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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. It is 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, itis 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. Input
levels 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 Voo or GND with a resistor, if it is 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, I/O settings or contents of registers. Device is not initialized until
the reset signal is received. Reset operation must be executed immediately after power-on for
devices having reset function.

IEBus and QTOP 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.

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

Ethernet is a trademark of Xerox Corporation.

TRON is an abbreviation of The Realtime Operating System Nucleus.

ITRON is an abbreviation of Industrial TRON.
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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.

Caution: Purchase of NEC I12C components conveys a license under the Philips I12C Patent Rights to use these
components in an I2C system, provided that the system conforms to the I12C Standard Specification as
defined by Philips.

The information in this document is current as of January, 2001. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.
NEC semiconductor products are classified into the following three quality grades:
"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
application.

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

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

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

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

(Note)

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

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).
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Major Revisions in This Edition

Pages

Contents

Throughout

* Addition of uPD784216A, 784216AY, 784218A, 784218AY, 784938A, 784956A, 784976A Subseries.
Deletion of uPD784216, 784216Y, 784218, 784218Y, 784937, 784955 Subseries.
Addition of uPD784928, 784928Y. Deletion of uPD784915, 784915A, 784916A
* The status of following products changed from under development to completed:
uPD784224, 784225, 78F4225, 784224Y, 784225Y, 78F4225Y
uPD784907, 784908, 78P4908

The mark x« shows major revised points.
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Regional Information

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

« Device availability

« Ordering information

 Product release schedule

« Availability of related technical literature

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

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary
from country to country.

NEC Electronics Inc. (U.S.) NEC Electronics (Germany) GmbH NEC Electronics Hong Kong Ltd.
Santa Clara, California Benelux Office Hong Kong
Tel: 408-588-6000 Eindhoven, The Netherlands Tel: 2886-9318
800-366-9782 Tel: 040-2445845 Fax: 2886-9022/9044
Fax: 408-588-6130 Fax: 040-2444580
800-729-9288 NEC Electronics Hong Kong Ltd.
NEC Electronics (France) S.A.  Seoul Branch
NEC Electronics (Germany) GmbH  Velizy-Villacoublay, France Seoul, Korea
Duesseldorf, Germany Tel: 01-3067-5800 Tel: 02-528-0303
Tel: 0211-65 03 02 Fax: 01-3067-5899 Fax: 02-528-4411

Fax: 0211-65 03 490
NEC Electronics (France) S.A.  NEC Electronics Singapore Pte. Ltd.

NEC Electronics (UK) Ltd. Madrid Office Novena Square, Singapore
Milton Keynes, UK Madrid, Spain Tel: 253-8311
Tel: 01908-691-133 Tel: 091-504-2787 Fax: 250-3583
Fax: 01908-670-290 Fax: 091-504-2860
NEC Electronics Taiwan Ltd.

NEC Electronics ltaliana s.r.1. NEC Electronics (Germany) GmbH  Taipei, Taiwan
Milano, Italy Scandinavia Office Tel: 02-2719-2377
Tel: 02-66 75 41 Taeby, Sweden Fax: 02-2719-5951
Fax: 02-66 75 42 99 Tel: 08-63 80 820

Fax: 08-63 80 388 NEC do Brasil S.A.

Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810

Fax: 11-6462-6829
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* % % *

* x % %

»*

Target Readers

Purpose

Organization

INTRODUCTION

. This manual is intended for users who wish to understand the functions of 78K/IV

Series products, and design and develop application systems using these products.

78K/IV Series products
e uPD784026 Subseries
* uPD784038 Subseries

e uPD784038Y Subseries

* uPD784046 Subseries

* uPD784216A Subseries
* uPD784216AY Subseries

e uPD784225 Subseries
* uPD784225Y Subseries
e uPD784908 Subseries
* uPD784915 Subseries
* uPD784928 Subseries
* uPD784928Y Subseries
* uPD784938A Subseries

» uPD784956A SubseriesNote :
» uPD784976A SubseriesNote :

Note Under development

78K/IV Series.

: uPD784020, 784021, 784025, 784026, 78P4026
: uPD784031, 784035, 784036, 784037, 784038,

78P4038, 784031(A), 784035(A), 784036(A)

: uPD784031Y, 784035Y, 784036Y, 784037Y,

784038Y, 78P4038Y

: uPD784044,784046,784054,78F4046, 78444(A),

(A1), (A2), uPD784046(A), (A1), (A2), 784054(A),
(A1), (A2)

: uPD784214A, 784215A, 784216A, 78F4216A

: uPD784214AY,784215AY,784216AY,78F4216AY
* 1PD784218A SubseriesNote :
* IPD784218AY SubseriesNote :
: uPD784224, 784225, 78F4225

: uPD784224Y, 784225Y, 78F4225Y

: uPD784907, 784908, 78P4908

: uPD784915B, 784916B, 78P4916

: uPD784927, 784928, 78F492gNote

: uPD784927Y, 784928Y, 78F4928YNote

: uPD784935A, 784936A, 784937A, 784938A,

uPD784217A, 784218A, 78F4218A
uPD784217AY, 784218AY, 78F4218AY

78F493gANote
UPD784953A, 784956A, 78F4956ANote
uPD784975ANote 7gF4976ANote

. This manual is intended for users to understand the instruction functions of the

: This manual consists of the following chapters.

Features of 78K/IV Series products

CPU functions
Instruction set
Instruction descriptions
Development tools
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*

How to Read This Manual :

Conventions

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

To check the details of an instruction function when the mnemonic is known:
— Use APPENDIX A and APPENDIX B INDEX OF INSTRUCTIONS.

To check an instruction when you know the general function but do not know the

mnemonic:

— Find the mnemonic in CHAPTER 6 INSTRUCTION SET, then check the function
in CHAPTER 7 DESCRIPTION OF INSTRUCTIONS.

For a general understanding of the various instruction functions of the 78K/IV Series:
— Read in accordance with the contents.

For information on the hardware functions of the 78K/IV Series:
— Read the separate User's Manual.
— uPD784026 Subseries User's Manual — Hardware (U10898E)
— uPD784038, 784038Y Subseries User's Manual — Hardware (U11316E)
— uPD784046 Subseries User's Manual — Hardware (U11515E)
— uPD784054 User’'s Manual — Hardware (U11719E)
— uPD784216A, 784216AY, 784218A, 784218AY Subseries User's Manual —
Hardware (U12015E)
— uPD784225, 784225Y Subseries User's Manual — Hardware (U12679E)
— uPD784908 Subseries User's Manual — Hardware (U11787E)
— uPD784915 Subseries User's Manual — Hardware (U10444E)
— uPD784928, 784928Y Subseries User's Manual — Hardware (U12648E)
— uPD784938A Subseries User's Manual — Hardware (To be prepared)
— uPD784956A Subseries User’s Manual — Hardware (U14395E)
— uPD784976A Subseries User’'s Manual — Hardware (U15017E)

: Data significance : Higher digit on left and lower digit on right

Active low representation : XXX (overscore over pin or signal name)
Note . Footnote for item marked with Note in the text
Caution : Information requiring particular attention
Remark : Supplementary information
Numerical notations : Binary XXXXB or xxxx

Decimal XXXX

Hexadecimal xxxxH
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Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

e Documents common to the 78K/IV Series

Document Name Document Number
User's Manual — Instructions This manual
Application Note — Software Basics U10095E
¢ Individual documents

e uPD784026 Subseries

Document Name Document Number
uPD784020, 84021 Data Sheet U11514E
uPD784025, 784026 Data Sheet U11605E
uPD78P4026 Data Sheet U11609E
uPD784026 Subseries User's Manual — Hardware U10898E
uPD784026 Subseries Application Note — Hardware Basics U10573E

e 1PD784038, 784038Y Subseries

Document Name Document Number
uPD784031 Data Sheet U11507E
uPD784035, 784036, 784037, 784038 Data Sheet U10847E
uPD784031(A) Data Sheet U13009E
uPD784035(A), 784036(A) Data Sheet U13010E
uPD78P4038 Data Sheet U10848E
uPD784031Y Data Sheet U11504E
uPD784035Y, 784036Y, 784037Y, 784038Y Data Sheet U10741E
uPD78P4038Y Data Sheet U10742E
uPD784038, 784038Y Subseries User's Manual — Hardware U11316E
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uPD784046 Subseries

Document Name

Document Number

uPD784044, 784046 Data Sheet U10951E
UPD784044(A), 784046(A) Data Sheet U13121E
uPD784054 Data Sheet U11154E
1uPD784054(A) Data Sheet U13122E
uPD78F4046 Preliminary Product Information U11447E
uPD784046 Subseries User's Manual — Hardware U11515E
uPD784054 User's Manual — Hardware U11719E

uPD784216A, 784216AY, 784218A, 784218AY Subseries

Document Name

Document Number

uPD784214A, 784215A, 784216A, 784217A, 784218A, 784214AY, 784215AY, 784216AY,
784217AY, 784218AY Data Sheet

U14121E

uPD78F4216A, 78F4216AY, 78F4218A, 78F4218AY Data Sheet

U14125E

uPD784216A, 784216AY Subseries User's Manual — Hardware

U12015E

uPD784225, 784225Y Subseries

Document Name

Document Number

uPD784224, 784225, 784224Y, 784225Y Data Sheet U12376E
uPD78F4225 Preliminary Product Information U12499E
uPD78F4225Y Preliminary Product Information U12377E
uPD784225, 784225Y Subseries User’'s Manual — Hardware U12679E

uPD784908 Subseries

Document Name

Document Number

uPD784907, 784908 Data Sheet U11680E
1PD78P4908 Data Sheet U11681E
uPD784908 Subseries User's Manual — Hardware U11787E

uPD784915 Subseries

Document Name

Document Number

uPD784915B, 784916B Data Sheet

U13118E

uPD78P4916 Data Sheet U11045E
uPD784915 Subseries User's Manual — Hardware U10444E
uPD784915, 784928, 784928Y Subseries Application Note — VCR Servo Basics U11361E
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uPD784928, 784928Y Subseries

Document Name

Document Number

uPD784927, 784928, 784927Y, 784928Y Data Sheet U12255E
uPD78F4928 Preliminary Product Information U12188E
uPD78F4928Y Preliminary Product Information U12271E
uPD784928, 784928Y Subseries User's Manual — Hardware U12648E

uPD784938A Subseries

Document Name

Document Number

uPD784935A, 784936A, 784937A, 784938A Data Sheet

U13572E

uPD78F4938A Data Sheet

To be prepared

uPD784938A Subseries User's Manual — Hardware

To be prepared

uPD784956A Subseries

Document Name

Document Number

uPD784953A, 784956A Preliminary Product Information

To be prepared

uPD78F4956A Preliminary Product Information

To be prepared

uPD784956A Subseries User's Manual — Hardware

To be prepared

uPD784976A Subseries

Document Name

Document Number

uPD784975A Data Sheet

On preparation

uPD78F4976A Data Sheet

To be prepared

uPD784976A Subseries User's Manual — Hardware

U15017E
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

The 78K Series consists of 6 series as shown in Figure 1-1.

The 78K/IV Series is one of these 6 series, comprising products with an on-chip 16-bit CPU.

These products have an instruction set suitable for control applications, a high-performance interrupt controller,
and incorporate a high-performance CPU equipped with a maximum 1 MB program memory space and maximum
16 MB data memory space.

The 78K/IV Series offers a variety of subseries, enabling the most suitable subseries to be selected for a particular
application.

All the subseries have the same CPU, and differ only in their peripheral hardware. Consequently, the entire

instruction set is common to all subseries. Moreover, individual products within a subseries differ only in the size
of on-chip memory.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS
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Figure 1-1. 78K Series and 78K/IV Series Composition

78K Series

78K/0S Series

— 78K/0 Series

—] 78K/l Series

— 78K/l Series

— 78K/l Series

— 78K/IV Series

8-bit single-chip
microcontrollers

uPD784026 Subseries |

1PD784038 Subseries |

1PD784038Y Subseries |

uPD784046 Subseries |

LPD784216A Subseries |

1PD784216AY Subseries |

LPD784218A Subseries |

1PD784218AY Subseries |

1PD784225 Subseries |

1PD784225Y Subseries |

1PD784908 Subseries |

uPD784915 Subseries |

1PD784928 Subseries |

uPD784928Y Subseries |

uPD784938A Subseries |

. r- - +r -+ - - -+ rr-  *+r ‘1 [~ 1T 1

UPD784956A Subseries |

L

LPD784976A Subseries |
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.1 78K/IV Series Product Lineup

|:| : Under mass production

12C bus supported
| uPD784038Y |

Multimaster 12C bus supported
| uPD784225Y |

Standard models uPD784038 uPD784225
/Enhanced internal memory 80 pins,
uPD784026 capacity, pin compatible with the added ROM correction
1PD784026
Eg%?tngg%fm’ Multimaster I2C bus supported Multimaster I2C bus supported
;nadngg\gg;m [ipo78az16AY ... AHPD784218AY;
PD784216A F | [PD784218A |
100 pins, Enhanced internal memory capacity,
enhanced I/O and added ROM correction
internal memory capacity
uPD784046
On-chip 10-bit A/D
ASSP models
| UPD784956A !

On-chip IEBus™ added ROM correction

/ UPD784938A
1PD784908 Enhanced function of the 1PD784908,

enhanced internal memory capacity,

controller
Multimaster 12C bus supported
| uPD784928Y |
uPD784928
LPD784915 /Enhanced function of the uPD784915

Equipped with analog circuit for
software servo control VCR,
enhanced timer

On-chip VFD
controller/driver
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.2 Product Outline of uPD784026 Subseries
(uPD784020, 784021, 784025, 784026, 78P4026)

1.2.1 Features

® Pins are compatible with uyPD78234 Subseries
® Minimum instruction execution time: 160 ns/320 ns/640 ns/1,280 ns (at 25 MHz operation)
® On-chip memory

* ROM

Mask ROM : 48 KB (uPD784025)
64 KB (uPD784026)
None (uPD784020, 784021)
PROM : 64 KB (uPD78P4026)
e RAM . 2,048 bytes (uPD784021, 784025, 784026)
512 bytes (uPD784020)
® |/O pins: 64
46 (uPD784020, 784021 only)
® Timer/counter: 16-bit timer/counter x 3 units
16-bit timer x 1 unit

® Watchdog timer: 1 channel
® A/D converter: 8-bit resolution x 8 channels
® D/A converter: 8-bit resolution x 2 channels
® Serial interface: 3 channels

UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)

CSI (3-wire serial /0, SBI): 1 channel
® Interrupt controller (4-level priority)

Vectored interrupt/macro service/context switching
® Standby function: HALT/STOP/IDLE mode
® Clock output function

Selectable from fcik, fcik/2, foik/4, fok/8, fck/16 (except uPD784020, 784021)
® Power supply voltage: Voo = 2.7 to 5.5 V

1.2.2 Applications

Laser beam printers, autofocus cameras, plain paper copiers, printers, electronic typewriters, air conditioners,
electronic musical instruments, cellular phones, etc.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.2.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
uPD784020GC-3B9 80-pin plastic QFP (14 x 14 mm) None
uPD784021GC-3B9 80-pin plastic QFP (14 x 14 mm) None
uPD784021GK-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm)  None
uPD784025GC-xxx-3B9 80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD784026GC-xxx-3B9 80-pin plastic QFP (14 x 14 mm) Mask ROM

uPD78P4026GC-3B9
UPD78P4026GC-xxx-3B9 Note
UPD78P4026KK-T

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin ceramic WQFN (14 x 14 mm)

One-time PROM
Preprogramming one-time PROM
EPROM

Note QTOP™ microcontroller. “QTOP microcontroller” is a general term for a single-chip microcontroller
with on-chip one-time PROM, for which total support is provided by NEC programming service, from
programming to marking, screening, and verification.

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number

Package

Quality Grade

uPD784020GC-3B9
uPD784021GC-3B9
uPD784021GK-BE9
UPD784025GC-xxx-3B9
UPD784026GC-xxx-3B9
uPD78P4026GC-3B9
UPD78P4026GC-xxx-3B9 Note
UPD78P4026KK-T

80-pin plastic QFP (14 x 14 mm)

80-pin plastic QFP (14 x 14 mm)

80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm)

80-pin plastic QFP (14 x 14 mm)

80-pin plastic QFP (14 x 14 mm)

80-pin plastic QFP (14 x 14 mm)

80-pin ceramic WQFN (14 x 14 mm)

Standard
Standard
Standard
Standard
Standard
Standard
Standard

Not applicable
(for function evaluation)

Note QTOP microcontroller. “QTOP microcontroller” is a general term for a single-chip microcontroller with
on-chip one-time PROM, for which total support is provided by NEC programming service from
programming to marking, screening, and verification.

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.

Caution The EPROM version of the uPD78P4026 does not have a level of reliability intended for volume
production of customers’ equipment, and should only be used for experimental or preproduction
function evaluation.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.2.4 Outline of functions

Product Name
Item

uPD784020 | uPD784021 | uPD784025 | uPD784026 | uPD78P4026

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

160 ns/320 ns/640 ns/1,280 ns (at 25 MHz operation)

On-chip memory capacity ROM None 48 KB 64 KB 64 KB
(Mask ROM) | (Mask ROM) | (PROM)
RAM 512 bytes 2,048 bytes
Memory space 1 MB total both program and data
1/0 ports Total 46 64
Input 8 8
Input/output 34 56
Output 4 0
Pins with Pins with pull-up resistors 32 54
additional LED direct drive output 8 24
functiongNote - ) )
Transistor direct drive 8

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter 0:
(16 bits)

Timer register x 1
Compare register x 2
Capture register x 1

Pulse output capability
* Toggle output

* PWM/PPG output

* One-shot pulse output

Timer/counter 1:
(8/16 bits)

Timer register x 1
Compare register x 1
Capture register x 1
Capture/compare register x 1

Pulse output capability
* Real-time output: 4 bits X 2

Timer/counter 2: Timer register x 1 Pulse output capability

(8/16 bits) Compare register x 1 Toggle output
Capture/compare register x 1 « PWM/PPG output
Capture register x 1
Timer 3: Timer register x 1
(8/16 bits) Compare register x 1
Watchdog timer 1 channel

PWM output function

12-bit resolution x 2 channels

Serial interfaces

¢ UART/IOE (3-wire serial 1/0O)
e CSI (3-wire serial 1/0, SBI)

2 channels (on-chip baud rate generator)
1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Standby function

HALT/STOP/IDLE mode

Interrupts Hardware sources

23 (internal: 16, external: 7 (sampling clock variable input: 1))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 15, external: 6

e 4-level programmable priority
e 3 kinds of process mode (vectored interrupt/macro service/context switching)

Clock output function

Selectable from fowk, feik/2, fok/4, fox/8,
fck/16 (also usable as 1-bit output port)

Power supply voltage

Voo =2.7t0 5.5V

Package

* 80-pin plastic QFP (14 x 14 mm)
¢ 80-pin plastic TQFP (fine pitch, 12 x 12 mm: uPD784021 only)
* 80-pin ceramic WQFN (14 x 14 mm: uPD78P4026 only)

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.2.5 Block diagram

NMI —={PROGRAMMABLE
INTERRUPT K="
INTPO to INTP5 ——{ CONTROLLER
INTP3 —=|  TIMER/
TOO =—|{ COUNTER0 k'
TO1 ~—] (16 BITS)
TIMER/
INTPO —= COUNTER1 K=
(16 BITS)
INTP1 —»]
Tl TIMER/ 78K/
'NTP%CQ' - COUNTER2 K= CPU CORE ROM
TO3 = (16 BITS)
TIMER3
(16 BITS) [ @ ﬁ
P00 10 P03 <— RgAL-TIME ﬁ
OUTPUT K=
PO4to P07 <—|  PORT
PWMO ~—
PWM K= RAM
PWM1 ~-—
ANOQ ~=—
ANO1 ~— D/A
AVrers CONVERTER >
AVREer3
ANIO to ANI7 =
AVbb
A/D
AVreri CONVERTER [
AVss
INTP5 —»] WATCHDOG k'

TIMER

Remarks 1. Internal ROM and RAM capacities vary depending on the products.
2. Vrpr applies to the uPD78P4026 only.
3. The pins in parentheses are used in the PROM programming mode.
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|« RxD/SI1
Yy UART/IOE2 oS
GENERATOR [=——ASCK/SCK
|« RxD2/SI2
UART/IOE1 [~ PD2o,
| SN O, [+—=AscKa/sCR2
CLOCKED | SCKO
\:/l::> SERIAL <« SO0/SBO
INTERFACE |«—SI0
CLOCK OUTPUT[ ™ ASTB/CLKOUT
ADO to AD7
—— A8 to A15
—> A16 to A19
— RD
—WR _
1 Busyr [=—WAIT/HLDRQ
= REFRQ/HLDAK
L—>DO0 to D7
K— (A0 to A16)
[<— (CE)
[~— (OE)
-« (PGM)
PORTO K —> P00 to P07
PORT1 K —>P10to P17
PORT2 K= P20 to P27
PORT3 K —>P30to P37
PORT4 K—>P40 to P47
PORT5 K—>P50to P57
PORT6 K—>P60 to P67
PORT7 K=>P70to P77
l«—— RESET
SYSTEM |=—TEST
CONTROL [}
=—Vpp

Voo
— Vss
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.3 Product Outline of uPD784038 Subseries

(uPD784031, 784035, 784036, 784037, 784038, 78P4038, 784031(A), 784035(A), 784036(A))

1.3.1 Features

26

Pins are compatible with uPD78234 Subseries, uPD784026 Subseries, and uPD784038Y Subseries
On-chip memory capacity of uPD78234 Subseries and uPD784026 Subseries is expanded.
Minimum instruction execution time 125 ns/250 ns/500 ns/1,000 ns (at 32 MHz operation)
On-chip memory
* ROM
Mask ROM : None (uPD784031, 784031(A))
48 KB (uPD784035, 784035(A))
64 KB (uPD784036, 784036(A))
96 KB (uPD784037)
128 KB (uPD784038)
PROM : 128 KB (uPD78P4038)
e RAM : 2,048 bytes (uPD784031, 784035, 784036, 784031(A), 784035(A), 784036(A))
3,584 bytes (uPD784037)
4,352 bytes (uPD784038)
1/0 port: 64
Timer/counter: 16-bit timer/counter x 3 units
16-bit timer x 1 unit
Watchdog timer: 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
12-bit PWM output: 2 channels
Serial interface
UART/IOE (3-wire serial I1/0): 2 channels
CSI (3-wire serial I/0O, 2-wire serial I/0): 1 channel
Interrupt controller (4-level priority)
Vectored interrupt/macro service/context switching
Standby function
HALT/STOP/IDLE mode
Clock output function
Selectable from fcik, fcik/2, foik/4, fok/8, and fcik/16 (except uPD784031)
Power supply voltage: Voo = 2.7 to 5.5 V
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.3.2 Applications

® Standard-grade devices: Laser beam printers, autofocus cameras, plain paper copiers, printers, electronic
typewriters, air conditioners, electronic musical instruments, cellular phones, etc.
Control equipmentin automobile electrical system, gas detector and cut off equipment,
and various safety equipment.

® Special-grade devices:

1.3.3 Ordering information and quality grade

(1) Ordering information

Part Number

Package

Internal ROM

1PD784031GC-3B9
uPD784031GC-8BT

uPD784031GC(A)-xxx-3E9

uPD784031GK-BE9
uPD784035GC-xxx-3B9
uPD784035GC-xxx-8BT

1PD784035GC(A)-xxx-3B9

uPD784035GK-xxx-BE9
uPD784036GC-xxx-3B9
uPD784036GC-xxx-8BT

1PD784036GC(A)-xxx-3B9

uPD784036GK-xxx-BE9
uPD784037GC-xxx-3B9
uPD784037GC-xxx-8BT
1PD784037GK-xxx-BE9
uPD784038GC-xxx-3B9
uPD784038GC-xxx-8BT
uPD784038GK-xxx-BE9
uPD78P4038GC-3B9

uPD78P4038GC-8BT

uPD78P4038GC-xxx-3B9 Nete
uPD78P4038GC-xxx-8BT Note

uPD78P4038GK-BE9

uPD78P4038GK-xxx-BE9 Note

uPD78P4038KK-T

80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin ceramic WQFN (14 x 14 mm)

None

None

None

None

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

One-time PROM
One-time PROM
Preprogramming one-time PROM
Preprogramming one-time PROM
One-time PROM
Preprogramming one-time PROM
EPROM

Note QTOP microcontrollers. “QTOP microcontroller” is a general term for a single-chip microcontroller with on-
chip one-time ROM, for which total support is provided by NEC programming service, from programming
to marking, screening, and verification.

Remark xxx indicates ROM code suffix.
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FEATURES OF 78K/IV SERIES PRODUCTS

(2) Quality grades

Part Number

Package

Quality Grade

uPD784031GC-3B9
1PD784031GC-8BT
uPD784031GC-BE9
1PD784035GC-xxx-3B9
uPD784035GC-xxx-8BT
1PD784035GK-xxx-BE9
1PD784036GC-xxx-3B9
uPD784036GC-xxx-8BT
1PD784036GK-xxx-BE9
1PD784037GC-xxx-3B9
uPD784037GC-xxx-8BT
uPD784037GK-xxx-BE9
1PD784038GC-xxx-3B9
uPD784038GC-xxx-8BT
1PD784038GK-xxx-BE9
uPD78P4038GC-3B9
uPD78P4038GC-xxx-8BT

uPD78P4038GC-xxx-3B9 Note
uPD78P4038GC-xxx-8BT Note

uPD78P4038GK-BE9

UPD78P4038GK-xxx-BEQ Note
1PD784031GC(A)-xxx-3B9
UPD784035GC(A)-xxx-3B9
1PD784036GC(A)-xxx-3B9

uPD78P4038KK-T

80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin ceramic WQFN (14 x 14 mm)

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Not applicable
(forfunction evaluation)

Note QTOP microcontrollers. “QTOP microcontroller” is a general term for a single-chip microcontroller with on-

chip one-time ROM, for which total support is provided by NEC programming service, from programming
to marking, screening, and verification.

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.

28

Remark xxx indicates ROM code suffix.

Caution The EPROM version of the uPD78P4028 does not have a level of reliability intended for volume

production of customer’s equipment, and should only be used for experimental or preproduction

function evaluation.

User’s Manual U10905EJ8V1UM



CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.3.4 Outline of functions

Product Name

Item

uPD784031,
784031(A)

1PD784035,
784035(A)

uPD784036,
784036(A)

‘ 1PD784037

uPD784038 ‘uPD78P4038

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

125 ns/250 ns/500 ns/1,000 ns (at 32 MHz operation)

On-chip memory capacity | ROM None 48 KB 64 KB 96 KB 128 KB 128 KB
(Mask ROM) | (Mask ROM)| (Mask ROM)| (Mask ROM)| (One-time PROM
or EPROM)
RAM 2,048 bytes 3,584 bytes | 4,352 bytes
Memory space 1 MB total both programs and data
1/0 ports Total 64
Input 8
Input/Output 56
Pins with Pins with pull-up resistors | 54
additionsl LED direct drive output 24
functions Transistor direct drive 8

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter 0:
(16 bits)

Timer register x 1
Capture register x 1
Compare register x 2

Pulse output capability
* Toggle output

* PWM/PPG output

* One-shot pulse output

Timer/counter 1:
(8/16 bits)

Timer register x 1

Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output capability
* Real-time output (4 bits x 2)

Timer/counter 2:  Timer register x 1 Pulse output capability

(8/16 bits) Capture register x 1 ¢ Toggle output
Capture/compare register x 1« PWM/PPG output
Compare register x 1

Timer 3: Timer register x 1

(8/16 bits) Compare register x 1

PWM output

12-bit resolution x 2 channels

Serial interfaces

* UART/IOE (3-wire serial 1/0O) : 2 channels (on-chip baud rate generator)
e CSI (3-wire serial I/0O, 2-wire serial 1/0): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

— | Selectable from feik, fowk/2, fowk/4, fok/8, and fek/16 (also usable as 1-bit output port)

Watchdog timer

1 channel

Standby function

HALT/STOP/IDLE mode

Interrupts

Hardware sources

23 (internal: 16, external: 7 (sampling clock variable input: 1) )

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 15, external: 6

* 4-level programmable priority
* 3 processing modes (vectored interrupt, macro service, context switching)

Power supply voltage

Voo =2.7t0 5.5V

Package

¢ 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)

¢ 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)

* 80-pin plastic TQFP (fine pitch) (12 x 12 mm)

¢ 80-pin ceramic WQFN (14 x 14 mm): uPD78P4038 only

Note The pins with additional functions are included in the 1/O pins.

User's Manual U10905EJ8V1UM 29



CHAPTER 1
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1.3.5 Block diagram

NMI —{PROGRAMMABLE
INTERRUPT
INTPO to INTP5 —=){ CONTROLLER
INTP3 —=|  TIMER/ PR
TOO <—| COUNTERO
101 =—| (16BITS) |7
TIMER/
INTPO —=| COUNTER1 K—>
(16 BITS)
INTP1 —»
TIMER/
INTP2/Cl —» 78K/IV
TO3 = (16 BITS)
TIMER3
(16 BITS) ﬁ @
PO0to PO3 <— o) e L ﬁ
OUTPUT PORT K—]
P04 to P07 <——
PWMO ~—
PWM K= RAM
PWM1 ~=—]
ANOQ ~—
ANO1 ~—] D/A ZEEN
AVrers CONVERTER |
AVREF3
ANIO to ANI7 ——>
AV —— AD .
AVReF1 CONVERTER [N
AVss
INTP5 —» WATCHDOG

TIMER

UART/IOE2

L« RxD/SI1
— TxD/SO1

]

BAUD-RATE
GENERATOR

[~+—ASCK/SCK1

UART/IOE1

-« RxD2/SI2
— TxD2/S02

BAUD-RATE
GENERATOR

g

~—=ASCK2/SCK2

CLOCKED
SERIAL
INTERFACE

g

~+— SCKO0/SCL
-+—= SO0/SDA

~—SI0

CLOCK OUTPUT

—» ASTB/CLKOUT

g

BUS I/F

ADO to AD7
——> A8to A15

—> A16to A19

| ﬁa

L » WR

[«— WAIT/HLDRQ
—= REFRQ/HLDAK
K—>DO0 to D7

K— (A0 to A16)
=—(CE)

~— (OE)

<« (PGM)

PORTO

K—>P00 to PO7

i

PORT1

PORT2

PORT3

K—>P10to P17
K—1P20to P27

—>P30 to P37

i

PORT4

PORT5

PORT6

PORT7

I

K —>P40 to P47
L P50 10 P57
' P60 to P67

P70 to P77

SYSTEM

CONTROL

l«—— RESET

«—— TEST
-~

— X2

Remarks 1. Internal ROM and RAM capacities vary depending on the products.
2. Vrpr applies to the uPD78P4038 only.
3. The pins in parentheses are used in the PROM programming mode
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.4

Product Outline of uPD784038Y Subseries
(uPD784031Y, 784035Y, 784036Y, 784037Y, 784038Y, 78P4038Y)

1.4.1 Features

12C bus control function is added to uPD784038.
Pins are compatible with uPD78234 Subseries, uPD784026 Subseries, and uPD784038.

On-chip memory capacity of uPD78234 Subseries and uPD784026 Subseries is expanded.

Minimum instruction execution time: 125 ns/250 ns/500 ns/1,000 ns (at 32 MHz operation)
On-chip memory
« ROM
Mask ROM: None (uPD784031Y)
48 KB (uPD784035Y)
64 KB (uPD784036Y)
96 KB (uPD784037Y)
128 KB (uPD784038Y)
PROM : 128 KB (uPD78P4038Y)
* RAM : 2,048 bytes (uPD784031Y, 784035Y, 784036Y)
3,584 bytes (uPD784037Y)
4,352 bytes (uPD784038Y)
I/O port: 64
Timer/counter: 16-bit timer/counter x 3 units
16-bit timer x 1 unit
Watchdog timer: 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
12-bit PWM output: 2 channels
Serial interface
UART/IOE (3-wire serial 1/0): 2 channels
CSiI (3-wire serial 1/0, 2-wire serial 1/0, I12C bus): 1 channel
Interrupt controller (4-level priority)
Vectored interrupt/macro service/context switching
Standby function
HALT/STOP/IDLE modes
Clock output function
Selectable from fcik, fck/2, foik/4, fok/8,and fck/16 (except uPD784031Y)
Power supply voltage: Voo = 2.7 to 5.5 V
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1.4.2 Applications

Cellular phones, cordless phones, audiovisual equipment, etc.

1.4.3 Ordering information and quality grade

32

(1) Ordering information

Part Number

Package

Internal ROM

1PD784031YGC-3B9
uPD784031YGC-8BT
1PD784031YGK-BE9
uPD784035YGC-xxx-3B9
uPD784035YGC-xxx-8BT
1PD784035YGK-xxx-BE9
uPD784036YGC-xxx-3B9
uPD784036YGC-xxx-8BT
1PD784036YGK-xxx-BE9
uPD784037YGC-xxx-3B9
uPD784037YGC-xxx-8BT
1PD784037YGK-xxx-BE9
uPD784038YGC-xxx-3B9
uPD784038YGC-xxx-8BT
1PD784038YGK-xxx-BE9
1PD78P4038YGC-3B9
1PD78P4038YGC-8BT

UPD78P4038YGC-xxx-3B9 Nete
1PD78P4038YGC-xxx-8BT Nete

1PD78P4038YGK-BE9

uPD78P4038YGK-xxx-BE9 Nete

uPD78P4038YKK-T

80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm, thickness:
80-pin plastic QFP (14 x 14 mm, thickness:
80-pin plastic QFP (14 x 14 mm, thickness:
80-pin plastic QFP (14 x 14 mm, thickness:
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin ceramic WQFN (14 x 14 mm)

None

None

None

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

Mask ROM

One-time PROM
One-time PROM
Preprogramming one-time PROM
Preprogramming one-time PROM
One-time PROM
Preprogramming one-time PROM
EPROM

Note QTOP microcontrollers. “QTOP microcontroller” is a general term for a single-chip microcontroller with on-

chip one-time ROM, for which total support is provided by NEC programming service, from programming
to marking, screening, and verification.

Remark xxx indicates ROM code suffix.

Caution uPD784035YGK-xxx-BE9 and uPD784036YGK-xxx-BE9 are under development.
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FEATURES OF 78K/IV SERIES PRODUCTS

(2) Quality grades

Part Number Package Quality Grade
uPD784031YGC-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
uPD784031YGC-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD784031YGK-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
UPD784035YGC-xxx-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
UPD784035YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD784035YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
UPD784036YGC-xxx-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
UPD784036YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD784036YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
UPD784037YGC-xxx-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
UPD784037YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD784037YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
UuPD784038YGC-xxx-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
UPD784038YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD784038YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
uPD78P4038YGC-3B9 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
uPD78P4038YGC-8BT 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
UPD78P4038YGC-xxx-3B9 Nete 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm) Standard
1PD78P4038YGC-xxx-8BT Nete 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm) Standard
uPD78P4038YGK-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
UPD78P4038YGK-xxx-BE9 Note 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard

uPD78P4038YKK-T

80-pin ceramic WQFN (14 x 14 mm)

Not applicable
(for function evaluation)

Note QTOP microcontrollers. “QTOP microcontroller” is a general term for a single-chip microcontroller with on-
chip one-time ROM, for which total support is provided by NEC programming service, from programming
to marking, screening, and verification.

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.

Remark xxx indicates ROM code suffix.

Cautions 1. The EPROM version of the uPD78P4028 dose not have a level of reliability intended for volume
production of customer’s equipment, and should only be used for experimental or preproduction
function evaluation.

2. uPD784035YGK-xxx-BE9 and yPD784036YGK-xxx-BE9 are under development.
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FEATURES OF 78K/IV SERIES PRODUCTS

1.4.4 Outline of functions

Product Name
ltem

uPD784031Y

nPD784035Y

nPD784036Y

uPD784037Y

1PD784038Y

uPD78P4038Y

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

125 ns/250 ns/500 ns/1,000 ns (at 32 MHz operation)

On-chip memory capacity | ROM None 48 KB 64 KB 96 KB 128 KB 128 KB
(Mask ROM) | (Mask ROM)| (Mask ROM)| (Mask ROM)| (One-time PROM
or EPROM)
RAM 2,048 bytes 3,584 bytes | 4,352 bytes
Memory space 1 MB total both programs and data
1/0 ports Total 64
Input 8
Input/Output 56
Pins with Pins with pull-up resistors | 54
additional || £p girect drive output | 24
functionsNote
Transistor direct drive 8

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter 0:

Timer register x 1

Capture register x 1
Compare register x 2

Pulse output capability
* Toggle output

* PWM/PPG output
* One-shot pulse output

Timer/counter 1:

Timer register x 1

Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output capability
* Real-time output (4 bits x 2)

Timer/counter 2:

Timer register x 1

Capture register x 1

Capture/compare register x 1

Compare register x 1

Pulse output capability
* Toggle output

* PWM/PPG output

Timer 3:

Timer register x 1
Compare register x 1

PWM output

12-bit resolution x 2 channels

Serial interfaces

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

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Selectable from fewk, fe/2, fouk/4, fowk/8,and fek/16 (also usable as 1-bit output port)

Watchdog timer

1 channel

Standby function

HALT/STOP/IDLE mode

Interrupts | Hardware sources

24 (internal: 17, external: 7 (sampling clock variable input: 1))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 16, external: 6

* 4-level programmable priority
* 3 processing modes (vectored interrupt, macro service, context switching)

Power supply voltage

Voo =2.7t0 5.5V

Package

* 80-pin plastic QFP (14 x 14 mm, thickness: 1.4 mm)
¢ 80-pin plastic QFP (14 x 14 mm, thickness: 2.7 mm)
* 80-pin plastic TQFP (fine pitch) (12 x 12 mm)

* 80-pin ceramic WQFN (14 x 14 mm): uPD78P4038Y only

Note The pins with additional functions are included in the 1/O pins.
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FEATURES OF 78K/IV SERIES PRODUCTS

1.4.5 Block diagram

NMI —1PROGRAMMABLE
INTERRUPT K=
INTPO to INTP5—— CONTROLLER
INTP3—=|  TIMER/ AN
TOO <-—| COUNTERO
TO1 =] (16BITS) [
TIMER/
INTPO —=] COUNTER1 K
(16 BITS)
INTP1 —»]
TIMER/ 28K/
INTP2/Cl <] COUNTER2 K= PO QORE ROM
TO3=—| (16 BITS)
TIMER3
(16 BITS) [ @ ﬁ
P00 to P03
“— REAL-TIME | | ﬁ
P04 to P07 <] OUTPUT PORTR—)
PWMO ~=—
PWM ] RAM
PWM1 =—
ANOQ ~—
ANO1 ~—| D/A PN
AVrer2 CONVERTER [V ]
AVREF3
ANIO to ANI7 =
AVobp AD AN
AVrers CONVERTER [&]
AVss
INTPS —= WATCHDOG f—

TIMER

PORT6

PORT7

I

l«— RxD/SI
| UART/IOE2 RO
GENERATOR <= ASCK/SCKI
l«—— RxD2/S12
UART/IOE1 OS2
= EE‘HEDF;E‘\#B% <= ASCK2/SCK2
CLOCKED |=— SCK0/SCL
\:/l::> SERIAL l«—» SO0/SDA
INTERFACE |«—SI0
CLOCK OUTPUT[ ™ ASTB/CLKOUT
ADO to AD7
— A8 to A15
—> A16to A19
— RD
— WR
1 Busyr [+=—WAIT/HLDRQ
L~ REFRQ/HLDAK
L—>DO0 to D7
K—— (A0 to A16)
<+— (CE)
~— (OE)
-« (PGM)
PORTO  K—> P00 to P07
PORT1 K —>P10to P17
PORT2 K= P20to P27
PORT3 K —>P30to P37
PORT4 K—>P40 to P47
PORT5 K—=>P50 to P57

(—> P60 to P67

P70 to P77

SYSTEM

CONTROL

l«—— RESET
-~

TI1EST
— X2

Remarks 1. Internal ROM and RAM capacities vary depending on the products.
2. Vrr applies to the uPD78P4038Y only.
3. The pins in parenthesis are used in the PROM programming mode.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.5 Product Outline of uPD784046 Subseries
(uPD784044,784054,784046,78F4046,784044(A), 784044(A1),784044(A2),784046(A), 784046(A1),
784046(A2), 784054(A), 784054(A1), 784054(A2))

1.5.1 Features
® Minimum instruction execution time:

125 ns (at internal 16 MHz operation)........... uPD784044, 784046, 784054, 78F4046
160 ns (at internal 12.5 MHz operation)....... uPD784044(A), 784046(A), 784054(A)
200 ns (at internal 10 MHz operation)........... uPD784044(A1), (A2), 784046(A1), (A2), 784054(A1), (A2)
® On-chip memory
¢ ROM
Mask ROM : 64 KB (uPD784046, 784046(A), (A1), (A2))

: 32 KB (uPD784044, 784044(A), (A1), (A2), 784054, 784054(A), (A1), (A2))
Flash memory : 64 KB (uPD78F4046)
* RAM . 2,048 bytes (uUPD784046, 784046(A), (A1), (A2), 78F4046)
1,024 bytes (uPD784044, 784044(A), (A1), (A2), 784054, 784054(A), (A1), (A2))
® |/O port: 65 (64 for only uPD784054 and 784054(A), (A1), (A2))
® Timer/counter: 16-bit timer/counter x 2 units
16-bit timer x 3 units
(only 16-bit timer x 3 units for uPD784054 and 784054(A), (A1), (A2))
® Watchdog timer: 1 channel
® A/D converter: 10-bit resolution x 16 channels (Vop = 4.5 to 5.5 V)
® Serial interface
UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
® Interrupt controller (4-level priority)
Vectored interrupt/macro service/context switching
® Standby function
HALT/STOP/IDLE mode (/standby invalid function mode ... uPD784054 and 784054(A), (A1), (A2) only)
® Power supply voltage: Voo = 4.0t0 5.5V

1.5.2 Applications
® Standard: Water heaters, vending machines, office automation equipment such as PPCs or printers, and factory
automation equipment such as robots or automation machine tools
® Special:  Automobile electrical systems, etc.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(1) Ordering information

Part Number

1.5.3 Ordering information and quality grade

Package

Internal ROM

uPD784044GC-xxx-3B9
uPD784044GC(A)-xxx-3B9
uPD784044GC(A1)-xxx-3B9
uPD784044GC(A2)-xxx-3B9
UPD784046GC-xxx-3B9 Nete
UPD784046GC(A)-xxx-3B9 Nete
UPD784046GC(A1)-xxx-3B9 Note
UPD784046GC(A2)-xxx-3B9 Note

uPD784054GC-xxx-3B9
1PD784054GC(A)-xxx-3B9
1PD784054GC(A1)-xxx-3B9
uPD784054GC(A2)-xxx-3B9
uPD78F4046GC-3B9 Note

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number

Package

Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Mask ROM
Flash memory

Quality Grade

UPD784044GC-xxx-3B9
UPD784046GC-xxx-3B9 Nete
uPD784054GC-xxx-3B9
uPD78F4046GC-3B9 Note
uUPD784044GC(A)-xxx-3B9
uPD784044GC(A1)-xxx-3B9
uPD784044GC(A2)-xxx-3B9

PD784046GC(A)-xxx-3B9 Note
PD784046GC(A1)-xxx-3B9 Note
PD784046GC(A2)-xxx-3B9 Note

uUPD784054GC(A)-xxx-3B9
uPD784054GC(A1)-xxx-3B9
uPD784054GC(A2)-xxx-3B9

80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic QFP (14 x 14 mm)

Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special
Special
Special
Special
Special

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.

Note Under development

Remark xxx indicates ROM code suffix.
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FEATURES OF 78K/IV SERIES PRODUCTS

1.5.4 Outline of functions

(1) uPD784044, 784044(A), (A1), (A2), 784046, 784046(A), (A1), (A2), 78F4046

Product Name
Item

uPD784044, uPD784046, uPD78F4046
784044(A), (A1), (A2) 784046(A), (A1), (A2)

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

125 ns (at internal clock 16 MHz operation) ..... uPD784044, 78F4046

160 ns (at internal clock 12.5 MHz operation) .. uPD784044(A), 784046(A)

200 ns (at internal clock 10 MHz operation) ..... uPD784044(A1), (A2),
784046(A1), (A2)

On-chip memory capacity ROM 32 KB 64 KB 64 KB
(Mask ROM) (Mask ROM) (Flash memory)
RAM 1,024 bytes 2,048 bytes
Memory space 1 MB total both programs and data
1/0 ports Total 65
Input 17
Input/Output 48
Pins with Pins with pull-up resistors 29
additional
functionsNote
Real-time output port 4 bits x 1
Timer/counters Timer 0: Timer register x 1 Pulse output capability
Capture/compare register x4« Toggle output
* Set/Reset output
Timer 1: Timer register x 1 Pulse output capability
Compare register x 2 * Toggle output
* Set/Reset output
Timer/counter 2: Timer register x 1 Pulse output capability
Compare register x 2 * Toggle output
* PWM/PPG output
Timer/counter 3: Timer register x 1 Pulse output capability
Compare register x 2 * Toggle output
* PWM/PPG output
Timer 4: Timer register x 1 Pulse output capability
Compare register x 2 * Real-time output (4 bits x 1)

A/D converter

10-bit resolution x 16 channels (AVop = 4.5 to 5.5 V)

Serial interface

UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)

Watchdog timer

1 channel

Interrupts Hardware sources

27 (internal: 23, external: 8 (compatible with internal: 4))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 22, external: 7 (compatible with internal: 4)

* 4-level programmable priority
* 3 processing modes (vectored interrupt, macro service, context switching)

Bus sizing function

8-bit/16-bit external data bus selectable

Standby function

HALT/STOP/IDLE mode

Power supply voltage

Voo =4.0to 5.5V

Package

80-pin plastic QFP (14 x 14 mm)

Note The pins with additional functions are included in the 1/O pins.
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FEATURES OF 78K/IV SERIES PRODUCTS

(2) uPD784054, 784054(A), (A1), (A2)

Item

Product Name

uPD784054, 784054(A), (A1), (A2)

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

125 ns (at internal clock 16 MHz operation) ...... uPD784054
160 ns (at internal clock 12.5 MHz operation) ... uPD784054(A)
200 ns (at internal clock 10 MHz operation) ...... uPD784054(A1), (A2)

On-chip memory capacity ROM

32 KB (Mask ROM)

RAM

1,024 bytes

Memory space

1 MB total both programs and data

1/0 ports Total 64
Input 17
Input/Output 47
Pins with Pins with pull-up resistors 29
additional
functionsNote
Timers Timer O: Timer register x 1 Pulse output capability
(16 bits) Capture/compare register x4 * Toggle output
* Set/Reset output
Timer 1: Timer register x 1 Pulse output capability
(16 bits) Compare register x 2 * Toggle output
* Set/Reset output
Timer 4: Timer register x 1
(16 bits) Compare register x 2

A/D converter

10-bit resolution x 16 channels (AVop = 4.5 to 5.5 V)

Serial interface

UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)

Watchdog timer

1 channel

Interrupts

Hardware sources

23 (internal: 19, external: 8 (compatible with internal: 4))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 18, external: 7 (compatible with internal: 4)

* 4-level programmable priority
* 3 processing modes (vectored interrupt, macro service, context switching)

Bus sizing function

8-bit/16-bit external data bus selectable

Standby function

HALT/STOP/IDLE mode/standby invalid function mode

Power supply voltage

Voo =4.0t0 5.5V

Package

80-pin plastic QFP (14 x 14 mm)

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.5.5 Block diagram

(1) uPD784044, 784044(A), (A1), (A2), 784046, 784046(A), (A1), (A2), 78F4046

NMI ——=
INTPO to INTP6 )]

PROGRAMMABLE
INTERRUPT
CONTROLLER

(—

INTPO to INTP3 )}
TOO00 to TO03 <

TIMERO
(16 BITS)

TO10, TO11 <]

TIMERT1
(16 BITS)

INTP5/TI2 —=
T0O20, TO21 <—]

TIMER/COUNTER?
(16 BITS)

INTP6/TI3 —
TO30, TO31 <]

TIMER/COUNTER3
(16 BITS)

TIMER4
(16 BITS)

RTPO to RTP3 (|

REAL-TIME
OUTPUT PORT

¢ 4 g g U g

ANIO to ANI15
AVop

AVss

AV Rer

INTP4 —

A/D
CONVERTER

U

WATCHDOG
TIMER

78K/NV
CPU CORE

ROM

U

U

g

RAM

Note Vpr applies to the uPD78F4046 only.

~— RxD/SI1
UART/IOE1 TXDISO1
(—| Baup-RaATE e
GENERATOR |~ ~ ASCK/SCKI
~— RxD2/SI2
UART/IOE2 TAD/S02
(=) BAUD-RATE e
GENERATOR ASCK2/SCK2
-— BWD
K—> ADO to AD15
) A16to A19
K~ BUsSIF [—RD
> LWR, HWR
-~ ASTB
~— WAIT
K~ PORTO  K—=>PoO0toPO3
K PORT1 K=>P10toP13
~— P20
(—)|__PoRT2 K—> P21 to P27
K PORT3 K—=>P30toP37
K PORT4 K=>P40toP47
K| PORTs  K—=>P50toP57
K PORT6 K—>P60toP63
K| PORT7 K=>P70t0P77
K PORT8 K—1P80toP87
K~ PORT9  K—1P90to P94
-— RESET
= CLKOUT
SYSTEM  [~— MODE
CONTROL [~ X1
—— X2
|«—— \/ppNote
— Vop
— Vss

Remark Internal ROM and RAM capacities vary depending on the products.
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FEATURES OF 78K/IV SERIES PRODUCTS

(2) uPD784054, 784054(A), (A1), (A2)

NMI PROGRAMMABLE

INTPO to INTP6 )

INTERRUPT
CONTROLLER

-

INTPO to INTP3 )}
TOO00 to TO03 <]

TIMERO
(16 BITS)

TO10, TO11 {—]

TIMER1
(16 BITS)

TIMER4
(16 BITS)

(—)
(—
(=

ANIO to ANI15 )
AV oD

AVss —

AV Rer

INTP4 —

A/D
CONVERTER

U

WATCHDOG
TIMER

il

RxD/SI1 —
TxD/SO1 =—]

UART/IOE1

ASCK/SCK1 =—=

BAUD-RATE
GENERATOR

RxD2/SI2 —=
TxD2/S02 =—

UART/IOE2

ASCK2/SCK2 —=—

BAUD-RATE
GENERATOR

78K/IV
CPU CORE

ROM

U

i

RAM

g 88888 aga g
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-~— BWD

K> ADO to AD15

> A16to A19
BUS I/F — RD

> LWR, HWR

— ASTB

~— WAIT
PORTO K> P00 to P03
PORT1 K—> P10to P13

~— P20
PORT2 K—)> P21 to P27
PORT3 K—> P30 to P37
PORT4 K> P40 to P47
PORT5 K> P50 to P57
PORT6 K> P60 to P63
PORT7 K—> P70 to P77
PORT8 K_—1P80 to P87
PORT9 K——1 P90 to P94

— CLKOUT

-—— RESET

SYSTEM ~— MODE
CONTROL  |«~— MODE1

~— X1

[— X2

— Vop

— Vss
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

*x 1.6 Product Outline of uPD784216A Subseries
(uPD784214A, 784215A, 784216A, 78F4216A)

1.6.1 Features
® Peripheral functions of uPD78078 are inherited
® Minimum instruction execution time: 160 ns (at 12.5 MHz main system clock operation)
61 us (at 32.768 kHz subsystem clock operation)

® On-chip memory

e ROM

Mask ROM : 96 KB (uPD784214A)
128 KB (uPD784215A, 784216A)
Flash memory : 128 KB (uPD78F4216A)
* RAM : 3,684 bytes (uPD784214A)
1 5,120 bytes (uPD784215A)
4,352 bytes (uPD784216A, 78F4216A)
® |/O port : 86
® Timer/counter: 16-bit timer/counter x 1 unit
8-bit timer/counter x 6 units

® Watch timer: 1 channel
® Watchdog timer: 1 channel
® A/D converter: 8-bit resolution x 8 channels
® DJ/A converter: 8-bit resolution x 2 channels
® Serial interface: 3 channels

UART/IOE (3-wire serial I/0O): 2 channels (on-chip baud rate generator)

CSI (3-wire serial 1/0): 1 channel
® |Interrupt controller (4-level priority)

Vectored interrupt/macro service/context switching
® Clock output function

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/28, fxx/27, fxT
® Buzzer output function

Selectable from fxx/21°, fxx/211, fxx/212, fxx/213
® Standby function

HALT/STOP/IDLE mode

Low power consumption mode: HALT/IDLE mode (subsystem clock operation)
® Power supply voltage: Vop = 1.8 to 5.5 V (uPD784214A, 784215A, 784216A)

Voo = 1.9 t0 5.5 V (uPD78F4216A)

1.6.2 Applications
Cellular phones, PHS, cordless phones, CD-ROMs, audiovisual equipment, etc.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.6.3 Ordering information and quality grade

(1) Ordering information

Part Number

Package

Internal ROM

uPD784214AGC-xxx-8EU

uPD784214AGF-xxx-3BA
uPD784215AGC-xxx-8EU

uPD784215AGF-xxx-3BA
uPD784216AGC-xxx-8EU

uPD784216AGF-xxx-3BA
uPD78F4216AGC-8EU

uPD78F4216AGF-3BA

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

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

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

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

100-pin plastic QFP (14 x 20 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number

Package

Mask ROM

Mask ROM
Mask ROM

Mask ROM
Mask ROM

Mask ROM
Flash memory

Flash memory

Quality Grade

1PD784214AGC-xxx-8EU

(PD784214AGF-xxx-3BA
1PD784215AGC-xxx-8EU

1PD784215AGF-xxx-3BA
1PD784216AGC-xxx-8EU

1PD784216AGF-xxx-3BA
1PD78F4216AGC-8EU

uPD78F4216AGF-3BA

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

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

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

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

100-pin plastic QFP (14 x 20 mm)

Standard

Standard
Standard

Standard
Standard

Standard
Standard

Standard

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.

Remark xxx indicates ROM code suffix.

User's Manual U10905EJ8V1UM

43



CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.6.4 Outline of functions

(1/2)

Item

Product Name

uPD784214A

uPD784215A

uPD784216A

uPD78F4216A

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction
execution time

When main system
clock is selected

160 n/320 ns/640 ns/1,280 ns/2,560 ns (at 12.5 MHz operation)

When subsystem
clock is selected

61 us (at 32.768 kHz operation)

resistance pins

On-chip memory capacity | Rom 96 KB 128 KB 128 KB
(Mask ROM) (Mask ROM) (Flash memory)
RAM 3,584 bytes 5,120 bytes 8,192 bytes
Memory space 1 MB total both programs and data
1/0 ports Total 86
CMOS input 2
CMOS I/0 72
N-ch open-drain 6
110
Pins with Pins with pull-up 70
additional resistors
functionsNote LED direct drive output| 22
Medium voltage 6

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter:
(16 bits)

Timer register x 1

Capture/compare register x 2

Pulse output capability
* PWM/PPG output

* Square wave output

* One-shot pulse output

Timer/counter 1:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 2:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
e Square wave output

Timer/counter 5:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 6:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
e Square wave output

Timer/counter 7:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 8:

(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
e Square wave output

Note The pins with additional functions are included in the 1/O pins.
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FEATURES OF 78K/IV SERIES PRODUCTS

2/2)

Iltem

Product Name

uPD784214A uPD784215A uPD784216A uPD78F4216A

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Serial interfaces

¢ UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
e CSI (3-wire serial I/0): 1 channel

Clock output

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/28, fxx/27, fxt

Buzzer output

Selectable from fxx/210, fxx/211, txx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Interrupts

Hardware sources

29 (internal: 20, external: 9)

Software sources

BRK instruction, BRKCS instructions, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

* 4-level programmable priority
* 3 processing modes: vectored interrupt, macro service, context switching

Standby functions

* HALT/STOP/IDLE mode
* Low power consumption mode (CPU can operate on subsystem clock):
HALT/IDLE mode

Power supply voltage

Voo =1.8t0 5.5V Voo =19t0 55V

Package

* 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)
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FEATURES OF 78K/IV SERIES PRODUCTS

1.6.5 Block diagram

78K/IV
CPU CORE

ROM

1

il

U U 000 T 000U YUTY

INTP2/NMI —— PROGRAMMABLE
INTPO,INTP1, I:>INTERRUPT
INTP3 to INTP6 CONTROLLER

Too TIMER/COUNTER
Tiot “| (16 BITS)
TO0 —
TH — | TIMERICOUNTER1
101 | (8BITS)
T2 —=| TIMERICOUNTER?
TO2 -— (8 BITS)
TIMER/ICOUNTERS
TIsmos ——=| " S Eirs)
TIMER/COUNTERS
Tiemos ~—=| " S BT
TIMER/COUNTER 7
7107 ~—= " g Bis)
TIMER/ICOUNTER 8
memos ~—-{ M e
WATCH TIMER
WATCHDOG TIMER
REAL-TIME
RTPO to RTP7 | 0 1pUT PORT
ANOO ~—]
ANO1 ~—| D/A
AVrerr —— CONVERTER
AVss —
ANIO to ANI7 [ ) oD
AVRero ———
AVon —| CONVERTER
AVss —
CLOCK OUTPUT
PCL CONTROL
BUZZER
BUZ =—  outpuT

Note Vpp applies to the uPD78F4216A only.

{

RAM

PORT2

I

PORT4

1]

PORT7

I

PORT9
PORT10
PORT12
PORT13

i
U

PORT3

i
U

PORT5
PORT6

i
i

PORTS8

i
i

i
Uy

UART/IOET _|=—— RxD1/SI1
BAUD-RATE |—= TxD1/SO1
GENERATOR |«——= ASCK1/SCK1

UART/IOE2 |- RxD2/SI2

] BAUD-RATE | TxD2/S02
GENERATOR |« ASCK2/SCK2
CLOCKED  |=—— Slo

< SERIAL -~ 500
INTERFACE |-~ SCKo

(> ADO to AD7

> A0 to A7

) ABtoA15
<:> BUS IFF :>A16toA19

-~ D

-~ WR

~—— WAIT

—~ ASTB
() PORTO K> P00 to P0G
(— PorTt K= P10toP17

P20 to P27

P30 to P37

U

P40 to P47

P50 to P57

i

P60 to P67
P70 to P72
P80 to P87

U

P90 to P95
P100 to P103
P120 to P127

P130,P131

SYSTEM CONTROL

~—— RESET
-~ X1
——— X2
- XT1
——— XT2

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.7 Product Outline of uyPD784216AY Subseries
(uPD784214AY, 784215AY, 784216AY, 78F4216AY)

1.7.1 Features
® |2C bus interface is added to uPD784216A Subseries
® Minimum instruction execution time: 160 ns (main system clock: at 12.5 MHz operation)
61 us (subsystem clock: at 32.768 kHz operation)
® On-chip memory

* ROM
Mask ROM : 96 KB (uPD784214AY)
128 KB (uPD784215AY, 784216AY)
Flash Memory : 128 KB (uPD78F4216AY)
* RAM : 3,584 bytes (uPD784214AY)
5,120 bytes (uPD784215AY)
8,192 bytes (uPD784216AY, 78F4216AY)
® |/O port: 86

® Timer/counter: 16-bit timer/counter x 1 unit
8-bit timer/counter x 6 units
® Watch timer: 1 channel
® Watchdog timer: 1 channel
® A/D converter: 8-bit resolution x 8 channels
® D/A converter: 8-bit resolution x 2 channels
® Serial interface: 3 channels
UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
CSI (3-wire serial I/O, multimaster supported I°C bus): 1 channel
® |Interrupt controller (4-level priority)
Vectored interrupt/macro service/context switching
® Clock output functions
Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxT
® Buzzer output functions
Selectable from fxx/219, fxx/211, fxx/212, fxx/213
® Standby function
HALT/STOP/IDLE mode
Low power consumption mode: HALT/IDLE mode (subsystem clock operation)
® Power supply voltage: Vob = 1.8 to 5.5 V (uPD784214AY, 784215AY, 784216AY)
Vob = 1.9 to 5.5 V (uPD78F4216AY)

1.7.2 Applications
Cellular phones, PHS, cordless phones, CD-ROMs, audiovisual equipment, etc.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(1) Ordering information

Part Number

1.7.3 Ordering information and quality grade

Package

Internal ROM

uPD784214AYGC-xxx-8EU

1PD784214AYGF-xxx-3BA
uPD784215AYGC-xxx-8EU

1PD784215AYGF-xxx-3BA
uPD784216AYGC-xxx-8EU

1PD784216AYGF-xxx-3BA
uPD78F4216AYGC-8EU

uPD78F4216AYGF-3BA

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

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

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

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

100-pin plastic QFP (14 x 20 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grades

Mask ROM

Mask ROM
Mask ROM

Mask ROM
Mask ROM

Mask ROM
Flash memory

Flash memory

Part Number Package Quality Grade

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

uPD784214AYGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Standard

uPD784215AYGC-xxx-8EU  100-pin plastic LQFP (fine pitch) Standard
(14 x 14 mm)

uPD784215AYGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Standard

uPD784216AYGC-xxx-8EU  100-pin plastic LQFP (fine pitch) Standard
(14 x 14 mm)

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

uPD78F4216AYGC-8EU 100-pin plastic LQFP (fine pitch) Standard
(14 x 14 mm)

uPD78F4216AYGF-3BA 100-pin plastic QFP (14 x 20 mm) Standard

Please refer to “Quality Grades on NEC Semiconductor Devices” (Document No. C11531E) published by NEC

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.7.4 Outline of functions

(1/2)

Product Name
Item

uPD784214AY | uPD784215AY | uPD784216AY | uPD78F4216AY

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction When main system

execution time clock is selected

160 ns/320 ns/640 ns/1,280 ns/2,560 ns (12.5 MHz operation)

When subsystem
clock is selected

61 us (32.768 kHz)

resistance pins

On-chip memory capacity | ROM 96 KB 128 KB 128 KB
(Mask ROM) (Mask ROM) (Flash memory)
RAM 3,584 bytes 5,120 bytes | 8,192 bytes
Memory space 1 MB total both programs and data
1/0 ports Total 86
CMOS input 2
CMOS I/0 72
N-ch open-drain 6
1/0
Pins with Pins with pull-up 70
additional resistors
functionsNote LED direct drive output| 22
Medium voltage 6

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter:
(16 bits)

Timer register x 1
Capture/compare register x 2

Pulse output capability
* PWM/PPG output

e Square wave output

* One-shot pulse output

Timer/counter 1:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 2:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 5:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
e Square wave output

Timer/counter 6:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

Timer/counter 7:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
e Square wave output

Timer/counter 8:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output
* Square wave output

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Item

Product Name

uPD784214AY uPD784215AY uPD784216AY | uPD78F4216AY

Serial interfaces

* UART/IOE (3-wire serial I/0): 2 channels (on-chip baud rate generator)
* CSlI (3-wire serial I/0, multimaster supported 12C bus): 1 channel

Clock output

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, txx/28, txx/27, fxr

Buzzer output

Selectable from fxx/210, fxx/211, fxx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Interrupts

Hardware sources

29 (internal: 20, external: 9)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

* 4-level programmable priority
* 3 processing modes: vectored interrupt, macro service, context switching

Standby functions

¢ HALT/STOP/IDLE mode
* Low power consumption mode (CPU can operate on subsystem clock):
HALT/IDLE mode

Power supply voltage

Voo =1.8t0 5.5V Voo =1.9t055V

Package * 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.7.5 Block diagram

INTP2/NMI ——[ PROGRAMMABLE (] ] UART/IOET_|~—— RxD1/SH1
INTPO,INTP1, INTERRUPT K> BAUD-RATE |~ TxD1/SO1
INTP3 to INTP6 | CONTROLLER GENERATOR |~ = ASCK1/SCK1

TI00 — UART/IOE2 |~ RxD2/SI2
TIMER/COUNTER
Tt —— " epire) [« ()] BAUD-RATE | TxD2/502
TO0 =~ GENERATOR |« ASCK2/SCK2
CLOCKED |~ SI0/SDAO
TI4 — | TIMER/ICOUNTERT
ro1 | @8 [ e [T
CE |~ SCKo/SCLO
Ti2 | TMERICOUNTER} 1) (> ADO to AD7
T02 | (8BITS) > AOto A7
> AB10A15
TIMER/COUNTERS
TISTOs ~—=| " g'BiTs) ) (—)| BUSIF > A1610A19
— RD.
T16/TO8 TIMER/COUNTERG ) . " %
) 8 BITS
(8BITS) cpucore| | ROM L~ ASTB
- TIMERICOUNTER 7 = (| PoRTO P00 to P06
7MO7 === (g BITS)
PORT1 P10 to P17
N TIERCOUNTER ' @ ()| PORT2 K> p20to P27
(8 BITS) () Porta K= P30toPa7
PORT4 P40 to P47
warontwea ) || raw (—A_PorTe K= paoto
(— ) PorTs K P50to P57
(] Porte |
WATCHDOG TIMERK > Pe0toFe7
() PORT7 K> P70toP72
RTPO 1o RTP7 (] REAL-TIME ) ()| PORT8 K> pgoto P87
0 OUTPUT PORT
() PORT9 K> Pgoto P95
ANOO ~—] -
ANO1 =—{ D/A <:> PORT10 K P100to P103
A\’{AT/E:; ——{ CONVERTER () PORT12 K P120to P127
ANIO toANI7 ) N (] PoRT13 K> p130,p131
D
AVRero —— - -
AVoo | CONVERTER . RESET
AVss — - X1
PCL CLOCK OUTPUT |+ SYSTEM CONTROL|  y»
| CONTROL —
e XT1
BUZZER — — XT2
BUZ = —
OUTPUT Vo
L L — Vss
——— TEST/Vepp Note

Note Vpp applies to the uPD78F4216AY only.
Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

* 1.8

Product Outline of yPD784218A Subseries
(uPD784217A, 784218A, 78F4218A)

1.8.1 Features

52

Internal ROM correction
Inherits the peripheral functions of the uPD78078 Subseries
Minimum instruction execution time
* 160 ns (main system clock: fxx = 12.5 MHz operation)
e 61 us (subsystem clock: fxt = 32.768 kHz operation)
Instruction set suited for control applications
Interrupt controller (4-level priority)
¢ Vectored interrupt servicing/macro service/context switching
Standby function
e HALT/STOP/IDLE mode
¢ In the low power consumption mode: HALT/IDLE mode (subsystem clock operation)
On-chip memory: Mask ROM 256 KB (uPD784218A)
192 KB (uPD784217A)
Flash memory 256 KB (uPD78F4218A)
RAM 12,800 bytes
I/O pins: 86
¢ Software programmable pull-up resistors: 70 inputs
e LED direct drive possible: 22 outputs
e Transistor direct drive possible: 6 outputs
Timer/counter: 16-bit timer/counter x 1 unit
8-bit timer/counter x 6 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels

Real-time output port (by combining with the timer/counter, two systems of stepping motors can be independently

controlled.)
Clock frequency dividing function

Clock output function: Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxT

Buzzer output function: Selectable from fxx/21°, fxx/211, fxx/212, fxx/213

External access status function

Power supply voltage: Voo = 1.8 to 5.5V (uPD784217A, 784218A)
Voo = 1.9 to 5.5V (uPD78F4218A)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.8.2 Applications

Cellular phones, PHS, cordless phones, CD-ROM, audiovisual equipment, etc.

1.8.3 Ordering information and quality grade

(1) Ordering information

uPD78F4218AGC-7EA

100-pin plastic QFP (fine pitch) (14 x 14 mm)

Flash memory

Part Number Package Internal ROM
uPD784217AGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Mask ROM
uPD784217AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD784218AGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Mask ROM
uPD784218AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM

(
(

1PD78F4218AGF-3BA

100-pin plastic QFP (14 x 20 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number

Package

Flash memory

Quality Grade

uPD784217AGC-xxx-7EA
1PD784217AGF-xxx-3BA
UPD784218AGC-xxx-7EA
uPD784218AGF-xxx-3BA
uPD78F4218AGC-7EA
uPD78F4218AGF-3BA

100-pin plastic QFP
100-pin plastic QFP
100-pin plastic QFP
100-pin plastic QFP
100-pin plastic QFP
100-pin plastic QFP

fine pitch) (14 x 14 mm)
14 x 20 mm)
fine pitch) (14 x 14 mm)
14 x 20 mm)
fine pitch) (14 x 14 mm)
14 x 20 mm)

— o~ p— p— — —

Standard
Standard
Standard
Standard
Standard
Standard

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.8.4 Outline of functions

(1/2)

Item

Product Name

uPD784217A

uPD784218A

uPD78F4218A

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

* 160 ns/320 ns/640 ns/1,280 ns/2,560 ns
(main system clock: at 12.5 MHz operation)
* 61 us (subsystem clock: at 32.768 kHz operation)

On-chip memory ROM 192 KB 256 KB 256 KB
capacity (Mask ROM) (Mask ROM) (Flash memory)
RAM 12,800 bytes
Memory space 1 MB in total of program and data
1/0 ports Total 86
CMOS inputs 8
CMOS I/0 72
N-ch open-drain I/O 6
Pins with additional | Pins with pull-up 70
functiongNote resistors
LED direct drive output | 22
Medium voltage pins | 6

Real-time output ports

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter:
(16 bits)

Timer register x 1

Pulse output possible

Capture/compare register x 2 ¢« PWM/PPG output

e Square wave output

¢ One-shot pulse output

Timer/counter 1:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 2:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Timer/counter 5:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 6:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
¢ Square wave output

Timer/counter 7:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 8:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Product Name
Item

uPD784217A uPD784218A uPD78F4218A

Serial interfaces

* UART/IOE (3-wire serial I/0) : 2 channels (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxt

Buzzer output

Selectable from fxx/210, fxx/211, fxx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Standby functions

¢ HALT/STOP/IDLE mode
¢ In the low power consumption mode
(CPU operation by subsystem clock): HALT/IDLE mode

Interrupts Hardware sources

29 (internal: 20, external: 9)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

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

Power supply voltage

Voo =1.8t0 55V Voo =19t0o 55V

Package

* 100-pin plastic QFP (fine pitch) (14 x 14 mm)
¢ 100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.8.5 Block diagram

INTP2/NMI

INTPO,INTP1,
INTP3 to INTP6

TIOO
TIO1
TOO

™
TO1

TI2
TO2

TI5/TO5

TI6/TO6

TI7/TO7

TI8/TO8

RTPO to RTP7

ANOO
ANO1
AV ReF1

AVss

ANIO to ANI7

AV Rero
AVop
AVss

PCL

BUZ

_ =

PROGRAMMABLE
INTERRUPT
CONTROLLER

E——

—

B —

TIMER/COUNTER
(16 BITS)

TIMER/COUNTER{
(8 BITS)

TIMER/ICOUNTER2
(8 BITS)

TIMER/ICOUNTERS
(8 BITS)

TIMER/COUNTERG
(8 BITS)

TIMER/COUNTER 7
(8 BITS)

R

TIMER/COUNTER 8
(8 BITS)

WATCH TIMER

WATCHDOG TIMER

REAL-TIME
OUTPUT PORT

D/A
CONVERTER

A/D
CONVERTER

AU AV S O Y O VA A (A

CLOCK OUTPUT
CONTROL

BUZZER
OUTPUT

78K/IV
CPU CORE

ROM

il

il

{

RAM

Note The Vpp pin applies to the uPD78F4218A only.

Remark Internal ROM capacity varies depending on the products.
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UART/IOE1

~—— RxD1/SI1

BAUD-RATE
GENERATOR

— TxD1/SO1
~— ASCK1/SCK1

UART/IOE2

~—— RxD2/S|2
— TxD2/S02

BAUD-RATE
GENERATOR

~— ASCK2/SCK2

g g0

CLOCKED
SERIAL
INTERFACE

~—— SI0
— SO0
~— SCKO

il

BUS I/F

> ADO to AD7
> AOto A7
) ABt0A15
) A1610A19

— RD
— WR
~—— WAIT
— ASTB

i

i

i

B

i

PORTO
PORT1
PORT2
PORT3
PORT4
PORT5
PORT6
PORT7
PORT8
PORT9
PORT10
PORT12
PORT13

P00 to P06
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P72
P80 to P87
P90 to P95
P100 to P103
P120 to P127

P130,P131

SYSTEM CONTROL

~—— RESET
[~ X1
—— X2
~——— XT1
—— XT2
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

* 1.9

Product Outline of yPD784218AY Subseries
(uPD784217AY, 784218AY, 78F4218AY)

1.9.1 Features

Adds the I12C bus interface to the uPD784218A Subseries.
Internal ROM correction
Inherits the peripheral functions of the uPD78078Y Subseries
Minimum instruction execution time
* 160 ns (main system clock: fxx = 12.5 MHz operation)
* 61 us (subsystem clock: fxt = 32.768 kHz operation)
Instruction set suited for control applications
Interrupt controller (4-level priority)
* Vectored interrupt servicing/macro service/context switching
Standby function
e HALT/STOP/IDLE mode
* In the low power consumption mode: HALT/IDLE mode (subsystem clock operation)
On-chip memory: Mask ROM 256 KB (uPD784218AY)
192 KB (uPD784217AY)
Flash memory 256 KB (uPD78F4218AY)
RAM 12,800 bytes

I/0O pins: 86
* Software programmable pull-up resistors: 70 inputs
e LED direct drive possible: 22 outputs
e Transistor direct drive possible: 6 outputs
Timer/counter: 16-bit timer/counter x 1 unit

8-bit timer/counter x 6 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
e UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
e CSI (3-wire serial I/0, multimaster supported I°C bus): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
Real-time output port (by combining with the timer/counter, two systems of stepping motors can be independently
controlled.)
Clock frequency dividing function
Clock output function: Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, txx/28, fxx/27, fxT
Buzzer output function: Selectable from fxx/210, fxx/211, fxx/212, fxx/213
External access status function
Power supply voltage: Vob = 1.8 to 5.5 V (uPD784217AY, 784218AY)

Vob = 1.9 to 5.5 V (uPD78F4218AY)
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.9.2 Applications
Cellular phones, PHS, cordless phones, CD-ROM, audiovisual equipment, etc.

1.9.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
uPD784217AYGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Mask ROM
uPD784217AYGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD784218AYGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Mask ROM
uPD784218AYGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78F4218AYGC-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Flash memory
uPD78F4218AYGF-3BA 100-pin plastic QFP (14 x 20 mm) Flash memory

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number Package Quality Grade
uPD784217AYGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Standard
uPD784217AYGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD784218AYGC-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Standard
uPD784218AYGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD78F4218AYGC-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) Standard
uPD78F4218AYGF-3BA 100-pin plastic QFP (14 x 20 mm) Standard

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.

Remark xxx indicates ROM code suffix.

58 User's Manual U10905EJ8V1UM



CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.9.4 Outline of functions

(1/2)

Iltem

Product Name

uPD784217AY

uPD784218AY

uPD78F4218AY

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

* 160 ns/320 ns/640 ns/1,280 ns/2,560 ns
(main system clock: at 12.5 MHz operation)
* 61 us (subsystem clock: at 32.768 kHz operation)

On-chip memory ROM 192 KB 250 KB 256 KB
capacity (Mask ROM) (Mask ROM) (Flash memory)
RAM 12,800 bytes
Memory space 1 MB in total of program and data
1/0 ports Total 86
CMOS inputs 8
CMOS I/0 72
N-ch open-drain I/O 6
Pins with additional | Pins with pull-up 70
functiongNote resistors
LED direct drive output | 22
Medium voltage pins | 6

Real-time output ports

4 bits x 2, or 8 bits x 1

Timer/counters

Timer/counter:
(16 bits)

Timer register x 1

Pulse output possible

Capture/compare register x 2 ¢« PWM/PPG output

e Square wave output

* One-shot pulse output

Timer/counter 1:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 2:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Timer/counter 5:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 6:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Timer/counter 7:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 8:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Product Name
Iltem

uPD784217AY uPD784218AY uPD78F4218AY

Serial interfaces

* UART/IOE (3-wire serial I/0) : 2 channels (on-chip baud rate generator)
 CSI (3-wire serial I/0, multimaster supported I2C bus): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxt

Buzzer output

Selectable from fxx/210, fxx/211, xx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Standby functions

* HALT/STOP/IDLE mode
¢ |n the low power consumption mode
(CPU operation by subsystem clock): HALT/IDLE mode

Interrupts Hardware sources

29 (internal: 20, external: 9)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

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

Power supply voltage

Voo =1.8t0 5.5V Voo =19t0 55V

Package * 100-pin plastic QFP (fine pitch) (14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.9.5 Block diagram

INTP2/NMI

INTPO,INTP1,
INTP3 to INTP6

TI0O
TIO1
TOO

T
TO1

TI2
TO2

TI5/TO5

TI6/TO6

TI7/TO7

TI8/TO8

RTPO to RTP7

ANOO
ANO1
AV ReF1

AVss

ANIO to ANI7

AV Rero
AVop
AVss

PCL

BUZ

E——

E——

E——

B

~—— RxD1/SI1

PROGRAMMABLE | UART/IOE1 BxpUsH,
INTERRUPT BAUD-RATE —
CONTROLLER GENERATOR ASCK1/SCK1
< RxD2/SI2
UART/IOE2
TIMER/COUNTER = TxD2/SO2
BAUD-RATE i
(16 BITS) N/:> @ «— ASCK2/SCK2
GENERATOR
CLOCKED  |=—= SI0/SDAO
TIMER/COUNTER1
(8 BITS) - ()| SERIAL -~ s00
INTERFACE |«—» SCKO/SCLO
TIMER/COUNTER?2 > ADO to AD7
(8 BITS) -
> AOtoA7
TIMER/COUNTERS [ ABIOAITS
(8 BITS) - () BUSIF > A16 1o A19
— RD
L~ WR
TIMER/COUNTERG ML
8 BITS <:> 78K/IV -— WAIT
( ) cpucore| [ FOM | . ASTB
TIMER/COUNTER 7 /;> —-— PORTO P00 to P06
(8BITS) @ @ PORT1 P10to P17
TIMER/COUNTER 8 <:> @ (—)|  PORT2 P20 to P27
(8 BITS) (1 PORT3 P30 to P37
PORT4 P40 to P47
WATCHTIMER ) || RAM (— ?
(1 PORT5 P50 to P57
(— PORT6
WATCHDOG TIMERK > P60 to P67
(1 PORT7 P70 to P72
REAL-TIME - (—{ PORT8 P80 to P87
OUTPUT PORT
(| PORT9 P90 to P95
D/A @ ()| PORT10 P100 to P103
CONVERTER “ PORT12 P120 to P127
(| PORT13 P130,P131
AD
CONVERTER /\:‘> l~ RESET
e X1
CLOCK OUTPUT || SYSTEM CONTROL X2
CONTROL
e XT1
BUZZER o - XT2
OUTPUT Ve
— — — Vss
——— TEST/Vep Note

Note The Vpp pin applies to the uPD78F4218AY only.

Remark Internal ROM capacity varies depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.10 Product Outline of uPD784225 Subseries

(uPD784224, 784225, 78F4225)

1.10.1 Features

62

Inherits the peripheral functions of the yPD780058 Subseries
Minimum instruction execution time
¢ 160 ns (main system clock: fxx = 12.5 MHz operation)
e 61 us (subsystem clock: fxt = 32.768 kHz operation)
Instruction set suited for control applications
Interrupt controller (4-level priority)
¢ Vectored interrupt servicing/macro service/context switching
Standby function
e HALT/STOP/IDLE mode
¢ In the low power consumption mode: HALT/IDLE mode (subsystem clock operation)
On-chip memory: Mask ROM 128 KB (uPD784225)
96 KB (uPD784224)
Flash memory 128 KB (uPD78F4225)
RAM 4,352 bytes (uPD784225, 78F4225)
3,584 bytes (uPD784224)
I/O pins: 67
¢ Software programmable pull-up resistors: 50 inputs
e LED direct drive possible: 16 outputs
Timer/counter: 16-bit timer/counter x 1 unit
8-bit timer/counter x 4 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
Real-time output port (by combining with the timer/counter, two systems of stepping motors can be independently
controlled.)
Clock frequency division function
Clock output function: Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxT
Buzzer output function: Selectable from fxx/21°, fxx/211, fxx/212, fxx/213
Power supply voltage: Vop = 1.8 to 5.5 V (uPD784224, 784225)
Voo = 1.9 to 5.5 V (uPD78F4225)
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.10.2 Applications

Car audio, portable audio, air conditioner, telephone, etc.

1.10.3 Ordering information and quality grade

(1) Ordering information

uPD78F4225GC-8BT

80-pin plastic QFP (14 x 14 mm

Flash memory

Part Number Package Internal ROM
uPD784224GC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
UPD784224GK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Mask ROM
uPD784225GC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD784225GK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Mask ROM

)
(

uPD78F4225GK-BE9

80-pin plastic TQFP (fine pitch) (12 x 12 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number

Package

Flash memory

Quality Grade

uPD784224GC-xxx-8BT
uPD784224GK-xxx-BE9
uPD784225GC-xxx-8BT
uPD784225GK-xxx-BE9
uPD78F4225GC-8BT
uPD78F4225GK-BE9

80-pin plastic QFP (14 x 14 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
80-pin plastic QFP (14 x 14 mm)
80-pin plastic TQFP (fine pitch) (
80-pin plastic QFP (14 x 14 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)

12 x 12 mm)

Standard
Standard
Standard
Standard
Standard
Standard

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.10.4 Outline of functions
(1/2)

Product Name uPD784224 uPD784225 uPD78F4225

Iltem

Number of basic instructions (mnemonics) 113

General-purpose registers 8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

* 160 ns/320 ns/640 ns/1,280 ns/2,560 ns
(main system clock: at 12.5 MHz operation)
* 61 us (subsystem clock: at 32.768 kHz operation)

Minimum instruction execution time

On-chip memory ROM 96 KB 128 KB 128 KB
capacity (Mask ROM) (Mask ROM) (Flash memory)
RAM 3,584 bytes 4,352 bytes
Memory space 1 MB in total of program and data
1/O ports Total 67
CMOS inputs 8
CMOS I/0 59
Pins with additional | Pins with pull-up 57
functionsNote resistors
LED direct drive outputs | 16

Real-time output ports 4 bits x 2, or 8 bits x 1

Timer/counter:
(16 bits)

Timer/counters Timer register x 1 Pulse output possible
Capture/compare register x 2 ¢« PWM/PPG output
e Square wave output

* One-shot pulse output

Timer/counter 1:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
¢ PWM output
e Square wave output

Timer/counter 2:
(8 bits)

Timer register x 1
Compare register x 1

Pulse output possible
* PWM output
e Square wave output

Timer/counter 5:
(8 bits)

Timer register x 1
Compare register x 1

Timer/counter 6:
(8 bits)

Timer register x 1
Compare register x 1

Serial interfaces

* UART/IOE (3-wire serial I/0) : 2 channels (on-chip baud rate generator)
e CSI (3-wire serial I/0): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxr

Buzzer output

Selectable from fxx/210, fxx/211, fxx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Iltem

Product Name

uPD784224 uPD784225 uPD78F4225

Standby functions

e HALT/STOP/IDLE mode
* In the low power consumption mode
(CPU operation by subsystem clock): HALT/IDLE mode

Interrupts

Hardware sources

25 (internal: 18, external: 7)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 17, external: 6

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

Power supply voltage

Voo =1.8t0 5.5V Voo =19t0o 55V

Package

e 80-pin plastic TQFP (fine pitch) (12 x 12 mm)
e 80-pin plastic QFP (14 x 14 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.10.5 Block diagram

INTP2/NMI

INTPO,INTP1,
INTP3 to INTP5

TIOO
TIO1
TOO

™
TO1

TI2
TO2

RTPO to RTP7

ANOO
ANO1
AV ReF1

AVss

ANIO to ANI7

AVop
AVss

PCL

BUZ

E——

PROGRAMMABLE
INTERRUPT
CONTROLLER

E——

E——

B

TIMER/COUNTER
(16 BITS)

B E—

TIMER/COUNTER{
(8 BITS)

TIMER/COUNTER2
(8 BITS)

TIMER/COUNTER 5
(8 BITS)

TIMER/COUNTER 6
(8 BITS)

WATCH TIMER

WATCHDOG TIMER

REAL-TIME
OUTPUT PORT

D/A
CONVERTER

A/D
CONVERTER

UV O VO VA A VA VA ()

CLOCK OUTPUT
CONTROL

BUZZER
OUTPUT

78K/IV
CPU CORE

ROM

]

]

{

RAM

Note The Vpr pin applies to the uPD78F4225 only.

~—— RxD1/SI1

g 4 1

{

saupAaTe |- 01!
N EmATGR [F— ASCKI/SCKi

~—— RxD2/SI2
SAUDARTE |- 2
AT [+~ ASCK2/SCK2
CLOCKED |~ SI0
SERIAL = S00
INTERFACE |+~ 5cKo

) AOto A7

) AB10A15

) A16t0A19

BUSIF | . @mp

— WR

~—— WAIT

-~ ASTB

= EXA

i

il

fi

PORTO

i

PORT1
PORT2

i

PORT3
PORT4
PORT5

i

PORT6
PORT7
PORT12
PORT13

P00 to P05
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P72
P120 to P127

P130,P131

SYSTEM CONTROL

~—— RESET
-~ X1
—— X2
~—— XT1
—— XT2

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.11 Product Outline of uPD784225Y Subseries
(uPD784224Y, 784225Y, 78F4225Y)

1.11.1 Features

® Adds the I°C bus interface to the uPD784225 Subseries.
® Inherits the peripheral functions of the uPD780058Y Subseries
® Minimum instruction execution time

* 160 ns (main system clock: fxx = 12.5 MHz operation)

e 61 us (subsystem clock: fxt = 32.768 kHz operation)
® |nstruction set suited for control applications
® Interrupt controller (4-level priority)

¢ Vectored interrupt servicing/macro service/context switching
® Standby function

e HALT/STOP/IDLE mode

¢ In the low power consumption mode: HALT/IDLE mode (subsystem clock operation)
® On-chip memory: Mask ROM 128 KB (uPD784225Y)

96 KB (uPD784224Y)
Flash memory 128 KB (uPD78F4225Y)
RAM 4,352 bytes (uPD784225Y, 78F4225Y)
3,584 bytes (uPD784224Y)

® |/O pins: 67

e Software programmable pull-up resistors: 50 inputs

e LED direct drive possible: 16 outputs
® Timer/counter: 16-bit timer/counter x 1 unit

8-bit timer/counter x 4 units

® Watch timer: 1 channel
® Watchdog timer: 1 channel
® Serial interfaces

* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)

e CSI (3-wire serial 1/0, multimaster supported 12C bus): 1 channel
® A/D converter: 8-bit resolution x 8 channels
® D/A converter: 8-bit resolution x 2 channels
® Real-time output port (by combining with the timer/counter, two stepping motors can be independently

controlled.)
® Clock frequency dividing function
® Clock output function: Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/28, fxx/27, fxT
® Buzzer output function: Selectable from fxx/210, fxx/2'", fxx/212, fxx/213
® External access status function
® Power supply voltage: Vop = 1.8 to 5.5 V (uPD784224Y, 784225Y)

Voo = 1.9 to 5.5 V (uPD78F4225Y)
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.11.2 Applications
Car audios, portable audios, air conditioners, telephones, etc.

1.11.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
uPD784224YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
uUPD784224YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Mask ROM
uPD784225YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD784225YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Mask ROM
uPD78F4225YGC-8BT 80-pin plastic QFP (14 x 14 mm) Flash memory
uPD78F4225YGK-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Flash memory

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number Package Quality Grade
uPD784224YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Standard
uUPD784224YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
uPD784225YGC-xxx-8BT 80-pin plastic QFP (14 x 14 mm) Standard
uPD784225YGK-xxx-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard
uPD78F4225YGC-8BT 80-pin plastic QFP (14 x 14 mm) Standard
uPD78F4225YGK-BE9 80-pin plastic TQFP (fine pitch) (12 x 12 mm) Standard

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.

Remark xxx indicates ROM code suffix.

Caution The yPD784225Y Subseries is under development.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.11.4 Outline of functions

(1/2)
Product Name uPD784224Y uPD784225Y uPD78F4225Y
ltem
Number of basic instructions (mnemonics) 113
General-purpose registers 8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)
Minimum instruction execution time * 160 ns/320 ns/640 ns/1,280 ns/2,560 ns
(main system clock: at 12.5 MHz operation)
* 61 us (subsystem clock: at 32.768 kHz operation)
On-chip memory ROM 96 KB 128 KB 128 KB
capacity (Mask ROM) (Mask ROM) (Flash memory)
RAM 3,584 bytes 4,352 bytes
Memory space 1 MB in total of program and data
1/O ports Total 67
CMOS inputs 8
CMOS I/0 59
Pins with additional | Pins with pull-up 57
functionsNote resistors
LED direct drive output | 16
Real-time output ports 4 bits x 2, or 8 bits x 1
Timer/counters Timer/counter:  Timer register x 1 Pulse output possible
(16 bits) Capture/compare register x 2 ¢ PWM/PPG output
e Square wave output
* One-shot pulse output
Timer/counter 1: Timer register x 1 Pulse output possible
(8 bits) Compare register x 1 ¢ PWM output
e Square wave output
Timer/counter 2: Timer register x 1 Pulse output possible
(8 bits) Compare register x 1 e PWM output
e Square wave output
Timer/counter 5: Timer register x 1
(8 bits) Compare register x 1
Timer/counter 6: Timer register x 1
(8 bits) Compare register x 1
Serial interfaces * UART/IOE (3-wire serial I/0) : 2 channels (on-chip baud rate generator)
e CSI (3-wire serial /0, multimaster supported I2C bus): 1 channel
A/D converter 8-bit resolution x 8 channels
D/A converter 8-bit resolution x 2 channels
Clock output Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25, fxx/28, fxx/27, fxr
Buzzer output Selectable from fxx/210, fxx/211, fxx/212, fxx/213
Watch timer 1 channel
Watchdog timer 1 channel

Note The pins with additional functions are included in the 1/0O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Iltem

Product Name

uPD784224Y

uPD784225Y

uPD78F4225Y

Standby functions

* HALT/STOP/IDLE mode

* In the low power consumption mode
(CPU operation by subsystem clock): HALT/IDLE mode

Interrupts

Hardware sources

25 (internal: 18, external: 7)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 17, external: 6

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

Power supply voltage

Voo =1.8t0 5.5V

Voo =1.9t0 55V

Package

e 80-pin plastic TQFP (fine pitch) (12 x 12 mm)
e 80-pin plastic QFP (14 x 14 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.11.5 Block diagram

INTP2/NMI

INTPO,INTP1,
INTP3 to INTP5

TI0O
TIO1
TOO

™
TO1

TI2
TO2

RTPO to RTP7

ANOO
ANO1
AV ReF1

AVss

ANIO to ANI7

AVop
AVss

PCL

BUZ

E——

E——

E——

B —

~—— RxD1/SI1

PROGRAMMABLE UART/IOET |~ BxDUSl,
INTERRUPT K ] BAUD-RATE —
CONTROLLER GENERATOR ASCKI/SCK
~—— RxD2/SI2
UART/IOE2
TIMER/COUNTER —= TxD2/S02
BAUD-RATE —
(16 BITS) - - -~ ASCK2/SCKZ
GENERATOR
CLOCKED |~ SI0/SDAO
TIMER/ICOUNTER1
& BITS) - (> sERIAL L . 500
INTERFACE |«—» SCKO0/SCLO
TIMERICOUNTER2 N > AOto A7
(8 BITS)
> ABt0A15
A16to A19
TIMERICOUNTER 5 —> ATt
GBS ) (—A Buswk | Tgp
L~ WR
-« WAIT
TIMERICOUNTER 6 . ASTB
(8 BITS) — ooyl | rom | Exa
(—  PorTo P00 to P05
WATCH TIMER [
PORT1 P10 to P17
(] PORT2 P20 to P27
WATCHDOG TIMERK > @
“ PORT3 P30 to P37
REALTIME | (—{ PORT4 P40 to P47
OUTPUT PORT RAM
(] PORT5 P50 to P57
D/A -— PORT6 P60 to P67
CONVERTER () (N Port7 P70 10 P72
()| PORTI2 P120 to P127
o (—)__PORT13 |
CONVERTER -— FORTIS P130,P131
.~ RESET
CLOCK OUTPUT [+ IR
CONTROL
SYSTEMCONTROL| .,
BUZZER K~ «—— XT1
OUTPUT
L XxT2
— Vbbo, Vob1
— Vsso, Vsst
——— TEST/Vep Note

Note The Vpp pin applies to the uPD78F4225Y only.

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.12 Product Outline of yPD784908 Subseries
(uPD784907, 784908, 78P4908)

1.12.1 Features
® Minimum instruction execution time: 160 ns (at 12.58 MHz operation)
® On-chip memory
* Mask ROM: 96 KB (uPD784907)
128 KB (uPD784908)
PROM : 128 KB (uPD78P4908)
* RAM : 3,684 bytes (uPD784907)
4,352 bytes (uPD784908, 78P4908)
® |/O port: 80
® Timer/counter: 16-bit timer/counter x 3 units
16-bit timer x 1 unit
® Watch timer: 1 channel
® Watchdog timer: 1 channel
® Serial interfaces: 4 channels
* UART/IOE (3-wire serial 1/0): 2 channels
e CSI (3-wire serial 1/0): 2 channels
® Standby function
® HALT/STOP/IDLE mode
® Clock frequency dividing function
® Clock output function: Selectable from fcik, fcik/2, foik/4, fok/8, foik/16
® A/D converter: 8-bit resolution x 8 channels
® Internal IEBus controller
® Low power consumption
® Power supply voltage: Voo = 3.5 to 5.5 V (Mask ROM version)
Vop = 4.0 to 5.5 V (PROM version)
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.12.2 Applications
Car audios, etc.

1.12.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
uPD784907GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
Mask ROM

100-pin plastic QFP (14 x 20 mm)

100-pin plastic QFP (14 x 20 mm) One-time PROM

UPD784908GF-xxx-3BA
1PD78P4908GF-3BA

Remark xxx indicates ROM code suffix.

(2) Quality grade

Package Quality Grade

Part Number
uPD784907GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
UPD784908GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard

Standard

uPD78P4908GF-3BA 100-pin plastic QFP (14 x 20 mm)

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.12.4 Outline of functions

(1/2)

Item

Product Name

uPD784907 uPD784908 nPD78P4908

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

160 ns/320 ns/636 ns/1.27 us (at 12.58kHz operation)

On-chip memory ROM 96 KB 128 KB 128 KB
capacity (Mask ROM) (Mask ROM) (PROM)
RAM 3,584 bytes 4,352 bytes
Memory space 1 MB in total of program and data
1/0 ports Total 80
Inputs 8
/0 72
Pins with additional | LED direct drive 24
functionsNote outputs
Transistor direct drive | 8
N-ch open-drain 4

Real-time output ports

4 bits x 2, or 8 bits x 1

|IEBus controller

Internal (simplify)

Timer/counters

Timer/counter 0: Timer register x 1
(16 bits) Capture register x 1
Compare register x 2

Pulse output capability

* Toggle output

¢ PWM/PPG output

* One-shot pulse output

Timer/counter 1:
(16 bits)

Timer register x 1

Capture register x 1
Capture/compare register x 1
Compare register x 1

Real-time output port

Timer/counter 2: Timer register x 1 Pulse output capability
Capture register x 1 ¢ Toggle output
Capture/compare register x 1 ¢« PWM/PPG output

Compare register x 1

Timer 3: Timer register x 1

Compare register x 1

Watch timer

Interrupt occurs at an interval of 0.5 sec. (Has an internal clock oscillator.)
The input clock can be selected from among the main clock
(12.58 MHz) or clock (32.7 kHz).

Clock output

Selectable from fewk, fok/2, fok/4, fox/8, fek/16, (also usable as output port)

PWM output

12-bit resolution x 2 channels

Serial interfaces

* UART/IOE (3-wire serial I/0): 2 channels (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 2 channels

A/D converter

8-bit resolution x 8 channels

Watchdog timer

1 channel

Standby function

HALT/STOP/IDLE mode

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Iltem

Product Name

1PD784907

uPD784908

nPD78F4908

Interrupts

Hardware sources

27 (internal: 20, external: 7 (sampling clock variable input: 1))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 6

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

Power supply voltage

Voo =3.5t05.5V

Voo =4.0t0 5.5V

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.12.5 Block diagram

NMI
INTPO to INTP5

INTP3
TOO
TO1

INTPO

INTP1
INTP2/CI

TO2
TOS3

P00 to P03
P04 to P07

PWMO
PWM1

ANIO to ANI7

AVbp
AVREF1

AVss —

INTP5

RX

RESET
TEST
X1

X2
REGC

REGOFF
Vob
Vss

XT1
XT2

E——

PROGRAMMABLE
INTERRUPT
CONTROLLER

TIMER/COUNTERO
(16 BITS)

TIMER/COUNTER1
(16 BITS)

TIMER/COUNTER2
(8 BITS)

TIMER 3
(16 BITS)

78K/NV

cpucore| | ROM

g 1

REAL-TIME
OUTPUT PORT

PWM

A/D
CONVERTER

B E—

B E—

IEBUS
CONTROLLER

U O P A VA A A

SYSTEM
CONTROL
(REGULATOR)

U
i

WATCH TIMER

(=

{

RAM

WATCHDOG
TIMER

~—— RxD/SI1
([ nvpaate [ - OO
GENERATOR [~ ASCK/SCKI
~—— RxD2/SI2
(—{ nupate L PO2SC2
BT [+ ASCK2/SCK2
CLOCKED  |=—= SCKo
| SERIAL ~—= S00
INTERFACE |~ g0
CLOCKED  |-—= SCK3
)| SERIAL ——~ S03
INTERFACES |- g3
CLOCK OUTPUT}—= ASTB/CLKOUT
> ADO to AD7
> A8to A15
(A BusieE [ Atetoats
— - RD
——~ WR
~—— WAIT/HLDRQ
-~ REFRQ/HLDAK

PORTO

PORT1

PORT2

PORT3

PORT4

PORT5

PORT6

PORT7

PORT9

PORT10

Remark Internal ROM and RAM capacities vary depending on the products.
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P00 to PO7

P10 to P17

P20 to P27

P30 to P37

P40 to P47

P50 to P57

P60 to P67

P70 to P77

P90 to P97

P100 to P107



CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.13 Product Outline of yPD784915 Subseries
(uPD784915B, 784916B, 78P4916)

1.13.1 Features
® 78K/IV Series (16-bit CPU core employed): Minimum instruction execution time: 250 ns (at 8 MHz internal clock)
® Internal timer unit for VCR servo control (super timer unit)
® Internal analog circuit for VHS type VCR
e CTL amplifier
* RECCTL driver (supports rewriting)
* DPFG separation circuit (ternary separation circuit)
* DFG amplifier, DPG comparator, CFG amplifier
* Reel FG comparator (2 channels), CSYNC comparator
® |/O port: 54
® Serial interface: 2 channels (3-wire serial 1/0)
® A/D converter: 12 channels (conversion time: 10 us)
® PWM output: 16-bit resolution x 3 channels, 8-bit resolution x 3 channels
® Interrupt function
* Vectored interrupt function
* Macro service function
» Context switching function
® | ow-frequency oscillation mode supported: Main system clock frequency = internal clock frequency
® Low-power consumption mode: CPU can operate on subsystem clock.
® Hardware watch function: Watch operation on low voltage (Voo =2.7 V (MIN.)) and with low current consumption
® Package for high-density mounting: 100-pin plastic QFP (0.65 mm pitch, 14 x 20 mm)

1.13.2 Applications
For controlling system/servo/timer of VCR (stationary type and camcorder type)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.13.3 Ordering information and quality grade
(1) Ordering information

Part Number

Package
uPD784915BGF-xxx-3BA

Internal ROM

100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)

uPD784916BGF-xxx-3BA

uPD78P4916GF-3BA
Remark xxx indicates ROM code suffix.
(2) Quality grades

Part Number

Package
UPD784915BGF-xxx-3BA

Mask ROM
Mask ROM
One-time PROM

Quality Grade

100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)
100-pin plastic QFP (14 x 20 mm)

uPD784916BGF-xxx-3BA
uPD78P4916GF-3BA

Standard
Standard
Standard

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.13.4 Outline of functions

service

Product Name uPD784915B uPD784916B uPD78P4916
Item
Number of instructions 113
Minimum instruction execution time 250 ns (8 MHz internal clock operation)
On-chip memory capacity ROM 48 KB 62 KB 62 KB
(Mask ROM) (Mask ROM) (One-time
PROM)
RAM 1,280 bytes 2,048 bytes
Interrupts 4 levels (programmable), vector interrupt, macro service, context
switching
External source 9 (including NMI)
Internal source 19
Number of interrupts that can use macro 25

Types of macro services

4 types, 10 macro services

1/0 port

Input: 8, 1/0: 46

Time base counter

e 22-bit FRC
¢ Resolution: 125 ns, Maximum count time: 524 ms

Capture registers

Input signal  Number of bits Measurement cycle Operating edge
CFG 22 125 ns to 524 ms Tl
DFG 22 125 ns to 524 ms 0
HSW 16 1 us to 65.5 ms Tl
Vsyne 22 125 ns to 524 ms 0
CTL 16 1 us to 65.5 ms Tl
TreEL 22 125 ns to 524 ms Tl
SREEL 22 125 ns to 524 ms Tl

General-purpose timer

16-bit timer x 3

PBCTL duty identification

¢ Duty of playback control signal
¢ VISS detection, wide aspect detection

Linear time counter

5-bit UDC for counting CTL signal

Real-time output port

11

Serial interface

Clocked (3-wire): 2 channels

A/D converter

8-bit resolution x 12 channels, conversion time: 10 us

PWM output

¢ 16-bit resolution x 3 channels, 8-bit resolution x 3 channels

e Carrier frequency: 62.5 kHz

Watch function

0.5-sec measurement, low-voltage operation

Standby function

HALT mode/STOP mode

Analog circuits

e CTL amplifier

* RECCTL driver (supports rewriting)

* DPFG separation circuit (ternary separation circuit)
e DFG amplifier, DPG comparator, CFG amplifier

* Reel FG comparator

e CSYNC comparator

Power supply voltage

Voo =2.7t0 5.5V

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.13.5 Block diagram

NMI —]
INTPO to INTP3 [)

INTERRUPT
CONTROL

PWMO to PWM5 (|
PTO00 to PTO02 (|

PTO10, PTO11 (]

SUPER TIMER
UNIT

VREFC —
REEELOIN —
REEEL1IN —
CSYNCIN —

DFGIN —

DPGIN —

CFGIN —
CFGAMPO —~—
CFGCPIN —
CTLOUTA —=—
CTLOUT2 —~—

CTLIN —
RECCTL+—=—
RECCTL—=—

CTLDLY —
AVobb1, AV bp2 —
AVss1, AV ss2 —
AVRer —

ANIO to ANI1 [

ANALOG UNIT
&
A/D CONVERTER

03

SIHt —»
SO1=—]
SCK1 =—»

SERIAL
INTERFACE 1

03

78K/IV
16-bit CPU CORE

U

U U

RAM ROM

SI2/BUSY —
SO2-=—
SCK2 ==

STRB=—

SERIAL
INTERFACE 2

— Voo

— Vss

- X1

— X2

~— XT1

— XT2

SYSTEM A,

| CONTROL [+~ RESET
[\ (") (DO to D7)

(] (A0 to A16)

~— (CE)

~— (OF)

~— (PGM)

~— (Vrp)
()| CLOCK OUTPUT [~ CLO
()|BUZZER OUTPUT [~ BUZ
(] KEYINPUT (7] KEYO to KEY4

=> P00 to P07
| REAL- TIME
\~/| OUTPUT PORT

> P8O, P82, P83
() PORTO () P00 to PO7
(Of  PORT4 () Paoto P47
/\_I\
()| PORTs () P50to P57
/\_I\
(| PORT6 () P60 to P67
("] PORT7 [ IP701t0 P77
/\_I\
(| PORT8 (") P80, P82 to P87
/\_I\
(| PORT9 (") P90 to P96

Remarks 1. Internal ROM and RAM capacities vary depending on the products.
2. Vpp applies to the uPD78P4916 only.
3. The pins in parentheses are used in the PROM programming mode.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.14 Product Outline of uPD784928 Subseries

(uPD784927, 784928, 78F4928)

1.14.1 Features

16-bit CPU core: Minimum instruction execution time: 250 ns (with 8 MHz internal clock)
Internal timer unit (super timer unit) for VCR servo control

1/0 ports: 74

Internal analog circuits for VHS type VCR

e CTL amplifier

e RECCTL driver (supporting rewrite)

e CFG amplifier

* DFG amplifier

e DPG amplifier

* DPFG separation circuit (ternary separation circuit)

¢ Reel FG comparator (2 channels)

e CSYNC comparator

Serial interface: 2 channels

» 3-wire serial I/0: 2 channels

A/D converter: 12 channels (conversion time: 10 us)

PWM output: 16-bit resolution x 3 channels, 8-bit resolution x 3 channels

Interrupt function

e Vector interrupt function

e Macro service function

» Context switching function

Low frequency oscillation mode: Main system clock frequency = internal clock frequency
Low power consumption mode: CPU can operate on subsystem clock.

Power supply voltage: Voo = 2.7 to 5.5 V

Hardware watch function: Low-voltage (Vop = 2.7 V MIN.), low-current consumption operation

1.14.2 Applications
For stationary type and camcorder type VCRs.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.14.3 Ordering information

(1) Ordering information

Part Number Package Internal ROM
uPD784927GF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD784928GF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78F4928GF-3BA 100-pin plastic QFP (14 x 20 mm) Flash memory

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number Package Quality Grade
uPD784927GF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Standard
uPD784928GF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) Standard
uPD78F4928GF-3BA 100-pin plastic QFP (14 x 20 mm) Standard

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.14.4 Outline of functions

Item

Product Name

1PD784927

uPD784928

uPD78F4928

Number of instructions

113

Minimum instruction execution time

250 ns (internal clock: 8 MHz operation)

On-chip memory capacity| ROM 96 KB (Mask ROM) 128 KB (Mask ROM) 128 KB (Flash memory)
RAM 2,048 bytes 3,584 bytes 3,584 bytes

Interrupt sources External | 9 (including NMI)
Internal 22 (including software interrupt)

* 4 levels programmable priority
* 3 types of processing methods

Vectored interrupt, macro service, context switching

1/0 ports Input

20

1/0

54 (including LED direct drive ports: 8)

Time base counter

e 22-bit FRC

¢ Resolution: 125 ns, maximum count time: 524 ms

Capture registers

Measuring cycle

Operating edge

Input signal Number of bits
CFG 22
DFG 22
HSW 16
Vsvyne 22
CTL 16
TrREEL 22
SRreeL 22

125 ns to 524 ms
125 ns to 524 ms
1 us to 65.5 ms

125 ns to 524 ms
1 us to 65.5 ms

125 ns to 524 ms
125 ns to 524 ms

\

i T T TR IS

— e

General-purpose timer

16-bit timer x 3

PBCTL duty identification

* |dentifies duty of recording control signal
¢ VISS detection, wide aspect detection

Linear time counter

5-bit UDC counts CTL signal

Real-time output port

11

Serial interface

3-wire serial 1/0: 2 channels (including BUSY/STRB control possible: 1 channel)

Buzzer output function

1.95 kHz, 3.91 kHz, 7.81 kHz, 15.6 kHz (internal: 8 MHz operation)
2.048 kHz, 4.096 kHz, 32.768 kHz (subsystem clock: 32.768 kHz operation)

A/D converter

8-bit resolution x 12 channels, conversion time: 10 us

PWM output

¢ 16-bit resolution x 3 channels, 8-bit resolution x 3 channels

e Carrier frequency: 62.5 kHz

Watch function

0.5-second measurement, low-voltage operation (Voo = 2.7 V) possible

Standby function

HALT mode/STOP mode/low power consumption mode/low power consumption

HALT mode

Analog circuits

e CTL amplifier
e RECCTL driver (rewriting supported)
e CFG amplifier
e DFG amplifier

* DPG amplifier

¢ DPFG separation circuit
(ternary separation circuit)

* Reel FG comparator

¢ CSYNC comparator

Power supply voltage

Voo = +2.7t0 5.5V

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.14.5 Block diagram

NMI —]
INTPO to INTP3 )

INTERRUPT
CONTROL

PWMO to PWM5 ("
PTO00 to PTO02 (|

PTO10, PTO11 (]

SUPER TIMER
UNIT

VREFC —
REELOIN —
REEL1IN —

CSYNCIN —=
DFGIN —=
DPGIN —=
CFGIN —

CFGAMPQO —=—

CFGCPIN —

CTLOUTA —=—

CTLOUT2 —~—
CTLIN —

RECCTL+-=—

RECCTL—=—

CTLDLY —

DFGMON —=—

DPGMON ~=—

CFGMON ——

CTLMON —~—

AVop1, AV b2 —
AVssi, AV ss2 —
AV Rer —

ANIO to ANI1 [

ANALOG UNIT
&
A/D CONVERTER

i

Sl —»
SO1=—]
SCK1 ==

SERIAL
INTERFACE 1

i

SI2/BUSY —=
SO2=—
SCK2~—
STRB=—

SERIAL
INTERFACE 2

78K/NV
16-bit CPU CORE
(RAM: 512 bytes)

U

1 1

RAM ROM

Note The Vpp pin applies to the uPD78F4928 only.

— Vop

— Vss

- X1
| SYSTEM  [— X2
] CONTROL [+ XT1

— XT2

~— RESET

| VPP Note
("{ cLock ouTPUT [~ CLO
(" BUZZER OUTPUT [~ BUZ
/\_f\
(] KEYINPUT (] KEYO to KEY4

=> P00 to P07
| REAL- TIME
\~| OUTPUT PORT

=> P80, P82, P83
({  PorTo () Po0to PO7
(| PORT2 (T P20toP23
() PORT3 () P30to P37
(| PORT4 () P40 to P47
/\_f\
(|  PoRTs () P50to P57
/\_f\
(|  PoRTe () P60 to P67
(] PoRT7  (IP70t0 P77
/\_f\
()| PORT8 (") P80, P82 to P87
/\_f\
(|  PORT9 (") P90 to P96
/\_f\
(| PORT10 (] P100to P103
/\_f\
(\ PORT11 (7] P110to P113

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.15 Product Outline of yPD784928Y Subseries
(uPD784927Y, 784928Y, 78F4928Y)

1.15.1 Features
® Add the IC bus interface to the uPD784928 Subseries.
® 16-bit CPU core: Minimum instruction execution time: 250 ns (at 8 MHz internal clock)
® [nternal timer unit (super timer unit) for VCR servo control
® |/O ports: 74
® |Internal analog circuits for VHS type VCR
e CTL amplifier
e RECCTL driver (supporting rewrite)
e CFG amplifier
e DFG amplifier
e DPG amplifier
* DPFG separation circuit (ternary separation circuit)
¢ Reel FG comparator (2 channels)
¢ CSYNC comparator
® Serial interface: 2 channels
e 3-wire serial I/O: 2 channels
¢ I2C bus interface: 1 channel
® A/D converter: 12 channels (conversion time: 10 us)
°* PWM output: 16-bit resolution x 3 channels, 8-bit resolution x 3 channels
® Interrupt function
¢ Vector interrupt function
¢ Macro service function
» Context switching function
® Low frequency oscillation mode: main system clock frequency = internal clock frequency
® Low power consumption mode: CPU can operate on subsystem clock.
® Power supply voltage: Vobp =2.7t0 5.5V
® Hardware watch function: Low-voltage (Voo = 2.7 V MIN.), low-current consumption operation

1.15.2 Applications
For stationary type and camcorder type VCRs.

User’s Manual U10905EJ8V1UM



CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.15.3 Ordering information

(1) Ordering information

Part Number Package Internal ROM
uPD784927YGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD784928YGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78F4928YGF-3BA 100-pin plastic QFP (14 x 20 mm) Flash memory

Remark xxx indicates ROM code suffix.

(2) Quality grade

Part Number Package Quality Grade
UPD784927YGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD784928YGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD78F4928YGF-3BA 100-pin plastic QFP (14 x 20 mm) Standard

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.

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.15.4 Outline of functions

Item

Product Name

uPD784927Y

nPD784928Y

uPD78F4928Y

Number of instructions

113

Minimum instruction execution time

250 ns (internal clock: 8 MHz operation)

On-chip memory capacity| ROM 96 KB (Mask ROM) 128 KB (Mask ROM) 128 KB (Flash memory)
RAM 2,048 bytes 3,584 bytes

Interrupt sources External | 9 (including NMI)
Internal 23 (including software interrupt)

* 4 levels programmable priority
* 3 types of processing methods

Vectored interrupt, macro service, context switching

1/0 ports Input

20

1/0

54 (including LED direct drive ports: 8)

Time base counter

* 22-bit FRC

¢ Resolution: 125 ns, maximum count time: 524 ms

Capture registers

Measuring cycle

Operating edge

Input signal Number of bits
CFG 22
DFG 22
HSW 16
Vsvyne 22
CTL 16
TrREEL 22
SRreeL 22

125 ns to 524 ms
125 ns to 524 ms
1 us to 65.5 ms

125 ns to 524 ms
1 us to 65.5 ms

125 ns to 524 ms
125 ns to 524 ms

\

i T T TR IS

— e

General-purpose timer

16-bit timer x 3

PBCTL duty identification

* |dentifies duty of recording control signal
¢ VISS detection, wide aspect detection

Linear time counter

5-bit UDC counts CTL signal

Real-time output port

11

Serial interface

e 3-wire serial I/0: 2 channels (including BUSY/STRB control possible: 1 channel)

 |2C bus interface (multimaster supported): 1 channel

Buzzer output function

1.95 kHz, 3.91 kHz, 7.81 kHz, 15.6 kHz (internal: 8 MHz operation)
2.048 kHz, 4.096 kHz, 32.768 kHz (subsystem clock: 32.768 kHz operation)

A/D converter

8-bit resolution x 12 channels, conversion time: 10 us

PWM output

¢ 16-bit resolution x 3 channels, 8-bit resolution x 3 channels

e Carrier frequency: 62.5 kHz

Watch function

0.5-second measurement, low-voltage operation (Voo = 2.7 V) possible

Standby function

HALT mode/STOP mode/low power consumption mode/low power consumption

HALT mode

Analog circuits

e CTL amplifier
e RECCTL driver (rewriting supported)
e CFG amplifier
* DFG amplifier

* DPG amplifier

* DPFG separation circuit
(ternary separation circuit)

* Reel FG comparator

e CSYNC comparator

Power supply voltage

Voo = +2.7t0 5.5V

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.15.5 Block diagram

NMI —=
INTPO to INTP3 [)

INTERRUPT
CONTROL

PWMO to PWMS5 (]
PTO00 to PTO02 (|

PTO10, PTO11 (|

SUPER TIMER

UNIT

VREFC —
REELOIN —
REEL1IN —=

CSYNCIN —=
DFGIN —
DPGIN —»
CFGIN —»

CFGAMPO ~—

CFGCPIN —

CTLOUT! =—

CTLOUT2 =
CTLIN —

RECCTL+-=—

RECCTL——=—

CTLDLY —

DFGMON —=—

DPGMON ~—

CFGMON ~—

CTLMON —~—

AVbbp1, AV bp2 —
AVss1, AV ss2 —
AV ReF —

ANIO to ANI1 [)

ANALOG UNIT
&

A/D CONVERTER

i

St —»
SO1=—]
SCK1 =—

SERIAL
INTERFACE 1

i

SI2/BUSY —=
SO2=—
SCK2=—
STRB=—

SERIAL
INTERFACE 2

SDA =—~

SCL ==

SERIAL Note2
INTERFACE 3

16-bit CPU CORE
(RAM: 512 bytes)

78K/IV

U

1

1

RAM

ROM

Notes 1. The Vrp pin applies to the uPD78F4928Y only.
2. I2C bus interface supported.

— Voo

— Vss

- X1
| SYSTEM  [— X2
V] CONTROL [+ XT1

— XT2

~— RESET

| VPP Note 1
()| CLOCK OUTPUT [~ CLO
()|BUZZER OUTPUT [~ BUZ
("] KEYINPUT (] KEYO to KEY4

=> POO to P07
| REAL- TIME
\~| OUTPUT PORT

—> P80, P82, P83
() PorTo () P00 to PO7
(| PORT2 [ P20toP23
(| PorTs () P30to P37
() PORT4 () P40 to P47
/\_I\
(| PORTs () P50to P57
(| PORT6 () P60 to P67
("] PORT7  ((IP701t0 P77
/\_I\
(| PORT8 (") P80, P82 to P87
/\_I\
(| PORT9 (") P90 to P96
/\_I\
(| PORT10 (] P100to P103
/\_I\
() PORT11 (7] P110to P113

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

* 1.16 Product Outline of uPD784938A Subseries
(uPD784935A, 784936A, 784937A, 784938A, 78F4938A)

1.16.1 Features
* Inherits the peripheral functions of the uPD784908 Subseries
¢ Minimum instruction execution time: 320 ns (at fxx = 6.29 MHz operation)
160 ns (at fxx = 12.5 MHz operation)
¢ On-chip memory
* Mask ROM : 96 KB (uPD784935A)
128 KB (uPD784936A)
192 KB (uPD784937A)
256 KB (uPD784938A)
e Flash memory : 256 KB (uPD78F4938A)
¢ RAM : 5,120 bytes (uPD784935A)
: 6,656 bytes (uPD784936A)
: 8,192 bytes (uPD784937A)
: 10,496 bytes (uUPD784938A, 78F4938A)
¢ |/O port: 80
e Timer/counter: 16-bit timer/counter x 1 unit
16-bit timer/counter x 2 units
16-bit timer x 1 unit
e Serial interface: 4 channels
* UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
* CSI (3-wire serial 1/0): 2 channels
e PWM output: 2 outputs
¢ Standby function
HALT/STOP/IDLE mode
* Clock frequency dividing function
* Clock output function: Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25
* External expansion function
¢ Internal ROM correction function
* A/D converter: 8-bit resolution x 8 channels
¢ Internal IEBus controller
¢ Watchdog timer: 1 channel
* Low power consumption
¢ Power supply voltage: Vop = 4.0 to 5.5 V (at 12.58 MHz operation)
Vop = 3.0 to 5.5 V (at 6.29 MHz operation)

1.16.2 Applications
Car audios, etc.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.16.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
UPD784935AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
UPD784936AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD784937AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
UPD784938AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78F4938AGF-3BANote 100-pin plastic QFP (14 x 20 mm) Flash memory

Note Under development

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number Package Quality Grade
uUPD784935AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uUPD784936AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
UPD784937AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD784938AGF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Standard
uPD78F4938AGF-3BANete 100-pin plastic QFP (14 x 20 mm) Standard

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.

Note Under development

Remark xxx indicates ROM code suffix.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.16.4 Outline of functions

(1/2)

Product Name
Item

uPD784935A | uPD784936A uPD784937A | uPD784938A |uPD78F4938A

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution time

* 320 ns/636 ns/1.27 us/2.54 us (at 6.29 kHz operation)
* 160 ns/320 ns/636 ns/1.27 us (at 12.58 kHz operation)

On-chip memory | ROM 92 KB 128 KB 192 KB 256 KB 256 KB
capacity (Mask ROM) (Mask ROM) (Mask ROM) | (Mask ROM) | (Flash memory)
RAM 5,120 bytes 6,656 bytes 8,192 bytes 10,496 bytes
Memory space 1 MB in total of program and data
1/0 ports Total 80
Inputs 8
I/0 72
Pins with LED direct drive 24
additional outputs
functionsNote Transistor direct drive | 8
N-ch open-drain 4

Real-time output ports

4 bits x 2, or 8 bits x 1

|IEBus controller

Internal (simplify)

Timer/counters

Timer/counter 0:
(16 bits)

Timer register x 1
Capture register x 1
Compare register x 2

Pulse output capability

* Toggle output

¢ PWM/PPG output

¢ One-shot pulse output

Timer/counter 1:
(16 bits)

Timer register x 1

Capture register x 1
Capture/compare register x 1
Compare register x 1

Real-time output port

Timer/counter 2:  Timer register x 1 Pulse output capability

(16 bits) Capture register x 1 * Toggle output
Capture/compare register x 1 ¢ PWM/PPG output
Compare register x 1

Timer 3: Timer register x 1 Pulse output capability

(16 bits) Compare register x 1 * Toggle output

¢ PWM/PPG output

Watch timer Interrupt occurs at an interval of 0.5 sec. (Has an internal clock oscillator.)
The input clock can be selected from among the main clock (12.58 MHz) or
clock (32.7 kHz).

PWM output 12-bit resolution x 2 channels

Serial interfaces

¢ UART/IOE (3-wire serial I/O) : 2 channels (on-chip baud rate generator)
e CSI (3-wire serial 1/0): 2 channels

A/D converter

8-bit resolution x 8 channels

Clock output function

Selectable from fowk, fok/2, fok/4, fox/8, fok/16
(can be used as 1-bit output port)

Watchdog timer

1 channel

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Product Name
Item

uPD784935A | uPD784936A uPD784937A | uPD784938A |uPD78F4938A

ROM correction function

Internal (can be set for 4 points of correction address)

External expansion function

Available (can be set up to 1 MB)

Standby function

HALT/STOP/IDLE mode

Interrupts Hardware sources

27 (internal: 20, external: 7 (sampling clock variable input: 1))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 6

4-level programmable priority
Three processing formats: Macro service/vectored interrupt/context switching

Power supply voltage

e Voo =4.0to 5.5V (at 12.58 MHz operation)
e Vop =3.0to 5.5V (at 6.29 MHz operation)

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.16.5 Block diagram

I I VI (R

&

&%

NM| ——=| PROGRAMMABLE
INTERRUPT
INTPO to INTP5 C— >| CONTROLLER
INTP3 —[TIMER/COUNTERO
TOO=—  (16BITS)
TO1 ~—
TIMER/COUNTERH
INTPO (16 BITS)
INTP1 —
INTP2/Cl —=| TIMER/COUNTER2
TO2 =—— (16 BITS)
TO3 -——
TIMER3
(16 BITS)
P00 to P03 | Real TiME
P04 to P07 < OUTPUT PORT
PWMO ~—
PWM
PWM1 =—
ANIO to ANI7 )
AVobp AD
AVRer1 CONVERTER
AVss —
INTP5 —
Lk IEBUS
AX | CONTROLLER
RESET ——
IC/VppNote
§1 —| SYSTEM
REG é CONTROL
REGOFF (REGULATOR)
Voo
Vss
XT1 WATCH
T2 TIMER
Note

CPU CORE

78K/IV ROM

WATCHDOG
TIMER

In the flash memory programming mode of the uPD78F4938A.

g

e ¢ 68888808

UART/IOE2 RO,
BAUD-RATE e
GENERATOR |~ ~ ASCK/SCKI

UART/IOET oS,
BAUD-RATE —
GENERATOR |~ ASCK2/5CK2
CLOCKED [~ SCKO
SERIAL ~— S00
INTERFACE S0
CLOCKED [+~ SCK3
SERIAL — 503
INTERFACE3 si3

CLOCK OUTPUT |——= ASTB/CLKOUT
K => ADO to AD7
— > A8 10 A15
A16 to A19
BUS I/F D
— WR
~—— WAIT/HLDRQ
= REFRQ/HLDAK
PORTO  K=> P00 to PO7
PORT1 K =>P10to P17
PORT2 K —1P20to P27
PORT3 K-> P30to P37
PORT4 K> P40to P47
PORT5 K= > P50 to P57
PORT6 K= > P60 to P67
PORT7 K= >P70t0 P77
PORT9 K-> P90 to P97
PORT10 K-> P100 to P107

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

x 1.17 Product Outline of uPD784956A Subseries
(uPD784953A, 784956A, 78F4956A)

1.17.1 Features

® Minimum instruction execution time: 160 ns (at fc.k = 12.5 MHz operation)
® On-chip memory

* ROM

Mask ROM : 24 KB (uPD784953A)
48 KB (uPD784956A)
Flash memory : 64 KB (uPD78F4956A)
¢ RAM : 768 bytes (uPD784953A)
: 2,048 bytes (uPD784956A, 78F4956A)
® |/O port: 67
® Timer/counter: 16-bit timer/counter x 6 units
8-bit timer/counter x 2 units

® Serial interface: 2 channels

UART: 1 channel (on-chip baud rate generator)

CSI (3-wire serial I/0): 1 channel
® A/D converter: 8-bit resolution x 8 channels
® Real-time output function: 6-bit resolution x 2 channels
® Watchdog timer: 1 channel
® Standby function

HALT/STOP/IDLE mode

Low power consumption mode: HALT/IDLE mode (subsystem clock operation)
® |Interrupt controller (4-level priority)

Vector interrupt/macro service/context switching
® Power supply voltage: Vob = 4.5t0 5.5V

1.17.2 Applications
Motor control for inverter air conditioners, etc.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.17.3 Ordering information and quality grade

(1) Ordering information

Part Number Package Internal ROM
UPD784953AGC-xxx-8BT  80-pin plastic QFP (14 x 14 mm) Mask ROM
UPD784956AGC-xxx-8BT  80-pin plastic QFP (14 x 14 mm) Mask ROM

uPD78F4956AGC-8BT 80-pin plastic QFP (14 x 14 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number Package

Flash Memory

Quality Grade

uPD784953AGC-xxx-8BT  80-pin plastic QFP (14 x 14 mm)
uUPD784956AGC-xxx-8BT  80-pin plastic QFP (14 x 14 mm)
uPD78F4956AGC-8BT 80-pin plastic QFP (14 x 14 mm)

Standard
Standard
Standard

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.

Remark xxx indicates ROM code suffix.

Caution The yuPD784956A Subseries is under development.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.17.4 Outline of functions

(1/2)

Product Name
Item

1PD784953A

HPD784956A HUPD78F4956A

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

160 ns (at fcek = 12.5 MHz operation)

On-chip memory capacity | ROM 24 KB 64 KB 64 KB
(Mask ROM) (Mask ROM) (Flash memory)
RAM 768 bytes 2,048 bytes
1/0 ports Total 67
CMOS input 8
CMOS I/0 59
Pins with Pin with pull-up 59
additional resistor
functionsNote LED direct drive output| 32
Real-time output port 6 bits x 2

Timer/counters

16-bit timer/counter:

Timer register x 1
Capture/compare register x 2

Pulse output capability
* PWM output

16-bit timer/counter 1:

Timer register x 1
Compare register x 2

Pulse output capability
* PWM output

16-bit timer/counter 2:

Timer register x 1
Compare register x 2

Pulse output capability
* PWM output

16-bit timer/counter 3:

Timer register x 1
Compare register x 2

16-bit timer/counter 4:

Timer register x 1
Capture/compare register x 3

16-bit timer/counter 5:

Timer register x 1
Compare register x 1
Capture/compare register x 2

8-bit timer/counter 6:

Timer register x 1
Compare register x 1

Pulse output capability
* PWM output

8-bit timer/counter 7:

Timer register x 1
Compare register x 1

Serial interfaces

* UART: 1 channel (on-chip baud rate generator)
¢ CSI (3-wire serial I/0O): 1 channel

A/D converter

8-bit resolution x 8 channels

Watchdog timer

1 channel

Standby function

HALT/STOP/IDLE mode

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

(2/2)

Item

Product Name

1PD784953A 1PD784956A

uPD78F4956A

Interrupts

Hardware sources

28 (internal: 22, external: 8 (shared with internal: 2))

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 20, external: 7

* 4-level programmable priority

* 3 processing modes: vectored interrupt, macro service, context switching

Power supply voltage

Voo =4.5t0 5.5V

Package

80-pin plastic QFP (14 x 14 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.17.5 Block diagram

PROGRAMMABLE ] UART - RxD
INTPO to INTP6 | INTERRUPT - BAUD-RATE
mﬁ? TIMER/COUNTER |1y CLOCKED ~— I
T00 = (16BITS) SERIAL — SO
INTERFACE  |«— SCK
TIMER/COUNTERH1 -
o1 (16BITS) = .~ RD
BUS I/F _
TIMER/COUNTER2 — WR
To2 (16BITS) = CaKIIV
cPUCORE[[ ROM PORT 0 P00 to PO7
TIMER/COUNTERS| /|
(16BITS)
@ @ PORT 1 P10 to P17
NThe | TIMER/COUNTER4 = P20, P21,
INTP4 — (1GBITS) ji PORT 2 P25 to P27
INTPS —1TIMER/COUNTER5 = PORT 3 P30 to P37
. (16BITS)
INTP6 RAM
PORT 4 P40 to P47
TIMER/COUNTER6
o8 (8BITS) =
PORT 5 P50 to P57
TIMER/COUNTER? | 1,
(8BITS) PORT 6 P60 to P67
PORT 7 P70 to P77
WATCHDOGTIMER
PORT9 P90 to P95
INTP3 =1 ReAL-TIME =
RTPO2 to RTP07 | OUTPUTPORTO ~—— RESET
. ~— X1
INTPS REAL-TIME = o
RTP12to RTP17 {——| OUTPUTPORT1 géiTTi“gL v
[ VDD
— Vss
ANIO to ANI7 ) L C/epNote
INTPO —= -
AVoo CONVERTER
AVss
AVRer
Note In the flash memory programming mode of the uPD78F4956A.

Remark Internal ROM and RAM capacities vary depending on the products.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

* 1.18 Product Outline of uPD784976A Subseries
(uPD784975A, 78F4976A)

1.18.1 Features
® Minimum instruction execution time: 160 ns (at fxx =12.58 MHz operation)
® On-chip memory
* Mask ROM : 96 KB (uPD784975A)
* Flash memory : 128 KB (uPD78F4976A)
* RAM : 3,072 bytes (uPD784975A)
: 4,608 bytes (uPD78F4976A)
® |/O port: 72
® VFD controller/driver: Total display output pins: 48 (universal grid compatible)
® Display current 10 mA: 16 pins
® Display current 3 mA: 32 pins
® Timer/counter: 16-bit timer/counter x 1 unit
8-bit PWM timer x 1 unit
® Serial interface: 3 channels
® CSI (3-wire serial I/O): 2 channels
® UART/IOE (3-wire serial 1/0): 1 channel
® A/D converter: 8-bit resolution x 12 channels
® Watchdog timer: 1 channel
® Standby function: HALT/STOP/IDLE mode
® Power supply voltage: Vob =4.5t05.5V

1.18.2 Applications

Combined mini-component audio systems, separate mini-component audio systems, tuners, cassette decks, CD

players, and audio amplifiers.
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CHAPTER 1 FEATURES OF 78K/IV SERIES PRODUCTS

1.18.3 Ordering information and quality grade

(1) Ordering information

Part Number Package

Internal ROM

UPD784975AGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm)
1PD78F4976AGF-3BA 100-pin plastic QFP (14 x 20 mm)

Remark xxx indicates ROM code suffix.

(2) Quality grades

Part Number Package

Mask ROM
One-time PROM

Quality Grade

uPD784975AGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm)
uPD78F4976AGF-3BA 100-pin plastic QFP (14 x 20 mm)

Standard
Standard

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.

Remark xxx indicates ROM code suffix.

Caution pPD784976A Subseries are under development.

100 User's Manual U10905EJ8V1UM



CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.18.4 Outline of functions

(1/2)

Product Name
Item

1PD784975A

uPD78F4976A

Number of basic instructions (mnemonics)

113

General-purpose registers

8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapped)

Minimum instruction execution time

160 n/320 ns/640 ns/1,280 ns/2,560 ns (at fxx = 12.5 MHz operation)

On-chip memory capacity | ROM 96 KB 128 KB
(Mask ROM) (Flash memory)
RAM 3,072 bytes 4,608 bytes
VFD display RAM | 96 bytes

Memory space

1 MB total both programs and data

resistance pins

1/0 ports Total 72
(including VFD- CMOS input 12
multiplexed pin) CMOS 10 20
N-ch open-drain 8
1/0
P-ch open-drain 24
1/0
P-ch open-drain 8
input
Pins with Pins with pull-up 20
functions resistors
additionalNote LED direct drive output| 16
High voltage 32
resistance pin
Medium voltage 8

VFD controller/driver

* Total display output: 48
* Display current 10 mA: 16
* Display current 3 mA: 32

Timer/counters

Timer/counter: Timer register x 1

(16 bits) Capture/compare register x 2

PWM timer 50: Timer register x 1 Pulse output capability
(8 bits) Compare register x 1 * PWM output

PWM timer 51: Timer register x 1 Pulse output capability
(8 bits) Compare register x 1 * PWM output

Serial interfaces

* UART/IOE (3-wire serial I1/0): 1 channel (on-chip baud rate generator)

e CSI (3-wire serial I/0): 2 channels

A/D converter

8-bit resolution x 12 channels

Watch timer

1 channel

Watchdog timer

1 channel

Standby functions

HALT/STOP/IDLE mode

Note The pins with additional functions are included in the 1/O pins.
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

2/2)

Item

Product Name

LPD784975A

uPD78F4976A

Interrupts

Hardware sources

12 (internal: 7, external: 3, internal/external altarnative: 2)

Software sources

BRK instruction, BRKCS instructions, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 14, external: 3, internal/external altarnative: 2

* 4-level programmable priority

* 3 processing modes: vectored interrupt, macro service, context switching

Power supply voltage

Voo =4.5t0 5.5V

Package

100-pin plastic QFP (14 x 20 mm)
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CHAPTER 1

FEATURES OF 78K/IV SERIES PRODUCTS

1.18.5 Block diagram

<:>| PORTO K: P00 to PO3
8-bit PWM TIMER
TIO50/P63 =] (TMS0) ( E ) <:>| PORT1 K: P10to P17
<;>| PORT2 K;> P20, P25 to P27
8-bit PWM TIMER <:>| K:>
TIO51/P66 flas % E N PORT4 P40 to P47
78KV <:>| K:>
16-bit TIMERICOUNTER cpu core | FOM il e
TiooP20 —] 1601 )
(TM50) <:>| PORT6 K;> P60 to P67
WATCHDOG T|MER|<:> @ @ <;>| PORT? K;> P70 to P77
SCKO/ASCKO/P27 == scoa | INTERFAGE @ (| Ports [ peotoper
SOO/TXDO/P26 ~—|
SIO/RxDO/P25 ——~|  (SIOO/UART)
<:>| PORT9 K;> P90 to P97
RAM
SCKA/P62 ==
ERIAL INTERFACE
SO1/P61 =8 oo c <E> <;>| PORT10 |:> P100 to P107
SI1/P60 —+ (S107)
VFD :>
o FIPO to FIP47
SCK2 SERIAL <:> CONTROLLER/ °
So2 INTERFACE [ E N DRIVER Vios
Si2 (S102)
ANIO/P10- SYSTEM )F(‘ESET
ANI7/P17, CONTROL o
ANI8/PO0-
ANI1 1/P03 A/D CONVERTER [ )
AVop ' WATCH TIMER
AVss
INTP1/P65 —=| CONTROL -
. INT
INTP2/P67 (INT) Vooo,  Vsso, I
- Voo+, Vssi (Ver) —
Vo2

Remarks 1. Internal ROM capacity varies depending on the products.
2. Vrr applies to the uPD78F4976A only.
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CHAPTER 2 MEMORY SPACE

2.1 Memory Space

The 78K/IV Series can access a maximum memory space of 16 MB. However, memory mapping varies from
product to product according to the on-chip memory capacity and pin status. Therefore, the User’s Manual —
Hardware for the individual products should be consulted for details of the memory map address areas.

The 78K/IV Series can access a 16 MB memory space. The mapping of the internal data area (special function
registers and internal RAM) depends on the LOCATION instruction. A LOCATION instruction must be executed after
reset release, and can only be used once.

The program after reset release must be as follows.

RSTVCT CSEG AT 0
DW RSTSTRT
l
INITSEG CSEG BASE
RSTSTRT:LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN

(1) When LOCATION 0OH instruction is executed
The internal data area is mapped with the maximum address as FFFFH.
An area in the internal ROM that overlaps an internal data area cannot be used as internal ROM when the
LOCATION OH instruction is executed.
External memory is accessed in external memory extension mode.

(2) When LOCATION OFH instruction is executed

The internal data area is mapped with the maximum address as FFFFFH.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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Figure 2-1. Memory Map

When LOCATION OH

When LOCATION OFH
instruction is executed

instruction is executed

WNEABr3IS0601LN [enuely sJasn

SOlL

A A FFFFFFH 00FFFFH Special function OFFFFFH FFFFFFH i
___Tegisters (SFR)
8 ®
S O0FFDFH Note OFFFDFH 3
2= OOFFDOH| .. OFFFDOH a2
0 00FFOOH Qo
BT (256 bytes) OFFFOOH g<
OOFEFFH General register area OFFEFFH
100000H (128 t?ytes) 100000H Y
A OFFFFFH OOFE8OH| "~ 77 OFFES0H OFFFFFH i
,,,,,,,,,,,,,,,,,,,,,,, Internal
00FE3BH . OFFE3BH data area
Macro service
control word area
OOFEOBH| OFFEO6H
Internal RAM area —
g Internal Internal g
= high-speed RAM
© -~ ROM area (512 bytes) data area g
e “23 010000H 00FDOOH OFFDOOH & 8
ol ~ OOFFFFH Internal ]
a3 = peripheral RAM 010000H = 2
@ ® Internal /d 00FFFFH -
> 8 data area program/data area 8 g
o Q © IS
g g Internal 3 %
= & ROM area ©
= Internal 3
] ROM area b
(2] © <
& o o e sl >
8| ® Q00FFFH 000FFFH 5| 8
? CALLF CALLF o &
3 entry area entry area 8
000800H | .. ... 00080OH|
00007FH | a1 1 T 1anle aren 00007FH | CALLT
000040H | CALLTtablearea 000040H | _ tablearea
00003FH 00003FH Vector
Y Y 00000OH Vector table area 000000H table area I

Note External SFR area

Caution The yPD784915 Subseries is fixed to the LOCATION OH instruction.
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CHAPTER 2 MEMORY SPACE

2.2 Internal ROM Area

The 78K/IV Series products shown below incorporate ROM which is used to store programs, table data, etc.

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

The uPD784915 Subseries is fixed to the LOCATION OH instruction.

Table 2-1. List of Internal ROM Space for 78K/IV Series Products (1/2)

Subseries Name Product Address Space Internal ROM

uPD784026 Subseries uPD784020 None
1PD784021

uPD784025 00000H to OBFFFH 48 K x 8 bits

UPD784026 00000H to OFFFFH | 64 K x 8 bits
LPD78P4026

uPD784038 Subseries uPD784031 None
1PD784038Y Subseries uPD784031Y

uPD784035 00000H to OBFFFH 48 K x 8 bits
uPD784035Y

1PD784036 00000H to OFFFFH | 64 K x 8 bits
LPD784036Y

uPD784037 00000H to 17FFFH 96 K x 8 bits
uPD784037Y

uPD784038 00000H to 1FFFFH 128 K x 8 bits
uPD78P4038
uPD784038Y
uPD78P4038Y

1PD784046 Subseries UPD784044 00000H to 07FFFH | 32 K x 8 bits
UPD784054

uPD784046 00000H to OFFFFH 64 K x 8 bits
uPD78F4046

uPD784216A Subseries uPD784214A 00000H to 17FFFH 96 K x 8 bits
uPD784216AY Subseries| uPD784214AY

uPD784215A 00000H to 1FFFFH | 128 K x 8 bits
UPD784215AY
UPD784216A
UPD784216AY
UPD78F4216A
UPD78F4216AY

uPD784218A Subseries uPD784217A 00000H to 2FFFFH 192 K x 8 bits
uPD784218AY Subseries| uPD784217AY

uPD784218A 00000H to 3FFFFH | 256 K x 8 bits
uPD784218AY
uPD78F4218A
uPD78F4218AY

Remark In case of a ROM-less product, this address space is an external memory.
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Table 2-1. List of Internal ROM Space for 78K/IV Series Products (2/2)

Subseries Name Product Address Space Internal ROM
uPD784225 Subseries uPD784224 00000H to 17FFFH 96 K x 8 bits
uPD784225Y Subseries uPD784224Y
uPD784225 00000H to 1FFFFH 128 K x 8 bits
uPD784225Y
uPD78F4225
uPD78F4225Y

1PD784908 Subseries uPD784907 00000H to 17FFFH 96 K x 8 bits
uPD784908 00000H to 1FFFFH 128 K x 8 bits
uPD78P4908

uPD784915 Subseries uPD784915B 00000H to OBFFFH 48 K x 8 bits
uPD784916B 00000H to OF6FFH 62 K x 8 bits
uPD78P4916

uPD784928 Subseries uPD784927 00000H to 17FFFH 96 K x 8 bits

uPD784928Y Subseries uPD784927Y
uPD784928 00000H to 1FFFFH 128 K x 8 bits
uPD784928Y
UPD78F4928
uPD78F4928Y

uPD784938A Subseries uPD784935A 00000H to 17FFFH 96 K x 8 bits
uPD784936A 00000H to 1FFFFH 128 K x 8 bits
uPD784937A 00000H to 2FFFFH 192 K x 8 bits
uPD784938A 00000H to 3FFFFH 256 K x 8 bits
UPD78F4938A

uPD784956A Subseries uPD784953A 00000H to 05FFFH 24 K x 8 bits
uPD784956A 00000H to OF6FFH 64 K x 8 bits
uPD78F4956A 00000H to OF6FFH 64 K x 8 bits

uPD784976A Subseries uPD784975A 00000H to 17FFFH 96 K x 8 bits
uPD78F4976A 00000H to 1FFFFH 128 K x 8 bits
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2.3 Base Area

The space from 00000H to FFFFFH comprises the base area. The base area is the object for the following uses.

* Reset entry address

* Interrupt entry address

e CALLT instruction entry address

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

* 16-bit register addressing mode (with instruction address addressing)

* 16-bit register indirect addressing mode

* Short direct 16-bit memory indirect addressing mode

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

When the LOCATION OH instruction is executed, the internal data area is located in the base area. Note that,
in the internal data area, program fetches cannot be performed from the internal high-speed RAM area and special
function register (SFR) area. Also, internal RAM area data should only be used after initialization has been performed.
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2.3.1 Vector table area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The vector table area holds the
program start addresses used when a jump is performed as the result of RESET input or generation of an interrupt
request. When context switching is used by an interrupt, the number of the register bank to be switched to is stored
here.

Any portion not used by the vector table can be used as program memory or data memory.

16-bit values can be written to the vector table. Therefore, branches can only be made within the base area.

Table 2-2. Vector Table

Vector Table Address Interrupts
00000H Reset (RESET input)
00002H NM| Note
00004H WDT Note
00006H

to } Differs for each product
0003AH
0003CH Operand error interrupt
0003EH BRK

Note Not used by some products.

2.3.2 CALLT instruction table area

The 1-byte call instruction (CALLT) subroutine entry addresses can be stored in the 64-byte area from 00040H
to 0007FH.

The CALLT instruction references this table, and branches to a base area address written in the table as a
subroutine. As the CALLT instruction is one byte in length, use of the CALLT instruction for subroutine calls written
frequently throughout the program enables the program object size to be reduced. The table can contain up to 32
subroutine entry addresses, and therefore it is recommended that they be recorded in order of frequency.

If this area is not used as the CALLT instruction table, it can be used as ordinary program memory or data memory.

Values that can be written to the CALLT instruction table are 16-bit values. Therefore, a branch can only be made
within the base area.

2.3.3 CALLF instruction entry area
A subroutine call can be made directly to the area from 00800H to 00FFFH with the 2-byte call instruction (CALLF).
As the CALLF instruction is a two-byte call instruction, it enables the object size to be reduced compared with use
of the direct subroutine call CALL instruction (3 bytes).
Writing subroutines directly in this area is an effective means of exploiting the high-speed capability of the device.
If you wish to reduce the object size, writing an unconditional branch (BR) instruction in this area and locating the
subroutine itself outside this area will result in a reduced object size for subroutines that are called from five or more
points. In this case, only the 4 bytes of the BR instruction are occupied in the CALLF entry area, enabling the object
size to be reduced with a large number of subroutines.
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2.4 Internal Data Area

The internal data area comprises the internal RAM area and special function register area. In some products,
memories dependent on other hardware are also allocated to this areas (see the User’s Manual — Hardware of each
product).

The final address of the internal data area can be specified by means of the LOCATION instruction as either FFFFH
(when a LOCATION OH instruction is executed) or FFFFFH (when a LOCATION OFH instruction is executed).
Selection of the addresses of the internal data area by means of the LOCATION instruction must be executed once
immediately after reset release, and once the selection is made, it cannotbe changed. The program after reset release
must be as shown in the example below. If the internal data area and another area are allocated to the same
addresses, the internal data area is accessed and the other area cannot be accessed.

Example RSTVCT CSEG ATO
DW RSTSTRT
t
INITSEG CSEG BASE
RSTSTRT:LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN

Cautions 1. When the LOCATION OH instruction is executed, it is necessary to ensure that the program
after reset release does not overlap the internal data area. It is also necessary to make sure
that the entry addresses of the service routines for non-maskable interrupts such as NMI do
not overlap the internal data area. Also, initialization must be performed for maskable
interrupt entry areas, etc., before the internal data area is referenced.

2. The yPD784915 Subseries is fixed to the LOCATION OH instruction.

2.4.1 Internal RAM area
78K/IV Series products incorporate general-purpose static RAM.
This area is configured as follows:

Peripheral RAM (PRAM)

¢ Internal RAM area |:
Internal high-speed RAM (IRAM)
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Table 2-3. Internal RAM Area in 78K/IV Series Products (1/2)

Subseries Name Product Internal RAM area
Peripheral RAM: PRAM Internal high-speed RAM: IRAM
uPD784026 Subseries uPD784020 512 Bytes 0 Byte 512 Bytes
(OFDOOH to OFEFFH) (OFDOOH to OFEFFH)
1PD784021 2,048 Bytes 1,536 Bytes
uPD784025 (OF700H to OFEFFH) (OF700H to OFCFFH)
uPD784026
uPD78P4026
uPD784038 Subseries uPD784031 2,048 Bytes 1,536 Bytes
1PD784038Y Subseries uPD784031Y (OF700H to OFEFFH) (OF700H to OFCFFH)
1PD784035
uPD784036
uPD784035Y
uPD784036Y
uPD784037 3,584 Bytes 3,072 Bytes
uPD784037Y (OF100H to OFEFFH) (OF100H to OFCFFH)
uPD784038 4,352 Bytes 3,840 Bytes
uPD78P4038 (OEEOOH to OFEFFH) (OFEOOH to OFCFFH)
uPD784038Y
uPD78P4038Y
uPD784046 Subseries uPD784044 1,024 Bytes 512 Bytes
uPD784054 (OFBOOH to OFEFFH) (OFBOOH to OFCFFH)
uPD784046 2,048 Bytes 1,536 Bytes
uPD78F4046 (OF700H to OFEFFH) (OF700H to OFCFFH)
uPD784216A Subseries uPD784214A 3,584 Bytes 3,072 Bytes
UPD784216AY Subseries | uPD784214AY (OF100H to OFEFFH) (OF100H to OFCFFH)
UPD784215A 5,120 Bytes 4,608 Bytes
uPD784215AY (OEBOOH to OFEFFH) (OFBOOH to OFCFFH)
uPD784216A 8,192 Bytes 7,680 Bytes
uPD784216AY (ODFOOH to OFEFFH) (ODFOOH to OFCFFH)
uPD78F4216A
uPD78F4216AY
uPD784218A Subseries uPD784217A 12,800 Bytes 12,288 Bytes
uPD784218AY Subseries | uPD784217AY (OCDOOH to OFEFFH) (OCDOOH to OFCFFH)
UPD784218A
uPD784218AY
uUPD78F4218A
UPD78F4218AY
uPD784225 Subseries uPD784224 3,584 Bytes 3,072 Bytes
uPD784225Y Subseries uPD784224Y (OF100H to OFEFFH) (0OCF10H to OFCFFH)
uPD784225 4,352 Bytes 3,840 Bytes
uPD784225Y (OEEOOH to OFEFFH) (OEEOOH to OFCFFH)
UPD78F4225
UPD78F4225Y

Remark The addresses in the table are the values that apply when the LOCATION OH instruction is executed.
When the LOCATION OFH instruction is executed, 0FO000H should be added to the values shown above.
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Table 2-3. Internal RAM Area in 78K/IV Series Products (2/2)

Subseries Name Product Internal RAM area
Peripheral RAM: PRAM Internal high-speed RAM: IRAM
uPD784908 Subseries uPD784907 3,584 Bytes 3,072 Byte 512 Bytes
(OF100H to OFEFFH) (OF100H to OFEFFH) | (OFDOOH to OFEFFH)
uPD784908 4,352 Bytes 3,840 Bytes
uPD78P4908 (OEEOOH to OFEFFH) (OEEOOH to OFCFFH)
uPD784915 Subseries uPD784915B 1,280 Bytes 768 Bytes
uPD784916B (OFAOOH to OFEFFH) (OFAOOH to OFCFFH)
uPD78P4916 2,048 Bytes 1,536 Bytes
(OF700H to OFEFFH) (OF700H to OFCFFH)
uPD784928 Subseries uPD784927 2,048 Bytes 1,536 Bytes
uPD784928Y Subseries uPD784927Y (OF700H to OFEFFH) (OF700H to OFCFFH)
uPD784928 3,584 Bytes
uPD784928Y (OF100H to OFEFFH)
uPD78F4928
uPD78F4928Y
* | uPD784938A Subseries uPD784935A 5,120 Bytes 4,608 Bytes
(OEBOOH to OFEFFH) (OEBOOH to OFCFFH)
uPD784936A 6,656 Bytes 6,144 Bytes
(OE500H to OFEFFH) (OE500H to OFCFFH)
uPD784937A 8,192 Bytes 7,680 Bytes
(ODFOOH to OFEFFH) (ODFOOH to OFCFFH)
uPD784938A 10,496 Bytes 9,984 Bytes
uPD78F4938A (OD600H to OFEFFH) (OD600H to OFCFFH)
* | uPD784956A Subseries uPD784953A 768 Bytes 256 Bytes
(OFCOOH to OFEFFH) (OFCOOH to OFCFFH)
uPD784956A 2,048 Bytes 1,536 Bytes
uUPD78F4956A (OF700H to OFEFFH) (OF700H to OFCFFH)
* | uPD784976A Subseries uPD784975A 3,584 Bytes 3,072 Bytes
(OF100H to OFEFFH) (OF100H to OFCFFH)
uPD78F4976A 5,120 Bytes 4,608 Bytes

(OEBOOH to OFEFFH)

(OEBOOH to OFCFFH)

Remark The addresses in the table are the values that apply when the LOCATION OH instruction is executed.
When the LOCATION OFH instruction is executed, 0FOO00H should be added to the values shown above.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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Internal RAM mapping is shown in Figure 2-2.

00FEFFH

OOFE80H

OOFE3BH

OOFEO4H

00FEOOH
00FDFFH

00FD20H
O0OFD1FH

00FDOOH
00FCFFH

Differs
according
to product

Figure 2-2. Internal RAM Memory Mapping

General-purpose
register area

Macro service
control word area

Internal high-speed RAM

Peripheral RAM

Short direct addressing
1 permissible range

Short direct addressing
2 permissible range

Remark The addresses in the figure are the values that apply when the LOCATION OH instruction is executed.
When the LOCATION OFH instruction is executed, OFOO00H should be added to the values shown above.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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Internal high-speed RAM (IRAM)

The internal high-speed RAM (IRAM) allows high-speed accesses to be made. The short direct addressing
mode for high-speed accesses can be used on OFD20H to OFEFFH in this area. There are two kinds of short
direct addressing mode, short direct addressing 1 and short direct addressing 2, according to the target
address. The function is the same in both of these addressing modes. With some instructions, the word length
is shorter with short direct addressing 2 than with short direct addressing 1. See CHAPTER 6 INSTRUCTION
SET for details.

A program fetch cannot be performed from IRAM. If a program fetch is performed from an address onto which
IRAM is mapped, CPU runaway will result.

The following areas are reserved in IRAM.

¢ General register area : OFE8OH to OFEFFH

e Macro service control word area : OFEO6H to OFE3BH (the addresses actually reserved differ from product
to product)

e Macro service channel area : OFEOOH to OFEFFH (the address is specified by the macro service
control word)

If the reserved function is not used in these areas, they can be used as ordinary data memory.

Remark The addresses in this text are those that apply when the LOCATION OH instruction is executed.
When the LOCATION OFH instruction is executed, 0FO000H should be added to the values shown.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

Peripheral RAM (PRAM)

The peripheral RAM (PRAM) is used as ordinary program memory or data memory. When used as program
memory, he program must be written to the peripheral RAM beforehand by a program.
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2.4.2 Special function register (SFR) area

The on-chip peripheral hardware special function registers (SFRs) are mapped onto the area from OFFOOH to
OFFFFH (see the User’s Manual — Hardware for the individual products).

In some products, the area from OFFDOH to OFFDFH is mapped as an external SFR area, and allows externally
connected peripheral 1/Os, etc., to be accessed in external memory extension mode (specified by the memory
extension mode register (MM)) by ROM-less products or on-chip ROM products.

Caution Addresses onto which SFRs are not mapped should not be accessed in this area. If such an address
is accessed by mistake, the CPU may become deadlocked. A deadlock can only be released by reset
input.

Remark The addresses in this text are those that apply when the LOCATION OH instruction is executed. When
the LOCATION OFH instruction is executed, OFOO00H should be added to the values shown.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

2.4.3 External SFR area

In some 78K/IV Series products, the 16-byte area from OFFDOH to OFFDFH in the SFR area (when the LOCATION
OH instruction is executed; OFFFDOH to OFFFDFH when the LOCATION OFH instruction is executed) is mapped as
an external SFR area. When the external memory extension mode is set in a ROMless product or on-chip ROM
product, externally connected peripheral I/Os, etc., can be accessed using the address bus or address/data bus, etc.

As the external SFR area can be accessed by SFR addressing, peripheral I/O and similar operations can be
performed easily, the object size can be reduced, and macro service can be used.

Bus operations for accesses to the external SFR area are performed in the same way as for ordinary memory
accesses.

2.5 External Memory Space

The external memory space is a memory space that can be accessed in accordance with the setting of the memory
extension mode register (MM). It can hold programs, table data, etc., and can have peripheral I/O devices allocated
to it.

A program cannot be allocated to the area from 100000H to OFFFFFFH in the external memory space.

Note also that some products do not have an external memory space.
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3.1 Control Registers
Control registers consist of the program counter (PC), program status word (PSW), and stack pointer (SP).

3.1.1 Program counter (PC)

This is a 20-bit binary counter that holds information on the next program address to be executed (see Figure 3-
1).

Normally, the PC is incremented automatically by the number of bytes in the fetched instruction. When an
instruction associated with a branch is executed, the immediate data or register contents are set in the PC.

Upon RESET input, the 16-bit data in address 0 and address 1 is set in the lower 16 bits of the PC, and 0000 in
the higher 4 bits.

Figure 3-1. Program Counter (PC) Configuration
19 9

PC

3.1.2 Program status word (PSW)

The program status word (PSW) is a 16-bit register comprising various flags that are set or reset according to the
result of instruction execution.

Read accesses and write accesses are performed in higher 8 bits (PSWH) and lower 8 bits (PSWL) units. Individual
flags can be accessed by bit-manipulation instructions.

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

RESET input resets (0) all bits.

“0” must always be written to the bits written as “0” in Figure 3-2. The contents of bits written as

are undefined
when read.
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Figure 3-2. Program Status Word (PSW) Configuration

7 6 5 4 3 2 1 0
PSWH| UF ‘RBS2‘RBS1‘RBSO‘ — ‘ — ‘ — ‘ _|

7 6 5 4 3 2 1 0
PSWL|S‘Z‘RSS‘AC‘IE‘P/V‘O‘CYl

The flags are described below.

)

()

Carry flag (CY)

The carry flag stores a carry or borrow resulting from an operation.

This flag also stores the shifted-out value when a shift/rotate instruction is executed, and functions as a bit
accumulator when a bit-manipulation instruction is executed.

The status of the CY flag can be tested with a conditional branch instruction.

Parity/overflow flag (P/V)
The P/V flag performs the following two kinds of operation associated with execution of an operation instruction.
The status of the P/V flag can be tested with a conditional branch instruction.

* Parity flag operation
Set (1) when the number of bits set (1) as the result of execution of a logical operation instruction, shift/
rotate instruction, ora CHKL or CHKLA instruction is even, and reset (0) if odd. When a 16-bit shiftinstruction
is executed, however, only the lower 8 bits of the operation result are valid for the parity flag.

* Overflow flag operation
Set (1) when the numeric range expressed as a two’s complement is exceeded as the result of execution
of a logical operation instruction, and reset (0) otherwise. More specifically, the value of this flag is the
exclusive OR of the carry into the MSB and the carry out of the MSB. For example, the two’s complement
range in an 8-bit arithmetic operation is 80H (—128) to 7FH (+127), and the flag is set (1) if the operation
result is outside this range, and reset (0) if within this range.
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Example The operation of the overflow flag when an 8-bit addition instruction is executed is shown below.
When the addition of 78H (+120) and 69H (+105) is performed, the operation resultis E1H (+225),
and the two’s complement limit is exceeded, with the result that the P/V flag is set (1). Expressed
as a two’s complement, E1H is —31.

78H (+120) = 0111 1000
+) B9H(+105) = +) 0110 100 1
01110 0001 = -31 PN=1
1
cY

When the following two negative numbers are added together, the operation result is within the
two’s complement range, and therefore the P/V flag is reset.

FBH (-5) = 1111 1011
+) FOH(-16) = + 1111 0000
11110 1011 = -=21 PN=0

(3) Interrupt request enable flag (IE)
This flag controls CPU interrupt request acknowledgment operations.
When “0”, interrupts are disabled, and only non-maskable interrupts and unmasked macro service requests
can be acknowledged. All other interrupts are disabled.
When “1”, the interrupt enabled state is set, and enabling of interrupt request acknowledgment is controlled
by the interrupt mask flags corresponding to the individual interrupt requests and the priority of the individual
interrupts.
The IE flag is set (1) by execution of an El instruction, and reset (0) by execution of a DI instruction or
acknowledgment of an interrupt.

(4) Auxiliary carry flag (AC)
The AC flag is set (1) when there is a carry out of bit 3 or a borrow into bit 3 as the result of an operation,
and reset (0) otherwise.
This flag is used when the ADJBA or ADJBS instruction is executed.

(5) Register set selection flag (RSS)
The RSS flag specifies the general registers that function as X, A, C, and B, and the general register pairs
(16-bit) that function as AX and BC.
This flag is provided to maintain compatibility with the 78K/IIl Series, and must be set to 0 except when using
a 78K/Ill Series program.
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(6) Zero flag (2)

The Z flag records that the result of an operation is “0”.
It is set (1) when the result of an operation is “0”, and reset (0) otherwise. The status of the Z flag can be
tested with a conditional branch instruction.

(7) Sign flag (S)

The S flag records that the MSB is “1” as the result of an operation.
It is set (1) when the MSB is “1” as the result of an operation, and reset (0) otherwise. The status of the S
flag can be tested with a conditional branch instruction.

(8) Register bank selection flag (RBS0 to RBS2)
This is a 3-bit flag used to select one of the 8 register banks (register bank 0 to register bank 7) (see Table

3-1).

It holds 3-bit information which indicates the register bank selected by execution of a SEL RBn instruction,

etc.

Table 3-1. Register Bank Selection

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

(9) User flag (UF)

This flag can be set and reset in the user program, and used for program control.
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3.1.3 Use of RSS bit

Basically, the RSS bit should be fixed at 0 at all times.

The following explanation refers to the case where a 78K/Ill Series program is used, and the program used sets
the RSS bit to 1. This explanation can be skipped if the RSS bit is fixed at 0.

The RSS bit is provided to allow the functions of A (R1), X (R0), B (R3), C (R2), AX (RP0), and BC (RP1) to be
used by registers R4 to R7 (RP2, RP3) as well. Effective use of this bit enables efficient programs to be written in
terms of program size and program execution.

However, careless use can result in unforeseen problems. Therefore, the RSS bit should always be setto 0. The
RSS bit should only be set to 1 when a 78K/Ill Series program is used.

Use of the RSS bit set to 0 in all programs will improve programming and debugging efficiency.

Even when using a program in which the RSS bit is used set to 1, it is recommended that the program be amended
if possible so that it does not set the RSS bit to 1.

(1) RSS bit functions

* Registers used by instructions for which the A, X, B, C, and AX registers are directly entered in the operand
column of the instruction operation list (see 6.2.)

* Registers specified as implied by instructions that use the A, AX, B, and C registers by means of implied
addressing

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

The registers used in these cases are switched as follows according to the RSS bit.

— When RSS =0
A - R1, X - R0, B - R3, C — R2, AX — RPO, BC — RP1

— When RSS =1
A - R5, X - R4, B - R7, C — R6, AX — RP2, BC — RP3
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Registers used other than those mentioned above are always the same irrespective of the value of the RSS
bit. With the NEC assembler (RA78K4), the register operation code generated when the A, X, B, C, AX, and
BC registers are described by those names is determined by the assembler RSS pseudo-instruction.
When the RSS bit is set or reset, an RSS pseudo-instruction must be written immediately before (or
immediately after) the relevant instruction (see example below).

<Program example>
* When RSS is set to 0

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

* When RSS is set to 1

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

(2) Operation code generation method with RA78K4

* With RA78K4, if there is an instruction with the same function as an instruction for which A or AX is directly
entered in the operand column of the instruction operation list, the operation code for which A or AX is directly
entered in the operand column is generated first.

Example The function is the same when B is used for rin a MOV A, r instruction and when A is used as
rand B is used as r’ in a MOV r, r instruction, and the same description (MOVA, B) is used in
the assembler source program. In this case, RA78K4 generates code equivalent to the MOV
A, r instruction.

Remark The register that is actually used with this instruction is determined when the program is run

according to the contents of the RSS bit in the PSW. When RSS = 0, R1 or RPO is used, and
when RSS = 1, R5 or RP2 is used.

User's Manual U10905EJ8V1UM 121



CHAPTER 3 REGISTERS

e IfA, X, B, C, AX, or BCis written in aninstruction for whichr, r’, rp and rp’ are specified in the operand column,
the A, X, B, C, AX, and BC instructions generate an operation code that specifies the following registers
according to the operand of the RA78K4 pseudo-instruction.

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

* |f ROto R7 or RP0Oto RP4 is writtenasr, r’, rp or rp’ in the operand column, an operation code in accordance
with that specification is output (an operation code for which A or AXis directly entered in the operand column
is not output.)

¢ Descriptions R1, R3, R2 or R5, R7, R6 cannot be used for registers A, B, and C used in indexed addressing
and based indexed addressing.

(3) Operating precautions
Switching the RSS bit has the same effect as having two register sets. However, the following point must
be noted. If use with RSS = 1 is essential, these defects must be given full consideration when writing the
program.

(a) When writing a program, care must be taken to ensure that the static program description and dynamic
RSS bit changes at the time of program execution always coincide.
For example, when an MOV A, B instruction is assembled by RA78K4, MOV A, r code is generated. In
this case, the registers actually used are as shown below according to the RSS pseudo-instruction written
directly before the MOV A, B instruction in the source program and the RSS bit in the PSW when the
program is run.

RSS Pseudo-Instruction Operand

0 1

RSS bit in PSW 0 MOV R1, R3 MOV R1, R7
1 MOV R5, R3 MOV R5, R7
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(b) As a program that sets RSS to 1 cannot be used by a program that uses the context switching function,

()

(d)

program applicability is poor.

If interrupts are used by a program with more than one section in which the RSS bit in the PSW is set
to “1”, it is necessary to set the RSS bit in the PSW to “0” or “1” at the beginning of the interrupt service
program, and write an RSS pseudo-instruction corresponding to this in the source program. If this is not
done, the execution results may sometimes be incorrect. For example, consider the following interrupt
service program.

INT:
PUSH AX
MOV A, #byte
ADD lladdr24, A
POP AX
RETI

In this program, the register determined at assembly time by the RSS pseudo-instruction written
immediately before is used as the AX or A register in the “PUSH AX”, “MOV A, #byte”, and “POP AX”
instructions. However, in the “ADD !laddr24, A” instruction, the register used as the A register is
determined by the value to which the interrupted program set the RSS bit in the PSW. Therefore, either
the expected value or an unexpected value may be stored in the memory specified by !laddr24.

In this example, only the interrupt service program execution resultis in error, but if, for example, the ADD
instruction operands are reversed (ADD A, !laddr24), the contents of the register used by the interrupt
program might be corrupted.

Since the phenomenon occurs in an irregular fashion with this kind of bug, it is extremely difficult to find
the cause during debugging.

As different registers are used under the same name, program legibility is poor and debugging is difficult.
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3.1.4 Stack pointer (SP)

The stack pointer is a 24-bit register that holds the start address of the stack area (LIFO type: 000000H to FFFFFFH)
(see Figure 3-3). Itis used to address the stack area when subroutine processing or interrupt servicing is performed.

The contents of the SP are decremented before a write to the stack area and incremented after a read from the
stack area (see Figures 3-4 and 3-5).

The SP is accessed by special instructions.

The SP contents are undefined after RESET input, and therefore the SP must always be initialized by an
initialization program directly after reset release (before a subroutine call or interrupt acknowledgment).

In some products a number of bits at the high-order end of the SP are fixed at 0. Please refer to the User’s Manual
— Hardware for the individual products for details.

Example SP initialization
MOVG SP, #0FEEOH;SP « OFEEOH (when used from FEDFH)
Figure 3-3. Stack Pointer (SP) Configuration

23 0

SP
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Figure 3-4. Data Saved to Stack Area

RP3

RP2

AX

PUSH sfr PUSH sfrp
instruction instruction
stack stack
SP=
SP= d
1 SP-1 Higher byte
SP-1 d
SP-2 Lower byte
SP«SP-1
SP«SP-2
PUSH PSW PUSH rg
instruction instruction
stack stack
SP= SP=
N PSWH?7- N
SP-1 Undefined SP-1 Higher byte
. PSWH4 .
SP-2 PSWL SP-2 Middle byte
d
SP«SP-2 SP-3 Lower byte
SP«SP-3
PUSH post, PUSHU post instruction
(In case of PUSH AX, RP2, RP3)
CALL, CALLF, CALLT Vectored stack
SP= instruction stack SP= interrupt stack SP=
l 2 s d
SP-1 |Undefined | PC19-PC16 sp-1 | PSWH 1o049.pc16 SP-1 R7
PSWH4
J N d
SP-2 PC15-PC8 SP-2 PSWL SP-2 R6
l 2 d
SP-3 PC7-PCO SP-3 PC15-PC8 SP-3 R5
l 2
SP«SP-3 SP—4 PC7-PCO SP—4 R4
d
SP«SP—4 SP-5 A
d
SP-6 X
SP«SP-6
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SP«—SP+3

SP+2
T
SP+1
T
SP=

Figure 3-5. Data Restored from Stack Area

POP sfr POP sfrp
instruction instruction
stack stack
SP«SP+2
SP«SP+1
SP+1 Higher byte
SP= T
SP= Lower byte
POP PSW POP rg
instruction instruction
stack stack
SP«SP+2 SP«SP+3
T
sP+t | Bownr | v sP«2|  Higherbyte
T T
SP= PSWL SP+1 Middle byte
T
SP= Lower byte
POP post, POPU post instruction
(In case of POP AX, RP2, RP3)
RET RETI, RETB stack
instruction stack SPSP+4 instruction stack SPSP+6
e |PC19-PC16 sP+3 | ESWT |PCio-pCie SP+5 R7
T T RP3
PC15-PC8 SP+2 PSWL SP+4 R6
) T
PC7-PCO SP+1 PC15-PC8 SP+3 R5
T T RP2
SP= PC7-PCO SP+2 R4
T
SP+1 A
T AX
SP= X

Note This 4-bit data is ignored.

Cautions 1. With stack addressing, the entire 16 MB space can be accessed but a stack area cannot be

126

reserved in the SFR area or internal ROM area.

. The SP is undefined after RESET input. Moreover, non-maskable interrupts can still be

acknowledged when the SP is in an undefined state. An unanticipated operation may
therefore be performed if a non-maskable interrupt request is generated when the SP is in
the undefined state directly after reset release. To avoid this risk, the program after reset
release must be written as follows.

The yPD784915 Subseries is fixed to the LOCATION OH instruction.
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RSTVCT CSEG ATO
DwW RSTSTRT
l
INITSEG CSEG BASE
RSTSTRT: LOCATION 0H; or LOCATION OFH
MOVG SP, #STKBGN
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3.2 General-Purpose Registers

3.2.1 Configuration

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

8-bit register for address extension and used as 24-bit address specification registers.

General-purpose registers other than the V, U, T, and W registers for address extension are mapped onto internal

RAM.

These register sets are provided in 8 banks, and can be switched by means of software or the context switching

function.

Upon RESET input, register bank 0 is selected. The register bank used during program execution can be checked

by reading the register bank selection flag (RBS0, RBS1, RBS2) in the PSW.

Figure 3-6. General-Purpose Register Configuration

23

7 07 0
A (R1) ; X (RO)
AX (RPO)
B (R3) " C(R2)
BC (RP1)
RS5 | R4
RP2
I R7 | R6
] RP3
| RO | RS
VVP :(RG4) VP (RP4)
1 R11 | R10
UUP (RGS) UP (RPS)
D (R13) | E (R12)
| DE (RP6)
TDE (RG6)
" H(RI15) L (R14)
| HL (RP7)
WHL (RG7) -
15 0

Remark Absolute names are shown in parentheses.
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Figure 3-7. General-Purpose Register Addresses

8-bit processing

16-bit processing

FEFFH""
RBNKO H (R15) ¢, | L(R14) ¢, HL (RP7) gy,
RBNK1 D (R13) 4 | E (R12) DE (RP6) ¢,
RBNK2 R g R10 UP (RP5)
RBNK3 R9 ) R8 g1y VP (RP4) g,
RBNK4 R7 o R6 ) RP3
RBNK5 R5 g R4 ) RP2 )
RBNK6 B(R3) 4y | C(R2) BC (RP1)

FE8OH"" RBNK? A(R1) (1H) X (RO) (0H) AX (RPO) (0H)

7 07 0 15

Note When the LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed,
OFO0000H should be added to the address values shown.

The uPD784915 Subseries is fixed to the LOCATION OH instruction.

Caution R4, R5, R6, R7, RP2, and RP3 can be used as the X, A, C, B, AX, and BC registers respectively
by setting the RSS bit of the PSW to 1, but this function should only be used when using a 78K/

Remark

lll Series program.

When the register bank is switched, and it is necessary to return to the original register bank, an SEL
RBn instruction should be executed after first saving the PSW to the stack with a PUSH PSW instruction.
When returning to the original register bank, if the stack location does not change the POP PSW

instruction should be used.

When the register bank is changed by a vectored interrupt service program, etc., the PSW is automatically

saved to the stack when an interrupt is acknowledged and restored by an RETI or RETB instruction, so

that, if only one register bank is used in the interrupt service program, only an SEL RBn instruction need
be executed, and execution of a PUSH PSW and POP W instruction is not necessary.

Example 1. When register bank 2 is specified

PUSH PS
SEL RB2

POP PSW

Operations in register bank 2

Operations in original register bank

2. When the register bank is specified by a vectored interrupt service program.

INT:
SEL RB5

RETI

Operation in register bank 5

Automatic return to original register bank
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3.2.2 Functions

In addition to being manipulated as 8-bit units, the general-purpose registers can also be manipulated as 16-bit
units by pairing two 8-bit registers. Also, four of the 16-bit general registers can be combined with an 8-bit register
for address extension and manipulated as 24-bit units.

Each register can be used in a general way for temporary storage of an operation result and as the operand of
an inter-register operation instruction.

The area from OFE80H to OFEFFH (when the LOCATION OH is executed; OFFE80H to OFFEFFH when the
LOCATION OFH instruction is executed) can be given an address specification and accessed as ordinary data memory
irrespective of whether or not it is used as the general-purpose register area.

As 8 register banks are provided in the 78K/IV Series, efficient programs can be written by using different register
banks for normal processing and processing in the event of an interrupt.

The registers have the following specific functions.

A (R1):

¢ Register mainly used for 8-bit data transfers and operation processing. Can be used in combination with all
addressing modes for 8-bit data.

* Can also be used for bit data storage.

¢ Can be used as the register that holds the offset value in indexed addressing and based indexed addressing.

X (RO):
* Can be used for bit data storage.

AX (RPO):
¢ Register mainly used for 16-bit data transfers and operation processing. Can be used in combination with all
addressing modes for 16-bit data.

AXDE:
* Used for 32-bit data storage when a DIVUX, MACW, or MACSW instruction is executed.

B (R3):

* Has a loop counter function, and can be used by the DBNZ instruction.

* Can be used as the register that holds the offset value in indexed addressing and based indexed addressing.
¢ Used as the MACW and MACSW instruction data pointer.
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C (R2):

* Has a loop counter function, and can be used by the DBNZ instruction.

* Can be used as the register that holds the offset value in based indexed addressing.
e Used as the counter in a string instruction and the SACW instruction.

¢ Used as the MACW and MACSW instruction data pointer.

RP2:
* Used to save the lower 16 bits of the program counter (PC) when context switching is used.

RP3:
* Used to save the higher 4 bits of the program counter (PC) and the program status word (PSW) (excluding bits
0 to 3 of PSWH) when context switching is used.

VVP (RG4):
e Hasapointerfunction, and operates as the register that specifies the base address in register indirect addressing,
based addressing and based indexed addressing.

UUP (RG5):

* Has a user stack pointer function, and enables a stack separate from the system stack to be implemented by
means of the PUSHU and POPU instructions.

e Hasapointerfunction, and operates as the register that specifies the base address in register indirect addressing
and based addressing.

DE (RP6), HL (RP7):
* Operate as the registers that specify the offset value in indexed addressing and based indexed addressing.

TDE (RG6):

* Has apointerfunction, and operates as the register that specifies the base address in register indirect addressing
and based addressing.

¢ Used as the pointer in a string instruction and the SACW instruction.

WHL (RG7):

* Register used mainly for 24-bit data transfers and operation processing.

* Hasapointerfunction, and operates as the register that specifies the base address in register indirect addressing
and based addressing.

¢ Used as the pointer in a string instruction and the SACW instruction.

In addition to the function name that emphasizes the specific function of the register (X, A, C, B, E, D, L, H, AX,

BC, VP, UP, DE, HL, VVP, UUP, TDE, WHL), each register can also be described by its absolute name (RO to R15,
RPO to RP7, RG4 to RG7). The correspondence between these names is shown in Table 3-2.
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Table 3-2. Function Names and Absolute Names

(a) 8-bit register (b) 16-bit register
Function Name Function Name
Absolute Name Absolute Name
RSS =0 RSS = 1 Note RSS =0 RSS = 1 Note
RO X RPO AX
R1 A RP1 BC
R2 C RP2 AX
R3 B RP3 BC
R4 X RP4 VP VP
R5 A RP5 UpP UP
R6 C RP6 DE DE
R7 B RP7 HL HL
R8
i (c) 24-bit register
R10
R11 Absolute Name Function Name
R12 E E RG4 VVP
R13 D D RG5 uuP
R14 L L RG6 TDE
R15 H H RG7 WHL

Note RSS should only be set to 1 when a 78K/Ill Series program is used.

Remark R8 to R11 have no function name.
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3.3 Special Function Registers (SFR)

These are registers to which a specific function is assigned, such as on-chip peripheral hardware mode registers,
control registers, etc., and they are mapped onto the 256-byte space from OFFOOH to OFFFFH Note  pPlease refer
to the individual product documentation for details of the special function registers.

Note When the LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, the
area is OFFFOOH to OFFFFFH.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

Caution Addresses onto which SFRs are not mapped should not be accessed in this area. If such an

address is accessed by mistake, the CPU may become deadlocked. A deadlock can only be
released by reset input.
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The three kinds of processing shown in Table 4-1 can be programmed as servicing for interrupt requests.
Multiprocessing control using a 4-level priority system can easily be performed for maskable vectored interrupts.

Table 4-1. Interrupt Request Servicing

Service Mode Service Performed by Service PC/PSW Contents
Vectored interrupts | Software Executed by branching to service routine| Associated saving to & restoration
(any service contents) from stack
Context switching Executed by automatic switching of Associated saving to & restoration

register bank and branching to service from fixed area in register bank
routine (any service contents)

Macro service Firmware Execution of memory-1/O data transfers, | No change
etc. (fixed service contents)

Remark Please refer to the User’s Manual — Hardware for the individual products for details.
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4.1 Kinds of Interrupt Request

There are three kinds of interrupt request, as follows:
¢ Software interrupt requests

¢ Non-maskable interrupt requests

e Maskable interrupt requests

4.1.1 Software interrupt requests

An interrupt request by software is generated when a BRK instruction or BRKCS RBn instruction is executed, or
if here is an error in an operand of an MOV WDM, #byte instruction or MOV STBC, #byte instruction, LOCATION
instruction (operand error interrupt). Interrupt requests by software are acknowledged even in the interrupt disabled
(DI) state, and are not subject to interrupt priority control. Therefore, when an interrupt request is generated by
software, a branch is made to the interrupt service routine unconditionally.

To return from a BRK instruction, an RETB instruction is executed.

To return from a BRKCS RBn instruction service routine, a RETCSB !addr16 instruction is executed.

As an operand error interrupt is an interrupt generated if there is an error in an operand, processing is required
for branching to the initialization program by a reset release after the necessary processing has been performed, etc.

4.1.2 Non-maskable interrupt requests

A non-maskable interrupt request is generated when a valid edge is input to the NMI pin or when the watchdog
timer overflows. The provision of the NMI pin and watchdog timer functions varies from product to product. Please
refer to the User’s Manual — Hardware for the individual products for details.

Non-maskable interrupt requests are acknowledged unconditionally, even in the interrupt disabled (DI) state. Also,
they are not subject to interrupt priority control, and are of higher priority that any other interrupt.

4.1.3 Maskable interrupt requests

A maskable interrupt request is one subject to masking control according to the setting of the interrupt control
register. In addition, acknowledgment enabling/disabling can be set for all maskable interrupts by means of the IE
flag in the PSW.

The priority order for maskable interrupt requests when interrupt requests of the same priority are generated
simultaneously is predetermined (default priority). Also, multiprocessing can be performed with interrupt priorities
divided into 4 levels in accordance with the specification of the interrupt control register. However, macro service
requests are acknowledged without regard to priority control or the IE flag.
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4.2 Interrupt Service Modes

4.2.1 Vectored interrupts

A branch is made to the service routine using the memory contents of the vector table address corresponding to
the interrupt source as the branch destination address.

The following operations are executed to enable the CPU to perform interrupt servicing.

* When branching: The CPU state (PC & PSW contents) is saved to the stack.
* When returning : CPU statuses (PC & PSW contents) are restored from the stack.

The return from the service routine to the main routine is performed by an RETI instruction (or an RETB instruction
in the case of a BRK instruction or operand error interrupt).

The branch destination address is restricted to the base area from 0000H to FFFFH.

Please refer to the User’s Manual — Hardware for the individual products for details of the vector table.

4.2.2 Context switching

The prescribed register bank is selected by hardware by generation of an interrupt request or execution of a BRKCS
RBn instruction. With this function, a branch is made to the vector address stored beforehand in the register bank,
and at the same time the contents of the program counter (PC) and program status word (PSW) are stacked in the
register bank.

The return from the service routine is performed by a RETCS laddr16 instruction (oran RETCSB !addr16 instruction
in the case of a BRKCS RBn instruction).

The branch destination address is restricted to the base area from 0000H to FFFFH.

Figure 4-1. Context Switching Operation by Interrupt Request Generation

Register bank n

0000B 010 7) ||
@ Transfer Register bank n (n=0to 7) oy
[eiwrcs]  PcisPco | A X iy
p B C
@) Save (® Exchange RS | R4
(temporary !
register ®) save R7 . R6
bit 8 to 11)
\ VP
@ Register bank
| Temporary register | u upP switching
T 5 - (RBS0-RBS2¢n)
@ [RSSeo]
) Save w L IE<0
PSW
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4.2.3 Macro service function

In macro service, CPU execution is temporarily suspended when an interrupt is acknowledged, and the service
set by firmware is executed. Since macro service is performed without the intermediation of the CPU, it is not

necessary to save CPU statuses such as the PC and PSW contents. This is therefore very effective in improving
the CPU service time.

Please refer to the User’s Manual — Hardware for the individual products for details of macro service.
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5.1 Instruction Address Addressing

The instruction address is determined by the contents of the program counter (PC), and is normally incremented
(by 1 for one byte) automatically in accordance with the number of bytes in the fetched instruction each time an
instruction is executed. However, when an instruction associated with a branch is executed, branch address
information is set in the PC and a branch performed by means of the addressing modes shown below.

The following kinds of instruction address addressing are provided:

* (8-bit/16-bit) relative addressing

¢ (11-bit/16-bit/20-bit) immediate addressing
¢ Table indirect addressing

* 16-bit register addressing

* 20-bit register addressing

* 16-bit register indirect addressing

e 20-bit register indirect addressing

Details of each kind of addressing are given in the following sections.
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5.1.1 Relative addressing

[Function]

The value obtained by adding the 8-bit or 16-bit immediate data in the operation code (displacement value: jdisp8,
jdisp16) to the start address of the next instruction is transferred to the program counter (PC), and a branch is
made. The displacement value is treated as signed two’s complement data (-128 to +127, —32,768 to +32,767),
with the MSB as the sign bit.

This is performed when a CALL $!addr20, BR $!addr20, BR $addr20, or conditional branch instruction is executed
(only 8-bit immediate data can be used in a conditional branch instruction).

[Explanatory Diagrams]

8-bit relative addressing

19 0
PC+b ... b =number of
instruction bytes

+

19 876 0
X S
jdisp8

N

19 0

PC

When S =0, all bits of x are 0
When S = 1, all bits of x are 1

16-bit relative addressing

19 0
PC+b ... b =number of
instruction bytes
+
19 0
S
jdisp16
{
19 0

PC
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5.1.2 Immediate addressing

[Function]

The immediate data in the instruction word is transferred to the program counter (PC), and a branch is made.
This is performed when a CALL !laddr20, BR !laddr20, CALL !addr16, BR laddr16, or CALLF laddr11 instruction
is executed.

In the case of a CALL !addr16 or BR !addr16 instruction (16-bit immediate addressing), the higher 4-bit address
is fixed at 0, and a branch is made to the base area. In the case of the CALLF !addr11 instruction, the higher 9-
bit address is fixed at 000000001.

[Explanatory Diagrams]

20-bit immediate addressing

CALL or BR

High addr.

Low addr.

Middle addr.

19 y 1615 i 87 Y 0

PC

16-bit immediate addressing

7 0
CALL or BR
Low addr.
Middle addr.
19 1615 87 0
PCl|0OO0OOO
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11-bit immediate addressing

CALLF faH

falL

19 1110y 87 0
PCl 0O0OO0OO0OOOOO1

[Caution]
As the branch destination of the BR laddr16 instruction is restricted, it should only be used when using a
78K/0, 78K/I, 78K/Il, or 78K/Ill Series program.
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5.1.3 Table indirect addressing

[Function]

The specific location table contents (branch destination address) addressed by the immediate data in the lower
5 bits of the operation code are transferred to the lower 16 bits of the program counter (PC), 0000 is transferred
to the higher 4 bits, and a branch is made (the branch destination address is restricted to the base area).
This is performed when a CALLT [addr5] instruction is executed.

[Explanatory Diagram]

7 54 0
Operation code 111 ta
Effective 23 87 65 0
address= | 0 0 0 0O 0 00O OOOO0OOOOOO|O 1 ta 0
Memory (Table)
Effective address Low addr.
Effective address + 1 High addr.
19 16 15 87 0
PC|0 00O
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5.1.4 16-bit register addressing

[Function]

The contents of register rp (RPO to RP7) specified by the instruction word are transferred to the lower 16 bits of
the program counter (PC), 0000 is transferred to the higher 4 bits, and a branch is made (the branch destination
address is restricted to the base area).

This is performed when a BR rp or CALL rp instruction is executed.

[Explanatory Diagrams]

7 07 0
p
{
19 16 15 87 0
PC|0 00O

[Caution]
As the branch destination of the BR rp instruction is restricted, it should only be used when using a 78K/0,

78K/1, 78K/Il, or 78K/Ill Series program.

If AX or BC is written for rp, with the NEC RA78K4 assembler the object code generated depends on the RSS
pseudo-instruction written immediately before. “1” should be specified by the RSS pseudo-instruction only when
a 78K/lll Series program is used (see 3.1.3 Use of RSS bit).

5.1.5 20-bit register addressing
[Function]
The contents of register rg (RG4 to RG7) specified by the instruction word are transferred to the program counter
(PC), and a branch is made. The higher 4 bits of rg should be set to 0000.

This is performed when a BR rg or CALL rg instruction is executed.

[Explanatory Diagram]

7 4 07 07 0
00O0O0
2
19 16 15 87 0
PC
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5.1.6 16-bit register indirect addressing

[Function]

The 2 consecutive bytes of data in the memory addressed by the contents of register rp (RPO to RP7) specified
by the instruction word are transferred to the lower 16 bits of the program counter (PC), 0000 is transferred to the
higher 4 bits, and a branch is made (the branch destination address is restricted to the base area).

This is performed when a BR [rp] or CALL [rp] instruction is executed.

[Explanatory Diagram]

7 07 0
P
2
23 16 15 87 0
Effective
address= |0 0 000000
Memory
Effective address Low addr.
Effective address + 1 High addr.
19 16 15 87 0
0000
[Caution]

As the address that holds the branch destination address and the branch destination of the BR [rp] instruction are
restricted, it should only be used when using a 78K/Ill Series program.

If AX or BC is written for rp, with the NEC RA78K4 assembler the object code generated depends on the RSS
pseudo-instruction written immediately before. “1” should be specified by the RSS pseudo-instruction only when
a 78K/lll Series program is used (see 3.1.3 Use of RSS bit).
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5.1.7 20-bit register indirect addressing

[Function]

The 3 consecutive bytes of data in the memory addressed by the contents of register rg (RPO to RP7) specified
by the instruction word are transferred to the program counter (PC), and a branch is made. The higher 4 bits of
the 3-byte data stored in the memory should be set to 0000.

This is performed when a BR [rg] or CALL [rg] instruction is executed.

[Explanatory Diagram]

7 07 07 0
rg
2
23 16 15 87 0
Effective
address =
Memory
Effective address Low addr.
Effective address + 1 Middle addr.

Effective address + 2 00O00O ‘ High addr. T

19 y 1615 i 87 0

PC
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5.2 Operand Address Addressing

The following methods are available for specifying the register, memory, etc., to be manipulated when an instruction
is executed.

¢ Implied addressing

* Register addressing

¢ Immediate addressing

* 8-bit direct addressing

* 16-bit direct addressing

e 24-bit direct addressing

* Short direct addressing

* Special function register (SFR) addressing

* Short direct 16-bit memory indirect addressing

* Short direct 24-bit memory indirect addressing

* Stack addressing

* 24-bit register indirect addressing (including 24-bit register indirect addressing with auto-increment/auto-
decrement)

* 16-bit register indirect addressing

* Based addressing

¢ Indexed addressing

¢ Based indexed addressing

Details of each kind of addressing are given in the following sections.
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5.2.1 Implied addressing

[Function]

This type of addressing automatically addresses registers in the register bank specified by the register bank
selection flags (RBS2, RBS1, and RBS0).

Instructions that use implied addressing in the 78K/IV Series instruction word are shown below.

The A, AX, C, and B registers used by these instructions are affected by the RSS bit in the PSW. When RSS =
0, R1, RPO, R2, and R2, respectively are accessed for the A, AX, C, and B registers, and when RSS = 1, R5, RP2,
R6, and R7 are accessed. RSS should only be set to 1 when a 78K/Ill Series program is used (see 3.1.3 Use
of RSS bit).

Instruction Registers Specified by Implied Addressing
MULU A register as multiplicand, AX register as that holds product
MULUW, MULW AX register as multiplicand and register that holds higher 16 bits of product
DIVUW AX register as register that holds dividend and quotient
DIVUX AXDE register as register that holds dividend and quotient
MACW, MACSW AXDE register as register that holds result of sum of products operation, B and C registers as
pointer registers that specify data
ADJBA, ADJBS A register as register that holds numeric value subject to decimal adjustment
CvTBW A register as register that holds data before sign extension is performed, and AX register as

register that holds result of sign extension

CHKLA A register as register that holds result of comparison between pin level and port output latch

ROR4, ROL4 A register as register that holds digit data subject to digit rotation (only lower 4 bits are used)

SACW, string instruction | C register as data counter string instruction

[Operand Format]
As this is used automatically according to the instruction, there is no specific operand format.

[Description Example]

MULU r; In an 8-bit x 8-bit multiplication instruction, the product of the A register and r register are stored in the
AX register. Here, the A and AX registers are specified by implied addressing.
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5.2.2 Register addressing

[Function]

This type of addressing accesses as an operand the general-purpose register specified by the register specification
code in the instruction word in the register bank specified by the register bank selection flag (RBS2, RBS1, RBSO0).
Register addressing is performed when an instruction with one of the operand formats shown below is executed.

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
A A
C C
X X
B B
r X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7, R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
r1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7
r2 R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
r3 V,U T, W
AX AX
rp AX(RPO0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5), DE(RP6), HL(RP7)
rp1 AX(RPO), BC(RP1), RP2, RP3
rp2 VP(RP4), UP(RP5), DE(RP6), HL(RP7)
WHL WHL
rg VVP(RG4), UUP(RG5), TDE(RG6), WHL(RP7)

Remarks 1. Absolute names are shown in parentheses.

2. With an instruction (such as ADDW AX, #word) in which A, X, AX, B, or C is specified directly as
the register addressing operand, the register used as A, X, AX, B, or C is determined by the RSS
bit in the PSW when the instruction is executed. The RSS bit in the PSW should be set to “1” only
when a 78K/Ill Series program is used (see 3.1.3 Use of RSS bit).

3. IfA, X, B, C, AX, or BC is written as an operand in an instruction in which r, r1, rp, or rp1 is specified
as the register addressing operand, with the NEC RA78K4 assembler the object code generated
depends on the RSS pseudo-instruction written immediately before. “1” should be specified in the
RSS pseudo-instruction operand only when a 78K/Ill Series program is used (see 3.1.3 Use of RSS
bit).

[Description Example 1]
¢ General example
MOV A, r
¢ Specific example
MOV A, C ; When the C register is selected as r

[Description Example 2]
¢ General example
INCW rp
¢ Specific example
INCW DE ; When the DE register pair is selected as rp
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5.2.3 Immediate addressing

[Function]

This type of addressing has 8-bit data, 16-bit data and 24-bit data subject to manipulation in the operation code.

[Operand Format]

Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
byte Label or 8-bit immediate data
word Label or 16-bit immediate data
imm24 Label or 24-bit immediate data

[Description Example]
¢ General example

ADD A, #byte

¢ Specific example
ADD A, #77H ; When 77H is used as byte
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5.2.4 8-bit direct addressing

[Function]

With this kind of addressing, the immediate data in the instruction word is the operand address and the memory
to be manipulated is addressed. It is used with the MOVTBLW instruction. Memory from OFEOOH to OFEFFH is
addressed when a LOCATION OH instruction is executed, and memory from OFFEOOH to OFFEFFH when a
LOCATION OFH instruction is executed.

[Operand Format]
Performed when an instruction with the operands shown below is executed.

Identifier Description Format

laddr8 Label, or immediate data OFEOOH to OFEFFH Note

Note When the LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, the
range is OFFEOOH to OFFEFFH.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

[Description Examples]
¢ General example
MOVTBLW laddr8, n
¢ Specific example
MOVTBLW !0FE24H, n; When FE24H is used as addr8

[Explanatory Diagram]

7 0
OP code
Low addr.
Memory
23 16 15 87 0
Effective N
address 00O00O0 L 11111110

Remark L depends on the LOCATION instruction.
e When LOCATION OH instruction is executed : 0000
e When LOCATION OFH instruction is executed: 1111
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5.2.5 16-bit direct addressing

[Function]
This type of addressing addresses memory subject to manipulation with the immediate data in the instruction word
as the operand address. The base area can be addressed.

[Operand Format]
Performed when an instruction with the operand format shown below is executed.

Identifier Description Format

addr16 Label or 16-bit immediate data

[Description Example]
¢ General example
MOV A, laddr16
¢ Specific example
MOV A, I0FEOOH ; When FEOOH is used as addr16

[Explanatory Diagram]

7 0
OP code
Low addr.
Middle addr.
Base area memory
23 16 15 Y 87 0
Effective -
address 0000O0O0OO0OO
[Remarks]

This kind of addressing should only be used when it is absolutely essential to reduce the execution time or object
size, or when 78K/0, 78K/l, 78K/ll, or 78K/Ill Series software is used and program amendment is difficult.
Amendments may be necessary in order to make further use of a program that uses this kind of addressing.
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5.2.6 24-bit direct addressing

[Function]
This type of addressing addresses memory subject to manipulation with the immediate data in the instruction word
as the operand address. The entire memory space can be addressed.

[Operand Format]
Performed when an instruction with the operand format shown below is executed.

Identifier Description Format

addr24 Label or 24-bit immediate data

[Description Example]
¢ General example
MOV A, !laddr24
¢ Specific example
MOV A, '54FEOOH ; When 54FEOQOH is used as addr24

[Explanatory Diagram]

OP code

High addr.

Low addr.

Middle addr.

Memory

23 y 16 15 8 7 0
Effective N

address
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5.2.7 Short direct addressing

[Function]

This type of addressing directly addresses memory subject to manipulation in a fixed space with the 8-bitimmediate
data in the instruction word. This kind of addressing can be used with most instructions, and allows various kinds
of data to be manipulated using a small number of bytes and small number of clocks.

With short direct addressing, the applicable address range varies according to the LOCATION instruction in the
same way as the internal data area location addresses. When a LOCATION OH instruction is executed, internal
RAM from OFD20H to OFEFFH and special function registers (SFRs) from OFFOOH to OFF1FH can be accessed.
When a LOCATION OFH instruction is executed, internal RAM from OFFD20H to OFFEFFH and SFRs from
OFFFOOH to OFFF1FH can be accessed.

Ports frequently accessed in the program, timer/counter unit compare registers and capture registers are mapped
onto the SFR area on which short direct addressing is used. These special function registers can be manipulated
using a small number of bytes and small number of clocks.

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format

saddr Label or immediate data OFD20H to OFF1FH

saddr1 Label or immediate data OFEOOH to OFEFFH

saddr2 Label or immediate data OFD20H to OFDFFH and OFFOOH to OFF1FH
saddrp Label or immediate data OFD20H to OFF1EH

saddrp1 Label or immediate data OFEOOH to OFEFEH

saddrp2 Label or immediate data OFD20H to OFDFFH and OFFOOH to OFF1EH

(If OFDFFH is specified, the higher byte is OFEOOH)

saddrg Label or immediate data OFD20H to OFEFDH

saddrg1 Label or immediate data OFEOOH to OFEFDH (during 24-bit manipulation)
saddrg2 Label or immediate data OFD20H to OFDFFH (during 24-bit manipulation)

Remark The addresses in this table are those that apply when the LOCATION OH instruction is executed.
When the LOCATION OFH instruction is executed, FOOOOH should be added to the values shown.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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[Description Example]
* General example
MOV saddr, saddr
¢ Specific example
MOV OFE30H, OFE50H

[Explanatory Diagram]

OP code

Saddr-offset

Short direct memory

23 2019 1615 109 87 0
Effective
address | 0000 L 111111 | X -

Remark L depends on the LOCATION instruction.
e When LOCATION OH instruction is executed : 0000
e When LOCATION OFH instruction is executed : 1111

X is determined by the op code information and the value of Saddr-offset.
* When saddr1 is specified by op code: 10

e When saddr2 is specified by op code and Saddr-offset is 20H to FFH: 01
e When saddr2 is specified by op code and Saddr-offset is 00H to 1FH: 11
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5.2.8 Special function register (SFR) addressing function

[Function]

This type of addressing addresses memory-mapped special function registers (SFRs) with the 8-bitimmediate data

in the instruction word.
The space used by this kind of addressing varies according to the LOCATION instruction in the same way as the
internal data area location addresses. When a LOCATION OH instruction is executed, it is the 256-byte space
from OFFOOH to OFFFFH, and when a LOCATION OFH instruction is executed, it is the 256-byte space from
OFFFOOH to OFFFFFH. However, SFRs mapped onto OFFOOH to OFF1FH (when the LOCATION OH instruction
is executed; OFFFOOH to OFFF1FH accessed by short direct addressing.

Remarks 1. With the NEC assembler package (RA78K4), short direct addressing is automatically (forcibly) used

for instructions on SFRs in addresses that can be accessed by short direct addressing.
2. The uPD784915 Subseries is fixed to the LOCATION OH instruction.

[Operand Format]

Performed when an instruction with one of the operand formats shown below is executed.

Identifier

Description Format

sfr

Special function register name

sfrp

Name of special function register for which 16-bit operation is possible

[Description Example]
* General example
MOV sfr, A
¢ Specific example
MOV PMO, A ; When PMO is specified as sfr

[Explanatory Diagram]

Effective
address

7 0

OP code

Sfr—offset
23 1615 87 Y 0 SFR
0000 L 11111111

Remark L depends on the LOCATION instruction.
e When LOCATION OH instruction is executed : 0000
e When LOCATION OFH instruction is executed: 1111
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5.2.9 Short direct 16-bit memory indirect addressing

[Function]

This type of addressing addresses base area memory subject to manipulation with the contents of the two
consecutive bytes of short direct memory addressed by the lower 16 bits of the operand address and the higher
8 bits of the operand address set to 00000000.

This addressing is used when an instruction with [saddrp] in an operand is executed.

[Operand Format]
Performed when an instruction with the operand format shown below is executed.

Identifier Description Format

[saddrp] [Label, immediate data FD20H to FEFEH Note]

Note When the LOCATION 0 instruction is executed. When the LOCATION OFH instruction is executed, the
range is FFD20H to FFEFEH.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

[Description Example]
* General example
XCH A, [saddrp]
¢ Specific example
XCH A, [OFEAOH] ; When memory indicated by 2-byte data in addresses OFEAOH and OFEA1H is specified

[Explanatory Diagram]

OP code

Saddr—offset

Short direct addressing

Short direct memory

7 0
Low addr.
High addr.
Memory
23 1615 Y 8 7 Y 0
Effective
address 0000O0OO0OO0O
[Remarks]

This kind of addressing should only be used when it is absolutely essential to reduce the execution time or object
size, or when 78K/0, 78K/l, 78K/ll, or 78K/Ill Series software is used and program amendment is difficult.
Amendments may be necessary in order to make further use of a program that uses this kind of addressing.
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5.2.10 Short direct 24-bit memory indirect addressing

[Function]

This type of addressing addresses memory subject to manipulation with the contents of the 3 consecutive bytes
of short direct memory addressed by the 8-bit immediate data in the instruction word as the operand address.
This addressing is used when an instruction with [%saddrg] in an operand is executed.

[Operand Format]
Performed when an instruction with the operand format shown below is executed.

Identifier Description Format

[Y%saddrg] [%label, immediate data FD20H to FEFDH Note)

Note When the LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, the
range is OFFD20H to OFFEFDH.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

[Description Example]
¢ General example
XCH A, [%saddrg]
¢ Specific example
XCH A, [%0FEAOH] ; When memory indicated by 3-byte data in addresses OFEAOH, OFEA1H and OFEA2H is
specified

[Explanatory Diagram]

OP code

Saddr-offset

Short direct addressing

Short direct memory

7 0
Low addr.
Middle addr.
High addr.
Memory
23 A 1615 A 8 7 A 0
Effective
address
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5.2.11 Stack addressing

[Function]

This type of addressing indirectly addresses the stack area in accordance with the contents of the stack pointer
(SP) and user stack pointer (UUP).

The SP is used automatically when a PUSH or POP instruction is executed, when register saving/restoration is
performed as the result of interrupt request generation, and when a subroutine call or return instruction is executed.
The UUP is used automatically when a PUSHU or POPU instruction is executed.

[Description Example]

PUSH DE ; When the contents of the DE register are saved to the stack using a PUSH instruction When this
instruction is executed, the SP is automatically decremented (by 2) and the contents of the DE register
are saved to the stack.

[Explanatory Diagram]

Stack area
SP=
J
SP-1| D register contents
l

SP-2| E register contents

SP«SP-2

Caution With stack addressing, the entire 16 MB space can be accessed but a stack area cannot be
reserved in the SFR area or internal ROM area.
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5.2.12 24-bit register indirect addressing

[Function]

This type of addressing addresses the memory to be manipulated with the contents of register rg (RG4 to RG7)
specified by the register pair specification code in the instruction word in the register bank specified by the register
bank selection flag (RBS2, RBS1, RBSO0) as the operand address. The entire memory space can be addressed.
In addition, register indirect addressing with auto-increment that increments (+1/+2/+3) the register for which an
address specification was made after instruction execution and register indirect addressing with auto-decrement
that decrements (—1/—2/-3) the register after instruction execution are provided. The increment and decrement
values are determined by the size of data manipulated.

This type of addressing is ideal for consecutive processing of multiple items of data.

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
mem [TDE], [WHL], [TDE+], [WHL+], [TDE-], [WHL-], [VVP], [UUP]
mem1 [TDE], [WHL], [TDE+], [TDE-]
mem2 [TDE], [WHL]
mem3 [TDE], [WHL], [VVP], [UUP]

Remark “+” after register name: With auto-increment
“~” after register name: With auto-decrement

[Description Example]
* General example
MOV A, mem
¢ Specific example
ADD A, [TDE] ; When [TDE] is specified as mem
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[Explanatory Diagram]

24-bit register indirect addressing

23 0
rg
Memory
{
23 0
Effective -
address
Register indirect addressing with auto-increment/decrement
23 Y 0
rg - 1/2/3
i Memory
23 0
Effective -
address
Remark +/-
+ : With auto-increment
— : With auto-decrement
1/2/3

1 : When data size is 1 byte
2 : When data size is 2 bytes (1 word)
3 : When data size is 3 bytes
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5.2.13 16-bit register indirect addressing

[Function]

This type of addressing addresses the memory to be manipulated with the contents of register rp (RP0O to RP3)
specified by the register specification code in the instruction word in the register bank specified by the register
bank selection flag (RBS2, RBS1, RBS0) as the operand address. The base area memory space can be addressed.
This type of addressing is only used with the ROR4 and ROL4 instructions, and is used when processing multiple
consecutive bytes of BCD data.
This addressing is provided to maintain compatibility with the 78K/IIl Series, and should only be used when using

a 78K/Ill Series program.

[Operand Format]

Performed when an instruction with the operand format shown below is executed.

Identifier

Description Format

mem3

[AX], [BC], [RP2], [RP3]

[Description Example]
* General example
ROR4 mem3
¢ Specific example
ROR4 [BC] ; When [BC] is written as mem3

[Explanatory Diagram]

Effective
address

Memory

15
Y
23 1615
0000O0OO0OO0CO
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5.2.14 Based addressing

[Function]

With this type of addressing, register rg (RG4 to RG7) specified by the register specification code in the instruction
word or the stack pointer (SP) in the register bank specified by the register bank selection flag (RBS2, RBS1, RBS0)
addressed with the result of adding 8-bit immediate data to addition is performed with the offset data extended
to 24 bits as a positive number. A carry from the 24th bit is ignored.

The entire memory space can be addressed.

This type of addressing is used when specific data is specified in an array in which one record consists of a number
of bytes of data.

MOV A, [WHL+2H]

Record start address—

WHL+2— WHL + 2 manipulated with WHL
as record start address

WHL—

One record of array

Record start address—

[ ] : Specific data in each record

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
mem [TDE + byte], [WHL + byte], [SP + byte], [VVP + byte], [UUP + byte]
mem1 [TDE + byte], [WHL + byte], [SP + byte], [VVP + byte], [UUP + byte]

[Description Example]
* General example
AND A, mem
¢ Specific example
AND A, [TDE+10H] ; When based addressing using the sum of register TDE as mem and 10H is selected

[Explanatory Diagram]

23 0
rg
+
7 0
8-bit offset data
1 Memory
23 0
Effective _
address
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5.2.15 Indexed addressing

[Function]

With this type of addressing, the 24-bit address data written as the operand in the instruction word is used as the
index, and memory is addressed with the result of adding the contents of the register specified in the instruction
word in the register bank specified by the register bank selection flag (RBS2, RBS1, RBSO0) to this value. The
addition is performed with the register carry from the 24th bit is ignored.

The entire memory space can be addressed.

This type of addressing is used for table data reads, etc.

The A and B registers used in this addressing vary according to the value of the RSS bit in the PSW. When RSS
= 0, these registers are R1 and R3 respectively, and when RSS = 1 they are R5 and R7. RSS should only be
set to 1 when using a 78K/Ill Series program.

TABLE+4—

TABLE+3— «TABLE [A], when A=3H:
TABLE+2— Manipulation of A'th data
TABLE+1— item in table by TABLE [A]
TABLE —

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
mem imm24[A], imm24[B], imm24[DE], imm24[HL]
mem1 imm24[A], imm24[B], imm24[DE], imm24[HL]

[Description Example]
* General example
ADDC A, mem
¢ Specific example
ADDC A, 4010H[DE] ; When indexed addressing using the sum of register DE as mem and 04010H is selected

[Explanatory Diagram]

23 0
Index address
+
15/7"" 0
Register
l Memory
23 0
Effective
address

Note 15 : When register is DE or HL
7 : When register is A or B
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5.2.16 Based indexed addressing

[Function]

With this type of addressing, the register specified by the register specification code in the instruction word in the
register bank specified by the register bank selection flag (RBS2, RBS1, RBSO0) is used as the base register, and
memory is addressed with the result of adding the value of a register specified in the same way to the contents
of this base register as offset data. The addition is performed with the offset data extended to 24 bits as a positive
number. A carry from the 24th bit is ignored.

The entire memory space can be addressed.

This type of addressing is used to specify in order data in an array in which one record consists of a number of
bytes of data.

The A, B, and C registers used in this addressing vary according to the value of the RSS bit in the PSW. When
RSS =0, these registers are R1, R3, and R2 respectively, and when RSS = 1 they are R5, R7, and R6. RSS should
only be set to 1 when using a 78K/Ill Series program.

MOV A, [WHL+C]

Record start address—

WHL+C— WHL + C manipulated with WHL
as record start address (When C = 2)

WHL—

One record of array

Record start address—

[ ]: Specific data in each record

[Operand Format]
Performed when an instruction with one of the operand formats shown below is executed.

Identifier Description Format
mem [TDE + A], [TDE + B], [TDE + C], [WHL + A], [WHL + B], [WHL + C], [VVP + DE], [VVP + HL]
mem1 [TDE + A], [TDE + B], [TDE + C], [WHL + A], [WHL + B], [WHL + C], [VVP + DE], [VVP + HL]

[Description Example]
* General example
AND A, mem
¢ Specific example
AND A, [TDE+B] ; When based addressing using the sum of register TDE as mem and register B is selected
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[Explanatory Diagram]

23 0
Base register
+
15/7"" 0
Offset register
1 Memory
23 0
Effective -
address

Note 15 : When
7 : When

register is DE or HL
registeris A, B or C
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CHAPTER 6 INSTRUCTION SET

This chapter shows the 78K/IV Series instruction set.
6.1 Legend

(1) Operand identifiers and descriptions (1/2)

Identifier Description Format
r, r Note 1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7, R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
r1 Note 1 X(R0), A(R1), C(R2), B(R3), R4, R5, R6, R7
r2 R8, R9, R10, R11, E(R12), D(R13), L(R14), H(R15)
r3 V,U T, W
rp, rp’ Note 2 AX(RPO0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5), DE(RP6), HL(RP7)
rp1 Note 2 AX(RPO), BC(RP1), RP2, RP3
rp2 VP(RP4), UP(RP5), DE(RP6), HL(RP7)
rg, rg’ VVP(RG4), UUP(RG5), TDE(RGS6), WHL(RG7)
sfr Special function register symbol (see Special Function Register Application Table)
sfrp Special function register symbol (register for which 16-bit operation is possible: see Special Function

Register Application Table)

post Note 2 Multiple descriptions of AX(RP0), BC(RP1), RP2, RP3, VP(RP4), UP(RP5)/PSW, DE(RP6) and HL(RP7)
are permissible. However, UP is only used with PUSH/POP instructions, and PSW with PUSHU/POPU
instructions.

mem [TDE], [WHL], [TDE +], [WHL +], [TDE -], [WHL -], [VVP], [UUP]: Register indirect addressing

[TDE + byte], [WHL + byte], [SP + byte], [UUP + byte], [VVP + byte]: Based addressing

imm24[A], imm24[B], imm24[DE], imm24[HL]: Indexed addressing

[TDE + A], [TDE + B], [TDE + C], [WHL + A], [WHL + B], [WHL + C], [VVP + DE], [VVP + HL]: Based
indexed addressing

memf All with [WHL +], [WHL —] excluded from mem
mem2 [TDE], [WHL]
mem3 [AX], [BC], [RP2], [RP3], [VVP], [UUP], [TDE], [WHL]

Notes 1. Setting the RSS bit to 1 enables R4 to R7 to be used as X, A, C, and B, but this function should only
be used when using a 78K/Ill Series program.

2. Setting the RSS bit to 1 enables RP2 and RP3 to be used as AX and BC, but this function should only
be used when using a 78K/Ill Series program.
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(1) Operand identifiers and descriptions (2/2)

Identifier

Description Format

Note
saddr, saddr’

saddri1, saddr1’
saddr2, saddr2’

FD20H to FF1FH immediate data or label
FEOOH to FEFFH immediate data or label

FD20H to FDFFH, FFOOH to FF1FH immediate data or label

saddrp FD20H to FF1EH immediate data or label (16-bit operation)
saddrp1 FEOOH to FEFEH immediate data or label (16-bit operation)
saddrp2 FD20H to FDFFH, FFOOH to FF1EH immediate data or label (16-bit operation)
saddrg FD20H to FEFDH immediate data or label (24-bit operation)
saddrg1 FEOOH to FEFDH immediate data or label (24-bit operation)
saddrg2 FD20H to FDFFH immediate data or label (24-bit operation)
addr24 OH to FFFFFFH immediate data or label

addr20 OH to FFFFFH immediate data or label

addr16 OH to FFFFH immediate data or label

addr11 800H to FFFH immediate data or label

addr8 OFEOOH to OFEFFH Note immediate data or label

addr5 40H to 7EH immediate data or label

imm24 24-bit immediate data or label

word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label

n 3-bit immediate data

locaddr 00H or OFH

Note The addresses shown here apply when O0H is specified by the LOCATION instruction.

When OFH is specified by the LOCATION instruction, FOOOOH should be added to the address values shown.

The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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(2) Operand column symbols

Symbol Description
+ Auto-increment
- Auto-decrement
# Immediate data
! 16-bit absolute address
1! 24-bit/20-bit absolute address
$ 8-bit relative address
3! 16-bit relative address
/ Bit inversion
[] Indirect addressing
[% ] 24-bit indirect addressing
(3) Flag column symbols
Symbol Description
(Blank) No change
0 Cleared to 0
1 Set to 1
X Set or cleared depending on result
P P/V flag operates as parity flag
\Y P/V flag operates as overflow flag
R Previously saved value is restored
(4) Operation field symbols
Symbol Description
jdisp8 Signed two’s complement data (8 bits) indicating relative address distance between start address of next
instruction and branch address
jdisp16 Signed two’s complement data (16 bits) indicating relative address distance between start address of next
instruction and branch address
PCrw PC bits 16 to 19
PCww PC bits 0 to 15
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(5) Number of bytes of instruction that includes mem in operands

mem Mode Register Indirect Addressing Based Indexed Based Indexed
Addressing Addressing Addressing
Number of bytes 2 Note 3 5 2

Note One-byte instruction only when [TDE], [WHL], [TDE +], [TDE —], [WHL +], or [WHL —] is written as mem in
a MOV instruction

(6) Number of bytes of instruction that includes saddr, saddrp, r or rp in operands
In some instructions which include saddr, saddrp, r, rp as operands, the number of bytes is written divided
into two with “/”. Which number of bytes is to be used depends on the table below.

Identifier Number of Bytes: Left Side Number of Bytes: Right Side
saddr saddr2 saddr1
saddrp saddrp2 saddrp1
r r1 r2
rp rp1 rp2

(7) Description of instructions that include mem in operands and string instructions
Operands TDE, WHL, VVP, and UUP (24-bit registers) can also be written as DE, HL, VP, and UP respectively.
However, they are still treated as TDE, WHL, VVP, and UUP (24-bit registers) when written as DE, HL, VP,

and UP.
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6.2 List of Instruction Operations

(1) 8-bit data transfer instruction: MOV

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY

MOV r, #byte 2/3 r < byte
saddr, #byte 3/4 (saddr) < byte
sfr, #byte 3 sfr « byte
laddr16, #byte 5 (addr16) « byte
laddr24, #byte 6 (addr24) « byte
rnLr 2/3 rr
Ar 1/2 Aer
A, saddr2 2 A « (saddr2)
r, saddr 3 r « (saddr)
saddr2, A 2 (saddr2) « A
saddr, r 3 (saddr) «r
A, sfr 2 A « sfr
r, sfr 3 r « sfr
sfr, A 2 sfr < A
sfr, r 3 sfrer
saddr, saddr’ 4 (saddr) « (saddr’)
r, laddr16 4 r < (addr16)
laddr16, r 4 (addr16) « r
r, laddr24 5 r < (addr24)
laddr24, r 5 (addr24) « r
A, [saddrp] 2/3 A « ((saddrp))
A, [Ysaddrg] 3/4 A « ((saddrg))
A, mem 1-5 A < (mem)
[saddrp], A 2/3 ((saddrp)) « A
[%saddrg], A 3/4 ((saddrg)) « A
mem, A 1-5 (mem) « A
PSWL, #byte 3 PSWL « byte X X X X X
PSWH, #byte 3 PSWH « byte
PSWL, A 2 PSWL « A X X X X X
PSWH, A 2 PSWH « A
A, PSWL 2 A « PSWL
A, PSWH 2 A <« PSWH
r3, #byte 3 r3 « byte
A, r3 2 A«r3
3, A 2 I3« A
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(2) 16-bit data transfer instruction: MOVW

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY

MOovw rp, #word 3 rp « word
saddrp, #word 4/5 (saddrp) < word
sfrp, #word 4 sfrp « word
laddr16, #word 6 (addr16) « word
lladdr24, #word 7 (addr24) « word
p, rp’ 2 p « rp’
AX, saddrp2 2 AX « (saddrp2)
rp, saddrp 3 rp < (saddrp)
saddrp2, AX 2 (saddrp2) « AX
saddrp, rp 3 (saddrp) « rp
AX, sfrp 2 AX « sfrp
rp, sfrp 3 rp « sfrp
sfrp, AX 2 sfrp « AX
sfrp, rp 3 sfrp < rp
saddrp, saddrp’ 4 (saddrp) « (saddrp’)
rp, laddr16 4 rp « (addr16)
laddr16, rp 4 (addr16) « rp
rp, 'laddr24 5 rp < (addr24)
lladdr24, rp 5 (addr24) « rp
AX, [saddrp] 3/4 AX « ((saddrp))
AX, [%saddrg] 3/4 AX « ((saddrg))
AX, mem 2-5 AX « (mem)
[saddrp], AX 3/4 ((saddrp)) « AX
[Y%esaddrg], AX 3/4 ((saddrg)) « AX
mem, AX 2-5 (mem) « AX
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(3) 24-bit data transfer instruction: MOVG

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
MOVG rg, #imm24 5 rg < imm24
rg, rg’ 2 rg < rg’
rg, lladdr24 5 rg < (addr24)
laddr24, rg 5 (addr24) < rg
rg, saddrg 3 rg « (saddrg)
saddrg, rg 3 (saddrg) « rg
WHL, [%saddrg] 3/4 WHL « ((saddrg))
[%saddrg], WHL 3/4 ((saddrg)) « WHL
WHL, mem1 2-5 WHL « (mem?1)
mem1, WHL 2-5 (mem1) « WHL
(4) 8-bit data exchange instruction: XCH
Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
XCH rr 2/3 rer
Ar 1/2 Aor
A, saddr2 2 A & (saddr2)
r, saddr 3 r <> (saddr)
r, sfr 3 r < sfr
saddr, saddr’ 4 (saddr) < (saddr’)
r, laddr16 4 r < (addr16)
r, laddr24 5 r < (addr24)
A, [saddrp] 2/3 A & ((saddrp))
A, [Y%saddrg] 3/4 A < ((saddrg))
A, mem 2-5 A < (mem)
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(5) 16-bit data exchange instruction: XCHW

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY

XCHW p, rp’ 2 rp < rp’

AX, saddrp2 2 AX < (saddrp2)

rp, saddrp 3 rp <> (saddrp)

rp, sfrp 3 rp < sfrp

AX, [saddrp] 3/4 AX < ((saddrp))

AX, [%saddrg] 3/4 AX < ((saddrg))

AX, laddr16 4 AX < (addr16)

AX, lladdr24 5 AX < (addr24)

saddrp, saddrp’ 4 (saddrp) < (saddrp’)

AX, mem 2-5 AX < (mem)

(6) 8-bit operation instructions: ADD, ADDC, SUB, SUBC, CMP, AND, OR, XOR

Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
ADD A, #byte 2 A, CY « A + byte x x x V x
r, #byte 3 r, CY « r + byte x x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) + byte X X x V x
sfr, #byte 4 sfr, CY « sfr + byte x x x V x
rr 2/3 LCY««r+r x x x V x
A, saddr2 2 A, CY « A + (saddr2) X X x V x
r, saddr 3 r, CY « r + (saddr) X x x V x
saddr, r 3 (saddr), CY « (saddr) +r X x x V x
r, sfr 3 r, CY «r + sfr x x x V x
sfr, r 3 sfr, CY « sfr+r x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) + (saddr’) X x x V x
A, [saddrp] 3/4 A, CY « A + ((saddrp)) X X x V x
A, [Y%saddrg] 3/4 A, CY « A + ((saddrg)) X x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A X x x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) + A X X x V x
A, laddr16 4 A, CY « A + (addr16) x X x V x
A, lladdr24 5 A, CY « A + (addr24) x x x V x
laddr16, A 4 (addr16), CY « (addr16) + A X X x V x
laddr24, A 5 (addr24), CY « (addr24) + A x x x V x
A, mem 2-5 A, CY « A + (mem) x x x V x
mem, A 2-5 (mem), CY « (mem) + A X X x V x
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Mnemonic Operands Bytes Operation Flags

S Z ACPNCY

ADDC A, #byte 2 A, CY « A + byte + CY x x x V x
r, #byte 3 r, CY « r + byte + CY x x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) + byte + CY X X x V x
sfr, #byte 4 sfr, CY « sfr + byte + CY x x x V x
rr 2/3 r,CY «<r+r+CY x x x V x
A, saddr2 2 A, CY « A + (saddr2) + CY X X x V x
r, saddr 3 r, CY « r + (saddr) + CY x X x V x
saddr, r 3 (saddr), CY « (saddr) + r + CY X X x V x
r, sfr 3 r, CY «r+ sfr+ CY x x x V x
sfr, r 3 sfr, CY « sfr + r + CY x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) + (saddr’) + CY X X x V x
A, [saddrp] 3/4 A, CY « A + ((saddrp)) + CY X X x V x
A, [Ysaddrg] 3/4 A, CY « A + ((saddrg)) + CY x x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) + A + CY X X x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) + A + CY X X x V x
A, laddr16 4 A, CY « A + (addr16) + CY x X x V x
A, laddr24 5 A, CY « A + (addr24) + CY X X x V x
laddr16, A 4 (addr16), CY « (addr16) + A + CY X X x V x
laddr24, A 5 (addr24), CY « (addr24) + A + CY x x x V x
A, mem 2-5 A, CY « A + (mem) + CY X X x V x
mem, A 2-5 (mem), CY « (mem) + A + CY x x x V x
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Mnemonic Operands Bytes Operation Flags
Z AC PNV CY
SUB A, #byte 2 A, CY « A — byte X X X
r, #byte 3 r, CY « r — byte X x V x
saddr, #byte 3/4 (saddr), CY « (saddr) — byte X x V x
sfr, #byte 4 sfr, CY « sfr — byte x x V x
rr 2/3 rLCY«r-r X x V x
A, saddr2 2 A, CY « A — (saddr2) X x V x
r, saddr 3 r, CY « r — (saddr) x x V x
saddr, r 3 (saddr), CY « (saddr) —r X x V x
r, sfr 3 r, CY « r—sfr X x V x
sfr, r 3 sfr, CY « sfr—r x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) — (saddr’) X x V x
A, [saddrp] 3/4 A, CY « A — ((saddrp)) X x V x
A, [Y%saddrg] 3/4 A, CY « A — ((saddrg)) x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) — A X x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A x x V x
A, laddr16 4 A, CY « A — (addr16) x x V x
A, lladdr24 5 A, CY « A — (addr24) x x V x
laddr16, A 4 (addr16), CY « (addr16) — A X x V x
laddr24, A 5 (addr24), CY « (addr24) — A x x V x
A, mem 2-5 A, CY « A — (mem) X x V x
mem, A 2-5 (mem), CY « (mem) — A x x V x
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Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
SUBC A, #byte 2 A, CY « A - byte - CY X x x V x
r, #byte 3 r, CY « r — byte — CY x x x V x
saddr, #byte 3/4 (saddr), CY « (saddr) — byte — CY X X x V x
sfr, #byte 4 sfr, CY « sfr — byte — CY x x x V x
rr 2/3 r,CY «r—-r-CY x x x V x
A, saddr2 2 A, CY « A — (saddr2) — CY X X x V x
r, saddr 3 r, CY « r — (saddr) — CY X x x V x
saddr, r 3 (saddr), CY « (saddr) —r - CY X X x V x
r, sfr 3 r, CY «r—sfr-CY x x x V x
sfr, r 3 sfr, CY « sfr—r - CY x x x V x
saddr, saddr’ 4 (saddr), CY « (saddr) — (saddr’) — CY X X x V x
A, [saddrp] 3/4 A, CY « A — ((saddrp)) — CY X X x V x
A, [Y%saddrg] 3/4 A, CY « A — ((saddrg)) — CY X x x V x
[saddrp], A 3/4 ((saddrp)), CY « ((saddrp)) — A - CY X X x V x
[%saddrg], A 3/4 ((saddrg)), CY « ((saddrg)) — A — CY X X x V x
A, laddr16 4 A, CY « A — (addr16) - CY x X x V x
A, lladdr24 5 A, CY « A — (addr24) — CY x x x V x
laddr16, A 4 (addr16), CY « (addr16) — A — CY X X x V x
laddr24, A 5 (addr24), CY « (addr24) — A - CY x x x V x
A, mem 2-5 A, CY « A — (mem) — CY X X x V x
mem, A 2-5 (mem), CY « (mem) — A -CY x x x V x
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Mnemonic Operands Bytes Operation Flags
Z AC PNV CY
CMP A, #byte 2 A — byte X X X
r, #byte 3 r — byte X x V x
saddr, #byte 3/4 (saddr) — byte X x V x
sfr, #byte 4 sfr — byte x x V x
rr 2/3 r—r X x V x
A, saddr2 2 A — (saddr2) X x V x
r, saddr 3 r — (saddr) x x V x
saddr, r 3 (saddr) — r X x V x
r, sfr 3 r — sfr X x V x
sfr, r 3 sfr—r x x V x
saddr, saddr’ 4 (saddr) — (saddr’) X x V x
A, [saddrp] 3/4 A — ((saddrp)) X x V x
A, [Y%saddrg] 3/4 A — ((saddrg)) X x V x
[saddrp], A 3/4 ((saddrp)) — A X x V x
[%saddrg], A 3/4 ((saddrg)) — A x x V x
A, laddr16 4 A — (addr16) x x V x
A, lladdr24 5 A — (addr24) x x V x
laddr16, A 4 (addr16) — A x x V x
laddr24, A 5 (addr24) — A x x V x
A, mem 2-5 A — (mem) X x V x
mem, A 2-5 (mem) — A x x V x
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Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
AND A, #byte 2 A <« A N byte X X P
r, #byte 3 r<r A byte X X P
saddr, #byte 3/4 (saddr) « (saddr) N\ byte X X P
sfr, #byte 4 sfr « sfr A\ byte X X P
rr 2/3 rerAr X X P
A, saddr2 2 A <~ A A (saddr2) X X P
r, saddr 3 r<r A (saddr) X X P
saddr, r 3 (saddr) « (saddr) A r X X P
r, sfr 3 rer A sfr X X P
sfr, r 3 sfr « sfr A r X X P
saddr, saddr’ 4 (saddr) « (saddr) A (saddr’) X X P
A, [saddrp] 3/4 A <« A N ((saddrp)) X X P
A, [Y%saddrg] 3/4 A « A A ((saddrg)) X X P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) A A X X P
[%saddrg], A 3/4 ((saddrg)) « ((saddrg)) A A X X P
A, laddr16 4 A« A N (addri16) X X P
A, lladdr24 5 A <« A A (addr24) X X P
laddr16, A 4 (addr16) « (addr16) A A X X P
laddr24, A 5 (addr24) « (addr24) N A X X P
A, mem 2-5 A <~ A N (mem) X X P
mem, A 2-5 (mem) « (mem) A A X X P
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Mnemonic Operands Bytes Operation Flags
Z AC PNV CY
OR A, #byte 2 A« AV byte X P
r, #byte 3 r<rV byte X P
saddr, #byte 3/4 (saddr) « (saddr) V byte X P
sfr, #byte 4 sfr « sfr V byte X P
rr 2/3 rervr X P
A, saddr2 2 A <« A V (saddr2) X P
r, saddr 3 r<rV (saddr) X P
saddr, r 3 (saddr) « (saddr) V r X P
r, sfr 3 r«rV sfr X P
sfr, r 3 sfrsfrvr X P
saddr, saddr’ 4 (saddr) « (saddr) Vv (saddr’) X P
A, [saddrp] 3/4 A <« A V ((saddrp)) X P
A, [Y%saddrg] 3/4 A < AV ((saddrg)) X P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) V A X P
[%saddrg], A 3/4 ((saddrg)) « ((saddrg)) V A X P
A, laddr16 4 A« AV (saddr16) X P
A, lladdr24 5 A <« AV (saddr24) X P
laddr16, A 4 (addr16) « (addr16) V A X P
laddr24, A 5 (addr24) « (addr24) vV A X P
A, mem 2-5 A <« AV (mem) X P
mem, A 2-5 (mem) « (mem) V A X P
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Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
XOR A, #byte 2 A « A v byte X X P
r, #byte 3 r < r * byte X X P
saddr, #byte 3/4 (saddr) « (saddr) v byte X X P
sfr, #byte 4 sfr « sfr v byte X X P
rr 2/3 rer~r X X P
A, saddr2 2 A « A % (saddr2) X X P
r, saddr 3 r < r v (saddr) X X P
saddr, r 3 (saddr) « (saddr) v r X X P
r, sfr 3 r«r v sfr X X P
sfr, r 3 sfr « sfr v r X X P
saddr, saddr’ 4 (saddr) « (saddr) ~ (saddr’) X X P
A, [saddrp] 3/4 A «— A ¥ ((saddrp)) X X P
A, [Y%saddrg] 3/4 A «— A ¥ ((saddrg)) X X P
[saddrp], A 3/4 ((saddrp)) « ((saddrp)) + A X X P
[%saddrg], A 3/4 ((saddrg)) « ((saddrg)) ¥ A X X P
A, laddr16 4 A« A ¥ (addr16) X X P
A, laddr24 5 A <« A v (addr24) X X P
laddr16, A 4 (addr16) « (addr16) v A X X P
laddr24, A 5 (addr24) « (addr24) v A X X P
A, mem 2-5 A <« A % (mem) X X P
mem, A 2-5 (mem) « (mem) v A X X P
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(7) 16-bit operation instructions: ADDW, SUBW, CMPW

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
ADDW AX, #word 3 AX, CY « AX + word x x x V x
rp, #word 4 rp, CY « rp + word X X x V x
rp, rp’ 2 rp, CY < rp + rp’ x x x V x
AX, saddrp2 2 AX, CY « AX + (saddrp2) x x x V x
rp, saddrp 3 rp, CY « rp + (saddrp) X X x V x
saddrp, rp 3 (saddrp), CY « (saddrp) + rp X x x V x
rp, sfrp 3 rp, CY « rp + sfrp x x x V x
sfrp, rp 3 sfrp, CY « sfrp + rp X X x V x
saddrp, #word 4/5 (saddrp), CY « (saddrp) + word X x x V x
sfrp, #word 5 sfrp, CY « sfrp + word x X x V x
saddrp, saddrp’ 4 (saddrp), CY « (saddrp) + (saddrp’) X X x V x
SUBW AX, #word 3 AX, CY « AX — word x x x V x
rp, #word 4 rp, CY « rp — word x x x V x
rp, rp’ 2 P, CY «rp—rp’ X X x V x
AX, saddrp2 2 AX, CY « AX — (saddrp2) x x x V x
rp, saddrp 3 rp, CY « rp — (saddrp) x x x V x
saddrp, rp 3 (saddrp), CY « (saddrp) —rp X X x V x
rp, sfrp 3 rp, CY « rp — sfrp X x x V x
sfrp, rp 3 sfrp, CY « sfrp —rp x x x V x
saddrp, #word 4/5 (saddrp), CY « (saddrp) — word X X x V x
sfrp, #word 5 sfrp, CY « sfrp — word x x x V x
saddrp, saddrp’ 4 (saddrp), CY « (saddrp) — (saddrp’) x x x V x
CMPW AX, #word 3 AX — word x x x V x
rp, #word 4 rp — word x x x V x
rp, rp’ 2 rp—rp’ x x x V x
AX, saddrp2 2 AX — (saddrp2) X X x V x
rp, saddrp 3 rp — (saddrp) x x x V x
saddrp, rp 3 (saddrp) — rp x x x V x
rp, sfrp 3 rp — sfrp X X x V x
sfrp, rp 3 sfrp — rp x x x V x
saddrp, #word 4/5 (saddrp) — word X x x V x
sfrp, #word 5 sfrp — word X X x V x
saddrp, saddrp’ 4 (saddrp) — (saddrp’) x x x V x
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(8) 24-bit operation instructions: ADDG, SUBG

Mnemonic Operands Bytes Operation Flags
Z AC PNV CY
ADDG rg, rg’ 2 rg, CY «rg +rg’ x x V x
rg, #imm24 5 rg, CY « rg + imm24 x x V x
WHL, saddrg 3 WHL, CY « WHL + (saddrg) x x V x
SUBG rg, rg’ 2 rg, CY «rg —rg’ x x V x
rg, #imm24 5 rg, CY « rg —imm24 x x V x
WHL, saddrg 3 WHL, CY « WHL — (saddrg) x x V x
(9) Multiplication instructions: MULU, MULUW, MULW, DIVUW, DIVUX
Mnemonic Operands Bytes Operation Flags
Z AC PNV CY
MULU r 2/3 AX «— Axr
MULUW rp 2 AX (higher half), rp (lower half) « AX x rp
MULW p 2 AX (higher half), rp (lower half) « AX x rp
DIVUW r 2/3 AX (quotient), r (remainder) « AX = r Note 1
DIVUX p 2 AXDE (quotient), rp (remainder) « AXDE = rp Note 2
Notes 1. Whenr =0, r « X, AX « FFFFH
2. Whenrp =0, rp « DE, AXDE « FFFFFFFFH
(10) Special operation instructions: MACW, MACSW, SACW
Mnemonic Operands Bytes Operation Flags
Z ACP/V CY
MACW byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, x x V x
C « C + 2, byte « byte — 1
End if (byte = 0 or P/V = 1)
MACSW byte 3 AXDE « (B) x (C) + AXDE, B « B + 2, x x V x
C « C + 2, byte « byte — 1
if byte = 0 then End
if P/V = 1 then if overflow AXDE « 7FFFFFFFH, End
if underflow AXDE « 80000000H, End
SACW [TDE +], [WHL +] 4 AX « | (TDE) — (WHL) | + AX, x x V x
TDE « TDE + 2, WHL « WHL + 2
C«C-1Endif(C=00rCY=1)
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(11) Increment/decrement instructions: INC, DEC, INCW, DECW, INCG, DECG

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
INC r 1/2 rer+1 x x x V
saddr 2/3 (saddr) « (saddr) + 1 X x x V
DEC r 1/2 rer—1 x x x V
saddr 2/3 (saddr) « (saddr) — 1 x x x V
INCW rp 21 rp«rp+1
saddrp 3/4 (saddrp) « (saddrp) + 1
DECW rp 2/1 p«rp—1
saddrp 3/4 (saddrp) « (saddrp) — 1
INCG rg 2 rg < rg + 1
DECG rg 2 rg«rg—1

(12) Adjustment instructions:

ADJBA, ADJBS, CVTBW

Mnemonic Operands Bytes Operation Flags

S Z ACP/NCY
ADJBA 2 Decimal Adjust Accumulator after Addition x x x P x
ADJBS 2 Decimal Adjust Accumulator after Subtract x x x P x
CVTBW 1 X« A A« O00HIifA7=0

XA A—FFHIif Az =1
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(13) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY

ROR r, n 2/3 (CY, rm<ro,m-1<rm)xn n=0-7 P x
ROL r,n 2/3 (CY,ro<r,m+1emxn n=0-7 P x
RORC r, n 2/3 (CY <10, 17 < CY, rm-1 < rm) X n n=0-7 P x
ROLC r, n 2/3 (CY <17, o< CY, Mm+1<rmxn n=0-7 P x
SHR r,n 2/3 (CY <10, 170, Mm-1¢<rm)xn n=0-7 x x 0 P x
SHL r, n 2/3 (CY <17, 100, Mms1¢rm)xn n=0-7 X x 0 P x
SHRW rp, n 2 (CY « rpo, rp15s < 0, rPpm-1 ¢ rpm) X N x x 0 P x

n=0-7
SHLW p, N 2 (CY « rp1s, rpo < 0, rpm+1 ¢ rpm) X N x x 0 P x

n=0-7
ROR4 mem3 2 As-o0 < (mem3)s-o, (Mem3)7-4 < Asz-o,

(mem3)s-o0 < (Mmem3)7-4
ROL4 mem3 2 Az-o0 < (mem3)7-4, (Mmem3)3-o0 < Asz-o,

(mem3)7-4 < (mem3)s-o
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(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1

Mnemonic Operands Bytes Operation Flags
S Z ACPNCY

MOV CY, saddr.bit 3/4 | CY « (saddr.bit) X
CY, sfr.bit 3 CY « sfr.bit X
CY, X.bit 2 CY « X.bit x
CY, A.bit 2 CY « A.bit x
CY, PSWL.bit 2 CY « PSWLbit x
CY, PSWH.bit 2 CY « PSWh.bit x
CY, laddr16.bit 5 CY « laddr16.bit x
CY, lladdr24 bit 6 CY « lladdr24.bit x
CY, mem2.bit 2 CY < mem2.bit X
saddr.bit, CY 3/4 (saddr.bit) « CY
sfr.bit, CY 3 sfr.bit « CY
X.bit, CY 2 X.bit « CY
A.bit, CY 2 A.bit, « CY
PSWL.bit, CY 2 PSWL.bit « CY X X X X
PSWH.bit, CY 2 PSWh.bit « CY
laddr16.bit, CY 5 laddr16.bit < CY
lladdr24.bit, CY 6 lladdr24.bit « CY
mem?2.bit, CY 2 memz2.bit < CY

AND1 CY, saddr.bit 3/4 | CY « CY A (saddr.bit) x
CY, /saddr.bit 3/4 | CY « CY A (saddr.bit) x
CY, sfr.bit 3 CY « CY A sfr.bit X
CY, /str.bit 3 CY « CY A sfr.bit x
CY, X.bit 2 CY « CY A X.bit x
CY, /X.bit 2 CY « CY A X.bit x
CY, A.bit 2 CY « CY A A.bit x
CY, /A.bit 2 CY « CY A Aubit x
CY, PSWL.bit 2 CY « CY A PSWLbit x
CY, /PSWL.bit 2 CY « CY A PSWLbit x
CY, PSWH.bit 2 CY « CY A PSWh.bit x
CY, /PSWH.bit 2 CY « CY A PSWh.bit x
CY, laddr16.bit 5 CY « CY A laddr16.bit x
CY, /laddr16.bit 5 CY « CY A laddr16.bit x
CY, !laddr24.bit 6 CY « CY A lladdr24.bit x
CY, /Maddr24.bit 6 CY « CY A lladdr24.bit x
CY, mem2.bit 2 CY « CY N mem2.bit X
CY, /mem2.bit 2 CY « CY A mem2.bit x
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Mnemonic Operands Bytes Operation Flags
S Z ACPNN CY
OR1 CY, saddr.bit 3/4 | CY « CY V (saddr.bit) x
CY, /saddr.bit 3/4 | CY « CY V (saddr.bit) x
CY, sfr.bit 3 CY « CY V sfr.bit X
CY, /str.bit 3 CY « CY V sfr.bit x
CY, X.bit 2 CY « CY V X.bit x
CY, /X.bit 2 CY « CY V Xbit x
CY, A.bit 2 CY « CY V Aubit x
CY, /A bit 2 CY « CY V Abit x
CY, PSWL.bit 2 CY « CY V PSWL.bit x
CY, /PSWL.bit 2 CY « CY V PSWL.bit x
CY, PSWH.bit 2 CY « CY V PSWh.bit x
CY, /PSWH_bit 2 CY « CY V PSWh.bit x
CY, laddr16.bit 5 CY « CY V laddr16.bit x
CY, /addr16.bit 5 CY « CY V laddr16.bit x
CY, lladdr24 bit 6 CY « CY V lladdr24 bit x
CY, /Maddr24.bit 6 CY « CY V lladdr24.bit x
CY, mem2.bit 2 CY « CY V mem2.bit X
CY, /mem2.bit 2 CY « CY V mem2.bit x
XOR1 CY, saddr.bit 3/4 | CY « CY * (saddr.bit) x
CY, sfr.bit 3 CY « CY v sfr.bit X
CY, X.bit 2 CY « CY * X.bit x
CY, A.bit 2 CY « CY * A.bit x
CY, PSWL.bit 2 CY « CY ** PSWLbit x
CY, PSWH.bit 2 CY « CY ** PSWh.bit x
CY, laddr16.bit 5 CY « CY * laddr16.bit x
CY, lladdr24 bit 6 CY « CY * lladdr24.bit x
CY, mem2.bit 2 CY « CY % mem2.bit X
NOT1 saddr.bit 3/4 | (saddr.bit) < (saddr.bit)
sfr.bit 3 sfr.bit « sfr.bit
X.bit 2 X.bit « X.bit
A bit 2 A.bit « A.bit
PSWL bit 2 PSWL.bit « PSWL.bit X X x x
PSWH.bit 2 PSWH.bit < PSWh.bit
laddr16.bit 5 laddr16.bit « laddr16.bit
lladdr24.bit 6 lladdr24.bit « lladdr24.bit
mem2.bit 2 mem2.bit « rm
cY 1 CY « CY X
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Mnemonic Operands Bytes Operation Flags
S Z ACPNCY

SET1 saddr.bit 2/3 (saddr.bit) « 1

sfr.bit 3 sfr.bit « 1

X.bit 2 X.bit « 1

A.bit 2 A.bit « 1

PSWL.bit 2 PSWL.bit « 1 X X X X X

PSWH.bit 2 PSWH.bit « 1

laddr16.bit 5 laddr16.bit « 1

lladdr24.bit 6 lladdr24.bit « 1

mem2.bit 2 mem2.bit « 1

CcY 1 CY « 1 1
CLR1 saddr.bit 2/3 (saddr.bit) « 0

sfr.bit 3 sfr.bit < 0

X.bit 2 X.bit < 0

A.bit 2 Abit«< 0

PSWL.bit 2 PSWL.bit < 0 X X X X X

PSWH.bit 2 PSWh.bit « 0

laddr16.bit 5 laddr16.bit < 0

lladdr24.bit 6 lladdr24.bit « 0

mem2.bit 2 mem2.bit « 0

cY 1 CY«O0 0

User's Manual U10905EJ8V1UM 187



CHAPTER 6 INSTRUCTION SET

(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
PUSH Note 1| pgwy 1 (SP —2) « PSW, SP « SP -2
sfrp 3 (SP — 2) « sfrp, SP « SP -2
sfr 3 (SP — 1) « sfr, SP <~ SP -1
post 2 {(SP - 2) « post, SP « SP — 2} x m Note 2
rg 2 (SP—-3) < rg, SP « SP -3
PUSHU Note 1| post 2 {(UUP — 2) « post, UUP « UUP — 2} x m Note 2
POP Note1 | pgyy 1 PSW « (SP), SP « SP + 2 R R R RR
sfrp 3 sfrp < (SP), SP « SP + 2
sfr 3 sfr < (SP), SP « SP + 1
post 2 {post « (SP), SP « SP + 2} x m Note 2
rg 2 rg < (SP), SP «~ SP + 3
POPU Note 1| ot 2 {post « (UUP), UUP « UUP + 2} x m Note 2
MOVG SP, #imm24 5 SP « imm24
SP, WHL 2 SP « WHL
WHL, SP 2 WHL « SP
ADDWG SP, #word 4 SP « SP + word
SUBWG SP, #word 4 SP « SP — word
INCG SP 2 SP « SP + 1
DECG SP 2 SP « SP -1

Notes 1. For details about operation, refer to CHAPTER 3, Figure 3-4 Data Saved to Stack Area, and Figure
3-5 Data Restored from Stack Area.
2. m = number of registers specified by post
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(16) Call/return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Mnemonic

Operands

Bytes

Operation

Flags

S Z ACPNCY

CALL Note

laddr16

(SP - 3) « (PC + 3), SP « SP - 3,
PChw < 0, PCLw « addr16

!laddr20

(SP - 3) « (PC + 4), SP « SP - 3,
PC « addr20

p

(SP - 3) « (PC +2), SP « SP -3,
PChw « 0, PCww « p

rg

(SP - 3) « (PC + 2), SP « SP - 3,
PC «rg

[rp]

(SP - 8) « (PC + 2), SP « SP -3,
PChw « 0, PCLw « (rp)

[rg]

(SP - 3) « (PC + 2), SP « SP - 3,
PC « (rg)

$laddr20

(SP - 3) « (PC + 3), SP « SP - 3,
PC « PC + 3 + jdisp16

CALLF Note

laddr11

(SP-3)« (PC+2),SP« SP-3
PCi9-12 < 0, PC11 « 1, PC10-0 « addrii

CALLT Note

[addr5]

(SP -3) « (PC + 1), SP « SP - 3,
PChw < 0, PCw « (addr5)

BRK

(SP —2) « PSW, (SP — 1)o-3 « (PC + 1)nw,
(SP-4) < PC+1,

SP « SP -4

PChw < 0, PCuw « (003EH)

BRKCS

RBn

PCww < RP2, RP3 <~ PSW, RBS2 — 0 « n,
RSS « 0, IE <~ 0, RP3s-11 <~ PChw, PChw « 0

RET Note

PC < (SP), SP <~ SP + 3

RET] Note

PC « (SP), PSW « (SP + 2), SP « SP + 4

RETB Note

PC « (SP), PSW « (SP + 2), SP « SP + 4

RETCS

laddr16

PSW « RP3, PCw « RP2, RP2 « addr16,
PChw < RP3s-11

RETCSB

laddr16

PSW « RP3, PCuw « RP2, RP2 « addri16,
PChw < RP3s- 11

Note For details about operation, refer to CHAPTER 3, Figure 3-4 Data Saved to Stack Area, and Figure 3-

5 Data Restored from Stack Area.
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(17) Unconditional branch instruction: BR

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY

BR laddr16 3 PChw < 0, PCLw « addr16

lladdr20 4 PC « addr20

rp 2 PChw « 0, PCww « rp

rg 2 PC «rg

[rp] 2 PChw < 0, PCLw « (rp)

[rg] 2 PC « (rg)

$addr20 2 PC « PC + 2 + jdisp8

$laddr20 3 PC « PC + 3 + jdisp16
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(18) Conditional branch instructions: BNZ, BNE, BZ, BE, BNC, BNL, BC, BL, BNV, BPO, BV, BPE, BP,
BN, BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Mnemonic Operands Bytes Operation Flags
S Z ACPNCY

BNz $addr20 2 PC « PC +2 +jdisp8ifZ=0

BNE

BZ $addr20 2 PC « PC + 2 + jdisp8if Z =1

BE

BNC $addr20 2 PC « PC + 2 + jdisp8 if CY =0

BNL

BC $addr20 2 PC « PC + 2 + jdisp8 if CY = 1

BL

BNV $addr20 2 PC « PC + 2 + jdisp8 if P/V =0

BPO

BV $addr20 2 PC « PC + 2 + jdisp8 if P/V = 1

BPE

BP $addr20 2 PC « PC +2 +jdisp8if S=0

BN $addr20 2 PC « PC + 2 + jdisp8 if S = 1

BLT $addr20 3 PC « PC + 3 + jdisp8 if P/V % S =1

BGE $addr20 3 PC « PC + 3 + jdisp8 if P/V &% S=0

BLE $addr20 3 PC « PC + 3 + jdisp8 if (P/V &% S) V Z =1

BGT $addr20 3 PC « PC + 3 +jdisp8 if (P/V ™ S) VZ=0

BNH $addr20 3 PC « PC + 3 +jdisp8if Z VvV CY =1

BH $addr20 3 PC « PC + 3 +jdisp8ifZV CY =0

BF saddr.bit, $addr20 4/5 PC « PC + 4 Note  idisp8 if(saddr.bit) = 0
sfr.bit, $addr20 4 PC « PC + 4 + jdisp8 if sfr.bit=0
X.bit, $addr20 3 PC « PC + 3 + jdisp8 if X.bit =0
A bit, $addr20 3 PC « PC + 3 + jdisp8 if A.bit =0
PSWL.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWL.bit = 0
PSWH.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWh.bit = 0
laddr16.bit, $addr20 6 PC « PC + 3 + jdisp8 if laddr16.bit = 0
lladdr24.bit, $addr20 7 PC « PC + 3 + jdisp8 if laddr24.bit = 0
mem2.bit, $addr20 3 PC « PC + 3 + jdisp8 if mem2.bit = 0

Note When the number of bytes is 4; when 5, the operation is: PC « PC + 5 + jdisp8.
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if mem2. bit = 1

Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
BT saddr.bit, $addr20 3/4 PC « PC + 3 Note 1 idisp8 if(saddr.bit) = 1
sfr.bit, $addr20 4 PC « PC + 4 + jdisp8 if sfr.bit = 1
X.bit, $addr20 3 PC « PC + 3 + jdisp8 if X.bit = 1
A.bit, $addr20 3 PC « PC + 3 + jdisp8 if A.bit =1
PSWL.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWL.bit = 1
PSWH.bit, $addr20 3 PC « PC + 3 + jdisp8 if PSWh.bit = 1
laddr16.bit, $addr20 6 PC « PC + 3 + jdisp8 if laddr16.bit = 1
lladdr24.bit, $addr20 7 PC « PC + 3 + jdisp8 if laddr24.bit = 1
mem?2.bit, $addr20 3 PC « PC + 3 + jdisp8 if mem2.bit = 1
BTCLR saddr.bit, $addr20 4/5 {PC « PC + 4 Note 2, idisp8, (saddr.bit) « 0}
if(saddr.bit) = 1
sfr.bit, $addr20 4 {PC « PC + 4 + jdisp8, sfr.bit « 0}
if sfr.bit = 1
X.bit, $addr20 3 {PC « PC + 3 + jdisp8, X.bit « 0} if X.bit = 1
A.bit, $addr20 3 {PC « PC + 3 + jdisp8, A.bit « 0} if A.bit =1
PSWL.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWL.bit « 0} X X X X X
if PSWL.bit = 1
PSWH.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWH.bit « 0}
if PSWH.bit = 1
laddr16.bit, $addr20 6 {PC « PC + 3 + jdisp8, !addr16.bit « 0}
if laddr16 = 1
lladdr24.bit, $addr20 7 {PC « PC + 3 + jdisp8, !laddr24.bit « 0}
if laddr24 = 1
mem?2.bit, $addr20 3 {PC « PC + 3 + jdisp8, mem2.bit « 0}

Notes 1. When the number of bytes is 3; when 4, the operation is: PC « PC + 4 + jdisp8.
2. When the number of bytes is 4; when 5, the operation is: PC « PC + 5 + jdisp8.
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Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
BFSET saddr.bit, $addr20 4/5 {PC « PC + 4 Note 1, idisp8, (saddr.bit) « 1}
if(saddr.bit) = 0
sfr.bit, $addr20 4 {PC « PC + 4 + jdisp8, sfr.bit « 1}
if sfr.bit=0
X.bit, $addr20 3 {PC « PC + 3 + jdisp8, X.bit « 1} if X.bit=0
A.bit, $addr20 3 {PC « PC + 3 + jdisp8, A.bit « 1} if A.bit=0
PSWL.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWL.bit « 1} X X X X X
if PSWL.bit = 0
PSWH.bit, $addr20 3 {PC « PC + 3 + jdisp8, PSWHh.bit « 1}
if PSWh.bit = 0
laddr16.bit, $addr20 6 {PC « PC + 3 + jdisp8, !laddr16.bit « 1}
if laddr16 = 0
lladdr24.bit, $addr20 7 {PC « PC + 3 + jdisp8, laddr24.bit « 1}
if laddr24 = 0
mem2.bit, $addr20 3 {PC « PC + 3 + jdisp8, mem2.bit « 1}
if mem2.bit =0
DBNZ B, $addr20 2 B«B-1,PC« PC+2+jdisp8ifB=0
C, $addr20 2 C«C-1,PC« PC+2+jdisp8if C#0
saddr, $addr20 3/4 (saddr) « (saddr) — 1,

PC « PC + 3 Note 2 idisp8 if (saddr) # 0

Notes 1. When the number of bytes is 4; when 5, the operation is: PC « PC + 5 + jdisp8.
2. When the number of bytes is 3; when 4, the operation is: PC « PC + 4 + jdisp8.
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(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
MoV STBC, #byte 4 STBC « byte
WDM, #byte 4 WDM « byte
LOCATION | locaddr 4 SFR, internal data area location address high-order
word specification
SEL RBn 2 RSS <~ 0, RBS2 -0« n
RBn, ALT 2 RSS « 1,RBS2 -0« n
SWRS 2 RSS « RSS
NOP 1 No Operation
El 1 IE « 1(Enable interrupt)
DI 1 IE « O(Disable interrupt)
(20) Special instructions: CHKL, CHKLA
Mnemonic Operands Bytes Operation Flags
S Z ACPNCY
CHKL sfr 3 (pin level) v (output latch) X X P
CHKLA sfr 3 A « (pin level) ** (output latch) X X P

Caution The CHKL and CHKLA instructions are not available inthe uPD784216,784216Y,784218,784218Y,
784225,784225Y, 784937 Subseries. Do not execute these instructions. If these instructions are
executed, the following operations will resulit.
e CHKL instruction....... After the pin levels of the output pins are read two times, they are
exclusive-ORed. As a result, if the pins checked with this instruction are
used in the port output mode, the exclusive-OR result is always 0 for all

194

e CHKLA instruction ....

bits, and

the Z flag is set to (1).

After the pin levels of output pins are read two times, they are exclusive-

ORed. As a result, if the pins checked with this instruction are used in
the port output mode, the exclusive-OR result is always 0 for all bits, and
the Z flag is set to (1) along with that the result is stored in the A register.
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(21) String instructions: MOVTBLW, MOVM,XCHM, MOVBK, XCHBK, CMPME, CMPMNE, CMPMC, CMPMNC,
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC

Mnemonic Operands Bytes Operation Flags
S Z ACP/NCY
MOVTBLW | !addr8, byte 4 (addr8 + 2) « (addr8), byte « byte — 1,
addr8 « addr8 — 2 End if byte = 0
MOVM [TDE +], A 2 (TDE) « A, TDE « TDE +1,C« C—-1EndifC=0
[TDE -], A 2 (TDE) « A, TDE « TDE-1,C« C—-1EndifC=0
XCHM [TDE +], A 2 (TDE) <> A, TDE « TDE +1,C« C—1End if C = 0
[TDE -], A 2 (TDE) <> A, TDE « TDE-1,C« C—-1EndifC=0
MOVBK [TDE +], [WHL +] 2 (TDE) « (WHL), TDE « TDE + 1,
WHL«< WHL+1,C« C-1EndifC=0
[TDE -], [WHL -] 2 (TDE) « (WHL), TDE « TDE — 1,
WHL« WHL-1,C« C-1EndifC=0
XCHBK [TDE +], [WHL +] 2 (TDE) «» (WHL), TDE « TDE + 1,
WHL <« WHL+1,C« C-1EndifC=0
[TDE -], [WHL -] 2 (TDE) < (WHL), TDE « TDE - 1,
WHL«< WHL-1,C«< C-1EndifC=0
CMPME [TDE +], A 2 (TDE)- A, TDE < TDE+1,C« C-1EndifC=00rZ=0| x x x V x
[TDE -], A 2 (TDE) - A, TDE « TDE-1,C« C-1EndifC=00rZ=0| x x x V x
CMPMNE [TDE +], A 2 (TDE)-A, TDE« TDE+1,C«C-1EndifC=00rZ=1| x x x V x
[TDE -], A 2 (TDE)- A, TDE « TDE-1,C« C-1EndifC=00rZ=1| x x x V x
CMPMC [TDE +], A 2 (TDE) - A, TDE« TDE+1,C« C-1EndifC=00rCY=0| x x x V x
[TDE -], A 2 (TDE) - A, TDE« TDE-1,C«C-1EndifC=00rCY=0| x x x V x
CMPMNC [TDE +], A 2 (TDE) - A, TDE« TDE+1,C« C-1EndifC=00rCY=1| x x x V x
[TDE -], A 2 (TDE)- A, TDE« TDE-1,C« C-1EndifC=00rCY=1| x x x V x
CMPBKE [TDE +], [WHL +] 2 (TDE) — (WHL), TDE « TDE + 1, x x x V x
WHL« WHL+1,C« C-1EndifC=00rZ=0
[TDE -], [WHL -] 2 (TDE) — (WHL), TDE « TDE -1, x x x V x
WHL < WHL-1,C« C—-1EndifC=00rZ=0
CMPBKNE | [TDE +], [WHL +] 2 (TDE) — (WHL), TDE « TDE + 1, x x x V x
WHL <« WHL+1,C« C-1EndifC=00rZ=1
[TDE -], [WHL -] 2 (TDE) — (WHL), TDE « TDE -1, X x x V x
WHL <« WHL-1,C« C-1EndifC=00rZ=1
CMPBKC [TDE +], [WHL +] 2 (TDE) — (WHL), TDE « TDE + 1, x x x V x
WHL < WHL+1,C« C-1EndifC=00rCY =0
[TDE -], [WHL -] 2 (TDE) — (WHL), TDE « TDE -1, x x x V x
WHL «WHL-1,C« C-1EndifC=00rCY=0
CMPBKNC | [TDE +], [WHL +] 2 (TDE) — (WHL), TDE « TDE + 1, x x x V x
WHL < WHL+1,C«< C—-1EndifC=0o0rCY =1
[TDE -], [WHL -] 2 (TDE) — (WHL), TDE « TDE -1, x x x V x
WHL < WHL-1,C« C-1EndifC=00rCY =1
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6.3 Instructions Listed by Type of Addressing

(1) 8-bit instructions (combinations expressed by writing A for r are shown in parentheses)
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, SHR, SHL, ROR4, ROL4, DBNZ, PUSH, POP, MOVM, XCHM, CMPME, CMPMNE, CMPMNC,
CMPMC, MOVBK, XCHBK, CMPBKE, CMPBKNE, CMPBKNC, CMPBKC, CHKL, CHKLA

Table 6-1. List of Instructions by 8-Bit Addressing

2nd Operand | #byte A r saddr sfr laddr16 | mem r3 [WHL +] n No Note 2
— r saddr’ laddr24 | [saddrp] | PSWL |[WHL -]
1st Operand [%saddrg] | PSWH
A (MOV) [(MOV)  |[MOV  [(Mov)Netes |MOV ~ [(MOV) |[MOV  [MOV  |(MOV)
ADDMotet |(XCH) ~ [XCH  [(XCH)Nete6 |(XCH) [(XCH) [XCH (XCH)
(ADD) Note 1 (ADD) Note 1 (ADD) Notes 1, 6} (ADD) Note 1 ADD Note 1 ADD Note 1 (ADD) Note 1
r MOV (MOV) MOV MOV MOV MOV ROR Note 3 |\ MULU
ADD Note 1 | (XCH) XCH XCH XCH XCH DIVUW
(ADD) Note 1 | App Note 1 | App Note 1 ADD Note 1 INC
DEC
saddr MOV  [(Mov)Netes MOV |MOV INC
ADD Note 1 (ADD) Note 1 | App Note1 [ XCH DEC
ADD Note 1 DBNZ
sfr MOV MOV MOV PUSH
ADD Note 1 (ADD) Note 1 | App Note 1 POP
CHKL
CHKLA
laddr16 MOV  |[(MOV) |MOV
lladdr24 ADD Note 1
mem MOV
[saddrp] ADD Note 1
[Y%esaddrg]
mem3 ROR4
ROL4
r3 MOV MOV
PSWL
PSWH
B, C DBNZ
STBC, WDM [MOV
[TDE +] (MOV) MOVBK Note 5
[TDE -] (ADD) Note 1
MOVM Note 4

Notes 1. ADDC, SUB, SUBC, AND, OR, XOR, and CMP are equivalent to ADD.

2. There is no 2nd operand, or the 2nd operand is not an operand address.
ROL, RORC, ROLC, SHR, and SHL are equivalent to ROR.
XCHM, CMPME, CMPMNE, CMPMNC, and CMPMC are equivalent to MOVM.
XCHBK, CMPBKE, CMPBKNE, CMPBKNC, and CMPBKC are equvalent to MOVBK.
When saddr is saddr2 in this combination, a short code length instruction can be used.

@ gk w
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(2) 16-bit instructions (combinations expressed by writing AX for rp are shown in parentheses)
MOVW, XCHW, ADDW, SUBW, CMPW, MULUW, MULW, DIVUX, INCW, DECW, SHRW, SHLW, PUSH,

POP, ADDWG, SUBWG, PUSHU, POPU, MOVTBLW, MACW, MACSW, SACW

Table 6-2. List of Instructions by 16-Bit Addressing

2nd Operand | #word AX rp saddrp sfrp laddri6 | mem |[[WHL +]| byte n No Note 2
— rp’ saddrp’ laddr24 | [saddrp]
1st Operand [%saddrg]
AX (MOVW) [(MOVW) | (MOVW) |(MOVW) Nete 3IMOVW | (MOVW) [MOVW | (MOVW)
ADDW Mete T | (XCHW) [ (XCHW) |(XCHW) Note 3| (XCHW) |[XCHW |XCHW [(XCHW)
(ADD) Note 1 (ADDW)NOIH (ADDW)Noles1,3 (ADDW)N‘”H
p MOVW [(MOVW) |MOVW |MOVW MOVW [MOVW SHRW [ MULW Note 4
ADDW Note? | (XCHW) |[XCHW |XCHW XCHW SHLW [INCW
(ADDW) Note 1| ApD Note 1| ADD\W Note? | Appyy Note 1 DECW
saddrp MOVW | (MOovw)Nete3| MOVW  |[MOVW INCW
ADDW Nete1 | (ApDW) Nete T | ApDwy Note 1 | XCHW DECW
ADDW Note 1
sfrp MOVW [MOVW MOvVW PUSH
ADDW Note 1 | (ADDW) Note T | ApD\ Note 1 POP
laddr16 MOVW [(MOVW) |MOVW MOVTBLW
laddr24
mem MOvVW
[saddrp]
[Y%esaddrg]
PSW PUSH
POP
SP ADDWG
SUBWG
post PUSH
POP
PUSHU
POPU
[TDE +] (MOVW) SACW
byte MACW
MACSW
Notes 1. SUBW and CMPW are equivalent to ADDW.
2. There is no 2nd operand, or the 2nd operand is not an operand address.
3. When saddrp is saddrp2 in this combination, a short code length instruction can be used.
4. MULUW and DIVUX are equivalent to MULW.
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(3) 24-bit instructions (combinations expressed by writing WHL for rg are shown in parentheses)
MOVG, ADDG, SUBG, INCG, DECG, PUSH, POP

198

Table 6-3. List of Instructions by 24-Bit Addressing

2nd #imm24 | WHL rg saddrg | 'addr24| mem1 | [%saddrg]| SP No Note
Operand rg’
1st
Operand
WHL (MOVG) | (MOVG) | (MOVG) | (MOVG) [ (MOVG) | MOVG | MOVG | MOVG
(ADDG) | (ADDG) |(ADDG) | ADDG
(SUBG) |(SUBG) |(SUBG) | SUBG
rg MOVG |(MOVG) |MOVG |MOVG |MOVG INCG
ADDG |(ADDG) |ADDG DECG
SUBG |(SUBG) |SUBG PUSH
POP
saddrg (MOVG) IMOVG
Naddr24 (MOVG) [MOVG
mem1 MOVG
[%saddrg] MOVG
SP MOVG |MOVG INCG
DECG

Note There is no 2nd operand, or the 2nd operand is not an operand address.
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(4) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR, BFSET

Table 6-4. List of Instructions by Bit Manipulation Instruction Addressing

2nd Operand | CY saddr.bit sfr.bit /saddr.bit /sfr.bit No Note
A.bit X.bit /A.bit /X.bit
PSWL.bit PSWH.bit | /PSWL.bit /PSWH.bit
mem?2.bit /mem?2.bit
laddr16.bit /laddr16.bit
1st Operand lladdr24.bit /Naddr24.bit
cY MOVA AND1 NOT1
AND1 OR1 SETH
OR1 CLR1
XOR1
saddr.bit MOVA1 NOT1
sfr.bit SET1
A.bit CLR1
X.bit BF
PSWL.bit BT
PSWH. bit BTCLR
mem2.bit BFSET
laddr16.bit
laddr24.bit
Note There is no 2nd operand, or the 2nd operand is not an operand

address.
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(5) Call/return instructions/branch instructions
CALL, CALLF, CALLT, BRK, RET, RETI, RETB, RETCS, RETCSB, BRKCS, BR, BNZ, BNE, BZ, BE, BNC, BNL,
BC, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Table 6-5. List of Instructions by Call/Return Instruction/Branch Instruction Addressing

Instruction $addr20($!addr20 | !addr16 | !!addr20 rp rg [rp] [rg] |!addri1|[addr5] | RBn No
Address Operand
Basic instructions |BC Note| CALL |CALL |[CALL |CALL |CALL |CALL |CALL |CALLF |[CALLT |BRKCS|BRK
BR BR BR BR BR BR BR BR RET
RETCS RETI
RETCSB RETB
Compound BF
instructions BT
BTCLR
BFSET
DBNZ

Note BNZ, BNE, BZ, BE, BNC, BNL, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, and BH are
equivalent to BC.

(6) Other instructions

ADJBA, ADJBS, CVTBW, LOCATION, SEL, NOT, El, DI, SWRS

200
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6.4 Operation Codes

6.4.1 Operation code symbols

(1 r 2 r2
Rz R1 Ro r1 Rz R1 Ro r2
0 0 O RO 0 0 O R8
0 0 1 R1 0 0 1 R9
0 1 0 R2 0 1 0 R10
o 1 1 R3 o 1 1 R11
1 0 0 R4 1 0 0 R12
1 0 1 R5 1 0 1 R13
110 R6 110 R14
11 1 R7 11 1 R15
@) rr 4) rp
Rs Rz R1 Ro r P7 Pe Ps rp
Rz Re Rs R4 r
0 0 0O RO 0 0 O RPO
0 0 0 1 R1 0 0 1 RP1
0 010 R2 0 1 0 RP2
0 0 1 1 R3 0o 1 1 RP3
01 0O R4 1 0 0 RP4
0O 1 0 1 R5 1 0 1 RP5
01 10 R6 110 RP6
o1 1 1 R7 11 1 RP7
1 0 0 O R8
1 0 0 1 R9
1 0 1 0 R10
1 0 1 1 R11
11 0 0 R12
11 0 1 R13
11 10 R14
11 1 1 R15
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(5) rp, rp’ (6) rg, rg’

P2 P1 Po rp Ge Gs rg
rp’ Gz Gi rg’

0 0 O RPO 00 RG4

0o 0 1 RP4 0 1 RG5

0 1 0 RP1 1 0 RG6

o 1 1 RP5 11 RG7

1 0 O RP2

1 0 1 RP6

1 10 RP3

1 1 1 RP7

(7) mem3

P2 P1 Po mem3

0 0 O [RPO]

0 0 1 [RG4]

0 10 [RP1]

0o 1 1 [RG5]

1 0 O [RP2]

1 0 1 [RG6]

1 10 [RP3]

1 1 1 [RG7]
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(8) post byte

Note UP in the case of a PUSH/POP instruction, PSW in the case of a PUSHU/POPU instruction.

| bit7 ‘ bit6 ‘ bits ‘ bitd ‘ bit3 ‘ bit2 ‘ bit1 ‘ bito | Corresponding

Register Pair

AX

BC

RP2

RP3

VP
UP/PSW"*

DE
HL

0 Save/restore operation not performed on stack memory

1 Save/restore operation performed on stack memory

(9) locaddr
locaddr locaddrl locaddrh
0 FEH 01H
OFH FFH O0H
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6.4.2 List of operation codes

(1) 8-bit data transfer instruction: MOV

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MoV r1, #byte 1011 1 R2R1Ro | « #byte -
r2, #byte 0011 1100 1011 1 R2R1Ro | « #byte -
saddr2, #byte 0011 1010 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0011 1010 “— Saddr1-offset -
o soye o | |
sfr, #byte 0010 1011 «— Sfr-offset - | « #byte -
laddr16, #byte 0000 1001 0100 0000 «— Low Address -
| High Address & | & soyte S
lladdr24, #byte 0000 1001 0101 0000 < High-w Address —
|« LowAddress — | < High Address — | «  #byte  —
r, r1 0010 0100 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 0010 0100 R7RsRs R4 0 R2R1Ro
A, r 1101 0 R2R1Ro
A, r2 0011 1100 1101 0 Rz2R1Ro
A, saddr2 0010 0000 «— Saddr2-offset —
r, saddr2 0011 1000 RsRz2R1Ro 0000 «— Saddr2-offset -
r, saddr1 0011 1000 R3R2R1Ro 0001 «— Saddr1-offset -
saddr2, A 0010 0010 « Saddr2-offset —
saddr2, r 0011 1000 RsRz2R1Ro 0100 “— Saddr2-offset -
saddri, r 0011 1000 R3R2R1Ro 0101 «— Saddr1-offset -
A, sfr 0001 0000 « Sfr-offset -
r, sfr 0011 1000 RsRz2R1Ro 0010 «— Sfr-offset -
sfr, A 0001 0010 «— Sfr-offset -
sfr, r 0011 1000 RsRz2R1Ro 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 0000 <  Saddr2’-offset —
| saddreoftset | |
saddr2, saddr1 0010 1010 0001 0000 “— Saddr1-offset -
o saddioftset | |
saddr1, saddr2 0010 1010 0010 0000 «— Saddr2-offset -
o saddrtooftset | |
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
Mov saddr1, saddr1’ 0010 1010 0011 0000 <  Saddrt’-offset —

r, laddr16 0011 1110 RsRz2R1Ro 0000 « Low Address -
|« HighAddress | | ]

laddr16, r 0011 1110 RsRz2R1Ro 0001 « Low Address -
|« HighAddress | | ]

r, laddr24 0011 1110 RsR2R1Ro 0010 <« High-w Address —
| LowAddress — | « High Address - | |

lladdr24, r 0011 1110 RsRz2R1Ro 0011 < High-w Address —
|« LowAddress — | « High Address - | |

A, [saddrp2] 0001 1000 «— Saddr2-offset -

A, [saddrpi] 0011 1100 0001 1000 <  Saddri-offset —

A, [%esaddrg2] 0000 0111 0011 0000 «— Saddr2-offset -

A, [%saddrg1] 0011 1100 0000 0111 0011 0000
|« saddrioffset | |

A, [TDE +] 0101 1000

A, [WHL +] 0101 1001

A, [TDE -] 0101 1010

A, [WHL -] 0101 1011

A, [TDE] 0101 1100

A, [WHL] 0101 1101

A, [VVP] 0001 0110 0110 0000

A, [UUP] 0001 0110 0111 0000

A, [TDE + byte] 0000 0110 0000 0000 « Low Offset -

A, [SP + byte] 0000 0110 0001 0000 «— Low Offset -

A, [WHL + byte] 0000 0110 0010 0000 « Low Offset -

A, [UUP + byte] 0000 0110 0011 0000 « Low Offset -

A, [VVP + byte] 0000 0110 0100 0000 «— Low Offset -

A, imm24 [DE] 0000 1010 0000 0000 « Low Offset -
| HighoOfftset |«  HighwoOftset | |

A, imm24 [A] 0000 1010 0001 0000 « Low Offset -
| HighoOfftset |«  HighwoOftset | ]

A, imm24 [HL] 0000 1010 0010 0000 « Low Offset -

«— High Offset -

«— High-w Offset -
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOV A, imm24 [B] 0000O0 1010 0011 0000O0 “— Low Offset -
|« HighOffset | « High-wOffset - |
A, [TDE + A] 0001 0111 00O00O 00O00O
A, [WHL + A] 0001 0111 0001 0000O
A, [TDE + B] 0001 0111 0010 00O00O
A, [WHL + B] 0001 0111 0011 0000O
A, [VVP + DE] 0001 0111 0100 0000O
A, [VVP + HL] 0001 0111 0101 0000O
A, [TDE + C] 0001 0111 0110 00O00O
A, [WHL + C] 0001 0111 0111 0000O
[saddrp2], A 0001 1001 «— Saddr2-offset -
[saddrp1], A 0011 1100 0001 1001 «— Saddr1-offset -
[%saddrg2], A 0000 0111 1011 0000 «— Saddr2-offset -
[%saddrg1], A 0011 1100 0000O 0111 1011 0000O
o saddrioffset - | |
[TDE +], A 0101 0000O
[WHL +], A 0101 000 1
[TDE -], A 0101 0010
[WHL ], A 0101 0011
[TDE], A 0101 0100
[WHL], A 0101 0101
[VVP], A 0001 0110 1110 0000O
[UUP], A 0001 0110 1111 0000O
[TDE + byte], A 0000O 0110 1000 0000O «— Low Offset -
[SP + byte], A 0000 0110 1001 0000 |« Low Offset >
[WHL + byte], A 0000O 0110 1010 00O00O «— Low Offset -
[UUP + byte], A 0000O 0110 1011 0000O «— Low Offset -
[VVP + byte], A 0000O 0110 1100 0000O “— Low Offset -
imm24 [DE], A 00O00O 1010 1000 0000O «— Low Offset -
|« Highoffset | < HighwoOftset | ]
imm24 [A], A 0000O0 1010 1001 0000O0 “— Low Offset -
|« Highoftset | < HighwoOftset | ]
imm24 [HL], A 0000O 1010 1010 0000O «— Low Offset -
|« HighOffset - | < HighwoOftset | |
(Continued on next page)
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Mnemonic Operands Operation Code
B2 B3
B5 B6
MOV imm24 [B], A 0000O0 1010 1011 0000O0 “— Low Offset -
|« HighOffset | « High-wOffset - |
[TDE + A], A 0001 0111 1000 0000
[WHL + A], A 0001 0111 1001 0000
[TDE + B], A 0001 0111 1010 0000
[WHL + B], A 0001 0111 1011 0000
[VVP + DE], A 0001 0111 1100 0000
[VVP + HL], A 0001 0111 1101 0000
[TDE + C], A 0001 0111 1110 0000
[WHL + C], A 0001 0111 1111 0000
PSWL, #byte 0010 1011 1111 1110 « #byte -
PSWH, #byte 0010 1011 1111 1111 « #byte -
PSWL, A 0001 0010 1111 1110
PSWH, A 0001 0010 1111 1111
A, PSWL 0001 0000 1111 1110
A, PSWH 000O0 1 0000O0 1111 1111
V, #byte 0000 0111 0110 0001 « #byte -
U, #byte 0000 0111 0110 0011 « #byte -
T, #byte 0000 0111 0110 0101 |« #byte >
W, #byte 0000 0111 0110 0111 « #byte -
AV 0000 0101 1100 0001
AU 0000 0101 1100 0011
AT 0000 0101 1100 0101
AW 0000 0101 1100 0111
vV, A 0000 0101 1100 1001
U A 0000 0101 1100 1011
T,A 0000 0101 1100 1101
W, A 0000O 0101 1100 1111
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(2) 16-bit data transfer instruction: MOVW

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOovw rp, #word 0110 0 P2P1Po | « Low Byte - | « High Byte -
saddrp2, #word 0000 1100 «— Saddr2-offset - | « Low Byte -
[ Higheyte | [
saddrp1, #word 0011 1100 0000 1100 «— Saddr1-offset -
| LowByte | <  HghByte |
sfrp, #word 0000 1011 «— Sfr-offset - | « Low Byte -
o Hgheyte | |
laddr16, #word 0000 1001 0100 0001 “— Low Address -
& HighAddress | «  LowByte |«  HghByte  —
lladdr24, #word 0000 1001 0101 0001 < High-w Address —
|« LowAddress — | < High Address — | «  LowBye  —
[ Highmyte | [
rp, rp’ 0010 0100 P7PsPs 0 1 P2P1Po
AX, saddrp2 0001 1100 «— Saddr2-offset -
rp, saddrp2 0011 1000 P7PsPs 0 1000 «— Saddr2-offset -
rp, saddrp1 0011 1000 P7PePs O 1001 «  Saddri-offset —
saddrp2, AX 0001 1010 «  Saddr2-offset —
saddrp2, rp 0011 1000 P7PsPs 0 1100 «— Saddr2-offset -
saddrp1, rp 0011 1000 P7PsPs O 1101 «  Saddri-offset —
AX, sfrp 0001 0001 «— Sfr-offset -
rp, sfrp 0011 1000 P7PsPs 0 1010 «— Sfr-offset -
sfrp, AX 0001 0011 «— Sfr-offset -
sfrp, rp 0011 1000 P7PePs 0 1110 “— Sfr-offset -
saddrp2, saddrp2’ 0010 1010 1000 0000 «— Saddr2’-offset -
o saddoftset | |
saddrp2, saddrp1 0010 1010 1001 0000 «— Saddr1-offset -
| saddreoftset | [
saddrp1, saddrp2 0010 1010 1010 0000 «— Saddr2-offset -
o saddrtoftset | |
saddrp1, saddrp1’ 0010 1010 1011 0000 «— Saddr1’-offset -
o saddrtooftset | |
rp, laddr16 0011 1110 P7PePs O 1000 «— Low Address -
| HighAddress | [
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOovw laddr16, rp 0011 1110 P7PePs O 1001 “— Low Address -
|« HighAddress | | ]
rp, lladdr24 0011 1110 P7PsPs O 1010 < High-w Address —
|« LowAddress — | « High Address - | |
lladdr24, rp 0011 1110 P7PsPs O 1011 < High-w Address —
| LowAddress — | « High Address - | |
AX, [saddrp2] 0000 0111 0010 0001 «— Saddr2-offset -
AX, [saddrp1] 0011 1100 0000 0111 0010 0001

«— Saddr1-offset -

AX, [%saddrg2] 0000 0111 0011 0001 «— Saddr2-offset -

AX, [Ysaddrg1] 0011 1100 0000O 0111 0011 0001
| saddrioffset | |

AX, [TDE +] 0001 0110 0000O 0001

AX, [WHL +] 0001 0110 0001 0001

AX, [TDE -] 0001 0110 0010 0001

AX, [WHL -] 0001 0110 0011 0001

AX, [TDE] 0001 0110 0100 0001

AX, [WHL] 0001 0110 0101 0001

AX, [VVP] 0001 0110 0110 0001

AX, [UUP] 0001 0110 0111 0001

AX, [TDE + byte] 00O00O 0110 00O00O 0001 «— Low Offset -

AX, [SP + byte] 0000 0110 0001 0001 |« Low Offset >

AX, [WHL + byte] 0000O 0110 0010 0001 «— Low Offset -

AX, [UUP + byte] 0000O 0110 0011 0001 «— Low Offset -

AX, [VVP + byte] 0000 0110 0100 0001 |« Low Offset -

AX, imm24 [DE] 00O00O 1010 00O00O 0001 «— Low Offset -
| Highofftset |«  HighwoOftset | |

AX, imm24 [A] 0000O0 1010 000O01 000O01 “— Low Offset -
| Highofftset |«  HighwoOftset | |

AX, imm24 [HL] 00O00O 1010 0010 0001 «— Low Offset -
|« HighOffset - | < HghwoOfset | |

AX, imm24 [B] 00O00O 1010 0011 0001 «— Low Offset -
| HighoOffset |«  HighwoOftset | |

AX, [TDE + A] 0001 0111 0000O 0001
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
Movw AX, [WHL + A] 0001 0111 0001 0001
AX, [TDE + B] 0001 0111 0010 0001
AX, [WHL + B] 0001 0111 0011 0001
AX, [VVP + DE] 0001 0111 0100 0001
AX, [VVP + HL] 0001 0111 0101 0001
AX, [TDE + C] 0001 0111 0110 0001
AX, [WHL + C] 0001 0111 0111 0001
[saddrp2], AX 0000 0111 1010 0001 <  Saddr2-offset —
[saddrp1], AX 0011 1100 0000 0111 1010 0001
© saddriooftset | |
[%saddrg2], AX 0000 0111 1011 0001 <  Saddr2-offset —
[%saddrgi], AX 0011 1100 0000 0111 1011 0001
© saddriooftset | |
[TDE +], AX 0001 0110 1000 0001
[WHL +], AX 0001 0110 1001 0001
[TDE -], AX 0001 0110 1010 0001
[WHL-], AX 0001 0110 1011 0001
[TDE], AX 0001 0110 1100 0001
[WHL], AX 0001 0110 1101 0001
[VVP], AX 0001 0110 1110 0001
[UUP], AX 0001 0110 1111 0001
[TDE + byte], AX 0000 0110 1000 0001 «— Low Offset -
[SP + byte], AX 0000 0110 1001 0001 « Low Offset -
[WHL + byte], AX 0000 0110 1010 0001 « Low Offset -
[UUP + byte], AX 0000 0110 1011 0001 «— Low Offset -
[VVP + byte], AX 0000 0110 1100 0001 « Low Offset -
imm24 [DE], AX 0000 1010 1000 0001 « Low Offset -
|« Highofiset - | < HghwoOftset |
imm24 [A], AX 0000 1010 1001 0001 « Low Offset -
«— High Offset - | « High-w Offset -
imm24 [HL], AX 0000O0 1010 1010 0001 “— Low Offset -
|« Highoffset - | « HighwoOftset |
imm24 [B], AX 0000 1010 1011 0001 « Low Offset -
|« Highoffset - | < HighwoOftset |
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOovw [TDE + A], AX 000 0 000 000
[WHL + A], AX 000 0 001 000
[TDE + B], AX 000 0 010 000
[WHL + B], AX 000 0 011 000
[VVP + DE], AX 000 0 100 000
[VVP + HL], AX 000 0 101 000
[TDE + C], AX 000 0 110 000
[WHL + C], AX 000 0 111 000
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(3) 24-bit data transfer instruction: MOVG

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOVG rg, #imm24 0011 1000 1 GeGs 1 1011 “— Low Byte -
|« HghByte | < HghwByte |
rg, rg’ 0010 0100 1 GeGs 1 1 G2G1 1
rg, laddr24 0011 1110 1 GeGs 1 1010 <« High-w Address —
|« LowAddress > | <  HighAddress |
lladdr24, rg 0011 1110 1 GeGs 1 1011 <« High-w Address —
|« LowAddress > | <  HighAddress |
rg, saddrg2 0011 1000 1 GeGs 1 1000 «— Saddr2-offset -
rg, saddrg1 0011 1000 1 GeGs 1 1001 «— Saddr1-offset -
saddrg2, rg 0011 1000 1 GeGs 1 1100 “— Saddr2-offset -
saddrgt, rg 0011 1000 1 GeGs 1 1101 «— Saddr1-offset -
WHL, [%saddrg2] 0000O 0111 0011 0010 «— Saddr2-offset -
WHL, [%saddrg1] 0011 1100 0000O 0111 0011 0010
o saddrtooftset | |
[%saddrg2], WHL 0000O 0111 1011 0010 «— Saddr2-offset -
[%saddrg1], WHL 0011 1100 0000 0111 1011 0010
o saddrtooftset | |
WHL, [TDE +] 0001 0110 00O00O 0010
WHL, [TDE -] 0001 0110 0010 0010
WHL, [TDE] 0001 0110 0100 0010
WHL, [WHL] 0001 0110 0101 0010
WHL, [VVP] 0001 0110 0110 0010
WHL, [UUP] 0001 0110 0111 0010
WHL, [TDE + byte] 0000O 0110 0000O 0010 «— Low Offset -
WHL, [SP + byte] 0000 0110 0001 0010 |« Low Offset N
WHL, [WHL + byte] 0000 0110 0010 0010 |« Low Offset N
WHL, [UUP + byte] 0000O 0110 0011 0010 «— Low Offset -
WHL, [VVP + byte] 0000 0110 0100 0010 |« Low Offset >
WHL, imm24 [DE] 0000O0 1010 0000O0 0010 “— Low Offset -
| Highofftset |«  HighwoOftset | |
WHL, imm24 [A] 0000O0 1010 000O01 0010 “— Low Offset -
|« HighOffset - | < HghwoOfset | |
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOVG WHL, imm24 [HL] 0000O0 1010 0010 0010 “— Low Offset -
|« HighOffset - | « HighwoOffset — |
WHL, imm24 [B] 0000 1010 0011 0010 « Low Offset -
| HighOffset | <  HighwoOffset |
WHL, [TDE + A] 0001 0111 0000 0010
WHL, [WHL + A] 0001 0111 0001 0010
WHL, [TDE + B] 0001 0111 0010 0010
WHI, [WHL + B] 0001 0111 0011 0010
WHL, [VVP + DE] 0001 0111 0100 0010
WHL, [VVP + HL] 0001 0111 0101 0010
WHL, [TDE + C] 0001 0111 0110 0010
WHL, [WHL + C] 0001 0111 0111 0010
[TDE +], WHL 0001 0110 1000 0010
[TDE -], WHL 0001 0110 1010 0010
[TDE], WHL 0001 0110 1100 0010
[WHL], WHL 0001 0110 1101 0010
[VVP], WHL 0001 0110 1110 0010
[UUP], WHL 0001 0110 1111 0010
[TDE + byte], WHL 0000 0110 1000 0010 « Low Offset -
[SP + byte], WHL 0000 0110 1001 0010 « Low Offset -
[WHL + byte], WHL 0000 0110 1010 0010 « Low Offset -
[UUP + byte], WHL 0000 0110 1011 0010 «— Low Offset -
[VVP + byte], WHL 0000 0110 1100 0010 « Low Offset -
imm24 [DE], WHL 0000 1010 1000 0010 « Low Offset -
|« HighOffset | < HighwoOffset |
imm24 [A], WHL 0000 1010 1001 0010 « Low Offset -
| HighoOffset | < HighwoOftset |
imm24 [HL], WHL 0000O0 1010 1010 0010 “— Low Offset -
| HighoOffset | < HighwoOftset |
imm24 [B], WHL 0000 1010 1011 0010 « Low Offset -
|« HighOffset | <  HighwoOffset |
[TDE + A], WHL 0001 0111 1000 0010
[WHL + A], WHL 0001 0111 1001 0010
[TDE + B], WHL 0001 0111 1010 0010
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOVG [WHL + B], WHL 000 0111 1011 00 0
[VVP + DE], WHL 00O 0111 1100 00 0
[VVP + HL], WHL 00O 0111 1101 00 0
[TDE + C], WHL 000 0111 1110 00 0
[WHL + C], WHL 000 0111 1111 00 0
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(4) 8-bit data exchange instruction: XCH

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XCH r,rl 0010 0101 R7Rs Rs R4 0 R2R1Ro
r, r2 0011 1100 0010 0101 R7RsRs R4 0 R2R1Ro
A 1101 1 R2R1 0
A, r2 0011 1100 1101 1 R2R1Ro
A, saddr2 0010 0001 <  Saddr2-offset —
r, saddr2 0011 1001 R7ReRs R4 0000 «— Saddr2-offset -
r, saddri 0011 1001 R7ReRs R4 0001 «  Saddri-offset —
r, sfr 0011 1001 R7Re Rs R4 0010 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 0100 <  Saddr2’-offset —

saddr2, saddr1

saddr1, saddr2

saddri1, saddr1’

r, laddr16 011 111 R7ReRsR4 0100 “«— Low Address -
«— High Address -
r, laddr24 0011 1110 R7ReRsR4 0110 <« High-w Address —
| LowAddess | <  High Address |
A, [saddrp2] 0010 0011 «— Saddr2-offset -
A, [saddrp1] 0011 1100 0010 0011 «— Saddr1-offset -
A, [Y%saddrg2] 0000O 0111 0011 0100 “— Saddr2-offset -
A, [Y%saddrg1] 0011 1100 00O00O 0111 0011 0100
o saddrtoftset | |
A, [TDE +] 0001 0110 0000O 0100
A, [WHL +] 0001 0110 0001 0100
A, [TDE -] 0001 0110 0010 0100
A, [WHL -] 0001 0110 0011 0100
A, [TDE] 0001 0110 0100 0100
A, [WHL] 0001 0110 0101 0100
A, [VVP] 0001 0110 0110 0100
A, [UUP] 0001 0110 0111 0100
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XCH A, [TDE + byte] 0000O 0110 0000O 0100 “— Low Offset -
A, [SP + byte] 00O00O 0110 0001 0100 «— Low Offset -
A, [WHL + byte] 0000O 0110 0010 0100 «— Low Offset -
A, [UUP + byte] 0000 0110 0011 0100 |« Low Offset N
A, [VVP + byte] 00O00O 0110 0100 0100 «— Low Offset -
A, imm24 [DE] 00O00O 1010 0000O 0100 «— Low Offset -
| HighOffset | <  HighwoOffset |
A, imm24 [A] 00O00O 1010 0001 0100 «— Low Offset -
|« HighOffset - | « HighwoOffset — |
A, imm24 [HL] 0000O0 1010 0010 0100 “— Low Offset -
|« HighOffset  — | « HighwoOffset — |
A, imm24 [B] 0000O 1010 0011 0100 «— Low Offset -
| HighOffset | <  HighwoOffset |
A, [TDE + A] 0001 0111 0000O 0100
A, [WHL + A] 0001 0111 0001 0100
A, [TDE + B] 0001 0111 0010 0100
A, [WHL + B] 0001 0111 0011 0100
A, [VVP + DE] 0001 0111 0100 0100
A, [VVP + HL] 0001 0111 0101 0100
A, [TDE + C] 0001 0111 0110 0100
A, [WHL + C] 0001 0111 0111 0100
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INSTRUCTION SET

(5) 16-bit data exchange instruction: XCHW

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XCHW p, rp’ 0010 0101 P7PePs O 1 P2P1Po
AX, saddrp2 0001 1011 «— Saddr2-offset -
rp, saddrp2 0011 1001 P7PsPs 0 1000 «— Saddr2-offset -
rp, saddrp1 0011 1001 P7PsPs 0 1001 «— Saddr1-offset -
rp, sfrp 0011 1001 P7PsPs 0 1010 “— Sfr-offset -
AX, [saddrp2] 0000 0111 0010 0101 <  Saddr2-offset —
AX, [saddrp1] 0011 1100 0000 0111 0010 0101

Saddr1-offset -

AX, [Y%saddrg2]

0o 0111

AX, [%saddrgi]

AX, laddr16 000 101 0100 0101 «— Low Address -
«— High Address -
AX, laddr24 0000 1010 0101 0101 <« High-w Address —

saddrp2, saddrp2’

saddrp2, saddrp1

saddrp1, saddrp2

saddrp1, saddrp1’

«— Saddri-offset —
AX, [TDE + byte] 00O00O 0110 0000O 0101 «— Low Offset -
AX, [SP + byte] 0000 0110 0001 0101 |« Low Offset >
AX, [WHL + byte] 0000 0110 0010 0101 |« Low Offset -
AX, [UUP + byte] 00O00O 0110 0011 0101 «— Low Offset -
AX, [VVP + byte] 0000 0110 0100 0101 |« Low Offset -
AX, imm24 [DE] 0000O0 1010 0000O0 0101 “— Low Offset -

| HighoOffset | < HighwoOftset |
AX, imm24 [A] 0000O0 1010 0001 0101 “— Low Offset -

«— High Offset -

«— High-w Offset -
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Mnemonic Operands Operation Code
B2 B3
B5 B6

XCHW AX, imm24 [HL] 0000 10 0 0010 0101 — Low Offset -

| HighOffset - | « HighwoOffset — |

AX, imm24 [B] 0000 1010 0011 0101 « Low Offset -

|« HighOffset  — | «  High-wOffset |
AX, [TDE +] 0001 01 0 0000 0101
AX, [WHL +] 0001 01 0 0001 0101
AX, [TDE -] 0001 01 0 0010 0101
AX, [WHL -] 0001 01 0 0011 0101
AX, [TDE] 0001 01 0 0100 0101
AX, [WHL] 0001 01 0 0101 0101
AX, [VVP] 0001 01 0 0110 0101
AX, [UUP] 0001 01 0 0111 0101
AX, [TDE + A] 0001 01 1 0000 0101
AX, [WHL + A] 0001 01 1 0001 0101
AX, [TDE + B] 0001 01 1 0010 0101
AX, [WHL + B] 0001 01 1 0011 0101
AX, [VVP + DE] 0001 01 1 0100 0101
AX, [VVP + HL] 0001 01 1 0101 0101
AX, [TDE + C] 0001 01 1 0110 0101
AX, [WHL + C] 0001 01 1 0111 0101
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(6) 8-bit operation instructions: ADD, ADDC, SUB, SUBC, CMP, AND, OR, XOR

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADD A, #byte 1010 1000 — #byte -
r, #byte o111 1000 R7Rs Rs R4 0011 “— #byte -
saddr2, #byte 0110 1000 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1000 «— Saddr1-offset -
o soye |
sfr, #byte 0000 0001 0110 1000 «— Sfr-offset -
e soye o | [
r,rl 1000 1000 R7ReRsR4 0 R2R1Ro
r, r2 0011 1100 1000 1000 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1000 <  Saddr2-offset —
r, saddr2 0111 1000 R7ReRs R4 0000 “— Saddr2-offset -
r, saddr1 0111 1000 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1000 R7Re Rs R4 0100 «— Saddr2-offset -
saddri, r 0111 1000 R7Re Rs R4 0101 “— Saddr1-offset -
r, sfr 0111 1000 R7ReRs R4 0010 «— Sfr-offset -
sfr, r o111 1000 R7ReRsR4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1000 <  Saddr2’-offset —

saddr2, saddr1

saddr1, saddr2

saddr1, saddr1’

Saddr1-offset -

A, [saddrp2]

00 0111

A, [saddrp1]

Saddr1-offset -

A, [%esaddrg2]

00 0111

A, [%esaddrgi]

Saddr1-offset -

[saddrp2], A

00 0111

[saddrpi1], A

«— Saddr1-offset -
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADD [%saddrg2], A 0000 0111 1011 1000 |« Saddre-offset —
[%saddrg1], A 0011 1100 00O00O 0111 1011 1000
|« saddrt Offset | |
A, laddr16 0000O0 1010 0100 1000 «— Low Address -
| HighAddress | |
A, !laddr24 0000O 1010 0101 1000 <« High-w Address —
| LowAddress — | High Address |
laddr16, A 0000O 1010 1100 1000 «— Low Address -
| HighAddress | |
lladdr24, A 0000 1010 1101 1000 |« High-wAddress —
| LowAddress | <  High Address |
A, [TDE +] 0001 0110 0000O 1000
A, [WHL +] 0001 0110 0001 1000
A, [TDE ] 0001 0110 0010 1000
A, [WHL -] 0001 0110 0011 1000
A, [TDE] 0001 0110 0100 1000
A, [WHL] 0001 0110 0101 1000
A, [VVP] 0001 0110 0110 1000
A, [UUP] 000O01 0110 o111 1000
A, [TDE + byte] 0000O 0110 0000O 1000 «— Low Offset -
A, [SP + byte] 0000O 0110 0001 1000 «— Low Offset -
A, [WHL + byte] 0000O0 0110 0010 1000 «— Low Offset -
A, [UUP + byte] 00O00O 0110 0011 1000 «— Low Offset -
A, [VVP + byte] 00O00O 0110 0100 1000 «— Low Offset -
A, imm24 [DE] 0000 1010 0000 1000 |« Low Offset -
| HighOffset | <  HighwoOffset |
A, imm24 [A] 0000O 1010 0001 1000 «— Low Offset -
' HighOffset | < HighwOffset |
A, imm24 [HL] 0000O 1010 0010 1000 «— Low Offset -
| HighOffset | <  HighwoOffset |
A, imm24 [B] 0000 1010 0011 1000 | « Low Offset -
| HighOffset | <  HighwoOffset |
A, [TDE + A] 0001 0111 0000O 1000
A, [WHL + A] 0001 o111 0001 1000
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADD A, [TDE + B] 0001 0111 0010 1000
A, [WHL + B] 0001 0111 0011 1000
A, [VVP + DE] 0001 0111 0100 1000
A, [VVP + HL] 0001 0111 0101 1000
A, [TDE + C] 0001 0111 0110 1000
A, [WHL + C] 0001 0111 0111 1000
[TDE +], A 0001 0110 1000 1000
[WHL +], A 0001 0110 1001 1000
[TDE -], A 0001 0110 1010 1000
[WHL -], A 0001 0110 1011 1000
[TDE], A 0001 0110 1100 1000
[WHL], A 0001 0110 1101 1000
[VVP], A 0001 0110 1110 1000
[UUP], A 0001 0110 1111 1000
[TDE + byte], A 0000 0110 1000 1000 « Low Offset -
[SP + byte], A 0000 0110 1001 1000 « Low Offset -
[WHL + byte], A 0000 0110 1010 1000 « Low Offset -
[UUP + byte], A 0000 0110 1011 1000 « Low Offset -
[VVP + byte], A 0000 0110 1100 1000 |« Low Offset -
imm24 [DE], A 0000 1010 1000 1000 « Low Offset -
«— High Offset - | « High-w Offset -
imm24 [A], A 0000O0 1010 1001 1000 — Low Offset -
«— High Offset - | « High-w Offset -
imm24 [HL], A 0000 1010 1010 1000 « Low Offset -
«— High Offset - | « High-w Offset -
imm24 [B], A 0000 1010 1011 1000 « Low Offset -
«— High Offset - | « High-w Offset -
[TDE + A], A 0001 0111 1000 1000
[WHL + A], A 0001 0111 1001 1000
[TDE + B], A 0001 0111 1010 1000
[WHL + B], A 0001 0111 1011 1000
[VVP + DE], A 0001 0111 1100 1000
[VVP + HL], A 0001 0111 1101 1000
[TDE + C], A 0001 0111 1110 1000
[WHL + C], A 0001 0111 1111 1000
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADDC A, #byte 1010 1001 «— #byte -
r, #byte 0111 1001 R7Res Rs R4 0011 « #byte -
saddr2, #byte 0110 1001 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1001 «  Saddri-offset —
o soyte |
sfr, #byte 0000 0001 0110 1001 «— Sfr-offset -
e soye o ||
r, r1 1000 1001 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1001 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1001 «— Saddr2-offset -
r, saddr2 0111 1001 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1001 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1001 R7Re Rs R4 0100 “— Saddr2-offset -
saddri, r 0111 1001 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1001 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1001 R7Rs Rs R4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1001 <  Saddr2’-offset —
o saddeweofset | |
saddr2, saddr1 0010 1010 0001 1001 “— Saddr1-offset -
o saddeeofset | |
saddr1, saddr2 0010 1010 0010 1001 «— Saddr2-offset -
o saddrtooftset | |
saddr1, saddr?’ 0010 1010 0011 1001 < Saddr1’-offset —
o saddrtofset | |
A, [saddrp2] 0000 0111 0010 1001 «  Saddr2-offset —
A, [saddrpi] 0011 1100 0000 0111 0010 1001
o saddrteofset | |
A, [%saddrg2] 0000 0111 0011 1001 «  Saddr2-offset —
A, [%saddrg1] 0011 1100 0000 0111 0011 1001
|« saddrtoffset | |
[saddrp2], A 0000 0111 1010 1001 «  Saddr2-offset —
[saddrp1], A 0011 1100 0000 0111 1010 1001
|« saddrteoftset | |
[%esaddrg2], A 0000 0111 1011 1001 «  Saddr2-offset —
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADDC [%saddrg1], A 0011 1100 0000O 0111 1011 1001

A, laddr16 0000 1010 0100 1001 « Low Address -

< High Address | |

A, lladdr24 0000 1010 0101 1001 < High-w Address —

|« LowAddress — | «  HighAddress |

laddr16, A 0000 1010 1100 1001 « Low Address -

|« High Address | |

lladdr24, A 0000 1010 1101 1001 < High-w Address —

|« LowAddress — | «  High Address |
A, [TDE +] 0001 0110 0000 1001
A, [WHL +] 0001 0110 0001 1001
A, [TDE -] 0001 0110 0010 1001
A, [WHL -] 0001 0110 0011 1001
A, [TDE] 0001 0110 0100 1001
A, [WHL] 0001 0110 0101 1001
A, [VVP] 0001 0110 0110 1001
A, [UUP] 0001 0110 0111 1001

A, [TDE + byte] 0000 0110 0000 1001 « Low Offset -

A, [SP + byte] 0000 0110 0001 1001 « Low Offset -

A, [WHL + byte] 0000 0110 0010 1001 « Low Offset -

A, [UUP + byte] 0000 0110 0011 1001 «— Low Offset -

A, [VVP + byte] 0000 0110 0100 1001 « Low Offset -

A, imm24 [DE] 0000 1010 0000 1001 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [A] 0000 1010 0001 1001 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [HL] 0000O0 1010 0010 1001 “— Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [B] 0000 1010 0011 1001 « Low Offset -
«— High Offset - | « High-w Offset -
A, [TDE + A] 0001 0111 0000 1001
A, [WHL + A] 0001 0111 0001 1001
A, [TDE + B] 0001 0111 0010 1001

(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADDC A, [WHL + B] 0001 0111 0011 1001
A, [VVP + DE] 0001 0111 0100 1001
A, [VVP + HL] 0001 0111 0101 1001
A, [TDE + C] 0001 0111 0110 1001
A, [WHL + C] 0001 0111 0111 1001
[TDE +], A 0001 0110 1000 1001
[WHL +], A 0001 0110 1001 1001
[TDE -], A 0001 0110 1010 1001
[WHL -], A 0001 0110 1011 1001
[TDE], A 0001 0110 1100 1001
[WHL], A 0001 0110 1101 1001
[VVP], A 0001 0110 1110 1001
[UUP], A 0001 0110 1111 1001
[TDE + byte], A 0000O 0110 1000 1001 «— Low Offset -
[SP + byte], A 00O00O 0110 1001 1001 «— Low Offset -
[WHL + byte], A 0000 0110 1010 1001 | « Low Offset -
[UUP + byte], A 0000O 0110 1011 1001 «— Low Offset -
[VVP + byte], A 00O00O 0110 1100 1001 «— Low Offset -
imm24 [DE], A 0000O0 1010 1000 1001 “— Low Offset -
|« HighOffset - | «  HighwoOffset — |
imm24 [A], A 00O00O 1010 1001 1001 «— Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000O 1010 1010 1001 «— Low Offset -
|« HighOffset - | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1001 “— Low Offset -
| HighOffset  — | «  HighwoOffset — |
[TDE + A], A 0001 0111 1000 1001
[WHL + A, A 0001 0111 1001 1001
[TDE + B], A 0001 0111 1010 1001
[WHL + B], A 0001 0111 1011 1001
[VVP + DE], A 0001 0111 1100 1001
[VVP + HL], A 0001 0111 1101 1001
[TDE + C], A 0001 0111 1110 1001
[WHL + C], A 000O01 o111 1111 1001
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SuB A, #byte 1010 1010 | « #byte >
r, #byte 0111 1010 R7ResRs R4 0011 « #byte -
saddr2, #byte 0110 1010 <« Saddr2 Offset — | « #byte -
saddr1, #byte 0011 1100 0110 1010 «  Saddr1-Offset —
o soyte |
sfr, #byte 0000 0001 0110 1010 «— Sfr-offset -
e soye o ||
r, r1 1000 1010 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1010 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1010 «— Saddr2-offset -
r, saddr2 0111 1010 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1010 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1010 R7Re Rs R4 0100 “— Saddr2-offset -
saddri, r 0111 1010 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1010 R7ReRs R4 0010 «— Sfr-offset -
sfr, r o111 1010 R7ReRsR4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1010 <  Saddr2’-offset —

saddr2, saddr1

saddr1, saddr2

saddri1, saddr1’

Saddr1-offset -

A, [saddrp2]

00 0111

A, [saddrp1]

Saddr1-offset -

A, [%esaddrg2]

00 0111

A, [Y%saddrg1]

Saddr1-offset -

[saddrp2], A

00 0111

[saddrpi], A

[Y%saddrg2], A

«— Saddr1-offset -
0000 0111

«— Saddr2-offset -
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
suB [%saddrg1], A 0011 1100 0000O o111 1011 1010
|« saddrioffset | |
A, laddr16 0000 1010 0100 1010 « Low Address -
< High Address | |
A, lladdr24 0000 1010 0101 1010 < High-w Address —
|« LowAddress — | «  HighAddress |
laddr16, A 0000 1010 1100 1010 «— Low Address -
|« High Address | |
lladdr24, A 0000 1010 1101 1010 < High-w Address —
|« LowAddress — | «  High Address |
A, [TDE +] 0001 0110 0000 1010
A, [WHL +] 0001 0110 0001 1010
A, [TDE -] 0001 0110 0010 1010
A, [WHL -] 0001 0110 0011 1010
A, [TDE] 0001 0110 0100 1010
A, [WHL] 0001 0110 0101 1010
A, [VVP] 0001 0110 0110 1010
A, [UUP] 0001 0110 0111 1010
A, [TDE + byte] 0000 0110 0000 1010 «— Low Offset -
A, [SP + byte] 0000 0110 0001 1010 « Low Offset -
A, [WHL + byte] 0000 0110 0010 1010 « Low Offset -
A, [UUP + byte] 0000 0110 0011 1010 « Low Offset -
A, [VVP + byte] 0000 0110 0100 1010 « Low Offset -
A, imm24 [DE] 0000 1010 0000 1010 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [A] 0000 1010 0001 1010 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [HL] 0000O0 1010 0010 1010 — Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [B] 0000 1010 0011 1010 « Low Offset -
«— High Offset - | « High-w Offset -
A, [TDE + A] 0001 0111 0000 1010
A, [WHL + A] 0001 0111 0001 1010
A, [TDE + B] 0001 0111 0010 1010
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SUB A, [WHL + B] 0001 o111 0011 1010
A, [VVP + DE] 0001 0111 0100 1010
A, [VVP + HL] 0001 0111 0101 1010
A, [TDE + C] 0001 0111 0110 1010
A, [WHL + C] 0001 0111 0111 1010
[TDE +], A 0001 0110 1000 1010
[WHL +], A 0001 0110 1001 1010
[TDE -], A 0001 0110 1010 1010
[WHL -], A 0001 0110 1011 1010
[TDE], A 0001 0110 1100 1010
[WHL], A 0001 0110 1101 1010
[VVP], A 0001 0110 1110 1010
[UUP], A 000O01 0110 1111 1010
[TDE + byte], A 0000 0110 1000 1010 « Low Offset -
[SP + byte], A 0000 0110 1001 1010 « Low Offset -
[WHL + byte], A 0000 0110 1010 1010 |« Low Offset -
[UUP + byte], A 0000 0110 1011 1010 « Low Offset -
[VVP + byte], A 0000 0110 1100 1010 « Low Offset -
imm24 [DE], A 0000O0 1010 1000 1010 “— Low Offset -
| HighOffset - | « HighwoOffset — |
imm24 [A], A 0000 1010 1001 1010 « Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000 1010 1010 1010 « Low Offset -
|« HighOffset  — | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1010 “— Low Offset -
| HighOffset - | « HighwoOffset — |
[TDE + A], A 0001 0111 1000 1010
[WHL + A], A 0001 0111 1001 1010
[TDE + B], A 0001 0111 1010 1010
[WHL + B], A 0001 0111 1011 1010
[VVP + DE], A 0001 0111 1100 1010
[VVP + HL], A 0001 0111 1101 1010
[TDE + C], A 0001 0111 1110 1010
[WHL + C], A 0001 o111 1111 1010
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SUBC A, #byte 1010 1011 |« #byte >
r, #byte 0111 1011 R7Res Rs R4 0011 « #byte -
saddr2, #byte 0110 1011 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1011 «— Saddr1-offset -
o soyte |
sfr, #byte 0000 0001 0110 1011 «— Sfr-offset -
e soye o ||
r, r1 1000 1011 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1011 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1011 «— Saddr2-offset -
r, saddr2 0111 1011 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1011 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1011 R7Re Rs R4 0100 “— Saddr2-offset -
saddri, r 0111 1011 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1011 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1011 R7Rs Rs R4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1011 <  Saddr2’-offset —
o saddeweofset | |
saddr2, saddr1 0010 1010 0001 1011 «  Saddri-offset —
o saddeeofset | |
saddr1, saddr2 0010 1010 0010 1011 «— Saddr2-offset -
o saddrtooftset | |
saddr1, saddr?’ 0010 1010 0011 1011 < Saddr1’-offset —
o saddrtofset | |
A, [saddrp2] 0000 0111 0010 1011 «  Saddr2-offset —
A, [saddrpi] 0011 1100 0000 0111 0010 1011
o saddrteofset | |
A, [%saddrg2] 0000 0111 0011 1011 «  Saddr2-offset —
A, [%saddrg1] 0011 1100 0000 0111 0011 1011
|« saddrtoffset | |
[saddrp2], A 0000 0111 1010 1011 «  Saddr2-offset —
[saddrp1], A 0011 1100 0000 0111 1010 1011
|« saddrteoftset | |
[%esaddrg2], A 0000 0111 1011 1011 «  Saddr2-offset —
(Continued on next page)
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CHAPTER 6

INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SUBC [%saddrg1], A 0011 1100 0000 0111 1011 1011

A, laddr16 0000 1010 0100 1011 « Low Address -

< High Address | |

A, lladdr24 0000 1010 0101 1011 < High-w Address —

|« LowAddress — | «  HighAddress |

laddr16, A 0000 1010 1100 1011 «— Low Address -

|« High Address | |

lladdr24, A 0000 1010 1101 1011 < High-w Address —

|« LowAddress — | «  High Address |
A, [TDE +] 0001 0110 0000 1011
A, [WHL +] 0001 0110 0001 1011
A, [TDE -] 0001 0110 0010 1011
A, [WHL -] 0001 0110 0011 1011
A, [TDE] 0001 0110 0100 1011
A, [WHL] 000O0 1 0110 0101 1011
A, [VVP] 0001 0110 0110 1011
A, [UUP] 0001 0110 0111 1011

A, [TDE + byte] 0000 0110 0000 1011 |« Low Offset -

A, [SP + byte] 0000 0110 0001 1011 « Low Offset -

A, [WHL + byte] 0000 0110 0010 1011 « Low Offset -

A, [UUP + byte] 0000 0110 0011 1011 «— Low Offset -

A, [VVP + byte] 0000 0110 0100 1011 « Low Offset -

A, imm24 [DE] 0000 1010 0000 1011 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [A] 0000 1010 0001 1011 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [HL] 0000O0 1010 0010 1011 “— Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [B] 0000 1010 0011 1011 « Low Offset -
«— High Offset - | « High-w Offset -
A, [TDE + A] 0001 0111 0000 1011
A, [WHL + A] 0001 0111 0001 1011
A, [TDE + B] 0001 o111 0010 1011

(Continued on next page)
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SUBC A, [WHL + B] 0001 o111 0011 1011
A, [VVP + DE] 0001 0111 0100 1011
A, [VVP + HL] 0001 0111 0101 1011
A, [TDE + C] 0001 o111 0110 1011
A, [WHL + C] 0001 0111 0111 1011
[TDE +], A 0001 0110 1000 1011
[WHL +], A 000O01 0110 1001 1011
[TDE -], A 0001 0110 1010 1011
[WHL -], A 0001 0110 1011 1011
[TDE], A 0001 0110 1100 1011
[WHL], A 0001 0110 1101 1011
[VVP], A 0001 0110 1110 1011
[UUP], A 0001 0110 1111 1011
[TDE + byte], A 0000O 0110 1000 1011 «— Low Offset -
[SP + byte], A 00O00O 0110 1001 1011 «— Low Offset -
[WHL + byte], A 0000 0110 1010 1011 | « Low Offset -
[UUP + byte], A 0000O 0110 1011 1011 «— Low Offset -
[VVP + byte], A 00O00O 0110 1100 1011 «— Low Offset -
imm24 [DE], A 0000O0 1010 1000 1011 “— Low Offset -
|« HighOffset - | «  HighwoOffset — |
imm24 [A], A 00O00O 1010 1001 1011 «— Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000O 1010 1010 1011 «— Low Offset -
|« HighOffset - | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1011 “— Low Offset -
| HighOffset  — | «  HighwoOffset — |
[TDE + A], A 0001 0111 1000 1011
[WHL + A], A 0001 o111 1001 1011
[TDE + B], A 0001 0111 1010 1011
[WHL + B], A 0001 0111 1011 1011
[VVP + DE], A 000O01 o111 1100 1011
[VVP + HL], A 0001 0111 1101 1011
[TDE + C], A 0001 0111 1110 1011
[WHL + C], A 000O01 o111 1111 1011
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CHAPTER 6

INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CMP A, #byte 1010 1111 «— #byte -
r, #byte 0111 1111 R7ResRs R4 0011 « #byte -
saddr2, #byte 0110 1111 «— Saddr2-offset - | « #byte -
0

saddr1, #byte

«— Saddr1-offset -

«— #byte -
sfr, #byte 0000 0001 0110 1111 «— Sfr-offset -
e soye o ||
r, r1 1000 1111 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1111 R7ReRs R4 0 Rz2R1Ro
A, saddr2 1001 1111 «— Saddr2-offset -
r, saddr2 0111 1111 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1111 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1111 R7ReRsR4 0100 “«— Saddr2-offset -
saddri, r 0111 1111 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1111 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1111 R7Rs Rs R4 0110 «— Sfr-offset -
0 «— -

saddr2, saddr2’

Saddr2’-offset

saddr2, saddr1

saddr1, saddr2

saddri1, saddr1’

Saddr1-offset -

A, [saddrp2]

00 0111

A, [saddrp1]

Saddr1-offset -

A, [%esaddrg2]

00 0111

A, [Y%saddrg1]

Saddr1-offset -

[saddrp2], A

00 0111

[saddrpi], A

[Y%saddrg2], A

«— Saddr1-offset -
0000 0111

«— Saddr2-offset -
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CMP [%saddrg1], A 0011 1100 0000O0 o111 1011 1111
|« saddrioffset | |
A, laddr16 0000 1010 0100 1111 « Low Address -
< High Address | |
A, lladdr24 0000 1010 0101 1111 < High-w Address —
|« LowAddress — | «  HighAddress |
laddr16, A 0000 1010 1100 1111 « Low Address -
|« High Address | |
lladdr24, A 0000 1010 1101 1111 < High-w Address —
|« LowAddress — | «  High Address |
A, [TDE +] 0001 0110 0000 1111
A, [WHL +] 0001 0110 0001 1111
A, [TDE -] 0001 0110 0010 1111
A, [WHL -] 0001 0110 0011 1111
A, [TDE] 0001 0110 0100 1111
A, [WHL] 0001 0110 0101 1111
A, [VVP] 0001 0110 0110 1111
A, [UUP] 0001 0110 0111 1111
A, [TDE + byte] 0000 0110 0000 1111 | « Low Offset -
A, [SP + byte] 0000 0110 0001 1111 « Low Offset -
A, [WHL + byte] 0000 0110 0010 1111 « Low Offset -
A, [UUP + byte] 0000 0110 0011 1111 «— Low Offset -
A, [VVP + byte] 0000 0110 0100 1111 « Low Offset -
A, imm24 [DE] 0000 1010 0000 1111 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [A] 0000 1010 0001 1111 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [HL] 0000O0 1010 0010 1111 “— Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [B] 0000 1010 0011 1111 « Low Offset -
«— High Offset - | « High-w Offset -
A, [TDE + A] 0001 0111 0000 1111
A, [WHL + A] 0001 0111 0001 1111
A, [TDE + B] 000O01 o111 0010 1111
(Continued on next page)
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CMP A, [WHL + B] 0001 o111 0011 1111
A, [VVP + DE] 0001 0111 0100 1111
A, [VVP + HL] 0001 0111 0101 1111
A, [TDE + C] 0001 o111 0110 1111
A, [WHL + C] 0001 0111 0111 1111
[TDE +], A 0001 0110 1000 1111
[WHL +], A 0001 0110 1001 1111
[TDE -], A 0001 0110 1010 1111
[WHL -], A 0001 0110 1011 1111
[TDE], A 000O0 1 0110 1100 1111
[WHL], A 0001 0110 1101 1111
[VVP], A 0001 0110 1110 1111
[UUP], A 000O01 0110 1111 1111
[TDE + byte], A 0000 0110 1000 1111 « Low Offset -
[SP + byte], A 0000 0110 1001 1111 « Low Offset -
[WHL + byte], A 0000 0110 1010 1111 | « Low Offset -
[UUP + byte], A 0000 0110 1011 1111 « Low Offset -
[VVP + byte], A 0000 0110 1100 1111 « Low Offset -
imm24 [DE], A 0000O0 1010 1000 1111 “— Low Offset -
| HighOffset - | « HighwoOffset — |
imm24 [A], A 0000 1010 1001 1111 « Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000 1010 1010 1111 « Low Offset -
|« HighOffset  — | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1111 “— Low Offset -
| HighOffset - | « HighwoOffset — |
[TDE + A], A 0001 0111 1000 1111
[WHL + A], A 0001 o111 1001 1111
[TDE + B], A 0001 0111 1010 1111
[WHL + B], A 0001 0111 1011 1111
[VVP + DE], A 0001 o111 1100 1111
[VVP + HL], A 0001 0111 1101 1111
[TDE + C], A 0001 0111 1110 1111
[WHL + C], A 0001 o111 1111 1111
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
AND A, #byte 1010 1100 — #byte -
r, #byte 0111 1100 R7Res Rs R4 0011 « #byte -
saddr2, #byte 0110 1100 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1100 «  Saddri-offset —
o soyte |
sfr, #byte 0000 0001 0110 1100 «— Sfr-offset -
e soye o ||
r, r1 1000 1100 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1100 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1100 «— Saddr2-offset -
r, saddr2 0111 1100 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1100 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1100 R7Re Rs R4 0100 “— Saddr2-offset -
saddri, r 0111 1100 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1100 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1100 R7Rs Rs R4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1100 <  Saddr2’-offset —
o saddeweofset | |
saddr2, saddr1 0010 1010 0001 1100 <  Saddri-offset —
o saddeeofset | |
saddr1, saddr2 0010 1010 0010 1100 «— Saddr2-offset -
o saddrtooftset | |
saddr1, saddr?’ 0010 1010 0011 1100 <  Saddr1’-offset —
o saddrtofset | |
A, [saddrp2] 0000 0111 0010 1100 <  Saddr2-offset —
A, [saddrpi] 0011 1100 0000 0111 0010 1100
o saddrteofset | |
A, [%saddrg2] 0000 0111 0011 1100 «  Saddr2-offset —
A, [%saddrg1] 0011 1100 0000 0111 0011 1100
|« saddrtoffset | |
[saddrp2], A 0000 0111 1010 1100 «  Saddr2-offset —
[saddrp1], A 0011 1100 0000 0111 1010 1100
|« saddrteoftset | |
[%esaddrg2], A 0000 0111 1011 1100 «  Saddr2-offset —
(Continued on next page)
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
AND [%saddrg1], A 0011 1100 0000O 0111 1011 1100

A, laddr16 0000 1010 0100 1100 « Low Address -
< High Address | |

A, lladdr24 0000 1010 0101 1100 < High-w Address —
|« LowAddress — | «  HighAddress |

laddr16, A 0000 1010 1100 1100 «— Low Address -
|« High Address | |

lladdr24, A 0000 1010 1101 1100 < High-w Address —
|« LowAddress — | «  High Address |

A, [TDE +] 0001 0110 0000 1100

A, [WHL +] 0001 0110 0001 1100

A, [TDE -] 0001 0110 0010 1100

A, [WHL -] 0001 0110 0011 1100

A, [TDE] 0001 0110 0100 1100

A, [WHL] 0001 0110 0101 1100

A, [VVP] 0001 0110 0110 1100

A, [UUP] 0001 0110 0111 1100

A, [TDE + byte] 0000 0110 0000 1100 «— Low Offset -

A, [SP + byte] 0000 0110 0001 1100 « Low Offset -

A, [WHL + byte] 0000 0110 0010 1100 « Low Offset -

A, [UUP + byte] 0000 0110 0011 1100 « Low Offset -

A, [VVP + byte] 0000 0110 0100 1100 « Low Offset -

A, imm24 [DE] 0000 1010 0000 1100 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [A] 0000 1010 0001 1100 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [HL] 0000O 1010 0010 1100 — Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [B] 0000 1010 0011 1100 « Low Offset -
«— High Offset - | « High-w Offset -

A, [TDE + A] 0001 0111 0000 1100

A, [WHL + A] 0001 0111 0001 1100

A, [TDE + B] 0001 0111 0010 1100
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
AND A, [WHL + B] 0001 0111 0011 1100
A, [VVP + DE] 0001 0111 0100 1100
A, [VVP + HL] 0001 0111 0101 1100
A, [TDE + C] 0001 0111 0110 1100
A, [WHL + C] 0001 0111 0111 1100
[TDE +], A 0001 0110 1000 1100
[WHL +], A 0001 0110 1001 1100
[TDE -], A 0001 0110 1010 1100
[WHL -], A 0001 0110 1011 1100
[TDE], A 0001 0110 1100 1100
[WHL], A 0001 0110 1101 1100
[VVP], A 0001 0110 1110 1100
[UUP], A 0001 0110 1111 1100
[TDE + byte], A 0000O 0110 1000 1100 «— Low Offset -
[SP + byte], A 00O00O 0110 1001 1100 «— Low Offset -
[WHL + byte], A 0000 0110 1010 1100 | « Low Offset -
[UUP + byte], A 0000O 0110 1011 1100 «— Low Offset -
[VVP + byte], A 00O00O 0110 1100 1100 «— Low Offset -
imm24 [DE], A 0000O0 1010 1000 1100 “— Low Offset -
|« HighOffset - | «  HighwoOffset — |
imm24 [A], A 00O00O 1010 1001 1100 «— Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000O 1010 1010 1100 «— Low Offset -
|« HighOffset - | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1100 “— Low Offset -
| HighOffset  — | «  HighwoOffset — |
[TDE + A], A 0001 0111 1000 1100
[WHL + A], A 0001 0111 100 1 1100
[TDE + B], A 0001 0111 1010 1100
[WHL + B], A 0001 0111 1011 1100
[VVP + DE], A 0001 0111 1100 1100
[VVP + HL], A 0001 0111 1101 1100
[TDE + C], A 0001 0111 1110 1100
[WHL + C], A 000O01 o111 1111 1100
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
OR A, #byte 1010 1110 «— #byte -
r, #byte 0111 1110 R7ResRs R4 0011 « #byte -
saddr2, #byte 0110 1110 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1110 «— Saddr1-offset -
o soyte |
sfr, #byte 0000 0001 0110 1110 «— Sfr-offset -
e soye o ||
r, r1 1000 1110 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1110 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1110 “— Saddr2-offset -
r, saddr2 0111 1110 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1110 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1110 R7Re Rs R4 0100 “— Saddr2-offset -
saddri, r 0111 1110 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1110 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1110 R7Rs Rs R4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1110 <  Saddr2’-offset —

saddr2, saddr1

saddr1, saddr2

saddri1, saddr1’

Saddr1-offset -

A, [saddrp2]

00 0111

A, [saddrp1]

Saddr1-offset -

A, [%esaddrg2]

00 0111

A, [Y%saddrg1]

Saddr1-offset -

[saddrp2], A

00 0111

[saddrpi], A

[Y%saddrg2], A

«— Saddr1-offset -
0000 0111

«— Saddr2-offset -
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
OR [%saddrg1], A 0011 1100 0000O0 o111 1011 1110
|« saddrioffset | |
A, laddr16 0000 1010 0100 1110 « Low Address -
< High Address | |
A, lladdr24 0000 1010 0101 1110 < High-w Address —
|« LowAddress — | «  HighAddress |
laddr16, A 0000 1010 1100 1110 « Low Address -
|« High Address | |
lladdr24, A 0000 1010 1101 1110 < High-w Address —
|« LowAddress — | «  High Address |
A, [TDE +] 0001 0110 0000 1110
A, [WHL +] 0001 0110 0001 1110
A, [TDE -] 0001 0110 0010 1110
A, [WHL -] 0001 0110 0011 1110
A, [TDE] 0001 0110 0100 1110
A, [WHL] 0001 0110 0101 1110
A, [VVP] 0001 0110 0110 1110
A, [UUP] 0001 0110 0111 1110
A, [TDE + byte] 0000 0110 0000 1110 |« Low Offset -
A, [SP + byte] 0000 0110 0001 1110 « Low Offset -
A, [WHL + byte] 0000 0110 0010 1110 « Low Offset -
A, [UUP + byte] 0000 0110 0011 1110 «— Low Offset -
A, [VVP + byte] 0000 0110 0100 1110 « Low Offset -
A, imm24 [DE] 0000 1010 0000 1110 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [A] 0000 1010 0001 1110 « Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [HL] 0000O0 1010 0010 1110 “— Low Offset -
«— High Offset - | « High-w Offset -
A, imm24 [B] 0000 1010 0011 1110 « Low Offset -
«— High Offset - | « High-w Offset -
A, [TDE + A] 0001 0111 0000 1110
A, [WHL + A] 0001 0111 0001 1110
A, [TDE + B] 0001 0111 0010 1110
(Continued on next page)
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INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
OR A, [WHL + B] 0001 o111 0011 1110
A, [VVP + DE] 0001 0111 0100 1110
A, [VVP + HL] 0001 0111 0101 1110
A, [TDE + C] 0001 o111 0110 1110
A, [WHL + C] 0001 0111 0111 1110
[TDE +], A 0001 0110 1000 1110
[WHL +], A 0001 0110 1001 1110
[TDE -], A 0001 0110 1010 1110
[WHL -], A 0001 0110 1011 1110
[TDE], A 000O0 1 0110 1100 1110
[WHL], A 0001 0110 1101 1110
[VVP], A 0001 0110 1110 1110
[UUP], A 000O01 0110 1111 1110
[TDE + byte], A 0000 0110 1000 1110 « Low Offset -
[SP + byte], A 0000 0110 1001 1110 « Low Offset -
[WHL + byte], A 0000 0110 1010 1110 | « Low Offset -
[UUP + byte], A 0000 0110 1011 1110 « Low Offset -
[VVP + byte], A 0000 0110 1100 1110 « Low Offset -
imm24 [DE], A 0000O0 1010 1000 1110 “— Low Offset -
| HighOffset - | « HighwoOffset — |
imm24 [A], A 0000 1010 1001 1110 « Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000 1010 1010 1110 « Low Offset -
|« HighOffset  — | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1110 “— Low Offset -
| HighOffset - | « HighwoOffset — |
[TDE + A], A 0001 0111 1000 1110
[WHL + A], A 0001 o111 1001 1110
[TDE + B], A 0001 0111 1010 1110
[WHL + B], A 0001 0111 1011 1110
[VVP + DE], A 0001 o111 1100 1110
[VVP + HL], A 0001 0111 1101 1110
[TDE + C], A 0001 0111 1110 1110
[WHL + C], A 0001 o111 1111 1110
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XOR A, #byte 1010 1101 «— #byte -
r, #byte 0111 1101 R7Res Rs R4 0011 « #byte -
saddr2, #byte 0110 1101 «— Saddr2-offset - | « #byte -
saddr1, #byte 0011 1100 0110 1101 «— Saddr1-offset -
o soyte |
sfr, #byte 0000 0001 0110 1101 «— Sfr-offset -
e soye o ||
r, r1 1000 1101 R7ReRs R4 0 R2R1Ro
r, r2 0011 1100 1000 1101 R7ResRs R4 0 RzR1Ro
A, saddr2 1001 1101 «— Saddr2-offset -
r, saddr2 0111 1101 R7ReRs R4 0000 «— Saddr2-offset -
r, saddr1 0111 1101 R7ReRs R4 0001 «— Saddr1-offset -
saddr2, r 0111 1101 R7ReRsR4 0100 “«— Saddr2-offset -
saddri, r 0111 1101 R7ReRs R4 0101 «— Saddr1-offset -
r, sfr 0111 1101 R7ReRs R4 0010 «— Sfr-offset -
sfr, r 0111 1101 R7Rs Rs R4 0110 «— Sfr-offset -
saddr2, saddr2’ 0010 1010 0000 1101 <  Saddr2’-offset —
o saddeweofset | |
saddr2, saddr1 0010 1010 0001 1101 «  Saddri-offset —
o saddeeofset | |
saddr1, saddr2 0010 1010 0010 1101 «— Saddr2-offset -
o saddrtooftset | |
saddr1, saddr?’ 0010 1010 0011 1101 <  Saddr1’-offset —
o saddrtofset | |
A, [saddrp2] 0000 0111 0010 1101 «  Saddr2-offset —
A, [saddrpi] 0011 1100 0000 0111 0010 1101
o saddrteofset | |
A, [%saddrg2] 0000 0111 0011 1101 «  Saddr2-offset —
A, [%saddrg1] 0011 1100 0000 0111 0011 1101
|« saddrtoffset | |
[saddrp2], A 0000 0111 1010 1101 «  Saddr2-offset —
[saddrp1], A 0011 1100 0000 0111 1010 1101
|« saddrteoftset | |
[%esaddrg2], A 0000 0111 1011 1101 «  Saddr2-offset —
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XOR [%saddrg1], A 0011 1100 0000O 0111 1011 1101

A, laddr16 0000 1010 0100 1101 « Low Address -
< High Address | |

A, lladdr24 0000 1010 0101 1101 < High-w Address —
|« LowAddress — | «  HighAddress |

laddr16, A 0000 1010 1100 1101 « Low Address -
|« High Address | |

lladdr24, A 0000 1010 1101 1101 < High-w Address —
|« LowAddress — | «  High Address |

A, [TDE +] 0001 0110 0000 1101

A, [WHL +] 0001 0110 0001 1101

A, [TDE -] 0001 0110 0010 1101

A, [WHL -] 0001 0110 0011 1101

A, [TDE] 0001 0110 0100 1101

A, [WHL] 0001 0110 0101 1101

A, [VVP] 0001 0110 0110 1101

A, [UUP] 0001 0110 0111 1101

A, [TDE + byte] 0000 0110 0000 1101 | « Low Offset -

A, [SP + byte] 0000 0110 0001 1101 « Low Offset -

A, [WHL + byte] 0000 0110 0010 1101 « Low Offset -

A, [UUP + byte] 0000 0110 0011 1101 «— Low Offset -

A, [VVP + byte] 0000 0110 0100 1101 « Low Offset -

A, imm24 [DE] 0000 1010 0000 1101 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [A] 0000 1010 0001 1101 « Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [HL] 0000O0 1010 0010 1101 — Low Offset -
«— High Offset - | « High-w Offset -

A, imm24 [B] 0000 1010 0011 1101 « Low Offset -
«— High Offset - | « High-w Offset -

A, [TDE + A] 0001 0111 0000 1101

A, [WHL + A] 0001 0111 0001 1101

A, [TDE + B] 0001 0111 0010 1101
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
XOR A, [WHL + B] 0001 o111 0011 1101
A, [VVP + DE] 0001 0111 0100 1101
A, [VVP + HL] 0001 0111 0101 1101
A, [TDE + C] 000O01 o111 0110 1101
A, [WHL + C] 0001 0111 0111 1101
[TDE +], A 0001 0110 1000 1101
[WHL +], A 0001 0110 1001 1101
[TDE -], A 0001 0110 1010 1101
[WHL -], A 0001 0110 1011 1101
[TDE], A 0001 0110 1100 1101
[WHL], A 0001 0110 1101 1101
[VVP], A 0001 0110 1110 1101
[UUP], A 0001 0110 1111 1101
[TDE + byte], A 0000O 0110 1000 1101 «— Low Offset -
[SP + byte], A 00O00O 0110 1001 1101 «— Low Offset -
[WHL + byte], A 0000 0110 1010 1101 | « Low Offset -
[UUP + byte], A 0000O 0110 1011 1101 «— Low Offset -
[VVP + byte], A 00O00O 0110 1100 1101 «— Low Offset -
imm24 [DE], A 0000O0 1010 1000 1101 “— Low Offset -
|« HighOffset - | «  HighwoOffset — |
imm24 [A], A 00O00O 1010 1001 1101 «— Low Offset -
|« HighOffset  — | «  High-wOffset |
imm24 [HL], A 0000O 1010 1010 1101 «— Low Offset -
|« HighOffset - | « HighwoOffset — |
imm24 [B], A 0000O0 1010 1011 1101 “— Low Offset -
| HighOffset  — | «  HighwoOffset — |
[TDE + A], A 0001 0111 1000 1101
[WHL + A], A 0001 o111 1001 1101
[TDE + B], A 0001 0111 1010 1101
[WHL + B], A 0001 0111 1011 1101
[VVP + DE], A 000O01 o111 1100 1101
[VVP + HL], A 0001 0111 1101 1101
[TDE + C], A 0001 0111 1110 1101
[WHL + C], A 000O01 o111 1111 1101
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INSTRUCTION SET

(7) 16-bit operation instructions: ADDW, SUBW, CMPW

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADDW AX, #word 0010 1101 “— Low Byte - | « High Byte -
rp, #word 0111 1000 P7PePs O 1011 “— Low Byte -
o mgheye | T
rp, rp’ 1000 1000 P7PsPs 0 1 P2P1Po
AX, saddrp2 0001 1101 «— Saddr2-offset -
rp, saddrp2 0111 1000 P7PsPs 0 1000 «— Saddr2-offset -
rp, saddrp1 0111 1000 P7PsPs 0 1001 «— Saddr1-offset -
saddrp2, rp 0111 1000 P7PsPs 0 1100 «— Saddr2-offset -
saddrp1, rp 0111 1000 P7PsPs 0 1101 «— Saddr1-offset -
rp, sfrp o111 1000 P7PsPs 0 1010 “— Sfr-offset -
sfrp, rp 0111 1000 P7PePs O 1110 “— Sfr-offset -
saddrp2, #word 0000 1101 «— Saddr2-offset - | « Low Byte -
o Hgheyte | ]
saddrp1, #word 0011 1100 0000 1101 «— Saddr1-offset -
[ lowByte |  Hgheye | ]
sfrp, #word 0000 0001 0000 1101 « Sfr-offset -
| LowByte |  HghByte | ]
saddrp2, saddrp2’ 0010 1010 1000 1101 «— Saddr2’-offset -
o saddeoftset | | ]
saddrp2, saddrp1 0010 1010 1001 1101 «— Saddr1-offset -
| saddeweoftset | [
saddrp1, saddrp2 0010 1010 1010 1101 «— Saddr2-offset -
o saddrtoftset | | ]
saddrp1, saddrp1’ 0010 1010 1011 1101 «— Saddr1’-offset -
o saddrtoftset | | ]
SUBwW AX, #word 0010 1110 «— Low Byte - | « High Byte -
rp, #word 0111 1010 P7PsPs O 1011 «— Low Byte -
 Hgheyte | ]
rp, rp’ 1000 1010 P7PsPs 0 1 P2P1Po
AX, saddrp2 0001 1110 «— Saddr2-offset -
rp, saddrp2 0111 1010 P7PsPs 0 1000 «— Saddr2-offset -
rp, saddrp1 o111 1010 P7PsPs 0 1001 “— Saddr1-offset -
saddrp2, rp 0111 1010 P7PsPs 0 1100 «— Saddr2-offset -
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
SUBwW saddrp1, rp 0111 1010 P7PePs 0 1101 «— Saddr1-offset -
rp, sfrp 0111 1010 P7PsPs 0 1010 «— Sfr-offset -
sfrp, rp 0111 1010 P7PsPs 0 1110 «— Sfr-offset -
saddrp2, #word 0000 1110 «— Saddr2-offset - | « Low Byte -
o Higheye o |
saddrp1, #word 0011 1100 0000 1110 «— Saddr1-offset -
| lowByte | < HghBye |
sfrp, #word 0000 0001 0000 1110 «— Sfr-offset -
| lowByte |  Hgheye |
saddrp2, saddrp2’ 0010 1010 1000 1110 «  Saddr2’-offset —
o saddemeoffset | | T
saddrp2, saddrp1 0010 1010 1001 1110 «— Saddr1-offset -
| saddeoffset | | T
saddrp1, saddrp2 0010 1010 1010 1110 «— Saddr2-offset -
|« saddrtoffset | |
saddrp1, saddrp1’ 0010 1010 1011 1110 «— Saddr1’-offset -
o saddrtofset | |
CMPW AX, #word 0010 1111 «— Low Byte - | « High Byte -
rp, #word 0111 1111 P7PePs 0 1011 “— Low Byte -
 Hgheye | |
rp, rp’ 1000 1111 P7PePs O 1 P2P1Po
AX, saddrp2 0001 1111 «— Saddr2-offset -
rp, saddrp2 0111 1111 P7PsPs 0 1000 «— Saddr2-offset -
rp, saddrp1 0111 1111 P7PsPs 0 1001 «— Saddr1-offset -
saddrp2, rp o111 1111 P7PsPs 0 1100 “— Saddr2-offset -
saddrp1, rp 0111 1111 P7PsPs 0 1101 «— Saddr1-offset -
rp, sfrp 0111 1111 P7PsPs 0 1010 «— Sfr-offset -
sfrp, rp 0111 1111 P7PePs O 1110 “— Sfr-offset -
saddrp2, #word 0000 1111 «— Saddr2-offset - | « Low Byte -
— HighByte | [
saddrp1, #word 0011 1100 0000 1111 «  Saddri-offset —
'« lowByte - |«  HghByte |
sfrp, #word 0000 0001 0000 1111 «— Sfr-offset -
'« LowByte |«  HghBye - |
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CMPW saddrp2, saddrp2’ 0010 1010 1000 1111 «— Saddr2’-offset —

saddrp2, saddrp1

saddrp1, saddrp2

saddrp1, saddrp1’

«— Saddr1-offset -

(8) 24-bit operation instructions: ADDG, SUBG
Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ADDG rg, rg’ 1000 1000 1 GeGs 1 1 G2G1 1
rg, #imm24 0111 1000 1 GeGs 1 1011 «— Low Byte -
[« HighByte - | « HighwByte |
WHL, saddrg2 0111 1000 1111 1000 — Saddr2-offset -
WHL, saddrg1 0111 1000 1111 1001 <  Saddri-offset —
SUBG rg, rg’ 1000 1010 1 GeGs 1 1 G2G1 1
rg, #imm24 0111 1010 1 GeGs 1 1011 “— Low Byte -
|« HighByte - | < HghwByte — |
WHL, saddrg2 0111 1010 1111 1000 <  Saddr2-offset —
WHL, saddrg1 0111 1010 1111 1001 “— Saddr1-offset -
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(9) Multiplication instructions: MULU, MULUW, MULW, DIVUW, DIVUX

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MULU r1 0000 0101 0000 1 R2R1Ro
r2 0011 1100 0000 0101 0000 1 R2R1Ro
MULUW rp 0000 0101 0010 1 P2P1Po
MULW rp 0000O 0101 0011 1 P2P1Po
DIVUW r1 0000O 0101 0001 1 Rz2R1Ro
r2 0011 1100 0000 0101 0001 1 R2R1Ro
DIVUX rp 0000O0 0101 1110 1 P2P1Po

(10) Special operation instructions: MACW, MACSW, SACW

Mnemonic Operands Operation Code

B1 B2 B3

B4 B5 B6

B7
MACW byte 00O00O 0111 1000 0101 «— byte -
MACSW byte 0000 0111 1001 0101 |« byte >
SACW | [TDE+].WHL+] | 0000 1001 | 0110 0100|0100 0001

0100 0110
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(11) Increment/decrement instructions: INC, DEC, INCW, DECW, INCG, DECG

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
INC r1 1100 0 R2R1Ro
r2 0011 1100 1100 0 Rz2R1Ro
saddr2 0010 0110 «— Saddr2-offset -
saddr1 0011 1100 0010 0110 «  Saddri-offset —
DEC r1 1100 1 R2R1Ro
r2 0011 1100 1100 1 R2R1Ro
saddr2 0010 0111 «  Saddr2-offset —
saddr1 0011 1100 0010 0111 «  Saddri-offset —
INCW RPO 0011 1110 0000 1101
RP1 0011 1110 0010 1101
RP2 0011 1110 0100 1101
RP3 0011 1110 0110 1101
VP (RP4) 0100 0100
UP (RP5) 0100 0101
DE (RP6) 0100 0110
HL (RP7) 0100 0111
saddrp2 0000 0111 1110 1000 «  Saddr2-offset —
saddrp1 0011 1100 0000 0111 1110 1000
<  Saddri-offset —
DECW RPO 0011 1110 0000O 1111
RP1 0011 1110 0010 1111
RP2 0011 1110 0100 1111
RP3 0011 1110 0110 1111
VP (RP4) 0100 1100
UP (RP5) 0100 1101
DE (RP6) 0100 1110
HL (RP7) 0100 1111
saddrp2 0000 0111 1110 1001 «  Saddr2-offset —
saddrp1 0011 1100 0000 0111 1110 1001
«— Saddr1-offset -
INCG rg 0011 1110 1 GeGs 1 1101
DECG rg 0011 1110 1 GeGs 1 1111
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(12) Adjustment instructions: ADJBA, ADJBS, CVTBW

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7

ADJBA 0000O 0101 1111 1110

ADJBS 0000O 0101 1111 1111

CVTBW 0000 0100

(13) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
ROR r1, n 0011 00O00O 0 1 N2Ni NoRz2R1Ro
r2, n 0011 1100 0011 0000 1 N2 N1 NoRzR1 Ro
ROL r1, n 0011 0001 0 1 N2Ni1 NoR2R1Ro
r2, n 0011 1100 0011 0001 1 N2N1 NoR2R1Ro
RORC r1,n 0011 0000 0 0 Nz2N1 NoRzR1 Ro
r2, n 0011 1100 0011 0000O 0 Nz2N:1 NoRz2R1 Ro
ROLC r1, n 0011 0001 0 0 N2Ni NoRz2R1Ro
r2, n 0011 1100 0011 0001 0 Nz2Ni NoRzR1 Ro
SHR r1, n 0011 00O00O0 1 0 N2N1 NoR2R1Ro
r2, n 0011 1100 0011 0000O 0 Nz2N:1 NoRz2R1 Ro
SHL r1,n 0011 0001 1 0 N2N1 NoRzR1 Ro
r2, n 0011 1100 0011 000O01 0 N2N1 NoR2R1Ro
SHRW p, N 0011 00O00O 1 1 Na2N1 No P2 P1 Po
SHLW rp, N 0011 0001 1 1 N2N1 No P2 P1 Po
ROR4 mem3 0000O 0101 1000 1 P2P1Po
ROL4 mem3 0000O 0101 1001 1 P2P1Po
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(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOV1 CY, saddr2. bit 0000 1000 0000 0 B2B1Bo | «  Saddr2-offset —
CY, saddr1. bit 0011 1100 0000 1000 0000 0 B2B1Bo
« Saddrioffset | |
CY, sfr. bit 0000 1000 0000 1 B2Bi1Bo | « Sfr-offset -
CY, X. bit 0000 0011 0000 0 B2B1Bo
CY, A. bit 0000 0011 0000 1 B2B1Bo
CY, PSWL. bit 0000 0010 0000 0 B2B1Bo
CY, PSWH. bit 0000 0010 0000 1 B2B1Bo
CY, [TDE]. bit 0011 1101 0000 0 B2B1Bo
CY, [WHL]. bit 0011 1101 0000O0 1 B2B1Bo
CY, laddr16.bit 0000 1001 1101 0000 0000 0 B2B1Bo
|« LowAddress | «  HighAddress - |
CY, laddr24.bit 0000 1001 1101 0000 0000 1 B2B1Bo
|« HighwAddress — | <  LowAddress — | «  High Address  —
saddr2. bit, CY 0000 1000 0001 0 BaB1Bo | «  Saddr2-offset —
saddr1. bit, CY 0011 1100 0000 1000 0001 0 B2B1Bo
saddri-offset | |
sfr. bit, CY 0000 1000 0001 1 B2B1Bo | « Sfr-offset -
X. bit, CY 0000O 0011 0001 0 B2B1Bo
A. bit, CY 0000O 0011 0001 1 B2B1Bo
PSWL. bit, CY 0000 0010 0001 0 B2B1Bo
PSWH. bit, CY 0000O 0010 0001 1 B2B1Bo
[TDE]. bit, CY 0011 1101 0001 0 B2B1Bo
[WHL]. bit, CY 0011 1101 0001 1 B2B1Bo
laddr16. bit, CY 0000 1001 1101 0000 0001 0 B2B1Bo
' LowAddress — | «  High Address - |
laddr24. bit, CY 0000 1001 1101 0000 0001 1 B2B1Bo
|« HighwAddress — | «  LowAddress - | «  High Address  —
AND1 CY, saddr2. bit 0000 1000 0010 0 B2B1Bo | «  Saddr2-offset —
CY, saddr1. bit 0011 1100 0000 1000 0010 0 B2B1Bo
saddri-offset | |
CY,/saddr2. bit 0000 1000 0011 0 B2B1Bo | «  Saddr2-offset —
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
AND1 CY,/saddr1. bit 0011 1100 0000O 1000 0011 0 B2B1Bo
|« saddrt-offset - | [
CY, sfr. bit 00O00O 1000 0010 1 B2B1Bo | « Sfr-offset -
CY,/sfr. bit 0000 1000 0011 1 B2Bi1Bo | « Sfr-offset -
CY, X. bit 0000O0 0011 0010 0 B2B1Bo
CY,/X. bit 0000O 0011 0011 0 B2B1Bo
CY, A. bit 0000O0 0011 0010 1 B2B1Bo
CY,/A. bit 0000O0 0011 0011 1 B2B1Bo
CY, PSWL. bit 0000 0010 0010 0 B2B1Bo
CY,/PSWL. bit 0000O0 0010 0011 0 B2B1Bo
CY, PSWH. bit 0000O0 0010 0010 1 B2B1Bo
CY,/PSWH. bit 0000O 0010 0011 1 B2B1Bo
CY, [TDE]. bit 0011 1101 0010 0 B2B1Bo
CY,/ [TDE]. bit 0011 1101 0011 0 B2B1Bo
CY, [WHL]. bit 0011 1101 0010 1 B2B1Bo
CY,/ [WHL]. bit 0011 1101 0011 1 B2B1Bo
CY, laddr16.bit 0000 1001 1101 0000 0010 0 B2B1Bo
|« LowAddress - | « High Address - |
CY, /laddr16.bit 0000O 1001 1101 0000O 0011 0 B2B1Bo
|« LowAddress — | «  High Address — |
CY, !laddr24.bit 0000O 1001 1101 00O00O 0010 1 B2B1Bo
|« High-wAddress — | «  LowAddress — | «  High Address  —
CY, /Nladdr24.bit 0000O0 1001 1101 0000O0 0011 1 B2B1Bo
| High-w Address — | «  LowAddress  — | «  High Address  —
OR1 CY, saddr2. bit 0000 1000 0100 0 B2B1Bo | « Saddr2-offset  —
CY, saddr1. bit 0011 1100 0000O 1000 0100 0 B2B1Bo
[« saddri-offset - | |
CY, /saddr2. bit 0000O 1000 0101 0 B2B1Bo | « Saddr2-offset -
CY, /saddr1. bit 0011 1100 0000O 1000 0101 0 B2B1Bo
[« saddri-offset - | |
CY, sfr. bit 0000 1000 0100 1 B2Bi1Bo | « Sfr-offset -
CY,/sfr. bit 0000 1000 0101 1 B2Bi1Bo | « Sfr-offset -
CY, X. bit 0000O 0011 0100 0 B2B1Bo
CY,/X. bit 0000O0 0011 0101 0 B2B1Bo
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
OR1 CY, A. bit 0000O 0011 0100 1 B2B1Bo
CY,/A. bit 0000O0 0011 0101 1 B2B1Bo
CY, PSWL. bit 0000O 0010 0100 0 B2B1Bo
CY,/PSWL. bit 00O00O 0010 0101 0 B2B1Bo
CY, PSWH. bit 0000O0 0010 0100 1 B2B1Bo
CY,/PSWH. bit 0000O0 0010 0101 1 B2B1Bo
CY, [TDE]. bit 0011 1101 0100 0 B2B1Bo
CY,/ [TDE]. bit 0011 1101 0101 0 B2B1Bo
CY, [WHL]. bit 0011 1101 0100 1 B2B1Bo
CY,/ [WHL]. bit 0011 1101 0101 1 B2B1Bo
CY, laddr16.bit 0000O 1001 1101 0000O 0100 0 B2B1Bo
« LowAddress | <  HighAddress - |
CY,/laddr16.bit 0000O 1001 1101 0000O 0101 0 B2B1Bo
« LowAddress | <  HighAddress - |
CY, laddr24.bit 0000O0 1001 1101 0000O0 0100 1 B2B1Bo
|« High-wAddress — | «  LowAddress - | <  High Address  —
CY,/Maddr24.bit 0000O0 1001 1101 0000O0 0101 1 B2B1Bo
|« High-wAddress — | <  LowAddress  — | <  High Address  —
XOR1 CY, saddr2. bit 0000O 1000 0110 0 B2B1Bo | « Saddr2-offset -
CY, saddr1. bit 0011 1100 0000O 1000 0110 0 B2B1Bo

«— Saddri-offset —
CY, sfr. bit 0000O 1000 0110 1 B2B1Bo | « Sfr-offset -
CY, X. bit 0000O0 0011 0110 0 B2B1Bo
CY, A. bit 0000O0 0011 0110 1 B2B1Bo
CY, PSWL. bit 0000O 0010 0110 0 B2B1Bo
CY, PSWH. bit 0000O0 0010 0110 1 B2B1Bo
CY, [TDE]. bit 0011 1101 0110 0 B2B1Bo
CY, [WHL]. bit 0011 1101 0110 1 B2B1Bo
CY, laddr16.bit 0000O 1001 1101 0000O 0110 0 B2B1Bo
« LowAddress | <  HighAddress - |
CY, !laddr24.bit 0000O 1001 1101 00O00O 0110 1 B2B1Bo

< High-w Address —

«— Low Address -

«— High Address -
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
NOT1 saddr2. bit 0000 1000 0111 0 BaB1Bo | «  Saddr2-offset —
saddr1. bit 0011 1100 0000 1000 0111 0 B2B1Bo
o saddrioffset - | |
sfr. bit 0000 1000 0111 1 B2B1Bo | « Sfr-offset -
X. bit 0000O0 0011 o111 0 B2B1Bo
A. bit 0000O0 0011 o111 1 B2B1Bo
PSWL. bit 0000 0010 0111 0 B2B1Bo
PSWH. bit 0000O0 0010 o111 1 B2B1Bo
[TDE]. bit 0011 1101 o111 0 B2B1Bo
[WHL]. bit 0011 1101 0111 1 B2B1Bo
laddr16.bit 0000 1001 1101 0000 0111 0 B2B1Bo
|« LowAddress o | < High Address |
lladdr24.bit 0000 1001 1101 0000 0111 1 B2B1Bo
| HighwAddress | < LowAddress  — | <  High Address
CcY 0100 0010
SET1 saddr2. bit 1011 0 B2B1Bo | « Saddr2-offset -
saddr1. bit 0011 1100 1011 0 B2B1Bo | « Saddr1-offset -
sfr. bit 0000 1000 1000 1 B2B1Bo | « Sfr-offset -
X. bit 0000 0011 1000 0 B2B1Bo
A. bit 0000O0 0011 1000 1 B2B1Bo
PSWL. bit 0000 0010 1000 0 B2B1Bo
PSWH. bit 0000 0010 1000 1 B2B1Bo
[TDE]. bit 0011 1101 1000 0 B2B1Bo
[WHL]. bit 0011 1101 1000 1 B2B1Bo
laddr16. bit 0000 1001 1101 0000 1000 0 B2B1Bo
|« LowAddress | < High Address |
lladdr24. bit 0000 1001 1101 0000 1000 1 B2B1Bo
|« HighwAddress — | « LowAddress | «  High Address
CcY 0100 0001
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CLR1 saddr2. bit 1010 0 B2B1Bo | « Saddr2-offset -
saddri. bit 0011 1100 1010 0 B2B1Bo | «  Saddri-offset —
sfr. bit 0000 1000 1001 1 B2B1Bo | « Sfr-offset -
X. bit 0000O0 0011 1001 0 B2B1Bo
A. bit 0000 0011 1001 1 B2B1Bo
PSWL. bit 0000 0010 1001 0 B2B1Bo
PSWH. bit 0000O0 0010 1001 1 B2B1Bo
[TDE]. bit 0011 1101 1001 0 B2B1Bo
[WHL]. bit 0011 1101 1001 1 B2B1Bo
laddr16.bit 0000 1001 1101 0000 1001 0 B2B1Bo
«— Low Address - | « High Address -
lladdr24.bit 0000 1001 1101 0000 1001 1 B2B1Bo

< High-w address —

«— Low Address -

«— High Address -

CcYy

0100 0000
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(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
PUSH PSW 0100 1001
sfrp 0000O 0111 1101 1001 “— sfr-offset -
sfr 0000 0111 1101 1011 «— sfr-offset -
post 0011 0101 “— post -
rg 0000 1001 1000 1 G2G1 1
PUSHU post 0011 0111 «— post -
POP PSW 0100 1000
sfrp 0000O 0111 1101 1000 “— Sfr-offset -
sfr 0000 0111 1101 1010 « Sfr-offset -
post 0011 0100 “— post -
rg 0000 1001 1001 1 G2G1 1
POPU post 0011 0110 «— post -
MOVG SP, #imm24 0000 1001 0010 0000 «— Low Byte -
| HighByte | HghwByte |
SP, WHL 0000 0101 1111 1011
WHL, SP 0000O0 0101 1111 1010
ADDWG SP, #word 0000 1001 0010 1000 «— Low Byte -
[ HighByte | |
SUBWG SP, #word 0000 1001 0010 1010 « Low Byte -
[ Higheyte | [
INCG SP 0000 0101 1111 1000
DECG SP 0000O 0101 1111 1001
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(16) Call/return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CALL laddr16 0010 1000 «— Low Address - | « High Address -
laddr20 0000O0 1001 1111 Hi-w Add “— Low Address -
< HighAddress | [
rp 0000O0 0101 0101 1 P2P1Po
rg 0000O0 0101 0101 0 G2G1 1
[rpl 0000 0101 0111 1 P2P1Po
[ral 0000 0101 0111 0 G2G1 1
$laddr20 0011 1111 «— $addr Low - | « $addr High -
CALLF laddr11 1001 0 «— fa -
CALLT [addr5] 111Ts TsTeTiTo
BRK 0101 1110
BRKCS RBn 0000O0 0101 1101 1 E2E1Eo
RET 0101 0110
RETI 0101 0111
RETB 0101 1111
RETCS laddr16 0010 1001 «— Low Address - | « High Address -
RETCSB laddr16 0000O0 1001 1011 0000O0 “— Low Address -
| HighAddress | [
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(17) Unconditional branch instruction: BR

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
BR laddr16 0010 1100 «— Low Address - | « High Address -
lladdr20 0000 1001 1110 Hi-w Add « Low Address -
|« High Address | |
rp 0000 0101 0100 1 P2P1Po
rg 0000 0101 0100 0 G2G1 1
[rp] 0000 0101 0110 1 P2P1Po
[rg] 0000 0101 0110 0 G2G1 1
$addr20 0001 0100 «— $addr20 -
$'addr20 0100 0011 «— $addr Low - | « $addr High -

(18) Conditional branch instructions:

BNZ, BNE, BZ, BE, BNC, BNL, BC, BL, BNV, BPO, BV, BPE, BP, BN,

BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7

BNZ $addr20 1000 0000O — $addr20 -

BNE

BZ $addr20 1000 0001 — $addr20 -

BE

BNC $addr20 1000 0010 “— $addr20 -

BNL

BC $addr20 1000 0011 “— $addr20 -

BL

BNV $addr20 1000 0100 — $addr20 -

BPO

BV $addr20 1000 0101 “— $addr20 -

BPE

BP $addr20 1000 0110 “— $addr20 -

BN $addr20 1000 o111 “— $addr20 -

BLT $addr20 0000O 0111 1111 1000 — $addr20 -

(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
BGE $addr20 0000O o111 1111 1001 “— $addr20 -
BLE $addr20 0000 0111 1111 1010 — $addr20 -
BGT $addr20 0000 0111 1111 1011 — $addr20 -
BNH $addr20 0000O0 o111 1111 1100 “— $addr20 -
BH $addr20 0000 0111 1111 1101 — $addr20 -
BF saddr2. bit, $addr20 0000 1000 1010 0 BaB1Bo | «  Saddr2-offset —
« sadde0 |
saddr1. bit, $addr20 0011 1100 0000 1000 1010 0 B2B1Bo
|« Saddrioffset — | <  Sadd20 | |
sfr. bit, $addr20 0000 1000 1010 1 B2B1Bo | « Sfr-offset -
« sadd0 |
X. bit, $addr20 0000 0011 1010 0 B2BiBo | « $addr20 -
A. bit, $addr20 0000 0011 1010 1 B2B1Bo | « $addr20 -
PSWL. bit, $addr20 0000 0010 1010 0 B2BiBo | « $addr20 -
PSWH. bit, $addr20 0000 0010 1010 1 B2B1Bo | « $addr20 -
[TDE]. bit, $addr20 0011 1101 1010 0 B2B1Bo “— $addr20 -
[WHL]. bit, $addr20 0011 1101 1010 1 B2B1Bo | « $addr20 -
laddr16.bit, $addr20 0000 1001 1101 0000 1010 0 B2B1Bo
|« lowAddress — | < HighAddress — | <  Sadd0 o |
lladdr24.bit, $addr20 0000 1001 1101 0000 1010 1 B2B1Bo
| High-w Address — | < LowAddress  — | <  High Address o |
« sadd0 | ]
BT saddr2. bit, $addr20 0111 0 B2B1Bo | « Saddr2-offset - | « $addr20 -
saddr1. bit, $addr20 0011 1100 0111 0 BaB1Bo | «  Saddri-offset —
« sadd0 | ]
sfr. bit, $addr20 0000 1000 1011 1 B2B1Bo | « Sfr-offset -
C sadar0 - |
X. bit, $addr20 0000 0011 1011 0 B2BiBo | « $addr20 -
A. bit, $addr20 0000 0011 1011 1 B2B1Bo | « $addr20 -
PSWL. bit, $addr20 0000 0010 1011 0 B2BiBo | « $addr20 -
PSWH. bit, $addr20 0000O0 0010 1011 1 B2B1Bo “— $addr20 -
[TDE]. bit, $addr20 0011 1101 1011 0 B2BiBo | « $addr20 -
[WHL]. bit, $addr20 0011 1101 1011 1 B2B1Bo | « $addr20 -
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
BT laddr16.bit, $addr20 0000O0 1001 1101 0000O0 1011 0 B2B1Bo
|« LowAddress | « High Address | «  Saddr20 |
laddr24.bit, $addr20 00O00O 1001 1101 00O00O 1011 1 B2B1Bo
|« HighwAddress — | LowAddress | High Address |
« sadd20 | |
BTCLR saddr2, bit, $addr20 00O00O 1000 1101 0 B2B1Bo | « Saddr2-offset -
< sadd0 | |
saddr1. bit, $addr20 0011 1100 0000O 1000 1101 0 B2B1Bo
|« Saddrioffset | <  Sadd20 - | |
sfr. bit, $addr20 0000O 1000 1101 1 B2B1Bo | « Sfr-offset -
« sadd0 | |
X. bit, $addr20 0000O 0011 1101 0 B2B1Bo | « $addr20 -
A. bit, $addr20 0000 0011 1101 1 B2B1Bo | « $addr20 -
PSWL. bit, $addr20 0000O 0010 1101 0 B2B1Bo | « $addr20 -
PSWH. bit, $addr20 0000O 0010 1101 1 B2B1Bo | « $addr20 -
[TDE]. bit, $addr20 0011 1101 1101 0 B2B1Bo | « $addr20 -
[WHL]. bit, $addr20 0011 1101 1101 1 B2B1Bo | « $addr20 -
laddr16.bit, $addr20 0000O 1001 1101 0000O 1101 0 B2B1Bo
|« LowAddress o | «  High Address | «  Saddr20 |
laddr24.bit, $addr20 0000O 1001 1101 0000O 1101 1 B2B1Bo
| HighwAddress — | <  LowAddress | «  High Address |
< sadd0 | |
BFSET saddr2. bit, $addr20 0000O 1000 1100 0 B2B1Bo | « Saddr2-offset -
 sadar0 | [
saddri. bit, $addr20 0011 1100 0000O0 1000 1100 0 B2B1Bo
| saddri-offset | < $addr20 | ]
sfr. bit, $addr20 0000O 1000 1100 1 B2B1Bo | « Sfr-offset -
< sadd0 | |
X. bit, $addr20 0000O 0011 1100 0 B2B1Bo | « $addr20 -
A. bit, $addr20 0000O 0011 1100 1 B2B1Bo | « $addr20 -
PSWL. bit, $addr20 0000O 0010 1100 0 B2B1Bo | « $addr20 -
PSWH. bit, $addr20 0000O 0010 1100 1 B2B1Bo | « $addr20 -
[TDE]. bit, $addr20 0011 1101 1100 0 B2B1Bo | « $addr20 -
[WHL]. bit, $addr20 0011 1101 1100 1 B2B1Bo | « $addr20 -
(Continued on next page)
258 User's Manual U10905EJ8V1UM



CHAPTER 6

INSTRUCTION SET

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
BFSET laddr16.bit, $addr20 0000O 1001 1101 0000O 1100 0 B2B1Bo
|« LowAddress — | <  High Address — | «  Saddr20  —
lladdr24.bit, $addr20 0000O 1001 1101 0000O 1100 1 B2B1Bo
| HighwAddress — | «  LowAddress — | «  High Address
 sadd20 | |
DBNZ B, $addr20 0011 0011 — $addr20 -
C, $addr20 0011 0010 “— $addr20 -
saddr2, $addr20 0011 1011 « Saddr2-offset - | « $addr20 -
saddr1, $addr20 0011 1100 0011 1011 «— Saddr1-offset -
e S e
(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI
Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOV STBC, #byte 00O00O 1001 1100 0000O «— #byte -
o soyte > |
WDM, #byte 00O00O 1001 1100 0010 «— #byte -
e goyte > |
LOCATION | locaddr 0000 1001 1100 0001 « locaddr1 -
« locaddh |
SEL RBn 0000O 0101 1010 1 E2E1Eo
RBn. ALT 0000O0 0101 1011 1 E2E1Eo
SWRS 0000O 0101 1111 1100
NOP 0000O 0000O
El 0100 1011
DI 0100 1010
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(20) Special instructions: CHKL, CHKLA

Mnemonic Operands Operation Code

B1 B2 B3

B4 B5 B6

B7
CHKL sfr 0000 0111 1100 1000 «— Sfr address -
CHKLA sfr 0000 0111 1100 1001 “— Sfr address -

Caution The CHKL and CHKLA instructions are not availableinthe uPD784216,784216Y,784218,784218Y,
784225, 784225Y,784937 Subseries. Do not execute these instructions. If these instructions are
executed, the following operations will resulit.

e CHKL instruction

e CHKLA instruction ....

After the pin levels of the output pins are read two times, they are

exclusive-ORed. As aresult, if the pins checked with this instruction are
used in the port output mode, the exclusive-OR result is always 0 for all

bits, and the Z flag is

set to (1).

After the pin levels of output pins are read two times, they are exclusive-

ORed. As a result, if the pins checked with this instruction are used in
the port output mode, the exclusive-OR result is always 0 for all bits, and
the Z flag is set to (1) along with that the result is stored in the A register.

(21) String instructions: MOVTBLW, MOVM, MOVBK, XCHM, XCHBK, CMPME, CMPBKE, CMPMNE,

CMPBKNE, CMPMC, CMPBKC, CMPMNC, CMPBKNC

Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
MOVTBLW | !addr8, byte 0000O 1001 1010 0000O «— Low Address -
[P e |
MOVM [TDE +], A 0001 0101 0000O 0000O
[TDE -], A 0001 0101 0001 0000O
MOVBK [TDE +], [WHL +] 0001 0101 0010 0000O
[TDE -], [WHL -] 0001 0101 0011 0000
XCHM [TDE +], A 0001 0101 0000O 0001
[TDE -], A 0001 0101 0001 0001
XCHBK [TDE +], [WHL +] 0001 0101 0010 0001
[TDE -], [WHL -] 000 1 0101 0011 000 1
CMPME [TDE +], A 0001 0101 0000O 0100
[TDE -], A 000O0 1 0101 0001 0100
CMPBKE [TDE +], [WHL +] 0001 0101 0010 0100
[TDE -], [WHL -] 0001 0101 0011 0100
CMPMNE [TDE +], A 000O0 1 0101 0000O 0101
[TDE -], A 0001 0101 0001 0101
(Continued on next page)
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Mnemonic Operands Operation Code
B1 B2 B3
B4 B5 B6
B7
CMPBKNE | [TDE +], [WHL +] 000 0101 0010 0 1
[TDE -], [WHL -] 000 0101 0011 0 1
CMPMC [TDE +], A 000 0101 0000O 0 1
[TDE -], A 00O 0101 0001 0 1
CMPBKC [TDE +], [WHL +] 000 0101 0010 0 1
[TDE -], [WHL -] 000 0101 0011 0 1
CMPMNC [TDE +], A 00O 0101 0000O 0 0
[TDE -], A 000 0101 0001 0 0
CMPBKNC | [TDE +], [WHL +] 000 0101 0010 0 0
[TDE -], [WHL -] 000 0101 0011 0 0
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6.5 Number of Instruction Clocks

6.5.1 Execution time of instruction

The execution time for instructions is shown as the number of clocks of fcik.

The CPU in the 78K/IV Series has an instruction queue, so that another instruction can be prefetched in parallel
while one instruction is executed. Consequently, the actual execution time of an instruction is dependent on the
preceding instruction.

The execution time of an instruction also changes with the number of wait states used for memory access.
Therefore, the accurate execution time of the program cannot be calculated by merely adding the number of execution
clocks of instructions.

The minimum number of execution clocks is shown for instructions except those used for branch operation, such
as BR, CALL, and RET instructions. Forthe branch instructions, the number of clocks slightly more than the minimum
value is shown.

6.5.2 Definitions for “Clocks” column

(1) Internal ROM
The number of clocks set to 1 if the data to be accessed by an instruction is stored in the internal ROM and
if the IFCH bit, which is bit 7 of the memory mapping mode register (MM), is shown. If the IFCH bit is cleared
to 0, refer to the column of PRAM, EMEM, or SFR.

(2) IRAM
The number of clocks if the data to be accessed by an instruction is stored in the internal high-speed RAM
(the area of addresses FDOOH through FEFFH when LOCATION OH instruction is executed, and the area of
FFDOOH through FFEFFH when LOCATION OFH instruction is executed) is shown.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

(3) PRAM/EMEM/SFR
The number of clocks if the data to be accessed by an instruction is stored in an area of the internal RAM

which is not IRAM, in the external memory (including the external SFR), or in the SFR area is shown.

(4) Others
The number of clocks if no data is accessed by an instruction is shown.
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6.5.3 Explanation of “Clocks” column

0

(2

3)

4

Number of clocks for accessing word data

¢ The number of clocks shown in the PRAM, EMEM, and SFR columns is when the bus width is 16 bits and
when data is located at an even address. If the bus width is 8 bits, or if data is located at an odd address
even though the bus width is 16 bits, add 4 to the number of clocks shown in the table. Note that the width
of the internal RAM is 16 bits. Also, if word data of the internal ROM is located at an odd address, add 4
to the number of clocks.

* If word data is saved to or restored from an odd address by a stack manipulation instruction marked “n”,
add 4 to the coefficient of “n”.

Number of clocks for accessing 3-byte data

The number of clocks shown in the PRAM, EMEM, or SFR column is used when the bus width is 16 bits. If
the bus width is 8 bits, and if data is located at an odd address even though the bus width is 16 bits, add 4
to the number of clocks shown in the table. Note that the bus width of the internal RAM is 16 bits.

If two types of numbers of clocks are shown with each delimited by “/” from the other

If two types of numbers of clocks are shown with each delimited by “/” from the other, two types of numbers
of bytes are shown for that instruction with each delimited by “/” from the other. The execution time of this
kind of instruction is the number of clocks shown at the same side as the number of bytes.

When “n” is shown in “Clocks” column

e When the MACW, MACSW, and MOVTBLW instructions are used, the number specified by operand byte
substitutes for “n”.

¢ In the case of the SACW, MOVM, XCHM, MOVBK, XCHBK, CMPME, CMPMNE, CMPMC, CMPMNC,
CMPBKE, CMPBKNE, CMPBKC, and CMPBKNC instructions, the value set to the C register on starting
execution of the instruction substitutes for “n”. This number of clocks is the value when the instruction
execution is not stopped by an interrupt or macro service.

¢ When the shift or rotate instruction is used, the number of bits to be shifted or rotated substitutes for “n”.

* When the stack manipulation instruction is used, the number of registers to be saved to the stack or restored

from the stack substitutes for “n”.
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6.5.4 List of number of clocks

(1) 8-bit data transfer instruction: MOV

(1/3)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
MoV r, #byte 2/3 - 2/3 - -
saddr, #byte 3/4 3/4 7
sfr, #byte 3 - 7
laddr16, #byte 5 - 7 9
lladdr24, #byte 6 - 8 10
rr 2/3 - 2/3 -
Ar 1/2
A, saddr2 2 3 7
r, saddr 3 4 8
saddr2, A 2 2 6
saddr, r 3 4 8
A, sfr 2 - 7
r, sfr 3 8
sfr, A 2 6
sfr, r 3 8
saddr, saddr’ 4 6 14
r, laddr16 4 9 7 9
laddr16, r 4 - 6 8
r, laddr24 5 10 8 10
laddr24, r 5 - 7 9
A, [saddrp] 2/3 9/10 7/8 9/10
A, [Y%saddrg] 3/4 14/15 12/13 14/15
A, [TDE +] 1 9 7 9
A, [WHL +] 1
A, [TDE -] 1
A, [WHL -] 1
A, [TDE] 1 8 6 8
A, [WHL] 1
A, [VVP] 2 9 7 9
A, [UUP] 2
A, [TDE + byte] 3 10 8 10
A, [SP + byte] 3 11 9 11
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(2/3)

Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others

MoV A, [WHL + byte] 10 8 10 -

A, [UUP + byte]
A, [VVP + byte]

, imm24[DE] 12 10 12

, imm24[A]
, imm24[HL]

, Iimm24[B]
A, [TDE + A]
A, [WHL + A]

10 8 10

A, [TDE + B]
A, [WHL + B]
A, [VVP + DE]

A, [VVP + HL]
A, [TDE + C]
A, [WHL + C]

NN N[NNI INDO[OO|O |0 W[ W[|W®W

[saddrp], A 2/3 - 6/7 8/9
[%saddrg], A 3/4 12/13 14/15
[TDE +], A 1 8 10

[WHL +], A 1
[TDE -], A 1
[WHL -], A 1

[TDE], A 1 5 7
[WHL], A 1
[VVP], A

[UUP], A

[TDE + byte], A
[SP + byte], A

[WHL + byte], A

[UUP + byte], A
[VVP + byte], A

imm24[DE], A 10 12

imm24[A], A
imm24[HL], A

a ool |w| w|lw|lw|lw|(Nd |

imm24[B], A

User’'s Manual U10905EJ8V1UM 265



CHAPTER 6 INSTRUCTION SET

(3/3)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

MoV [TDE + A], A 2 - 8 10 -

[WHL + A], A 2

[TDE + B], A 2

[WHL + B], A 2

[VVP + DE], A 2

[VVP + HL], A 2

[TDE + C], A 2

[WHL + C], A 2

PSWL, #byte 3 - - 7

PSWH, #byte 3

PSWL, A 2 6

PSWH, A 2

A, PSWL 2 7

A, PSWH 2

r3, #byte 3 3

A, r3 2 4

r3, A 2 3
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(2) 16-bit data transfer instruction: MOVW

(1/3)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
MOovw rp, #word 3 - 3 - -
saddrp, #word 4/5 4 8
sfrp, #word 4 -
laddr16, #word 6 8 10
laddr24, #word 7 9 11
p, rp’ 2 2 -
AX, saddrp2 2 3 7
rp, saddrp 3 4 8
saddrp2, AX 2 2 6
saddrp, rp 3 3 7
AX, sfrp 2 - 7
rp, sfrp 3 8
sfrp, AX 2 6
sfrp, rp 3 7
saddrp, saddrp’ 4 6 14
rp, laddr16 4 9 7 9
laddr16, rp 4 - 6 8
rp, lladdr24 5 10 8 10
laddr24, rp 5 - 7 9
AX, [saddrp] 3/4 10/11 8/9 10/11
AX, [%saddrg] 3/4 14/15 12/13 14/15
AX, [TDE +] 2 11 9 11
AX, [WHL +] 2
AX, [TDE -] 2
AX, [WHL -] 2
AX, [TDE] 2 9 7 9
AX, [WHL] 2
AX, [VVP] 2
AX, [UUP] 2
AX, [TDE + byte] 3 10 8 10
AX, [SP + byte] 3 11 9 11
AX, [WHL + byte] 3 10 8 10
AX, [UUP + byte] 3
AX, [VVP + byte] 3
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(2/3)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

Movw

AX, imm24[DE]

AX, imm24[A]

AX, imm24[HL]

AX, imm24[B]

12

10

12

AX, [TDE + A]

AX, [WHL + A]

AX, [TDE + B]

AX, [WHL + B]

AX, [VVP + DE]

AX, [VVP + HL]

AX, [TDE + C]

AX, [WHL + C]

AT I A T A O T N AT I\ T O T N \C I I \G 2 (@) I & B I & B B0 |

10

10

[saddrp], AX

3/4

[%saddrg], AX

3/4

[TDE +], AX

[WHL +], AX

[TDE -], AX

[WHL -], AX

[TDE], AX

[WHL], AX

[VVP], AX

[UUP], AX

[TDE + byte], AX

[SP + byte], AX

[WHL + byte], AX

[UUP + byte], AX

[VVP + byte], AX

imm24[DE], AX

imm24[A], AX

imm24[HL], AX

imm24[B], AX

ool [lw|l wlwlw|lw | dD[dDIND|INDINdD|IDNDIDNDDN

8/9

10/11

12/13

14/15

11

10

11

10

10

12

268
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(3/3)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

Movw

[TDE + A], AX

[WHL + A], AX

[TDE + B], AX

[WHL + BJ, AX

[VVP + DE], AX

[VVP + HL], AX

[TDE + C], AX

[WHL + C], AX

NS I \C T N\ (N \C T B AT B \G 2 I G T B O]

10
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(3) 24-bit data transfer instruction: MOVG

(1/2)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
MOVG rg, #imm24 5 - 5 - -
rg, rg’ 2 4
rg, !laddr24 5 17 13 17
lladdr24, rg 5 - 12 16
rg, saddrg 3 9 17
saddrg, rg 3 7 15
WHL, [%saddrg] 3/4 21/22 17/18 21/22
[Y%saddrg], WHL 3/4 -
WHL, [TDE +] 2 19 15 19
WHL, [TDE -] 2
WHL, [TDE] 2 16 12 16
WHL, [WHL] 2
WHL, [VVP] 2
WHL, [UUP] 2
WHL, [TDE + byte] 3 17 13 17
WHL, [SP + byte] 3 18 14 18
WHL, [WHL + byte] 3 17 13 17
WHL, [UUP + byte] 3
WHL, [VVP + byte] 3
WHL, imm24[DE] 5 19 15 19
WHL, imm24[A] 5
WHL, imm24[HL] 5
WHL, imm24[B] 5
WHL, [TDE + A] 2 17 13 17
WHL, [WHL + A] 2
WHL, [TDE + B] 2
WHL, [WHL + B] 2
WHL, [VVP + DE] 2
WHL, [VVP + HL] 2
WHL, [TDE + C] 2
WHL, [WHL + C] 2
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(2/2)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

MOVG

[TDE +], WHL

[TDE -], WHL

[TDE], WHL

[WHL], WHL

[VVP], WHL

[UUP], WHL

[TDE + byte], WHL

[SP + byte], WHL

[WHL + byte], WHL

[UUP + byte], WHL

[VVP + byte], WHL

imm24[DE], WHL

imm24[A], WHL

imm24[HL], WHL

imm24[B], WHL

[TDE + A], WHL

[WHL + A], WHL

[TDE + B], WHL

[WHL + B], WHL

[VVP + DE], WHL

[VVP + HL], WHL

[TDE + CJ, WHL

[WHL + C], WHL

MDD (DN ID OO O || W W [|W[W [N |IND[ND|INDIND]DN

15

19

12

16

13

17

14

18

13

17

15

19

13

17
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(4) 8-bit data exchange instruction: XCH

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
XCH rr 2/3 - 4 - -
Ar 1/2 4/5
A, saddr2 2 5 13
r, saddr 3 6 14
r, sfr 3 - 14
saddr, saddr’ 4 8 24
r, laddr16 4 11 15
r, laddr24 5
A, [saddrp] 2/3 8/9 10/11
A, [%saddrg] 3/4 17/18 21/22
A, [TDE +] 2 14 18
A, [WHL +] 2
A, [TDE -] 2
A, [WHL -] 2
A, [TDE] 2 12 16
A, [WHL] 2
A, [VVP] 2
A, [UUP] 2
A, [TDE + byte] 3 13 17
A, [SP + byte] 3 14 18
A, [WHL + byte] 3 13 17
A, [UUP + byte] 3
A, [VVP + byte] 3
A, imm24[DE] 5 15 19
A, imm24[A] 5
A, imm24[HL] 5
A, imm24[B] 5
A, [TDE + A] 2 13 17
A, [WHL + A] 2
A, [TDE + B] 2
A, [WHL + B] 2
A, [VVP + DE] 2
A, [VVP + HL] 2
A, [TDE + C] 2
A, [WHL + C] 2
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(5) 16-bit data exchange instruction: XCHW

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
XCHW p, rp’ 2 - 4 - -

AX, saddrp2 2 5 13
rp, saddrp 3 6 14
rp, sfrp 3 - 14
AX, [saddrp] 3/4 13/14 17/18
AX, [%saddrg] 3/4 17/18 21/22
AX, laddr16 4 3 3
AX, lladdr24 5 4 4
saddrp, saddrp’ 4 8 24
AX, [TDE +] 2 14 18
AX, [WHL +] 2

AX, [TDE -] 2

AX, [WHL -] 2

AX, [TDE] 2 12 16
AX, [WHL] 2

AX, [VVP] 2

AX, [UUP] 2

AX, [TDE + byte] 3 13 17
AX, [SP + byte] 3 14 18
AX, [WHL + byte] 3 13 17
AX, [UUP + byte] 3

AX, [VVP + byte] 3

AX, imm24[DE] 5 15 19
AX, imm24[A] 5

AX, imm24[HL] 5

AX, imm24[B] 5

AX, [TDE + A] 2 13 17
AX, [WHL + A] 2

AX, [TDE + B] 2

AX, [WHL + B] 2

AX, [VVP + DE] 2

AX, [VVP + HL] 2

AX, [TDE + C] 2

AX, [WHL + C] 2
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(6) 8-bit operation instructions: ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP

(1/5)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
ADD A, #byte 2 - 2 - -
ADDC r, #byte 3 4
SuUB saddr, #byte 3/4 6/7 12/13
SUBC sfr, #byte 4 - 13
AND rr 2/3 3/4 -
OR A, saddr2 4 3 7
XOR r, saddr 3 4 8
saddr, r 3 8 14
r, sfr 3 - 8
sfr, r 3 — 14
saddr, saddr’ 4 8 18
A, [saddrp] 3/4 11/12 9/10 11/12
A, [%saddrg] 3/4 15/16 13/14 15/16
[saddrp], A 3/4 - 11/12 15/16
[%saddrg], A 3/4 15/16 19/20
A, laddr16 4 10 8 10
A, laddr24 5 11 9 11
laddr16, A 4 - 10 14
lladdr24, A 5 11 15
A, [TDE +] 1 11 9 11
A, [WHL +] 1
A, [TDE —] 1
A, [WHL -] 1
A, [TDE] 1 10 8 10
A, [WHL] 1
A, [VVP] 2
A, [UUP] 2
A, [TDE + byte] 3 12 10 12
A, [SP + byte] 3
A, [WHL + byte] 3
A, [UUP + byte] 3
A, [VVP + byte] 3
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(2/5)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

ADD
ADDC
SuB
SUBC
AND
OR
XOR

, Imm24[DE]

, imm24[A]

, imm24[HL]

, Imm24[B]

13

11

13

A, [TDE + A]

A, [WHL + A]

A, [TDE + B]

A, [WHL + B]

A, [VVP + DE]

A, [VVP + HL]

A, [TDE + C]

A, [WHL + C]

NN I[NNI IND OO O[O

11

11

[TDE +], A

[WHL +], A

[TDE -], A

[WHL -], A

[TDE], A

[WHL], A

[VVP], A

[UUP], A

[TDE + byte], A

[SP + byte], A

[WHL + byte], A

[UUP + byte], A

[VVP + byte], A

imm24[DE], A

imm24[A], A

imm24[HL], A

imm24[B], A

|l |lw| w|lw| wlw|Nn]| N

10

14

13

17

14

18
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(8/5)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
ADD [TDE + A], A 2 - 12 16 -
ADDC [WHL + A], A 2
SuB [TDE + B], A 2
SuBC [WHL + B], A 2
AND [VVP + DE], A 2
OR [VVP + HL], A 2
XOR [TDE + C], A 2
[WHL + C], A 2
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(4/5)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
CMP A, #byte 2 - 2 - -
r, #byte 3 4
saddr, #byte 3/4 4/5 8/9
sfr, #byte 4 - 9
rr 2/3 3/4 -
A, saddr2 4 3 7
r, saddr 3 4 8
saddr, r 3 6 10
r, sfr 3 - 9
sfr, r 3 10
saddr, saddr’ 4 6 14
A, [saddrp] 3/4 11/12 9/10 11/12
A, [%saddrg] 3/4 15/16 13/14 15/16
[saddrp], A 3/4 1112 9/10 1112
[Y%saddrg], A 3/4 15/16 13/14 15/16
A, laddr16 4 10 8 10
A, lladdr24 5 11 9 11
laddr16, A 4 10 8 10
lladdr24, A 5 11 9 11
A, [TDE 4] 1 11 9 11
A, [WHL +] 1
A, [TDE -] 1
A, [WHL -] 1
A, [TDE] 1 10 8 10
A, [WHL] 1
A, [VVP] 2
A, [UUP] 2
A, [TDE + byte] 3 12 10 12
A, [SP + byte] 3
A, [WHL + byte] 3
A, [UUP + byte] 3
A, [VVP + byte] 3
A, imm24[DE] 5 13 11 13
A, imm24[A] 5
A, imm24[HL] 5
A, imm24[B] 5
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(5/5)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

CMP

A, [TDE + A]

A, [WHL + A]

A, [TDE + B]

A, [WHL + B]

A, [VVP + DE]

A, [VVP + HL]

A, [TDE + C]

A, [WHL + C]

[ NS I \C T I\ B \C T B AT B \G N (N G R B O]

11

11

[TDE +], A

—_

[WHL +], A

[TDE -], A

[WHL -], A

[TDE], A

[WHL], A

—_

[VVP], A

[UUP], A

10

10

[TDE + byte], A

[SP + byte], A

[WHL + byte], A

[UUP + byte], A

[VVP + byte], A

11

13

imm24[DE], A

imm24[A], A

imm24[HL], A

imm24[B], A

12

14

[TDE + A], A

[WHL + A], A

[TDE +B], A

[WHL + B], A

[VVP + DE], A

[VVP + HL], A

[TDE +C], A

[WHL + C], A

MDD IND|INDI[DINDINDIDfOO|OO | |W[W|W[|W[|[W|IN]|DN

10

12

278
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(7) 16-bit operation instructions: ADDW, SUBW, CMPW

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

ADDW AX, #word 3 - 3 - -
SUBwW rp, #word 4 5

rp, rp’ 2 3

AX, saddrp2 2 7

rp, saddrp 3 5 9

saddrp, rp 3 8 14

rp, sfrp 3 - 9

sfrp, rp 3 - 13

saddrp, #word 4/5 7/8

sfrp, #word 5 - 14

saddrp, saddrp’ 4 8 20
CMPW AX, #word 3 - 3 - -

rp, #word 4 5

rp, rp’ 2 3

AX, saddrp2 2 7

rp, saddrp 3 5 9

saddrp, rp 3

rp, sfrp 3 _

sfrp, rp 3

saddrp, #word 4/5 5/6 9

sfrp, #word 5 - 10

saddrp, saddrp’ 4 6
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(8) 24-bit operation instructions: ADDG, SUBG

Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others
ADDG rg, rg’ 2 - 6 - —
SUBG rg, #imm24 5 8

WHL, saddrg 3 13 19
(9) Multiplication instructions: MULU, MULUW, MULW, DIVUW, DIVUX

Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others
MULU r 2/3 - 11/12 - -
MULUW p 2 - 15 - —
MULW rp 2 - 14 - -
DIVUW r 2/3 - 23/24 - -
DIVUX p 2 - 43 - -
(10) Special operation instructions: MACW, MACSW, SACW
Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others
MACW byte 3 - 5+21n - -
MACSW byte 3 - 5+ 21n - -
SACW [TDE +], [WHL +] 4 - 4 +19n 4 +23n -
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(11) Increment/decrement instructions:

INC, DEC, INCW, DECW, INCG, DECG

Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others
INC r 1/2 - 2/3 - -
DEC saddr 2/3 5/6 1112
INCW rp 2/1 - 3/2 - -
DECW saddrp 3/4 6/7 12/13
INCG rg 2 - 4 - —
DECG

(12) Adjustment instructions: ADJBA, ADJBS, CVTBW

Mnemonic Operands Bytes Clocks

Internal ROM IRAM PRAM/EMEM/SFR | Others
ADJBA 2 - 5 - -
ADJBS 2 - 5 - -
CVTBW 1 - 3 - -

(13) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

ROR
ROL
RORC
ROLC
SHR
SHL

2/3

5+n/6+n

SHRW
SHLW

p, n

5+n

ROR4
ROL4

mem3

11

15
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(14) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, NOT1, SET1, CLR1

(1/3)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
MOV1 CY, saddr.bit 3/4 - 6/7 10/11 -

CY, sfr.bit 3 - 10

CY, X.bit 2 5 -

CY, A.bit 2

CY, PSWL.bit 2 - 5

CY, PSWH.bit 2

CY, [TDE].bit 2 11 9 11

CY, [WHL].bit 2

CY, laddr16.bit 5 16 14 16

CY, laddr24.bit 6

saddr.bit, CY 3/4 - 5/6 13/14

sfr.bit, CY 3 - 13

X.bit, CY 2 6 -

A.bit, CY 2

PSWL.bit, CY 2 - 8

PSWH.bit, CY 2 7

[TDE].bit, CY 2 10 14

[WHL].bit, CY 2

laddr16.bit, CY 5 13 15

lladdr24.bit, CY 6
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(2/3)

Mnemonic

Operands

Bytes

Clocks

Internal ROM

IRAM

PRAM/EMEM/SFR

Others

AND1
OR1

CY, saddr.bit

3/4

CY, /saddr.bit

3/4

CY, sfr.bit

CY, /sfr.bit

CY, X.bit

CY, /X.bit

CY, A.bit

CY, /A.bit

CY, PSWL.bit

CY, /PSWL.bit

CY, PSWH.bit

CY, /PSWH.bit

6/7

10/11

10

CY, [TDE].bit

CY, /[TDE].bit

CY, [WHL].bit

CY, /[WHL].bit

11

11

CY, laddr16.bit

CY, /laddr16.bit

CY, !laddr24.bit

CY, /Maddr24.bit

|l [ || DN INDINDINDIND|INDIND|NDNDINDDN|W|W

16

14

16

XOR1

CY, saddr.bit

@
N

CY, /sfr.bit

CY, X.bit

CY, A.bit

CY, PSWL.bit

CY, PSWH.bit

6/7

10/11

10

CY, [TDE].bit

CY, [WHL].bit

11

11

CY, laddr16.bit

CY, !laddr24.bit

ol (D [INdD|NINDIND]|DN W

16

14

16
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(3/3)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
NOT1 saddr.bit 3/4 - 5/6 13/14 -
sfr.bit 3 - 13
X.bit 2 5 -
A.bit 2
PSWL.bit 2 - 7
PSWH.bit 2 6
[TDE].bit 2 10 14
[WHL].bit 2
laddr16.bit 5 13 15
laddr24.bit 6
cY 1 - 2
SET1 saddr.bit 2/3 4/5 12/13
CLR1 sfr.bit 3 - 13
X.bit 2 5 -
A.bit 2
PSWL.bit 2 - 7
PSWH.bit 2 6
[TDE].bit 2 10 14
[WHL].bit 2
laddr16.bit 5 13 15
laddr24.bit 6
CcY 1 - 2
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(15) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVG, ADDWG, SUBWG, INCG, DECG

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

PUSH PSW 1 - 5 7 -

sfrp 3 10 14

sfr 3

post 2 4 + 5n 4 +7n

rg 2 12 16
PUSHU post 2 - 6 + 5n 6 +7n -
POP PSW 1 8 7 9 -

sfrp 3 15 14 16

sfr 3

post 2 4 + 8n 4 +6n 4 + 8n

rg 2 17 13 17
POPU post 2 7 +8n 7 + 6n 7 + 8n -
MOVG SP, #imm24 5 - - - 5

SP, WHL 2

WHL, SP 2
ADDWG SP, #word 4 - - - 5
SUBWG
INCG SP 2 - - - 5
DECG

User's Manual U10905EJ8V1UM 285



CHAPTER 6 INSTRUCTION SET

(16) Call/return instructions: CALL, CALLF, CALLT, BRK, BRKCS, RET, RETI, RETB, RETCS, RETCSB

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

CALL laddr16 3 - 19 23 -

lladdr20 4 - 22 26

rp 2 - 20 24

rg 2 - 22 26

[rp] 2 30 Note 24 30

[ra] 2 37 Note 29 37

$laddr20 3 - 19 23
CALLF laddri1 2 - 19 23 -
CALLT [addr5] 1 28 Note 22 28 -
BRK 1 - 23 29 -
BRKCS RBn 2 - - - 13
RET 1 21 17 21 -
RETI 1 22 18 22 -
RETB 1 21 17 21 -
RETCS laddr16 3 - - - 14
RETCSB laddr16 4 - - - 14

Note When the stack is PRAM or EMEM
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(17) Unconditional branch instruction: BR

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
BR laddr16 3 - - - 11
lladdr20 4 - - - 12
i 2 - - - 11
rg 2 - - - 12
[rp] 2 16 14 16 _
[rg] 2 22 18 22 -
$addr20 2 - - - 10
$laddr20 3 - - - 11
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(18) Conditional branch instructions: BNZ, BNE, BZ, BE, BNC, BNL, BC, BL, BNV, BPO, BV, BPE, BP, BN,
BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

(1/4)
Mnemonic Operands Bytes Clocks
Not Branches
Branch | |nternal ROM IRAM PRAM/EMEM/SFR| Others
BNZ $addr20 2 3 - - - 10
BNE
BZ $addr20 2 3 - - - 10
BE
BNC $addr20 2 3 - - - 10
BNL
BC $addr20 2 3 - - - 10
BL
BNV $addr20 2 3 - - - 10
BPO
BV $addr20 2 3 - - - 10
BPE
BP $addr20 2 3 - - - 10
BN
BLT $addr20 3 4 - - - 11
BGE $addr20 3 4 - - - 11
BLE $addr20 3 4 - - - 11
BGT $addr20 3 4 - - - 11
BNH $addr20 3 4 - - - 11
BH $addr20 3 4 - - - 11
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(2/4)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

BF saddr.bit, $addr20 4/5 - 14/15 18 -
- 7/8 11 -

sfr.bit, $addr20 4 - - 18 -
— — 11 —

X.bit, $addr20 3 - 13 - -
— 6 — —

A.bit, $addr20 3 - 13 - -
_ 6 _ _

PSWL.bit, $addr20 3 - - 13 -
_ _ 6 _

PSWH.bit, $addr20 3 - - 13 -
_ _ 6 _

mem2.bit, $addr20 3 19 17 19 -
12 10 12 -

laddr16.bit, $addr20 6 - 22 24 -
- 15 17 -

lladdr24.bit, $addr20 7 - 22 24 -
- 15 17 -

Remark The number of clocks differs depending on the following cases. Therefore, two types of numbers of clocks

are shown for each operand with one type shown at the top and the other at the bottom.

Top

Bottom : Does not branch

Branches (internal ROM high-speed fetch, etc.)
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(3/4)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

BT saddr.bit, $addr20 3/4 - 13/14 17 -
- 6/7 10 -

sfr.bit, $addr20 4 - - 18 -
— — 11 —

X.bit, $addr20 3 - 13 - -
— 6 — —

A.bit, $addr20 3 - 13 - -
_ 6 _ _

PSWL.bit, $addr20 3 - - 13 -
_ _ 6 _

PSWH.bit, $addr20 3 - - 13 -
_ _ 6 _

mem2.bit, $addr20 3 19 17 19 -
12 10 12 -

laddr16.bit, $addr20 6 - 22 24 -
- 15 17 -

lladdr24.bit, $addr20 7 - 22 24 -
- 15 17 -

Remark The number of clocks differs depending on the following cases. Therefore, two types of numbers of clocks
are shown for each operand with one type shown at the top and the other at the bottom.
Top : Branches (internal ROM high-speed fetch, etc.)
Bottom : Does not branch
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(4/4)
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
BTCLR saddr.bit, $addr20 4/5 - 16/17 24 -
BFSET - 7/8 15 -
sfr.bit, $addr20 4 - - 24 -
_ _ 15 _
X.bit, $addr20 3 - 15 - -
_ 6 _ _
A.bit, $addr20 3 - 15 - -
_ 6 _ _
PSWL.bit, $addr20 3 - - 15 -
_ _ 6 _
PSWH.bit, $addr20 3 - - 16 -
_ _ 6 _
mem2.bit, $addr20 3 - 21 25 -
- 12 16 -
laddr16.bit, $addr20 6 - 24 26 -
- 15 17 -
lladdr24.bit, $addr20 7 - 24 26 -
- 15 17 -
DBNZ B, $addr20 2 12 - - -
4 - - -
C, $addr20 2 12 - - -
4 — — _
saddr, $addr20 3 21 17 21 -
5 5 5 -
4 22 18 22 -
6 6 6 -

Remark The number of clocks differs depending on the following cases. Therefore, two types of numbers of clocks
are shown for each operand with one type shown at the top and the other at the bottom.
Top : Branches (internal ROM high-speed fetch, etc.)
Bottom: Does not branch
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(19) CPU control instructions: MOV, LOCATION, SEL, SWRS, NOP, El, DI

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
MoV STBC, #byte 4 - - - 13
WDM, #byte 4
LOCATION | locaddr 4 - - - 13
SEL RBn 2 - - - 3
RBn, ALT 2
SWRS 2 - - - 4
NOP 1 - - - 2
El 1 - - - 2
DI 1 - - - 2
(20) Special instructions: CHKL, CHKLA
Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others
CHKL sfr 3 - - 14 -
CHKLA sfr 3 - - 14 -

Caution The CHKL and CHKLA instructions are not available in the yPD784216A, 784216AY, 784218A,
784218AY, 784225, 784225Y, 784938A Subseries. Do not execute these instructions. If these
instructions are executed, the following operations will result.

292

e CHKL instruction

e CHKLA instruction ....

After the pin levels of the output pins are read two times, they are
exclusive-ORed. As aresult, if the pins checked with this instruction are
used in the port output mode, the exclusive-OR result is always 0 for all
bits, and the Z flag is set to (1).

After the pin levels of output pins are read two times, they are exclusive-
ORed. As aresult, if the pins checked with this instruction are used in
the port output mode, the exclusive-OR result is always 0 for all bits, and
the Z flag is set to (1) along with that the result is stored in the A register.
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(21) String instructions: MOVTBLW, MOVM,XCHM, MOVBK, XCHBK, CMPME, CMPMNE, CMPMC, CMPMNC,
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC

Mnemonic Operands Bytes Clocks
Internal ROM IRAM PRAM/EMEM/SFR | Others

MOVTBLW | !addri16, byte 4 — 7 + 5n — —

MOVM [TDE +], A 2 - 3+8n 3+10n -
[TDE -], A 2

XCHM [TDE +], A 2 - 3+ 14n 3+ 20n -
[TDE -], A 2

MOVBK [TDE +], [WHL +] 2 3 + 17n Note 1 3 + 13n Note 2 3 + 17n Note 3 -
[TDE ], [WHL -] 2

XCHBK [TDE +], [WHL +] 2 - 3 + 21n Note 2 3 + 29n Note 3 -
[TDE -], [WHL -] 2

CMPME [TDE +], A 2 3+ 12n 3+ 10n 3+ 12n -
[TDE -], A 2

CMPMNE | [TDE +], A 2 3+12n 3+10n 3+12n -
[TDE -], A 2

CMPMC [TDE +], A 2 3+ 12n 3+ 10n 3+ 12n -
[TDE -], A 2

CMPMNC [TDE +], A 2 3+ 12n 3+ 10n 3+ 12n -
[TDE -], A 2

CMPBKE | [TDE +], [WHL +] 2 3 + 1gn Note 1 3 + 15n Note 2 3 + 19n Note 3 -
[TDE -], [WHL -] 2

CMPBKNE | [TDE +], [WHL +] 2 3 + 19n Note 1 3 + 15n Note 2 3 + 19n Note 3 -
[TDE -], [WHL ] 2

CMPBKC | [TDE +], [WHL +] 2 3 + 19n Note 1 3 + 15n Note 2 3 + 19n Note 3 -
[TDE -], [WHL -] 2

CMPBKNC | [TDE +], [WHL +] 2 3 + 1gn Note 1 3 + 15n Note 2 3 + 19n Note 3 -
[TDE -], [WHL -] 2

Notes 1. When the memory specified by the WHL register is the internal ROM and the memory specified by the
TDE register is PRAM or EMEM
2. If both the transfer source and destination memories are IRAM
3. If both the transfer source and destination memories are PRAM or EMEM
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CHAPTER 7 DESCRIPTION OF INSTRUCTIONS

This chapter describes the instructions of 78K/IV Series products. Each instruction is described on a mnemonic
basis, with a number of operands covered together.

The basic organization of the instruction descriptions is shown on the following page.

Refer to CHAPTER 6 INSTRUCTION SET for the number of bytes in the instructions, and the operation codes.
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CHAPTER 7 DESCRIPTION OF INSTRUCTIONS

Description Example

Mnemonic

Full name

MOV

Move
Byte Data Transfer

[Instruction format] MOV dst, src : Shows the basic description format of the instruction.

[Operation] dst « src

[Operands] : Shows the operands that can be specified in this instruction.
INSTRUCTION SET for an explanation of the operand symbols.

Meaning of Instruction

. Shows the operation of the instruction using symbols.

Mnemonic Operands Mnemonic Operands
MOV r, #byte MOV [saddrp], A
~ saddr, #byte = ~ [%saddrg], A -
A, saddr2 mem, A
~ saddr2, A = ~ A3 a
A, mem 3, A
[Flags] : Shows the operation of flags changed by execution of the instruction.
The operation symbols for each flag are shown in the legend below.
S z AC P/V CcY
Legend
Symbol Meaning
Blank No change
0 Cleared to 0
1 Set to 1
X Set or cleared depending on result
P P/V flag operates as parity flag
\Y P/V flag operates as overflow flag
R Previously saved value is restored

[Description]

. Explains the detailed operation of the instruction.

(¢

See CHAPTER 6

* Transfers the contents of the source operand (src) specified by the 2nd operand to the destination operand (dst)

specified by the 1st operand.

[Coding example] MOV A, #4DH ; Transfers 4DH to A register
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7.1 8-bit Data Transfer Instruction

There is one 8-bit data transfer instruction, a follows:

MOV ... 297
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MOV

Byte Data Transfer

Move

[Instruction format] MOV dst, src

[Operation] dst « src

[Operands]

Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
MOV r, #byte MOV r, laddr24

saddr, #byte laddr24, r
sfr, #byte A, [saddrp]
laddr16, #byte A, [Ysaddrg]
lladdr24, #byte A, mem
rr [saddrp], A
Ar [%saddrg], A
A, saddr2 mem, A
r, saddr PSWL, #byte
saddr2, A PSWH, #byte
saddr, r PSWL, A
A, sfr PSWH, A
r, sfr A, PSWL
sfr, A A, PSWH
sfr, r r3, #byte
saddr, saddr’ A, r3
r, laddr16 r3, A
laddr16, r

[Flags]

In case of PSWL, #byte
and PSWL, A operands In other cases
S z AC PV cY S z AC PV cY
X X X X X
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[Description]

The contents of the source operand (src) specified by the 2nd operand are transferred to the destination operand
(dst) specified by the 1st operand.

No interrupts or macro service requests are acknowledged between a MOV PSWL, #byte instruction or MOV
PSWL, A instruction and the following instruction.

Instructions with r3 (T, U, V, or W register) as an operand should only be used when the higher 8 bits of the
address are set when a 78K/0, 78K/I, 78K/Il, or 78K/Ill Series program is used. Also, if possible, the program
should be amended so that r3 need not be specified directly.

[Coding example]
MOV A, #4DH ; Transfers 4DH to A register
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7.2 16-bit Data Transfer Instruction

There is one 16-bit data transfer instruction, as follows:

MOVW ... 300
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MOVW

Move Word

Word Data Transfer

[Instruction format]

[Operation]

MOVW dst, src

dst « src

[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
MOovw rp, #word MOvVwW sfrp, rp
saddrp, #word saddrp, saddrp’
sfrp, #word rp, laddr16
laddr16, #word laddr16, rp
lladdr24, #word rp, laddr24
p, rp’ lladdr24, rp
AX, saddrp2 AX, [saddrp]
rp, saddrp AX, [Y%saddrg]
saddr2, AX AX, mem
saddrp, rp [saddrp], AX
AX, sfrp [%saddrg], AX
rp, sfrp mem, AX
sfrp, AX
[Flags]
S z AC P/V cY

[Description]

* The contents of the source operand (src) specified by the 2nd operand are transferred to the destination operand

(dst) specified by the 1st operand.

e The following caution should be noted if all the following conditions apply when a 78K/0, 78K/, 78K/Il, or

78K/1ll Series program is used.
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[Conditions]

* An instruction in which rp is specified as an operand is used .
e DE, HL, VP, or UP is actually written for rp .

e DE, HL, VP, or UP is used as an address pointer

[Caution]

Ensure that the contents of the T, W, V, or U register that indicates the higher 8 bits of the address pointer are
coordinated with DE, HL, VP, or UP that indicates the lower 16 bits, and if program amendment is possible,
change the program so that a 24-bit manipulation instruction is used.

[Coding example]
MOVW AX, [WHL] ; Transfers the contents of memory indicated by the WHL register to the AX register
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7.3 24-bit Data Transfer Instruction

There is one 24-bit data transfer instruction, as follows:

MOVG ... 303
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MOVG

24-Bit Data Transfer

Move G Note

[Instruction format]

[Operation]

[Operands]

MOVG dst, src

dst « src

Mnemonic

Operands (dst, src)

MOVG

rp, #imm24

rg, rg’

rg, !laddr24

lladdr24, rg

rg, saddrg

saddrg, rg

WHL, [%saddrg]

[%saddrg], WHL

WHL, mem1

mem1, WHL

[Flags]

AC P/V CcYy

[Description]

Note G is a character that indicates that 24-bit
data is to be manipulated.

* The contents of the source operand (src) specified by the 2nd operand are transferred to the destination operand
(dst) specified by the 1st operand.

[Coding example]

MOVG VVP, SADG ; Transfers the 24-bit data in address SADG that can be accessed by short direct addressing

to the VVP register.
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7.4 8-bit Data Exchange Instruction
There is one 8-bit data exchange instruction, as follows:

XCH ... 305
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XCH

Exchange
Byte Data Exchange

[Instruction format]

[Operation]

[Operands]

XCH dst, src

dst < src

Mnemonic

Operands (dst, src)

XCH

]

rr

Ar

A, saddr2

r, saddr

r, sfr

saddr, saddr’

r, laddr16

r, laddr24

A, [saddrp]

A, [Y%saddrg]

A, mem

[Flags]

AC P/V cY

[Description]

¢ Exchanges the contents of the 1st operand and 2nd operand.

[Coding example]

XCH B, D ; Exchanges the contents of the B register with the contents of the D register
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7.5 16-bit Data Exchange Instruction
There is one 16-bit data exchange instruction, as follows:

XCHW ... 307
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XC H W Exchange

Word Data Exchange

[Instruction format] = XCHW dst, src

[Operation] dst < src
[Operands]
Mnemonic Operands (dst, src)
XCHW p, rp’
AX, saddrp2
rp, saddrp
rp, sfrp
AX, [saddrp]

AX, [%saddrg]
AX, laddr16
AX, lladdr24

saddrp, saddrp

AX, mem

[Flags]

S 4 AC P/V cY

[Description]

¢ Exchanges the contents of the 1st operand and 2nd operand.

¢ The following caution should be noted if all the following conditions apply when a 78K/0, 78K/, 78K/Il, or
78K/Ill Series program is used.

[Conditions]

¢ An instruction in which rp is specified as an operand is used
* DE, HL, VP, or UP is actually written for rp

e DE, HL, VP, or UP is used as an address pointer

[Caution]

Ensure that the contents of the T, W, V, or U register that indicates the higher 8 bits of the address pointer are
coordinated with DE, HL, VP, or UP that indicates the lower 16 bits, and if program amendment is possible,
change the program so that a 24-bit manipulation instruction is used.

[Coding example]

XCHW AX, mem ; Exchanges the contents of the AX register with the memory contents addressed by memory
addressing
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7.6 8-bit Operation Instructions

8-bit operation instructions are as follows:

ADD ... 309
ADDC ... 310
SuUB ... 311
SUBC ... 312
CMP ... 313
AND ... 315
OR ... 316
XOR ... 317
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ADD Add

Byte Data Addition

[Instruction format] ADD dst, src

[Operation] dst, CY « dst + src
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
ADD A, #byte ADD A, [saddrp]

r, #byte A, [Ysaddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
rr A, laddr16
A, saddr2 A, laddr24
r, saddr laddri6, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

The source operand (src) specified by the 2nd operand is added to the destination operand (dst) specified by
the 1st operand, and the result is stored in the CY flag and destination operand (dst).

The S flag is set (1) if bit 7 of dst is set (1) as a result of the addition, and cleared (0) otherwise.

The Z flag is set (1) if dst is 0 as a result of the addition, and cleared (0) otherwise.

The AC flag is set (1) if a carry is generated out of bit 3 into bit 4 as a result of the addition, and cleared (0)
otherwise.

The P/V flag is set (1) if a carry is generated out of bit 6 into bit 7 and a carry is not generated out of bit 7 as
a result of the addition (when overflow is generated by a two’s complement type operation), or if a carry is not
generated out of bit 6 into bit 7 and a carry is generated out of bit 7 (when underflow is generated by a two’s
complement type operation), and is cleared (0) otherwise.

The CY flag is set (1) if a carry is generated out of bit 7 as a result of the addition, and cleared (0) otherwise.

[Coding example]
ADD CR11, #56H ; Adds 56H to the value in register CR11, and stores the result in register CR11
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ADDC

Add with Carry
Byte Data Addition including Carry

[Instruction format]

[Operation]

ADDC dst, src

dst, CY « dst + src + CY

[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
ADDC A, #byte ADDC A, [saddrp]
r, #byte A, [Y%saddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
rr A, laddr16
A, saddr2 A, lladdr24
r, saddr laddr16, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’
[Flags]
S z AC P/V CcY
X X X Vv X

[Description]

The source operand (src) specified by the 2nd operand and the CY flag are added to the destination operand
(dst) specified by the 1st operand, and the result is stored in the destination operand (dst) and the CY flag. This
instruction is mainly used when performing multiple byte addition.

The S flag is set (1) if bit 7 of dst is set (1) as a result of the addition, and cleared (0) otherwise.

The Z flag is set (1) if dst is 0 as a result of the addition, and cleared (0) otherwise.

The AC flag is set (1) if a carry is generated out of bit 3 into bit 4 as a result of the addition, and cleared (0)
otherwise.

The P/V flag is set (1) if a carry is generated out of bit 6 into bit 7 and a carry is not generated out of bit 7 as
a result of the addition (when overflow is generated by a two’s complement type operation), or if a carry is not
generated out of bit 6 into bit 7 and a carry is generated out of bit 7 (when underflow is generated by a two’s
complement type operation), and is cleared (0) otherwise.

The CY flag is set (1) if a carry is generated out of bit 7 as a result of the addition, and cleared (0) otherwise.

[Coding example]
ADDC A, 12345H [B] ; Adds the contents of address (12345H + (B register)) and the CY flag to the A register,

310

and stores the result in the A register
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Subtract
Byte Data Subtraction

SuB

[Instruction format] SUB dst, src

[Operation] dst, CY « dst — src
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
SuB A, #byte SuUB A, [saddrp]

r, #byte A, [Y%saddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
r,r A, laddr16
A, saddr2 A, laddr24
r, saddr laddr16, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

* The source operand (src) specified by the 2nd operand is subtracted from the destination operand (dst) specified
by the 1st operand, and the result is stored in the destination operand (dst) and the CY flag.

¢ The destination operand (dst) can be cleared to 0 by making the source operand (src) and destination operand
(dst) the same.

e The S flag is set (1) if bit 7 of dst is set (1) as a result of the subtraction, and cleared (0) otherwise.

* The Z flag is set (1) if dst is 0 as a result of the subtraction, and cleared (0) otherwise.

* The AC flag is set (1) if a borrow is generated out of bit 4 into bit 3 as a result of the subtraction, and cleared
(0) otherwise.

* The P/V flag is set (1) if a borrow is generated out of bit 6 into bit 7 and a borrow is not generated in bit 7 as
a result of the subtraction (when underflow is generated by a two’s complement type operation), or if a borrow
is not generated out of bit 6 into bit 7 and a borrow is generated in bit 7 (when overflow is generated by a two’s
complement type operation), and is cleared (0) otherwise.

* The CY flag is set (1) if a borrow is generated in bit 7 as a result of the subtraction, and cleared (0) otherwise.

[Coding example]
SUB D, L ; Subtracts the L register from the D register and stores the result in the D register
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Subtract with Carr
SUBC Y

Byte Data Subtraction including Carry

[Instruction format]  SUBC dst, src

[Operation] dst, CY « dst — src - CY
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
SUBC A, #byte SUBC A, [saddrp]

r, #byte A, [Y%saddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
rr A, laddr16
A, saddr2 A, lladdr24
r, saddr laddri6, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

e The source operand (src) specified by the 2nd operand and the CY flag are subtracted from the destination
operand (dst) specified by the 1st operand, and the result is stored in the destination operand (dst) and the CY
flag. The CY flag is subtracted from the LSB. This instruction is mainly used when performing multiple byte
subtraction.

e The S flag is set (1) if bit 7 of dst is set (1) as a result of the subtraction, and cleared (0) otherwise.

* The Z flag is set (1) if dst is 0 as a result of the subtraction, and cleared (0) otherwise.

e The AC flag is set (1) if a borrow is generated out of bit 4 into bit 3 as a result of the subtraction, and cleared
(0) otherwise.

* The P/V flag is set (1) if a borrow is generated out of bit 6 into bit 7 and a borrow is not generated in bit 7 as
a result of the subtraction (when underflow is generated by a two’s complement type operation), or if a borrow
is not generated out of bit 6 into bit 7 and a borrow is generated in bit 7 (when overflow is generated by a two’s
complement type operation), and is cleared (0) otherwise.

e The CY flag is set (1) if a borrow is generated in bit 7 as a result of the subtraction, and cleared (0) otherwise.

[Coding example]

SUBC A, [TDE+] ; Subtracts the contents of the TDE register address and the CY flag from the A register, and
stores the result in the A register (the TDE register is incremented after the subtraction)
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C M P Compare

Byte Data Comparison

[Instruction format] CMP dst, src

[Operation] dst — src
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
CMP A, #byte CMP A, [saddrp]

r, #byte A, [Ysaddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
rr A, laddr16
A, saddr2 A, laddr24
r, saddr laddri6, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

* The source operand (src) specified by the 2nd operand is subtracted from the destination operand (dst) specified
by the 1st operand.

The result of the subtraction is not stored anywhere, and only the S, Z, AC, P/V, and CY flags are changed.

e The S flag is set (1) if bit 7 is set (1) as a result of the subtraction, and cleared (0) otherwise.

e The Z flag is set (1) if dst is O as a result of the subtraction, and cleared (0) otherwise.

* The AC flag is set (1) if a borrow is generated out of bit 4 into bit 3 as a result of the subtraction, and cleared
(0) otherwise.

e The P/V flag is set (1) if a borrow is generated in bit 7 and a borrow is not generated in bit 6 as a result of the
subtraction (when underflow is generated by a two’s complement type operation), or if a borrow is not generated
in bit 7 and a borrow is generated in bit 6 (when overflow is generated by a two’s complement type operation),
and is cleared (0) otherwise.

* The CY flag is set (1) if a borrow is generated in bit 7 as a result of the subtraction, and cleared (0) otherwise.
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[Coding example]

CMP SADG1, SADG2 ; Subtracts the contents of address SADG2 that can be accessed by short direct addressing
from the contents of address SADG1 that can be accessed by short direct addressing,
and changes the flags only (comparison of the contents of address SADG1 and the
contents of address SADG2)
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AND

And

Byte Data Logical Product

[Instruction format]

[Operation]

AND dst, src

dst « dst A src

[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
AND A, #byte AND A, [saddrp]
r, #byte A, [Ysaddrg]
saddr, #byte [saddrp], A
sfr, #byte [Y%esaddrg], A
rr A, laddr16
A, saddr2 A, lladdr24
r, saddr laddr16, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’
[Flags]
S z AC P/V CcY
X X P

[Description]

* The bit-wise logical sum of the destination operand (dst) specified by the 1st operand and the source operand

(src) specified by the 2nd operand is found, and the result is stored in the destination operand (dst).

* The Sflagis set (1) if bit 7 of dst is set (1) as a result of the logical product operation, and cleared (0) otherwise.
e The Z flag is set (1) if all bits are 0 as a result of the logical product operation, and cleared (0) otherwise.
* The P/V flag is set (1) if the number of bits set (1) in dst as a result of the logical product operation is even, and

cleared (0) otherwise.

[Coding example]

AND SADG, #11011100B ; Finds the bit-wise logical product of the contents of address SADG that can be
accessed by short direct addressing and 11011100B, and stores the result in SADG
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OR Or

Byte Data Logical Sum

[Instruction format] OR dst, src

[Operation] dst « dst v src
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
OR A, #byte OR A, [saddrp]

r, #byte A, [Y%saddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
rr A, laddr16
A, saddr2 A, lladdr24
r, saddr laddr16, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

* The bit-wise logical sum of the destination operand (dst) specified by the 1st operand and the source operand
(src) specified by the 2nd operand is found, and the result is stored in the destination operand (dst).

* The S flag is set (1) if bit 7 of dst is set (1) as a result of the logical sum operation, and cleared (0) otherwise.

The Z flag is set (1) if all bits are 0 as a result of the logical sum operation, and cleared (0) otherwise.

* The P/V flag is set (1) if the number of bits set (1) in dst as a result of the logical sum operation is even, and
cleared (0) otherwise.

[Coding example]
OR A, !!112345H ; Finds the bit-wise logical sum of the contents of the A register and address 12345H, and stores
the result in the A register
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Exclusive Or
XOR

Byte Data Exclusive Logical Sum

[Instruction format] XOR dst, src

[Operation] dst « dst »#src
[Operands]
Mnemonic Operands (dst, src) Mnemonic Operands (dst, src)
XOR A, #byte XOR A, [saddrp]

r, #byte A, [Y%saddrg]
saddr, #byte [saddrp], A
sfr, #byte [%saddrg], A
r,r A, laddr16
A, saddr2 A, laddr24
r, saddr laddr16, A
saddr, r laddr24, A
r, sfr A, mem
sfr, r mem, A
saddr, saddr’

[Flags]

S 4 AC P/V cY

[Description]

¢ The bit-wise exclusive logical sum of the destination operand (dst) specified by the 1st operand and the source
operand (src) specified by the 2nd operand is found, and the result is stored in the destination operand (dst).

¢ Selecting #0FFH as the source operand (src) in this instruction results in logical negation of all the bits of the
destination operand (dst).

e The S flag is set (1) if bit 7 of dst is set (1) as a result of the exclusive logical sum operation, and cleared (0)
otherwise.

e The Zflagis set (1) if all bits are 0 as a result of the exclusive logical sum operation, and cleared (0) otherwise.

e The P/V flag is set (1) if the number of bits set (1) in dst as a result of the exclusive logical sum operation is
even, and cleared (0) otherwise.

[Coding example]

XOR C, P2 ; Finds the bit-wise exclusive logical sum of the C register and P2 register, and stores the result in
the C register
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7.7 16-bit Operation Instructions

16-bit operation instructions are as follows:

ADDW ... 319
SUBW ... 321
CMPW ... 323
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Add Word
Word Data Addition

ADDW

[Instruction format] ADDW dst, src

[Operation] dst, CY « dst + src

[Operands]

Mnemonic Operands (dst, src)

ADDW AX, #word

rp, #word

p, rp’
AX, saddrp2

rp, saddrp

saddrp, rp

rp, sfrp

sfrp, rp

saddrp, #word

sfrp, #word

saddrp, saddrp’

[Flags]

S 4 AC P/V cY

[Description]

¢ The source operand (src) specified by the 2nd operand is added to the destination operand (dst) specified by
the 1st operand, and the result is stored in the destination operand (dst).

e The S flag is set (1) if bit 15 of dst is set (1) as a result of the addition, and cleared (0) otherwise.

* The Z flag is set (1) if dst is 0 as a result of the addition, and cleared (0) otherwise.

e The AC flag is undefined as a result of the addition.

* The P/V flag is set (1) if a carry is generated out of bit 14 into bit 15 and a carry is not generated out of bit 15
as a result of the addition (when overflow is generated by a two’s complement type operation), or if a carry is
not generated out of bit 14 into bit 15 and a carry is generated out of bit 15 (when underflow is generated by
a two’s complement type operation), and is cleared (0) otherwise.

* The CY flag is set (1) if a carry is generated out of bit 15 as a result of the addition, and cleared (0) otherwise.

e The following caution should be noted if all the following conditions apply when a 78K/0, 78K/, 78K/Il, or
78K/Ill Series program is used.
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[Conditions]

¢ An instruction in which rp is specified as an operand is used
e DE, HL, VP, or UP is actually written for rp

e DE, HL, VP, or UP is used as an address pointer

[Caution]

Ensure that the contents of the T, W, V, or U register that indicates the higher 8 bits of the address pointer are
coordinated with DE, HL, VP, or UP that indicates the lower 16 bits, and if program amendment is possible,
change the program so that a 24-bit manipulation instruction is used.

[Coding example]
ADDW BC, #0ABCDH ; Adds OABCDH to the BC register, and stores the result in the BC register
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Subtract Word

SUBW Word Data Subtraction

[Instruction format] SUBW dst, src

[Operation] dst, CY « dst — src

[Operands]

Mnemonic Operands (dst, src)

suBw AX, #word

rp, #word

p, rp’
AX, saddrp2

rp, saddrp

saddrp, rp

rp, sfrp

sfrp, rp

saddrp, #word

sfrp, #word

saddrp, saddrp’

[Flags]

S 4 AC P/V cY

[Description]

* The source operand (src) specified by the 2nd operand is subtracted from the destination operand (dst) specified
by the 1st operand, and the result is stored in the destination operand (dst) and the CY flag.

¢ The destination operand (dst) can be cleared to 0 by making the source operand (src) and destination operand
(dst) the same.

e The S flag is set (1) if bit 15 of dst is set (1) as a result of the subtraction, and cleared (0) otherwise.

* The Z flag is set (1) if dst is 0 as a result of the subtraction, and cleared (0) otherwise.

e The AC flag is undefined as a result of the subtraction.

* The P/V flag is set (1) if a borrow is generated out of bit 14 into bit 15 and a borrow is not generated in bit 15
as a result of the subtraction (when underflow is generated by a two’s complement type operation), or if a borrow
is not generated out of bit 14 into bit 15 and a borrow is generated in bit 15 (when overflow is generated by a
two’s complement type operation), and is cleared (0) otherwise.

* The CY flag is set (1) if a borrow is generated in bit 15 as a result of the subtraction, and cleared (0) otherwise.

e The following caution should be noted if all the following conditions apply when a 78K/0, 78K/, 78K/Il, or
78K/Ill Series program is used.
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[Conditions]

¢ An instruction in which rp is specified as an operand is used
e DE, HL, VP, or UP is actually written for rp

e DE, HL, VP, or UP is used as an address pointer

[Caution]

Ensure that the contents of the T, W, V, or U register that indicates the higher 8 bits of the address pointer are
coordinated with DE, HL, VP, or UP that indicates the lower 16 bits, and if program amendment is possible,
change the program so that a 24-bit manipulation instruction is used.

[Coding example]
SUBW CRO01, AX ; Subtracts the contents of the AX register from the contents of the CRO1 register and stores
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the result in the CRO1 register
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C M PW Compare Word

Word Data Comparison

[Instruction format] CMPW dst, src

[Operation] dst — src

[Operands]

Mnemonic Operands (dst, src)

CMPW AX, #word

rp, #word

p, rp’
AX, saddrp2

rp, saddrp

saddrp, rp

rp, sfrp

sfrp, rp

saddrp, #word

sfrp, #word

saddrp, saddrp’

[Flags]

S 4 AC P/V cY

[Description]

* The source operand (src) specified by the 2nd operand is subtracted from the destination operand (dst) specified
by the 1st operand. The result of the subtraction is not stored anywhere, and only the Z, AC, and CY flags are
changed.

e The S flag is set (1) if bit 15 is set (1) as a result of the subtraction, and cleared (0) otherwise.

* The Z flag is set (1) if dst is 0 as a result of the subtraction, and cleared (0) otherwise.

* The AC flag is undefined as a result of the subtraction.

e The P/V flag is set (1) if a borrow is generated out of bit 14 into bit 15 and a borrow is not generated in bit 15
as a result of the subtraction (when underflow is generated by a two’s complement type operation), or if a borrow
is not generated out of bit 14 into bit 15 and a borrow is generated in bit 15 (when overflow is generated by a
two’s complement type operation), and is cleared (0) otherwise.

* The CY flag is set (1) if a borrow is generated in bit 15 as a result of the subtraction, and cleared (0) otherwise.

¢ The following caution should be noted if all the following conditions apply when a 78K/0, 78K/, 78K/Il, or
78K/1ll Series program is used.
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[Conditions]

¢ An instruction in which rp is specified as an operand is used
e DE, HL, VP, or UP is actually written for rp

e DE, HL, VP, or UP is used as an address pointer

[Caution]

Ensure that the contents of the T, W, V, or U register that indicates the higher 8 bits of the address pointer are
coordinated with DE, HL, VP, or UP that indicates the lower 16 bits, and if program amendment is possible,
change the program so that a 24-bit manipulation instruction is used.

[Coding example]
CMPW AX, SADG ; Subtracts the word data in address SADG that can be accessed by short direct addressing
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from the AX register, and changes the flags only (comparison of AX register and address
SADG word data)
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7.8 24-bit Operation Instructions

24-bit operation instructions are as follows:

ADDG ... 326
SUBG ... 327
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ADDG Add G Note

24-Bit Data Addition

[Instruction format] ADDG dst, src Note G is a character that indicates that 24-bit
data is to be manipulated.
[Operation] dst « dst + src
[Operands]
Mnemonic Operands (dst, src)
ADDG rg, rg’
rg, #imm24
WHL, saddrg
[Flags]
S 4 AC PV CY
X X X Vv X

[Description]

* The source operand (src) specified by the 2nd operand is added to the destination operand (dst) specified by
the 1st operand. The result of the addition is stored in dst, and the S, Z, AC, P/V, and CY flags are changed.

* The S flag is set (1) if bit 23 of dst is set (1) as a result of the addition, and cleared (0) otherwise.

e The Z flag is set (1) if the result of the addition is 0, and cleared (0) otherwise.

* The AC flag is undefined as a result of the addition.

* The P/V flag is set (1) if a carry is generated out of bit 22 into bit 23 and a carry is not generated out of bit 23
as a result of the addition (when overflow is generated by a two’s complement type operation), or if a carry is
not generated out of bit 22 into bit 23 and a carry is generated out of bit 23 (when underflow is generated by
a two’s complement type operation), and is cleared (0) otherwise.

e The CY flag is set (1) if a carry is generated out of bit 23 as a result of the addition, and cleared (0) otherwise.

[Coding example]
ADDG TDE, VVP ; Adds the VVP register to the TDE register, and stores the result in the TDE register
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Subtract G Note

SUBG 24-Bit Data Subtraction

[Instruction format] SUBG dst, src Note G is a character that indicates that 24-bit
data is to be manipulated.
[Operation] dst « dst — src
[Operands]
Mnemonic Operands (dst, src)
SUBG rg, rg’
rg, #imm24
WHL, saddrg
[Flags]
S z AC PV CcY
X X X \' X

[Description]

* The source operand (src) specified by the 2nd operand is subtracted from the destination operand (dst) specified
by the 1st operand. The result of the subtraction is stored in dst, and the S, Z, AC, P/V, and CY flags are changed.

e The S flag is set (1) if bit 23 of dst is set (1) as a result of the subtraction, and cleared (0) otherwise.

* The Z flag is set (1) if the result of the subtraction is 0, and cleared (0) otherwise.

e The AC flag is undefined as a result of the subtraction.

e The P/V flag is set (1) if a borrow is generated out of bit 23 into bit 22 and a borrow is not generated in bit 23
as a result of the subtraction (when underflow is generated by a two’s complement type operation), or if a borrow
is not generated out of bit 23 into bit 22 and a borrow is generated in bit 23 (when overflow is generated by a
two’s complement type operation), and is cleared (0) otherwise.

* The CY flag is set (1) if a borrow is generated in bit 23 as a result of the subtraction, and cleared (0) otherwise.

[Coding example]

SUBG UUP, #543210H ; Subtracts 543210H from the contents of the UUP register and stores the result in the
UUP register
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7.9 Multiplication/Division Instructions

Multiplication/division instructions are as follows:

MULU ... 329
MULUW ... 330
MULW ... 331
DIVUW ... 332
DIVUX ... 333
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MULU

Multiply Unsigned
Unsigned Data Multiplication

[Instruction format] MULU src
[Operation] AX « A x src
[Operands]
Mnemonic Operands (src)
MULU r
[Flags]
S 4 AC P/V CcY

[Description]

¢ The contents of the A register and the source operand (src) data are multiplied as unsigned data, and the result
is stored in the AX register.

[Coding example]

MULU H ; Multiplies the contents of the A register by the contents of the H register, and stores the result in the

AX register
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Multiply Unsigned Word
Unsigned Word Data Multiplication

MULUW

[Instruction format] MULUW src

[Operation] AX (upper half), src (lower half) « AX x src
[Operands]
Mnemonic Operands (src)
MULUW rp
[Flags]
S z AC PV CcY

[Description]

¢ The contents of the AX register and the source operand (src) data are multiplied as unsigned data, and the higher
16 bits of the result are stored in the AX register, and the lower 16 bits in the source operand.

* When the AX register is specified as the source operand (src), the higher 16 bits of the multiplied result are stored
in the AX register, and the lower 16 bits are not stored anywhere.

[Coding example]

MULUW HL ; Multiplies the contents of the AX register by the contents of the HL register, and stores the result
in the AX register and HL register
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Multiply Signed Word
MU LW Signed Word Data Multiplication

[Instruction format] MULW src

[Operation] AX (upper half), src (lower half) « AX x src
[Operands]
Mnemonic Operands (src)
MULW rp
[Flags]
S z AC PV CcY

[Description]

¢ The contents of the AX register and the source operand (src) data are multiplied as signed data, and the higher
16 bits of the result are stored in the AX register, and the lower 16 bits in the source operand.

* When the AX register is specified as the source operand (src), the higher 16 bits of the multiplied result are stored
in the AX register, and the lower 16 bits are not stored anywhere.

[Coding example]

MULW HL ; Multiplies the contents of the AX register by the contents of the HL register, and stores the result
in the AX register and HL register
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Divide Unsigned Word
DIVUW g

Unsigned Word Data Division

[Instruction format] DIVUW dst

[Operation] AX (quotient), dst (remainder) « AX + dst
[Operands]
Mnemonic Operands (dst)
DIVUW r
[Flags]
S 4 AC P/V cY

[Description]

* The contents of the AX register are divided by the contents of the destination operand (dst), and the quotient
is stored in the AX register, and the remainder in the destination operand (dst).
The division is performed with the AX register and destination operand (dst) contents as unsigned data.

e If division by 0 is performed, the following will result:
— AX (quotient) = FFFFH
— dst (remainder) = Original X register value

* When the A register is specified as the destination operand (dst), the remainder is stored in the A register, and
the lower 8 bits of the quotient are stored in the X register.

¢ When the X register is specified as the destination operand (dst), the higher 8 bits of the quotient are stored
in the A register, and the remainder is stored in the X register.

[Coding example]

DIVUW E ; Divides the contents of the AX register by the contents of the E register, and stores the quotient in
the AX register and the remainder in the E register
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Divide Unsigned Word Expansion Word
Unsigned Doubleword Data Division

DIVUX

[Instruction format] DIVUX dst

[Operation] AXDE (quotient), dst (remainder) < AXDE + dst
[Operands]
Mnemonic Operands (dst)
DIVUX rp
[Flags]
S z AC PV CcY

[Description]

* 32-bit data with the contents of the AX register as the higher 16 bits and the contents of the DE register as the
lower 16 bits is divided by the contents of the destination operand (dst), the higher 16 bits of the quotient are
stored in the AX register, the lower 16 bits in the DE register, and the remainder in the destination operand (dst).
The division is performed with the contents of the 32-bit data indicated by the AX register and DE register and
the contents of the destination operand (dst) as unsigned data.

e If division by 0 is performed, the following will result:

— AXDE (quotient) = FFFFFFFFH
— dst (remainder) = Original DE register value

* When the AX register is specified as the destination operand (dst), the remainder is stored in the AX register,
and the lower 16 bits of the quotient are stored in the DE register.

* When the DE register is specified as the destination operand (dst), the higher 8 bits of the quotient is stored
in the AX register, and the remainder is stored in the DE register.

[Coding example]

DIVUX BC ; Divides the contents of the AXDE register by the contents of the BC register, and stores the higher
16 bits of the quotient in the AX register, the lower 16 bits in the DE register, and the remainder in
the BC register
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7.10 Special Operation Instructions

Special operation instructions are as follows:

MACW ... 335
MACSW ... 338
SACW ... 341
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MACW Multiply and Accumulate Word
Word Data Sum of Products Operation

[Instruction format] MACW dst

[Operation] AXDE « (B) x (C) + AXDE, B« B + 2, C « C + 2, byte « byte — 1
End if (byte = 0 or P/V = 1)

[Operands]
Mnemonic Operands (dst, src)
MACW byte
[Flags]
S z AC PV CY
X X X \Y X

[Description]

» Signed multiplication is performed of the contents of the 2-byte area addressed by the B register and the contents
of the 2-byte area addressed by the C register, and binary addition is performed of the result and the contents
of the AXDE register.

¢ After the result of the addition is stored in the AXDE register, the contents of the B register and C register are
incremented by 2.

¢ The above operations are repeated the number of times equal to the 8-bitimmediate data written in the operand.

 If overflow or underflow is generated as a result of the addition, the value of the AXDE register is undefined.
Also, the B register and C register keep their values prior to overflow.

* The area addressed by the MACW instruction is limited to addresses OFEOOH to OFEFFH when the LOCATION
OH instruction is executed, or addresses OFFEOOH to OFFEFFH when the LOCATION OFH instruction is
executed. The lower byte of the address is specified by the B register and C register. Addresses FE80H to
FEFFH (FFE8OH to FFEFFH when the LOCATION OFH instruction is executed) are also used as general
registers.

* Interrupts and macro service requests are not acknowledged during execution of the MACW instruction.

e The MACW instruction does not clear the value of the AXDE register pair automatically, and therefore this should
be cleared by the program if necessary.

* The S, Z, AC, and CY flags are undefined as a result of the operation.
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* The P/V flag is sqtqd) if overflowv or underflow occurs, and cleared (0) otherwise.
)
O/
| | |
31 0
byte word : : :
@ ~—] AXDE
OFEOQH""® ()
+ (C register) O/
1 1
i i PV
Set (1) in case of
\ \ overflow or underflow.
! ! Calculation is suspended
byte word when P/V is set to 1.
OFEOQH""®
+ (B register)

Note When a LOCATION OH instruction is executed. OFFEOOH when a LOCATION OFH instruction is
executed.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.
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( MACW )

AXDE « AXDE +

(Data addressed by B register) x
(Data addressed by C register)

Overflow
or underflow
generated?

Yes

B« B+2
C«C+2
byte « byte — 1

byte = 0?

[Coding example]
MACW 5 ; Executes sum of products operation 5 times
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MACSW Multiply and Accumulate with Saturation Word
Sum of Products Operation with Saturation Function

[Instruction format] MACSW byte

[Operation] AXDE « (B) x (C) + AXDE, B « B + 2, C « C + 2, byte « byte — 1 if byte = 0 then End,
if P/V =1, then if overflow AXDE « 7FFFFFFFH, end, if underflow AXDE « 80000000H,
end

[Operands]

Mnemonic Operands ($addr16)
MACSW byte

[Flags]

S Z AC PV CcY
X X X \Y X

[Description]

» Signed multiplication is performed of the contents of the 2-byte area addressed by the B register and the contents
of the 2-byte area addressed by the C register, and binary addition is performed of the result and the contents
of the AXDE register.

¢ After the result of the addition is stored in the AXDE register, the contents of the B register and C register are
incremented by 2.

¢ The above operations are repeated the number of times equal to the 8-bitimmediate data written in the operand.

¢ If overflow is generated as a result of the addition, the P/V flag is set (1) and the value of the AXDE register
is 7FFFFFFFH. If underflow is generated, the P/V flag is set (1) and the AXDE register value is 80000000H.
The B register and C register keep their values prior to overflow or underflow.

* The area addressed by the MACSW instruction is limited to addresses OFEOOH to OFEFFH when the LOCATION
OH instruction is executed, or addresses OFFEOOH to OFFEFFH when the LOCATION OFH instruction is
executed. The lower byte of the address is specified by the B register and C register. Addresses FE8OH to
FEFFH (FFE80H to FFEFFH when the LOCATION OFH instruction is executed) are also used as general
registers.

* Interrupts and macro service requests are not acknowledged during execution of the MACSW instruction.

e The MACSW instruction does not clear the value of the AXDE register pair automatically, and therefore this
should be cleared by the program if necessary.

* The S, Z, AC, and CY flags are undefined as a result of the operation.

* The P/V flag is set (1) if overflow or underflow occurs, and cleared (0) otherwise.
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15 0
(<)
O/
| | |
| | | 31 0
byte word : : ‘
@ -~ AXDE
OFEOQQH""" (D
+ (C register) O/
1 1
i i PIV
Set (1) in case of
\ \ overflow or underflow.
! ! When P/V is set to 1.
byte word calculation is suspended,
and 7FFFFFFFH (in case of overflow)
OFEQQHNet or 80000000H (in case of underflow) is
+ (B register) loaded into AXDE.

Note When a LOCATION OH instruction is executed. OFFEOOH when a LOCATION OFH instruction is
executed.
The uPD784915 Subseries is fixed to the LOCATION OH instruction.

User’'s Manual U10905EJ8V1UM 339



CHAPTER 7 DESCRIPTION OF INSTRUCTIONS

{ MACSW }

AXDE « AXDE +
(Data addressed by B register) x
(Data addressed by C register)

Overflow
Yes or underflow
generated?

B«~B+2
C«C+2
byte « byte — 1
No
byte = 0?
2
Overflow? Yes
AXDE « 7FFFFFFFH AXDE « 80000000H
END

[Coding example]

MACSW 6 ; Executes sum of products operation 6 times
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SACW Subtract, Absolute and Accumulate Word
Correlation Instruction

[Instruction format] SACW [TDE +], [WHL +]

[Operation] AX « | (TDE) — (WHL) | + AX, TDE « TDE + 2, WHL « WHL + 2, C « C -1, end if
(C=0o0rCY=1)

[Operands]
Mnemonic Operands ($addr16)
SACW [TDE +], [WHL +]
[Flags]
S z AC PV CY
X X X X X

[Description]

* Subtraction is performed on the 16-bit data items addressed by the TDE register and WHL register, the absolute
value of the result is added to the contents of the AX register, and the result is stored in the AX register.

e Each time the above operation is performed, the contents of the TDE and WHL registers are incremented by
2, and the contents of the C register are decremented by 1.

¢ The above operations are repeated until the C register value is 0 or a carry is generated out of bit 15 as a result
of the addition.

e If a carry occurs from bit 15 as a result of addition, therefore stopping repetition, the TDE and WHL registers
retain the values immediately before the carry has occurred plus 2. The C register retains the value immediately
before the carry has occurred.

* If an interrupt or macro service request that can be acknowledged during execution of the SACW instruction
is generated, the interrupt or macro service processing is performed before the series of operation processing.
When an interrupt is acknowledged, the program counter (PC) value saved to the stack is the SACW instruction
start address.

Therefore, after returning from the interrupt, continuation of the interrupted SACW instruction is executed.

e The CY flagis set (1) if a carry is generated out of bit 15 as a result of the final addition, and cleared (0) otherwise.

¢ The contents of the S, Z, AC, and P/V flags are undefined.

e The SACW instruction does not clear the contents of the AX register pair automatically, and therefore this should
be done by the program if necessary.
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(C register word)

WHL

(C register word)

TDE

342

15

Conversion to
absolute value

Conversion to

absolute value 15 0

AX

Conversion to
absolute value

CcY

Calculation is suspended

when CY is set to 1.
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{ SACW }

AX « AX +|(TDE) — (WHL) |

TDE « TDE + 2
WHL < WHL + 2
Yes
No
C«C-1

Acknowledgeable
interrupt or macro
service request?

No
C >
Yes
ND

(oo )

Adjust PC
value to enable
instruction restart

To interrupt or macro
service processing

[Coding example]
SACW [TDE+], [WHL+] ; Executes a correlation instruction
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7.11

Increment/Decrement Instructions

Increment/decrement instructions are as follows:

344

INC ... 345
DEC ... 346
INCW ... 347
DECW ... 348
INCG ... 349
DECG ... 350
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Increment
| N C Byte Data Increment

[Instruction format] INC dst

[Operation] dst « dst + 1
[Operands]

Mnemonic Operands (dst)

INC r
saddr

[Flags]

S Z AC PV CY

X X X \'

[Description]

¢ The contents of the destination operand (dst) are incremented by 1.

* The Z flag is set (1) if the result of the increment is 0, and cleared (0) otherwise.

e The AC flag is set (1) if a carry is generated out of bit 3 into bit 4 as a result of the increment, and cleared (0)
otherwise.

¢ The CY flag value does not change since this is often used for repeat processing counter or indexed address
offset register incrementing (as the CY flag value is retained in a multiple-byte operation).

* The S flag is set (1) if bit 7 of dst is set (1) as a result of the increment, and cleared (0) otherwise.

* The P/V flag is set (1) if a carry is generated out of bit 6 into bit 7 and a carry is not generated out of bit 7 as
a result of the increment (when overflow is generated by a two’s complement type operation), and is cleared
(0) otherwise.

[Coding example]
INC B ; Increments the B register
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Decrement
DEC

Byte Data Decrement

[Instruction format] DEC dst

[Operation] dst « dst — 1
[Operands]
Mnemonic Operands (dst)
DEC r
saddr
[Flags]
S Z AC PV CcY
X X X \'

[Description]

The contents of the destination operand (dst) are decremented by 1.

The Z flag is set (1) if the result of the decrement is 0, and cleared (0) otherwise.

The AC flag is set (1) if a carry is generated out of bit 4 into bit 3 as a result of the decrement, and cleared (0)
otherwise.

The CY flag value does not change since this is often used for repeat processing counter or indexed address
offset register decrementing (as the CY flag value is retained in a multiple-byte operation).

The S flag is set (1) if bit 7 of dst is set (1) as a result of the decrement, and cleared (0) otherwise.

The P/V flag is set (1) if a borrow is generated out of bit 6 into bit 7 and a borrow is not generated in bit 7 as
a result of the decrement (when underflow is generated by a two’s complement type operation), and is cleared
(0) otherwise.

If dst is the B register, C register or saddr, and you do not want to change the S, Z, AC, or P/V flag, the DBNZ
instruction can be used.

[Coding example]
DEC SAD1 ; Decrements the contents of address SAD1 that can be accessed by short direct addressing
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Increment Word
Word Data Increment

INCW

[Instruction format] INCW dst

[Operation] dst « dst + 1
[Operands]
Mnemonic Operands (dst)
INCW rp
saddrp
[Flags]
S Z AC PV CcY

[Description]

¢ The contents of the destination operand (dst) are incremented by 1.

* The S, Z, AC, P/V, and CY flags are not changed since this is often used for incrementing the register used in
addressing that uses a register.

¢ Ifthe HL, DE, VP, or UP register (VP and UP: 78K/Ill Series only) is used as the base register in register indirect
addressing, base addressing or based index addressing (78K/0 and 78K/Ill Series only) when rp is specified
as the operand and a 78K/0, 78K/I, 78K/Il, or 78K/Ill Series program is used, ensure that the contents of the
T, W, V, or U register that indicates the higher 8 bits of the address are coordinated with the DE, HL, VP, or
UP register that indicates the lower 16 bits. Also, if program amendment is possible, the program should be
changed so that a 24-bit manipulation instruction (INCG instruction) is used.

[Coding example]
INCW HL ; Increments the HL register
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Decrement Word
DECW

Word Data Decrement

[Instruction format] DECW dst

[Operation] dst « dst — 1
[Operands]
Mnemonic Operands (dst)
DECW rp
saddrp
[Flags]
S Z AC PV CcY

[Description]

¢ The contents of the destination operand (dst) are decremented by 1.

* The S, Z, AC, P/V, and CY flags are not changed since this is often used for decrementing the register used
in addressing that uses a register.

¢ Ifthe HL, DE, VP, or UP register (VP and UP: 78K/Ill Series only) is used as the base register in register indirect
addressing, base addressing or based index addressing (78K/0 and 78K/Ill Series only) when rp is specified
as the operand and a 78K/0, 78K/I, 78K/Il, or 78K/Ill Series program is used, ensure that the contents of the
T, W, V, or U register that indicates the higher 8 bits of the address are coordinated with the DE, HL, VP, or
UP register that indicates the lower 16 bits. Also, if program amendment is possible, the program should be
changed so that a 24-bit manipulation instruction (INCG instruction) is used.

[Coding example]
DECW DE ; Decrements the DE register
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INCG

Increment G Note
24-Bit Data Increment

[Instruction format]

[Operation]

INCG dst

dst « dst + 1

Note G is a character that indicates that 24-bit
data is to be manipulated.

[Operands]
Mnemonic Operands (dst)
INCG rg
[Flags]
S z AC P/V CcY

[Description]

* The contents of the destination operand (dst) are incremented by 1.
e The S, Z, AC, P/V, and CY flags are not changed since this is often used to decrement the register (pointer)
used in addressing that uses a register.

[Coding example]

INCG UUP ; Increments the UUP register
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DECG

Decrement G Note
24-Bit Data Decrement

Note G is a character that indicates that 24-bit
data is to be manipulated.

[Instruction format] DECG dst
[Operation] dst « dst — 1
[Operands]
Mnemonic Operands (dst)
DECG rg
SP
[Flags]
S Z AC PV CcY

[Description]

¢ The contents of the destination operand (dst) are decremented by 1.

e The S, Z, AC, P/V, and CY flags are not changed since this is often used to decrement the register (pointer)

used in addressing that uses a register.

[Coding example]

DECG VVP ; Decrements the VVP register
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7.12 Adjustment Instructions

Adjustment instructions are as follows.

ADJBA ... 352
ADJBS ... 353
CVTBW ... 354
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ADJBA

Decimal Adjust Register for Addition
Decimal Adjustment of Addition Result

[Instruction format] ADJBA

[Operation]

Decimal Adjust Accumulator for Addition

[Operands]
None
[Flags]
S Z AC PV CcY
X X X P X

[Description]

* Decimal adjustment of the A register, CY flag and AC flag is performed from the A register, CY flag and AC flag
contents. This instruction only performs a meaningful operation when the addition result is stored in the A register
after BCD (binary-code decimal) data has been added (in other cases, a meaningless operation is performed).
The adjustment method is shown in the table below.

Condition Operation
Aso<9 A4<9andCY=0 | A< A CY <« 0, AC < 0
AC=0 Ars > 10 or CY = 1 A < A + 01100000B, CY < 1, AC « 0
As0>10 | Ar4<9andCY=0 | A< A+00000110B, CY < 0, AC < 1
AC=0 Ar4>9 or CY = 1 A < A +01100110B, CY « 1, AC « 1
AC = 1 A4<9andCY=0 | A« A+00000110B, CY « 0, AC — 1
Ars > 10 or CY = 1 A < A +01100110B, CY « 1, AC « 1

e The Zflagis set (1) if the contents of the A register are 0 as a result of the adjustment, and cleared (0) otherwise.

e The S flag is set (1) if bit 7 of the A register is 1 as a result of the adjustment, and cleared (0) otherwise.

* The P/V flag is set (1) if the number of bits set (1) in the A register as a result of the adjustment is even, and
cleared (0) otherwise.

[Coding example]
ADJBA ; Performs decimal adjustment of the contents of the A register
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ADJ BS Decimal Adjust Register for Subtraction
Decimal Adjustment of Subtraction Result

[Instruction format] ADJBS

[Operation] Decimal Adjust Accumulator for Subtraction
[Operands]
None
[Flags]
S Z AC PV CY
X X X P X

[Description]

* Decimal adjustment of the A register, CY flag and AC flag is performed from the A register, CY flag and AC flag
contents. This instruction only performs a meaningful operation when the subtraction result is stored in the A
register after BCD (binary-code decimal) data has been subtracted (in other cases, a meaningless operation
is performed). The adjustment method is shown in the table below.

Condition Operation
AC=0 CY=0 A« A CY«0,AC«0
CY=1 A < A-01100000B, CY « 1, AC « 0
AC =1 CY=0 A < A —00000110B, CY « 0, AC « 1
CY =1 A« A—-01100110B, CY « 1, AC « 1

* The Zflagis set (1) if the contents of the A register are 0 as a result of the adjustment, and cleared (0) otherwise.

e The S flag is set (1) if bit 7 of the A register is 1 as a result of the adjustment, and cleared (0) otherwise.

e The P/V flag is set (1) if the number of bits set (1) in the A register as a result of the adjustment is even, and
cleared (0) otherwise.

[Coding example]
ADJBS ; Performs decimal adjustment of the contents of the A register
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Convert Byte to Word
Conversion from Byte Data to Word Data

CvTBW

[Instruction format] CVTBW

[Operation] When A7 =0, X <« A, A« OOH
When A7 =1, X« A, A « FFH

[Operands]
None

[Flags]

S 4 AC P/V CcYy

[Description]
* The signed 8-bit data in the A register is extended to signed 16-bit data in the AX register.
e The S, Z, AC, P/V, and CY flags are not changed by this instruction.

[Coding example]
CVTBW ; Extends the signed 8-bit data in the A register to signed 16-bit data and stores it in the AX register
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7.13 Shift/Rotate Instructions

Shift/rotate instructions are as follows:

ROR ... 356
ROL ... 357
RORC ... 358
ROLC ... 359
SHR ... 360
SHL ... 361
SHRW ... 362
SHLW ... 363
ROR4 ... 364
ROL4 ... 365
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Rotate Right
ROR I

Right Rotation of Byte Data

[Instruction format] ROR dst, cnt

[Operation] (CY, dst7 « dsto, dstm-1 < dstm) x cnt times cnt=01to 7
[Operands]
Mnemonic Operands (dst, cnt)
ROR r,n
[Flags]
S Z AC PV CY
P X

[Description]

* The contents of the destination operand (dst) specified by the 1st operand are rotated to the right cnt times
specified by the 2nd operand.

¢ The contents of the LSB (bit 0) are rotated into the MSB (bit 7) and are also transferred to the CY flag.

* If the 2nd operand (cnt) is 0, no processing is performed (and the S, Z, AC, P/V, and CY flags do not change).

e The P/V flag is set (1) if the number of bits set (1) in dst as a result of the right rotation is even, and cleared
(0) otherwise.

e The S, Z, and AC flags do not change irrespective of the result of the rotate operation.

CY 7 0

[Coding example]
ROR R5, 4 ; Rotates the contents of the R5 register 4 bits to the right
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R OL Rotate Left
Left Rotation of Byte Data

[Instruction format] ROL dst, cnt

[Operation] (CY, dsto « dst7, dstm+1 < dstm) x cnttimes cnt=0to 7
[Operands]
Mnemonic Operands (dst, cnt)
ROL rn
[Flags]
S Z AC PV CcY
P X

[Description]

* The contents of the destination operand (dst) specified by the 1st operand are rotated to the left cnt times
specified by the 2nd operand.

e The contents of the MSB (bit 7) are rotated into the LSB (bit 0) and are also transferred to the CY flag.

* If the 2nd operand (cnt) is 0, no processing is performed (and the S, Z, AC, P/V, and CY flags do not change).

e The P/V flag is set (1) if the number of bits set (1) in dst as a result of the left rotation is even, and cleared (0)
otherwise.

* The S, Z, and AC flags do not change irrespective of the result of the rotate operation.

CY 7 0

[Coding example]
ROL L, 2 ; Rotates the contents of the L register 2 bits to the left
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Rotate Right with Carry
RORC

Right Rotation of Byte Data including Carry

[Instruction format] RORC dst, cnt

[Operation] (CY « dsto, dst7 « CY, dstm-1 < dstm) x cnt times cnt=0to 7
[Operands]
Mnemonic Operands (dst, cnt)
RORC r, n
[Flags]
S Z AC PV CY
P X

[Description]

* The contents of the destination operand (dst) specified by the 1st operand, and the CY flag, are rotated to the
right cnt times specified by the 2nd operand.

* If the 2nd operand (cnt) is 0, no processing is performed (and the S, Z, AC, P/V, and CY flags do not change).

* The P/V flag is set (1) if the number of bits set (1) in dst as a result of the right rotation is even, and cleared
(0) otherwise.

e The S, Z, and AC flags do not change irrespective of the result of the rotate operation.

cY 7 0

[Coding example]
RORC B, 1 ; Rotates the contents of the B register and the CY flag 1 bit to the right
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ROLC Rotate Left with Carry
Left Rotation of Byte Data including Carry

[Instruction format] ROLC dst, cnt

[Operation] (CY « dstz, dsto « CY, dstm+1 < dstm) x cnttimes c¢cnt=0to 7
[Operands]
Mnemonic Operands (dst, cnt)
ROLC rn
[Flags]
S Z AC PV CcY
P X

[Description]

* The contents of the destination operand (dst) specified by the 1st operand, and the CY flag, are rotated to the
left cnt times specified by the 2nd operand.

* If the 2nd operand (cnt) is 0, no processing is performed (and the S, Z, AC, P/V, and CY flags do not change).

* If you wish to perform a left rotation of 1 bit only, the execution time can be reduced by using ADDC r, r.

e The P/V flag is set (1) if the number of bits set (1) in dst as a result of the left rotation is even, and cleared 