input) so the data transfer processing time is fast.
* Since the start bit of 8-bit data to undergo
serial transfer is switchable between MSB
and LSB.
SBI mode SCKO (serial clock), » Enables configuration of serial bus with two

SBO or SB1 (serial
data bus)

signal lines, thus, even when connected to
some microcontrollers, the number of ports
can be cut and the wiring and drawing
around on a board reduced.

High-speed serial interface complying with
the NEC standard bus format.

Address, command and data information onto
the serial bus

The wake-up function for handshake and the
output function of acknowledge signal and
busy signal can also be used.

2-wire serial I/0

SCKO (serial clock),

Enables to cope with any data transfer format

These modes are valid for
connection of peripheral
1/0 units and display
controllers which incorporate
a conventional synchronous
clocked serial interface as is
the case with the 75X/XL,
78K and 17K series.

mode SBO or SB1 (serial by program, thus, the handshake lines
data bus) previously necessary for connection of two or
more devices can be removed.
Caution Do not change the operating mode (3-wire serial 1/0, 2-wire serial 1/0O, or SBI) while the

operation of serial interface channel 0 is enabled. To change the operating mode, stop the
serial operation once.
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14.2 Serial Interface Channel 0 Configuration

Serial interface channel 0 consists of the following hardware.

Table 14-3. Serial Interface Channel 0 Configuration

Item

Configuration

Register

Serial /0O shift register 0 (SIO0)
Slave address register (SVA)

Control register

Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
Interrupt timing specify register (SINT)
Port mode register 2 (PM2) Note

Note RefertoFigure 4-5P20,P21,P23to P26 Block Diagram andFigure 4-6 P22 and P27 Block Diagram
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1)

)

3)

4)

(5)

Serial 1/0O shift register 0 (SIO0)

This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation) in synchronization with the serial clock.

SIOO0 is set with an 8-bit memory manipulation instruction.

When bit 7 (CSIEOQ) of serial operating mode register 0 (CSIMO) is 1, writing data to SIOO starts serial
operation.

In transmission, data written to SIOO0 is output to the serial output (SO0) or serial data bus (SBO/SB1).
In reception, data is read from the serial input (SI0) or SB0O/SB1 to SIOO.

The SBI mode and 2-wire serial /O mode bus configurations enables the pin to serve for both input and
output. Thus, in the case of a device for reception, write FFH to SIO0 in advance (except when address
reception is carried out by setting bit 5 (WUP) of CSIMO to 1).

In the SBI mode, the busy state can be cleared by writing data to SIO0. In this case, bit 7 (BSYE) of the
serial bus interface control register (SBIC) is not cleared to 0.

RESET input makes SIO0 undefined.

Slave address register (SVA)

This is an 8-bit register to set the slave address value for connection of a slave device to the serial bus.
SVA is set with an 8-bit memory manipulation instruction. This register is not used in the 3-wire serial 1/0
mode.

The master device outputs a slave address for selection of a particular slave device to the connected slave
device. These two data (the slave address output from the master device and the SVA value) are compared
with an address comparator. If they match, the slave device has been selected. In that case, bit 6 (COIl)
of serial operating mode register 0 (CSIMO) becomes 1.

Address comparison can also be executed on the data of LSB-masked high-order 7 bits by setting bit 4
(SVAM) of the interrupt timing specify register (SINT) to 1.

If no matching is detected in address reception, bit 2 (RELD) of the serial bus interface control register (SBIC)
is cleared to 0. The wake-up function can be used by setting bit 5 (WUP) of CSIMO to 1. In this case, the
interrupt request signal (INTCSIO) is generated only when the slave address output by the master coincides
with the value of SVA, and it can be learned by this interrupt request that the master requests for
communication. If bit 5 (SIC) of the interrupt timing specify register (SINT) is set to 1, the wake-up function
cannot be used even if WUP is set to 1 (an interrupt request signal is generated when bus release is
detected). To use the wake-up function, clear SIC to 0.

Further, an error can be detected by using SVA when the device transmits data as master or slave device
in the SBI or 2-wire serial /0 mode.

RESET input makes SVA undefined.

SO0 latch
This latch holds S10/SB0/P25 and SO0/SB1/P26 pin levels. It can be directly controlled by software.
In the SBI mode, this latch is set upon termination of the 8th serial clock.

Serial clock counter
This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.

Serial clock control circuit

This circuit controls serial clock supply to the serial I/O shift register 0 (SIO0). When the internal system
clock is used, the circuit also controls clock output to the SCKO0/P27 pin.
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(6)

)

(8)

194

Interrupt request signal generator
This circuit controls interrupt request signal generation. It generates the interrupt request signal in the
following cases.

* In the 3-wire serial /0O mode and 2-wire serial /0O mode
This circuit generates an interrupt request signal every eight serial clocks.

* In the SBI mode
When WUP Mot s 0 .... Generates an interrupt request signal every eight serial clocks.
When WUP N js 1 ... Generates an interrupt request signal when the serial I/O shift register 0 (S100)
value matches the slave address register (SVA) value after address reception.

Note WUP is a wake-up function specify bit. It is bit 5 of serial operating mode register 0 (CSIM0). To
use the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specify register (SINT)
to 0.

Busy/acknowledge output circuit and bus release/command/acknowledge detector
These two circuits output and detect various control signals in the SBI mode.
These do not operate in the 3-wire serial I/O mode and 2-wire serial I/O mode.

P27 output latch

This latch generates a serial clock by software after termination of eight serial clocks.
When using serial interface channel 0, set the P27 output latch to 1.

RESET input clears the latch to 0.
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14.3 Serial Interface Channel 0 Control Registers

The following four types of registers are used to control serial interface channel 0.

Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
Interrupt timing specify register (SINT)

(1) Timer clock select register 3 (TCL3) (See Figure 14-2.)

(2)

This register sets the serial clock of serial interface channel 0.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Remark TCL3 has functions to set the serial clock of serial interface channel 1 except to set the serial clock
of serial interface channel 0.

Serial operating mode register 0 (CSIMO)  (See Figure 14-3.)

This register sets serial interface channel 0 serial clock, operating mode, operation enable/stop wake-up
function and displays the address comparator match signal.

CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears CSIMO to 00H.

Caution Do not change the operating mode (3-wire serial 1/0, 2-wire serial 1/0, or SBI) while the

operation of serial interface channel O is enabled. To change the operating mode, stop the
serial operation once.
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Symbol 7 6

TCL3

196

5

Figure 14-2. Timer Clock Select Register 3 Format

4

3

2

1

0

TCL37|TCL36

TCL35

TCL34

TCL33

TCL32

TCL31

TCL30

Caution

serial transfer before writing the value.

Remarks 1.

Address

FF43H

After R

eset

88H

R/W
R/IW

TCL33

TCL32|TCL31

TCL30

Serial Interface Channel 0
Serial Clock Selection

fx/2? (1.25 MHz)

fx/2® (625 kHz)

fx/2* (313 kHz)

fx/2° (156 kHz)

fx/2° (78.1 kHz)

fx/2” (39.1 kHz)

P OO0 |0k |k
Olr|P|O|O |k | kK

fx/2® (19.5 kHz)

Rlr|Rr|Rr|lkr|R|o|O

1 0

P | O|r|O|Fr|O|Fr | O

fx/2° (9.8 kHz)

Other than above

Setting prohibited

fx:

Main system clock frequency

TCL37

TCL36 | TCL35

TCL34

Serial Interface Channel 1
Serial Clock Selection

fx/2? (1.25 MHz)

fx/2° (625 kHz)

fx/2* (313 kHz)

fx/2° (156 kHz)

fx/2° (78.1 kHz)

fx/2” (39.1 kHz)

P OO0 |O|(kFr |k
oO|lrRr|rP|O|lO|F|F

fx/2® (19.5 kHz)

RlRr|Rr|RPr|kr|L,|o|O

1 0

P | O|r|O|Fr|O|Fr | O

fx/2° (9.8 kHz)

Other than above

Setting prohibited

2. Figures in parentheses apply to operation with fx = 5.0 MHz.

If a value which is not the same as the previous value must be written to TCL3, stop the
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Figure 14-3. Serial Operating Mode Register 0 Format (1/2)

Symbol @ ® ® 4 3 2 1 0 Address After Reset
CSIM|CSIM|CSIM|CSIM|CSIM
CSIMO [csieq) cor (wup |~ M=o = o | o0 FF60H 00H R/W Note 1
RIW CgllM Cg(le Serial Interface Channel 0 Clock Selection
0 x Input clock to SCKO pin from off-chip
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W |csim|csIM|CSIM Operating Start SI0/P25 S00/P26 SCKO/P27
04 | 03 | 02 PMI25| P25 |PM26| P26 \PM2T) P27 Mode Bit Pin Function Pin Function Pin Function
CK
o | 0 o lol ol ol 4 |3wiesera MSB SI Note 2 S00 ((S:MOOS
1/0 mod Input M tput,
1 /O mode LSB (Input) (CMOS output) input/output)
Note 3 | Note 3 P25 SBl
0 x x 0 0 0 1 (CMOS (N-ch open-drain
input/output) input/output) SCKO
1 0 SBI mode MSB (CMOSs
Note 3 | Note 3 SBO P26 input/output)
1 0 0 x X 0 1 (N-ch open-drain| (CMOS input/
input/output) output)
Note 3 | Note 3 P25 SBl
0 X X 0 0 0 1 (CMOS (N-ch open-drain
2-wire serial input/output) input/output) SCKO
1 1 MSB (N-ch open-drain
Note 3 |Note 3 I/0 mode SBO P26 input/ output)
1 0 0 x x 0 1 (N-ch open-drain (CMOS
input/output) input/output)
R/W |WUP| Wake-up Function Control Note 4
0 Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the
slave address register in SBI mode

Notes 1. Bit 6 (COl) is a Read-Only bit.

Remark x:

2. Can be used as P25 (CMOS input) when used only for transmission.
3. Can be used freely as port function.

4. To use the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specify register
(SINT) to 0.

don’t care

PMxx: Port mode register
Pxx: Port output latch
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Figure 14-3. Serial Operating Mode Register 0 Format (2/2)

R | COIl | Slave Address Comparison Result Flag V¢

0 Slave address register not equal to serial 1/0 shift register 0 data

1 Slave address register equal to serial 1/O shift register O data

R/W |CSIEO | Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable

Note COIl becomes 0 when CSIEO = 0.

(3) Serial bus interface control register (SBIC)
This register sets serial bus interface operation and displays statuses.
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SBIC to 00H.

Figure 14-4. Serial Bus Interface Control Register Format (1/2)

Symbol @ ® B @ ® (@ @ (© Address AfterReset RMW

SBIC |BSYE|ACKD|ACKE |ACKT |CMDD|RELD [CMDT|RELT| FF61H 00H R/ Note

R/W Use for bus release signal output.
RELT | When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

R/W Use for command signal output.
CMDT | When CMDT = 1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to (0).
Also cleared to (0) when CSIEO = 0.

R |RELD | Bus Release Detection

Clear Conditions (RELD = 0) Set Conditions (RELD = 1)
« When transfer start instruction is executed ¢ When bus release signal (REL) is detected
* If SIO0 and SVA values do not match in address

reception

* When CSIEO =0
¢« When RESET input is applied

R |CMDD | Command Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

« When transfer start instruction is executed * When command signal (CMD) is detected
¢ When bus release signal (REL) is detected
e When CSIEO =0

« When RESET input is applied

R/W Acknowledge signal is output in synchronization with the falling edge clock of SCKO just after execu-
ACKT | tion of the instruction to be set to 1, and after acknowledge signal output, automatically cleared to 0.
Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

Note Bits 2, 3 and 6 (RELD, CMDD and ACKD) are Read-Only bits.

Remark CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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Figure 14-4. Serial Bus Interface Control Register Format (2/2)

R/W | ACKE | Acknowledge Signal Output Control
0 Acknowledge signal automatic output disable (output with ACKT enable)
Before completion Acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 After completion Acknowledge signal is output in synchronization with the falling edge of SCKO
of transfer just after execution of the instruction to be set to 1 (automatically output when
ACKE =1).
However, not automatically cleared to O after acknowledge signal output.

R |ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0)

Set Conditions (ACKD = 1)

¢ At the falling edge of SCKO immediately after the
busy mode has been released when a transfer
start instruction is executed

¢ When CSIEO = 0

« When RESET input is applied

* When acknowledge signal (ACK) is detected at the
rising edge of SCKO clock after completion of
transfer

R/W | BSYEN® |Synchronizing Busy Signal Output Control

0

Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0.

1 Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by start of serial interface transfer or reception of address signal. However,

BSYE flag is not cleared to 0.

Remarks 1. Bits 0, 1, and 4 (RELD, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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(4) Interrupt timing specify register (SINT)
This register sets the bus release interrupt and address mask functions and displays the SCKO pin level
status.
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SINT to 00H.

Figure 14-5. Interrupt Timing Specify Register Format

Symbol 5 ® 6 O 3 2 1 0 Address After Reset  R/W

SINT 0 CLD | SIC [SVAM| 0 0 0 0 FF63H O00H R/W Note 1

R/W

SVAM| SVA Bit to be Used as Slave Address

0 Bits 0to 7

1 Bits 1to 7

R/W
SIC | INTCSIO Interrupt Factor Selection Note 2
0 CSIIFO is set upon termination of serial interface
channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel 0 transfer
R

CLD | SCKO Pin Level Note3

0 Low Level

1 High Level

Notes 1. Bit 6 (CLD) is a Read-Only bit.
2. When using wake-up function, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remarks 1. SVA: Slave address register

2. CSIIFO: Interrupt request flag corresponding to INTCSIO
3. CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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14.4 Serial Interface Channel 0 Operations
The following four operating modes are available to the serial interface channel 0.

e Operation stop mode
e 3-wire serial /0O mode
e SBI mode

e 2-wire serial /0O mode

14.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial 1/0 shift register 0 (SIO0) does not carry out shift operation either and thus it can be used as an ordinary
8-bit register.

In the operation stop mode, the P25/SI0/SB0, P26/SO0/SB1 and P27/SCKO pins can be used as ordinary
input/output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 0 (CSIMO).
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIMO to 00H.

Symbol
@ ® ©® 4 3 2 1 0 Address After Reset  R/W

CSIMO |CSIEO| COI | WUP | csiM04 | CSIMO3 | CSIMO2 | CSIMO1 | CSIMOO FF60H O0H R/W

R/W |CSIEO | Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable
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14.4.2 3-wire serial /0 mode operation

The 3-wire serial I/0 mode is valid for connection of peripheral 1/0 units and display controllers which
incorporate a conventional synchronous clocked serial interface as is the case with the 75X/XL, 78K, and 17K
series.

Communication is carried out with three lines of serial clock (SCKO), serial output (SO0), and serial input (S10).

(1) Register setting
The 3-wire serial I/O mode is set with the serial operating mode register 0 (CSIMO0) and serial bus interface
control register (SBIC).

(a) Serial operating mode register 0 (CSIMO0)

CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIMO to 00H.
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Symbol "oy @& ® 4 3 2 1 o0
CSIM|CSIM|CSIM|CSIM|CSIM|
CSIMO |[csiEo| col {wupP o2 103 o2 or | oo

Address After Reset

FF60H

O0H

R/W Note 1

RIW [csim|csIM

01 | 00 Serial Interface Channel 0 Clock Selection

0 X Input clock to SCKO pin from off-chip

1 0 | 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

R/W [csIm|{cSIM|CSIM Operating Start SI0/P25 S0O0/P26 SCKO/P27
04 | 03 | 02 PM25| P25 |PM26| P26 | PM27| P27 Mode Bit Pin Function Pin Function Pin Function
CK
0 3-wire serial MSB SI1Q Note 2 SO0 SCKO
0 ) ! ) 0 0 0 ! 1/0 mode (Input) (CMOS output) (CMOS
1 LSB P P input/output)

1 0 | SBI mode (Refer to 14.4.3 SBI mode operation )

1 0 | 2-wire serial I/0O mode (Refer to 14.4.4 2-wire serial I/O mode operation )

R/W |WUP| Wake-up Function Control Note3

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the
slave address register in SBl mode

R | COIl | Slave Address Comparison Result Flag Noe4

0 Slave address register not equal to serial 1/0 shift register 0 data

1 Slave address register equal to serial 1/O shift register 0 data

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable

Notes 1. Bit 6 (COl) is a Read-Only bit.
2. Can be used as P25 (CMOS input) when used only for transmission.
3. Be sure to set WUP to 0 when the 3-wire serial 1/0 mode is selected.
4. When CSIEO = 0, COIl becomes 0.

Remarks 1. x:

don’t care

2. PMxx: Port mode register

3. Pxx: Port output latch
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(b) Serial bus interface control register (SBIC)

Symbol

SBIC

R/W

R/IW

204

SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SBIC to 00H.

@ ® & @@ @ @ @ (O Address After Reset R/W
BSYE |ACKD|ACKE | ACKT |CMDD| RELD |[CMDT| RELT FF61H 00H R/W
RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.
CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

Bit 7 of the serial operating mode register 0 (CSIMO)
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(2) Communication operation
The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization of the serial clock.
Shift operation of the serial 1/0 shift register 0 (SIO0) is carried out at the falling edge of the serial clock
(SCKO). The transmitted data is held in the SOO latch and is output from the SO0 pin. The received data
input to the SIO pin is latched in SIO0 at the rising edge of SCKO.
Upon termination of 8-bit transfer, SIO0 operation stops automatically and the interrupt request flag (CSIIFO)
is set.

Figure 14-6. 3-Wire Serial 1/0 Mode Timings

SCKO 1 2 3 4 5 6 7 8

SI0 k XK?W X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO

|
|
l
SO0 K DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO

CSIIFO

L End of transfer
Transfer start at the falling edge of SCKO

The SOO pin serves for CMOS output and generates the SO0 latch status. Thus, the SO0 pin output status
can be manipulated by setting bits 0 (RELT) and 1 (CMDT) of the serial bus interface control register (SBIC).

However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 14.4.5 SCKO pin output manipulation ).
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(3) Various signals
Figure 14-7 shows RELT and CMDT operations.

Figure 14-7. RELT and CMDT Operations

SO0 latch ¢ &

/
i

CMDT

(4) MSBJ/LSB switching as the start bit
The 3-wire serial /0 mode enables to select transfer to start at MSB or LSB.
Figure 14-8 shows the configuration of the serial 1/0 shift register 0 (SIO0) and internal bus. As shown in
the figure, MSB/LSB can be read/written in reverse form.
MSB/LSB switching as the start bit can be specified with bit 2 (CSIM02) of the serial operating mode register
0 (CSIMO).

Figure 14-8. Circuit of Switching in Transfer Bit Order

Internal bus -—-—-—-----------1 e O

LSB start L
MSB start ——> Read/write gate | | Read/write gate

SO0 latch

sio —  shitregistero(slo0)  |—{D QW

D U U D W

SO0

SCKO

Start bit switching is realized by switching the bit order for data write to SIO0. The SIOO shift order remains
unchanged.
Thus, switch the MSB/LSB start bit before writing data to the shift register.
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(5) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following
two conditions are satisfied.

» Serial interface channel 0 operation control bit (CSIEQ) = 1

* Internal serial clock is stopped or SCKO is a high level after 8-bit serial transfer.

Caution If CSIEO is set to “1” after data write to SIOO0, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

14.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface that complies with the NEC serial bus format.

SBI has a format with the bus configuration function added to the clocked serial I/O method so that it can carry
out communication with two or more devices with two signal conductors on the single-master high-speed serial
bus. Thus, when making up a serial bus with two or more microcomputers and peripheral ICs, the number of
ports to be used and the number of wires on the board can be decreased.

The master device can output to the serial data bus of the slave device “addresses” for selection of the serial
communication target device, “commands” to instruct the target device and actual “data”. The slave device can
identify the received data into “address”, “command” or “data”, by hardware. This function helps simplify the
application program that controls serial interface channel 0.

The SBI function is incorporated into various devices including 75X/XL-Series 78K-Series devices.

Figure 14-9 shows a serial bus configuration example when a CPU having a serial interface compliant with
SBI and peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin serves for open-drain output and so the serial data bus line is in
wired-OR state. A pull-up resistor is necessary for the serial data bus line.

Refer to (11) SBI mode precautions (d) described later when the SBI mode is used.
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Master CPU

Figure 14-9. Example of Serial Bus Configuration with SBI

SCKO

SBO (SB1)

Serial clock

Voo

:

Serial data bus

SCKO

SBO (SB1)

SCKO

SBO (SB1)

SCKO

SBO (SB1)

Slave CPU

Address 1

Slave CPU

Address 2

Slave IC

Address N

Caution When replacing the master CPU/slave CPU, a pull-up resistor is necessary for the serial
clock line (SCKO) as well because serial clock line (SCKO) input/output switching is carried

208
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CHAPTER 14 SERIAL INTERFACE CHANNEL 0

(1) SBI functions

In the conventional serial I/O method, when a serial bus is constructed by connecting two or more devices,
many ports and wiring are necessary to distinguish chip select signals and command/data and to judge the
busy state because only the data transfer function is available. If these operations are to be controlled by

software, the software must be heavily loaded.

In SBI, a serial bus can be constructed with two signal conductors of serial clock SCKO and serial data bus
SBO (SB1). Thus, SBI is effective to decrease the number of microcomputer ports and that of wirings and

routings on the board.
The SBI functions are described below.

(a) Address/command/data identify function
Serial data is distinguished into addresses, commands and data.

(b) Chip select function by address transmission

The master executes slave chip selection by address transmission.

Figure 14-10. Slave Selection with Address

Master ‘l Slave 1
i(lizvr(;szs transmission L»

Slave 2

Slave 3

Slave 4

(c) Wake-up function

Non-selection

Selection

Non-selection

Non-selection

The slave can easily judge address reception (chip select judgment) with the wake-up function (which

can be set/reset by software).

When the wake-up function is set, the interrupt request signal (CSIIFOQ) is generated upon reception
of a match address. Thus, when communication is executed with two or more devices, the CPU except

the selected slave devices can operate regardless of serial commu

(d) Acknowledge signal (ACK) control function

nication.

The acknowledge signal to check serial data reception is controlled.

(e) Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format is defined as follows.

"o ”

Serial data to be transferred with SBI is distinguished into three types, “address”, “command” and “data”.
Figure 14-11 shows the address, command and data transfer timings.

Figure 14-11. SBI Transfer Timings

Address Transfer

—— T
soser \___ A o [ XXX Ko/ ACK/_BUSY

Bus release
signal Address

Command Transfer Command signal

Y, PSS

Command

Data Transfer

SCKo |||||||||||||||8||9|||||||||
7;--7
SBO/SB1 D7 DO \ACK: BUSY / READY

Data

Remark The dotted line indicates READY status.

The bus release signal and the command signal are output by the master device. BUSY is output by the
slave signal. ACK can be output by either the master or slave device (normally, the 8-bit data receiver
outputs).

Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.

(3) Register setting
The SBI mode is set with the serial operating mode register 0 (CSIMO), the serial bus interface control
register (SBIC) and the interrupt timing specify register (SINT).
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(a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIMO to O0H.

Symbol
@ ® ® 4 3 2 1 0  address AfterReset R/

CSIM|CSIM|CSIM|CSIM|CSIM

CSIMO [esieq) cot (wup =M= oM = oo | oo EE60H 00H R/W Note 1

RIW C(?:ILM CgloM Serial Interface Channel 0 Clock Selection

0 x Input clock to SCKO pin from off-chip

1 0 8-bit timer register 2 (TM2) output

1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

R/W |csIm|CcSIM|CSIM Operating Start SI0/P25 S00/P26 SCKO0/P27
04 | 03 | 02 PM25] P25 |PM26 | P26 | PM27| P27 Mode Bit Pin Function Pin Function Pin Function
0 x 3-wire serial 1/0 mode (Refer to 14.4.2 3-wire serial /0O mode operation )
Note 2 | Note 2 P25 SBl
0 x x 0 0 0 1 (CMOS (N-ch open-drain
input/output) input/output) SCKO
1 0 SBI mode MSB (CMOS
Note 2 | Note 2 SBO P26 input/output)
1 0 0 x x 0 1 (N-ch open-drain| (CMOS input/
input/output) output)

1 1 2-wire serial 1/0 mode (Refer to 14.4.4 2-wire serial /0O mode operation )

R/W |WUP| Wake-up Function Control Note 2

0 Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the
slave address register in SBI mode

R | COIl | Slave Address Comparison Result Flag Nt #

0 Slave address register not equal to serial 1/0 shift register 0 data

1 Slave address register equal to serial 1/O shift register 0 data

R/W |CSIEQ| Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable

Notes 1. Bit 6 (COl) is a Read-Only bit.
2. Can be used freely as port function.
3. To use the wake-up function (WUP = 1), clear bit 5 (SIC) of the interrupt timing specify register
(SINT) to 0.
4. When CSIEO = 0, COIl becomes 0.

Remark x: don't care

PMxx: Port mode register
Pxx: Port output latch
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(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SBIC to 00H.

Symbol 7 ® B @ ® @ @ (@ Address AfterReset R/W

SBIC |BSYE |ACKD|ACKE|ACKT |[CMDD|RELD |[CMDT|RELT| FF61H O00H R/W Note

R/W Use for bus release signal output.

RELT | When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

R/W Use for command signal output.

CMDT | When CMDT = 1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to (0).
Also cleared to (0) when CSIEO = 0.

R | RELD | Bus Release Detection

Clear Conditions (RELD = 0) Set Conditions (RELD = 1)
* When transfer start instruction is executed « When bus release signal (REL) is detected
¢ If SIO0 and SVA values do not match in address

reception

e When CSIEO0 =0
¢« When RESET input is applied

R |CMDD | Command Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

« When transfer start instruction is executed * When command signal (CMD) is detected
« When bus release signal (REL) is detected
* When CSIEO =0

¢« When RESET input is applied

R/W Acknowledge signal is output in synchronization with the falling edge clock of SCKO just after execu-
ACKT | tion of the instruction to be set to 1, and after acknowledge signal output, automatically cleared to 0.
Used as ACKE = 0. Also cleared to 0 upon start of serial interface transfer or when CSIEO = 0.

(continued)
Note Bits 2, 3 and 6 (RELD, CMDD and ACKD) are Read-Only bits.

Remarks 1. Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
2. CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO0)
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(continued)

R/W |ACKE | Acknowledge Signal Output Control
0 Acknowledge signal automatic output disable (output with ACKT enable)
Before completion Acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 After completion Acknowledge signal is output in synchronization with the falling edge of SCKO
of transfer just after execution of the instruction to be set to 1 (automatically output when
ACKE = 1).
However, not automatically cleared to O after acknowledge signal output.

R |ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)

¢ At the falling edge of SCKO immediately after the * When acknowledge signal (ACK) is detected at the
busy mode has been released when a transfer rising edge of SCKO clock after completion of
start instruction is executed transfer

e When CSIEO =0
¢« When RESET input is applied

R/W | BSYEN® |Synchronizing Busy Signal Output Control

Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to 0.

0

1 Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note Busy mode can be cleared by start of serial interface transfer. However, the BSYE flag is not
cleared to 0.

Remark CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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(c) Interrupt timing specify register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SINT to O0H.

Symbol 5 ® & @ 3 2 1 0 Address After Reset  R/W

SINT 0 CLD | SIC [SVAM| 0 0 0 0 FF63H O00H R/W Note 1

R/W

SVAM| SVA Bit to be Used as Slave Address

0 Bits 0to 7

1 Bits 1to 7

R/W
SIC | INTCSIO Interrupt Factor Selection Note 2
0 CSIIFO is set upon termination of serial interface
channel 0O transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel O transfer
R

CLD | SCKO Pin Level Note3

0 Low Level

1 High Level

Notes 1. Bit 6 (CLD) is a Read-Only bit.
2. When using wake-up function in the SBI mode, set SIC to 0.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA: Slave address register

CSIIFO: Interrupt request flag corresponding to INTCSIO
CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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(4) Various signals

Figures 14-12 to 14-17 show various signals and flag operations in SBI. Table 14-4 lists various signals

in SBI.

Figure 14-12. RELT, CMDT, RELD and CMDD Operations (Master)

Slave address write to SIO0
(Transfer start instruction)

SI00 x

)
oo /S

SBO (SB1) ®

/ /

|
S Ay B

RELD 4 \\I
CMDD A\ 1

Figure 14-13. RELD and CMDD Operations (Slave)

Write FFH to SIO0
(Transfer for start instruction) Transfer start instruction

l

SI00 )i( X A7 X 46 /CX AL X Ao X // X

SCKO | |l| |2| |7| |8| |9| |
READY

Slave addres
ﬁ When addresses match

<00 latch [ a7 Y ne X}‘/Al X a0 / |@&) /

RELD d> " \ // &

\ ¥
L When addresses do not match
)) ))

CMDD 4) (( ) L
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Figure 14-14. ACKT Operation

SCKO 6 7 8 9 ﬂ | q
SBO/SB1 X o2 X b1 X Do / ¥ ACK

ACKT

{(

N

|

When set during
this period

Caution Do not set ACKT before termination of transfer.

ACK signal is output for
a period of one clock
just after setting
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Figure 14-15. ACKE Operations
(a) When ACKE = 1 upon completion of transfer
SBOSBL  \ X b7 X D6 X?‘DZ D1 X Do\ Ack /  ACKsignal is output

at 9th clock
ACKE ” /T\

\

- When ACKE = 1 at this point

(b) When set after completion of transfer

SCKO 6 7 8 9 ﬂmu_l_l_

))
(( — _—
seo/set X D2 X b1 X Do / ACK ACK signal is output for

a period of one clock
just after setting
/7174

If set during this period and ACKE = 1
at the falling edge of the next SCKO

(c) When ACKE = 0 upon completion of transfer
SBO/SB1 \ X D7 X D6 X?HX D1 X DO ACK signal is not output
ACKE ” \

a\

L When ACKE = 0 at this point

(d) When ACKE = 1 period is short

))
SBO/SB1 X D2 X D1 X DO / v ACK signal is not output

ACKE N /_\

«

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Figure 14-16. ACKD Operations

(a) When ACK signal is output at 9th clock of SCKO

Transfer start
r instruction

I Transfer start

X

L
1

(b) When ACK signal is output after 9th clock of SCKO

Transfer start
r instruction

SI00 N

{ Transfer start

SCKO 6 7 8 9 \7Lr
)

SBO/SB1 :X p2 X b1 X Do / ) ACK K \
ACKD . \|

(c) Clear timing when transfer start is instructed in BUSY

Transfer start
f instruction

sl00 N X

SCKO 6 7 8 9
SBO/SB1 :x D2 X D1 X DO /
ACKD

Figure 14-17. BSYE Operation

SCKO 6 7 8 9 ? | | | % |

SBO/SB1 :x p2 X D1 X DO / t \/—\CK(\} BUSY ,—
BSYE I / W\

If reset during this period and

When BSYE = 1 at this point BSYE = 0 at the falling edge of SCKO
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Table 14-4. Various Signals in SBI Mode (1/2)

. Output _— .
Signal Name Devri)ce Definition Timing Chart Output Condition | Effects on Flag | Meaning of Signal
Bus release CMD signal is

) SBO/SBL1 rising edge when SCKO "H" ¢ RELD set output to indicate
signal Master | —— ¢ RELT set ) )
(REL) SCKO =1 SBO/SB1 I e CMDD clear that transmit data is

an address.
i) Transmit data is
an address after
Command .

. SBO/SB1 falling edge SCKO H _ REL signal output.
signal Master when SCKG = 1 « CMDT set « CMDD set ii) REL signal is not
(CMD) SBO/SB1 l output and

transmit data is a
command.
Low-level signal to be
Acknowledge output to SBO/SB1 during B )
signal Master/ | e clock period of SCKO [1]ACKE =1 « ACKD set Compl.etmn of
ACK slave after completion of serial [2] ACKT set reception
(ACK) omp
reception
[Synchronous BUSY output]
[Synchronous BUSY signal]
) Low-level signal to be Serial receive
Busyﬂnal Slave output to SBO/SB1 following SCKO —l 9 |—| )ﬂ |—| |'e) |—‘ I— « BSYE=1 — disable because of
(BUSY) acknowledge signal —_ = processing
‘<ACK ‘ BUSY
SBO/SB1 DO\ ¢ \ " READY
3_4@»« BUSY —
SB0/SB1 DO; / READY [1]BSYE =0
High-level signal to be [2] Execution of
output to SBO/SB1 before instruction data Serial receive
Ready signal Slave serial transfer start and write SIO0 — enable
(READY) (transfer start

after completion of serial
transfer

instruction)

0 TANNVHD 3OVH4Y3LNI TVIHIS ¥T 431dVHD
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Table 14-4. Various Signals in SBI Mode (2/2)

Signal Name 8:\5?;2 Definition Timing Chart Output Condition | Effects on Flag | Meaning of Signal
Synchronous clock to output
address/command/data,
Serial clock EKsig.naI, synchronous SCKO w 718 1o o Timing of signal
(SC_KO) Master BUSY signal, etc. output to serial data
Address/command/data are seorsBr _X__ X D X/ bus
transferred with the first
eight synchronous clocks.
8-bit data to be transferred 7 Address value of
Address Master in synchronization with SCKO HRENERE . Clave dovice on the
(A7 to AOD) SCKO after output of REL SBO/SB1 —\J—LDGDDD When CSIEO = 1, _
and CMD signals REL CMD execution of serial bus
instruction for CSIIFO set (rising
data write to edge of 9th clock
8-bit data to be transferred SI00 (serial of SCKO) et
in synchronization with _ _l_l_l_m_l_l_l_l_ transfer start Instructions and
Command Master | SCKO after output of only SCKo L) K1 R RA R L instruction) Mot 2 messages to the
(C7 to CO) CMD signal without REL seorsBr — | /[ XD X/ slave device
signal output CMD
8-bit data to be transferred Numeric values to
Data Master/ |in synchronization with SCKO |1| |2 |“ | 7| |s| | be processed with
(D7 to DO) slave  |SCKO without output of slave or master

REL and CMD signals

SBO/SB1 D @) & G

device

Notes 1. With WUP = 0, CSIIFO is set always at the rising edge of the 9th clock of SCKO.
With WUP = 1, CSIIFO is set only when the received address matches the slave address register (SVA) content.
2. In BUSY state, transfer starts after the READY state is entered.

0 T3NNVHO IOVH4d3LINI IVIHIS T 431dVHO
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(5) Pin configuration

The serial clock pin SCKO and serial data bus pin SBO (SB1) have the following configurations.

(a) SCKO : Serial clock input/output pin
[1] Master : CMOS and push-pull output

[2] Slave : Schmitt input

(b) SBO (SB1) : Serial data input/output dual-function pin
Both master and slave devices have an N-ch open-drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Master device

Clock output

(Clock input)

N-ch open-drain

soo —

SI0

Figure 14-18. Pin Configuration

SCKO _|_,_|_,_ SCKO

Serial clock

R

Caution Because the N-ch open-drain output must be made to go into a high-impedance state
during data reception, write FFH to the serial 1/0O shift register 0 (SIO0) in advance. The
N-ch open-drain output can always go into a high-impedance state during transfer.
However, when wake-up function specify bit (WUP) = 1, the N-ch open-drain output always
goes into a high-impedance state. Thus, it is not necessary to write FFH to S100.

SBO (SB1) SBO (SB1)

Serial data bus

Slave device

(Clock output)

Clock input

N-ch open-drain

—= soo

SI0
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(6)

)

(8)

222

Address match detection method

In the SBI mode, the master transmits a slave address to select a specific slave device.

Coincidence of the addresses can be automatically detected by hardware. CSIIFO is set only when the slave
address transmitted by the master coincides with the address set to SVA when the wake-up function specify
bit (WUP) = 1.

If bit 5 (SIC) of the interrupt timing specify register (SINT) is set to 1, the wake-up function cannot be used
even if WUP is set to 1 (an interrupt request signal is generated when bus release is detected). To use
the wake-up function, clear SIC to 0.

Cautions 1. Slave selection/non-selection is detected by matching of the slave address received
after bus release (RELD = 1).
For this match detection, match interrupt request (CSIIFO) of the address to be
generated with WUP = 1 is normally used. Thus, execute selection/non-selection
detection by slave address when WUP = 1.

2. When detecting selection/non-selection without the use of interrupt request with WUP

= 0, do so by means of transmission/reception of the command preset by program
instead of using the address match detection method.

Error detection
In the SBI mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination device,
that is, the serial I/O shift register 0 (SI00). Thus, transmit errors can be detected in the following two ways.

(a) Comparison of SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Use of the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI
bit (match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO)
is tested. If “1”, normal transmission is judged to have been carried out. If “0”, atransmit error is judged
to have occurred.

Communication operation

In the SBI mode, the master device selects normally one slave device as the communication target from
among two or more devices by outputting an “address” to the serial bus.

After the communication target device has been determined, commands and data are transmitted/ received
and serial communication is realized between the master and slave devices.

Figures 14-19 to 14-22 show data communication timing charts.

Shift operation of the shift register is carried out at the falling edge of the serial clock (SCK0). Transmit
data is latched into the SOO latch and is output with MSB set as the first bit from the SB0/P25 or SB1/P26
pin.

Receive data input to the SBO (or SB1) pin at the rising edge of SCKO is latched into the shift register.
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Master Device Processing (Transmitter)l

Program processing

Hardware operation

SCKO pin

SBO pin

Slave Device Processing (Receiver) |

Program processing

Hardware operation

Figure 14-19. Address Transmission from Master Device to Slave Device (WUP = 1)

CMDT | RELT
set set

CMDT Write

to SIO0

Interrupt servicing
(Preparation for the next serial transfer)

Serial transmission

INTCSIO

generation

‘ A7XA6XA5XA4XA3XA2XA1XAO/

| Address

set

ACKD

SCKO

stop

WUP0 | ACKT BUSY
set clear
----- cMDD | cMDD | cMDD o : ; INTCSIO TtTTTT ACK |BUSY Tt BUSY TTTTTTTT
_____ set | clear | set | Serial reception generation|  foutputj output | | clear | _______

RELD

set

(When SVA = SIO0)
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Figure 14-20. Command Transmission from Master Device to Slave Device

Master Device Processing (Transmitter)l

CMDT Write Interrupt servicing
set 10 SI00 (Preparation for the next serial transfer)

Program processing

INTCSIO ACKD SCKO

Serial transmission °
generation set stop

Hardware operation

SCKO pin 1 2 3 4 5 6 7 8 9

SBO pin ‘ C7XC6XC5XC4XC3XCZXC1XCO/

| Command

Slave Device Processing (Receiver) |

read | analysis | set clear

_____________ \ WA \/

Hardware operation [CMDD Serial reception INTCSIO ACK |BUSY BUSY

generation output | output clear

Program processing SIO0 | Command [ ACKT % BUSY
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Figure 14-21. Data Transmission from Master Device to Slave Device

Master Device Processing (Transmitter)l

- : Interrupt servicing
Program processin Write . .
i i ’ o (Preparation for the next serial transfer)

[

INTCSIO ACKD SCKO

generation set stop

Hardware operation Serial transmission

SCKaO pin 1 2 3 4 5 6 7 8 9

SBO pin \\D7XD6XD5XD4XD3XD2XD1XDO/
} Data }
Slave Device Processing (Receiver) |
. SI00 ACKT BUSY
Program processing read cet cloar
Hardware operation Serial reception INTCSIO ACK |BUSY BUSY
____________________ generation | _ Joutput | output | ___ | clear | _____________

0 TANNVHD 3OVH4Y3LNI TVIHIS ¥T 431dVHD
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Figure 14-22. Data Transmission from Slave Device to Master Device

Master Device Processing (Receiver)l

; FFH write SIO0 |ACKT | FFH write ; ;
Program processing 0 5100 ead 2T o sio0 | Receive data processing
Hardware operation SCKO Serial reception INTCSIO ACK Serial
stop generation output reception

SCKO pin

BUSY / READY \D7XD6XD5XD4XD3XD2XD1XDO/
SBO pin

} Data }
Slave Device processing (Transmitter)l
; Write Write
Program processing 0 S100 10 5100
Hardware operation BUSY Serial transmission INTCSIO ACKD|BUSY|BUSY
___Jlclear | __________ generation| set |ourut| clear | __ ___________
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(9) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following
two conditions are satisfied.
» Serial interface channel 0 operation control bit (CSIEQ)= 1
« Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. |If CSIEO is set to “1” after data write to SIO0, transfer does not start.

2. Because the N-ch open-drain output must be made to go into a high-impedance state
during data reception, write FFH to SIO0 in advance. However, when make-up function
specify bit (WUP) = 1, the N-ch open-drain output always goes into a high-impedance
state. Thus, it is not necessary to write FFH to SI100.

3. If data is written to SIO0 when the slave is busy, the data is not lost.

When the busy state is cleared and SBO (or SB1) input is set to the high level (READY)
state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

For pin (SBO or SB1) which is to be used for data input/output, be sure to carry out the following settings
before serial transfer of the 1st byte after RESET input.

[1] Set the P25 and P26 output latches to 1.

[2] Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.

[3] Reset the P25 and P26 output latches from 1 to O.

(10) Judging busy status of slave
When device is in the master mode, follow the procedure below to judge whether slave device is in the busy
state or not.
[1] Detect acknowledge signal (ACK) or interrupt request signal generation.
[2] Set the port mode register PM25 (or PM26) of the SBO/P25 (or SB1/P26) pin into the input mode.
[3] Read out the pin state (when the pin level is high, the READY state is set).

After the detection of the READY state, set the port mode register to 0 and return to the output mode.
(11) SBI mode precautions
(a) Slave selection/non-selection is detected by match detection of the slave address received after bus
release (RELD = 1).

For this match detection, match interrupt (CSIIFO) of the address to be generated with WUP
normally used. Thus, execute selection/non-selection detection by slave address when WUP

1is
1.

(b) When detecting selection/non-selection without the use of interrupt with WUP = 0, do so by means of
transmission/reception of the command preset by program instead of using the address match detection
method.

(c) IfWUP is setto 1 during BUSY signal output, BUSY is not cleared. In SBI, the BUSY signal continues
to be output after BUSY clear instruction generation to the falling edge of the next serial clock (SCKO).
Before setting WUP to 1, be sure to clear BUSY and then check that the SBO (SB1) has become high-
level.
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(d) For pins which are to be used for data input/output, be sure to carry out the following settings before
serial transfer of the 1st byte after RESET input.
[1] Set the P25 and P26 output latches to 1.
[2] Set bit 0 (RELT) of the serial bus interface control register (SBIC) to 1.
[3] Reset the P25 and P26 output latches from 1 to 0.

14.4.4 2-wire serial 1/0 mode operation

The 2-wire serial 1/0 mode can cope with any communication format by program.

Communication is basically carried out with two lines of serial clock (SCKO0) and serial data input/output (SBO
or SB1).

(1) Register setting

The 2-wire serial /O mode is set with the serial operating mode register 0 (CSIMO), the serial bus interface
control register (SBIC) and the interrupt timing specify register (SINT).
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(a) Serial operating mode register 0 (CSIMO0)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIMO to O0H.

Symbol '@ ® ® 4 3 2 1 0 Address After Reset  R/W
CSIMO fesieo| cor |wup C(?LM CS;M C(%M CgiM CS(')M FE6OH 00H R/W Note 1

RIW [csim|csim Serial Interface Channel 0 Clock Selection

01 | 00
0 x Input clock to SCKO pin from off-chip
1 0 | 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
RIW [csIM|CSIM|CSIM Operating Start S10/P25 SO0/P26 SCKO0/P27
04 | 03 | 02 PM25| P25 |PM26| P26 |PM2T) P27 Mode Bit Pin Function Pin Function Pin Function
0 X 3-wire serial 1/0 mode (Refer to 14.4.2 3-wire serial /0O mode operation )
1 0 SBI mode (Refer to 14.4.3 SBI mode operation )
Note 2 | Note 2 P25 SB1/P26
0 x x 0 0 0 1 (CMOS (N-ch open-drain
2-wire serial input/output) input/output) SCKO '
1 1 1o d MSB (N-ch open-drain
mode .
Note 2 | Note 2 SBO P26 input/output)
1 0 0 x x 0 1 (N-ch open-drain| (CMOS input/
input/output) output)
R/W |WUP| Wake-up Function Control Note 3

0 Interrupt request signal generation with each serial transfer in any mode

slave address register in SBI mode

Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1) matches the

R | COI| Slave Address Comparison Result Flag Nt 4

0 Slave address register not equal to serial 1/0 shift register 0 data

1 Slave address register equal to serial 1/O shift register 0 data

R/W |CSIEO| Serial Interface Channel 0 Operation Control

0 | Operation stopped

1 Operation enable

Notes 1. Bit 6 (COIl) is a Read-Only bit.
2. Can be used freely as port function.
3. Be sure to set WUP to 0 when the 2-wire serial 1/0 mode.
4. When CSIEO = 0, COIl becomes 0.

Remark x: don’t care
PMxx: Port mode register
Pxx: Port output latch
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(b) Serial bus interface control register (SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SBIC to 00H.

Symbol @ ® B @ ® @ @ (@© Address After Reset RIW

SBIC |BSYE |ACKD|ACKE|ACKT |[CMDD|RELD |[CMDT|RELT| FF61H O00H RW

R/W RELT When RELT =1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

R/W CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEO = 0.

Bit 7 of the serial operating mode register 0 (CSIMO0)
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(c) Interrupt timing specify register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SINT to O0H.

Symbol 7 ® 6 3 2 1 0 Address After Reset  R/W
SINT 0 CLD | SIC |[SVAM| O 0 0 0 FF63H 00H R/W Note 1
R/W
SVAM| SVA Bit to be Used as Slave Address
0 Bits 0to 7
1 Bits 1to 7
R/W
SIC | INTCSIO Interrupt Factor Selection
0 CSIIFO is set upon termination of serial interface
channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channel O transfer
R P .
CLD | SCKO Pin Level Note2
0 Low Level
1 High Level

Notes 1. Bit 6 (CLD) is a Read-Only bit.
2. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.
Remark SVA: Slave address register

CSIIFO: Interrupt request flag corresponding to INTCSIO
CSIEO: Bit 7 of the serial operating mode register 0 (CSIMO)
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(2

Communication operation

The 2-wire serial I/O mode is used for data transmission/reception in 8-bit units. Data transmission/reception
is carried out bit-wise in synchronization with the serial clock.

Shift operation of the serial I/O shift register 0 (SIO0) is carried out in synchronization with the falling edge
of the serial clock (SCKO).

The transmit data is held in the SOO0 latch and is output from the SB0/P25 (or SB1/P26) pin with MSB set
at start. The receive data input from the SBO (or SB1) pin is latched into the shift register at the rising edge
of SCKO.

Upon termination of 8-bit transfer, the shift register operation stops automatically and the interrupt request
flag (CSIIFO) is set.

Figure 14-23. 2-Wire Serial I/O Mode Timings

SCKO 1 2 3 4 5 6 7 8
|
l

SBO/SB1 | D7 )(DG )(DS )(D4 KD3 )(DZ }(Dl KDO

‘ \
|
\ _—
|

CSIIFO !

232

\ End of transfer

Transfer start at the falling edge of SCKO

The SBO (or SB1) pin specified for the serial data bus serves for N-ch open-drain input/output and thus it
must be externally pulled up. Because it is necessary to go into a high-impedance state during data
reception, write FFH to SI00 in advance.

The SBO (or SB1) pin generates the SOO latch status and thus the SBO (or SB1) pin output status can be
manipulated by setting bits 0 (RELT) and 1 (CMDT) of the serial bus interface control register (SBIC).
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 14.4.5 SCKO pin output manipulation ).
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(3) Various signals
Figure 14-24 shows RELT and CMDT operations.

Figure 14-24. RELT and CMDT Operations

SO0 latch ‘k

RELT /
CMDT $ |

(4) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following

two conditions are satisfied.

» Serial interface channel 0 operation control bit (CSIEQ)= 1
* Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIOO0, transfer does not start.
2. Because the N-ch open-drain output must made to go into a high-impedance state
during data reception, write FFH to SIO0 in advance.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.

(5) Error detection
Inthe 2-wire serial /O mode, the serial bus SBO (SB1) status being transmitted is fetched into the destination
device, that is, the serial 1/0 shift register 0 (SIO0). Thus, transmit error can be detected in the following
two ways.

(a) Comparison of SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Use of the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI
bit (match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO)
is tested. If “1”, normal transmission is judged to have been carried out. If “0”, atransmit error is judged
to have occurred.
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14.4.5 SCKO pin output manipulation

Because the SCKO/P27 pin incorporates an output latch, static output is also possible by software in addition
to normal serial clock output.

P27 output latch manipulation enables any value of SCKO to be set by software (S10/SB0 and SO0/SB1 pin
to be controlled with bits 0 (RELT) and 1 (CMDT) of the serial bus interface control register (SBIC).

SCKO/P27 pin output manipulating procedure is described below.

[1] Set the serial operating mode register 0 (CSIMO0) (SCKO pin enabled for serial operation in the output
mode). SCKO = 1 with serial transfer suspended.

[2] Manipulate the P27 output latch with a bit manipulation instruction.

Figure 14-25. SCKO0/P27 Pin Configuration

Set with a bit
/ manipulation instruction

S~ A To internal
SCKO/P27 O—% cirevit PZT ?ur:put
atc

SCKO
(Set to 1 while transfer
When CSIEO0 =1 is stopped)
and [From serial clock
CSIMO01 and CSIMO00 = 1,0 or 1,1, respectively control circuit
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15.1 Serial Interface Channel 1 Functions

Serial interface channel 1 employs the following three modes.

Table 15-1. Difference of Serial Interface Channel 1 Mode

Operation Mode

Related Pin

Features

Usage

Operation stop
mode

Used when serial transfer is not carried out.
Power consumption can be reduced.

3-wire serial 1/0
mode
(MSB-/LSB-first
switchable)

SCK1 (serial clock),
SO1 (serial output)
and SI1 (serial input)

Input and output lines are independent and
they can transfer/receive at the same time,
so the data transfer processing time is short.
The start bit of 8-bit data to undergo serial
transfer is switchable between MSB and LSB.

3-wire serial 1/0
mode with
automatic
transmit/ receive
function
(MSB-/LSB-first
switchable)

SCK1 (serial clock),
SO1 (serial output),

SI1 (serial input)

Mode with same function as 3-wire serial 1/0
mode above plus automatic transmit/receive
function

Can transmit/receive data with a maximum of
64 bytes. Therefore, this function enables the
hardware to transmit/receive data to/from the
OSD (On Screen Display) device and device
with on-chip display controller/driver independently
of the CPU thus the software load can be reduced.

These modes are valid
for connection of
peripheral 1/0 units and
display controllers which
incorporate a conventional
synchronous clocked
serial interface as is the
case with the 75X/XL,
78K and 17K Series.
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15.2 Serial Interface Channel 1 Configuration
Serial interface channel 1 consists of the following hardware.

Table 15-2. Serial Interface Channel 1 Configuration

Item Configuration

Register Serial I/O shift register 1 (SIO1)
Automatic data transmit/receive address pointer (ADTP)

Control register | Timer clock select register 3 (TCL3)

Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register (ADTC)
Automatic data transmit/receive interval specify register (ADTI)
Port mode register 2 (PM2) Nete

Note RefertoFigure 4-5P20,P21,P23to P26 Block Diagram andFigure 4-6 P22 and P27 Block Diagram
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Figure 15-1. Serial Interface Channel 1 Block Diagram
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1)

2

(3)

238

Serial 1/0 shift register 1 (S101)

This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation) in synchronization with the serial clock.

SIO1 is set with an 8-bit memory manipulation instruction.

When value in bit 7 (CSIE1) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts
serial operation.

In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from
the serial input (SI1) to SIO1.

RESET input makes SIO1 undefined.

Caution Do not write data to SIO1 while the automatic transmit/receive function is activated.

Automatic data transmit/receive address pointer (ADTP)

This register stores value of (the number of transmit data bytes —1) while the automatic transmit/receive
function is activated.

It is decremented automatically with data transmission/reception.

ADTP is set with an 8-bit memory manipulation instruction. The high-order 3 bits must be set to 0.
RESET input clears ADTP to 00H.

Caution Do not write data to ADTP while the automatic transmit/receive function is activated.
Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.
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15.3 Serial Interface Channel 1 Control Registers

The following four types of registers are used to control serial interface channel 1.

Timer clock select register 3 (TCL3)

e Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register (ADTC)

« Automatic data transmit/receive interval specify register (ADTI)
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(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 1.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.
Remark Besides setting the serial clock of serial interface channel 1, TCL3 sets the serial clock of serial
interface channel 0.
Figure 15-2. Timer Clock Select Register 3 Format
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL3 | TCL37|TCL36|TCL35|TCL34 | TCL33|TCL32|TCL31|TCL30 FF43H 88H R/W
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Serial Interface Channel 0
TCL33|TCL32 | TCL31| TCL30| geyial Clock Selection
0 1 1 0 |2 (1.25MHz)
0 1 1 1 | fx/2° (625 kHz)
1 0 0 0 | fx2* (313 kHz)
1 1 X z
0 0 fx/2° (156 kHz)
1 0 1 1 kHz
0 | /2% (78.1kHz)
1 0 1 1 | /2" (39.1 kHz)
1 1 X . z
0 0 | f/2°(19.5kHz)
1 1 X . z
0 1 | f/2°(9.8kH
Other than above Setting prohibited

Serial Interface Channel 1
Serial Clock Selection

TCL37|TCL36 | TCL35|TCL34

0 1 1 0 | f/2®(1.25MHz)
0 1 1 1 | fx/2° (625 kHz)
1 0 0 0 | fx2* (313 kHz)
1 0 0 1 | fx/2° (156 kHz)
1 0 1 0 | /2% (78.1kHz)
1 0 1 1 | /27 (39.1 kHz)
1 1 0 0 | f2® (19.5 kHz)
1 1 0 1 | fx/2° (9.8 kHz)
Other than above Setting prohibited

Caution If a value which is not the same as the previous value must be written to TCL3, stop the
serial transfer before writing the value.

Remarks 1. fx: Main system clock frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz
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(2) Serial operating mode register 1 (CSIM1)
This register sets serial interface channel 1 serial clock, operating mode, operation enable/stop and
automatic transmit/receive operation enable/stop.
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1 to 00H.

Figure 15-3. Serial Operating Mode Register 1 Format

Symbol @ 6 ® 4 3 2 1 0 Address After Reset  R/W
CSIM|CSIM
CSIM1 |[csiEl| DIR |ATE| 0O 0 I D FE68H 00H RIW
CfllM Cil)M Serial Interface Channel 1 Clock Selection
0 X Clock externally input to SCK1 pin Note®
1 0 | 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE| Serial Interface Channel 1 Operating Mode Selection
0 3-wire serial 1/0 mode
1 3-wire serial I/0 mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin function
0 MSB
S11/P20 (Input) SO1 (CMOS output)
1 LSB
CSIM Shift Register |Serial Clock Counter S11/P20 SO1/pP21 SCK1/P22
CSIEL 11 PM20| P20 |PM21| P21 |PM22| P22 1 Operation |Operation Control | Pin Function Pin Function Pin Function
Note 2 | Note 2 |Note 2 |Note 2 [Note 2 ote 2 P20 P21 P22
0 x x x x x x x | Operation stop Clear (CMOS (CMOS (CMOS
input/output) input/output) input/output)
SCK1
0 1 X
Note 3 | Note 3 Sll Note 3 Sol (lnpUt)
1 1 X 0 0 Operation enable| Count operation
(Input) (CMOS output) —
SCK1
1 0 1
(CMOS output)
Notes 1. Ifthe external clock input has been selected with CSIM11 setto 0, setbits 1 (BUSY1)and 2 (STRB)
of the automatic data transmit/receive control register (ADTC) to 0, 0.
2. Can be used freely as port function.
3. Can be used as P20 when only transmitter is used. (Set bit 7 (RE) of ADTC to 0.)
Remark x: don’t care

PMxx: Port mode register
Pxx: Port output latch
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(3) Automatic data transmit/receive control register (ADTC)
This register sets automatic receive enable/disable, the operating mode, strobe output enable/disable, busy
input enable/disable, error check enable/disable and displays automatic transmit/receive execution and
error detection.
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADTC to 00H.

Figure 15-4. Automatic Data Transmit/Receive Control Register Format

Symbol @ ® G @ ® @ @© © Address After Reset  R/W

ADTC | RE |ARLD|ERCE| ERR | TRF |STRB |BUSY1BUSYO| FF69H 00H R/W Note 1
R/W
BUSY1|BUSYO| Busy Input Control
0 x Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
R/W
STRB | Strobe Output Control
0 Strobe output disable
1 Strobe output enable
R
TRF | Status of Automatic Transmit/Receive Function Note 2
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - - -
ERR | Error Detection of Automatic Transmit/Receive
Function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W . .
ERCE| Error Check Control of Automatic Transmit/
Receive Function
0 Error check disable
1 Error check enable (only when BUSY1 = 1)
R/W - X " -
ARLD | Operating Mode Selection of Automatic Transmit/
Receive Function
0 Single operating mode
1 Repetitive operating mode
R/W - - - -
RE Receive Control of Automatic Transmit/Receive
Function
0 Receive disable
1 Receive enable

Notes 1. Bits 3 and 4 (TRF and ERR) are Read-Only bits.
2. The termination of automatic transmission/reception should be judged by using TRF, not CSIIF1
(interrupt request flag).
Caution When an external clock input is selected with bit 1 (CSIM11) of the serial operating mode
register 1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, O.
Remark x: don’t care
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(4) Automatic data transmit/receive interval specify register (ADTI)

This register sets the automatic data transmit/receive function data transfer interval.

ADTI is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears ADTI to 00H.

Symbol

ADTI

Figure 15-5. Automatic Data Transmit/Receive Interval Specify Register Format (1/2)

7 6 4 3 2 0 Address After Reset

ADTI7| O ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH

ADTI7 | Data Transfer Interval Control
0 No control of interval by ADT| Netel
1 Control of interval by ADTI (ADTIO to ADTI4)

AbTia | aoTis lapTi2 | aoTie | ADTIO Data Transfer Interval Specification (fx = 5.0-MHz Operation)

Minimum Nete 2 Maximum Nete 2

0 0 0 0 0 36.8 us + 0.5/fsck 40.0 ps + 1.5/fsck
0 0 0 0 1 62.4 us + 0.5/fsck 65.6 us + 1.5/fsck
0 0 0 1 0 88.0 us + 0.5/fsck 91.2 us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 us + 1.5/fsck
0 0 1 0 0 139.2 us + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 us + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fsck 321.6 us + 1.5/fsck
0 1 1 0 0 344.0 ps + 0.5/fsck 347.2 ps + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fsck 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 us + 0.5/fsck 424.0 ps + 1.5/fsck
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Notes 1. The interval is dependent only on CPU processing.
2. The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if a minimum
which is calculated by the following expressions is smaller than 2/fSCK, the minimum interval time

is 2/fSCK.
. 27 56 0.5
Minimum = (n + 1) x + +
fx fx fsck
. 27 72 1.5
Maximum = (n + 1) x + +
fx fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic data transmit/receive
function.
2. Zero must be set in bits 5 and 6.
3. To control the data transfer interval by means of automatic transmission/reception
with ADTI, busy control (refer to 15.4.3 (4) (a) Busy control option) is invalid.

Remarks 1. fx : Main system clock frequency
2. fsck : Serial clock frequency
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Figure 15-5. Automatic Data Transmit/Receive Interval Specify Register Format (2/2)

Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH O00H R/W

Data Transfer Interval Specification (fx = 5.0-MHz Operation)
ADTI4 |ADTI3 [ADTI2 |ADTI1 |ADTIO

Minimum Note

Maximum Note

446.4 us + 0.5/fsck

449.6 us + 1.5/fsck

472.0 us + 0.5/fsck

475.2 us + 1.5/fsck

497.6 us + 0.5/fsck

500.8 us + 1.5/fsck

523.2 us + 0.5/fsck

526.4 us + 1.5/fsck

548.8 us + 0.5/fsck

552.0 us + 1.5/fsck

574.4 us + 0.5/fsck

577.6 us + 1.5/fsck

600.0 us + 0.5/fsck

603.2 us + 1.5/fsck

625.6 us + 0.5/fsck

628.8 us + 1.5/fsck

651.2 us + 0.5/fsck

654.4 us + 1.5/fsck

676.8 us + 0.5/fsck

680.0 us + 1.5/fsck

702.4 us + 0.5/fsck

705.6 us + 1.5/fsck

728.0 us + 0.5/fsck

731.2 us + 1.5/fsck

753.6 us + 0.5/fsck

756.8 us + 1.5/fsck

779.2 us + 0.5/fsck

782.4 us + 1.5/fsck

804.8 us + 0.5/fsck

808.0 us + 1.5/fsck

RPlRrlRr|Pr|RP|IRP|IRPIP|P|RP|RRP|RP [P |, |R

Frlrlr|P|FP|RP|FP|rP|o|lo|lo|lo|o|o|o |o

|||k |O|lOC|O|O|F |FP (kP | |O|O|O|O
|k |O|lO|FRF |k |O|O|F | |[OC|O|F | |O|O
||k |O|Fkr |O|Fkr |[O|Fr |O|(Fr |O|F, |O|F |O

830.4 us + 0.5/fsck

833.6 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals are
found from the following expressions (n: Value setin ADTIO to ADTI4). However, if a minimum which
is calculated by the following expressions is smaller than 2/fsck, the minimum interval time is 2/fsck.

. 27 56 0.5
Minimum = (n + 1) x + +

fx fx fsck

. 27 72 1.5
Maximum = (n + 1) x + +

fx fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic data transmit/receive
function.
2. Zero must be set in bits 5 and 6.
3. To control the data transfer interval by means of automatic transmission/reception
with ADTI, busy control (refer to 15.4.3 (4) (a) Busy control option) is invalid.
Remarks 1. fx Main system clock frequency

1. fsck : Serial clock frequency
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15.4 Serial Interface Channel 1 Operations
The following three operating modes are available to the serial interface channel 1.

e Operation stop mode
e 3-wire serial /0O mode
* 3-wire serial /0 mode with automatic transmit/receive function

15.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial 1/0 shift register 1 (SI01) does not carry out shift operation either, and thus it can be used as an ordinary
8-bit register.

In the operation stop mode, the P20/SI1, P21/SO1, P22/SCK1, P23/STB and P24/BUSY pins can be used
as ordinary input/output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1 to 00H.

Symbol @ 6 ® 4 3 2 1 0 Address After Reset  R/W

CSIM|CSIM
CSIM1 [csiEl| DIR |ATE| © L U e EE68H 0O0H R/IW
csied CSIM przol P20 [Pm21l P21 [PM22l P22 Shift Reg|§ter Serial C!ock Counter| lSIl/P2(? lSOl/PZ.l SCKl/P?Z
11 1 Operation | Operation Control| Pin Function Pin Function Pin Function
Note 1 | Note 1 |Note 1 |Note 1 [Note 1 ote 1 PZO P21 P22
0 x x x x x x x | Operation stop Clear (CMOS (CMOS (CMOS
input/output) input/output) input/output)
SCK1
0 1 X
Note 2 | Note 2 S| Note 2 so1 (Input)
1 1 x 0 0 Operation enable| Count operation
(Input) (CMOS output) —
SCK1
1 0 1
(CMOS output)

=

Can be used freely as port function.
2. Can be used as P20 (CMOS input/output) when only transmitter is used. (Set bit 7 (RE) of the
automatic data transmit/receive control register (ADTC) to 0.)

Notes

Remark x: don’t care
PMxx: Port mode register
Pxx: Port output latch

246



CHAPTER 15 SERIAL INTERFACE CHANNEL 1

15.4.2 3-wire serial /0 mode operation
The 3-wire serial I/0O mode is valid for connection of peripheral 1/0 units and display controllers which
incorporate a conventional synchronous serial interface as is the case with the 75X/XL, 78K and 17K Series.
Communication is carried out with three lines of serial clock (SCK1), serial output (SO1) and serial input (SI1).

(1) Register setting
The 3-wire serial /0 mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1 to 00H.

Sympol @ 6 ® 4 3 2 1 0 Address After Reset  R/W
CSIM|CSIM
CSIM1 [csiEl| DIR |ATE| 0O 0 (U D EE68H 00H RIW
C15|1M ClS(I)M Serial Interface Channel 1 Clock Selection
0 x Clock externally input to SCK1 pin Nete®
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE| Serial Interface Channel 1 Operating Mode Selection
0 | 3-wire serial /O mode
1 3-wire serial 1/0 mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin function
0 MSB SI11/P20 (Input) SO1 (CMOS output)
1 LSB
CSIM Shift Register |Serial Clock Counter SI11/P20 SO1/P21 SCK1/P22
CSIEL 11 PM20| P20 [PM21) P21 PM22| P22 1 Operation Operation Control | Pin Function Pin Function Pin Function
Note 2 [ Note 2 |Note 2 [Note 2 |Note 2 ote 2 PZO PZl P22
0 x x x x x x x | Operation stop Clear (CMOSs (CMOSs (CMOS
input/output) input/output) input/output)
SCK1
0 1 x
Note 3 | Note 3 Sll Note 3 Sol (InpUI)
1 1 x 0 0 Operation enable| Count operation
(Input) (CMOS output) —
SCK1
1 0 1
(CMOS output)
Notes 1. Ifthe external clock input has been selected with CSIM11 setto 0, setbits 1 (BUSY1)and 2 (STRB)
of the automatic data transmit/receive control register (ADTC) to 0, 0.
2. Can be used freely as port function.
3. Can be used as P20 when only transmitter is used. (Set bit 7 (RE) of ADTC to 0.)
Remark x: don’t care

PMxx: Port mode register
Pxx: Port output latch
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(2) Communication operation

The 3-wire serial I/0O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.

Shift operation of the serial 1/0 shift register 1 (SIO1) is carried out at the falling edge of the serial clock
(SCK1). The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data input
to the SI1 pin is latched into SIO1 at the rising edge of SCK1.

Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Figure 15-6. 3-Wire Serial 1/0 Mode Timings

SCK1 1 2 3 4 5 6 7 8

Si1 { X&«DW X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO/

SO1 \ DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

CSlIF1

L End of transfer
Transfer start at the falling edge of SCK1

SIO1 write

Caution SO1 pin becomes low level by SIO1 write.
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(3)

4

MSB/LSB switching as the start bit

The 3-wire serial /0O mode enables to select transfer to start from MSB or LSB.

Figure 15-7 shows the configuration of the serial I/O shift register 1 (SIO1) and internal bus. As shown in
the figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified with bit 6 (DIR) of the serial operating mode register
1 (CSIM1).

Figure 15-7. Circuit of Switching in Transfer Bit Order

Internalbus  -—-—-----------—+ JEEPHRE S S — RV S A A

LSB-first L
MSB-first —— Read/write gate | | Read/write gate

SO1 latch

st —  shiftregister 1(S101)  |—|D QW

FT LT

SO1

SCK1

Start bit switching is realized by switching the bit order for data write to SIO1. The SIO1 shift order remains
unchanged.
Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift register.

Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 1 (S101) when the following

two conditions are satisfied.

» Serial interface channel 1 operation control bit (CSIE1) = 1
* Internal serial clock is stopped or SCK1 is a high level after 8-bit serial transfer.

Caution If CSIE1 is set to "1" after data write to SIO1, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF1)
is set.
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15.4.3 3-wire serial /O mode operation with automatic transmit/receive function

This 3-wire serial /0 mode is used for transmission/reception of a maximum of 64-byte data without the use
of software. Once transfer is started, the data prestored in the RAM can be transmitted by the set number of
bytes, and data can be received and stored in the RAM by the set number of bytes.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously. OSD
(On Screen Display) LSI and peripheral LSl including LCD controller/driver can be connected without difficulty.

(1) Register setting
The 3-wire serial /0 mode with automatic transmit/receive function is set with the serial operating mode
register 1 (CSIM1), the automatic data transmit/receive control register (ADTC) and the automatic data
transmit/receive interval specify register (ADTI).

(a) Serial operating mode register 1 (CSIM1)

CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1 to 00H.
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Symbol

CSIM1

@ 6 ® 4 3 2 1 0 Address After Reset R/W
CSIM|CSIM
CSIE1| DIR | ATE| O 0 0 " 10 FF68H 00H R/W
ClsllM Cls(le Serial Interface Channel 1 Clock Selection
0 x Clock externally input to SCK1 pin Nete®
1 0 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3 (TCL3)
ATE| Serial Interface Channel 1 Operating Mode Selection

0 3-wire serial 1/0 mode

1 3-wire serial /0 mode with automatic transmit/receive function

DIR Start Bit SI1 Pin Function SO1 Pin function
0 MSB
S11/P20 (Input) SO1 (CMOS output)
1 LSB
CSIM Shift Register | Serial Clock Counter SI1/P20 S01/P21 SCK1/P22
CSIEL 11 PM20| P20| PM21| P21 |PM22) P22 1 Operation Operation Control | Pin Function Pin Function Pin Function
Note 2 | Note 2 | Note 2 |Note 2 |Note 2 ote 2 P20 P21 P22
0 X X X X X X x | Operation stop Clear (CMOSs (CMOSs (CMOSs
input/output) input/output) input/output)
SCK1
0 1 x
Note 3 | Note 3 Sll Note 3 SOl (Input)
1 1 x 0 0 Operation enable | Count operation
(Input) (CMOS output) _—
SCK1
1 0 1
(CMOS output)

Notes 1. If the external clock input has been selected with CSIM11 set to 0, set bits 1 (BUSY1) and
2 (STRB) of the automatic data transmit/receive control register (ADTC) to 0, O.

2. Can be used freely as port function.
3. Can be used as P20 when only transmitter is used. (Set bit 7 (RE) of ADTC to 0.)

Remark x:

don’t care

PMxx: Port mode register
Pxx: Port output latch
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(b) Automatic data transmit/receive control register (ADTC)
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADTC to 00H.

Symbol @ ® ® @ ® @ @ (@©  Address AfterReset RW

ADTC | RE |ARLD|ERCE| ERR | TRF |STRB BUSY1/BUSYO| FF69H 00H R/W Note 1
R/IW
BUSY1BUSYO| Busy Input Control
0 X Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
R/IW

STRB | Strobe Output Control

0 Strobe output disable

1 Strobe output enable

R
TRF | Status of Automatic Transmit/Receive Function Note2
Detection of termination of automatic transmission/
0 reception (This bit is set to O upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R , - , ,
ERR | Error Detection of Automatic Transmit/Receive
Function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
R/W

ERCE | Error Check Control of Automatic Transmit/
Receive Function

0 Error check disable

1 Error check enable (only when BUSY1 = 1)

R/W

ARLD | Operating Mode Selection of Automatic Transmit/
Receive Function

0 Single operating mode

1 Repetitive operating mode

R/W

RE Receive Control of Automatic Transmit/Receive
Function

0 Receive disable

1 Receive enable

Notes 1. Bits 3 and 4 (TRF and ERR) are Read-Only bit.
2. The termination of automatic transmission/reception should be judged by using TRF, not
CSIIF1 (interrupt request flag).

Caution When an external clock input is selected with bit 1 (CSIM11) of the serial operating
mode register 1 (CSIM1) set to 0, set STRB and BUSY1 of ADTC to 0, 0 (handshake
control cannot be executed when the external clock is input).

Remark x: don’t care
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(c) Automatic data transmit/receive interval specify register (ADTI)

Symbol

ADTI

This register sets the data transfer interval of the automatic data transmit/receive function.

ADTI is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears ADTI to 00H.

7 6 4 3 2 0 Address After Reset

ADTI7| O ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH

ADTI7| Data Transfer Interval Control
0 No control of interval by ADTI Nete1
1 Control of interval by ADTI (ADTIO to ADTI4)

ADTia |aoTis |apTi2 | AT | ADTIO Data Transfer Interval Specification (fx = 5.0-MHz Operation)

Minimum Nete 2 Maximum Note 2

0 0 0 0 0 36.8 us + 0.5/fsck 40.0 us + 1.5/fsck
0 0 0 0 1 62.4 us + 0.5/fsck 65.6 us + 1.5/fsck
0 0 0 1 0 88.0 us + 0.5/fsck 91.2 us + 1.5/fsck
0 0 0 1 1 113.6 us + 0.5/fsck 116.8 ps + 1.5/fsck
0 0 1 0 0 139.2 us + 0.5/fsck 142.4 us + 1.5/fsck
0 0 1 0 1 164.8 us + 0.5/fsck 168.0 us + 1.5/fsck
0 0 1 1 0 190.4 us + 0.5/fsck 193.6 us + 1.5/fsck
0 0 1 1 1 216.0 us + 0.5/fsck 219.2 us + 1.5/fsck
0 1 0 0 0 241.6 us + 0.5/fsck 244.8 us + 1.5/fsck
0 1 0 0 1 267.2 us + 0.5/fsck 270.4 us + 1.5/fsck
0 1 0 1 0 292.8 us + 0.5/fsck 296.0 us + 1.5/fsck
0 1 0 1 1 318.4 us + 0.5/fsck 321.6 ps + 1.5/fsck
0 1 1 0 0 344.0 us + 0.5/fsck 347.2 ps + 1.5/fsck
0 1 1 0 1 369.6 us + 0.5/fsck 372.8 us + 1.5/fsck
0 1 1 1 0 395.2 us + 0.5/fsck 398.4 us + 1.5/fsck
0 1 1 1 1 420.8 ps + 0.5/fsck 424.0 ps + 1.5/fsck
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Notes 1. The interval is dependent only on CPU processing.

2. The data transfer interval includes an error. The data transfer minimum and maximum

intervals are found from the following expressions (n: Value setin ADTIO to ADTI4). However,

if a minimum which is calculated by the following expressions is smaller than 2/fsck, the
minimum interval time is 2/fsck.

- 27 56 0.5
Minimum = (n + 1) x + — + —

fx fx fsck

27 72 1.5

+ — + —

Maximum = (n + 1) x
fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic data transmit/
receive function.

2. Zero must be set in bits 5 and 6.

3. Tocontrolthe data transfer interval by means of automatic transmission/reception

with ADTI, busy control (refer to 15.4.3 (4) (a) Busy control option) is invalid.

Remarks 1. fx : Main system clock frequency
2. fsck : Serial clock frequency
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Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

ADTI |ADTI7| O 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H R/IW
ADTI4 | ADTI3 |ADTIZ2 | ADTIZ | ADTIO Data Transfer Interval Specification (fx = 5.0-MHz Operation)
Minimum Nete Maximum Nete
1 0 0 0 0 446.4 us + 0.5/fsck 449.6 us + 1.5/fsck
1 0 0 0 1 472.0 us + 0.5/fsck 475.2 ps + 1.5/fsck
1 0 0 1 0 497.6 us + 0.5/fsck 500.8 us + 1.5/fsck
1 0 0 1 1 523.2 us + 0.5/fsck 526.4 us + 1.5/fsck
1 0 1 0 0 548.8 us + 0.5/fsck 552.0 us + 1.5/fsck
1 0 1 0 1 574.4 ps + 0.5/fsck 577.6 us + 1.5/fsck
1 0 1 1 0 600.0 us + 0.5/fsck 603.2 us + 1.5/fsck
1 0 1 1 1 625.6 us + 0.5/fsck 628.8 us + 1.5/fsck
1 1 0 0 0 651.2 us + 0.5/fsck 654.4 us + 1.5/fsck
1 1 0 0 1 676.8 us + 0.5/fsck 680.0 us + 1.5/fsck
1 1 0 1 0 702.4 us + 0.5/fsck 705.6 us + 1.5/fsck
1 1 0 1 1 728.0 us + 0.5/fsck 731.2 s + 1.5/fsck
1 1 1 0 0 753.6 s + 0.5/fsck 756.8 us + 1.5/fsck
1 1 1 0 1 779.2 us + 0.5/fsck 782.4 us + 1.5/fsck
1 1 1 1 0 804.8 us + 0.5/fsck 808.0 us + 1.5/fsck
1 1 1 1 1 830.4 us + 0.5/fsck 833.6 us + 1.5/fsck

Note The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTIO to ADTI4). However, if a minimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time

is 2/fsck.
. 27 56 0.5
Minimum = (n + 1) x + +
fx fx fsck
) 27 72 1.5
Maximum = (n + 1) x + +
fx fx fsck

Cautions 1. ADTI should not be written to during operation of the automatic data transmit/
receive function.
2. Zero must be set in bits 5 and 6.
3. Tocontrolthe datatransferinterval by means of automatic transmission/reception
with ADTI, busy control (refer to 15.4.3 (4) (a) Busy control option) is invalid.

Remarks 1. fx : Main system clock frequency
2. fsck : Serial clock frequency
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(2) Automatic transmit/receive data setting

256

(a) Transmit data setting

[1] Write transmit data from the least significant address FACOH of buffer RAM (up to FAFFH at
maximum).
The transmit data should be in the order from high-order address to low-order address.

[2] Settothe automatic data transmit/receive address pointer (ADTP) the value obtained by subtracting
1 from the number of transmit data bytes.

(b) Automatic transmit/receive mode setting

[1] Set bits 7 (CSIE1) and 5 (ATE) of the serial operating mode register 1 (CSIM1) to 1.

[2] Set bit 7 (RE) of the automatic data transmit/receive control register (ADTC) to 1.

[3] Set a data transmit/receive interval in the automatic data transmit /receive interval specify register
(ADTI).

[4] Write any value to the serial I/O shift register 1 (SIO1) (transfer start trigger).

Caution Writing any value to SIO1 orders the start of automatic transmit/receive operation and
the written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

» Afterthe buffer RAM data specified with ADTP is transferred to SIO1, transmission is carried out (start
of automatic transmission/reception).

e The received data is written to the buffer RAM address specified with ADTP.

« ADTP is decremented and the next data transmission/reception is carried out. Data transmission/
reception continues until the ADTP decremental output becomes 00H and address FACOH data is
output (end of automatic transmission/reception).

 When automatic transmission/reception is terminated, bit 3 (TRF) of ADTC is cleared to 0.
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(3) Communication operation

(a) Basic transmission/reception mode
This transmission/reception mode is the same as the 3-wire serial /O mode in which specified number
of data are transmitted/received in 8-bit units.
Serial transfer is started when any data is written to the serial I/O shift register 1 (S101) while bit 7
(CSIE1) of the serial operating mode register 1 (CSIM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. To judge
completion, however, use bit 3 (TRF) of the automatic data transmit/receive control register (ADTC)
instead of the CSIIF1.
If busy control and strobe control are not executed, the P23/STB and P24/BUSY pins can be used as
normal input/output ports.
Figure 15-8 shows the basic transmission/reception mode operation timings, Figure 15-9 shows the
operation flowchart. The operation of the buffer RAM in 6-byte transmission/reception mode is shown
in Figure 15-10.

Figure 15-8. Basic Transmission/Reception Mode Operation Timings

‘ Interval ‘
[

so1 Yo7} s ) ps)p4)ps)p2)p1) Do Yo7} ps)ps)pa)ps)p2)p1)po /} A
si1 XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO/ (

Cautions 1. Because, in the basic transmission/reception mode, the automatic transmit/
receive function writes/reads data to/from the buffer RAM after 1-byte transmission/
reception, an interval is inserted till the next transmission/reception.

As the buffer RAM write/read is performed at the same time as CPU processing,
the maximum interval is dependent upon CPU processing and the value of the
automatic data transmit/receive interval specify register (ADTI) (see (5) Automatic
data transmit/receive interval).

2. When TRF is cleared, SO1 pin becomes low level.

Remarks 1. CSIIF1: Interrupt request flag
2. TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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Figure 15-9. Basic Transmission/Reception Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Software execution

Write transmit data from
buffer RAM to SIO1

Transmission/reception
operation

Decrement pointer value

Hardware execution

Write receive data from
SI01 to buffer RAM

No

Pointer value =0

No

Software execution

Yes

( )

Remarks

1. ADTP : Automatic data transmit/receive address pointer

2. ADTI : Automatic data transmit/receive interval specify register
3. SIO1 : Serial I/O shift register 1
4

. TRF : Bit 3 of the automatic data transmit/receive control register (ADTC)
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In 6-byte transmission/reception (ARLD = 0, RE = 1) in basic transmit/receive mode, buffer RAM
operates as follows.

0]

Before transmission/reception (refer to Figure 15-10 (a))

After arbitrary data has been written to the serial I/O shift register 1 (SIO1) (start trigger: this data
is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When
transmission of the first byte is completed, the receive data 1 (R1) is transferred from SI101 to the
buffer RAM, and the automatic data transmit/receive address pointer (ADTP) is decremented. Then
transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission/reception point (refer to Figure 15-10 (b))

Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from
the buffer RAM to SIO1. When transmission of the fourth byte is completed, the receive data 4
(R4) is transferred from SIO1 to the buffer RAM, and ADTP is decremented.

(iii) Completion of transmission/reception (refer to Figure 15-10 (c))

When transmission of the sixth byte is completed, the receive data 6 (R6) is transferred from SIO1
to the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Figure 15-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) (1/2)

(a) Before transmission/reception

FAFFH
FAC5H Transmit data 1 (T1) ——_——=27| Receivedata 1 (R1) | SIO1
Transmitdata2 (T2) [« -
Transmit data 3 (T3) [+~ ////”,//
T C 5 ADTP
Transmit data 4 (T4) £ =
Transmitdata 5 (T5)  [* ///
FACOH Transmit data 6 (T6) [ 0 CSIIF1

259



CHAPTER 15 SERIAL INTERFACE CHANNEL 1

260

FAFFH

FAC5H

FACOH

FAFFH

FACS5H

FACOH

(b) 4th byte transmission/reception point

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 4 (R4)

Receive data 3 (R3)

Transmit data 4 (T4)

Transmit data 5 (T5)

Transmit data 6 (T6)

(c) Completion of transmission/reception

Receive data 1 (R1)

Receive data 2 (R2)

Receive data 3 (R3)

Receive data 4 (R4)

Receive data 5 (R5)

Receive data 6 (R6)

Figure 15-10. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) (2/2)

SI01

ADTP

CSIIF1

SIo1

ADTP

CSIIF1
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(b) Basic transmission mode
In this mode, a specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to the serial I/O shift register 1 (S101) while bit 7
(CSIE1) of the serial operating mode register 1 (CSIM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set. To judge
completion, however, use bit 3 (TRF) of the automatic data transmit/receive control register (ADTC)
instead of CSIIF1.
If receive operation, busy control and strobe control are not executed, the P20/SI1, P23/STB and P24/
BUSY pins can be used as normal input/output ports.
Figure 15-11 shows the basic transmission mode operation timings, Figure 15-12 shows the operation
flowchart. The operation of the buffer RAM in 6-byte transmission mode is shown in Figure 15-13.

Figure 15-11. Basic Transmission Mode Operation Timings

L nterval
scki
so1  YorYooYosfoeYoeforforfoe  YorYoeosfoaYoafoefoifoe )\
CsliF1 |
TRE

Cautions 1. Because, inthe basic transmission mode, the automatic transmit/receive function
reads data from the buffer RAM after 1-byte transmission, an interval is inserted
till the next transmission. As the buffer RAM read is performed at the same time
as CPU processing, the maximum interval is dependent upon CPU processing and
the value of the automatic data transmit/receive interval specify register (ADTI)
(see (5) Automatic data transmit/receive interval).

2. When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)
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Figure 15-12. Basic Transmission Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

Software execution

Write transmit data from Decrement pointer value
buffer RAM to SIO1 P

Transmission operation

Hardware execution

No

Pointer value = 0

No

Software execution

Yes

( )

Remarks 1. ADTP : Automatic data transmit/receive address pointer
2. ADTI : Automatic data transmit/receive interval specify register
3. SIO1 : Serial I/O shift register 1

4. TRF : Bit 3 of the automatic data transmit/receive control register (ADTC)
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In 6-byte transmission (ARLD = 0, RE = 0) in basic transmit mode, buffer RAM operates as follows.

(i) Before transmission (refer to Figure 15-13 (a))
After arbitrary data has been written to the serial I/O shift register 1 (SIO1) (start trigger: this data
is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When
transmission of the first byte is completed, the automatic data transmit/receive address pointer
(ADTP) is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(ii) 4th byte transmission point (refer to Figure 15-13 (b))
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to SIO1. When transmission of the fourth byte is completed, ADTP is decremented.

(iii) Completion of transmission (refer to Figure 15-13 (c))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) isset (INTCSI1
generation).

Figure 15-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (1/2)

(a) Before transmission

FAFFH
FAC5H Transmit data 1 (T1) SIo1
Transmit data 2 (T2)
Transmit data 3 (T3)
5 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSlIF1
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Figure 15-13. Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) (2/2)

(b) 4th byte transmission point

264

FAFFH
FAC5H Transmit data 1 (T1) _ SIo1
Transmit data 2 (T2) //’//’/
Transmit data 3 (T3)
O ADTP
Transmit data 4 (T4) ]
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) CSlIF1
(c) Completion of transmission
FAFFH
FAC5H Transmit data 1 (T1) SIo1
Transmit data 2 (T2)
Transmit data 3 (T3)
ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) CSlIF1
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(c) Repeat transmission mode
In this mode, data stored in the buffer RAM is transmitted repeatedly.
Serial transfer is started when any data is written to the serial I/O shift register 1 (S101) while bit 7
(CSIE1) of the serial operating mode register 1 (CSIM1) is set to 1.
Unlike the basic transmission mode, after the last byte (data in address FACOH) has been transmitted,
the interruptrequest flag (CSIIF1) is not set, the value at the time when the transmit function was started
is setin the automatic data transmit/receive address pointer (ADTP) again, and the buffer RAM contents
are transmitted again.
When a reception operation, busy control and strobe control are not performed, the P20/SI1, P23/STB
and P24/BUSY pins can be used as normal input/output ports.
The repeat transmission mode operation timing is shown in Figure 15-14, and the operation flowchart

in Figure 15-15. The operation of the buffer RAM in 6-byte repeat transmission mode is shown in Figure
15-16.

Figure 15-14. Repeat Transmission Mode Operation Timings

Interval‘ ‘Interval‘

so1  XD7XD6)XD5XD4)D3XD2)D1)D0O XD7XD6 XD5)D4)XD3)D2)D1) D0 XD7)XD6XD5

Caution Since, in the repeat transmission mode, a read is performed on the buffer RAM after
the transmission of one byte, the interval is included in the period up to the next
transmission. As the buffer RAM read is performed at the same time as CPU
processing, the maximum interval is dependent upon the CPU operation and the value
of the automatic data transmit/receive interval specify register (ADTI) (see (5) Automatic
data transmit/receive interval).
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Figure 15-15. Repeat Transmission Mode Flowchart
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Remarks 1. ADTP : Automatic data transmit/receive address pointer
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When data of 6 bytes are transmitted in repeat transmit mode (ARLD = 1, RE = 0), the buffer RAM
operates as follows:

(i) Before transmission (refer to Figure 15-16 (a))
After arbitrary data has been written to the serial I/O shift register 1 (SIO1) (start trigger: this data
is not transferred), transmit data 1 (T1) is transferred from the buffer RAM to SIO1. When
transmission of the first byte is completed, the automatic data transmit/receive address pointer
(ADTP) is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

(i) Upon completion of transmission of 6th bytes (refer to Figure 15-16 (b))
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set.
The first pointer value is set again to ADTP.

(iii) 7th byte transmission point (refer to Figure 15-16 (c))
Transmit data 1 (T1) is transferred from the buffer RAM to SIO1 again. When transmission of the
first byte is completed, ADTP is decremented. Then transmit data 2 (T2) is transferred from the
buffer RAM to SIO1.

Figure 15-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (1/2)

(a) Before transmission

FAFFH
FAC5H Transmit data 1 (T1) =% SIo1
Transmit data 2 (T2) ""/1,/’;::{?/’
Transmit data 3 (T3) s
T O 5 ADTP
Transmit data 4 (T4) 77 et
Transmit data 5 (T5) . ///
FACOH Transmit data 6 (T6) ’ 0 CSlIF1
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Figure 15-16. Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

FAFFH
FAC5H Transmit data 1 (T1) SIo1
Transmit data 2 (T2)
Transmit data 3 (T3)
0 ADTP
Transmit data 4 (T4)
Transmit data 5 (T5)
FACOH Transmit data 6 (T6) 0 CSlIF1
(c) 7th byte transmission point
FAFFH
FAC5H Transmit data 1 (T1) =% SIo1
Transmit data 2 (T2) ""/1,/’;::{?/’/
Transmit data 3 (T3) - et
T @ 5 ADTP
Transmit data 4 (T4) Ry ]
Transmit data 5 (T5) . ///
FACOH | Transmitdata6 (T6) [ 0 CSIIF1
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(d) Automatic transmission/reception suspending and restart
Automatic transmission/reception can be temporarily suspended by setting bit 7 (CSIE1) of the serial
operating mode register 1 (CSIM1) to O.
If during 8-bit data transfer, the transmission/reception is not suspended if bit 7 (CSIE1) is set to 0. It
is suspended upon completion of 8-bit data transfer.
When suspended, bit 3 (TRF) of the automatic data transmit/receive control register (ADTC) is set to
0 after transfer of the 8th bit, and all the port pins used with the serial interface pins for dual function
(P20/SI1, P21/SO1, P22/SCK1, P23/STB and P24/BUSY) are set to the port mode.
Automatic transmission/reception can be restarted and the remaining data can be transferred by setting
CSIE1 to 1 and writing any data to the serial 1/0 shift register 1 (S101).

Cautions 1. If the HALT instruction is executed during automatic transmission/reception,
transferis suspended and the HALT mode is set if during 8-bit data transfer. When
the HALT mode is cleared, automatic transmission/reception is restarted at the
suspended point.

2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial /O mode while TRF = 1.

Figure 15-17. Automatic Transmission/Reception Suspension and Restart

CSIE1 = 0 (suspended command) Suspend Restart d
l estart comman

_— - . CSIE1 =1, write to SIO1
so1  fp7fpsfps)pafpsfp2)p1)po “ Yo7)ps)psfp4)psp2)p1Y o
sin \p7fpefpsfpafpsfp2)p1)po % Yo7)ps)psfp4)psfp2)p1)o

Remark CSIE1: Bit 7 of the serial operating mode register 1 (CSIM1)

((
))
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Synchronization control

Busy control and strobe control are to synchronize transmission/reception data between the master device
and slave device.

By using these functions, a bit slippage in data being transmitted/received can be detected.

(a) Busy control option
Busy control is to allow a slave device to output a busy signal to the master device, so that the master
device puts serial transmission/reception into a wait state while the busy signal is active.
To use the busy control option, the following conditions must be satisfied:

e Set bit 5 (ATE) of the serial operating mode register 1 (CSIM1) to 1.
e Set bit 1 (BUSY1) of the automatic data transmit/receive control register (ADTC) to 1.

Figure 15-18 shows the system configuration of the master device and a slave device when the busy
control option is used.

Figure 15-18. System Configuration with Busy Control Option

Master device

(uPD78044F Subseries) Slave device
SCK1 SCK1
SO1 SO1
SI1 SI1
BUSY

The master device inputs the busy signal output by the slave device to the BUSY/P24 pin. It samples
the input busy signal in synchronization with the fall of the serial clock. Even if the busy signal becomes
active while 8-bit data is transmitted or received, transmission/reception is not put into a wait state. If
the busy signal is active at the rising edge of the serial clock two clocks after transmission or reception
of 8-bit data has been completed, the busy signal becomes valid. After that, transmission or reception
is put into a wait state while the busy signal is active.

The active level of the busy signal is specified by bit 0 (BUSYQ) of ADTC, as follows:

BUSYO = 0: Active high
BUSYO = 1: Active low

When using the busy control option, select the internal clock as the serial clock. Busy control cannot
be executed with the external clock.
Figure 15-19 shows the operation timings when using the busy control option.

Caution Busy control cannot be executed when the interval time is controlled by using the
automatic data transmit/receive interval specify register (ADTI).
If an attempt is made to execute both control operations at the same time, busy control
is invalid.
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Figure 15-19. Operation Timings when Using Busy Control Option (BUSYO0 = 0)
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Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 of the automatic data transmit/receive control register (ADTC)

When the busy signal becomes inactive, the wait is cleared. If the sampled busy signal is inactive,
transmission/reception of 8-bit data is started at the falling edge of the next clock.

Note that, because the busy signal is asynchronous with the serial clock, it takes the master device up
to 1 clock to sample the busy signal even if the slave device has made the busy signal inactive. In
addition, it takes 0.5 clock until data transfer is started after the signal has been sampled.

To clear the wait, therefore, it is necessary for the slave device to keep the busy signal inactive for at
least 1.5 clocks. In Figures 15 to 20, the busy signal becomes active as soon as transmission/reception
has been started.

Figure 15-20. Busy Signal and Clearing Wait (BUSYO = 0)

see [ TITHTUTULUL Juuuuuuyy

'
'
=1
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Xp7)XpeXDsXp4XD3XD2)D1)D0 Xp7Xp6XDsXD4XD3XD2XD1)D0
Xp7)D6XDsXD4XD3XD2)D1)D0 XD7XD6XDs)XD4XD3XD2XD1)D0

=

S

=

BUSY J

\ |
E} 1.5 clocks (min.)
(active high) If busy signal becomes —

inactive immediately after
it has been sampled.

Wait

fffff Busy input clear

fffffffffffff Busy input valid
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(b) Busy & strobe control option

Strobe control is to synchronize data transmission/reception between the master device and a slave
device. The master device outputs a strobe signal from the STB/P23 pin on completion of transmission/
reception of 8-bit data. This strobe signal informs the slave device of the data transmission/reception
completion timing of the master device. Therefore, synchronization can be established even if bit
slippage occurs due to noise carried on the serial clock, keeping bit slippage from affecting transmission
of the next byte.

To use the strobe control option, the following conditions must be satisfied:

e Set bit 5 (ATE) of the serial operating mode register 1 (CSIM1) to 1.
» Set bit 2 (STRB) of the automatic data transmit/receive control register (ADTC) to 1.

Usually, the busy control and strobe control options are simultaneously used for handshaking. In this
case, the strobe signal is output from the STB/P23 pin and the BUSY/P24 pin is sampled. While a busy
signal is input to the pin, transmission/reception can be put into a wait state.

If strobe control is not executed, the P23/STB pin can be used as a normal I/O port pin.

Figure 15-21 shows the operation timings when using the busy & strobe control option.

When the strobe control option is used, the interrupt request flag that is set on completion of
transmission/reception (CSIIF1) is set after the strobe signal has been output.

Figure 15-21. Operation Timings when Using Busy & Strobe Control Option (BUSYO = 0)

H
- -t
|
‘
‘
‘
|

. Xp7XpsXpsXpaXp3Xp2XD1XDo | A
Xp7XD6XDsXp4)XD3XD2)D1XDO0 |

so1 _ Xo7X0eX05X0aX0aXb2)b1X00

s Xo7X0eXD5XDaXD3XD2XD1X00 |

]
"

CSIIF1

R Busy input clear

ffffffffffffff Busy input valid

TRF

Caution When TRF is cleared, the SO1 pin becomes low level.

Remark CSIIF1: Interrupt request flag
TRF: Bit 3 the automatic data transmit/receive control register (ADTC)
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(c) Bit slippage detection function with busy signal
During automatic transmission/reception, bit slippage may take place in the serial clock of the slave
device due to the noise carried on the serial clock signal output by the master device. Unless the strobe
control option is used at this time, the bit slippage affects transmission of the next byte. In such a case,
the master device can detect the bit slippage by using the busy control option and checking the busy
signal during transmission.
The bit slippage is detected by using the busy signal as follows:
The slave outputs a busy signal after the 8th rise of the serial clock during data transmission/reception
(at this time, make the busy signal inactive within two clocks not to make the master device put
transmission/reception into a wait state).
The master samples the busy signal in synchronization with the fall of the serial clock. If bit slippage
does not occur, the busy signal is found to be inactive after it has been sampled eight times. If the busy
signal is found to be active when it has been sampled, it is assumed that bit slippage has occurred,
and error processing is performed (by setting bit 4 (ERR) of the automatic data transmit/receive control
register (ADTC) to 1).
Figure 15-22 shows the operation timings of the bit slippage detection function using the busy signal.

Figure 15-22. Operation Timings of Bit Slippage Detection Function Using Busy Signal (BUSYO = 1)

m Bit slippage due to

SCK1
(Master side)

oi

SCK1
(Slave side)

sor  Xp7XpeXD5XD4XD3XD2XD1XD0
sit Xp7Xpe)XD5XD4XD3XD2)XD1)XDO XD7X\/\/D7XD6XD5XD4XD3XD2XD:LXDO /

XD?X\/\\/\ D7XD6XD5XD4XD3XD2)D1Y D0 |

))
T(

BUSY | | !

CSIIF1

CSIE1

ERR

))
(

fffff No busy detection -- Error interrupt request generation

fffff Error detection

Remark CSIIF1 : Interrupt request flag
CSIE1 : Bit 7 of the serial operating mode register 1 (CSIM1)
ERR : Bit 4 of the automatic data transmit/receive control register (ADTC)
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(5)

274

Automatic data transmit/receive interval

When the automatic data transmit/receive function is used, one byte is transmitted/received and then the
read/write operations from/to the buffer RAM are performed, therefore an interval is inserted before the next
data transmission/receiving.

When the automatic data transmit/receive function is performed by an internal clock, since the read/write
operations from/to the buffer RAM are done in parallel with CPU processing, the interval depends on the
CPU processing at the moment of serial clock's eighth positive-edge timing and the value which is set in
the automatic data transmit/receive interval specify register (ADTI). Whether or not the interval depends
on the ADTI can be selected by setting bit 7 of ADTI (ADTI7).

When ADTI7 is set to 0, the interval depends only on the CPU processing. When ADTI7 is set to 1, the
interval is the value determined by the contents of the ADTI or the other value determined by CPU
processing, whichever is greater.

When the automatic data transmit/receive function is performed by an external clock, it must be chosen so
that the interval may be longer than the value shown in (b).

Figure 15-23. Automatic Data Transmit/Receive Interval

‘ Interval ‘

e »

so1 XD7XD6XD5XD4XD3XD2XD1XDO XD7XD6XD5XD4XD3XD2XD1XDO
si Yo7} ps)ps)pa)p3)p2fb1fpo Yo7} p6)ps)p4fp3fp2fp1) D0
CSIIF1 |

Remark CSIIF1: Interrupt request flag
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(a) In case the automatic data transmit/receive function is performed by an internal clock
The internal clock operation is performed when bit 1 (CSIM11) of the serial operating mode register
1 (CSIM1) is set to 1.
In this case, the interval is determined as follows by CPU processing.
When bit 7 (ADTI7) of the automatic data transmit/receive interval specify register (ADTI) is set to 0,
the interval is determined by CPU processing. When ADTI7 is set to 1, the interval is determined by
the contents of ADTI or by CPU processing, whichever is greater. For the interval determined by ADTI,
see the format shown in Figure 15-5. Automatic Data Transmit/Receive Interval Specify Register
Format.

Table 15-3. Interval Time by CPU Processing (During Internal Clock Operation)

CPU Processing Interval
When using multiplication instruction MAX. (2.5 Tsck, 13 Tcru)
When using division instruction MAX. (2.5 Tsck, 20 Tcpu)
External, access 1 wait mode MAX. (2.5 Tsck, 9 Tceu)
Other than above MAX. (2.5 Tsck, 7 Tceu)

Tsck : 1/fsck
fsck : Serial clock frequency
Tcpu @ 1/fcpu

fceru @ CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC)
MAX. (a, b) : a or b, whichever is greater

Figure 15-24. Operation Timing with Automatic Data Transmit/Receive
Function Performed by Internal Clock

fepu |||||||||||||||||||||||||||||||||4(’_||_||_||—||
(n=1)

‘«TSCK»‘ ‘<7 Interval *»‘

sa | LI LI LML L L L
X
X

so1 XD7XD6XD5XD4XD3XD2XD1XDO\’\’
si1 XD7XD6XD5XD4XD3XD2XD1XDO%

fx : Main system clock oscillation frequency

fcru : CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC)
Tcpu : 1/fcpu

Tsck : 1/fsck

fsck : Serial clock frequency
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(b) In case the automatic data transmit/receive function is performed by an external clock
The external clock operation is performed when bit 1 (CSIM11) of the serial operating mode register
1 (CSIM1) is cleared to 0.
When the automatic data transmit/receive function is used by the external clock, it must be selected
so that the interval may be longer than the values shown as follows:

Table 15-4. Interval Time by CPU Processing (During External Clock Operation)

CPU Processing Interval
When using multiplication instruction 13 TCPU or more
When using division instruction 20 TCPU or more
External access 1 wait mode 9 TCPU or more
Other than above 7 TCPU or more

Tcru : 1/fcpu
fcru : CPU clock (set by bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC))
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CHAPTER 16 FIP CONTROLLER/DRIVER

FIP Controller/Driver Functions

The functions of the FIP controller/driver incorporated in the uPD78044F Subseries are as follows.

1)
2
(3)

4
(5)

(6)
)

Automatically outputs the segment signals (DMA operation) and digit signals by automatically reading
data displayed.

Controls 9- to 24-segment and 2- to 16-digit FIPs (fluorescent indicator panel) using display mode
registers 0 and 1 (DSPMO and DSPM1).

Pins not used for FIP display can be used as output and input/output ports.

Luminance can be adjusted in 8 levels using display mode register 1 (DSPM1).

Incorporates hardware for key scan application.

» Generates interruption signals (INTKS) indicating key scan timing.

» Outputs key scan signals from segment output pins by setting key scan data to port 11 and port 12.
» Detects timings at which key scan data are output by the key scan flag (KSF).

Incorporates a high voltage-resistant output buffer that can directly drive the FIP.

The display output pin can be connected to a pull-down resistor by mask option.

Cautions 1. The FIP controller/driver can be operated only when f x or fx/2 is selected for the CPU clock.

When performing FIP display, set bit 4 (CSS) of the processor control register (PCC) to
0 and bits 2to 0 (PCC2to PCCO) of the PCC register to 000 or 001. Data will not be displayed
properly if clocks other than these are used (including the subsystem clock). To stop the
main oscillation, be sure to specify "display stop" by setting bits 7 to 4 (DIGS3 to DIGS0)
of the display mode register 1 (DSPM1) to 0000.

2. When using the FIP controller/driver, set the pins of ports 11 and 12 used as segment
outputs to the output mode (set 0 to the bits corresponding to port mode registers 11 and
12).
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Figure 16-1. FIP Controller Operation Timings

Tevr

Tosp Tks
Digit signal

o [ |
FIP1 [ ] [ 1
FIP2 [ ] [

N Toie

FIPn

Key scan flag
(KSF)

Can be changed
whenever necessary

segmen L o

1 display cycle Key scan timing

n : Displayed digit — 1 (Digits 2 to 16 can be selected using the display mode register 1 (DSPM1))
Tosp : 1 display cycle (1024/fx (204.8 us: at 5.0-MHz operation) or 2048/fx (409.6 us: at 5.0-MHz operation)
Tks : Key scan timing (Tks = Tospr)

Tcyt : Display cycle (Tcyr = Tosp x (Displayed digit + 1) )

Toic : Width of digit signal pulse (Can be selected from 8 types using the display mode register 1 (DSPM1))
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All 34 display output pins are used as port pins as well. These pins are used as port pins when display stop

is set using bits 4 to 7 (DIGSO to DIGS3) of the display mode register 1 (DSPM1).

Even when display is enabled, display output pins not used for outputting digit signals and segment signals

can be used as port pins.

Table 16-1. Relation between Display Output Pins and Port Pins

Display Pin Name Dual Port Name Input/Output
FIPO, FIP1 P80, P81 For output port
FIP2 P90
to to For output port
FIP9 P97
FIP10 P100
to to For output port
FIP17 P107
FIP18 P110
to to 1/0 port
FIP25 P117
FIP26 P120
to to 1/0 port
FIP33 P127

16.2 FIP Controller/Driver Configuration
The FIP controller/driver consists of the following hardware.

Table 16-2. FIP Controller/Driver Configuration

Iltem Configuration

Display output 34 pins (segments: 9 to 24, digits: 2 to 16)

Control register | Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)
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Figure 16-2. FIP Controller/Driver Block Diagram

Internal bus
Display mode register 1 Display mode register O
(DSPM1) (DSPMO)
DIGS3|DIGS2 |DIGS1 |DIGSO |DIMS3 [DIMS2 | DIMS1 | DIMSO KSF [DsSPM06|SEGS3|SEGS2|SEGS1|SEGSO
Display data memory ‘ J J ‘ ‘ J J ‘ L l ‘ J J ‘
4 4 4
Digit signal generator Segment data latch

| | | | |
| | | | |
! ! Port output latch | ! !
| | | | |

High breakdown voltage output buffer

Y Y Y
FIPO/P80FIP1/P81 FIP33/P127
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16.3 FIP Controller/Driver Control Registers

16.3.1 Control registers
There are two types of registers for controlling the FIP controller/driver.

Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)

(1) Display mode register 0 (DSPMO0) (Refer to Figure 16-3.)

2

This register sets the display segment number and the mode for the subsystem clock noise elimination
circuit, and displays the key scan timing.

The DSPMO is set with an 8-bit memory manipulation instruction. However, only bit 7 (KSF) can be read
using the 1-bit memory manipulation instruction.

RESET input clears DSPMO to 00H.

Display mode register 1 (DSPM1) (Refer to Figure 16-4.)

This register sets the display digit number and the cut width of the digit signal, and selects the display cycle
(Tosp).

When bit 0 (DIMSO0) is setto 1 and the display cycle to 2048/fx (409.6 us: at5.0-MHz operation), lightleakage
is reduced.

As the display cycle approaches the commercial power supply frequency when the display digitis increased,
the display will flicker. In this case, select 1024/fx (204.8 us: at 5.0-MHz operation). If light leaks, adjust
the cut width of the digit signal using bits 1 to 3 (DIMS1 to DIMS3).

DSPML1 is set with an 8-bit memory manipulation instruction.

RESET input clears DSPM1 to 00H.
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Figure 16-3. Display Mode Register 0 Format

Symbol  (7) 6 5 4 3 2 1 0 Address  After Reset  R/W
DSPMO | KSF |psPmos| 0 0 |SEGS3|SEGS2|SEGS1|SEGS0 FFAOH 00H R/W Notet
| | | |
‘ SEGS3|SEGS2|SEGS1|SEGSO0| Display Segment
0 0 0 0 9 segments
0 0 0 1 10 segments
0 0 1 0 11 segments
0 0 1 1 12 segments
0 1 0 0 13 segments
0 1 0 1 14 segments
0 1 1 0 15 segments
0 1 1 1 16 segments
1 0 0 0 17 segments
1 0 0 1 18 segments
1 0 1 0 19 segments
1 0 1 1 20 segments
1 1 0 0 21 segments
1 1 0 1 22 segments
1 1 1 0 23 segments
1 1 1 1 24 segments
DSPMO6 Sub_systNeortTJZCIock Noise Reduction Circuit Mode
Setting
0 2.5 MHz < fx < 5.0 MHz
1 1.25 MHz < fx < 2.5 MHz
KSF | Timing Status
0 Display timing
1 Key scan timing

Notes 1. Bit 7 (KSF) is for read-only.

2. Set the values according to the main system clock frequency (fx) used. The noise elimination circuit

is effective during FIP display opera

tions.

Caution When using a main system clock below 1.25 MHz together with the FIP controller/driver, be

sure to use the main system clock (TCL24 = 0) for counting the clock timer.

Remark fx : Main system clock oscillation frequency
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Figure 16-4. Display Mode Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
DSPM1 |DIGS3|DIGS2 | DIGS1 | DIGSO0 | DIMS3|DIMS2 | DIMS1 | DIMSO FFA1H 0OH R/W

DIMSO| Display Cycle Selection

0 1024/ix is 1 display cycle.
(1 display cycle = 204.8 us: when operated at 5.0 MHz)

1 2048/fx is 1 display cycle.
(1 display cycle = 409.6 us: when operated at 5.0 MHz)

DIMS3|DIMS2 | DIMS1| Digit Signal Cut Width

0 0 0 1/16

0 0 1 2/16

0 1 0 4/16

0 1 1 6/16

1 0 0 8/16

1 0 1 10/16

1 1 0 12/16

1 1 1 14/16
DIGS3|DIGS2 | DIGS1 | DIGSO| Display Digit

0 0 0 0 | Display stopped (Static display)™™*

0 0 0 1 2 digits

0 0 1 0 3 digits

0 0 1 1 4 digits

0 1 0 0 5 digits

0 1 0 1 6 digits

0 1 1 0 7 digits

0 1 1 1 8 digits

1 0 0 0 9 digits

1 0 0 1 10 digits

1 0 1 0 11 digits

1 0 1 1 12 digits

1 1 0 0 13 digits

1 1 0 1 14 digits

1 1 1 0 15 digits

1 1 1 1 16 digits

Note When setting display stop, static display can be set by setting the port output latch.

Remark fx :

Main system clock oscillation frequency
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16.3.2 1 Display period and blanking width

The digit signal is equally cut at the beginning and end of the display period by the cut width set by bits 1

to 3 (DIMS1 to DIMS3) of the display mode register 1 (DSPM1).

Figure 16-5. Cut Width of Digit Signal

1 display cycle = Tosp

Segment signal

1/16 1/16
Digit signal LJ LJ
(1/16 of cut width)
T 1/8 1/8 —
‘«»‘ ‘«»‘
Digit signal LJ LJ
(2/16 of cut width)
1/4 1/4
/o A\

‘ ‘

Digit signal
(4/16 of cut width)

]

LI

Remark FIPO is output twice when displaying is started from the display stop status.

Figure 16-6. FIP Controller Display Start Timings

Digit signal
FIPO

1

FIP1

Tosp

I 1

Tks

FIP2

FIPn

Toie

Key scan flag
(KSF)

Segment
signal

| Can be changed
whenever necessary

-

L 1

Displaying
starts

1 display
cycle

Key scan timing

n : Displayed digit — 1 (Digits 2 to 16 can be selected using the display mode register 1 (DSPM1))

Tosp : 1 display cycle (1024/fx (204.8 us: at 5.0-MHz operation) or 2048/fx (409.6 us: at 5.0-MHz operation))
Tks : Key scan timing (Tks = Tosp)

Toic : Width of digit signal pulse (Can be selected from 8 types using the display mode register 1 (DSPM1))
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16.4 Selecting the Display Mode

The number of segments and digits displayed by the FIP controller/driver depend on the display mode set.

10

11

12

13

14

15

16

17

18

19

Number of displayed segments selected

20

21

22

23

Caution

Figure 16-7. Selection of Display Mode

Number of displayed digits selected

When the total number of digits and segments together exceed 34, the digits will have the
priority.
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16.5 Display Mode and Display Output

The on-chip controller/driver assigns pins FIPO/P80 to FIP33/P127 to digit signals and segment signals (in
this order). The number assigned is specified by the display mode registers 0 and 1 (DSPMO0 and DSPM1). The
remaining pins are assigned as general ports.

The pin configuration for a 14-segment display is shown below as an example.

Figure 16-8. Pin Configuration for 14-Segment Display

) Number of Displayed Digits Selected
Fin Name Dsifg")ay 2 R R— 9 10 E N (R 16
FIPO/P80 P80 To[Pso | TollPso TolPso | TolPso | Tollrso Tol P80
FIP1/P81 P81 T1[ P81 | T1llPs1 TilPs1 | T1ilPs1 | Tills1 11 P81
FIP2/P90 P90 P90 T2[ g2 T2[Poo | T2lbPo0 | T2[lP90 T2[ P90
FIP3/P91 PO1 POl POl 13[Po1 | T3[Po1 | T3[lo1 T3[ o1
FIP4/P92 P92 P92 P92 Tal o2 | TalPo2 | TallPo2 T4 P92
FIP5/P93 P93 P93 P93 15[ Po3 | T5[Po3 | T5[lPo3 15[ Po3
FIP6/P94 P94 P94 P94 N | 16l Pos | T6[dpoa | T6[Poa 16[ P94
FIP7/P95 P95 P95 P95 S| 170bes | 170kos | 170Pos 170 Pos
FIP8/P96 P96 P96 P96 18 Pos | T8[Pos | Ts[lros 18[_Pos
FIP9/P97 P97 P97 P97 P97 1ol Po7 | Tollpo7 1ol bo7
FIP10/P100 p100 | sol 100 | sol 100 sol 100 | solP100 | T10[ P10}, 110 P100
FIP11/P101 pro1 | silb1o1| sill1o1 s1[b1o1 | sill1o1]| solli01 111 P101
FIP12/P102 p102 | s2[ 102 | s2[P102 s2[b1o2 | s2lb1o2| salbioz | 112 P102
FIP13/P103 p103 | s3l 103 | s3llpios s3l 103 | s3l 103 | s2[lp1os N [7230CP1os
FIP14/P104 P04 | salP104| salP104 sa[ 104 | salP104a| s3allri04 N | 114104
FIP15/P105 p1os | ss[p1o5| ss[P1os ss[ 105 | ss[ 105 sallpios Y t15(P105
FIP16/P106 P06 | se[P1o6 | se[ 106 se[ 106 | se[ 106 | ss[ 106 so[ 106
FIP17/P107 pio7 | s7[b107| s7[l107 s7lb107 | s7[P107| sel 107 s1[b107
FIP18/P110 pi10 |[ss[lp110|ssp1i10 sg Lp110 | s8 [lp110| s7 Lp110 s2 [p110
FIP19/P111 P11 |so [p111|se [p111 s9 Lpa11 | so [Jp111] ss [paaa | s3 [p111
FIP20/P112 P12 |s10 [p1a2|sio [p112 s10 [Jp112| s10 [Ip112| s9 [p112 sa[p112
FIP21/P113 p113  |s11 [p113|s11 [p113 s11 [p113] s11 [p113|s10 [p113 N |ssp1is
FIP22/P114 p114 |s12 [p114fs1z [p114 s12 [p114|s12 (p114|s11 (p114 N |s6 Opi1a
FIP23/P115 p115 |s13 [p11s|s13 [lp115 s13 [p115|s13 [p11s|s12 [p11s Y s7 Up11s
FIP24/P116 P116 P116 P116 P116 p116  |s13[p116 sg [lp116
FIP25/P117 P117 P117 P117 P117 P117 P117 so [lp117
FIP26/P120 P120 P120 P120 P120 P120 P120 s10 [Ip120
FIP27/P121 P121 P121 P121 P121 P121 P121 s11 [p121
FIP28/P122 P122 P122 P122 P122 P122 P122 s12 [Ip122
FIP29/P123 P123 P123 P123 P123 P123 P123 s13 [Ip123
FIP30/P124 P124 P124 P124 P124 P124 P124 P124
FIP31/P125 P125 P125 P125 P125 P125 P125 P125
FIP32/P126 P126 P126 P126 P126 P126 P126 P126
FIP33/P127 P127 P127 P127 P127 P127 P127 P127

Remark /: OR
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16.6 Display Data Memory

The display data memory is the area for storing the segment data to be displayed.

This memory is mapped at addresses FA50H to FA7FH. To display data on the FIP, the FIP controller reads
the data stored in this memory regardless of the type of operations performed by the CPU (DMA operations).

The area not used for the display data can be used as a normal RAM.

At the key scan timing (Tks), all segment outputs and digit outputs become “0” and the output latch data of
ports 11 and 12 are output to FIP18/P110 to FIP33/P127.

Figure 16-9. Contents of Display Data Memory and Relation with Segment Output

Bit 7 0 7 0 7 0
| 'FASOH | | 'FAGOH | | "FATOH' | TO
FA51H FA61H FA71H Tg
FA52H FA62H FA72H T2
FA53H FA63H FA73H T3
FAB54H FA64H FA74H #4
> FA55H FA65H FA75H T+5
§ FA56H FA66H FA76H Tfs g
g FA57H FA67H FA77H T7 an
% FA58H FA68H FA78H T8 E
g * 3
a FA59H FA69H FA79H T9
FASAH FAG6AH FA7AH Tio
FA5BH FA6BH FA7BH T11
FA5CH FA6CH FA7CH T12
FASDH FA6DH FA7DH Ti3
FASEH FAGEH FA7EH T14
FA5FH FA6FH FA7FH T15
0 00 00000/0O0O0O0O0O0O0O0/00O0O0O0O0 00 Tts
TTTTTTTTTITTITTI I TT0T7 T b—
S23 S16 S15 S8 S7 S0
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16.7 Key Scan Flags and Key Scan Data

16.7.1 Key scan flags
The key scan flag (KSF) is set to 1 in the key scan timing and reset automatically to O in the display timing.
The KSF is mapped at bit 7 of the display mode register 0 (DSPMO0) and can be tested one bit at a time. It
cannot be written.
By testing the KSF, it can be determined ifitis in the key scan timing and if the data input using keys is correct.

16.7.2 Key scan data

The data stored in ports 11 and 12 are output from pins FIP18 to FIP33 in the key scan timing.

By changing the data output from ports 11 and 12 during the key scan timing, key scan can be performed
using these pins FIP18 to FIP33.

Caution Be sure to set the output latches of ports 11 and 12 to 0 before the key scan timing is
completed.
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16.8 Light Leakage of FIP
Light may leak when a FIP is driven using the uPD78044F Subseries. Two possible causes are as follows.

(1) Light leakage due to a short blanking
Figure 16-10 shows the signal waveforms when only the first digit of two digits to be displayed is lit.
As shown in this figure, when the blanking time is short, the T1 signal rises before the segment signal is
eliminated, resulting in light leaking.
Generally, as approximately 20 ms is required for the blanking time, consider values for setting the display
mode register 1 (DSPM1) carefully.

Figure 16-10. Light Leakage due to Short Blanking Time

Blanking time
TO
N—
T1
Light leakage
SO

(2) Light leakage due to capacity between segment and grid of FIP
As shown in Figure 16-12, light may leak even if the blanking time is sufficient. As shown by Csc in Figure
16-11, as there is capacity between the grid and segment of the FIP, the timing signal pin voltage will be
increased via Cse when the segment signal turns on.
As shown in Figure 16-12, when this voltage exceeds the cut-off voltage (Ek), light will leak.
This spike noise voltage depends on the size of Csc and the on-chip pull-down resistor (RL). The greater
the value of Csc or the RL value, the greater is the voltage, making it easy for light to leak.
This Csc value differs according to the area of the data displayed on the FIP. The greater the area, the
greater the Csc is. Consequently, pull-down resistor values with which light will not leak also depend on
the size of the FIP.
As the value of the pull-down resistor incorporated by the mask option is comparatively great, in some cases,
light leakage cannot be controlled with the resistance only.
If the quality of the display is insufficient, increase the back bias (increase the Ek), place a filter over the
FIP, or attach a 10-kQ pull-down resistor externally to the timing signal pin.
Depending on the duty cycle of the spike noise voltage for the whole display period, the easiness with which
light leaks due to the Csc varies. The lesser the number of digits displayed, the easier it is for light to leak.
Lowering the luminance of the display is also effective.
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Figure 16-11. Light Leakage due to C sc
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Remark Ek: Cut-off voltage
RL: On-chip pull-down resistor

Figure 16-12. Waveform of Light Leakage due to C s
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16.9 Calculating Total Power Dissipation

The total power dissipation of the uyPD78044F Subseries is the sum of the values at the following three
parts. Design your application set so that the sum is lower than the total power dissipation Pt stipulated
in Figure 16-13. (The recommended operating condition is 80% or lower of the rated value.)

[1] CPU: the power consumed by CPU and calculated with Voo (max.) x loo (max.)

[2] Output pins: the power consumption when the maximum current flows at display output pins

[3] Pull-down resistors: the power dissipated at the on-chip pull-down resistors connected to display output pins

Figure 16-13. Allowable Total Power Dissipation P 1 (Ta = —40 to +85 °C)

800
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400

200

Power dissipation PT[mW]

—40 0 +40 +80

Temperature [°C ]

The calculation example of the total power dissipation is provided below.
* The calculation of total power dissipation of the display example in Figure 16-14 is shown below.

Example: The following conditions are assumed

Vob =5V + 10%, 5.0 MHz oscillation

Power supply current (lop) = 21.6 mA

Display output: 11 grids x 10 segments (when cut width = 1/16: DIMS1 — DIMS3 = 000B)
Max. 15 mA flows in grid pins.
Max. 3 mA flows in segment pins.
And display output voltage is off at key scan timing.

Display output voltage: grid Voo = Voo — 2 V (with 2 V voltage drop)

segment Voo = Vob — 0.4 V (with 0.4 V voltage drop)
FIP voltage (Vioap) = =30 V
Mask option pull-down resistor = 25 kQ

The conditions above are applied to the expressions <1>to <3> to calculate total power dissipation.
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<1> CPU power dissipation: 5.5 V x 21.6 mA = 118.8 mW

<2> Output pin power dissipation:

Total current value of each grid
Grid (Voo — Vob) x x Digit width (1 — Cut width) =
Number of grids + 1

15 mA x 11 grids 1
2V x - x (1 -—)=25.8mW
11 grids + 1 16

Total segment current value of dots lit
Segment (Voo — Vob) x 9 =
Number of grids + 1

3 mA x 31 dots

0.4V x =3.1mw
11 grids + 1
<3> Pull-down resistor power dissipation:
) (Vob — Vioap)? Number of grids L
Grid X x Digit width =
Pull-down resistor value Number of grids + 1
5.5V -2V - (=30 V))? 11 grids 1
x _ x(1l- —) =38.6 mwW
25 kQ 11 grids + 1 16
(Vob — Vioap)? Number of dots lit
Segment - x - =
Pull-down resistor value Number of grids + 1
(5.5V-04V-(-30V))? 31 dots
x - =127.3 mW
25 kQ 11 grids + 1

Total power dissipation = <1> + <2> + <3> = 118.8 + 25.8 + 3.1 + 38.6 + 127.3 = 313.6 mW
(< Pt = 600 mWw)

In this example, there is no problem as far as the power consumption is concerned because the total power
consumption does not exceed the allowable permissible total consumption rating shown in Figure 16-13.

If the total power dissipation exceeds the of allowable total dissipation rating, the number of pull-down
resistors must be reduced so that as to decrease power dissipation.
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Figure 16-14. Display Data Memory Contents and Segment Outputs
in 10-Segment/11-Digit Display Mode

Display data memory
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17.1 Interrupt Function Types

The following three types of interrupt functions are used.

1)

(2)

(3)

Non-maskable interrupt

This interrupt is unconditionally acknowledged even in an interrupt disabled status. It does not undergo
interrupt priority control and is given top priority over all other interrupt requests.

It generates a standby release signal.

One interrupt source from the watchdog timer is incorporated as a non-maskable interrupt.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority
group and a low interrupt priority group by setting the priority specify flag register (PROL, PROH).
Multiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts with the
same priority are simultaneously generated, each interrupt has a predetermined priority (see Table 17-1).
A standby release signal is generated.

Four external interrupt sources and ten internal interrupt sources are incorporated as maskable interrupts.

Software interrupt
This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in
an interrupt disabled state. The software interrupt does not undergo interrupt priority control.

17.2 Interrupt Sources and Configuration

Atotal of 16 non-maskable, maskable and software interrupt sources are incorporated in the interrupt sources

(see Table 17-1).

295



CHAPTER 17 INTERRUPT FUNCTIONS AND TEST FUNCTION

Table 17-1. Interrupt Source List

Interrupt Type De.faylt nierrupt Source Internall }r/::):ItZr Ejri‘li;uration
Priority™* | Name Trigger External Address | Type et
Non-maskable — INTWDT | Watchdog timer overflow Internal 0004H (A)
(with watchdog timer mode 1 selected)
Maskable 0 INTWDT | Watchdog timer overflow (B)
(with interval timer mode selected)
1 INTPO | Pin input edge detection External 0006H (©)
2 INTP1 0008H (D)
3 INTP2 000AH
4 INTP3 000CH
INTUD | 6-bit up/down counter match signal generation| Internal (B)
5 INTCSIO| End of serial interface channel 0 transfer 000EH
6 INTCSI1| End of serial interface channel 1 transfer 0010H
7 INTTM3 | Reference time interval signal from watch 0012H
timer
8 INTTMO | 16-bit timer/event counter match signal 0014H
generation
9 INTTM1 | 8-bit timer/event counter 1 match signal 0016H
generation
10 INTTM2 | 8-bit timer/event counter 2 match signal 0018H
generation
11 INTAD | End of A/D converter conversion 001AH
12 INTKS | Key scan timing from FIP controller/driver 001CH
Software — BRK | Execution of BRK instruction — 003EH (E)

Notes 1. Default priorities are intended for two or more simultaneously generated maskable interrupt
requests. 0 is the highest priority and 12 is the lowest priority.
2. Basic configuration types (A) to (E) correspond to (A) to (E) on next page.
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Figure 17-1. Basic Configuration of Interrupt Function (1/2)
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Figure 17-1. Basic Configuration of Interrupt Function (2/2)
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17.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

e Interrupt request flag register (IFOL, IFOH)
e Interrupt mask flag register (MKOL, MKOH)
e Priority specify flag register (PROL, PROH)
e External interrupt mode register (INTMO)

e Sampling clock select register (SCS)

e Program status word (PSW)

Table 17-2 gives a listing of interrupt request flags, interrupt mask flags and priority specify flag names
corresponding to interrupt request sources.

Table 17-2. Various Flags Corresponding to Interrupt Request Sources

Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
Interrupt Source
Register Register Register

INTWDT TMIF4 IFOL TMMKA4 MKOL TMPR4 PROL
INTPO PIFO PMKO PPRO

INTP1 PIF1 PMK1 PPR1

INTP2 PIF2 PMK2 PPR2

INTP3/INTUD PIF3 PMK3 PPR3

INTCSIO CSIIFO CSIMKO CSIPRO

INTCSI1 CSlIF1 CSIMK1 CSIPR1

INTTM3 TMIF3 TMMK3 TMPR3

INTTMO TMIFO IFOH TMMKO MKOH TMPRO PROH
INTTM1 TMIF1 TMMK1 TMPR1

INTTM2 TMIF2 TMMK2 TMPR2

INTAD ADIF ADMK ADPR

INTKS KSIF KSMK KSPR
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(1) Interrupt request flag registers (IFOL, IFOH)
The interruptrequest flag is setto (1) when the corresponding interrupt request is generated or an instruction
is executed. Itis clearedto (0) when aninstruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFOL or IFOH is set with a 1-bit or 8-bit manipulation instruction. If these two 8-bit registers are used as
a single jointed 16-bit register IFO, use a 16-bit memory manipulation instruction to set it.

RESET input clears these registers to 00H.

Symbdd @ ® ©®& @ ©® @ © ©

Figure 17-2. Interrupt Request Flag Register Format

Address After Reset R/W

IFOL | TMIF3 |CSIIF1|CSIIFO| PIF3 | PIF2 | PIF1 | PIFO | TMIF4 FFEOH OOH R/W
7 6 & ®@ B @ O 0
IFOH 0 0 |WTIFN®| KSIF | ADIF | TMIF2 | TMIF1 | TMIFO FFE1H OOH R/W
xxIF | Interrupt Request Flag
0 No interrupt request signal
1 Interrupt request signal is generated: Interrupt request state

Note WTIF is test input flag. Vectored interrupt request is not generated.

Cautions 1. TMIF4 flag is R/W enabled only when a watchdog timer is used as an interval timer.
If a watchdog timer will be used in watchdog timer mode 1, set TMIF4 flag to 0.

2. Be sure to clear bits 6 and 7 of IFOH to 0.
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(2) Interrupt mask flag registers (MKOL, MKOH)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to set
standby clear enable/disable.
MKOL or MKOH is set with a 1-bit or 8-bit memory manipulation instruction. If these two 8-bit registers are
used as a single jointed 16-bit register MKO, use a 16-bit memory manipulation instruction to set it.
RESET input sets these registers to FFH.

Figure 17-3. Interrupt Mask Flag Register Format

Symod @ ® ©® @ ©® @ © ©

Address After Reset R/W

MKOL | TMMK3 |CSIMK1|CSIMKO| PMK3 | PMK2 | PMK1 | PMKO | TMMK4 FFE4H FFH R/W
7 6 & ® ©® @ O 0
MKOH 1 1 |WTMK™¢| KSMK | ADMK | TMMK2 | TMMK1 | TMMKO FFE5H FFH R/W
xXMK | Interrupt Serving and Standby Mode Control
0 Interrupt serving enabled, standby mode release enabled
1 Interrupt serving disabled, standby mode release disabled

Note WTMK controls standby mode release enable/disable. Does not control the interrupt function.

Cautions 1. If a watchdog timer is used in watchdog timer mode 1, the MKO value becomes
undefined when TMMK4 flag is read.

2. Because port 0 has an alternate function as the external interrupt request input, when

the output level is changed by specifying the output mode of the port function, an

interrupt request flag is set.

Therefore, 1 should be set in the interrupt mask flag before using the output mode.

3. Be sure to set bits 6 and 7 of MKOH to 1.
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(3) Priority specify flag registers (PROL, PROH)
The priority specify flag is used to set the corresponding maskable interrupt priority orders.
PROL or PROH is set with a 1-bit or 8-bit memory manipulation instruction. If these two 8-bit registers are
used as a single jointed 16-bit register PRO, use a 16-bit memory manipulation instruction to set it.
RESET input sets these registers to FFH.

Figure 17-4. Priority Specify Flag Register Format

Symbol (@) ® ® @ ® @ @ ©) Address  After Reset  R/W

PROL |TMPR3|CSIPR1|CSIPRO| PPR3 | PPR2 | PPR1 | PPRO |TMPR4 FFE8H FFH R/W

7 6 5 @ ® @ o o
PROH | 1 1 1 |KSPR | ADPR |TMPR2|TMPR1|TMPRO|  FFE9H FEH RIW

‘ xxPR | Priority Level Selection

0 High priority level

1 Low priority level

Cautions 1. When a watchdog timer is used in watchdog timer mode 1, set 1 in TMPR4 flag.
2. Be sure to set bits 5 to 7 of PROH to 1.
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(4) External interrupt mode registers (INTMO)
This register sets the valid edge for INTPO to INTP2.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input clears INTMO value to O0OH.

Remarks 1. INTPO is also used for TIO/P0O.
2. INTP3 is fixed at falling edge.

Figure 17-5. External Interrupt Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

INTMO | ES31 | ES30 | ES21 | ES20 | ES11 |[ES10| O 0 FFECH O0H R/W

ES11 | ES10 | INTPO Valid Edge Selection

0 0 Falling edge
1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ES21 | ES20 | INTP1 Valid Edge Selection

0 0 Falling edge
1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ES31 | ES30 | INTP2 Valid Edge Selection

0 0 Falling edge
1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

Caution Before setting the valid edge of the INTPO/TIO/P0O pins, stop the timer operation by clearing
bits 1 to 3 (TMCO01 to TMCO03) of the 16-bit timer mode control register (TMCO) to 0, O, O.

303



CHAPTER 17 INTERRUPT FUNCTIONS AND TEST FUNCTION

(5) Sampling clock select register (SCS)

This register is used to set the valid edge clock sampling clock to be input to INTPO. When remote controlled

data reception is carried out using INTPO, digital noise is removed with sampling clocks.
SCS is set with an 8-bit memory manipulation instruction.
RESET input clears SCS to 00H.

Figure 17-6. Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

SCS 0 0 0 0 0 0 |SCS1|sCso FF47H 0OH R/W
L1
SCS1 | SCSO | INTPO Sampling Clock Selection
0 0 fx/2N+1
0 1 Setting prohibited
1 0 fx/26 (78.1 kHz)
1 1 fx/27 (39.1 kHz)

Caution: f x/2¥*1 s a clock to be supplied to the CPU and f  x/2° and fx/27 are clocks to be supplied to

the peripheral hardware. f x/2V** stops in the HALT mode.

Remarks 1. N : Value (N =0 to 4) at bits 0 to 2 (PCCO to PCC2) of the processor clock control register

(PCC)
2. fx : Main system clock frequency
3. Values in parentheses when operated with fX = 5.0 MHz.
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When the sampled INTPO input level is active twice in succession, the noise eliminator sets the interrupt
request flag (PIFO) to 1.
Figure 17-7 shows input/output timing of the noise eliminator.

Figure 17-7. Noise Eliminator Input/Output Timing (when Rising Edge is Detected)

(a) When input is less than the sampling cycle (t  swp)

Sampling clock

I I I I
I I I I
I I I I
I | | I I | | I
INTPO V V v v

PIFO L

Because INTPO level is not active (high) when it is sampled,
PIFO output remains at low level.

(b) When input is equal to or twice the sampling cycle (t SMP)

tsmp
Sampling clock
| ! ! |
| y ¥ Y
| |
INTPO ‘ @ @ |
|
|
PIFO

Because sampled INTPO level is active (high) twice in succession in (2),
PIFO flag is set to 1.

(c) When input is twice or more than the sampling cycle (t SMP)

Sampling clock

|
7
INTPO
] |
|

PIFO

Because INTPO level is active (high) twice in succession,
PIFO flag is set to 1.
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(6) Program status word (PSW)

The program status word is a register to hold the instruction execution result and the current status for
interrupt request. The |E flag to set maskable interrupt enable/disable and the ISP flag to control multiple

interrupt services are mapped.

Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction and
dedicated instructions (El and DI). When a vectored interrupt request is acknowledged or when a BRK
instruction is executed, the contents of the program status word are automatically saved into a stack and
the IE flag is reset to 0. If a maskable interrupt is acknowledged, the contents of the priority specify flag
of the acknowledged interrupt are transferred to the ISP flag. The contents of PSW can also be saved into
the stack with the PUSH PSW instruction. It is reset from the stack with the RETI, RETB and POP PSW

instructions.

RESET input sets PSW to 02H.

Symbol 7 6 5

Figure 17-8. Program Status Word Format

0

PSW IE Z |RBS1
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AC

RBSO

0 ISP

CY

After Reset

02H

Used when Normal Instruction is Executed

ISP | Priority of Interrupt Currently Being Received
0 High-priority interrupt servicing
(low-priority interrupt disable)
1 Interrupt request not acknowledged or low-priority
interrupt servicing (all-maskable interrupts enable)
IE Interrupt Request Acknowledge Enable/Disable
0 Disable
1 Enable
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17.4 Interrupt Servicing Operations

17.4.1 Non-maskable interrupt request acknowledge operation

Anon-maskable interruptrequestis unconditionally acknowledged even ifin an interrupt request acknowledge
disable state. It does not undergo interrupt priority control and has highest priority over all other interrupts.

If a non-maskable interrupt request is acknowledged, the contents of the acknowledged interrupt are saved
in the stacks, PSW and PC, in that order, the IE and ISP flags are reset to 0, and the vector table contents are
loaded into PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing
program is acknowledged after the current execution of the non-maskable interrupt servicing program is
terminated (following RETI instruction execution) and one main routine instruction is executed. If a new non-
maskable interrupt requestis generated twice or more during non-maskable interrupt service program execution,
only one non-maskable interrupt request is acknowledged after termination of the non-maskable interrupt service
program execution.

Figure 17-9 shows the flowchartillustrating how the non-maskable interrupt request occurs and is acknowledged.
Figure 17-10 shows the acknowledge timing of the non-maskable interrupt request. Figure 17-11 shows
acknowledge operation of multiple non-maskable interrupt requests.
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Figure 17-9.
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Figure 17-10. Non-Maskable Interrupt Request Acknowledge Timing
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Figure 17-11. Non-Maskable Interrupt Request Acknowledge Operation

(a) If a new non-maskable interrupt request is generated during

non-maskable interrupt servicing program execution

( Main Routine )

NMI request <1> —

NMI request <2> —

1 instruction
execution

S

/Iy

< NMlI request <1> execution
NMI request <2> reserve

~— Reserved NMI request <2> processing

(b) If two non-maskable interrupt requests are generated during

non-maskable interrupt servicing program execution

( Main Routine )

:

NMI request <1> — NMI request <2> —»

NMI request <3> —

1 instruction
execution

 ——

/)

NMI request <1> execution
~— NMI request <2> reserve
NMI request <3> reserve

~— Reserved NMI request <2> processing

NMI request <3> is not acknowledged
(NMI request is acknowledged only once
even if it occurs two times or more).
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17.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the
interrupt request mask (MK) flag is cleared to 0. A vectored interrupt request is acknowledged in an interrupt
enable state (with IE flag set to 1). However, a low-priority interrupt request is not acknowledged during high-
priority interrupt service (with ISP flag reset to 0).

Wait times from maskable interrupt request generation to interrupt servicing are shown in Table 17-3.

For the timing of the acknowledge an interrupt request, refer to Figures 17-13 and 17-14.

Table 17-3. Times from Maskable Interrupt Request Generation to Interrupt Service

Minimum Time Maximum Time Note
When xxPR = 0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time is maximized.

1
Remark 1 clock : f— (where, fcpu: CPU clock)
CPU

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher
priority with the priority specify flag is acknowledged first. If two or more requests are specified for the same
priority, by the interrupt priority specify flag, the one with the higher default priority is acknowledged first.

Any reserved interrupt requests are acknowledged when they become acknowledgeable.

Figure 17-12 shows interrupt request acknowledge algorithms.

If a maskable interrupt request is acknowledged, the contents of acknowledged interrupt are saved in the
stacks, program status word (PSW) and program counter (PC), in that order, the IE flag is reset to 0, and the
acknowledged interrupt priority specify flag contents are transferred to the ISP flag. Further, the vector table
data determined for each interrupt request is loaded into PC and branched.

Return from the interrupt is possible with the RETI instruction.
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Figure 17-12. Interrupt Request Acknowledge Processing Algorithm
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xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specify flag

IE: Flag that controls maskable interrupt request acknowledge (1 = enable, 0 = disable)

ISP:  Flag indicating priority of interrupt currently processed (0 = interrupt with high priority is processed.

1 = interrupt request is not acknowledged or interrupt with low priority processed).
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Figure 17-13. Interrupt Request Acknowledge Timing (Minimum Time)
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17.4.3 Software interrupt request acknowledge operation

A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot be
disabled.

If a software interrupt request is acknowledged, it is saved in the stacks, program status word (PSW) and
program counter (PC), in that order, the IE flag is reset to 0 and the contents of the vector tables (003EH and
003FH) are loaded into PC and branched.

Return from the software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.
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17.4.4 Multiple interrupt servicing

Acknowledging another interrupt request while an interrupt is processed is called multiple interrupts.

A multiple interrupt is not generated unless the interrupt request is enabled (IE = 1) (except the non-maskable
interrupt). When an interrupt request is acknowledged, the other interrupts are disabled (IE = 0). To enable
a multiple interrupt, therefore, the IE flag must be set to 1 by executing the EI instruction during interrupt
processing and the interrupt must be enabled.

Even if the interrupt request is enabled, some multiple instructions are not acknowledged. However, the
multiple instructions are controlled by the programmable priority. An interrupt has two types of priorities: default
priority and programmable priority. The multiple interrupt is controlled by the programmable priority.

In the El status, if an interrupt request having the same or higher priority than that of the interrupt currently
processed is generated, the interrupt is acknowledged as multiple interrupt. If an interrupt request with a priority
lower than that of the interrupt currently processed is generated, the interrupt is not acknowledged as multiple
interrupt.

If an interrupt is disabled, or if a multiple interrupt is not acknowledged because it has a low priority, the
interrupt is kept pending. After the processing of the current interrupt has been completed, and after one
instruction of the main processing has been executed, the pending interrupt is acknowledged.

Multiple interrupts are not acknowledged while the non-maskable interrupt is processed.

Table 17-4 shows interrupt requests enabled for multiple interrupts. Figure 17-15 shows multiple interrupt

examples.

Table 17-4. Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request
Non-Maskable
xXPR =0 xXPR =1
Interrupt Request

Servicing Interrupt IE=1|IE=0|IE=1|IE=0
Non-maskable interrupt D D D D D
Maskable interrupt ISP =0 E E D D D
ISP =1 E E D E D
Software interrupt E E D E D

Remarks 1. E : Multiple interrupt enable

D : Multiple interrupt disable

2. ISP and IE are flags included in PSW.
ISP = 0 : High-priority interrupt servicing
ISP = 1 : Interrupt request is not acknowledged or low-priority interrupt servicing
IE = 0 : Interrupt request acknowledge disabled
IE = 1 : Interrupt request acknowledge enabled

3. xxPR is a flag included in PROL, PROH.
xXPR = 0: High-priority flag
xxPR = 1: Lowe-priority flag
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Figure 17-15. Multiple Interrupt Example (1/2)

Example 1. Two multiple interrupts are acknowledged.

Main processing INTxx INTyy INTzz
servicing servicing servicing
IE=0 IE=0 IE=0
[=]
INTXX — INTyy — INTzz —

(PR=1) (PR=0) (PR=0) E;El
RETI Ezil

Two multiple interrupt requests INTyy and INTzz are acknowledged while interrupt INTxx is processed. Before
each interrupt request is acknowledged, the El instruction is always issued and the interrupt request is enabled.

Example 2. Multiple interrupt is not acknowledged because of its priority.

Main processing INTxx INTyy
servicing servicing
| El | IE=0
INTyy o
INTXX —»
PR=1
(PR=0) ( )
RETI
1 instruction IE=0

execution

RETI

INTyy that occurs while INTxx is processed is not acknowledged as a multiple interrupt because the priority of INTyy
is lower than that of INTxx. INTyy is reserved and is acknowledged after one instruction of the main processing has

been executed.
PR = 0: High-priority interrupt

PR = 1: Low-priority interrupt
IE = 0: Interrupt acknowledge disabled
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Figure 17-15. Multiple Interrupt Example (2/2)

Example 3. Multiple interrupt is not acknowledged because an interrupt is not enabled.

Main processing INTxx INTyy
servicing servicing

INTXX —»= (PR=0)
(PR=0) RETI

1 instruction
execution

In the processing of INTxx, other interrupts are not enabled (the El instruction is not executed). Therefore, INTyy
is not acknowledged as a multiple interrupt. This interrupt is reserved and acknowledged after one instruction of the
main processing has been executed.

PR = 0: High-priority interrupt
IE = 0: Interrupt acknowledge disabled
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17.4.5 Interrupt request reserve

Even if an interrupt request is generated, some instructions reserve interrupt acknowledge while the current

instruction is executed and until execution of the next instruction is completed. The instruction that reserve interrupt

requests (interrupt request reserve) are shown below.

¢ MOV PSW, #byte

e MOV A, PSW

¢ MOV PSW, A

¢ MOV1 PSW.bit, CY

e MOV1 CY, PSW.bit

e AND1 CY, PSW.bit

e OR1 CY, PSW.hit

¢ XOR1 CY, PSW.bit

e SET1 PSW.hit

e CLR1 PSW.bit

e RETB

 RETI

e PUSH PSW

e POP PSW

BT PSW.bit, $addrl6

* BF PSW.bit, $addrl6

e BTCLR PSW.bit, $addr16
* EI

e DI

e Manipulation instructions for IFOL, IFOH, MKOL, MKOH, PROL, PROH, and INTMO registers

Caution The BRK instruction is not an interrupt request reserve instruction. However, the IE flag
is cleared to 0 with a software interrupt that is started by BRK instruction execution. Thus,
even if a maskable interrupt request is generated during BRK instruction, interrupt requests
are not acknowledged. However, non-maskable interrupt requests are acknowledged.

Figure 17-16 shows the timing at which an interrupt request is reserved.

Figure 17-16. Interrupt Request Reserve

CPU processing Instruction N Instruction M

PSW and PC save, jump to Interrupt servicing
interrupt servicing program

o[ \

Remarks 1. Instruction N: Interrupt request reserve instruction
2. Instruction M: Instruction except interrupt request reserve instructions
3. Operation of xxIF (interrupt request) is not affected by xxPR (priority level) value.
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17.5 Test Function

When the watch timer overflows, an internal test input flag (INTWT) is set to 1, and the standby release signal
is generated.

Unlike the interrupt function, vectored processing is not performed.
The basic configuration is shown in Figure 17-17.

Figure 17-17. Basic Configuration of Test Function

S Internal bus (

Test input source

Standby
(INTWT) — IF release signal

Remarks:
(1) IF : Testinput flag
(2) MK : Test mask flag

17.5.1  Test function control registers

The following two types of registers are used to control the test functions.

e Interrupt request flag register OH (IFOH)
e Interrupt mask flag register OH (MKOH)

Names of test input flag and test mask flag corresponding to test input signal name are as follows.

Test Input Signal Name Test Input Flag Test Mask Flag

INTWT WTIF WTMK
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(1) Interrupt request flag register (IFOH)

This register displays the watch timer overflow detection/non-detection.

IFOH is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears IFOH at 00H.

Figure 17-18. Interrupt Request Flag Register OH Format

Symbol 7 6 ® @ B @ O 0o

IFOH 0 0 WTIF | KSIF | ADIF | TMIF2

TMIF1

TMIFO

Address After Reset R/W

(2) Interrupt mask flag register (MKOH)

FFE1H 00OH R/W
WTIF | Watch Timer Overflow Detection Flag
0 Non detection
1 Detection

This register sets standby mode release enable/disable by watch timer.

MKOH is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets MKOH to FFH.

Figure 17-19. Interrupt Mask Flag Register OH Format

Symbol 7 6 ®& @ ® © O 0o

MKOH 1 1 |WTMK| KSMK | ADMK | TMMK2

TMMK1

TMMKO

Address After Reset R/W

FFES5H FFH RIW

17.5.2 Test input signal acknowledge operation

WTMK

Standby Made Control by Watch Timer

Standby mode release enable

Standby mode release disable

The internal test input signal (INTWT) is generated when the watch timer overflows, and sets the WTIF flag.
Unless interrupts are masked by the interrupt mask flag (WTMK) at this time, the standby release signal is
generated. The watch function is possible by checking the INTWT flag at a shorter cycle than the watch timer

overflow cycle.
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CHAPTER 18 STANDBY FUNCTION

18.1 Standby Function and Configuration

18.1.1 Standby function
The standby function is intended to decrease power consumption of the system. The following two modes

are available.

1)

(2)

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation
clock. System clock oscillator continues oscillation. Inthis mode, current consumption cannot be decreased
as in the STOP mode. The HALT mode is valid to restart immediately upon interrupt request and to carry
out intermittent operations like clock operations.

STOP mode

STOP instruction execution sets the STOP mode. Inthe STOP mode, the main system clock oscillator stops
and the whole system stops. CPU current consumption can be considerably decreased.

Data memory low-voltage hold (down to VDD = 2 V) is possible. Thus, the STOP mode is effective to hold
data memory contents with ultra-low current consumption. Because this mode can be released by an
interrupt request, it enables intermittent operations to be carried out.

However, because a wait time is necessary to secure an oscillation stabilization time after the STOP mode
is released, select the HALT mode if it is necessary to start processing immediately by using an interrupt
request.

In any modes, all the contents of the register, flag and data memory just before standby mode setting are

held. The input/output port output latch and output buffer statuses are also held.

Cautions 1. The STOP mode can be used only when the system operates with the main system clock

(subsystem clock oscillation cannot be stopped). The HALT mode can be used with
either the main system clock or the subsystem clock.

2. When proceeding to the STOP mode, be sure to stop the peripheral hardware operation
and execute the STOP instruction.

3. In consideration of power consumption reduction at the A/D converter, set bit 7 (CS)
of the A/D converter mode register (ADM) register to 0 to stop the A/D converter's
operation before executing the HALT or STOP instruction.
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18.1.2 Standby function control register

A wait time after the STOP mode is released by an interrupt request till the oscillation stabilizes is controlled
with the oscillation stabilization time select register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. Therefore, the STOP mode is released by RESET input, the time till it is
released is 2%7/fx.

Figure 18-1. Oscillation Stabilization Time Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

OSTS 0 0 0 0 0 |OSTS2|0OSTS1|0STSO FFFAH 04H R/W
L

Selection of Oscillation Stabilization
OSTS2/0STS10STS0 Time when STOP Mode is Released

0 | 212/x (819 us)
1 | 214 (3.28 ms)
0 | 2w/« (6.55 ms)
1
0

0
0
1
1 216/fx (13.1 ms)
217ffx (26.2 ms)

0
0
0
0
1

0

Other than above Setting prohibited

Caution The wait time after STOP mode is released does not include the time (see “a” below) from
STOP mode clear to clock oscillation start, regardless of release by RESET input or by
interrupt request generation.

STOP mode clear

X1 pin
voltage
waveform

Vss

Remarks 1. fx: Main system clock frequency
2. Values in parentheses apply to operating at fX = 5.0 MHz
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18.2 Standby Function Operations

18.2.1 HALT mode

(1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction. It can be set with the main system clock or the

subsystem clock.

The operating status in the HALT mode is described below.

Table 18-1. HALT Mode Operating Status

HALT mode
Setting

Item

When HALT Instruction is Executed During
Main System Clock Oscillation

When HALT Instruction is Executed During
Subsystem Clock Oscillation

Without Subsystem
ClOCk Note 1

With Subsystem
ClOCk Note 2

When Main System
Clock Oscillation
Continues

When Main System
Clock Oscillation Stops

Clock generator

Both main system clock and subsystem clock can be oscillated. Clock supply to the CPU stops.

CPU

Operation stop.

Port (output latch)

Status before HALT instruction execution is held.

16-bit timer/event counter

8-bit timer/event counter

Watchdog timer

A/D converter

Operation enabled.

Operation stop.

Operation enabled
when TI1 and TI2 are
selected for the count
clock.

Operation stop.

Operation stop.

Watch timer

Operation enabled
when fx/28 is

Operation enabled.

selected for the
count clock.

Operation enabled
when fxr is selected for
the count clock.

6-bit up/down counter

Operation enabled.

FIP controller/driver

Operation disabled.

Other than
automatic
transmit/
receive
function

Serial
interface

Operation enabled.

Operation enabled
when external SCK is
selected.

Automatic
transmit/
receive
function

Operation stop.

External | INTPO

interrupt

Operation enabled when the clock (fx/2¢ and fx/27) for the peripheral
hardware are selected as sampling clock.

Operation stop.

INTP1 to
INTP3

Operation enabled.

Notes 1. Including the case where an external clock is not supplied as the subsystem clock
2. Including the case where an external clock is supplied as the subsystem clock
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(2) Releasing HALT mode
The HALT mode can be released by the following four types of sources.

(a) Releasing by unmasked interrupt request
An unmasked interrupt request is used to release the HALT mode. If interrupt acknowledge is enabled,

vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Figure 18-2. Releasing HALT Mode by Interrupt Request Generation

HALT
instruction Wait ‘

Standby
release signal

Operating
mode HALT mode Wait ‘

Oscillation
Clock

Remarks 1. The broken line indicates the case when the interrupt request which has released the
standby status is acknowledged.
2. Wait time will be as follows:
* When vectored interrupt service is carried out : 8 to 9 clocks
* When vectored interrupt service is not carried out : 2 to 3 clocks

(b) Releasing by non-maskable interrupt request
The HALT mode is released and vectored interrupt service is carried out whether interrupt acknowledge
is enabled or disabled.

(c) Releasing by unmasked test input

The HALT mode is released by unmasked test input and the next address instruction of the HALT
instruction is executed.
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(d) Releasing by RESET input

As is the case with normal reset operation, a program is executed after branch to the reset vector

address.
Figure 18-3. Releasing HALT Mode by RESET Input
_HALT Wait
instruction (2vffx: 26.2ms) |
. ! |
RESET «
signal
Oscillation
Operating Reset stabilization Operating
mode ‘ HALT mode period wait status ‘ mode
‘ Oscillation ‘
Clock Oscillation stop Oscillation
Remarks 1. fx : Main system clock oscillation frequency
2. The value in parentheses applies to operating at fx = 5.0 MHz.
Table 18-2. Operation after HALT Mode Release
Releasing Source MKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 x x x HALT mode hold
Non-maskable interrupt request - - X X Interrupt service execution
Test input 0 - X X Next address instruction execution
1 - x x HALT mode hold
RESET input - - x x Reset processing

Remark x : don't care
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18.2.2 STOP mode

(1) STOP mode set and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions 1. When the STOP mode is set, the X2 pin is internally pulled up to V op to suppress the

current leakage of the crystal oscillation circuit block.
Thus, do not use the STOP mode in a system where an external clock is used for the
main system clock.

2. Because the interrupt request signal is used to release the standby mode, if there is
an interrupt source with the interrupt request flag set and the interrupt mask flag reset,
the standby mode is immediately released if set. Thus, the STOP mode is reset to the
HALT mode immediately after execution of the STOP instruction. After the wait set
using the oscillation stabilization time select register (OSTS), the operating mode is
set.

The operating status in the STOP mode is described below.

Table 18-3. STOP Mode Operating Status

Stop Made
Setting With Subsystem Clock Without Subsystem Clock

Item
Clock generator Only main system clock stops oscillation.
CPU Operation stop.
Output port (output latch) Status before STOP mode setting is held.
16-bit timer/event counter Operation stop.
8-bit timer/event counter Operation enabled only when TI1 and TI2 are selected for the count clock.
Watchdog timer Operation stop.
A/D converter
Watch timer Operation enabled only when fXT is Operation stop.

selected for the count clock.

6-bit up/down counter Operation enabled.
FIP controller/driver Operation disabled.
Serial Other than automatic | Operation enabled only when external input clock is selected as serial clock.
interface | transmit/receive
function

Automatic transmit/ Operation stop.
receive function

External INTPO Operation disabled.

interrupt | |NTP1 to INTP3 Operation enabled.
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(2) Releasing STOP mode

The STOP mode can be released by the following three types of sources.

(a) Releasing by unmasked interrupt request
An unmasked interrupt request is used to release the STOP mode. If interrupt acknowledge is enabled
after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt
acknowledge is disabled, the next address instruction is executed.

Figure 18-4. Releasing STOP Mode by Interrupt Request Generation

Wait
_ STOP (time set by OSTS) |
instruction

))
Standby (( '
release signal '

Operating Oscillation stabilization Operating
mode STOP mode wait status ‘ mode

Oscillation ‘

Clock Oscillation stop Oscillation

Remark The broken line indicates the case when the interrupt request which has released the standby
status is acknowledged.

(b) Releasing by unmasked test input

The STOP mode is released by unmasked test input.

After the lapse of oscillation stabilization time, the instruction at the next address of the STOP

instruction is executed.
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(c) Releasing by RESET input
The STOP mode is released and after the lapse of oscillation stabilization time, reset operation is carried
out.

Figure 18-5. Release by STOP Mode RESET Input

Wait
_ STOP (247/fx: 26.2ms) |
instruction
] ) |
RESET (
signal
Oscillation
Operating Reset stabilization Operating
mode STOP mode period wait status ‘ mode
Clock Oscillation Oscillation stop Oscillation
Remarks 1. fx : Main system clock oscillation frequency
2. The value in parentheses applies to operating at fx = 5.0 MHz.
Table 18-4. Operation after STOP Mode Release
Releasing Source MKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 x Next address instruction execution
0 0 1 x Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X x x STOP mode hold
Test input 0 X X Next address instruction execution
1 - x x STOP mode hold
RESET input - - x x Reset processing

Remark x : don’t care
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19.1 Reset Function

To generate a reset signal, the following two operations are available.

(1) External reset input with RESET pin

(2) Internal reset by watchdog timer overrun time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at

addresses 0000H and 0001H by RESET input.

When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each
hardware is set to the status as shown in Table 19-1. Each pin has high impedance during reset input or during

oscillation stabilization time just after reset clear.

When a high level is input to the RESET pin, the reset is cleared and program execution starts after the lapse
of oscillation stabilization time (2!/fx). The reset applied by watchdog timer overflow is automatically cleared
after a reset and program execution starts after the lapse of oscillation stabilization time (2'/fx) (see Figures

19-2 to 19-4).

Cautions 1. For an external reset, input a low level for 10
2. Duringresetinput, main system clock oscillation remains stopped but subsystem clock

oscillation continues.

3. Whenthe STOP mode is cleared by reset, the STOP mode contents are held during reset

input. However, the port pin becomes high-impedance.

Figure 19-1. Block Diagram of Reset Function

RESET ©

Reset
control circuit

Count clock

Watchdog timer

Overflow

Stop

us or more to the RESET pin.

Reset
signal

Interrupt
function
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WAVAVAVA!

Normal operation ——

RESET

Internal
reset signal

Port pin

AVAVAVA

Watchdog
timer overflow

Internal
reset signal

Port pin

SavAVA

Figure 19-2. Timing of Reset Input by RESET Input

NI YAVAVAES

Reset period
(oscillation stop)

\

Oscillation Normal operation

»‘4— stabilization 4’“ (reset ro?;essin )

| time wait P ’
/-
| |
| |
| |
| |
| |
| |
| |
| |
| |
|
| |
>
Delay

Hi-Z

Figure 19-3. Timing of Reset due to Watchdog Timer Overflow

I AVAVAE

Reset period Oscillation Normal operation
Normal operation 4>!$(oscillation stop) alk stabilization —— (reset processing)
‘ ‘ time wait

|

| |

’ | ~ |

| |

| T

| |

| |

| \ ’ |

| |

| |

| |

| |

Hi-Z

Figure 19-4. Timing of Reset in STOP Mode by RESET Input

I WAVAVAES

X
STOP instruction execution

Normal operation —|

Stop status

(oscillation

stop)

RESET

~l<— (oscillation —==~— stabilization —=}<——

Internal
reset signal

Port pin
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Table 19-1. Hardware Status after Reset (1/2)

Hardware

Status after Reset

Program counter (PC) Nete 1

The contents of reset
vector tables (0000H
and 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

RAM Data memory

Undefined Note 2

General register

Undefined Not 2

Port (Output latch) Ports 0 to 3, Ports 7 to 12 (PO to P3, P7 to P12) 00H

Port mode register (PMO, PM7) 1FH
(PM1, PM2, PM3, PM11, PM12) FFH

Pull-up resistor option register (PUO) 00H

Processor clock control register (PCC) 04H

Memory size switching register (IMS) Note 3

Internal expansion RAM size switching register (IXS) Note 3

Oscillation stabilization time select register (OSTS) 04H

16-bit timer/event counter | Timer register (TMO) 00H
Compare register (CR00) Undefined
Capture register (CR01) Undefined
Clock selection register (TCLO) 00H
Mode control register (TMCO) 00H
Output control register (TOCOQ) 00H

8-bit timer/event counter | Timer registers (TM1, TM2) 00H
Compare registers (CR10, CR20) Undefined
Clock select register (TCL1) 00H
Mode control registers (TMC1, TMC2) 00H
Output control register (TOC1) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware

statuses become undefined. All other hardware statuses remain unchanged after reset.

2. The post-reset status is held in the standby mode.

3. The after-reset values of the memory size switching register (IMS) and internal expansion RAM size

switching register (IXS) depend on products.

uPD78042F uPD78043F uPD78044F uPD78045F HPD78P048A
IMS 44H 46H C8H CAH CFH
IXS None OAH
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Table 19-1. Hardware Status after Reset (2/2)

Hardware Status after Reset
Watch timer Clock select register (TCL2) O00OH
Watchdog timer
Mode register (WDTM) O0H
6-bit up/down counter Counter (UDC) 00H
Compare register (UDCC) 00H
Mode register (UDM) 00H
Serial interface Clock select register (TCL3) 88H
Shift registers (SIO0, SIO1) Undefined
Mode registers (CSIMO, CSIM1) 00H
Serial bus interface control register (SBIC) 00H
Slave address register (SVA) Undefined
Automatic data transmit/receive control register (ADTC) 00H
Automatic data transmit/receive address pointer (ADTP) 00H
Automatic data transmit/receive interval specify register (ADTI) 00H
Interrupt timing specify register (SINT) 00H
A/D converter Mode register (ADM) 01H
Conversion result register (ADCR) Undefined
Input select register (ADIS) O0H
FIP controller/driver Display mode register 0 (DSPMO) 00H
Display mode register 1 (DSPM1) O0H
Interrupt Request flag register (IFOL, IFOH) 00H
Mask flag register (MKOL, MKOH) FFH
Priority specify flag register (PROL, PROH) FFH
External interrupt mode register (INTMO) 00H
Sampling clock select register (SCS) OO0H
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The uPD78P048A is a product integrating a one-time programmable ROM or with an on-chip EPROM
that enables program writing, erasure, and rewriting. The yPD78P048A is a uPD78044A Subseries device

but is also compatible with yPD78044F subseries devices.

Refer to Table 20-1 to check the differences

between the uPD78P048A and the mask ROM versions (uPD78042F, 78043F, 78044F, and 78045F).

Table 20-1. Difference between uPD78P048A and Mask ROM Versions

Item

UPD78P048A

Mask ROM Versions

Supply voltage

Voo = 2.7 t0 6.0 V

Voo = 2.7t0 5.5V

Internal ROM configuration

One-time PROM/EPROM

Mask ROM

Internal ROM capacity

60 Kbytes

UPD78042F:
uPD78043F:
UPD78044F:
uPD78045F:

16 Kbytes
24 Kbytes
32 Kbytes
40 Kbytes

Internal high-speed RAM capacity

1024 Kbytes

uPD78042F:
uPD78043F:
uPD78044F:
uPD78045F:

512 Kbytes
512 Kbytes
1024 Kbytes
1024 Kbytes

Change in capacity of internal ROM
and high-speed RAM by means of
memory switching register (IMS)

PossibleNotet

Impossible

Internal expansion RAM size
switching register (1XS)

Available (internal expansion RAM capacity
can be changed M2 by means of I1XS)

This register is not provided.

IC pin

None

Available

Vep pin

Available

None

P80, P81, P90 to P97, P100 to P105

Pull-down resistors are not provided on
chip.

P30 to P37, P106, P107, P110 to
P117, P120 to P127

Pull-down resistors are not provided on
chip.

On-chip mask option pull-down
resistors are incorporated.

P70 to P74

Pull-up resistors are
not provided on chip.

On-chip mask option pull-up
resistors are incorporated.

Electrical specifications

Read the separate data sheet.

Notes 1. The internal PROM capacity is set to 60 Kbytes and the internal high-speed RAM capacity is set
to 1024 bytes by RESET input.
2. The internal expansion RAM capacity is set to 1024 bytes by RESET input.

Caution The PROM version and mask ROM version differ in noise immunity. When replacinga PROM
version with a mask ROM version in the course of experimental production to mass

production, make a thorough evaluation with a CS version (not ES version) of the mask ROM

version.
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20.1 Internal Memory Size Switching Register

The uPD78P048A can select the internal memory capacity with the internal memory size switching register
(IMS). The same memory map as that of the mask ROM version with a different internal memory capacity is
possible by setting IMS.

In order to make the memory map of uPD78P048A identical to a mask ROM version, the value at the time
the mask ROM version is reset must be set to IMS.

For the mask ROM version, IMS does not need to be set.

IMS is set with an 8-bit memory manipulation instruction.

RESET input sets IMS to the value shown in Table 20-2.

Figure 20-1. Memory Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset  R/W

IMS |RAM2|RAM1|RAMO| 0 |ROM3|ROM2|ROM1ROMO FFFOH Note R/W
L]
ROM3|ROM2| ROM1| ROMo | {teral ROM Capacity
0 1 0 0 16 Kbytes
0 1 1 0 24 Kbytes
1 0 0 0 32 Kbytes
1 0 1 0 40 Kbytes
1 1 1 1 60 Kbytes
Other than above Setting prohibited

RAMZ | RAM1 | RAMO Interne_ll High-Speed RAM Capacity
Selection
0 1 0 512 bytes
1 1 0 1024 bytes

Other than above Setting prohibited

Note The value of the memory size select register at reset differs depending on the model (refer to Table
20-2).

Table 20-2. Memory Size Switching Register Value at Reset

Part Number Value at Reset
uPD78042F 44H
uPD78043F 46H
HPD78044F C8H
HPD78045F CAH
HUPD78P048A CFH

Caution To use a mask ROM version, do not set a value other than those shown in Table above to
IMS.
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20.2 Internal Expansion RAM Size Switching (IXS) Register

By setting the IXS register, the uPD78P048A can establish the same memory map as used in mask ROM
version that have different internal expansion RAM capacity configurations.

For the mask ROM version, the IXS register does not need to be set.

IXS is set with an 8-bit memory manipulation instruction.

RESET input sets a value of OAH.

Cautions 1. The IXS register is incorporated in only the uUPD78P048A.
2. When using a mask ROM version, do not set a value other than those listed in Table 20-

3 to the IXS.
Figure 20-2. Format of IXS Register
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
IXs| © 0 0 0 RADl\(/ls RAI)I\</IZ RAI>1\(/|1 RAI)I\(/IO FFF4H 0AH w

IX IX IX IX Internal Expanded RAM
RAM3 | RAM2 | RAM1 | RAMO | Capacity Selection
1 0 1 0 1024 bytes
1 1 0 0 No internal expansion RAM
Other than above Setting prohibited

Table 20-3 lists IXS register setting values for memory map equivalent to the mask ROM versions.

Table 20-3. IXS Register Settings

Target mask ROM version IXS setting value
HPD78042F OCH
UPD78043F
HPD78044F
UPD78045F

The IXS register is not incorporated in the yPD78042F, uPD78043F, uPD78044F and yuPD78045F.
However, if a write instruction to this register is executed in the yPD78042F, uPD78043F, uPD78044F and
uPD78045F, the operations are not affected.
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20.3 PROM Programming

The uPD78P048A incorporates a 60-Kbyte PROM as program memory. When programming the uPD78P048A,
the PROM programming mode is set by means of the Vep pin and the RESET pin. For the connection of unused
pins, see section 1.5 "Pin Configuration, (2) PROM programming mode "

Caution Programs must be written in addresses 0000H to EFFFH. (The last address EFFFH must be
specified.) They cannot be written by a PROM programmer which cannot specify the write
address.

20.3.1 Operating modes

When +5 V or +12.5 V is applied to the Vep pin and a low-level signal is applied to the RESET pin, the
UPD78P048A is set to the PROM programming mode. This is one of the operating modes shown in Table 20-
4 below according to the setting of the CE, OE, and PGM pins.

The PROM contents can be read by setting the read mode.

Table 20-4. PROM Programming Operating Modes

Pin
RESET | Ver Voo CE OE | PGM DO to D7
Operating mode
Page data latch L +12.5V | +6.5V H L H Data input
Page write H H L High-impedance
Byte write L H L Data input
Program verify L L H Data output
Program inhibit X H H High-impedance
X L L
Read +5V +5V L L H Data output
Output disabled L H X High-impedance
Standby H x x High-impedance
x:LorH

(1) Read mode
Read mode is set by setting CE to L and OE to L.

(2) Output disable mode
If OE is set to H, data output becomes high impedance and the output disable mode is set.
Therefore, if multiple yPD78P048As are connected to the data bus, data can be read from any one device
by controlling the OE pin.

(3) Standby mode

Setting CE to H sets the standby mode.
In this mode, data output becomes high impedance irrespective of the status of OE.

336



CHAPTER 20 pPD78P048A

4)

(%)

(6)

(1)

(8)

Page data latch mode
Setting CE to H, PGM to H, and OE to L at the start of the page write mode sets the page data latch mode.
In this mode, 1-page 4-byte data is latched in the internal address/data latch circuit.

Page write mode

After a 1-page 4-byte address and data are latched by the page data latch mode, a page write is executed
by applying a 0.1-ms program pulse (active-low) to the PGM pin while CE = H and OE = H. After this, program
verification can be performed by setting CE to L and OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X < 10).

Byte write mode

A byte write is executed by applying a 0.1-ms program pulse (active-low) to the PGM pin while CE = L and
OE = H. After this, program verification can be performed by setting OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X < 10).

Program verify mode
Setting CE to L, PGM to H, and OE to L sets the program verify mode.
After writing is performed, this mode should be used to check whether the data was written correctly.

Program inhibit mode

The program inhibit mode is used when the OE pins, Vep pins and pins DO to D7 of multiple uPD78P048As
are connected in parallel, and when you wish to write to one of these devices.

The page write mode or byte write mode described above is used to perform a write. At this time, the write
is not performed on the device which has the PGM pin driven high.
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20.3.2 PROM write procedure

( Start )

\
Address = G

Voo =6.5V, Vep=125V

Address = Address + 1

X=0
\

Latch

\
Address = Address + 1

Latch

Address = Address + 1

Latch

Address = Address + 1

Latch
\

Figure 20-3. Page Program Mode Flowchart

|
X=X+1

0.1-ms program pluse

Fail

Address = N?

| Yes

Voo =4.51t0 5.5V, Vep = Vb

All bytes

Fail

No

verified?

All pass

( End of write )

Remarks 1. G = Start address
2. N = Last address of program
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Figure 20-4. Page Program Mode Timing

‘ Page data latch ‘ Page program ‘ Program verify ‘

A2 to A16 :>< ><:
/L

om X XXX X XXX XKL

1

e — XXX OO

Data input Data output

Vep

Vep /
Voo
Voo+1.5

Vop /
Vob
ViH
Vi
ViH

PGM \_/
Vi
Vin
o= _\_/_\_/_\_/_\_/ \M
Vi
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Figure 20-5. Byte Program Mode Flowchart

( Start )

\
Address = G
\
Voo =6.5V,Ver =125V
\

X=0

X=X+1

Address = Address + 1 0.1-ms program pulse

Fail

Address = N?

| Yes

Voo=4.5t05.5V, Ver= VoD

All bytes Fail

No

verified?

All pass

( End of write )

Remarks 1. G = Start address
2. N = Last address of program
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Figure 20-6. Byte Program Mode Timing

Program ‘ Program verify ‘

A0 to A16

DO to D7

Data input >—< Data output >—

PR

ViH

CE
Vi
ViH

PGM —\_/

Vi
ViH

oE \ /
Vi

Cautions 1. Ensure that V oo is applied before V pp and removed after V pp.
2. Ensure that V pp does not exceed +13.5 V including overshoot.
3. Removing the device while +12.5 V is being applied to V. pp may have an adverse affect
on reliability.
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20.3.3 PROM read procedure
PROM contents can be read onto the external data bus (DO to D7) using the following procedure.

(1) Fixthe ﬁpin low, and supply +5 V to the Vrp pin. Unused pins are handled as shown in 1.5 "Pin
Configuration, (2) PROM programming mode."

(2) Supply +5 V to the Voo and Ver pins.

(3) Input address of data to be read to pins A0 to A16.

(4) Read mode.

(5) Output data to pins DO to D7.

The timing for steps (2) through (5) above is shown in Figure 20-7.

Figure 20-7. PROM Read Timing

A0 to A16 >< Address input ><
CE (input) \ /
OE (input) \ /
Hi-Z Hi-Z
DOto D7 ============-s-ssss-ssssmssses Dataoutput ~  Jmmmmemmmmmmeeee-
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20.4 Erasure Characteristics (for uPD78P048AKL-S only)

The uPD78P048AKL-S’s allows users to erase the data written in the program memory (FFH) and to rewrite
data into it.

To erase the data, the erasure window on the top of the package should be exposed to light having a very
short wavelength of less than 400 nm (typically 254 nm). The light intensity and exposure time required to
completely erase all data are:

» Ultraviolet ray strength x Exposure time = 30 Wes/cm? or more

e Erasure time = 40 minutes or longer (with a 12 mW/cm? ultraviolet ray lamp)
(When the ultraviolet ray lamp has been deteriorated or the erasure window is dirty, however, the time will
be longer.)

Before starting an erasure process, place a uPD78P048AKL-S within 2.5 cm of the ultraviolet ray lamp
and remove the filter on the ultraviolet ray lamp if it is attached.

20.5 Opaque Film on Erasure Window (for uPD78P048AKL-S only)

Unless erasing EPROM contents, be sure to cover the erasure window with a shading film to prevent an
unintentional erasure of EPROM contents or malfunctions of the internal circuits other than EPROM due to
light coming in through the window.

20.6 Screening of One-Time PROM Versions

One-time PROM version (uPD78P048AGF-3B9) devices cannot be fully tested by NEC before shipment
due to the nature of PROM. After necessary data have been written, it is recommended to implement a
screening process, that is, the written contents should be verified after the devices have been stored under
the following high-temperature condition.

Storage Temperature Storage Time
125°C 24 hours
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CHAPTER 21 INSTRUCTION SET

This chapter describes the instruction set for the uPD78044F Subseries. For the details of operations and
machine languages (instruction codes) of each instruction, refer to 78K/0 Series User's Manual : Instructions
(U12326E).
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21.1 Legend

21.1.1 Operand identifiers and description methods

Operands are described in the “Operand” column of each instruction in accordance with the description method
of the instruction operand identifier (refer to the assembler specifications for detail). When there are two or more
description methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $ and [ ] are key words
and are described as they are. Each symbol has the following meaning.

e« # : Immediate data specification
e | : Absolute address specification
* $ : Relative address specification
e [ ]: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure
to describe the #, !, $ and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 21-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol N
sfrp Special function register symbols (16-bit manipulatable register even addresses only) Net
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addrl6 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addrll 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note FFDOH to FFDFH are not addressable.

Remark For special-function register symbols, refer to Table 3-4 Special Function Register List
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21.1.2 Description of "operation” column

A : A register; 8-bit accumulator

X . X register

B B register

C . C register

D D register

E E register

H H register

L L register

AX . AX register pair; 16-bit accumulator
BC . BC register pair

DE . DE register pair

HL . HL register pair

PC . Program counter

SP . Stack pointer

PSW . Program status word

CY . Carry flag

AC . Auxiliary carry flag

z : Zero flag

RBS . Register bank select flag

IE . Interrupt request enable flag

NMIS . Non-maskable interrupt servicing flag
() : Memory contents indicated by address or register contents in parentheses
XH, XL . Higher 8 bits and lower 8 bits of 16-bit register
A . Logical product (AND)

Vv . Logical sum (OR)

W . Exclusive logical sum (exclusive OR)
e : Inverted data

addrl6 : 16-bit immediate data or label

jdisp8 : Signed 8-bit data (displacement value)

21.1.3 Description of “flag operation” column

(Blank) : Unchanged

0 . Cleared to 0

1 : Settol

X . Set/cleared according to the result
R Previously saved value is restored
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21.2 Operation List
Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z AC CY
8-Bit MOV r, #byte 2 4 - r — byte
Data saddr, #byte 3 6 7 (saddr) — byte
Transfer sfr, #byte 3 - 7 sfr — byte
Ar Note 3 1 2 - Acr
r, A Note 3 1 2 - r—A
A, saddr 2 4 5 A ~ (saddr)
saddr, A 2 4 5 (saddr) —~ A
A, sfr 2 - 5 A ~ sfr
sfr, A 2 - 5 sfr « A
A, laddrl6 3 8 9 A ~ (addrlé6)
laddrl6, A 3 8 9 (addr16) — A
PSW, #byte 3 - 7 PSW ~ byte X X X
A, PSW 2 — 5 A ~ PSW
PSW, A 2 — 5 PSW ~ A X X X
A, [DE] 1 4 5 A — (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A ~ (HL)
[HL], A 1 4 5 (HL) < A
A, [HL+byte] 2 8 9 A — (HL+byte)
[HL+byte], A 2 8 9 (HL+byte) — A
A, [HL+B] 1 6 7 A < (HL+B)
[HL+B], A 1 6 7 (HL+B) < A
A, [HL+C] 1 6 7 A < (HL+C)
[HL+C], A 1 6 7 (HL+C) « A
XCH Ar Note 3 1 2 — Ao
A, saddr 2 4 6 A o (saddr)
A, sfr 2 - 6 A o (sfr)
A, laddrl6é 3 8 10 A o (addrl6)
A, [DE] 1 4 6 A - (DE)
A, [HL] 1 4 6 A o (HL)
A, [HL+byte] 2 8 10 A o (HL+byte)
A, [HL+B] 2 8 10 A o (HL+B)
A, [HL+C] 2 8 10 A ~ (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) register.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation

Group Note 1 | Note 2 Z AC CY

16-Bit | MOVW rp, #word 3 6 - rp — word

Data saddrp, #word 4 8 10 (saddrp) ~ word

Transfer sfrp, #word 4 - 10 sfrp ~ word
AX, saddrp 2 6 8 AX ~ (saddrp)
saddrp, AX 2 6 8 (saddrp) ~ AX
AX, sfrp 2 - 8 AX ~ sfrp
sfrp, AX 2 - 8 sfrp — AX
AX, rp Note 3 1 4 - AX < rp
rp, AX Note 3 1 - p — AX
AX, laddrl6 3 10 12 AX ~ (addrl6)
laddrl6, AX 3 10 12 (addr16) — AX

XCHW AX, rp Note 3 1 4 - AX o 1p

8-Bit ADD A, #byte 2 4 - A, CY — A+byte X ox X

Operation saddr, #byte 3 6 8 (saddr), CY ~ (saddr)+byte X x X
Ar Note 4 2 4 - A, CY — A+r X X X
r, A 2 4 - r, CY « r+A X X X
A, saddr 2 4 5 A, CY ~ A+(saddr) X ox o X
A, laddrlé 3 8 9 A, CY — A+(addrl6) X X X
A, [HL] 1 4 5 A, CY — A+(HL) X x X
A, [HL+byte] 2 8 9 A, CY — A+(HL+byte) X ox X
A, [HL+B] 2 8 9 A, CY — A+(HL+B) X ox X
A, [HL+C] 2 8 9 A, CY « A+(HL+C) X X X

ADDC A, #byte 2 4 - A, CY — A+byte+CY X X X

saddr, #byte 3 6 8 (saddr), CY ~ (saddr)+byte+CY X ox o X
Ar Note 4 2 4 - A, CY — A+r+CY X X X
r, A 2 4 - r, CY « r+A+CY X X X
A, saddr 2 4 5 A, CY ~ A+(saddr)+CY X X X
A, laddrl6 3 8 9 A, CY — A+(addr16)+CY X ox X
A, [HL] 1 4 5 A, CY « A+(HL)+CY X x X
A, [HL+byte] 2 8 9 A, CY — A+(HL+byte)+CY X X X
A, [HL+B] 2 8 9 A, CY < A+(HL+B)+CY x x X
A, [HL+C] 2 8 9 A, CY « A+(HL+C)+CY X X X

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) regqister.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z AC CY
8-Bit SUB A, #byte 2 4 - A, CY — A-byte X x X
Operation saddr, #byte 3 6 8 (saddr), CY — (saddr)-byte X X %
Ar Note3 | D 4 - A, CY < A-r x % ox
r, A 2 4 - r, CY « r-A X X X
A, saddr 2 4 5 A, CY — A—(saddr) X X X
A, laddrl6 3 8 9 A, CY —~ A—(addri6) X X X
A, [HL] 1 4 5 A, CY < A—(HL) x  x X
A, [HL+byte] 2 8 9 A, CY — A—(HL+byte) x x x
A, [HL+B] 2 8 9 A, CY — A—(HL+B) X x x
A, [HL+C] 2 8 9 A, CY — A—(HL+C) X x X
SUBC A, #byte 2 4 - A, CY — A-byte-CY X XX
saddr, #byte 3 6 8 (saddr), CY ~ (saddr)-byte-CY X XX
Ar Note 3 2 4 - A, CY — A-r-CY X X X
r, A 2 4 - r, CY « r-A-CY X X X
A, saddr 2 4 5 A, CY « A—(saddr)-CY X X X
A, 'addrl6 3 8 9 A, CY —~ A—(addr16)-CY X X X
A, [HL] 1 4 5 A, CY — A—(HL)-CY x  x x
A, [HL+byte] 2 8 9 A, CY — A—(HL+byte)-CY x  x X
A, [HL+B] 2 8 9 A, CY - A—(HL+B)-CY X ox X
A, [HL+C] 2 8 9 A, CY « A—(HL+C)-CY X ox X
AND A, #byte 2 4 - A — AAbyte X
saddr, #byte 3 6 8 (saddr) — (saddr)Abyte x
Ar Note 3 2 4 - A — AAT x
r, A 2 4 - r— rAA x
A, saddr 2 4 5 A < AA(saddr) X
A, laddr16 3 8 9 A — AN (addr16) x
A, [HL] 1 4 5 A < AA(HL) x
A, [HL+byte] 2 8 9 A — AA (HL+byte) X
A, [HL+B] 2 8 9 A < AA(HL+B) x
A, [HL+C] 2 8 9 A « AA(HL+C) x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
(PCC) regqister.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation

Group Note 1 | Note 2 AC CY

8-Bit OR A, #byte 2 4 - A —~ Ay byte

Operation saddr, #byte 3 6 8 (saddr) — (saddr)\/ byte
Ar Note 3 2 4 - A < Avr
r, A 2 4 - r - rvA
A, saddr 2 4 5 A — A\v/(saddr)
A, laddrl6é 3 8 9 A < Av (addrl6)
A, [HL] 1 4 5 A < AV (HL)
A, [HL+byte] 2 8 9 A —~ Av (HL+byte)
A, [HL+B] 2 8 9 A < AV (HL+B)
A, [HL+C] 2 8 9 A < AV (HL+C)

XOR A, #byte 2 4 - A — Arbyte
saddr, #byte 3 6 8 (saddr) — (saddr) i+ byte
Ar Note 3 2 4 - A < Avr
r, A 2 4 - r - rvA
A, saddr 2 4 5 A — A (saddr)
A, laddrl6 3 8 9 A < A (addrl6)
A, [HL] 1 4 5 A < A (HL)
A, [HL+byte] 2 8 9 A — A (HL+byte)
A, [HL+B] 2 8 9 A < AV (HL+B)
A, [HL+C] 2 8 9 A < Ay (HL+C)
CMP A, #byte 2 4 - A-byte X X

saddr, #byte 3 6 8 (saddr)-byte X X
Ar Note 3 2 4 - A-r x X
r, A 2 4 - r-A X X
A, saddr 2 4 5 A—(saddr) X X
A, laddrl6é 3 8 9 A—(addrl16) X X
A, [HL] 1 4 5 A—(HL) X x
A, [HL+byte] 2 8 9 A—(HL+byte) X X
A, [HL+B] 2 8 9 A—(HL+B) X X
A, [HL+C] 2 8 9 A—(HL+C) x %

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

(PCC) register.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z AC CY
16-Bit |ADDW AX, #word 3 6 - AX, CY ~ AX+word X X X
Operation| gy AX, #word 3 6 - AX, CY « AX-word X x X
CMPW AX, #word 3 6 - AX-word X X X
Multiple/ | MULU X 2 16 — AX « AxX
Divide |pvuw |cC 2 25 - AX (Quotient), C (Remainder) — AX +C
Increase/| INC r 1 2 - r e r+l X X
Decrease saddr 2 4 6 (saddr) — (saddr)+1 x  x
DEC r 1 2 - r—r-1 X X
saddr 2 4 6 (saddr) — (saddr)-1 X X
INCW rp 1 4 - p ~ rp+l
DECW rp 1 4 - p « rp-1
Rotation | ROR Al 1 2 - (CY, A7 — Ao, Am1 — Am) x 1 x
ROL Al 1 2 - (CY, Ao = A7, Ami1 « Am) x 1 x
RORC A1l 1 2 - (CY < Ao, A7 « CY, An1 « Am) x 1 x
ROLC Al 1 2 — (CY < A7, Ao « CY, Am+1 « Am) x 1 X
ROR4 [HL] 2 10 12 As-o « (HL)3-0, « (HL)7-4 — As-o,
(HL)s-0 « (HL)7-4
ROL4 [HL] 2 10 12 Aso «~ (HL)7-4, « (HL)3-0 — As-o,
(HL)7-4 « (HL)3-0
BCD ADJBA 2 4 - Decimal Adjust Accumulator after X X X
Correction Addition
ADJBS 2 4 - Decimal Adjust Accumulator after X X X
Subtract
Bit MOV1 CY, saddr.bit 3 6 7 CY ~ (saddr.hit) X
Manipu- CY, sfr.bit 3 - 7 CY - sfr.bit x
lation CY, A.bit 2 4 ~ ey < anit x
CY, PSW.bit 3 - 7 CY « PSW.hit X
CY, [HL].bit 2 6 7 CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) - CY
sfr.bit, CY 3 - 8 sfr.bit — CY
A.bit, CY 2 4 — A.bit = CY
PSW.bit, CY 3 - 8 PSW.bit — CY X X
[HL].bit, CY 2 6 8 (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) register.
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Instruc- Clock Flag
tion Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY ~ CYA (saddr.bit) x
Manipula- CY, sfr.bit 3 - 7 CY < CYA sfr.bit x
fon CY, Abit 2 4 ~— oy —cvynanit x
CY, PSW.bit 3 - 7 CY « CYAPSW.bit X
CY, [HL].bit 2 6 7 CY « CYA(HL).bit x
OR1 CY, saddr.bit 3 6 7 CY ~ CYv (saddr.bit) x
CY, sfr.bit 3 - 7 CY «~ CYV sfr.hit x
CY, A.bit 2 4 - CY —~ CYVA.bit x
CY, PSW.bit 3 - 7 CY « CYvPSW.hit X
CY, [HL].bit 2 6 7 CY « CYV(HL).hit x
XOR1 CY, saddr.bit 3 6 7 CY ~ CY# (saddr.bit) x
CY, sfr.bit 3 - 7 CY —~ CY-sfr.bit x
CY, A.bit 2 4 - CY — CY+ A.bit X
CY, PSW.bit 3 - 7 CY ~ CY~+ PSW.hit X
CY, [HL].bit 2 6 7 CY « CY*¥ (HL).bit x
SET1 saddr.bit 2 4 6 (saddr.bit) — 1
sfr.bit 3 - 8 sfr.bit — 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 x x X
[HL].bit 2 6 8 (HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) —~ 0
sfr.bit 3 - 8 sfr.bit — 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit « 0 X X X
[HL].bit 2 6 8 (HL).bit « O
SET1 CcY 1 2 - CY -1 1
CLR1 CcY 1 2 - CY -0 0
NOT1 cYy 1 2 - CY - CY x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) register.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
Call CALL laddr16 3 7 - (SP-1) « (PC+3)n, (SP-2) ~ (PC+3)L,
Return PC — addrl6, SP ~ SP-2
CALLF laddril 2 5 - (SP-1) « (PC+2), (SP-2) — (PC+2)L,
PCis-11 « 00001, PCi0-0 « addrll,
SP ~ SP-2
CALLT [addr5] 1 6 - (SP-1) « (PC+1)H, (SP-2) — (PC+1)L,

PChx « (00000000, addr5+1),
PCL — (00000000, addr5)
SP .~ SP-2

BRK 1 6 - (SP-1) — PSW, (SP-2) — (PC+1)n,
(SP-3) «— (PC+1), PCh — (003FH),
PCL — (003EH), SP — SP-3, IE ~ 0

RET 1 6 - PCh — (SP+1), PCL < (SP),
SP — SP+2
RETI 1 6 - PCh — (SP+1), PCL — (SP), R R R
PSW  (SP+2), SP — SP+3,
NMIS < 0
RETB 1 6 - PCh — (SP+1), PCL < (SP), R R R
PSW < (SP+2), SP — SP+3
Stack | PUSH PSW 1 2 - (SP-1) — PSW, SP — SP-1
Manipula- p 1 4 - (SP-1) « rpH, (SP=2) < rpL,
tion SP ~ SP-2
POP PSW 1 2 - PSW — (SP), SP — SP+1 R R R
rp 1 4 — rpu < (SP+1), rpL « (SP),
SP .~ SP+2
MOVW | SP, #word 4 - 10 SP — word
SP, AX 2 - 8 SP — AX
AX, SP 2 - 8 AX — SP
Uncondi-| BR laddr16 3 6 — PC ~ addri6
tional $addrl6 2 6 - PC — PC + 2 jdisp8
Branch AX 2 8 — |PCu A PCL- X
Condi- |BC $addrl6 2 6 - PC « PC+ 2 +jdisp8if CY =1
tional  |gNC $addr16 2 6 - PC — PC + 2 +jdisp8 if CY = 0
Branch 7 $addri6 2 6 — |PC_PC+2+disp8ifz=1
BNZ $addr16 2 6 - PC — PC + 2 + disp8 if Z= 0

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) register.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z AC CY
Condi- |BT saddr.bit, $addr16 3 8 9 PC — PC+3+jdisp8 if(saddr.bit)=1
tional sfr.bit, $addr16 4 - 11 PC — PC+4+jdisp8 if sfr.bit=1
Branch A.bit, $addr16 3 8 _ PC . PC+3+disp8 if A.bit=1
PSW.bit, $addr16 3 - 9 PC — PC+3+jdisp8 if PSW.bit=1
[HL].bit, $addr16 3 10 11 PC ~ PC+3+jdisp8 if (HL).bit=1
BF saddr.bit, $addr16 4 10 11 PC ~ PC+4+jdisp8 if (saddr.bit)=0
sfr.bit, $addr16 4 - 11 PC ~ PC+4+jdisp8 if sfr.bit=0
A.bit, $addrl6 3 8 - PC ~ PC+3+jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC ~ PC+4+jdisp8 if PSW.bit=0
[HL].bit, $addr16 3 10 11 PC ~ PC+3+jdisp8 if (HL).bit=0
BTCLR saddr.bit, $addr16 4 10 12 PC ~ PC+4+jdisp8

if(saddr.bit)=1
then reset (saddr.bit)

sfr.bit, $addr16 4 - 12 PC ~ PC+4+jdisp8 if sfr.bit=1
then reset sfr.bit

A.bit, $addr16 3 8 - PC ~ PC+3+jdisp8 if A.bit=1
then reset A.bit

PSW.bit, $addr16 4 - 12 PC — PC+4+jdisp8 if PSW.bit=1 X X X
then reset PSW.bit

[HL].bit.$addr16 3 10 12 PC ~ PC+3+jdisp8 if (HL).bit=1
then reset (HL).bit

DBNZ B, $addrl6 2 6 - B ~ B-1, then
PC ~ PC+2+jdisp8 if B#0

C, $addrl6 2 6 - C « C-1, then
PC ~ PC+2+jdisp8 if C#0

saddr, $addrl6 3 8 10 (saddr) — (saddr)-1, then
PC ~ PC+3+jdisp8 if (saddr)z0

CPU SEL RBnN 4 - RBS1,0 ~ n

Control | NOP - No Operation

El - 6 IE — 1 (Enable Interrupt)

DI IE — O (Disable Interrupt)

HALT 6 - Set HALT Mode

NN NN PN
|

STOP 6 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
(PCC) register.
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21.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4,ROL4, PUSH, POP, DBNZ
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2nd Operand [HL+byte]
#byte A r Note sfr | saddr |laddri6 | PSW | [DE] | [HL] |[HL+B] |S$addrié| 1 None
1st Operand \ [HL+C]
A ADD MOV MOV  [MOV MOV MOV |[MOV |MOV |MOV ROR
ADDC XCH XCH XCH XCH XCH XCH XCH ROL
SUB ADD ADD ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SuUB SuUB SuUB SUB |SUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND AND AND |AND
CMP OR OR OR OR OR
XOR XOR XOR XOR [XOR
CMP CMP CMP CMP [CMP
r MOV MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B, C DBNZz
sfr MOV MOV
saddr MOV MOV DBNZ INC
ADD DEC
ADDC
SuUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL+byte] MOV
[HL+B]
[HL+C]
N MULU
C DIivuw

Note Exceptr=A
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(2) 16-bit instructions

MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand
#word AX rp Note sfrp saddrp laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
9 MOVW MOVvw Note INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
2nd Operand
A.bit sfr.bit saddr.bit PSW.bit [HL].bit CY $addr16 None
1st Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand

1st Operand

AX

laddr16

laddr1l

[addr5]

$addrl6

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
Bz
BNZ

Compound instruciton

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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APPENDIX A DIFFERENCES AMONG pPD78044, uPD78044A,
AND puPD78044F SUBSERIES

The differences among the uPD78044, uPD78044A, and uPD78044A Subseries are described below.
Apart from these points, these three subseries have the same functions.

Table A-1.

Differences among pPD78044, 78044A, and 78044F Subseries

Subseries
Parameter

puPD78044F Subseries

HUPD78044A Subseries

puPD78044 Subseries

Supply voltage

Vbob =2.7t0 5.5V

Vop =2.7t0 6.0V

Vop =2.7t0 6.0V

Internal high-speed
RAM size
(Mask ROM)

UPD78042F: 512 bytes
UPD78043F: 512 bytes
UPD78044F: 1024 bytes
UPD78045F: 1024 bytes

UPD78042A: 512 bytes
UPD78043A: 512 bytes
UPD78044A: 1024 bytes
UPD78045A: 1024 bytes

UPD78042: 512 bytes
UPD78043: 1024 bytes
UPD78044: 1024 bytes

Internal high-speed
RAM size
(PROM)

UPD78P048A: 1024 bytes

UPD78P048A:1024 bytes

UPD78P044: 1024 bytes

Internal expansion
RAM size

Available only with uPD78P048A: 1024 bytes

None

Minimum instruction
execution time

0.4 us (@ 5.0 MHz)

0.48 us (@ 4.19 MHz)

Main system clock oscillation
frequency (maximum value)

5.0 MHz

4.19 MHz

A/D converter conversion time

19.1 ps (min.) to 200 us (max.)

38.1 us (min.) to 100 us (max.)

Bit 5 (SIC) of interrupt
timing specify register
(SINT) of serial interface
channel 0 (Selection of
INTCSIO interrupt causes)

If SIC is set to 1, CSIIFO will be set when

a bus release is detected or when a transfer is completed.

If SIC is set to 1, CSIIFO will
be set when a bus release is
detected.

Display output current of
FIP controller driver
(Vpop = 4.5 to 6.0 V Note,
Vob = Vop — 2 V)

—25 mA TYP. (FIPO to
FIP33)

-18 mA TYP. (FIPO to FIP33)

—-22 mA TYP. (FIPO to FIP15)
-5.5 mA TYP. (FIP16 to FIP33)

Programmer Adapter

PA-78P048GF
PA-78P048KL-S

PA-78P044GF
PA-78P044KL-S

Note wuPD78044F Subseries: Vob = 4.5t0 5.5 V
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems which employ the uPD78044F
Subseries. Figure B-1 shows the configuration of the development tools.

Embedded software

|

Figure B-1. Development Tools

* Real-time OS and OS

* Fuzzy inference development

support system

PROM programmer control software

* PG-1500 controller

PROM programming ___
preference

Language processing software

« Assembler package

» C compiler package

« C library source file

« System simulator

« Screen debugger or
Integrated debugger

« Device file

Host machine
(PC or EWS)

Interface adapter

(only when using integrated debugger)

PROM programmer

l

Programmer adapter

l

PROM containing
version

In-circuit emulator

Interface adapter
(only when using integrated debugger)

Emulation board

Conversion socket

Target system

I

Emulation probe
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B.1 Language Processing Software

RA78K/0
assembler package

This software is a program that translates programs described in mnemonics into

object codes with which microcontrollers can operate. In addition, it can also generate
symbol tables, and perform optimization of branch instructions automatically. This program
should be used together with the separately available device file (DF78044).

Part number: uSxxxxRA78K0

CC78K/0
C compiler package

This software is a program that translates programs described in C language into
object codes with which microcontrollers can operate. This program should be used
together with the separately available assembler package (RA78K/0)and device file
(DF78044).

Part number: uSxxxxCC78K0

DF78044 device file No©

This file stores device-proprietary information and can be used for all devices in the
uUPD78044A subseries. This file should be used together with the separately available
programs: RA78K/0, CC78K/0, SM78K0, ID78K0, and SD78K/0.

Part number: uSxxxxDF78044

CC78K/0-L
C library source file

This file contains source programs of the functions registered in the object libraries
for the C compiler package (CC78K/0). This file is required if users have to modify some
CC78K/0 object libraries according to user's application specifications.

Part number: uSxxxxCC78K0-L

Note DF78044 can be used with any of RA78K/0, CC78K/0, SM78K0, ID78K0, and SD78K/0.

Remark The xxxx in the part number differs depending on the host machine and operating system to be used.

HSXXXXRA78KO0
USXxxxCC78K0
USXxxXXDF78044
USXxxxCC78KO0-L
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XXXX Host Machine Operating System Supply Media

5A13 | PC-9800 Series MS-DOS 3.5-inch 2HD

5A10 (Ver. 3.30 to 6.2 Note) 5-inch 2HD

7B13 | IBM PC/AT or compatibles See section B.4. 3.5-inch 2HC

7B10 5-inch 2HC

3H15 | HP9000 Series 300™ HP-UX™ (rel. 7.05B) Cartridge tape
(QIC-24)

3P16 | HP9000 Series 700™ HP-UX (rel. 9.01) Digital audio tape
(DAT)

3K15 | SPARCstation™
3M15| EWS4800 Series (RISC)

SunOS™ (rel. 4.1.1)
EWS-UX/V (rel. 4.0) (QIC-24)

Cartridge tape

Note Although the task swap function is incorporated in MS-DOS Ver. 5.0 and
later versions, this function cannot be used with the above software.
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B.2 PROM Writing Tools

B.2.1 Hardware

PG-1500
PROM programmer

This is a PROM programmer capable of programming the single-chip microcontroller incorporated
in the PROM by manipulating from the stand-alone or host machine through connection of a
program adapter separately purchasable and attached board.

It can also program representative PROMSs ranging from 256K bits to 4M bits.

PA-78P048GF
PA-78P048KL-S
PROM programmer
adapter

PROM programmer adapter common to the uPD78P048A and is connected to the PG-1500.
PA-78P048GF : 80-pin plastic QFP (GF-3B9 type)
PA-78P048KL-S : 80-pin ceramic WQFN (KL-S type)

B.2.2 Software

PG-1500 controller

The PG-1500 is controlled in the host machine through connection with the host machine and
PG-1500 via serial and parallel interfaces.

Part Number : uSxxxxPG1500

Remark The xxxx in the part number differs depending on the host machine and operating system to be used.

HUSXxxXXPG1500

XXXX Host Machine Operating System Supply Medium
5A13 PC-9800 Series MS-DOS 3.5-inch 2HD
5A10 (Ver330 to Ver.6.2 Note) 5-inch 2HD
7B13 IBM PC/AT and Refer to B.4 3.5-inch 2HD
7B10 compatible machines 5-inch 2HC

Note Although the task swap function is incorporated in MS-DOS
Ver.5.0 and later versions, this function cannot be used with the
above software.
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B.3 Debugging Tools

B.3.1 Hardware

IE-78000-R-A
in-circuit emulator

debugger)

(supports integrated

The IE-78000-R-A is an in-circuit emulator that serves to debug hardware and software when
developing application systems using the 78K/0 Series. The IE-78000-R-A supports the integrated
debugger (ID78K0) and used in combination with an emulation probe and an interface adapter for
connection with a host machine.

IE-70000-98-IF-B
interface adapter

The IE-70000-98-1F-B is an adapter necessary when using the PC-9800 Series (except notebook
personal computers) as a host machine for the IE-78000-R-A.

IE-70000-98N-IF
interface adapter

The IE-70000-98N-IF is an adapter/cable necessary when using PC-9800 Series notebook computer
as a host machine for the IE-78000-R-A.

IE-70000-PC-IF-B
interface adapter

The IE-70000-PC-IF-B is an adapter necessary when using IBM PC/AT as a host machine for the IE-
78000-R-A.

IE-78000-R-SV3
interface adapter

The IE-78000-R-SV3 is an adapter/cable necessary when using EWS as a host machine for the IE-
78000-R-A. Use the IE-78000-R-SV3 connected to the board in the IE-78000-R-A.

The IE-78000-R-SV3 supports 10 Base-5 for Ethernet™. A commercially available adapter is required
for other communication systems.

IE-78000-R
in-circuit emulator
(supports screen
debugger)

The IE-78000-R is an in-circuit emulator that serves to debug hardware and software when developing
application systems using the 78K/0 Series. The IE-78000-R supports the screen debugger (SD78K/0).
Debugging can be executed efficiently through connection with the host machine and the PROM
programmer.

IE-78044-R-EM
emulation board

The IE-78044-R-EM is a board used to perform emulation of the hardware inherent to the device.
Use the IE-78044-R-EM in combination with an in-circuit emulator.

EP-78130GF-R
emulation probe

The EP-78130GF-R is a probe to connect an in-circuit emulator to the target system.
The EP-78130GF-R is for 80-pin plastic QFP (GF-3B9 type).
An 80-pin conversion socket EV-9200G-80 is provided to facilitate user system development.

EV-9200G-80 | Conversion socket to connect the EP-78130GF-R and target system board created to mount the
conversion 80-pin plastic QFP (GF-3B9 type).
socket The yPD78P048AKL-S (ceramic WQFN) can be mounted instead of connecting the EP-78130GF-
R.
EV-9900 A jig used to remove the uPD78P048AKL-S from the EV-9200G-80.

Remark EV-9200G-80s are sold in sets of five units.
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B.3.2 Software (1/3)

SM78K0
system simulator

Debugs program at C source level or assembler level while simulating operation of target system

on host machine.
SM78KO0 runs on Windows.

By using the SM78KO0, the logic and performance of an application can be verified independently
of hardware development even when the In-circuit emulator is not used. This enhances
development efficiency and improves software quality.

Used in combination with optional device file (DF78044).

Part Number : uSxxxxSM78K0

Remark The xxxx in the part number differs depending on the host machine and operating system to be used.

USXXXXSM78KO0
XXXX Host Machine Operating System Supply Medium
AA13 PC-9800 Series MS-DOS 3.5-inch 2HD
(Ver.3.30 to Ver.6.2 Not)
+
Windows
(Ver.3.0 to Ver.3.1)
AB13 IBM PC/AT and Refer to B.4 3.5-inch 2HC
compatible machines
(Windows Japanese
version)
BB13 IBM PC/AT and
compatible machines
(Windows English
version)

Note Although the task swap function is incorporated in MS-DOS
Ver.5.0 or later versions, this function cannot be used with the

above software.
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B.3.2 Software (2/3)

ID78K0
integrated debugger

The ID78KO0 is a control program to debug the 78K/0 Series.

The ID78K0 uses Windows on personal computers and OSF/Motif™ on EWS as graphical interface,
and presents the appearance and operatability conforming to these platforms. The ID78K0 has
enhanced debugging function supporting C language, and the trace result can be displayed by using
the window integration function that interlocks source program, disassemble display, and memory
display to the trace result. In addition, debugging efficiency for programs using real time OS can be
enhanced by incorporating extension modules such as task debugger and system performance
analyzer.

Used in combination with optional device file (DF78044).

Part Number : puSxxxxID78K0

Remark The xxxx in the part number differs depending on the host machine and operating system to be used.

USxxxxID78K0
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XXXX Host Machine Operating System Supply Medium
AA13 |PC-9800 Series MS-DOS 3.5-inch 2HD
(Ver.3.30 to Ver.6.2 Note)
+
Windows (Ver.3.1)
AB13 |IBM PC/AT and their Refer to B.4 3.5-inch 2HC

compatible machines
(Windows Japanese
version)

BB13 |IBM PC/AT and their

compatible machines
(Windows English

version)

3P16 |HP9000 Series 700 | HP-UX (rel.9.01) Digital audio tape
(DAT)

3K15 |[SPARCstation SunOS (rel.4.1.1) Cartridge tape
(QIC-24)

3K13 3.5-inch 2HC

3R16 [NEWS™ (RISC) NEWS-OS™ (6.1x) 1/4-inch CGMT

3R13 3.5-inch 2HC

3M15 [EWS4800 Series (RISC)| EWS-UX/V (rel.4.0) | Cartridge tape
(QIC-24)

Note Although the task swap function is incorporated in MS-DOS
Ver.5.0 or later versions, this function cannot be used with the
above software.
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B.3.2 Software (3/3)

SD78K/0 Connects IE-78000-R to host machine with serial interface (RS-232-C) to control IE-78000-R on

screen debugger host machine.
Used in combination with optional device file (DF78044).

Part Number : uSxxxxSD78K0

DF78044 Nete This is a file containing the information inherent to the device.
device file Used in combination with optional RA78K/0, CC78K/0, SM78KO0, ID78K0, or SD78K/0.

Part Number : uSxxxxDF78044
Note The DF78044 can be used with any of the RA78K/0, CC78K/0, SM78KO0, ID78K0, and SD78K/0 products.

Remark The xxxx in the part number differs depending on the host machine and operating system to be used.

HUSXxxxSD78K0
USxxxxDF78044
XXXX Host Machine Operating System Supply Medium
5A13 PC-9800 Series MS-DOS 3.5-inch 2HD
5A10 (Ver.3.30 to Ver.6.2”°‘e) 5-inch 2HD
7B13 IBM PC/AT and their Refer to B.4 3.5-inch 2HC
compatible machines
7B10 (Windows Japanese 5-inch 2HC
version)

Note Although the task swap function is incorporated in MS-DOS
Ver.5.0 or later versions, this function cannot be used with the
above software.
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B.4 Operating Systems for IBM PC

The following software products are supported as the operating systems for IBM PC. When SM78K0, ID78K0,
or FE9200 (See Section C.2 Fuzzy Inference Development Support System. ) will be operated, Windows (Ver.
3.0 or 3.1) is required.

Operating System Version
PC DOS Ver. 5.02 to Ver. 6.3
J6.1/V N to J6.3/V Nete
IBM DOS™ J5.02/V Nete
MS-DOS Ver. 5.0 to Ver 6.22
5.0/V N to 6.2/V Note

Note Only the English mode is supported.

Caution Although the task swap function is incorporated in MS-DOS Ver. 5.0 or later versions, this
function cannot be used with the above software.
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B.5 System-Upgrade Method from Other In-Circuit Emulator to 78K/0 Series In-Circuit Emulator

If you already own an in-circuit emulator for the 78K Series or 75X/XL Series, you can use it for the 78K/0 Series
with the same functionality as the IE-78000-R or IE-78000-R-A by replacing the break board in the main unit with

the IE-78000-R-BK.

Table B-1. System-Up Method from Other In-Circuit Emulator to IE-78000-R

Series Name

Owned In-Circuit Emulator

Board to be Purchased

75X/XL Series

IE-75000-R Nete, |E-75001-R

78K/l Series

IE-78130-R, IE-78140-R

78K/l Series

IE-78230-R Note, |E-78230-R-A,
IE-78240-R Note, |E-78240-R-A

78K/l Series

IE-78320-R Note, |E-78327-R,
IE-78330-R, IE-78350-R

IE-78000-R-BK

Note Maintenance parts

Table B-2. System-Up Method from Other In-Circuit Emulator to IE-78000-R-A

Series Name

Owned In-Circuit Emulator

Board to be Purchased

75X/XL Series

IE-75000-R Mot 1 |E-75001-R

78K/l Series

IE-78130-R, IE-78140-R,

78K/l Series

IE-78230-R Mot 1 |E-78230-R-A,
IE-78240-R Mot 1 |E-78240-R-A

78K/l Series

IE-78320-R Note 1 |E-78327-R,
IE-78330-R, IE-78350-R

IE-78000-R-BK Note 2

78K/0 Series

IE-78000-R

___Note 2

Notes 1. Maintenance parts

2. Partial remodelling of the frame of the in-circuit emulator and replacement of control/trace board with
a supervisor board must be done by NEC.
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Package Drawing and Recommended Footprint of Conversion Socket (EV-9200G-80)

Figure B-2. EV-9200G-80 Package Drawing (for Reference Only)

F A N
B P
| G ” x
| X —
OO0Oo0ooooooooooooooooood
g | E - -
5 PV =
5 B g
w al o = : + : g —— X =
= | |
e d 3 —
5 L1 0 3
5 Ev-9200G-84 g
oonoonooonooonooonnononnn I
>>/ —
No.1 pin index Q
H
|
J
EV-9200G-80-G0
ITEM MILLIMETERS INCHES
A 25.0 0.984
B 20.30 0.799
C 4.0 0.157
D 14.45 0.569
E 19.0 0.748
F 4-C 2.8 4-C 0.11
G 0.8 0.031
H 11.0 0.433
| 22.0 0.866
J 24.7 0.972
K 5.0 0.197
L 16.2 0.638
M 18.9 0.744
N 8.0 0.315
O 7.8 0.307
P 2.5 0.098
Q 2.0 0.079
R 1.35 0.053
S 0.35%0.1 0.01475:008
T @2.3 ©0.091
U @l.5 ©0.059
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Figure B-3. Recommended EV-9200G-80 Footprint (for Reference Only)

Based on EV-9200G-380
(2) Pad drawing (in mm)

> | O

EV-9200G-80-P1

G
H
~ [0ooDpo0ooDDOOODODORODDD
= L ="
= o =
= wrE
q0a0oao0oo0no0oo00000D >

ITEM MILLIMETERS INCHES
A 25.7 1.012
B 21.0 0.827
C 10.8+0.02 x 23=18.4%0.05 | 0.031:39%% x 0.906=0.724
D |0.8+0.02 x 15=12.00.05 |0.031:399% x 0.591=0.472
E 15.2 0.598
F 19.9 0.783
G 11.00%0.08 0.433799%
H 5.50+0.03 0.21733%
| 5.00£0.08 0.197+33%
J 2.50£0.03 0.0987568
K 0.5%0.02 0.0273%%
L 92.36+0.03 $0.0933%9)
M 91.57£0.03 90.062+9%

Caution Dimensions of mount pad for EV-9200 and that for target
device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
'SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY

MANUAL" (C10535E).
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APPENDIX C EMBEDDED SOFTWARE

This section describes the embedded software av-ailable for users to develop and maintain programs for the
uPD78044F Subseries.
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C.1 Real-time OS (1/2)

RX78K/0 RX78K/0 is a real-time OS which is based on the uITRON specification.

real-time OS Supplied with the RX78K/0 nucleus and a tool to prepare multiple information tables (configurator).
This software should be used together with the separately available assembler package (RA78K/0) and
device file (DF78044)

Part Number: pSxxxxRX78013-AAAA

Caution  When purchasing the RX78K/0, fill in the purchase application form in advance and sign the
license agreement.

Remark The xxxx and AAAA in the part number differ depending on the host machine, operating system, and
other factors as shown below.

USXXXXRX78013-AAAA
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JAVAVAYAN Product Outline Maximum Number for Use in Mass Production
001 Evaluation object Do not use for mass-produced product.
100K Mass-production 100,000
001M | object 1,000,000
010M 10,000,000
So01 Source program Source program of mass-production object
XXXX Host Machine Operating System Supply Media
5A13 PC-9800 Series MS-DOS (Ver.3.30 | 3.5-inch 2HD
5A10 to Ver.6.2 Noe ) 5-inch 2HD
7B13 IBM PC/AT or See section B.4. 3.5-inch 2HC
7B10 compatibles 5-inch 2HC
3H15 HP9000 Series 300 | HP-UX Cartridge tape
(rel.7.05B)(QIC-24)
3P16 HP9000 Series 700 | HP-UX Digital audio tape
(rel.9.01) (DAT)
3K15 SPARCstation SunOS Cartridge tape
(rel.4.1.1) (QIC-24)
3M15 EWS-4800 Series EWS-UX/V
(RISC) (rel.4.0)

Note Although the task swap functionisincorporated in MS-DOS Ver.

5.0 or later versions, this function cannot be used with the above
software.
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C.1 Real-Time OS (2/2)

MX78KO0 operating system This operating system is for uyITRON specification subsets.
MX78KO0 is also included as a companion product. This software manages tasks,
events, and time. In the task management, determining the task execution order
and switching from a task to the next task are performed.

A nucleus for

Part number: uSxxxxMX78K0-AAA

Remark The xxxx and AAA in the part number differ depending on the host machine, operating system, and

other factors as shown below.

USXXXXMX78KO0-AAA

AAA Product Outline Caution

001 Evaluation object Use it in preproduction stages.

XX Mass-production object | Use it in the mass production stage.

S01 | Source program Only the users who purchased mass-production

objects are allowed to purchase this program.

XXXX Host Machine Operating System Supply Media

5A13 | PC-9800 Series MS-DOS 3.5-inch 2HD

5A10 (Ver. 3.30 to Ver 6.2 Now) S5-inch 2HD

7B13 | IBM PC/AT See section B.4. 3.5-inch 2HC

7B10 | and compatibles 5-inch 2HC

3H15 | HP9000 Series 300 HP-UX (rel. 7.05B) Cartridge tape
(QIC-24)

3P16 | HP9000 Series 700 HP-UX (rel. 9.01) Digital audio tape
(DAT)

3K15 | SPARCstation SunOS (rel. 4.1.1) Cartridge tape

3M15 | EWS4800 Series (RISC)| EWS-UX/V (rel. 4.0) (QIC-24)

Note Although the task swap function is incorporated in MS-DOS Ver. 5.0 or
later versions, this function cannot be used with the above software.
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C.2 Fuzzy Inference Development Support System

FE9000/FE9200
fuzzy knowledge data
preparation tool

This program supports input of fuzzy knowledge data (fuzzy rule and membership
function), editing (edit), and evaluation (simulation). It runs on Windows.

Part Number: puSxxxxFE9000 (PC-9800 Series)
USxxxxFE9200 (IBM PC/AT and compatibles)

fuzzy inference module

FT9080/FT9085 This program converts fuzzy knowledge data obtained by using fuzzy knowledge data
translator preparation tool into the assembler source program for the RA78K/0
Part Number: pSxxxxFT9080 (PC-9800 Series)
USXXXXFT9085 (IBM PC/AT and compatibles)
F178K0 This program executes fuzzy inference by being linked with fuzzy knowledge data

converted by the translator.

Part Number: puSxxxxFI78K0 (PC-9800 Series, IBM PC/AT and compatibles)

FD78KO0
fuzzy inference debugger

This software supports developers who perform evaluation and adjustment of fuzzy
knowledge data at hardware levels by using the in-circuit emulator.

Part Number : uSxxxxFD78K0 (PC-9800 Series, IBM PC/AT and compatibles)

Remark The xxxx in the part number differs depending on the host machine, operating system, and other

factors as shown below.

USXXXXFE9000

USXXXXFT9080

USXXXXFI78K0

HUSxxxXFD78KO0
XXXX Host Machine Operating System Supply Media
5A13 PC-9800 Series MS-DOS 3.5-inch 2HD

(Ver. 3.30 to

5A10 Ver 6.2 Noe) 5-inch 2HD

Note Although the task swap function is incorporated in MS-DOS
Ver. 5.0 or later versions, this function cannot be used with the
above software.

USXXXXFE9200
USXXXXFT9085
HUSXXXXFI78K0

HSXXxXFD78KO0
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APPENDIX D REGISTER INDEX

D.1 Register Index (by Register Name)

[A]

A/D conversion result register (ADCR) ... 177

A/D converter input select register (ADIS) ... 180

A/D converter mode register (ADM) ... 178

Automatic data transmit/receive address pointer (ADTP) ... 238

Automatic data transmit/receive control register (ADTC) ... 242, 252
Automatic data transmit/receive interval specify register (ADTI) ... 243, 253

[D]
Display mode register 0 (DSPMO) ... 85, 279
Display mode register 1 (DSPM1) ... 87, 279

[E]

8-bit compare register(CR10,CR20) ... 133

8-bit timer mode control register (TMC1) ... 135
8-bit timer output control register (TOC1) ... 136
8-bit timer register 1 (TM1) ... 133

8-bit timer register 2 (TM2) ... 133

External interrupt mode register (INTMO) ... 113, 299

[1]

Internal expansion RAM size switching register (IXS) ... 335
Internal memory size switching register (IMS) ... 334
Interrupt mask flag register OH (MKOH) ... 301, 318
Interrupt mask flag register OL (MKOL) ... 301

Interrupt request flag register OH (IFOH) ... 300, 318
Interrupt request flag register OL (IFOL) ... 300

Interrupt timing specify register (SINT) ... 200, 214, 231

[O]

Oscillation stabilization time select register (OSTS) ... 322

[P]

Port 0 (PO) ... 64
Port 1 (P1) ... 66
Port 2 (P2) ... 67
Port 3 (P3) ... 69
Port 7 (P7) ... 70
Port 8 (P8) ... 71
Port 9 (P9) ... 72
Port 10 (P10) ... 73
Port 11 (P11) ... 74
Port 12 (P12) ... 75
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Port mode register 0 (PMOQ) ... 76

Port mode register 1 (PM1) ... 76

Port mode register 2 (PM2) ... 76

Port mode register 3 (PM3) ... 76, 112, 137, 170, 174
Port mode register 7 (PM7) ... 76

Port mode register 11 (PM11) ... 76

Port mode register 12 (PM12) ... 76

Priority specify flag register OH (PROH) ... 299
Priority specify flag register OL (PROL) ... 299
Processor clock control register (PCC) ... 83
Program status word (PSW) ... 39, 302
Pull-up resistor option register (PUQO) ... 78

[S]

Sampling clock select register (SCS) ... 114, 304

Serial bus interface control register (SBIC) ... 198, 204, 212, 230
Serial 1/O shift register 0 (SIO0) ... 193

Serial 1/O shift register 1 (SIO1) ... 238

Serial operating mode register 0 (CSIMO) ... 195, 201, 202, 211, 229
Serial operating mode register 1 (CSIM1) ... 241, 246, 247, 249
6-bit up/down counter (UDC) ... 164

6-bit up/down counter control register (UDM) ... 165

6-bit up/down counter compare register (UDCC) ... 164

16-bit capture register 01 (CRO1) ... 106

16-bit compare register 00 (CR00) ... 106

16-bit timer mode control register (TMCO) ... 109

16-bit timer output control register (TOCO) ... 111

16-bit timer register (TMO) ... 106

Slave address register (SVA) ... 193

[T]

Timer clock select register 0 (TCLO) ... 107, 168

Timer clock select register 1 (TCL1) ... 133

Timer clock select register 2 (TCL2) ... 150, 152, 158, 172
Timer clock select register 3 (TCL3) ... 195, 239

W\

Watch timer mode control register (TMC2) ... 153
Watchdog timer mode register (WDTM) ... 160
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D.2 Register Index (by Register Symbol)

[A]
ADCR
ADIS
ADM
ADTC
ADTI
ADTP

[C]
CROO
CRO1
CR10
CR20
CSIMO
csIM1

[D]
DSPMO
DSPM1

[1]
IFOH
IFOL
IMS
INTMO
IXS

[M]
MKOH
MKOL

[O]
0STS

[P]
PO
P1
P2
P3
P7
P8
P9
P10
P11
P12
PCC

. A/D conversion result register ... 177

: A/D converter input select register ...180

: A/D converter mode register ... 178

. Automatic data transmit/receive control register ... 242, 252

: Automatic data transmit/receive interval specify register ... 243, 253
: Automatic data transmit/receive address pointer ...238

: 16-bit compare register 00 ... 106

: 16-bit capture register 01 ... 106

: 8-bit compare register 10 ... 133

: 8-bit compare register 20 ... 133

. Serial operating mode register 0 ... 195, 201, 202, 211, 229
. Serial operating mode register 1 ... 241, 246, 247, 249

Display mode register 0 ... 85, 279
Display mode register 1 ... 87, 279

Interrupt request flag register OH ... 300, 318
Interrupt request flag register OL ... 300

Internal memory size switching register ... 334
External interrupt mode register ... 113, 299

Internal expansion RAM size switching register ... 335

Interrupt mask flag register OH ... 301, 318
Interrupt mask flag register OL ... 301

. Oscillation stabilization time select register ... 322

Port 0 ... 64
Port 1 ... 66
Port 2 ... 67
Port 3 ... 69
Port 7 ... 70
Port 8 ... 71
Port9 ... 72
Port 10 ... 73
Port 11 ... 74
Port 12 ... 75

Processor clock control register ... 83
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PMO
PM1
PM2
PM3
PM7
PM11
PM12
PROH
PROL
PSW
PUO

[S]
SBIC
scs
SINT
S100
sio1
SVA

[T]
TCLO
TCL1
TCL2
TCL3
TMO
™1
TM2
TMCO
TMC1
TMC2
TOCO
TOC1

[U]
ubc
ubcc
UDM

W]
WDTM

Port mode register 0 ... 76

Port mode register 1 ... 76

Port mode register 2 ... 76

Port mode register 3 ... 76, 112, 137, 170, 174
Port mode register 7 ... 76

Port mode register 11 ... 76

Port mode register 12 ... 76

Priority specify flag register OH ... 299
Priority specify flag register OL ... 299
Program status word ... 39, 302
Pull-up resistor option register --- 78

: Serial bus interface control register ... 198, 204, 212, 230
. Sampling clock select register ... 114, 304

Interrupt timing specify register ... 200, 214, 231

. Serial I/O shift register 0 ... 193
. Serial I/O shift register 1 ... 238
. Slave address register ...193

. Timer clock select register 0 ... 107, 168
: Timer clock select register 1 ... 133

: Timer clock select register 2 ... 150, 152, 158, 172
: Timer clock select register 3 ... 195, 239
: 16-bit timer register ... 106

. 8-bit timer register 1 ... 133

. 8-bit timer register 2 ... 133

. 16-bit timer mode control register ... 109
. 8-bit timer mode control register ... 135

: Watch timer mode control register ... 153
: 16-bit timer output control register ... 111
: 8-bit timer output control register ... 136

: 6-bit up/down counter ... 164
. 6-bit up/down counter compare register ... 164
: 6-bit up/down counter control register ... 165

: Watchdog timer mode register ... 160



APPENDIX E REVISION HISTORY

The revision history of this document is listed below. “Location” indicates the chapter or page of this edition where

the revision has been made.

Edition

Major Revision from Preceding Edition

Location

2nd edition

Change of all target devices from “under development” to
“developed”

Throughout

Addition of “Quality Grade”

CHAPTER 1 OUTLINE

Change of Caution on inputting external clock

Correction of description on current consumption in STOP mode in
“Clock Generator Options”

CHAPTER 5 CLOCK
GENERATOR

Addition of Caution on operation of the OVFO flag

CHAPTER 6 16-BIT TIMER/
EVENT COUNTER

Change of watchdog timer mode register format and addition of
Note and Caution

CHAPTER 9 WATCHDOG
TIMER

Addition of Caution on selecting serial interface channel 0 operating
mode

CHAPTER 14 SERIAL
INTERFACE CHANNEL 0

Addition of Caution on busy control when controlling interval time
by using automatic data transmit/receive interval specify register
(ADTI)

CHAPTER 15 SERIAL
INTERFACE CHANNEL 1

Correction of Caution on setting STOP mode

CHAPTER 18 STANDBY
FUNCTION

Addition of Caution on replacement from PROM version to mask
ROM version

CHAPTER 20 uPD78P048A

Change of display output current of FIP controller/driver for
puPD78044F Subseries

APPENDIX A DIFFERENCE
AMONG pPD78044, 78044A,
AND 78044F SUBSERIES

Addition of following products:
IE-78000-R-A, IE-70000-98-IF-B, IE-70000-98N-IF,
IE-70000-PC-IF-B, IE-78000-R-SV3, ID78K0

APPENDIX B DEVELOPMENT
TOOLS
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